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Myosteatosis mediates the link between specific dietary
components and colorectal carcinogenesis: from PPLSS
multi-center study
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Background and Objectives: We assumed the specific dietary components may impact colorectal carcinogene-
sis via ectopic fat accumulation. Methods and Study Design: The multi-center case-control study analyzed CT-
derived body composition parameters and dietary intake in 163 colorectal cancer (CRC) patients and 144 non-
CRC controls. Ectopic fat distribution was characterized by elevated low-attenuation muscle area (LAMA) and
reduced skeletal muscle density (SMD, myosteatosis). We employed logistic regression to assess diet-body com-
position-CRC associations, mediation analysis to elucidate ectopic fat's role, and random forest modelling to
evaluate variable importance in CRC risk prediction. Results: CRC patients exhibited obvious myosteatosis (68.1
vs. 31.9%, p <0.001), which promoted colorectal carcinogenesis (95%CI: 0.524, 0.935 in men, 95%CI: 0.425,
0.956 in women via reduced SMD). Linear regression revealed diet rich in animal-derived nutrients and carbohy-
drates increased LAMA (B =6.31, 95%CI: 0.766, 11.858), but decreased SMD (B = -3.14, 95%CI: -5.173, -1.099)
and normal attenuation muscle area (NAMA) in men, while these components elevated visceral adiposity index
(VAI) in women ( = 10.8, 95%CI: 1.265, 20.347). Low bean protein consumption decreased NAMA (B = -13.3,
95%CI: -20.812, -5.860) and SMD (B = -2.95, 95%CI: -4.994, -0.908) in men, while increasing VAI (§ = 14.6,
95%CI: 0.820, 28.451) in women. Mediation analysis confirmed NAMA (mediated proportion 11.0%, p = 0.026
in men; 7.24%, p = 0.030 in women), LAMA (11.0%, p = 0.040 in men; 14.6%, p = 0.002 in women) and SMD
(17.5%, p = 0.004 in men; 15.4%, p = 0.004 in women) mediated the relationship between excessive consumption
of animal-derived nutrients and colorectal carcinogenesis. Conclusions: Myosteatosis, an inconspicuous obesity
phenotype, plays key role in colorectal carcinogenesis but can be mitigated by partial substitution of red meat
with soy protein.
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INTRODUCTION and clinical outcomes.! Among established risk factors,
Colorectal cancer (CRC) ranks as the second most com- obesity has been identified as a key modifiable contribu-
mon cancer globally and a leading cause of cancer-related tor to CRC development. Epidemiological studies indi-
deaths, with notable sex-based disparities in incidence cate that men with obesity face a 30-70% higher risk of
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colon cancer, with a U-shaped relationship observed be-
tween body mass index (BMI) and colon cancer risk.?
However, obesity is no longer solely defined by BMI, a
traditional yet limited metric, but rather by abnormal fat
deposition patterns, particularly in visceral and intramus-
cular compartments. These ectopic fat deposits drive met-
abolic dysregulation, including insulin resistance (IR) and
chronic low-grade inflammation, which collectively pro-
mote hormone-related malignancies, like CRC.3~

Ectopic fat accumulation serves as a critical link be-
tween obesity and its metabolic sequelae. Visceral obesity
is associated with poorer CRC prognosis, likely mediated
by obesity-induced mechanisms, like pro-inflammatory
and angiogenic cytokines secretion.!®'? Similarly, my-
osteatosis, marked by excessive intramuscular fat infiltra-
tion, induced lipotoxicity and IR, fostering a pro-
inflammatory tumor microenvironment,*'> which is fur-
ther increased the risk of metastatic progression.'4 Conse-
quently, body composition analysis provides critical in-
sights into nutritional deficits and metabolic disturbances
stemming from chronic inflammation, offering potential
avenues for targeted interventions to improve survival
outcomes in patients with CRC.!>!

Although the precise mechanisms behind obesity-
related tumor remain incompletely understood, emerging
evidence suggests fat distribution patterns may play a key
role. The rising incidence of CRC is likely driven by life-
style changes, including sedentary behaviour and exces-
sive energy-dense foods consumption, which promote
pathological fat accumulation.'?!”!8 The geographic vari-
ability in CRC rates, and differences observed among
migrant populations, further underscores the pivotal role
of diet and lifestyle in carcinogenesis.? Notably, long-
term dietary improvements reduced ectopic fat storage,
with studies reporting 50cm? lower visceral adipose tissue
(VAT) and 52cm® lower subcutaneous adipose tissue
(SAT) per standard deviation increase in diet quality,'
reinforcing the protective role of nutrition in attenuating
obesity-associated CRC risk. Moreover, sex-specific life-
style patterns promote disparities in CRC incidence.
Compared to women, men exhibit higher consumption of
red meat, alcohol, and tobacco, coupled with lower intake
of fruits and vegetables and a more sedentary life-
style.2%?! These behavioral differences substantially influ-

ence CRC susceptibility and progression, highlighting the
importance of investigating how lifestyle-mediated
changes in body composition modulate CRC risk.

This study proposes a “Diet-Body Composition” axis
as a key mechanism linking modern Western-style diets
to CRC. Specifically, we hypothesize that diets high in
saturated fatty acids (abundant in processed and red
meats) or calories induced ectopic lipid deposition in
skeletal muscle (myosteatosis) and visceral compart-
ments, which promote colorectal carcinogenesis. We aim
to explore the specific dietary components influence CRC
risk via ectopic fat accumulation, especially myosteatosis,
and evaluate sex-specific disparities in the cross-talk of
diet and muscle-fat distribution in the CRC development.

METHODS

Participants

Participants were recruited, with written permission, from
the Peking Union Medical College Hospital (PUMCH)
multicenter Prospective Longitudinal Sarcopenia study
(PPLSS). The study included CRC-related participants
from the General Surgery department at Tianjin Union
Medical Center (TUMC), which serves as one research
site. within PPLSS. PPLSS is a multi-center cross-
sectional and cohort study, evaluating changes in body
composition and clinical outcomes among persons with
sarcopenia and  sarcopenic  obesity in  China
(NCT02873676), approved by the Human Ethics Com-
mittee of the PUMCH (No. HS889) and TUMC (No.
124PJ0189).

Prior to the baseline examination, all participants com-
pleted a medical screening to evaluate physical function.
Those with heart, kidney, liver failure, communicable
diseases, or conditions affecting study outcomes were
disqualified. Eligible individuals aged >18 needed an
abdominal CT scan within a month before enrollment, a
thorough physical examination, and an independent ques-
tionnaire investigation. Based on the inclusive and exclu-
sive criteria, cases were defined as patients with a con-
firmed stage III or IV CRC via pathology who had not
received treatment, while controls were matched to the
cases based on age, devoid of any history of cancer. We
finally included 163 patients with CRC and 144 age-
matched controls (approximately 1:1 ratio) in the final
analysis.

Computed tomography image analysis for body compo-
sition phenotypes

CT images in DICOM format were acquired from the
hospital's Picture Archiving and Communication System.
The lumbar vertebra served as a reference for assessing
muscle characteristics, radiodensity, and adiposity using
Slice-O-Matic Version 6.0 software (Serial Number:
306F4FF2, Tomovision, Montreal, Quebec, Canada). A
strong relationship emerged between muscle areas at the
third lumbar vertebra (L3) and total body muscle mass (12
= 0.855, p <0.010), establishing L3 as a credible land-
mark.?? If automated analysis was inadequate, a consult-
ant radiologist performed manual segmentation with
Slice-O-Matic. Inter-rater reliability, assessed by the in-
tra-class correlation coefficient (ICC), indicated high
values for skeletal muscle mass (0.984), intramuscular
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adipose tissue (IMAT, 0.954), SAT (0.998), and VAT
(0.999).

The average of two consecutive L3 axial images was
used for body composition analysis, including skeletal
muscle area (SMA), which consists of normal attenuation
muscle area (NAMA) and low attenuation muscle area
(LAMA), fat-related metrics like skeletal muscle radi-
odensity (SMD), VAT, and SAT.?® Tissue areas were
quantified using anatomical features and Hounsfield unit
(HU) ranges: LAMA (-29 to 29), NAMA (30 to 150),
VAT (-150 to -50), and SAT (-190 to -30). The skeletal
muscle index (SMI), visceral adipose index (VAI), and
subcutaneous adipose index (SAI)?* were derived from
the cross-sectional area of adipose and muscle mass,
normalized by height (cm?*m?). Sarcopenia was defined
as SMI <52.4cm?*m? for men and <38.5cm?/m? for wom-
en,? while sarcopenic obesity (SO) required VAT >100
cm? alongside sarcopenia.?® Visceral obesity (VO) guide-
lines varied by age and gender: for 17-39, men >120.5
cm?, women >62.6 cm? for 40-59, men >134.4 cm?,
women >85.9 cm?; for >60, men >131.7cm?, women
>115.6cm.?” Myosteatosis, indicated by SMD <33HU in
men and <28 HU in women, emerged as a significant
finding.?®

Assessment of covariates

Clinical data included demographics, tumor characteris-
tics, comorbidity history, patient-reported health condi-
tions, and biochemical evaluations. Lifestyle factors in-
volved age, sex, race/ethnicity, and alcohol/tobacco con-
sumption. Diagnosis of metabolic syndrome followed
International Diabetes Federation criteria.? Tumor con-
firmation relied on histology, with staging as per the
American Joint Committee on Cancer TNM Classifica-
tion (8th edition).*® Surgical factors encompassed tumor
specifics, size, staging, pathology, and lymph node in-
volvement. Dietary data was collected through a custom-
ized questionnaire based on the Korea National Health
and Nutrition Examination Survey,’' validated via expert
review and previous testing to ensure accuracy in intake
frequency and portion sizes, analyzing energy and nutri-
ent content using Chinese Food Composition data. The
reliability, validity and acceptability of the questionnaire
were analyzed by a pilot study. The alpha coefficient was
0.6, the recovery was 96%, and the response rate was
95%. The time taken to complete the data collection
ranged from 18.0 to 29.0 minutes depending on the par-
ticipant's capacity to complete measurements, with an
average of 15.0 + 7.0 minutes across all subjects. This
questionnaire collected data on dietary intake prior to the
CRC diagnosis in each patient. All interviews were con-
ducted face-to-face by trained nutritional data collector,
utilizing standardized food atlases and physical models to
facilitate accurate portion estimation. Prior to database
entry, questionnaires underwent logical verification by a
secondary researcher to identify potential anomalies, such
as implausible energy values or missing data. Physical
activity levels were assessed using the International Phys-
ical Activity Questionnaire.>? Anthropometric measure-
ments [height, weight, waist circumference (WC), calf
circumference (CC), grip strength] were taken, averaging
two readings.

Statistical analysis

The sample size was calculated using PASS15, which
aimed to determine the minimum sample size needed to
detect odds ratios of 2 with 0.9 power and 0.05 signifi-
cance, referencing recent large-scale studies on dietary
intake and CRC risk.%-** The control group's exposure
probability in China was based on Zhang et al.'s study.*
Finally, the minimum sample size was 117 each group.

Continuous data were reported as mean (+ SD), while
categorical data appeared as counts and percentages.
Group comparisons applied the Mann-Whitney U-test for
continuous variables and the Chi-squared or Fisher’s ex-
act test for categorical variables. Sex-stratified logistic
regression models evaluated the relationship between
dietary intake, body composition, and CRC risk: Model-1
was unadjusted, Model-2 adjusted for age, exercise,
smoking, and drinking, and Model-3 further adjusted for
BMI, metabolic syndrome, LDL, HDL, FFA, and TG.
Sex-stratified multivariable linear regression analyzed
dietary intake's relationship with body composition, ad-
justing for confounders. Causal mediation analysis as-
sessed body composition's role in the link between dietary
factors and CRC risk using the "mediation" R package.
Variable importance was evaluated through deep learning
algorithms, and correlation analysis assessed multicollin-
earity. The cohort (n = 154 men, n = 153 women) was
divided into a training group (n = 123 men, n = 122
women, 80 %) and a validation group (n =31 men, n = 32
women, 20 %). Models were built using random forest
algorithms, with ROC analysis and 10-fold cross-
validation for evaluation.

Principal component analysis (PCA) examines dietary
intake's association with CRC risk. We utilized 9 nutri-
ents from 10 food groups with daily intakes, as shown in
Supplementary Table 1. The analysis, with varimax rota-
tion, developed three dietary features based on eigenvalue
(>1.0) screen plots, and interpretability of factors. We
calculated factor loadings for each food group across the
three dietary features, and a factor score for each subject
obtained for the 9 nutrients, in which intakes of food
groups were weighted by their factor loadings and
summed. Dietary features were named based on factor
loadings (factor loading >|0.40]) that contributed the most
to each component. We identified three dietary features in
the overall population and male participants including
principal component (PC)l revealed relatively higher
intakes of animal protein, total fat, and total protein with
factor loadings greater than 0.400; PC2 exhibited higher
carbohydrate (factor loading >0.800) intake, and PC3 was
linked to lower bean protein (factor loading <-0.800) in-
take. In women, PC1 also indicated high animal protein,
total fat, and total protein with factor loadings greater
than 0.410. PC2 reflected low bean protein (factor load-
ing -0.618) but high carbohydrate intake (factor loading
0.773), and PC3 indicated higher carbohydrate (factor
loading 0.537) and bean protein (factor loading 0.693)
intakes. Each dietary feature categorized participants into
high (Q4) and low (Q1-Q3) groups based on dietary pat-
tern scores. The higher score of dietary pattern means it
aligns with dietary features; for example, in the case of
low bean protein intake, a higher dietary pattern score
means a lower consumption of bean protein. R (Version
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4.3.1) and Python 3.0 processed the analysis, with p-value
<0.05 indicating significance.

RESULTS

Baseline characteristics

A total of 722 participants were recruited from the PPLSS
study between November 2021 and January 2024. Of
these, 296 were CRC, while 426 were controls. After ex-
cluding those with missing CT-images or clinical data,
307 participants were deemed eligible for this study (Fig-
ure 1).

Subjects with CRC were younger (p = 0.015), with
mean of 67.0(60.0-73.0)y, more likely to be man (57.1%
vs 42.3%, p = 0.014), involved in smoking or with a his-
tory of smoking (p <0.001), drinking (p <0.001), physi-
cally inactive (p <0.001), and had metabolic syndrome (p
<0.001) or dyslipidaemia characterized by higher FFA (p
=0.001), TG (p = 0.093), LDL (p <0.001), and LH ratio
(p <0.001) , and lower HDL (p = 0.056). Similar patterns
persisted when stratified by sex (Table 1).

The feature of body composition in colorectal cancer
Significant variations in body composition were noted in
patients with CRC (Table 2), characterized by distinctive
ectopic fat distribution patterns, with increased intramus-
cular and visceral fat accumulation (Figure 2a, b). They
exhibited with higher LAMA (49.5 vs. 37.0 cm?, p
<0.001) and lower SMD (27.8 vs. 32.7 HU, p <0.001),
indicative of significant myosteatosis (68.1% vs. 31.9 %,
p <0.001). Meanwhile, they also displayed remarkable
central fat accumulation, with higher WC (91.0 vs. 86.0
cm, p <0.001) and VAI (46.7 vs. 38.2 cm?’/m?) levels,
alongside with higher VO (56.4 % vs. 39.6 %. p = 0.005)
rate. Remarkably, the muscle atrophy in patients with
CRC was not obvious, exhibiting with similar sarcopenia
rate and significantly higher SO rate (47.2 % vs. 34.0 %,
p = 0.026) between CRC patients and controls, likely due
to higher LAMA levels masking muscle loss. Notably,
patients with CRC exhibited elevated visceral and intra-
muscular fat, linked to reduced strength and CC, as 35.1
% of men and 44.4 % of women had grip strength below
sarcopenia thresholds.’

Table 2 also outlines sex-specific fat accumulation and
muscle atrophy in patients with CRC. Men show in-
creased ectopic fat within muscle tissues, alongside with
higher LAMA (51.6 vs. 40.6 cm?, p <0.001) and lower
SMD (30.4 vs. 34.9 HU, p <0.001) statue, characterizing
with significantly notable myosteatosis phenotype (61.3
% vs. 26.2 %, p <0.001, Figure 2a, c). Although the dif-
ference did not show significance, male patients with
CRC shown lower SAT levels (104 vs. 113 cm?, p =
0.410) and relatively higher central adiposity (136 vs. 119
cm?, p = 0.909). Multivariate logistic regression further
indicated lower SMD (OR = 0.781, 95%CI = 0.631,
0.950, p = 0.017, Supplementary Table 2) heighten the
risk of CRC after adjusted for age, exercise, smoking, and
drinking. Similarly, higher SAI level (OR = 0.964,
95%CI = 0.931, 0.994, p = 0.024) decreased the risk of
CRC. Further adjustments for metabolic syndrome, BMI,
and blood lipids, SMD still shown similar trend with
CRC in the model-3. In women, except for significantly
higher LAMA levels, lower SMD levels and significant

myosteatosis (77.1% vs. 36.1%, p <0.001, Figure 2b, d),
they exhibited remarkable central fat accumulation, with
higher WC (90.0 vs. 80.2 cm, p = 0.001) and VAI
(46.9vs. 36.1cm*/m?, p = 0.012) levels, alongside with
higher VO (57.1% vs. 33.7%. p = 0.006) and SO (41.4%
vs. 19.3%. p = 0.005) rate. Multivariate logistic regres-
sion did not indicate LAMA and VAI were significant
risk factors, though only SMD (OR = 0.652, 95%CI =
0.425, 0.956, p = 0.035) maintained significance in the
model-3. After stratification by sex, significant differ-
ences in muscle wasting and muscle strength were ob-
served among patients with CRC (Table 2). These find-
ings indicate ectopic fat distribution (myosteatosis via
SMD defining) may contribute to CRC occurrence in
both sexes, especially in male patients with CRC. Taken
together, these figures suggested intramuscular fat may
link the mechanism behind obesity-related tumor, distinct
from muscle atrophy.

The feature of dietary intake in colorectal cancer

In patients with CRC, daily nutrient intake was signifi-
cantly lower than controls (p <0.001), except for carbo-
hydrates (p = 0.037, Supplementary Table 3). We used
PCA to analyze dietary components and their interactions
with the risk of CRC. The first three components ac-
counted for 91.1% of variability in nutrient intake (Sup-
plementary Table 4). Additionally, we compared high
(Q4) and low (Q1-Q3) dietary feature intervals, revealing
consistency with factor loading characteristics (Supple-
mentary Table 5-7).

Subsequent analysis identified specific dietary com-
ponents associated with an increased risk of CRC across
multiple models. In Model-1, PC2 (OR = 3.66, 95%CI:
2.795, 4.784) and PC3 (OR = 2.34, 95%CI: 1.755, 3.123)
were significantly associated with higher CRC risk, even
after adjusting for lifestyle factors in Model-2. Further
adjustment in Model-3 revealed that PC1 (OR = 1.80,
95%CI: 1.192, 2.703), PC2 (OR = 8.42, 95%CI: 3.808,
18.62), and PC3 (OR = 2.97, 95%CI: 1.912, 4.626) all
exhibited a markedly elevated risk of CRC (Supplemen-
tary Table 8). These findings suggest that diets high in
animal-derived nutrients, resembling Western dietary
patterns, may elevate CRC risk, whereas bean protein
appears to confer a protective effect.

Association of dietary intake and fat distribution in the
occurrence of CRC

The relationship between nutrients intake and body com-
position in CRC, after adjusting for confounders, is de-
picted in Figure 3. Linear regression revealed men had an
inverse relationship between SMI and PC3 (B = -2.62,
95%CI: -5.144, -0.099, Figure 3a), along with negative
correlations of NAMA and SMD with PC1(f = -10.9,
95%CI: -18.316, -3.409, Figure 3b; f = -3.14, 95%CI: -
5.173, -1.099, Figure 3c), PC2 (B = -17.3, 95%CI: -
28.205, -6.360; B = -5.51, 95%CI: -8.041, -2.071) and
PC3(B = -13.3, 95%CI: -20.812, -5.860; B = -2.95,
95%CIL: -4.994, -0.908). Positively, LAMA correlated
with PC1(B = 6.31, 95%CI: 0.766, 11.858, Figure 3d) and
PC2(B = 11.0, 95%CI: 2.818, 19.071). In women, dietary
intake primarily affected central fat distribution, with
VAI positively correlating with PC1 (B = 10.8,
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Table 1. General characteristics of participants’

Total Men
Control (n=144) CRC (n=163) p Control (n=61) CRC (n=93) p
Age, median (IQR, y) 69.0 (65.0, 72.3) 67.0 (60.0, 73.0) 0.015 70.0 (65.0, 73.0) 66.0 (60.0, 71.0) 0.005
Sex, n (%) 61 (42.4) 93 (57.1) 0.014 NA NA NA
BMI median (IQR, kg/m?) 23.3(21.3,25.5) 234 (21.5,26.0) 0.541 23.5(21.9,254) 23.4(21.3,254) 0.773
Work, n (%) 0.054 0.177
Relatively high intensity 7 (4.86) 19 (11.7) 4 (6.56) 14 (15.1)
Relatively low intensity 137 (95.1) 144 (88.3) 57 (93.4) 79 (85.0)
Smoking, n (%) <0.001 <0.001
Never 115 (79.9) 88 (54.0) 33 (54.1) 29 (31.2)
Quit 21 (14.6) 27 (16.6) 20 (32.8) 24 (25.8)
Current 8 (5.56) 48 (29.5) 8 (13.1) 40 (43.0)
Drinking, n (%) 28 (19.4) 79 (48.5) <0.001 20 (32.8) 74 (79.6) <0.001
Physical inactivity, n (%) 15(10.4) 64 (39.3) <0.001 7 (11.5) 30 (32.3) 0.006
Metabolic syndrome, n (%) 21 (14.6) 59 (36.2) <0.001 9 (14.8) 30 (32.3) 0.024
FFA, median (IQR, pmol/ml) 633 (531, 749) 690 (591, 876) 0.001 616 (517, 747) 662 (570, 812) 0.059
TG, median (IQR, mmol/L) 1.10 (0.71, 1.46) 1.17 (0.91, 1.41) 0.093 1.07 (0.71, 1.53) 1.07 (0.86, 1.35) 0.720
HDL, median (IQR, mmol/L) 1.38 (1.17, 1.68) 1.02 (0.89, 1.13) 0.056 1.28 (1.07, 1.54) 1.00 (0.86, 1.11) 0.205
LDL, median (IQR, mmol/L) 2.60 (2.20, 3.13) 2.75 (2.38, 3.20) <0.001 2.47 (1.96, 2.88) 2.59 (2.20, 3.07) <0.001
LH ratio, median (IQR) 1.91 (1.35,2.43) 2.76 (2.20, 3.42) <0.001 1.88 (1.33,2.57) 2.65(2.13,3.34) <0.001
Women
Control (n=83) CRC (n=70) p
Age, median (IQR, y) 68.0 (64.5, 72.0) 68.5 (60.0, 74.0) 0.669
Sex, n (%) NA NA NA
BMI median (IQR, kg/m?) 22.9(20.7, 25.6) 23.4(21.8,26.0) 0.276
Work, n (%) 0.540
Relatively high intensity 3(3.61) 5(7.14)
Relatively low intensity 80 (96.4) 65 (92.9)
Smoking, n (%) 0.003
Never 82 (98.8) 59 (84.3)
Quit 1 (1.20) 3 (4.29)
Current 0 (0.00) 8(11.4)
Drinking, n (%) 8 (9.64) 5(7.14) 0.794
Physical inactivity, n (%) 8 (9.64) 34 (48.6) <0.001
Metabolic syndrome, n (%) 12 (14.5) 29 (41.4) <0.001
FFA, median (IQR, pmol/ml) 644 (576, 774) 728 (617, 984) 0.001
TG, median (IQR, mmol/L) 1.10 (0.70, 1.40) 1.25(0.96, 1.51) 0.022
HDL, median (IQR, mmol/L) 1.42 (1.26, 1.73) 1.04 (0.92, 1.14) 0.033
LDL, median (IQR, mmol/L) 2.65(2.28,3.22) 2.95(2.55, 3.45) <0.001
LH ratio, median (IQR) 1.92 (1.41,2.36) 2.98 (2.23,3.44) <0.001

FFA: Free fatty acid, TG: Triglyceride, LDL: Low density lipoprotein, HDL: High density lipoprotein, LH ratio: LDL. HDH Ratio, NA: Not Applicable.
"Mann-Whitney test was used for continuous variables and Fisher's exact test was used for categorical variables
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Table 2. Body composition features of participants’

Total Men

Control (n=144) CRC (n=163) p Control (n=61) CRC (n=93) p
NAMA, cm? 65.7 (50.7,94.2) 63.3(45.8,89.2) 0.153 95.1 (85.9, 104) 82.3 (65.6, 101) 0.010
NAMA, HU 46.8 (44.0,49.3) 44.0 (41.8,45.9) <0.001 46.8 (44.0, 50.7) 44.3 (42.7,46.1) <0.001
LAMA, cm? 37.0 (30.0,46.9) 49.5 (38.7, 58.9) <0.001 40.6 (30.5, 47.6) 51.6 (40.5,61.1) <0.001
LAMA, HU 5.44 (4.44, 6.84) 7.14 (5.75, 8.47) <0.001 6.38 (4.98, 7.29) 7.54 (6.72, 8.78) <0.001
SMD, HU 32.7(27.8,36.1) 27.8 (22.3,33.0) <0.001 34.9 (32.3,38.7) 30.4 (24.7,35.0) <0.001
SMI, cm?/m? 40.5 (34.9, 46.5) 41.5 (36.1,47.7) 0.178 35.9 (41.0,49.7) 46.6 (41.2,50.9) 0.900
SAT, cm? 120 (91.2, 159) 121 (93.9, 167) 0.894 113 (83.9, 136) 104 (80.0, 132) 0.410
SAI, cm?/m? 45.3 (34.7,62.2) 43.2 (33.1,61.7) 0.507 38.3(30.6,47.2) 35.7(27.2,44.3) 0.320
SAT, HU -101 (-105, -95.5) -104 (-108, -98.0) <0.001 -97.9 (-101, -93.0) -103 (80.0, 132) 0.001
VAT, cm? 103 (67.1, 171) 125 (88.3,172.5) 0.055 119 (81.8, 191) 136 (28.2, 65.8) 0.909
VAI, cm?/m? 38.2 (26.4,64.2) 46.5 (30.3, 63.1) 0.135 40.7 (30.6, 64.2) 44.6 (28.2, 65.8) 0.770
VAT, HU -96.3 (-100, -89.6) -96.2 (88.3,173) 0.725 -94.5 (-99.6, -87.7) -95.3 (85.7,197) 0.934
WC, cm 86.0 (77.6, 94.0) 91.0 (83.5,97.8) <0.001 88.0 (84.0, 95.0) 91.0 (84.0, 96.5) 0.139
CC, cm 34.4 (33.0,36.2) 33.3(31.5,354) <0.001 35.0 (34.0,37.0) 34.0 (32.0, 35.5) <0.001
Strength, kg 22.7(18.9,31.3) 24.6 (16.7,30.3) 0.608 32.5(28.2,35.9) 28.9 (25.3,33.9) 0.035

Women
Control (n=83) CRC (n=70) p

NAMA, cm? 55.1 (44.4,64.1) 46.2 (33.3,57.5) 0.001

NAMA, HU 46.8 (43.9,48.9) 43.4 (41.3,45.4) <0.001

LAMA, cm? 35.9(29.5,45.3) 46.6 (38.2,55.9) <0.001

LAMA, HU 4.94 (3.66, 6.20) 6.44 (5.09, 7.57) <0.001

SMD, HU 30.2 (26.2,33.7) 23.5(20.4,28.1) <0.001

SMI, cm?*/m? 36.1(32.3,41.2) 37.1(33.3,39.9) 0.728

SAT, cm? 132 (102, 185) 157 (119, 193) 0.083

SAI, cm?/m? 52.9 (38.8,74.4) 63.4 (45.8,76.8) 0.115

SAT, HU -103 (-106, -99.5) -106 (-110, -102) <0.001

VAT, cm? 88.3 (58.1, 146) 118 (92.7, 156) 0.009

VAL ¢cm?/m? 36.1 (22.6, 59.7) 46.9 (35.9, 60.1) 0.012

VAT, HU -96.8 (-101, -90.6) -97.2 (-101, -93.2) 0.406

WC, cm 80.2 (73.0,93.5) 90.0 (82.0, 98.5) 0.001

CC, cm 33.9 (325, 35.5) 32.3(31.0,34.4) 0.008

Strength, kg 19.4 (16.4, 22.5) 16.9 (12.7,21.3) 0.006

NAMA: Normal Attenuation Muscle Area, LAMA: Low Attenuation Muscle Area, SMD: Skeletal Muscle Density, SMI: Skeletal Muscle Index, SAT: Subcutaneous Adipose Tissue, SAI: Subcutaneous Adipose

Index, VAT: Visceral adipose tissue, VAI: Visceral adipose index, WC: Waist Circumference, CC: Calf Circumference.

"Mann-Whitney test was used for continuous variables and Fisher's exact test was used for categorical variables.
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Table 2. Body composition features of participants’

Total Men

Control (n=144) CRC (n=163) p Control (n=61) CRC (n=93) p
Myosteatosis, n (%) 46 (31.9) 111 (68.1) <0.001 16 (26.2) 57 (61.3) <0.001
Visceral Obesity, n (%) 57 (39.6) 92 (56.4) 0.005 29 (47.5) 52 (55.9) 0.394
Sarcopenia, n (%) 103 (71.5) 122 (74.9) 0.598 52 (85.3) 78 (83.9) 0.998
Sarcopenic Obesity, n (%) 49 (34.0) 77 (47.2) 0.026 33 (54.1) 48 (51.6) 0.891

Women
Control (n=83) CRC (n=70) p

Myosteatosis, n (%) 30 (36.1) 54 (77.1) <0.001

Visceral Obesity, n (%) 28 (33.7) 40 (57.1) 0.006

Sarcopenia, n (%) 51 (61.5) 44 (62.9) 0.990

Sarcopenic Obesity, n (%) 16 (19.3) 29 (41.4) 0.005

NAMA: Normal Attenuation Muscle Area, LAMA: Low Attenuation Muscle Area, SMD: Skeletal Muscle Density, SMI: Skeletal Muscle Index, SAT:
Index, VAT: Visceral adipose tissue, VAI: Visceral adipose index, WC: Waist Circumference, CC: Calf Circumference.
"Mann-Whitney test was used for continuous variables and Fisher's exact test was used for categorical variables

Subcutaneous Adipose Tissue, SAI: Subcutaneous Adipose
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Table 3. The mediation effect of the dictary factors and body composition for colorectal cancer

Variables Total effect Direct effect Mediated effect Proportion mediated (%) pl
Men
PCI1f
NAMA, cm? -0.105 (-0.173, -0.063) -0.093 (-0.159, -0.053) -0.012 (-0.026, -0.001) 11.0 0.026
LAMA, cm? -0.106 (-0.172, -0.068) -0.095 (-0.159, -0.062) -0.012 (-0.028, -0.0004) 11.0 0.040
SMI, cm?/m? -0.101 (-0.169, -0.062) -0.099 (-0.167, -0.059) -0.002 (-0.011, 0.002) 2.27 0.406
SMD, HU -0.109 (-0.175, -0.067) -0.090 (-0.147, -0.054) -0.019 (-0.037, -0.005) 17.5 0.004
SAI, cm?/m? -0.104 (-0.169, -0.064) -0.103 (-0.168, -0.064) -0.001 (-0.006, 0.003) 0.941 0.648
VAL cm?/m? -0.105 (-0.163, -0.063) -0.106 (-0.163, -0.063) 0.0002 (-0.003, 0.004) 0.195 0.906
PC2¢
NAMA, cm? -0.049 (-0.126, 0.008) -0.045 (-0.116, 0.011) -0.004 (-0.030, 0.017) 8.93 0.712
LAMA, cm? -0.055 (-0.124, 0.006) -0.062 (-0.123, -0.004) 0.007 (-0.016, 0.030) 12.7 0.618
SMI, cm?*m? -0.050 (-0.116, 0.013) -0.047 (-0.110, 0.019) -0.003 (-0.018, 0.008) 6.07 0.670
SMD, HU -0.051 (-0.124, 0.011) -0.046 (-0.115, 0.008) -0.005 (-0.037, 0.024) 10.1 0.678
SAI, cm?*/m? -0.051 (-0.133, 0.013) -0.054 (-0.141, 0.010) 0.004 (-0.004, 0.016) 7.08 0.450
VAL cm?*m?SAl, cm?/m? -0.051 (-0.127, 0.013) -0.052 (-0.129, 0.013) 0.001 (-0.007, 0.012) 2.22 0.786
PC3§
NAMA, cm? 0.037 (-0.031, 0.114) 0.028 (-0.033, 0.106) 0.009 (-0.013, 0.033) 234 0.514
LAMA, cm? 0.040 (-0.032, 0.112) 0.045 (-0.026, 0.116) -0.004 (-0.027, 0.020) 10.9 0.868
SMI, cm?/m? 0.041 (-0.031, 0.119) 0.037 (-0.035, 0.115) 0.004 (-0.007, 0.020) 9.75 0.574
SMD, HU 0.040 (-0.038, 0.116) 0.046 (-0.018, 0.120) -0.005 (-0.035, 0.027) 132 0.970
SAI, cm?/m? 0.044 (-0.035, 0.118) 0.053 (-0.026, 0.133) -0.010 (-0.033, 0.003) 22.6 0.392
VAL cm?/m? 0.043 (-0.034, 0.117) 0.044 (-0.034, 0.120) -0.001 (-0.011, 0.009) 2.29 0.842
Women
PCI1f
NAMA, cm? -0.104 (-0.148, -0.067) -0.097 (-0.141, -0.058) -0.008 (-0.020, -0.0004) 7.24 0.030
LAMA, cm? -0.107 (-0.145, -0.069) -0.092 (-0.128, -0.055) -0.016 (-0.032, -0.004) 14.6 0.002
SMI, cm?*/m? -0.105 (-0.147, -0.066) -0.105 (-0.149, -0.067) 0.0002 (-0.003, 0.004) 0.177 0.960
SMD, HU -0.109 (-0.150, -0.067) -0.092 (-0.133, -0.051) -0.017 (-0.031, -0.005) 154 0.004
SAI, cm?/m? -0.105 (-0.147, -0.066) -0.103 (-0.145, -0.064) -0.002 (-0.008, 0.003) 1.73 0.552
VAL cm?/m? -0.105 (-0.148, -0.068) -0.105 (-0.147, -0.066) -0.001 (-0.006, 0.004) 0.677 0.728
PC2}
NAMA, cm? 0.102 (0.032, 0.186) 0.101 (0.033, 0.180) 0.001 (-0.024, 0.021) 0.811 0.938
LAMA, cm? 0.118 (0.041, 0.194) 0.115 (0.043, 0.187) 0.003 (-0.030, 0.033) 2.37 0.824
SMI, cm?*/m? 0.103 (0.038, 0.181) 0.103 (0.035, 0.182) -0.000001 (-0.007, 0.006) 0.001 0.998
SMD, HU 0.107 (0.038, 0.194) 0.096 (0.037,0.178) 0.010 (-0.022, 0.044) 9.78 0.472
SAI, cm?/m? 0.102 (0.038, 0.176) 0.103 (0.038, 0.177) -0.001 (-0.010, 0.008) 1.08 0.836
VAL cm?/m? 0.103 (0.029, 0.189) 0.100 (0.026, 0.184) 0.003 (-0.005, 0.016) 2.57 0.552

NAMA: Normal Attenuation Muscle Area, LAMA: Low Attenuation Muscle Area, SMI: Skeletal Muscle Index, SMD: Skeletal Muscle Density, SAI: Subcutaneous Adipose Index, VAI: Visceral adipose index.
fPC1: Principal component 1 associated with high animal-derived nutrients intake

fPC2: Principal component 2 related to low bean protein intake and high carbohydrate intake

SPC3: Principal component 3 linked to high carbohydrate and bean protein intake

p values of mediated effect for colorectal cancer adjusted for age, exercise, smoking, drinking, metabolic syndrome, and BMI
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Table 3. The mediation effect of the dietary factors and body composition for colorectal cancer

Variables

Total effect

Direct effect

Mediated effect

Proportion mediated (%)

pﬂ

Women
PC3}
NAMA, cm?
LAMA, cm?
SMI, cm?/m?
SMD, HU
SAIL cm?*m?
VAI cm?/m?

-0.037 (-0.113, -0.022)
-0.032 (-0.111, -0.043)
-0.040 (-0.116, -0.032)
-0.035 (-0.115, -0.032)
-0.039 (-0.118, -0.033)
-0.039 (-0.117, -0.029)

-0.036 (-0.113, -0.031)
-0.036 (-0.110, -0.032)
-0.040 (-0.117, -0.032)
-0.037 (-0.109, -0.030)
-0.035 (-0.115, -0.036)
-0.043 (-0.122, -0.030)

-0.001 (-0.023, 0.020)
0.004 (-0.022, 0.033)
0.00005 (-0.007, 0.006)
0.002 (-0.020, 0.031)

-0.004 (-0.016, 0.005)
0.004 (-0.007, 0.016)

3.03
123
0.013
5.73
9.96
9.66

0.850
0.994
0.908
0.994
0.514
0.564

NAMA: Normal Attenuation Muscle Area, LAMA: Low Attenuation Muscle Area, SMI: Skeletal Muscle Index, SMD: Skeletal Muscle Density, SAI: Subcutaneous Adipose Index, VAI: Visceral adipose index.
PC1: Principal component 1 associated with high animal-derived nutrients intake

PC2: Principal component 2 related to low bean protein intake and high carbohydrate intake

SPC3: Principal component 3 linked to high carbohydrate and bean protein intake

p values of mediated effect for colorectal cancer adjusted for age, exercise, smoking, drinking, metabolic syndrome, and BMI
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722 Participants enrolled in the PPLSS between
Nov, 2021 and Jan, 2024.

v

Informed consent for participation to the clinical trials

&«
non CRC

Matched healthy community
men and women
n=426, M:306, F:120

\
CRC

Suspected Colorectal
Cancer Patients
n=296, M:167, F:129

277 patients were excluded
(1) unavailability of 30 days
pregperative CT images or
didn't undergone CT

n=277, M:242, F:35

v

Matched healthy community
men and women
n=149, M:64, F:85

EXCLUDE

5 patients were excluded

{1} unavailability of clinical,

demographic and

anthropometric data of interest
n=5, M:3, F:2

v

EXCLUDE

133 patients were excluded
(1) unavailability of 30 days
preoperative CT images
n=120, M:68, F:52
{2) unavailability of
anthropometric and blood
lipid data of interests
n=13, M:6, F:7

EXCLUDE

!

INCLUDE

Total Participants n=144+163, M:61+93, F:83+70
Avazilable individuals for evaluating body composition

e ¥

v ~

Sarcopenic Obesity
{n=126)

Control: M:33, F:16
CRC: M:48, F:29

Sarcopenia(n=225)
Control: M:52, F:51
CRC: M:78, F:44

Visceral Obesity (n=1489)
Control: M:29, F:28
CRC: M:52, F:40

Myosteatosis(n=157)
Control: M:16, F:30
CRC: M:57, F:54

Figure 1. The flowchart of participants. Participants for this study were enrolled from the Peking Union Medical College Hospital
(PUMCH) multicenter Prospective Longitudinal Sarcopenia Study (PPLSS). All participants selected were based on the relevant inclusion

and exclusion criteria at every step.

95%CI: 1.265, 20.347, Figure 3e), PC2 (B = 14.6, 95%CI:
0.820, 28.451), and PC3 (B = 16.2, 95%CIL: 4.055,
28.296). The three principal components favor SAI, but
no significant differences were found. These results indi-
cate high animal-derived saturated fats diets may harm
muscle health and fat distribution in patients with CRC,
while plant protein-based foods, especially beans, may
provide anti-inflammatory benefits for male patients. Fur-
thermore, gender disparities in the association between
body composition changes and dietary components play
significant role.

In the mediation analysis, we identified body compo-
sition parameters mediate the interaction between dietary
components and colorectal carcinogenesis. SMD (p =
0.012, mediated proportion 9.70%) partially mediates the
link between PC1 and the risk of CRC in men (Supple-
mentary Table 7). Similarly, NAMA (p = 0.032, mediated
proportion 6.05%), LAMA (p = 0.038, mediated propor-
tion 9.782%), and SMD (p = 0.004, mediated proportion
11.9%) serve as partial mediators for women (Supple-
mentary Table 9). After adjusting for confounders, NA-
MA (p = 0.026, mediated proportion 11.0%), LAMA (p =

0.040, mediated proportion 11.0%), and SMD (p = 0.004,
mediated proportion 17.5%) partially mediate the link
between PC1 and the risk of CRC for men (Table 3). For
women, NAMA (p = 0.030, mediated proportion 7.24%),
LAMA (p = 0.002, mediated proportion 14.6%), and
SMD (p = 0.004, mediated proportion 15.4%) continue
this mediation (Table 3). These findings established that
SMD and LAMA act as key mediators bridging the influ-
ence of dietary factors on colorectal carcinogenesis.

To elucidate the impact of diet and obesity, key modi-
fiable risk factors, on colorectal carcinogenesis, we lever-
aged deep learning to uncover novel molecular determi-
nants. After eliminating redundant parameters by multi-
collinearity analyses, random forest models achieved high
accuracies (AUC = 0.949, accuracy = 0.818 in men; AUC
=0.975, accuracy = 0.864 in women) (Figure 4a, d). Ver-
ification in the internal test set (31 men, 32 women)
demonstrated satisfactory results (AUC = 0.863, accura-
cy=0.702 in men; AUC = 0.956, accuracy = 0.870 in
women). (Figure 4b, ¢). To avoid overfitting, we em-
ployed 10-fold cross-validation, yielding consistent
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CRC Control
Male Male
Median LAMA 51.59(20.58) cm? Median LAMA 40.56(17.11) cm®
Median NAMA 82.34(35.25) cm? Median NAMA 95.13(18.15) em?
Female Female
Mecdian LAMA 44.44(9.70) cm? Median LAMA 46.56(8.69) cm?
Median NAMA 46.23(24.21) cm? Median NAMA 55.08(19.68) cm?
TAMA
-190 IMAT -30 LAmA 130 NAMA  *150
Y HU
VAT R 5 HY
SAT
S e 30 (HU)

Figure 2. CT measurement images (at 3rd lumbar vertebra level) of body composition. (a) Male CRC patient, BMI 26.45 kg/m?, aged 68y. SMA = 153.54cm?, VAT = 212.1cm?; SAT = 100.3cm?; SMD = 22.97HU;
NAMA = 68.15cm?; LAMA = 85.39cm?. (b) Female CRC patient, BMI 25.91 kg/m?, aged 65y. SMA = 91.63cm?; VAT = 120.4cm?; SAT = 215.5 cm?; SMD = 24.23HU; NAMA =42.93 cm?; LAMA = 48.70cm?.
(c) Male control individual, BMI 23.82 kg/m?, aged 65y. SMA = 127.7 cm?; VAT = 43.05cm? SAT = 105.7cm?; SMD = 36.59HU; NAMA = 91.97cm? LAMA = 35.73cm?. (d) Female control individual, BMI
25.28 kg/m?, aged 64y. SMA = 90.29cm?; VAT = 83.81cm? SAT=149c¢cm?; SMD = 37.02HU; NAMA = 62.64cm?; LAMA = 27.65cm?. SMA: Skeletal Muscle Area, VAT: Visceral Adipose Tissue, SAT: Subcuta-
neous Adipose Tissue, SMD: Skeletal Muscle Density, NAMA: Normal Attenuation Muscle Area, LAMA: Low Attenuation Muscle Area
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Figure 3. The forest plot of associations between nutrients intake pattern and body composition. Models were adjusted by age, exercise, metabolic syndrome, drinking, and total energy. (a) The association between
nutrients intake pattern and skeletal muscle index. (b) The association between nutrients intake pattern and normal attenuation muscle area. (c) The association between nutrients intake pattern and skeletal muscle
density. (d) The association between nutrients intake pattern and low attenuation muscle area. (e) The association between nutrients intake pattern and visceral adipose index. (f) The association between nutrients
intake pattern and subcutaneous adipose index. The figures were generated with R software (Version 4.3.1). In men, PC1: Principal component 1 associated with high animal-derived nutrients intake, PC2: Principal
component 2 linked to high carbohydrate intake, PC3: Principal component 3 related to low bean protein intake; In women, PC1: Principal component 1 associated with high animal-derived nutrients intake; PC2:
Principal component 2 related to low bean protein intake and high carbohydrate intake; PC3: Principal component 3 linked to high carbohydrate and bean protein intake
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Figure 4. The feature importance score of nutrient intake pattern and body composition. The models were established based on the random forest. (a) Receiver operating characteristic (ROC) curve evaluates the
train model for men. (b) ROC curve evaluates the test model for men. (c) The features importance score for men. (d) ROC curve evaluates the train model for women. (¢) ROC curve evaluates the test model for

women. (f) The features importance score for women. In men, PC1: Principal component 1 associated with high animal-derived nutrients intake, PC2: Principal component 2 linked to high carbohydrate intake, PC3:
Principal component 3 related to low bean protein intake; In women, PC1: Principal component 1 associated with high animal-derived nutrients intake; PC2: Principal component 2 related to low bean protein intake

and high carbohydrate intake; PC3: Principal component 3 linked to high carbohydrate and bean protein intake; NAMA: Normal Attenuation Muscle Area, LAMA: Low Attenuation Muscle Area, SMI: Skeletal

Muscle Index, SMD: Skeletal Muscle Density, SAI: Subcutaneous Adipose Index, VAI: Visceral adipose index
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performance (Supplementary Table 10). Through com-
prehensive computational assessment, model feature im-
portance scoring (Figure 4c, f) demonstrated that SMD
and PCI served as critical factors for colorectal carcino-
genesis risk stratification.

DISCUSSION

Our findings demonstrate dietary composition is signifi-
cantly associated with colorectal carcinogenesis, primari-
ly mediated by intramuscular fat deposition. CRC patients
exhibited inconspicuous obesity patterns resulting from
intramuscular lipid accumulation, which correlated with
elevated LAMA and decreased SMD levels. These patho-
logical changes were significantly associated with higher
consumption of animal-derived nutrients and reduced
legume protein intake. Epidemiological research has long
established an association between red meat intake and
colorectal carcinogenesis, yet the pathophysiological
mechanisms involved remain inadequately characterized.
Our study offers pioneering population-level evidence
suggesting dietary factors may influence oncogenesis
through detrimental modifications in body composition,
specifically by inducing muscle quality, myosteatosis as a
quantifiable intermediary phenotype. Sex-stratified anal-
yses revealed differential patterns that myosteatosis-
driven CRC risk was strongly associated with increased
animal protein intake and decreased bean protein con-
sumption in men, while in women elevated animal protein
and total energy intake predominantly contributed to cen-
tral adiposity accumulation.

Cancer development demonstrates significant associa-
tions with body composition alterations, particularly low
SMD (myosteatosis) and reduced SMI (sarcopenia). In
obesity-related malignancies, like CRC, patients may
maintain a deceptively normal physique due to concealed
adipose deposits, including intra- and intermuscular adi-
pose tissue that masks muscle wasting.®® Obesity pro-
motes CRC development via adipose tissue redistribution,
where lipid mobilization from subcutaneous stores meets
energy demands while residual visceral and intramuscular
lipid accumulation drives pathological fat partitioning.*
Although tumor-specific fat redistribution mechanisms
vary across cancer types, all malignancies depend on sub-
cutaneous adipose-derived lipids for energy metabolism.*
Our logistic regression analysis identified an inverse rela-
tionship between SAI and CRC risk, corroborating Brown
et al.'s large-scale study (n = 3,262) establishing subcuta-
neous adipose tissue as a prognostic marker for CRC-
specific mortality.*! Importantly, when excess lipids from
subcutaneous fat redistribute to skeletal muscles, a detri-
mental cycle (known as the "Metabaging Cycle"*) occurs
locally at the deposition site, characterized mainly by
chronic inflammation and IR, disrupting fatty acid B-
oxidation, increasing ROS production, and causing mito-
chondrial dysfunction. The harmful cycle of local my-
osteatosis and muscle IR can initiate a broader negative
loop leading to rising lipolysis and local FFA concentra-
tions (the Metabaging Cycle), thus worsening and spread-
ing local hyperlipidemia. The resulting local hyper-
lipidemia, lipotoxicity, and IR induced local inflammag-
ing, exacerbating lipid dysfunction and IR in an expand-
ing cycle that results in muscle atrophy (sarcopenia) and

further fat accumulation, supporting the idea that the fun-
damental mechanism for myosteatosis is systemic in na-
ture.*? Our findings demonstrate myosteatosis increases
CRC risk by 15.5-fold, while SAI shows a protective in-
verse association, underscoring subcutaneous fat loss as a
mortality driver and ectopic fat redistribution to intra- and
intermuscular space as a carcinogenesis promoter, inde-
pendent of body weight.

Dietary components play a crucial role in modulating
metabolic pathways that influence cancer development
via their impact on body composition.** Our findings sub-
stantiate the association between a Western diet*#® and
elevated CRC risk, particularly among men, with ectopic
fat deposition patterns, myosteatosis, emerging as a po-
tential mechanistic link, independent of conventional
metabolic factors. Emerging evidence*’ highlights the
differential effects of dietary fat subtypes on adipose tis-
sue distribution, where saturated and animal-derived fats
demonstrate positive correlations with hepatic lipid ac-
cumulation, intermuscular adipose tissue (IMAT) and
VAT, whereas plant-based fats exhibit an inverse associa-
tion with IMAT in women. The potential carcinogenic
effects of animal-derived nutrients, including saturated
fats, heme iron, and arginine present in red and processed
meats, may be mediated through chronic inflammation
compromised colonic barrier function, thereby elevating
CRC susceptibility.***° Current dietary recommendations
advocate restricting red meat consumption to fewer than
three weekly portions (350-500g cooked weight) and
complete avoidance of processed meat products, especial-
ly those preserved through smoking or containing ni-
trites.** Notably, our analysis revealed a protective asso-
ciation between legume consumption and CRC risk, cor-
roborating previous observations> that identified an in-
verse relationship between legume intake (less than week-
ly) and sarcopenia risk (OR = 1.419), with complete ab-
stinence further amplifying this risk (OR = 2.536). Pre-
clinical investigations®' demonstrate incorporating leg-
ume-derived proteins and bioactive constituents into calo-
rie-restricted regimens significantly reduces both overall
adiposity and ectopic fat deposition. Legumes exert bene-
ficial effects on body composition, particularly in obese
populations,> while concurrently delivering anti-
neoplastic benefits via multimodal mechanisms, including
glycemic control, antioxidant activity, and anti-
inflammatory effects,> potentially mediated by bioactive
compounds, like spermidine.* These findings substantial-
ly expand the recognized health benefits associated with
legume consumption in nutritional epidemiology. Clini-
cal, these results support dietary counseling strategies that
promote increased legume consumption frequency and
quantity, while advocating for a paradigm shift in protein
sourcing, specifically advocating for partial substitution
of red meat with soy-based protein alternatives. Studies™
have demonstrated that females predominantly exhibit a
higher proportion of subcutaneous adipose tissue, particu-
larly in the gluteofemoral region, whereas males tend to
accumulate more visceral or muscular tissue, consistent
with our current findings. Sex differences in dietary be-
haviors and nutritional quality'> 53¢ suggested that males
are more inclined to consume red and processed meats,
whereas females tend to favor higher intakes of vegeta-
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bles, fruits, and low-fat dairy products. In response to
unhealthy dietary patterns, males may demonstrate earlier
or more pronounced adverse alterations in body composi-
tion, such as myosteatosis. Variations in dietary composi-
tion and caloric exposure may contribute directly to dif-
ferences in body composition and metabolic outcomes,
underscoring the importance of considering dietary quali-
ty in the analysis of sex-specific adipose tissue and mus-
cle phenotypes.

While this study provides valuable insights, several
methodological limitations must be acknowledged. As an
observational investigation, our research shares the inher-
ent constraints of all non-randomized studies, including
potential residual confounding from unmeasured varia-
bles. The relatively modest sample size may affect the
statistical power, potentially limiting the generalizability
of certain findings. Due to limited sample size in early-
stage (I/IT) cohort and the inability to perform robust sen-
sitivity analyses, only stage III and IV patients were en-
rolled. A notable limitation is the lack of an early-stage
(I/IT) cohort, precluding direct application of these results
to early-stage CRC populations. The reliance on self-
reported lifestyle and dietary data introduces possible
measurement errors and recall bias, despite our use of
validated assessment tools. These limitations might be
partially offset via comprehensive adjustment for known
confounders.

In conclusion, myosteatosis, the inconspicuous obesity
phenotype, serves as a critical pathophysiological link
mediating the association between pro-carcinogenic die-
tary patterns and elevated colorectal carcinogenesis, espe-
cially for advanced-stage patients. These pathological
changes significantly correlated with dietary components
characterized by excessive intake of animal-derived nu-
trients coupled with insufficient consumption of plant-
based proteins, particularly from legumes. This provides a
concrete mechanistic pathway supporting the "diet-
induced carcinogenesis" model. Our findings underscore
novel intervention opportunities beyond conventional risk
factors; specifically, modulating body composition, par-
ticularly muscle quality, through targeted strategies, like
resistance training and optimized protein intake involving
the substitution of animal-based proteins with bean-
derived alternatives could serve as a personalized preven-
tive approach for mitigating ectopic fat deposition and
potentially modifying CRC risk via improvements in
body composition.
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