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ABSTRACT

Objectives To evaluate the association between metabolic
dysfunction-associated steatotic liver disease (MASLD),
metabolic-associated steatohepatitis (MASH), and the
risk of colorectal cancer (CRC) and benign colorectal
neoplasms (BCN), and to explore whether liver fibrosis/
cirrhosis modifies these associations.

Design Retrospective cohort study with 1:1 propensity
score matching.

Setting Global, multicentre real-world analysis using
deidentified electronic health records from over 130
healthcare organisations in the TriNetX Global Collaborative
Network.

Participants Hospitalised adults aged 45-75 years
between October 2019 and October 2024. Patients with
prior diagnoses of colorectal neoplasia or other chronic
liver diseases were excluded. Final matched cohorts
included 138902 MASLD and non-MASLD patients, 3715
MASH and non-MASH patients, and 1312 MASH patients
with and without fibrosis.

Primary and secondary outcome measures Primary
outcomes: Incidence of CRC and BCN. Secondary
outcome: Combined incidence of CRC and BCN.
Outcomes were assessed with and without controlling
for metabolic risk factors using Cox proportional
hazards models.

Results MASLD was associated with increased risks
of CRC (HR 2.71, 95% Cl 2.29 to 3.20) and BCN (HR
2.50, 95% Cl 2.38 to0 2.63), both p<0.001. MASH
patients had a 5-fold higher risk of CRC (HR 5.03,
95% Cl 1.43 to 17.72, p=0.005) and nearly 2-fold
risk of BCN (HR 1.91, 95% Cl 1.38 to 2.67, p<0.001).
No significant differences in CRC or BCN risk were
observed between MASH patients with versus without
fibrosis/cirrhosis.

Conclusions MASLD and MASH are independent risk
factors for CRC and BCN, irrespective of metabolic
comorbidities. Fibrosis/cirrhosis does not significantly
influence CRC risk. These findings support the need
to revisit CRC screening guidelines for patients

with MASLD/MASH. Further prospective studies are
warranted to explore underlying mechanisms and
evaluate preventative interventions.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Use of a large, diverse real-world dataset from over
130 healthcare organisations worldwide enhances
generalisability and external validity.

= Propensity score matching minimised confounding
by balancing key demographic and metabolic vari-
ables across comparison groups.

= Standardised ICD-10 codes were used for exposure
and outcome definitions, ensuring reproducibility
and consistency.

= Retrospective design introduces potential for re-
sidual confounding and misclassification bias from
reliance on coded diagnoses.

= Lack of data on colonoscopy history, lifestyle factors
and severity of liver or metabolic disease may limit
adjustment for unmeasured confounders.

INTRODUCTION

Colorectal cancer (CRC) is the third most
commonly diagnosed cancer and the second
leading cause of cancerrelated mortality
globally, underscoring the substantial burden
it imposes on healthcare systems worldwide.
Recent epidemiological data suggest that
the global incidence of CRC is increasing,
driven in part by sedentary lifestyles, ageing
populations and escalating rates of metabolic
disorders. Among the metabolic conditions
is metabolic dysfunction-associated steatotic
liver disease (MASLD), formerly known as
non-alcoholic fatty liver disease (NAFLD).?
Increasingly, investigators have noted that
MASLD extends beyond merely a hepatic
condition, potentially contributing to an
elevated risk of extrahepatic malignancies,
such as CRC.”

Multiple cross-sectional and cohort studies
have repeatedly demonstrated a higher prev-
alence of colorectal adenomas and carci-
noma in patients with MASLD compared
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with individuals without underlying liver disease.”™® A
meta-analysis by Zeng et al synthesised 14 studies and
reported that the risk of colorectal neoplasms increases
with MASLD severity, particularly for leftsided lesions.
Zhao et al’ conducted an updated cohort-only meta-
analysis of nearly 10million participants and found
MASLD to be associated with higher risks of incident
CRC and colorectal adenoma. Most recently, Celsa et
af compared MASLD and Metabolic Dysfunction and
Alcohol-Associated Steatotic Liver Disease across 24
cohort studies and demonstrated distinct risks for hepatic
and extrahepatic cancers.

This association between MASLD and CRC stems from
a shared pathophysiological mechanism involving insulin
resistance, which promotes a pro-inflammatory state
through adipocytokine dysregulation, hepatic lipid accu-
mulation and oxidative stress.'” These processes can accel-
erate colorectal carcinogenesis by altering cell signalling
pathways and fostering the development of adenomatous
polyps.* In addition, intestinal dysbiosis—a disturbance
of gut microbiota that often accompanies obesity and
metabolic syndrome—may further augment this risk by
affecting epithelial integrity, inflammatory responses and
local immune surveillance. "

Despite these insights, most available studies have been
limited by region-specific populations, heterogeneous
definitions of MASLD, MASH and fibrosis, and incom-
plete adjustment for metabolic comorbidities. Our global
study addresses these gaps by (1) separately evaluating
MASLD and MASH, (2) examining the influence of liver
fibrosis/cirrhosis and (3) isolating the effect of these
conditions on colorectal neoplasm risk after controlling
for traditional metabolic risk factors using propensity
score matching (PSM). This design allows for a more
nuanced understanding of how metabolic liver disease
contributes to CRC and benign colorectal neoplasm
(BCN) risk, providing evidence to inform early detection
and prevention strategies.

METHODS

Study design and data source

This was a retrospective cohort study using the TriNetX
Global Collaborative Network, a federated research plat-
form designed for real-time analysis of deidentified patient
data. The platform complies with HIPAA privacy standards
and includes records from over 150 million individuals
across 134 healthcare organisations (HCOs) worldwide.
Participating HCOs span North America, Europe, Asia,
the Middle East and other regions, providing a geograph-
ically diverse patient population. By integrating data from
a diverse range of HCOs, TriNetX enables comprehensive
real-world analyses that extend beyond the limitations of
single-centre or region-specific studies. To ensure patient
privacy, the platform obfuscates any patient counts <10,
grouping them into a single category. As the database
exclusively contains deidentified information, the study
did not require informed consent. All clinical data were

derived from electronic health records (EHRs) main-
tained by participating HCOs. This study adhered to the
Strengthening the Reporting of Observational Studies
in Epidemiology guidelines for observational research,"
following established standards for methodological
rigour and transparent reporting of findings.

Participants, eligibility criteria and exposure

The study population was identified from the TriNetX
Global Collaborative Network by screening hospitalised
patients aged 45-75 years over a 5-year period (31 October
2019-31 October 2024). Patients were stratified based on
the presence or absence of diagnoses for MASLD (Inter-
national Classification of Diseases, Tenth Revision (ICD-
10): K76.0), MASH (ICD-10: K75.81) and liver fibrosis/
cirrhosis (ICD-10: K74) using standardised ICD-10 codes.
ICD-10 codes for CRC have demonstrated high validity in
administrative datasets; for example, Hirano et alreported
a positive predictive value of 86.3% (rising to 94.0% when
using site-specific codes) foridentifying CRCfrom hospital
claims data.'” The sample age range was chosen to align
with the typical window for CRC screening, ensuring rele-
vance to the study’s outcomes. Three primary compari-
sons were made: (1) MASLD versus non-MASLD controls,
(2) MASH versus non-MASH controls and (3) MASH with
liver fibrosis/cirrhosis vs MASH without liver fibrosis/
cirrhosis. Liver fibrosis/cirrhosis were identified using
ICD-10 codes recorded in the EHR; histological or non-
invasive imaging confirmation was not uniformly available
across TriNetX and, therefore, was not used as part of the
case definition. Exclusion criteria were applied to mini-
mise confounding factors. Patients younger than 18 years
were excluded, as were those with chronic liver diseases
other than MASLD, MASH or liver fibrosis/cirrhosis.
Excluded liver conditions included alcoholic and toxic
liver diseases, hepatic failure, chronic hepatitis, autoim-
mune hepatitis and viral hepatitis, as well as other specific
liver diseases (ICD-10: K70, K71, K72, K73, K75.0-K75.9,
K76.1-K76.9, K77, B15-B19). Furthermore, individuals
with any prior diagnosis of BCN (ICD-10: D12.2-D12.8)
or malignant colorectal neoplasms (ICD-10: C18-C20)
before the diagnosis of MASLD, MASH or liver fibrosis/
cirrhosis were excluded. This ensured that differences in
outcomes were not influenced by pre-existing colorectal
pathology. The final study sample, selected after applying
these criteria, is summarised in figure 1, which outlines
the flow of participant inclusion and exclusion.

Variables

Baseline demographic data included age, gender, race
(categorised as white, black or African American, Asian,
Native Hawaiian or Other Pacific Islander) and ethnicity
(Hispanic or Latino, Not Hispanic or Latino). Clinical
comorbidities were captured to account for metabolic
and cardiovascular risk factors. These included hyperten-
sion (ICD-10: 110), diabetes mellitus (ICD-10: EO8-E13),
dyslipidaemia (ICD-10: E78), tobacco use (ICD-10: Z72.0),
chronic ischaemic heart disease (ICD-10: I125), atrial
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Figure 1 Flow chart of patient selection and propensity score matching. Selection of hospitalised adults aged 45-75 years

from the TriNetX Global Collaborative Network (31 October 2019-31 October 2024). Exclusions included non-hospitalised
patients, age <45or >75 years, other chronic liver diseases and prior colorectal neoplasms. Three comparisons were analysed:
MASLD versus non-MASLD, MASH versus non-MASH and MASH with versus without fibrosis/cirrhosis. Each exposure group
was 1:1 propensity score-matched to its control group to balance demographics and metabolic comorbidities. Final matched
sample sizes are shown. CRC, colorectal cancer; MASH, metabolic-associated steatohepatitis; MASLD, metabolic dysfunction-
associated steatotic liver disease; PSM, propensity score matching.

fibrillation and flutter (ICD-10: 148), chronic lower respi-
ratory diseases (ICD-10: J40-J4A), and alcohol-related
disorders (ICD-10: F10). Medication usage was assessed
for Glucagon-like peptide-1 (GLP-1) analogues (ATC
code: A10BJ]) and aspirin (RxNorm: 1191). Additionally,
laboratory measures were extracted to evaluate metabolic
and hepatic function, including body mass index (BMI)
(TNX Curated: 9083), aspartate aminotransferase (AST)
(TNX Curated: 9047), alanine aminotransferase (ALT)
(TNX Curated: 9044), low-density lipoprotein (LDL)
cholesterol (TNX Curated: 9002), triglycerides (TNX
Curated: 9004) and high-density lipoprotein (HDL)
cholesterol (TNX Curated: 9001). Comorbid conditions
and laboratory values were captured using the most
recent codes and results documented at or before the
index MASLD/MASH diagnosis date.

Outcomes

The primary outcomes were the risk of CRC and BCN,
including adenomas and hyperplastic polyps, in the
subgroups of patients with MASLD, MASH and MASH
with liver fibrosis/cirrhosis compared with disease-free
controls. Additionally, a composite outcome combining
CRC and BCN was analysed to provide a broader assess-
ment of colorectal pathology risk. Outcomes were iden-
tified using the standardised ICD-10 codes previously

outlined. Patients were followed from the date of the
index event, defined as the diagnosis of MASLD, MASH
or MASH with liver fibrosis/cirrhosis, until the earliest of
the following: the first recorded outcome (CRC or BCN),
loss to follow-up or the conclusion of the study period on
31 October 2024.

Statistical analysis

Statistical analyses were conducted using the real-time
analytics tool within the TriNetX Live platform. Baseline
cohort characteristics were summarised as means and
SD for continuous variables, while categorical variables
were presented as counts and percentages. Continuous
variables are presented as mean+SD as provided by the
TriNetX analytic platform; because patient-level raw data
are not accessible, formal testing for normality could
not be performed. A one-to-one PSM was performed
using a nearest-neighbour greedy matching algorithm
with a calliper width of 0.25 times the SD to ensure close
matching between groups. Variables used in the initial
matching included age, sex, race and ethnicity. A second,
separate PSM model was conducted for each subset of
patients to additionally incorporate metabolic risk factors
such as hypertension, diabetes mellitus, dyslipidaemia and
BMI. This additional matching was designed to isolate the
effect of MASLD, MASH and MASH with liver fibrosis/
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Table 1 Baseline characteristics of MASLD, MASH, MASH with fibrosis/cirrhosis cohorts compared with controls
MASH with MASH without
fibrosis/ fibrosis/

MASLD Non-MASLD MASH Non-MASH cirrhosis cirrhosis
Characteristic (N=138903) (N=138903) (N=3715) (N=3715) (N=1312) (N=1312)
Demographics
Age at Index (years, 58.0+8.6 58.0+8.6 58.9+8.6 58.9+8.6 62.6+7.7 62.5+7.7
mean+SD)
Male (n, %) 64561 (46.5%) 64561 (46.5%) 1626 (43.8%) 1626 (43.8%) 531 (40.5%) 535 (40.8%)
White (n, %) 91658 (66.0%) 91658 (66.0%) 2576 (69.3%) 2576 (69.3%) 1037 (79.0%) 1043 (79.5%)
Black or African 12936 (9.3%) 12936 (9.3%) 276 (7.4%) 276 (7.4%) 72 (5.5%) 71 (5.4%)
American (n, %)
Asian (n, %) 5120 (3.7%) 5120 (3.7%) 107 (2.9%) 107 (2.9%) 20 (1.5%) 13 (1.0%)
Native Hawaiian or 604 (0.4%) 604 (0.4%) 18 (0.5%) 18 (0.5%) 10 (0.8%) 10 (0.8%)
Other Pacific Islander
(n, %)
American Indian or 407 (0.3%) 407 (0.3%) 15 (0.4%) 15 (0.4%) 10 (0.8%) 10 (0.8%)
Alaska Native (n, %)
Unknown race (n, %) 22038 (15.9%) 25736 (18.5%) 151 (4.1%) 60 (1.6%) 54 (4.1%) 31 (2.4%)
Other race (n, %) 6140 (4.4%) 2442 (1.8%) 572 (15.4%) 663 (17.8%) 124 (9.5%) 151 (11.5%)
Hispanic or Latino (n, 14246 (10.3%) 6307 (4.5%) 331 (8.9%) 158 (4.3%) 129 (9.8%) 92 (7.0%)
%)
Not Hispanic or Latino 84523 (60.9%) 70302 (50.6%) 2492 (67.1%) 1877 (50.5%) 889 (67.8%) 934 (71.2%)
(n, %)
Unknown Ethnicity (n, 40134 (28.9%) 62294 (44.8%) 892 (24.0%) 1680 (45.2%) 294 (22.4%) 286 (21.8%)
%)

Essential (primary)
hypertension (n, %)

Diabetes mellitus (n, %) 45419 (32.7%)

Disorders of lipoprotein 62733 (45.2%)
metabolism (n, %)

76983 (55.4%) 34873 (25.1%) 2101 (56.6%) 972 (26.2%) 728 (55.5%) 785 (59.8%)

16978 (12.2%)
26151 (18.8%)

1494 (40.2%)
1802 (48.5%)

449 (12.1%)
703 (18.9%)

660 (50.3%)
585 (44.6%)

556 (42.4%)
704 (53.7%)

4379 (3.2%)
10917 (7.9%)

174 (4.7%)
764 (20.6%)

115 (3.1%)
301 (8.1%)

59 (4.5%)
343 (26.1%)

59 (4.5%)
300 (22.9%)

Tobacco use (n, %) 10327 (7.4%)

Chronic ischaemic 24877 (17.9%)

heart disease (n, %)
Atrial fibrillation and
flutter (n, %)
Chronic lower

respiratory diseases
(n, %)

10363 (7.5%) 5132 (3.7%) 326 (8.8%) 163 (4.4%) 194 (14.8%) 134 (10.2%)

37085 (26.7%) 15894 (11.4%) 858 (23.1%) 458 (12.3%) 295 (22.5%) 334 (25.5%)

Alcohol related 11359 (8.2%) 3942 (2.8%) 153 (4.1%) 100 (2.7%) 36 (2.7%) 48 (3.7%)
disorders (n, %)
Glucagon-like peptide-1 10250 (7.4%) 2702 (1.9%) 353 (9.5%) 66 (1.8%) 139 (10.6%) 132 (10.1%)

analogues (n, %)

Aspirin (n, %) 43592 (31.4%) 19774 (14.2%) 1192 (32.1%) 557 (15.0%) 429 (32.7%) 455 (34.7%)
BMI (kg/m2, mean+SD) 33.8+8.4 30.4+7.8 34.8+8.9 30.4+7.9 35.2+8.4 34.2+8.5
Aspartate 36.8+69.2 26.9+47.3 38.1+48.2 26.6+27.4 39.0+38.7 38.7+48.7
aminotransferase (U/L,
mean+SD)
Alanine 40.2+68.1 27.1+56.8 43.5+56.9 27.4+43.5 34.4+38.7 41.0+47.0
aminotransferase (U/L,
mean+SD)

Continued
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Table 1 Continued
MASH with MASH without
fibrosis/ fibrosis/
MASLD Non-MASLD MASH Non-MASH cirrhosis cirrhosis
Characteristic (N=138903) (N=138903) (N=3715) (N=3715) (N=1312) (N=1312)
Low-density lipoprotein 99.8+40.4 104.1+£39.5 96.1+39.8 102.0+38.6 84.1+61.0 94.3+40.3
(LDL) Cholesterol (mg/
dL, mean+SD)
Triglycerides (mg/dL, 178.4+192.8 144.3+136.2 174.2+155.2 135.8+90.8 154.6+158.5 163.9+126.0
mean+SD)
High-density lipoprotein 46.3+18.1 48.2+21.0 44.7+19.0 48.1+21.5 43.1+16.2 47.6+18.3

(HDL) cholesterol (mg/
dL, mean+SD)

BMI, body mass index; MASH, metabolic-associated steatohepatitis; MASLD, metabolic dysfunction-associated steatotic liver disease.

cirrhosis on the risks of CRC and BCN by accounting for
the influence of these metabolic conditions. Following
matching, Cox proportional hazards models were used
to estimate HRs with 95% ClIs for the risks of CRC, BCN
and the composite outcome of colorectal neoplasms.
A threshold of p<0.05 was used to determine statistical
significance in all analyses.

RESULTS

Participant characteristics

From the Global TriNetX Collaborative Network of over
157 million patients, the study identified 58 056 012 hospi-
talised individuals aged 45—75 years. After 1:1 PSM, cohorts
included 138903 MASLD patients and controls, 3715
MASH patients and controls, and 1312 MASH patients
with and without fibrosis/cirrhosis. Table 1 summarises
the baseline demographic and clinical characteristics of
patients across the MASLD, MASH and MASH with or
without fibrosis/cirrhosis cohorts and their respective
matched controls.

The mean age at index was similar across cohorts, with
MASLD and non-MASLD groups having a mean age of
58.0+8.6 years, MASH and non-MASH groups averaging
58.9+8.6 years and the MASH with and without fibrosis/
cirrhosis subgroups showing slightly older means of
62.6+7.7and 62.5+7.7 years, respectively. Male representa-
tion was consistent across comparisons, with proportions
ranging from 40.5% to 46.5%. The majority of patients in
all groups identified as white, with the highest percentage
seen in the MASH with fibrosis/cirrhosis subgroup
(79.0%).

Key metabolic risk factors were significantly more prev-
alent among MASLD and MASH patients compared with
their respective controls. For instance, the prevalence
of hypertension in MASLD was 55.4% vs 25.1% in non-
MASLD patients, and in MASH, it was 56.6% compared
with 26.2% in non-MASH. Similarly, diabetes mellitus
was observed in 32.7% of MASLD patients and 40.2% of
MASH patients compared with 12.2% and 12.1% in their
non-MASLD and non-MASH counterparts, respectively.

Patients with MASH with fibrosis/cirrhosis showed a
slightly higher prevalence of hypertension (55.5% vs
59.8%) and diabetes mellitus (50.3% vs 42.4%) compared
with those without fibrosis/cirrhosis. Dyslipidaemia was
also more common in MASLD (45.2% vs 18.8%), MASH
(48.5% vs 18.9%) and MASH with fibrosis/cirrhosis
(44.6% vs 53.7%) groups than their respective controls.

Metabolic dysfunction was further reflected in labora-
tory profiles, with MASLD and MASH groups showing
elevated BMI (33.8+8.4kg/m? and 34.8+8.9kg/m?,
respectively) compared with controls (30.4+7.8kg/m?
and 30.4+7.9kg/m?). Liver enzymes, including AST and
ALT, were higher in MASLD and MASH groups, with
the highest values observed in MASH patients (AST:
38.1+48.2U/L, ALT: 43.5+56.9U/L). Lipid profiles
showed higher triglycerides and lower HDL choles-
terol in MASLD and MASH groups compared with
controls, reflecting underlying metabolic disturbances.
Interestingly, LDL cholesterol was lower in the MASH
with fibrosis/cirrhosis subgroup (84.1+61.0mg/dL)
compared with the non-fibrosis/cirrhosis MASH group
(94.3+40.3mg/dL).

Outcomes

In the matched cohort of 138902 MASLD and non-
MASLD patients, without controlling for metabolic risk
factors, MASLD was associated with significantly higher
risks for CRC and BCN. The HR for CRC was 2.488 (95%
CI 2.098 to 2.951, p<0.001), while for BCN, it was 2.954
(95% CI 2.790 to 3.128, p<0.001). For the composite
outcome of CRC and BCN, the HR was 2.931 (95% CI
2.768 to 3.104, p<0.001). After controlling for metabolic
risk factors, MASLD patients maintained elevated risks,
with an HR of 2.708 (95% CI 2.291 to 3.201, p<0.001) for
CRC, 2.501 (95% CI 2.378 to 2.631, p<0.001) for BCN and
2.505 (95% CI2.380 to 2.636, p<0.001) for the composite
outcome (table 2, figure 2).

Among the MASH subgroup, the risks for CRC and
BCN were substantially higher compared with non-MASH
controls. Without controlling for metabolic factors, the
HR for CRC was 6.288 (95% CI 1.418 to 27.882, p=0.006)
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Table 2 Neoplasm outcomes in MASLD with and without metabolic risk factor control

With metabolic risk factor control

MASLD
(N

Without metabolic risk factor control

MASLD
(N

P value
<0.001

HR (95% Cl)

138902)

Non-MASLD

(N

138902)

P value
<0.001

HR (95% CI)

138903)

Non-MASLD

(N

138903)

Outcome

2.501 (2.378 to 2.631)

2255 (1.6%)

4636 (3.3%)

2.954 (2.790 to 3.128)

1593 (1.1%)

4636 (3.3%)

Benign

neoplasms

CRC

<0.001
<0.001

2.708 (2.291 to 3.201)

195 (0.1%)

474 (0.3%)

<0.001
<0.001

2.488 (2.098 to 2.951)

184 (0.1%)

474 (0.3%)

2.505 (2.380 to 2.636)

2211 (1.6%)

4582 (3.3%)

2.931 (2.768 to 3.104)

4582 (3.3%) 1581 (1.1%)

Combined

neoplasms

CRC, colorectal cancer; MASLD, metabolic dysfunction-associated steatotic liver disease.

and for BCN, it was 2.484 (95% CI 1.694 to 3.644,
p<0.001). The composite outcome showed an HR of
2.884 (95% CI 1.961 to 4.242, p<0.001). After adjusting
for metabolic risk factors, the HR for CRC decreased to
5.032 (95% CI 1.429 to 17.718, p=0.005), while for BCN,
itwas 1.914 (95% CI 1.375 to 2.666, p<0.001), and for the
composite outcome, it was 2.254 (95% CI 1.616 to 3.144,
p<0.001) (table 3, figure 2).

For MASH patients with fibrosis/cirrhosis compared
with those without, no significant differences were
observed. Without controlling for metabolic risk factors,
the HR for CRC was 1.062 (95% CI 0.230 to 4.910,
p=0.940), while for BCN, it was 0.877 (95% CI 0.496 to
1.551, p=0.650), and for the composite outcome, it was
0.920 (95% CI 0.532 to 1.590, p=0.766). After adjusting
for metabolic risk factors, the HRs remained non-
significant, with CRC at 0.808 (95% CI 0.135 to 4.852,
p=0.815), BCN at 0.899 (95% CI 0.503 to 1.607, p=0.720),
and the composite outcome at 0.849 (95% CI 0.484 to
1.487, p=0.566) (table 4, figure 2).

DISCUSSION
This study highlights critical findings regarding the asso-
ciation between metabolic-associated fatty liver disease
(MASLD), metabolic-associated steatohepatitis (MASH)
and CRC as well as benign neoplasms. Patients with
MASLD demonstrated a 2.7-fold higher risk of CRC and
a 2.5fold higher risk of benign neoplasms even after
adjusting for metabolic risk factors such as hyperten-
sion, diabetes and obesity, indicating that MASLD is an
independent risk factor for these outcomes. For patients
with MASH, a more severe form of fatty liver disease, the
risk of CRC was even more pronounced, with a fivefold
increase compared with non-MASH controls, and nearly
a twofold increased risk of benign neoplasms. Impor-
tantly, these elevated risks persisted after adjustment
for metabolic factors, underscoring the need to distin-
guish MASLD from MASH in clinical practice, as disease
severity appears to modulate CRC risk. MASLD and
MASH are closely linked to obesity, insulin resistance and
other metabolic risk factors, which are themselves estab-
lished contributors to CRC risk."” In our propensity-score-
matched analysis adjusting for these factors, MASLD
and MASH remained significantly associated with CRC,
supporting an independent effect. This finding aligns
with proposed mechanisms, such as hepatic and systemic
inflammation, metabolic dysregulation and alterations in
gut microbiota, that may create a pro-tumourigenic envi-
ronment in MASLD and MASH."*'® While these path-
ways are likely to influence both benign and malignant
colorectal neoplasms, their intensity and persistence may
play a greater role in driving progression from benign to
malignant lesions, which could partly explain differences
in observed risks.

Previous studies have suggested that liver fibrosis may
be linked to increased risk of colorectal neoplasia. For
example, Haimi e al'’ reported that high FIB-4 scores were

Aldiabat M, et al. BMJ Open 2025;15:6104934. doi:10.1136/bmjopen-2025-104934



Combined Neoplasms = r—i'-—l
Colorectal Cancer = —— MASH with/without fibrosis
Benign Neoplasms o - —s— { factors uncontrolled)
Combined Neoplasms = F——
Colorectal Cancer = ——irt MASH with'without fibrosis
Benign Neoplasms = b { factors controlled)
Combined Neoplasms = . —_—
Colorectal Cancer = DoF & - MASHnon-MASH
Benign Neoplasms = . I E— {factors uncontrolled)
Combined Neoplasms = P
Colorectal Cancer = - o MASH/ non-MASH
: B " {factors controlled)
Benign Neoplasms = ——i
Combined Neoplasms = : it ASLD ASLD
Colorecial Cancer = . e ALASE non-AiAsl
Benign Neopl . i {factors uncontrolled)
rnign Neoplasms = *
Combined Neoplasms = . e
Colorectal Cancer = N ——i MASLDVnon-MASLID
Benign Neoplasm . - { fxctors controlled)
J I AsHs = -
1 1 L L] L] 1 L] ] Ll 1
Hazards Ratio (HR)

Figure 2 HRs for colorectal and benign colorectal neoplasms (BCN) across study groups. Forest plot showing HRs with 95%
Cls for combined colorectal neoplasms, colorectal cancer (CRC) and BCN in MASLD versus non-MASLD, MASH versus non-
MASH and MASH with versus without fibrosis/cirrhosis. Results are displayed for propensity score-matched analyses. HR

>1 indicates higher risk in the exposure group; notably, MASLD and MASH remained significantly associated with CRC and
BCN after matching and controlling for metabolic risk factors, whereas no significant difference was observed between MASH
patients with and without fibrosis. MASH, metabolic-associated steatohepatitis; MASLD, metabolic dysfunction-associated

steatotic liver disease.

associated with both prevalent and incident malignancies,
including colon cancer (OR 2.75 over 10 years), and Kim
et al'® found that NAFLD patients with advanced fibrosis
had significantly higher risks of colorectal adenoma
compared with those without fibrosis. In contrast, in our
large, globally representative cohort, we did not observe
a significant difference in CRC or BCN risk between
MASH patients with and without fibrosis/cirrhosis, even
after controlling for metabolic risk factors. Several factors
may explain this discrepancy: (1) our study included
only hospitalised adults aged 45-75 years, aligning with
CRC screening age and reducing detection bias; (2) we
used 1:1 PSM to balance demographic and metabolic
comorbidities, minimising residual confounding present
in prior studies and (3) fibrosis/cirrhosis was defined by
coded diagnoses rather than non-invasive scores such as
FIB-4, which may capture a different patient subset. Taken
together, these differences suggest that while fibrosis/
cirrhosis is a key predictor of liverrelated outcomes,
its independent effect on colorectal neoplasia risk may
be attenuated once metabolic risk factors are carefully
balanced. Our findings support the view that the meta-
bolic component of MASLD/MASH, rather than fibrosis
itself, exerts a stronger influence on CRC risk.

Given that CRC is the second most common cancer
worldwide and a leading cause of cancerrelated
mortality,'’ these findings carry significant clinical impli-
cations. Our results suggest that patients with MASLD

or MASH may benefit from enhanced CRC screening
strategies. Revisiting current clinical guidelines to incor-
porate these populations into high-risk groups for CRC
screening could potentially reduce CRC-related mortality.
Furthermore, periodic liver imaging in patients with risk
factors such as hypertension, diabetes, hyperlipidaemia
and obesity may aid in the early detection of MASLD/
MASH, enabling timely interventions to mitigate down-
stream risks, including CRC.

Our study has several notable strengths. The use of
the TriNetX Global Collaborative Network, encom-
passing over 150 million patients from 134 HCOs world-
wide, ensures a large and diverse sample size, enhancing
the generalisability of the findings. The study’s focus
on hospitalised patients aged 45-75 years aligns with
CRC screening guidelines, ensuring clinical relevance.
By leveraging real-world EHR data, the study provides
insights applicable to routine clinical practice. However,
several limitations must be acknowledged. First, the study
does not account for the severity or duration of meta-
bolic risk factors. For instance, uncontrolled diabetes,
severe dyslipidaemia and morbid obesity may confer
higher CRC risk than milder forms of these conditions.
Second, as a retrospective cohort study, causal relation-
ships cannot be definitively established. Despite the use
of PSM, unmeasured confounders, such as dietary habits,
specific alcohol intake, physical activity and family history
of CRC may influence our results. The reliance on clinical
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records introduces potential biases such as selection bias
and underreporting of conditions, potentially affecting
the robustness of the findings. Additionally, reliance on
ICD-10 codes introduces the potential for diagnostic
misclassification. Because colonoscopy data were not
available in TriNetX, we could not directly adjust for CRC
screening practices. Variation in screening uptake, diag-
nostic intensity and local guidelines across participating
HCOs could influence detection rates and potentially
bias our observed associations, possibly leading to under-
estimation or overestimation of risk differences between
groups. The cohort consisted primarily of hospitalised
patients, which may not represent the general popula-
tion, especially individuals with milder forms of MASLD
or MASH. Inclusion of only hospitalised patients may
reduce the applicability of findings to outpatient popula-
tions. This limits the generalisability of the results. Lastly,
the 5-year follow-up period may be insufficient to capture
the full spectrum of cancer progression or other long-
term outcomes related to MASLD and MASH.

In conclusion, our findings emphasise the importance
of MASLD and MASH as independent risk factors for CRC
and benign neoplasms. This study highlights an opportu-
nity to optimise CRC screening guidelines and preventive
strategies in populations with metabolic liver diseases,
ultimately improving gastrointestinal and overall health
outcomes. Prospective, longitudinal studies are needed
to confirm the causal relationship between MASLD/
MASH and CRC or benign neoplasms. Such studies
should account for the severity and duration of metabolic
risk factors, as well as the degree of liver involvement, to
provide a more nuanced understanding of these associ-
ations. Moreover, future research should explore how
early interventions targeting MASLD /MASH might influ-
ence CRC risk and outcomes and incorporate informa-
tion on potentially chemopreventive medications such
as statins or metformin, which may influence cancer risk
and further refine effect estimates.
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