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Metabolic Dysfunction—Associated Fatty Liver Disease
Increases Colon Cancer Risk: A Nationwide Cohort Study

Hokyou Lee, MDY* Hye Won Lee, MD, PhD?34* Seung Up Kim, MD, PhD?34 and Hyeon Chang Kim, MD, PhD*

INTRODUCTION: The association between nonalcoholic fatty liver disease (NAFLD) and colorectal cancer (CRC) has been
controversial. Using the new consensus-driven definition, we evaluated the association of metabolic
dysfunction—associated fatty liver disease (MAFLD) with the risk of developing CRC.

METHODS: From a nationwide health screening database, we included 8,933,017 participants (48.6% male) aged
40-64 years between 2009 and 2010. Participants were categorized by the presence of fatty liver

disease (FLD)—NAFLD and MAFLD, separately—and by the combination of the 2 definitions: neither

FLD, NAFLD only, MAFLD only, or both FLD. The primary outcome was the development of CRC.

RESULTS:

Among the participants, 2,517,330 (28.2%) had NAFLD, and 3,337,122 (37.4%) had MAFLD,

whereas 2,465,151 (27.6%) met both NAFLD and MAFLD definitions. Over a median follow-up period
of 10.1 years, 60,888 new CRC cases developed. NAFLD and MAFLD were each associated with a
significantly higher risk of developing CRC. When the neither FLD group was the reference,
multivariable-adjusted hazard ratios (95% confidence interval) for CRC were 1.16 (1.06-1.28) in the
NAFLD only group, 1.18 (1.16-1.20) in the both FLD group, and 1.32 (1.28-1.35) in the MAFLD only
group. The presence of advanced liver fibrosis further increased CRC risk in each FLD group.

DISCUSSION:

FLD was associated with a higher risk of CRC development. CRC risk was higher in the presence of

MAFLD, especially when accompanied by liver fibrosis.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A735
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) often carries metabolic
dysfunction such as type 2 diabetes mellitus (T2DM) and obesity,
which are significantly associated with increased risks of cardio-
vascular events and cancers (1). Extrahepatic malignancy is the
second leading cause of death, after cardiovascular disease,
among patients with NAFLD (2). In a recent T2DM cohort study,
NAFLD was an independent risk factor for mortality from any
type of malignancy (3).

Colorectal cancer (CRC) is among the most common malig-
nancies globally (4). CRC and NAFLD share common risk factors,
such as obesity, metabolic syndrome, and T2DM (5). However, the
association between NAFLD and CRC remains controversial. In a
Chinese cross-sectional study, NAFLD was associated with 1.87
times higher odds of having CRC (6). A Korean cohort study also
confirmed that women with NAFLD were at 3.08 times higher risk
for developing CRC (7). In contrast, other studies reported null or
inverse associations between NAFLD and CRC (8,9), wherein

1 study even suggested that NAFLD prolonged overall survival
among patients with CRC (9). NAFLD exhibits a wide disease
spectrum ranging from simple steatosis to nonalcoholic steato-
hepatitis (NASH) or cirrhosis. CRC risk may be particularly
higher in NAFLD with advanced fibrosis than without (10). Ac-
cordingly, the association between NAFLD and CRC risk may
differ according to proportions of simple steatosis, with a favor-
able clinical course (11), and NASH or cirrhosis, being the most
progressive and severe conditions (12). This heterogeneity may
invoke controversy regarding the NAFLD-CRC association.
Recently, a new definition was proposed for metabolic
dysfunction-associated fatty liver disease (MAFLD) (13,14). In
contrast to the NAFLD criteria, the diagnosis of MAFLD is based
on the presence of metabolic dysfunction among people with fatty
liver. Although further validation is desirable, the transition from
NAFLD to MAFLD may facilitate identification of metabolically
complicated fatty liver superimposed on other causes of chronic
liver diseases such as viral hepatitis or alcoholism. Therefore, one
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may hypothesize that MAFLD has a stronger association with
CRC than conventional NAFLD. Using a nationwide health
screening database, we investigated whether fatty liver disease
(FLD)-NAFLD or MAFLD-was associated with CRC risk and
how the change from NAFLD to MAFLD would impact CRC risk
stratification.

METHODS

Data source

We used a nationwide health information database provided by the
National Health Insurance Service (NHIS), which includes dei-
dentified medical claim records for the entire South Korean pop-
ulation. The NHIS is the single provider of universal health care
coverage in Korea. The NHIS database contains sociodemographic
details, reimbursement claims with International Classification of
Diseases, 10th revision (ICD-10) coding, health checkup results, and
death information (15). This data source was described in previous
studies (16,17). The current study protocol was approved by the
Institutional Review Board of Yonsei University Health System,
Seoul, Korea (#Y-2020-0133). Informed consent was waived, as this
was a retrospective study of deidentified, routinely collected data.

Study population

We identified 10,186,076 adults aged 40-64 years who underwent
routine NHIS health examinations between 2009 and 2010. If a
participant had multiple examinations during this period, the first
record was used as the baseline. After excluding participants with
incomplete information (n = 601,677), those with previous
cancer or inflammatory bowel disease before the baseline (n =
645,643), and those who developed CRC or died within 60 days of
follow-up (n = 5,739), a final analytical sample of 8,933,017
participants was achieved.

Key variables and outcome
Clinical and biochemical measurements and responses to lifestyle
questionnaires were collected during routine biennial health ex-
aminations provided to all Korean adults. Health examination
centers were designated and quality controlled according to rel-
evant national laws and regulations. The details of health exami-
nations have been described elsewhere (15). The collected variables
included body mass index, waist circumference, blood pressure,
blood glucose, lipids, liver enzymes, tobacco use, alcohol con-
sumption, and exercise frequency. T2DM, hypertension, and dys-
lipidemia (see Table S1, Supplementary Digital Content 1, http://
links.lww.com/CTG/A735) were defined according to Korean
guidelines (18-20). Medication use, concomitant liver disease, and
Charlson Comorbidity Index (21) were determined from insurance
claims data during a 2-year look-back period from the baseline.
Hepatic steatosis was assessed using the fatty liver index (FLI)
detailed in (see Table S2, Supplementary Digital Content 1, http://
links.lww.com/CTG/A735). The use of FLI for large epidemiologic
studies was supported by the European Clinical Practice Guidelines.
FLI was validated in the Korean population with an area under the
receiver operating characteristic curve of 0.87, although the cutoft
should be lower than that used in Western populations (22). The
lower cutoff of FLI =30 was used in this study. Other validated
steatosis models (22)—namely, hepatic steatosis index (HSI =36) and
simple NAFLD score (SNS =8)—were used in sensitivity analyses.
NAFLD was defined as the presence of hepatic steatosis
without excessive alcohol consumption (=210 g/wk in men;
=140 g/wk in women) or concomitant liver disease (see Table S1,
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Supplementary Digital Content 1, http://links.Iww.com/CTG/
A735). MAFLD was defined as the presence of hepatic steatosis
with 1 or more of the following: (1) overweight or obese (BMI
=23 kg/m?; by the Asia-Pacific criteria); (2) T2DM; or (3) at least
2 metabolic abnormalities described in (see Supplementary
Method, Table S1, http://links.lww.com/CTG/A735) (14). Par-
ticipants were initially classified by the presence of FLD according
to each definition. Subsequently, for comparison between
NAFLD and MAFLD, participants were further categorized into 4
(2 X 2 combination) mutually exclusive groups: neither FLD,
NAFLD only, MAFLD only, or both FLD. Among participants
with FLD, the presence of advanced liver fibrosis was determined
byaBARD score =2, as described in (see Supplementary Method,
Table S1, http://links.lww.com/CTG/A735).

The primary outcome was CRC development, defined as the
first hospitalization with ICD-10 codes C18-C21 (23), recorded
on or before December 31, 2019. Participants who did not have
any event were censored at the date of death, last follow-up, or
December 31, 2019, whichever came first. Death was ascertained
by linkage to the national registry via resident registration
numbers.

Statistical analysis

Baseline characteristics were reported as frequency and per-
centage or median and interquartile range. Incidence rates were
calculated as the number of events per 100,000 person-years of
follow-up. The cumulative incidence of CRC was estimated using
the Kaplan-Meier method. Hazard ratios (HRs) and 95% confi-
dence intervals (ClIs) were calculated using Cox proportional
hazards models. The proportionality of hazards was confirmed
via graphical inspection of log-minus-log plots and Schoenfeld
residuals. HRs were adjusted for age, sex, household income
quartile, residential area, Charlson Comorbidity Index, aspirin
use, nonsteroidal anti-inflammatory drug use, tobacco smoking,
and exercise frequency. Covariables were selected a priori on the
basis of possible associations with FLD and CRC (24,25). The
presence of overweight/obesity, diabetes, hypertension, and dysli-
pidemia, as well as alcohol intake and other liver diseases, repre-
sents an intrinsic difference between the definitions of NAFLD and
MAFLD. As such, these factors were not adjusted for in the com-
parison between NAFLD and MAFLD.

The following sensitivity analyses were conducted. First, we
tested whether the association between MAFLD and the CRC risk
differed when patients were stratified by age (in 5-year intervals),
sex, and other risk factors. Second, different biochemical models
for the assessment of hepatic steatosis (i.e., hepatic steatosis index
=36 and simple NAFLD score =8) were used to repeat our main
analyses. Third, a lower threshold of =1 instead of =2 metabolic
abnormalities for lean/nondiabetic MAFLD (see Supplementary
Method, Supplementary Table S1, http://links.Iww.com/CTG/
A735) was used to relieve stringency, considering the lack of data
for fasting insulin and C-reactive protein levels in our cohort (26).
Fourth, we tested the association between MAFLD and CRC after
additionally adjusting for alcohol intake, concomitant liver dis-
eases, and metabolic risk factors. The association persisted when
propensity score weighting was used to balance all covariates
between the MAFLD and non-MAFLD groups (27). Analyses
were conducted using SAS version 9.4 (SAS Institute Cary, NC)
and R version 3.5.3 (R Foundation for Statistical Computing,
Vienna, Austria).
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Table 1. Baseline characteristics by the presence of fatty liver disease (FLD)

Residential area

Metropolitan
Urban

Rural

Charlson Comorbidity Index

2,979,725 (46.4)
2,273,931 (35.4)
1,162,031 (18.1)

1,118,594 (44.4)
888,115 (35.3)
510,621 (20.3)

2,626,049 (46.9)
1,987,777 (35.5)
982,069 (17.5)

NAFLD MAFLD
No Yes No Yes

Variable N = 6,415,687 N =2,517,330 N = 5,595,895 N = 3,337,122
Age, yr 50 [44-56] 51 [46-57] 50 [44-56] 51 [45-57]
Sex

Female 3,754,082 (58.5) 834,565 (33.2) 3,652,353 (65.3) 936,294 (28.1)

Male 2,661,605 (41.5) 1,682,765 (66.8) 1,943,542 (34.7) 2,400,828 (71.9)
Household income?

Q4, highest 2,298,689 (35.8) 954,600 (37.9) 1,992,955 (35.6) 1,260,334 (37.8)

Q3 1,574,034 (24.5) 648,905 (25.8) 1,355,583 (24.2) 867,356 (26.0)

Q2 1,247,004 (19.4) 462,451 (18.4) 1,090,192 (19.5) 619,263 (18.6)

Q1, lowest 1,295,960 (20.2) 451,374 (17.9) 1,157,165 (20.7) 590,169 (17.7)

1,472,270 (44.1)
1,174,269 (35.2)
690,583 (20.7)

0 4,622,176 (72.0) 1,803,511 (71.6) 4,031,969 (72.1) 2,393,718 (71.7)
1 1,594,330 (24.9) 616,531 (24.5) 1,399,832 (25.0) 811,029 (24.3)
=2 199,181 (3.1) 97,288 (3.9) 164,094 (2.9) 132,375 (4.0)

Overweight/obese 3,166,860 (49.4) 2,319,290 (92.1) 2,384,773 (42.6) 3,101,377 (92.9)
Diabetes mellitus 481,376 (7.5) 388,616 (15.4) 310,075 (5.5) 559,917 (16.8)

Hypertension 1,586,277 (24.7) 1,053,871 (41.9) 1,169,407 (20.9) 1,470,741 (44.1)
Dyslipidemia 1,959,970 (30.5) 1,578,997 (62.7) 1,440,589 (25.7) 2,098,378 (62.9)
Viral hepatitis 332,744 (5.2) 0 198,503 (3.5) 134,241 (4.0)
Alcoholic liver disease 845,461 (13.2) 0 101,676 (1.8) 743,785 (22.3)
Other liver disease® 99,698 (1.6) 0 52,426 (0.9) 47,272 (1.4)
Regular aspirin use 367,040 (5.7) 270,687 (10.8) 266,478 (4.8) 371,249 (11.1)
Regular NSAID use 152,650 (2.4) 82,196 (3.3) 132,126 (2.4) 102,720 (3.1)

Alcohol consumption

None 3,677,021 (57.3) 1,324,109 (52.6) 3,579,631 (64.0) 1,421,499 (42.6)
Moderate 1,698,417 (26.5) 1,193,221 (47.4) 1,624,713 (29.0) 1,266,925 (38.0)
Excessive 1,040,249 (16.2) 0 391,551 (7.0) 648,698 (19.4)

Tobacco use

Never 4,322,103 (67.4) 1,296,374 (51.5) 4,102,537 (73.3) 1,515,940 (45.4)

Past 828,374 (12.9) 520,405 (20.7) 599,747 (10.7) 749,032 (22.4)

Current 1,265,210 (19.7) 700,551 (27.8) 893,611 (16.0) 1,072,150 (32.1)
Exercise frequency

=3/wk 1,658,320 (25.8) 600,477 (23.9) 1,440,139 (25.7) 818,658 (24.5)

1-2/wk 1,637,481 (25.5) 724,153 (28.8) 1,402,965 (25.1) 958,669 (28.7)

None 3,119,886 (48.6) 1,192,700 (47.4) 2,752,791 (49.2) 1,559,795 (46.7)
BARD score =2 NA 1,712,545 (68.0) NA 2,310,900 (69.2)
Follow-up, yr 10.1 [9.4-10.4] 10.1[9.4-10.4] 10.1[9.4-10.4] 10.1 [9.4-10.4]

Values as frequency (%), median [interquartile rangel, or mean = standard deviation.

?Household income categorized based on quartiles among the entire Korean population.

®Diagnosed as alcoholic liver disease or fatty liver with excessive alcohol consumption.

“Other liver disease including toxic liver disease, autoimmune hepatitis, biliary cholangitis, Wilson disease, or hemochromatosis.

MAFLD, metabolic dysfunction—associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease; NSAID, nonsteroidal anti-inflammatory drug.
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RESULTS

Baseline characteristics

The study included 8,933,017 participants (median age, 50 years;
48.6% male), among whom 2,517,330 (28.2%) had NAFLD, and
3,337,122 (37.4%) had MAFLD. By either definition, participants
with FLD were more likely to be male and wealthy, live in a rural area,
and have other metabolic risk factors (Table 1). By combination of
the 2 definitions, 2,465,151 (27.6%) participants met both NAFLD
and MAFLD criteria (both FLD), whereas 52,179 (0.6%) and 871,971
(9.8%) participants met only NAFLD or MAFLD definition (i.e.
NAFLD only and MAFLD only), respectively (see Supplementary
Method, Supplementary Table S2, http://links.Iww.com/CTG/
A735, Supplementary Material). Participants in the NAFLD only
group were lean, nondiabetic, and less likely to have other
comorbidities or use aspirin/NSAIDs regularly than those with
MAFLD. Participants in the MAFLD only group had concomitant
liver disease or consumed alcohol excessively but otherwise had
similar characteristics compared with those in the both FLD group.

CRC risk according to FLD groups

During a median follow-up period of 10.1 years, 60,888 partici-
pants developed CRC. The CRC incidence rate was 85.7 per
100,000 person-years in participants with NAFLD and 63.2 per
100,000 person-years in participants without NAFLD. The in-
cidence rate was 89.9 per 100,000 person-years in those with
MAFLD and 57.5 per 100,000 person-years, without MAFLD.
The cumulative CRC incidence was higher in participants with
FLD by either definition than in those without FLD. When par-
ticipants were categorized by a combination of the 2 criteria, the
cumulative CRC incidence was highest in the MAFLD only
group, followed by the both FLD and NAFLD only groups and
then by the neither FLD group (Figure 1). After multivariable
adjustment, NAFLD and MAFLD were associated with a 1.10
(95% CI, 1.09-1.12) and 1.21 (95% CI, 1.19-1.23) times higher
CRC risk, respectively, compared with the absence of each con-
dition (Table 2, Model 3). When the neither FLD group was the
reference, HRs (95% CI) for incident CRC were 1.16 (1.06-1.28)
in the NAFLD only group, 1.18 (1.16-1.20) in the both FLD
group, and 1.32 (1.28-1.35) in the MAFLD only group (Table 2,
Model 3).

CRC risk according to FLD and advanced liver fibrosis

FLD groups were further subcategorized by the presence of ad-
vanced liver fibrosis. Participants with FLD and advanced liver
fibrosis were at higher CRC risk than those with simple steatosis
but without advanced liver fibrosis by either NAFLD or MAFLD
definition (see Supplementary Method, Supplementary Table S3,
http://linksIww.com/CTG/A735, Supplementary Material). With
or without fibrosis, the both FLD and MAFLD only groups were
associated with a significantly higher CRC risk compared with the
neither FLD group (Figure 2). The presence of advanced fibrosis in
these FLD groups was associated with a greater CRC risk. The
NAFLD only group without advanced liver fibrosis was not asso-
ciated with elevated CRC risk (HR, 1.05; 95% CI, 0.86-1.27).

Sensitivity analyses

We conducted the following sensitivity analyses. First, when
stratified by age, sex, overweight/obesity, diabetes, hypertension,
dyslipidemia, and concomitant liver disease, the association be-
tween MAFLD and CRC risk was significant across all subgroups
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Figure 1. Cumulative colorectal cancer incidence by Kaplan-Meier methods
according to the presence and combination of NAFLD and/or MAFLD. (a)
Cumulative incidence by the presence of NAFLD. (b) Cumulative incidence by
the presence of MAFLD. (c) Cumulative incidence by combination of NAFLD
and MAFLD—neither FLD, NAFLD only, MAFLD only, or both FLD. FLD, fatty
liver disease; MAFLD, metabolic dysfunction—associated fatty liver disease;
NAFLD, nonalcoholic fatty liver disease.
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Table 2. CRC risk according to the presence and combination of NAFLD and/or MAFLD

Presence of FLD Events Person-years Rate?
NAFLD
No 39,780 62,898,545 63.2
Yes 21,108 24,624,987 85.7
MAFLD
No 31,603 54,940,578 57.5
Yes 29,285 32,582,954 89.9
Combination
Neither FLD 31,177 54,433,056 57.3
NAFLD only 426 507,522 83.9
Both FLD 20,682 24,117,464 85.8
MAFLD only 8,603 8,465,489 101.6

MAFLD and Colorectal Cancer Risk

Hazard ratio (95% confidence interval)

Model 1

1.00 (reference)
1.36 (1.33-1.38)

1.00 (reference)
1.56 (1.54-1.59)

1.00 (reference)

1.47 (1.33-1.61)
1.50 (1.47-1.52)
1.77 (1.73-1.82)

Model 2

1.00 (reference)
1.09 (1.08-1.11)

1.00 (reference)
1.21(1.19-1.23)

1.00 (reference)

1.20(1.09-1.32)
1.17(1.15-1.19)
1.34 (1.31-1.37)

Model 3

1.00 (reference)
1.10(1.09-1.12)

1.00 (reference)
1.21(1.19-1.23)

1.00 (reference)

1.16 (1.06-1.28)
1.18 (1.16-1.20)
1.32 (1.28-1.35)

Model 4

1.00 (reference)
1.06 (1.04-1.08)

1.00 (reference)
1.19(1.17-1.21)

Model 1 was unadjusted.
Model 2 was adjusted for age and sex.

Model 3 was further adjusted for household income quartile, residential area, Charlson Comorbidity Index, aspirin use, nonsteroidal anti-inflammatory drug use, tobacco

smoking, and exercise frequency.

For the NAFLD analyses, Model 4 was adjusted for overweight/obesity, diabetes, hypertension, and dyslipidemia in addition to Model 3.
For the MAFLD analyses, Model 4 was adjusted for alcohol intake and concomitant liver diseases in addition to Model 3.

“Rate per 100,000 person-years.

CRC, colorectal cancer; FLD, fatty liver disease; MAFLD, metabolic dysfunction-associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease.

(Figure 3). MAFLD was significantly associated with the CRC risk
in patients of all age groups, including those as young as 40-44
years (HR, 1.23; 95% CI, 1.16-1.31). The HRs for incident CRC
were particularly higher in subgroups with lean MAFLD (1.41;95%
CI, 1.35-1.47; P < 0.001 for interaction) and concomitant liver
disease (1.32; 95% CI, 1.25-1.39; P < 0.001 for interaction). Sec-
ond, using different biochemical models for the assessment of
hepatic steatosis, the both FLD and MAFLD only groups were
repeatedly associated with higher CRC risk, whereas the associa-
tion in the NAFLD only group was inconsistent (see Supplemen-
tary Method, Supplementary Table S4, http://links.lww.com/CTG/
A735). Third, using the lower threshold of =1 instead of =2
metabolic abnormalities for lean/nondiabetic MAFLD, the HR for
incident CRC was similar in terms of point estimates with that
of the original analysis (see Supplementary Method, Supplemen-
tary Table S5, http://links.lww.com/CTG/A735, Supplementary

Material). Finally, after adjusting for alcohol intake, concomitant
liver diseases, and metabolic risk factors in the multivariate model,
the association between MAFLD and CRC remained significant
(HR, 1.16; 95% CI, 1.13-1.18; see Supplementary Method, Sup-
plementary Table S6, http://links.lww.com/CTG/A735, Supple-
mentary Material). The association between MAFLD and CRC
persisted when propensity score weighting was used to balance all
covariates (HR 1.14; 95% CI, 1.12-1.17; see Table S6, supplemen-
tary Digital Content 1, http://links.Iww.com/CTG/A735 and Fig-
ure S2, Supplementary Digital Content 1, http://links.lww.com/
CTG/A735, Supplementary Material).

DISCUSSION

In this large population-based cohort study, we found that the risk
of developing CRC was significantly higher in participants with
FLD than in those without; CRC risk was further elevated in the

Incident colorectal cancer

Presence of FLD and fibrosis Events  Person-yrs
Neither FLD 31,177 54,433,056
NAFLD only 99 150,153
Both FLD :| without fibrosis 5838 7,738,830
MAFLD only 1,888 2,318,853
NAFLD only . 327 357,369
Both FLD :| with advanced 1 844 16,378,634
MAFLD only 6,715 6,146,636

Rate* HR (95% Cl)  Lowrisk High risk
57.3 1.00 (reference)
65.9 1.05(0.86-1.27) —_—t————
754 114 (1.11-1.17) —-—
814 1.22(1.16-1.28) ——
91.5 1.20(1.08-1.34) —_—
90.6 1.19(1.17-1.22) -
109.2  1.35(1.31-1.39) -
I T 1
0.8 1.0 1.2 1.4

Figure 2. Colorectal cancer risk according to combination of NAFLD/MAF LD with or without advanced fibrosis. *Rate per 100,000 person-years. All models
were adjusted for age, sex, household income quartile, residential area, Charlson Comorbidity Index, aspirin use, nonsteroidal anti-inflammatory drug use,
tobacco smoking, and exercise frequency. MAFLD, metabolic dysfunction-associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease.
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No MAFLD MAFLD MAFLD vs. no MAFLD

Subgroup  Person-yrs Rate* Person-yrs Rate* < Low risk  High risk > HR (95% CI) P interactiont
Age, years

40-44 15248722 245 7,358,505 32.7 —j— 1.23 (1.16-1.31)

45-49 11,899,392 409 6,572,248 56.2 —— 1.21 (1.15-1.26)

50-54 13,116,996 58.2 7,938,418 87.2 - 1.22 (1.17-1.26)  >0.999

55-59 7,464,166 859 5,393,875 127.9 to— 1.24 (1.20-1.28)

60-64 7,211,300 1244 5,319,906 176.0 - 1.23 (1.20-1.27)
Sex

Female 35,957,444 458 9,202,575 68.5 - 1.20 (1.16-1.24) 0.252

Male 18,983,133  79.7 23,380,379 98.3 - 1.25(1.22-1.27) '
Overweight/Obese

No 3147459 56.6 2,257,455 123.0 —— 1.41 (1.35-1.47) <0.001

Yes 23,465,981 58.7 30,325498 874 - 1.19 (1.17-1.22) '
Diabetes mellitus

No 51,944,448 550 27,189,630 82.2 - 1.18 (1.16-1.20) 50.999

Yes 2,996,130 100.9 5,393,324 128.7 —.— 1.20 (1.14-1.25) '
Hypertension

No 43515514  51.7 18,291,164 74.3 - 1.16 (1.14-1.19) 0.257

Yes 11,425,063 79.8 14,291,789 109.8 - 1.21 (1.18-1.24) '
Dyslipidemia

No 40,814,877 541 12,088,283  86.2 - 1.20 (1.17-1.23) 50.999

Yes 14,125,701 675 20,494,671 921 - 1.20 (1.17-1.23) '
Concomitant liver disease

No 51,708,587 57.2 24,117,464 85.8 - 1.18 (1.15-1.20) <0.001

Yes 3,231,991 627 8,465489 1016 —— 1.32 (1.25-1.39) '
Overall 54,940,578 575 32,582,954 89.9 * 1.21 (1.19-1.23)
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Figure 3. Subgroup analysis of the association of MAFLD with colorectal cancer risk. *Rate per 100,000 person-years. TP for interaction adjusted for multiple
comparison (Bonferroni corrected). All models were adjusted for age, sex, household income quartile, residential area, Charlson Comorbidity Index, aspirin use,
nonsteroidal anti-inflammatory drug use, tobacco smoking, and exercise frequency. MAFLD, metabolic dysfunction—associated fatty liver disease.

presence of MAFLD. The MAFLD only group, representing
MAFLD with concomitant causes of liver diseases such as viral
hepatitis or alcoholism, was associated with the highest CRC risk.
When stratified according to fibrotic burden, participants with
advanced liver fibrosis were at higher risks of CRC development
than those without in all FLD groups: the NAFLD only, both FLD,
and MAFLD only groups.

Biological pathways associated with CRC development in
people with FLD are not yet fully understood. Elevated levels of
insulin and insulin-like growth factor 1 associated with insulin
resistance may promote growth and antiapoptosis of CRC (28).
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Proinflammatory cytokines and adipokines, including tumor
necrosis factor alpha, interleukin 6, adiponectin, and leptin, may
also affect development of CRC (29). Mechanisms underlying
FLD and CRC should be further studied.

Our study has several clinical implications. First, our results
confirm that FLD is independently associated with CRC risk. Al-
though several studies had reported similar associations (6,7,30), the
notion was disputed by other studies (8,9). This inconsistency may
stem from the wide spectrum of NAFLD, ranging from simple
steatosis with favorable clinical courses (11) to NASH or cirrhosis
with unfavorable outcomes (12). In our study, FLD was consistently
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associated with CRC risk in the presence or absence of liver fibrosis,
suggesting that the risk of CRC development may be elevated even in
a mild form of FLD without progression to advanced fibrosis. The
significant association between FLD and incident CRC has impor-
tant implications for CRC screening strategies, as demonstrated in a
study by Zhang et al.(31), where patients with NAFLD who had not
undergone colonoscopy exhibited a higher CRC risk than the general
population, whereas those who had undergone colonoscopy evi-
denced alower risk. We also found that MAFLD was associated with
a higher risk of CRC even in the subgroup of youngest age (40-44
years), which is below the recommended CRC screening age (32).
Further studies should explore whether CRC surveillance should
commence at a younger age in patients with FLD.

Second, this is the first study to elucidate the association be-
tween MAFLD, by the new definition, and the risk of CRC de-
velopment. As CRC is associated with metabolic abnormalities
(e.g., central obesity, metabolic syndrome, and diabetes), which are
diagnostic features of MAFLD (5), it is reasonable that the new
MAFLD criteria identify more accurately fatty liver associated with
a high CRC risk. Our findings extend the growing body of litera-
ture, suggesting that MAFLD, unlike NAFLD, identifies more pa-
tients with comorbidities, advanced fibrosis, poorer prognosis, and
ahigher risk of extrahepatic complications (26,33-35). Notably, the
CRC risk was higher in the nonoverweight than the overweight
MAFLD subgroup, possibly because patients with nonoverweight
MAFLD would, by definition, meet other metabolic criteria such as
diabetes, hypertension, or dyslipidemia (14). However, it is also
possible that a reduced skeletal muscle mass may contribute to
fibrotic progression and poor outcomes in patients with FLD (36).
Further studies should explore the clinical characteristics and
mechanisms underlying lean MAFLD and the CRC risk.

Third, we demonstrated that the risk of CRC development
among participants with MAFLD (or with NAFLD, likewise) dif-
fered according to presence of advanced liver fibrosis. Liver fibrosis is
a well-known determinant of unfavorable outcomes in patients with
FLD or chronic liver disease (37). Therefore, the severity of liver
fibrosis may be a useful predictor of future CRC risk in MAFLD.
Although multiple noninvasive surrogates for liver fibrosis were not
tested, this is the first study to signify the potential importance of
liver fibrosis evaluation for the assessment of CRC risk. Further study
is needed to determine which noninvasive surrogates should be used
and how CRC risk can be stratified according to fibrotic burden.

Fourth, the risk of CRC development was higher in the MAFLD
only group, such as patients with FLD and coexisting viral hepatitis or
alcoholism, compared to the other FLD groups. Similarly, the relative
CRC risk associated with MAFLD was greater among patients with
concomitant liver disease. These findings are well supported by sev-
eral recent studies. In a Taiwanese population-based case-control
study (n > 69,000) (38), HBV infection was associated with a 1.27-
fold higher odds of CRC. Likewise, in a meta-analysis of 12 studies,
chronic viral hepatitis was associated with a 1.32-fold higher odds of
CRC (39). In a Korean study (n = 1,448) (40), significant alcohol
consumption (defined as alcohol consumption of >30 g/d in men
and >20 g/d in women) was associated with a 1.86 times higher risk
of overall colorectal neoplasia at surveillance colonoscopy. Therefore,
we speculate that FLD with metabolic and other combined etiologies
for liver disease may confer an elevated risk of developing CRC.
Future studies should address how to establish colonoscopic
screening strategies in people with dual-etiology MAFLD.

We acknowledge several limitations of our study. First, the study
used a routinely collected health screening database, in which no
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pathology or imaging data and only a limited number of clinical/
biochemical variables were available. In addition, measurements
may not have been as rigorously standardized as those in pro-
spective studies. Second, as an observational study, residual con-
founding, particularly by diet, medications, genetic predisposition,
or psychosocial factors, cannot be excluded. Third, detection bias
may have been in play because patients with FLD may exhibit
comorbid conditions and may thus require more frequent screening
than others, increasing the likelihood of CRC detection. However,
the association between MAFLD and CRC remained significant
after fully adjusting for (or balancing) all covariates, including
comorbidities. Finally, we studied only middle-aged Korean adults;
this may limit the generalizability of our work to other demographic
or age groups. However, cancer screening strategies generally target
middle-aged populations, for whom cancer prevention and early
detection exert the largest economic and public health impacts.
Despite the limitations, our study of a large population-based cohort
revealed an association between MAFLD and CRC, thus adding
important evidence to the literature on the CRC risk of patients with
FLD. Furthermore, we are the first to show that the fibrotic burden
may be associated with a higher risk of CRC in patients with FLD.

In conclusion, FLD was associated with a higher risk of CRC
development. The presence of MAFLD components may further
increase CRC risk. Assessment of liver fibrosis may help identify a
high-risk subgroup for CRC among people with FLD.
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Study Highlights
WHAT IS KNOWN

/ColorectalCancer(CRC)andfattyIiverdiseasesharecommon
risk factors including obesity, metabolic syndrome, and type 2
diabetes mellitus.

/ In contrast to nonalcoholic fatty liver disease, the diagnosis of
metabolic dysfunction-associated fatty liver disease
(MAFLD) is based on presence of metabolic dysfunction
among people with fatty liver.

WHAT IS NEW HERE

/ CRCrrisk is higher in the presence of MAFLD, especially when
accompanied by liver fibrosis.
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