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Colonoscopy and Risk of Colorectal 
Cancer in Patients With Nonalcoholic 
Fatty Liver Disease: A Retrospective 
Territory- Wide Cohort Study
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Vicki Wing- Ki Hui,1-3 Guan- Lin Li,1-3 Henry Lik- Yuen Chan,1-3 and Grace Lai- Hung Wong 1-3

The benefit of colonoscopy and/or polypectomy for colorectal cancer (CRC) prevention in patients with nonalco-
holic fatty liver disease (NAFLD) remains unclear. We aimed to estimate the incidence rate of CRC in patients with 
NAFLD who had and had not undergone colonoscopy. We conducted a retrospective territory- wide cohort study for 
patients aged over 40  years with NAFLD identified with the International Classification of Diseases, Ninth Revision, 
Clinical Modification codes between January 1, 2000, and December 31, 2014. Patients were followed until CRC di-
agnosis, death, or December 31, 2017. We estimated CRC incidence and standardized incidence ratio (SIR) using 
the general population of Hong Kong as reference. We included 8,351 patients with NAFLD in the final analysis 
(median age, 56.2 years; interquartile ratio [IQR], 49.2- 65.3 years; 45.4% male; median follow- up, 7.4 years; IQR, 
5.4- 9.6 years). Compared with the general population, patients with NAFLD who had not undergone colonoscopy had 
a higher incidence of CRC (SIR, 2.20; 95% confidence interval [CI], 1.64- 2.88; P  <  0.001). Patients with NAFLD 
who had undergone colonoscopy had a lower incidence of CRC (SIR, 0.54; 95% CI, 0.37- 0.75; P  <  0.001), espe-
cially among those aged above 50  years or with diabetes mellitus (DM). Patients with NAFLD with a high fibrosis- 4 
(FIB- 4) score (>2.67) had a significantly higher risk of CRC after adjusting for demographic and metabolic factors. 
Conclusion: Patients with NAFLD who had undergone colonoscopy had a lower incidence of CRC than the general 
population, especially among those aged ≥50  years or with DM. A high FIB- 4 index was associated with a higher risk 
of CRC. (Hepatology Communications 2021;5:1212-1223).

Colorectal cancer (CRC) is one of the most 
common cancers worldwide and a leading 
cause of cancer mortality.(1) Colonoscopy is 

a screening method for reducing CRC incidence and 
mortality through detection of early stage cancers and 
removal of adenomas.(2) As a result, current guidelines 
recommend regular colonoscopy screening in adults 
aged above 50  years.(3) However, only a minority of 

the population at risk undergoes colonoscopy because 
of health, psychological reasons, and access barriers.(4)

Nonalcoholic fatty liver disease (NAFLD) is cur-
rently the most common chronic liver disease and has 
emerged as one of the main causes of advanced liver 
disease and hepatocellular carcinoma (HCC) world-
wide.(5) NAFLD is strongly associated with obesity, 
insulin resistance, and metabolic syndrome.(6,7) In 
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epidemiologic studies, diabetes and obesity also have 
been associated with an increased risk of CRC.(8,9) 
Because NAFLD and CRC share some similar risk 
factors, previous studies have shown that patients with 
NAFLD have an increased risk of CRC.(10,11) However, 
the impact of colonoscopy in the prevention of CRC 
in patients with NAFLD remains to be determined.

Liver fibrosis in patients with NAFLD leads to 
several serious problems and is a key driver of liver 
disease- related morbidity and mortality.(12) Recent 
studies suggest that it is not NAFLD but its severe 
form that is associated with various adverse conditions, 
e.g., cardiovascular events, chronic kidney disease, and 
extrahepatic cancers.(13,14) However, the association 
between liver fibrosis in patients with NAFLD and 
CRC has not been well investigated.

In this study, we estimated the incidence of CRC in 
patients with NAFLD who had and had not under-
gone colonoscopy compared with the general popula-
tion and explore the association between liver fibrosis 
in patients with NAFLD and CRC.

Patients and Methods
stuDy Design anD Data 
souRCe

This is a retrospective territory- wide cohort study 
based on data retrieved from the Clinical Data Analysis 

and Reporting System (CDARS) under the Hospital 
Authority, Hong Kong.(15) CDARS is an electronic 
health care database that covers patients’ demograph-
ics, death, diagnoses, procedures, drug prescription 
and dispensing history, and laboratory results from all 
public hospitals and clinics in Hong Kong; this covers 
approximately 80% of the local population.(16) Several 
territory- wide studies have been conducted based 
on CDARS.(17,18) The International Classification 
of Diseases, Ninth Revision, Clinical Modification 
(ICD- 9- CM) coding was used in CDARS and was 
validated to be 99% accurate by chart review on clini-
cal, laboratory, imaging, and endoscopy results.(19) The 
available statistics on CRC until year 2017, stratified 
by age and sex of the general Hong Kong population, 
were extracted from the Hong Kong Cancer Registry, 
Hospital Authority.(20) The total Hong Kong pop-
ulation over the years stratified by age and sex was 
obtained from the Hong Kong Census and Statistics 
Department.(21)

suBJeCts
All subjects aged 40 years or above with NAFLD 

first diagnosed between January 1, 2000, and 
December 31, 2014, in Hong Kong were identified. 
Subjects who had and had not undergone prior colo-
noscopy were classified based on ICD- 9- CM proce-
dure codes (Supporting Table S1), and subjects who 
had CRC diagnosed within 3  months of the index 
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colonoscopy were classified as no prior colonoscopy 
because CRC would likely have been present at the 
time of this colonoscopy. The common indications of 
colonoscopy in a public hospital include rectal bleed-
ing, anemia, positive fecal occult blood test, altered 
bowel habits, diarrhea, constipation, abdominal pain, 
and unexplained weight loss.

Patients were excluded if they were younger than 
40  years old at the time of NAFLD diagnosis; were 
infected with hepatitis B virus and/or hepatitis C virus 
based on ICD- 9- CM diagnosis codes, viral and sero-
logic markers, and/or use of antiviral therapy for hepa-
titis B and/or hepatitis C; did not perform hepatitis B 
virus serology tests; were infected with human immuno-
deficiency virus (HIV) infection based on ICD- 9- CM 
diagnosis codes and/or use of antiviral therapy for 
HIV; had excessive use of alcohol based on the nursing 
assessment form or ICD- 9- CM diagnosis codes; had a 
history of inflammatory bowel disease (IBD) or other 

hepatobiliary diseases based on ICD- 9- CM diagnosis 
codes; had a history of CRC, HCC, other cancers, and 
liver failure before baseline or within 6  months from 
baseline based on ICD- 9- CM diagnosis codes; or had 
registered death within 6 months from baseline (Fig. 1; 
Supporting Table S1). Patients were followed until diag-
nosis of CRC, censored at death, or last follow- up date 
(December 31, 2017), whichever came first. The study 
protocol was approved by the Joint Chinese University 
of Hong Kong- New Territories East Cluster Clinical 
Research Ethics Committee.

Data ColleCtion
Data were obtained from the CDARS in January 

2020. We defined the baseline date as the date of first 
diagnosis of NAFLD. Demographic data, includ-
ing sex and date of birth, were captured. Liver and 
renal biochemistries, hematologic parameters, relevant 

Fig. 1. Patient flowchart. *Before baseline and up to 6 months; ^within 6 months from baseline. Abbreviations: HBV, hepatitis B virus; 
HCV, hepatitis C virus; IBD, inflammatory bowel disease.
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diagnoses and procedures, concomitant drugs, and 
other laboratory parameters were also collected at 
baseline and during follow- up.

DeFinitions
The primary outcome was CRC. CRC was iden-

tified based on ICD- 9- CM diagnosis codes or 
procedure codes for CRC treatment (Supporting 
Table S1). Hypertension was identified by a resting 
blood pressure of ≥140/90  mm Hg and/or ICD- 
9- CM diagnosis codes. Diabetes mellitus (DM) 
was defined by any or all of the following: exposure 
to any antidiabetic agents, hemoglobin A1c ≥6.5%, 
fasting plasma glucose ≥7.0  mmol/L in two mea-
surements 1 month apart, and/or the ICD- 9- CM 
diagnosis codes. Dyslipidemia was defined as hav-
ing any or all of the following: any antilipidemic 
drug prescribed, triglyceride ≥1.7  mmol/L, low 
high- density lipoprotein  <1.03  mmol/L in men or 
<1.29 mmol/L in women, high low- density lipopro-
tein  ≥4.1  mmol/L, and/or the ICD- 9- CM diagno-
sis codes for hyperlipidemia. Obesity was defined as 
body mass index ≥25 kg/m2 and/or the ICD- 9- CM 
diagnosis codes.(22,23)

statistiCal analysis
All statistical analyses were performed using 

Statistical Product and Service Solutions (SPSS) 
version 25.0 (SPSS, Inc., Chicago, IL), SAS ver-
sion 9.4 (SAS Institute Inc., Cary, NC), and R 
software version 3.5.1 (R Foundation for Statistical 
Computing, Vienna, Austria). Continuous variables 
were expressed as mean ± SD or median (interquar-
tile range [IQR]), while categorical variables were 
presented as number (percentage). Qualitative and 
quantitative differences between subgroups were 
analyzed by chi- square or Fisher’s exact tests for cat-
egorical parameters and the Student t test or Mann- 
Whitney test for continuous parameters. Expected 
cumulative incidence of CRC in the general popu-
lation was estimated by the Ederer II method and 
compared with cumulative incidence of CRC in 
patients with NAFLD who had and had not under-
gone prior colonoscopy, estimated by the Kaplan- 
Meier method. Age-  and sex- standardized incidence 
ratio (SIR) of CRC in patients with NAFLD who 
had and had not undergone prior colonoscopy to 

the general population was estimated by the Poisson 
model.

Cox regression was used to calculate adjusted haz-
ard ratios (HRs) and 95% confidence intervals (CIs) 
for CRC among patients with NAFLD stratified by 
different fibrosis- 4 index (FIB- 4) levels and aspirin 
use during follow- up. Three models were used to 
progressively reduce confounding associations for 
patients with NAFLD stratified by different FIB- 4 
levels. The multivariate model 1 was adjusted for sex. 
The multivariate model 2 was adjusted for sex, type 
2 diabetes, and obesity. The multivariate model 3 was 
adjusted for sex, type 2 diabetes, obesity, and colo-
noscopy/polypectomy. The three multivariate models 
were not adjusted for age because age was one of the 
components of FIB- 4.(24) The Kaplan- Meier method 
was used to estimate the cumulative incidence of 
CRC, whereas a log- rank test was used to compare 
the cumulative incidence between groups. All statis-
tical tests were two- sided. P < 0.05 was taken as sta-
tistical significance. SIRs were calculated for CRC 
in several prespecified subgroups of patients with 
NAFLD who had and had not undergone prior colo-
noscopy, including subgroups defined by age, sex, and 
DM (yes/no). Sensitivity analysis was performed to 
redefine that patients with NAFLD who had CRC 
diagnosed within 6 months of the index colonoscopy 
were considered not to have had prior colonoscopy.

Results
patient CHaRaCteRistiCs

We identified 17,356 subjects with the diag-
nosis code of fatty liver from January 1, 2000, to 
December 31, 2014; 9,005 subjects were excluded 
according to the inclusion and exclusion criteria 
(Fig.  1). Finally, 8,351 patients with NAFLD were 
included for analysis. Among these patients, 3,043 
had not undergone prior colonoscopy and 5,308 
had undergone prior colonoscopy. Among patients 
who had undergone prior colonoscopy, 804 (15.1%) 
had undergone colonoscopy once, 690 (13.0%) had 
undergone colonoscopy twice, and 3,814 (71.9%) 
had undergone colonoscopy 3 times or more. The 
median interval between two colonoscopic examina-
tions was 2.6 (IQR, 0.7- 4.4) years among patients 
who had undergone colonoscopy twice or more. At 
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a median follow- up of 7.4 (IQR, 5.4- 9.6) years, 
55 (56.1%) patients who had not undergone prior 
colonoscopy and 43 (43.9%) patients who had 
undergone prior colonoscopy developed CRC. The 
median interval between colonoscopy to CRC dis-
covery in patients in the endoscopy group was 3.5 
(IQR, 1.2- 6.8) years; 18 (41.9%) patients had CRC 
diagnosed within 3  years from the index colonos-
copy. The median age was 56.2 (IQR, 49.2- 65.3) 
years; 45.4% were men (Table 1), and 59.5%, 67.3%, 
82.7%, and 25.9% had type 2 diabetes, hypertension, 
dyslipidemia, and obesity, respectively. In the overall 

cohort, 3,272 (39.2%) patients were on aspirin; 759 
(24.9%) patients who had not undergone prior colo-
noscopy and 2,513 (47.3%) patients who had under-
gone prior colonoscopy had aspirin use.

Compared with patients who had not undergone 
prior colonoscopy, patients who had undergone prior 
colonoscopy were older; less likely to be men; more 
likely to have type 2 diabetes, hypertension, dyslipid-
emia, and obesity; had lower albumin, total bilirubin, 
alanine aminotransferase, aspartate aminotransferase 
(AST), and platelet counts; and had higher creatinine 
and FIB- 4 values at baseline.

taBle 1. Baseline CliniCal CHaRaCteRistiCs oF naFlD patients WitH anD WitHout pRioR 
ColonosCopy

Characteristics Overall cohort Without Colonoscopy With Colonoscopy P Value

Number (%) 8,351 3,043 (36.4) 5,308 (63.6)

Age (years) 56.2 (49.2- 65.3) 54.2 (47.9- 61.4) 57.4 (50.0- 67.4) <0.001

Male sex, n (%) 3,791 (45.4) 1,483 (48.7) 2,308 (43.5) <0.001

Ever smoker, n (%)‡ 449 (14.0) 85 (13.0) 364 (14.3) 0.385

BMI (kg/m2)‡ 26.2 ± 4.8 26.1 ± 4.5 26.2 ± 4.9 0.965

Fasting glucose (mmol/L)* 5.8 (5.2- 7.0) 5.7 (5.2- 6.8) 5.9 (5.2- 7.2) <0.001

HbA1c (%)† 6.4 (5.9- 7.4) 6.4 (5.9- 7.2) 6.5 (5.9- 7.5) <0.001

Total cholesterol (mmol/L)† 5.1 ± 1.1 5.0 ± 1.1 5.1 ± 1.2 <0.001

HDL cholesterol (mmol/L)† 1.2 ± 0.3 1.2 ± 0.3 1.2 ± 0.3 0.881

LDL cholesterol (mmol/L)† 3.0 ± 1.0 2.9 ± 1.0 3.0 ± 1.0 <0.001

Triglycerides (mmol/L)† 1.7 (1.2- 2.4) 1.6 (1.2- 2.3) 1.7 (1.2- 2.4) <0.001

Albumin (g/L) 42 (39- 45) 43 (39- 45) 42 (38- 45) <0.001

Total bilirubin (μmol/L) 11 (8- 15) 12 (8- 15) 11 (8- 15) <0.001

ALT (IU/L) 41 (24- 67) 43 (26- 72) 39 (23- 65) <0.001

AST (IU/L)† 30 (22- 46) 31 (22- 47) 30 (22- 46) 0.413

GGT (IU/L)† 57 (32- 119) 55 (32- 111) 58 (33- 122) 0.069

Hemoglobin (g/dL)* 13.7 ± 1.7 13.9 ± 1.6 13.6 ± 1.8 <0.001

Platelet count (×109/L)* 244 (202- 293) 246 (205- 294) 243 (201- 292) 0.048

Creatinine (μmol/L)* 77 (64- 92) 75 (62- 89) 78 (64- 94) <0.001

Uric acid (mmol/L)† 0.4 ± 0.1 0.4 ± 0.1 0.4 ± 0.1 0.978

Diabetes, n (%) 4,968 (59.5) 1,612 (53.0) 3,356 (63.2) <0.001

Hypertension, n (%) 5,623 (67.3) 1,839 (60.4) 3,784 (71.3) <0.001

Dyslipidemia, n (%) 6,907 (82.7) 2,331 (76.6) 4,576 (86.2) <0.001

Obesity, n (%)‡ 2,159 (25.9) 691 (22.7) 1,468 (27.7) <0.001

Aspirin, n (%) 3,272 (39.2) 759 (24.9) 2,513 (47.3) <0.001

FIB- 4† 1.13 (0.77- 1.78) 1.06 (0.75- 1.60) 1.16 (0.78- 1.90) <0.001

APRI† 0.32 (0.21- 0.51) 0.32 (0.22- 0.51) 0.32 (0.21- 0.52) 0.849

Follow- up duration (years) 7.4 (5.4- 9.6) 6.6 (4.7- 8.4) 7.9 (6.0- 10.7) <0.001

Continuous variables are expressed as mean ± SD or median (IQR).
*Missing values <10%.
†Missing values 20%- 50%.
‡Missing values >50%.
Abbreviations: ALT, alanine aminotransferase; APRI, aspartate aminotransferase to platelet ratio index; BMI, body mass index; GGT, 
gamma- glutamyl transferase; HbA1c, hemoglobin A1c; HDL, high- density lipoprotein; LDL, low- density lipoprotein.
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CumulatiVe inCiDenCe oF CRC 
CompaReD to tHe geneRal 
population

In the overall NAFLD cohort, the 5-  and 10- year 
cumulative incidence (95% CI) of CRC was 0.5% 
(0.4%- 0.7%) and 1.4% (1.1%- 1.8%), respectively 
(Supporting Fig. S1). Compared to the general pop-
ulation, patients with NAFLD in the overall cohort 
had a similar age-  and sex- standardized incidence of 
CRC (SIR, 1.00; 95% CI, 0.80- 1.24; P = 0.978).

In patients who had not undergone prior colonoscopy 
in the overall cohort, the 5-  and 10- year cumulative inci-
dences of CRC were 0.9% (95% CI, 0.6%- 1.3%) and 
2.5% (95% CI, 1.9%- 3.5%), respectively (Fig.  2A). In 
patients who had undergone prior colonoscopy in the 
overall cohort, the 5-  and 10- year cumulative incidences 
of CRC were 0.2% (95% CI, 0.1%- 0.4%) and 0.9% (95% 
CI, 0.6%- 1.3%), respectively. Compared to the general 
population, patients who had not undergone prior colo-
noscopy had a higher age-  and sex- standardized inci-
dence of CRC (SIR, 2.20; 95% CI, 1.64- 2.88; P < 0.001), 
whereas patients who had undergone prior colonoscopy 
had a lower age-  and sex- standardized incidence of 
CRC (SIR, 0.54; 95% CI, 0.37- 0.75; P < 0.001).

suBgRoup anD sensitiVity 
analysis

age 50 years or above
In this subgroup analysis for patients aged ≥50 years 

who had not undergone prior colonoscopy, the 5-  and 
10- year cumulative incidences of CRC were 1.1% (95% 
CI, 0.7%- 1.7%) and 3.5% (95% CI, 2.5%- 4.9%), respec-
tively (Fig.  2B). Among patients aged ≥50  years who 
had undergone prior colonoscopy, the 5-  and 10- year 
cumulative incidences of CRC were 0.3% (95% CI, 
0.2%- 0.6%) and 1.1% (95% CI, 0.8%- 1.7%), respectively. 
Compared with the general population, patients aged 
≥50 years who had not undergone prior colonoscopy had 
a higher incidence of CRC (SIR, 2.19; 95% CI, 1.60- 
2.93; P  <  0.001), whereas patients aged ≥50  years who 
had undergone colonoscopy had a lower incidence of 
CRC (SIR, 0.55; 95% CI, 0.37- 0.78; P = 0.001) (Fig. 3).

patients With Dm
In the subgroup of patients with DM who 

had not undergone prior colonoscopy, the 5-  and 

10- year cumulative incidences of CRC were 1.1% 
(95% CI, 0.7%- 1.8%) and 3.0% (95% CI, 2.1%- 
4.3%), respectively (Fig.  2C). In patients with DM 
who had undergone prior colonoscopy, the 5-  and 
10- year cumulative incidences of CRC were 0.3% 
(95% CI, 0.1%- 0.5%) and 1.1% (95% CI, 0.7%- 
1.7%), respectively. Compared with the general pop-
ulation, patients with DM who had not undergone 
prior colonoscopy had a higher incidence of CRC 
(SIR, 2.50; 95% CI, 1.73- 3.47; P < 0.001), whereas 
patients with DM who had undergone prior colo-
noscopy had a lower incidence of CRC (SIR, 0.59; 
95% CI, 0.38- 0.86; P = 0.01).

sex of patients
In the subgroup of male patients who had not 

undergone prior colonoscopy, the 5-  and 10- year 
cumulative incidences of CRC were 1.0% (95% CI, 
0.6%- 1.7%) and 2.7% (95% CI, 1.8%- 4.1%), respec-
tively. On the other hand, for male patients who had 
undergone prior colonoscopy, the 5-  and 10- year 
cumulative incidences of CRC were 0.2% (95% CI, 
0.1%- 0.5%) and 1.0% (95% CI, 0.6%- 1.8%), respec-
tively. Compared with the general population, male 
patients who had not undergone prior colonoscopy 
had a higher incidence of CRC (SIR, 2.23; 95% CI, 
1.48- 3.19; P < 0.001), whereas male patients who had 
undergone prior colonoscopy had a lower incidence 
of CRC (SIR, 0.50; 95% CI, 0.28- 0.82; P = 0.01).

In the subgroup of female patients who had not 
undergone prior colonoscopy, the 5-  and 10- year 
cumulative incidences of CRC were 0.8% (95% CI, 
0.5%- 1.5%) and 2.4% (95% CI, 1.5%- 3.8%), respec-
tively. For female patients who had undergone prior 
colonoscopy, the 5-  and 10- year cumulative incidences 
of CRC were 0.3% (95% CI, 0.1%- 0.6%) and 0.8% 
(95% CI, 0.5%- 1.4%), respectively. Compared with 
the general population, female patients who had not 
undergone prior colonoscopy had a higher incidence 
of CRC (SIR, 2.18; 95% CI, 1.41- 3.20; P  <  0.001), 
whereas female patients who had undergone prior 
colonoscopy had a lower incidence of CRC (SIR, 
0.57; 95% CI, 0.34- 0.89; P = 0.02).

interval Between Colonoscopy and CRC
Sensitivity analysis was performed to reclassify 

patients with NAFLD who had CRC diagnosed 
within 6 months of the index colonoscopy as no prior 
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colonoscopy. All the findings showed a similar trend to 
those in the main analysis (Supporting Figs. S2 and S3).

RisK oF CRC anD liVeR FiBRosis
On Kaplan- Meier analysis, the 5-  and 10- year 

cumulative incidences of CRC were 0.2% (95% 

CI, 0.1%- 0.4%) and 0.9% (95% CI, 0.6%- 1.4%) in 
patients with a low FIB- 4 level (<1.3); 0.9% (95% 
CI, 0.5%- 1.5%) and 1.5% (95% CI, 1.0%- 2.5%) in 
patients with an intermediate FIB- 4 level (1.3- 2.67); 
0.9% (95% CI, 0.4%- 2.1%) and 3.9% (95% CI, 2.1%- 
7.3%) in patients with a high FIB- 4 level (>2.67), 
respectively (log rank, P < 0.001) (Fig. 4).

Fig. 2. Cumulative incidence of CRC in patients with NAFLD with and without prior colonoscopy. (A) Overall cohort; (B) ≥50- year- 
old subgroup; (C) DM subgroup.
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By univariate analysis, taking patients with a low 
FIB- 4 level as the reference, patients with increased 
FIB- 4 had a significantly higher risk of CRC (high 
FIB- 4 HR, 4.08; 95% CI, 2.01- 8.27; P  <  0.001; 
intermediate FIB- 4 HR, 2.19; 95% CI, 1.16- 4.13; 
P = 0.016) (Table 2). The association between increased 
FIB- 4 and CRC remained significant in three multi-
variable models adjusting for sex, type 2 diabetes, obe-
sity, and prior colonoscopy or polypectomy.

RisK oF CRC anD aspiRin use
On Kaplan- Meier analysis, the 5-  and 10- year 

cumulative incidences of CRC were 0.4% (95% CI, 
0.2%- 0.6%) and 1.2% (95% CI, 0.9%- 1.7%) in patients 
without aspirin use and 0.7% (95% CI, 0.4%- 1.0%) and 
1.8% (95% CI, 1.3%- 2.5%) in patients with aspirin use, 
respectively (log rank, P = 0.085) (Supporting Fig. S4).

By univariate analysis, taking patients without aspi-
rin use as the reference, patients with aspirin use had no 
association with risk of CRC (HR, 1.47; 95% CI, 0.95- 
2.28; P = 0.087) (Supporting Table S2). After adjusting 
for age, sex, type 2 diabetes, hypertension, obesity, and 
colonoscopy/polypectomy, there was still no significant 
association between CRC and patients with aspirin use 
(HR, 0.79; 95% CI, 0.49- 1.27; P = 0.336).

Discussion
In this retrospective territory- wide cohort study, 

we demonstrated that patients with NAFLD who 

had not undergone prior colonoscopy had a higher 
incidence of CRC than the general population and 
that patients with NAFLD who had undergone prior 
colonoscopy had a lower incidence of CRC than the 
general population, especially for those aged ≥50 years 
or with DM. The severity of NAFLD was also linked 
with CRC risk; patients with NAFLD with advanced 
fibrosis, as reflected by a high FIB- 4 score, had a sig-
nificantly higher risk of CRC.

To the best of our knowledge, this is the first 
territory- wide cohort study to report the impact of 
prior colonoscopy on the incidence of CRC in patients 
with NAFLD compared with the general population. 
NAFLD is a well- established important risk factor for 
CRC.(10,25) Nevertheless, we found that there was no 
difference in the incidence of CRC between patients 
with NAFLD for this overall cohort and the general 
population. This may be because NAFLD prevalence 
is around 25% in the general population in Asia.(22) 
Colonoscopy is proven to reduce CRC incidence and 
mortality.(2,26) Our study links these two pieces of 
important facts by demonstrating that colonoscopy 
could reduce the incidence of CRC in patients with 
NAFLD.

Age is an important risk factor for CRC. CRC inci-
dence and mortality are dramatically increased in peo-
ple aged 50 years or older.(27) The vast majority (about 
90%) of new cases of CRC occur in people who are 
50 years old or more. Most American and European 
guidelines therefore recommend regular CRC screen-
ing starting from 50 years of age.(28,29) Consistently, our 
study showed that colonoscopy significantly reduced 

Fig. 3. Incidence of CRC in different subgroups of patients with NAFLD with and without prior colonoscopy. Subgroups are 40- 50 
years, n = 2,317; 50 years, n = 6,034; DM, n = 4,968; non- DM, n = 3,383; men, n = 3,791; women, n = 4,560. The box and horizontal lines 
represent median and IQR, respectively.
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the incidence of CRC in patients with NAFLD aged 
≥50 years. However, the incidence of early onset CRC 
in adults younger than 50 has been increasing world-
wide.(30) This has prompted the American Cancer 
Society to recommend initiating CRC screening at 
age 45  years instead of age 50  years.(3) However, in 
our study, we could not demonstrate any difference in 
the incidence of CRC for patients with NAFLD aged 
40- 50 years undergoing colonoscopy or not compared 
to the general population. One possible reason would 
be the relatively small number of CRC events (n = 10; 
10.2%) in our patients with NAFLD aged 40- 50 years 
(n = 2,317; 27.7%).

Epidemiologic studies have suggested that DM, 
especially type 2 DM, is associated with increased 
risk of cancer, including CRC.(31) It is estimated that 
approximately 9.5% of CRC in men and women 
is attributable to DM.(32) The American Diabetes 
Association and the American Cancer Society suggest 
that the association between DM and CRC may be 
partly due to shared risk factors (e.g., insulin resis-
tance, obesity) between the two diseases.(33) In this 

study, we observed that patients with NAFLD with 
DM who had undergone prior colonoscopy had a 
lower incidence of CRC than the general popula-
tion. However, current guidelines do not specifically 
recommend patients with DM as a high- risk group 
for regular colonoscopy screening. Collectively, our 
finding highlights the importance of colonoscopy in 
patients with NAFLD with DM to prevent CRC. 
Mechanisms linking diabetes and CRC risk remain 
to be fully illustrated. Insulin resistance has been 
indicated as one of the most important mediators 
in which insulin and insulin- like growth factors may 
promote cancer development through their prolifer-
ative and anti- apoptotic effects.(34) Inflammation is 
also a critical component of diabetes- induced CRC 
initiation and progression.(35) In addition, diabetes 
could serve as a surrogate for other established life-
style factors for CRC, such as sedentary behavior(36) 
and a western diet.(37)

The latest edition of Colorectal Cancer Statistics 
published by the American Cancer Society reports 
that the numbers for colon cancer are fairly equal in 

Fig. 4. Cumulative incidence of CRC among patients with NAFLD stratified by different FIB- 4 levels.
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men and women, and rectal cancer is more common 
in men.(38) Colorectal cancer screening guidelines in 
general do not apply sex- specific recommendations. 
Similarly, our study observed that there was not much 
difference in the impact of colonoscopy between male 
and female patients with NAFLD, providing evidence 
that both men and women equally need colonoscopy 
to prevent CRC. The findings were consistent in the 
sensitivity analysis, which did not classify colonos-
copies within 6  months of CRC diagnosis as prior 
colonoscopies.

NAFLD, especially nonalcoholic steatohepatitis 
(NASH), may progress to fibrosis, leading to cir-
rhosis and HCC.(39) Ahn et al.(25) reported that the 
risk of any colorectal neoplasia or advanced colorectal 
neoplasia was higher in patients with NAFLD with 
increased FIB- 4 and NAFLD fibrosis scores. In a sys-
tematic review and meta- analysis, patients with cir-
rhosis showed a statistically significant increased risk 
of CRC compared with the general population.(40) 
However, the association between liver fibrosis in 
patients with NAFLD and CRC has not been fully 
elucidated. In our study, we calculated the FIB- 4 score 
to define liver disease severity and found a stepwise 
increase in the risk of CRC with increasing FIB- 4 
score. After adjusting for traditional risk factors, the 
association between CRC and patients with NAFLD 
with advanced fibrosis remained significant. One pos-
sible mechanism is that insulin resistance and hyper-
insulinemia are particularly severe in patients with 
advanced liver fibrosis.(41) Some studies have sug-
gested that proinflammatory cytokines play a role in 
the development of colorectal neoplasia and CRC, 
which can be altered in NASH as well.(42,43)

Studies have shown that regular aspirin use is asso-
ciated with a lower risk of CRC development, cancer- 
related mortality, and adenoma prevalence rate.(44,45) 
Nonetheless, it is important to note that prior studies 
showed that the effect of aspirin on CRC prevention 
was only apparent after 10 years.(46) In our study, we 
showed there was no significant association between 
CRC and patients with aspirin use. This negative 
finding may be explained by the duration of aspirin 
use in most of patients was not long enough to show 
the protective effect or the small number of CRC 
events did not show a drug effect in a power analysis.

The strengths of our study include a large sample 
size, long follow- up duration, and the use of territory- 
wide data representative of the local population. 
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Nonetheless, it also has a few limitations. First, we 
have missing data as in other retrospective studies. In 
particular, AST is not a routine test, and anthropomet-
ric measurements and smoking are not often captured 
in the electronic health record. Second, the presence of 
NAFLD was defined by ICD- 9- CM codes. Previous 
studies have shown that undercoding of NAFLD is a 
ubiquitous issue worldwide as this condition is often 
dismissed as unimportant or not diagnosed.(47) While 
other studies have used prediction scores based on liver 
biochemistry and metabolic risk factors, this approach 
is not ideal in this study as the findings might be 
driven by other metabolic conditions.(48) Third, other 
unmeasured factors might have confounded the 
results. For example, we did not have information 
on the patients’ family history of CRC and the types 
and prevalence of adenomas in this cohort. However, 
we performed multivariable analyses to adjust for 
some confounding. Fourth, studies have shown that 
unhealthy diets, namely high intake of red meat, pro-
cessed meat, sugar- sweetened beverages, refined grains, 
desserts, and potatoes are associated with higher CRC 
risk.(5,49) Accordingly, an unhealthy diet is an import-
ant risk factor for CRC. Unfortunately, such important 
dietary data were not captured in our electronic health 
record system. Fifth, the number of CRC deaths was 
too small to support further analysis; however, sev-
eral studies showed that CRC mortality could also be 
reduced after removal of adenomas during colonosco-
pies.(26,50) Lastly, this was not a screening cohort. Most 
patients in this study had indications for colonoscopy, 
such as rectal bleeding and anemia.

In conclusion, this retrospective territory- wide 
cohort study demonstrated that patients with NAFLD 
who had undergone colonoscopy had a lower inci-
dence of CRC than the general population, especially 
among those aged ≥50  years or with DM. A high 
FIB- 4 index was associated with a significantly higher 
risk of CRC.
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