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Background/Aims: In Korea, the incidence of colorectal cancer (CRC) and non-
alcoholic fatty liver disease (NAFLD) has increased due to a westernized lifestyle.
This study investigated whether a high fatty liver index that reflects NAFLD cor-
relates with CRC.

Methods: Data from the National Health Insurance Corporation 2009 to 2012
were analyzed. NAFLD disease was defined as a fatty liver index > 60 in the ab-
sence of alcohol consumption of = 30 g/day.

Results: NAFLD was identified in 2,543,649 (11.8%) of 21,592,374 participants. CRC
was identified in 19,785 (0.8%) of participants with NAFLD (fatty liver index = 60)
and in 80,871 (0.6%) participants without NAFLD (fatty liver index < 30). Multi-
variate logistic regression analysis demonstrated an independent association be-
tween NAFLD and CRC after adjusting for other confounders (hazard ratio, 1.13;
odds ratio, 1.12 to 1.15). In subgroup analyses, fatty liver index = 60 was associated
with CRC regardless of body mass index, but the association was more prominent
in persons with a normal index. NAFLD, in the absence of diabetes, hypertension,
or dyslipidemia, was more highly associated with CRC than when one or more of
these conditions are present.

Conclusions: CRC should be considered as a possibility in patients with fatty liver
index = 60, even in the absence of obesity or other metabolic syndromes.

Keywords: Colorectal neoplasms; Non-alcoholic fatty liver disease; Metabolic syn-
drome

INTRODUCTION

increase of CRC is attributable to obesity and metabolic

syndrome associated with a now prevalent westernized

Colorectal cancer (CRC) is one of the most prevalent
cancers in men and women. Globally, 1.2 million new
cases of CRC and 608,700 CRC-related deaths were es-
timated to have occurred in 2008 [1,2]. The prevalence
of cancers of the colon and rectum appears to have in-
creased among younger adults. Indeed, Korea has one of
the highest rates of growth in the prevalence of CRC [3,4]
exceeding the incidence noted in the United States. An
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lifestyle [5]. Several studies suggest that obesity and met-
abolic syndrome are risk factors for CRC [6,7].
Nonalcoholic fatty liver disease (NAFLD), one of the
main liver diseases worldwide [8], has been considered
the hepatic manifestation of metabolic syndrome [9].
Accumulating evidence supports the hypothesis that
NAFLD precedes the development of obesity or diabe-
tes and is not solely a hepatic manifestation [10]. NAFLD
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independently predicts insulin resistance, enabling
physicians to identify certain individuals with insulin
resistance who may be missed by metabolic syndrome
criteria [10]. This finding suggests that NAFLD may be
associated with development of CRC even before full-
blown metabolic syndrome is observed. However, only
limited studies have evaluated this relationship [11,12].

Fatty liver index (FLI) is calculated using body mass
index (BMI), waist circumference, triglyceride (TG), and
gamma (y)-glutamyl transferase (GGT), and is used as a
noninvasive means to predict NAFLD [13]. The formula
is validated for high diagnostic accuracy in a large pop-
ulation [14,15).

This study aimed to evaluate the association between
NAFLD, as defined by FLI, and development of CRC us-
ing Korean nationwide data.

METHODS

Data source and study population
The database of the National Health Insurance Corpora-
tion (NHIC) was used. NHIC is a national insurer man-
aged by the Korean government to which approximately
97% of the Korean population subscribes. The NHIC
recommends that subscribers undergo a standardized
medical examination at least biennially. Any researcher
can use the NHIC database after the official review com-
mittee approves study protocols. Operational defini-
tions from the International Classification of Diseases,
10th revision codes were used to define disease groups.
Reports for 23,503,802 individuals who had undergone
an annual or biennial evaluation between 2009 and 2012
were available in the NHIC database. Because of insuf-
ficient data, 146,156 participants were excluded, Further,
45341 persons aged less than 20 years or older than 85
years; 45,341 individuals diagnosed with liver cirrhosis
(K703), 361,641 with hepatitis (Ky46), and 14,955 with he-
patic cancer (C22) were also excluded. Finally, 1,117,343
heavy alcohol consumers (daily alcohol consumption
= 30 g for men and = 20 g for women), and 64,813 par-
ticipants diagnosed with CRC before 2009 were also
excluded to avoid enrolling patients with pre-existing
diseases. The remaining 21,592,374 participants were an-
alyzed and followed up. A summary of the study pop-
ulation selection is illustrated in Fig. 1. This study was
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23,503,802 from NHIC cohort
who participated health check
up (2009-2012)
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21,592,374
were finally analyzed

Figure 1. Flow chart showing the enrollment process for the

study cohort. NHIC, National Health Insurance Corporation.

approved by the Institutional Review Board of Seoul Na-
tional University Bundang Hospital (X-1608/360-904).
All procedures performed in studies involving human
participants were in accordance with the 1964 Helsin-
ki declaration and its later amendments or comparable
ethical standards. Since the present study involved rou-
tinely collected data, additional specific informed con-
sent was not required.

Measurements of clinical parameters and biochemical
analysis

Standardized self-reporting questionnaires were used
to collect data at the time of enrollment for the follow-
ing variables, which are regarded as risk factors for liver
injury. These variables were included as covariates in
multivariable analyses: age (years), sex (male or female),
residency (rural and urban), yearly income (lower quin-
tile vs. the remaining quintiles), alcohol consumption
(frequency of alcohol consumption in 1 week and the
amount of alcohol consumed on one occasion were
evaluated by reviewing the questionnaire [frequency: o
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to 7 days/week and amount: drinks per occasion]), and
cigarette smoking (never, former, and current). Regu-
lar exercise was defined as engaging in vigorous exer-
cise on a regular basis (high-intensity activity = 3 times/
week or moderate-intensity activity = 5 times/week) [16].
BMI and systolic and diastolic blood pressures (mmHg)
were also measured. Participants were considered obese
when their BMI was = 25 kg/m? based on criteria from
the Asian-Pacific region [17]. Waist circumference > 9o
cm was defined as abdominal obesity [17]. Diabetes mel-
litus (DM) was defined based on use of insulin or oral
hypoglycemic agents [8] or a fasting plasma glucose level
= 126 mg/dL [18]. Participants were diagnosed as hyper-
tensive if their systolic pressure was = 140 mmHg, if their
diastolic pressure was = go mmHg, or if they currently
used antihypertensive medication [19]. After overnight
fasting for at least 8 hours, blood specimens collected
from each participant were processed and transported
in cold storage to the Central Testing Institute (Neodin
Medical Institute, Seoul, Korea). Levels of total choles-
terol (mg/dL) and liver enzymes alanine aminotransfer-
ase (ALT), aspartate aminotransferase (AST), and GGT
(IU/L) in the serum were determined.

The primary endpoint for the study was newly diag-
nosed CRC, which was defined using the International
Classification of Diseases, 1oth revision codes (Ci80-
200). The diagnosis of CRC was considered new when
a patient had no such diagnosis during the preceding
years.

Surrogate measure of fatty liver

Screening of asymptomatic individuals using imaging
modalities, such as ultrasonography (US) and comput-
ed tomography, are expensive for mass screening [20].
Therefore, simple, noninvasive tests such as the FLI
were used. To identify fatty liver, FLI was calculated ac-
cording to an algorithm based on TG levels, BMI, GGT,

and waist circumference: FLI = (e %95 % L0 [TG] + 0139 x BMI +
0.718 x Ln [GGT] + 0.053 x waist circumference — 15.745) / (1 + e ©953xLn [TG]

+0.139 x BMI + 0.718 x Ln [GGT] + 0.053 x waist circumference — 15.745) X 100.

FLI ranges from o to 100. It has been validated against
fatty liver diagnosis in the US with a proven accuracy of
0.84 (95% confidence interval [CI], 0.81 to 0.87). Partici-
pants were categorized into three FLI groups, < 30, the
probability of not having fatty liver is 91%; 30 < FLI < 60,
an intermediate probability; and = 60, the probability of
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having fatty liver is 78% [21]. Participants were classified
as having NAFLD if FLI was = 60 in the absence of other
causes of chronic liver disease (e.g., a history of hepatitis
or cirrhosis, hepatitis B surface antigen negativity, and
excessive alcohol consumption [= 30 g/day]).

Statistical analyses

Data are presented as mean + standard deviation for
normally distributed continuous variables and as pro-
portions for categorical variables. Student ¢ tests and
analysis of variance were used to analyze continuous
variables, and differences between nominal variables
were compared with chi-square tests. Incidence rates
of cancers were calculated by dividing the number of
events by person-time at risk. To evaluate the indepen-
dent association of FLI with risk of cancer incidence, the
Cox proportional hazard model was used after adjusting
for age, smoking status, alcohol consumption, exercise,
and BMI. Subgroup analyses were performed according
to age, smoking status, alcohol consumption, the pres-
ence of DM, metabolic syndrome signs and symptoms,
obesity, abdominal obesity, physical activity, and yearly
income. Statistical analyses were performed using SAS
version 9.4 (SAS Institute, Cary, NC, USA) and R version
3.2.3 (The R Foundation for Statistical Computing, Vien-
na, Austria). A 2-sided p < 0.05 was considered statisti-
cally significant. The cutoft of p for interaction was o.15.

RESULTS

Demographic characteristics
Participants were divided into three groups based on
FLI; baseline characteristics of the study participants are
provided in Table 1. Anthropometrics, clinical variables,
and biochemistry data were analyzed according to FLI
grouping. Among 21,592,374 enrollees, 2,543,649 persons
(11.8%) were defined as having NAFLD based on FLI.
Participants with NAFLD in the FLI = 6o group were
predominantly male compared to the other two groups.
Mean age of the three groups were different. The group
characterized by 30 = FLI < 60 was older than the other
two groups. The FLI = 6o group included more indi-
viduals who smoked currently and consumed alcohol.
Moreover, participants with an FLI = 60 had higher val-
ues for waist circumference, BMI, blood pressure, fast-
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Variable FLI<30 30=<FLI< 6o FLI= 6o -
(n =14,236,480) (n = 4,812,245) (n =2,543,649)

Male sex 5,319, 211 (37.4) 3,170,656 (65.9) 1,999,161 (78.6) <0.001
Age, yr 463145 51.3 +13.6 48.5+12.9 <0.001

<40 4,617,518 (32.4) 995,453 (20.6) 667,250 (26.2)

40—60 7,807,138 (54.8) 2,926,809 (60.8) 1,555 ,383 (61.2)

=60 1,811,824 (12.7) 889,983 (18.5) 321,016 (12.6)
BMI, kg/m? 22.2+2.4 25.6 £223 28.1+3.1 <0.001
WC, cm 75.4 7.1 86.0£5.5 92.4+6.9 <o0.001
BMI > 25 kg/m® 1,788,564 (12.6) 2,841,852 (59.1) 2,184,201 (85.9) <0.001
WC=90cm 2,031,463 (14.3) 2,242,639 (46.6) 1,821,347 (71.6) <0.001
SBP, mmHg 118.9 £14.5 126.7 £14.5 130.0 +14.6 <0.001
DBP, mmHg 73.9 £ 9.6 78.7+9.6 81.4+9.9 < 0.001
Serum glucose level, mg/dL 93.7+18.5 101.9 + 26.0 108.2 £32.3 < 0.001
Serum cholesterol level, mg/dL 189 £34.7 203.1 £ 37.2 2113 %39.5 < 0.001
Serum triglyceride level, mg/dL 86.8(86.8-86.9) 153.3 (153.2-153.4) 226.4 (226.3-226.6) <0.001
ALT level, TU/L 18.1 (18.1-18.1) 26.9 (26.87-26.9) 37.7 (37.7-37.7) <0.001
AST level, TU/LP 22.2(22.2-22.3) 26.0 (26.0-26.1) 31.4 (31.3-31.5) < 0.001
GGT level, TU/L 19.4(19.4-19.4) 36.3(36.3-36.4) 64.5 (64.4—64.6) <0.001
Current smoker 2,505,512 (17.6) 1,397,788 (29.1) 1,001,952 (39.4) <0.001
Alcohol consumption® 5,519,637 (38.8) 2,343,068 (48.7) 1,537,409 (60.4) <0.001
Regular physical exercise® 2,485,371 (17.5) 894,077 (18.6) 426,799 (16.8) <0.001
Lower quintile of yearly income 3,124,602 (22.0) 938,595 (19.5) 491,132 (19.3) < 0.001
Diabetes 777,405 (5.5) 662,415 (13.8) 505,886 (19.9) <0.001
Hypertension 2,588,109 (18.2) 1,806,013 (37.5) 1,169,468 (46.0) <0.001
Dyslipidemia® 1,917,058 (13.5) 1,330,990 (27.7) 920,307 (36.2) <0.001
=1 metabolic syndrome component! 3,993,359 (28.1) 2,593,342 (53.9) 1,666,824 (65.5) <0.001
Development of CRC 80,871 (0.6) 40,612 (0.8) 19,785 (0.8) <0.001
Follow-up duration, yr 53+1.1 53+1.1 53+1.1 NS

Values are presented as number (%) or mean + SD.
FLI, fatty liver index; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; ALT, alanine transaminase; AST, aspartate aminotransferase; GGT, gamma glutamyltransferase; CRC, colorectal cancer;

NS, not significant.
*Among three groups.

PGeometric mean (95% confidence interval).
“Persons who consumed alcohol = 30 g/day were initially excluded.
dpersons who did not perform high intensity activity = 3 times/week or moderate intensity activity = 5 times/week.

“Dyslipidemia was defined as a triglyceride level = 150 mg/dL or use of a lipid-lowering drug.

fMetabolic syndrome components included hypertension, dyslipidemia, and diabetes mellitus.

ing glucose level, TG level, total cholesterol level, AST
level, ALT level, and GGT level than those in the other
two groups. When the total population was divided into
two groups, FLI < 60 and FLI = 60, the latter included
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more individuals who exercised less frequently and few-
er individuals who were in the lowest quintile of yearly
income (Supplementary Table 1).

Of 2,543,649 participants with NAFLD defined by the
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Table 2. Results of multivariable analyses of the impact of the FLI on the risk of colorectal cancer in the Korean population

HR (95% CI)
FLI Number Event IR? = 7
Model 1 Model 2¢ Model 3
FLI<30 14,236,480 80,871 1.07 1 (Reference) 1 (Reference) 1 (Reference)
30 < FLI< 60 4,812,245 40,612 1.58 1.09 (1.08-1. 11) 1.09 (1.08-1.10) 1.07 (1.06-1.09)
FLI= 60 2,543,649 19,785 1.48 1.18 (1.16-1.20) 1.17 (1.15-1.19) 1.13 (1.12-1.15)
p for trend <0.001 <0.001 <0.001

FLI, fatty liver index; IR, incidence rate; HR, hazard ratios; CI, confidential interval.

1,000 person-year.
PData are adjusted for age, sex.

“Data are adjusted for age, sex, smoking status, alcohol consumption, regular physical exercise and income.
dData are adjusted for age, sex, smoking status, alcohol consumption, regular physical exercise, income, diabetes mellitus, hy-

pertension, and dyslipidemia.

1.6 -o- Total -e~ Male -e- Female

Hazard ratio for CRC

DI D2 D3 D4 D5 D6 D7 D8 D9 DIO

Male <675 <11.26 <1642 <2243 <29.46 <37.65 <47.28 <5880 <73.19 >73.19
Female <225 <354 <514 <728 <1023 <1439 <2043 <29.64 <4552 >4552

Fatty liver index (decile)

Figure 2. Hazard ratios of the development of colorectal can-

cer based on the fatty liver index. Data are adjusted for age,
smoking status, alcohol consumption, regular exercise, and
yearly income. CRC, colorectal cancer; D, decile.

FLI, 19,785 (0.78%) developed CRC, while 80,871 (0.57%)
and 40,612 (0.84%) were diagnosed as having CRC among
14,236,480 persons with an FLI <30 and 4,812,245 individ-
uals with 30 =< FLI < 60. Overall, 121,483 persons (0.64%)
developed CRC among 19,048,725 individuals with an
FLI < 60. Mean follow-up time was not significantly dif-
ferent among the three FLI groups (5.3 + 1.1 years vs. 5.3 +
1.2 years vs. 5.3 + 1.2 years).

Multivariate analyses for risk factors associated with
the development of colorectal cancer

Risks of developing CRC are shown for each FLI group
in Table 2. After controlling for age, BMI, smoking sta-
tus, alcohol consumption, regular physical exercise,
yearly income, and presence of DM, hypertension, and

1358 www.kjim.org

dyslipidemia, participants in 30 =< FLI < 60 and FLI =
60 groups showed increased risk for CRC (hazard ratios
[HRs], 1.07 and 1.13; 95% confidential intervals [CIs], 1.06
to 1.09 and 1.12 to 1.15, respectively).

HRs for developing CRC by decile of FLI are depicted
in Fig. 2. The HR for developing CRC continuously in-
creased with decile in both men and women.

Influence of BMI on effects of nonalcoholic fatty liver
disease on the development of colorectal cancer
Table 3 shows incidence rates and HRs of CRC by FLI
and BMI range. The proportion of participants who took
metformin or statin increased depending on BMI range.
HRs were calculated after adjusting for age, sex, smoking
status, alcohol consumption, regular physical exercise,
yearly income, and presence of DM, hypertension, and
dyslipidemia. Regardless of BMI range, an FLI = 60 was
significantly correlated with an increased risk of develop-
ing CRC. The association of NAFLD with development of
CRC was stronger in individuals with BMI in the range
0f18.5 to 23.0 kg/m? than in individuals with BMI in the
obese range. Moreover, the association between NAFLD
and development of CRC decreased in a dose-dependent
manner as BMI increased in obese individuals. HRs of
NAFLD for developing CRC for participants with a BMI
<185 and = 18,5 kg/m? and < 23 kg/m? were 1.44 and 1.29,
respectively, whereas corresponding HRs for BMI of =
23 and < 25.0 kg/m?, = 25 and < 30 kg/m? and = 30 kg/m?
were 1.15, 1.11, and 1.09, respectively.

https://doi.org/10.3904/kjim.2018.022
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Table 3. Impact of individual components of the FLI on the risk for developing colorectal cancer by multivariable analyses

Usage of medication

BMI, kg/m” - - FLI Number Event IR* R (95% CI)
Metformin Statin

BMI<185 13,503 (1.5) 24,460 (2.8) <60 884,474 3,902 0.85 0.93 (0.90-0.96)
=60 1,152 16 2.94 1.44 (0.88-2.35)

18.5 < BMI < 23.0 255,440 (3.0) 580,027 (6.7) <60 8,596,185 48,673 1.06 1 (reference)
=60 76,941 865 2.21 1.29 (1.21-1.38)

23.0 = BMI < 25.0 259,319 (5.0) 621,947 (11.9) <60 4,937,650 34,743 1.31 1.02 (1.00-1.03)
=60 281,355 2,537 1.72 1.15 (1.10-1.19)

25.0 < BMI <30.0 401,905 (6.7) 953,578 (15.8) <60 4,443,245 33,001 139 1.03 (1.02-1.05)
> 60 1,585,724 12,522 1.49 1.11 (1.08-1.13)

BMI = 30.0 72,571 (9.2) 150,371 (19.1) <60 187,171 1,164 1.18 1.04 (0.98-1.10)
= 60 598,477 3,845 1.23 1.09 (1.05-1.13)

Values are presented as number (%).

FLI, fatty liver index; BMI, body mass index; IR, incidence rate; HR, hazard ratio; CI, confidence interval.

1,000 person-year.

PData are adjusted by age, smoking status, alcohol consumption, regular physical exercise, and yearly income.

Variables HR [95% Cl] p for interaction

Sex Male Fa 1.13[1.11,1.16]  <0.001
Female = 1.13[1.09, 1.16]

Age <65yr L} 1.09 [ 1.06, 1.11] < 0.001
>65yr = 1.12[1.09,1.15]

Smoking Non smoker ] 1.13[1.11,115]  <0.001
Current —— 1.07[1.03,1.10]

Drinking Non drinker = 1.09[1.06,1.11] 0.102
Drinker ! 1.13[1.10,1.15]

Exercise No HH 1.09[1.07,1.11] 0.173
Regular — 1.14[1.10,1.18]

Income Other HH 1.10[1.08,1.12] 0.012
Lowest — 1.12[1.08, 1.16]

Diabetes No HH 1.10[1.08,1.12] 0.003
Yes = 1.06[1.03,1.09]

Hypertension No = 1.10[1.07,1.12]  <0.001
Yes [l 1.06 [ 1.04,1.08]

Dyslipidemia No [l 1.11[1.09, 1.14] 0.805
Yes = 1.04[1.02,1.07]

> 1 MetS No = 1.11[1.07,1.14] < 0.001

components Yes HH 1.05[ 1.04,1.07 ]

Obesity No = 1.18[1.14,1.22] < 0.001
Yes g 1.07 [1.04,1.09]

WC >90cm No Lanan 1.09 [ 1.06, 1.12] 0.046
Yes b 1.02 [ 1.00, 1.04]

[ e e e e |
095 105 115 125

Hazard ratio

Figure 3. Forest plot of hazard ratios by subgroups accord-

ing to variables. Multivariate logistic regression analysis was
used after controlling for age, smoking status, alcohol con-
sumption, regular exercise, and yearly income. HR, hazard
ratio; CI, confidence interval, MetS, metabolic syndrome;
WC, waist circumference.

https://doi.org/10.3904/kjim.2018.022

Subgroup analyses according to age, smoking
status, alcohol consumption, and metabolic health
status

Subgroup analyses were performed according to sex, age,
smoking status, alcohol consumption, regular physical
exercise, yearly income, and the presence of DM, hyper-
tension, and dyslipidemia obesity, and a combination
of hypertension and dyslipidemia. Fig. 3 shows HRs of
CRC and p values for interaction by subgroup after con-
trolling for age, sex, smoking status, alcohol consump-
tion, regular physical exercise, and yearly income.

For NAFLD defined by FLI = 6o, participants aged 65

years or older showed a higher risk for CRC than the
other age groups (HR, 1.12; 95% CI, 1.09 to 1.15 vs. HR,
1.09; 95% CI, 1.06 to 1.11; p for interaction < o.oo1) (Fig.
3). Nonsmokers or ex-smokers, alcohol consumers (< 30
g/day), and persons with the lowest quintile of yearly
income showed greater association with development
CRC. Moreover, associations between NAFLD and the
development of CRC were more prominent in the ab-
sence of DM, hypertension, obesity and abdominal obe-
sity (for all p for interactions < 0.05).

Non-diabetic, normotensive, and non-dyslipidemic

individuals with NAFLD had a higher risk for develop-
ing CRC than persons who had one or more elements
of metabolic syndrome (DM, hypertension, or dyslipid-
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emia) (HR, 1.11; 95% CI, 1.07 to 1.14 vs. HR, 1.05; 95% CI,
1.04 to 1.07; p for interaction < o.001).

Effect of changes in fatty liver index score on
developing colorectal cancer

Among the study population, 6,739,987 persons had un-
dergone consecutive biennial evaluations. To evaluate
the effect of changes in FLI on developing CRC, these
participants were subclassified to four groups by chang-
es in FLI over a 2-year follow-up interval (Supplementa-
ry Table 2).

Individuals whose FLI had been less than 6o at base-
line but became 60 or greater at follow-up showed an
increased HR for CRC than individuals whose FLI re-
mained less than 60 (HR, 1.09; 95% CI, 1.04 to 1.15). Per-
sons whose FLI = 6o at baseline consistently showed an
increased risk for development of CRC regardless of FLI
change at follow-up (Supplementary Table 2).

DISCUSSION

In the present nationwide study, which involved a large
cohort of Korean individuals, NAFLD as defined by the
FLI = 60 was correlated with an increase up to 13% for
development of CRC. This association was dose-depen-
dent and more prominent in persons with a normal
BMI compared to obese persons after controlling for
age, sex, smoking status, alcohol consumption, regular
physical exercise, and yearly income. Moreover, normo-
glycemic, normotensive, and non-dyslipidemic individ-
uals with NAFLD had a higher risk for developing CRC
compared with persons who had one or more elements
of metabolic syndrome (DM, hypertension, or dyslipid-
emia).

Several studies have evaluated the relationship be-
tween NAFLD and CRC [11,12,22]. Wong et al. [12] showed
that patients with NAFLD had a higher prevalence of
colorectal adenomas and CRC than their counterparts.
In a large retrospective cohort study of 5,517 Korean
women, a significant relationship between NAFLD and
colorectal neoplasm was observed [11], consistent with
the current finding. However, the association between
NAFLD and CRC is not consistently reported. Touzin et
al. [22] reported no significant difference in the develop-
ment of neoplasm, despite the higher mean number of
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adenomas in patients with NAFLD than in the control
group. Because benign colonic polyps were frequently
missing in the NHIC claim data, the relationship be-
tween NAFLD and colonic adenoma was not addressed
in the present study.

Within the Korean cohort, mean age at diagnosis of
NAFLD was 41.6 + 8.7, while the incidence of CRC rap-
idly increases after age 50 and peaks at ages 65 to 69
[2,23]. This discrepancy in ages at diagnosis can be a
confounding factor; that is, the incidence of CRC was
highest for individuals with 30 < FLI < 60 before adjust-
ment of age. However, after controlling age, HR of CRC
among participants with FLI = 60 was higher than HR
among individuals with 30 < FLI < 6o (Table 2). These
results remained consistent after controlling several co-
variates other than age.

Although the proposed mechanism for how NAFLD
affects carcinogenesis is not completely understood,
NAFLD may represent a condition of insulin resistance
and a proinflaimmatory state [24]. Insulin and insu-
lin-like growth factors may promote development of
colorectal neoplasm through their proliferative and an-
tiapoptotic effects. Moreover, patients with NAFLD have
reduced expression of adiponectin, which has anti-in-
flammatory properties [25,26].

Given that obesity is the usual cause for the develop-
ment of NAFLD, a condition linked to CRC [18], Lower
HR for NAFLD and development of CRC in obese in-
dividuals or participants with a waist circumference >
9o cm is an interesting finding. Non-obese NAFLD par-
ticipants could represent a different disease entity with
prominent visceral fat distribution and special genetic
predisposition when compared to obese individuals
with NAFLD [27]. Visceral fat is a source of free fatty ac-
ids and pro-inflammatory cytokines [27]. High fructose
diets are reported to play an important role in the de-
velopment of NAFLD, particularly in young and non-
obese populations [28]. Fructose is proinflammatory,
causing intracellular adenosine triphosphate depletion,
uric acid production and subsequent cellular injury [29].
These actions might be related to CRC carcinogene-
sis. By contrast, the higher HR of NAFLD and CRC in
participants without diabetes, hypertension, and dyslip-
idemia than in individuals who have at least one of the
three elements of metabolic syndrome might be a result
of anti-cancer properties of a statin [30] or metformin
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[31]. The proportion of individuals who were adminis-
tered metformin or statin increased as BMI increased
(Table 3).

However, more prominent associations between
NAFLD and development of CRC in individuals with
normal BMI than obese individuals should not be in-
terpreted as a healthy obesity theory. Rather, this study
suggests the important insight that NAFLD (or the high
FLI) may be a more sensitive early marker for develop-
ment of CRC than BMI or metabolic syndrome criteria.
Rapidly increasing incidence of CRC and previously un-
documented high incidence among young adults indi-
cates that CRC screening in this group may become an
important issue [32].

Changes in FLI score for individuals who participat-
ed in consecutive biennial exams indicates an increased
risk of CRC in participants who became FLI-based NA-
FLD at the 2-year follow-up. However, established FLI-
based NAFLD patients whose FLI went down to less
than 6o during the follow-up period did not show re-
duced risk. Participants in the 30 < FLI < 60 may have
a condition that encourages development of CRC, or
some confounding factors may reverse any beneficial
effect of'a reduction in FLI score. Whether reduction in
FLI score could lead to a decreased risk for CRC needs
further long-term, well-organized studies.

The limitations of the present study include lack of
data from imaging modalities and biopsy to evaluate
NAFLD, and some misclassification may exist. Previ-
ous external validation data from Taiwan shows that
FLI can accurately identify ultrasonographic fatty liver
in a large-scale population [33]. The study suggests that
optimal cut-off values are lower than cut-offs for West-
ern populations; FLI = 35 and = 20 to rule in ultrasono-
graphic fatty liver for men and women. Indeed, the risk
for CRC increased in participants with an FLI = 30, sug-
gesting that risk stratification using FLI can be useful.
To compensate for this limitation, a sensitivity analysis
used a simple AST/ALT ratio. An increasing AST/ALT
ratio is associated with advanced fibrosis [34]. When 1.0
was used as a cut-off value, an AST/ALT ratio = 1 was
consistently associated with an increased risk for CRC
in multivariable analyses (Supplementary Table 3).

A lack of information on histological type and stage
is also a limitation. Rectal cancer could not be differen-
tiated from CRC because most claims did not precisely
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specify tumor location. Although the association was
significant, it was modest.

Nonetheless, the largest nationwide database ever
used formed the basis for the study. The sample size
of this study exceeds the sum of previous case-control
or cohort studies. This study presents preliminary data
that should promote further studies on individuals with
high FLI.

NAFLD defined by the FLI is significantly associat-
ed with the presence of CRC in asymptomatic patients
undergoing screening. This finding provides a clinical
means for risk stratification of CRC and for screening
strategies using FLI.

KEY MESSAGE

1. High fatty liver index score is correlated with
development of colorectal cancer.

2. High fatty liver index is correlated with col-
orectal cancer regardless of body mass index,
but the association was more prominent in
persons with a normal body mass index.

3. Individuals with a fatty liver index = 6o re-
quire close consideration for development of
colorectal cancer even in the absence of obesity
or other elements of metabolic syndrome.
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Supplementary Table 1. Demographics of the study enrolees

Variable FLI < 60 (n =19,048,725) FLI = 60 (n = 2,543,649) pvalue
Male sex 8,489,867 (44.57) 1,999,161 (78.59) <0.001
Age, yr 47.6 £14.5 48.5+12.9 < 0.001

<40 5,612,971 (29.47) 667,250 (26.23) <0.001

40-60 10,733,947 (56.35) 1,555,383 (61.15) <o0.001

=60 2,701,807 (14.18) 321,016 (12.62) <0.001
Current smoker 3,003,300 (20.49) 1,001,952 (39.39) <o0.001
Alcohol consumption® 7,862,705 (41.28) 1,537,409 (60.44) <0.001
Regular exercise® 3,379,448 (17.74) 426,799 (16.78) <0.001
Lower quintile of yearly income 4,063,197 (21.33) 491,132 (19.31) <0.001
BMI, kg/m* 23.1+2.8 28.1+3.1 <o0.001
BM]I, = 25 kg/m* 4,630,416 (24.31) 2,184,201 (85.87) <0.001
WC, cm 78.1+ 8.1 92.4+6.9 <0.001
WC =90 cm 4,274,102 (22.44) 1,821,347 (71.6) <0.001
SBP, mmHg 120.9 +14.9 130 £ 14.6 < 0.001
DBP, mmHg 75.1+9.8 81.4+9.9 <o0.001
Serum glucose, mg/dL 05.7 21 108.2 £32.3 < 0.001
Serum cholesterol, mg/dL 192.6 £35.9 2113 +39.5 < 0.001
Serum triglyceride, mg/dL® 100.18 (100.16-100.21) 226.41 (226.27-226.55) < 0.001
ALT, IU/L® 20.01 (20.01~20.02) 37.71(37.69-37.74) <0.001
AST, IU/L® 23.08 (23.07-23.08) 31.39 (31.37-31.4) <0.001
GGT, IU/LS 22.69 (22.68-22.7) 64.45(64.39—64.5) <o0.001
Hypertension 4,394,122 (23.07) 1,169,468 (45.98) <0.001
Dyslipidaemia® 3,248,048 (17.05) 920,307 (36.18) <0.001
Diabetes 1,439,820 (7.56) 505,886 (19.89) <0.001
=1 of metabolic syndrome component* 6,586,701 (34.58) 1,666,824 (65.53) <0.001
Developing CRC 121,483 (0.64) 19,785 (0.78) <o0.001
Follow-up duration, yr 53+1.1 53+1.2 <0.001

Values are presented as number (%) or mean =+ SD.

FLI, fatty liver index; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; ALT, alanine transaminase; AST, aspartate aminotransferase; GGT, gamma glutamyltransferase; CRC, colorectal cancer.
*Persons who alcohol consumption = 30 g/day were initially excluded.

PPersons who did not perform high intensity of activity = 3/week or moderate intensity of activity = 5/week.

‘Geometric mean (95% confidence interval).

Triglyceride = 150 mg/dL or user of lipid lowering drug.

“Having more than 1 of component among hypertension, dyslipidaemia and diabetes mellitus.

www.kjim.org https://doi.org/10.3904/kjim.2018.022


www.kjim.org

Choi YJ, et al. NAFLD and colorectal cancer screening

KJIM™

Supplementary Table 2. Incidence and hazard ratios of colorectal cancer according to change of FLI at 2 years follow-up com-

pared to the baseline
FLI Number CRC,n DiEFEN I, IR* = HR (95% CI) i
Pre Post person-years Model 1 Model 2¢ Model 3
<60 <60 5,707,716 28,811 24,139,856 1.19 1 (reference) 1 (reference) 1 (reference)
=60 293,991 1,588 1,227,701 1.29 1.09 (1.03-1.14) 1.10 (1.04-1.15)  1.09 (1.04-1.15)
=60 <60 263,706 2,053 1,103,286 1.86 1.56 (1.49-1.63)  1.29 (1.23-1.35) 1.28 (1.22-1.34)
=60 474,574 2,647 1,984,898 1.33 112 (1.08-1.16)  1.14(1.09-1.19)  1.13(1.08-1.17)

FLI, fatty liver index; CRC, colorectal cancer; IR, incidence rate; HR, hazard ratios; CI, confidential interval.

1,000 person-year.

"Unadjusted.

“Data are adjusted for age, sex.

dData are adjusted for age, sex, smoking status, alcohol consumption, regular physical exercise and income.
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Supplementary Table 3. Results of multivariable analyses of the impact of the AST/ALT ratio on the risk of colorectal cancer

in the Korean population

i HR (95% CI
AST/ALT Number Eventn D 2tO e N o) ;
person-years Model 1 Model 2¢ Model 3
<1 7,247,646 43,567 38,854,776 1.12 1 (reference) 1 (reference) 1 (reference)
1< 14,344,728 97,701 76,143,966 1.28 1.02 (1.01-1.03) 1.04 (1.02-1.05) 1.05 (1.04-1.06)

AST, aspartate aminotransferase; ALT, alanine aminotransferase; IR, incidence rate; HR, hazard ratios; CI, confidential interval.
1,000 person-year.

PData are adjusted for age, sex.

‘Data are adjusted for age, sex, smoking status, alcohol consumption, regular physical exercise and income.

dData are adjusted for age, sex, smoking status, alcohol consumption, regular physical exercise, income, diabetes mellitus, hy-
pertension, and dyslipidemia.
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