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Background: The presence of fatty liver (FL) has been suggested to influence the incidence of colorectal 
cancer (CRC). This study aimed to evaluate the predictive utility of six alternative indices of FL—namely, 
liver fat percentage (PLF), lipid accumulation product (LAP), hepatic steatosis index (HSI), United States 
fatty liver index (USFLI), fatty liver index (FLI), and Zhejiang University index (ZJU)—in assessing the risk 
of CRC. We aimed to determine their effectiveness in predicting CRC risk by comparing these surrogate 
indices.
Methods: Data for this study were derived from the National Health and Nutrition Examination Survey 
(NHANES) conducted between 2003 and 2018, focusing on adults over 20 years old. The six FLIs were 
calculated using established methodologies outlined in prior research. To identify key variables, the Boruta 
algorithm was employed. The relationships between FLIs and CRC risk were assessed using multivariable 
logistic regression, generalized linear models (GLMs), and restricted cubic spline (RCS) models. 
Additionally, subgroup analyses were performed to investigate the effects of potential confounders.
Results: Among the 16,250 individuals surveyed, 96 were diagnosed with CRC. Those with CRC exhibited 
significantly higher levels of PLF (4.65 vs. 3.31, P=0.004), LAP (55.63 vs. 42.34, P=0.04), USFLI (23.22 vs. 
17.83, P<0.001), and FLI (58.16 vs. 50.86, P=0.048) compared to individuals without CRC. Multivariate 
logistic regression and RCS analyses indicated that, of the six indices, only USFLI was significantly associated 
with an increased risk of CRC. Notably, further stratification of USFLI revealed that this association was 
consistently stronger in individuals aged over 65 years [odds ratio (OR) =1.023; 95% confidence interval (CI): 
1.005–1.041; P=0.01] and among non-smokers (OR =1.018; 95% CI: 1.003–1.033; P=0.02) after adjusting for 
multiple confounders.
Conclusions: The USFLI index demonstrated a more significant association with the risk of CRC 
compared to the other five alternative FLIs, highlighting its potential utility in predicting CRC risk in 
clinical settings.
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Introduction

According to the latest statistics, colorectal cancer (CRC) 
ranks as the third most commonly diagnosed cancer in 
both genders (1). Despite the improvement of endoscopic 
screening increased the detection rate of early-stage CRC, 
while advances in surgery have increased the overall survival 
of patients with resectable CRC, patients with advanced 
disease still face a poor prognosis, and CRC is estimated to 
be the third highest cause of cancer-related death worldwide 
(1,2). This underscores the necessity of identifying risk 
factors and implementing preventive measures, particularly 
within high-risk populations. Previous research has 
identified several established risk factors for CRC, including 
a family history of the disease, hereditary conditions such 
as Lynch syndrome and familial adenomatous polyposis, 
inflammatory bowel disease, smoking, alcohol consumption, 
and the intake of processed meats (3). However, the 
potential impact of emerging factors, such as fatty liver (FL), 
on CRC risk has been relatively overlooked and remains 
largely unexamined. Therefore, investigating the influence 
of FL on CRC risk is essential for effectively mitigating the 
disease burden associated with CRC.

FL is characterized by the accumulation of fat in the 
liver and encompasses a spectrum of conditions ranging 

from initial steatohepatitis to advanced fibrosis and 
cirrhosis (4,5). As the most prevalent liver disease globally, 
FL is traditionally categorized into non-alcoholic fatty 
liver disease (NAFLD) and alcoholic fatty liver disease 
(AFLD) (6). Recently, a more inclusive definition known 
as metabolic dysfunction-associated fatty liver disease 
(MAFLD) has gained traction as a potential replacement for 
the NAFLD classification (7-9). Despite ongoing debates 
regarding these definitions, there is a consensus among 
researchers that FL is a multi-systemic disease that extends 
beyond the liver and may contribute to various extrahepatic 
disorders, including tumorigenesis (10-12). Recent studies 
have suggested that FL could be a significant risk factor 
for CRC, as it shares metabolic disturbances and elevated 
systemic inflammation with conditions such as diabetes and 
obesity (13,14). Additionally, research has indicated that 
liver fat accumulation in FL may disrupt gut microbiota, 
which plays a critical role in the tumorigenesis of CRC 
(15,16). Nevertheless, the precise relationship between FL, 
liver fat accumulation, and CRC risk has yet to be fully 
clarified.

In clinical practice, liver ultrasonography (LUS) is the 
most common method for diagnosing FL. In instances where 
LUS is unavailable, non-invasive and non-imaging surrogate 
indices of FL are recommended for diagnosis (17-19).  
Various indices, including liver fat percentage (PLF), 
lipid accumulation product (LAP), hepatic steatosis index 
(HSI), United States fatty liver index (USFLI), fatty liver 
index (FLI), and Zhejiang University index (ZJU), have 
been developed as assessment tools to quantify liver fat 
accumulation (20-22). This study employs these FLIs to 
evaluate the degree of hepatic fat accumulation. Data from 
the National Health and Nutrition Examination Survey 
(NHANES) was used to investigate the association between 
FLIs and CRC among adults from the United States 
(US). The ultimate objective of this study was to assess 
the effectiveness of FLIs in predicting CRC risk, thereby 
providing a theoretical foundation for CRC prevention 
from a public health perspective. We present this article in 
accordance with the STROBE reporting checklist (available 
at https://tcr.amegroups.com/article/view/10.21037/tcr-24-
1444/rc).

Methods

Study design and population

This study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). Data for this study were 
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collected from NHANES, a multistage stratified composite 
design survey on the health and nutritional information 
of a representative selection of the US population. Eight 
consecutive NHANES surveys (2003–2004, 2005–2006, 
2007–2008, 2009–2010, 2011–2012, 2013–2014, 2015–2016, 
and 2017–2018) were combined into a single analytic 
sample. Participants who had incomplete information were 
excluded and eventually a total of 16,250 eligible participants 
aged over 20 years were included.

NAFLD indices and other variable selection

PLF (22), LAP (21), HSI (23), USFLI (20), FLI (24), and 
ZJU (25) were calculated separately by published formula. 
Participants who lacked a calculated index related to FLIs 
were excluded from this study.

The diagnoses of CRC were defined using items on the 
Medical Status Questionnaire: “Have you ever been told by 
a doctor or other health professional that you had cancer or 
malignancy?” and “What kind of cancer was it?”. Answerers 
which indicated only “colon cancer” or “rectum (rectal) 
cancer” were classified as outcome variables.

We assessed demographic covariates including age, race, 
education, family poverty-to-income ratio (PIR), smoking 
state, and body measurement data such as weight (kg) and 
body mass index (BMI; kg/m2).

Statistical analysis

The data in the current study were obtained and statistically 
evaluated by the R 4.1.1 (R Foundation for Statistical 
Computing, Vienna, Austria), and statistical significance 
level was set at 0.05. The NHANES study population 
was divided into two groups according to the presence 
or absence of CRC, characteristics were performed for 
comparison between groups. Continuous variables were 
expressed as the median with interquartile range (IQR) 
for they did not obey normal distribution. Significance 
difference between the two groups was appraised by 
Wilcoxon rank-sum test. Frequency and percentage were 
used to describe categorical variables. The distribution 
of categorical variables was appropriately compared by 
Pearson Chi-squared test.

In this study, we employed the Boruta algorithm, a 
supervised categorical feature selection method that utilizes 
random forests, to identify all relevant features. This 
algorithm operates by calculating the Z-value for each 
attribute during each iteration of the random forest model. 

A feature is deemed “significant” if its Z-value exceeds the 
maximum Z-value of the corresponding shaded feature. 
Through this rigorous process, we aimed to ensure a 
comprehensive selection of features that are pertinent to 
our analysis.

Considering the stratified, multi-stage probabilistic 
sampling approach of NHANES, we used the “survey” 
package to adjust complex sampling weights for the current 
study. Two-year cycle weights were divided by eight to 
reflect 16 survey years. Then, the “effects” package was 
used to conduct generalized linear model (GLM). We used 
the “rms” package to conduct restricted cubic spline (RCS) 
logistic analysis and calculate P value for nonlinearity. 
Weighted logistic multivariate analysis was utilized to 
explore the association between USFLI and CRC. Three 
different models were used to decrease the influence of 
confounders. Model 1 was the crude model; Model 2 was 
adjusted for gender and age; Model 3 was adjusted for 
gender, age, race, PIR, education, and BMI. Odds ratio (OR) 
and 95% confidence interval (CI) were used to assess the 
association.

We further stratified the analysis of significant covariates 
according to age (<65 or ≥65 years old), gender, ethnicity, 
smoking status, and BMI.

Results

Characteristics of included participants

A total of 16,250 individuals, representing 87,892,702 
people aged 20 years and older, were included in our 
study utilizing the NHANES database (Figure 1). Of these 
participants, 96 (which represented 387,440 individuals) 
were diagnosed with CRC. Characteristics of individuals 
stratified by the presence or absence of CRC are shown in 
Table 1. Notably, individuals with CRC were significantly 
older than those without CRC, with median ages of 72 and 
47 years, respectively (P<0.001). However, no significant 
differences of gender, race, education, smoking status, PIR, 
weight, and BMI were observed between the two groups 
(Table 1).

FLIs and the risk of CRC

Six FLIs were calculated separately. We found that 
individuals diagnosed with CRC exhibited significantly 
higher levels of PLF (4.65 vs. 3.31, P=0.004), LAP (55.63 
vs. 42.34, P=0.04), USFLI (23.22 vs. 17.83, P<0.001), and 
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FLI (58.16 vs. 50.86, P=0.048), However, no significant 
differences were found in HSI and ZJU between the two 
groups (Table 1).

The results of feature selection based on Boruta’s 
algorithm are shown in order of Z-value in Figure 2. After 
500 iterations, it was determined that all six FLIs were 
closely associated with CRC and the six variables most 
strongly correlated with CRC were weight, age, PLF, 
LAP, HSI, and USFLI. Further analysis indicated a robust 
association among all indices (Figure S1), which could 
be partially attributed to the use of the same or highly 
correlated predictors.

The GLM results further demonstrated a positive 
association between all FLIs and CRC across different 
genders and ethnicities (Figures 3,4). Specifically, a positive 
linear association was observed between CRC risk and PLF 
(P for nonlinearity =0.62), LAP (P for nonlinearity =0.86), 
USFLI (P for nonlinearity =0.28), FLI (P for nonlinearity 
=0.89), and ZJU (P for nonlinearity =0.51) after adjusting 
for potential confounders through RCS logistic analysis 
(Figures 5,6). Conversely, HSI exhibited a negative linear 

association with CRC in the model adjusted for multiple 
confounders (P for nonlinearity =0.56) (Figure 5F).

To further investigate the relationship between FLIs 
and the risk of CRC, we evaluated the odds of CRC 
across the quartiles of six indices (Q1: PLF <2.056, LAP 
<24.041, HSI <32.438, USFLI <7.944, FLI <21.150, ZJU 
<34.695; Q2: PLF: 2.056–3.592, LAP: 24.041–43.072, HSI: 
32.438–37.081, USFLI: 7.944–18.919, FLI: 21.150–52.501, 
ZJU: 34.695–39.260; Q3: PLF: 3.593–6.659, LAP: 43.073–
74.307, HSI: 37.082–42.567, USFLI: 18.920–39.391, FLI: 
52.502–82.720, ZJU: 39.261–44.774; Q4: PLF >6.659, LAP 
>74.307, HSI >42.567, USFLI >39.391, FLI >82.720, ZJU 
>44.774) by conducting logistic regression analysis after 
adjustment for multiple potential confounders, as detailed 
in Table 2. In the crude model, the top quartile of the LAP 
demonstrated a significant positive association with CRC 
(OR =3.00; 95% CI: 1.30–6.93; P=0.01). However, it was 
only the USFLI that consistently exhibited a positive 
association with CRC risk across both the top (Model 1: OR 
=6.26, 95% CI: 2.63–14.90, P<0.001; Model 2: OR =3.37, 
95% CI: 1.33–8.52, P=0.01; Model 3: OR =3.22, 95% CI: 
1.02–10.15, P=0.047) and second (Model 1: OR =6.29, 95% 
CI: 2.16–18.31, P<0.001; Model 2: OR =3.88, 95% CI: 
1.24–12.10, P=0.02; Model 3: OR =3.81, 95% CI: 1.21–
12.06, P=0.02) quartiles in all three models analyzed. These 
findings suggest that among the six indices evaluated, only 
the USFLI was significantly associated with an increased 
risk of CRC.

Stratified analyses for USFLI

The stability of the correlation between USFLI and CRC 
risk was further validated across diverse populations using 
two analytical models: Model 1 (the crude model) and 
Model 2 (adjusted for gender and age) (Figure 7). In the 
crude model, a positive association was observed between 
USFLI and CRC risk in individuals aged over 65 years 
(P=0.03). Gender stratification revealed that USFLI was 
significantly linked to an increased risk of CRC in both male 
(P=0.02) and female (P=0.02) populations. Additionally, 
race-based analyses indicated that higher USFLI levels 
were associated with CRC risk among white individuals 
(P=0.01) and Mexican Americans (P=0.03). When stratified 
by smoking status, a significant correlation between USFLI 
and CRC risk was found in non-smokers (P<0.001). 
Furthermore, stratification by BMI demonstrated that 
USFLI was significantly associated with elevated CRC risk 
in both healthy weight (P<0.001) and overweight (P=0.04) 

Participants from  
NHANES 2003 to 2018  

(n=80,312)

n=44,790

Excluded participants that 
younger than 20 years old 

(n=35,522)

n=20,442

Excluded participants that could 
not calculate fatty liver index 

(n=24,348)

Included participants  
(n=16,250)

Excluded participants  
with incomplete data  

(n=4,192)

Figure 1 Flowchart of study participants. NHANES, National 
Health and Nutrition Examination Survey.

https://cdn.amegroups.cn/static/public/TCR-24-1444-Supplementary.pdf
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individuals. After adjusting for multiple confounders, 
USFLI maintained a significant association with CRC risk 
solely in the population aged over 65 years (OR =1.023; 
95% CI: 1.005–1.041; P=0.01) and among non-smokers (OR 

=1.018; 95% CI: 1.003–1.033; P=0.02). Overall, our study 
demonstrates that high USFLI is a significant risk factor 
for CRC, suggesting a potential link between NAFLD and 
CRC.

Table 1 General characteristics of participants included in this study stratified by the presence or absence of CRC

Variables
Total (unweighted n=16,250, 

weighted n=87,892,702)
CRC (unweighted n=96, 

weighted n=387,440)
No CRC (unweighted n=16,154, 

weighted n=87,505,262)
P value

Age (years) 47 [34, 60] 72 [61, 78] 47 [34, 60] <0.001*

Gender 0.43

Male 49.42 44.4 49.44

Female 50.58 55.6 50.56

Race 0.10

Non-Hispanic Black 10.14 6.67 10.15

Non-Hispanic White 69.48 81.6 69.42

Mexican American 8.13 5.51 8.14

Other Hispanic 4.98 2.99 4.99

Other race 7.28 3.23 7.29

Education 0.12

Less than high school 16.05 19.22 16.03

High school graduate 23.39 33.43 23.35

Some college 31.09 29.63 31.1

College graduate or above 29.47 17.71 29.53

Smoker 0.50

No 79.3 83.17 79.29

Yes 20.7 16.83 20.71

PIR 3.00 [1.51, 5.00] 3.00 [1.51, 5.00] 2.82 [1.45, 4.12] 0.27

Weight (kg) 80.00 [67.60, 94.80] 80.00 [67.60, 94.80] 75.60 [65.70, 100.80] 0.76

BMI (kg/m2) 27.80 [24.10, 32.35] 27.80 [24.10, 32.34] 27.90 [24.86, 33.20] 0.50

PLF 3.31 [1.96, 6.33] 4.65 [2.78, 8.73] 3.31 [1.95, 6.33] 0.004*

LAP 42.37 [23.47, 74.54] 55.63 [26.54, 83.74] 42.34 [23.42, 74.49] 0.04*

HSI 36.89 [32.33, 42.61] 36.33 [32.95, 41.25] 36.89 [32.33, 42.61] 0.83

USFLI 17.84 [7.44, 37.98] 23.22 [12.49, 55.29] 17.83 [7.43, 37.95] <0.001*

FLI 50.92 [18.95, 82.54] 58.16 [33.05, 85.33] 50.86 [18.94, 82.53] 0.048*

ZJU 38.94 [34.47, 44.50] 39.40 [36.49, 45.15] 38.94 [34.47, 44.50] 0.24

Data are expressed as median [IQR] for skewed variables and percentage (%) for categorical variables. P value was tested by Wilcoxon 
rank-sum test for skewed variables was tested and Pearson Chi-square test for categorical variables. *, P<0.05. CRC, colorectal cancer; 
PIR, poverty-to-income ratio; BMI, body mass index; PLF, liver fat percentage; LAP, lipid accumulation product; HSI, hepatic steatosis 
index; USFLI, United States fatty liver index; FLI, fatty liver index; ZJU, Zhejiang University index; IQR, interquartile range.
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Figure 2 Feature selection process for CRC risk based on Boruta algorithm. The horizontal axis represents the variable name and the 
vertical axis represents the Z-values of each variable. The blue boxes and lines indicate the minimum, average, and maximum Z-scores for a 
shadow feature. The green boxes and lines denote the confirmed variables that are associated with CRC risk. PIR, poverty-to-income ratio; 
ZJU, Zhejiang University index; BMI, body mass index; FLI, fatty liver index; USFLI, United States fatty liver index; HSI, hepatic steatosis 
index, LAP, lipid accumulation product; PLF, liver fat percent; CRC, colorectal cancer.

Figure 3 GLMs showed the association between PLF, LAP, and HSI with CRC that stratified by gender (A,C,E) and ethnicity (B,D,F). PLF, 
liver fat percent; LAP, lipid accumulation product; HSI, hepatic steatosis index; GLM, generalized linear model; CRC, colorectal cancer.
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Discussion

This study aimed to evaluate the effectiveness of six 
surrogate indices of FL in predicting CRC risk among 
representative sample of US adults through a cross-
sectional analysis. In contrast to the previous methodologies 
that relied solely on clinical observations for screening 
variables, our approach integrates the findings from the 
Boruta algorithm, which indicated a strong association 
between all six FLIs and CRC risk. Notably, the results 
from multivariate logistic regression, GLM, and RCS 
analyses demonstrated that individuals with high USFLI, 
but not the other five FLIs, have an increased risk of CRC. 
Furthermore, subgroup analyses demonstrated a significant 
robust positive correlation between USFLI and CRC risk in 
individuals aged over 65 years, encompassing both genders, 
as well as White and Mexican American populations, 
non-smokers, and individuals with healthy weight and 
overweight. After controlling for multiple confounding 

factors, the significant association between USFLI and 
CRC risk persisted exclusively in the population aged over  
65 years and among non-smokers. These findings suggest 
that USFLI may serve as a valuable predictor of CRC 
risk, and that interventions aimed at reducing liver fat 
accumulation could potentially mitigate CRC risk.

Increasing evidence has l inked FL or NAFLD, 
considered as a systemic disease that influence metabolism 
and inflammatory response, to the incidence of several 
tumors including CRC (26). A meta-analysis including 
11 observational studies revealed that FL significantly 
increased incidence of colorectal adenomas [hazard ratio 
(HR) =1.42; 95% CI: 1.118–1.72] and CRC (HR =3.08; 
95% CI: 1.02–9.03) (27). Due to the lack of in-depth 
research, the biological mechanisms underlying such 
associations remains unknown. Studies have indicated 
that metabolic disorder, elevated inflammation, and gut 
microbiota dysbiosis might be the underlying mechanism of 
FL-related CRC tumorigenesis (13,28).

Figure 4 GLMs showed the association between USFLI, FLI, and ZJU with CRC stratified by gender (A,C,E) and ethnicity (B,D,F). 
USFLI, United States fatty liver index; FLI, fatty liver index; ZJU, Zhejiang University index; GLM, generalized linear model; CRC, 
colorectal cancer.
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Figure 5 Association of PLF, LAP, and HSI with CRC in a crude (A,C,E) and age, gender, race, PIR, education, and BMI adjusted (B,D,F) 
RCS model. PLF, liver fat percent; LAP, lipid accumulation product; HSI, hepatic steatosis index; CRC, colorectal cancer; PIR, poverty-to-
income ratio; BMI, body mass index; RCS, restricted cubic spline.

Figure 6 Association of USFLI, FLI, and ZJU with CRC in a crude (A,C,E) and age, gender, race, PIR, education, and BMI adjusted (B,D,F) 
RCS model. USFLI, United States fatty liver index; FLI, fatty liver index; ZJU, Zhejiang University index; CRC, colorectal cancer; PIR, 
poverty-to-income ratio; BMI, body mass index; RCS, restricted cubic spline.
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Table 2 ORs and 95% CIs for CRC according to FLI level

Variables
Model 1 Model 2 Model 3

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

PLF

Continuous 1.04 (1.02, 1.06) <0.001* 1.03 (1.00, 1.06) 0.052 1.03 (0.99, 1.07) 0.18

Q1 Ref. Ref. Ref.

Q2 0.75 (0.31, 1.80) 0.51 0.65 (0.27, 1.57) 0.33 0.64 (0.25, 1.64) 0.35

Q3 2.42 (0.98, 5.99) 0.06 1.35 (0.54, 3.36) 0.51 1.29 (0.44, 3.78) 0.64

Q4 2.15 (0.99, 4.68) 0.06 1.37 (0.63, 3.00) 0.43 1.30 (0.45, 3.73) 0.63

P for trend 0.01* 0.2 0.39

LAP

Continuous 1.00 (1.00, 1.00) 0.03* 1.00 (1.00, 1.00) 0.23 1.00 (1.00, 1.00) 0.75

Q1 Ref. Ref. Ref.

Q2 2.42 (0.88, 6.67) 0.09 1.55 (0.52, 4.55) 0.43 1.47 (0.50, 4.37) 0.48

Q3 1.96 (0.85, 4.52) 0.11 1.13 (0.47, 2.72) 0.78 1.05 (0.40, 2.74) 0.92

Q4 3.00 (1.30, 6.93) 0.01* 1.83 (0.78, 4.30) 0.16 1.64 (0.57, 4.71) 0.36

P for trend 0.02* 0.28 0.54

HSI

Continuous 0.99 (0.97, 1.02) 0.68 1.01 (0.98, 1.04) 0.61 0.95 (0.83, 1.08) 0.41

Q1 Ref. Ref. Ref.

Q2 1.68 (0.77, 3.66) 0.19 1.45 (0.67, 3.14) 0.34 1.30 (0.56, 3.05) 0.54

Q3 1.31 (0.54, 3.18) 0.55 1.26 (0.53, 2.98) 0.6 1.01 (0.36, 2.85) 0.98

Q4 1.10 (0.53, 2.27) 0.79 1.34 (0.64, 2.80) 0.43 0.90 (0.23, 3.58) 0.88

P for trend 0.96 0.56 0.83

USFLI

Continuous 1.02 (1.01, 1.02) 0.001* 1.01 (1.00, 1.02) 0.049* 1.01 (1.00, 1.03) 0.13

Q1 Ref. Ref. Ref.

Q2 6.29 (2.16, 18.31) <0.001* 3.88 (1.24, 12.10) 0.02* 3.81 (1.21, 12.06) 0.02*

Q3 4.29 (1.73, 10.62) 0.002* 2.34 (0.90, 6.03) 0.08 2.24 (0.80, 6.26) 0.12

Q4 6.26 (2.63, 14.90) <0.001* 3.37 (1.33, 8.52) 0.01* 3.22 (1.02, 10.15) 0.047*

P for trend <0.001* 0.13 0.34

FLI

Continuous 1.01 (1.00, 1.02) 0.09 1.01 (1.00, 1.01) 0.23 1.01 (0.99, 1.03) 0.39

Q1 Ref. Ref. Ref.

Q2 1.61 (0.61, 4.25) 0.33 1.01 (0.38, 2.68) 0.98 0.96 (0.32, 2.86) 0.93

Q3 1.48 (0.56, 3.90) 0.42 0.99 (0.38, 2.54) 0.98 0.88 (0.28, 2.82) 0.83

Q4 1.71 (0.67, 4.35) 0.26 1.33 (0.53, 3.36) 0.54 1.13 (0.23, 5.60) 0.88

P for trend 0.26 0.51 0.95

Table 2 (continued)
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FL is regarded as hepatic manifestation of metabolic 
syndrome (MetS) which leads to CRC risk factors such as 
dyslipidemia, insulin resistance (IR), and obesity (29-31).  
Elevated levels of total and low-density lipoprotein 
(LDL) cholesterol increased CRC risk, particularly in 
men and postmenopausal women, was observed in an 
Italian multicenter cohort with 34,148 people (32). A 
meta-analysis which contained 1,987,753 individuals with 
10,876 CRC patients indicated that high levels of serum 

triglyceride and total cholesterol are associated with an 
increased risk of CRC (33). Increased leptin and decreased 
adiponectin were considered the underlying mechanism of 
CRC tumorigenesis via FL-related dyslipidemia (34,35). 
Lower systemic adiponectin was found in CRC patients 
compared with healthy controls by combining analysis of 32 
observational studies (36). A study showed that adiponectin 
has anticarcinogenic effects by repressing tumor cell 
growth via AMP-activated protein kinase and inducing 

Figure 7 Subgroup analysis of the association between USFLI and CRC risk. Model 1: represents crude model. Model 2: adjusted for 
gender and age. A value of 1 on the X-axis indicates no difference between the groups being compared. OR, odds ratio; CI, confidence 
interval; BMI, body mass index; USFLI, United States fatty liver index; CRC, colorectal cancer.

Table 2 (continued)

Variables
Model 1 Model 2 Model 3

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

ZJU

Continuous 1.01 (0.99, 1.04) 0.34 1.02 (0.99, 1.05) 0.32 1.02 (0.91, 1.15) 0.74

Q1 Ref. Ref. Ref.

Q2 2.13 (0.97, 4.69) 0.06 1.65 (0.75, 3.63) 0.21 1.57 (0.65, 3.80) 0.32

Q3 1.73 (0.72, 4.16) 0.22 1.35 (0.56, 3.26) 0.5 1.24 (0.42, 3.71) 0.69

Q4 1.71 (0.81, 3.61) 0.16 1.61 (0.75, 3.41) 0.22 1.41 (0.26, 7.48) 0.69

P for trend 0.30 0.39 0.81

*, P<0.05. Model 1: the crude model. Model 2: adjusted for gender and age. Model 3: adjusted for gender, age, race, PIR, education, 
and BMI. OR, odds ratio; CI, confidence interval; CRC, colorectal cancer; FLI, fatty liver index; PLF, liver fat percentage; ref., reference; 
LAP, lipid accumulation product; HSI, hepatic steatosis index; USFLI, United States fatty liver index; ZJU, Zhejiang University index; PIR, 
poverty-to-income ratio; BMI, body mass index.
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apoptosis through a caspase-dependent pathway (29).  
Moreover, statins, as a treatment for FL and which have 
a beneficial effect on leptin and adiponectin levels, may 
play a role in CRC prevention and treatment (37-39). 
The accumulation of hepatic fat resulted in lower insulin-
stimulated glucose uptake and altered insulin signaling 
that trigger IR (40). The Homeostasis Model Assessment 
of Insulin Resistance (HOMA-IR) index, which is used for 
IR diagnosis, was found to be more elevated in the CRC 
cohort than in the controls (1.8±0.4 vs. 1.4±0.3, P<0.001) in 
a case-control study (41). Another prospective cohort study 
revealed that increased fasting triglyceride-glucose (TyG) 
index, another IR index, was associated with a higher risk 
of developing CRC among Chinese adults (42). The most 
likely mechanism linking FL-related IR with CRC is due to 
insulin-like growth factor-1 axis and hyperinsulinemia which 
results in anti-apoptotic and proliferative effects which 
act as a precursor of developing CRC (29,43). Obesity 
is the common risk factor for both FL and CRC (15).  
Although in our study, no significant differences were 
observed between CRC cohort and the controls (27.90 vs. 
27.80, P=0.57), obese individuals are encouraged to undergo 
colonoscopy at a younger age (44,45).

Systemic inflammatory disturbance during the FL 
development and progression was considered as another 
mechanism of CRC development. Proinflammatory 
cytokines, such as tumor necrosis factor-α (TNF-α), 
interleukin-6 (IL-6), IL-8, and plasminogen activator 
inhibitor-1 (PAI-1), play central roles in the promotion 
of cellular proliferation, inhibition of apoptosis, and 
angiogenesis which finally lead to colorectal carcinogenesis 
(46,47). Chronic low-grade inflammation of visceral adipose 
tissue, another predictor of FL, could promote IR via 
adipokines release and enhance CRC development (48). 
Moreover, the effect of FL-induced inflammation on altered 
gut microbiota has also been linked to the development of 
CRC (49,50). The hypothesis of the potential mechanism 
is the activation of toll-like receptors (TLRs) triggered 
by disruption bacterial metabolites (51). Clearly, more in-
depth research is needed to reveal the mechanisms behind 
this association.

Recent research highlights a lean phenotype among 
patients with FL disease, challenging traditional associations 
between FL and obesity. As discussed in a recent research, 
individuals with lean NAFLD may present unique metabolic 
profiles that increase CRC risk, independent of BMI (52). 
This phenotype underscores the complexity of metabolic 
health issues and their influence on CRC risk factors. Our 

findings of increased CRC risk in individuals who are lean 
or overweight align with this paradigm, suggesting that 
factors beyond obesity contribute significantly to FL-
related colorectal carcinogenesis. Further research into lean 
NAFLD is warranted to elucidate these mechanisms.

Our study represents the first investigation into the 
association between the FLI and the risk of CRC within 
a large population-based cross-sectional framework. This 
adds another important piece of evidence for the association 
between FL and CRC, indicating that individuals with 
a high USFLI may constitute a high-risk population for 
CRC and therefore warrant closer monitoring, including 
the consideration of early colonoscopy. This finding offers 
a potential strategy for mitigating the burden of CRC. 
However, it is essential to acknowledge the limitations 
inherent in the cross-sectional design of this study; thus, 
it would be premature to recommend that patients with 
a high USFLI or those diagnosed with FL automatically 
undergo colonoscopy. Further in-depth research is 
necessary to elucidate the underlying mechanisms linking 
FL and CRC.

This study has several limitations that cannot be 
ignored. Firstly, the staging, histologic findings, surgery 
status, and fatal information of CRC were unknown, 
preventing subgroup analysis based on these factors in the 
present study. Secondly, the study mainly focused on the 
Western population, and USFLI has not been shown to 
be as effective in other regions, such as Asian populations. 
Further analysis of populations in other areas could enhance 
the robustness of the results. Thirdly, CRC cases were 
identified through self-reported questionnaires, which 
may have led to an underestimation of CRC incidence 
and potentially affect the reliability of our findings. This 
limitation should be considered when interpreting the 
results, as self-reported data might not capture all cases 
accurately. Finally, as a cross-sectional observational study, 
it was difficult to establish a causal relationship between 
USFLI or FL accumulation and the risk of CRC.

Conclusions

The findings indicate that USFLI exhibits a stronger 
association with the risk of CRC than the other five 
alternative FLIs. This underscores the potential utility 
of USFLI in clinical settings for predicting CRC. 
Furthermore, these results suggest a possible link between 
FL and CRC, indicating that individuals with FL should be 
monitored more closely to prevent CRC.
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