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Purpose: The association between traditional lipid parameters and non-alcoholic fatty liver disease (NAFLD) has been extensively
discussed. This study aims to evaluate and compare the lipoprotein combine index (LCI) and traditional lipid parameters [total
cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C)]
to identify NAFLD.

Patients and Methods: The analysis included 14,251 participants from the NAfld in the Gifu Area, Longitudinal Analysis
(NAGALA). Logistic regression models were employed to calculate standardized odds ratios (ORs) and 95% confidence intervals
(CIs) for assessing and comparing the association of LCI and traditional lipid parameters with NAFLD. Additionally, receiver
operating characteristic (ROC) curves were used to calculate the area under the curve (AUC) for LCI and traditional lipid parameters
in identifying NAFLD.

Results: After adjusting for various confounders, we found that LCI was positively associated with NAFLD (OR=2.25, 95% CI 1.92—
2.63), and this association was stronger than that of traditional lipid parameters [OR: TC1.23, TG1.73 LDL-C1.10]. Further subgroup
analyses revealed that the association of LCI with NAFLD was stronger than other traditional lipid parameters in all subgroups,
including men and women, overweight/obese [body mass index (BMI)>25 kg/m?] and non-obese (BMI<25 kg/m?), and older (age>45
years) and younger (age<45 years) participants. Additionally, ROC analysis indicated that LCI (AUC=0.8118) had significantly higher
accuracy (All DeLong P<0.05) in identifying NAFLD compared to traditional lipid parameters (AUC: TC0.6309; TG0.7969; LDL-CO.
6941); HDL-C0.7587). Sensitivity analysis further confirmed the robustness of the study findings.

Conclusion: This study revealed for the first time a positive correlation between LCI and NAFLD. Compared to traditional lipid
parameters, LCI has a higher correlation with NAFLD. Additionally, further ROC analysis demonstrated that LCI had higher accuracy
in identifying NAFLD compared to traditional lipid parameters, suggesting that LCI may be a better marker for NAFLD identification
than traditional lipid parameters.
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Introduction
In recent years, with the global prevalence of obesity, NAFLD has evolved into the most common chronic liver
disease.'” NAFLD is estimated to affect approximately 30% of the global population, with this figure continuing to
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rise.>* Currently, there are no clinically approved medications specifically for treating NAFLD; However, compelling
evidence suggests that changes in diet and lifestyle can effectively prevent NAFLD.>® Therefore, in the current context,
early identification of effective NAFLD screening tools and the implementation of prevention and treatment measures in
high-risk populations is crucial in controlling the disease burden of NAFLD.’

It is well-known that dyslipidemia is closely related to NAFLD and is a central driving factor in its development.®’
Previous studies have shown that elevated levels of TC, TG, LDL-C, and a reduction in HDL-C are associated with

1718 and utilizing

NAFLD.'*'® Importantly, a single lipid parameter cannot fully reflect the body’s lipid metabolism status,
a combination of various lipid parameters could provide a more comprehensive assessment of lipid status, thereby improving
the accuracy of NAFLD identification. In recent years, researchers have focused on a composite lipid index, the LCI,
calculated using traditional lipid parameters (LCI=TC*TG*LDL-C/HDL-C, unit: mmol/L). Completed studies have shown
that LCI can effectively identify and predict the risk of atherosclerosis and cardiovascular diseases.'”?? In fact, as
a comprehensive indicator for lipid profile assessment, the various components of the LCI are highly correlated with
NAFLD.*** Compared to traditional single lipid markers, the LCI may better reflect the multidimensional lipid metabolism
abnormalities associated with the development of NAFLD.** However, no studies have evaluated the value of LCI in
identifying NAFLD, and it remains unclear whether LCI is superior to traditional lipid parameters in identifying NAFLD.
Therefore, the current study aims to evaluate and compare the ability of LCI and traditional lipid parameters to assess/identify
NAFLD through a secondary analysis of data from 14,251 participants in the NAGALA project undergoing health screenings.

Materials and Methods

Data Source

This study analyzed data from the NAGALA project, involving a general population of 20,944 individuals who
underwent health screenings between 1994 and 2016. Professor Okamura et al have previously detailed the study design
and shared the raw data on the DRYAD database.?® Funded by the American National Science Foundation since 2008,
the DRYAD database contains a wealth of high-quality data resources, available for researchers to reuse upon citation for
new scientific evidence exploration. The original data for this study were obtained from this online database.*’

Study Population

Participants in this study were from the NAGALA project. Briefly, the NAGALA project, initiated at the Murakami
Memorial Hospital from 1994 to 2016, involved questionnaire surveys, general physical measurements, blood tests, and
abdominal ultrasound among recruited participants, aiming to investigate the risk factors of common chronic diseases
such as NAFLD and diabetes.

The original data extracted from the DRYAD online database included health examination data of 20,944 participants
in the NAGALA project from 1994 to 2016. Among these participants, we excluded those with missing data and
dropouts (n=873), diabetes (n=323), fasting plasma glucose (FPG) >6.1mmol/L (n=808), viral or alcoholic liver disease
(n=416), excessive alcohol consumption (men: >210g/week; women: >140g/week)*® (n=1952), and medication usage
(n=2321). Finally, 14,251 participants were included in this study (Figure 1).

Ethical Approval and Consent to Participate

In previous studies, the Ethics Committee of Murakami Memorial Hospital in Gifu, Japan, approved the implementation
of the NAGALA project and obtained informed consent for the use of participant data, adhering to the Declaration of
Helsinki principles. The current study, a secondary analysis based on the NAGALA project data, received approval from
the Ethics Committee of Jiangxi Provincial People’s Hospital, exempting the requirement for repeated informed consent
from subjects (Institutional review number: 2021-066).

Baseline Data Collection
The detailed data collection and measurement specifics have been previously described.>> All participants consented to
the NAGALA project and underwent initial baseline information assessment. Baseline assessment and recording were
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NAGALA cohort, Registration 1994-2016

N=20,944
6,693 participants excluded:
(i) Diabetes has been diagnosed at baseline;
IN=323.
(ii) Impaired fasting glucose was diagnosed at
baseline; N=808.
(iii) Liver disease has been diagnosed at
baseline (except fatty liver); N=416.
—> (iv) Excessive drinking (ethanol consumption
over 210 g/w for men and 140 g/w for women)
N=1,952.
(v) Medication usage; N=2,321.
(vi) incomplete data; N=863.
(vii) unexplained withdrawal from the survey;
IN=10.
Y

14,251 eligible participants were included

Figure | Flow chart for inclusion and exclusion of study participants.

conducted by trained physicians and nurses: (1) Participants’ demographics (sex and age), lifestyle (smoking and
drinking status, and exercise habits), medical history, and medication use were recorded through standardized ques-
tionnaires; (2) The physical measurements of the participants (height, weight, and blood pressure) were obtained using
standardized methods. Based on their height and weight, the BMI of the participants was calculated; (3) Overnight
fasting venous blood samples were analyzed using automatic analyzers to obtain laboratory test data [alanine amino-
transferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), HDL-C, TC, TG, hemoglobin
Alc (HBAIlc), and FPG]; (4) The abdominal ultrasound images of the subjects were acquired and archived through
ultrasonographic examination; (5) LDL-C was calculated using the Friedewald formula based on quantified TC, HDL-C,
and TG.”’

Definitions

Participants were categorized into three groups based on smoking history: non-smokers, past smokers, and current smokers.
Based on the average weekly alcohol intake in the past month, participants were divided into three groups: non/small-drinkers
(<40g/week), moderate drinkers (40—139g/week), and heavy drinkers (140-209g/week).>*** Physical activity was assessed
based on questionnaire data,? categorizing participants into two groups: those with exercise habits (regular exercise more than
once a week) and those without (regular exercise less than once a week).>°

Diagnosis of NAFLD

In this study, experienced gastroenterologists diagnosed NAFLD in participants. Specifically, NAFLD was diagnosed
based on four ultrasonographic features without referring to the participants’ medical records: deep attenuation,
hepatorenal echo contrast, liver brightness, and vascular blurring.*’

Statistical Analysis
Initially, baseline differences between the NAFLD and Non-NAFLD groups were described, with sample characteristics reported
as mean (standard deviation) for normally distributed continuous variables, median (interquartile range) for non-normally
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distributed continuous variables, and frequency (%) for categorical variables. Before statistical analysis, continuous variables
with skewed distribution underwent BOX-COX normal transformation.**** Marginal structural models were used to calculate
standardized differences to quantify the size of differences between groups, with a standardized difference >10% considered
statistically significant.***

Prior to multiple regression analysis, variance inflation factor was used to assess collinearity among variables,*® with

the detailed collinearity screening process shown in Supplementary Tables 1-5. Furthermore, Z scores were used for

normalization of each parameter, facilitating comparison of OR for each standard deviation increase. According to the
Strengthening the Reporting of OBservational studies in Epidemiology statement,®” we fitted four progressively adjusted
statistical models to examine the association of LCI and traditional lipid parameters with NAFLD. Model 1 adjusted for
age and sex; Model 2 additionally adjusted for height, BMI, exercise habits, smoking status, drinking status, and other
general physical and lifestyle-related factors; Model 3 further adjusted for liver function indicators such as ALT, AST,
GGT; Model 4, the final model, further adjusted for all non-collinear variables including systolic blood pressure, FPG,
HbA 1c, and other lipid parameters. Restricted cubic splines were used to plot the dose-response relationship curve of LCI
and NAFLD prevalence.

To test the robustness and potential variability of the analysis results in different subgroups, stratified analyses were
conducted by baseline sex, age (<45 years and >45 years), and BMI (<25 kg/m? and >25 kg/m?), in line with World
Health Organization recommendations for categorizing middle-aged and elderly®® and overweight/obesity.** The corre-
sponding interaction terms were tested using a likelihood ratio test. To reduce potential residual confounding due to effect
modifiers, the adjusted models further adjusted for interaction terms between effect modifiers and covariates and
calculated p for interaction to estimate the significance of the modifying effects.

Based on the association analysis, we further assessed the diagnostic value of LCI and traditional lipid parameters for
NAFLD through ROC analysis, comparing the AUC values of LCI and traditional lipid parameters using the DeLong
test.*

Several sensitivity analyses were also conducted to test the robustness of the study findings. Firstly, considering the
impact of alcohol on NAFLD, participants with a history of alcohol consumption (n=2446) were excluded. Secondly,
participants with elevated blood pressure at baseline were excluded, considering the effect of hypertension on lipid
parameters and NAFLD. Lastly, considering the potential non-linear relationship between age and NAFLD, a quadratic
term for age was added in Model 4.%"*?

All data processing and statistical analyses were completed using R language version 4.2.1 and Empower(R) version
2.0. A two-sided P-value <0.05 was considered statistically significant.

Results

Baseline Characteristics

Among the 14,251 participants (average age 43.5 years; 48% female), 2507 individuals (17.59%) were diagnosed with
NAFLD. The standardized difference forest plot in Figure 2 visually displays baseline characteristics of subjects in the
NAFLD and non-NAFLD groups. Specifically, those with NAFLD tended to be older, taller, heavier, more likely to be
obese, male, and smokers, and often had higher liver enzyme levels. Furthermore, these patients appeared to have higher
blood sugar (FPG and HbAIlc), blood pressure, and lipid levels (TC, TG, and LDL-C), while HDL-C levels were
typically lower. It is noteworthy that there was a considerable difference in LCI between the two groups, with
a standardized difference (125%) higher than that of traditional lipid parameters. This provided valuable information
that LCI might be a more closely related marker to NAFLD compared to traditional lipid parameters.

Association of LCl and Traditional Lipid Parameters with NAFLD

The Results of the association analysis of LCI and traditional lipid parameters with NAFLD are shown in Table 1. In the
age and sex-adjusted model (Model 1), LCI, TC, TG, and LDL-C were positively associated with NAFLD, while HDL-C
was negatively associated with NAFLD. Further adjustment for demographics, general physical measurements, lifestyle,
liver enzymes, blood sugar, blood pressure, and other lipid parameters did not alter these results (Models 2—4). Overall,
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Non-NAFLD NAFLD Stanldardized Difference (95% CI) Estimate
Participants(n)% 11,744 (82.41%) 2,507 (17.59%) .
Age (years) 43.27 (8.99) 44.78 (8.33) = 18 (13, 22)
Sex : o 78 (74, 83)
Women 6362 (54.17%) 478 (19.07%) E
Men 5382 (45.83%) 2029 (80.93%) :
Height (m) 164.11 (8.44) 168.03 (7.90) : 2 & 48 (44,52)
Weight (kg) 57.72 (9.98) 72.18 (11.33) . +e— 135 (131,140)
BMI (kg/m2) 21.33 (2.61) 25.50 (3.13) : —@-145 (140, 149)
ALT (IU/L) 15.00 (12.00-20.00) 27.00 (20.00-39.00) : O 130 (126, 135)
AST (IU/L) 17.00 (14.00-20.00) 20.00 (17.00-26.00) : O 68 (64, 72)
GGT (IU/L) 14.00 (11.00-18.00) 23.00 (16.00-33.00) E (= 2 102 (97, 106)
TC (mmol/L) 5.06 (0.85) 5.44 (0.87) : 2 &} 45 (41,49)
TG (mmol /L) 0.65 (0.45-0.95) 1.24 (0.87-1.80) : (= 2] 116 (111, 120)
LDL-C (mmol /L) 3.01 (0.73) 3.50 (0.73) , o 68 (64,73)
HDL-C (mmol /L) 1.52 (0.40) 1.19 (0.29) : - 96 (92, 101)
LCI 6.29 (3.42-12.25) 20.12 (11.35-36.65) : —o— 125 (120, 130)
HbAlc (%) 91.71 (7.24) 97.10 (6.55) : 2 2l 78 (74,82)
FPG (mmol/L) 5.15 (0.31) 5.30 (0.33) E o 46 (42,51)
SBP (mmHg) 111.91 (14.02) 123.41 (14.83) : —o- 80 (75,84)
DBP (mmHg) 69.69 (9.85) 77.81 (10.19) : o 81 (77,85)
Exercise habits 2093 (17.82%) 377 (15.04%) b—ﬁl-i 8 (3, 12)
Drinking status r-Q—i: 4 (0,9)
Non/small 9717 (82.74%) 2088 (83.29%) :
Moderate 1472 (12.53%) 286 (11.41%) E
Heavy 555 (4.73%) 133 (5.31%) 0
Smoking status . @ 35 (31,39)
None 7561 (64.38%) 1185 (47.27%) .
Past 1920 (16.35%) 639 (25.49%) .
Current 2263 (19.27%) 683 (27.24%) E

T 2 T T 1
0 10 50 100 150

Figure 2 Forest plot of standardized differences in baseline characteristics of subjects in the NAFLD group and non-NAFLD group.

Abbreviations: BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; HDL-C, high-density lipoprotein
cholesterol; TC, total cholesterol; LDL-C, Low density lipoprotein cholesterol; TG, triglyceride; HbAlc, hemoglobin Alc; FPG, fasting plasma glucose; SBP, systolic blood
pressure; DBP, diastolic blood pressure; NAFLD, nonalcoholic fatty liver disease; LCI, lipoprotein combine index.

LCI showed the highest association with NAFLD [Model 4: 2.25 (1.92, 2.63)], followed by TG [Model 4: 1.73 (1.60,
1.88)] and TC [Model 4: 1.23 (1.16, 1.31)], with LDL-C being the lowest [Model 4: 1.10 (1.04, 1.18)]. Additionally, an
increase in HDL-C was negatively correlated with NAFLD [Model 4: 0.75 (0.69, 0.82)].

Table | Logistic Regression Analyses for the Association Between LCI, TC, TG, LDL-C, HDL-C
and NAFLD in Different Models

Odds ratios (95% Confidence Interval)
Model | Model 2 Model 3 Model 4*
LCI (per SD increase) 3.43 (3.22, 3.66) | 2.28 (2.12,2.45) | 2.00 (1.85, 2.15) | 2.25 (1.92, 2.63)
TC (per SD increase) 1.55 (1.48, 1.62) | 1.30 (1.23, 1.38) | 1.19 (1.12, 1.26) | 1.23 (.16, 1.31)
TG (per SD increase) 3.02 (2.84, 3.21) | 2.16 (2.02,2.32) | 1.96 (1.83,2.11) | 1.73 (1.60, 1.88)
LDL-C (per SD increase) | 1.79 (1.71, 1.88) | 1.37 (1.29, 1.45) | 1.24 (1.17,1.32) | 1.10 (1.04, 1.18)
HDL-C (per SD increase) | 0.39 (0.36, 0.41) | 0.59 (0.55, 0.64) | 0.63 (0.58, 0.68) | 0.75 (0.69, 0.82)

Notes: Model | adjusted for age, sex. Model 2 adjusted for age, sex, height, BMI, exercise habits, drinking status and
smoking status. Model 3 adjusted for age, sex, height, BMI, exercise habits, drinking status, smoking status, ALT, AST and
GGT. Model 4 adjusted for age, sex, height, BMI, exercise habits, drinking status, smoking status, ALT, AST, GGT, FPG,
HbA ¢, SBP and other lipid parameters. ¥*According to the results of collinearity screening, other lipid parameters in model
4 were adjusted as follows: LCI: further adjusted for TC and TG. TC: further adjusted for HDL-C. TG: further adjusted for
LDL-C and HDL-C. LDL-C: further adjusted for TG. HDL-C: further adjusted for TG and LDL-C.

Abbreviations: LCl, lipoprotein combine index; TC, total cholesterol; TG, triglyceride; LDL-C, Low density lipoprotein
cholesterol; HDL-C, high-density lipoprotein cholesterol.
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Dose-Response Relationship Between LCl and NAFLD Prevalence
Figure 3 shows the dose-response relationship curve between LCI and NAFLD prevalence; there was a non-linear
positive correlation, with NAFLD prevalence gradually increasing as LCI rises. This finding further validated the results

of the association analysis.

Subgroup Analysis

The results of subgroup analysis, stratified by sex, age, and BMI, were presented in Table 2 and Figure 4. The results
indicated that in all subgroups, the association of LCI with NAFLD was stronger than that of other traditional lipid
parameters (TC, TG, and LDL-C).

We also found that the correlation between TG and NAFLD was higher in female participants than in males in the
subgroups by sex (P for interaction=0.02). However, there were no significant sex differences in the association of LCI
and other lipid parameters with NAFLD (All P for interaction >0.05). Moreover, in stratified analyses by age and BMI,
significant differences in the association of LCI and other lipid parameters with NAFLD were observed in different age
and BMI groups (All P for interaction <0.05), except for HDL-C. Specifically, the associations of LCI, TC, TG, and
LDL-C with NAFLD were more significant in younger (<45 years) and non-obese (<25 kg/m?) participants compared to
older (>45 years) and overweight/obese (>25 kg/m?) participants.

ROC Analysis

The ROC analysis of LCI and traditional lipid parameters for identifying NAFLD, including the best threshold,
sensitivity, and specificity, is shown in Table 3. The results demonstrated that LCI had the highest accuracy in identifying
NAFLD (AUC=0.8118), followed by TG (AUC=0.7969), HDL-C (AUC=0.7587), and LDL-C (AUC=0.6941), with TC
having the lowest accuracy (AUC=0.6309). Further Delong tests confirmed the significance of these differences (All
Delong P<0.05).

1.0 < P for non-linearity: <0.001

0.8

0.6

0.4

Probability of NAFLD

0.2

0.0

0 50 100 150 200 250

LCI

Figure 3 Apply the 4-knots RCS model to fit the dose-response curve of LCI with NAFLD.
Abbreviations: RCS, restricted cubic splines; NAFLD, non-alcoholic fatty liver disease; LCI, lipoprotein combine index.
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Table 2 Logistic Regression Analyses for the Association Between LCl, TC, TG, LDL-C, HDL-C and

Incident NAFLD Grouped by Sex, Age and BMI

Odds ratios per SD increase (95% confidence interval)
LCI TC TG LDL-C HDL-C

Total 2.25(1.92,2.63) | 1.23 (1.16, 1.31) | 1.73 (1.60, 1.88) | 1.10 (1.04, 1.18) | 0.75 (0.69, 0.82)
Sex

Women 2.21 (1.72,2.83) | 1.24 (1.10, 1.40) | 2.02 (1.73, 2.35) | 1.06 (0.94, 1.20) | 0.80 (0.69, 0.93)

Man 2.17 (1.82,2.58) | 1.22 (1.13, 1.30) | 1.65 (1.51, 1.81) | 1.10 (1.03, 1.18) | 0.74 (0.67, 0.82)
P for interaction 0.90 0.77 0.02 0.61 0.43
Age, years

<45 2.49 (2.10,2.96) | 1.37 (1.26, 1.49) | 1.86 (1.67,2.06) | 1.20 (I.10, 1.32) | 0.72 (0.64, 0.82)

245 2.04 (1.72,243) | 1.12 (1.03, 1.21) | 1.61 (1.44, 1.79) | 1.04 (0.95, 1.13) | 0.76 (0.68, 0.85)
P for interaction <0.01 <0.01 0.04 0.02 0.53
BMI, kg/m?

<25 3.42 (2.89,4.05) | 1.37 (1.28, 1.47) | 1.95 (1.78, 2.14) | 1.24 (1.15, 1.33) | 0.64 (0.59, 0.71)

225 1.97 (1.55, 2.50) | 1.16 (1.05, 1.28) | 1.43 (1.26, 1.62) | 1.04 (0.94, I.16) | 0.70 (0.60, 0.82)
P for interaction <0.01 <0.01 <0.01 <0.01 0.36

Abbreviations: BMI, body mass index; LCI, lipoprotein combine index; TC, total cholesterol; TG, triglyceride; LDL-C, Low density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

Sensitivity Analysis

In the sensitivity analyses (Table 4), the associations of LCI and traditional lipid parameters with NAFLD remained
unchanged when participants with a history of drinking were excluded. Additionally, the results remained essentially the
same after excluding participants with elevated blood pressure at baseline. Lastly, when adjusting for the quadratic term
of age, the results were still similar.

Discussion

To our knowledge, this is the first study to report the association between the LCI and NAFLD. In this cross-sectional
survey of a healthy screening population, we found that a higher LCI was associated with NAFLD, and this association
was stronger than that with traditional lipid parameters. Further stratification and sensitivity analyses also confirm the
robustness of our study results. Moreover, the results of the ROC analysis showed that LCI had higher accuracy in
identifying NAFLD than traditional lipid parameters (All Delong P-value < 0.05). These findings suggested that LCI
might be a better marker for NAFLD identification than traditional lipid parameters.

NAFLD, due to its high prevalence and wide-ranging health impacts, is of significant concern. The pathogenesis of
NAFLD is complex, and there are currently no effective treatment drugs available.** Actively seeking simple and effective
risk screening tools and early intervention is central to the prevention of NAFLD. It is well-known that dyslipidemia is an
independent risk factor for NAFLD. As a modifiable risk factor closely related to the development of NAFLD, the role of
dyslipidemia in NAFLD has attracted wide attention. Numerous studies have indicated that lipid parameters (including TC,
TG, LDL-C, and HDL-C) participate in the onset and development of NAFLD through various mechanisms.'”'®444¢ It has
been reported that about 20-80% of NAFLD patients have dyslipidemia,*” mainly characterized by low HDL-C and high
TG, TC, and LDL-C.'*'? Several observational studies have also confirmed the association of traditional lipid parameters
with NAFLD, most of which supported a significant correlation between higher levels of TC, TG, LDL-C, and lower levels
of HDL-C with increased NAFLD risk.'%'**! However, some studies have presented different views, such as a study in
the REACTION cohort in Shandong, China,>* where Cox regression analysis indicated that TG was positively correlated
and HDL-C negatively correlated with NAFLD, while TC and LDL-C showed no significant association. Another study
from Shanghai, China, suggested that TG and LDL-C were risk factors for NAFLD, while TC and HDL-C were
protective.>® The differences in study results could be due to variations in study population characteristics (race and
region), study design (longitudinal and cross-sectional), data collection methods (questionnaires and different measuring
instruments), and statistical methods (such as covariate adjustment). In our study, using health examination data from
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P-interaction
3

OR

0.61

Male

Female
<0.01

Male Female
<0.01

Male

Female

Male

0.02

Female

Female
0.53

XdS

P-interaction
s

40V

<45 245 <45 245 <45 245 <45 245 <45 245

P-interaction <0.01 <0.01 <0.01 <001 .

OR

IRARS!

<25 225 <25 225 <25 225 <25 225 <25 225

LCI TC TG LDL-C HDL-C

Figure 4 Association of LCl, TC, TG, LDL-C, HDL-C with NAFLD grouped by sex, age and BMI.
Abbreviations: NAFLD, non-alcoholic fatty liver disease; TC, total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; BMI, body mass index.

a general population, we arrived at results consistent with most previous studies, confirming the association between
traditional lipid parameters and NAFLD. Furthermore, the ROC analysis results also confirmed the diagnostic value of TC,
TG, LDL-C, and HDL-C for NAFLD. However, given that a single lipid parameter does not fully reflect the body’s lipid
metabolism, the LCI, calculated based on traditional lipid parameters, might perform better in identifying NAFLD.

LCI, as a comprehensive lipid parameter, has received widespread attention in recent years. Several studies have
demonstrated its value in identifying and predicting cardiovascular and cerebrovascular diseases. Previous observational
studies have indicated that LCI was an independent predictor of coronary artery disease severity and progression;*® 22>+
additionally, in recent reports by Yu et al, LCI was also found to effectively predict atherosclerotic stenosis in both
intracranial and extracranial arteries.'” However, no studies have yet evaluated the association between LCI and NAFLD.
In our current study, using health examination data from a general population, we compared the association of LCI and

traditional lipid parameters with NAFLD and assessed their diagnostic abilities using ROC curves. The results showed that,
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Table 3 Areas Under the Receiver Operating Characteristic Curves, 95% Cl, Best
Threshold, Sensitivity and Specificity for LCI, TC, TG, LDL-C and HDL-C Identifies

NAFLD
AUC 95% CI Best Threshold | Specificity | Sensitivity
LCI 08118 (0.8031-0.8206) 9.30 0.6550 0.8286
TC 0.6309* | (0.6191-0.6427) 5.21 0.5985 0.6051
TG 0.7969* | (0.7877-0.8061) 0.84 0.6799 0.7698
LDL-C 0.6941* | (0.6830-0.7051) 3.05 0.5554 0.7391
HDL-C | 0.7587* | (0.7489-0.7685) 1.34 0.6481 0.7543

Note: *P<0.05, compare with LCI.
Abbreviations: AUC, area under the receiver operating characteristic curve; Cl, Confidence interval; LCI,
lipoprotein combine index; TC, total cholesterol; TG, triglyceride; LDL-C, Low density lipoprotein choles-
terol; HDL-C, high-density lipoprotein cholesterol.

Table 4 Adjusted Odd Ratios and 95% Confidence Intervals for NAFLD Risk
Associated with the Lipid Parameters in Different Test Populations: Sensitivity

Analysis
Odds Ratios per SD Increase (95% Confidence Interval)
Sensitivity-1 Sensitivity-2 Sensitivity-3
Participants(cases) 11,805 (2088) 13,438 (2147) 14,251 (2507)
LCl 2.15 (1.81, 2.56) 2.28 (1.93, 2.69) 2.24 (1.92, 2.63)
TC 1.22 (1.14, 1.30) 1.24 (1.17, 1.32) 1.21 (1.14, 1.29)
TG 1.77 (1.61, 1.93) 1.74 (1.60, 1.90) 1.71 (1.58, 1.86)
LDL-C 1.09 (1.02, 1.17) 1.12 (1.05, 1.19) 1.09 (1.03, 1.16)
HDL-C 0.77 (0.70, 0.85) 0.76 (0.69, 0.83) 0.74 (0.68, 0.81)
Notes: Sensitivity-1: subjects with drinking history at baseline were excluded. (n=11,805); (2)

Sensitivity-2: excluding subjects whose SBP2140 mmHg or DBP=90 mmHg (n=13,438); (3)
Sensitivity-1 and sensitivity-2 adjusted as Model 4, Sensitivity-3 further adjusted for the quadratic
term of age.

apart from HDL-C, which was negatively correlated with NAFLD, LCI and other lipid parameters (TC, TG, and LDL-C)
were positively correlated with NAFLD. The normalized OR values indicated a stronger association of LCI with NAFLD
compared to other traditional lipid parameters. The results of the ROC analysis and Delong test provided further evidence
that LCI was superior in identifying NAFLD compared to traditional lipid parameters. These results collectively suggested
that LCI might be a better screening tool for NAFLD than traditional lipid parameters.

The mechanisms underlying the association between LCI and NAFLD are not yet clear. In fact, LCI is calculated
using traditional lipid parameters, and some possible biological mechanisms can be explained through lipid metabolism
abnormalities represented by these parameters. The liver, as the most important lipid metabolism organ, is the central
regulator of lipid homeostasis'’ and plays a crucial role in lipoprotein and cholesterol metabolism, participating in the
production and clearance of all classes of lipoprotein particles and being the primary site of cholesterol metabolism.®
Previous studies have shown that de novo lipogenesis is considered a key driver of NAFLD, a process that can increase
TG synthesis and reduce fatty acid breakdown metabolism, favoring the accumulation of fat in the liver and also driving
the production of very LDL-TG, leading to abnormal lipid levels in the blood.’” Furthermore, low-density lipoprotein
receptor-related protein 1 helps the liver remove low-density lipoprotein particles from circulation, and evidence from
animal models shows that mice deficient in low-density lipoprotein receptor-related protein 1 exhibited significantly
elevated liver cholesterol and an accelerated trend in NAFLD development.”®

Recent years have seen rapid advancements in NAFLD research, with significant progress in understanding its
pathogenesis, treatment drugs, and risk screening. However, significant and unresolved challenges remain.** Currently,

liver biopsy remains the gold standard for diagnosing NAFLD, but its invasive nature limits its application, while non-
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invasive diagnostic methods are widely accepted for clinical practice due to their simplicity and convenience.’
Considering the widespread impact of NAFLD globally, early screening and intervention in high-risk populations should
be emphasized. Exploring more accurate and convenient tools for NAFLD screening is of great importance in the current
context. In our current study, we validated the identification ability of traditional lipid parameters and the composite
parameter LCI for NAFLD, and the study results also confirmed its higher accuracy in identifying NAFLD compared to
traditional lipid parameters. Therefore, we believe that LCI might be an ideal screening tool. Compared to traditional
lipid parameters, LCI is a more accurate, accessible, and cost-effective tool, as it significantly increases diagnostic
accuracy without additional medical costs. For economically and medically underdeveloped countries and regions, these
findings may have particular importance.

The main strength of this study is the first-time assessment of the association between LCI and NAFLD and the
diagnostic capability of LCI for NAFLD in a large sample size, further validated by subgroup analysis and multiple
sensitivity analyses. However, our study has some limitations. Firstly, this is a cross-sectional study, and due to data
limitations, we cannot assess the predictive ability of LCI for future NAFLD. Secondly, the current study is a secondary
analysis based on the Japanese population, and the applicability of research evidence to other races needs further
investigation. Thirdly, in the current study, NAFLD was assessed based on ultrasound results, which compared to liver
biopsy may miss some patients with mild hepatic steatosis; In addition, the association between LCI and NAFLD
severity could not be further assessed in the current study because we were unable to update the publicly available data.
Lastly, although we adjusted for all possible confounders in the current dataset, there might still be some residual
confounding due to the inherent limitations of observational studies.

Conclusion

In this study, we evaluated for the first time the association between LCI and NAFLD, and this association was stronger
than with traditional lipid parameters. Furthermore, LCI demonstrated higher accuracy in identifying NAFLD compared
to traditional lipid parameters; these findings suggested that LCI might be a better marker for NAFLD identification than
traditional lipid parameters.
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