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Background: Cardiometabolic index (CMI), visceral adiposity index (VAI), and lipid
accumulation product (LAP) are lipid-related parameters that reflect central
obesity, which is closely associated with the development of non-alcoholic
fatty liver disease (NAFLD). The aim of this study is to investigate the
effectiveness of these lipid-related parameters in diagnosing NAFLD and to
compare their predictive abilities.

Methods: This population-based study extracted datasets from the National
Health and Nutrition Examination Survey (NHANES) 2017-2020. CMI, VAI, and
LAP were included in the multivariate logistic model as both continuous and
categorical variables to assess the relationship between different lipid-related
parameters and NAFLD. To further elucidate this connection, we utilized
restricted cubic splines and conducted subgroup analysis. Additionally, the
receiver operating characteristics (ROC) curve was employed to evaluate the
predictive effectiveness of CMI, VAI, and LAP for NAFLD.

Results: The study included 2,878 adults as the study population, of whom 1,263
participants were diagnosed with NAFLD. When lipid-related parameters were
analyzed as continuous variables, they showed a positive correlation with NAFLD.
The OR(95%CI) were 2.29(1.81,2.89) for CMI (per 1-unit), 1.40(1.28,1.52) for VAI
(per 1-unit) and 1.15(1.11,1.20) for LAP (per 10-units). This correlation remains
statistically significant when the lipid-related parameters are analyzed as
categorical variables. In descending order of diagnostic capability for NAFLD,
the AUC values are as follows: LAP (0.794), CMI (0.752), and VAI (0.719).

Conclusion: CMI, VAI, and LAP may be important clinical indicators for identifying
NAFLD, with LAP demonstrating the best predictive ability among them.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a chronic liver
condition marked by excessive lipid accumulation in hepatocytes
except alcohol and other definite liver injury factors. NAFLD can
progress from hepatic steatosis to non-alcoholic steatohepatitis
(NASH) and, in more severe cases, advance to liver fibrosis and
cirrhosis, ultimately leading to hepatocellular carcinoma (HCC) (1).
As the most prevalent chronic liver disease, the number of NAFLD
patients in America is projected to reach 100.9 million by 2030 (2).
The overall prevalence of NAFLD was estimated to be 32.4%
worldwide, and its incidence and liver-related mortality are
increasing significantly (3, 4). NAFLD is a metabolic disease
closely related to obesity, dyslipidemia, diabetes, hypertension and
other metabolic disorders, and its etiology is still unclear (5, 6). To
accurately reflect the primary drivers of the disease, the concept of
metabolic dysfunction-associated fatty liver disease (MAFLD) has
been proposed in recent years (7). NAFLD has greatly increased the
burden of human health and social health care, so it is important to
find effective clinical indicators to identify NAFLD as early as
possible and reduce its risk.

Previous studies have indicated that visceral fat and
dyslipidemia are significant risk factors for the development of
NAFLD (8-12). As a composite index of waist circumference (WC),
body mass index (BMI), triglyceride (TG) and high-density
lipoprotein cholesterol (HDL-C), visceral adiposity index (VAI)
can effectively reflect visceral fat accumulation and dysfunction
(13). Xu et al’s prospective cohort study based on the Chinese
population and Okamura et al.’s longitudinal study based on the
Japanese population both found that VAI can serve as a predictive
indicator for NAFLD (14, 15). Cardiometabolic index (CMI) is a
novel index that combines waist-to-height ratio and TG/HDL-C,
and it is considered an effective measure for assessing visceral
adipose tissue (16, 17). A study involving 14,251 Japanese
individuals found that elevated CMI is independently linked to a
higher risk of NAFLD (18). The lipid accumulation product (LAP),
calculated using WC and TG, can more accurately reflect the degree
of lipid accumulation (19). Although studies have shown that CMI,
VAL and LAP are associated with the risk of NAFLD, the predictive
abilities of these lipid-related parameters for NAFLD have not yet
been clarified.

Using the latest data from the nationally representative National
Health and Nutrition Examination Survey (NHANES) database,
this study aimed to compare the potential value of lipid-related
parameters in predicting NAFLD among the adults in the U.S.

Materials and methods
Study design

NHANES formed representative population data in the United
States by surveying different populations, which adopted a stratified
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multi-stage sampling design and was approved by the National
Center for Health Statistics Ethics Review Board. The study
followed the Declaration of Helsinki and obtained written
informed consent from the study population.

In this research, we focused on the NHANES 2017-March 2020
cycle, which included 15,560 participants. The exclusion criteria for
the study population were as follows (1): individuals aged< 20 years
old; (2) individuals without controlled attenuation parameter
(CAP) values; (3) individuals without WC, BMI, TG or HDL-C;
(4) individuals who were positive for Hepatitis B virus (HBV)
surface antigen or Hepatitis C virus (HCV) RNA; (5) individuals
who drank more than 2 alcoholic beverages per day for females and
more than 3 alcoholic beverages per day for males. Consequently,
the final study population consisted of 2,878 participants (Figure 1).

Study variables

CMI, VAI and LAP were calculated as follows:

wcC TG
CMl = —— X ———
Height  HDL-C

VAI = {WC/[39.68 + (1.88 x BMI)]} x (TG/1.03)
x (1.31/HDL — C)
for males;
VAI = {WC/[36.58 + (1.89 x BMI)]} x (TG/0.81)
x (1.52/HDL — C)
for females;
LAP = (WC-65) x TG
for males;
LAP = (WC - 58) x TG

for females

WC and height were measured in cm, BMI was reported in kg/
m? TG and HDL-C were measured in mmol/L. The diagnosis of
NAFLD was based on the CAP value obtained by liver ultrasound
transient elastography, and the diagnostic criterion was CAP>274
dB/m (20).

Covariates included age, gender, race, BMI, education level,
marital status, poverty income ratio (PIR), WC, HDL-C, TG,
diabetes, hypertension, smoking and drinking status. Education
level was categorized into three groups: below high school, high
school, and above high school. Smoking status was determined by
asking participants if they had smoked at least 100 cigarettes in their
lifetime. Drinking status was assessed by asking participants if they
had consumed at least 12 alcoholic drinks in one year.

All study variables were obtained from the publicly available
NHANES dataset. These variables were selected based on their
relevance to the study objectives.
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Removal of age<20 years

Adults from NHANES
2017-2020 (N=9232)

(N=6328)

.| Removal of CAP data missing

Adults from NHANES with
accessible CAP data 2017-
2020 (N=7922)

N=1310)

Removal of CMI, VAI and

Adults from NHANES with
accessible CAP data and lipid-
related parameters data 2017-

2020 (N=3552)

LAP data missing (N=4370)

Removal of significant alcohol

Study population (N=2878)

FIGURE 1
Flowchart of the study population.

Statistical analysis

Continuous variables conforming to a normal distribution were
presented as mean + standard deviation (SD). Conversely, those not
following a normal distribution were depicted by the median along
with the interquartile range (IQR). Categorical variables were reported
as frequencies (n) and proportions (%). To analyze continuous
variables, ANOVA and Kruskal-Wallis H tests were employed, while
chi-square tests were used to compare categorical variables. This
analysis aimed to investigate the characteristics of the participants
with and without NAFLD. Study population was categorized into
quartiles according to their CMI, VAI, and LAP values, designated as
Ql, Q2, Q3, and Q4. To assess the correlation between lipid-related
parameters and NAFLD, multivariate logistic regression was applied
across three models. The strength of these associations was expressed
using odds ratios (OR) and 95% confidence intervals (CI). Model 1
made no adjustments for covariates. Model 2 adjusted for gender, age,
and race, while Model 3 accounted for all covariates. At first, lipid-
related parameters were included in logistic models as continuous
variables and then categorized into quartiles. The potential nonlinear
dose-response relationships between these lipid-related parameters and
NAFLD were investigated by restricted cubic splines (RCS).
Additionally, we conducted a subgroup analysis to assess whether
this association varies among different populations. To compare the
predictive performance of the lipid-related parameters for NAFLD, we
calculated the area under the curve (AUC) for each parameter and
explored their respective cutoft values. All analyses were performed
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consumption and viral
hepatitis N=674)

using SAS version 9.4, with a two-sided P-value of less than 0.05
considered statistically significant.

Results
Characteristics of the study population

The study included 2,878 participants, comprising 1,374 males
and 1,504 females. According to CAP, 1,263 participants were
diagnosed with NAFLD, resulting in a prevalence rate of 43.9%.
The mean + SD values for the lipid-related parameters (CMI, VAI,
and LAP) were 0.7 £ 1.0, 1.8 + 2.2 and 51.7 + 56.8. We described the
characteristics of the study population based on the presence or
absence of NAFLD (Table 1). Generally, individuals with NAFLD
tend to be older, more frequently male, and show a higher
prevalence of diabetes and hypertension. As components of lipid-
related parameters, BMI, WC and TG were significantly increased
in participants with NAFLD, while HDL-C was significantly
decreased. Furthermore, participants with NAFLD demonstrated
significantly higher levels of CMI, VAI, and LAP compared to those
without the disease (P<0.0001).

Table 2 presents the characteristics of the participants grouped
according to the quartiles of CMI, VAL and LAP. In the groups
based on different indicators, it was found that the subgroups with
higher lipid-related parameters had a higher proportion of people
with NAFLD, diabetes, and hypertension. Additionally, BMI, WC,
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TABLE 1 Comparison of characteristics between participants with and without NAFLD.

Total

Without NAFLD

With NAFLD

CHaractrStes (N=2878) (N=1615) (N=1263) Falue
Age (year), mean = SD 523 £ 169 50.1 +17.8 551+ 153 <0.0001
Gender, n (%) <0.0001
Male 1374 (47.7) 718 (44.5) 656 (51.9)
Female 1504 (52.3) 897 (55.5) 607 (48.1)
Race, n (%) <0.0001
Mexican American 333 (11.6) 145 (9.0) 188 (14.9)
Other Hispanic 297 (10.3) 166 (10.3) 131 (10.4)
Non-Hispanic White 971 (33.7) 510 (31.6) 461 (36.5)
Non-Hispanic Black 732 (25.4) 468 (29.0) 264 (20.9)
Other Race 545 (18.9) 326 (20.2) 219 (17.3)
Education level, n (%) 0.1830
Less than high school 526 (18.3) 279 (17.3) 247 (19.6)
High school 659 (22.9) 364 (22.6) 295 (23.4)
More than high school 1691 (58.8) 971 (60.2) 720 (57.1)
Marital status, n (%) <0.0001
Cohabitation 1758 (61.2) 924 (57.3) 834 (66.1)
Solitude 1116 (38.8) 689 (42.7) 427 (33.9)
PIR, mean + SD 27+16 27 +1.6 27+16 0.4812
Smoking status, n (%) 1127 (39.2) 612 (37.9) 515 (40.8) 0.1223
Drinking status, n (%) 1078 (44.1) 641 (47.0) 437 (40.4) 0.0012
Diabetes, n (%) 477 (16.6) 158 (9.8) 319 (25.3) <0.0001
Hypertension, n (%) 1138 (39.6) 506 (31.4) 632 (50.1) <0.0001
BMI (kg/mz), mean + SD 297 +7.1 270+59 332+71 <0.0001
Height (cm), mean + SD 166.4 = 10.0 166.0 = 10.0 167.0 + 10.1 0.0059
WC (cm), mean + SD 100.5 + 16.8 933 + 14.2 109.7 + 15.4 <0.0001
TG (mmol/L), mean + SD 12+1.1 1.0+ 0.8 15+14 <0.0001
HDL-C (mmol/L), mean + SD 14+04 1.5+04 13+04 <0.0001
CMI, mean + SD 0.7 +1.0 0.5+ 0.6 09+12 <0.0001
VAI mean + SD 1.8 £22 13+14 24+28 <0.0001
LAP, mean + SD 51.7 £ 56.8 341 +32.7 741 £ 71.4 <0.0001

*NAFLD, non-alcoholic fatty liver disease; PIR, poverty income ratio; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; WC, waist circumference; TG, triglyceride; CMI,

cardiometabolic index; VAI, visceral adiposity index; LAP, lipid accumulation product.

and TG were higher in groups with higher lipid-related parameters,
while HDL-C was lower in these groups.

The correlation between lipid-related
parameters and NAFLD

Table 3 illustrates the association between lipid-related
parameters and NAFLD. Analyzing these parameters as
continuous variables, a positive relationship with NAFLD is
evident across all three models. In Model 3, each 1-unit increase
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in CMI is associated with a 1.29-fold increase in the risk of
developing NAFLD [OR (95% CI): 2.29 (1.81, 2.89)]. Similarly,
each I-unit increase in VAI corresponds to a 40% higher risk of
NAFLD [OR (95% CI): 1.40 (1.28, 1.52)]. Additionally, for every 10-
unit rise in LAP, the risk of NAFLD increases by 15% [OR (95% CI):
1.15 (1.11, 1.20)]. The association between lipid-related parameters
and NAFLD remains statistically significant when these parameters
are included in the model as categorical variables. Participants with
higher quartiles of lipid-related parameters have a greater risk of
developing NAFLD.
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TABLE 2 Comparison of intergroup differences based on grouping by lipid-related parameters.

Characteristics &2 S S oS S o
Q1 (0.26- (0.46- Q4 (@)} (0.75- (1.27- Q4 Q1 (20.68- (38.76- Q4
(<0.26) 0.46) 0.81) (>0.81) (<0.75) 1.27) 2.15) (>2.15) (<0.75) 38.76) 65.18) (>65.18)
(N=719)  (N=720) (N=719) (N=720) (N=719) (N=720) (N=719) (N=720) (N=719) (N=720) (N=719) (N=720)
NAFLD, n (%) 122 (17.0) 234 (32.5) 391 (54.4) 516 (71.7) 154 (214) 242 (33.6) 387 (53.8) 480 (66.7) 86 (12.0) 228 (31.7) 391 (544) 558 (77.5)
Age (year), mean + SD 47.6 + 18.0 525+ 17.1 54.4 + 16.1 546+ 155 481 +18.1 51.9 +17.0 545+163 | 546+ 154 446+ 175 53.7 +16.9 5524156 556+ 153
Gender, n (%)
Male 289 (40.2) 337 (46.8) 340 (47.3) 408 (56.7) 376 (52.3) 348 (48.3) 332 (46.2) 318 (44.2) 351 (48.8) 340 (47.2) 341 (47.4) 342 (47.5)
Female 430 (59.8) 383 (53.2) 379 (52.7) 312 (43.3) 343 (47.7) 372 (51.7) 387 (53.8) 402 (55.8) 368 (51.2) 380 (52.8) 378 (52.6) 378 (52.5)
Race, n (%)
Mexican American 51 (7.1) 87 (12.1) 80 (11.1) 115 (16.0) 55 (7.6) 84 (11.7) 83 (11.5) 111 (15.4) 52 (7.2) 91 (12.6) 85 (11.8) 105 (14.6)
Other Hispanic 48 (6.7) 68 (9.4) 92 (12.8) 89 (12.4) 46 (6.4) 78 (10.8) 78 (10.8) 95 (13.2) 50 (7.0) 74 (10.3) 88 (12.2) 85 (11.8)
Non-Hispanic White 227 (31.6) 225 (31.3) 225 (31.3) 294 (40.8) 219 (30.5) 216 (30.0) 245 (34.1) 291 (40.4) 208 (28.9) 215 (29.9) 231 (32.1) 317 (44.0)
Non-Hispanic Black 253 (35.2) 219 (30.4) 181 (25.2) 79 (11.0) 265 (36.9) 222 (30.8) 171 (23.8) 74 (10.3) 239 (33.2) 196 (27.2) 196 (27.3) 101 (14.0)
Other Race 140 (19.5) 121 (16.8) 141 (19.6) 143 (19.9) 134 (18.6) 120 (16.7) 142 (19.7) 149 (20.7) 170 (23.6) 144 (20.0) 119 (16.6) 112 (15.6)
Education level, n (%)
Less than high school 81 (11.3) 114 (15.8) 155 (21.6) 176 (24.4) 94 (13.1) 100 (13.9) 155 (21.6) 177 (24.6) 87 (12.1) 130 (18.1) 145 (20.2) 164 (22.8)
High school 167 (23.3) 180 (25.0) 154 (21.4) 158 (21.9) 168 (23.4) 175 (24.3) 165 (22.9) 151 (21.0) 184 (25.6) 164 (22.8) 146 (20.3) 165 (22.9)
More than high school 469 (65.4) 426 (59.2) 410 (57.0) 386 (53.6) 455 (63.5) 445 (61.8) 399 (55.5) 392 (54.4) 447 (62.3) 425 (59.1) 428 (59.5) 391 (54.3)
Marital status, n (%)
Cohabitation 398 (55.6) 436 (60.6) 454 (63.1) 470 (654) 405 (56.5) 439 (61.1) 450 (62.6) 464 (64.5) 402 (56.0) 447 (62.3) 456 (63.4) 453 (63.0)
Solitude 318 (44.4) 284 (39.4) 265 (36.9) 249 (34.6) 312 (43.5) 280 (38.9) 269 (37.4) 255 (35.5) 316 (44.0) 271 (37.7) 263 (36.6) 266 (37.0)
PIR, mean + SD 29+16 27+16 26+16 26+16 29+16 28+16 26+16 26+16 28+ 16 28+16 27+16 26+16
Smoking, n (%) 251 (34.9) 267 (37.2) 280 (38.9) 329 (45.7) 265 (36.9) 255 (35.5) 298 (41.4) 309 (42.9) 254 (35.4) 263 (36.5) 279 (38.9) 331 (46.0)
Drinking, n (%) 329 (53.8) 273 (45.2) 244 (39.2) 232 (382) 337 (54.4) 289 (47.4) 236 (38.2) 216 (36.1) 312 (51.6) 284 (47.2) 258 (41.3) 224 (36.5)
Diabetes, n (%) 45 (6.3) 96 (13.4) 137 (19.1) 199 (27.6) 59 (8.2) 90 (12.5) 135 (18.8) 193 (26.8) 49 (6.8) 79 (11.0) 143 (19.9) 206 (28.6)
Hypertension, n (%) 192 (26.7) 267 (37.1) 321 (44.8) 358 (49.7) 208 (28.9) 254 (35.3) 327 (45.5) 349 (48.6) 149 (20.7) 267 (37.1) 331 (46.2) 391 (54.3)
BMI (kg/m?), mean + SD 252 +5.1 29.0 +6.3 312+ 69 334473 263+59 292+ 7.1 311 +7.1 322469 237 +39 284 49 312+ 6.0 355+ 74
(Continued)

e 12 buepp

82289114202 '0pU34/68¢¢'0T


https://doi.org/10.3389/fendo.2024.1468228
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

ABojourdopul Ul s1a13uU0I4

90

640°UISIoNUOY

TABLE 2 Continued

Characteristics

Marital status, n (%)

Q2
(0.26-
0.46)
(N=720)

(@)}
(<0.75)
(N=719)

Q2
(0.75-
1.27)

(N=720)

Q4
(>2.15)
(N=720)

Q1
(<0.75)
(N=719)

Q2
(20.68-
38.76)
(N=720)

Q3
(38.76-
65.18)
(N=719)

Q4

(>65.18)
(N=720)

166.6 £ 9.8 167.1 £ 10.2 165.5 + 10.0 166.5 168.1 1669 £ 9.9 165.6 £ 10.2 165.1 £9.9 167.1 £ 9.9 166.2 + 10.1 166.3 + 10.1 166.1
Height (cm), mean + SD +10.1 +10.0 + 10.1

87.5 £ 12.7 99.3 + 14.8 104.3 + 14.7 110.7 90.5 + 14.8 99.2 + 16.0 104.7 £ 159 107.5 835+ 9.6 97.4 +£10.9 1055 + 12.8 1154
WC (cm), mean + SD +15.8 + 154 + 14.7
TG (mmol/L), mean + SD 0.6 £0.2 09 +0.2 1.2+03 23+18 0.6 £ 0.2 09 +0.2 1.2 +0.3 23+18 0.6 + 0.2 09 +0.3 1.2+04 22+18
HDL-C (mmol/L), mean 1.8+04 14+03 1.3+02 1.1+£0.2 1.7 £ 04 14+03 1.3+£0.2 1.1+£0.2 1.7+ 04 14+04 1.3+£03 1.1+03
+ SD
CMI 0.2 +0.1 04 +0.1 0.6 £ 0.1 1.6 + 1.6 0.2 £0.1 04 +0.1 0.6 £ 0.2 1.5+ 1.6 0.2 +0.1 04 +£0.1 0.6 £ 0.2 1.5+ 1.6
VAI 0.5+02 1.0 £ 0.2 1.7 £ 04 3.8+36 0.5+0.1 1.0 £ 0.1 1.7 £ 0.2 39+36 0.6 £ 0.3 1.1+04 1.7 £ 0.7 3.7 +37

148 +7.7 31.6 £ 11.9 51.1 £ 16.6 109.1 16.0 £ 9.3 31.8 £13.2 52.3 £20.1 106.6 12.7 £ 5.0 29.6 £ 5.1 50.6 £ 7.5 113.6
LAP + 859 + 87.0 + 835

*NAFLD, non-alcoholic fatty liver disease; PIR, poverty income ratio; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; WC, waist circumference; TG, triglyceride; CMI, cardiometabolic index; VAI, visceral adiposity index; LAP, lipid

accumulation product.
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TABLE 3 Association between CMI, VAI, LAP and NAFLD.

Exposure

Model 1
OR (95%Cl)

Model 2
OR (95%Cl)

Model 3
OR (95%Cl)

CMI (per 1-unit)

5.43 (4.46,6.62)

4.96 (4.06,6.07)

2.29 (1.81,2.89)

CMI (quartile)

Qi
Q2
Q3
Q4

1.00 (Reference)
236 (1.84,3.02)
5.83 (4.57,7.44)

12.38 (9.61,15.94)

1.00 (Reference)
2.17 (1.69,2.79)
5.41 (4.22,6.93)

11.14 (8.58,14.46)

1.00 (Reference)
1.27 (0.92,1.75)
2.53 (1.83,3.48)

3.85 (2.73,5.43)

VAI (per 1-unit)
VAI (quartile)
Q1
Q2
Q3
Q4

LAP (per
10-unit)

LAP (quartile)

1.70 (1.59,1.83)

1.00 (Reference)
1.86 (1.47,2.35)
4.28 (3.40,5.39)
7.34 (5.79,9.29)

1.35 (1.32,1.40)

1.68 (1.56,1.80)

1.00 (Reference)
1.79 (1.41,2.28)
4.14 (3.27,5.25)
7.13 (5.57,9.13)

1.34 (1.30,1.39)

1.40 (1.28,1.52)

1.00 (Reference)
1.36 (1.00,1.86)
2.33 (1.71,3.17)
3.57 (2.58,4.93)

1.15 (1.11,1.20)

Q1
Q2
Q3
Q4

1.00 (Reference)
3.41 (2.59,4.49)
8.77 (6.71,11.48)

25.35
(19.06,33.72)

Model 1: no covariates were adjusted;

Model 2: age, gender, and race were adjusted;

1.00 (Reference)
3.20 (2.42,4.24)
8.40 (6.37,11.07)

24.28
(18.07,32.62)

1.00 (Reference)
2.00 (1.41,2.84)
3.59 (2.51,5.14)

6.51 (4.32,9.80)

Model 3: age, gender, race, BMI, education level, marital status, PIR, diabetes, hypertension,
smoking and drinking status were adjusted.

The RCS plot shown in Figure 2 visualizes the association

between lipid-related parameters and the prevalence of NAFLD.

After adjusting for all confounding factors, an increased risk of

NAFLD was observed with higher lipid-related parameters.

Association between NAFLD and CMI using ACS with & knots
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Comparison of lipid-related parameters

To assess the predictive performance of lipid-related parameters
for NAFLD, receiver operating characteristics (ROC) curve was
generated. Among these lipid-related parameters, LAP exhibited the
highest predictive capability, with an AUC of 0.794 (95% CI: 0.778,
0.810). CMI came next, showing an AUC (95% CI) of 0.752 (0.735,
0.770). In contrast, VAI had comparatively weaker predictive power
for NAFLD, with an AUC (95% CI) of 0.719 (0.700, 0.738). Figure 3
displays the ROC curves. According to the principle of closest
proximity to (0,1), the optimal cut-off values for CMI, VAIL and
LAP should be set at 0.465, 1.341, and 37.02, respectively. At this
point, the sensitivity of CMI, VAI and LAP were 0.717, 0.671, and
0.781, respectively, while the specificity was 0.674, 0.676, and 0.682,
respectively (Table 4).

Subgroup analysis

To verify the robustness of lipid-related parameters in
predicting NAFLD risk in different populations, we further
performed subgroup analysis. The results of the subgroup analysis
demonstrated the robustness of the relationship between lipid-
related parameters and NAFLD across different populations, with
this association being more pronounced in individuals with
diabetes, non-smokers, and non-drinkers (Figure 4).

Discussion

In this large national survey, we confirmed the association
between lipid-related parameters and NAFLD, and validated the
reliability of the results across different subpopulations. This study
also compared the predictive abilities of CMI, VAI, and LAP, with
LAP demonstrating superior diagnostic capability.

Previous researches have explored the relationship between
CMI, VAI LAP, and NAFLD. A cross-sectional study of 7,238
participants found a positive association between VAI and the risk
of NAFLD [OR (95%CI): 1.291(1.223,1.362)], and NAFLD patients

Association between NAFLD and LAP using ACS with & Knoss

OR where the ref vaiue for LAP is 38.7554

&
]

Association between lipid-related parameters and NAFLD. The red solid line represents the smoothed curve fit between the variables, while the black
dashed lines indicate the 95% confidence interval of the fit. CMI, cardiometabolic index; VAI, visceral adiposity index; LAP, lipid
accumulation product.
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FIGURE 3

ROC curves for different lipid-related parameters to predict NAFLD. ROC, Receiver Operating Characteristic; AUC, area under the curve.

had higher BMI, blood pressure, fasting blood glucose (FBG), TG
and WC, and lower HDL-C levels (p< 0.05) (21). In addition, a
meta-analysis of 24 studies confirmed the reliability of VAI for
predicting NAFLD (AUC = 0.767) (22). The study conducted by Li
et al., based on NHANES data, also confirmed the association
between VAI and NAFLD among U.S. adults (23). A study
conducted in the Chinese population suggested that LAP and
CMI are convenient indicators for screening and quantifying
NAFLD, with a stronger association observed in females (24). A
recent study based on the U.S. population found that an increase of
one unit in CMI is associated with a 44% increased risk of NAFLD
[OR (95%CI): 1.44(1.44,1.45)] (25). Ebrahimi et al. conducted a
meta-analysis to assess the diagnostic value of LAP for NAFLD,
revealing a sensitivity of 94% and a specificity of 85% (26). Our
study utilized the latest NHANES data to confirm the reliability of
CMI, VAL and LAP in predicting the risk of NAFLD among
U.S. adults.

CMI, VAI and LAP, as novel lipid-related parameters, can
more effectively reflect the visceral adipose tissue (VAT) than the
traditional obesity indicators. VAT may be involved in the
pathophysiological mechanism of the occurrence and
development of NAFLD through the following ways. Firstly,
excessive accumulation of visceral adipose tissue releases free fatty

acids (FFA) through lipid interpretation, which reaches the liver
through the portal vein and becomes the main source of TG in the
liver, and further promotes the development of hepatic steatosis
(27-30). Secondly, accumulation of free fatty acids in the liver
induces insulin resistance (IR) by inhibiting glucose transport or
phosphorylation in muscle (31, 32). IR can not only directly cause
NAFLD by enhancing de novo lipogenesis in the liver, but also
indirectly promote NAFLD by reducing the inhibition of lipolysis in
adipose tissue, leading to increased free fatty acid (FFA) delivery to
the liver (33, 34). Thirdly, visceral adipose dysfunction disrupts
normal metabolic function by increasing inflammatory adipokines,
including interleukin-6 (IL-6), macrophage chemoattractant
protein-1 (MCP-1), and tumor necrosis factor-o. (TNF-o) (35-
37). Moreover, oxidative stress resulting from visceral fat
accumulation can lead to liver inflammation, NAFLD (38, 39).
The strength of this research lies in the nationally representative
study population, which ensures that the predictive value of lipid-
related parameters for NAFLD is broadly applicable to the U.S.
adult population. In addition, adjustment for potential confounders
and the performance of subgroup analyses ensured the reliability of
our findings. Several limitations of this study should be
acknowledged. In this study, the diagnosis of NAFLD was based
on liver ultrasound transient elastography. Although previous

TABLE 4 Evaluation of the performance of lipid-related parameters in predicting NAFLD.

Variables AUC (95%Cl) Cutoff threshold Sensitivity Specificity
CMI 0.752 (0.735, 0.770) 0.465 0.717 0.674
VAI ‘ 0.719 (0.700, 0.738) 1.341 ‘ 0.671 0.676
LAP ‘ 0.794 (0.778, 0.810) 37.02 ‘ 0.781 0.682
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Characteristic ~ Group CMI OR(95%Cl)_CMI VAI OR(95%C1)_VAI LAP OR(95%Cl)_LAP
Age :

20-60 years old Q1 1.00(Reference) 1.00(Reference)  # 1.00(Reference)

20-60 years old Q2 141(0.932.14) = 1.20(0.80,1.80) = 2.40(1.55,3.71) ——

20-60 years old Q3 2.60(1.72,3.95) —— 223(149,3.34) | —— 3.71(2.35,5.86) —

20-60 years old Q4 4.23(2.72,6.59) e — 3.40(2.25,5.15) P 7.03(4.18,11.82) —_—

260 yearsold Q1 1.00(Reference) 1.00(Reference) = 1.00(Reference)

260 yearsold Q2 1.17(0.70,1.97) =— 1.66(1.01273) o 1.84(1.01,3.35) —=+—

260 yearsold Q3 2.49(1.49,4.16) —— 267(1.63,4.37) | —=—— 3.81(2.09,6.93) —_—

260 yearsold Q4 3.65(2.08,6.39) —_— 3.99(2.35,6.78) e — 7.14(3.62,14.08) e
Gender |

Male Q1 1.00(Reference) 1.00(Reference)  * 1.00(Reference)

Male Q2 1.16(0.72,1.87) = 1.34(0.88,2.04) i 1.76(1.09,2.83) -

Male Q3 2.32(1.44,3.72) —— 227(1.49,348) | —— 3.56(2.19,5.79) E—

Male Q4 3.79(2.33,6.16) E— 362(230570) | ——— 6.15(3.49,10.82) —_—s

Female Q1 1.00(Reference) 1.00(Reference)  * 1.00(Reference)

Female Q2 1.36(0.88,2.12)  t=— 1.33(0.82,2.14)  t— 2.12(1.26,3.59) ——

Female Q3 2.70(1.73,4.21) —— 230(1.44,367) | —=— 3.13(1.81,5.42) —

Female Q4 3.63(2.19,6.00) —— 3.35(2.07,5.42) P —— 5.98(3.24,11.05) —_—
Diabetes i

Yes Q1 1.00(Reference) 1.00(Reference) 0 1.00(Reference)

Yes Q2 0.99(0.37,2.65) —+— 1.15(0.48,2.77) —=— 213(0.75,6.10) T+

Yes Q3 2.74(1.03,7.29) e — 2.51(1.05,5.99) —— 4.51(1.69,12.05) —_—

Yes Q4 421(1.53,1155) | ——=—————460(192,1099) | — = 9.39(3.14,28.09) B

No Q1 1.00(Reference) 1.00(Reference) = 1.00(Reference)

No Q2 1.31(0.93,1.84) ‘= 1.39(1.00,1.94) e 1.95(1.34,2.83) —-—

No Q3 2.47(1.75,3.48) — 2.32(1.66,3.24) | —— 3.43(2.32,5.08) ——

No Q4 3.75(2.58,5.45) —_— 340(2.39,4.85) | —— 6.09(3.89,9.54) S —
Hypertension :

Yes Q1 1.00(Reference) 1.00(Reference) = 1.00(Reference)

Yes Q2 1.31(0.79,2.19) 4= 127(078207) 1.70(0.93,3.10)  =—

Yes Q3 2.48(1.48,4.13) — 1.92(1.19,3.10)  i—— 3.70(2.04,6.71) —

Yes Q4 4.18(2.42,7.20) e 4.28(2.56,7.16) P —— 6.38(3.30,12.33) —

No Q1 1.00(Reference) 1.00(Reference) 0 1.00(Reference)

No Q2 1.20(0.79,1.82) = 1.37(0.92,2.06) 2.17(1.40,3.36) ——

No Q3 2.48(1.63,3.77) —— 264(1.75397) | —— 3.22(2.03,5.13) ——

No Q4 3.59(2.27,5.66) — 3.03(1.97,4.65) | —=—— 6.56(3.83,11.23) —_—
Smoke '

Yes Q1 1.00(Reference) 1.00(Reference) - 1.00(Reference)

Yes Q2 0.98(0.58,1.65) 4 1.10(0.67,1.82)  +— 2.07(1.16,3.71) ——

Yes Q3 1.88(1.12,3.13)  —=— 209(1.29,340) i—— 3.46(1.92,6.24) —

Yes Q4 2.62(1.54,4.47) — 260(1.57,4.28) | —— 5.19(2.72,9.91) e

No Q1 1.00(Reference) 1.00(Reference)  * 1.00(Reference)

No Q2 152(1.01229) == 162(1.082.41) = 2.03(1.30,3.16) -

No Q3 3.08(2.03,4.66) —— 2.51(1.67,3.78) —— 3.77(2.38,5.96) ——

No Q4 5.11(3.23,8.07) _— 457(2987.02) | ——— 8.05(4.69,13.80) ———
Alcohol !

Yes Q1 1.00(Reference) 1.00(Reference)  * 1.00(Reference)

Yes Q2 1.25(0.81,1.95)  “=— 1.21(0.79,1.84) = 153(0.94,2.48)  e—

Yes Q3 2.06(1.31,3.23) —_ 2.01(1.29,3.12) + 3.16(1.89,5.27) —_—

Yes Q4 3.15(1.94,5.12) —— 293(1.854.64) | —=—— 4.97(2.78,8.91) —_—

No Q1 1.00(Reference) 1.00(Reference)  * 1.00(Reference)

No Q2 1.31(0.81,2.11) 4= 1.54(0.97,2.46)  te— 2.68(1.6,4.5) ——

No Q3 3.11(1.95,4.96) —— 2.76(1.76,4.33) | —=— 4.29(2.55,7.21) —_—

No Q4 4.69(2.84,7.73) — 4.35(2.73,6.95) — 8.47(4.71,15.23) —

01 10 01 10 01 10
OR(95%Cl) OR(95%Cl) OR(95%Cl)
FIGURE 4

Subgroup analysis of the correlation between CMI, VAI, LAP, and NAFLD. Stratification factors include gender, age, smoking and drinking status,

diabetes, and hypertension.

studies have shown that its accuracy is very high, there is still a
certain gap compared with liver biopsy (40, 41). What’s more,
because of the design limitations of the survey, the influence of
potential confounding factors, including diet and drug use, could
not be ruled out.

Conclusions

CMI, VAL and LAP emerged as useful indicators for identifying
NAFLD risk, with LAP showing the highest predictive ability
among them in this study. As an easily obtainable clinical
indicator, LAP may offer a more practical and cost-effective
option for clinical application. However, further research is
needed to validate these findings.
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