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Abstract

Objectives: this study aimed to explore the potential of the atherogenic index of plasma (AIP) as a predictor of metabolic dysfunction-associated
fatty liver disease (MAFLD).

Methods: a cross-sectional study, including data from 4473 participants in the National Health and Nutrition Examination Survey (NHANES)
2017-2018, was performed. A control attenuation parameter (CAP) > 285 dB/m was used to confirm hepatic steatosis. Degrees of liver stiffness
were confirmed according to liver stiffness measurement (LSM). Weighted multivariate logistic regression models were used to assess the

Keywords: association between AIP and the risk for MAFLD and liver fibrosis. Finally, receiver operating characteristic (ROC) curve analysis was used to test
) the accuracy of AIP in predicting MAFLD.

National Health and

Nutrition Examination Results: the association between AIP and the prevalence of MAFLD was positive in all three multivariate logistic regression models (model 1,
Survey. Metabolic odds ratio (OR), 18.2 (95 % confidence interval (Cl), 14.4-23.1); model 2, OR, 17.0 (95 % Cl, 13.3-21.8); model 3, OR, 5.2 (95 % Cl, 3.9-7.0)).
dysfunction-associated Moreover, this positive relationship was found to be significant in patients of different sexes and whether they had diabetes. However, no significant
fatty liver disease. differences were observed between AIP and significant fibrosis or cirrhosis as assessed by different liver fibrosis indices. Finally, ROC curve analysis
ﬁg“;:f;%cr:t‘igﬁxgmm”e § demonstrated that the AIP index also demonstrated positive diagnostic utility (area under the ROC curve, 0.733 (95 % Cl, 0.718-0.747); p< 0.001).
transient elastography. Conclusion: This study revealed a positive association between AIP and MAFLD among American adults. Furthermore, this association persisted
Diagnostics. in different sexes and whether they had diabetes.
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Resumen

Obijetivos: este estudio tuvo como objetivo explorar el potencial del indice aterogénico del plasma (AIP) como predictor de enfermedad hepéatica
grasa asociada a disfuncion metabélica (MAFLD).

Métodos: se realizd un estudio transversal que incluy6 datos de 4473 participantes de la encuesta nacional de exémenes de salud y nutricion
(NHANES) 2017-2018. Se utilizé un parametro de atenuacion de control (CAP) > 285 dB/m para confirmar la esteatosis hepatica. Los grados
de rigidez hepatica se confirmaron de acuerdo con la medicion de rigidez hepatica (LSM). Se utilizaron modelos de regresion logistica multiva-
riponderponderados para evaluar la asociacion entre AIP y el riesgo de MAFLD v fibrosis hepatica. Por Gltimo, se utilizo el andlisis de la curva
ROC para probar la precision de la AIP en la prediccion de la MAFLD.

Resultados: la asociacion entre AP y prevalencia de MAFLD fue positiva en los tres modelos de regresion logistica multivariable (modelo 1,
odds ratio (OR): 18,2 (intervalo de confianza (IC) del 95 %: 14,4-23,1); Modelo 2, OR: 17,0 (IC del 95 %: 13,3-21,8); Modelo 3, OR: 5,2
(IC del 95 %: 3,9-7,0)). Ademas, esta relacion positiva se encontrd significativa en pacientes de diferentes sexos ya tuvieran o no diabetes.
Sin embargo, no se observaron diferencias significativas entre la AIP y la fibrosis o cirrosis significativa evaluada por diferentes indices de
fibrosis hepatica. Finalmente, el andlisis de la curva ROC demostré que el indice AIP también demostro utilidad diagndstica positiva (area

indice aterogénico del
plasma. Elastografia
transitoria de vibracion

controlada. Diagnasticos. en los diferentes sexos ya tuvieran o no diabetes.

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a complex liver dis-
order that can be broadly defined as the presence of steatosis
and liver inflammation in more than 5 % of liver cells on liver
biopsy in individuals with metabolic disorders without heavy al-
cohol consumption (1-3). Epidemiological studies have shown
that NAFLD affects approximately 30 % of the global adult pop-
ulation and is the most common chronic liver disease, especially
in the United States (4,5). Studies have found that NAFLD not
only leads to liver cirrhosis and cancer but also increases the
risk for extrahepatic complications, including type 2 diabetes
mellitus (T2DM), dyslipidemia, metabolic syndrome, and cardio-
vascular disease (CGVD) (6,7). It is worth noting that in early 2020,
an international panel of experts proposed to replace NAFLD
with a new term: “metabolic dysfunction-associated fatty liver
disease (MAFLD)” to better reflect the underlying pathological
mechanism and its close correlation with metabolic comorbidi-
ties (8). In contrast to NAFLD, the recently proposed diagnostic
criteria for MAFLD incorporate one of three criteria, in addition
to a pathophysiological basis for hepatic steatosis: overweight/
obesity, manifestation of T2DM, or the presence of metabolic
disorders (8). Although an increasing number of studies have
focused on the mechanism of MAFLD and related diseases, no
effective monitoring index for MAFLD has been available to date
(9). Therefore, there is an urgent need for a highly sensitive and
specific surveillance index to detect MAFLD early (10).

The atherogenic index of plasma (AIP)—the logarithm of mo-
lar ratio of triglycerides to high-density lipoprotein cholesterol
(TG/HDL-C)—is a valid indicator for assessing serum lipid lev-
els (11,12). It has demonstrated good performance in predicting
metabolic diseases, including T2DM, atherosclerosis, and CVD
(13,14). Moreover, MAFLD has been widely reported to co-exist
with metabolic diseases (15). As such, the aim of the present
study was to investigate the potential association between AIP
and MAFLD. Recent studies have shown a significant associa-
tion between AIP and MAFLD in cohorts from Iran and Chinese
Han population (16,17). However, the association between AlP
and MAFLD in American population remains unclear. This study
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bajo la curva ROC = 0,733 (IC del 95 %: 0,718-0,747); p < 0,001).
Conclusion: este estudio reveld una asociacion positiva entre AIP y MAFLD en los adultos estadounidenses. Ademas, esta asociacion persistio

aimed to detect a possible link between AIP and MAFLD and
explore the potential of AIP as a predictor of MAFLD.

We analyzed data from the National Health and Nutrition Ex-
amination Survey (NHANES) 2017-2018 and conducted a large
cross-sectional study to investigate the relationship between AIP
and MAFLD in general United States population. Additionally, we
explored the relationship between AIP and liver fibrosis.

RESEARCH DESIGN AND METHODS

DATA SOURCES

Data for the present study were obtained from the NHANES,
2017-2018. Detailed information regarding NHANES data is
available at www.cdc.gov/nchs/nhanes/. The Institutional Re-
view Board of National Center for Health Statistics (NCHS) ap-
proved all NHANES survey protocols, and informed consent was
obtained from each participant.

PARTICIPANTS

Among the 9254 participants included in the NHANES 2017-
2018 cycle, 550 with no available data regarding mobile ex-
amination centers (MECs), 2717 participants lacked transient
elastography results (including 258 identified as ineligible re-
sults and 2459 with missing transient elastography data), and
493 who underwent partial examinations with unsatisfactory and
inadequate results were excluded. Furthermore, 748 individuals
< 18 years of age were excluded. Moreover, 273 without avail-
able HDL-C or TG data were also eliminated. Ultimately, data
from 4473 individuals were included in the final analysis.

VIBRATION-CONTROLLED TRANSIENT
ELASTOGRAPHY (VCTE)

As a convenient, rapid, and noninvasive technique, VCTE has
been widely adopted for the diagnosis of liver steatosis and fi-
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brosis. The controlled attenuation parameter (CAP) was mea-
sured to access liver steatosis, and liver stiffness measurement
(LSM) was used to confirm liver fibrosis (18). Hepatic steatosis
was defined as a CAP value > 285 dB/m, as previously report-
ed (19). LSM > 8.2, > 9.7 and > 13.6 kPa were confirmed to
indicate significant fibrosis (> F2), advanced fibrosis (> F3) and
cirrhosis (F4) (20,21).

NON-INVASIVE FIBROSIS ASSESSMENT

The liver fibrosis index was also determined based on NA-
FLD Fibrosis Score (NFS), fibrosis 4 score (FIB-4) and aspartate
aminotransferase (AST)-to-platelet ratio index (APRI) values (22).

NFS=-1.675+0.037 x age (yrs)+0.094 x BMI (kg/m?)+1.13x
impaired fasting glycemia (IFG) or T2DM+0.99 xAST (U/L) / ALT (UL)
- 0.013x platelet count (PLT) - 0.66 x albumin (g/dL)

FIB-4 =(age xAST) / (PLT (x 10%L) x ALT™?)

APRI = ((AST/ULN) / PLT (x 10%L)) x 100.

The published APRI threshold of 1.5, FIB-4 of 2.67, and NFS
of 0.675 were first considered preferred for diagnosing ad-
vanced fibrosis (> F3).

DIAGNOSTIC CRITERIA

Diagnostic criteria for MAFLD incorporate one of three criteria,
in addition to a pathophysiological basis for hepatic steatosis:
overweight/obesity, manifestation of T2DM, or the presence of
metabolic disorders (8). Metabolic abnormalities were charac-
terized by the presence of at least two of the following condi-
tions: 1) waist circumference > 102/88 c¢m in Caucasian men
and women; 2) blood pressure > 130/85 mmHg or specific
drug treatment; 3) plasma triglycerides > 150 mg/dl or specific
drug treatment; 4) plasma HDL-cholesterol < 40 mg/dlinmen and
< 50 mg/dl in women or specific drug treatment; 5) Prediabetes
(i.e., fasting glucose levels 5.6 to 6.9 mmol/L, or HbA1c =5.7 %
t0 6.4 %; 6) homeostasis model assessment of insulin resistance
score > 2.5; 7) plasma high-sensitivity C-reactive protein level
> 2 mg/L (19,23).

VARIABLES

AIP was regarded to be an independent variable in this study.
AIP was calculated using the following equation: log (TG [mmol/L]/
HDL-C [mmol/L]). Participants were separated into four groups
according to AIP index: Q1 (range, -0.88 to -0.23 [n = 1118]),
Q2 (range, -0.23 10 -0.01 [n=1118]), Q3 (range, -0.01 t0 0.21
[n=1118)]), and Q4 (range, 0.21 to 1.64 [n =1119]). MAFLD
and liver fibrosis were considered to be dependent variables.
Demographic information, including age, sex, and race/ethnicity,
was obtained using self-administered questionnaires. Additional
covariates, including height, weight and waist circumference,
were collected during MEC. T2DM was diagnosed as previously
reported (24): with any of the following 1) A self-reported diag-
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nosis of diabetes; 2) Use of anti-diabetic drugs; 3) A Hemoglobin
Alc (HbA1c) level > 6.5% (48 mmol/mol); 4) a fasting plas-
ma glucose level of > 126 mg/dL; 5) A random plasma glucose
> 200 mg/dl. A diagnosis of hypertension was made in any of
the following situations: previous physician diagnosis; currently
taking prescribed blood pressure medications; or blood pres-
sure > 140/90 mmHg (25). Physical activity was divided into
three groups based on previously published studies: < 600,
600-7999, and > 8000 metabolic equivalent task (i.e., “MET”)
min/week (26). The poverty to income ratio (PIR) is the official
poverty measure in the United States (27), which measures
an individual’s economic status and family size to provide a
more accurate estimate of an individual’s poverty threshold.
Participants were divided into three categories based on PIR:
low-income (PIR < 1.30); middle-income (PIR 1.30-3.49);
and high-income (PIR > 3.50) (28). Significant alcohol in-
take was defined as > 2 standard drinks/day for women and
> 3 standard drinks/day for men in the last 12 months (29).
Among the studied conditions, several questions dealt with
previous coronary artery disease (CAD), stroke, angina/angina
pectoris and congestive heart failure (HF). CVD was defined as a
previous history of CAD and/or stroke and/or angina.

STATISTICAL METHODS

All analyses were performed using the EmpowerStats soft-
ware based on the R package version 3.4.3 (R Foundation for
Statistical Computing, Vienna, Austria). Continuous variables
are expressed as median (interquartile range [i.e., Q1-Q3]) and
categorical variables are expressed as n (%). Weight was con-
sidered during the analysis. Differences with p < 0.05 were
considered to be statistically significant. Multivariate logistic re-
gression models were used to assess the association between
AIP values and MAFLD in American adults. Three statistical
models were established based on the unadjusted and adjust-
ed covariates. Finally, the accuracy of the AIP index in predict-
ing MAFLD was tested using receiver operating characteristic
(ROC) curve analysis.

RESULTS

Of 4473 participants, 2189 (48.9 %) were diagnosed with MA-
FLD, and 2284 (51.1 %) were included in the non-MAFLD group
(Table 1). Compared with individuals in the non-MAFLD group,
patients with MAFLD tended to be older, male, with diabetes and
hypertension, and exhibited a higher body mass index (BMI), waist
circumference, AST, ALT, gamma-glutamyl transferase (GGT),
glycohemoglobin, TG, and HDL-C levels (p < 0.05). It's notewor-
thy that patients with MAFLD exhibited higher AIP than those in
the non-MAFLD group (p < 0.001). However, no significant dif-
ferences were found in CVD (p = 0.852), CHF (p = 0.203), PLT
(p = 0.057) and serum creatinine (p = 0.142) levels between
MAFLD and non-MAFLD groups.
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Table I. Weight characteristics of the study participants

Parameters Total Non-MAFLD MAFLD p-value

Patients, 11 (%) 4473 (100 %) 2284 (51.1 %) 2189 (48.9 %) < 0.001
CAP (dB/m) 264 (218-308) 219 (194-241) 309 (284-341) < 0.001
LSM (kPa) 4.9 (4.0-6.1) 45 (3.7-5.6) 5.4 (4.4-6.8) < 0.001
Age (years) 51 (33-64) 45 (29-62) 55 (40-65) < 0.001
Men, 1 (%) 2202 (49.2 %) 1020 (44.7 %) 1182 (54.0 %) 0.003
Race/Ethnicity, n (%)

Mexican American 644 (14.4 %) 238 (10.4 %) 406 (18.5 %)

Other Hispanic 430 (9.6 %) 222 (9.7 %) 208 (9.5 %)

Non-Hispanic White 1533 (34.3 %) 764 (33.5 %) 769 (35.1 %)

Non-Hispanic Black 985 (22.0 %) 346 (15.1 %) 288 (13.2 %) <000

Non-Hispanic Asian 634 (14.2 %) 136 (15.9 %) 146 (16.5 %)

Other race 247 (5.5 %) 134 (5.9 %) 113 (5.2 %)
Diabetes, n (%) 866 (19.4 %) 216 (9.5 %) 650 (29.7 %) < 0.001
Hypertension: n (%) 1212 (27.1 %) 483 (21.1 %) 729 (33.3 %) < 0.001
CVD 281 (6.3 %) 145 (6.3 %) 136 (6.2 %) 0.852
CHF 112 (4.0 %) 51 (3.5 %) 61 (4.5 %) 0.203
Smoking: n (%)

Current smoker 769 (17.2 %) 432 (18.9 %) 337 (15.4 %)

Former smoker 1028 (23.0 %) 433 (19.0 %) 595 (27.2 %) < 0.001

Nonsmoker 2676 (59.8 %) 1419 (62.1 %) 1257 (57.4 %)
Significant alcohol intake: 11 (%) 733 (16.4 %) 363 (15.9 %) 370 (16.9 %) 0.362
Viral hepatitis: 1 (%) 87 (1.9 %) 53 (2.3 %) 34 (1.6 %) 0.063
PIR 2.6(1.3-37) 2.6(1.2-3.8) 2.6 (1.3-3.6) 0.627
Education level: n (%)

Less than high school graduate 838 (19.7 %) 390 (18.4 %) 448 (20.9 %)

High school graduate or GED 997 (23.4 %) 494 (23.3 %) 503 (23.5 %) 0.09

Some college or above 2427 (56.9 %) 1236 (58.3 %) 1191 (55.6 %)
Physical activity: n (%)

< 600 MET-minutes/week 1605 (35.9 %) 733 (32.1 %) 872 (39.8 %)

600~7999 MET-minutes/week 2034 (45.5 %) 1109 (48.6 %) 925 (42.3 %) < 0.001

> 8000 MET-minutes/week 834 (18.6 %) 442 (19.4 %) 392 (17.9 %)
BMI (kg/m?) 28.3 (24.6-33.1) 25.3 (22.4-28.9) 31.7 (28.0-36.1) < 0.001
Waist circumference (cm) 98 (87-110) 89.7 (80.7-99.2) 107.0 (98.1-117.7) < 0.001
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Table | (cont.). Weight characteristics of the study participants
Parameters Total Non-MAFLD MAFLD p-value
Laboratory indexes
AST (UL 19 (16-24) 19 (16-23) 20 (16-25) < 0.001
ALT (UL 18 (13-26) 15 (12-21) 21 (15-31) < 0.001
GGT (UL 21 (14-32) 17 (13-26) 25 (18-40) < 0.001
Serum albumin (g/L) 41 (39-43) 41 (39-43) 40 (38-43) < 0.001
Platelet count (10%/L) 236 (201-279) 226 (191-270) 232 (195-276) 0.057
Serum creatinine (mg/dL) 0.8(0.7-1.0) 0.8(0.7-1.0) 0.8(0.7-1.0) 0.142
Glycohemaoglobin (%) 5.6 (5.3-6.0) 5.4 (5.2-5.7) 5.7 (5.4-6.3) < 0.001
Total Cholesterol (mg/dL) 184 (160-213) 180 (157-209) 189 (162-217) < 0.001
Triglyceride (mg/dL) 115 (81-168) 93 (69-134) 141 (103-202) < 0.001
HDL-cholesterol (mg/dL) 51 (42-61) 55 (47-66) 46 (40-55) < 0.001
AP -0.0(-0.2-0.2) -0.1(-0.3-0.1) 0.1(-0.1-0.3) < 0.001

Median (Q1-Q3) was for continuous variables. The p-value was calculated by weight linear regression model. N (%) was for categorical variables. The p-value was
calculated by weighted chi-square test. Abbreviations: MAFLD: metabolic dysfunction-associated fatty liver disease; CAP: controlled attenuation parameter; LSM:
liver stiffness measurement; CHF: congestive heart failure; CVD: chronic vascular disease; PIR: poverty to income ratio; BMI: body mass index; AST: aspartate
transaminase; ALT: alanine transaminase; GGT: gamma-glutamyl transferase, HDL: high density lipoprotein; AIP: atherogenic index of plasma.

As shown in table Il, the association between AIP and the
prevalence of MAFLD was positive in all three multivariate lo-
gistic regression models: model 1, odds ratio (OR), 18.2 (95 %
confidence interval [Cl], 14.4-23.1); model 2, OR, 17.0 [95 %
Cl, 13.3-21.8]; model 3, OR, 5.2 95 % Cl, 3.9-7.0]). After ad-
justing for all confounding covariates, a one-unit increase in AP
was associated with a 4.2-fold increase in the risk for MAFLD.
Moreover, compared with the lowest quartile group (i.e., Q1), the
risk for MAFLD increased more in the higher quartile groups for
AIP (p for trend < 0.001).

Positive associations between AIP and MAFLD persisted in
different subgroups after stratification according to sex and
diabetes status after fully adjustment for confounding factors
(Table Ill). After subgroup analysis stratified according to sex,
the association remained positive both in males (OR, 5.1 (95 %
Cl, 3.4-7.7); p < 0.001) and females (OR, 5.3 (95 % Cl, 3.5-
8.2); p < 0.001). After subgroup analysis stratified according to
diabetes status, the association remained positive both in diabe-
tes (OR, 2.7 (95 % ClI, 1.4-5.3); p = 0.004) and non-diabetes
(OR, 5.9 (95 % Cl, 4.3-8.2); p < 0.001) groups.

Table Il. The association between AIP and MAFLD

Model Model 1 Model 2 Model 3
OR (95 % Cl), p OR (95 % Cl), p OR (95 % Cl), p
AP 18.2 (14.4,23.1) < 0.0001 17.0 (13.3,21.8) < 0.0001 5.2 (3.9,7.0) < 0.0001
AIP (Quartile)
Q1(-0.91t0-0.2) Reference Reference Reference

02 (-0.2t0-0.0)

2.2(1.9,2.7) < 0.0001

2.0(1.7,2.5) < 0.000

1.4(1.1,1.8)0.0019

03 (-0.0100.2)

5.14 (4.27,6.18) < 0.0001

4.61 (3.81, 5.57) < 0.0001

2.41(1.92, 3.04) < 0.0001

Q4 (0.2t01.6)

9.69 (7.98, 11.76) < 0.0001

8.96 (7.30, 10.98) < 0.0001

3.57 (2.79, 4.57) < 0.0001

p for trend

< 0.001

< 0.001

< 0.001

Model 1: no covariates were adjusted. Model 2: gender, age, and race were adjusted. Model 3: gender, age, race, BMI, waist circumference, diabetes, smoking, total
cholesterol, ALT, and GGT were adjusted. Abbreviations: MAFLD: metabolic dysfunction-associated fatty liver disease; AIP: atherogenic index of plasma; BMI: body
mass index; ALT: alanine transaminase; GGT: gamma-glutamyl transferase.
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Table lll. The association between AIP and MAFLD stratified by gender or diabetes

Model Model 1 Model 2 Model 3
OR (95 % ClI), p OR (95 % CI), p OR (95 % CI), p
Stratified by gender
Men 15.3(11.1,21.1) < 0.001 15.3(11.0, 21.5) < 0.001 5.1(3.4,7.7) < 0.001
Women 22.1(15.5, 31.6) < 0.001 19.5(13.5, 28.2) < 0.001 5.3(3.5,8.2) < 0.001

Stratified by d

iabetes status

Non-diabetes

17.2 (13.2,22.3) < 0.001

16.7 (12,6, 22.0) < 0.001

5.9(4.3,8.2) <0.001

Diabetes

6.8 (3.8, 12.0) < 0.001

5.3(2.9,9.5) <0.001

2.7(1.4,5.3) 0.004

Model 1. no covariates were adjusted. Model 2: gender, age, and race were adjusted. Model 3: gender, age, race, BMI, waist circumference, diabetes, smoking, total

cholesterol, ALT, and GGT were adjusted. In the analysis stratified by gender and diabetes, the model is not adjusted for gender and diabetes, respectively. Abbreviations:
MAFLD: metabolic dysfunction-fatty liver disease; AIP: atherogenic index of plasma, BMI: body mass index; ALT: alanine transaminase; GGT: gamma-glutamyl transferase.

The associations between AIP and different degrees of liver
fibrosis were further investigated, with data summarized in table
IV. However, there were no significant differences between AIP
and significant fibrosis (OR, 1.3 [95 % CI, 0.9-2.0]; p = 0.188),
advanced fibrosis (OR, 0.9 [95 % Cl, 0.6-1.6]; p = 0.819), or
cirrhosis (OR, 0.9 [95 % Cl, 0.4-2.0]; p = 0.864).

After adjusting for relevant confounding factors, the associa-
tions between AIP and advanced liver fibrosis (> F3) as defined
by FIB-4, APRI, or NFS exhibited variations. The positive associa-
tion was observed between AIP and advanced liver fibrosis (> F3)

diagnosed with FIB-4 (OR, 0.4 [95 % Cl, 0.2-0.7]; p = 0.001),
while no significant disparity was detected in NFS (OR, 1.2 [95 %
Cl, 0.8-1.9]; p = 0.393) and APRI (OR, 0.8 [95 % ClI, 0.1-7.7];
p = 0.855). These findings are presented in table V.

The predictive ability of AIP for MAFLD diagnosis (area under
the ROC curve [AUC] 0.733 [95 % ClI, 0.718-0.747]; p< 0.001)
was presented in figure 1 and table VI. At the same time, an
optimal AIP cut-off of -0.02 was proposed to predict MAFLD
(sensitivity, 66.99 %; specificity, 69.53 %).

Table IV. The associations between AIP and degree of fibrosis in participants

Model Model 1: g (95 % Cl), p | Model 2: g (95 % Cl), p | Model 3: g (95 % Cl), p

Significant fibrosis (> F2)

LSM < 8.2 Reference Reference Reference

LSM=>8.2 3.4(2.6,4.6) <0.001 3.3(2.4,4.5) < 0.001 1.3(0.9,2.0)0.188
Advanced fibrosis (> F3)

LSM < 9.7 Reference Reference Reference

LSM=>9.7 3.0(2.1,4.3) < 0.001 2.7(1.9,4.0) < 0.001 0.9(0.6,1.6) 0.819

Cirrhosis (F4)
LSM < 13.6 Reference Reference Reference
LSM=>13.6 2.8(1.6,4.7) < 0.001 2.2(1.2,4.0)0.007 0.9(0.4,2.0)0.864

Model 1: no covariates were adjusted. Model 2: gender, age, and race were adjusted. Model 3: gender, age, race, BMI, waist circumference, diabetes, smoking, total
cholesterol, ALT, and GGT were adjusted. Abbreviations: AIP: atherogenic index of plasma, LSM: liver stiffness measurement; BMI: body mass index; ALT: alanine

transaminase; GGT: gamma-glutamyl transferase.

Table V. The associations between AIP and advanced liver fibrosis (= F3) defined by FIB-4,

APRI or NFS
Model | Model 1:(95% Cl),p | Model2:8(95%Cl),p | Model 3: (95 % Cl), p
FIB-4
FIB-4 < 2.67 Reference Reference Reference
FIB-4 > 2.67 0.4 (0.3,0.8) 0.003 0.3(0.2,0.6) < 0.001 0.4 (0.2,0.7) 0.001
(Continues on next page)
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Table V (cont.). The associations between AIP and advanced liver fibrosis (> F3) defined by
FIB-4, APRI or NFS

Model Model 1: g (95 % Cl), p Model 2: g (95 % Cl), p Model 3: g (95 % Cl), p
NFS
NFS < 0.676 Reference Reference Reference
NFS > 0.676 1.8 (1.3, 2.5) < 0.001 2.0(1.4,3.0) < 0.001 1.2(0.8,1.9)0.393
APRI
APRI < 1.5 Reference Reference Reference
APRI > 1.5 0.8(0.2,4.2)0.796 0.8(0.1,4.1)0.768 0.8(0.1,7.7) 0.855

Model 1: no covariates were adjusted. Model 2: gender, age, and race were adjusted. Model 3: Gender, age, race, BMI, waist circumference, diabetes, smoking, total
cholesterol, ALT, and GGT were adjusted. Abbreviations: AIP: atherogenic index of plasma, FIB-4: fibrosis 4 score; APRI: AST to platelet ratio index; NFS: non-alcoholic
fatty liver disease fibrosis score; BMI: body mass index; ALT: alanine transaminase; GGT: gamma-glutamyl transferase.

Table VI. ROC analysis for continuous predictors

AUC 95 % CI

Sensitivity Specificity Cut-off

AP 0.7326 0.718-0.7471

0.6699 0.6953 -0.0196

AIP: atherogenic index of plasma; AUC: area under the curve.

ROC curve

0.6 0.8 1.0
|

Sensitivity

04

0.2

Aatherogenic index of plasma
AUC =0.733

0.0

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 1.
The ROC curve for AIP.

DISCUSSION

The current cross-sectional investigation explored the re-
lationship between AIP and MAFLD, and aimed to identify a
monitoring index for the early diagnosis of MAFLD. Our results
revealed that patients with MAFLD in the United States exhibited
higher AIP values than those in the non-MAFLD group. Notably,

AIP was positively associated with the risk for MAFLD. We fur-
ther found that this association persisted in different sexes and
whether they had diabetes or otherwise. However, no significant
associations were found among significant fibrosis, advanced
fibrosis, cirrhosis, and AIP in patients with MAFLD. Furthermore,
our observations revealed a lack of statistical significance in the
association between AIP and advanced liver fibrosis (> F3) as
diagnosed by APRI and NFS. Finally, the ROC curve analysis re-
vealed that AIP demonstrated good diagnostic utility for MAFLD,
with an AUC of 0.733.

Recently, some investigators have focused on the association
between AIP and MAFLD, although the results of studies remain
controversial. A recent retrospective study of 2547 patients
demonstrated a positive and significant association between AP
and risk for MAFLD (17). Duan et al. focused on 864 Chinese
participants with ultrasonically diagnosed fatty liver and found
that higher AIP was associated with increased odds of MAFLD
in the Chinese populations after a multivariate logistic regres-
sion analysis (16). Our study validated the significant positive
relationship using data form a large-scale investigation of the
general United States population. However, in a cross-sectional
study involving 1074 patients with NAFLD, researchers found
that AIP values were more strongly associated with the risk for
NAFLD in females (especially those > 65 years of age) than in
males in a subgroup analysis (30). We hypothesized that this
result may be due to the different inclusion criteria, resulting in
the loss of estrogen protection in females > 65 years of age.
While consistent with previous studies reporting the predic-
tive role of AIP values in patients with NAFLD, there were still
differences in the optimal cut-off of AIP values in our study.
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For example, Samimi et al. found that the optimal cut-off point
of AIP value was 0.54 (17), while Duan et al. measured the opti-
mal value as 0.833 (16). Moreover, the influence of race should
not be ignored when explaining these differences (31). Similarly,
Giannini et al. demonstrated differences in TG/HDL-C ratios be-
tween different races (32). Therefore, this may, to some extent,
explain the difference between our results and those reported in
previous studies regarding the optimal cut-off for AIP.

Due to the imbalance in lipid metabolism in the liver, excessive
accumulation of TG in the liver eventually leads to oxidative stress
and hepatocyte injury, which further leads to the development of
MAFLD. Although the exact mechanism has not been elucidated,
it is now generally accepted that net retention of TG in the liver is
necessary for the development of MAFLD (33,34). Through the
transport of VLDL derived from the liver, serum TG concentration
is further increased. Studies have found that elevated serum TG
levels are associated with arteriosclerosis (35), and AIP is a newly
proposed index reflecting the factors leading to atherosclerosis
in recent years. In addition, several studies have shown that the
TG/HDL-C ratio is positively correlated with homeostasis mod-
el assessment for IR (HOMA-IR), high AIP values may indicate
insulin resistance, which is another important factor associated
with NAFLD (36). Therefore, we hypothesized that AIP may be a
predictor of NAFLD.

The greatest strength of this study is that it involved a large
sample (i.e., 4473 participants). By fully adjusting for many po-
tential confounding factors and using strict statistical methods
to minimize residual confounding, the reliability of the data is
strongly supported and data supporting clinical diagnosis is
provided. However, this study had some limitations. First, based
on the nature of this study, we could not determine the causal
relationship between AIP and MAFLD, nor could we completely
rule out residual confounding. Second, our assessment of fatty
liver status was based on CAP values rather than the liver biopsy
technique. Third, self-reported confounders may have introduced
recall bias.

CONCLUSIONS

In summary, AIP values were higher in American patients with
MAFLD, and a positive association between AIP and MAFLD was
detected. Furthermore, this association persisted in different sex-
es and regardless of diabetes status. Therefore, further investi-
gation is warranted to explore the potential of AIP as a predictive
biomarker for the early diagnosis of MAFLD.
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