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There is a linear negative
correlation between lipoprotein(a)
and non-alcoholic fatty liver
disease

Chunbo Li**, Mengchun Li** & Zhenwei Wang3**

This study aimed to investigate the relationship between lipoprotein(a) [Lp(a)] levels and non-alcoholic
fatty liver disease (NAFLD), and to analyze its linear association and subgroup differences. This cross-
sectional analysis was based on data from 2308 participants in the National Health and Nutrition
Examination Survey (NHANES) ll. Multivariate logistic regression models were used to assess

the association between Lp(a) and NAFLD, adjusting for demographic factors, lifestyle behaviors,
comorbidities, and biomarkers. Subgroup analyses were conducted based on age, sex, body mass
index (BMI), diabetes, and hypertension. Restricted cubic spline (RCS) regression model was used to
explore the nonlinear relationship between Lp(a) and NAFLD. Higher Lp(a) levels were significantly
associated with a lower risk of NAFLD. In the fully adjusted model, compared to the lowest quartile
group (Q1), the third and fourth quartiles (Q3 and Q4) had significantly reduced risks of NAFLD [Q3:
OR=0.701, 95% C1 0.511, 0.961; P=0.027; Q4: OR=0.605, 95% Cl 0.438, 0.835; P=0.002]. Subgroup
analysis showed that the association between higher Lp(a) levels and reduced NAFLD risk was
significant in individuals aged 50 years and older, those with BMI = 30 kg/m?, non-diabetics, and those
with hypertension. RCS analysis further confirmed a linear negative association between Log, ,Lp(a)
and NAFLD risk (P=0.029, P nonlinearity =0.888). There is a significant linear negative association
between Lp(a) levels and the risk of NAFLD, suggesting that Lp(a) may serve as a potential biomarker
for assessing NAFLD risk.
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Non-alcoholic fatty liver disease (NAFLD) is a common chronic liver disease characterized by the accumulation
of fat in the liver, which is not caused by excessive alcohol consumption'. NAFLD has become a significant global
public health issue, especially in the context of the rising incidence of metabolic syndrome-related diseases
such as obesity and type 2 diabetes?. According to global data, the prevalence of NAFLD has approached 25%,
and this number is expected to further increase with changes in lifestyle and population aging®. NAFLD, as a
liver disease, is also considered an independent risk factor for cardiovascular diseases (CVD), particularly in
individuals without other significant risk factors, making the study of the pathophysiological mechanisms of
NAFLD and its related risk factors particularly important®.

In the pathogenesis of NAFLD, lipid metabolism disorders and inflammatory responses are considered key
factors®. Among them, lipoprotein(a) [Lipoprotein(a), Lp(a)] is a structurally complex lipoprotein that shares a
similar structure with low-density lipoprotein (LDL) but contains the unique apolipoprotein(a)®. The distinctive
role of Lp(a) in lipid metabolism has made it a focal point in many studies, especially regarding its association
with CVD and mortality’~. Compared with LDL, Lp(a) has several advantages as a research focus. Firstly, Lp(a)
levels are primarily determined by genetic factors and are less influenced by external factors such as diet and
metabolic state, making it a more stable and reliable biomarker for chronic diseases®10-11, Secondly, the presence
of apolipoprotein(a) confers unique biological functions, including a role in inflammation and fibrosis, which
are critical processes in the progression of NAFLD to advanced stages such as liver fibrosis and cirrhosis'!.
Additionally, elevated Lp(a) levels are closely associated with lipid metabolism disorders, hepatic fat deposition,
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and chronic inflammation, all of which are central to the pathogenesis of NAFLD!!-!3. However, the relationship
between Lp(a) and NAFLD remains unclear. Lp(a) levels are largely influenced by genetic factors and show
high inter-individual variability, making Lp(a) a potential biomarker for metabolic diseases'’. In this context,
exploring the correlation between Lp(a) and NAFLD may help elucidate the pathophysiological mechanisms of
NAFLD and potentially provide new biomarkers for early diagnosis and prevention of NAFLD. Currently, studies
on the relationship between Lp(a) and NAFLD are relatively limited, and existing research results are somewhat
controversial. The genetic background of different populations, environmental factors, and the heterogeneity of
NAFLD may be among the reasons for the inconsistent results. Therefore, larger-scale epidemiological studies
are needed to further clarify the relationship between Lp(a) and NAFLD.

The National Health and Nutrition Examination Survey (NHANES) is a nationally representative health
survey that collects detailed, high-quality, and diverse health data, playing a crucial role, particularly in
epidemiological studies of chronic diseases. Therefore, this study will analyze the correlation between Lp(a)
levels and NAFLD based on NHANES data, aiming to clarify the potential relationship between the two and
explore the possibility of Lp(a) as a predictive indicator of NAFLD risk. This study will not only contribute to a
deeper understanding of the pathological mechanisms of NAFLD but also potentially provide new ideas for early
clinical screening and prevention.

Methods

Study population

This study was a cross-sectional analysis based on the NHANES database. NHANES, conducted by the U.S.
Centers for Disease Control and Prevention (CDC), is a nationwide survey designed to assess the health and
nutritional status of the U.S. population. This study utilized data from NHANES III, primarily analyzing the
correlation between Lp(a) levels and NAFLD. The NHANES III dataset includes 33,994 participants, and after
excluding individuals under 18 years of age, those without archived gallbladder ultrasound images, individuals
positive for hepatitis B surface antigen, hepatitis C antibodies, heavy drinkers (women consuming>20 g/day
and men > 30 g/day)'%, and participants without Lp(a) data, a total of 2,308 participants were included in the
study (Fig. 1). As the NHANES database provides publicly available anonymized data, this study did not require
approval from an ethics committee. And the study scheme was in line with the Declaration of Helsinki.

Covariates collection and definitions

The covariate data in this study were derived from NHANES III and collected and defined based on standardized
questionnaires, physical examinations, and laboratory test results. Age was calculated in years, and gender and
race were self-reported by the participants. Race was categorized into non-Hispanic White, non-Hispanic Black,
Mexican American, and other races. Educational attainment was classified into three categories: less than high
school, high school graduate, and above. Marital status was divided into married and non-married. The family
poverty income ratio (PIR) was based on the ratio of household income to the poverty threshold and categorized
into <1.0, 1.0-3.0, and > 3.0. Ideal physical activity was classified based on whether participants met the World
Health Organization’s recommended guidelines for weekly physical activity, defined as at least 150 min of
moderate-intensity or 75 min of vigorous-intensity physical activity, or an equivalent combination of both'>.

NHANES III
N=339%

13944 participants under the age of 18

Adults
N =20050

814 participants without archived gall

bladder ultrasound video images

General participants

N=13983

11675 participants with positive hepatitis B

surface antigen. positive hepatitis C antibody

and heavy drinking and without Lp(a) data

Finally enrolled participants

N =2308

Fig. 1. Flowchart of study population enrollment. NHANES, National Health and Nutrition Examination
Survey; Lp(a), lipoprotein(a).
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Smoking status was divided into daily smokers, occasional smokers, and never smokers, and drinking status was
divided into drinkers and non-drinkers.

Comorbidities included hypertension, diabetes, and dyslipidemia, determined through questionnaires
or laboratory test results. The diagnostic criteria for hypertension were a systolic blood pressure (SBP)> 140
mmHg, a diastolic blood pressure (DBP)>90 mmHg, or the current use of antihypertensive medication®.
Diabetes was diagnosed based on a self-reported history of diabetes, fasting plasma glucose (FPG) 2 7.0 mmol/L,
glycated hemoglobin (HbA1c) = 6.5%, or current use of antidiabetic medication!”. Dyslipidemia was defined as
total cholesterol (TC) = 5.17 mmol/L, low-density lipoprotein cholesterol (LDL-C) = 3.37 mmol/L, high-density
lipoprotein cholesterol (HDL-C) < 1.04 mmol/L, or triglycerides (TG) = 1.7 mmol/L, or the current use of lipid-
lowering medication'®. Treatment data included the use of antihypertensive, antidiabetic, and lipid-lowering
medications. Body mass index (BMI) was calculated from height and weight, and blood pressure was measured
using standardized methods, including SBP and DBP. Lipid markers included TG, TC, LDL-C, and HDL-C.
Lp(a) levels were measured by enzyme-linked immunosorbent assay (ELISA). Liver function markers included
alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TBIL), and albumin (ALB).
Kidney function markers included blood urea nitrogen (BUN), creatinine (CR), and uric acid (UA). Glucose
control indicators included FPG and HbA1c. All data were collected according to NHANES’ standard operating
procedures to ensure accuracy and consistency. These covariates will be used in subsequent analyses to adjust the
models and control for potential confounding factors.

Ultrasound-based hepatic steatosis assessment and NAFLD classification protocol
During the assessment of hepatic steatosis via ultrasound, the initial gallbladder images were captured using
Toshiba Sonolayer SSA-90 A equipment and a Toshiba video recorder. These recordings were later digitized
through a SONY RDR-VX560 DVD-VHS recorder and saved onto recordable DVDs. The digitized images were
then reviewed on a Dell flat panel monitor by trained ultrasound readers who followed standardized procedures.
Under the guidance of a radiologist with expertise in hepatic imaging, the readers evaluated key parameters
such as liver-to-kidney contrast, parenchymal brightness, deep beam attenuation, vessel wall definition, and
gallbladder wall definition. Based on these criteria, the liver was classified into normal, mild, moderate, or severe
hepatic steatosis. To ensure accuracy and consistency, rigorous quality control protocols were in place, including
routine training, reliability assessments, and adherence to quality assurance standards throughout the study.
Given that controlled attenuation parameter (CAP) readings obtained through transient elastography
(FibroScan’ TE) have shown strong accuracy in gauging hepatic steatosis, a CAP threshold of >238 dB/m was
used for diagnosis'®. After excluding individuals who were heavy drinkers (women consuming>20 g/day and
men >30 g/day) and those with other known causes of hepatic steatosis (e.g., positive serology for hepatitis B
virus [HBV], and hepatitis C virus [HCV]), the remaining cases of hepatic steatosis were classified as NAFLD!.

Statistical analysis

All continuous variables were first tested for normality using the Kolmogorov-Smirnov test. For normally
distributed continuous variables, the mean and standard deviation (mean+SD) were reported, while for
non-normally distributed continuous variables, the median and interquartile range [M (Q1, Q3)] were used.
Categorical variables were expressed as frequencies and percentages [n (%)]. For the comparison between
the NAFLD and non-NAFLD groups, normally distributed continuous variables were compared using the
independent samples t-test, non-normally distributed continuous variables were compared using the Mann-
Whitney U test, and categorical variables were compared using the chi-square test or Fisher’s exact test. For the
four Lp(a) quartile groups, normally distributed continuous variables were compared using one-way analysis of
variance (ANOVA), non-normally distributed continuous variables were compared using the Kruskal-Wallis
test, and categorical variables were compared using the chi-square test or Fisher’s exact test. Multivariate logistic
regression analysis was used to evaluate the association between Lp(a) and NAFLD. Model 1 was unadjusted;
Model 2 was adjusted for age and sex; Model 3 was further adjusted for race, education level, marital status,
family PIR, ideal physical activity, smoking status, drinking status, diabetes, hypertension, dyslipidemia, and
hypoglycemic drug use; and Model 4 was additionally adjusted for BMI, SBP, DBP, TG, TC, HDL-C, ALT, AST,
ALB, BUN, UA, FPG, and HbA1c based on Model 3. To check for multicollinearity among covariates included
in the multivariate models, the variance inflation factor (VIF) was calculated, and a VIF value greater than 10
was considered indicative of multicollinearity (Table S1). Additionally, subgroup logistic regression analyses
were conducted to explore the association between Lp(a) and NAFLD in different subgroups, such as age, sex,
BM]I, diabetes, and hypertension. Finally, restricted cubic spline (RCS) regression model was used to assess the
nonlinear association between Lp(a) and NAFLD. Data analysis was performed using SPSS version 26.0 and R
version 4.1.3 software. All statistical tests were two-sided, and a P-value of <0.05 was considered statistically
significant.

Results

Baseline characteristics

As shown in Table 1, participants were divided into Non-NAFLD (1505) and NAFLD (803) groups. The NAFLD

group was older, had higher proportions of Mexican-Americans, less education, more married individuals, more

frequent smokers, fewer drinkers, and higher rates of hypertension, diabetes, dyslipidemia, and more frequent

use of hypotensive and hypoglycemic drugs (P <0.05). They also had higher BMI, SBP, DBP, TG, TC, ALT, AST,

UA, FPG, and HbA c levels, but lower proportion of PIR > 3.0, and lower HDL-C, Lp(a), and ALB (P<0.001).
As shown in Table 2, a total of 2,308 participants were divided into four groups based on the quartiles of

Lp(a): Q1: < 0.05, Q2: 0.05<Q2<0.19, Q3: 0.19<Q3<0.38, and Q4: > 0.38. Compared to individuals in the

lowest quartile (Q1) of Lp(a), those in the highest quartile (Q4) exhibited the following characteristics: a lower
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Variables Total population | Non-NAFLD NAFLD P value
N 2308 1505 803

Age, years 43.37+£16.02 41.29+15.74 47.25+15.84 <0.001
Sex, male, n (%) 962 (41.70) 636 (42.30) 326 (40.60) 0.441
Race, n (%) <0.001
Non-Hispanic white 831 (36.00) 544 (36.10) 287 (35.70)

Non-Hispanic black 749 (32.50) 527 (35.00) 222 (27.60)
Mexican-American 620 (26.90) 368 (24.50) 252 (31.40)

Others 108 (4.70) 66 (4.40) 42 (5.20)

Education level, n (%) <0.001
Less than high school 571 (24.90) 334 (22.40) 237 (29.60)

High school 982 (42.80) 649 (43.50) 333 (41.60)

More than high school 740 (32.30) 509 (34.10) 231 (28.80)

Marital status, n (%) 0.043
Married 1317 (57.20) 836 (55.70) 481 (60.00)

Non-married 986 (42.80) 666 (44.30) 320 (40.00)

Family PIR, n (%) 0.001
<1.0 500 (23.40) 300 (21.60) 200 (26.80)

1.0-3.0 1014 (47.40) 650 (46.70) 364 (48.80)

>3.0 623 (29.20) 441 (31.70) 182 (24.40)

Ideal physical activity, n (%) 0.096
Yes 1529 (66.20) 979 (65.00) 550 (68.50)

No 779 (33.80) 526 (35.00) 253 (31.50)

Smoking status, n (%) <0.001
Every day 1257 (54.50) 806 (53.60) 451 (56.20)

Some days 515 (22.30) 297 (19.70) 218 (27.10)

Not at all 536 (23.20) 402 (26.70) 134 (16.70)

Drinking status, n (%) <0.001
Yes 970 (53.10) 728 (59.20) 242 (40.40)

No 858 (46.90) 501 (40.80) 357 (59.60)

Comorbidities, n (%)

Hypertension <0.001
Yes 750 (32.70) 424 (28.40) 326 (40.60)

No 1546 (67.30) 1069 (71.60) 477 (59.40)

Diabetes <0.001
Yes 327 (14.20) 126 (8.40) 201 (25.00)

No 1981 (85.80) 1379 (91.60) 602 (75.00)

Dyslipidemia <0.001
Yes 1167 (50.70) 672 (44.70) 495 (61.90)

No 1135 (49.30) 830 (55.30) 305 (38.10)

Treatment, n (%)

Hypotensive drugs <0.001
Yes 334 (15.70) 178 (12.90) 156 (20.90)

No 1794 (84.30) 1202 (87.10) 592 (79.10)

Hypoglycemic drugs <0.001
Yes 121 (5.30) 41 (2.80) 80 (10.10)

No 2163 (94.70) 1449 (97.20) 714 (89.90)

Lipid-lowering drugs 0.197
Yes 56 (6.20) 32 (5.50) 24 (7.70)

No 841 (93.80) 552 (94.50) 289 (92.30)

Body mass index, kg/m? 27.47+6.01 26.24+5.19 29.78+6.72 <0.001
SBP, mmHg 122.82+18.67 121.16+18.18 125.94+19.19 <0.001
DBP, mmHg 74.46+10.66 73.73+10.77 75.83+10.33 <0.001
Triglycerides, mmol/L 1.25(0.89, 1.87) 1.13 (0.81, 1.64) 1.59 (1.06, 2.34) <0.001
Total cholesterol, mmol/L 5.26+1.16 5.18+1.09 5.42+1.26 <0.001
LDL-C, mmol/L 3.25+0.98 3.21+0.94 3.32+1.05 0.123
HDL-C, mmol/L 1.32+0.40 1.37+0.40 1.22+0.38 <0.001

Continued
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Variables Total population | Non-NAFLD NAFLD P value
Lipoprotein(a), g/L 0.19 (0.05, 0.38) 0.21 (0.07, 0.45) 0.15 (0.04, 0.34) <0.001
Alanine transaminase, U/L 15.00 (11.00, 21.00) | 14.00 (10.00, 19.00) | 16.50 (12.00, 24.00) | <0.001
Aspartate aminotransferase, U/L | 19.00 (16.00, 24.00) | 19.00 (16.00, 22.00) | 20.00 (16.00, 25.00) | <0.001
Total bilirubin, umol/L 9.92+5.48 9.90+5.16 9.95+6.04 0.854
Albumin, g/L 40.53+3.52 40.66+3.57 40.29+3.43 0.015
Blood urea nitrogen, mmol/L 4.85+1.85 4.76+1.73 5.00+2.04 0.003
Creatinine, umol/L 94.96+31.91 94.60+25.89 95.62+40.85 0.468
Uric acid, umol/L 315.31+85.94 307.67+81.88 329.55+91.40 <0.001
FPG, mmol/L 5.15 (4.82, 5.57) 5.07 (4.77, 5.45) 5.32 (4.92, 5.91) <0.001
Hemoglobin Alc, % 556+1.15 5.40+0.89 5.88+1.48 <0.001

Table 1. Baseline characteristics of participants with and without NAFLD. NAFLD, non-alcoholic fatty liver
disease; PIR, poverty income ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low-
density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; FPG, fasting plasma glucose.

proportion of males, a higher proportion of non-Hispanic Blacks, a greater percentage with a high school
education or above, a higher proportion of unmarried individuals, a slightly higher proportion of drinkers, an
increased prevalence of hypertension, and a decreased prevalence of diabetes. Additionally, the prevalence of
NAFLD gradually decreased with increasing quartiles of Lp(a). Biochemical indicators revealed that as Lp(a)
levels increased, these individuals exhibited higher DBP, TC, LDL-C, and HDL-C levels, as well as lower levels of
TG, ALT, AST, TBIL, and ALB (P<0.05).

Association between Lp(a) and NAFLD

Multivariate logistic regression analysis (Table 3) showed that higher Lp(a) levels were significantly associated
with a lower risk of NAFLD. In the unadjusted model (Model 1), compared to the Q1 group, the risk of NAFLD
was significantly reduced in the Q2, Q3, and Q4 groups, with ORs of 0.658 (95% CI0.519, 0.835; P=0.001), 0.628
(95% CI 0.495, 0.798; P<0.001), and 0.557 (95% CI 0.437, 0.711; P<0.001), respectively, showing a significant
decreasing trend (P for trend <0.001). In the model adjusted for age and sex (Model 2), the risk of NAFLD
remained significantly lower in the Q2, Q3, and Q4 groups, with ORs of 0.668 (95% CI 0.524, 0.850; P=0.001),
0.630 (95% CI 0.494, 0.803; P<0.001), and 0.566 (95% CI 0.442, 0.724; P<0.001), with a trend test result of
P <0.001. In the model further adjusted for race, education, marital status, lifestyle, and comorbidities (Model 3),
the risk of NAFLD in the Q2, Q3, and Q4 groups remained significantly lower, with ORs of 0.703 (95% CI 0.521,
0.947; P=0.021), 0.628 (95% CI 0.466, 0.847; P=0.002), and 0.547 (95% CI 0.403, 0.742; P<0.001). In the fully
adjusted model (Model 4), which accounted for BMI, blood pressure, lipids, and other biochemical markers, the
risk of NAFLD remained significantly lower in the Q3 and Q4 groups, with ORs of 0.701 (95% CI 0.511, 0.961;
P=0.027) and 0.605 (95% CI 0.438, 0.835; P=0.002), respectively. Additionally, each 1-unit increase in Lp(a)
was associated with a significant reduction in NAFLD risk across all models, with an OR of 0.626 (95% CI 0.421,
0.932; P=0.021) in Model 4.

The subgroup analysis in Table 4 showed significant differences in the association between Lp(a) levels
and NAFLD in specific populations. Among individuals aged > 50 years, higher Lp(a) levels were significantly
associated with a reduced risk of NAFLD. Compared to individuals in the lowest quartile (Q1) of Lp(a), those in
the second (Q2), third (Q3), and highest (Q4) quartiles had ORs of 0.607 (95% CI 0.369, 0.997; P<0.05), 0.447
(95% CI 0.271, 0.737; P<0.01), and 0.403 (95% CI 0.240, 0.678; P<0.01), respectively, showing a significant
decreasing trend (P for trend=0.002). Additionally, in individuals with BMI>30 kg/m? the risk of NAFLD
was significantly reduced in the Q4 group, with an OR of 0.424 (95% CI 0.229, 0.784; P<0.01), with P for
trend=0.048. In the non-diabetic population, the risk of NAFLD was significantly lower in the Q2 group,
with an OR of 0.678 (95% CI 0.478, 0.961; P<0.05). Among individuals with hypertension, the risk of NAFLD
was significantly lower in the Q3 and Q4 groups, with ORs of 0.504 (95% CI 0.275, 0.925; P<0.05) and 0.512
(95% CI 0.269, 0.974; P<0.05), respectively. In contrast, the association between Lp(a) and NAFLD did not
reach significance among individuals aged < 50 years, those with BMI <30 kg/m?, those with diabetes, or those
without hypertension. Similarly, in the gender subgroup analysis, the association between Lp(a) and NAFLD
was not statistically significant in either males or females across all quartiles. For males, the ORs (95% CI)
for Q2, Q3, and Q4 compared to Q1 were 0.835 (0.515-1.354), 0.710 (0.432-1.168), and 0.700 (0.400-1.226),
respectively, with a P for trend of 0.552. For females, the ORs (95% CI) for Q2, Q3, and Q4 compared to Q1
were 0.707 (0.449-1.115), 0.738 (0.461-1.180), and 0.646 (0.396-1.054), respectively, with a P for trend of 0.312.
Additionally, the RCS plot indicated a linear negative association between Log, Lp(a) and the risk of NAFLD
(P=0.029, P nonlinearity =0.888) (Fig. 2).

Discussion

This study, based on a cross-sectional analysis of the NHANES III database, explored the association between
Lp(a) levels and NAFLD. The results indicated that higher Lp(a) levels were significantly associated with a
reduced risk of NAFLD, and this association varied across specific populations. The following discussion will
delve into the significance of the findings and the possible mechanisms underlying them.
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Q1 Q2 Q3 Q4 Pvalue
N 582 580 580 566
Age, years 44.17£16.71 43.05+15.54 43.45+15.81 42.77£16.01 0.479
Sex, male, n (%) 267 (45.88) 227 (39.14) 252 (43.45) 216 (38.16) 0.025
Race, n (%) <0.001
Non-Hispanic white 268 (46.05) 244 (42.07) 175 (30.17) 144 (25.44)
Non-Hispanic black 50 (8.59) 124 (21.38) 245 (42.24) 330 (58.30)
Mexican-American 236 (40.55) 180 (31.03) 127 (21.90) 77 (13.60)
Others 28 (4.81) 32 (5.32) 33 (5.69) 15 (2.65)
Education level, n (%) 0.001
Less than high school 179 (30.92) 134 (23.18) 147 (25.52) 111 (19.82)
High school 236 (40.76) 242 (41.87) 242 (42.01) 262 (46.79)
More than high school 164 (28.32) 202 (34.95) 187 (32.47) 187 (33.39)
Marital status, n (%) <0.001
Married 376 (64.60) 339 (58.45) 328 (56.55) 274 (48.84)
Non-married 206 (35.40) 241 (41.55) 252 (43.45) 287 (51.16)
Family PIR, n (%) 0.132
<1.0 135 (24.86) 116 (21.56) 137 (25.51) 112 (21.58)
1.0-3.0 252 (46.41) 244 (45.35) 250 (46.55) 268 (51.64)
>3.0 156 (28.73) 178 (33.09) 150 (27.93) 139 (26.78)
Ideal physical activity, n (%) 0.158
Yes 403 (69.24) 384 (66.21) 386 (66.55) 356 (62.90)
No 179 (30.76) 196 (33.79) 194 (33.45) 210 (37.10)
Smoking status, n (%) 0.390
Every day 316 (54.30) 326 (56.21) 314 (54.14) 301 (53.18)
Some days 139 (23.88) 134 (23.10) 119 (20.52) 123 (21.73)
Not at all 127 (21.82) 120 (20.69) 147 (25.34) 142 (25.09)
Drinking status, n (%) 0.019
Yes 220 (47.62) 259 (57.94) 253 (54.06) 238 (52.77)
No 242 (52.38) 188 (42.06) 215 (45.94) 213 (47.23)
Comorbidities, n (%)
Hypertension 0.020
Yes 184 (31.89) 162 (28.12) 199 (34.37) 205 (36.35)
No 393 (68.11) 414 (71.88) 380 (65.63) 359 (63.65)
Diabetes 0.005
Yes 106 (18.21) 67 (11.55) 85 (14.66) 69 (12.19)
No 476 (81.79) 513 (88.45) 495 (85.34) 497 (87.81)
Dyslipidemia 0.136
Yes 319 (54.80) 280 (48.40) 287 (49.60) 281 (49.90)
No 263 (45.20) 298 (51.60) 292 (50.40) 282 (50.10)
NAFLD <0.001
Yes 252 (43.30) 194 (33.45) 188 (32.41) 169 (29.86)
No 330 (56.70) 386 (66.55) 392 (67.59) 397 (70.14)
Treatment, n (%)
Hypotensive drugs 0.236
Yes 84 (15.76) 71 (13.20) 86 (16.17) 93 (17.71)
No 449 (84.24) 467 (86.80) 446 (83.83) 432 (82.29)
Hypoglycemic drugs 0.139
Yes 41 (7.12) 25 (4.36) 26 (4.53) 29 (5.17)
No 535 (92.88) 548 (95.64) 548 (95.47) 532 (94.83)
Lipid-lowering drugs 0.824
Yes 15 (6.82) 11 (5.00) 14 (6.17) 16 (6.96)
No 205 (93.18) 209 (95.00) 213 (93.83) 214 (93.04)
Body mass index, kg/m? 27.31£5.51 27.39+£6.23 27.56+6.21 27.63+£6.08 0.789
SBP, mmHg 122.75+£19.08 121.53+18.18 123.33+17.81 123.69£19.56 0.216
DBP, mmHg 73.27+10.17 74.50+10.63 74.95+11.07 75.13+10.70 0.014
Triglycerides, mmol/L 1.48 (0.99, 2.29) 1.23 (0.89, 1.79) 1.20 (0.87, 1.83) 1.14 (0.82, 1.69) <0.001

Continued
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Q1 Q2 Q3 Q4 Pvalue
Total cholesterol, mmol/L 5.21+1.29 5.15+1.16 5.23+1.05 546+1.11 <0.001
LDL-C, mmol/L 3.06+0.96 3.16+0.99 3.33+1.03 3.40+0.91 <0.001
HDL-C, mmol/L 1.25+0.38 1.31+£0.39 1.32+£0.39 1.40+0.44 <0.001
Alanine transaminase, U/L 15.00 (12.00, 24.00) | 15.00 (10.00, 21.00) | 14.00 (10.00, 21.00) | 14.00 (10.00, 18.00) | <0.001
Aspartate aminotransferase, U/L | 20.00 (16.00, 25.00) | 19.00 (16.00, 23.00) | 19.00 (16.00, 24.00) | 18.00 (16.00, 22.00) | 0.003
Total bilirubin, umol/L 10.81+£5.95 9.85+5.76 9.74+5.13 9.25+4.89 <0.001
Albumin, g/L 40.98+3.54 40.77£3.51 40.43+3.51 39.92+3.45 <0.001
Blood urea nitrogen, mmol/L 4.99+1.94 4.83+1.69 4.77 £1.69 4.78+2.03 0.143
Creatinine, umol/L 94.52+45.22 92.27£18.62 96.52+33.88 96.55+22.60 0.072
Uric acid, umol/L 318.13+86.59 309.68+86.21 318.40+83.15 315.02+87.71 0.279
Fasting plasma glucose, mmol/L | 5.15 (4.82, 5.67) 5.15 (4.83, 5.55) 5.17 (4.83, 5.58) 5.13 (4.79, 5.50) 0.086
Hemoglobin Alc, % 5.61+1.18 550+1.10 5.56+1.10 559+1.23 0.334

Table 2. Baseline characteristics of participants stratified by the quartile of the lipoprotein(a). Lipoprotein(a):
Q1<0.05,0.05<Q2<0.19,0.19<Q3<0.38, Q4>0.38. PIR, poverty income ratio; NAFLD, non-alcoholic fatty
liver disease; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL-C, low-
density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol.

Model 1 Model 2 Model 3 Model 4

OR (95% CI) Pvalue | OR (95% CI) Pvalue | OR (95% CI) Pvalue | OR (95% CI) Pvalue
Q1 Ref Ref Ref Ref -
Q2 0.658 (0.519,0.835) | 0.001 | 0.668 (0.524, 0.850) | 0.001 | 0.703 (0.521,0.947) | 0.021 | 0.762 (0.557, 1.044) | 0.091
Q3 0.628 (0.495, 0.798) | <0.001 | 0.630 (0.494, 0.803) | <0.001 | 0.628 (0.466, 0.847) | 0.002 0.701 (0.511, 0.961) | 0.027
Q4 0.557 (0.437,0.711) | <0.001 | 0.566 (0.442,0.724) | <0.001 | 0.547 (0.403, 0.742) | <0.001 | 0.605 (0.438, 0.835) | 0.002
P for trend - <0.001 |- <0.001 |- 0.001 - 0.018
Lipoprotein(a)® | 0.611 (0.451, 0.828) | 0.001 0.613 (0.451, 0.833) | 0.002 0.582 (0.397, 0.853) | 0.006 0.626 (0.421, 0.932) | 0.021

Table 3. Multivariate logistic regression analysis of the association between lipoprotein(a) and non-alcoholic
fatty liver disease. * The OR was examined by per 1-unit increase of lipoprotein(a). Model 1: unadjusted. Model
2: adjusted for age and sex. Model 3: adjusted for variables included in Model 2 and race, education level,
marital status, family poverty income ratio, ideal physical activity, smoking status, drinking status, diabetes,
hypertension, dyslipidemia, hypoglycemic drugs. Model 4: adjusted for variables included in Model 3 and
body mass index, systolic blood pressure, diastolic blood pressure, triglycerides, total cholesterol, high-density
lipoprotein cholesterol, alanine transaminase, aspartate aminotransferase, albumin, blood urea nitrogen, uric
acid, fasting plasma glucose, hemoglobin Alc. OR, odd ratio; CI, confidence interval.

Firstly, the baseline characteristics show that participants in the NAFLD group were older than those in
the non-NAFLD group and had higher levels of BMI, SBP, DBP, TG, TC, UA, FPG, and HbA1c, while levels of
HDL-C, Lp(a), and ALB were significantly lower. These findings are consistent with existing literature, as the
development of NAFLD is often accompanied by metabolic disorders such as obesity, hypertension, and insulin
resistance?-22. Notably, the reduced Lp(a) levels in the NAFLD group suggest a potential association with a
reduced risk of NAFLD. Multivariate logistic regression analysis further confirmed the inverse relationship
between Lp(a) levels and the risk of NAFLD. Interestingly, the subgroup analysis in this study revealed that the
association between Lp(a) and NAFLD varies across different populations. Among individuals aged > 50 years,
higher Lp(a) levels significantly reduced the risk of NAFLD, with a clear decreasing trend in NAFLD risk as Lp(a)
levels increased. This may be related to age-associated metabolic changes, as older individuals often experience
a gradual decline in metabolic function®. In the population with a BMI>30 kg/m?, the risk of NAFLD was
significantly reduced in the Q4 group, suggesting that higher Lp(a) levels may have a stronger protective effect
against NAFLD in obese individuals. This finding may be related to lipid metabolism disorders associated with
obesity?!. Obesity is often accompanied by insulin resistance and lipid metabolism dysfunction, and Lp(a) may
reduce liver fat accumulation by modulating these metabolic pathways®®. Furthermore, in individuals without
diabetes, higher Lp(a) levels were significantly associated with a lower risk of NAFLD, whereas no significant
association was observed in individuals with diabetes. This result may be related to the altered metabolic
environment in diabetic patients. Diabetic individuals typically have higher levels of insulin resistance and
chronic inflammation, which may weaken the protective effect of Lp(a) against NAFLD?. It is also noteworthy
that higher Lp(a) levels may exert a protective effect in individuals with hypertension. Hypertension is often
accompanied by vascular dysfunction and inflammation, and the unique structure of Lp(a) may influence
NAFLD by modulating these pathological processes?”-*®. However, the association between Lp(a) and NAFLD
did not reach statistical significance in individuals without hypertension, suggesting that the impact of Lp(a) on
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Q1 | Q2 Q3 Q4

OR | OR (95% CI) OR (95% CI) OR (95% CI) P for trend
Age
<50years | Ref. | 0.848 (0.555,1.296) | 0.953 (0.616, 1.476) 0.853 (0.532, 1.367) 0.845
>50 years | Ref. | 0.607 (0.369, 0.997)* | 0.447 (0.271, 0.737)** | 0.403 (0.240, 0.678)** | 0.002
Sex
Male Ref. | 0.835(0.515,1.354) | 0.710 (0.432, 1.168) 0.700 (0.400, 1.226) 0.552
Female Ref. | 0.707 (0.449, 1.115) | 0.738 (0.461, 1.180) 0.646 (0.396, 1.054) 0.312
Body mass index
>30 kg/m? | Ref. | 0.645 (0.342,1.215) | 0.721 (0.381, 1.364) 0.424 (0.229, 0.784)** | 0.048
<30 kg/m2 Ref. | 0.796 (0.541,1.172) | 0.715 (0.479, 1.066) 0.810 (0.525, 1.250) 0.411
Diabetes
Yes Ref. | 1.203 (0.388,3.727) | 0.459 (0.167, 1.257) 0.481 (0.153, 1.510) 0.242
No Ref. | 0.678 (0.478,0.961)* | 0.749 (0.522, 1.076) 0.689 (0.468, 1.015) 0.128
Hypertension
Yes Ref. | 0.545(0.295,1.007) | 0.504 (0.275,0.925)* | 0.512 (0.269, 0.974)* | 0.093
No Ref. | 0.872(0.587,1.297) | 0.834 (0.548, 1.270) 0.841 (0.533, 1.326) 0.830

Table 4. Subgroups analysis for the associations between lipoprotein(a) and non-alcoholic fatty liver

disease. The model used in the subgroups analysis consisted of all covariates used in Model 4 except for the
variables that were used for stratification. The OR was examined regarding Q1 as reference. OR, odd ratio; CI,
confidence interval. *P<0.05, **P<0.01.
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Fig. 2. Restricted cubic spline plot of the association between Lp(a) and NAFLD. Lp(a), lipoprotein(a);
NAFLD, non-alcoholic fatty liver disease.

NAFLD may differ under different blood pressure conditions. RCS analysis further confirmed the linear inverse
correlation between Log, Lp(a) and the risk of NAFLD, and this result remained significant in the adjusted
model. This suggests that the protective effect of Lp(a) against NAFLD may be exerted through a stable linear
mechanism, rather than through nonlinear or complex interactions. Based on this, Lp(a) levels could potentially
serve as a biomarker for NAFLD risk assessment.

Similar to our findings, other studies have also confirmed the inverse correlation between Lp(a) and
NAFLD?*-3!, For example, Nam et al., in a cross-sectional study involving 2242 non-diabetic Korean adults,
found that Lp(a) concentrations decreased with the increasing severity of NAFLD and the prevalence of NAFLD
decreased across higher tertiles of Lp(a) concentrations, with Lp(a) concentrations showing a significant inverse
association with the presence of NAFLD after adjusting for multiple risk factors®. Additionally, Mehta et al.,
in a study involving 151 patients with biopsy-proven NAFLD, found that Lp(a) levels were significantly higher
in patients with nonalcoholic fatty liver (NAFL) compared to those with nonalcoholic steatohepatitis (NASH),
with Lp(a) levels being 50% lower in NASH patients than in NAFL patients, and Lp(a) concentrations were
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inversely associated with hepatocyte ballooning, lobular inflammation, and fibrosis®?. Besides, Meroni et al.,
in a study involving 600 patients with biopsy-proven NAFLD, found that patients with lower levels of Lp(a)
had a higher risk of developing severe hepatic fibrosis and cirrhosis, while Lp(a) levels were consistent with
the hepatic expression of the LPA gene and decreased with the progression of NAFLD, and the study also
revealed that combining Lp(a) with transaminases could enhance the predictive capability for advanced hepatic
fibrosis®!. Beyond the association between Lp(a) and NAFLD, a growing body of research has also revealed
that Lp(a) is closely related to metabolic diseases and as well as the risk, severity, and mortality of CVD3¥2-34,
For example, in a cross-sectional study involving 410 patients with new-onset acute myocardial infarction,
Lp(a) levels were shown to have a nonlinear correlation with the prevalence of aortic valve calcification, with a
positive association observed when Lp(a) levels were below 840 mg/L, while this association disappeared when
Lp(a) levels reached or exceeded 840 mg/L*%. Furthermore, Ulloque-Badaracco et al., conducted a systematic
review and meta-analysis including 50 studies with a total of 150,519 participants to evaluate the association
between Lp(a) and metabolic syndrome, finding that lower Lp(a) levels were associated with an increased risk
of metabolic syndrome, suggesting that Lp(a) could serve as a potential biomarker for identifying individuals
at risk of metabolic syndrome, although further research is needed to elucidate the underlying mechanisms of
this association®. These data suggest that Lp(a) may not only serve as a potential protective factor for NAFLD
but also play a significant role in modulating the pathological processes related to metabolic syndrome and the
occurrence of cardiovascular events. Therefore, further exploration of Lp(a)’s role in metabolic regulation and
its underlying mechanisms could not only deepen our understanding of NAFLD pathogenesis but also provide
new insights for the prevention and treatment of various metabolic-related diseases.

The results of this study suggest that higher levels of Lp(a) are significantly associated with a reduced risk of
NAFLD, indicating that Lp(a) may have a protective role in the pathophysiology of NAFLD. Firstly, due to its
structural similarity to LDL, Lp(a) may be involved in lipid transport and clearance, reducing fat accumulation
in the liver and thereby lowering the risk of NAFLD?*, Additionally, apolipoprotein(a), a component of Lp(a),
possesses anti-inflammatory and antioxidant properties, which can suppress the release of inflammatory factors
and reduce lipid oxidative stress®®. These effects may alleviate chronic liver inflammation and cell damage,
thereby slowing the progression of NAFLD. Furthermore, Lp(a) may enhance insulin sensitivity, regulating fat
deposition in the liver and mitigating the negative effects of insulin resistance®®. These mechanisms suggest that
Lp(a) could play a crucial role in the prevention and treatment of NAFLD. However, while these mechanisms
provide a plausible explanation, further experimental studies are needed to validate the precise role of Lp(a) in
the pathogenesis of NAFLD.

Despite uncovering a significant negative correlation between Lp(a) levels and the risk of NAFLD, several
limitations must be considered. Firstly, as a cross-sectional study, it is unable to establish a causal relationship
between Lp(a) and NAFLD, limiting our understanding of the temporal dynamics between these variables.
Secondly, although this study adjusted for multiple confounding factors, there may still be unmeasured
confounders, such as genetic background, dietary habits, and environmental factors, that could influence the
results. Additionally, since the study is based on the NHANES database in the United States, the findings may
only be applicable to specific populations and may need validation in different racial and geographic groups. The
diagnosis of NAFLD primarily relied on ultrasound, rather than more precise tools such as biopsy or MRI, which
could lead to misdiagnosis or underdiagnosis, potentially affecting the accuracy of the study. Furthermore, this
study uses the term NAFLD rather than metabolic dysfunction-associated steatotic liver disease (MASLD),
which has been proposed as the updated terminology emphasizing the metabolic dysfunction underlying
liver fat accumulation. While NAFLD was the prevailing term during the study design and remains widely
recognized, adopting MASLD may offer a more comprehensive perspective on the metabolic context of the
disease. Future studies should consider aligning with updated terminology to ensure consistency and enhance
the understanding of metabolic-associated steatotic liver conditions. Finally, variations in the methods used to
measure Lp(a) may impact the comparability of the results. Therefore, future research should adopt standardized
measurement protocols and further validate these findings across different populations. These limitations
provide avenues for future exploration to better understand the role of Lp(a) in NAFLD.

Conclusion

In conclusion, this study systematically evaluated the association between Lp(a) levels and the risk of NAFLD.
The results showed that higher Lp(a) levels were significantly associated with a reduced risk of NAFLD,
particularly in older adults, individuals with obesity, and those with hypertension. This suggests that Lp(a)
could be a potential biomarker associated with the risk of NAFLD. In clinical practice, measuring Lp(a) levels
in high-risk populations could facilitate early screening and stratified risk assessment of NAFLD. Moreover,
integrating Lp(a) levels into personalized management strategies, including lifestyle interventions and metabolic
control, may help reduce the risk of NAFLD development and progression. Future longitudinal studies and
mechanistic investigations are needed to further validate this association and help elucidate the underlying
pathophysiological mechanisms.

Data availability
The data used in this study were obtained from the publicly available NHANES database. The research data can
be accessed through the NHANES website in accordance with their data usage policies.
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