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Metabolic dysfunction-associated steatotic liver disease (MASLD) is a globally widespread chronic 
liver condition that may progress to severe liver diseases, including advanced liver fibrosis. The high-
sensitivity C-reactive protein-to-high-density lipoprotein cholesterol (hs-CRP/HDL-C) index may be 
a potential indicator for MASLD and advanced liver fibrosis, given its relevance to inflammation and 
plasma lipids. In this study, the hs-CRP/HDL-C index was investigated in relation to prevalent MASLD 
and advanced liver fibrosis. The study analyzed secondary data from the National Health and Nutrition 
Examination Survey (NHANES) 2017–2018 database. The hs-CRP/HDL-C index was calculated by 
the quotient of hs-CRP and HDL-C. Multiple logistic regression models, Cochran-Armitage trend 
tests, smooth curve fitting, threshold effect analyses, and stratified analyses were used to evaluate 
whether the hs-CRP/HDL-C index associated with MASLD and advanced liver fibrosis. The study cohort 
comprised 3684 participants, of whom 1268 (34.42%) were diagnosed with MASLD and 156 (12.28%) 
with advanced liver fibrosis. Logistic analyses adjusted for covariates revealed positive associations 
of the hs-CRP/HDL-C index with MASLD and advanced liver fibrosis, consistent across all subgroups. 
Smooth curve fitting and threshold effect analyses revealed nonlinear relationships of hs-CRP/HDL-C 
index with MASLD and advanced liver fibrosis, with inflection points at 0.8 for MASLD and 1.2 for 
advanced liver fibrosis. Additionally, significant interactions were observed between MASLD and 
covariates such as gender, smoking status, chronic kidney disease (CKD), and cancer. Similarly, the hs-
CRP/HDL-C index exhibited positive correlations with advanced liver fibrosis across diverse subgroups, 
with notable interactions related to cancer. MASLD and advanced liver fibrosis were associated with 
hs-CRP/HDL-C index, indicating its potential utility as a clinical marker for these conditions.
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Metabolic dysfunction-associated steatotic liver disease (MASLD), defined by pathological lipid deposits in the 
liver without excessive alcohol intake, poses a formidable challenge to public health1,2. On a global scale, it affects 
30% of individuals, making it a foremost chronic liver condition3. Particularly in the United States, 80–100 million 
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individuals grapple with MASLD, which imposes a staggering annual economic burden surpassing $103 billion4. 
This affliction is regularly linked to various metabolic dysfunctions, especially type 2 diabetes, hypertension, and 
cardiovascular disorders. MASLD can evolve into metabolic dysfunction-associated steatohepatitis (MASH), 
progress into stages of liver fibrosis, culminate in cirrhosis, and potentially lead to liver cancer5. The implications 
of MASLD heighten mortality risks from liver-related diseases, cardiovascular complications and malignant 
tumors6,7. This underscores the crucial importance of prompt detection and meticulous monitoring of prevalent 
MASLD and liver fibrosis. Such measures are essential to steer effective management strategies and therapeutic 
decisions8. While liver biopsy remains the definitive method for identifying and grading liver fibrosis, its invasive 
nature, high costs, and associated risks render it less desirable9–11. Hence, there is a compelling need for non-
invasive techniques that accurately assess the severity of MASLD and liver fibrosis, offering a safer, cost-effective 
alternative.

The high-sensitivity C-reactive protein-to-high-density lipoprotein cholesterol (hs-CRP/HDL-C) ratio is 
emerging as a valuable composite index. It is recognized for its potential as a clinical marker for cardiovascular 
diseases due to its simplicity, practicality, and clinical relevance12. Central to pathogenesis of MASLD is 
inflammation, which can trigger oxidative stress, lipid peroxidation and the activation of immune cells. Hs-
CRP has been identified as predictive indicators for MASLD13,14. Conversely, HDL-C is inversely linked with 
MASLD prevalence, underscoring its pivotal interaction in the disease trajectory15,16. Despite the emerging 
usage of the hs-CRP/HDL-C index, its relationship with MASLD and advanced liver fibrosis remains unclear. 
A comprehensive exploration into how this index correlates with MASLD and advanced liver fibrosis could 
unravel vital insights, potentially guiding future research directions.

To our knowledge, the exploration of these associations within a population-based framework remains 
uncharted. Therefore, we employed data sourced from the National Health and Nutrition Examination Survey 
(NHANES) 2017–2018 to scrutinize the associations of hs-CRP/HDL-C index with MASLD and advanced liver 
fibrosis.

Materials and methods
Study population
The NHANES was conducted to assess the general and nutritional health conditions of Americans. Annually, 
around 5,000 people are included in this survey from a sample representing the entire nation. The survey gathers 
five distinct types of data: demographic profiles, dietary habits, physical examinations, lab tests, and personal 
questionnaires. Each dataset is freely available to the public.

This investigation drew on data from the NHANES 2017–2018 cycle to probe the link between the hs-
CRP/HDL-C index and MASLD, along with advanced liver fibrosis. It focused on adults aged ≥ 18 years 
who underwent vibration-controlled transient elastography (VCTE) within this NHANES cycle, a technique 
deployed to measure liver stiffness indicative of MASLD and liver fibrosis. Exclusions were made for pregnant 
women, individuals positive for hepatitis B/C serological markers, those with a physician’s diagnosis of hepatitis 
B/C, participants with history of excessive alcohol intake (indicated by standard drinks more than 14 for women 
or more than 21 for men per week), those suffering from terminal renal failure (defined as having an estimated 
glomerular filtration rate (eGFR) less than 15 mL/min/1.73 m2), and participants missing hs-CRP or HDL-C 
data. 3,685 participants were ultimately involved in this research, with comprehensive details regarding the 
selection criteria illustrated in Fig. 1.

Measurement of the hs-CRP/HDL-C index
Hs-CRP levels were quantified using a particle-enhanced turbidimetric immunoassay. HDL-C levels were 
measured through a specific endpoint reaction, with the resulting product measured by photometry at a 
wavelength of 600  nm. For this study, the hs-CRP/HDL-C index was calculated as the quotient of hs-CRP 
(mg/L) and HDL-C (mg/dL/1000).

Assessment of MASLD and advanced liver fibrosis
The identification of liver steatosis was conducted through the controlled attenuation parameters (CAP) of 
Fibroscan devices, boasting an AUROC value of 0.96 as outlined in earlier literature17. Liver stiffness evaluations 
were achieved utilizing a noninvasive VCTE technique, which deliver a precise quantification of liver fibrosis18. 
Within the NHANES data framework, 4266 participants underwent VCTE assessments utilizing the FibroScan 
502 V2 Touch model at mobile examination centers. Drawing from existing research, liver steatosis was 
diagnosed when CAP reached or exceeded 285 dB/m19, and advanced liver fibrosis was identified when VCTE 
readings reached or exceeded 12 kPa20. MASLD was defined by the presence of liver steatosis in conjunction with 
metabolic dysfunction, while excluding other potential causes of hepatic fat accumulation. To establish metabolic 
dysfunction, patients must meet at least one of the following criteria2,21: (1)  a body mass index (BMI) of 25 kg/
m2 or higher, or a waist circumference exceeding 94 cm in men or 80 cm in women; (2)  fasting blood glucose 
levels of 100 mg/dL or above, hemoglobin A1c values of 5.7% or greater, a prior diagnosis of type 2 diabetes, or 
current diabetes treatment; (3)  blood pressure readings of 130/85 mmHg or above, or ongoing antihypertensive 
therapy; (4)   triglyceride levels of 150 mg/dL or greater, or being under lipid-lowering treatment; and (5) low 
high-density lipoprotein cholesterol (HDL-C) levels, with thresholds set at below 40 mg/dL for men and below 
50 mg/dL for women, or active treatment for dyslipidemia.

Covariates
Demographic details such as age, gender, race, poverty-to-income ratio, marital status, and education level were 
meticulously gathered by trained NHANES interviewers during in-person dialogues utilizing the Computer-
Assisted Personal Interviewing (CAPI) system and the Family and Sample Person Demographics questionnaires. 
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Body mass index (BMI) was calculated by the quotient of body weight (in kilograms) and height squared 
(in meters squared) based on physical measurements from NHANES assessments. According to standard 
classifications, a BMI < 25 kg/m2 was categorized as normal or underweight, 25 ≤ BMI < 30 kg/m2 as overweight, 
and BMI ≥ 30 kg/m2 as obesity22,23.

Diabetes mellitus (DM) identification in participants hinged on either a doctor’s diagnosis, self-reported use 
of insulin, usage of blood sugar-lowering medication, or laboratory indicators including an HbA1c reaching or 
exceeding 6.5% and a fasting glucose level reaching or exceeding 126 mg/dL24.

Hypertension classification was derived from participants’ self-reported history or usage of prescription 
medication for high blood pressure. Cardiovascular disease (CVD) status was determined by affirmative 
responses to physician-diagnosed conditions such as coronary heart disease, heart attack, congestive heart 
failure, or stroke. Chronic kidney disease (CKD) was flagged for individuals with an eGFR < 60 mL/min/1.73 m2, 
calculated using the IDMS-traceable MDRD Study formula. Smoking status was segmented into non-smokers, 
former smokers, and current smokers based on lifetime cigarette consumption and current smoking habits. 
Individuals who had smoked less than 100 cigarettes in their lifetime were categorized as non-smokers, those 
who had smoked more than 100 cigarettes but were not actively smoking were classed as former smokers, and 
those who smoked more than 100 cigarettes were defined as current smokers. Biochemical profiles, including 
measurements for aspartate aminotransferase (AST), alanine aminotransferase (ALT), albumin, serum total 
cholesterol, and triglycerides were compiled from the NHANES laboratory data.

Statistical analyses
The statistical analyses for this investigation utilized the NHANES database with an intricate sampling design. 
To mirror national demographics accurately, all calculations were weighted according to the protocols of the 
National Center for Health Statistics (NCHS). Whereas categorical variables were represented by raw counts 
and weighted proportions, continuous variables were expressed as weighted averages and standard deviations. 
Differences between groups were identified utilizing either the Student’s t-test or chi-squared test, contingent on 
the type and distribution of the data. We investigated the relationship between the hs-CRP/HDL-C index and 
prevalent MASLD, along with advanced liver fibrosis through multivariate logistic regression analyses. Model 1 
remained unadjusted, Model 2 incorporated adjustments for demographic elements (age, gender, race, poverty-

Fig. 1.  Flowchart of participants selection. VCTE vibration-controlled transient elastography.
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to-income ratio, marital status, education level), and Model 3 expanded adjustments to include additional 
variables like smoking status, obesity, DM, hypertension, and histories of CVD, CKD, and cancer. Furthermore, 
we conducted a Cochran-Armitage trend test to examine the dose-response relationships of the hs-CRP/HDL-C 
index with MASLD and advanced liver fibrosis. The hs-CRP/HDL-C index was divided into quartiles for 
subgroup analyses and interaction tests, using the first quartile as a reference. Additionally, generalized additive 
models (GAM) and smooth curve fitting were applied, controlling for all covariates, to examine potential non-
linear relationships. When non-linear relationships were identified, segmented regression models were utilized 
to assess threshold effects. Stratification by various covariates allowed us to investigate potential variations in 
these associations.

All statistical analyses were performed utilizing EmpowerStats 4.2 and R 4.3.2. Statistical significance was 
defined as P < 0.05.

Results
Baseline characteristics
The characteristics of the study sample are presented in Table 1. The participants had an average age of 48.55 
years, with 48.02% male and 51.98% female. The majority of participants were non-Hispanic whites (64.56%) 
and non-smokers (62.64%). The average BMI was 29.50  kg/m2. Subjects with MASLD exhibited markedly 
elevated levels of AST, ALT, albumin, triglycerides, hs-CRP, and the hs-CRP/HDL-C index in comparison to 
those without MASLD. Conversely, higher average levels of HDL-C were observed in subjects free from MASLD. 
Similarly, participants without advanced liver fibrosis displayed significantly reduced average concentrations 
of AST, ALT, albumin, hs-CRP, and the hs-CRP/HDL-C index, while maintaining elevated levels of HDL-C, in 
contrast to those suffering from advanced liver fibrosis.

The associations of hs-CRP/HDL-C index with MASLD and advanced liver fibrosis
The study findings indicated an increased occurrence of MASLD and advanced liver fibrosis in participants 
with an elevated hs-CRP/HDL-C index (Table 2). These associations were found to be statistically significant 
in the unadjusted model (Model 1) and adjusted models (Model 2 and Model 3). After adjusting for potential 
confounders, an increase in the hs-CRP/HDL-C index was autonomously and notably linked to higher odds 
of MASLD (OR = 1.82, 95% CI: 1.15–2.87) and advanced liver fibrosis (OR = 1.68, 95% CI: 1.03–2.75). Each 
additional unit in the hs-CRP/HDL-C index was linked to a 82% rise in the likelihood of MASLD and a 68% 
increase in the odds of advanced liver fibrosis.

Cochran-Armitage trend test results indicated substantial linear correlations between the hs-CRP/HDL-C 
index and MASLD, along with advanced liver fibrosis. In comparison to the first quartile group, there were 
higher odds in the second, third, and fourth quartiles. These associations were statistically significant in Models 
1, 2, and 3.

To assess the reliability and stability of the logistic regression analyses findings, the generalized additive 
model (GAM) analyses were performed, controlling for all covariates. The smooth curve fitting depicted in 
Fig. 2 illustrated nonlinear associations of the hs-CRP/HDL-C index with MASLD and advanced liver fibrosis, 
presenting two inverted U-shaped curves. The threshold effect analyses revealed inflection points at 0.8 for 
MASLD and 1.2 for advanced liver fibrosis (Table 3).

Subgroup analyses and interaction tests
Gender, race, education level, smoking status, DM, history of CVD, CKD, and cancer were used as stratification 
variables to observe the effect size trend, and two forest plots of data were generated (Figs. 3 and 4). Positive 
associations were found between the hs-CRP/HDL-C index and MASLD in all subgroups. There were significant 
interactions between MASLD and gender, smoking status, CKD, and cancer. Furthermore, there were positive 
correlations observed in various subgroups between the hs-CRP/HDL-C index and advanced liver fibrosis. 
Additionally, advanced liver fibrosis showed a significant interaction with cancer.

Discussion
Based on stringent selection standards, 3685 participants were recruited in this retrospective study. This 
study found that the hs-CRP/HDL-C index is positively related to MASLD, along with advanced liver fibrosis. 
Specifically, for each incremental rise in the hs-CRP/HDL-C index, MASLD odds increased by 82%, and the 
likelihood of advanced liver fibrosis escalated by 68% in a comprehensively adjusted model. Dose-response 
in these associations was underscored through trend tests. Furthermore, nonlinear relationships of hs-CRP/
HDL-C index with MASLD and advanced liver fibrosis were identified. The threshold effect analyses indicated 
inflection points at 0.8 for MASLD and 1.2 for advanced liver fibrosis. Stratified analyses and interaction trials 
showed statistical variations across different strata in the correlation between the hs-CRP/HDL-C index and 
MASLD, along with advanced liver fibrosis. These findings suggest that the hs-CRP/HDL-C index may be a 
potential clinical marker for MASLD and advanced liver fibrosis.

Persistent inflammation is the major contributor to the progression of MASLD, potentially advancing from 
mere fatty degeneration to MASH, severe liver fibrosis, cirrhosis, and eventually culminating in end-stage 
liver disease and hepatocarcinoma25. The inflammatory response in MASLD is multifaceted, involving hepatic 
lipid metabolism, gut microbiome-derived signals, activation of pattern recognition receptors such as toll-like 
receptor 4 (TLR4), and adipose tissue-liver crosstalk, which together create a feed-forward loop of inflammation 
and fibrosis26. Hs-CRP, an easily quantifiable marker of inflammation, has been demonstrated in various studies 
to correlate with the risk of developing MASLD27–29. Furthermore, liver biopsy studies have demonstrated that 
inflammation in acinar or portal areas independently correlated with the emergence of advanced fibrosis in 
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Study variables

Total

MASLDa

P

Advanced liver fibrosis

P

Yes No Yes No

n = 3684 n = 1268 n = 2260 n = 156 n = 3528

Age, years 48.55 ± 1.33 52.19 ± 0.91 46.24 ± 1.67 < 0.001 54.23 ± 3.33 48.33 ± 1.32 0.003

Gender

 Male 1824 (48.02) 712 (54.65) 1019 (43.47) < 0.001 93 (55.23) 1731 (47.74) 0.264

 Female 1860 (51.98) 556 (45.35) 1241 (56.53) 63 (44.77) 1797 (52.26)

Race

 Mexican American 494 (8.08) 219 (10.59) 252 (6.77) < 0.001 23 (8.00) 471 (8.09) 0.780

 Non-Hispanic White 1318 (64.56) 481 (66.92) 771 (63.15) 66 (68.03) 1252 (64.42)

 Non-Hispanic Black 709 (9.35) 200 (7.22) 486 (10.66) 23 (7.08) 686 (9.44)

 Others 1163 (18.01) 368 (15.27) 751 (19.42) 44 (16.89) 1119 (18.05)

Poverty-to-income ratio

 <1.3 864 (16.73) 286 (15.98) 543 (17.24) 0.442 35 (15.44) 829 (16.78) 0.727

 1.3-3.0 1303 (31.17) 466 (32.91) 774 (29.62) 63 (38.35) 1240 (30.89)

 >3.0 1043 (41.98) 358 (41.55) 644 (42.74) 41 (35.72) 1002 (42.23)

 Missing 474 (10.12) 158 (9.56) 299 (10.40) 17 (10.49) 457 (10.11)

Marital status

 Married 2365 (68.20) 865 (74.20) 1404 (65.23) 0.001 96 (68.66) 2269 (68.18) 0.887

 Separated 792 (18.93) 251 (16.12) 504 (20.30) 37 (18.07) 755 (18.96)

 Never married 447 (11.43) 129 (8.70) 298 (12.75) 20 (12.42) 427 (11.39)

 Missing 80 (1.44) 23 (0.98) 54 (1.72) 3 (0.85) 77 (1.47)

Education level

 High school and above 1941 (53.04) 700 (57.49) 1152 (49.96) 0.026 89 (68.32) 1852 (52.45) 0.008

 Never attended high school 1589 (43.89) 513 (39.73) 1014 (46.83) 62 (28.71) 1527 (44.48)

 Missing 154 (3.07) 55 (2.78) 94 (3.21) 5 (2.97) 149 (3.07)

Smoking status

 Never 2330 (62.64) 756 (59.35) 1484 (64.85) 0.028 90 (56.61) 2240 (62.87) 0.011

 Former smoker 873 (25.49) 358 (29.23) 462 (22.79) 53 (35.47) 820 (25.10)

 Current smoker 481 (11.87) 154 (11.42) 314 (12.36) 13 (7.92) 468 (12.03)

Diabetes mellitus

 Yes 607 (12.05) 319 (21.47) 218 (5.36) < 0.001 70 (40.65) 537 (10.92) < 0.001

 No 3077 (87.95) 949 (78.53) 2042 (94.64) 86 (59.35) 2991 (89.08)

Hypertension

 Yes 1304 (30.83) 592 (43.73) 621 (22.41) < 0.001 91 (59.17) 1213 (29.72) < 0.001

 No 2380 (69.17) 678 (56.27) 1637 (77.59) 65 (40.83) 2315 (70.28)

History of cardiovascular disease

 Yes 381 (8.39) 149 (10.24) 200 (6.62) 0.007 32 (18.61) 349 (7.99) 0.001

 No 3303 (91.61) 1119 (89.76) 2060 (93.38) 124 (81.39) 3179 (92.01)

Chronic kidney disease

 Yes 627 (13.23) 196 (13.13) 392 (12.92) 0.934 39 (14.90) 588 (13.16) 0.754

 No 3051 (86.63) 1070 (86.69) 1864 (86.96) 117 (85.10) 2934 (86.69)

 Missing 6 (0.14) 2 (0.18) 4 (0.12) 0 (0) 6 (0.15)

Cancer

 Yes 368 (10.95) 139 (12.14) 210 (10.08) < 0.001 19 (12.36) 349 (10.78) 0.353

 No 3138 (85.96) 1097 (86.60) 1907 (85.70) 134 (86.94) 3004 (86.01)

 Missing 178 (3.09) 32 (1.26) 143 (4.22) 3 (0.70) 175 (3.21)

BMI, kg/m2 29.50 ± 0.55 33.33 ± 0.82 26.90 ± 0.42 < 0.001 39.72 ± 2.39 29.10 ± 0.52 < 0.001

 <25 1023 (27.45) 100 (6.00) 916 (39.90) < 0.001 7 (4.17) 1016 (28.36) < 0.001

 25-29.9 1184 (31.32) 386 (28.22) 771 (34.13) 27 (10.93) 1157 (32.12)

 ≥ 30 1477 (41.23) 782 (65.78) 573 (25.97) 122 (84.90) 1355 (39.52)

AST, U/L 21.40 ± 0.38 22.04 ± 0.45 20.62 ± 0.47 < 0.001 28.88 ± 4.07 21.10 ± 0.35 0.002

ALT, U/L 22.05 ± 0.53 26.29 ± 0.75 19.37 ± 0.61 < 0.001 30.04 ± 3.79 21.73 ± 0.53 0.001

Albumin, g/dL 4.10 ± 0.03 4.07 ± 0.03 4.13 ± 0.03 0.002 3.97 ± 0.08 4.11 ± 0.02 0.003

Total cholesterol, mg/dL 189.29 ± 3.26 190.70 ± 3.79 188.20 ± 3.13 0.145 186.55 ± 11.19 189.40 ± 3.09 0.580

Triglycerides, mg/dL 143.49 ± 7.25 143.65 ± 15.39 93.82 ± 4.03 < 0.001 175.91 ± 34.06 142.21 ± 7.19 0.074

HDL-C, mg/dL 52.62 ± 0.75 47.90 ± 1.17 55.52 ± 0.60 < 0.001 45.05 ± 2.57 52.92 ± 0.73 < 0.001

Continued
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Fig. 2.  The associations of the hs-CRP/HDL-C index with MASLD (A) and advanced liver fibrosis (B). The 
red solid line illustrates the smoothed curve fit between the variables, with the blue dashed lines and the area 
between them indicate 95% confidence intervals around the fitted values.

 

Model 1a P-Value Model 2b P-Value Model 3c P-Value

MASLD

 hs-CRP/HDL-C 5.39 (3.25, 8.94) < 0.001 6.09 (3.36, 11.06) < 0.001 1.82 (1.15, 2.87) 0.010

 Q1 Reference Reference Reference

 Q2 2.48 (1.97, 3.12) < 0.001 2.24 (1.74, 2.89) 0.002 1.83 (1.40, 2.39) 0.001

 Q3 3.88 (3.10, 4.86) < 0.001 3.75 (2.93, 4.80) < 0.001 2.45 (1.88, 3.20) < 0.001

 Q4 6.16 (4.92, 7.70) < 0.001 7.19 (5.60, 9.23) < 0.001 3.65 (2.78, 4.80) < 0.001

 P for trend < 0.001 < 0.001 < 0.001

Advanced liver fibrosis

 hs-CRP/HDL-C 2.52 (1.54, 4.10) < 0.001 2.42 (1.49, 3.93) 0.005 1.68 (1.03, 2.75) 0.038

 Q1 Reference Reference Reference

 Q2 5.10 (1.94, 13.38) 0.001 4.50 (1.71, 11.85) 0.023 3.44 (1.30, 9.13) 0.013

 Q3 9.21 (3.64, 23.33) < 0.001 8.39 (3.30, 21.32) 0.002 4.77 (1.84, 12.35) 0.001

 Q4 17.82 (7.19, 44.15) < 0.001 18.06 (7.26, 44.93) < 0.001 8.67 (3.39, 22.16) < 0.001

 P for trend < 0.001 < 0.001 < 0.001

Table 2.  The correlations of the hs-CRP/HDL-C index with MASLD and advanced liver fibrosis. MASLD 
metabolic dysfunction-associated steatotic liver disease, Q1 the first quartile group, Q2 the second quartile 
group, Q3 the third quartile group, Q4 the fourth quartile group. aModel 1 evaluated the basic correlations 
of the hs-CRP/HDL-C index with MASLD and advanced liver fibrosis. bModel 2 corrected for age, gender, 
race, poverty-to-income ratio, marital status, education level. cModel 3 further controlled for smoking status, 
obesity, diabetes mellitus, hypertension, and history of cardiovascular disease, chronic kidney disease, and 
cancer. P < 0.05 are bolded.

 

Study variables

Total

MASLDa

P

Advanced liver fibrosis

P

Yes No Yes No

n = 3684 n = 1268 n = 2260 n = 156 n = 3528

hs-CRP, mg/L 3.86 ± 0.37 5.17 ± 0.57 3.02 ± 0.40 < 0.001 6.52 ± 2.18 3.76 ± 0.34 0.023

hs-CRP/HDL-C 0.08 ± 0.01 0.12 ± 0.01 0.06 ± 0.02 < 0.001 0.16 ± 0.05 0.08 ± 0.01 0.009

Table 1.  Baselines characteristics of participants. Continuous variables are presented as weighted 
averages ± standard deviations; categorical variables are presented as unweighted counts (weighted percentage). 
MASLD metabolic dysfunction-associated steatotic liver disease. P < 0.05 are bolded. aExclude advanced 
fibrosis.
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MASH30. These studies suggested that inflammation plays a pivotal role in predicting MASLD and its progression 
to fibrosis and cirrhosis on a histological level.

Notably, research has indicated impaired lipid metabolism may be another key link in the incidence and 
development of MASLD. Zhang and his team noted a markedly negative correlation between HDL -C and liver 
attenuation parameter (a metric of fat content) across their entire study cohort, with individuals afflicted with 
MASLD exhibiting higher average levels of plasma LDL-C31. As supporting evidence, Janac et al. observed a 
gradual decline in HDL-C levels as the fatty liver disease index increased32. Adding to this body of evidence, 
Yozgat et al.33 and Karami et al.34 identified that patients with MASLD exhibited significantly lower HDL-C 
levels than those without the disease. Moreover, Bril et al. observed a consistent pattern of reduced HDL-C 
among MASLD patients in comparison to controls, applicable to both non-obese and obese groups35. Despite 
the absence of research on HDL-C in relation to advanced liver fibrosis, the outcomes of the aforementioned 
studies offered robust and dependable evidence to elucidate the findings of this research.

The potential mechanisms behind the associations of the hs-CRP/HDL-C index with MASLD and advanced 
liver fibrosis remain unclear currently and possibly involve various mechanisms. Initially, the multitude of 
damages induced by hepatic lipid accumulation (secretion of adipokines, inflammation, lipotoxicity, and 
disturbances in glucose and lipid metabolism) could collaboratively pave the path from MASLD to MASH 
and cirrhosis36,37. Furthermore, HDL-C is known to exhibit biological properties such as reverse cholesterol 
transport, antioxidant activity, anti-inflammatory effects, and cellular protection38,39. A decline in HDL-C levels 
and the subsequent diminishment of its biological characteristics could be a reason for the heightened risk of 
MASLD and advanced liver fibrosis. As an inflammation-lipid composite biomarker, the hs-CRP/HDL-C index 
could serve as a novel and practical marker for identifying MASLD and advanced liver fibrosis, empowering 

Fig. 3.  Subgroup analysis for the relationship of the hs-CRP/HDL-C index with MASLD.

 

Models

MASLD Advanced hepatic fibrosis

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

Inflection point (K) 0.8 1.2

hs-CRP/HDL-C index < K 19.42 (8.35, 45.14) < 0.001 4.62 (2.08, 10.27) < 0.001

hs-CRP/HDL-C index > K 0.11 (0.03, 0.42) 0.001 0.39 (0.05, 3.15) 0.375

Logarithm likelihood ratio test < 0.001 0.001

Table 3.  Threshold effect analyses of the hs-CRP/HDL-C index on MASLD and advanced hepatic fibrosis 
using two-piecewise linear regression model. Adjusted for age, gender, race, poverty-to-income ratio, marital 
status, education level, smoking status, obesity, diabetes mellitus, hypertension, and history of cardiovascular 
disease, chronic kidney disease, and cancer. OR odds ratio, CI confidence interval. P < 0.05 are bolded.
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clinicians with a straightforward tool to determine if a patient needs further diagnostic procedures like Fibroscan 
or abdominal ultrasound.

Advantages and limitations
This study showcases several pronounced advantages. Firstly, the NHANES database, renowned for its stringent 
quality control, offers a comprehensive national perspective. Secondly, meticulous adjustments were made 
for confounding covariates, aiming to diminish the bias impacts on the outcomes. Thirdly, to unearth any 
population-specific disparities in the associations of the hs-CRP/HDL-C index with MASLD and advanced 
liver fibrosis, subgroup analyses were meticulously conducted. However, some limitations warrant attention. 
Firstly, the study’s temporal scope is restricted to data from 2017 to 2018 due to the availability of MASLD and 
advanced liver fibrosis data. Secondly, despite the inclusion of multiple covariates, the exclusion of all potential 
confounding factors remains unattainable. Thirdly, diagnoses of MASLD and advanced liver fibrosis hinged on 
questionnaire surveys, lacking the precision of imaging diagnostics. Additionally, NHANES data, grounded in 
self-reported questionnaires, inherently bear recall bias. Lastly, the cross-sectional nature of this study precludes 
the establishment of clear causal relationship between the hs-CRP/HDL-C index and the prevalence of MASLD 
and advanced liver fibrosis.

Conclusion
In summary, this study discovered that the hs-CRP/HDL-C index correlates with the prevalence of MASLD as 
well as advanced liver fibrosis, indicating that the hs-CRP/HDL-C index may be able to serve as a clinical marker 
for evaluating MASLD along with advanced liver fibrosis.

Data availability
The data from the NHANES study that underpin the conclusions of this research are freely accessible via the 
provided URL: https://www.cdc.gov/nchs/nhanes/index.htm.
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