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Abstract

Aim: Chronic liver disease (CLD) is characterized by progressive impairment of hepatic function and
frequent lipid metabolism abnormalities, with reductions in high-density lipoprotein cholesterol (HDL-C)
and other lipoprotein fractions shown to parallel worsening liver dysfunction and predict adverse clinical
outcomes such as decompensation and mortality. Established prognostic scores like Model for End-Stage
Liver Disease (MELD) and Child-Turcotte-Pugh (CTP) capture aspects of disease severity, but composite
lipid indices such as the non-HDL/HDL-C ratio (NHHR), which balance atherogenic and protective
lipoproteins, have emerged as potentially informative biomarkers in metabolic and liver disorders. This
study evaluated the association of NHHR with clinical decompensation in CLD.

Methods: This cross-sectional study included 220 adults with CLD of mixed etiologies. Baseline
demographics, liver disease severity scores, and fasting lipid profiles were obtained. NHHR was calculated,
and patients were categorized into tertiles. Spearman correlation coefficients were calculated to examine
relationships between NHHR and clinical severity markers. Multivariable logistic regression was used to
evaluate the association between NHHR and clinical decompensation. Model performance was compared
using receiver operating characteristic curves, net reclassification improvement (NRI), and integrated
discrimination improvement (IDI).

Results: Among 220 patients with CLD (mean age 54.5 * 11.9 years, 63% male), 96 (43.6%) had
decompensated disease. Higher NHHR tertiles were associated with increasing MELD-3.0 scores (P = 0.028)
and lower serum albumin (P < 0.001). NHHR correlated positively with MELD-3.0, bilirubin, and
international normalized ratio (INR) and inversely with albumin and platelet count. Decompensation
prevalence rose across NHHR tertiles (31.1% to 53.4%, P < 0.001). NHHR was independently associated
with decompensation (adjusted OR 1.55,95% CI 1.21-1.98, P < 0.001) and improved model discrimination
(AUC 0.79 vs. 0.73).
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Conclusions: NHHR is independently associated with clinical decompensation in CLD and provides
incremental prognostic value beyond traditional predictors, suggesting its potential utility in clinical risk
assessment and stratification.
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Introduction

Chronic liver disease (CLD) imposes a substantial and increasing global health burden, affecting millions of
individuals and accounting for significant morbidity and mortality worldwide. Estimates from the Global
Burden of Disease Study indicate that in 2021, there were more than 58 million incident cases of cirrhosis
and other CLDs, with approximately 1.43 million deaths attributable to these conditions globally,
highlighting the rising absolute burden of liver pathology despite some improvements in age-standardized
rates [1]. Data from multiple epidemiologic analyses further show that liver diseases collectively account
for nearly two million deaths annually, representing about 4% of all global mortality and making them a
leading cause of death across regions [2].

The progression of CLD from compensated stages to clinical decompensation represents a pivotal
inflection point in the natural history of the disease and is accompanied by marked increases in morbidity,
mortality, and healthcare utilization. Accurate stratification of disease severity and early identification of
patients at higher risk of advanced or decompensated liver disease are central to effective management and
prognostication. Alterations in lipid metabolism are well recognized in CLD due to impaired hepatocellular
synthesis and disrupted lipoprotein processing, leading to characteristic reductions in circulating total
cholesterol, low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C),
with declining lipid levels consistently observed as liver disease severity increases across Child-Turcotte-
Pugh (CTP) classes and Model for End-Stage Liver Disease (MELD) strata [3-9]. Among these alterations,
reductions in HDL-C and its associated apolipoproteins appear particularly pronounced and have been
documented across diverse etiologies of CLD, including viral, alcohol-related, and metabolic liver diseases
[10-14]. In contrast, changes in triglyceride levels have been more heterogeneous, underscoring the
complex and multifactorial relationship between hepatic injury, systemic inflammation, and lipid
homeostasis [7, 15].

Beyond descriptive associations, emerging evidence suggests that lipid fractions and lipid-derived
indices may carry prognostic relevance in CLD. Several studies have demonstrated that lower HDL-C levels
are independently associated with adverse clinical outcomes, including mortality and hepatic
decompensation, even after adjustment for established prognostic scores such as MELD and CTP [16, 17].
These observations imply that lipid parameters may capture dimensions of hepatic dysfunction and
systemic derangement not fully reflected by conventional scoring systems.

More recently, attention has shifted toward composite lipid indices that integrate information from
both atherogenic and protective lipoprotein fractions. The non-HDL/HDL-C ratio (NHHR) represents one
such metric, incorporating all apoB-containing, potentially atherogenic lipoproteins relative to HDL-C,
which exerts anti-inflammatory and immunomodulatory effects. In cardiovascular and metabolic research,
NHHR has demonstrated superior discriminatory ability compared with isolated lipid measures [18-20].
Emerging data also link elevated NHHR to metabolic liver disease and hepatic fibrosis; however, its
relationship with clinical severity and decompensation in established CLD remains insufficiently
characterized [21-24]. In this context, the present study examined the association between NHHR and
clinical decompensation in patients with CLD and evaluated whether the inclusion of NHHR enhances
discrimination of clinical status beyond conventional prognostic indicators.
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Materials and methods
Study design and participants

This cross-sectional observational study was conducted at the Department of Internal Medicine, ESIC
Postgraduate Institute of Medical Sciences and Research, Basaidarapur, New Delhi, from March 2024 to
August 2025. The study protocol was approved by the institutional ethics committee, and all participants
provided written informed consent prior to enrolment. The study was conducted in accordance with the
principles of the Declaration of Helsinki.

Consecutive adult patients (= 18 years) with a confirmed diagnosis of CLD, irrespective of etiology,
were screened for eligibility. Diagnosis of CLD was based on clinical, imaging, serological tests, and/or
histopathology criteria consistent with chronic liver pathology. Patients were excluded if they had
cholestatic liver disease, hepatocellular carcinoma or other malignancies, acute cardiovascular events
within the preceding 3 months, active systemic infections, or current use of lipid-lowering medications.

Baseline assessment

At enrolment, demographic data (age, sex), anthropometric measurements, and clinical history were
recorded. Liver disease severity was assessed using the CTP classification and the MELD score [25].
Standard laboratory investigations were obtained, including liver biochemistry, coagulation profile,
complete blood count, and a fasting lipid profile.

Decompensation was defined by the presence of at least one of the following: new or worsening ascites
requiring intervention, variceal hemorrhage requiring endoscopic variceal ligation/sclerotherapy, hepatic
encephalopathy, spontaneous bacterial peritonitis, hepatorenal syndrome, or clinically significant jaundice
with a total bilirubin level exceeding 3 mg/dL [26]. Non-hepatic causes of hyperbilirubinemia were
excluded through clinical evaluation and laboratory assessment, including review of clinical history and
hemolysis parameters.

Lipid measurements and NHHR calculation

Fasting serum samples were analyzed for total cholesterol, HDL-C, and triglycerides using standardized
enzymatic colorimetric assays based on cholesterol esterase, cholesterol oxidase, and peroxidase reactions.
LDL-C was calculated using the Friedewald formula [LDL-C = total cholesterol - HDL-C - (triglycerides/5)]
for samples with triglyceride levels < 400 mg/dL, while direct LDL-C measurement was used when
triglycerides were 2 400 mg/dL, as the Friedewald equation is unreliable at higher triglyceride
concentrations. Non-HDL-C was calculated by subtracting HDL-C from total cholesterol. The main exposure
measure, the NHHR, was then computed as the ratio of non-HDL-C to HDL-C.

Tertile stratification

To examine associations across levels of NHHR, patients were stratified into tertiles based on the
distribution of NHHR values in the cohort. Each tertile contained approximately one-third of the study
population, ensuring near-equal group sizes. These tertile groups were used for comparative analyses of
clinical characteristics and decompensation status.

Statistical analysis

All statistical analyses were conducted using SPSS v28.0 (IBM Corp., Armonk, NY, USA). Continuous
variables are presented as mean * standard deviation (SD) or median [interquartile range (IQR)] depending
on distribution; categorical variables are presented as counts and percentages. Differences across NHHR
tertiles were assessed using one-way analysis of variance (ANOVA) or Kruskal-Wallis tests for continuous
variables and chi-square tests for categorical variables. Between-group comparisons (e.g., decompensated
vs. compensated) were performed using independent t-tests or Mann-Whitney U tests, as appropriate.
Associations between various clinical and biochemical variables and decompensation status were assessed
using binary logistic regression analysis. Univariate analyses were followed by multivariable logistic
regression models adjusted for age, sex, MELD score, and platelet count. Adjusted odds ratios (ORs) with
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95% confidence intervals (CIs) were reported. Spearman correlation coefficients (p) were calculated to
examine relationships between NHHR and clinical severity markers.

To evaluate the ability of clinical models to distinguish between decompensated and compensated
patients, we conducted discrimination and reclassification analyses. Receiver operating characteristic
(ROC) curves were constructed to evaluate the discriminative performance of a base model comprising age,
sex, and MELD-3.0 score, and a combined model that additionally included NHHR. The area under the ROC
curve (AUC) and corresponding 95% Cls were calculated for the overall cohort as well as within each NHHR
tertile. Differences in AUC between models were compared using DeLong’s test. To quantify the incremental
value of adding NHHR to the base model, net reclassification improvement (NRI) and integrated
discrimination improvement (IDI) were calculated for the overall cohort and across tertile groups.
Continuous NRI and IDI were used to evaluate the improvement in model performance after the inclusion
of NHHR. These measures estimate the extent to which the combined model improves the correct
classification of individuals with and without decompensation compared with the base model. All
discrimination and reclassification analyses were performed using R (R Foundation for Statistical
Computing, Vienna, Austria). All statistical tests were two-tailed, and a P value < 0.05 was considered
statistically significant.

Results
Baseline characteristics

A total of 220 patients with CLD were included in the study, with a mean age of 54.5 + 11.9 years, of whom
138 (63%) were male. Figure 1 demonstrates the age distribution of the study population. The majority of
patients were in the 50-59 year age group (33.6%), followed by 40-49 years (25.5%) and 60-69 years
(21.8%). Younger patients aged 18-39 years accounted for 10%, while 9.1% were aged = 70 years. Overall,
96 patients (43.6%) had decompensated liver disease. Participants were categorized into tertiles according
to baseline NHHR. Baseline characteristics according to NHHR tertiles are presented in Table 1. Mean
NHHR increased significantly across tertiles (P < 0.001), while age and sex distribution were comparable
among groups. HDL-C levels decreased progressively, and non-HDL-C levels increased across increasing
NHHR tertiles (both P< 0.001). Higher NHHR was also associated with greater liver disease severity,
reflected by a stepwise increase in MELD-3.0 scores (P = 0.028) and a corresponding decrease in serum
albumin levels (P < 0.001). In contrast, international normalized ratio (INR), platelet counts, and serum
bilirubin did not differ significantly across tertiles. The distribution of CLD etiology was similar among
NHHR categories. Although a trend toward a more advanced Child-Pugh class was observed with increasing
NHHR, this did not reach statistical significance. Importantly, the proportion of patients with
decompensated cirrhosis increased significantly across NHHR tertiles, rising from 31.1% in tertile 1 to
53.4% in tertile 3 (P < 0.001).

Table 1. Baseline characteristics of study participants stratified by NHHR tertiles (n = 220).

Characteristic Tertile 1 (NHHR £2.0) Tertile 2 (NHHR 2.1-3.0) Tertile 3 (NHHR > 3.0) P value
(n=74) (n=73) (n=73)
NHHR, mean + SD 1.79+£0.13 2.57 £0.27 3.80+0.35 <0.001
Age, years, mean + SD 52.0+10.5 55.1+12.3 56.4 +11.7 0.178
Male sex, n (%) 48 (65) 42 (58) 48 (66) 0.423
HDL-C, mg/dL, mean + SD 47.2+10.1 38.7+8.8 31571 < 0.001
Non-HDL-C, mg/dL, mean £+ SD 111.0 £ 16.0 123.6 + 18.7 138.2+19.8 <0.001
MELD-3.0 score, mean + SD 12.3+4.2 13.1+4.5 15.0+£5.1 0.028
ggrum albumin, g/dL, mean + 34+0.7 3.1+0.8 2.7+0.8 <0.001
;%tal bilirubin, mg/dL, mean+ 2.3%1.7 28%20 3.1+2.1 0.092
INR, mean + SD 1.42 £ 0.31 1.45+0.34 1.50 £ 0.38 0.166
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Table 1. Baseline characteristics of study participants stratified by NHHR tertiles (n = 220). (continued)

Characteristic Tertile 1 (NHHR £2.0) Tertile 2 (NHHR 2.1-3.0) Tertile 3 (NHHR > 3.0) P value
(n=174) (n=173) (n=173)
ggtelet count, x 10%L, mean+ 155 + 60 148 + 58 142 + 55 0.212
Etiology of CLD, n (%) 0.357
Alcohol-related 33 (45) 35 (48) 38 (52)
Metabolic (MASLD) 21 (28) 19 (26) 16 (22)
Viral (HBV/HCV) 16 (22) 15 (21) 15 (21)
Other* 4 (5) 4 (5) 4 (5)
Child-Pugh class (A/B/C), n 40/26/8 34/28/11 30/32/11 0.052
Decompensated disease, n (%) 23 (31.1) 34 (46.6) 39 (563.4) <0.001

*: Includes autoimmune, Wilson’s disease, cryptogenic, and other less common etiologies. CLD: chronic liver disease; HDL-C:
high-density lipoprotein cholesterol; INR: international normalized ratio; MASLD: metabolic dysfunction-associated steatotic liver
disease; MELD: Model for End-Stage Liver Disease; NHHR: non-high-density lipoprotein/HDL-C ratio; SD: standard deviation.

Decompensation status across tertiles

Table 2 summarizes the distribution of specific decompensation events across NHHR tertiles. The
proportion of patients experiencing any decompensation increased significantly with higher NHHR (31.1%,
46.6%, and 53.4% for tertiles 1, 2, and 3, respectively; P < 0.001). Among individual complications, ascites,
hepatic encephalopathy, and jaundice were significantly more common in patients in the higher NHHR
tertiles (P = 0.008, 0.026, and 0.047, respectively). Although variceal bleeding and spontaneous bacterial
peritonitis were also more frequent in the higher tertiles, these differences did not reach statistical
significance.

Table 2. Decompensation events by NHHR tertiles (n = 220).

Decompensation event Tertile 1 (NHHR £2.0) Tertile 2 (NHHR 2.1-3.0) Tertile 3 (NHHR > 3.0) P value
(n=74) (n=73) (n=73)

Any decompensation, n (%) 23 (31.1) 34 (46.6) 39 (53.4) <0.001

Ascites, n (%) 15 (20.3) 24 (32.9) 30 (41.1) 0.008

Variceal bleeding, n (%) 6 (8.1) 8 (11.0) 10 (13.7) 0.432

Hepatic encephalopathy, n (%) 5 (6.8) 9(12.3) 14 (19.2) 0.026

Spontaneous bacterial 3(4.1) 5(6.8) 7 (9.6) 0.305

peritonitis, n (%)

Ja(t;/n)dice (bilirubin > 3 mg/dL), 8 (10.8) 13 (17.8) 18 (24.7) 0.047

n (7

NHHR: non-high-density lipoprotein/high-density lipoprotein cholesterol ratio.

Correlation with clinical severity

Spearman correlation analysis was conducted to examine the relationship between NHHR and clinical
severity markers (Table 3). NHHR showed a moderate positive correlation with MELD-3.0 score (p = 0.32;
P <0.001) and total bilirubin (p = 0.30; P < 0.001). NHHR was also positively correlated with the INR (p =
0.26; P =0.003). Inverse correlations were observed with serum albumin (p = -0.29; P < 0.001) and platelet
count (p = -0.18; P=0.014). A weaker inverse correlation was seen with serum sodium (p = -0.15; P=
0.028).

Logistic regression analysis

Table 4 presents the results of the univariate and multivariable logistic regression analyses evaluating
factors associated with decompensation. In the univariate logistic regression analysis, higher NHHR was
significantly associated with the presence of decompensation (OR 1.62, 95% CI 1.30-2.02; P< 0.001). A
higher MELD-3.0 score was also significantly associated with decompensation. Platelet count showed a
trend toward an inverse association but was not statistically significant (OR 0.97, 95% CI 0.94-1.01; P=
0.146). Age and male sex were not significantly associated with decompensation.
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Figure 1. Age distribution of study participants (n = 220).

Table 3. Correlation of NHHR with key clinical variables.

Variable Spearman’s p P value
MELD-3.0 score 0.32 <0.001
Albumin (g/dL) -0.29 <0.001
INR 0.26 0.003
Platelet count (x 10%/L) -0.18 0.014
Total bilirubin (mg/dL) 0.30 < 0.001
Serum sodium (mmol/L) -0.15 0.028

INR: international normalized ratio; MELD: Model for End-Stage Liver Disease; NHHR: non-high-density lipoprotein/high-density
lipoprotein cholesterol ratio; p: Spearman correlation coefficient.

Table 4. Univariate and multivariable logistic regression analysis of factors associated with decompensation.

Predictor Univariate OR (95% CI) P value Adjusted OR (95% CI) P value
NHHR 1.62 (1.30-2.02) <0.001 1.55 (1.21-1.98) <0.001
Age 1.01 (0.99-1.03) 0.252 1.01 (0.99-1.04) 0.214
Male sex 1.18 (0.74-1.88) 0.495 1.12 (0.69-1.83) 0.641
MELD-3.0 score 1.15 (1.09-1.21) < 0.001 1.10 (1.04-1.16) < 0.001
Platelet count 0.97 (0.94-1.01) 0.146 0.98 (0.94-1.02) 0.338

ClI: confidence interval; MELD: Model for End-Stage Liver Disease; NHHR: non-high-density lipoprotein/high-density lipoprotein
cholesterol ratio; OR: odds ratio.

In the multivariable logistic regression model adjusting for age, sex, MELD-3.0 score, and platelet count,
NHHR remained independently associated with decompensation (adjusted OR 1.55,95% CI 1.21-1.98; P <
0.001). MELD-3.0 score also demonstrated an independent association with decompensation (adjusted OR
1.10,95% CI 1.04-1.16; P < 0.001).

Discrimination and reclassification

Discrimination and reclassification performance of the predictive models for decompensation are
summarized in Table 5. In the overall cohort, the base model incorporating age, sex, and MELD-3.0 score
demonstrated moderate discrimination for the presence of decompensation, with an AUC of 0.73 (95% CI
0.67-0.79). The addition of NHHR to the base model resulted in a significant improvement in
discrimination, increasing the AUC to 0.79 (95% CI 0.73-0.85; P < 0.001), along with significant gains in
reclassification as reflected by positive NRI = 0.20 and IDI = 0.041. In analyses stratified by NHHR tertiles,
the combined model consistently outperformed the base model across all groups. The improvement in
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discrimination was modest and not statistically significant in tertile 1 (P = 0.138), but was significant in
tertile 2 (P = 0.045) and greatest in tertile 3, where the AUC increased from 0.75 to 0.81 (P < 0.001),
accompanied by substantial improvements in reclassification (NRI = 0.27; IDI = 0.053). Overall, these
findings indicate that incorporation of NHHR enhances the ability of clinical models to distinguish between
decompensated and compensated CLD patients, particularly among those with higher NHHR levels. These
results are also demonstrated in Figure 2 through the ROC curves, which show the improved discriminatory
performance of the model after the addition of NHHR.

Table 5. Classification performance of base and combined models for identifying decompensated vs. compensated
patients by NHHR tertiles.

Group Model AUC (95% CI) AAUC vs. Base P (DeLong) NRI IDI
Overall cohort (n = 220) Base Model 0.73 (0.67-0.79) - - - -
Base + NHHR  0.79 (0.73-0.85)  + 0.06 < 0.001 0.20 0.041
NHHR tertile 1 (< 2.0) (n =74) Base Model 0.70 (0.58-0.82) - - - -
Base + NHHR  0.74 (0.62-0.85) +0.04 0.138 0.08 0.010
NHHR tertile 2 (2.1-3.0) (n =73) Base Model 0.74 (0.63-0.85) - - - -
Base + NHHR  0.78 (0.68-0.88)  +0.04 0.045 0.17 0.026
NHHR tertile 3 (> 3.0) (n =73) Base Model 0.75 (0.65-0.85) - - - -
Base + NHHR  0.81 (0.72-0.89) +0.06 < 0.001 0.27 0.053

Base Model comprised age, sex, and MELD-3.0 score. AUC: area under the receiver operating characteristic curve; Cl:
confidence interval; NRI: net reclassification improvement; IDI: integrated discrimination improvement; MELD: Model for End-
Stage Liver Disease; NHHR: non-high-density lipoprotein/high-density lipoprotein cholesterol ratio.

Discussion

In this cross-sectional study of patients with CLD, we found that an elevated NHHR was associated with
markers of advanced liver disease and with the presence of clinical decompensation. Patients with higher
NHHR tertiles had progressively greater incidence of ascites, hepatic encephalopathy, and overall
decompensation. A higher NHHR correlated moderately with MELD-3.0 and total bilirubin and inversely
with serum albumin and platelet count. NHHR remained independently associated with decompensation
after adjustment for key confounders. Furthermore, NHHR significantly enhanced discrimination and
reclassification for decompensation when added to established clinical predictors such as the MELD-3.0
score. These findings highlight the potential utility of NHHR as a simple, accessible biomarker to
complement conventional risk stratification in CLD.

A substantial body of literature demonstrates profound disturbances in lipid metabolism in CLD.
Hepatic synthesis and secretion of lipoproteins are impaired in cirrhotic patients due to reduced
apolipoprotein production and defective lipoprotein assembly, leading to progressive decreases in total
cholesterol, HDL-C, and LDL-C with advancing liver dysfunction. Several observational studies have
confirmed that lipid parameters, particularly HDL-C, decline with worsening Child-Pugh and MELD scores,
reflecting impaired hepatic synthetic capacity and more severe disease states. Reduced HDL-C has been
linked to poorer outcomes in cirrhosis. Previous research demonstrated that HDL-related biomarkers
correlate inversely with disease severity and are independent predictors of survival in CLD, suggesting that
HDL-C may serve as a prognostic indicator. Trieb et al. [17] demonstrated that HDL-related biomarkers
reflect deterioration in liver function and reliably predict disease progression, development of
complications, and survival in patients with cirrhosis. In particular, HDL-C and apoA-I decrease with
increasing severity of the disease regardless of the etiology of cirrhosis. The authors further emphasized
that HDL-C and apoA-I show excellent diagnostic accuracies for 90-day and 12-month mortality, which are
very similar to those of composite scores such as Child-Pugh and MELD [17]. Similarly, Habib et al. [27]
established HDL-C as a liver function test and prognostic factor in non-cholestatic cirrhosis. In patients
hospitalized with spontaneous bacterial peritonitis, Llovet et al. [28] found that HDL-C was one of the
parameters independently associated with short-term prognosis. In line with these observations, we found
that patients in the highest NHHR tertile, where HDL-C levels were lowest, had significantly higher
decompensation rates.
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Figure 2. ROC curves of the base model and base model plus NHHR across NHHR tertiles. ROC curves comparing the
discriminatory performance of the base predictive model (incorporating age, sex, and MELD-3.0 score) and the model
augmented with NHHR across chronic liver disease cohorts: (A) overall cohort, (B) NHHR tertile 1 (< 2.0), (C) NHHR tertile 2
(2.1-3.0), and (D) NHHR tertile 3 (> 3.0). For each panel, the true positive rate (sensitivity) is plotted against the false positive
rate (1 — specificity). The AUC for each model is indicated in the legend. The diagonal dashed line represents the reference line
for random classifier performance. AUC: area under the receiver operating characteristic curve; MELD: Model for End-Stage
Liver Disease; NHHR: non-high-density lipoprotein/high-density lipoprotein cholesterol ratio; ROC: receiver operating
characteristic.

While HDL-C has been widely studied in CLD, composite lipid indices such as NHHR have been less
extensively evaluated in this context. HDL-C has recognized anti-inflammatory and endothelial protective
properties, whereas non-HDL fractions reflect atherogenic and proinflammatory lipoproteins; the NHHR
therefore captures a balance between potentially protective and harmful lipid fractions. Studies in
metabolic and cardiovascular populations show that ratios incorporating non-HDL and HDL cholesterol
capture this balance more effectively than individual lipid measures [18-20]. In our cohort, NHHR
demonstrated consistent associations with markers of hepatic dysfunction, correlating positively with
MELD-3.0 score, total bilirubin, and INR, and inversely with serum albumin. These relationships indicate
that higher NHHR aligns with more advanced liver dysfunction, reflecting impaired synthetic capacity and
cholestatic injury. Importantly, our cohort comprised patients with CLD of diverse etiologies, including
alcoholic liver disease, metabolic dysfunction-associated steatotic liver disease (MASLD), viral hepatitis-
related liver disease, and other causes, thereby enhancing the generalizability of these findings across the
etiologic spectrum of CLD. Notably, NHHR was independently associated with clinical decompensation in
multivariable logistic regression models, underscoring its potential utility as an integrated indicator of
disease severity. Our findings resonate with emerging evidence linking lipid and lipoprotein disturbances to
hepatic outcomes. An et al. [29] reported that the NHHR was associated with worse liver function and
independently predicted adverse outcomes in liver disease cohorts, suggesting that composite lipid ratios
capture metabolic and lipoprotein derangements beyond conventional measures. Similarly, in non-alcoholic
fatty liver disease populations, studies have demonstrated positive associations between NHHR and the
severity of steatosis and fibrosis, reinforcing the concept that dysregulated lipoprotein balance parallels
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progressive hepatic injury [24, 30]. Kim et al. [20] further showed that NHHR outperformed the
apolipoprotein B/apolipoprotein Al ratio in identifying metabolic syndrome and insulin resistance.
Population-based analyses from NHANES have also demonstrated significant associations between higher
NHHR and the presence of MASLD and hepatic steatosis [21, 22]. Extending these observations to
prognostic outcomes, Zhang et al. [23] identified elevated NHHR as a predictor of mortality in patients with
MASLD, particularly cardiovascular mortality in those without advanced fibrosis, indicating prognostic
implications beyond liver biochemistry alone. Shi et al. [13] demonstrated that low HDL-C independently
predicted 90-day transplant-free mortality in patients with hepatitis B virus (HBV)-related acute-on-
chronic liver failure, underscoring the critical role of HDL-related pathways in immune dysfunction and
hepatic failure. Likewise, Mo et al. [14] developed a prognostic model based on serum apolipoprotein A-I
that accurately stratified mortality risk in patients with HBV-related acute-on-chronic liver failure and
acutely decompensated cirrhosis, highlighting the loss of protective lipoproteins as a marker of hepatic
reserve and systemic inflammation. Although these studies primarily focused on metabolic and virus-
related liver disease, their findings align closely with our observations in a broader CLD population. This
convergence suggests that composite lipid measures such as NHHR may reflect a shared pathophysiologic
axis linking impaired hepatic synthetic function, systemic inflammation, and metabolic stress across diverse
etiologies and stages of liver disease. The positive associations between higher NHHR and adverse liver
outcomes likely reflect multiple interrelated mechanisms. Specifically, an imbalance between non-HDL and
HDL cholesterol may signify an excess of remnant and atherogenic lipoproteins relative to protective HDL
particles, fostering systemic inflammation and endothelial dysfunction that can contribute to progressive
hepatic injury and the development of portal hypertension. At the same time, a relative deficiency of
functional HDL may compromise reverse cholesterol transport. Experimental and clinical studies have
shown that CLD can alter HDL composition and reduce cholesterol efflux capacity, indicating impaired HDL
functionality rather than merely decreased HDL concentrations [10, 17]. This functional impairment may
diminish HDL-mediated reverse cholesterol transport and weaken its antioxidant and anti-inflammatory
effects, thereby contributing to hepatocellular injury and systemic inflammation [31]. Although the precise
mechanisms linking dysregulated lipoprotein balance to clinical decompensation remain incompletely
understood, these alterations likely represent the combined effects of impaired hepatic synthesis and
systemic metabolic stress inherent to advanced liver disease. Collectively, these data support the concept
that NHHR integrates pro-inflammatory and protective lipoprotein signals in a manner that reflects hepatic
reserve and the overall systemic metabolic burden across the spectrum of CLD.

We also demonstrated that incorporation of NHHR into established prognostic models resulted in a
significant improvement in risk discrimination and patient reclassification, as reflected by higher AUC
values and favorable NRI and IDI indices compared with a base clinical model comprising age, sex, and
MELD-3.0 score. Notably, the gain in predictive performance was most pronounced within the highest
NHHR tertile, suggesting that its added value is greatest among patients with substantial lipoprotein
imbalance and more advanced metabolic derangement. From a clinical perspective, these results
underscore the potential utility of NHHR as a pragmatic risk stratification tool beyond established clinical
severity scores. Because NHHR can be readily derived from routinely available lipid panels, it represents a
low-cost and accessible biomarker that may help identify patients who warrant closer surveillance and
timely clinical intervention. This simplicity and broad availability may be particularly advantageous in
resource-limited settings, where access to advanced imaging modalities or repeated comprehensive scoring
assessments is often constrained.

This study has certain limitations that merit consideration. First, the cross-sectional design precludes
causal inference. Consequently, although higher NHHR was associated with the presence of
decompensation, it remains unclear whether elevated NHHR contributes to the development of
decompensation or whether advanced liver dysfunction and metabolic alterations accompanying
decompensation lead to changes in lipid profiles and consequently a higher NHHR. This possibility of
reverse causality should be considered when interpreting the findings, and prospective longitudinal studies
are required to clarify the temporal relationship between NHHR and hepatic decompensation. Second, this
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was a single-center study conducted at a tertiary-care hospital, which may limit the generalizability of the
findings to other populations or healthcare settings. Although the cohort included patients with diverse
etiologies of CLD, including alcohol-related liver disease, MASLD, viral hepatitis, and other causes, the study
population may be more representative of patients with moderate to advanced disease typically seen in
tertiary centers. Therefore, multicenter studies involving more diverse and community-based populations
are needed to confirm the broader applicability of these findings. Third, detailed lipid characterization was
not available. Specifically, data on apolipoproteins, LDL and HDL subclasses, and direct measures of HDL
functionality were not assessed. These parameters may provide additional insights into lipid metabolism
and inflammatory processes in CLD and could further clarify the biological mechanisms underlying the
observed association between NHHR and decompensation. In addition, although key clinical confounders
were adjusted for in multivariable analyses, residual confounding from unmeasured factors cannot be
entirely excluded. NHHR should therefore be interpreted in the appropriate clinical context, as lipid levels
may be influenced by factors such as acute infection, systemic inflammation, nutritional status, and
metabolic comorbidities. Nevertheless, the relatively large sample size, systematic assessment of liver
disease severity, and integration of discrimination and reclassification analyses strengthen the validity of
the findings.

In conclusion, this study provides robust evidence that an elevated NHHR is independently associated
with the presence of clinical decompensation in patients with CLD. The consistent correlations observed
between NHHR and established liver function markers, including albumin, INR, total bilirubin, and MELD-
3.0, reinforce the relevance of systemic metabolic imbalance in advanced hepatic dysfunction. The
incremental discriminatory value conferred by NHHR beyond traditional clinical and biochemical
parameters supports its consideration as a simple and accessible biomarker for risk stratification and
targeted clinical evaluation in CLD. Integration of NHHR into routine clinical assessment may help identify
patients with decompensation in CLD and support more comprehensive clinical evaluation and
management.

Abbreviations

AUC: area under the receiver operating characteristic curve

Cls: confidence intervals

CLD: chronic liver disease

CTP: Child-Turcotte-Pugh

HBV: hepatitis B virus

HDL-C: high-density lipoprotein cholesterol

IDI: integrated discrimination improvement

INR: international normalized ratio

LDL-C: low-density lipoprotein cholesterol

MASLD: metabolic dysfunction-associated steatotic liver disease
MELD: Model for End-Stage Liver Disease

NHHR: non-high-density lipoprotein/high-density lipoprotein cholesterol ratio
NRI: net reclassification improvement

ORs: odds ratios

ROC: receiver operating characteristic

Explor Dig Dis. 2026;5:1005121 | https://doi.org/10.37349/edd.2026.1005121 Page 10



Declarations
Author contributions

RC: Conceptualization, Investigation, Writing—review & editing, Supervision. AK: Validation, Writing—
original draft, Writing—review & editing. BKS: Writing—original draft, Writing—review & editing. AD:
Conceptualization, Investigation, Writing—original draft. ST: Validation, Writing—review & editing. All
authors read and approved the submitted version.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Ethical approval

The study was approved by the Ethics Committee of ESIC Postgraduate Institute of Medical Sciences and
Research, Basaidarapur, New Delhi, India (Approval No. ESIPGIMSR-IEC/2024013). It was conducted in
accordance with the principles of the Declaration of Helsinki.

Consent to participate

Informed consent to participate in the study was obtained from all participants.

Consent to publication

Informed consent to publication was obtained from relevant participants.

Availability of data and materials

The data are available from the corresponding author upon reasonable request.

Funding
Not applicable.

Copyright
© The Author(s) 2026.

Publisher’s note

Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations
and maps. All opinions expressed in this article are the personal views of the author(s) and do not
represent the stance of the editorial team or the publisher.

References

1. Tham EK], Tan DJH, Danpanichkul P, Ng CH, Syn N, Koh B, et al. The Global Burden of Cirrhosis and
Other Chronic Liver Diseases in 2021. Liver Int. 2025;45:e70001. [DOI] [PubMed] [PMC]

2. Devarbhavi H, Asrani SK, Arab JP, Nartey YA, Pose E, Kamath PS. Global burden of liver disease: 2023
update. ] Hepatol. 2023;79:516-37. [DOI] [PubMed]

3. Privitera G, Spadaro L, Marchisello S, Fede G, Purrello F. Abnormalities of Lipoprotein Levels in Liver
Cirrhosis: Clinical Relevance. Dig Dis Sci. 2018;63:16-26. [DOI] [PubMed]

4. Cui B, Yang W, Guo G, Fan X, Wang X, Hui Y, et al. The Clinical Significance of Lipids/Lipoproteins
Impairment in the Context of Cirrhosis: An Updated Review. Gene Expr. 2022;21:2-8. [DOI]

5. Ghadir MR, Riahin AA, Havaspour A, Nooranipour M, Habibinejad AA. The relationship between lipid
profile and severity of liver damage in cirrhotic patients. Hepat Mon. 2010;10:285-8. [PubMed] [PMC(]

6. Zhang Y, Hu X, Chang J, Chen ], Han X, Zhang T, et al. The liver steatosis severity and lipid
characteristics in primary biliary cholangitis. BMC Gastroenterol. 2021;21:395. [DOI] [PubMed] [PMC(C]

Explor Dig Dis. 2026;5:1005121 | https://doi.org/10.37349/edd.2026.1005121 Page 11


https://dx.doi.org/10.1111/liv.70001
http://www.ncbi.nlm.nih.gov/pubmed/39927433
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11808647
https://dx.doi.org/10.1016/j.jhep.2023.03.017
http://www.ncbi.nlm.nih.gov/pubmed/36990226
https://dx.doi.org/10.1007/s10620-017-4862-x
http://www.ncbi.nlm.nih.gov/pubmed/29177578
https://dx.doi.org/10.14218/GEJLR.2022.00003
http://www.ncbi.nlm.nih.gov/pubmed/22312394
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3271321
https://dx.doi.org/10.1186/s12876-021-01974-4
http://www.ncbi.nlm.nih.gov/pubmed/34686147
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8532358

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Chrostek L, Supronowicz L, Panasiuk A, Cylwik B, Gruszewska E, Flisiak R. The effect of the severity of
liver cirrhosis on the level of lipids and lipoproteins. Clin Exp Med. 2014;14:417-21. [DOI] [PubMed]
[PMC]

Janicko M, Veseliny E, LeSko D, Jarcuska P. Serum cholesterol is a significant and independent
mortality predictor in liver cirrhosis patients. Ann Hepatol. 2013;12:581-7. [PubMed]

He X, Liu X, Peng S, Han Z, Shen ], Cai M. Association of Low High-Density Lipoprotein Cholesterol
Levels with Poor Outcomes in Hepatitis B-Associated Decompensated Cirrhosis Patients. Biomed Res
Int. 2021;2021:9927330. [DOI] [PubMed] [PMC(C]

Trieb M, Horvath A, Birner-Gruenberger R, Spindelboeck W, Stadlbauer V, Taschler U, et al. Liver
disease alters high-density lipoprotein composition, metabolism and function. Biochim Biophys Acta.
2016;1861:630-8. [DOI] [PubMed] [PMC]

Cui B, Guo G, Hui Y, Wang X, Liu W, Sun C. The prognostic value of high-density lipoprotein cholesterol
in patients with decompensated cirrhosis: a propensity score matching analysis. ] Clin Lipidol. 2022;
16:325-34. [DOI] [PubMed]

Gao B, Xiao |, Zhang M, Zhang F, Zhang W, Yang ], et al. High-density lipoprotein cholesterol for the
prediction of mortality in cirrhosis with portal vein thrombosis: a retrospective study. Lipids Health
Dis. 2019;18:79. [DOI] [PubMed] [PMC]

Shi K, Zhang Y, Li Y, Wang X, Feng Y, Wang X. High-density lipoprotein cholesterol as a prognostic
marker for 90-day transplant-free mortality in hepatitis B virus-related acute-on-chronic liver failure.
Front Cell Infect Microbiol. 2025;14:1458818. [DOI] [PubMed] [PMC]

Mo R, Zhang Z, Zhou Y, Wang Y, Yin P, Zhang C, et al. A new prognostic model based on serum
apolipoprotein Al in patients with HBV-ACLF and acutely decompensated liver cirrhosis. Lipids Health
Dis. 2025;24:35. [DOI] [PubMed] [PMC(]

Unger LW, Forstner B, Schneglberger S, Muckenhuber M, Eigenbauer E, Scheiner B, et al. Patterns and
prevalence of dyslipidemia in patients with different etiologies of chronic liver disease. Wien Klin
Wochenschr. 2019;131:395-403. [DOI] [PubMed] [PMC(]

Rao B H, Nair P, Koshy AK, Krishnapriya S, Greeshma CR, Venu RP. Role of High-Density Lipoprotein
Cholesterol (HDL-C) as a Clinical Predictor of Decompensation in Patients with Chronic Liver Disease
(CLD). Int ] Hepatol. 2021;2021:1795851. [DOI] [PubMed] [PMC]

Trieb M, Rainer F, Stadlbauer V, Douschan P, Horvath A, Binder L, et al. HDL-related biomarkers are

robust predictors of survival in patients with chronic liver failure. ] Hepatol. 2020;73:113-20. [DOI]
[PubMed]

Wang B, Li L, Tang Y, Lin T, Wu ], Wang G, et al. Changes in non-high-density lipoprotein to high-
density lipoprotein ratio (NHHR) and cardiovascular disease: insights from CHARLS. Lipids Health
Dis. 2025;24:112. [DOI] [PubMed] [PMC]

Tan MY, Weng L, Yang ZH, Zhu SX, Wu S, Su JH. The association between non-high-density lipoprotein
cholesterol to high-density lipoprotein cholesterol ratio with type 2 diabetes mellitus: recent findings
from NHANES 2007-2018. Lipids Health Dis. 2024;23:151. [DOI] [PubMed] [PMC(]

Kim SW, Jee JH, Kim H]J, Jin SM, Suh S, Bae ]JC, et al. Non-HDL-cholesterol/HDL-cholesterol is a better
predictor of metabolic syndrome and insulin resistance than apolipoprotein B/apolipoprotein Al. Int
] Cardiol. 2013;168:2678-83. [DOI] [PubMed]

Yang Y, Li S, An Z, Li S. The correlation between non-high-density lipoprotein cholesterol to high-
density lipoprotein cholesterol ratio (NHHR) with non-alcoholic fatty liver disease: an analysis of the
population-based NHANES (2017-2018). Front Med (Lausanne). 2024;11:1477820. [DOI] [PubMed]
[PMC]

Yang X, Yan H, Guo R, Chen Y. Association between the NHHR and hepatic steatosis and liver fibrosis: a
population-based study. Sci Rep. 2025;15:8462. [DOI] [PubMed] [PMC(]

Explor Dig Dis. 2026;5:1005121 | https://doi.org/10.37349/edd.2026.1005121 Page 12


https://dx.doi.org/10.1007/s10238-013-0262-5
http://www.ncbi.nlm.nih.gov/pubmed/24122348
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4213382
http://www.ncbi.nlm.nih.gov/pubmed/23813136
https://dx.doi.org/10.1155/2021/9927330
http://www.ncbi.nlm.nih.gov/pubmed/34355041
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8331308
https://dx.doi.org/10.1016/j.bbalip.2016.04.013
http://www.ncbi.nlm.nih.gov/pubmed/27106140
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542032
https://dx.doi.org/10.1016/j.jacl.2022.03.009
http://www.ncbi.nlm.nih.gov/pubmed/35398041
https://dx.doi.org/10.1186/s12944-019-1005-8
http://www.ncbi.nlm.nih.gov/pubmed/30927926
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6441144
https://dx.doi.org/10.3389/fcimb.2024.1458818
http://www.ncbi.nlm.nih.gov/pubmed/39911493
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11794805
https://dx.doi.org/10.1186/s12944-025-02434-8
http://www.ncbi.nlm.nih.gov/pubmed/39901194
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11789380
https://dx.doi.org/10.1007/s00508-019-01544-5
http://www.ncbi.nlm.nih.gov/pubmed/31493100
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6748890
https://dx.doi.org/10.1155/2021/1795851
http://www.ncbi.nlm.nih.gov/pubmed/34976412
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8720002
https://dx.doi.org/10.1016/j.jhep.2020.01.026
http://www.ncbi.nlm.nih.gov/pubmed/32061870
https://dx.doi.org/10.1186/s12944-025-02536-3
http://www.ncbi.nlm.nih.gov/pubmed/40133921
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11934592
https://dx.doi.org/10.1186/s12944-024-02143-8
http://www.ncbi.nlm.nih.gov/pubmed/38773578
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11106869
https://dx.doi.org/10.1016/j.ijcard.2013.03.027
http://www.ncbi.nlm.nih.gov/pubmed/23545148
https://dx.doi.org/10.3389/fmed.2024.1477820
http://www.ncbi.nlm.nih.gov/pubmed/39582979
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11581862
https://dx.doi.org/10.1038/s41598-025-90818-2
http://www.ncbi.nlm.nih.gov/pubmed/40069258
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11897350

23.

24.

25.

26.

27.

28.

29.

30.

31

Zhang Y, Luo PY, Tang YN, Wang |, Gao S, Fan YC, et al. Association between the non-high-density
lipoprotein cholesterol to high-density lipoprotein cholesterol ratio (NHHR) and mortality in patients
with metabolic dysfunction-associated steatotic liver disease (MASLD): data from the NHANES III
(1988-1994). Nutr Metab (Lond). 2025;22:46. [DOI] [PubMed] [PMC]

Huang X, Li ], Zhang L, Zhang C, Li C. The association between the non-high-density lipoprotein
cholesterol to high-density lipoprotein cholesterol ratio and non-alcoholic fatty liver disease in US
adults: a cross-sectional study. Sci Rep. 2024;14:24847. [DOI] [PubMed] [PMC]

Ruf A, Dirchwolf M, Freeman RB. From Child-Pugh to MELD score and beyond: Taking a walk down
memory lane. Ann Hepatol. 2022;27:100535. [DOI] [PubMed]

European Association for the Study of the Liver. EASL Clinical Practice Guidelines for the management
of patients with decompensated cirrhosis. ] Hepatol. 2018;69:406-60. [DOI] [PubMed]

Habib A, Mihas AA, Abou-Assi SG, Williams LM, Gavis E, Pandak WM, et al. High-density lipoprotein
cholesterol as an indicator of liver function and prognosis in noncholestatic cirrhotics. Clin
Gastroenterol Hepatol. 2005;3:286-91. [DOI] [PubMed]

Llovet JM, Planas R, Morillas R, Quer JC, Cabré E, Boix ], et al. Short-term prognosis of cirrhotics with
spontaneous bacterial peritonitis: multivariate study. Am ] Gastroenterol. 1993;88:388-92. [PubMed]
An T, Song Y, Yang Y, Guo M, Liu H, Liu K, et al. Non-HDL-cholesterol to HDL-cholesterol ratio is an
independent risk factor for liver function tests abnormalities in geriatric population. Lipids Health Dis.
2018;17:296. [DOI] [PubMed] [PMC(]

Xuan Y, Zhu M, Xu L, Huangfu S, Li T, Liu C, et al. Elevated non-HDL-C to HDL-C ratio as a marker for
NAFLD and liver fibrosis risk: a cross-sectional analysis. Front Endocrinol (Lausanne). 2024;15:
1457589. [DOI] [PubMed] [PMC]

Fisher EA, Feig JE, Hewing B, Hazen SL, Smith JD. High-density lipoprotein function, dysfunction, and

reverse cholesterol transport. Arterioscler Thromb Vasc Biol. 2012;32:2813-20. [DOI] [PubMed]
[PMC]

Explor Dig Dis. 2026;5:1005121 | https://doi.org/10.37349/edd.2026.1005121 Page 13


https://dx.doi.org/10.1186/s12986-025-00942-z
http://www.ncbi.nlm.nih.gov/pubmed/40399925
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12093885
https://dx.doi.org/10.1038/s41598-024-76002-y
http://www.ncbi.nlm.nih.gov/pubmed/39438585
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11496614
https://dx.doi.org/10.1016/j.aohep.2021.100535
http://www.ncbi.nlm.nih.gov/pubmed/34560316
https://dx.doi.org/10.1016/j.jhep.2018.03.024
http://www.ncbi.nlm.nih.gov/pubmed/29653741
https://dx.doi.org/10.1016/s1542-3565(04)00622-6
http://www.ncbi.nlm.nih.gov/pubmed/15765449
http://www.ncbi.nlm.nih.gov/pubmed/8438846
https://dx.doi.org/10.1186/s12944-018-0940-0
http://www.ncbi.nlm.nih.gov/pubmed/30593279
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6311027
https://dx.doi.org/10.3389/fendo.2024.1457589
http://www.ncbi.nlm.nih.gov/pubmed/39473504
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11518740
https://dx.doi.org/10.1161/ATVBAHA.112.300133
http://www.ncbi.nlm.nih.gov/pubmed/23152494
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3501261

	Abstract
	Keywords
	Introduction
	Materials and methods
	Study design and participants
	Baseline assessment
	Lipid measurements and NHHR calculation
	Tertile stratification
	Statistical analysis

	Results
	Baseline characteristics
	Decompensation status across tertiles
	Correlation with clinical severity
	Logistic regression analysis
	Discrimination and reclassification

	Discussion
	Abbreviations
	Declarations
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

