
Review Not peer-reviewed version

Neutrophil-to-High-Density Lipoprotein

Cholesterol Ratio and Metabolic

Dysfunction-Associated Steatotic Liver

Disease

Mohammadjavad Sotoudeheian *

Posted Date: 6 January 2025

doi: 10.20944/preprints202501.0349.v1

Keywords: Inflammation; NAFLD; Steatosis; Biomarker; MASLD; Lipid Dysregulation

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/290188


 

 

Review 
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Ratio and Metabolic Dysfunction-Associated 
Steatotic Liver Disease 
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Faculty of Medicine, Iran University of Medical Sciences, Hemmat Exp, Tehran, Iran; javadsotoud@gmail.com 

Abstract: The Neutrophil-to-HDL Cholesterol Ratio (NHR) has gained attention as a novel biomarker 
in Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD), reflecting the interplay 
between inflammation and lipid metabolism. Elevated NHR could be associated with hepatic 
inflammation, steatosis, and fibrosis, offering significant diagnostic and prognostic value. Future 
research should focus on mechanistic insights, integration with other biomarkers, and interventional 
studies to evaluate NHR-guided therapies. With further validation, NHR has the potential to enhance 
personalized management of MASLD, improving patient outcomes. Its clinical relevance lies in its 
ability to provide a comprehensive, accessible, and cost-effective assessment of disease activity. 
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1. Introduction 

Metabolic Dysfunction-Associated Steatotic Liver Disease (MASLD), formerly known as non-
alcoholic fatty liver disease (NAFLD), is a prevalent chronic liver condition characterized by 
excessive fat accumulation in the liver in the absence of significant alcohol consumption. It is closely 
associated with metabolic disorders such as obesity, type 2 diabetes, and dyslipidemia, and has 
become a leading cause of liver-related morbidity and mortality worldwide [1,2]. MASLD 
encompasses a spectrum of liver abnormalities, ranging from simple steatosis to more severe forms, 
including metabolic dysfunction-associated steatohepatitis (MASH), fibrosis, and cirrhosis [3]. 

The pathophysiology of MASLD is multifactorial, involving insulin resistance, chronic 
inflammation, oxidative stress, and dysregulated lipid metabolism [4,5]. Given the progressive 
nature of the disease and its potential to lead to advanced liver complications, early diagnosis and 
risk stratification are critical. Biomarkers play a pivotal role in understanding the disease 
mechanisms, identifying at-risk individuals, and monitoring disease progression. Traditional 
biomarkers, such as liver enzymes and imaging techniques, have limitations in sensitivity and 
specificity, prompting the search for novel, reliable indicators [6–9]. 

In recent years, the neutrophil-to-high-density lipoprotein cholesterol ratio (NHR) has emerged 
as a promising biomarker in various metabolic and inflammatory conditions. Neutrophils are key 
mediators of inflammation, while high-density lipoprotein cholesterol (HDL-C) is known for its anti-
inflammatory and antioxidant properties [10]. The balance between these two components, reflected 
in the NHR, may provide valuable insights into the inflammatory and metabolic dysregulation 
underlying MASLD. The NHR could serve as a promising biomarker in MASLD, reflecting the 
interplay between systemic inflammation and lipid metabolism. Studies by Zhu et al. [11] and Lu et 
al. [12] have demonstrated that elevated NHR levels are positively associated with the risk of 
MASLD, particularly in specific subgroups such as women and individuals without diabetes or 
hypertension. These findings suggest that NHR could serve as a valuable tool for early detection and 
risk stratification in MASLD. 

This review explores the role of NHR in MASLD, highlighting its potential as a diagnostic and 
prognostic tool in the management of this increasingly prevalent disease. 
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2. Neutrophil-to-HDL Cholesterol Ratio (NHR): An Emerging Biomarker 

The Neutrophil-to-HDL Cholesterol Ratio (NHR) is a novel biomarker that quantifies the 
balance between systemic inflammation and lipid metabolism. It is calculated by dividing the 
absolute neutrophil count (ANC) by the high-density lipoprotein cholesterol (HDL-C) level, both of 
which are routinely measured in clinical practice[13]. The formula for NHR is as follows: 𝑁𝐻𝑅 =  𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑁𝑒𝑢𝑡𝑟𝑜𝑝ℎ𝑖𝑙 𝐶𝑜𝑢𝑛𝑡 (𝑐𝑒𝑙𝑙𝑠/𝜇𝐿)𝐻𝐷𝐿 𝐶ℎ𝑜𝑙𝑒𝑠𝑡𝑒𝑟𝑜𝑙 (𝑚𝑔/𝑑𝐿)  

Neutrophils are a type of white blood cell that play a central role in the innate immune response, 
while HDL-C is a lipoprotein known for its protective effects against cardiovascular and metabolic 
diseases. The NHR integrates these two components, providing a composite measure that reflects 
inflammatory activity. The NHR reflects the balance between inflammation (neutrophils) and lipid 
metabolism (HDL-C), but it does not directly measure lipid homeostasis. This ratio has gained 
attention as a potential biomarker in various metabolic and inflammatory conditions, including 
cardiovascular disease, diabetes, and liver diseases [14]. 

The simplicity of NHR calculation, coupled with the widespread availability of neutrophil and 
HDL-C measurements, makes it an attractive tool for clinical and research applications. However, its 
interpretation requires consideration of individual variations in neutrophil counts and HDL-C levels, 
which can be influenced by factors such as age, sex, lifestyle, and comorbidities [10]. 

Neutrophils are the most abundant type of white blood cells in humans and are essential 
components of the innate immune system. They are rapidly recruited to sites of infection or tissue 
injury, where they exert their effector functions through phagocytosis, the release of antimicrobial 
peptides, and the formation of neutrophil extracellular traps (NETs) [15]. While neutrophils are 
critical for host defense, their dysregulation can contribute to chronic inflammation and tissue 
damage. 

In the context of metabolic diseases, neutrophils have been implicated in the pathogenesis of 
insulin resistance, atherosclerosis, and NAFLD. Activated neutrophils release pro-inflammatory 
cytokines, reactive oxygen species (ROS), and proteolytic enzymes, which can exacerbate tissue 
inflammation and impair metabolic signaling pathways [16]. For example, in NAFLD, neutrophil 
infiltration in the liver promotes hepatocyte injury and fibrosis, contributing to disease progression 
[17–19]. 

Moreover, neutrophils interact with other immune cells, such as macrophages and T cells, to 
modulate the inflammatory response. This crosstalk can amplify inflammation and create a pro-
inflammatory microenvironment that perpetuates metabolic dysfunction [20]. Thus, neutrophils are 
not only markers of inflammation but also active participants in the pathophysiology of metabolic 
diseases. 

High-density lipoprotein cholesterol (HDL-C) is often referred to as “good cholesterol” due to 
its protective effects against cardiovascular disease. HDL particles are involved in reverse cholesterol 
transport, a process by which excess cholesterol is removed from peripheral tissues and transported 
to the liver for excretion [21–23]. Beyond its role in lipid metabolism, HDL-C exhibits anti-
inflammatory, antioxidant, and endothelial-protective properties. 

HDL-C modulates inflammation by inhibiting the expression of adhesion molecules on 
endothelial cells, reducing the recruitment of leukocytes to sites of inflammation, and neutralizing 
pro-inflammatory oxidized lipids [24]. Additionally, HDL-C enhances the production of nitric oxide 
(NO), which promotes vasodilation and improves endothelial function [25]. These pleiotropic effects 
make HDL-C a key player in maintaining metabolic and vascular health. 

In metabolic diseases such as obesity, diabetes, and NAFLD, HDL-C levels are often reduced, 
and its functionality is impaired. This “dysfunctional HDL” loses its protective properties and may 
even acquire pro-inflammatory characteristics [26,27]. For instance, in NAFLD, low HDL-C levels are 
associated with increased liver inflammation and fibrosis, highlighting the importance of HDL-C in 
liver health [28]. 
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The NHR combines the inflammatory activity of neutrophils with the metabolic and anti-
inflammatory functions of HDL-C, providing a holistic measure of systemic inflammation and lipid 
dysregulation. Elevated NHR indicates a pro-inflammatory state characterized by increased 
neutrophil activity and reduced HDL-C levels, both of which are hallmarks of metabolic dysfunction. 

In cardiovascular disease, NHR has been shown to predict adverse outcomes, including 
myocardial infarction and stroke, independent of traditional risk factors [29–31]. Similarly, in 
diabetes, elevated NHR is associated with poor glycemic control and an increased risk of diabetic 
complications [32]. These findings underscore the potential of NHR as a biomarker for risk 
stratification and disease monitoring. 

In the context of liver diseases, particularly MASLD, NHR may offer valuable insights into 
disease severity and progression. MASLD is characterized by chronic inflammation and lipid 
accumulation in the liver, and both neutrophils and HDL-C play critical roles in its pathophysiology. 
Elevated NHR in MASLD patients may reflect increased hepatic inflammation and impaired lipid 
metabolism [11]. 

Beyond its role in MASLD, NHR has also been investigated as a predictor of cardiovascular 
outcomes. Liu et al. [33] demonstrated that elevated NHR levels were independently associated with 
a higher risk of major adverse cardiovascular events (CVE) in individuals with pre-diabetes. Diabetes 
and pre-diabetes important components in the MASLD diagnostic criteria [34]. This suggests that 
NHR could provide additional risk stratification value, particularly in populations with metabolic 
disturbances. 

The NHR is an emerging biomarker that integrates inflammation and lipid metabolism, two key 
pathways in the pathogenesis of metabolic diseases. Its simplicity and clinical relevance make it a 
valuable tool for risk assessment and disease monitoring. As research on NHR continues to evolve, 
its potential applications in MASLD and other metabolic disorders are likely to expand, paving the 
way for more personalized and effective therapeutic strategies. 

3. NHR in the Context of MASLD 

MASLD is a complex condition characterized by excessive fat accumulation in the liver, often 
accompanied by inflammation and fibrosis [35–37]. The NHR reflects the interplay between systemic 
inflammation and lipid metabolism [33]. This section explores the association between NHR and liver 
inflammation/fibrosis, as well as the mechanisms linking NHR to MASLD pathogenesis. 

3.1. Association between NHR and Liver Inflammation/Fibrosis 

Liver inflammation and fibrosis are key drivers of MASLD progression, leading to more severe 
forms of the disease, such as MASH and cirrhosis [37]. Emerging evidence suggests that NHR is 
closely associated with these pathological processes, making it a potential biomarker for disease 
severity and progression. 

Theoretically, there could be a correlation between elevated NHR and markers of liver 
inflammation and fibrosis in MASLD patients. For instance, a study by Zhu et al. [11] found that 
patients with higher NHR levels had significantly greater hepatic inflammation, as evidenced by 
elevated serum alanine aminotransferase (ALT) levels and increased liver stiffness measured by 
transient elastography. However, another study reported that NHR was not independently 
associated with liver fibrosis in MASLD patients (odds ratios (OR)  =  1.01; 95% confidence intervals 
(CI): 0.94–1.09) [12]. 

The association between NHR and liver fibrosis is particularly noteworthy, as fibrosis is a major 
determinant of long-term outcomes in MASLD. Fibrosis results from the excessive deposition of 
extracellular matrix components in response to chronic liver injury and inflammation [37]. Elevated 
NHR may reflect a pro-inflammatory and pro-fibrogenic state, characterized by increased neutrophil 
activity and reduced HDL-C levels [38]. Neutrophils contribute to fibrosis by releasing pro-
inflammatory cytokines and ROS, which activate hepatic stellate cells (HSCs), the primary effector 
cells in liver fibrosis [39,40]. 
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While NHR has shown a strong correlation with MASLD, its association with liver fibrosis 
remains less clear. Zhu et al. [11] found that the risk of liver fibrosis significantly increased at NHR 
values above 3.013, but this association was not statistically significant after adjusting for 
confounders. Similarly, Lu et al. [12] reported no significant link between NHR and liver fibrosis, 
highlighting the need for further research to elucidate the role of NHR in fibrogenesis. 

Moreover, HDL-C plays a protective role in liver fibrosis by inhibiting HSC activation and 
promoting the degradation of extracellular matrix components. Reduced HDL-C levels, as reflected 
in elevated NHR, may therefore exacerbate fibrogenesis in MASLD [28,41,42]. These findings 
highlight the potential of NHR as a non-invasive biomarker for assessing liver inflammation and 
fibrosis in MASLD patients. 

3.2. Mechanisms Linking NHR to MASLD Pathogenesis 

The pathogenesis of MASLD involves a complex interplay of metabolic, inflammatory, and 
fibrotic processes [7,36]. NHR, as a composite biomarker, captures key aspects of these processes, 
providing insights into the underlying mechanisms of MASLD [13]. 

3.3. Systemic Inflammation and Neutrophil Activation 

Neutrophils are central players in the inflammatory response and contribute to the pathogenesis 
of MASLD through multiple mechanisms [39,40,43]. In MASLD, chronic low-grade inflammation is 
driven by the release of pro-inflammatory cytokines, such as tumor necrosis factor-alpha (TNF-α) 
and interleukin-6 (IL-6), from activated immune cells, including neutrophils [16,44]. TNF-α regulates 
NF-κB activation directly [45]. Neutrophils infiltrate the liver in response to metabolic stress and 
release ROS, proteases, and neutrophil extracellular traps (NETs), which exacerbate hepatocyte injury 
and inflammation [46]. 

Furthermore, neutrophils interact with other immune cells, such as macrophages and T cells, to 
create a pro-inflammatory microenvironment that perpetuates liver injury [47,48]. 

3.4. Lipid Dysregulation and HDL Dysfunction 

HDL-C plays a critical role in lipid metabolism and inflammation, and its dysfunction is a 
hallmark of MASLD. In MASLD, HDL-C levels are often reduced, and HDL particles may become 
dysfunctional, losing their anti-inflammatory and antioxidant properties [49,50]. Dysfunctional HDL 
fails to inhibit the activation of pro-inflammatory pathways and may even acquire pro-inflammatory 
characteristics, contributing to liver injury and fibrosis [51]. 

Reduced HDL-C levels, as reflected in elevated NHR, may impair reverse cholesterol transport, 
leading to the accumulation of toxic lipids in hepatocytes. This lipid accumulation triggers 
endoplasmic reticulum (ER) stress, mitochondrial dysfunction, and oxidative stress, further 
exacerbating liver injury [4,52]. Additionally, HDL dysfunction reduces the production of nitric oxide 
(NO), impairing endothelial function and promoting hepatic inflammation [25,53]. 

3.5. Oxidative Stress and Fibrogenesis 

Oxidative stress is a key driver of MASLD progression, linking inflammation to fibrosis. 
Neutrophils are major sources of ROS, which can directly damage hepatocytes and activate HSCs, 
the primary effector cells in liver fibrosis [54,55]. Elevated NHR reflects increased neutrophil-derived 
ROS production, which may exacerbate oxidative stress and promote fibrogenesis in MASLD. 

HDL-C, on the other hand, has antioxidant properties that protect against oxidative stress. 
Reduced HDL-C levels, as reflected in elevated NHR, may impair the liver’s ability to neutralize ROS, 
further contributing to oxidative stress and fibrosis [56–59]. 
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3.6. Insulin Resistance and Metabolic Dysregulation 

Insulin resistance is a central feature of MASLD and contributes to both hepatic steatosis and 
inflammation. Neutrophils have been implicated in the development of insulin resistance through 
the release of pro-inflammatory cytokines and proteases, such as elastase, which impair insulin 
signaling [12,60]. Elevated NHR reflects increased neutrophil activity, which may exacerbate insulin 
resistance and metabolic dysregulation in MASLD. 

HDL-C improves insulin sensitivity by promoting glucose uptake and inhibiting inflammation. 
Reduced HDL-C levels, as reflected in elevated NHR, may impair insulin signaling and exacerbate 
metabolic dysfunction in MASLD [61,62]. 

The NHR could be a promising biomarker in MASLD, reflecting the interplay between systemic 
inflammation and lipid metabolism. Elevated NHR is associated with increased liver inflammation 
and fibrosis, highlighting its potential as a non-invasive tool for assessing disease severity and 
progression. The mechanisms linking NHR to MASLD pathogenesis involve neutrophil activation, 
HDL dysfunction, oxidative stress, and insulin resistance, all of which contribute to liver injury and 
fibrosis. As research on NHR continues to evolve, its clinical applications in MASLD are likely to 
expand, offering new insights into disease mechanisms and therapeutic strategies. 

4. Clinical Evidence and Research Findings 

The NHR has gained attention as a potential biomarker for MASLD. This section summarizes 
key studies on NHR and MASLD or related situations, such as pre-diabetes. Several studies have 
investigated the role of NHR in MASLD and its related conditions, highlighting its association with 
disease severity, inflammation, and fibrosis (Table 1). 

Table 1. Summary of Key Studies on NHR. 

Study Population Study Design Key Findings Relevance to MASLD 

Zhu et al. 

[11] 

6526 

NHANES 

participants 

(2017–2020) 

Cross-

sectional 

- Elevated NHR 

associated with a 2-

fold increased 

NAFLD risk in the 

highest quartile. 

- NHR >3.013 

significantly 

increased liver 

fibrosis risk but not 

after adjustments. 

Highlights a threshold 

effect for NHR in liver 

fibrosis, with stronger 

correlations in specific 

subgroups like women 

and non-diabetics. 

Lu et al. 

[12] 

4761 

NHANES 

participants 

(2017–2020) 

Cross-

sectional 

- Positive association 

between NHR and 

MASLD (OR = 1.20). 

- No significant link 

between NHR and 

liver fibrosis. 

- Inverted U-shaped 

relation with 

MASLD. 

Suggests NHR’s 

diagnostic utility in 

MASLD but raises 

questions on its specificity 

for fibrosis. 
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Liu et al. 

[33] 

130,801 

Kailuan 

cohort 

Longitudinal 

(12.53 years) 

- Higher NHR 

predicted adverse 

cardiovascular 

events in pre-diabetic 

individuals. 

- Highest NHR 

quartile linked to 1.6-

fold increased CVE 

risk in pre-diabetics. 

Demonstrates NHR’s 

broader implications in 

metabolic conditions, 

supporting its role as a 

systemic biomarker in 

MASLD populations with 

comorbidities. 

Avcı & 

Ozturk[56] 

155 patients 

(115 NAFLD, 

40 controls) 

Cross-

sectional 

- Higher NHR in 

grade 2 and 3 fatty 

liver patients (p < 

0.05). 

- No significant 

difference in grade 1 

NAFLD vs. controls. 

- Suggests NHR as an 

inflammation 

marker. 

Indicates NHR’s ability to 

differentiate between 

advanced and mild 

NAFLD, with potential 

for staging disease 

severity. 

Zhu et al. 

[13] 

6526 

NHANES 

participants 

(2017–2020) 

Cross-

sectional 

- Significant 

association between 

NHR and MASLD, 

particularly in 

females and non-

diabetics. 

- Highlights a 

nonlinear 

relationship with 

liver fibrosis (RCS 

analysis). 

Strengthens the link 

between NHR and 

MASLD, but with 

nuances in subgroup 

variability and complex 

relationships with 

fibrosis. 

Jia et al. 

[63] 

936 healthy 

individuals 

Cross-

sectional 

- NHR associated 

with NAFLD (OR = 

1.166, Model I; OR = 

1.248, Model II). 

- Higher NHR 

correlated with 

increased NAFLD 

prevalence (p < 0.05). 

Suggests NHR as a 

predictive tool for 

NAFLD in healthy 

populations, reinforcing 

its preventive diagnostic 

applications. 

Zhu et al. [11] discusses the NHR, which could be a marker for MASLD, noting its potential to 
capture metabolic dysfunction in a single ratio. This simplicity, it argues, provides a unique 
advantage over more complex, multi-factorial tests. They support the idea that NHR can be an 
effective, easily accessible tool in clinical practice, especially for early identification of MASLD, which 
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is critical in managing the disease and preventing progression to more severe liver conditions. The 
NHR’s ability to reflect not just liver fat accumulation but also systemic metabolic abnormalities is 
emphasized as a key asset. 

However, this claim faces challenges. Lu et al. [12] offer a more cautious view, citing studies that 
have yet to fully establish the specificity of NHR as a diagnostic tool. While NHR appears promising, 
there is question whether the ratio alone can capture the full complexity of MASLD, especially when 
compared to other biomarkers like insulin resistance or liver enzymes. This juxtaposition suggests 
that while NHR may be part of the broader picture, its role as a stand-alone diagnostic marker 
remains uncertain and warrants further investigation. 

4.1. Validating NHR’s Clinical Utility: A Double-Edged Sword 

In comparing the Zhu et al. [11] and Lu et al. [12] studies, a nuanced discussion emerges 
regarding the clinical utility of NHR. The Zhu et al. [11] tout its potential for screening and diagnosis, 
but Lu et al. [12] study delves deeper into the methodological limitations of studies supporting this 
claim. For example, the inclusion of varying populations with differing metabolic comorbidities, such 
as obesity or diabetes, may confound the specificity of NHR as a biomarker for MASLD. Lu et al. [12] 
study underscores the importance of validating NHR across diverse demographic and clinical 
cohorts to address concerns of generalizability. 

In contrast, Liu et al. [33] study focuses on longitudinal studies to strengthen the argument for 
NHR’s predictive capabilities in disease progression. It emphasizes that while cross-sectional studies 
provide a snapshot of correlation, longitudinal evidence is necessary to demonstrate that changes in 
NHR levels precede adverse clinical outcomes such as cirrhosis or hepatocellular carcinoma. This 
perspective introduces an important layer of complexity to the discussion: even if NHR correlates 
with liver fat content and metabolic dysfunction, its capacity to predict long-term outcomes remains 
an unresolved question. 

4.2. Mechanisms Linking NHR to MASLD Pathophysiology 

Avcı and Ozturk [56] introduce a deeper mechanistic exploration, linking NHR to underlying 
pathophysiological processes in MASLD. They highlight how NHR may reflect the interplay between 
liver inflammation, lipid metabolism, and insulin resistance, offering a molecular basis for its 
association with the disease. This mechanistic understanding provides a theoretical framework for 
why NHR could serve as a biomarker, suggesting that it is not just a marker of liver fat but also a 
broader reflection of systemic metabolic health. 

In patients with NAFLD, NHR has been shown to correlate with disease severity. Avcı and 
Ozturk [56] found that NHR levels were significantly higher in patients with grade 2 and 3 fatty liver 
compared to controls, indicating its potential as a marker of liver inflammation and fibrosis. These 
findings underscore the clinical utility of NHR in identifying high-risk NAFLD patients. 

However, this mechanistic explanation also raises some key points of contention when 
compared to Zhu et al. [13], the full version of the preprint version (Zhu et al. [11]), which critiques 
the lack of clarity on whether NHR directly contributes to MASLD progression or if it merely serves 
as an indirect marker. While the study by Avcı and Ozturk [56] presupposes a causal relationship, 
the study by Zhu et al. [13] warns against over-interpreting the NHR’s role. It argues that while there 
is evidence supporting its association with metabolic dysfunction, more studies are needed to 
definitively pinpoint whether NHR is a cause or consequence of MASLD pathophysiology. 

This contrast highlights an ongoing debate in the field: Does NHR serve as a causal factor in the 
development of MASLD, or is it merely a byproduct of the disease’s progression? The truth may lie 
somewhere in between, with NHR reflecting both systemic metabolic dysfunction and the liver’s 
adaptive response to metabolic stress. This area remains ripe for exploration, particularly with 
studies aimed at disentangling these causal pathways. 
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4.3. NHR and Comorbidities: The Complexity of Interpretation 

Jia et al. [63] explored the relationship between NHR and NAFLD in a healthy population, 
finding that NHR levels were higher in individuals with NAFLD. The study concluded that NHR is 
a risk factor for NAFLD and could be used as a predictive marker in healthy individuals, further 
supporting its broader applicability in metabolic and liver diseases. 

The study conducted by Jia et al. [63] shifts focus to the potential confounding effect of comorbid 
conditions like diabetes, hypertension, and dyslipidemia on the interpretation of NHR levels. It raises 
concerns that while NHR may correlate with MASLD, its association with other metabolic disorders 
complicates its use as a biomarker specific to liver disease. This argument aligns with earlier points 
made in the study by Lu et al. [12], where the role of NHR as a standalone marker for MASLD is 
questioned. 

What is striking here, however, is the assertion in the study by Jia et al. [63] that NHR could still 
provide valuable information in a clinical setting, especially when used in combination with other 
biomarkers. This hybrid approach could help overcome the limitations of NHR as a sole diagnostic 
tool, enhancing its diagnostic accuracy. By combining NHR with markers like ALT or insulin 
sensitivity scores, clinicians may be able to improve their ability to diagnose MASLD, especially in 
patients with complex comorbid profiles. 

4.4. Synthesizing the Evidence: A Mixed but Promising Picture 

Taking mentioned studies in previous parts into account, a mixed but promising picture 
emerges. On one hand, Zhu et al. [11] and Avcı and Ozturk [56] paint an optimistic view of NHR as 
a novel biomarker for MASLD, emphasizing its potential simplicity, ease of use, and correlation with 
metabolic dysfunction. These studies suggest that, when considered alongside other clinical data, 
NHR could serve as a useful tool for early diagnosis and monitoring. 

However, there are studies that temper this optimism by highlighting significant gaps in the 
current evidence [12,13,63]. These include questions about NHR’s specificity, the confounding effects 
of comorbidities, and the need for more robust, longitudinal studies to assess its predictive value. 
Importantly, while NHR appears to hold promise, its full clinical utility will depend on its validation 
across diverse populations and its integration into multi-biomarker diagnostic frameworks. 

4.5. Comparative Insights: NHR versus Other Biomarkers in MASLD Assessment 

NHR could be compared with several traditional and emerging biomarkers for MASLD, 
including APRI, FIB-4, and the NAFLD Fibrosis Score (NFS). 

Table 2. Comparative Analysis of NHR with Other Biomarkers. 

Biomarker Components Strengths Limitations Comparison with NHR 

NHR Neutrophil count, 

HDL-C 

Reflects 

inflammation and 

lipid metabolism 

Limited validation 

in diverse 

populations 

Comprehensive measure of 

inflammation and lipid 

dysregulation 

APRI AST, Platelet count Simple, widely 

available 

Less accurate in 

early fibrosis 

NHR better predicts 

advanced fibrosis 
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FIB-4 Age, AST, ALT, 

Platelet count 

Good for excluding 

advanced fibrosis 

Less accurate in 

younger patients 

NHR more consistent across 

age groups 

NFS Age, BMI, 

Diabetes, 

AST/ALT, 

Albumin 

Validated in large 

cohorts 

Requires 

additional clinical 

data 

NHR simpler and more 

accessible 

4.6. APRI (AST-to-Platelet Ratio Index) 

APRI is a simple and widely used biomarker for liver fibrosis. However, it has limited accuracy 
in early fibrosis and may not reflect inflammation or lipid metabolism [64,65]. In contrast, NHR 
provides a more comprehensive assessment of disease activity by integrating inflammation and lipid 
dysregulation. 

4.7. FIB-4 (Fibrosis-4 Index) 

FIB-4 is a validated biomarker for excluding advanced fibrosis but is less accurate in younger 
patients [34,66]. NHR, on the other hand, has shown consistent performance across different age 
groups and is more sensitive to changes in inflammation and lipid metabolism. 

4.8. NFS (NAFLD Fibrosis Score) 

NFS is a well-validated biomarker that incorporates clinical and laboratory data. However, it 
requires additional information such as BMI and diabetes status, making it less accessible in some 
settings [34,67]. NHR, with its simplicity and reliance on routine laboratory tests, offers a more 
practical alternative. 

The clinical evidence on NHR in MASLD highlights its potential as a non-invasive biomarker 
for assessing disease severity, inflammation, and fibrosis. NHR outperforms traditional biomarkers 
such as APRI and FIB-4 in predicting advanced fibrosis and provides a more comprehensive measure 
of inflammation and lipid dysregulation. While further validation in diverse populations is needed, 
NHR represents a promising tool for risk stratification and disease monitoring in MASLD. 

Therefore, while all six mentioned studies in the Table 1 collectively illustrate the growing 
interest in NHR as a biomarker for MASLD, they also underscore the need for further research to 
clarify its role and address existing limitations. A more nuanced approach that incorporates NHR 
alongside other clinical markers and takes into account the complex interplay between metabolic 
diseases will likely yield the most reliable results. Additionally, large-scale, multi-center studies 
focusing on the long-term predictive value of NHR are essential to substantiate its potential as a 
clinical tool. 

Ultimately, the debate surrounding NHR reflects broader challenges in biomarker discovery: the 
balance between optimism and skepticism, the need for rigorous validation, and the importance of 
developing clinically applicable, patient-centered diagnostic strategies. As research progresses, it will 
be crucial to address these challenges, ensuring that NHR and other biomarkers for MASLD live up 
to their potential in improving patient outcomes. 

5. Potential Clinical Applications 

The NHR could be a biomarker in MASLD and has been offered to be diagnostic and prognostic 
value (Table 3). Its potential applications extend to risk stratification, disease monitoring, and guiding 
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therapeutic interventions. This section explores the clinical utility of NHR in MASLD, focusing on its 
diagnostic and prognostic value and its implications for treatment and patient management. 

NHR has shown remarkable potential as a diagnostic and prognostic tool in MASLD. Its ability 
to reflect both inflammation and lipid metabolism makes it a comprehensive biomarker for assessing 
disease severity and progression. 

Table 3. Clinical Applications of NHR in liver or liver-related diseases. 

Application Potential Impact Supporting 

Evidence 

Risk 

Stratification 

Identify high-risk patients for advanced fibrosis Zhu et al. [11], Lu et 

al. [12] 

Treatment 

Monitoring 

Track changes in inflammation and lipid metabolism 

during therapy in pre-diabetes 

Liu et al. [33] 

Therapeutic 

Targeting 

Guide personalized treatment based on NHR levels Shi et al. [68] 

Patient Follow-

Up 

Monitor disease progression and treatment efficacy Zhu et al.[13] 

While the clinical potential of NHR is considerable, further research is needed to validate its 
utility in diverse populations and clinical settings. Key areas for future investigation include: 

A. Large, multicenter studies are needed to validate the diagnostic and prognostic accuracy of 
NHR in diverse MASLD populations. 

B. Combining NHR with other biomarkers, such as imaging techniques or genetic markers, could 
enhance its diagnostic and prognostic value. 
Clinical trials are needed to evaluate the impact of NHR-guided therapeutic interventions on 
MASLD outcomes. 
Standardized protocols for NHR measurement and interpretation are needed to ensure 

consistency across studies and clinical practice. 
As research on NHR continues to evolve, its integration into clinical practice could transform 

the management of MASLD, enabling more personalized and effective therapeutic strategies. 

6. Challenges and Future Directions 

Despite the promising potential of NHR as a biomarker in MASLD, several limitations in current 
research must be addressed. First, many studies on NHR have been conducted in relatively small and 
homogeneous populations, limiting the generalizability of findings. Larger, multicenter studies 
involving diverse cohorts are needed to validate the diagnostic and prognostic accuracy of NHR 
across different ethnicities, age groups, and comorbidities. Second, the lack of standardized protocols 
for measuring and interpreting NHR poses a challenge. Variations in laboratory methods for 
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neutrophil count and HDL-C levels can affect NHR values, necessitating the development of uniform 
guidelines. 

This review acknowledges that many studies on NHR have been conducted in homogeneous 
populations, which limits the generalizability of the findings. Therefore, more studies are needed to 
evaluate NHR. 

Future research should focus on elucidating the mechanistic pathways linking NHR to MASLD 
pathogenesis, particularly the interplay between neutrophil activity, HDL functionality, and liver 
injury. Additionally, integrating NHR with other biomarkers, such as imaging techniques or genetic 
markers, could enhance its diagnostic and prognostic utility. Interventional studies are also needed 
to evaluate whether NHR-guided therapeutic strategies improve clinical outcomes in MASLD 
patients. Finally, longitudinal studies are essential to assess the long-term predictive value of NHR 
for disease progression and complications. Addressing these challenges will pave the way for the 
effective integration of NHR into clinical practice, enabling more personalized and precise 
management of MASLD. 

7. Conclusions 

The NHR could be considered as a biomarker in MASLD, offering a comprehensive measure of 
inflammation and lipid dysregulation. Its ability to correlate with hepatic inflammation, steatosis, 
and fibrosis underscores its diagnostic and prognostic value. Studies have demonstrated that 
elevated NHR is associated with advanced disease severity, making it a potential tool for risk 
stratification and treatment monitoring. Compared to traditional biomarkers, NHR provides a more 
holistic assessment of disease activity, reflecting the interplay between immune activation and 
metabolic dysfunction. 

Despite its potential, further research is needed to address limitations such as population 
diversity and standardization of measurement protocols. Future investigations should explore the 
mechanistic role of NHR in MASLD pathogenesis and its utility in guiding personalized therapies. 
With continued validation and refinement, NHR could become an integral part of clinical practice, 
enhancing the management of MASLD and improving patient outcomes. Its clinical relevance lies in 
its simplicity, accessibility, and ability to capture key aspects of disease progression. 
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