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Abstract

Non-alcoholic fatty liver disease (NAFLD) is a chronic liver disorder closely linked to metabolic syndrome. Identifying
novel, easily measurable biomarkers could significantly enhance the diagnosis and management of NAFLD in clinical
settings. Recent studies suggest that immunoinflammatory biomarkers—specifically, the neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), and lymphocyte-to-monocyte ratio (LMR)—may offer diagnostic value for
NAFLD. However, the effectiveness of these biomarkers has not been comprehensively assessed in this patient population.
This systematic review and meta-analysis aimed to evaluate the association between these immunoinflammatory biomark-
ers and NAFLD. As of August 8, 2024, databases including PubMed, EMBASE, Cochrane Library, Web of Science, and
Scopus were systematically searched to compare NLR, PLR, and LMR levels in NAFLD patients and healthy controls. Study
quality was assessed using the Newcastle-Ottawa Scale, and standardized mean differences (SMDs) with 95% confidence
intervals (CIs) were calculated (PROSPERO registry number: CRD42024580812). A total of 20 studies were included in the
meta-analysis. Results indicated that NAFLD patients had significantly higher NLR levels (SMD =0.43; 95% CI 0.28-0.58;
p <0.001) and lower PLR levels (SMD =-0.29; 95% CI —0.41 to —0.17; p<0.001) compared to controls. However, no
significant difference in LMR was observed between NAFLD patients and controls(SMD =0.08; 95% CI —0.00 to 0.17;
p=0.051). These findings suggest that NLR and PLR may hold promise as diagnostic markers for NAFLD, while LMR
appears to have limited diagnostic utility. Further research is warranted to explore the potential role of these biomarkers in
tracking disease progression.
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specific liver-damaging agents [1, 2]. NAFLD often coexists
with metabolic syndrome, a collection of metabolic issues
such as insulin resistance, obesity, high blood pressure, and
dyslipidemia [3, 4]. In recent years, NAFLD has become a
major factor contributing to the global burden of liver disor-
ders. Current research indicates that NAFLD affects around
25.24% of people worldwide, with the highest rates found in
the Middle East and South America, and the lowest in Africa
[5]. Furthermore, NAFLD greatly elevates the likelihood of
progression to liver fibrosis, cirrhosis, and hepatocellular
carcinoma, thus posing a significant global public health
concern [6, 7].

Despite significant advancements in research on NAFLD,
its exact pathophysiological mechanisms remain only par-
tially understood. Nonetheless, increasing evidence points
to immune-mediated inflammation as a key factor in both
the onset and progression of NAFLD [8-10]. Within this
framework, several immunoinflammatory markers, such as
the NLR, PLR, and LMR, have attracted substantial interest
in recent years. These markers offer insight into the complex
relationship between immune responses and inflammation
[11, 12]. Elevated NLR, PLR, and LMR have been identified
in a variety of inflammation-related diseases, including car-
diovascular disorders, thyroid conditions, colorectal cancer,
lymphoma, and bladder cancer [13-18].

In individuals with NAFLD, alterations in these inflam-
matory biomarkers may reflect the extent of both inflamma-
tion and immune response. These variations are frequently
linked to the severity of hepatic fibrosis, liver dysfunction,
and the potential for disease advancement [19, 20]. Although
many studies have examined the correlation between NLR,
PLR, LMR, and NAFLD, the results have been inconsist-
ent [21-25]. Discrepancies in findings may be attributed to
differences in sample sizes, ethnic diversity, and research
methods across studies [26].

In light of these uncertainties, this systematic review and
meta-analysis aim to thoroughly evaluate and integrate exist-
ing data to examine the associations between NLR, PLR,
LMR, and NAFLD. The goal of this study is to enhance
the early detection and management of high-risk patients,
thereby contributing to improved clinical outcomes.

Materials and methods

This research was carried out in full compliance with the
guidelines outlined by the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) [27].
Search strategy

A comprehensive search was conducted across PubMed,
EMBASE, Cochrane Library, Web of Science, and Scopus
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databases, encompassing all relevant studies published
from the inception of each database through August 8,
2024. The search utilized the following terms: “NAFLD,”
“nonalcoholic fatty liver disease,” “non-fatty liver dis-
ease,” “neutrophil-to-lymphocyte ratio” (NLR), “platelet-
to-lymphocyte ratio” (PLR), and “lymphocyte-to-mono-
cyte ratio” (LMR). To ensure thoroughness, we combined
key terms with medical subject headings (MeSH). Addi-
tionally, this review was registered with PROSPERO under

registration number CRD42024580812.

Selection criteria

We utilized the PICOS framework (Population, Interven-
tion, Comparator, Outcome, and Study Design) to identify
relevant studies:

e Population: Adults (aged 18 and older) diagnosed with
non-alcoholic fatty liver disease (NAFLD), including
all stages such as simple steatosis (NAFL), non-alco-
holic steatohepatitis (NASH), and advanced fibrosis.

e Intervention: Measurement of NLR, PLR, or LMR
through peripheral blood samples using standard clini-
cal laboratory methods.

e Comparator: NAFLD patients compared to individuals
without NAFLD.

e Outcome: Evaluation of biomarker levels and their rela-
tionship with the presence and progression of NAFLD,
particularly regarding hepatic fibrosis.

e Study Design: Retrospective, prospective, and cross-
sectional research designs.

Inclusion criteria:

1. Studies involving participants aged 18 and above.
Diagnosis of NAFLD verified through imaging (ultra-
sound, MRI, CT), liver biopsy, or validated non-invasive
scoring methods.

3. Studies providing data on at least one of the biomarkers
(NLR, PLR, or LMR).

Exclusion criteria:

1. Participants with significant alcohol intake (> 30 g/day
for men, > 20 g/day for women).

2. Studies addressing secondary causes of liver disease,

such as viral hepatitis, autoimmune hepatitis, drug-

induced liver injury, or hereditary liver disorders.

Animal studies.

4. Publications categorized as reviews, opinions, case
reports, case series, editorials, or letters.
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Data extraction and quality assessment

Two independent reviewers evaluated the titles and abstracts
of the identified studies to determine their eligibility accord-
ing to the inclusion and exclusion criteria. Any disagree-
ments between the reviewers were settled through dis-
cussion, and if necessary, a third reviewer was consulted
to make the final decision. Studies that passed the initial
screening underwent a full-text review, and those that satis-
fied all the criteria were included in the meta-analysis.

The data extracted from each study included the follow-
ing: author, publication year, country, study design, sample
size, NAFLD stage, characteristics of the control group, and
the mean values with standard deviations for NLR, PLR, and
LMR. Any discrepancies in data extraction were resolved in
collaboration with a third reviewer.

The quality of the included studies was evaluated using
the Newcastle—Ottawa Scale (NOS) [28], which assesses
studies based on three key domains: selection (study popula-
tion, representativeness, and inclusion criteria), comparabil-
ity (control of confounding factors), and outcome/exposure
(methods of measurement and adequacy of follow-up). The
NOS assigns scores ranging from 0 to 9, with higher scores
reflecting better study quality. Any disagreements encoun-
tered during the quality assessment process were resolved
by reaching a consensus with the involvement of a third
reviewer.

Statistical analysis

We calculated the standardized mean difference (SMD) and
its 95% confidence interval (CI). SMD is used to quantify
the difference between two groups (e.g., NAFLD vs. non-
NAFLD) in standard deviation units. This allows for mean-
ingful comparisons between studies, even if they use differ-
ent measurement scales. an SMD of 0.2 usually indicates a
small difference, 0.5 indicates a moderate difference, and
0.8 or higher indicates a large difference. Forest plots were
also drawn to assess potential differences in NLR, PLR, and
LMR values between NAFLD patients and non-NAFLD
populations (significance level set at p <0.05). For studies
that provided data in the form of medians with interquartile
ranges or medians with ranges, established techniques were
applied to convert these figures into means and standard
deviations [29].

Heterogeneity was evaluated using the Q statistic, with
a significance threshold set at p <0.10. In instances of sig-
nificant heterogeneity, a random-effects model was applied
[30]. To assess the reliability of the meta-analysis results,
sensitivity analyses were performed. Publication bias was
examined using Egger's test, and funnel plots were employed
for visual inspection of any bias.

Subgroup analyses were also performed to investigate the
relationship between effect sizes and factors such as study
design, geographic location, and the presence of comorbid
conditions. All statistical analyses were carried out using
Stata 17 software (Stata Corporation, College Station, TX,
USA) to ensure the precision and reliability of the data.

Results

Literature selection and inclusion of study
characteristics

Figure 1 presents the PRISMA flowchart detailing the study
selection process. Out of an initial set of 1591 articles, 820
were removed due to duplication. A thorough screening of
the remaining 771 articles led to the exclusion of irrelevant
studies, resulting in 20 studies with a low risk of bias being
included in the final analysis [21, 23, 25, 31-47].

Table 1 outlines the main characteristics of the studies
included, which involved a total of 25,252 individuals diag-
nosed with NAFLD and 41,940 control subjects without
NAFLD. The research was conducted across various coun-
tries, with the majority of studies originating from China
[23, 25, 34, 39-41, 43-45], followed by the United States
[21, 46], Turkey [31, 33], and Egypt [32, 35]. Additional
studies were carried out in Poland [36], Mexico [37], Iran
[38], South Korea [47], and Romania [42].

Regarding study design, 9 studies were cross-sectional
[21, 23, 33, 34, 38-41, 45], 9 were retrospective [25, 31, 36,
37, 42-44, 46, 47], and 2 were prospective [32, 35]. A total
of 17 studies [21, 23, 25, 31-37, 39, 40, 42-46] examined
NLR levels in both NAFLD patients and control groups,
while 12 studies [21, 23, 25, 36, 37, 39-41, 43, 45-47]
compared PLR levels, and 7 studies [21, 23, 38-40, 45, 47]
analyzed LMR levels.

The quality of the included studies was assessed using the
NOS, with most studies receiving scores between 6 and 8,
indicating that the research was of moderate to high meth-
odological quality.

NLR

Seventeen studies [21, 23, 25, 31-37, 39, 40, 42-46] pro-
vided data on NLR values, encompassing 30,419 NAFLD
patients and 19,705 individuals without NAFLD. Due to
significant heterogeneity among these studies (I>=98%,
p <0.001), a random-effects model was applied for the anal-
ysis (Fig. 2). The pooled analysis showed that NLR levels
were significantly elevated in NAFLD patients compared to
non-NAFLD individuals (SMD=0.43; 95% CI=0.28-0.58,
p<0.001).
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Four studies[32, 34, 44, 46] specifically explored the
progression from NAFLD to NASH or advanced liver
fibrosis. While some studies reported significant increases
in NLR (Supplementary Fig. 1), the overall effect size was
not statistically significant (SMD =0.76; 95% CI=-0.34
to 1.85). Sensitivity analyses excluding various studies
revealed minimal fluctuations in pooled effect sizes and
confidence intervals, demonstrating the robustness of the
findings (Supplementary Fig. 2).

Subgroup analyses based on geographic regions
indicated that Turkey (SMD =0.89, 95% CI=-0.24
to 2.01; 1*=90.3%, p <0.001), Egypt (SMD =2.55,
95% CI=—-0.80 to 5.91; I’=99.5%, p <0.001), China
(SMD =0.07, 95% CI=-0.08 to 0.22; I’=97.0%,
p <0.001), the USA (SMD =0.14, 95% CI=0.07 to 0.21;
>’=80.3%, p=0.024), and other regions (SMD =0.25,
95% Cl=—0.15 to 0.65; 1>’=75.7%, p=0.016; Fig. 3A).
The overall pooled effect size remained significant
(SMD =0.43, 95% CI=0.28 to 0.58), though substantial
heterogeneity existed across regions and countries.

@ Springer

Furthermore, significant overall effect sizes were
identified across various study designs, including ret-
rospective studies (SMD =0.18, 95% CI=0.01 to 0.34;
I>=88.5%, p<0.001), prospective studies (SMD =2.55,
95% CI1=-0.80t0 5.91; [>°=99.5%, p<0.001), and cross-
sectional studies (SMD =0.14, 95% CI=-0.01 to 0.29;
12=97.4%, p <0.001). The overall effect size remained sig-
nificant (SMD =0.43, 95% CI=0.28 to 0.58; I>=98.0%,
p<0.001; Fig. 3B).

When dividing NAFLD patients based on the pres-
ence of comorbidities, the combined effect size was sig-
nificant in those without comorbidities (SMD =0.48, 95%
CI=0.32 to 0.64), while it was not significant in those
with comorbid conditions (SMD=0.01, 95% CI=-0.52
to 0.53). The overall pooled effect size was SMD =0.43
(95% CI=0.28 to 0.58), which was statistically significant
(Fig. 3C). Lastly, Egger’s test did not indicate significant
publication bias (p =0.071; Fig. 4), suggesting no major
publication bias.
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Fig.3 Forest plot of subgroup analysis comparing NLR levels in NAFLD patients and controls. A regional analysis; B study type analysis; C
presence of comorbidities analysis)

PLR and 20,299 controls (Table 1). The meta-analysis forest
plot indicated that PLR levels were significantly lower in
NAFLD patients compared to controls (SMD =—-0.29,

95% CI=—0.41 to —0.17; ’*=97.3%, p <0.001; Fig. 5).

Twelve studies [21, 23, 25, 36, 37, 39-41, 43, 45-47]
reported PLR values, covering 31,313 NAFLD patients
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Fig.4 Funnel plot for assessing
publication bias in NLR levels

Funnel plot with pseudo 95% confidence limits
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Fig.5 Forest plot comparing PLR levels in NAFLD patients and controls
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Sensitivity analyses confirmed the robustness and reliability
of these results (Supplementary Fig. 3).

In the subgroup analysis based on geographic region
(Fig. 6A), results were particularly significant for China
(SMD =-0.35, 95% CI=—0.54 to —0.16; I*=98.0%,
p<0.001) and the United States (SMD=-0.19, 95%
Cl=-0.28 to —0.11; >’=85.1%, p <0.001), demonstrat-
ing significantly lower PLR levels in NAFLD patients from
these areas. In contrast, studies from other regions did not
show statistically significant results (SMD=—-0.22, 95%
CI=-0.60 to 0.16; I*=87.2%, p <0.001).

When examining the effect of study design (Fig. 6B),
both retrospective (SMD =-0.25, 95% CI=-0.37 to
—0.14; 1°=80.7%, p<0.001) and cross-sectional studies
(SMD =-0.33, 95% CI=—-0.51 to —0.15; I°=98.4%,
p <0.001) consistently showed a significant decrease in

PLR levels among NAFLD patients. The overall effect size
across all study designs (SMD=-0.29, 95% CI=-0.41
to —0.17; °=97.3%, p <0.001) highlighted a clear pat-
tern, demonstrating the impact of study design on PLR
outcomes.

Subgroup analyses also evaluated the effect of comor-
bidities on PLR levels. Regardless of the presence of
comorbid conditions, NAFLD patients exhibited signifi-
cantly lower PLR levels. In patients with comorbidities,
the effect size was SMD=-0.44 (95% CI=-0.79 to
—0.10, p<0.001), while in those without comorbidities,
the effect size was SMD=-0.27 (95% CI=-0.40 to
-0.14, p <0.001) (Fig. 6C).

Finally, Egger’s test for publication bias yielded a
p-value of 0.833, indicating no evidence of significant
bias (Fig. 7).

Fig.6 Forest plot of subgroup analysis comparing PLR levels in NAFLD patients and controls. A regional analysis; B study type analysis; C

presence of comorbidities analysis)

Fig. 7 Funnel plot for assessing
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LMR

Seven studies [21, 23, 38-40, 45, 47] reported LMR val-
ues, encompassing 17,103 patients with NAFLD and 28,848
control subjects (Table 1). The forest plots presented mixed
findings: while some studies [23, 38, 40, 45] showed sig-
nificantly higher LMR levels in NAFLD patients compared
to controls, others [21, 39, 47] either found no significant
difference or reported lower LMR levels (Fig. 8). Overall,
the meta-analysis did not yield statistically significant results
(SMD=0.08, 95% CI=-0.00 to 0.17), indicating that LMR
may not be a reliable biomarker for inflammation or dis-
ease progression in NAFLD patients, and its use in clinical
settings should be approached cautiously. Sensitivity analy-
ses confirmed the stability of these findings, as excluding
individual studies produced minimal changes in the overall
effect size (Supplementary Fig. 4).

In the subgroup analyses by region (Fig. 9), both in
China and other areas, slight variations in LMR levels were
observed in individual studies; however, the combined effect
sizes remained statistically insignificant (SMD =0.08, 95%
CI=-0.00 to 0.17). This suggests that LMR levels do not
differ significantly between NAFLD patients and controls.

Finally, Egger’s test for publication bias returned a
p-value of 0.683, indicating no evidence of significant

Study
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Jilin M (2022) *

Zhao Y (2022)

Liu Q (2023)

Choe EK (2024)
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NOTE: Weights are from random effects analysis

publication bias (Fig. 10). Although some studies reported
changes in LMR, the current evidence does not support
LMR as a consistent or reliable biomarker for NAFLD.
Further high-quality research is needed to confirm these
findings.

Discussion

This systematic review and meta-analysis aimed to evalu-
ate the association between three immuno-inflammatory
biomarkers—NLR, PLR, and LMR—and NAFLD. The
results revealed that NLR levels were significantly higher
in NAFLD patients compared to non-NAFLD controls.
Although some studies reported an increase in NLR as
NAFLD progressed to NASH or advanced liver fibrosis, the
overall pooled effect size was not statistically significant,
suggesting that NLR may have limited value as a marker for
disease progression in NAFLD. For PLR, the analysis indi-
cated significantly lower levels in NAFLD patients compared
to controls, with this trend being especially pronounced in
studies from China and the US. Sensitivity analyses con-
firmed the robustness of these findings. Lastly, regarding
LMR, although a few studies reported elevated LMR levels
in NAFLD patients compared to controls, the overall effect
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Fig.8 Forest plot comparing LMR levels in NAFLD patients and controls
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sizes did not reach statistical significance. Subgroup analy-
ses by region also did not reveal significant differences, and
sensitivity analyses further suggested that LMR has limited
diagnostic utility in NAFLD.

Chronic low-grade inflammation plays a pivotal role in
the development and progression of NAFLD, driven by
intricate pathophysiological mechanisms influenced by
both intrahepatic and extrahepatic factors. Within the liver,
key contributors include mitochondrial dysfunction and dis-
ruptions in lipid metabolism, both intracellular and extra-
cellular, which result in oxidative stress and lipotoxicity.
These factors activate inflammatory pathways and induce
cellular apoptosis [48]. In addition to liver-specific factors
like lipotoxicity, innate immune responses, and apoptotic
pathways, hepatic inflammation is also affected by extra-
hepatic influences such as adipose tissue dysfunction and
alterations in the gut microbiota [49]. Various immune
cell types are implicated in NAFLD progression, and their
presence correlates with the severity of hepatic steatosis,
fibrosis, inflammation, and cell damage [50]. Elevated NLR
not only reflects the imbalance between pro-inflammatory
neutrophils and anti-inflammatory lymphocytes but may
also suggest a more complex immune response. Higher NLR
levels have been associated with increased production of
interleukin-6 and tumor necrosis factor-o, which are linked
to bacterial translocation and elevated neutrophil counts. At
the same time, activated immune cells produce cytokines
and reactive oxygen species, which can impair lymphocyte
function, contributing to immune dysregulation [36, 51].
Several clinical studies have demonstrated that high NLR
levels are predictive of mortality in cirrhosis patients, par-
ticularly those with decompensated cirrhosis, where NLR
was shown to predict bacterial infections even though it was
not significantly related to the Model for End-Stage Liver
Disease (MELD) score or cirrhosis stage [52-54]. Lesmana
et al. [55] examined the differences in NLR values across
various degrees of fatty infiltration and fibrosis using tran-
sient elastography (TE) with controlled attenuation param-
eter (CAP), a gold-standard diagnostic tool for assessing
both fatty infiltration and fibrosis. Their study found that the
mean NLR for patients with mild fatty infiltration was 1.492,
while for those with moderate to severe fatty infiltration, the
mean NLR increased to 2.198. In patients without significant
fibrosis, the average NLR was 1.744, whereas for those with
significant fibrosis, the mean NLR was 2.617. In addition,
a study by Agata Michalak et al. concluded that an NLR
threshold of 2.034 is optimal for diagnosing NAFLD [36].
Further research by Ahmed Abdel-Razik et al. demonstrated
that the highest sensitivity and specificity for identifying
NASH were achieved with an NLR threshold of 2.05 [32].

In our meta-analysis, we found that NLR levels were sig-
nificantly elevated in NAFLD patients compared to healthy
controls, consistent with existing literature [25, 31, 32,
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34-36]. This indicates that elevated NLR is a key marker
of metabolic liver disease and systemic inflammation.
However, when NAFLD progressed to NASH or advanced
liver fibrosis, changes in NLR levels were no longer signifi-
cant, in line with previous studies [44]. This suggests that
while NLR is strongly associated with the risk of NAFLD,
its relationship with the progression to advanced fibrosis
is less clear. Fibrosis involves a dynamic process of tissue
deposition and degradation during liver injury, where the
accumulation of extracellular matrix can exceed the liver’s
capacity to remove fibrotic tissue over time [56]. Despite
this, evidence suggests that elevated NLR may accompany
the shift from simple steatosis to steatohepatitis, highlighting
the critical role of inflammation in these stages [57]. Fur-
thermore, in our analysis, we conducted subgroup analyses
based on comorbidities, with a particular focus on diabe-
tes, a critical factor in the development and progression of
NAFLD. Diabetes, especially type 2 diabetes, is frequently
associated with insulin resistance, which not only disrupts
systemic metabolism but also directly promotes hepatic fat
accumulation and exacerbates inflammatory responses [58].
In diabetic individuals, these metabolic disturbances within
the liver, coupled with a sustained inflammatory state, may
result in more pronounced changes in NLR, making it a more
sensitive biomarker for NAFLD progression. Moreover, dia-
betes accelerates NAFLD progression through mechanisms
such as abnormal fatty acid metabolism, oxidative stress, and
increased hepatic fibrosis, all of which contribute to more
severe liver injury and inflammation.

In NAFLD, increased platelet activation significantly
contributes to disease progression by promoting both pro-
thrombotic and proinflammatory conditions. Platelets induce
hepatic sinusoidal endothelial cells to release large quantities
of chemokines, which subsequently facilitate the recruitment
of neutrophils and lymphocytes, exacerbating liver damage
and fostering the development of fibrosis [59, 60]. It is well
known that circulating lymphocyte levels tend to decrease
in inflammatory conditions [61]. Interestingly, our analy-
sis showed that PLR was lower in NAFLD patients com-
pared to controls without NAFLD, which contrasts with the
expectation that inflammation would elevate PLR levels.
This finding suggests a more complex relationship between
platelet activity and immune regulation in liver disease. In
NAFLD, chronic liver inflammation and fibrosis can lead to
dysregulated immune responses, which might impair plate-
let activation [62]. This could result in lower PLR levels,
despite the ongoing inflammatory processes. Additionally,
platelet activation may be counterbalanced by increased
lymphocyte activity or other immune system changes [63,
64]. These immune alterations, possibly driven by metabolic
disturbances, insulin resistance, or oxidative stress, could
play a key role in influencing PLR levels. The reduced PLR
could reflect changes in platelet function or represent a
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compensatory response to ongoing chronic inflammation.
Previous research has indicated a U-shaped nonlinear asso-
ciation between PLR and NAFLD, suggesting a more intri-
cate relationship [21]. Moreover, a study by Chen et al. [41]
found a close relationship between PLR and the occurrence
of NAFLD in patients with obstructive sleep apnea—hypo-
pnea syndrome (OSAHS). Subgroup analyses showed that
PLR had predictive value for NAFLD in individuals with
a body mass index (BMI) below 28 kg/m? but not in those
with a BMI of 28 kg/m? or higher. Conversely, Duan et al.
[65] reported that PLR was not significantly associated with
the development of NAFLD in obese children. Our meta-
analysis aligns with previous clinical studies [25, 40, 41,
43, 45-47], suggesting that PLR may act as a protective
factor in NAFLD. However, the causal relationship between
PLR and NAFLD, as well as the underlying mechanisms,
remains unclear and warrants further investigation. These
findings emphasize the possibility that PLR's role may vary
in different pathological contexts, highlighting the need for
future studies to explore this complex biological mechanism
more thoroughly.

Given the well-established connection between NAFLD
and metabolic syndrome, we propose that NLR and PLR
could be valuable tools in predicting key components of the
syndrome. Both biomarkers reflect systemic inflammation
and immune dysregulation, which are central to the devel-
opment of metabolic disorders [21]. Specifically, NLR has
been linked to insulin resistance, while PLR correlates with
obesity and dyslipidemia [66, 67]. These findings suggest
that NLR and PLR may not only serve as biomarkers for
hepatic inflammation and fibrosis, but also as indicators of
broader metabolic dysfunction in NAFLD patients. How-
ever, further studies are needed to confirm these associations
and assess the clinical utility of these biomarkers in routine
practice, particularly for metabolic syndrome risk stratifica-
tion. The incorporation of NLR and PLR into clinical pro-
tocols could provide a more comprehensive evaluation of
NAFLD, especially in patients with comorbid conditions
such as obesity and type 2 diabetes.

The results of our meta-analysis indicate that NLR and
PLR may have practical applications in the early diagnosis
of NAFLD. Elevated NLR was strongly associated with a
heightened risk of NAFLD, while lower PLR likely reflects
alterations in immune regulation and platelet function within
the disease context. Beyond their diagnostic utility, NLR
and PLR offer promise in the early detection, risk stratifi-
cation, and monitoring of NAFLD progression. These bio-
markers are easily measurable through routine blood tests,
which could enable clinicians to detect NAFLD in its ear-
liest stages, particularly in high-risk populations such as
individuals with obesity, metabolic syndrome, and type 2
diabetes. Early detection of NAFLD is essential, as it allows
for timely intervention and lifestyle modifications that can

halt disease progression. These biomarkers can complement
imaging techniques like ultrasound or MRI, which primarily
assess liver fat content and fibrosis, by providing valuable
insights into inflammation and immune system activation.
Moreover, NLR and PLR could assist in risk stratification
by identifying individuals at higher risk of developing more
severe forms of liver disease, such as NASH and cirrho-
sis. Changes in NLR and PLR are closely associated with
increased liver inflammation and fibrosis, both of which are
critical factors in determining disease severity and progno-
sis. Consequently, these biomarkers could serve as invalu-
able tools for guiding clinical decisions on the intensity of
monitoring and the need for more aggressive therapeutic
interventions. Finally, NLR and PLR could have significant
implications for monitoring treatment responses in NAFLD
patients. Changes in these biomarkers may reflect improve-
ments in liver inflammation and fibrosis in response to life-
style modifications such as weight loss, dietary changes, or
increased physical activity. Moreover, NLR and PLR could
serve as valuable indicators for assessing the effectiveness
of pharmacological therapies, particularly those targeting
insulin resistance or systemic inflammation. Thus, incorpo-
rating these biomarkers into clinical practice could optimize
the diagnostic pathway, reducing reliance on invasive proce-
dures and improving overall disease management.

In our study, LMR did not show a statistically significant
association with NAFLD, which warrants further considera-
tion. Several factors may explain this result. Firstly, varia-
tions in the study populations, such as differences in age,
gender, comorbidities, or the severity of liver disease, might
influence the ability of LMR to accurately reflect NAFLD.
Additionally, sample size limitations in specific subgroups
may have affected the statistical power of our analysis, pre-
venting the detection of a true relationship. Another possible
explanation is that LMR, although an established immuno-
inflammatory biomarker, might not exhibit the same sen-
sitivity or specificity for NAFLD as NLR and PLR. The
relationship between LMR and NAFLD could be influenced
by additional factors, such as the stage of liver disease or the
presence of other liver pathologies, which were not fully
accounted for in this study. Further research with larger sam-
ple sizes and more comprehensive assessments of disease
stages and comorbid conditions is needed to better under-
stand the potential role of LMR in diagnosing and monitor-
ing NAFLD.

Limitations and future research directions

This study has several limitations that should be acknowl-
edged. First, significant heterogeneity was observed across
the included studies, which may be attributed to variations
in study design and population characteristics. Differences
in sample size, inclusion/exclusion criteria, and diagnostic
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methods are potential sources of heterogeneity. Additionally,
differences in age, ethnicity, and the presence of co-morbid
conditions across studies may have influenced the outcomes.
Sensitivity analyses and subgroup analyses helped assess
how these factors influenced the results, revealing that cer-
tain studies, such as Zhao [40], had a substantial impact on
the combined effect size in PLR analysis. Excluding this
study resulted in a significant reduction in the combined
effect size from 97.38 to 85%. In contrast, both the NLR and
LMR analyses showed the least amount of variation when
any individual study was excluded, suggesting that the het-
erogeneity observed was not primarily driven by any single
study. Our subgroup analyses revealed geographic and study
design factors influencing the relationship between NLR,
PLR, and NAFLD progression. Geographic differences in
diet, lifestyle, and the prevalence of metabolic syndrome
can influence biomarker levels and their association with
NAFLD progression. For instance, regions with higher rates
of obesity and insulin resistance may show stronger associa-
tions between NLR and PLR and liver inflammation or fibro-
sis. Regarding study design, the type of study (retrospective,
prospective, or cross-sectional) can impact the strength of
associations between biomarkers and liver damage. Retro-
spective studies may have biases, while prospective studies
offer insights into disease progression over time. Cross-sec-
tional studies, though informative, capture only a snapshot of
the disease. Although Egger’s test and funnel plots suggested
no significant publication bias, we recognize the potential
impact of small-study effects and selective reporting on the
reliability of our findings. Small-study effects can lead to
exaggerated estimates of the association due to the tendency
of smaller studies to report more extreme outcomes. While
our sensitivity analyses did not show significant changes
in the pooled estimates after excluding smaller studies, the
potential for small-study effects remains a limitation of the
analysis.

Another limitation is the overrepresentation of Chinese
populations in the studies included in this meta-analysis,
which raises concerns about the generalizability of our
findings to other populations. Both cultural and genetic
factors may influence the levels of NLR, PLR, and LMR,
thereby affecting their utility as biomarkers for NAFLD
in different regions or populations. For instance, genetic
variations related to immune function, platelet activity, or
liver metabolism may result in population-specific differ-
ences in these biomarkers. Furthermore, cultural differ-
ences in dietary habits, lifestyle factors, and environmental
exposures may also significantly influence inflammation
and biomarker levels. To enhance the robustness of these
findings and ensure their global applicability, future stud-
ies should include multiethnic cohorts and participants
from diverse geographic regions. Such research would be
crucial to confirming the diagnostic and prognostic utility
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of these biomarkers in NAFLD and understanding their
broader relevance in diverse populations.

Additionally, while the trends in NLR and PLR are sup-
ported by several studies, their predictive value for pro-
gression to NASH or fibrosis remains limited. We suggest
that combining these biomarkers with other markers, such
as FIB-4, the AST/ALT ratio, and APRI, may improve pre-
dictive accuracy. A composite score incorporating NLR,
PLR, and FIB-4 could provide a more reliable model for
assessing NAFLD progression. Furthermore, integrating
genetic markers and advanced imaging techniques, such
as elastography, may enhance predictive capability. Fur-
ther validation of these combined approaches through
longitudinal studies is necessary to confirm their clinical
applicability.

Conclusions

In conclusion, this meta-analysis demonstrates that NLR
and PLR are strongly associated with the onset and early
development of NAFLD, indicating their potential as use-
ful diagnostic and prognostic markers. However, further
research is needed to clarify the protective role of PLR and
to explore the involvement of LMR in disease progression,
as well as to better understand their underlying mechanisms
and clinical relevance.
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