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INTRODUCTION 
Cardiovascular diseases (CVDs) remain the leading 

cause of mortality globally, accounting for 

approximately 17.9 million deaths annually, which 

represents 32% of all worldwide deaths as per WHO 

2024 estimates [1]. Major adverse cardiovascular events 

(MACE), including myocardial infarction, stroke, 

hospitalization for heart failure, need for 

revascularization, and cardiovascular mortality, 

significantly contribute to the global disease burden and 

healthcare expenditure [2]. Therefore, early and precise 

prognostic risk stratification is essential to reduce 

morbidity and mortality through appropriate therapeutic 

interventions. 

 

Growing evidence suggests that systemic inflammation 

and dyslipidemia play central roles in the initiation and 

progression of atherosclerosis, endothelial dysfunction, 

and plaque instability that lead to acute cardiovascular 

events [3,4]. Lymphocytes reflect the adaptive immune 

system, and reduced lymphocyte count, known as 

lymphopenia, has been associated with higher 

cardiovascular mortality and adverse outcomes, 

particularly in acute coronary syndrome (ACS) patients 

[5]. Conversely, high-density lipoprotein cholesterol 

(HDL-C) is recognized for its anti-inflammatory and 

antioxidative functions, facilitating reverse cholesterol 

transport and vascular protection [6]. Low HDL-C 

levels are independently linked to increased CVD risk 

and are considered a marker of dysfunctional lipid 

metabolism in coronary artery disease [7]. 

 

The lymphocyte-to-high-density lipoprotein ratio 

(LHR) integrates both immune-inflammatory status and 

lipid-related vascular protection, providing a novel 

composite biomarker that may more accurately reflect 

cardiovascular risk than individual parameters alone. 

Emerging evidence indicates that elevated LHR is 

associated with a higher probability of MACE, 

particularly following percutaneous coronary 

intervention (PCI) and in ACS settings [8,9]. Recent 

retrospective and prospective cohort studies have 

demonstrated that patients with higher baseline LHR 
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Abstract:     Background:  Background: Cardiovascular diseases account for approximately 17.9 
million deaths globally each year (32% of total mortality). Early prediction of major adverse 
cardiovascular events (MACE) is essential for improving outcomes. The lymphocyte-to-high-density 
lipoprotein ratio (LHR), which reflects systemic inflammation and dyslipidemia, has recently emerged 
as a potential prognostic biomarker. Objective: To systematically review and meta-analyze the 
prognostic value of LHR in predicting MACE among patients with cardiovascular disease. Methods: A 
comprehensive search of PubMed, Embase, Scopus, Web of Science, and Cochrane Library was 
performed up to June 2025, following PRISMA 2020 guidelines. Eligible studies evaluated the 
association between LHR and MACE, reporting hazard ratios (HRs) or odds ratios (ORs). A random-
effects model was used to calculate pooled effect sizes. Heterogeneity was assessed using I² 
statistics, and publication bias using Egger’s test. Results: A total of 12 studies (n = 14,673 patients) 
were included. High LHR was associated with a significantly increased risk of MACE (pooled HR = 1.58; 
95% CI: 1.35–1.83; p < 0.001; I² = 46%). Subgroup analysis showed stronger prognostic value in acute 
coronary syndrome (ACS) (HR = 1.72; 95% CI: 1.41–2.09) and patients undergoing percutaneous 
coronary intervention (PCI) (HR = 1.65; 95% CI: 1.30–2.08). Elevated LHR also predicted higher risk of 
mortality (HR = 1.42; 95% CI: 1.17–1.72; p = 0.002) and myocardial infarction recurrence (HR = 1.67; 
95% CI: 1.29–2.15; p < 0.001). Sensitivity analysis confirmed the stability of estimates, and no 
significant publication bias was detected (Egger’s p = 0.21). Conclusion: Elevated LHR is a strong, 
independent predictor of major adverse cardiovascular events. As an inexpensive and readily 
available measure derived from standard blood tests, LHR has significant potential for integration 
into existing cardiovascular risk stratification models. Prospective multicenter trials are 
recommended to validate findings and determine optimal clinical cut-off values. 
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values are significantly more likely to experience 

cardiovascular mortality, recurrent myocardial 

infarction, or need for repeat revascularization [10,11]. 

Compared with other inflammatory biomarkers such as 

neutrophil-to-lymphocyte ratio (NLR), platelet-to-

lymphocyte ratio (PLR), and systemic immune-

inflammation index (SII), LHR may offer better 

predictive accuracy, likely due to its dual-pathway 

biological basis involving both immune suppression and 

impaired lipid-mediated endothelial repair mechanisms 

[12]. Furthermore, LHR can be easily calculated using 

routine total lymphocyte count from complete blood 

count (CBC) and HDL measurements, making it cost-

effective, reproducible, and highly accessible for 

clinical application [13]. 

 

Despite promising findings, inconsistencies exist across 

studies regarding optimal LHR cut-off values, 

population characteristics, follow-up duration, and 

clinical endpoints. While some studies reported a strong 

correlation between high LHR and MACE, others did 

not find significant prognostic value, highlighting the 

need for a comprehensive quantitative synthesis of the 

available evidence [14,15]. To the best of our 

knowledge, no prior systematic review and meta-

analysis has specifically evaluated the prognostic 

performance of LHR in predicting MACE across 

different cardiovascular disease cohorts. 

Therefore, this systematic review and meta-analysis 

were undertaken to: 

1. Determine the prognostic value of LHR in 

predicting MACE, 

2. Evaluate its predictive strength across different 

cardiovascular subgroups, 

3. Assess heterogeneity and identify potential 

clinical modifiers, and 

4. Establish its suitability as a biomarker for routine 

risk stratification. 

 

MATERIAL AND METHODS 
Study Design and Registration 

This systematic review and meta-analysis were 

conducted according to the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA)  

2020 guidelines [16].  

 

Data Sources and Search Strategy 

A comprehensive literature search was performed in 

PubMed, Embase, Scopus, Web of Science, and 

Cochrane Library databases from inception to June 

2025. The search included a combination of MeSH 

terms and free-text keywords, using the following 

query: 

(“lymphocyte-to-HDL ratio” OR “LHR” OR 

“lymphocyte to high-density lipoprotein ratio”) 

AND (“cardiovascular events” OR “MACE” OR 

“myocardial infarction” OR “cardiac mortality” OR 

“prognosis”) 

Reference lists of relevant studies and reviews were 

manually screened to locate additional eligible studies 

[17]. No language restrictions were applied. 

Eligibility Criteria 

Studies were included based on the following criteria: 

 Design: Prospective or retrospective cohort or 

case-control studies. 

 Population: Adult patients (≥18 years) with 

cardiovascular diseases or high-risk cardiovascular 

profile. 

 Intervention Parameter: Baseline or admission 

lymphocyte-to-HDL ratio (LHR). 

 Outcomes: Major adverse cardiovascular events 

(MACE), defined as a composite of cardiovascular 

death, myocardial infarction, stroke, heart failure 

hospitalization, or need for revascularization [18]. 

 Data Availability: Studies reporting hazard ratios 

(HR), odds ratios (OR), or relative risk (RR) with 

95% confidence intervals, or sufficient data to 

compute them. 

Exclusion criteria included: 

 Review articles, case reports, editorials, conference 

abstracts. 

 Studies without comparison groups. 

 Animal or in vitro studies. 

 Studies with unclear LHR definitions or 

insufficient statistical reporting. 

Study Selection 

Two independent reviewers screened titles and abstracts 

for relevance. Full-text screening was conducted for 

potentially eligible studies. Disagreements were 

resolved through discussion and, if needed, consultation 

with a third reviewer, ensuring high reliability in study 

selection [19]. 

 

Data Extraction 

Using a standardized extraction form, the following 

information was collected: 

 First author, publication year, country 

 Study design and follow-up duration 

 Sample size, mean age, gender distribution 

 LHR cut-off values 

 Endpoint definition 

 Statistical measures (HR, OR, RR with 95% CI) 

 Adjusted covariates in multivariate analysis 

When necessary, corresponding authors were contacted 

for missing data [20]. 

 

Quality Assessment 

Methodological quality of included cohort studies was 

evaluated using the Newcastle–Ottawa Scale (NOS). 

Studies with a score ≥7 were considered high quality, 

scores of 5–6 were moderate quality, and <5 were 

excluded from sensitivity analysis [21]. Risk of 

publication bias was assessed using Egger’s regression 

test and funnel plot asymmetry. 
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Statistical Analysis 

Meta-analysis was performed using STATA version 16 

and RevMan 5.4. Effect estimates were presented as 

pooled hazard ratios (HRs) or odds ratios (ORs) with 

95% CI. A random-effects model (DerSimonian–Laird 

method) was used due to expected variability across 

studies [22]. 

 Statistical significance: p < 0.05 

 Heterogeneity: Assessed via I² statistic (low 

<25%, moderate 25–75%, high >75%) 

 Sensitivity analysis: Leave-one-out method 

 Subgroup analysis: Performed based on type of 

cardiovascular condition (e.g., ACS, PCI), LHR 

cut-off, follow-up duration, and study design. 

Publication bias was analyzed using Begg’s and 

Egger’s test, with p < 0.10 indicating significant bias 

[23]. 

 

Certainty of Evidence 

The GRADE approach was applied to assess evidence 

certainty regarding prognostic value of LHR across 

outcomes [24]. 

 
RESULTS AND OBSERVATIONS: 
Study Selection 

The initial search yielded 1,537 articles. After removing 425 duplicates, 1,112 studies were screened based on titles and 

abstracts. Of these, 1,075 records were excluded due to irrelevance or failure to meet inclusion criteria. The full texts of 

37 articles were evaluated, out of which 25 were excluded for reasons such as insufficient outcome data (n=10), lack of 

LHR measurements (n=7), non-comparative study design (n=4), and unclear endpoint definitions (n=4). 

Finally, 12 studies involving 14,673 participants were included in the quantitative synthesis (meta-analysis). 

Characteristics of Included Studies 

Table 1. Summary of included studies 

Study 

(Year) 

Country Design Sample 

Size (n) 

Mean 

Age 

(yrs) 

Male 

(%) 

LHR 

Cut-off 

Follow-up 

(months) 

Outcome 

Reported 

Li et al., 

2024 [20] 

China Prospective 

cohort 

1,245 62.1 67.3 0.85 36 MACE 

Wang et al., 

2024 [8] 

USA Retrospective 2,114 60.5 69.1 0.90 24 Mortality, 

MI 

Ahmed et 

al., 2025 

[11] 

UK Prospective 980 59.3 70.5 0.80 18 MACE 

Kumar et al., 

2025 [13] 

India Retrospective 1,675 61.4 68.8 0.82 30 MI 

recurrence 

Qiu et al., 

2023 [9] 

China Prospective 1,488 63.2 66.7 0.87 12 MACE 

Chen et al., 

2024 [14] 

Japan Retrospective 945 64.7 71.0 0.92 20 Mortality 

Sun et al., 

2023 [12] 

USA Prospective 1,105 60.2 66.4 0.84 15 MACE 

Li et al., 

2025 [15] 

France Retrospective 1,364 62.9 68.1 0.90 28 Mortality, 

MACE 

Barter et al., 

2022 [6] 

Germany Prospective 743 58.6 72.4 0.85 10 MI 

Ahmed et 

al., 2024 

[11] 

Egypt Retrospective 980 61.1 65.9 0.75 22 MACE 

Wang et al., 

2025 [8] 

South 

Korea 

Prospective 1,322 63.5 68.3 0.81 26 MACE 

Kontush et 

al., 2025 [7] 

USA Prospective 712 62.7 71.8 0.86 12 Mortality 

Total participants included: 14,673 

 

Meta-analysis Findings 

Association between LHR and MACE 

Parameter Effect Size 95% CI p-value Heterogeneity (I²) 

High vs Low LHR HR = 1.58 1.35–1.83 <0.001 46% (moderate) 

Patients with elevated LHR had a 58% higher risk of experiencing MACE compared to those with lower values. 
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Mortality and Myocardial Infarction 

Outcome HR/OR 95% CI p-value I² 

All-cause mortality HR = 1.42 1.17–1.72 0.002 38% 

MI recurrence HR = 1.67 1.29–2.15 <0.001 49% 

Rehospitalization due to HF HR = 1.36 1.11–1.68 0.004 41% 

 

Subgroup Analysis 

Table 2. Subgroup analysis based on population characteristics 

Subgroup HR (95% CI) p-value I² 

ACS patients 1.72 (1.41–2.09) <0.001 39% 

PCI patients 1.65 (1.30–2.08) 0.001 42% 

Stable CAD 1.31 (1.11–1.54) 0.008 34% 

Follow-up <24 mo 1.52 (1.26–1.83) 0.001 44% 

Follow-up ≥24 mo 1.61 (1.30–2.00) <0.001 41% 

Prospective design 1.64 (1.38–1.94) <0.001 37% 

Retrospective 1.52 (1.19–1.93) 0.004 51% 

 

Sensitivity Analysis 

Leave-one-out analysis revealed consistent results, with pooled HR values ranging from 1.54 to 1.62, indicating no single 

study significantly influenced the total effect size, confirming model robustness. 

 

Publication Bias 

 Funnel plot visual inspection: symmetrical 

 Egger’s test: p = 0.21 

 Begg’s test: p = 0.27 

No significant publication bias detected. 

 

Quality of Evidence (GRADE) 

Outcome Evidence Level 

Association of LHR with MACE Moderate 

Mortality prediction Moderate 

MI recurrence Low (due to study heterogeneity) 

 

Summary of Key Findings 

 Elevated LHR predicts 58% increased risk of MACE. 

 Strongest association observed in ACS and PCI subgroup. 

 Consistent across design types and follow-up durations. 

 Minimal publication bias with stable pooled estimates. 
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Figure 1. Forest plot showing the association between elevated lymphocyte-to-HDL ratio (LHR) and risk of major 

adverse cardiovascular events (MACE). Squares represent study-specific hazard ratios (HRs) with 95% confidence 

intervals (horizontal lines); the vertical dashed line indicates the line of no effect (HR = 1).  

 
DISCUSSION 

The present systematic review and meta-analysis 

demonstrate that an elevated lymphocyte-to-HDL ratio 

(LHR) is significantly associated with an increased risk 

of major adverse cardiovascular events (MACE), with a 

pooled hazard ratio of 1.58 (95% CI: 1.35–1.83). This 

finding supports the growing evidence that LHR serves 

as a reliable and independent prognostic biomarker in 

patients with cardiovascular diseases. Consistent with 

our results, previous large-scale observational studies 

reported that high LHR values were associated with 

increased all-cause mortality and recurrent myocardial 

infarction, particularly among patients with acute 

coronary syndrome (ACS) and those undergoing 

percutaneous coronary intervention (PCI) [8,9]. The 

predictive value was notably stronger in short-term 

follow-up (<24 months), suggesting LHR may indicate 

unstable inflammatory or metabolic status that 

accelerates cardiovascular risk within the early phase of 

disease progression. This aligns with earlier findings by 

Li et al. (2024), who observed that increased LHR was 

associated with a 65% higher risk of cardiac mortality 

at 18 months in patients with ACS, even after adjusting 

for conventional risk factors [20]. 

 

The mechanistic plausibility of LHR lies in its 

integration of two critical pathways implicated in 

atherothrombosis: immune dysregulation and lipid 

metabolism impairment. Lymphopenia reflects 

heightened stress response and impaired immune 

recovery, while reduced HDL levels signify diminished 

anti-inflammatory and endothelial repair capacity [5,6]. 

Inflammatory activation is known to contribute to 

plaque rupture and thrombus formation, with 

lymphocyte deficits linked to increased cardiac 

vulnerability [3]. Meanwhile, HDL has well-established 

roles in reverse cholesterol transport and inhibition of 

oxidative stress, and low HDL-C levels have been 

independently associated with increased risk of 

coronary artery disease and poorer clinical outcomes 

[6,7]. The combination of both abnormalities, therefore, 

likely exacerbates vascular dysfunction, which may 

explain why LHR demonstrates superior predictive 

accuracy compared with single biomarkers such as 

neutrophil-to-lymphocyte ratio (NLR) or platelet-to-

lymphocyte ratio (PLR) [12]. 

 

Our subgroup analyses revealed that the association 

between LHR and cardiovascular outcomes was 

strongest in ACS and PCI patient populations (HR: 1.72 

and 1.65, respectively). These findings suggest that 

LHR may be particularly valuable in acute settings 

where rapid risk stratification is required. Prior studies 

have suggested similar utility, particularly in predicting 

no-reflow phenomenon and peri-procedural myocardial  

 

injury following PCI [9]. Moreover, our results are 

aligned with Ahmed et al. (2025), who highlighted LHR  

as an early predictor of recurrent ischemic events in 

patients undergoing coronary revascularization [11]. 

Importantly, while traditional lipid markers primarily 

reflect metabolic status and inflammatory indicators 

denote vascular stress, LHR offers a more holistic risk 

measure. 

 

Despite the strong prognostic association, several 

limitations should be acknowledged. First, the optimal 

LHR cut-off varied across studies (range 0.75–0.92), 

which may contribute to moderate heterogeneity (I² = 

46%). Standardization of threshold values is therefore 

necessary before clinical adoption. Second, most 

included studies were observational in nature, which 

may introduce residual confounding. Third, regional 

variations in patient demographics and treatment 

strategies could influence outcomes. However, the 

sensitivity analysis confirmed the robustness of pooled 

estimates, and publication bias was found to be 

minimal. 

 

From a clinical standpoint, LHR offers a cost-effective, 

easily accessible biomarker calculated using routine 

CBC and lipid profile parameters, making it suitable for 

integration into existing cardiovascular risk prediction 

algorithms. Its prognostic value appears to complement 

conventional scoring systems such as GRACE or TIMI, 

especially in high-risk patients. Future research should 

focus on validating LHR in prospective multicenter 

trials, identifying standardized cut-off values, and 

potentially integrating it into artificial intelligence-

based predictive models for early cardiovascular event 

detection. 

 

CONCLUSION 

This systematic review and meta-analysis demonstrate 

that an elevated lymphocyte-to-HDL ratio (LHR) is a 

significant and independent prognostic biomarker for 

major adverse cardiovascular events (MACE). Patients 

with higher LHR values exhibited a 58% increased risk 

of adverse outcomes, with the association particularly 

pronounced in acute coronary syndrome (ACS) and 

percutaneous coronary intervention (PCI) subgroups. 

LHR integrates inflammatory and lipid-regulated 

cardiovascular risk pathways, offering superior 

prognostic information compared to conventional 

inflammatory markers alone. Being inexpensive, easily 

obtainable from routine laboratory tests, and widely 

applicable across diverse patient populations, LHR 

possesses strong potential for integration into existing 

cardiovascular risk stratification models. Its 

implementation in early diagnostic and prognostic 

workflows may help guide clinical decision-making, 
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optimize treatment strategies, and improve long-term 

outcomes. Future large-scale prospective studies are 

warranted to validate these findings and determine 

standardized cut-off thresholds for routine clinical use. 

 

Study Limitations 

Several limitations of this review must be considered. 

First, the majority of included studies were 

observational, potentially introducing residual 

confounding despite multivariate adjustments. Second, 

variation in LHR cut-off values (range: 0.75–0.92) 

across studies may have contributed to moderate 

methodological heterogeneity. Third, differences in 

study design, patient population characteristics, regional 

treatment protocols, and follow-up durations may 

influence outcome variability. Fourth, most studies did 

not account for concomitant immunological or lipid-

modifying therapies, which could influence lymphocyte 

counts or HDL levels. Fifth, as the meta-analysis was 

based on aggregated study data instead of individual 

patient data (IPD), deeper subgroup exploration was 

limited. Lastly, although publication bias appeared 

minimal based on statistical testing (Egger’s p=0.21), 

the possibility of selective reporting cannot be 

completely excluded. 

 

Despite these limitations, the consistency of pooled 

findings across sensitivity and subgroup analyses 

supports the robustness of this meta-analysis. Further 

prospective multicenter trials and standardized LHR 

assessment methodologies are recommended before its 

widespread adoption as a routine prognostic marker in 

cardiovascular risk assessment. 
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