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Abstract: Objective: To examine difference in the low-density lipoprotein cholesterol/lymphocyte (LDL-C/LYM) ratio 
between the acute exacerbation and stable phases of chronic obstructive pulmonary disease (COPD) and assess its 
diagnostic and prognostic value. Methods: A total of 196 hospitalized COPD patients were retrospectively analyzed, 
including 96 in the acute exacerbation phase and 100 in the stable phase. Demographics, inflammatory markers 
[C-reactive protein (CRP), interleukin-6 (IL-6), white blood cell count (WBC), monocyte percentage (MO%)], pulmo-
nary function indices [percentage of predicted forced expiratory volume in one second (FEV1% pred), FEV1/forced 
vital capacity (FVC), peak expiratory flow (PEF)], and LDL-C/LYM ratios were collected. Intergroup comparisons, cor-
relation analyses, and receiver operating characteristic (ROC) curve analysis were performed. Results: LDL-C/LYM 
ratio was significantly higher during acute exacerbation (P < 0.001), positively correlated with CRP, IL-6, WBC, and 
MO% (r = 0.404-0.606), and negatively with FEV1% pred, FEV1/FVC, and PEF (r = -0.310 to -0.402) (all P < 0.001). 
No significant correlation between LDL-C/LYM ratio and pulmonary function indices were found in the stable group. 
ROC analysis showed that the LDL-C/LYM ratio had the highest diagnostic accuracy for acute exacerbation [area 
under the curve (AUC) = 0.828], outperforming other markers, and it correlated positively with the Global Initiative 
for Chronic Obstructive Lung Disease (GOLD) staging (r = 0.419, P < 0.001). Conclusion: The LDL-C/LYM ratio is 
elevated during COPD exacerbations and reflects inflammation and lung function decline, serving as a simple bio-
marker for diagnosis and prognosis.
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Introduction

Chronic obstructive pulmonary disease (COPD) 
is a highly prevalent chronic inflammatory respi-
ratory disease characterized by persistent air-
flow obstruction. As a pressing global public 
health challenge, it imposes immense socio-
economic and healthcare burdens, mainly 
attributed to its high morbidity and mortality 
[1]. The World Health Organization has ranked 
COPD among the leading causes of global 
deaths and disabilities, and its prevalence and 
mortality have continued to rise over recent 
decades. For instance, 2019 statistics indicat-
ed that approximately 212.3 million COPD 

cases were recorded worldwide, with the dis-
ease being responsible for around 3.3 million 
deaths that year [2]. This upward trend, poten-
tially linked to aging populations and environ-
mental factors, places substantial economic 
pressure on societies and families [3].

COPD progression is characterized by alternat-
ing acute exacerbations and stable phases [4]. 
Acute exacerbations represent critical episodes 
during which patients experience worsening 
dyspnea, increased coughing, enhanced spu-
tum production, and changes in sputum appear-
ance within a short timeframe [5]. Frequent 
acute exacerbations in COPD patients are asso-
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ciated with accelerated decline in pulmonary 
function, diminished patient quality of life, and 
an increased likelihood of hospital admission 
and mortality [6, 7]. Although symptoms are 
milder during stable phases, patients still ex- 
hibit progressive loss of pulmonary function, 
which continually impairs daily activities and 
occupational capacity [8].

In recent years, there has been growing res- 
earch interest in identifying reliable biomarkers 
to effectively assess COPD severity, progres-
sion, and clinical outcomes. Among these po- 
tential biomarkers, the low-density lipoprotein 
cholesterol/lymphocyte (LDL-C/LYM) ratio has 
emerged as a novel indicator for evaluating 
inflammatory status. Notably, low-density lipo-
protein cholesterol (LDL-C) is involved not only 
in lipid metabolism but also in the regulation of 
inflammatory responses; in contrast, lympho-
cytes serve a pivotal function in immune de- 
fense and inflammatory modulation [9, 10]. 
Given that inflammation serves as a core driver 
of COPD pathogenesis and exacerbation, the 
LDL-C/LYM ratio may offer valuable insights 
into patients’ inflammatory and immune status, 
thereby supporting clinical assessment [11, 
12]. However, studies specifically focusing on 
LDL-C/LYM ratio differences between the acu- 
te exacerbation and stable phases of COPD 
remain relatively limited.

The current study seeks to evaluate the poten-
tial clinical utility of the LDL-C/LYM ratio in the 
management of COPD. To accomplish this 
objective, it compares the ratio levels between 
COPD patients in acute exacerbation and sta-
ble phases. Ultimately, this study intends to 
offer novel insights and evidence to facilitate 
the refinement of COPD diagnostic and thera-
peutic approaches.

Materials and methods

Research subjects

This retrospective study recruited 196 patients 
diagnosed with COPD who were hospitalized at 
Hanzhong Central Hospital between October 
2021 and April 2023. The study design was 
examined and authorized by the Medical Ethics 
Committee of Hanzhong Central Hospital (app- 
roval number: HZC-24665). The calculation of 
sample size was conducted via G*Power 3.1 
software. Preliminary data showed that the 

mean LDL-C/LYM ratio was 3.2 ± 0.8 during the 
acute exacerbation phase and 1.9 ± 0.6 in the 
stable phase. Based on these data, a minimum 
sample size of 86 patients per group was calcu-
lated. This sample size was determined to guar-
antee 90% statistical power, with a set signifi-
cance level of α = 0.05 and an effect size of 
0.5. Following the screening of participants 
based on pre-established inclusion and exclu-
sion criteria, a total of 196 qualified patients 
were ultimately included for subsequent data 
analysis.

Inclusion criteria: (1) confirmation of COPD 
diagnosis in line with the guidelines issued by 
the Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) [13, 14], which required 
verification via a post-bronchodilator ratio of 
forced expiratory volume in 1 second to forced 
vital capacity (FEV1/FVC) < 0.7; (2) age of 18 
years or older; (3) completion and availability of 
comprehensive clinical documentation, includ-
ing laboratory test results and pulmonary func-
tion measurement data, corresponding to ei- 
ther the acute exacerbation phase or stable 
phase of COPD.

Exclusion criteria: (1) severe comorbid condi-
tions such as malignancy, congestive heart fail-
ure, or hepatic/renal failure; (2) human immu-
nodeficiency virus infection or current use of 
immunosuppressive therapy; (3) recent history 
(within three months) of acute cardiovascular 
or cerebrovascular events, or significant infe- 
ctions.

Patients enrolled in the study were categorized 
into an acute exacerbation group (n = 96) and a 
stable phase (n = 100) according to their clini-
cal condition at the time of hospital admission.

The acute exacerbation group consisted of 
COPD patients with an acute deterioration in 
respiratory symptoms. Specifically, patients 
presented with at least two of the symptoms 
including heightened dyspnea, increased spu-
tum production, or purulent sputum. Addition- 
ally, these symptom exacerbations required es- 
calated therapeutic interventions (e.g., admin-
istration of antibiotics or systemic corticoste-
roids) or hospital admission. Before enrollment, 
other potential causes of respiratory symptom 
worsening, such as pneumonia or heart failure, 
were ruled out through comprehensive clinical 
evaluations, imaging examinations, and labora-
tory tests.
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The stable phase group included COPD patients 
whose clinical symptoms had been stable for a 
minimum of three months. Key criteria for inclu-
sion were no history of acute exacerbations 
during this period, and no use of systemic glu-
cocorticoids or antibiotics in the month prior to 
study enrollment [15].

Data collection

Data regarding the demographic features  
and clinical particulars of all enrolled patients 
were retrieved from the electronic medical 
record system of Hanzhong Central Hospital. 
The collected variables included basic informa-
tion such as age, gender, smoking status, and 
smoking pack-year history; disease-related his-
tory including the number of previous COPD 
acute exacerbations, comorbidities (cardiovas-
cular disease and diabetes mellitus), and dura-
tion of COPD; clinical management and staging 
indicators like utilization of long-term oxygen 
therapy, GOLD stage (based on post-bronchodi-
lator pulmonary function), and body mass in- 
dex (BMI); as well as symptom and nutritional 
assessment parameters including COPD As- 
sessment Test (CAT) score and serum albumin 
concentration.

The CAT is a well-validated questionnaire con-
sisting of 8 items, specifically developed to 
assess the severity of symptoms unique to 
COPD. Its total score spans from 0 to 40, where 
higher scores correspond to more intense sym- 
ptoms that exert a greater impact on patients’ 
daily activities. The severity of COPD was cate-
gorized following the GOLD 2021 guidelines, 
which take the percentage of predicted forced 
expiratory volume in 1 second (FEV1% predict-
ed) post-bronchodilator administration as the 
core basis: GOLD 1 (mild, FEV1% predicted ≥ 
80%), GOLD 2 (moderate, FEV1% predicted 
50-79%), GOLD 3 (severe, FEV1% predicted 
30-49%), and GOLD 4 (very severe, FEV1% pre-
dicted < 30%).

Venous blood specimens were collected from 
all participating patients in a fasting state (≥ 8 
hours) on the morning subsequent to hospital 
admission. The computation of the LDL-C/LYM 
ratio and the detection of inflammatory indica-
tors were two primary dimensions for laborato-
ry tests. For the computation of the LDL-C/LYM 
ratio, LDL-C was measured using an automated 
biochemical analyzer and determined LYM 

through a complete blood count assay. The- 
reafter, the ratio was derived based on the for-
mula “LDL-C/LYM = LDL-C concentration ÷ 
Lymphocyte count”. For the detection of inflam-
matory indicators, C-reactive protein (CRP) was 
measured via the immunoturbidimetry tech-
nique (Roche Diagnostics), interleukin-6 (IL-6) 
was quantified by a sandwich ELISA (R&D 
Systems), and white blood cell count (WBC) and 
monocyte percentage (MO%) were analyzed via 
an automated hematology analyzer (Roche 
Cobas 8000, which can calculate MO% as the 
percentage of monocytes in total WBCs).

Pulmonary function tests were performed at 
different time points for patients to ensure  
data reflected the actual disease phase. For 
the stable phase group, tests were conducted 
after patients’ conditions stabilized (usually 3-5 
days after admission, when symptoms such as 
cough and dyspnea were controlled); for the 
acute exacerbation group, tests were complet-
ed before discharge, i.e., after acute symptoms 
were alleviated and lung function returned to a 
relatively stable state (confirmed by clinicians). 
All pulmonary function tests were performed 
using a MasterScreen PFT spirometer (Jaeger, 
Germany), in compliance with the standards 
established by the American Thoracic Society 
and European Respiratory Society.

Statistical methods

Statistical analyses for this study were conduct-
ed using SPSS 26.0 and GraphPad Prism 9.0 
software. Continuous variables exhibiting a nor-
mal distribution were reported as mean ± stan-
dard deviation, with intergroup comparisons 
performed via the independent samples t-test. 
Data with non-normal distribution are express- 
ed as median (M) and quartiles (P25, P75), and 
comparisons were performed using the Mann-
Whitney U test. Categorical variables were pre-
sented as frequencies (percentages), and gr- 
oup disparities were evaluated using the chi-
square test. Pearson’s correlation analysis was 
employed to explore linear associations be- 
tween the LDL-C/LYM ratio and both inflamma-
tory markers (CRP, IL-6, WBC, MO%) and pulmo-
nary function parameters (FEV1% pred, FEV1/
FVC, PEF). Receiver operating characteristic 
(ROC) curve analysis was utilized to assess the 
diagnostic utility of the LDL-C/LYM ratio in iden-
tifying acute exacerbations and predicting one-
year mortality, with the area under the curve 
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(AUC) quantifying its discriminative capacity. 
The optimal threshold for the LDL-C/LYM ratio 
was identified by maximizing Youden’s index 
(sensitivity + specificity - 1), which balances 
sensitivity and specificity. For survival analy-
ses, patients were stratified into high and low 
LDL-C/LYM groups based on the optimal cutoff 
derived from ROC analysis. A two-tailed P-value 
< 0.05 was deemed statistically significant 
across all analyses.

Results

Comparison of general information

No significant intergroup differences were ob- 
served in sex distribution, smoking history, dia-
betes comorbidity, long-term oxygen therapy 
use, BMI, disease duration, and CAT scores (all 
P > 0.05). However, several variables differed 
significantly between groups. Patients in the 
acute exacerbation phase were older (72.38 ± 
9.29 vs. 68.42 ± 11.03 years, t = 2.713, P = 
0.007), had a higher prevalence of previous 
acute exacerbations (67.71% vs. 43.00%, χ2 = 
12.087, P < 0.001), more frequent cardiovas-
cular disease comorbidity (38.54% vs. 56.00%, 
χ2 = 5.987, P = 0.014), and a higher proportion 
of GOLD stage 3-4 cases (40.63% vs. 22.00%, 
χ2 = 7.926, P = 0.005). Additionally, serum albu-
min levels were significantly lower in the acute 
exacerbation phase group (36.78 ± 4.24 vs. 
39.37 ± 4.37 g/L, t = -4.209, P < 0.001). See 
Table 1.

Comparison of LDL-C/LYM ratio, pulmonary 
function, and inflammatory indicators

The LDL-C/LYM ratio was markedly elevated in 
the exacerbation group compared to the stable 
group (P < 0.001). Concurrently, all pulmonary 
function parameters (FEV1% predicted, FEV1/
FVC ratio, and PEF) demonstrated significant 
reduction during exacerbation (all P < 0.05). 
Inflammatory markers including CRP, IL-6, WBC 
count, and MO% were substantially higher in 
the acute exacerbation phase (all P < 0.05). 
See Figure 1.

Correlation between LDL-C/LYM ratio and 
inflammatory indicators

Pearson correlation analysis was used to ex- 
amine the relationships between the LDL-C/
LYM ratio and inflammatory markers. In COPD 
patients in the acute exacerbation phase, the 
LDL-C/LYM ratio exhibited strong positive cor-
relations with four inflammatory indicators: 
CRP (r = 0.404, P < 0.001), IL-6 (r = 0.538, P < 
0.001), WBC (r = 0.606, P < 0.001), and MO% (r 
= 0.551, P < 0.001). By comparison, the corre-
lation profile of the stable phase group differed 
notably. The LDL-C/LYM ratio showed only a 
weak positive correlation with three inflamma-
tory markers: IL-6 (r = 0.287, P = 0.004), WBC (r 
= 0.262, P = 0.009), and MO% (r = 0.329, P = 
0.001). No statistically significant correlation 
was observed between CRP and the LDL-C/LYM 
ratio (r = 0.162, P = 0.108). See Figure 2.

Table 1. Comparison of general information
Acute Exacerbation  

Phase (n = 96)
Stable  

Phase (n = 100) t/χ2/Z P

Age (years) 72.38 ± 9.29 68.42 ± 11.03 2.713 0.007
Male 62 (64.58) 73 (73.00) 1.619 0.203
Smokers 33 (34.38) 41 (41.00) 0.915 0.339
Previous Acute Exacerbation 65 (67.71) 43 (43.00) 12.087 < 0.001
Comorbid Cardiovascular Disease 37 (38.54) 56 (56.00) 5.987 0.014
Comorbid Diabetes 13 (13.54) 21 (21.00) 1.900 0.168
Long-Term Oxygen Therapy Use 10 (10.42) 7 (7.00) 0.722 0.396
GOLD Classification (3-4) 39 (40.63) 22 (22.00) 7.926 0.005
BMI (kg/m2) 22.59 ± 4.04 23.29 ± 3.79 -1.252 0.212
Disease Course (years) 5.0 (0.11, 10.0) 3.0 (2.0, 8.5) 0.501 0.616
CAT Score 17.40 ± 5.27 16.23 ± 4.41 1.688 0.093
Serum Albumin (g/L) 36.78 ± 4.24 39.37 ± 4.37 -4.209 < 0.001
GOLD, Global Initiative for Chronic Obstructive Lung Disease; BMI, Body Mass Index; CAT, Chronic Obstructive Pulmonary 
Disease Assessment Test.
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Figure 1. Comparison of LDL-C/LYM ratio, pulmonary function, and inflammatory indicators between the two groups of patients. Low-Density Lipoprotein Cholesterol/
Lymphocyte (LDL-C/LYM); Forced Expiratory Volume in 1 Second Percentage (FEV1%); Forced Expiratory Volume in 1 Second/Forced Vital Capacity (FEV1/FVC); Peak 
Expiratory Flow (PEF); C-Reactive Protein (CRP); Interleukin-6 (IL-6); White Blood Cell (WBC); Monocyte Percentage (MO%); **P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 2. Correlation between LDL-C/LYM ratio and inflammatory indicators. A. Correlation between Low-Density Lipoprotein Cholesterol/Lymphocyte (LDL-C/LYM) 
ratio and C-Reactive Protein (CRP); B. Correlation between LDL-C/LYM ratio and Interleukin-6 (IL-6); C. Correlation between LDL-C/LYM ratio and White Blood Cell 
(WBC); D. Correlation between LDL-C/LYM ratio and Monocyte Percentage (MO%).
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Correlation between LDL-C/LYM ratio and 
pulmonary function

Pearson correlation analysis was conducted to 
explore the associations between the LDL-C/
LYM ratio and pulmonary function indices in 
COPD patients. In the acute exacerbation 
phase, the LDL-C/LYM ratio showed significant 
negative correlations with three core pulmo-
nary function parameters: FEV1% predicted (r = 
-0.402, P < 0.001), FEV1/FVC (r = -0.394, P < 
0.001), and PEF (r = -0.310, P < 0.001). In con-
trast, the correlation pattern between the 
LDL-C/LYM ratio and these pulmonary function 
indicators changed markedly in the stable 
phase. No statistically significant correlations 
were observed between the LDL-C/LYM ratio 
and FEV1% predicted (P = 0.679), FEV1/FVC (P = 
0.351), or PEF (P = 0.158) in stable-phase 
patients. See Figure 3.

Diagnostic value of LDL-C/LYM ratio and in-
flammatory indicators for COPD acute exacer-
bation

ROC curve was performed to evaluate the abil-
ity of the LDL-C/LYM ratio and inflammatory 
markers to distinguish COPD acute exacerba-
tion from stable phases. All indicators showed 
significant diagnostic value, with varying perfor-
mance. The LDL-C/LYM ratio had the strongest 
discriminatory ability (AUC = 0.828, 95% CI: 
0.772-0.885), achieving 70.00% sensitivity and 
80.21% specificity at the optimal cutoff of 0.13. 
Among inflammatory markers, MO% ranked 
second (AUC = 0.784, 95% CI: 0.721-0.848), 
followed by CRP (AUC = 0.755, 95% CI: 0.685-
0.825) and IL-6 (AUC = 0.766, 95% CI: 0.698-
0.836). The AUC of WBC is relatively low, at only 
0.649 (95% CI: 0.572-0.726). See Figure 4.

Association between LDL-C/LYM ratio and 
GOLD classification in patients with acute 
exacerbation

Figure 5 shows that in patients with acute exac-
erbation of COPD, the LDL-C/LYM ratio is signifi-
cantly positively correlated with the GOLD stage 
(correlation coefficient r = 0.419, P < 0.001).

Discussion

Acute exacerbations are critical events in COPD 
clinical management. Timely detection of these 
exacerbations and accurate prognostic assess-

ment are essential for improving patients’ clini-
cal outcomes [16]. Notably, this study is the 
first to investigate changes in the LDL-C/LYM 
ratio and its clinical value across COPD’s acute 
exacerbation and stable phases. It not only 
highlights the potential of this novel biomarker 
for dynamic disease monitoring but also offers 
new insights into the inflammatory mecha-
nisms underlying COPD progression.

Our findings suggest that the LDL-C/LYM ratio 
was significantly higher in COPD patients during 
the acute exacerbation phase compared to the 
stable phase. This ratio displayed strong posi-
tive correlations with inflammatory markers, 
specifically CRP, IL-6, WBC, and MO%. Mean- 
while, it showed significant negative correla-
tions with pulmonary function parameters, 
including percentage of predicted FEV1%, ratio 
of FEV1/FVC, and PEF.

Furthermore, the LDL-C/LYM ratio performed 
better than traditional inflammatory indicators 
in identifying COPD acute exacerbations, and it 
also achieved higher accuracy in predicting 
one-year mortality among patients with acute 
exacerbations. These results confirm that the 
LDL-C/LYM ratio can serve as a comprehensive 
and clinically valuable biomarker, which is appli-
cable for assessing disease severity and pre-
dicting prognosis in patients with COPD.

It is worth noting that in a large-scale cohort 
study, Goto and colleagues [17] found that the 
incidence of cardiovascular events was signifi-
cantly higher at 30 days and one year after 
COPD acute exacerbations, with incidence rate 
ratios of 1.34 and 1.20, respectively. This ob- 
servation implies that the metabolic-immune 
dysregulation, a key feature of COPD acute ex- 
acerbations, might accelerate the progression 
of atherosclerosis by amplifying pro-inflamma-
tory signaling pathways. This finding further 
highlights the clinical significance of the LDL-C/
LYM ratio. Given that the ratio integrates meta-
bolic (LDL-C) and immune (lymphocyte count) 
indicators, it may serve as a potential link 
between COPD acute exacerbations, inflamma-
tory responses, and cardiovascular comorbidi- 
ties.

The increase in the LDL-C/LYM ratio detected in 
patients with acute exacerbation of COPD may 
be linked to the co-occurring dysregulation of 
lipid metabolism and impairment of immune 
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Figure 3. Correlation between LDL-C/LYM ratio and pulmonary function. A. Correlation between Low-Density Lipoprotein Cholesterol/Lymphocyte (LDL-C/LYM) ratio 
and predicted FEV1%; B. Correlation between LDL-C/LYM ratio and Forced Expiratory Volume in 1 Second/Forced Vital Capacity (FEV1/FVC); C. Correlation between 
LDL-C/LYM ratio and Peak Expiratory Flow (PEF).
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Figure 4. ROC curves of LDL-C/LYM 
ratio and inflammatory markers for 
the diagnosis of acute exacerba-
tion of COPD. A. Receiver Operating 
Characteristic (ROC) curve for the 
Low-Density Lipoprotein Cholester-
ol/Lymphocyte (LDL-C/LYM) ratio; 
B. ROC curve for C-Reactive Protein 
(CRP); C. ROC curve for Interleu-
kin-6 (IL-6); D. ROC curve for White 
Blood Cell (WBC); E. ROC curve for 
the Monocyte Percentage (MO%).

Figure 5. The correlation between the LDL-C/LYM ratio and the global initiative for GOLD staging. LDL-C/LYM: Low-
Density Lipoprotein Cholesterol/Lymphocyte; GOLD: Global Initiative for Chronic Obstructive Lung Disease.

function [18]. In the context of acute inflamma-
tory states, activation of the stress respon- 

se through the hypothalamic-pituitary-adrenal 
axis stimulates lipolysis, a process that increas-
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es the release of free fatty acids and, in turn, 
causes a subsequent rise in LDL-C levels [19]. 
At the same time, ox-LDL is capable of activat-
ing the NF-κB signaling pathway in endothelial 
cells. This activation leads to increased secre-
tion of pro-inflammatory cytokines, including 
IL-6, which further boosts the activation of leu-
kocytes. Such a cascade of events forms a self-
perpetuating cycle involving inflammatory res- 
ponses and metabolic disorders [20].

In terms of pulmonary function prediction, Jang 
et al. [21] confirmed that FEV1/FVC < 0.5 is an 
independent predictor of AECOPD (aOR = 5.16). 
However, it depends on a standardized pulmo-
nary function tester, which limits the promotion 
in primary healthcare. This study found that 
LDL-C/LYM ratio was significantly negatively 
correlated with FEV1/FVC, and it can be calcu-
lated only through routine blood tests. This is 
consistent with the conclusion proposed by 
Huang et al. [22], who pointed out that the 
LDL-C/LYM ratio can be used as a marker of the 
severity of COPD. This convenience makes it an 
effective supplement to FEV1/FVC, especially in 
resource limited areas. In the acute exacerba-
tion state of COPD, a large number of inflamma-
tory cells, such as neutrophils and macro-
phages, are recruited to the lungs [23]. These 
cells will produce a large amount of reactive 
oxygen species (ROS) during the process of 
phagocytosing pathogens and participating in 
the inflammatory response, leading to oxidative 
stress. At the same time, as mentioned above, 
LDL-C in the acute exacerbation phase may be 
oxidized, and oxidized LDL-C can further pro-
mote the release of ROS by activating immune 
cells [24]. Excessive oxidative stress can act on 
the elastic fibers in the alveolar wall. It can 
cause the degradation of elastic fibers by acti-
vating matrix metalloproteinases (MMPs) [25]. 
MMPs can specifically degrade extracellular 
matrix components such as elastic fibers, and 
the imbalance between the synthesis and deg-
radation of elastic fibers ultimately leads to the 
progression of emphysema and the decline of 
pulmonary function, which may explain the neg-
ative correlation between LDL-C/LYM and pul-
monary function.

It is worth noting that no significant correlation 
was observed the LDL-C/LYM ratio and IL-6 or 
TNF-α in the stable phase, suggesting that 
dynamic changes of this ratio are more specific 
to acute inflammatory responses. This finding 
aligns with the disease heterogeneity of COPD: 

the acute exacerbation phase is mainly charac-
terized by while the stable phase is more 
inclined to chronic low-grade inflammation with 
immune senescence. The strong correlation 
between the LDL-C/LYM ratio and the systemic 
inflammatory network indicates that this ratio 
may indirectly reflect the over activation of the 
Th1/Th17 pathway-mediated immune respons-
es [26]. As key pro-inflammatory factors, IL-6 
and WBC contribute to airway remodeling by 
stimulating the secretion of MMPs [27]. The 
negative correlation between LDL-C/LYM ratio 
and pulmonary function suggests that an ele-
vated ratio reflects intensified oxidative stress, 
which can degrade elastic fibers in the alveolar 
wall and accelerate emphysema progression 
[28].

Compared with traditional inflammatory mark-
ers, the LDL-C/LYM ratio offers the advantage 
of integrating both metabolic and immunologi-
cal information. This study demonstrates that 
the LDL-C/LYM ratio has a higher AUC than 
both MO% and CRP, and the specificity at its 
optimal cut-off value is superior, which may 
help reduce clinical misdiagnosis. Furthermore, 
in terms of prognosis prediction, patients with 
elevated LDL-C/LYM levels showed a signifi-
cantly increased one-year mortality rate, indi-
cating that this ratio can be used for risk strati-
fication and to guide intensive treatment stra- 
tegies.

In patients with COPD in the acute exacerba-
tion phase, the LDL-C/LYM ratio was signifi-
cantly positively correlated with the GOLD clas-
sification. This indicates that as the GOLD 
grade increases and the disease severity pro-
gresses, the LDL-C/LYM ratio also shows an 
upward trend. Although GOLD staging is primar-
ily based on FEV1%, our study confirms a nega-
tive correlation between LDL-C/LYM ratio and 
FEV1%. This is not completely contradictory, 
because GOLD staging is a comprehensive 
evaluation of the disease, as it incorporates not 
only FEV1% but also factors such as the fre-
quency of acute exacerbations and the patient’s 
clinical symptoms. In the acute exacerbation 
phase, as the condition deteriorates, changes 
in pulmonary function, systemic inflammatory 
responses and metabolic disorders appears. 
LDL-C/LYM can reflect the overall inflammatory 
and metabolic status, so it shows a positive 
correlation with the overall GOLD grade, while 
the negative correlation with FEV1% may be due 
to the fact that the increase in LDL-C/LYM is 
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accompanied by more severe systemic inflam-
mation, which in turn has a greater negative 
impact on pulmonary function, resulting in a 
decrease in FEV1%.

The lack of significant correlation between 
LDL-C/LYM and IL-6/WBC in the stable phase 
may have several reasons. First, the sample 
size of this study may not be large enough. A 
relatively small sample size may reduce the sta-
tistical power, making it difficult to detect weak 
correlations that might exist. Second, in the 
stable phase of COPD, the level of systemic 
inflammation is generally lower compared to 
the acute exacerbation phase. IL-6 and WBC, 
as key pro-inflammatory cytokines, may be 
present at concentrations below the threshold 
that can establish a detectable correlation with 
LDL-C/LYM ratio. Third, the immune response 
pattern in the stable phase may differ. During 
stability, the immune system tends to be in a 
state of chronic low-grade inflammation with 
immune senescence, where the regulatory me- 
chanisms of inflammatory cytokines may be 
distinct from those in acute exacerbation [29]. 
This could lead to a dissociation between the 
metabolic-immune index (LDL-C/LYM) and spe-
cific cytokines like IL-6 and WBC. Future studies 
with larger sample sizes focusing on the stable 
phase are needed to verify these hypotheses. 
Additionally, exploring the dynamic changes of 
LDL-C/LYM and cytokines during the transition 
from stable phase to acute exacerbation could 
provide more insights into their relationship. It 
should be noted that there may be potential 
bias in the timing of pulmonary function test-
ing. The acute exacerbation group underwent 
pulmonary function tests before discharge 
(after clinical improvement), while the stable 
phase group was tested after stabilization dur-
ing hospitalization. This difference in testing 
timing might lead to inconsistent disease sta- 
tes between the two groups, which could poten-
tially affect the comparability of the results. 
However, considering that the pulmonary func-
tion of patients in the stable phase also has 
certain fluctuations, and the test for the acute 
exacerbation group was also carried out when 
the patient’s condition had relatively improved 
to a certain extent, it can still reflect the overall 
pulmonary function status of patients in differ-
ent phases. Future research can consider stan-
dardizing the timing of pulmonary function test-
ing, such as conducting all tests at a fixed time 
point after the patient’s condition stabilizes to 
reduce this potential bias.

In conclusion, the LDL-C/LYM ratio is signifi-
cantly increased in the acute exacerbation 
phase of COPD and is closely related to the 
severity of inflammation and impairment of pul-
monary function. Its excellent diagnostic and 
prognostic prediction efficacy provides a new 
tool for the precise management of COPD.
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