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Background: Chronic Obstructive Pulmonary Disease (COPD) has been a concern all over the world because of its high prevalence
and mortality. The ratio of low-density-lipoprotein to lymphocyte (LLR) has been widely used to predict the prognosis of cerebral
infarction, but its association with COPD is less known. We aim to explore the relationship between LLR and COPD and to investigate
its indicative role in the severity and prognosis of COPD.

Methods: In this study, 279 participants (n = 138 with COPD and n = 138 age- and sex-matched health control) were recruited.
COPD patients were divided into two groups according to the optimal cut-off value of LLR determined by the receiver operating
characteristic curve (ROC). We collected the clinical characteristics, pulmonary function, LLR, neutrophil-lymphocyte ratio (NLR),
platelet-lymphocyte ratio (PLR) and other data of all subjects. #-test, Pearson correlation test, logistic regression analysis and other
statistical analysis were carried out.

Results: Compared with the healthy control group, COPD patients had a significantly higher LLR level (p < 0.001). The disease was
more serious in the high LLR group, which was reflected by Global Initiative for Chronic Obstructive Lung Disease (GOLD) and BMI,
airway obstruction, dyspnoea, severe exacerbations (BODE) index and St. George’s Respiratory Questionnaire (SGRQ) index (p = 0.001,
p = 0.013, p = 0.011, respectively). The forced expiration volume in 1 second (FEV 1) (p = 0.033) and forced expiratory volume in 1
second in percent of the predicted value (FEV1%) (p = 0.009) in high LLR group were lower. Univariate and multivariate logistic
regression analysis showed that LLR was an independent factor affecting the severity of COPD patients (odds ratio [OR] = 2.599, 95%
CI: 1.266-5.337, p = 0.009).

Conclusion: We found that LLR is a novel biomarker in predicting the severity of patients with COPD. Further studies with larger
database were recommended to verify our findings.
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Introduction

Chronic obstructive pulmonary disease (COPD), a common disease all across the world, poses a major health care burden
due to its prevalence and mortality." COPD affected around 10% of the adult population aged above 40 years.? In a recent
study of 59,906 US veterans with COPD, the mean respiratory-related total health care costs were approximately 10
times higher in patients than controls.” A systemic review in China showed that COPD was the top three leading causes
of death. Before emphysema destruction begins, small conduction airways become narrow and disappear, resulting in
increased peripheral airway resistance in patients with COPD.* COPD is a chronic inflammation characterized by an
increase in the number of alveolar macrophages, neutrophils and cytotoxic T lymphocytes, as well as the release of a
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variety of inflammatory mediators (lipids, chemokines, cytokines, growth factors) and high levels of oxidative stress.’
Giines et al® found that the ratio of low-density-lipoprotein to lymphocyte is a new predictor of in-hospital mortality of
acute cerebral infarction. Besides, the exacerbation of COPD is associated with a variety of infiltrating cells, especially
lymphocytes, as well as a variety of enzymes (neutrophil elastase and MMP-9) and cytokines (CXCLS8, TNF-a) in
sputum and bronchoalveolar lavage (BAL) fluid.” In addition, serum low-density lipoprotein (LDL) level might be
associated with COPD. A previous study showed that oxidized low-density lipoprotein (ox LDL) is involved in the
mechanisms related to oxidative stress and inflammation in COPD.® Higher average values of cholesterol were recorded
significantly in the group of patients with very severe COPD, and the ratio of low-density-lipoprotein to lymphocyte
(LLR) is an independent factor affecting cholesterol in patients with severe COPD.’ Although COPD has certain
relationships with lymphocytes and LDL, respectively, what role of the LLR index plays in COPD is still unknown.
Our previous study discussed the relationship between the ratio of lymphocytes to high-density lipoprotein and COPD
patients.'” To further explore the effect of lipids and lymphocytes on COPD and based on the above research on LDL and
lymphocytes, we therefore intend to use the ratio of LDL and lymphocytes to study its relationship with COPD.

Therefore, the purpose of this study is to explore the relationship between the novel indicator LLR and COPD and the
role that LLR plays in predicting the severity of COPD.

Materials and Methods
Study Population

The detailed selection criteria of the study are displayed in Figure 1. We conducted a cross-sectional study, in which 138
subjects with COPD from the respiratory department of the Third Affiliated Hospital of Wenzhou Medical University and
138 age- and sex-matched healthy controls between February 2018 and January 2021 were included. Inclusion and
exclusion criteria of COPD patients were as follows: Inclusion criteria: 1) age more than 40 years; 2) diagnosis of COPD
as defined in the GOLD guidelines;'' Exclusion criteria:'? 1) malignant tumor (n = 4); 2) hepatic and renal insufficiency

(n = 5); 3) autoimmune diseases or systemic inflammatory diseases (n = 1). And 138 age- and sex-matched healthy

Previously diagnosed COPD patients
admitted to the hospital in Feburary 2018—
January 2021
N=148

1) malignant tumor(n=4)

2) hepatic and renal insufficiency(n=5)

excluded 3) autoimmune diseases or systemic inflammatory
diseases(n=1)

\ 4

v

138 eligible patients

included healthy control
> (n=138)

v
total 279 patients
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Figure | Flow chart showing the literature search and selection.
Abbreviation: COPD, chronic obstructive pulmonary disease.
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controls were included as the control group who met the same inclusion and exclusion criteria as the COPD patients,
except for the diagnosis of COPD.

The study was approved by the Ethics Committee of the Third Affiliated Hospital of Wenzhou Medical
University, and the registration number of the Ethics Committee was YJ20170015. The study was conducted in
accordance with the Declaration of Helsinki. All subjects signed a written informed consent form.

Data Collection

Patients’ demographic information and medical history like age, gender, body mass index (BMI), smoking status,
duration of disease and comorbidities were collected by questionnaires at hospital admission. Blood routine indicators
such as red blood cells, white blood cells, neutrophils, hemoglobin, platelets and lymphocytes, which were carried out by
XT-1800i (Sysmex, Kobe, Japan) were obtained. Blood samples were collected to analyze blood routine parameters,
blood biochemistry and arterial blood gas using ARCHITECT c16000 (Abbott Laboratories, Illinois, USA). We also
calculated computable parameters such as LLR, neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR)
in COPD patients and healthy controls. Pulmonary function tests of COPD patients (using spirometer: CareFusion, San
Diego, California, USA) at hospital admission were conducted, and parameters of pulmonary function were recorded
such as forced expiratory volume in 1 second (FEV,), forced vital capacity (FVC), FEV|/FVC, and FEV, in percent of
the predicted value (FEV;%). Besides, we also collected scales of COPD patients, including GOLD, BODE, SGRQ,
modified Medical Research Council dyspnea scale (mMRC), COPD assessment test (CAT), and 6-min walk distance
(6MWT).

Diagnostic Criteria of COPD

Patients with COPD were categorized into severity grades I-IV using spirometry (GOLD I: FEV,; > 80% predicted;
GOLD II: 50% < FEV; < 80% predicted; GOLD III: 30% < FEV; < 50% predicted; GOLD IV: FEV; < 30%
predicted)."?

Statistical Analysis

All statistical analyses were performed using SPSS (version 26.0, IBM, Armonk, NY). “Shapiro—Wilk” W-test was used
to test the normal distribution of measurement data. The data conforming to the normal distribution were described by the
mean =+ standard deviation, and then the data were tested by the homogeneity of variance. For the data conforming to the
homogeneity of variance, the independent sample #-test was used for the comparison between the COPD patients and
healthy controls, low LLR group and high LLR group. The one-way analysis of variance (ANOVA) was used for the
comparison between multiple groups. Count data described by percentage (%), chi-square test (x?) and Fisher exact
probability test were used for comparison between groups. Fisher exact probability test was used if the sample size is <5.
Based on the results of univariate analysis, multivariate logistic regression analysis was carried out to identify the
contribution of the LLR as a predictor of different GOLD stages (Mild: GOLD I + GOLD II; Severe: GOLD III + GOLD
IV). Two-sided p values <0.05 were considered significant in all analyses.

Results

Baseline Characteristics of the Study Subjects
As shown in Table 1, the clinical characteristics of 138 COPD patients and 138 age- and sex-matched healthy controls
were compared. Significant differences between the two groups were seen in neutrophils, lymphocytes and LDL
(p < 0.001, p < 0.001, p = 0.001 respectively). Neutrophils were higher in COPD group than in control group, while
lymphocytes and LDL were higher in healthy group. The levels of NLR (p < 0.001) and PLR (p < 0.001) in patients with
COPD were higher than those in healthy people. In addition, we also found significant statistical difference in LLR, a
novel marker in COPD, between two groups (p < 0.001).

To further explore the relationship between LLR and severity of COPD patients, 138 COPD patients were
divided into two groups according to the cut-off value of LLR (LLR < 1.57, n = 63; LLR > 1.57, n = 75).
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Table 1 Comparison of COPD Patients and Healthy Controls

Clinical Characteristics COPD (n =138) Controls (n = 138) p-value
Age, years 72 (65-77) 69 (64-75) 0.075
Male sex, n (%) 110 (79.71) 110 (79.71) 1.000
Neutrophils (10°/L) 420 (3-7) 3.29 (2.60-4.09) <0.001
Lymphocyte (10%/L) 1.50 (1.10-2) 2.17 (1.70-2.60) <0.001
Platelet (10%/L) 212 (166-170) 209 (181.75-250) 0.548
LDL (mmol/L) 2.57 £ 0.80 2.89 + 0.82 0.001
NLR 2.71 (1.72-5) 1.53 (1.15-2) <0.001
PLR 114.33 (99.61-197.07) 101.03 (79.54-125.51) <0.001
LLR (mmol/10%) 1.63 (1.24-2.28) 1.32 (0.99-1.70) <0.001

Abbreviations: COPD, chronic obstructive pulmonary disease; LDL, low-density-lipoprotein; LLR, low-density-lipoprotein to
lymphocyte ratio; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.

Demographic variables, such as age, gender, BMI, current smokers, hypertension and diabetes, have no
significant difference between the two groups, but we observed significant differences in the duration of disease
(p = 0.003). In terms of lung function, FEV1 and FEV1% in the low LLR group were higher than that in the high
LLR group (p = 0.033, p = 0.009, respectively). Moreover, it can be seen that there were significant differences
between the two groups on GOLD scale, BODE index and SGRQ (p = 0.001, p = 0.013, p = 0.011, respectively),
but the meaningful results were not observed in mMRC, CAT, and 6MWT (Table 2). Figure 2 shows that the
patients with higher LLR level accounted for more proportion of GOLD III and GOLD 1V, which indicated severe

condition of COPD patients (52.46% vs 88.23%, p = 0.005).

Table 2 Baseline Characteristics of COPD Patients According to LLR Cutoff

LLR < 1.57 (n = 63) LLR > 1.57 (n = 75) p-value
Baseline Age, years 7129 £9.24 7133 £743 0.937
characteristics Male sex, n (%) 48 (76.19) 62 (82.67) 0.346
Duration of disease 25 years, n (%) | 29 (46.03) 54 (72) 0.003
Current smokers, n (%) 14 (22.22) 16 (21.33) 0.846
Hypertension 31 (49.21) 30 (40) 0.278
Diabetes mellitus 13 (20.63) 10 (13.33) 0.252
BMI (kg/m?) 21.79 + 3.77 21.05 + 3.74 0.288
Lung function FEV, (L) 0.88 (0.68—-1.33) 0.74 (0.59-1.02) 0.033
FVC (L) 1.78 (1.38-2.40) 1.62 (1.31-1.95) 0.074
FEV,% 44.15 (30.70-55.68) 34.70 (26.15—46.65) 0.009
FEV,/FVC ratio (%) 52.89 £ 9.76 50.19 £ 9.56 0.124
PaO, 71.75 (65.65-84.02) 69.40 (42.50-77.55) 0.112
PaCO, 42.45 (39.28-45.58) 42.90 (39.60—49) 0.076
Severity of disease | GOLD 3 (2-3) 3 (34 0.001
BODE 3 (2-5) 4 (2.75-6) 0.013
SGRQ 34.89 (19.22-48.92) 39.23 (26.59-54.13) 0.011
mMRC I (1-2) I (1-2) 0.181
CAT 17 (11.75-21) 19 (14-24) 0.107
6MWT 403.50 (350.50-486.63) | 430.25 (340.75-468) 0.544

Abbreviations: COPD, chronic obstructive pulmonary disease; LLR, low-density-lipoprotein to lymphocyte ratio; BMI, body mass index; FEV|, forced
expiratory volume in | second; FVC, forced vital capacity; FEV,%, forced expiratory volume in | second in percent of the predicted value; PaCO,,
partial pressure of carbon dioxide in arterial blood; PaO,, partial pressure of oxygen in arterial blood; GOLD, Global Initiative for Chronic Obstructive
Lung Disease; BODE, body mass index, airway obstruction, dyspnoea, severe exacerbations; SGRQ, St. George’s Respiratory Questionnaire; mMMRC,

modified Medical Research Council dyspnea scale; CAT, COPD assessment test; 6MWT, 6-min walk distance.

2178

Dove!

International Journal of Chronic Obstructive Pulmonary Disease 2022:17


https://www.dovepress.com
https://www.dovepress.com

Dove Huang et al

GOLD 4
GOLD 3
100 ~ GOLD 2
| 0 GOLD 1
90
80
i 51.47
70 459
60
9 i
O 904
(D B
40
30 4 36.76
l 45.9
20
10 +
. 11.76
0 | ! |
LLR =1.57 LLR > 1.57
Figure 2 Comparison of GOLD degree between LLR<I.57 group and LLR>1.57 group.
Abbreviations: GOLD, Global Initiative for Chronic Obstructive Lung Disease; LLR, low-density-lipoprotein to lymphocyte ratio.
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Figure 3 Correlations of (A) NLR, (B) PLR and (C) LLR with FEV,%.
Notes: Correlations between NLR, PLR and LLR levels in COPD patients and FEV,% were assessed by Pearson’s correlation test and were shown by scatter plot. NLR, r =
—0.130, p = 0.149; PLR, r = —0.094, p = 0.300; LLR, r = —0.191, p = 0.033.

Association Between LLR and the Severity of COPD

Pearson’s correlation test showed that LLR was negatively correlated with FEV % (r = —0.191, p = 0.033), while NLR
and PLR were not (Figure 3). Because FEV % represents the severity of pulmonary function in COPD, which means that
the lower the FEV %, the poorer the pulmonary function of COPD. Thus, we can deduce that LLR is positively
correlated with the severity of COPD.

In order to further investigate the independent factors affecting COPD severity, univariate logistic regression analysis
was performed on the variables. From Table 3, significant differences in BMI (p = 0.012), FEV, (p <0.001), FEV,% (p <
0.001), FVC (p < 0.001), FEV{/FVC (p < 0.001), PaCO2 (p < 0.001), lymphocyte (p = 0.034) and LLR (p = 0.025) were
observed in severe COPD (Mild: GOLD I, GOLD II; Severe: GOLD III, GOLD IV).

In order to control other potential confounding variables, a multivariate logistic regression analysis was carried out. In
model 1, there were no adjustments (odds ratio [OR] = 1.706, 95% CI: 1.068-2.725, p = 0.025). After adjusting for age,
gender, and BMI in model 2, the association between LLR and GOLD remained significant (odds ratio [OR] = 1.823,
95% CI: 1.056-3.146, p = 0.031). On the basis of model 2, we also revolved FEV/FVC and PaCO2 in model 3. After
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Table 3 Univariate Logistic Regression Analysis Assesses Different Prognostic
Predictors of COPD

OR 95% ClI p-value
Age 0.970 0.925-1.018 0.217
Male 2.357 0.953-5.832 0.064
Duration of disease 1.450 0.669-3.141 0.346
Smoking 1.087 0.432-2.735 0.859
Hypertension 1.102 0.511-2.379 0.804
Diabetes mellitus 0.651 0.247-1.712 0.384
BMI 0.864 0.771-0.969 0.012
FEV, 0.016 0.004-0.075 <0.001
FvC 0.160 0.073-0.351 <0.001
FEV,% 0.619 0.485-0.790 <0.001
FEV,/FVC ratio (%) 0.829 0.776-0.886 <0.001
PaO, 0.984 0.962—-1.006 0.148
PaCO, 1.328 1.169-1.503 <0.001
WBC 1.010 0.904-1.129 0.859
Neutrophils 1.057 0.926-1.207 0.409
RBC 1.497 0.708-3.167 0.291
Hemoglobin 1.014 0.990-1.038 0.265
Platelet 0.995 0.990-1.000 0.069
Lymphocyte 0.586 0.358-0.960 0.034
LDL 1.093 0.670-1.780 0.723
NLR 1.094 0.975-1.228 0.127
PLR 1.002 0.998-1.006 0.266
LLR 1.706 1.068-2.725 0.025

Notes: Divided COPD patients into two groups according to GOLD stage: Mild Group, GOLD | + GOLD
Il; Severe Group, GOLD IIl + GOLD IV.

Abbreviations: COPD, chronic obstructive pulmonary disease; BMI, body mass index; FEV,, forced
expiratory volume in | second; FVC, forced vital capacity; FEV,%, forced expiratory volume in | second
in percent of the predicted value; PaCO,, partial pressure of carbon dioxide in arterial blood; PaO,, partial
pressure of oxygen in arterial blood; WBC, white blood cell; RBC, red blood cell; LDL, low-density-
lipoprotein; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; LLR, low-density-
lipoprotein to lymphocyte ratio; GOLD, Global Initiative for Chronic Obstructive Lung Disease.

adjustment, the link between LLR and GOLD was still significant (odds ratio [OR] = 2.599, 95% CI: 1.266-5.337,
p = 0.009). We basically concluded that LLR is a potential influencing factor of COPD severity (Figure 4).

Function of LLR in Different Subgroups
To further explore the indication function of LLR in different subgroups, we divided 138 COPD patients into 8 subgroups
according to their age (whether they were over 65 years old), sex, smoking history, disease course (whether the disease

Variables OR 95% CI p-value
Model 1 1.706 1.068 - 2.725 _ 0.025
Model 2 1.823 1.056 - 3.146 _ 0.031
Model 3 2.599 1.266 - 5.337 — 0.009

Figure 4 Adjusted odds ratio (95% confidence interval) of LLR for GOLD.

Notes: Model | is univariate analysis; Model 2 is adjusted by age; sex; and BMI; Model 3 is adjusted by age; sex; BMI; FEV,/FVC and PaCO,.

Abbreviations: GOLD, Global Initiative for Chronic Obstructive Lung Disease; BMI, body mass index; FEV |, forced expiratory volume in | second; FVC, forced vital
capacity; PaCO,, partial pressure of carbon dioxide in arterial blood.
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Table 4 Subgroup Analysis Between COPD Patients and Healthy Controls

Variables Univariate Logistic Regression
OR (95% CI) P value
Age (265) Yes 1.547 (0.954-2.508) 0.077
No 2.827 (0.785-10.174) 0.112
Sex (male) Yes 1.644 (0.978-2.764) 0.061
No 1.875 (0.600-5.856) 0.279
Smoking Yes 1.501 (0.532—4.233) 0.442
No 1.741 (1.017-2.982) 0.043
Duration of disease (25years) | Yes 1.594 (0.885-2.870) 0.121
No 1.806 (0.840-3.882) 0.130
Hypertension Yes 2.306 (0.997-5.333) 0.051
No 1.504 (0.889-2.546) 0.128
Diabetes Yes 1.972 (0.570-6.819) 0.283
No 1.614 (0.971-2.685) 0.065
BMI (>24) Yes 3.007 (0.982-9.202) 0.054
No 1.500 (0.845-2.662) 0.166
Cerebral infarction Yes 1.888 (1.093-3.201) 0.023
No 1.304 (0.629-2.701) 0.475

Notes: Group A, patients with COPD; Group B, healthy people.
Abbreviations: COPD, chronic obstructive pulmonary disease; BMI, body mass index.

course was over 5 years), whether they had hypertension or diabetes, whether their BMI >24 and whether they suffered
from cerebral infarction. It can be seen from Table 4 that there is no significant difference in LLR among the subgroups
of age, sex, duration of disease, hypertension, diabetes, and BMI. However, in the nonsmoker group, the results were
statistically significant, reflecting that smoking may be closely related to LLR (odds ratio [OR] = 1.741, 95% CI: 1.017—
2.982, p = 0.043). Moreover, statistical significance was also seen in the cerebral infarction group, while not seen in the
patients without cerebral infarction (odds ratio [OR] = 1.888, 95% CI: 1.093-3.201, p = 0.023).

Discussion

To the best of our knowledge, this study is the first study to investigate the associations between LLR and COPD. Our
data showed that COPD patients had higher LLR levels than healthy controls. Moreover, higher LLR levels were
associated with severe COPD. Besides, elevated LLR can be seen significantly in non-smoking and cerebral infarction
subgroups.

In this study, we found that the lymphocyte count of COPD patients was lower than that of healthy controls. The
findings are further supported by the studies that found that blood lymphocyte number was lower in COPD than in non-
COPD patients."* It was also found that a lower lymphocyte proportion in peripheral blood was associated with poorer
exercise capacity, worse quality of life and higher mortality in elderly patients with severe COPD.">"'” The potential
mechanism is that lymphopenia, as a sign of impaired immunity, increases the risk of infection, which is related to the
deterioration of fatal COPD and early mortality.'®> Moreover, chronic inflammation is a key pathogenic element in
COPD,"? which leads to increased production of cortisol, catecholamines, and proinflammatory cytokines which results
in decreasing the production of lymphocytes, increasing the apoptosis, or making redistribution of lymphocytes.?*!

Our data showed that LDL was slightly lower in COPD patients than that of healthy controls, which was consistent
with previous research results.”?> However, previous conclusions of numerous studies on the relationship between COPD
and blood lipid profiles remain conflicting and contradictory.? Jiayu et al** reported that there was no difference between
serum TG, TC, and LDL levels of patients and controlled individuals, the same results were also found by Basili et al.?
Nevertheless, a previous study showed that increased oxidized low-density lipoprotein (ox LDL) is correlated with lung
function, inflammation, and oxidative stress in COPD.® Compared with the control group, plasma levels of chemerin and
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LDL in the COPD group in acute exacerbation and remission stage were elevated.”® The mechanism of LDL in COPD is
still unclear and needs further research. However, it was reported that a more pro-inflammatory diet was related to higher
small dense LDL and lower large LDL in a cross-sectional sample of 1992 adults.?” There may be a potential correlation
between different types of LDL and contradictory results. Besides, the plasma level of LDL resulted to be significantly
lower in patients that used a violent method compared to patients who attempted suicide with a nonviolent method, which
indicated that low-level LDL may be related to mental factors in COPD patients.”® This may also have a potential
correlation with the long-term changes in eating habits.*’

Our article is the first to use LLR as a predictive biomarker for the severity of COPD. In this study, we found that the LLR
level of COPD patients in severe group (Severe: GOLD III, GOLD IV) was higher than that of COPD patients in mild group
(Mild: GOLD I, GOLD 1II). The higher the LLR level, the higher the GOLD and BODE indexes and the SGRQ score. In
addition, our data showed that elevated LLR is associated with COPD pulmonary function indicators, especially low-level
FEV |, which means that patients with higher LLR have worse pulmonary function and more serious disease. Univariate and
multivariate logistic regression analyses showed that elevated LLR was an independent indicator of the severity of COPD
and was associated with adverse outcomes of COPD. Previously, LLR was used as a new predictor of in-hospital mortality of
acute cerebral infarction.’® A few previous population-based studies have found that cerebrovascular disease is a common
comorbidity in patients with COPD.** 2 Therefore, we consider applying LLR, a meaningful index in cerebral infarction, to
COPD to observe whether it has indicative significance. The possible mechanism is the increased risk of atherosclerosis in
patients with COPD or the result of common risk factors between stroke and COPD.** This is consistent with the results of
subgroup analysis showing that LLR has significance in COPD patients with cerebral infarction.

In our previous study, lymphocyte to high-density lipoprotein ratio (LHR) has higher accuracy for predicting
pulmonary function in COPD in contrast to NLR and PLR, and lower LHR level is independently associated with
poorer pulmonary function.'® This result can also be partially confirmed by our experiment as the study showed that
elevated LLR is associated with COPD pulmonary function indicators, especially low-level FEV;, which indicated that
lipids and lymphocytes may be related to the pulmonary function of COPD. However, compared to the previous study,
exploring the relationship between LLR and COPD severity is the main purpose of our current study. We found that the
higher the LLR ratio, the worse the outcome, and the more serious the condition of COPD. The current study
supplemented the blank of previous research.

We also found that LLR was higher in non-smoking COPD patients. This result is interesting. Cigarette smoking can
cause a series of changes in the trachea, lung tissue, pulmonary blood vessels, and promotes the occurrence and
development, as it contains a large number of toxic substances.>® Previous studies found that oxidants in cigarette
smoke can increase the oxidative modification of plasma LDL.**>° And the average LDL level of smokers was
significantly higher than that of non-smokers.>’” Besides, exposure to cigarette smoke is perceived to facilitate sensibility
to self-antigens and the consequent autoreactive T cells.*® It was also found that there is an increase in Th17 cells in the
lung and circulation in a mouse model with short-term smoke exposure, suggesting that smoking is associated with
increased lymphocytes. Considering all the above research, we can know that smoking is related to increased LDL and
increased lymphocytes. However, in our experiment, we explored the role of the ratio of LDL to lymphocytes in the
smoking subgroup. This may lead to the result that when calculated, respectively, two indicators were meaningful while
after calculating the ratio of them, the ratio becomes meaningless. In the non-smoking group, without the complex
influence of smoking, the significance of LLR itself can be expressed.

However, there were still some limitations in our study. First, this study was limited as a retrospective cohort of cross-
sectional surveys; therefore, further study should include the correlation between LLR and longitudinal results to verify its
causality. Second, our research is limited to small samples. More studies with larger samples should be recruited to verify our
findings. In addition, patients from the same hospital in the same area have limitations. Some factors related to LDL and
lymphocytes cannot be completely removed, which gave rise to bias.

In conclusion, as a simple, repeatable, widely used, and cheap laboratory index, LLR can be calculated and has uniform
and strong indicative significance for the severity of COPD. In clinical work, blood routine and blood biochemical results are

easy to obtain, but some COPD patients may be difficult to measure their pulmonary function due to the limitation of physical
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function. Therefore, LLR has certain practical value and is worth popularizing in clinical application. Greater attention should
be attached to LLR for its indicative role in COPD severity.

Conclusion

The findings of this study suggest that LLR may be a novel, valuable and easily obtainable biomarker to predict the
severity of COPD. High-level LLR is closely related to high severity in patients with COPD. Multidisciplinary studies
based on larger cohorts are required to validate the utility of LLR.
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