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Background: The inflammatory response plays a critical role in the progression and prognosis of Chronic Obstructive Pulmonary
Disease (COPD). The C-reactive protein to lymphocyte ratio (CLR) has emerged as a potential novel biomarker of systemic
inflammation. Nevertheless, the association between CLR and COPD remains unclear. The objective of this study was to explore
the possible connection between CLR and COPD.

Methods: We conducted a retrospective study on 22,581 participants from the NHANES dataset (1999-2010). To evaluate the
relationship between CLR and COPD, logistic regression analysis, restricted cubic spline analysis, and threshold effect analysis were
utilized. Furthermore, subgroup and sensitivity analyses were conducted to assess the robustness of the identified association.
Results: Multivariate logistic regression models indicated that the In-transformed CLR was significantly associated with an increased
risk of COPD (OR: 1.14, 95% CI: 1.04-1.25; P = 0.005). Compared to participants classified with the first tertile of In-transformed
CLR (T1), the risks of COPD for those in T2 and T3 were 1.03 and 1.33 times higher, respectively. An evident upward trend was noted
with an increase in the In-transformed CLR (P for trend =0.032). Furthermore, an inverse L-shaped association was identified between
the In-transformed CLR and the risk of COPD. The robustness and consistency of these findings were further confirmed by subgroup
and sensitivity analyses.

Conclusion: Increased CLR correlated with a heightened risk of developing COPD, exhibiting nonlinear patterns and threshold effects.
Keywords: C-reactive protein to lymphocyte ratio, chronic obstructive pulmonary disease, inflammation, national health and nutrition
examination survey

Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a chronic respiratory condition marked by the gradual destruction of
the pulmonary tissue, ultimately leading to irreversible airflow limitation.! Globally, COPD impacts around 4% of the
general population, with a prevalence rising to approximately 10% among those aged 40 years and above.” The 2019
Global Burden of Disease study reports that COPD is the third most common cause of death globally among elderly
individuals.> COPD presents a substantial health and economic burden both to individuals and society, driven by its high
prevalence, rising incidence, and severe mortality rate, making it a major global public health challenge.

Inflammatory processes are fundamentally involved in the development and progression of COPD.** Inflammatory
cells secrete mediators and proteolytic enzymes that contribute to the progressive destruction of airway and lung
parenchymal structures, ultimately promoting airway remodeling and airflow obstruction.*” Previous studies have
shown that neutrophils, lymphocytes, and monocytes/macrophages constitute the main inflammatory cells contributing
to the chronic inflammation of COPD.® Furthermore, the immune system is believed to serve as a critical driving
mechanism in the disease’s pathogenesis.” A substantial body of evidence suggests that individuals with COPD exhibit

heightened immune cell infiltration in lung tissue, accompanied by an enhanced immune response.”'°
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The C-reactive protein (CRP) is a widely recognized biomarker of inflammation, crucial for assessing infections and
various inflammatory disorders.'' Lymphocytes serve as pivotal elements in immune responses, and alterations in immune
activation or suppression can result in changes in lymphocyte counts.'*'? Recently, the C-reactive protein to lymphocytes
ratio (CLR), as an emerging inflammatory indicator, can reflect the balance between systemic inflammatory and immune
responses.'* Various studies have shown that elevated CLR levels have been connected to poor outcomes across a spectrum of
conditions, including SARS-CoV-2 pneumonia,'* myocardial infarction,'® periprosthetic joint infection,'® and malignant
diseases.!” CLR has emerged as a promising tool for predicting both disease prognosis and diagnostic assessment.

Given the significant roles of inflammation and immune dysregulation in the development of COPD, CLR could be
considered a possible indicator of COPD risk. However, the relationship between CLR and COPD has not been
thoroughly explored to date. Therefore, the primary objective of our study was to examine the potential association
between CLR and the risk of COPD in US adults through a cross-sectional design.

Materials and Methods

Study Population

The National Health and Nutrition Examination Survey (NHANES), conducted by the Centers for Disease Control and
Prevention (CDC), is a nationally representative program designed to evaluate the health and nutritional status of the
non-institutionalized US population. Utilizing a multistage, stratified probability sampling strategy, NHANES collects
comprehensive data through standardized questionnaires, physical examinations, and laboratory analyses. This rich
dataset encompasses a wide range of information, including demographic characteristics, chronic disease profiles,
biomarkers, lifestyle behaviors, and environmental exposures. Data are released biennially to ensure both timeliness
and national representativeness. All survey protocols were approved by the Research Ethics Review Board of the
National Center for Health Statistics (NCHS), and informed consent was secured from all participants. Detailed
information regarding survey methods and protocols is available on the official NCHS website.

In accordance with the Ethical Review Methods for Life Science and Medical Research Involving Human Beings, our study
meets the exemption criteria outlined in Article 32 of the regulation: (1) utilizing publicly available data obtained through legal
means, or data collected through observation without interfering with public behavior; and (2) employing anonymized
information for research purposes. We made use of legally obtained public data and ensured that no public behavior was
influenced or disrupted during the research process. Furthermore, all data analyzed were anonymized, ensuring compliance with
ethical standards as stipulated by the regulation. The Medical Ethics Committee of Beijing Luhe Hospital affiliated with Capital
Medical University has approved this study and waived informed consent (ethical number: 2025-LHKY-029-01).

This research adopted a cross-sectional design, drawing on data from NHANES collected between 1999 and 2010. Only
adult participants were included. Additionally, we excluded individuals who were pregnant (n=1299), those missing relevant
COPD survey data (n=2), and participants with incomplete records for CRP (n=3384), lymphocytes (n=130), or covariates
(n=4798), including 572 for body mass index(BMI), 411 for marital status, 18 for smoking status, 33 for education level, 1899
for drinking status, 1855 for poverty income ratio(PIR), 9 for hypertension, and 1 for cardiovascular disease (CVD)(Figure 1).

C-Reactive Protein to Lymphocyte Ratio

Whole blood samples from eligible participants were obtained at the NHANES Mobile Examination Center (MEC) and
subsequently sent to a laboratory for further analysis. In this study, CLR was computed as the ratio of CRP (mg/L) to
lymphocyte count (1000 cells/uL).'"® To ensure data reliability, NHANES enforced rigorous quality control measures
throughout both the data collection and laboratory testing processes.

COPD

COPD diagnosis was confirmed by meeting at least one of the following criteria:'® (1) a post-bronchodilator FEV1/FVC
ratio less than 0.70; (2) a physician or healthcare professional-confirmed diagnosis of emphysema; or (3) in individuals
aged 40 years or above, who have a history of smoking, chronic bronchitis, and are undergoing treatment with inhaled
corticosteroids, mast cell stabilizers, selective phosphodiesterase-4 inhibitors, or leukotriene modifiers.
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Figure | Flow chart of participants selection.
Abbreviation: COPD, Chronic obstructive pulmonary disease.

Covariates
Data collection and documentation were performed by trained investigators. The study incorporated the following data
categories: (1) demographics characteristics, including age (years), sex, race/ethnicity, educational level, marital status,
drinking status, smoking status, the PIR, and BMI (kg/m2); (2) comorbid conditions, including CVD, hypertension, and
diabetes; (3) laboratory parameters, such as the counts of segmented neutrophils (1000 cell/uL), eosinophils (1000 cells/
pL), monocyte (1000cells/uL), basophils (1000cells/pL), platelet (1000 cells/uL), red blood cell (million cells/uL).

Sex was classified as either male or female. Race/ethnicity was divided into categories: non-Hispanic White, non-
Hispanic Black, Mexican American, other Hispanic, or other races. Education levels were classified as above high
school, high school or equivalent, and less than high school. Marital status was grouped into two categories: married/
living with a partner or living alone. Drinking status was classified as current, former, or never. Smoking status was
categorized as former smoker, current smoker, or never smoked. The PIR was divided into three distinct groups: <1.30,
1.31-3.50, and >3.50. The BMI was calculated using weight and height.

The diagnosis of CVD was confirmed through interviews utilizing a standardized questionnaire assessing medical
conditions, which included the question:

Has a doctor or other health expert ever informed you that you have congestive heart failure/coronary heart disease/angina
pectoris/myocardial Infarction/stroke?

A participant was considered to have CVD if they answered “yes” to any of the questions listed above.”® Hypertension
was identified if the average systolic blood pressure was > 140 mmHg, the average diastolic blood pressure was >
90 mmHg, there was a history of antihypertensive drugs use, or hypertension had been diagnosed previously.>' Diabetes
was diagnosed if any of the following criteria were met: fasting glucose >7.0 mmol/l, random blood glucose > 11.1mmol/
1, two-hour oral glucose tolerance test blood glucose > 11.1mmol/l, hemoglobin Alc > 6.5%, the use of insulin or

diabetes medications, or a physician confirmed diagnosis of diabetes.*?
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Statistical Analysis

By NHANES analysis guidelines, this study incorporated complex sampling designs and sampling weights, which
included variables such as MEC exam weights for two years (WTMEC2YR) and four years (WTMEC4YR), along
with the masked variance pseudo-cluster (SDMVPSU) and masked variance pseudo-stratum (SDMVSTRA).>* For the
1999-2002 cycles, the weights were calculated as 1/3 x WTMEC4YR, while for the 2003-2010 cycles, they were
adjusted to 1/6 x WTMEC2YR.

A number of demographic and laboratory factors were collected on the participants based on previous literature and
clinical practice.'>** Given our large sample size, the proportion of missing values for covariates was less than 10%. Due to
the relatively low percentage of missing data, we opted to exclude these missing values directly. Categorical variables for
the COPD and without COPD groups were presented as survey-weighted percentages (%). Based on the distribution of
continuous variables, they were summarized as either survey-weighted mean with standard deviation (SD) or median with
interquartile range (IQR). The differences among groups were assessed by one-way ANOVA, the Kruskal-Wallis test, or
chi-square tests.

Given the skewed distribution of CLR, the data were transformed using the natural logarithm (LN) prior to conducting
statistical analysis. In the subsequent analyses exploring the associations with COPD, the CLR was treated as a continuous
variable with 1-unit increment in In-transformed data or categorized into tertiles. Odds ratios (ORs) and 95% confidence
intervals (Cls) were estimated using multivariable logistic regression models. Five models were employed: Model 1 was
unadjusted; Model 2 adjusted for age, sex, race/ethnicity, and NHANES cycle; Model 3 further adjusted for education level,
marital status, drinking status, smoking status, PIR, and BMI, building on Model 2; Model 4 included all variables in Model 3
in addition to comorbidities, such as CVD, hypertension, and diabetes; Model 5 was fully adjusted.

To explore the dose-response relationship between In-transformed CLR and COPD, we conducted a restricted cubic
spline (RCS) analysis with 3 knots. Furthermore, the association was further evaluated using a two-piecewise logistic
regression model, adjusting for all covariates in Model 5.

Additionally, we performed stratified analyses based on sex, age (20-60 years versus >60 years), BMI (<25 versus
25-30 or >30 kg/m2), smoking status (non-smokers versus smokers), CVD, hypertension, and diabetes to assess whether
the relationship between In-transformed CLR and COPD remains consistent across different subgroups. A sensitivity
analysis was also performed following multiple imputations for missing data to enhance the reliability of the results.

Data analysis was performed using Free Statistics software version 2.0 and R 4.2.2 (http://www.R-project.org, The

R Foundation). A P-value <0.05 (two-sided) was regarded as statistically significant in all analyses.

Results

Baseline Characteristics

A total of 22,851 individuals were successfully enrolled in this study between 1999 and 2010 (Figure 1). Table 1
summarizes the demographic and clinical characteristics of a sample that represents 163.18 million US adults, categorized
according to whether or not they have COPD. 6.82 million individuals were identified with COPD. The mean age was 46.71
(16.57) years, and 50.54% were female. Notably, participants in the COPD group tended to be older, have higher income
levels and educational attainment, be current smokers and drinkers, and have a higher prevalence of CVD, diabetes, and
hypertension. Moreover, participants with COPD had a lower lymphocyte number and higher levels of C-reactive protein in
comparison to those without COPD. (Table 1)

Association Between CLR and COPD

Because CLR exhibited a skewed distribution, we applied a In transformation to normalize its distribution. The
association between In-transformed CLR and COPD is shown in Table 2 across five models. In model 1, when In-
transformed CLR was considered as a continuous variable, it showed a significant positive association with the risk of
COPD (OR, 1.29; 95% CI, 1.21-1.38; P < 0.001). Besides, this relationship continued to be significant even after
adjusting for different variables. In Model 5, the result showed that each 1-unit increase of In-transformed CLR was
linked to a 14% higher risk of COPD after adjusting for all covariates (OR, 1.14; 95% CI, 1.04-1.25; P= 0.005).
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Table | Weighted Baseline Characteristics of Participants in the NHANES 1999-2010 Cycles

Patient Characteristic Total with COPD without COPD | p-value
Weighted population, n (in millions) 163.18 6.82 156.36
Demographic information
Age, Mean (SD), years 46.71 (16.57) 59.53 (13.21) 46.15 (16.48) <0.001
Sex, n (in millions), % 0.234
Male 80.71 (49.46) 3.51 (51.52) 77.19 (49.37)
Female 82.47 (50.54) 3.30 (48.48) 79.16 (50.63)
Race/ethnicity, n (in millions), % <0.001
Non-Hispanic White 119.41 (73.18) 5.87 (86.06) 113.54 (72.62)
Non-Hispanic Black 16.21 (9.94) 0.45 (6.69) 15.75 (10.08)
Mexican American 12.09 (7.41) 0.07 (1.13) 12.02 (7.69)
Other Hispanic 7.62 (4.67) 0.12 (1.82) 7.50 (4.80)
Other 7.82 (4.79) 0.29 (4.29) 7.53 (4.82)
Marital status, n (in millions), % 0.537
Married/Living with a partner 106.63 (65.35) 4.38 (64.30) 102.24 (65.39)
Never married/Other 56.54 (34.65) 2.43 (35.70) 54.11 (34.61)
Poverty income ratio, n (in millions), % <0.001
<13 32.30 (19.80) 1.78 (26.13) 30.52 (19.52)
13-3.5 58.81 (36.04) 2.45 (36.00) 56.35 (36.04)
>3.5 72.06 (44.16) 2.58 (37.88) 69.48 (44.44)
Educational level, n (in millions), % <0.001
Less than high school 30.12 (18.46) 1.88 (27.66) 28.24 (18.06)
High school or equivalent 40.95 (25.10) 1.83 (26.89) 39.12 (25.02)
Above high school 92.09 (56.44) 3.10 (45.45) 88.99 (56.92)
Smoking status, n (in millions), % <0.001
Never 83.39 (51.11) I.11(16.33) 82.28 (52.62)
Former 41.21 (25.25) 3.22 (47.30) 37.98 (24.29)
Current 38.57 (23.64) 2.48 (36.37) 36.09 (23.08)
Drinking status, n (in millions), % <0.001
Never 18.52 (11.35) 0.43 (6.44) 18.08 (11.56)
Former 27.42 (16.81) 2.13 (31.32) 25.29 (16.18)
Current 117.23 (71.84) 424 (62.24) 112.98 (72.26)
Body mass index, Mean (SD), kg/m? 28.43 (6.51) 28.40 (6.72) 28.43 (6.50) 0.923
Disease status
Cardiovascular disease, n (in millions), % 14.06 (8.62) 1.75 (25.76) 12.30 (7.87) <0.001
Hypertension, n (in millions), % 59.10 (36.22) 3.87 (56.88) 55.22 (35.32) <0.001
Diabetes, n (in millions), % 18.20 (11.15) 1.27 (18.65) 16.92 (10.83) <0.001
Biochemical indicators
Segmented neutrophils number, Mean (SD), 1000cells/uL | 4.30(1.65) 4.67(1.83) 4.28(1.64) <0.001
Eosinophils number, Median (IQR), 1000cells/uL 0.20 (0.10, 0.30) | 0.20 (0.10, 0.30) | 0.20 (0.10, 0.30) | <0.00I
Lymphocyte number, Median (IQR), 1000cells/uL 2.00 (1.60, 2.50) | 1.90 (1.50, 2.40) | 2.00 (1.60, 2.50) | <0.00I
Monocyte number, Median (IQR), 1000cells/uL 0.56(0.19) 0.56(0.21) 0.56(0.19) 0.002
Basophils number, Median (IQR), 1000cells/uL 0.00(0.00,0.10) 0.00(0.00,0.10) 0.00(0.00,0.10) 0.016
Red blood cell count, Mean (SD), million cells/uL 4.73(0.49) 4.68(0.49) 4.73(0.49) 0.007
Platelet count, Mean (SD), 1000cells/uL 265.49(67.82) 269.52(75.86) 265.32(67.44) 0.157
C-reactive protein, Median (IQR), mg/L 2.10(0.80,4.8) 2.80(1.2,6.7) 2.00(0.80,4.7) <0.001

Abbreviations: NHANES, National Health and Nutrition Examination Survey; SD, standard deviation; IQR, interquartile range.

Moreover, when In-transformed CLR was categorized into tertiles, the associations with COPD were consistent with
the trends observed in the continuous analyses. Compared to individuals in tertile 1(T1), those in T3 exhibited a higher
risk of COPD (OR, 1.33; 95% CI, 1.02—1.73; P =0.038; Table 2, model 5). Furthermore, in all models, the risk of COPD
progressively increased with each higher tertile of In-transformed CLR (all P for trend <0.05).
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Table 2 Association Between Ln Transformed C-Reactive Protein to Lymphocyte Ratio and Chronic Obstructive Pulmonary Disease

Model | Model 2 Model 3 Model 4 Model 5

OR (95% CI) p-value [ OR (95% CI) p-value | OR (95% CI) p-value [ OR (95% CI) p-value | OR (95% CI) p-value

CLR In transformed 1.29 (1.21-1.38) | <0.001 121 (1.12-1.32) | <0.001 1.18 (1.08-1.29) | <0.001 1.17 (1.07-1.28) | <0.001 1.14 (1.04-1.25) | 0.005
CLR In transformed, Tertiles

TI 1(Ref) 1(Ref) 1(Ref) 1(Ref) I (Ref)

T2 1.38 (1.11-1.70) 0.003 1.14 (0.91-1.43) 0.254 1.07 (0.84-1.3¢) 0.569 1.06(0.84-1.35) 0.615 1.03 (0.81-1.30) 0.820
T3 1.94 (1.57-2.40) | <0.001 1.60 (1.26-2.04) | <0.001 1.44 (1.11-1.88) | 0.007 1.42(1.09-1.85) 0.010 1.33 (1.02-1.73) | 0.038
Trend test <0.001 <0.001 0.006 0.008 0.032

Notes: Model | was crude model; Model 2 was adjusted for NHANES cycle, age, sex, race/ethnicity; Model 3 was adjusted for Model 2+ marital status, poverty income
ratio, educational level, smoking status, drinking status, body mass index; Model 4 was adjusted for Model 3+ cardiovascular disease, hypertension, diabetes; Model 5 was
adjusted for Model 4+segmented neutrophils number, platelet count, eosinophils number, monocyte number, basophils number, red blood cell count.

Abbreviations: CLR, C-reactive protein to lymphocyte ratio; OR, odds ratio; Cl, confidence interval; Ref, reference; NHANES, National Health and Nutrition Examination Survey.

Accordingly, RCS demonstrated a nonlinear connection between In-transformed CLR and COPD (P for non-linearity=
0.002) (Figure 2). When In-transformed CLR was >0.307, the adjusted OR was 1.18 (95% CI, 1.01-1.38; P=0.030). No
association was observed between In-transformed CLR and COPD in individuals with In-transformed CLR <0.307
(P=0.700) (Table 3).

: P for non—linearity: 0.002
1 Ref point: 0.307
I
1
1
I
1
2.5 b 1
I
1
1
I
1
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1
I
= 1
Q 1
N I
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[2)) 1
& 1
o 1
1.51 1
1
I
I
1
1
I
1
1
1.0 4
0.5

-2 0 2
In(c-reactive protein to lymphocyte ratio)

Figure 2 Weighted restricted cubic spline curve describing the dose-response relationship between In-transformed C-reactive protein to lymphocyte ratio and chronic
obstructive pulmonary disease.

Notes: Adjusted for NHANES cycle, age, sex, race/ethnicity, educational level, marital status, drinking status, smoking status, poverty income ratio, body mass index,
cardiovascular disease, hypertension, diabetes, segmented neutrophils number, platelet count, eosinophils number, monocyte number, basophils number, red blood cell
count. Only 99% of the data is displayed.

Abbreviations: OR, odds ratio; Cl, confidence interval; NHANES, National Health and Nutrition Examination Survey.
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Table 3 Threshold Effect Analysis of the Relationship
of Ln-Transformed C-Reactive Protein to
Lymphocyte Ratio with Chronic Obstructive
Pulmonary Disease

CLR In Transformed | Adjusted Model*

OR (95% CI) p-value

<0.307 1.03 (0.87-1.23) | 0.700
20.307 1.18 (1.01-1.38) | 0.030

Notes: *Weighted analysis, adjusted for NHANES cycle, age, sex,
race/ethnicity, marital status, poverty income ratio, educational level,
smoking status, drinking status, body mass index, cardiovascular dis-
ease, hypertension, diabetes, segmented neutrophils number, platelet
count, eosinophils number, monocyte number, basophils number, red
blood cell count. Only 99% of the data is displayed.
Abbreviations: CLR, C-reactive protein to lymphocyte ratio;
OR, odds ratio; Cl, confidence interval; NHANES, National
Health and Nutrition Examination Survey.

Subgroup Analyses
To assess potential variations in the relationship between In-transformed CLR and COPD, a stratified analysis was
conducted across different subgroups. No significant interactions were observed in any subgroup (Figure 3).

Sensitivity Analysis

Multiple imputation was applied in the sensitivity analysis to handle missing data. Among the 27649 participants, 1211
(4.4%) were diagnosed with COPD. The association between In-transformed CLR and COPD remained consistent. After
controlling for the potential confounders, there was a 17% increase in COPD risk for each l-unit increase in In
transformed CLR (95% CI, 1.10-1.23; P<0.001; Table 4). The adjusted OR for In-transformed CLR and COPD in T3
was 1.43 when compared to individuals in T1(95% CI, 1.20-1.72, P<0.001) (Table 4).

Discussion

Based on a nationally representative population of US adults from NHANES, this study identified a positive association
between CLR and COPD after controlling for multiple covariates. Sensitivity and subgroup analyses further validated the
stability of these findings. Additionally, an inverse L-shaped relationship and threshold effect between CLR and the risk
of COPD offered new insights into their complex interaction.

CRP is an acute-phase protein primarily synthesized by hepatocytes.'' Recent studies have shown a significant link
between higher CRP levels and decreased lung function, as well as an increased risk of COPD.*> %" Lymphocytes are
essential components of the immune system, activated in response to the entry of pathogens into the human body.
A longitudinal cohort study showed that smokers with COPD had lower blood lymphocyte counts than those without
COPD (1.8 vs 2.3 1000cells/uL; p < 0.001) and that declining lymphocytes were associated with worse outcomes.?®
Another retrospective cohort study confirmed that lymphocyte levels dramatically decreased in patients with COPD
compared to healthy volunteers.”” Some biomarkers derived from peripheral blood lymphocyte count, including the
neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio, have been reported as predictive factors for COPD
progression and outcomes.'***! Considering these findings, the CLR, defined as the ratio of CRP to the lymphocyte
count, may serve as a novel biomarker for the progression of COPD. The investigation revealed a notable association
between elevated CLR levels and an increased risk of COPD. This link persisted even after accounting for various
potential confounding factors. Additionally, we further analyzed the dose-response relationship between CLR and COPD
risk and identified a threshold effect. The risk of COPD only begins to increase when CLR reaches a certain level.

CLR can effectively reflect the systemic inflammatory and immune status. This perspective may help elucidate the
mechanisms of the relationship between CLR and the risk of COPD. Long-term chronic inflammation and oxidative
stress can damage the structure and function of lung tissues.”* CRP, a commonly used marker for systemic inflammation,
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Subgroup OR (95%Cl) P for interaction
Overall
Crude 1.29 (1.21~1.38) ——
Adjusted 1.14 (1.04~1.25) o
Age,year 0.169
<60 1.06 (0.92~1.21) e
260 1.22 (1.11~1.35) ——
Sex 0.369
Male 1.21 (1.10~1.33) e
Female 1.08 (0.95~1.23) e
Smoking status 0.481
No 1.15 (0.96~1.37) e
Yes 1.15 (1.04~1.27) e
Body mass index,kg/m?2 0.184
<25 1.09 (0.98~1.22) ——
25-30 1.21 (1.06~1.39) —_—
230 1.21 (1.04~1.42) e
Cardiovascular disease 0.260
No 1.14 (1.04~1.26) .
Yes 1.18 (1.02~1.36) —
Diabetes 0.184
No 1.11 (1.01~1.23) e
Yes 1.24 (1.04~1.48) - e
Hypertension 0.796
No 1.15 (1.03~1.28) R
Yes 1.14 (1.01~1.29) e

T T 1

0.7 1.0 1.4

OR (95%Cl)

Figure 3 Subgroup analyses for the association of In-transformed C-reactive protein to lymphocyte ratio and chronic obstructive pulmonary disease.

Notes: The subgroups were defined based on sex (male versus female), age (2060 years versus 260 years), body mass index (<25 versus 25-30 or 230 kg/m?), smoking
status (non-smokers versus smokers), cardiovascular disease (yes versus no), hypertension (yes versus no), and diabetes (yes versus no). “Crude” was unadjusted model.
“Adjusted” was the full adjusted model. Except for the stratification component itself, each stratification factor was adjusted for all other variables (NHANES cycle, age, sex,
race/ethnicity, educational level, marital status, drinking status, smoking status, poverty income ratio, body mass index, cardiovascular disease, hypertension, diabetes,
segmented neutrophils number, platelet count, eosinophils number, monocyte number, basophils number, red blood cell count).

Abbreviations: OR, odds ratio; Cl, confidence interval; NHANES, National Health and Nutrition Examination Survey.

may also be involved in regulating lung function.*> Additionally, impaired immune function is a significant contributor to
COPD development.** The number of peripheral blood lymphocytes can indicate the host’s cytotoxic immune response
and overall health."” Lymphocytes produce cytotoxic perforins and granzyme B, which can induce cell death and
apoptosis, key features of emphysema pathology.”

The strengths of our investigation include providing new evidence regarding the association between CLR and the
risk of COPD. The study population was thoroughly defined and relatively homogeneous, derived from a large,
nationally representative sample of US adults. This method enabled effective adjustment for confounders and minimized
their influence on the results. Due to their affordability and ubiquity, routine blood tests can be conducted in virtually

1922  hoes International Journal of Chronic Obstructive Pulmonary Disease 2025:20



Ao et al

Table 4 Association Between Ln Transformed CLR and Chronic Obstructive Pulmonary Disease After Multiple
Imputations of Missing Data Among Participants in the NHANES 19992010 Cycles

Unweighted Participants | Crude Model Adjusted Model

Total Event (%) OR (95% CI) p-value | OR (95% CI) p-value
CLR In transformed 27649 1211(4.4) 1.31 (1.26-1.37) | <0.001 1.17 (1.10-1.23) | <0.001
CLR In transformed, Tertiles
TI 9213 275(3.0) I (Ref) I (Ref)
T2 9210 382(4.1) 1.41 (1.20-1.65) | <0.001 1.12 (0.93-1.34) | 0.225
T3 9226 554(6.0) 2.08 (1.79-2.41) | <0.001 1.43 (1.20-1.72) | <0.001
Trend test <0.001 <0.001

Notes: Crude model: unadjusted. Adjusted model: adjusted for NHANES cycle, age, sex, race/ethnicity, marital status, poverty income ratio,
educational level, smoking status, drinking status, body mass index, cardiovascular disease, hypertension, diabetes, segmented neutrophils number,
platelet count, eosinophils number, monocyte number, basophils number, red blood cell count.

Abbreviations: CLR, C-reactive protein to lymphocyte ratio; OR, odds ratio; Cl, confidence interval; NHANES, National Health and Nutrition
Examination Survey.

every healthcare environment. The detection of biomarkers could enhance early, tailored interventions, improve the
allocation of available medical resources, and ultimately lower disease prevalence. Our findings could assist healthcare
providers in formulating monitoring and treatment strategies for patients.

However, there are several limitations that should be considered. Firstly, the retrospective design restricts the capacity
to completely control for confounding bias and determine causal relationships. Secondly, considering the characteristics
of the NHANES database, we relied on criteria like self-reported data to indicate COPD diagnosis, which may be
susceptible to reporting bias. Thirdly, levels of CRP and lymphocytes may be affected by various factors, including
immune status and recent acute infections, which were not fully controlled for in this study. Moreover, Additionally,
despite the application of regression models, subgroup analyses, and sensitivity analyses, unmeasured or unrecognized
confounding factors cannot be ruled out. Longitudinal studies in the future are crucial for establishing causality and
investigating the mechanisms that underlie the connection between CLR and COPD.

Conclusions
Our research identified a strong link between CLR levels and the risk of COPD, with higher CLR levels correlating with
an increased risk of the disease. These results indicated that CLR may be a useful biomarker for evaluating COPD risk.

Abbreviations

COPD, Chronic obstructive pulmonary disease; CLR, C-reactive protein to lymphocyte ratio; OR, odds ratio; CI,
confidence interval; NHANES, National Health and Nutrition Examination Survey; NCHS, the National Center for
Health Statistics; CRP, C-reactive protein, MEC, the Mobile Examination Center; BMI, body mass index; PIR, poverty
income ratio; CVD, cardiovascular disease; SD, standard deviation; IQR, interquartile range; SDMVSTRA, masked
variance pseudo-stratum; SDMVPSU, masked variance pseudo-cluster; WTMEC2YR, full sample 2-year MEC exam
weight; WTMEC4YR, full sample 4-year MEC exam weight.
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