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Background: Chronic obstructive pulmonary disease (COPD) is characterized by pulmonary and systemic inflammation. The
peripheral blood (neutrophil + monocyte)/lymphocyte ratio (NMLR) can predict the clinical outcomes of several inflammatory
diseases. However, its prognostic value in COPD remains unknown.

Methods: This retrospective study included 870 patients with COPD due to acute exacerbation, and the 5-year all-cause mortality of
these patients was recorded. The Kaplan-Meier method was used to compare the mortality risk of these patients according to their
NMLR value. Multivariable COX hazard regression and restricted cubic spline model were used to assess the relationship between the
NMLR and 5-year all-cause mortality of patients with COPD.

Results: The NMLR values of non-surviving patients with COPD were significantly increased compared to the survivors [3.88
(2.53-7.17) vs 2.95 (2.08-4.89), P=0.000]. The area under the NMLR receiver operating characteristic curve for predicting the 5-year
all-cause mortality of COPD patients was 0.63. Kaplan-Meier survival curves showed that the 5-year all-cause mortality of COPD
patients was significantly increased when the admission peripheral blood NMLR was > 5.90 (27.3% vs 12.4%, P=0.000). The COX
regression model showed that NMLR was an independent predictor of 5-year all-cause mortality in COPD patients (hazard ratio=1.84,
95% confidence interval: 1.28-2.64, P=0.001). Moreover, the restricted cubic spline model showed a non-linear relationship between
NMLR and COPD death risk (Pon-jinear < 0.05).

Conclusion: The admission peripheral blood NMLR is a significant predictor of 5-year all-cause mortality in patients with COPD,
and high NMLR values may indicate a poor clinical prognosis.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a worldwide disease characterized by irreversible airflow limitation
and persistent respiratory symptoms.' It is a major public health problem that causes significant economic, social and
medical burdens.”® Approximately 3 million patients were estimated to have died due to COPD in 2015, ranking third
among the global age-standardized mortality rates.* Therefore, the early identification of COPD patients who are at
a high risk of mortality is a critical clinical problem.

COPD is a chronic inflammatory airway disease associated with the inhalation of cigarette smoke or other harmful
particles, resulting in innate and adaptive inflammatory immune responses.>® The inflammatory response in COPD is
characterized by increased numbers of neutrophils, lymphocytes and macrophages in the airway lumen, which secrete
a variety of pro-inflammatory mediators that trigger a nonspecific inflammatory response.” Notably, this response is
reflected not only in pulmonary manifestations, but also in systemic manifestations.® Of the patients with COPD, 16%
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were reported to have persistent systemic inflammation, and these patients had significantly increased all-cause mortality
rates during 3-year follow-up compared with the patients without persistent inflammation.” Several studies have shown
that the levels of inflammatory biomarkers, such as C reactive protein (CRP), cystatin C, fibrinogen and cyclophilin A,
can predict the prognosis of COPD patients.'%'?

It has been well-known that blood cell counts and their ratios are valuable biological indicators of systemic
inflammation. And (neutrophil + monocyte)/lymphocyte ratio (NMLR) is another blood cell count-derived inflammatory
biomarker that can be used to predict the prognosis of several inflammatory diseases.'* It has been reported that NMLR
was associated with 30-day mortality in patients with sepsis.'> Another study demonstrated that the elevated NMLR at
admission might be a risk factor for in-hospital death in patients with heart failure.'® However, whether the NMLR can
be used as an inflammatory biomarker to predict the mortality risk of COPD patients is unknown. Therefore, our present

study aimed to investigate the relationship between NMLR values and clinical outcomes in patients with COPD.

Methods

Subjects

This retrospective study was conducted in the Department of Respiratory and Critical Care Medicine, the Second
Affiliated Hospital of Xi’an Jiaotong University. It included 4499 patients with COPD who were admitted to our
department due to acute exacerbation between June 2009 and June 2018. When patients required more than one
admission during the inclusion period, only the data from the first admission were recorded. Patients aged < 20 years
or > 80 years were excluded from this study. Patients accompanying with active tuberculosis, asthma, bronchiectasis,
malignancy, connective tissue disease, liver failure or renal failure were excluded. After screening all medical records,
1055 COPD patients were followed up by telephone after their discharge from the hospital. After a 5-year follow-up, 870
patients were finally enrolled in this study. COPD was defined as a postbronchodilator forced expiratory volume in 1
s (FEV,)/ forced vital capacity (FVC) less than 0.70."”

Pulmonary Function and Blood Gas Analysis

Spirometry was performed to assess pulmonary function when the patients were stable enough to use the spirometer
maneuver before leaving the hospital. A reversibility assessment was conducted in the patients with a short-acting beta-2
agonist (SABA). Arterial blood samples were collected immediately and analyzed when COPD patients were admitted to
the hospital.

Clinical and Biochemical Examinations

The demographic and clinical information of all participants were recorded in detail. Smoking history, history of disease,
and survival time were also collected. Fasting venous blood samples of all patients have been collected at the beginning
of hospitalization, and routine blood test, liver function as well as renal function were determined.

Statistical Analysis

All data were examined using the Kolmogorov—Smirnov test for normal distribution. Quantitative variables with normal
distribution are presented as mean + standard deviation (SD), and differences were identified using the Student’s #-test.
Non-normally distributed data are presented as median (range), and differences were identified using the Mann—Whitney
U-test. Categorical variables are presented as percentages and compared using the Chi-square test. Statistical significance
was set at P<0.05.

First, the correlations between NMLR and several pulmonary function parameters were analyzed using the Spearman
correlation test. The receiver operating characteristic (ROC) curve was used to determine the optimal cutoff for NMLR.
Survival curves were plotted using the Kaplan-Meier method to compare the 5-year all-cause mortality rates between the
NMLR-elevated and non-elevated groups. Finally, the association between NMLR and 5-year all-cause mortality in
patients with COPD was analyzed using the COX regression and restricted cubic spline (RCS) models. All variables
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detected in the univariate analysis (with a P-value of less than 0.05) were included in the multivariate analysis. Statistical
analyses were conducted with SPSS version 17.0 software and R studio version 4.3.1 (SPSS Inc., Chicago, IL, USA).

Results

Baseline Characteristics of the Study Population

This retrospective study consisted of 870 COPD patients with available survival data. Of them, 135 (15.5%) died during
the 5-year follow-up (Figure 1). The median age of the study cohort was 65 years, of which 77.4% were men. The
baseline characteristics of the COPD patients are shown in Table 1 according to survival status. COPD patients in the
non-survivor group were older and had a lower body mass index (BMI) and longer smoking history than those in the
survivor group (all P<0.05). The non-survivor group had more severe airflow obstruction and diffusion impairment than
the survivor group (all P<0.05). The NMLR was significantly increased in the non-survivor group compared with the
survivor group [3.88 (2.53-7.17) vs 2.95 (2.08-4.89), P<0.05]. Other peripheral blood parameters, including neutrophil
count, lymphocyte count, NLR and MLR were all significantly different between the two groups (P<0.05). Non-survivors
had significantly lower values of PaO,, albumin and alanine aminotransferase, as well as higher values of PaCO, and
cystatin C than those in the survivors (all P<0.05).

Hospitalized COPD patients from 2009.6 to 2018.6

N=4499
Subsequent repeat admissions were Screening out patients with > Missing spirometry values Screening out patients with (n=256):
screened out 80 or < 20 years - n=1649 . *Active tuberculosis (n=7)
n=1183 n=356 *Asthma (n=8)

*Bronchiectasis (n=85)
*Malignancy (n=89)

*Connective tissue disease (n=21)
Liver failure/Renal failure (n=76)

S-year follow up
n=1055

* Missing visit (n=103)
* Refusing visit (n=82)

COPD patients ultimately enrolled in this study
n=870

Survivors Non-survivors
n=735 n=135

Figure | Flow chart of study patients.
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Table | Clinical and Physiological Characteristics of Study Patients

Characteristic Total Survivors Non-survivors P-value
Number 870 735 135
Age (yr.) 65.00 (59.00-71.00) 65.00 (59.00-71.00) 69.00 (62.00-74.00) 0.000
Male (%) 774 763 83.0 0.090
Body mass index (kg/m?) 23.66+3.93 23.97+3.86 22.02+3.89 0.000
Smoking index (pack-yr.) 20.00 (0.00-40.00) 20.00 (0.00—40.00) 30.00 (0.00-45.00) 0.007
Smoking status

Never (%) 382 396 304

Former (%) 29.8 29.2 333

Current (%) 320 312 36.3
Comorbidity

Hypertension (%) 29.5 28.0 37.0 0.035

Diabetes (%) 7.6 72 8.9 0.496

Coronary heart disease (%) 21.3 20.3 259 0.139
Inhalation therapy

SABD (%) 2.8 2.7 3.0 0.875

ICS/LABA (%) 26.3 27.5 20.0 0.070

ICS/LABA+LAMA (%) 293 305 23.0 0.078

LAMA (%) 224 21.8 259 0.287
FEV, (L) 1.17 (0.83-1.56) 1.21 (0.87-1.61) 0.95 (0.71-1.25) 0.000
FEV, (%pred) 46.80 (32.70-63.90) 48.70 (35.10-66.10) 35.50 (27.10-53.10) 0.000
FVC (L) 2.52 (2.04-3.09) 2.58 (2.09-3.17) 2.30 (1.86-2.74) 0.000
FVC (%pred) 80.20+21.02 81.39+£20.78 73.72£21.23 0.000
FEV,/FVC (%) 47.24 (38.04-58.16) 48.56 (39.11-58.52) 41.39 (32.89-56.17) 0.000
VA (L) 4.90+1.08 4.95£1.09 4.67+1.00 0.004
VA (%pred) 86.51£14.70 87.33+£14.50 82.07£15.03 0.000
DLco (mmol/min/kPa) 5.84 (4.39-7.35) 6.11 (4.71-7.64) 4.15 (3.27-5.54) 0.000
DLco (%pred) 75.38+27.52 78.76+26.63 56.96+24.98 0.000
DLco/VA (mmol/min/kPa/L) 1.23+0.48 1.29+0.47 0.94+0.39 0.000
pH 7.43£0.03 7.43£0.03 7.424£0.04 0.746
PaO, (mmHg) 71.24£13.10 72.05+12.66 66.86+14.55 0.000
PaCO, (mmHg) 38.80 (35.60—42.40) 38.60 (35.40-41.90) 39.90 (36.10—46.50) 0.002
PO, (A-a) (mmHg) 27.10 (19.98-34.23) 26.80 (19.70-33.80) 27.70 (21.00-38.60) 0.030
Leukocyte count (x107/L) 6.51 (5.19-8.29) 6.40 (5.16-8.30) 6.73 (5.41-8.29) 0.353
Neutrophil count (x10°/L) 4.24 (3.16-5.98) 4.19 (3.11-5.87) 4.49 (3.44-6.38) 0.043
Monocyte count (x107/L) 0.41 (0.27-0.55) 0.39 (0.27-0.55) 0.42 (0.28-0.59) 0.136
Lymphocyte count (x107/L) 1.50 (1.03-1.97) 1.53 (1.08-1.99) 1.21 (0.84-1.84) 0.000
NMLR 3.06 (2.14-5.23) 2.95 (2.08-4.89) 3.88 (2.53-7.17) 0.000
NLR 2.79 (1.92-4.92) 2.64 (1.854.54) 351 (221-6.43) 0.000
MLR 0.25 (0.17-0.38) 0.25 (0.16-0.36) 0.31 (0.21-0.51) 0.000
Platelet count (x107/L) 179.50 (142.00-227.00) 182.00 (144.00-229.00) 168.00 (136.00-213.00) 0.060
Hemoglobin (g/L) 136.26+17.12 136.66+16.62 134.07£19.55 0.146
Albumin (g/L) 39.50 (36.90-42.23) 39.80 (37.20-42.50) 38.00 (35.60-40.80) 0.000
Globulin (g/L) 24.92+4.49 24.84+4.39 25.37+4.95 0.119
ALT (IU/L) 17.00 (12.00-26.00) 17.00 (12.00-26.00) 15.16 (11.00-22.00) 0.019
AST (IU/L) 19.00 (16.00-25.00) 19.00 (16.00-25.00) 20.00 (16.00-26.00) 0.519
DBIL (umol/L) 4.32 (3.12-5.91) 4.29 (3.10-5.78) 4.60 (3.20-6.35) 0.069
IBIL (umol/L) 6.90 (4.88-9.56) 6.90 (4.90-9.50) 6.79 (4.75-9.90) 0.887
Creatinine (umol/L) 70.03+16.88 69.93+16.96 70.56+16.46 0.558
BUN (mmol/L) 5.08 (4.10-6.16) 5.06 (4.06-6.11) 5.16 (4.23-6.35) 0.204
Cystatin C (mg/L) 1.00 (0.86—1.14) 0.99 (0.86—1.13) 1.05 (0.89-1.21) 0.010

Note: Data are expressed as means * standard deviation or median (interquartile range) or percentage.

Abbreviations: SABD, short-acting bronchodilator; ICS, inhaled corticosteroids; LABA, long-acting beta-2 agonist; LAMA, long-acting muscarinic
antagonists; FEV), forced expiratory volume in Is; FVC, forced vital capacity; VA, alveolar ventilation; DLco, diffusing lung capacity for carbon
monoxide; PaO,, partial pressure of oxygen in arterial blood; PaCO,, partial pressure of carbon dioxide in arterial blood; PO,(A-a), alveolar-
arterial oxygen gradient; NLR, neutrophil to lymphocyte ratio; MLR, monocyte to lymphocyte ratio; NMLR, (neutrophil + monocyte)/lymphocyte
ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DBIL, direct bilirubin; IBIL, indirect bilirubin; BUN, blood urea nitrogen.
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Correlations Between NMLR and Pulmonary Function Parameters

To evaluate the correlations between the NMLR and pulmonary function parameters, correlation coefficients were
calculated by Spearman analysis, and the results are shown in Figure 2. We found that the NMLR was significantly
negatively correlated with FEV; %pred, FEV/FVC, diffusing lung capacity for carbon monoxide (DLco) %pred, and
DLco/alveolar ventilation (VA) (FEV; %pred: r=0.185, P=0.000; FEV,/FVC: r=—0.174, P=0.000; DLco %pred: =
—0.140, P=0.000; DLco/VA: =—0.135, P=0.000).

Analysis of the NMLR ROC Curve in Predicting 5-Year All-Cause Mortality

The ROC curve was used to assess the diagnostic effectiveness of NMLR and other related blood parameters in
predicting the 5-year all-cause mortality of COPD patients (Figure 3). The AUC for NMLR was the largest at 0.63,
with a threshold of 5.90 (P<0.0001). The AUC of neutrophil counts for predicting mortality risk of COPD patients was
0.55, and the best cutoff value was 3.88 x10°/L (P=0.0425). The AUC for lymphocyte counts was 0.61, with the best
cutoff value of 1.04 x10°/L (P<0.0001). In addition, NLR and MLR also had diagnostic value in predicting the risk of
death of COPD patients (NLR: AUC=0.62, cutoff value 5.30; MLR: AUC=0.61, cutoff value 0.37) (both P<0.0001).
However, monocyte counts had no diagnostic value for 5-year all-cause mortality in the patients with COPD (P=0.1361).
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Figure 2 Correlations of the peripheral blood NMLR with pulmonary function parameters. (A) Correlations of the FEV, %pred with NMLR; (B) Correlations of the FEV,
/FVC with NMLR; (C) Correlations of the DLco %pred with NMLR; (D) Correlations of the DLco/VA with NMLR.

Abbreviations: NMLR, (neutrophil + monocyte)/lymphocyte ratio; FEV, forced expiratory volume in |s; FVC, forced vital capacity; DLco, diffusing lung capacity for carbon
monoxide; VA, alveolar ventilation.
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Figure 3 ROC curves of the peripheral blood parameters for 5-year all-cause mortality in patients with COPD. ROC curves for neutrophil (A), monocyte (B), lymphocyte
(C), NLR (D), MLR (E) and NMLR (F) as related to 5-year all-cause mortality of COPD patients.

Abbreviations: ROC, receiver operating characteristic; NLR, neutrophil to lymphocyte ratio; MLR, monocyte to lymphocyte ratio; NMLR, (neutrophil + monocyte)/
lymphocyte ratio.

Factors Associated with 5-Year All-Cause Mortality in COPD Patients

Kaplan-Meier survival curves showed that the 5-year cumulative survival rate for COPD patients was decreased when
the NMLR was >5.90 (Log rank test ¢ = 25.31, P < 0.0001, Figure 4). COPD patients were further divided into two
groups according to the NMLR threshold, and their baseline characteristics are shown in the supplementary data (Table
S1). The 5-year all-cause mortality of COPD patients was significantly increased when the NMLR was > 5.90 (27.3% vs
12.4%, P<0.001). Univariate and multivariate Cox proportional hazard analyses were used to explore the relationship
between the NMLR and 5-year all-cause mortality of COPD patients (Table 2). The univariate Cox proportional hazard
analysis showed that the NMLR was a high-risk factor for 5-year all-cause mortality of COPD patients [hazard ratio
(HR)=2.46, 95% confidence interval (CI): 1.74-3.44, P<0.05]. Further multivariate analysis showed that it was still
a significant predictive factor for 5-year all-cause mortality in patients with COPD (HR=1.84, 95% CI: 1.28-2.64,
P=0.001). The 5-year all-cause mortality of COPD patients was also significantly influenced by age, BMI, coexistence
with hypertension, DLco %pred, PaCO, and albumin levels (all P<0.05).

In addition, the relationship between NMLR and 5-year all-cause mortality of COPD patients was also studied using
arestricted cubic spline model, and the results are presented in Figure 5. The solid red line is the HR of NMLR as a constant
variable in the adjusted model, and the red shaded area represents the 95% CI. There was a significant non-linear
relationship between NMLR and 5-year all-cause mortality in COPD patients (P, jinear < 0.05). The mortality risk of
COPD gradually increased as the NMLR value elevated, and the highest risk was reached when NMLR was equal to 9.43.
However, the death risk did not further increase when NMLR exceeded 9.43.
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Cumulative Survival

Discussion
Patients with COPD have persistent systemic inflammation, which can be confirmed by increased blood levels of CRP,

" _\\
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0.2+ NMLR =35 Log-rank test ¢*=25.31
— NMLR <5.90 P<0.0001
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Table 2 Univariate and Multivariate Cox Proportional Hazard Analysis with 5-Year All-

Cause Mortality of COPD

Variable Univariate Analysis Multivariate Analysis
HR (95% ClI) | P-value | HR (95% Cl) | P-value

Age (yr) 1.04 (1.02-1.07) 0.000 1.03 (1.01-1.06) 0.006
Sex (male vs female) 0.69 (0.44-1.08) 0.102

Body mass index (kg/m?) 0.88 (0.84-0.92) 0.000 0.93 (0.88-0.98) 0.005
Smoking index (pack-yr.) 1.0l (1.00-1.01) 0.035 1.00 (0.99-1.01) 0.429
Hypertension (yes vs no) 1.48 (1.04-2.09) 0.029 1.67 (1.15-2.43) 0.007
FEV, (%pred) 0.98 (0.97-0.98) 0.000 0.99 (0.98-1.02) 0.862
FVC (%pred) 0.98 (0.97-0.99) 0.000 0.99 (0.98-1.01) 0.685
VA (%pred) 0.97 (0.96-0.98) 0.000 1.00 (0.98-1.01) 0.790
DLco (%pred) (260% vs<60%) | 4.28 (3.02-6.05) 0.000 2.67 (1.80-3.96) 0.000
PaO, (260 vs<60 mmHg) 241 (1.66-3.51) 0.000 1.16 (0.75-1.79) 0.503
PaCO, (250 vs<50 mmHg) 3.08 (1.93—4.90) 0.000 2.68 (1.60—4.50) 0.000
PO, (A-a) (mmHg) 1.02 (1.01-1.03) 0.001 1.01 (1.00-1.02) 0.050
NMLR (=5.90 vs<5.90) 2.46 (1.74-3.44) 0.000 1.84 (1.28-2.64) 0.001
Albumin (g/L) 0.92 (0.89-0.95) 0.000 0.95 (0.91-0.99) 0.008
ALT (IU/L) 0.99 (0.98-1.01) 0.646

Cystatin C (mg/L) 1.22 (0.93-1.60) 0.143

Abbreviations: FEV , forced expiratory volume in Is; FVC, forced vital capacity; VA, alveolar ventilation; DLco,
diffusing lung capacity for carbon monoxide; PaO,, partial pressure of oxygen in arterial blood; PaCO,, partial
pressure of carbon dioxide in arterial blood; PO,(A-a), alveolar-arterial oxygen gradient; NMLR, (neutrophil +
monocyte)/lymphocyte ratio; ALT, alanine aminotransferase.

Figure 4 Kaplan—Meier survival curves of COPD patients according to the cut-point of NMLR. Red line refers to NMLR 25.90, and green line refers to NMLR <5.90.
Abbreviation: NMLR, (neutrophil + monocyte)/lymphocyte ratio.

fibrinogen, leukocytes and TNF-a,'® and persistent systemic inflammation increases the mortality rate.” Therefore,
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P for non-linear < 0.05

Hazard Ratio (95% Confidence Interval)

é 1‘0 1‘5 2‘0
NMLR
Figure 5 RCS analysis on the association between NMLR and 5-year all-cause mortality in COPD patients. Adjustment for age, sex, BMI, coexistence of hypertension, DLco
%pred (260% vs<60%), PaCO, (=50 vs<50 mmHg), and albumin.

Abbreviations: RCS, restricted cubic spline; NMLR, (neutrophil + monocyte)/lymphocyte ratio; BMI, body mass index; DLco, diffusing lung capacity for carbon monoxide;
PaCO,, partial pressure of carbon dioxide in arterial blood.

identifying an accessible, economical and valuable systemic inflammatory indicator that can identify COPD patients
early with poor clinical outcomes is of great clinical significance.

A high blood neutrophil count may be a useful indicator of mortality risk in COPD patients,'® and low lymphocyte
numbers in the blood are related to worse clinical outcomes.?® A previous retrospective study showed that blood monocyte
levels were associated with an increased risk of acute exacerbations in patients with COPD.?! It should be noted that
peripheral blood neutrophils and lymphocytes are influenced by multiple factors, and cannot fully address the clinical
problems in COPD. The combined NMLR parameter is more stable than neutrophil or lymphocyte numbers alone, and it
can be used as an inflammatory and prognostic biomarker for several diseases. For example, the NMLR at admission could
predict the prognosis of patients after cardiopulmonary resuscitation, and high NMLR levels were associated with
a significantly poor clinical outcome.” NMLR was also reported to be associated with cardiovascular mortality in elderly

patients with acute myocardial infarction,”

and positively correlated with the prevalence and all-cause mortality of
psoriasis patients.”* Our present study found that the peripheral blood NMLR was significantly increased in non-
survivors, suggesting that it might may be a useful biomarker for predicting the prognosis of COPD patients.

Persistent systemic inflammation has been reported to be associated with pulmonary function impairment in COPD.*®
Our present study showed that the potential inflammatory parameter NMLR was negatively correlated with FEV; %pred,
FEV/FVC, DLco %pred and DLco/VA, suggesting that elevated NMLR levels may be associated with impaired lung
function in patients with COPD. Later we used the ROC curve model to further assess the predictive value of NMLR for
5-year all-cause mortality in patients with COPD. The AUC of NMLR for predicting 5-year all-cause mortality in COPD
patients was 0.63, which was the largest among the six peripheral blood indices, indicating that NMLR may have
a greater predictive value than the NLR or MLR. Based on the NMLR threshold, COPD mortality was significantly
increased when the NMLR value was > 5.90, which was also reflected in the survival curves, suggesting that the
peripheral blood NMLR can predict the mortality risk of COPD.
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The relationship between the NMLR and 5-year all-cause mortality in patients with COPD was further studied using
COX regression analysis. Univariate and multivariate COX regression analyses showed that NMLR of > 5.90 was
a significant factor for 5-year all-cause mortality in patients with COPD, identifying it as a new predictive biomarker. As
a comprehensive parameter including neutrophil, monocyte and lymphocyte counts, NMLR may not only represent
systemic inflammation but also reflect the degree of pulmonary inflammation in COPD. Circulating monocytes can
differentiate into macrophages within the lung, neutrophils migrate towards the airways guided by macrophage-secreted
chemokines, and lymphocytes regulate lung immunity, finally inducing alveolar wall destruction, mucus hypersecretion
and airflow obstruction in COPD.?*?® Thus, the NMLR may predict the long-term mortality of patient with COPD by
regulating systemic and pulmonary inflammation.

Consistent with previous findings, we also found that BMI values,” albumin levels®® and hypertension comorbidity>"
can provide valuable information for predicting the prognosis of COPD patients. Our study showed that DLo was also
a strong predictor for all-cause mortality in COPD patients as previously reported.*” In addition, hypoxemia decreases the
quality of life and is associated with a poor prognosis in patients with COPD.*> However, our present multivariate
analysis showed that hypoxemia was not a significant variable for 5-year all-cause mortality in COPD patients, possibly
because the hypoxemia data were derived from the acute exacerbation of COPD rather than the stable phase.

The relationship between dynamic changes in the NMLR and COPD death risk was analyzed using the RCS curve.
The 5-year mortality risk of COPD patients gradually increased with increasing NMLR values, indicating that elevated
NMLR levels represent a poor prognosis. However, the death risk reached a maximum when the NMLR was equal to
9.43, and the death risk of COPD did not increase when the NMLR was more than 9.43. The reason for these results may
be related to the presence of severe bacterial infections in some patients with COPD, resulting in the increases of
neutrophil counts and NMLR values. These patients had a relatively better prognosis after effective antibiotic treatment.
Therefore, more attention should be paid on the hospitalized COPD patients with NMLR value > 5.90, as these patients
may have a significantly higher risk of death in the ensuing five years. Given that NMLR can be readily, inexpensively
and routinely detected in the clinic, our findings advocate for its utilization as one of the most potent predictors of death
in the patients with COPD.

Several limitations of our present study should be addressed. First, there was a very high degree of heterogeneity in
patients’ medication use over a 5-year period, and the medical treatment data of enrolled patients during the inclusion
period were absent. Therefore, the confounding factor of medical treatment over the 5-year period cannot be excluded
from this study. Second, we cannot fully elucidate the predictive value of NMLR in the patients with COPD from
a single measurement. We will conduct a prospective cohort study to investigate the changing trend of peripheral
blood NMLR and its correlation with 5-year all-cause mortality in COPD. Except for 5-year all-cause mortality, the
short-term mortality (1-year or 3-year), readmission rate and the frequency of acute exacerbation within one year will
be set as the primary study endpoints in the future researches. Finally, the specific death causes of COPD patients
cannot be accurately obtained due to the retrospective follow-up. In order to further explore the relationship between
NMLR and various causes of death in COPD, we will record the causes of death in a timely manner through
a prospective study.

In conclusion, the present study has demonstrated that the peripheral blood NMLR at admission is a significant
predictor for 5-year all-cause mortality of COPD patients, and elevated NMLR levels may indicate a poor clinical
prognosis. In clinical practice, the early recognition of elevated NMLR values and appropriate medical treatments may
provide better prognosis in patients with COPD.

Data Sharing Statement

The datasets and analysis of this study are available from the corresponding author on reasonable request.

Ethical Approval

The study adhered to the ethical principles outlined in the Declaration of Helsinki and received approval from the
Research Committee of Human Investigation of the Second Affiliated Hospital of Xi’an Jiaotong University. Informed
consent was obtained from all participants before their inclusion in the study.

International Journal of Chronic Obstructive Pulmonary Disease 2025:20 hetps: 103



Li et al

Funding

This study was supported by the Key Research and Development Program of Shaanxi (No. 2023-YBSF-358 and 2017SF-
173), National Nature Science Foundation of China (No. 81600030) and Innovation Capability Support Program of
Shaanxi (No. 2019KJXX-045).

Disclosure
The authors declare that there are no conflicts of interest in this work.

References

1. Christenson SA, Smith BM, Bafadhel M, Putcha N. Chronic obstructive pulmonary disease. Lancet. 2022;399(10342):2227-2242. doi:10.1016/
S0140-6736(22)00470-6
2. Yin P, Wu J, Wang L, et al. The burden of COPD in China and its provinces: findings from the global burden of disease study 2019. Front Public
Health. 2022;10:859499.
3. Theanacho I, Zhang S, King D, Rizzo M, Ismaila AS. Economic burden of chronic obstructive pulmonary disease (COPD): a systematic literature
review. Int J Chron Obstruct Pulmon Dis. 2020;15:439-460. doi:10.2147/COPD.S234942
4. Global. regional, and national life expectancy, all-cause mortality, and cause-specific mortality for 249 causes of death, 1980-2015: a systematic
analysis for the Global Burden of Disease Study 2015. Lancet. 2016;388(10053):1459-1544.
5. Hogg JC, Chu F, Utokaparch S, et al. The nature of small-airway obstruction in chronic obstructive pulmonary disease. N Engl J Med. 2004;350
(26):2645-2653. doi:10.1056/NEJM0a032158
6. Rabe KF, Watz H. Chronic obstructive pulmonary disease. Lancet. 2017;389(10082):1931-1940. doi:10.1016/S0140-6736(17)31222-9
7. Barnes PJ. Inflammatory mechanisms in patients with chronic obstructive pulmonary disease. J Allergy Clin Immunol. 2016;138(1):16-27.
doi:10.1016/j.jaci.2016.05.011
. van Eeden SF, Tan WC, Suwa T, et al. Cytokines involved in the systemic inflammatory response induced by exposure to particulate matter air
pollutants (PM(10)). Am J Respir Crit Care Med. 2001;164(5):826—830. doi:10.1164/ajrccm.164.5.2010160
9. de Torres JP, Agusti A, Edwards LD, et al. Persistent systemic inflammation is associated with poor clinical outcomes in COPD: a novel phenotype.
PLoS One. 2012;7(5):e37483.
10. Fermont JM, Masconi KL, Jensen MT, et al. Biomarkers and clinical outcomes in COPD: a systematic review and meta-analysis. Thorax. 2019;74
(5):439-446. doi:10.1136/thoraxjnl-2018-211855
11. Zhang M, Li Y, Yang X, et al. Serum cystatin C as an inflammatory marker in exacerbated and convalescent COPD patients. Inflammation. 2015;39
(2):625-631. doi:10.1007/s10753-015-0287-x
12. Mannino D, Tal-Singer R, Lomas D, et al. Plasma fibrinogen as a biomarker for mortality and hospitalized exacerbations in people with COPD.
Chronic Obstr Pulm Dis. 2014;2(1):23-34. doi:10.15326/jcopdf.2.1.2014.0138
13. Zhang M, Tang J, Yin J, et al. The clinical implication of serum cyclophilin A in patients with chronic obstructive pulmonary disease. Int J Chron
Obstruct Pulmon Dis. 2018;13:357-363. doi:10.2147/COPD.S152898
14. Pang Y, Shao H, Yang Z, et al. The (neutrophils + monocyte)/lymphocyte ratio is an independent prognostic factor for progression-free survival in
newly diagnosed multiple myeloma patients treated with BCD regimen. Front Oncol. 2020;10:10. doi:10.3389/fonc.2020.00010
15. Guo M, He W, Mao X, Luo Y, Zeng M. Association between ICU admission (neutrophil + monocyte)/lymphocyte ratio and 30-day mortality in
patients with sepsis: a retrospective cohort study. BMC Infect Dis. 2023;23(1):697. doi:10.1186/s12879-023-08680-4
16. Ma Y, F R, Wang Y, D G. The prediction value of (neutrophil+ monocyte)/lymphocyte ratio on in-hospital mortality of heart failure patients.
Chinese Gen Pract. 2023;26(30):3791.
17. Singh D, Agusti A, Anzueto A, et al. Global strategy for the diagnosis, management, and prevention of chronic obstructive lung disease: the GOLD
science committee report 2019. Eur Respir J. 2019;53(5):1900164. doi:10.1183/13993003.00164-2019
18. Gan WQ. Association between chronic obstructive pulmonary disease and systemic inflammation: a systematic review and a meta-analysis. Thorax.
2004;59(7):574-580. doi:10.1136/thx.2003.019588
19. Lonergan M, Dicker AJ, Crichton ML, et al. Blood neutrophil counts are associated with exacerbation frequency and mortality in COPD. Respir
Res. 2020;21(1). doi:10.1186/s12931-020-01436-7.
20. Semenzato U, Biondini D, Bazzan E, et al. Low-blood lymphocyte number and lymphocyte decline as key factors in COPD outcomes:
a longitudinal cohort study. Respiration. 2021;100(7):618-630. doi:10.1159/000515180
21.Lin CH, Li YR, Lin PR, et al. Blood monocyte levels predict the risk of acute exacerbations of chronic obstructive pulmonary disease:
a retrospective case-control study. Sci Rep. 2022;12(1):21057. doi:10.1038/s41598-022-25520-8
22.Lin Q, Zhang N, Zhu H. The relationship between the level of NMLR on admission and the prognosis of patients after cardiopulmonary
resuscitation: a retrospective observational study. Eur J Med Res. 2023;28(1). doi:10.1186/s40001-023-01407-w
23. Wang Y, Yuan M, Ma Y, et al. The admission (Neutrophil+Monocyte)/lymphocyte ratio is an independent predictor for in-hospital mortality in
patients with acute myocardial infarction. Front Cardiovasc Med. 2022;9:870176. doi:10.3389/fcvm.2022.870176
24. Zhao Y, Yang XT, Bai YP, Li LF. Association of complete blood cell count-derived inflammatory biomarkers with psoriasis and mortality. Clin
Cosmet Invest Dermatol. 2023;16:3267-3278. doi:10.2147/CCID.S437936
25. Dahl M, Tybjaerg-Hansen A, Vestbo J, Lange P, Nordestgaard BG. Elevated plasma fibrinogen associated with reduced pulmonary function and
increased risk of chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 2001;164(6):1008—1011. doi:10.1164/ajrccm.164.6.2010067
26. Barnes PJ. Alveolar macrophages as orchestrators of COPD. COPD. 2004;1(1):59—-70. doi:10.1081/COPD-120028701
27. Sapey E, Stockley JA, Greenwood H, et al. Behavioral and structural differences in migrating peripheral neutrophils from patients with chronic
obstructive pulmonary disease. Am J Respir Crit Care Med. 2011;183(9):1176—1186. doi:10.1164/rccm.201008-12850C

foe]

104 https: International Journal of Chronic Obstructive Pulmonary Disease 2025:20


https://doi.org/10.1016/S0140-6736(22)00470-6
https://doi.org/10.1016/S0140-6736(22)00470-6
https://doi.org/10.2147/COPD.S234942
https://doi.org/10.1056/NEJMoa032158
https://doi.org/10.1016/S0140-6736(17)31222-9
https://doi.org/10.1016/j.jaci.2016.05.011
https://doi.org/10.1164/ajrccm.164.5.2010160
https://doi.org/10.1136/thoraxjnl-2018-211855
https://doi.org/10.1007/s10753-015-0287-x
https://doi.org/10.15326/jcopdf.2.1.2014.0138
https://doi.org/10.2147/COPD.S152898
https://doi.org/10.3389/fonc.2020.00010
https://doi.org/10.1186/s12879-023-08680-4
https://doi.org/10.1183/13993003.00164-2019
https://doi.org/10.1136/thx.2003.019588
https://doi.org/10.1186/s12931-020-01436-7
https://doi.org/10.1159/000515180
https://doi.org/10.1038/s41598-022-25520-8
https://doi.org/10.1186/s40001-023-01407-w
https://doi.org/10.3389/fcvm.2022.870176
https://doi.org/10.2147/CCID.S437936
https://doi.org/10.1164/ajrccm.164.6.2010067
https://doi.org/10.1081/COPD-120028701
https://doi.org/10.1164/rccm.201008-1285OC

Li et al

28. Saetta M, Di Stefano A, Turato G, et al. CD8 + T-lymphocytes in peripheral airways of smokers with chronic obstructive pulmonary disease. Am
J Respir Crit Care Med. 1998;157(3 Pt 1):822-826. doi:10.1164/ajrccm.157.3.9709027

29. Wada H, Ikeda A, Maruyama K, et al. Low BMI and weight loss aggravate COPD mortality in men, findings from a large prospective cohort: the
JACC study. Sci Rep. 2021;11(1). doi:10.1038/s41598-020-79860-4.

30. Asiimwe AC, Brims FJH, Andrews NP, et al. Routine laboratory tests can predict in-hospital mortality in acute exacerbations of COPD. Lung.
2011;189(3):225-232. doi:10.1007/s00408-011-9298-z

31. Mannino DM, Thorn D, Swensen A, Holguin F. Prevalence and outcomes of diabetes, hypertension and cardiovascular disease in COPD. Eur
Respir J. 2008;32(4):962-969. doi:10.1183/09031936.00012408

32. Balasubramanian A, Putcha N, MacIntyre NR, et al. Diffusing capacity and mortality in chronic obstructive pulmonary disease. A4nn Am Thorac
Soc. 2023;20(1):38-46. doi:10.1513/AnnalsATS.202203-2260C

33. Saure EW, Eagan TML, Jensen RL, et al. Predictors for PaO2and hypoxemic respiratory failure in COPD-A three-year follow-up. COPD. 2014;11
(5):531-538. doi:10.3109/15412555.2014.898027

International Journal of Chronic Obstructive Pulmonary Disease Dovepress
Taylor & Francis Group

Publish your work in this journal

The International Journal of COPD is an international, peer-reviewed journal of therapeutics and pharmacology focusing on concise rapid reporting
of clinical studies and reviews in COPD. Special focus is given to the pathophysiological processes underlying the disease, intervention programs,
patient focused education, and self management protocols. This journal is indexed on PubMed Central, MedLine and CAS. The manuscript
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/international-journal-of-chronic-obstructive-pulmonary-disease-journal

International Journal of Chronic Obstructive Pulmonary Disease 2025:20 EXin>QO 105


https://doi.org/10.1164/ajrccm.157.3.9709027
https://doi.org/10.1038/s41598-020-79860-4
https://doi.org/10.1007/s00408-011-9298-z
https://doi.org/10.1183/09031936.00012408
https://doi.org/10.1513/AnnalsATS.202203-226OC
https://doi.org/10.3109/15412555.2014.898027
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Methods
	Subjects
	Pulmonary Function and Blood Gas Analysis
	Clinical and Biochemical Examinations
	Statistical Analysis

	Results
	Baseline Characteristics of the Study Population
	Correlations Between NMLR and Pulmonary Function Parameters
	Analysis of the NMLR ROC Curve in Predicting 5-Year All-Cause Mortality
	Factors Associated with 5-Year All-Cause Mortality in COPD Patients

	Discussion
	Data Sharing Statement
	Ethical Approval
	Funding
	Disclosure

