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Chronic obstructive pulmonary disease (COPD) is the third leading cause of death worldwide, with
rising mortality rates. This study aimed to identify serologic or blood markers associated with
mortality prediction in patients with COPD. We analyzed 10-year follow-up cohort data from the
Korea COPD Subgroup Study, which included patients from 54 university hospitals in South Korea.
Baseline characteristics and blood samples were collected at enrollment. Data on all-cause mortality
and death dates were retrieved from the National Health Information System as of June 11, 2024.
Among 1,878 patients with COPD, 309 (16.5%) died over the 10-year follow-up period. Multiple Cox
regression analysis identified hemoglobin (hazard ratio [HR], 0.879; P<0.001), hematocrit (HR, 0.955;
P <0.001), basophils (HR, 0.655; 95% confidence interval [Cl], 0.472-0.908; P=0.011), creatine (HR,
1.181; P=0.038), albumin (HR, 0.465; 95% Cl, 0.362-0.599; P <0.001), and blood urea nitrogen (HR,
1.017; P=0.046) as significant prognostic factors for mortality. Kaplan—Meier analysis demonstrated
significant differences in survival probability based on albumin (cut-off 3.4 g/dL and 4.35 g/dL),
basophils (cut-off 2%), and albumin*basophils levels (all P<0.001). Receiver operating characteristic
(ROC) curve analysis revealed that low albumin levels (area under curve [AUC]=76.2; P<0.001), low
basophil levels (AUC=71.8; P=0.030), and low albumin*basophil levels (AUC=72.2; P=0.011) were
significant predictors of mortality. Proportional HR was significantly associated with these three
markers in a linear manner (all P <0.001). These findings suggest that low serum albumin and blood
basophil levels are independent predictors of 10-year mortality in patients with COPD.
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CAT COPD assessment test

CI confidence interval

COPD chronic obstructive pulmonary disease

CXR chest X-ray

FEV, forced expiratory volume in 1 s

FVC forced vital capacity

HR hazard ratio

KOCOSS Korea COPD Subgroup Study

mMRC modified Medical Research Council dyspnea scale
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SGRQ-C St. George’s respiratory questionnaire for COPD patients
TB tuberculosis

WBC white blood cell

ESR erythrocyte sedimentation rate

AST aspartate aminotransferase

ALT alanine aminotransferase

ALP alkaline phosphatase

BUN blood urea nitrogen

NT-proBNP  N-terminal pro-brain-natriuretic peptide
ROC receiver operating characteristic

AUC area under curve

CCI Charlson comorbidity Index

BMI body mass index

Chronic obstructive pulmonary disease (COPD) is the third leading cause of death worldwide, and COPD-
related mortality rates are increasing!. Previous studies have found that patients with COPD who have severe
symptoms, reduced exercise capacity, and impaired lung function face a greater risk of mortality. However,
tests used to assess these factors typically require patient effort and cooperation. The results of these tests are
influenced by the inspectors and patients. Identifying additional predictive factors for mortality in patients with
COPD could enhance management strategies and patient education. Serologic and blood markers are objective
tools that can be easily obtained and widely used in patients with COPD, as they are independent of inspector-
and patient-related variability.

Albumin, the most abundant circulating protein in the blood, possesses anti-inflammatory and antioxidant
properties. It is also widely recognized as a biochemical marker of nutritional status. Numerous studies have
shown that serum albumin levels serve as an independent predictor of mortality risk and can be applied across
a broad spectrum of clinical conditions to predict mortality, including renal disease, post-operative recovery,
and critical illness®. Studies have revealed that low serum albumin levels predict mortality in acutely critically
ill patients with COPD?. Recent studies further indicate that low albumin levels may be a predictive factor for
long-term mortality in patients with COPD*.

Basophils originate in the bone marrow, developing from hematopoietic stem cells®. They are the rarest
leukocytes in human peripheral blood and share several similarities with mast cells. They play a role in
maintaining homeostasis and contribute to pathological processes in multiple tissues and organs, including
the skin and lungs’. The activation and functions of basophils are facilitated by diverse stimuli such as stress,
specific cytokine, and inflammation. Once activated, they release of potent mediators, including proteases,
histamine, prostaglandins, and proinflammatory cytokines (particulary those associated with type 2 immune
responses-associated mediators)®. The role of basophil in atopic dermatitis and asthma is well established,
reflecting their importance in allergic and immune regulation®. Recent study have showed protective role of
basophils in helminth-induced lung injury'®. Conversely, basopenia can occur in chronic inflammatory disease,
including autoimmune chronic spontaneous urticaria'’. Glucocorticoid exposure also reduces circulating
basophil level'2. Several reports have suggested prognostic implications of basophil counts across diseases.
Some studies have shown that a high blood basophil count is associated with an increased risk of mortality in
various diseases'?!4. However, other studies have indicated that a low blood basophil count is associated with
poor clinical prognoses!>®. Especially, the absence of circulating basophil predicts poor prognosis and indicates
immunosuppression in severe septic patients'”. However, the relationship between basophil levels and mortality
or disease prognosis has not been well established.

In particular, their role in COPD have rarely been investigated. Wei et al. reported that low basophil levels
were significantly correlated with COPD severity, and served as an independent predictor for exacerbation!®.
However, one murine study demonstrated that basophil activation may contribute to emphysema development'.
In addition, some studies have reported no significant association basophil levels and prognosis of COPD%.
Further studies are needed to reveal association with level of basophil and prognosis of COPD.

Utilizing the largest cohort of patients with COPD in Korea, this study aimed to identify serologic and blood
markers predictive of mortality (focused on albumin and baslophils) in these patients.

Methods

Ethics

This study was approved by the Institutional Review Board of Gangnam Severance Hospital (approval number:
3-2024-0395),and the requirement for patient informed consent was waived by the Institutional Review Board
of Gangnam Severance Hospital due to the retrospective nature of the study. All methods were performed in
accordance with relevant guidelines and regulations.

Participants

We analyzed 10-year follow-up data from the Korean COPD Subgroup Study (KOCOSS), a cohort established in
2005 that includes patients from 54 university hospitals across South Korea. The KOCOSS cohort prospectively
recruited patients with stable COPD from outpatient clinics. Inclusion criteria were: (1) a COPD diagnosis
confirmed by a pulmonologist, (2) age > 40 years, (3) symptoms, such as cough, sputum, or dyspnea, and (4) a
post-bronchodilator forced expiratory volume in 1 s (FEV1)/forced vital capacity (FVC) ratio < 70%. Exclusion
criteria were: COPD patients with missing data of serologic, blood markers and/or survival. Baseline clinical
characteristics were recorded at the time of enrollment. Serologic and blood markers were measured on the
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day of enrollment. On the enrollment day, patients were clinically stable. We used cut-off values of 3.4 g/dL for
albumin and 2% for basophil, which correspond to the lower limits (for albumin) and upper limits (for basophil)
of their most widely used normal ranges?!. Additional albumin cut-off value (4.35 g/dL) determined using the
proportional HR curve.

Study scheme
The KOCOSS cohort consisted of 3,476 patients. We excluded 1,598 individuals who lacked serologic or blood
markers and survival data. The remaining 1,878 patients were included in this study (Fig. 1).

Self-reported survey

A history of tuberculosis (TB), smoking status, and residential area were assessed using self-reported surveys.
Participants responded “yes” or “no” to the question, “Have you ever had pulmonary tuberculosis?” Smoking
status was classified as never smoked, ever smoked, or current smoker based on self-reported “yes” or “no”
responses to the questions, “Have you ever smoked?” and “Do you currently smoke?”

Pulmonary function test

Pulmonary function tests were performed while patients were in stable condition, and the most recent results
within 1 year of enrollment were used. Spirometry was performed following the American Thoracic Society/
European Respiratory Society guidelines***. The absolute values of FEV, and FVC were recorded. Predicted
values for these parameters were calculated using Choi’s equation, predominantly used in Korea?*.

Respiratory symptoms and quality of life

The modified Medical Research Council (nMRC) Dyspnea Scale was used to assess dyspnea, where higher
scores indicated greater severity?®. The COPD Assessment Test (CAT) evaluated COPD symptoms through
an 8-item questionnaire, with each item scored from 0 to 5, where higher scores indicated greater symptom
severity?®. The St. George’s respiratory questionnaire for COPD patients (SGRQ-C) total score assessed quality
of life using a 14-item questionnaire that covered three components: symptoms, activities, and impact. The total
score, calculated using the SGRQ-C algorithm?’, reflected a poorer quality of life at higher values. These are
measured on the day of enrollment.

Six-minute walk test

The six-minute walk test was conducted to assess exercise capacity following the standardized protocol®.
Patients rested for at least 10 min before beginning the test. After 6 min, the total distance walked was measured
and recorded. The six-miniute walk test was performed in stable condition, and the most recent results within 1
year of enrollment were used.

History of previous exacerbations and Charlson comorbidity index (CCl)

A history of previous exacerbations was determined using self-reported surveys, in which participants responded
“yes” or “no” to the question, “Have you ever experienced a COPD exacerbation in the past year?” Medical
records were reviewed to validate these responses, ensuring accuracy through a cross-verification process. The
CCI, a tool for predicting prognosis and mortality, was calculated as previously described°.

Available subjects in KOCOSS

(n=3,476)

Missing data in all of the serologic and
blood marker or survival status
(n=1,598)

v

Enrolled subjects in this study

(n=1,878)

Fig. 1. Study scheme.
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Mortality and date of death

Data on all-cause mortality and date of death were obtained from the National Health Information System
(NHIS) on June 11, 2024. Survival time was calculated as the period between the date of consent and either
the date of death or June 11, 2024, for survivors. The 10-year survival rate was also assessed. The proportional
hazards assumption was tested using Schoenfeld residuals.

Statistical analysis

Results are presented as mean + standard deviation or percentage. Cox regression analyses were performed to
identify mortality predictors. Multiple imputations were used to address missing data for CCI, the 6-minute walk
test, and history of exacerbations (with 10 imputations performed). Kaplan-Meier survival curves were generated
to compare survival probabilities based on marker levels, and differences between groups were assessed using the
log-rank test. Time-dependent receiver operating characteristic (ROC) curve estimation suitable for a survival
setting was conducted. The proportional hazards assumption was tested using Schoenfeld residuals. Statistical
significance was set at P<0.05. Data analysis was conducted using SPSS Statistics for Windows (version 21.0;
IBM Corporation, Armonk, New York, USA) and R software (version 4.2.2; http://www.R-project.org).

Results

Baseline characteristics of enrolled patients

Among 1,878 patients with COPD, 309 patients (16.5%) had died after a 10-year follow-up. The mean age was
68.8 years, and males were predominant (92.3%). A history of TB was reported in 22.7% of patients. Never
smokers, ever smokers, and current smokers accounted for 10.5%, 63.6%, and 25.9%, respectively. The mean
predicted values for FVC (%), FEV, (%), and the FEV,/FVC ratio were 79.5%, 58.4%, and 51.7%, respectively.
The mean mMRC score was 1.2. The total distance in the 6-minute walk test was 385.7 m (missing number =436).
A history of COPD exacerbation in the previous year was reported in 17.6% of patients (missing number =737)

(Table 1).
Total (n=1,878)
Age 68.8+7.9
Sex (male, %) 1,733 (92.3%)
Height (cm) 164.5+6.8
Weight (kg) 63.2+10.5
BMI 233+34

TB history (missing=5)

426 (22.7%)

Smoking status (missing = 3)

Never smoker

197 (10.5%)

Ever smoker

1,193 (63.6%)

Current smoker

485 (25.9%)

Living area (missing, n=18)

Large city

1,102 (59.2%)

Med-small city

426 (22.9%)

Rural 332 (17.8%)
FVC (L) 33+0.8
Predicted FVC (%) 79.5+16.8
FEV, (L) 1.7+0.6
Predicted FEV1 (%) 58.4+18.9
FEV /EVC ratio (%) 51.7+12.2
mMRC (missing, n=2) 1.2+£0.9
CAT score (missing, n=16) 13.5+8.1

SGRQ-c total score (missing, n=21) 29.1+£20.8
Six-minute walk test (m) (missing, n=436) 385.7+116.1

Past history of exacerbation (missing, n=737) | 201 (17.6%)

CClI total score (missing, n=678)

0 864 (72.0%)
1 308 (25.7%)
2 21 (1.8%)

3 7 (0.6%)

Table 1. Baseline characteristics of enrolled patients. Data are presented as mean + standard deviation. TB,
tuberculosis; BMI, body mass index; FVC, forced vital capacity; FEV , forced expiratory volume in 1 s; mMRC,
modified Medical Research Council Dyspnea Scale; CAT, COPD assessment test; SGRQ-C, St. George’s
Respiratory Questionnaire for COPD patients; CCI, Charlson Comorbidity Index.
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Serologic and blood markers obtained in this study

Various serologic and blood markers were obtained at the time of enrollment. The number of missing values
and the minimum, maximum and mean values are described in Table 2. The mean basophil level (%) was 0.7
(missing number =51), and the mean albumin level was 4.4 (missing number =161) (Table 2).

Cox regression analysis for mortality

Univariate and multivariate Cox regression analyses, adjusted for age, sex, smoking status, TB history, body mass
index (BMI), FEV |, and mMRC, showed that hemoglobin, hematocrit, neutrophils, lymphocytes, basophils,
creatine, albumin, and blood urea nitrogen (BUN) were significant predictors of mortality. After adjusting
for additional factors, including the CCI, 6-minute walk test, and a history of exacerbations (using multiple
imputation analyses), hemoglobin (hazard ratio [HR], 0.879; 95% confidence interval [CI], 0.817-0.946;
P<0.001), hematocrit (HR, 0.955; 95% CI, 0.931-0.979; P<0.001), basophils (HR, 0.655; 95% CI, 0.472-0.908;
P=0.011), creatine (HR, 1.181; 95% CI, 1.009-1.383; P=0.038), albumin (HR, 0.465; 95% CI, 0.362-0.599;
P<0.001), and BUN (HR, 1.017, 95% CI, 1.000-1.033; P=0.046) were significant predictors of mortality
(Table 3).

Survival probability according to serum albumin, blood basophils, and albumin*basophils

We selected the most powerful predictors among the above markers: albumin and basophils. We classified
participants based on marker cut-off values, including the lowest limit of the normal range (3.4 g/dL for albumin)
and the upper limit of the normal range (2% for basophils) and an additional albumin cut-off value (4.35 g/dL)
determined using the proportional HR curve. The cut-off value for albumin*basophils (6.8) was calculated by
multiplying the previously mentioned values. The Kaplan-Meier graph showed a significant difference according
to the levels of the three markers (all P<0.001). Lower marker levels were associated with a higher mortality risk
(Fig. 2).

ROC curve to predict mortality

ROC curves revealed that low albumin levels (ROC at time t = 365.25; area under curve [AUC]=76.2; P<0.001),
low basophil levels (ROC at time t=365.25; AUC=71.8; P=0.030), and low albumin*basophil levels (ROC at
time t=365.25; AUC=72.2; P=0.011) were significant predictors of mortality (Fig. 3).

Proportional hazard ratio curve for mortality
HRs were significantly associated with serum albumin, blood basophil, and albumin*basophil levels in a linear
manner (all P<0.001). The threshold values for the three markers in the HR curve were 4.35, 0.65, and 2.98,

Variables No. of Missing | Minimum | Maximum | Mean+S.D.
WBC (x10%/uL) 12 0.85 33.0 72%23
Hemoglobin (g/dL) 0 7.9 225 142+1.6
Hematocrit (%) 14 10.4 70.0 42.4+4.6
Platelet (x10/uL) 18 3.0 683.0 242.7+71.0
ESR (mm/hr) 616 2.0 130.0 15.8+16.2
Neutrophil (%) 61 41 95.0 58.1+11.1
Lymphocyte (%) 55 2.8 65.8 29.5+9.3
Monocyte (%) 53 0.0 79.7 7.9+0.1
Eosinophil (%) 54 0.0 43.6 33+£33
Basophil (%) 51 0.0 4.0 0.7+0.3
Glucose (mg/dL) 189 35.0 401.0 118.7+39.2
Creatine (mg/dL) 116 0.4 9.8 1.0+0.4
Uric acid (mg/dL) 276 0.7 11.2 56+1.5
Total protein (g/dL) 166 3.9 9.2 7.1+£0.5
Albumin (g/dL) 161 0.6 5.7 44404
AST (IU/L) 165 9.0 398.0 26.0+14.7
ALT (IU/L) 166 2.0 464.0 229+17.4
ALP (IU/L) 230 3.0 703.0 93.0£51.9
Total bilirubin (mg/dL) 167 0.0 7.6 0.6+0.4
BUN (mg/dL) 143 0.2 92.0 16.4+5.9
NT-proBNP (pg/mL) 1,179 3.0 4480.0 161.4+409.2
D-dimer (mcg/mL) 1,239 0.0 5.5 0.5+0.6

Table 2. Serologic and blood markers obtained in this study. Data are presented as mean + standard deviation
(SD). WBC, white blood cell; ESR, erythrocyte sedimentation rate; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; ALP, alkaline phosphatase; BUN, blood urea nitrogen; NT-proBNP, N-terminal pro-
brain natriuretic peptide.
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Adjusted with age, sex, smoking
Adjusted with age, sex, status, TB history, BMI, FEV,
No. of smoking status, TB history, | mMRC, CCI*, 6-minute walk test*,
Missing | Unadjusted BML FEV, and mMRC and past history of exacerbation*
Variables HR (95% CI) P HR (95% CI) P HR (95% CI) P
WBC (x10%/uL) 12 1.073 (1.026-1.122) 0.002 | 1.039 (0.994-1.085) 0.089
Hemoglobin (g/dL) 0 0.814 (0.760-0.871) | <0.001 | 0.865 (0.803-0.930) | <0.001 | 0.879 (0.817-0.946) <0.001
Hematocrit (%) 14 0.937 (0.917-0.958) | <0.001 | 0.949 (0.926-0.973) | <0.001 | 0.955 (0.931-0.979) <0.001
Platelet (x10°/uL) 18 ?:ggg_(g%?%&) 0.159
Neutrophil (%) 61 1.025 (1.015-1.036) | <0.001 | 1.012 (1.002-1.022) 0.023 | 1.010 (1.000-1.020.000.020) 0.055
Lymphocyte (%) 55 0.967 (0.955-0.980) | <0.001 | 0.987 (0.974-0.999) 0.040 | 0.990 (0.978-1.002) 0.114
Monocyte (%) 53 1.007 (0.976-1.038) 0.676
Eosinophil (%) 54 0.961 (0.923-1.001) 0.058
Basophil (%) 51 0.459 (0.325-0.647) | <0.001 | 0.622 (0.448-0.864) 0.005 | 0.655 (0.472-0.908) 0.011
Creatine (mg/dL) 116 1.229 (1.072-1.410) 0.003 | 1.194 (1.018-1.401) 0.029 | 1.181 (1.009-1.383) 0.038
Total protein (g/dL) 166 0.706 (0.569-0.876) 0.002 | 0.878 (0.709-1.086) 0.230
Albumin (g/dL) 161 0.379 (0.307-0.468) | <0.001 | 0.469 (0.366-0.602) | <0.001 | 0.465 (0.362-0.599) <0.001
AST (IU/L) 165 1.003 (0.997-1.008) 0.377
ALT (IU/L) 166 0.995 (0.986-1.004) 0.272
Total bilirubin (mg/dL) | 167 0.902 (0.656-1.239) 0.524
BUN (mg/dL) 143 1.027 (1.012-1.043) | <0.001 | 1.019 (1.002-1.035) 0.025 | 1.017 (1.000-1.033.000.033) 0.046

Table 3. Cox regression analysis for mortality. *Multiple imputation was used to handle missing data of them.
* All analysis were conducted separately. TB, tuberculosis; BMI, body mass index; FEV , forced expiratory
volume in 1 s; mMRC, modified Medical Research Council dyspnea scale; CCI, Charlson Comorbidity Index;
HR, hazard ratio; CI, confidence interval; WBC, white blood cell; ESR, erythrocyte sedimentation rate; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; BUN, blood urea
nitrogen; NT-proBNP, N-terminal pro brain-natriuretic peptide.

respectively. The mortality rate was lower if marker levels were higher than the cut-off. Conversely, lower marker
levels were associated with an increased mortality risk (Fig. 4).

Discussion

This large Korean COPD cohort study revealed that albumin and basophil levels could be independent prognostic
factors predicting 10-year mortality in patients with COPD. Several other predictive factors for mortality were
identified in this study. Among these factors, albumin and basophil showed superior predictive power compared
to others. Low levels of albumin (< 3.4 g/dL) outside normal range and normal range of basophils (<2%) were
associated with a lower survival probability than other levels. Their predictive performance for mortality was
acceptable (AUC: 71.8-76.2). The proportional HR graph for mortality showed a clear and linear correlation
with their levels. These simple serologic or blood markers can indicate the 10-year survival probability in
patients with COPD.

Table 3 presents several predictive factors for mortality. Anemia, characterized by chronically low levels of
circulating hemoglobin and/or hematocrit, can exacerbate dyspnea and reduce exercise tolerance in COPD.
Previous studies have shown that low hemoglobin and hematocrit are poor prognostic factors in COPD?!32,
BUN and creatinine are well-established markers of renal function. Elevated levels of these markers indicate
renal impairment. Previous studies have demonstrated the adverse impact of renal disease on COPD prognosis,
including an increased risk of mortality®***. We also confirmed that hemoglobin, hematocrit, BUN, and
creatinine levels are predictive factors for mortality in COPD. However, their association with mortality appears
weaker (HR, 0.879-1.181) compared to that of albumin (HR, 0.465) and basophils (HR, 0.655). Then, we further
investigated these two factors.

This study confirmed that patients with COPD and serum albumin and/or blood basophil levels below the
normal range had a lower survival probability than others. To compare survival probability based on marker
levels, we used cutoff values of 3.4 g/dL for albumin and 2% for basophils, corresponding to the lower limit
and upper limit of their most widely used normal ranges. The value of 6.8 for albumin*basophil was obtained
by multiplying 3.4 g/dL by 2%. Although albumin was within the normal range, a significant difference in
mortality was observed when patients were stratified using a cutoff of 4.35 g/dL, which was derived from the
proportional HR curve in Fig. 3. Akirovo et al.. found that patients with hyperalbuminemia (> 4.5 mg/dL) had a
higher survival rate than those with normal albuminemia (3.5-4.5 g/dL) and hypoalbuminemia (< 3.5 mg/dL)
during hospitalization®. Thongprayoon et al.. reported significant differences in HR for mortality across detailed
albumin subgroups (HR 8.10 for albumin < 2.4 g/dL, HR 3.69 for albumin 2.5-2.9 g/dL, HR 2.90 for albumin
3.0-3.4 g/dL, HR 2.53 for albumin 3.5-3.9 g/dL, and HR 0.75 for albumin > 4.5 g/dL, compared to albumin
4.0-4.4 g/dL)*®. Although albumin levels fall within the normal range, higher levels are associated with better
prognosis.
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Fig. 2. Survival probability based on serum albumin (A), blood basophil (B), and the albumin*basophil (C).

Basophils play a pathogenetic role in allergic, inflammatory, and autoimmune disorders®”. Therefore active
inflammatory status may elevate basophil count. Then, all blood samples in this study were collected when
patients were clinically stable to minimize bias. Although prior studies have examined the association between
basophil levels and COPD, definitive conclusions remain elusive. We speculate that relatively low basophil
levels—even within the normal range—may reflect chronic stress, persistent inflammation, or prolonged
glucocorticoid exposure, all of which could adversely affect COPD prognosis and mortality.

We employed additional statistical tools to examine the association between specific markers and mortality.
Based on the ROC and AUC analysis, the predictive accuracy of albumin, basophil, and albumin*basophil was
deemed acceptable. Generally, an AUC value between 0.7 and 0.8 is considered acceptable. The AUC values for
these three markers ranged from 71.8 to 76.2, with all corresponding P-values being statistically significant. We
also identified a clear linear correlation between proportional HRs and the markers. The threshold values for
albumin, basophil, and albumin*basophil were 4.35, 0.6, and 2.98, respectively. This indicates that patients with
COPD and albumin levels above 4.35 g/dL exhibit a lower mortality rate than those with levels at or below 4.35 g/
dL. Lower marker levels are associated with higher mortality rates, whereas higher marker levels correspond to
lower mortality rates.

We adjusted many parameters that are well-established factors affecting survival in COPD. Age and sex are
inherited factors that influence the prognosis of COPD?. Patients with COPD and a history of TB and low
BMI generally exhibit a poor prognosis***’. Low lung function, severe symptoms, limited exercise capacity,
and a history of COPD exacerbations are also well-established predictive factors for mortality in COPD*,
Additionally, the CCI is a strong predictive factor of mortality?**°. This study accounted for these parameters
to eliminate their confounding effects on mortality. After adjustment, we confirmed that albumin and basophil
levels are independent mortality predictors.

Many predictive factors for mortality in COPD exist. However, many of these are inherited, heavily influenced
by the patient’s subjective assessment, or require patient cooperation. In contrast, serologic and blood markers
are objective parameters that can be measured with high precision using specialized equipment. These tests can
be performed at any time, even in cases where patient cooperation is limited or the patient is mentally unstable.
By simply measuring blood levels of albumin and basophils, we can predict 10-year mortality rates. We also
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Fig. 3. ROC curve for predicting mortality using albumin (A), basophil (B), and albumin*basophil (C). ROC,
receiver operating characteristic; AUC, area under curve.

used albumin*basophil as a predictive factor. This variable is not generated based on the pathophysiological
relationship between the two values. It’s artificially created variable to define whether it serves as a better
predictor of mortality. However, we speculated this new variable might represent systemic catabolic and chronic
inflammatory burden.These prognostic predictions could provide significant clinical value in treating and
educating patients with COPD.

This study has some limitations. First, several parameters—including CCI, history of exacerbations, and
exercise capacity—had substantial missing data. We performed multiple imputation analyses to address this
limitation. Second, we obtained blood samples only once at the time of enrollment. Repeated sampling may
provide additional insights. Third, we analyzed all-cause mortality rather than COPD-specific mortality. Fourth,
we could not adjust for medication history, which may affect COPD prognosis, due to variability in drug
type, dosage, and duration. Fifth, AUCs (0.72-0.76) indicate acceptable yet modest discrimination suggesting
potential benefit to find out multi-marker panel to improve predictive performance. Finally, further studies
are needed to determine mechanism how basophil affect COPD mortality and whether supplementation with
albumin or basophil-stimulating therapies could improve mortality outcomes. In addition, external validation in
an independent COPD cohort will be helpful to confirm generalizability of potential roles of these biomarkers.

Conclusions

In conclusion, this large COPD cohort study in Korea employed multiple statistical tools and found that low
serum albumin and blood basophil levels can be independent predictive factors for 10-year mortality in COPD
patients.
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