International Journal of Chronic Obstructive Pulmonary Disease Dove

ORIGINAL RESEARCH

Association Between C-Reactive Protein and
Albumin Ratios and Risk of Mortality in Patients
with Chronic Obstructive Pulmonary Disease

Shenghua Shen, Yuan Xiao

Department of Pulmonary and Critical Care Medicine, The Affiliated Changzhou Second People’s Hospital of Nanjing Medical University, Changzhou,
Jiangsu, 213004, People’s Republic of China

Correspondence: Yuan Xiao, Department of Pulmonary and Critical Care Medicine, The Affiliated Changzhou Second People’s Hospital of
Nanjing Medical University, 29 Xinglong Lane, Tianning District, Changzhou, Jiangsu, 213004, People’s Republic of China, Tel +86 13775118679;
+86 519-88125317, Email yuanyuanxiao|2@outlook.com

Purpose: This study was to evaluate the association between C-reactive protein (CRP) to albumin (ALB) ratio (CAR) and the risk of
mortality in patients with chronic obstructive pulmonary disease (COPD).

Methods: In this retrospective cohort study, clinical data were extracted from the National Institutes of Health National Health and
Nutrition Examination Survey (NHANES) database between 2007 and 2010. Cox proportional hazard regressions were performed to
assess the association between CAR and 5-year mortality in COPD patients. Subgroup analyses were applied to identify the
consistency of the association based on the severity of COPD, gender, body mass index (BMI), smoking status, cardiovascular disease
(CVD), and chronic kidney disease (CKD), and diabetes. The area under the curve (AUC) of the receiver operator characteristic
(ROC) curve analysis was used to evaluate the predictive performance of CAR.

Results: A total of 1210 COPD patients were included, of which 110 COPD patients (9.09%) had 5-year mortality. The mean follow-
up was 57.76 (0.33) months. A higher CAR was associated with an increased risk of 5-year mortality in COPD patients [hazard ratio
(HR): 1.94, 95% confidence interval (CI): 1.07 to 3.50, P =0.029)]. Subgroup analysis showed that the association between CAR and
mortality was especially suitable for COPD patients with mild COPD, in COPD patients who were still smoking, in COPD patients
with BMI <=29.9 kg/m?, in COPD patients who were without CVD, in COPD patients who were without diabetes, and COPD patients
who were without CKD. The AUCs of CAR for predicting 1-year, 3-year, and 5-year mortality in COPD patients were 0.735, 0.615,
and 0.608, respectively.

Conclusion: CAR is strongly correlated with mortality in patients with COPD and CAR could be served as a prognostic biomarker
for patients with COPD. This study may provide a promising prognostic biomarker for risk stratification and clinical management of
patients with COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a devastating lung disease characterized by incomplete and reversible
airflow restriction,' affecting more than 250 million people worldwide.> COPD is a common and prevalent disease that
poses a serious threat to human health, ranking as the fourth cause of mortality worldwide, and representing a challenge
to public health.> With an increasing smoking population, the prevalence and mortality of COPD are increasing
every year, and it is expected that more than 4.5 million people will die from COPD annually by 2030.* The World
Health Organization (WHO) predicts that COPD will become the third leading cause of death worldwide by 2030.>°
Therefore, the search for factors closely associated with the risk of death in patients with COPD may be crucial for the
management of COPD.
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Factors independently related to an increase in mortality of COPD include age, race, gender, cigarette smoking, the
number of comorbidities, body mass index (BMI), physical activity, air pollution, arterial carbon dioxide tension (PaCO,),
and hospitalization characteristics.” "> In addition, inflammation plays an important role in the pathogenesis and prognosis
of COPD." C-reactive protein (CRP), an acute-phase protein produced by the liver, is a marker of inflammation in the
body."® According to a previous study, higher levels of CRP were observed in COPD patients compared with healthy
controls."® Another study suggests that high baseline CRP levels are significantly associated with higher late mortality in
patients with COPD."” In addition to inflammation, the nutritional status of the body is also an important factor that
influences the prognosis of patients with COPD.'® Albumin (ALB) has been used as a biochemical indicator of nutritional
status.'® Qiu et al reported that a low level of serum ALB might be one of the poor prognostic markers in COPD patients
admitted to the intensive care unit (ICU).?® Nevertheless, ALB was also found not related to the nutritional status but was
associated with systemic inflammation.?! Moreover, serum ALB level can be affected by age, nutritional status, proteinuria,
fluid status, and liver dysfunction.”>?* On the other hand, the CRP level is susceptible to a variety of physiological and
pathological factors, such as acute or chronic infections, anti-infective and anti-inflammatory drugs and autoimmune
diseases.”* Therefore, it may be more useful to find combined indicators to assess the prognosis of patients with COPD.
Recently, a new scoring index, the CRP to ALB ratio (CAR) has been applied to evaluate the prognosis of several

25727 including lung cancer.”® Additionally, a study has found that a higher CAR was associated with a higher risk

diseases,
of malnutrition in hospitalized COPD patients.”® Further research is needed to investigate the relationship between CAR
and mortality risk in patients with COPD.

Herein, the objective of this study was to evaluate the association between CAR and risk of mortality in patients with

COPD and evaluate the predictive value of CAR for mortality risk in patients with COPD.

Methods

Data Sources and Study Participants

This study was designed to be a retrospective cohort study. Data were from the National Institutes of Health National
Health and Nutrition Examination Survey (NHANES) database between 2007 and 2010. NHANES used a multistage
stratified probability design in a sample population to obtain a nationally representative sample of the non-
institutionalized civilian United States. Data from these samples included demographic information, dietary data,
anthropometric data, laboratory data, and questionnaire data.

The inclusion criteria were: (1) age > 18 years old; (2) patients diagnosed with COPD; (3) measurement of CRP and
ALB. Exclusion criteria were (1) missing survival information. Of 77,478 participants, we excluded 75,540 participants
who were not with COPD, 678 participants with missing CRP data, 21 participants with missing ALB, and 29
participants younger than 18 years. Finally, 1210 participants were used in the study. Data screening and population
selection are shown in Figure 1. The study was approved by the National Center for Health Statistics’ Ethics Review
Board (https://www.cdc.gov/nchs/nhanes/irba98.htm), and informed consent was obtained from all NHANES partici-

pants. Patient informed consent was not required for retrospective studies.

Data Collection

All data were collected and recorded by uniformly trained investigators Data used in this study included (1) demo-
graphics: age (years), gender, race/ethnicity, education level, marital status, the poverty income ratio (PIR), BMI (kg/m2),
and smoking status; (2) comorbidities: hypertension, diabetes, dyslipidemia, cardiovascular disease (CVD), whether
close relative had a heart attack, chronic kidney disease (CKD), chronic bronchitis, asthma, intestines problem, and
cancer; (3) characteristics of COPD: COPD severity, baseline forced expiratory volume in 1 second (FEV1, mL), and
baseline forced vital capacity (FVC, mL); (4) information on treatment: bronchodilator, and inhaled corticosteroids
(ICS); (5) biochemical indicators: segmented neutrophils num (1000 cell/UL), lymphocyte number (1000 cells/UL),
eosinophils number (1000 cells/UL), alanine aminotransferase (ALT, U/L), aspartate aminotransferase (AST, U/L), ALB
(g/L), CRP (mg/dL), and CAR.
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Figure | Diagram flow of data screening and population selection.

Definitions and Measurements

We used the GOLD criterion: FEV,/FVC < 0.70 to define COPD.** Gender was categorized as Male or Female. Race
included Mexican Americans, non-Hispanic whites, non-Hispanic Blacks, and other races. Education level was defined
as less than 9th grade, 9th-11th grade, high school grade, some college or associate of arts (AA) degree, college graduate
or above. Marital status was grouped into married, widowed, divorced, separated, never married, and living with
a partner. The PIR is an index of poverty status that is total family income divided by the poverty threshold. BMI was
calculated as weight (kg) divided by the square of the height in meters (m?) and was classified into BMI <=24.99 kg/m?,
>25-29.9 kg/m?, 25 to 29.9 kg/m?, and >30 kg/m”. Smoking status was grouped into never smoking, current smoking,
and quit smoking. Hypertension, diabetes, dyslipidemia, CVD, whether a close relative had a heart attack, CKD, Chronic
bronchitis, asthma, and cancer were reported and classified into two categories (no or yes). Intestine problems were
classified as chronic constipation, chronic diarrhea, and No. Hypertension was defined as mean systolic blood pressure
(BP) >140 and/or mean diastolic BP >90 mmHg and/or a positive response to the question “Are you currently taking
medication to lower your BP?”.°° Diabetes was determined based on laboratory tests, self-reports, and medication
history. Diabetes laboratory diagnostic criteria were fasting blood glucose>7.0 mmol/L or glycosylated hemoglobin
(HbAlc) > 6.5% or self-reported diabetes or receiving hypoglycemic therapy.®' Dyslipidemia was defined as having any
one of the following: High triglyceride (TG) level: TG > 150 mg/dl (3.89 mmol/l); Hypercholesterolemia: total choles-
terol (TC) >200 mg/dl (5.18 mmol/l), low-density lipoprotein cholesterol (LDL-C) >130 mg/dl (3.37 mmol/l), and high-
density lipoprotein cholesterol (HDL-C)<40 mg/dl (1.04 mmol/l [males]) and 50 mg/dl (1.30 mmol/l [females]).*
Participants were identified as having a history of CVD if they answered “Yes” to any of the 5 questions asking about
a history of congestive heart failure, coronary heart disease, angina/angina pectoris, heart attack, and stroke.>* CKD was
defined as an estimated glomerular filtration rate <60 mL/min/1.73 m? or an albumin-to-creatinine ratio >30 mg/g.**
Chronic bronchitis was determined using a self-questionnaire from the NHANES.?> Asthma was defined as those who
reported ever being told that they had asthma and who had an asthma attack in the past year (https://wwwn.cdc.gov/Nchs/

Nhanes/). Asthma: participants >12 years of age that a) reported ever being told by a doctor or other health professional
that they had or still have asthma or b) had an episode of asthma or an asthma attack during the past 12 months.*®
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Outcome Measures
The outcome of this study was 5-year overall mortality in patients with COPD. The mean follow-up was 57.76 (0.33)
months.

Statistical Analysis
Continuous variables were expressed as mean +- standard error (S.E.) and a comparison between the two groups was
performed using the independent sample #-test. The category data were in the form of the number of cases and constituent
ratio n (%) and the chi-square test was adopted for intergroup comparison. In this study, we used multiple interpolation to
solve the problem of missing data. The weighted variable was used in this study. The analysis included the following
variables: masked variance pseudo-stratum (SDMVSTRA), masked variance pseudo-cluster (SDMVPSU), and full
sample two-year MEC exam weight (WTMEC2YR). Missing data before and after interpolation were compared between
groups as a sensitivity analysis. Statistical analysis was performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA).
COPD patients were grouped into CAR quartiles to compare the upper quartiles (CAR Q2-Q4) with the lower quartile
(CAR Ql). The Kaplan-Meier (KM) method was used to estimate the survival of different CAR groups. The univariate
Cox proportional hazards model was performed to screen influence factors of 5-year survival in COPD patients. The
multivariate Cox proportional hazards model was applied to explore the association between CAR and 5-year mortality
in COPD patients. Model 1 was an unadjusted model; model 2 adjusted for education level, marital status, BMI, smoking
status, diabetes, CKD, and segmented neutrophils num; model 3 adjusted for education level, marital status, BMI,
smoking status, segmented neutrophils num, diabetes, CKD, chronic bronchitis, asthma, intestines problem, cancer, ALT,
AST, hypertension, dyslipidemia, CVD, bronchodilator, and ICS. In addition, subgroup analyses were performed to
further evaluate the association between CAR and 5-year mortality in COPD patients based on the severity of COPD,
gender, BMI, smoking status, CVD, CKD, diabetes. Association analysis was carried out by figuring the hazard ratio
(HR) and 95% confidence interval (95% CI). We draw the time-dependent receiver operator characteristic (ROC) curves
and the area under the curve (AUC) was utilized to testify the predictive performance of CAR in predicting the 5-year
mortality in COPD patients. We used DeLong’s test to evaluate the significance of the AUC differences between models
for different years. The significance for all tests was set at an alpha level of 0.05.

Results

Characteristics of Study Participants

Of the 1210 participants included, 110 participants (9.09%) had 5-year mortality. The mean age was 54.84 (0.61) years,
and the majority of participants were male (61.03%). The majority of included patients (82.89%) were Non-Hispanic
White race. Only 5.04% had less than a 9th-grade education. Of the 1210 participants, 705 (63.06%) were married. There
were significant differences between COPD patients who were alive and dead in education level, marital status, diabetes,
CKD, segmented neutrophils num, COPD severity, CAR, and follow-up times (all P <0.05). Characteristics of study
participants are presented in Table 1. The COPD patients with CAR >-0.11 had a lower survival rate compared to COPD
patients with CAR <-1.80, CAR between —1.80 and —0.97, and CAR between —0.97 and —0.11. The KM curve showed
the survival in different CAR groups (Figure 2).

Association Between CAR and Risk of 5-Year Mortality in Patients with COPD

Supplementary Table 1 shows the results of covariate screening by univariate COX analysis. Considering the fact that

a multicollinearity problem might cause the regression results to be biased, we adopted the variance expansion factor
(VIF) to affirm whether the selected variables are highly correlated. Supplementary Table 2 reports multiple collinearity

results. The largest VIF value was 2.70, suggesting that no serious multicollinearity issue existed in the model. From the
results of model 1 in multivariable COX analysis (HR: 1.33, 95% CI: 1.16 to 1.51, P =0.001), model 2 (HR: 1.17, 95%
CI: 1.01-1.36, P =0.038), and model 3 (HR: 1.19, 95% CI: 1.02 to 1.38, P =0.028), a higher CAR was associated with an
increased risk of 5-year mortality in COPD patients. Compared with a lower CAR, a higher CAR was also associated
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Table | Characteristics of Study Participants

Variables Total (n=1210) | 5 Years of Survival Statistics | P
Alive (n=1100) | Dead (n=110)
Age, years, Mean (S.E) 54.84 (0.61) 54.48 (0.65) 59.29 (2.63) t=—1.73 0.093
Age (years), n (%) x*=0.200 0.655
<45 217 (21.00) 206 (21.24) 11 (17.98)
>=45 993 (79.00) 894 (78.76) 99 (82.02)
Gender, n (%) x*=3.608 0.057
Male 774 (61.03) 698 (60.22) 76 (71.19)
Female 436 (38.97) 402 (39.78) 34 (28.81)
Race, n (%) 1*=7.960 0.093
Mexican American 104 (2.81) 97 (2.86) 7 (2.20)
Other Hispanic 81 (2.23) 78 (2.35) 3 (0.76)
Non-Hispanic White 784 (82.89) 706 (82.73) 78 (84.83)
Non-Hispanic Black 198 (7.52) 179 (7.28) 19 (10.47)
Other races-including multiracial 43 (4.56) 40 (4.78) 3(1.74)
Education level, n (%) x*=15.142 | 0.004
Less than 9th grade 135 (4.98) 120 (4.65) 15 (9.17)
9th-11th grade 231 (14.65) 204 (14.00) 27 (22.86)
High school grade 335 (28.29) 309 (28.61) 26 (24.17)
Some college or AA degree 282 (27.16) 258 (27.07) 24 (28.32)
College graduate or above 227 (24.92) 209 (25.67) 18 (15.48)
Marital status, n (%) x*=18.468 | 0.002
Married 704 (62.99) 655 (64.27) 49 (46.90)
Widowed 113 (7.02) 92 (6.28) 21 (16.33)
Divorced 179 (12.41) 157 (11.78) 22 (20.30)
Separated 32 (1.88) 28 (1.78) 4 (3.21)
Never married 95 (8.07) 88 (8.28) 7 (5.44)
Living with partner 87 (7.62) 80 (7.60) 7 (7.82)
PIR, n (%) x=1.211 0.546
<13 341 (16.87) 303 (16.56) 38 (20.76)
>=|.3 780 (76.69) 717 (77.00) 63 (72.72)
Unknown 89 (6.44) 80 (6.43) 9 (6.52)
BMI, kg/m?, n (%) x*=8.075 0.018
<=24.99 434 (37.05) 392 (36.65) 42 (42.04)
>=25-29.9 425 (36.71) 397 (37.96) 28 (21.00)
>=30 351 (26.24) 311 (25.39) 40 (36.97)
Smoking status, n (%) x*=4.950 0.084
Never 343 (30.76) 324 (31.77) 19 (18.10)
Current smoking 442 (35.04) 399 (34.50) 43 (41.92)
Quit smoking 425 (34.19) 377 (33.73) 48 (39.98)
Hypertension, n (%) 1*=2.647 0.104
No 398 (39.57) 377 (40.74) 21 (24.85)
Yes 812 (60.43) 723 (59.26) 89 (75.15)
Diabetes, n (%) 1*=6.972 0.008
No 968 (85.38) 892 (86.13) 76 (75.95)
Yes 242 (14.62) 208 (13.87) 34 (24.05)
Dyslipidemia, n (%) x*=0.383 0.536
No 252 (20.71) 233 (20.95) 19 (17.78)
Yes 958 (79.29) 867 (79.05) 91 (82.22)
CVD, n (%) x*=3.601 0.058
No 1031 (88.56) 947 (89.12) 84 (81.50)
Yes 179 (11.44) 153 (10.88) 26 (18.50)
(Continued)
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Table | (Continued).

Variables Total (n=1210) | 5 Years of Survival Statistics | P
Alive (n=1100) | Dead (n=110)
Close relative had heart attack, n (%) ¥*=0.028 0.868
No 1041 (87.50) 945 (87.55) 96 (86.88)
Yes 169 (12.50) 155 (12.45) 14 (13.12)
CKD, n (%) $*=14.723 <0.001
No 1129 (95.12) 1034 (95.77) 95 (87.03)
Yes 8l (4.88) 66 (4.23) 15 (12.97)
Chronic bronchitis, n (%) $*=0.493 0.483
No 1105 (92.53) 1006 (92.67) 99 (90.73)
Yes 105 (7.47) 94 (7.33) 11 (9.27)
Asthma, n (%) ¥=2917 0.088
No 963 (78.77) 869 (78.13) 94 (86.80)
Yes 247 (21.23) 231 (21.87) 16 (13.20)
Intestines problem, n (%) 1*=4.666 0.097
No 1052 (87.40) 951 (86.89) 101 (93.75)
Chronic constipation 61 (5.37) 59 (5.67) 2 (1.59)
Chronic diarrhea 97 (7.23) 90 (7.43) 7 (4.66)
Cancer, n (%) x*=0.142 0.706
No 1024 (83.80) 932 (83.94) 92 (82.03)
Yes 186 (16.20) 168 (16.06) 18 (17.97)
Segmented neutrophils num, 1000 cell/lUL, Mean (S.E) | 4.41 (0.06) 4.37 (0.05) 4.98 (0.19) t=—3.30 0.002
Lymphocyte number, 1000 cells/UL, Mean (S.E) 2.07 (0.02) 2.07 (0.02) 2.10 (0.08) t=—0.37 0.715
Eosinophils number, 1000 cells/UL, Mean (S.E) 0.22 (0.01) 0.22 (0.01) 0.22 (0.02) t=0.13 0.898
ALT, U/L, Mean (S.E) 25.42 (0.53) 25.54 (0.57) 23.85 (1.49) t=1.02 0314
AST, U/L, Mean (S.E) 26.29 (0.31) 26.24 (0.30) 26.87 (1.18) t=—0.54 0.595
Bronchodilator, n (%) ¥*=0.001 0.971
No 1060 (88.57) 966 (88.56) 94 (88.71)
Yes 150 (11.43) 134 (11.44) 16 (11.29)
ICS, n (%) ¥*=0.853 0.356
No 1142 (94.44) 1041 (94.65) 101 (91.87)
Yes 68 (5.56) 59 (5.35) 9 (8.13)
COPD severity, n (%) 1*=8.256 0.004
Mild 647 (56.75) 605 (57.88) 42 (42.63)
Moderate-severe 563 (43.25) 495 (42.12) 68 (57.37)
Baseline FEV,, mL, Mean (S.E) 2662.52 (34.06) 2678.60 (34.07) 2460.66 (156.98) | t=1.36 0.182
Baseline FVC, mL, Mean (S.E) 4153.23 (48.50) 4170.36 (48.85) 3938.07 (221.84) | t=1.03 0.311
ALB, g/L, Mean (S.E) 42.68 (0.10) 42.73 (0.11) 42.01 (0.44) t=1.49 0.147
CRP, mg/dL, Mean (S.E) 0.40 (0.04) 0.38 (0.04) 0.63 (0.14) t=—1.79 0.083
CAR*100, Mean (S.E) 0.99 (0.10) 0.94 (0.10) 1.61 (0.38) t=—1.69 0.100
Log (CAR*100), Mean (S.E) —0.91 (0.04) —0.95 (0.04) —0.46 (0.11) t=—4.24 <0.001
Log (CAR*100), n (%) =17.696 | <0.001
<-1.80 282 (24.65) 268 (25.26) 14 (16.93)
—1.80 to —0.97 273 (25.12) 248 (25.32) 25 (22.61)
—0.97 to —0.11 297 (25.08) 277 (25.72) 20 (17.07)
2-0.11 358 (25.15) 307 (23.70) 51 (43.39)
Follow-up, months, Mean (S.E) 57.76 (0.33) 60.00 (0.00) 29.69 (1.85) t=16.38 <0.001

Abbreviations: AA, associate of arts; PIR, poverty income ratio; BMI, body mass index; CVD, cardiovascular disease; CKD, chronic kidney disease; ALT, Alanine
aminotransferase; AST, Aspartate aminotransferase; ICS, inhaled corticosteroids; FEV, forced expiratory volume in | second; FVC, forced vital capacity; ALB, albumin;

CRP, C-reactive protein; CAR, CRP to ALB ratio; 32, Chi-square test; t, t test.
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Figure 2 The KM curve of the survival in different CAR groups.

with an increased risk of 5-year mortality in COPD patients (HR: 1.94, 95% CI: 1.07 to 3.50, P =0.029). The association
between CAR and the risk of mortality in patients with COPD is shown in Table 2.

Subgroup Analyses of the Association Between CAR and the Risk of Mortality in
Patients with COPD

Subgroup analyses of the association between CAR and the risk of mortality in patients with COPD are presented in
Table 3. Regarding the COPD severity, CAR was related to an increased risk of 5-year mortality in COPD patients with
mild COPD (HR: 1.46, 95% CI: 1.05-2.02, P =0.025); however, there was no statistical association between CAR and
risk of 5-year mortality in COPD patients with moderate-severe COPD. A higher CAR correlated to a rise in 5-year
mortality in COPD patients with BMI <=24.99 kg/m” (HR: 2.20, 95% CI: 1.06-4.55, P =0.035). CAR was also
associated with a rise in 5-year mortality in COPD patients with BMI between 25 kg/m? and 29.9 kg/m” (HR: 1.56,
95% CI: 1.11-2.19, P =0.012). Nevertheless, there was no statistical association between CAR and the risk of 5-year
mortality in COPD patients with BMI >30 kg/m?. Regardless of gender, the higher the CAR, the higher the 5-year risk of

Table 2 Association Between CAR and Risk of 5-Year Mortality in Patients with COPD

Variables Model | Model 2 Model 3
HR (95% CI) P HR (95% CI) P HR (95% CI) P

Log (CAR*100) 1.33 (1.16-1.51) 0.001 1.17 (1.01-1.36) 0.038 1.19 (1.02—-1.38) 0.028
Log (CAR*100)

<-1.80 Ref Ref Ref

—1.80 to —0.97 | 1.32 (0.69-2.51) 0.394 1.29 (0.69-2.43) 0416 1.23 (0.66-2.28) 0510

—0.97 to —0.11 | 0.99 (0.46-2.13) 0.985 0.94 (0.40-2.22) 0.879 0.92 (0.38-2.18) 0.837

2-0.11 2.64 (1.52-4.60) 0.001 1.96 (1.11-3.49) 0.023 1.94 (1.07-3.50) 0.029

Notes: Model | was an unadjusted model; model 2 adjusted for education level, marital status, BMI, smoking status, diabetes, CKD, and
segmented neutrophils num; model 3 adjusted for education level, marital status, BMI, smoking status, segmented neutrophils num, diabetes,
CKD, chronic bronchitis, asthma, intestines problem, cancer, ALT, AST, hypertension, dyslipidemia, CVD, bronchodilator, and ICS.
Abbreviations: Ref, Reference; HR, hazard ratio; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; CAR,
C-reactive protein (CRP) to albumin (ALB) ratio.
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Table 3 Subgroup Analyses of the Association Between CAR and the Risk of Mortality in Patients with COPD
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Subgroups Variables Model | Model 2 Model 3
HR (95% CI) P HR (95% CI) P HR (95% CI) P
COPD Severity
Mild Log (CAR*100) | 1.53 (I.19-1.96) 0.002 1.52 (1.13-2.06) 0.007 1.46 (1.05-2.02) 0.025
Log (CAR*100)
I: <—1.80 Ref Ref Ref
2: —1.80—0.97 1.39 (0.42-4.65) 0.580 1.59 (0.44-5.69) 0.468 1.36 (0.31-6.06) 0.678
3: -0.97—0.11 1.26 (0.38-4.17) 0.692 1.25 (0.35-4.47) 0.724 1.01 (0.29-3.49) 0.991
4: 2-0.11 3.99 (1.36-11.73) 0.014 3.59 (1.12-11.55) 0.033 3.00 (0.89-10.15) 0.075
Moderate-Severe | Log (CAR*100) | .15 (0.94-1.40) 0.164 1.01 (0.82-1.22) 0.998 1.01 (0.81-1.24) 0.980
Log (CAR*100)
I: <—1.80 Ref Ref Ref
2: —1.80—0.97 1.15 (0.44-2.98) 0.768 0.94 (0.35-2.48) 0.891 0.90 (0.36-2.22) 0.809
3: -0.97—0.11 0.75 (0.32-1.76) 0.498 0.62 (0.25—-1.54) 0.293 0.67 (0.28-1.62) 0.364
4:2-0.11 1.60 (0.70-3.65) 0.257 1.14 (0.51-2.56) 0.736 1.16 (0.49-2.73) 0.728
BMI
<=24.99 Log (CAR*100) | 1.44 (1.19-1.75) <0.001 1.32 (1.05-1.66) 0.019 1.32 (1.02-1.72) 0.036
Log (CAR*100)
I: <—1.80 Ref Ref Ref
2: —1.80—0.97 | 0.99 (0.36-2.77) 0.998 0.83 (0.30-2.25) 0.702 0.65 (0.29-1.44) 0.276
3: -0.97—0.11 1.71 (0.60—4.85) 0.304 1.46 (0.44-4.80) 0.521 1.04 (0.34-3.26) 0.938
4:2-0.11 3.62 (1.63-8.03) 0.002 243 (1.16-5.13) 0.021 2.20 (1.06—4.55) 0.035
225-29.9 Log (CAR*¥100) | 1.67 (1.21-2.30) 0.003 1.52 (1.06-2.19) 0.023 1.56 (1.11-2.19) 0.012
Log (CAR*100)
I: <—1.80 Ref Ref Ref
2: —1.80-—0.97 | 0.99 (0.17-5.79) 0.996 0.99 (0.16-6.02) 0.990 0.96 (0.13-6.93) 0.965
3: —0.97—0.11 0.78 (0.13—4.60) 0.775 0.67 (0.11-4.30) 0.666 0.67 (0.11-4.16) 0.662
4:2-0.11 4.02 (0.85-19.04) 0.077 3.54 (0.75-16.76) 0.108 3.55 (0.73-17.25) 0.112
230 Log (CAR*¥100) | 0.89 (0.62—1.27) 0.513 0.76 (0.53—1.07) 0.113 0.80 (0.55—1.16) 0.231
Log (CAR*100)
I: <—1.80 Ref Ref Ref
2: —1.80—0.97 | 2.20 (0.39-12.39) 0.358 2.16 (0.54-8.70) 0.268 2.55 (0.63-10.33) 0.182
3: -0.97—0.11 0.54 (0.06—4.65) 0.563 0.41 (0.06-3.03) 0.371 0.47 (0.07-3.38) 0.443
4:2-0.11 1.39 (0.28-6.81) 0.677 0.99 (0.25-3.98) 0.988 1.24 (0.29-5.30) 0.760
Gender
Male Log (CAR*¥100) | 1.36 (1.10-1.70) 0.007 1.23 (0.97-1.56) 0.081 1.24 (0.98-1.56) 0.070
Log (CAR*100)
I: <—1.80 Ref Ref Ref
2: —1.80—0.97 1.51 (0.77-2.97) 0.220 1.39 (0.77-2.53) 0.267 1.41 (0.73-2.74) 0.294
3: —0.97—0.11 0.78 (0.29-2.10) 0.615 0.66 (0.25-1.77) 0.394 0.69 (0.24-2.01) 0.488
4:2-0.11 2.78 (1.33-5.79) 0.008 1.91 (0.90-4.02) 0.087 1.97 (0.89-4.36) 0.093
Female Log (CAR*¥100) | 1.34 (1.03-1.74) 0.032 1.28 (0.93-1.76) 0.131 1.45 (1.02-2.05) 0.039
Log (CAR*100)
I: <—1.80 Ref Ref Ref
2: —1.80—0.97 | 0.64 (0.12-3.37) 0.590 0.34 (0.04-2.63) 0.293 0.21 (0.02-2.43) 0.202
3: —0.97—0.11 1.60 (0.47-5.37) 0.439 1.23 (0.27-5.61) 0.780 1.45 (0.37-5.69) 0.587
4:2-0.11 2.74 (0.77-9.68) 0.114 2.69 (0.86-8.47) 0.087 2.92 (1.08-7.91) 0.036
Smoking status
Never Log (CAR¥100) | 1.15 (0.70-1.89) 0.559 1.12 (0.71-1.76) 0.625 0.97 (0.53-1.77) 0.923
Log (CAR*100)
I: <—1.80 Ref Ref Ref
2: —1.80——0.97 1.66 (0.31-8.79) 0.541 2.13 (0.52-8.71) 0.284 2.71 (0.74-9.90) 0.127
(Continued)
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Table 3 (Continued).

Subgroups Variables Model | Model 2 Model 3
HR (95% CI) P HR (95% CI) P HR (95% CI) P
3: —0.97—0.11 0.24 (0.03-1.77) 0.155 0.27 (0.04-2.03) 0.196 0.14 (0.02-1.23) 0.075
4: 2-0.11 1.81 (0.31-10.52) 0.496 1.84 (0.44-7.63) 0.391 1.34 (0.21-8.63) 0.751
Current smoking | Log (CAR*100) | 1.68 (1.41-2.00) <0.001 1.68 (1.31-2.16) <0.001 1.73 (1.43-2.11) <0.001
Log (CAR*100)
I: <—1.80 Ref Ref Ref
2: —1.80——0.97 | 0.77 (0.14-4.17) 0.753 0.83 (0.14-4.87) 0.832 0.69 (0.17-2.83) 0.598
3: —0.97—0.11 1.75 (0.48-6.46) 0.385 2.13 (0.50-9.08) 0.296 1.73 (0.47-6.36) 0.394
4: 2-0.11 3.87 (1.64-9.13) 0.003 4.16 (1.54-11.25) 0.007 3.63 (1.61-8.23) 0.003
Quit smoking Log (CAR*100) | 1.05 (0.84-1.30) 0.673 0.79 (0.64-0.99) 0.039 0.83 (0.64-1.07) 0.149
Log (CAR*100)
I: <—1.80 Ref Ref Ref
2: —1.80——0.97 1.43 (0.57-3.60) 0.434 1.35 (0.52-3.52) 0.526 1.34 (0.51-3.55) 0.543
3: —0.97—0.11 0.74 (0.22-2.52) 0.616 0.49 (0.12-2.00) 0.309 0.41 (0.11-1.47) 0.163
4: 2-0.11 1.80 (0.79-4.11) 0.157 0.80 (0.33—1.98) 0.626 0.98 (0.39-2.45) 0.958
CVD
No Log (CAR¥100) | 1.32 (1.14-1.53) <0.001 1.20 (1.04-1.38) 0.014 1.21 (1.03-1.42) 0.025
Log (CAR*100)
I: <—1.80 Ref Ref Ref
2: —1.80——0.97 1.37 (0.61-3.09) 0.437 1.44 (0.66-3.12) 0.344 1.30 (0.60-2.82) 0.492
3: —0.97—0.11 1.13 (0.44-2.90) 0.788 1.14 (0.42-3.10) 0.794 1.09 (0.40-3.01) 0.863
4: 2-0.11 2.88 (1.36-6.12) 0.007 2.35 (1.12-4.93) 0.025 2.26 (1.06—4.82) 0.035
Yes Log (CAR*100) | 1.28 (0.87-1.89) 0.205 1.14 (0.67-1.93) 0.619 1.57 (0.87-2.83) 0.127
Log (CAR*100)
I: <—1.80 Ref Ref Ref
2: —1.80-—0.97 1.05 (0.19-5.87) 0.953 1.50 (0.16—13.76) 0.711 1.85 (0.29-11.90) 0.503
3: —0.97—0.11 0.48 (0.10-2.33) 0.353 0.69 (0.10—4.65) 0.697 0.63 (0.09-4.64) 0.640
4: 2-0.11 1.55 (0.50-4.83) 0.434 1.19 (0.27-5.25) 0.809 2.19 (0.51-9.32) 0.277
CKD
No Log (CAR*100) | 1.40 (1.20-1.63) <0.001 1.30 (1.12-1.52) 0.001 1.30 (1.15-1.47) <0.001
Log (CAR*100)
I: <—1.80 Ref Ref Ref
2: —1.80-—0.97 1.79 (0.80-4.02) 0.154 1.65 (0.75-3.64) 0.206 1.71 (0.81-3.63) 0.156
3: —0.97—0.11 I.11 (0.43-2.85) 0.831 0.97 (0.38-2.47) 0.942 1.05 (0.40-2.76) 0.927
4: 2-0.11 3.33 (1.58-7.01) 0.002 2.56 (1.22-5.36) 0.014 2.59 (1.28-5.22) 0.009
Yes Log (CAR*100) | 0.79 (0.50-1.24) 0.280 0.69 (0.39-1.24) 0.199 0.58 (0.28-1.21) 0.138
Log (CAR*100)
I: <—1.80 Ref Ref Ref
2: —1.80——0.97 - - - - - -
3: -0.97—0.11 0.59 (0.15-2.22) 0.409 0.72 (0.13-3.94) 0.688 0.19 (0.02-2.05) 0.160
4: 2—0.11 0.41 (0.09-1.87) 0.232 0.18 (0.03-1.02) 0.053 0.07 (0.01-0.66) 0.023
Diabetes
No Log (CAR*¥100) | 1.38 (1.18-1.61) <0.001 1.30 (1.09-1.55) 0.005 1.29 (1.08-1.54) 0.006
Log (CAR*100)
I: <-1.80 Ref Ref Ref
2: —1.80—0.97 1.30 (0.60-2.85) 0.495 1.21 (0.55-2.66) 0.628 1.25 (0.58-2.69) 0.560
3: -0.97—0.11 0.89 (0.38-2.08) 0.785 0.80 (0.35-1.85) 0.596 0.86 (0.35-2.17) 0.750
4: 2-0.11 2.69 (1.43-5.05) 0.003 2.14 (1.08-4.25) 0.031 2.17 (1.13-4.18) 0.022
Yes Log (CAR*100) | 1.08 (0.79-1.47) 0.639 0.87 (0.62—-1.22) 0.405 0.97 (0.68-1.37) 0.858
Log (CAR*100)
(Continued)
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Table 3 (Continued).

Subgroups Variables Model | Model 2 Model 3
HR (95% CI) P HR (95% CI) P HR (95% CI) P
I: <—1.80 Ref Ref Ref
2: —1.80——0.97 1.32 (0.38-4.64) 0.654 0.99 (0.27-3.63) 0.985 1.92 (0.67-5.53) 0.217
3: —0.970.11 1.28 (0.30-5.53) 0.728 1.20 (0.25-5.88) 0.814 1.66 (0.23-11.76) 0.602
4: 2-0.11 1.98 (0.51-7.60) 0.309 1.18 (0.28-5.03) 0.819 1.92 (0.46-7.99) 0.357

Notes: Model | was un adjusted model; Model 2 of COPD severity subgroup analysis adjusted for education level, marital status, BMI, smoking status, diabetes, CKD,
and segmented neutrophils num. Model 2 of BMI subgroup analysis adjusted for education level, marital status, smoking status, diabetes, CKD, and segmented
neutrophils num. Model 2 of gender subgroup analysis adjusted for education level, marital status, BMI, smoking status, diabetes, CKD, and segmented neutrophils
num. Model 2 of smoking status subgroup analysis adjusted for education level, marital status, BMI, diabetes, CKD, and segmented neutrophils num. Model 2 of CVD
subgroup analysis adjusted for education level, marital status, BMI, smoking status, diabetes, CKD, and segmented neutrophils num. Model 2 of CKD subgroup analysis
adjusted for education level, marital status, BMI, smoking status, diabetes, and segmented neutrophils num. Model 2 of diabetes adjusted for education level, marital
status, BMI, smoking status, CKD, and segmented neutrophils num. Model 3 of COPD severity subgroup analysis adjusted for education level, marital status, BMI,
smoking status, segmented neutrophils num, diabetes, CKD, chronic bronchitis, asthma, intestines problem, cancer; ALT, AST, hypertension, dyslipidemia, CVD,
bronchodilator, and ICS. Model 3 of BMI subgroup analysis adjusted for education level, marital status, smoking status, segmented neutrophils num, diabetes, CKD,
chronic bronchitis, asthma, intestines problem, cancer, ALT, AST, hypertension, dyslipidemia, CVD, bronchodilator, and ICS. Model 3 of gender subgroup analysis
adjusted for education level, marital status, BMI, smoking status, segmented neutrophils num, diabetes, CKD, chronic bronchitis, asthma, intestines problem, cancer,
ALT, AST, hypertension, dyslipidemia, CVD, bronchodilator, and ICS. Model 3 of smoking status subgroup analysis adjusted for education level, marital status, BMI,
segmented neutrophils num, diabetes, CKD, chronic bronchitis, asthma, intestines problem, cancer, ALT, AST, hypertension, dyslipidemia, CVD, bronchodilator, and
ICS. Model 3 of CVD subgroup analysis adjusted for education level, marital status, BMI, smoking status, segmented neutrophils num, diabetes, CKD, chronic
bronchitis, asthma, intestines problem, cancer, ALT, AST, hypertension, dyslipidemia, bronchodilator, and ICS. Model 3 of CKD subgroup analysis adjusted for
education level, marital status, BMI, smoking status, segmented neutrophils num, diabetes, chronic bronchitis, asthma, intestines problem, cancer, ALT, AST,
hypertension, dyslipidemia, CVD, bronchodilator, and ICS. Model 3 of diabetes adjusted for education level, marital status, BMI, smoking status, segmented
neutrophils num, CKD, chronic bronchitis, asthma, intestines problem, cancer, ALT, AST, hypertension, dyslipidemia, CVD, bronchodilator; and ICS.
Abbreviations: Ref, Reference, HR, hazard ratio, Cl, confidence interval, COPD, chronic obstructive pulmonary disease, CAR, C-reactive protein (CRP) to albumin
(ALB) ratio, BMI, body mass index, CVD, cardiovascular disease, CKD, chronic kidney disease.

death in patients with COPD. In term of smoking status, CAR was related to a higher risk of 5-year mortality in COPD
patients who were still smoking (HR: 1.73, 95% CI: 1.43-2.11, P <0.001). Regarding the comorbidities, a higher CAR
was associated with a higher risk of 5-year mortality in COPD patients who were without CVD (HR: 2.26, 95% CI: 1.06—
4.82, P =0.035) and in COPD patients who were without diabetes (HR: 2.17, 95% CI: 1.13-4.18, P =0.022). A higher
CAR was associated with a higher risk of 5-year mortality in COPD patients who were without CKD (HR: 2.59, 95% CI:
1.28-5.22, P =0.009). However, a higher CAR was related to a lower risk of 5-year mortality in COPD patients who were
with CKD (HR: 0.07, 95% CI: 0.01-0.66, P =0.023).

Predictive Performance of CAR in Predicting the Mortality in COPD Patients

The AUC of CAR in predicting the 1-year, 3-year, and 5-year mortality in COPD patients was 0.735 (95% CI: 0.655 to
0.815), 0.615 (95% CI: 0.542 to 0.689), and 0.608 (95% CI: 0.553), respectively. The predictive performance of CAR in
predicting mortality in COPD patients is shown in Figure 3. The significance of the AUC differences between models of
different years is shown in Supplementary Table 1. The cut-off value of CAR in predicting mortality in COPD patients is

presented in Supplementary Table 3. Supplementary Table 4 illustrates the significance of the AUC differences between

models for different years.

Discussion

Recently, CAR has been used to assess the prognosis of several diseases.*’>° In this study, we evaluated the association
between CAR and the risk of mortality in patients with COPD. A relationship between an increased CAR and 5-year
mortality in COPD patients was observed. In addition, CAR was related to an increased risk of 5-year mortality in COPD
patients with mild COPD, in COPD patients who were still smoking, in COPD patients with BMI <=29.9 kg/mz, in
COPD patients who were without CVD, in COPD patients who were without diabetes, and COPD patients who were
without CKD. However, a higher CAR was related to a lower risk of 5-year mortality in COPD patients who were with
CKD. The AUC values in predicting 1-year, 3-year mortality, and 5-year mortality in COPD patients were 0.735, 0.615,
and 0.608, respectively.

2298

Dove!

International Journal of Chronic Obstructive Pulmonary Disease 2023:18


https://www.dovepress.com/get_supplementary_file.php?f=413912.docx
https://www.dovepress.com/get_supplementary_file.php?f=413912.docx
https://www.dovepress.com/get_supplementary_file.php?f=413912.docx
https://www.dovepress.com
https://www.dovepress.com

Dove Shen and Xiao

1.0
0.8
0.6
=
2
Z
704
0.2 y AUC (95% CI)
e — 1 Year: 0.735 (0.655-0.815)
— 3 Year: 0.615 (0.542-0.689)
— 5 Year: 0.608 (0.553-0.663)
0.0 T \ T T T
0.0 0.2 0.4 0.6 0.8 1.0

1-specificity

Figure 3 Predictive performance of CAR in predicting the mortality in COPD patients.

CAR has been found to be associated with a wide range of diseases and disease prognosis. CAR predicts disease
severity and 30-day survival in patients with sepsis.”® Researchers have used CAR to predict the clinical prognosis of
patients with cancer®® *! and CVD.?” A meta-analysis suggested that high pretreatment CAR indicates poor prognosis in
human malignancies except colorectal cancer, reporting pretreatment CAR could be used in the evaluation of prognosis
in clinical work.*> An observational study demonstrated that CAR can be used as a reliable marker to predict the
development of atrial fibrillation after coronary artery bypass grafting.** He et al suggested that CAR can be used as
a potential indicator for determining rheumatoid arthritis inflammation.** A recent study by Uzum et al revealed that
CAR is a potential parameter in distinguishing critically ill COVID-19 patients in need of intensive care.*’ In the study
by Baldemir et al, the cut-off value of 3.26 of CAR can be used in the nutritional risk assessment in patients with
COPD.?® In our study, high CAR was significantly associated with 5-year mortality in COPD patients. The mechanism of
CAR and mortality in COPD patients may be explained by high CRP and low ALB levels. CRP is an inflammatory
protein first discovered by Toilet and Francis in 1930 and is now widely used in the assessment of systemic inflammation
and infection status.*® A systematic review and meta-analysis suggested that high baseline CRP is significantly associated
with higher mortality in patients with COPD.'” Liu et al found that a serum CRP concentration of >3 mg/dl was a worse
prognostic variable for COPD than a CRP concentration of <3 mg/dl.*’ Elevated circulating CRP levels are associated
with poor lung function, systemic comorbidities, poorer quality of life, and higher late mortality in patients with COPD.**
ALB is a protein with important physiological functions such as maintenance of plasma colloid osmotic pressure,
intravascular transport of certain substances, inflammatory response, thrombosis and lipid metabolism, is classically
considered as a biomarker of malnutrition and poor health status.** Malnutrition often leads to treatment failure and can
be associated with a poor prognosis in COPD.>® We believe serum ALB is a marker of malnutrition, however, serum
ALB level alone could not be used as a pure marker of the nutritional status in patients because low albumin levels are
often associated with chronic systemic inflammation and other factors that are not nutrition-related.”' Further explanation
is needed regarding the mechanism of CAR and mortality in COPD patients. Furthermore, the AUC value of CAR in
predicting the mortality in COPD patients is greater than 0.6, indicating that future studies could examine whether CAR
can be used to predict prognosis in COPD patients.

We observed that a higher CAR correlated with an increase in 5-year mortality in COPD patients with a BMI
<=24.99 kg/m?. CAR was also associated with an increase in 5-year mortality in COPD patients with a BMI between
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25 kg/m” and 29.9 kg/m®. However, there was no statistical association between CAR and the risk of 5-year mortality in
COPD patients with a BMI >30 kg/m?. We hypothesized that the different results at different BMIs might be due to the
effect of BMI itself on the prognosis of COPD. Low BMI has long been recognized as a risk factor for increased
mortality in patients with COPD.>' Keene et al found that lower BMI was associated with worsening disease in COPD
patients.’> CAR was related to an increased risk of 5-year mortality in COPD patients with mild COPD, suggesting that
CAR may correlate with the prognosis of disease in the early stage. In a study evaluating the regulation of CAR in health
and disease, CAR may exert a role in the early stage of hepatic diseases, but this effect may be lost during disease
progression.”* We found that an increase in CAR was associated with mortality in COPD patients in COPD patients who
were still smoking. Long-term exposure to tobacco is known to cause lung damage and inflammation, resulting in an
exponential systemic response that is related to the severity of COPD.>* Thus, high levels of CAR represent to some
degree a high level of CRP that represents a high level of inflammation; therefore, CAR was associated with mortality in
COPD patients with who were still smoking. Regarding the effect of comorbidities, CAR was related to an increased risk
of 5-year mortality in COPD patients without CVD, without diabetes, and without CKD. This result implies that the
relationship between CAR and prognosis of COPD patients may be more applicable to COPD patients without
comorbidities. We did not perform a subgroup analysis based on marital status. However, different marital status may
cause different prognosis. In a previous study by Lewis et al, mortality risk from COPD was increased significantly for
those who were widowed or divorced.”® A further study evaluating the relationship between CAR and prognosis of
COPD patients with different marital status is needed.

To the best of our knowledge, our study is the first to examine the association between CAR and mortality risk in
patients with COPD based on a publicly available database. We found an association between the biomarker and
mortality in COPD patients based on a simple calculation of CRP, and ALB. In addition, we conducted multiple
subgroup analyses to further understand the specific populations in which CAR is associated with mortality in COPD.
Routine blood testing is a very simple and inexpensive approach and can be performed in almost all medical institutions.
The exploration of biomarkers related to mortality could help stratify high-risk patients in the future; this may facilitate
early individualized treatment and optimal allocation of limited medical resources to reduce deaths. The findings of our
study may help clinicians develop monitoring and treatment strategies for patients. However, there were limitations to
this study that need to be acknowledged. First, in a retrospective study, recall bias and selection bias are difficult to avoid.
Second, due to database limitations, confounding effects such as air pollution and occupational exposure cannot be
excluded. Third, there may be selection bias due to the exclusion of patients with missing data. Fourth, although the
detection technology of CRP and ALB is reliable, simple, and inexpensive, and are usually part of an inpatient
examination in a general hospital. The level of CRP and ALB can be affected by multiple factors and diseases,
suggesting that a single combination of CRP and ALB may not be able to accurately and objectively relate to the
mortality in patients with COPD. Fifth, although patients were clinically stable, serum CRP and ALB may fluctuate
slightly over time, affecting the association between CAR and mortality in COPD patients. Sixth, given that this study
was a retrospective, database-based study, we were unable to track changes in CAR values over a period of 5 years, and
the association of increasing CAR values during follow-up with mortality needs to be further explored. Seventh, we
observed a significant difference in AUC between 1-year mortality and 5-year mortality, indicating the association of
CAR with COPD mortality and the predictive value of CAR should be elaborated in different years. All of these
limitations will be the subject of further investigation in the future.

Conclusion

This study demonstrated that high levels of CAR are associated with mortality in COPD patients. This study suggests
CAR should be further studied in the future to determine its usefulness in predicting prognosis for COPD patients in
practice.
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