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Abstract
Objective. The objective of the study was to explore predictive variables of mortality in 
patients with COPD in Colombia. Materials and methods. Case-control study, in adult 
patients, diagnosed with COPD, treated at the clínica Comfamiliar, Risaralda, from January 
1, 2015 to December 31, 2018. Deceased patients were called cases, and the control group 
was survivors. A data collection instrument validated by expert judgement was used. A 
multivariate logistic regression analysis was performed, followed by post-modeling analysis 
for validation. The analyzes were carried out in Stata 14, official version. It was considered 
significant with p value <0.05. The project was approved by the bioethics committee of the 
clínica Comfamiliar. Results: 230 patients with a diagnosis of COPD were included. The 
mortality rate was 10%, for which there were 23 cases. In the multivariate analysis, the 
predictors of mortality were Chronic Kidney Disease (CKD) (OR: 8.2, CI: 2.3-29.2, p = 0.001), 
presence of severe exacerbation in the last year (OR: 7.4, CI: 2.6-20.8, p <0.001), and 
hemoglobin in adequate ranges (Hb>12 in women/hb>13 in men) (OR: 0.82, CI: 0.68-0.99, p 
= 0.047). Conclusions: It was observed that CKD, severe exacerbations in the last year, and 
low hemoglobin values predict mortality in COPD patients in Colombia.

Keywords: COPD, mortality, prediction, survival, respiratory insufficiency. (Source: MeSH 
BIREME)

Resumen
Objetivo. El objetivo del estudio fue explorar variables predictivas de mortalidad en 
pacientes con EPOC de Colombia. Materiales y métodos. Estudio de casos y controles, en 
pacientes mayores de edad, con diagnóstico de EPOC, atendidos en la clínica 
“Comfamiliar”, Risaralda, del 1 de enero de 2015 a 31 de diciembre de 2018. Se denominó 
caso a pacientes fallecidos y el grupo control fueron los supervivientes. Se utilizó un 
instrumento de recolección de datos validado por juicio de expertos. Se realizó un análisis 
multivariado de tipo regresión logística y posteriormente análisis post modelamiento para su 
validación. Los análisis fueron realizados en Stata 14, versión oficial. Se considero 
significativo con p valor <0,05. El proyecto fue aprobado por el comité de bioética de la 
clínica Comfamiliar. Resultados. Se incluyeron 230 pacientes con diagnóstico de EPOC. La 
tasa de mortalidad fue de 10%, por lo que se contó con 23 casos. En el análisis multivariado, 
los factores predictores de mortalidad fueron la Enfermedad Renal Crónica (ERC) (OR: 8,2, 
IC: 2,3-29,2, p = 0,001), presencia de exacerbación severa el último año (OR: 7,4, IC: 2,6-
20,8, p < 0,001), y la hemoglobina en rangos adecuados (Hb>12 in mujeres/hb>13 in 
hombres) (OR: 0,82, IC: 0,68-0,99, p = 0,047). Conclusiones. Se observó que la ERC, 
exacerbaciones severas el último año y valores bajos de hemoglobina predicen la 
mortalidad en el paciente con EPOC en Colombia.

Palabras clave: EPOC, mortalidad, predicción, supervivencia, insuficiencia respiratoria. 
(Fuente: DeCS BIREME)
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acetylcysteine, methylxanthines, and azithromycin), number of current medications, current oxygen therapy, 
vaccination status for Hib (Haemophilus influenzae type B) and Pneumococcus (Streptococcus pneumoniae).

Procedures

Information was obtained from the digital medical records of patients at the Comfamiliar clinic who were enrolled 
in the lung disease program and had a COPD diagnosis according to ICD-10 codes. Each medical history was 
individually analyzed by the research team and cataloged using a data collection sheet to control for selection 
and information biases. Variables with 20% or more missing data were excluded from the study analysis.

Statistical analysis

Quantitative variables were analyzed by calculating descriptive measures such as mean, median, and 
interquartile range. For qualitative variables, descriptive statistics were calculated from absolute and relative 
frequencies. Comparisons between the means of continuous variables were made using the Student t-test 
according to whether they had a normal distribution according to the Shapiro-Wilk/Kolmogorov Smirnov test. 
Continuous variables with a non-normal distribution were compared using the median test (Mann Whitney U 
test). The comparison of proportions was performed with the chi-square test or Fisher's exact test. All 
comparisons were made with a significance level of 5%.

A logistic regression multivariate model was carried out with the possible predictor factors according to the 
literature and those with a statistical association in the bivariate analysis with a p-value <0.01, for which the 
stepwise methodology was used for model adjustment. Likewise, the assumptions of homoscedasticity 
(Levene's test and residual vs predicted value graphs), normality tests, and independence test (Durbin-Watson, 
which is interpreted as follows: if d<1.18, H0 is rejected, d>1.4 is not rejected, between 1.18 and 1.4 is 
inconclusive) were evaluated, while the assumption of multicollinearity was verified using the variance inflation 
factor (VIF) (greater than 10 defines multicollinearity problem). Odds ratios (OR) and their respective 95% 
confidence intervals were calculated. In addition, the internal validation of the multivariate model (post-model 
analysis) was evaluated with the number of correctly classified by the model and the area under the receiver 
operating characteristic curve (AUC-ROC) to evaluate discrimination, and we also performed the Hosmer-
Lemeshow test for calibration. The STATA v.14 statistical package licensed for data analysis was used.

Ethical aspects

This research was approved by the Bioethics Committee of the Comfamiliar Clinic, as a "risk-free" study 
according to resolution 8430 of 1993 issued by the Ministry of Health of Colombia and in accordance with the 
Helsinki Declaration.

Results

General description

Two hundred and thirty (n=230) patients diagnosed with COPD were included in the study. Fifty-four percent of 
the patients were male, and the mean age was 72 ± 10 years with a minimum of 44 years and a maximum of 99 
years. A high percentage of patients had no history of smoking (n=58; 25%). The most common type of biomass 
exposure was wood smoke (n=46; 20%). The majority of patients had ≥3 comorbidities (n=149, 66%), and 
almost half of the patients were in GOLD C/D group (n=107; 46%). Twenty-three patients (10%) died (cases) 
while two hundred seven patients (90%) did not have this outcome (controls).

Comparison of numerical variables between cases and controls

Although there were no differences in age between cases and controls (p=0.24), cases had a higher number of 
severe exacerbations in the last year than controls (1 [exacerbation in cases] vs 0 [exacerbation in controls]; 
p<0.001), had lower survival (38 vs 53 months; p<0.001), lower peripheral eosinophil count (80 vs 200; p=0.005), 
lower hemoglobin (12.4 vs 14.0; p=0.005), and a lower percentage of hematocrit (40 vs 42; p=0.037) (Table 1).
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Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a prevalent and multifactorial condition, with a high burden of 
morbidity, mortality, and costs for the healthcare system, often associated with tobacco consumption and 

(1) (1,2)environmental pollution . Currently, COPD ranks fifth in terms of disease burden and third in global mortality .

Given the public health implications attributable to COPD, the global interest in identifying risk factors 
(3-5) (3,5,6)(predictors) for hospitalization and mortality has led to the description of age , oxygen therapy , number of 

(4,7-10) (7,8) (7,8,11) (4) (4,5,6)exacerbations , presence of comorbidities , body mass index (BMI) , dyspnea , hypoxemia , forced 
(4,8,12) (8,13) (14) (15-17)expiratory volume in one second (FEV1) , maximum exercise capacity , renal function , and anemia  

as main predictor factors. Additionally, several clinical prediction rules for mortality or exacerbation have been 
developed, including the most widely used worldwide, the BODE index, which includes BMI, obstruction, 

(18) (19) (20)dyspnea, and exercise capacity . Other multidimensional models include the DOSE index , ADO , and 
(21)SAFE .

(22)However, scientific evidence reports contradictory evidence  in the behavior of mortality predictor variables, as 
(23)well as in the statistical significance of predictor indices . Understanding that Colombia has a prevalence of 

8.9% of COPD, that mortality predictor factors may be different in high and low-income countries, and that no 
studies have been conducted to identify mortality predictor variables in COPD in our population, we decided to 
conduct this study aimed at developing a mortality prognostic model in patients with COPD in Colombia.

Material y métodos

Study design

An analytical observational study of case-control type was conducted.

Study population

The study population was established based on the following criteria. Inclusion criteria: 1) adult patients, 2) 
diagnosed with COPD confirmed by spirometry, 3) attended at the Comfamiliar Risaralda clinic, 4) from January 
1, 2015, to December 31, 2018. Patients who did not have a complete medical history to extract information were 
excluded. Patients who died during the study were classified as cases. Hospital death certificates and phone 
calls were used to obtain information on the cause of death. The control group was formed by those surviving 
patients during the study period. The research coverage focused on the census of patients with a confirmed 
diagnosis of COPD at the Comfamiliar Risaralda clinic. 

Sample and sampling

(19)A sample size adjusted to the mortality variable was calculated  with the following parameters: proportion of 
cases, 26%; 4 controls per case; odds ratio to detect: 7.0; power, 0.8; confidence, 95%. These calculations 
identified that 23 cases and 92 controls were required. No randomization mechanisms were applied for the 

(24)selection of patients. The recommendations of STROBE were used for reporting observational studies .

Variables

The following relevant variables were obtained in this population:
Ÿ Sociodemographic: age, gender, place of residence (urban or rural), employment status, and marital status.

Ÿ Clinical: BMI, severity classification of COPD and group according to GOLD guidelines, number of 
exacerbations of COPD (last year), number of hospitalizations for exacerbation (last year) for COPD, current 
smoker, former smoker, second-hand smoking, pack-years, exposure to biomass fuel, type of biomass, years 
of exposure to smoking, comorbidities, clinical phenotypes (according to proposed definitions, spirometry 
findings, and mortality from any cause.

Ÿ Laboratory: recent blood count (absolute leukocyte count, eosinophils, hemoglobin, and hematocrit), 
creatinine, glomerular filtration rate (GFR), arterial blood gases, carbon monoxide diffusing capacity (DLCO), 
end-tidal CO2 (ETCO2), six-minute walk test (6MWT), and immunoglobulin E (IgE).

Ÿ Imaging: Findings on chest x-ray and high-resolution computed tomography (HRCT).

Ÿ Pharmacological and therapeutic: number of inhalers in use, other treatments for COPD (Roflumilast, N-
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Protective factors for mortality

Only one protective factor was identified in the analysis: GOLD-B group (OR: 2.6; CI: 0.9-8.5; p=0.042). Other 
variables analyzed can be seen in Table 3.

Table 3. Other variables analyzed that were not statistically significant

Test used: Chi-square or Fisher's exact test (for n less than 5). Abbreviations: OR: odds ratio; CI: confidence interval; ICS: inhaled 
glucocorticoid; LABA: long-acting beta agonists; LAMA: long-acting antimuscarinic.

Multivariate analysis

A logistic regression was performed for the previously reported risk factors for mortality and other available 
variables in the study population. The following variables were included: age, sex, body mass index, number of 
comorbidities, FEV1, 6MWT, cardiac arrhythmia, deep vein thrombosis and/or pulmonary embolism, oxygen 
therapy, heart failure, chronic kidney disease, hemoglobin, GOLD classification, and number of severe 
exacerbations. Three of these variables were associated with mortality: chronic kidney disease (OR: 8.2; CI: 2.3-
29.2; p=0.001), severe exacerbation in the last year (OR: 7.4; CI: 2.6-20.8; p<0.001), and hemoglobin within 
appropriate ranges (OR: 0.82; CI: 0.68-0.99; p=0.047) (Table 4).
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Table 1. Analysis of continuous variables in patients with Chronic Obstructive Pulmonary Disease (comparison 
of patient characteristics).

* Student's T-test. † Mann Whitney U-test. Abbreviations: IQR: interquartile range; SD: standard deviation; BMI: body mass index; 6MWT: 
six-minute walk test; pO2: partial pressure of oxygen; pCO2: partial pressure of carbon dioxide; eGFR: estimated glomerular filtration rate. All 
statistically significant associations are highlighted in bold.

Risk factors for mortality

The following variables were identified as risk factors for mortality: chronic kidney disease (OR: 4.8; CI: 1.3-15.6; 
p=0.001), very severe classification (OR: 4.1; CI: 1.1-13.3; p=0.005), anemia (OR: 4.1; CI: 1.5-11.1; p<0.001), 
cardiac arrhythmia (OR: 3.9; CI: 1.1-12.2; p=0.006), need for oxygen therapy (OR: 3.8; CI: 1.4-11.4; p=0.002), 
heart failure (OR: 3.5; CI: 1.1-9.9; p=0.005), GOLD-D group (OR: 2.8; CI: 1.0-7.6; p=0.018) and GOLD-C group 
(OR: 2.6; CI: 0.9-7.2; p=0.031) (Table 2).

Table 2. Analysis of categorical variables (risk and protective factors for overall mortality in univariate analysis)

* Hb<12 in female/hb<13 in male. Abbreviations: OR: odds ratio, CI: confidence interval, FEV1: forced expiratory volume at first second 
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Cases (n=23) Controls (n=207) p-value

Age (years), mean (SD) 74 ± 10 72 ± 10 0,243*

Number of overall exacerbations, median (IQR) 1 (0-2) 1 (0-2) 0,214†

Number of severe exacerbations, median (IQR) 1 (0-1) 0 (0-0) <0,001†

Number of comorbidities, median (IQR) 3 (2-6) 3 (2-5) 0,214†

Survival time (months), median (IQR) 38 (29-47) 53 (51-54) <0,001†

BMI, median (IQR) 22 (20-26) 24 (22-28) 0,116†

Pack-years, median (IQR) 40 (30-50) 35 (20-50) 0,393†

Number of inhalers in use, median (IQR) 3 (3-4) 3 (2-4) 0,103†

Number of medications in use, median (IQR) 4 (3-7) 4 (3-6) 0,393

Predicted FEV1 (%), median (IQR) 39 (26-53) 47 (37-61) 0,059†

Predicted FVC (%), median (IQR) 63 (53-67) 70 (56-78) 0,189†

6MWT (meters), mean (SD) 319 ± 96 356 ± 121 0,380*

pO2 (mmHg), median (IQR) 56 (43-65) 58 (46-67) 0,735†

pCO2 (mmHg), median (IQR) 44 (38-69) 41 (36-48) 0,119†

Leukocyte count (cells/mm3), median (IQR) 10100 (7730-13300) 8330 (6990-10110) 0,054†

Eosinophil count (cells/mm3), median (IQR) 80 (10-210) 200 (100-350) 0,005†

Hemoglobin (g/dL), median (IQR) 12,4 (9,9-13,9) 14,0 (12,6-15,5) 0,005†

Hematocrit (%), median (IQR) 40 (33,4-42,8) 42,5 (38-46.5) 0,037†

Creatinine (mg/dL), median (IQR) 0,97 (0,67-1,42) 0,9 (0,74-1,08) 0,337†

Estimated GFR (mL/min/1.73 m2), median (IQR) 82 (51-103) 88 (71-101) 0,468†

Cases 

(n=23), n (%)

Controls 

(n=207), n (%)
OR IC 95% p-value

Protective Factor

GOLD Group B 2 (9) 72 (34) 0,17 0,01-0,75 0,010

Risk Factor

Chronic Kidney Disease 6 (26) 14 (7) 4,8 1,34-15,62 0,001

Deep Vein Thrombosis or Pulmonary 
Embolism

3 (13) 7 (3) 4,2 0,65-20,53 0,031

Very Severe (FEV1 <30% predicted) 6 (26) 17 (8) 4,1 1,16-13,30 0,005

Anemia* 12 (52) 43 (21) 4,1 1,55-11,12 <0,001

Cardiac Arrhythmia 6 (26) 17 (8) 3,9 1,11-12,27 0,006

Supplemental Oxygen 16 (70) 77 (37) 3,8 1,40-11,45 0,002

Heart Failure 8 (34) 27 (13) 3,5 1,17-9,91 0,005

GOLD Group D 10 (43) 46 (22) 2,8 1,02-7,66 0,018

GOLD Group C 9 (39) 42 (20) 2,6 0,92-7,21 0,031

Male Gender 17 (73) 107 (52) 2,6 0,94-8,5 0,042

Cases 

(n=23), n (%)

Controls 

(n=207), n (%)
OR IC 95% p-value

Rural residence 1 (4) 12 (6) 0,7 0,01-5,41 0,76

Marital status: married 10 (43) 79 (38) 1,08 0,40-2,82 0,86

Marital status: single 8 (35) 41 (20) 1,9 0,66-5,26 0,15

Group GOLD A 1 (4) 41 (20) 0,18 0,004-1,24 0,07

Obesity (BMI≥ 30 kg/m2) 5 (22) 33 (16) 1,4 0,39-4,47 0,47

Malnutrition (BMI<18.5 kg/m2) 3 (13) 8 (4) 3,7 0,58-17,0 0,05

Arterial hypertension 14 (61) 112 (54) 1,3 0,50-3,61 0,53

Diabetes Mellitus Type 2 3 (13) 32 (15) 0,8 0,14-3,01 0,75

Obstructive sleep apnea 1 (4) 29 (14) 0,2 0,006-1,87 0,19

Hypothyroidism 3 (13) 51 (24) 0,4 0,08-1,64 0,21

Dyslipidemia 2 (9) 57 (27) 0,2 0,02-1,08 0,05

Osteoporosis 2 (9) 25 (12) 0,6 0,07-3,13 0,63

Coronary heart disease 6 (26) 28 (14) 2,2 0,66-6,64 0,10

Pulmonary hypertension 3 (13) 10 (5) 2,9 0,48-12,72 0,10

Ischemic cerebrovascular event 1 (4) 6 (3) 1,5 0,03-13,44 0,70

Cancer (any) 4 (17) 17 (8) 2,3 0,52-8,25 0,14

Lung cancer 3 (13) 9 (4) 3,3 0,52-14,59 0,07

Asthma-EPOC syndrome 4 (17) 39 (18) 0,9 0,21-2,94 0,86

Chronic bronchitis (phenotype) 5 (21) 66 (31) 0,5 0,16-1,75 0,31

Emphysema (phenotype) 8 (34) 57 (27) 1,4 0,48-3,75 0,46

Active smoking 4 (17) 31 (15) 1,1 0,27-3,91 0,76

Ex Smoking 21 (91) 151 (73) 3,9 0,89-35,18 0,05

Exposure to biomass smoke 7 (30) 86 (41) 0,6 0,20-1,66 0,30

Abnormal chest x-ray 21 (91) 158 (76) 3,7 0,54-159,29 0,17

Influenza vaccination 13 (56) 118 (57) 0,9 0,36-2,56 0,92

Pneumococcus vaccination 6 (26) 58 (28) 0,9 0,27-2,56 0,84

Eosinophilia (≥300 cells/mL) 4 (17) 62 (29) 0,4 0,11-1,51 0,18

Inhaled Glucocorticoid (ICS) 18 (78) 122 (58) 2,5 0,85-8,94 0,07

ICS + LABA 3 (13) 31 (15) 0,8 0,15-3,13 0,80

LABA+LAMA 4 (17) 53 (25) 0,6 0,14-1,96 0,38



Protective factors for mortality

Only one protective factor was identified in the analysis: GOLD-B group (OR: 2.6; CI: 0.9-8.5; p=0.042). Other 
variables analyzed can be seen in Table 3.

Table 3. Other variables analyzed that were not statistically significant

Test used: Chi-square or Fisher's exact test (for n less than 5). Abbreviations: OR: odds ratio; CI: confidence interval; ICS: inhaled 
glucocorticoid; LABA: long-acting beta agonists; LAMA: long-acting antimuscarinic.

Multivariate analysis

A logistic regression was performed for the previously reported risk factors for mortality and other available 
variables in the study population. The following variables were included: age, sex, body mass index, number of 
comorbidities, FEV1, 6MWT, cardiac arrhythmia, deep vein thrombosis and/or pulmonary embolism, oxygen 
therapy, heart failure, chronic kidney disease, hemoglobin, GOLD classification, and number of severe 
exacerbations. Three of these variables were associated with mortality: chronic kidney disease (OR: 8.2; CI: 2.3-
29.2; p=0.001), severe exacerbation in the last year (OR: 7.4; CI: 2.6-20.8; p<0.001), and hemoglobin within 
appropriate ranges (OR: 0.82; CI: 0.68-0.99; p=0.047) (Table 4).
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Table 1. Analysis of continuous variables in patients with Chronic Obstructive Pulmonary Disease (comparison 
of patient characteristics).

* Student's T-test. † Mann Whitney U-test. Abbreviations: IQR: interquartile range; SD: standard deviation; BMI: body mass index; 6MWT: 
six-minute walk test; pO2: partial pressure of oxygen; pCO2: partial pressure of carbon dioxide; eGFR: estimated glomerular filtration rate. All 
statistically significant associations are highlighted in bold.

Risk factors for mortality

The following variables were identified as risk factors for mortality: chronic kidney disease (OR: 4.8; CI: 1.3-15.6; 
p=0.001), very severe classification (OR: 4.1; CI: 1.1-13.3; p=0.005), anemia (OR: 4.1; CI: 1.5-11.1; p<0.001), 
cardiac arrhythmia (OR: 3.9; CI: 1.1-12.2; p=0.006), need for oxygen therapy (OR: 3.8; CI: 1.4-11.4; p=0.002), 
heart failure (OR: 3.5; CI: 1.1-9.9; p=0.005), GOLD-D group (OR: 2.8; CI: 1.0-7.6; p=0.018) and GOLD-C group 
(OR: 2.6; CI: 0.9-7.2; p=0.031) (Table 2).

Table 2. Analysis of categorical variables (risk and protective factors for overall mortality in univariate analysis)

* Hb<12 in female/hb<13 in male. Abbreviations: OR: odds ratio, CI: confidence interval, FEV1: forced expiratory volume at first second 
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Cases (n=23) Controls (n=207) p-value

Age (years), mean (SD) 74 ± 10 72 ± 10 0,243*

Number of overall exacerbations, median (IQR) 1 (0-2) 1 (0-2) 0,214†

Number of severe exacerbations, median (IQR) 1 (0-1) 0 (0-0) <0,001†

Number of comorbidities, median (IQR) 3 (2-6) 3 (2-5) 0,214†

Survival time (months), median (IQR) 38 (29-47) 53 (51-54) <0,001†

BMI, median (IQR) 22 (20-26) 24 (22-28) 0,116†

Pack-years, median (IQR) 40 (30-50) 35 (20-50) 0,393†

Number of inhalers in use, median (IQR) 3 (3-4) 3 (2-4) 0,103†

Number of medications in use, median (IQR) 4 (3-7) 4 (3-6) 0,393

Predicted FEV1 (%), median (IQR) 39 (26-53) 47 (37-61) 0,059†

Predicted FVC (%), median (IQR) 63 (53-67) 70 (56-78) 0,189†

6MWT (meters), mean (SD) 319 ± 96 356 ± 121 0,380*

pO2 (mmHg), median (IQR) 56 (43-65) 58 (46-67) 0,735†

pCO2 (mmHg), median (IQR) 44 (38-69) 41 (36-48) 0,119†

Leukocyte count (cells/mm3), median (IQR) 10100 (7730-13300) 8330 (6990-10110) 0,054†

Eosinophil count (cells/mm3), median (IQR) 80 (10-210) 200 (100-350) 0,005†

Hemoglobin (g/dL), median (IQR) 12,4 (9,9-13,9) 14,0 (12,6-15,5) 0,005†

Hematocrit (%), median (IQR) 40 (33,4-42,8) 42,5 (38-46.5) 0,037†

Creatinine (mg/dL), median (IQR) 0,97 (0,67-1,42) 0,9 (0,74-1,08) 0,337†

Estimated GFR (mL/min/1.73 m2), median (IQR) 82 (51-103) 88 (71-101) 0,468†

Cases 

(n=23), n (%)

Controls 

(n=207), n (%)
OR IC 95% p-value

Protective Factor

GOLD Group B 2 (9) 72 (34) 0,17 0,01-0,75 0,010

Risk Factor

Chronic Kidney Disease 6 (26) 14 (7) 4,8 1,34-15,62 0,001

Deep Vein Thrombosis or Pulmonary 
Embolism

3 (13) 7 (3) 4,2 0,65-20,53 0,031

Very Severe (FEV1 <30% predicted) 6 (26) 17 (8) 4,1 1,16-13,30 0,005

Anemia* 12 (52) 43 (21) 4,1 1,55-11,12 <0,001

Cardiac Arrhythmia 6 (26) 17 (8) 3,9 1,11-12,27 0,006

Supplemental Oxygen 16 (70) 77 (37) 3,8 1,40-11,45 0,002

Heart Failure 8 (34) 27 (13) 3,5 1,17-9,91 0,005

GOLD Group D 10 (43) 46 (22) 2,8 1,02-7,66 0,018

GOLD Group C 9 (39) 42 (20) 2,6 0,92-7,21 0,031

Male Gender 17 (73) 107 (52) 2,6 0,94-8,5 0,042

Cases 

(n=23), n (%)

Controls 

(n=207), n (%)
OR IC 95% p-value

Rural residence 1 (4) 12 (6) 0,7 0,01-5,41 0,76

Marital status: married 10 (43) 79 (38) 1,08 0,40-2,82 0,86

Marital status: single 8 (35) 41 (20) 1,9 0,66-5,26 0,15

Group GOLD A 1 (4) 41 (20) 0,18 0,004-1,24 0,07

Obesity (BMI≥ 30 kg/m2) 5 (22) 33 (16) 1,4 0,39-4,47 0,47

Malnutrition (BMI<18.5 kg/m2) 3 (13) 8 (4) 3,7 0,58-17,0 0,05

Arterial hypertension 14 (61) 112 (54) 1,3 0,50-3,61 0,53

Diabetes Mellitus Type 2 3 (13) 32 (15) 0,8 0,14-3,01 0,75

Obstructive sleep apnea 1 (4) 29 (14) 0,2 0,006-1,87 0,19

Hypothyroidism 3 (13) 51 (24) 0,4 0,08-1,64 0,21

Dyslipidemia 2 (9) 57 (27) 0,2 0,02-1,08 0,05

Osteoporosis 2 (9) 25 (12) 0,6 0,07-3,13 0,63

Coronary heart disease 6 (26) 28 (14) 2,2 0,66-6,64 0,10

Pulmonary hypertension 3 (13) 10 (5) 2,9 0,48-12,72 0,10

Ischemic cerebrovascular event 1 (4) 6 (3) 1,5 0,03-13,44 0,70

Cancer (any) 4 (17) 17 (8) 2,3 0,52-8,25 0,14

Lung cancer 3 (13) 9 (4) 3,3 0,52-14,59 0,07

Asthma-EPOC syndrome 4 (17) 39 (18) 0,9 0,21-2,94 0,86

Chronic bronchitis (phenotype) 5 (21) 66 (31) 0,5 0,16-1,75 0,31

Emphysema (phenotype) 8 (34) 57 (27) 1,4 0,48-3,75 0,46

Active smoking 4 (17) 31 (15) 1,1 0,27-3,91 0,76

Ex Smoking 21 (91) 151 (73) 3,9 0,89-35,18 0,05

Exposure to biomass smoke 7 (30) 86 (41) 0,6 0,20-1,66 0,30

Abnormal chest x-ray 21 (91) 158 (76) 3,7 0,54-159,29 0,17

Influenza vaccination 13 (56) 118 (57) 0,9 0,36-2,56 0,92

Pneumococcus vaccination 6 (26) 58 (28) 0,9 0,27-2,56 0,84

Eosinophilia (≥300 cells/mL) 4 (17) 62 (29) 0,4 0,11-1,51 0,18

Inhaled Glucocorticoid (ICS) 18 (78) 122 (58) 2,5 0,85-8,94 0,07

ICS + LABA 3 (13) 31 (15) 0,8 0,15-3,13 0,80

LABA+LAMA 4 (17) 53 (25) 0,6 0,14-1,96 0,38



Table 4. Multivariate analysis of predictors of mortality in patients with chronic obstructive pulmonary disease.

Abbreviations: OR: Odds Ratio; β: Beta coefficient

In this prognostic model, the AUC was 0.83 (95 CI 0.74-0.91), with 82% of patients correctly classified with a 
specificity of 83%. The Hosmer-Lemeshow test showed no difference between expected and observed data (p = 
0.58). There was no absence of data on predictor variables or outcome that could affect the result.

Discussion

To our knowledge, this is the first study to analyze predictors of mortality in this population conducted in 
Colombia. In this study, we explored the influence of different clinical and sociodemographic characteristics on 
mortality in COPD patients from a reference center in Colombia, where similar characteristics to those described 
in the international scientific literature were found.

In our population, pharmacological therapy is optimized in light of current evidence-based guidelines for the 
treatment of COPD. Non-surviving patients (cases) had a lower peripheral eosinophil count compared to 

(25)survivors (controls), a finding reported by Rahimi-Rad et al.  in 100 patients with exacerbation of COPD, who 
observed that eosinopenia was associated with higher in-hospital mortality (27% vs. 7%, p = 0.006). It has been 
proposed that eosinopenia is a result of cell destruction that occurs in sepsis, suppression of eosinophil 

(26)maturation in the bone marrow, and an increase in hormones such as cortisol and epinephrine .

Regarding protective factors for mortality in COPD, our study found that the only associated factor was being 
(27)classified as GOLD group B, a result consistent with that reported by Gedebjerg et al.  who conducted a cohort 

study of 33,765 COPD patients from hospitals in Denmark, where it was observed that the higher the GOLD 
group, the greater the risk of mortality, from group A (overall mortality: 10%) to group D (overall mortality: 36.9%). 
This is evident as it is a classification based on respiratory clinical status and the number of exacerbations the 

(8,10,28)patient has experienced, which have been previously identified as predictors of mortality .

On the other hand, among the identified risk factors for mortality is severe exacerbation, which has been 
(10)previously reported by other authors. The study by Soler-Cataluña et al.  included 304 COPD patients in a 

prospective cohort study in Spain with a 5-year follow-up, where severe exacerbations (or requiring 
hospitalization) were identified as an independent predictor of mortality, with the greatest predictor of the 
analysis being those patients who had three or more severe exacerbations (hazard ratio (HR): 4.13; IC: 1.80-9.4; 

(29)p = 0.003). Some other studies have supported this association, one of which was the study by Almagro et al. , 
which identified that readmission following hospitalization for COPD was associated with higher mortality, after 
adjusting for possible confounding variables.

(28)Also, the study by Cardoso et al.  with 96 COPD patients in Portugal identified exacerbation history as a 
predictor of mortality or readmission at 5 years in the multivariate analysis (OR: 2.26; IC: 1.18-4.30; p = 0.013). 

(5)Likewise, the study by Moll et al.  conducted a study using machine learning to establish predictors of mortality in 
patients from two clinical trials (2632 patients from COPDGene and 1268 from ECLIPSE), where severe 
exacerbations were identified as an important predictor of this outcome (HR: 1.33; IC: 1.05-1.7). These results 
provide further support and evidence for exacerbation as a predictor of mortality, with a higher risk if 
hospitalization is required and if there are a greater number of exacerbations.

Regarding chronic kidney disease, this comorbidity was also identified as an independent predictor of mortality 
in this study, and has been previously reported as a predictor of mortality of any cause and cardiovascular cause 
in patients without COPD(30). It is worth noting that several studies on mortality prediction in COPD have not 
included tests of renal function (creatinine or cystatin C) or comorbidity of kidney disease in their analyses, which 

(31-33) (14)has created an information bias . Morasert et al.'s retrospective cohort study  with 358 patients with 
exacerbated COPD in Thailand found that creatinine values greater than or equal to 1.5 mg/dL behaved as an 
independent predictor of in-hospital mortality (HR: 2.08; CI: 1.17-3.70; p=0.013).

Finally, hemoglobin behaved as an independent predictor of mortality in COPD patients, acting as a protective 
factor with higher levels of hemoglobin present in the patient. This finding is similar to the study by Ittchayen et 

(17)al. , which included 70 Indian patients with exacerbated COPD in the intensive care unit and found that anemia 
(16)was an independent predictor of mortality (HR: 3.16; CI: 1.51-6.6; p=0.002). Likewise, Cote et al.'s study  in a 
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cohort of 683 COPD patients observed that non-surviving patients had lower hemoglobin levels compared to 
survivors (14.6 versus 14.2; p=0.002), and anemic patients had a shorter survival time (49 versus 74 months; 
p<0.01). Polycythemia is a common finding in COPD patients, but anemia has reported higher prevalences of 8-
17%(16), with a higher prevalence (31%) in our study. Anemia is a complex finding as it can be multifactorial, due 

(34,35)to iron deficiency anemia, vitamin deficiency, chronic illness, comorbidities, and treatment .

As limitations, this study had selection bias by including patients from a single reference center, which makes it 
difficult to extrapolate the results. The imbalance between the number of cases and controls is also recognized, 
which was controlled through multivariate analysis to adjust for known confounders that could affect the reliability 
of the results. As strengths, we highlight a reduced information bias due to the high quality of the clinical records, 
a large number of included patients, and the use of robust statistical analysis to control for possible interaction 
factors, which increases the reliability of our results. We recommend the construction of robust multicenter 
studies on predictors of mortality and hospitalization that contribute to the construction of follow-up and control 

(36-39)programs, not only in patients treated in high complexity services but also in primary care .

Conclusion

The findings of this study suggest that chronic kidney disease, severe exacerbation, and low hemoglobin are 
predictors of mortality in COPD patients. Therefore, the timely identification of these predictors by primary care 
and specialist physicians is ideal to stratify the risk and management of these patients, with the purpose of 
providing multidisciplinary care, optimizing medical management, and/or performing timely medical 
interventions according to clinical practice guidelines to reduce the risk of mortality, such as smoking cessation, 
the use of long-acting inhalers with or without inhaled glucocorticoids, oxygen therapy, lung volume reduction 
surgery, and lung transplantation, which could increase survival.
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Table 4. Multivariate analysis of predictors of mortality in patients with chronic obstructive pulmonary disease.

Abbreviations: OR: Odds Ratio; β: Beta coefficient

In this prognostic model, the AUC was 0.83 (95 CI 0.74-0.91), with 82% of patients correctly classified with a 
specificity of 83%. The Hosmer-Lemeshow test showed no difference between expected and observed data (p = 
0.58). There was no absence of data on predictor variables or outcome that could affect the result.

Discussion

To our knowledge, this is the first study to analyze predictors of mortality in this population conducted in 
Colombia. In this study, we explored the influence of different clinical and sociodemographic characteristics on 
mortality in COPD patients from a reference center in Colombia, where similar characteristics to those described 
in the international scientific literature were found.

In our population, pharmacological therapy is optimized in light of current evidence-based guidelines for the 
treatment of COPD. Non-surviving patients (cases) had a lower peripheral eosinophil count compared to 

(25)survivors (controls), a finding reported by Rahimi-Rad et al.  in 100 patients with exacerbation of COPD, who 
observed that eosinopenia was associated with higher in-hospital mortality (27% vs. 7%, p = 0.006). It has been 
proposed that eosinopenia is a result of cell destruction that occurs in sepsis, suppression of eosinophil 

(26)maturation in the bone marrow, and an increase in hormones such as cortisol and epinephrine .

Regarding protective factors for mortality in COPD, our study found that the only associated factor was being 
(27)classified as GOLD group B, a result consistent with that reported by Gedebjerg et al.  who conducted a cohort 

study of 33,765 COPD patients from hospitals in Denmark, where it was observed that the higher the GOLD 
group, the greater the risk of mortality, from group A (overall mortality: 10%) to group D (overall mortality: 36.9%). 
This is evident as it is a classification based on respiratory clinical status and the number of exacerbations the 

(8,10,28)patient has experienced, which have been previously identified as predictors of mortality .

On the other hand, among the identified risk factors for mortality is severe exacerbation, which has been 
(10)previously reported by other authors. The study by Soler-Cataluña et al.  included 304 COPD patients in a 

prospective cohort study in Spain with a 5-year follow-up, where severe exacerbations (or requiring 
hospitalization) were identified as an independent predictor of mortality, with the greatest predictor of the 
analysis being those patients who had three or more severe exacerbations (hazard ratio (HR): 4.13; IC: 1.80-9.4; 

(29)p = 0.003). Some other studies have supported this association, one of which was the study by Almagro et al. , 
which identified that readmission following hospitalization for COPD was associated with higher mortality, after 
adjusting for possible confounding variables.

(28)Also, the study by Cardoso et al.  with 96 COPD patients in Portugal identified exacerbation history as a 
predictor of mortality or readmission at 5 years in the multivariate analysis (OR: 2.26; IC: 1.18-4.30; p = 0.013). 

(5)Likewise, the study by Moll et al.  conducted a study using machine learning to establish predictors of mortality in 
patients from two clinical trials (2632 patients from COPDGene and 1268 from ECLIPSE), where severe 
exacerbations were identified as an important predictor of this outcome (HR: 1.33; IC: 1.05-1.7). These results 
provide further support and evidence for exacerbation as a predictor of mortality, with a higher risk if 
hospitalization is required and if there are a greater number of exacerbations.

Regarding chronic kidney disease, this comorbidity was also identified as an independent predictor of mortality 
in this study, and has been previously reported as a predictor of mortality of any cause and cardiovascular cause 
in patients without COPD(30). It is worth noting that several studies on mortality prediction in COPD have not 
included tests of renal function (creatinine or cystatin C) or comorbidity of kidney disease in their analyses, which 

(31-33) (14)has created an information bias . Morasert et al.'s retrospective cohort study  with 358 patients with 
exacerbated COPD in Thailand found that creatinine values greater than or equal to 1.5 mg/dL behaved as an 
independent predictor of in-hospital mortality (HR: 2.08; CI: 1.17-3.70; p=0.013).

Finally, hemoglobin behaved as an independent predictor of mortality in COPD patients, acting as a protective 
factor with higher levels of hemoglobin present in the patient. This finding is similar to the study by Ittchayen et 

(17)al. , which included 70 Indian patients with exacerbated COPD in the intensive care unit and found that anemia 
(16)was an independent predictor of mortality (HR: 3.16; CI: 1.51-6.6; p=0.002). Likewise, Cote et al.'s study  in a 

22

Blanco-Betancur M, et al.

Rev. Peru. Investig. Salud. [Internet] 202 ; ( ): 1 -                           3 7 1 7 25                                          Predictors of mortality in COPD 

23

https://doi.org/10.35839/repis.17.1.1680 

Rev. Peru. Investig. Salud. [Internet] 202 ; ( ): 1 -                          3 7 1 7 25                                          Predictors of mortality in COPD 

cohort of 683 COPD patients observed that non-surviving patients had lower hemoglobin levels compared to 
survivors (14.6 versus 14.2; p=0.002), and anemic patients had a shorter survival time (49 versus 74 months; 
p<0.01). Polycythemia is a common finding in COPD patients, but anemia has reported higher prevalences of 8-
17%(16), with a higher prevalence (31%) in our study. Anemia is a complex finding as it can be multifactorial, due 

(34,35)to iron deficiency anemia, vitamin deficiency, chronic illness, comorbidities, and treatment .

As limitations, this study had selection bias by including patients from a single reference center, which makes it 
difficult to extrapolate the results. The imbalance between the number of cases and controls is also recognized, 
which was controlled through multivariate analysis to adjust for known confounders that could affect the reliability 
of the results. As strengths, we highlight a reduced information bias due to the high quality of the clinical records, 
a large number of included patients, and the use of robust statistical analysis to control for possible interaction 
factors, which increases the reliability of our results. We recommend the construction of robust multicenter 
studies on predictors of mortality and hospitalization that contribute to the construction of follow-up and control 

(36-39)programs, not only in patients treated in high complexity services but also in primary care .

Conclusion

The findings of this study suggest that chronic kidney disease, severe exacerbation, and low hemoglobin are 
predictors of mortality in COPD patients. Therefore, the timely identification of these predictors by primary care 
and specialist physicians is ideal to stratify the risk and management of these patients, with the purpose of 
providing multidisciplinary care, optimizing medical management, and/or performing timely medical 
interventions according to clinical practice guidelines to reduce the risk of mortality, such as smoking cessation, 
the use of long-acting inhalers with or without inhaled glucocorticoids, oxygen therapy, lung volume reduction 
surgery, and lung transplantation, which could increase survival.
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