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Background: COPD is one of the leading causes of morbidity and mortality in the world; 

however, the most varied amounts of clinical and laboratory characteristics acts in different 

ways in the mortality among over time. Therefore, this study aimed to evaluate the predictors 

of mortality in patients with COPD after 9 years.

Patients and methods: One hundred and thirty-three patients with COPD were assessed at 

baseline by spirometry, pulse oximetry (SpO
2
), body composition, intensity of dyspnea, distance 

walked in the 6-minute walk test (6MWT), and Charlson Comorbidity Index (CCI).

Results: After 9 years, it was not possible to identify the lifetime of 4 patients who died and 

of 19 patients who stopped follow-up; thus, 110 patients were included in the analysis of pre-

dictors of mortality (67% male, 65±9 years old, and FEV
1
: 52.5 [40%–73%]). Male sex, age, 

SpO
2
, Body mass index, airway Obstruction, Dyspnea, and Exercise capacity (BODE) index, 

and frequency of exacerbations in the first 3 years of follow-up were considered in the model. 

Patients classified at baseline with BODE class 2 (HR: 2.62, 95% CI: 1.36–5.04; P=0.004), 

BODE class 3 (HR: 2.54, 95% CI: 1.15–5.61; P=0.02), and BODE class 4 (HR: 15.35, 95% CI: 

3.11–75.75; P=0.001) showed increased risk of death compared to those with BODE class 1. 

The CCI (HR: 1.29, 95% CI: 1.00–1.68; P=0.04) and the number of exacerbations in the first 

3 years (HR: 1.32, 95% CI: 1.00–1.76; P=0.04) also showed increased risk of death. By replac-

ing the BODE index for the variables that compose it, those with body mass index #21 kg/m2 

showed increased risk of death compared to those with body mass index (BMI).21 kg/m2 (HR: 

2.70, 95% CI: 1.38–5.25; P=0.003).

Conclusion: After 9 years, we identified that those with high BODE index, greater CCI, 

greater frequency of exacerbations in the first 3 years, and BMI #21 kg/m2 showed increased 

risk of death.

Keywords: COPD, disease severity index, mortality

Introduction
COPD is one of the leading causes of morbidity and mortality in the world.1,2 In Brazil, 

the number of deaths by the disease showed a significant increase between 1980 

and 1990,3 with a tendency toward stabilization between 1989 and 2009;4 however, 

it is still estimated that, by 2030, COPD will be the third leading cause of death 

worldwide.1,2

The main factors that increase the risk of mortality of patients with COPD are 

frequent exacerbations,5 need for hospitalization,6,7 presence of comorbidities,8–10 low 

body weight,11,12 and severe airflow obstruction.13 In addition, the indexes that assess 

COPD systemically, such as the Body mass index, airway Obstruction, Dyspnea, 

and Exercise capacity (BODE) have been very useful to predict mortality in this 

population.14–16
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Thus, several studies have shown the characteristics that 

may lead to the mortality of patients with COPD in follow-

ups of 1 year after exacerbation17 or in longer ones, such as 

5 years of follow-up of stable COPD.18 However, the most 

varied amounts of clinical and laboratory characteristics 

acts in different ways in the mortality among over time. 

Therefore, identifying which characteristics are the most 

influential in longer longitudinal follow-ups is necessary 

for conducting personalized treatment of these patients 

with COPD. Similarly, Brazilian studies indicate similar 

behaviors to those of international studies in mortality by 

COPD in periods of 5, 7, and 10 years; however, data from 

longitudinal follow-ups of patients with COPD in Brazil 

are still rare.13,19–22 Thus, by outlining the follow-up of this 

population for 9 years, we may determine whether the 

predictors of mortality of the disease maintain the same 

patterns described by international researchers in longer 

periods.5–16

Objective
The objective of this study was to evaluate the predictors of 

mortality in patients with COPD after 9 years.

Patients and methods
After obtaining approval by the Research Ethics Committee 

of the School of Medicine of Botucatu and signing of 

the informed consent form, 133 patients with COPD were 

recruited from the outpatient clinic of pulmonology of the 

Botucatu Medical School University Hospital. All patients 

were recruited consecutively from the outpatient clinic of a 

single institution between July 2004 and August 2006. Inclu-

sion criteria were: patients diagnosed with COPD (clinical 

history and confirmation by the presence of airflow obstruc-

tion in post-bronchodilator spirometry); clinical stability 

(absence of exacerbation 3 months before the assessment 

of the markers); and optimized drug therapy, including 

long-term oxygen therapy at home. Exclusion criteria were: 

patients with asthma (increase greater than 12% or 200 mL 

in FEV
1
 after bronchodilator administration); diagnoses of 

other respiratory diseases (sleep apnea/hypopnea syndrome, 

lung cancer); noncompliance with treatment; and myocar-

dial infarction 4 months before the beginning of the study, 

unstable angina, or congestive heart failure class III and IV.

At baseline, the 133 recruited patients were assessed by 

pulse oximetry, pulmonary function, nutritional evaluation, 

exercise tolerance, sensation of dyspnea, and presence of 

comorbidities.

The regular follow-up of these patients took place for 

9 years by medical appointments at least every 6 months 

and by telephone contact with the survivors who had stopped 

outpatient medical follow-up. Besides, telephone contact 

was used to confirm the cause of death by family members 

and to confirm the clinical condition, frequency of exacerba-

tions, hospitalizations, use of medicines, and smoking status. 

In addition to telephone contact, all notes by health profes-

sionals in the medical records of the patients were also used 

for confirmation of the information.

The number of exacerbations was considered only in the 

first 3 years of follow-up, since in these 3 years it is possible 

to count the exacerbations with greater accuracy.

Pulse oximetry and pulmonary function
Pulse oximetry was obtained by a portable pulse oximeter 

(Onyx – Model 9500 Oximeter; Nonin Medical Inc., 

Minneapolis, MN, USA) and spirometry was obtained in a 

computerized system of pulmonary function (Ferraris KOKO; 

Pulmonary Data Services Inc., Louisville, CO, USA) according 

to the criteria established by the American Thoracic Society in 

1987.23 The values of FEV
1
 and FVC in liters plus the FEV

1
/

FVC ratio before and after administration of 400 mcg of salbu-

tamol by inhalation were determined. FEV
1
 and FVC were also 

expressed in percentages of the reference values.24 The 2004 

GOLD classification was considered, ie, FEV
1
/FVC ,0.70 – 

FEV
1
 $80% of the predicted: mild; 50%#FEV

1
,80% of 

the predicted: moderate; 30%#FEV
1
,50% of the predicted: 

severe; FEV
1
 ,30% of the predicted: very severe.

Nutritional assessment
The evaluation of body composition was performed by 

anthropometry (height and weight determined by stadiometer 

and Filizola® electronic scale, respectively, with patients in 

standing position, without shoes, and in light clothes). The 

body mass index (BMI) was calculated by the ratio between 

weight in kilograms (kg) and height in square meters (m2) 

and by bioelectrical impedance analysis (resistance was 

measured on the right side of the body by placing four 

surface electrodes in the fist and dorsal region of the foot – 

BIA 101; RJL Systems, Detroit, MI, USA).25 Before the 

measurements, participants were told to empty their bladder, 

rest for 30 minutes, and remove all metal objects from their 

body. Fat-free mass (FFM) was estimated by the equation 

developed for individuals with respiratory insufficiency:  

FFM=−6.06+(height×0.283)+(weight×0.207)−(resistance× 
0.024)+[sex (male=1, female=0)×4.036].26 The FFM index 

(FFMI) was calculated by the ratio between FFM in kg and 

height in m2 (FFMI=FFM/height).2 Nutritional depletion 

was defined by the values of FFMI ,15 kg/m2 for women 

and ,16 kg/m2 for men.27
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Exercise tolerance
The exercise tolerance was assessed by the distance walked 

in the 6-minute walk test, according to the criteria established 

by the American Thoracic Society. Those with chronic 

hypoxemia or presenting SpO
2
 ,85% during the test were 

supplemented with oxygen by nasal cannula.28,29

Sensation of dyspnea and comorbidities
The intensity of dyspnea was assessed by the mMRC (Modi-

fied Medical Research Council) scale, which was validated 

for Portuguese.30 The comorbidities associated with COPD 

were assessed by the Charlson Comorbidity Index (CCI), 

developed to calculate the risk of death for patients with 

chronic disease.31 BODE index was calculated using the 

modal described by Celli.16

Statistical analysis
Descriptive statistics was used to describe the characteristics 

of all the participants. Continuous data were presented as mean 

and SD for the normally distributed variables, and those vari-

ables without normal distribution were presented as median 

and IQR. We used unpaired t-test or Mann–Whitney test 

according to the distribution of the variable, in order to com-

pare two groups using GOLD classification by FEV
1
 (I/II vs 

III/IV) or survival condition (survivors vs non-survivors). The 

chi-squared test was used to evaluate two qualitative binary 

variables with a frequency greater than five. The survival 

curves were plotted using the Kaplan–Meier curve followed 

by log-rank test to compare the GOLD by FEV
1
 classification, 

BODE index, and BMI ($21 vs ,21 kg/m2). Cox proportional 

hazard regression analysis was used to identify the predictors 

of mortality, including 110 patients who had all assessments 

during the period. All models were adjusted by sex, age, 

SpO
2
, BODE index, CCI, and number of exacerbations in first 

3 years. A 5% significance level was adopted for all the tests, 

with the following statistical packages: SigmaStat version 3.5 

(Systat Software Inc., San Jose, CA, USA) and Stata 13.0 

(StataCorp LP, College Station, TX, USA).

Results
Of the 133 patients included at the beginning of the study 

(69% male, 65±9.5 years old, and FEV
1
: 59.7%±24.9%), 

19 stopped follow-up and 4 did not have their cause of death 

identified; therefore, 110 patients (67% male, 65±9 years old, 

and FEV
1
: 52.5 [40%–73%]) were included in the mortal-

ity analysis (Figure 1; Table 1). The classes of medications 

according to the 2004 GOLD classification are presented in 

Figure 2. We observed that at baseline, most patients were 

not using bronchodilators.

The comparison between the initial characteristics of 

patients who survived and those who died are presented in 

Table 2. Of the 64 patients who died, at baseline, 7 were 

classified with mild COPD, 15 with moderate COPD, 12 with 

severe COPD, and 30 with very severe COPD, according to 

2004 GOLD severity classification. Regarding the cause of 

death, 67% died mainly because of respiratory causes. The 

other causes of death are presented in Figure 3.

To evaluate the BODE index classes, GOLD severity 

classification according to 2004 guidelines and BMI ,21 

or $21 kg/m2, we used Kaplan–Meier survival curves fol-

lowed by log-rank test. We observed that patients with higher 

severity or BMI ,21 kg/m2 showed worst mortality rate in 

9 years (Figure 4).

To evaluate the factors associated with mortality in the 

Cox regression analysis model, male sex, age (years), SpO
2
 

(%), CCI, and number of exacerbations in the first 3 years 

of follow-up were considered. When the BODE index was 

included in the model, the analysis showed that patients clas-

sified in the initial assessment with BODE classes 2 and 3 are 

two times more likely to die in 9 years compared to the group 

of patients with BODE class 1. When patients with BODE 

class 4 were compared to those with class 1, they presented 

a 15 times higher risk of death. In addition, the CCI and the 

number of exacerbations were also associated with increased 

risk of mortality (Table 3).

By replacing the BODE index for the variables that 

compose it, those with BMI #21 kg/m2 showed a 2.7 times 

higher risk of death compared to those with BMI .21 kg/m2. 

The number of exacerbations remained statistically signifi-

cant in the model of predictors of mortality, with the same 

value of HR (1.38 [1.03–1.85]), as shown in Table 4. When 

we replaced FEV
1
 by disease severity according to GOLD 

Figure 1 Flowchart of all patients included in the study.
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(2004), we did not observe statistically significant risk factor 

associated with mortality (Table S1).

When patients with neoplasm were excluded from the 

survival analysis, the CCI was not anymore associated 

with increased risk of mortality, in both the Cox model that 

included the categorized BODE (P=0.060) and in the model 

that replaced it by the variables that compose it (P=0.074), 

as shown in Table S2.

Discussion
This study mainly aimed to assess the predictors of mortality 

in patients with COPD in a 9-year period, and before this, 

it was possible to reinforce previous findings about the 

importance of the BODE index. We observed that, the higher 

the classification in the index, the greater the risk of death, 

and BODE class 4 patients were 15 times more likely to die 

compared to class 1 patients.

Analogous to our findings, the study by Martinez et al14 

with 610 patients with severe COPD using pharmacological 

therapy and 608 surgically treated patients has shown that 

increase in the BODE index higher than 1 point in relation 

to the baseline after 2 years of follow-up was associated 

with increased risk of death in both groups. Similarly, 

Moberg et al15 conducted a follow-up of 674 Danish patients 

Table 1 Demographic and clinical characteristics of the patients included in the analysis of predictors of mortality according to FEV1 
(GOLD classification of FEV1 severity) of COPD at baseline

Variable Total  
(N=110)

COPD
GOLD 1 and 2
n=53

COPD
GOLD 3 and 4
n=57

P-value

Male/female sex, n
Age, years
SB, pack-years
SpO2, %
FEV1, % of the predicted
FEV1, L
BMI, kg/m²
Fat-free mass, kg 
mMRC, score
6MWT, m
BODE, class

74/36
65 (59–72)
50 (35–67)
94 (92–96)
52.5 (40–73)
1.20 (0.93–1.72)
25 (21–28)
42 (7)
1 (1–2)
430 (91)
1 (1–2)

33/20
65 (59–73)
50 (40–71.5)
94 (93–97)
73 (60–87.5)
1.65 (1.32–2.14)
25.8 (21.7–31.1)
41.5 (7.4)
1 (1–2)
457 (85)
1 (1–1)

41/16
67 (61.5–73)
50 (30–59)
93 (91–95)
40 (32.5–46.5)
0.94 (0.75–1.09)
24.4 (20.7–27.4)
41.9 (7.1)
2 (1–3)
404 (89)
2 (1–3)

0.381a

0.536b

0.173b

0.003b

,0.001b

,0.001b

0.097b

0.787c

0.006b

0.002c

,0.001b

Notes: Parametric data are expressed as mean and SD and nonparametric data as median (IQR 25–75). The 2004 GOLD classification of airflow limitation severity – GOLD 1 
or GOLD 2 vs GOLD 3 or GOLD 4 (achi-squared test, bMann–Whitney, or cunpaired t-test). BODE index: class 1 (score 0–2), class 2 (score 3 and 4), class 3 (score 5 and 6), 
and class 4 (score 7–10).
Abbreviations: 6MWT, 6-minute walk test; BMI, body mass index; BODE, Body mass index, airway Obstruction, Dyspnea, and Exercise capacity; SB, smoking burden; SpO2, 
pulse oximetry; mMRC, Modified Medical Research Council.

Figure 2 Medication classes used at baseline according to the GOLD classification.
Abbreviations: LABA, long-acting beta 2 agonists; LTOT, long-term oxygen therapy; SABA, short-acting beta 2 agonists.
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with COPD in an average period of 66 months (interval of 

11–118 months). The authors replaced the 6-minute walk 

test by the Shuttle Walking Test (i-BODE) and observed 

that the index was significantly associated with all causes 

of mortality, exacerbation, and hospitalization. On the other 

hand, the study by Zemans et al32 concluded that the combina-

tion of biomarkers produces more highly predictive models 

than individual analysis or the clinical variables already 

widely established. In addition, according to Locantore et al,33 

the addition of inflammatory biomarkers such as IL-6 and 

CRP in predictive models significantly increases the capacity 

of the BODE index, which suggests that laboratory variables 

must be used along with clinical variables to strengthen the 

predictive models of COPD mortality.

Regarding the GOLD classification, our study did not 

identify an association of disease severity with mortality by 

the criteria of 2004 GOLD, but it is known that it predicts 

exacerbations and mortality both in general and specific 

populations1,34 with the modifications that took place in the 

GOLD classification over time. Lange et al35 have shown 

that 6,608 patients with COPD monitored during the aver-

age time of 4.3 years presented a higher risk of exacerbation 

and mortality, according to the ABCD assessment tool. The 

PLATINO36 study, which analyzed the mortality rate in 

524 patients with COPD from 2007 to 2017, has shown that 

the 2007 GOLD classification showed a positive association 

of mortality with increased airflow obstruction, whereas in 

the 2013 GOLD and 2017 GOLD, higher mortality rates 

were observed in groups C and D.

However, in our study, 2004 GOLD was not predictive of 

mortality, and this may have occurred because this classifica-

tion only considers airflow obstruction and, here, the values 

Table 2 Comparison between the baseline characteristics according to survival status (survivors vs non-survivors) after 9 years

Variable Total (N=110) Survivors (n=46) Non-survivors (n=64) P-value

Male/female sex, n
Age, years
SB, pack-years
SpO2, %
FEV1, % of the predicted
FEV1, L
BMI, kg/m²
Fat-free mass, kg 
mMRC, score
6MWT, m
BODE, class

75/35
65 (9.4)
50 (34.7–70)
93 (92–96)
52.5 (39–73.2)
1.21 (0.94–1.71)
25 (21–28)
41.6 (7.3–0.7)
1 (1–2)
429 (94.2)
1 (1–2)

28/18
61.5 (8.7)
43 (30–75)
94 (92.7–96)
61 (46.5–79)
1.47 (0.99–1.92)
25.4 (22.3–28.6)
41 (7)
1 (1–2)
461 (90.4)
1 (1–1.2)

47/17
67.6 (9)
50 (40–69)
93 (91–95)
46 (37–64.7)
1.10 (0.86–1.48)
24.5 (20.6–28)
42 (7.5)
2 (1–2)
406 (90.6)
2 (1–3)

0.235a

,0.001b

0.616c

0.035c

0.004c

0.020c

0.142c

0.556b

0.076c

0.002b

,0.001c

Notes: Parametric data are expressed as mean and SD and nonparametric as median (IQR 25–75). aChi-squared test, bunpaired t-test, or cMann–Whitney. BODE index: 
class 1 (score 0–2), class 2 (score 3 and 4), class 3 (score 5 and 6), and class 4 (score 7–10).
Abbreviations: 6MWT, 6-minute walk test; BMI, body mass index; BODE, Body mass index, airway Obstruction, Dyspnea, and Exercise capacity; SB, smoking burden; SpO2, 
pulse oximetry; mMRC, Modified Medical Research Council.

Figure 3 Causes of death according to severity of COPD.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2018:13submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3394

Prudente et al

of FEV
1
 were only a little above 50%, not characterizing the 

population as severe or very severe. In addition, the isolated 

analysis of FEV
1
 was not predictive of mortality in this popu-

lation; however, it is already known that its predictive value is 

weak when it is higher than 50%, not being a good predictor 

of mortality on its own.16,37 This differs from the results of the 

PLATINO13 study, conducted in three cities of Latin America 

with .3,000 patients and with a population-based cohort for 

5, 6, and 9 years, which showed that the presence of COPD 

and low values of FEV
1
 at baseline were important predic-

tors of overall and cardiovascular mortality. Similar to our 

findings, a study with 707 patients with COPD, monitored 

for ~50 months, showed that the BODE index was a better 

predictor of the survival of these individuals than the GOLD 

categories ABCD.38 Similarly, Botella et al,39 who monitored 

96 patients with COPD for about 60 months, found that the 

BODE index was a better predictor of mortality than 2007 

GOLD and GOLD ABCD.

In addition, the CCI and the number of exacerbations 

were also equally associated with increased risk of mortality. 

Likewise, a retrospective study conducted from 2009 to 2014 

with 612 patients with COPD showed that the CCI was a 

predictor of mortality when a multivariate analysis was 

performed.10 Regarding exacerbation, in this study, patients 

who had more exacerbations in the first 3 years of follow-up 

were 1.3 times more likely to die compared to those who had 

no exacerbation. In the same direction, the study by Soler-

Cataluña et al40 with 304 patients with COPD monitored for 

Figure 4 Kaplan–Meier survival curves of all patients according to BODE index classification (A) body mass index (B) and 2004 GOLD severity classification (C).
Abbreviation: BODE, Body mass index, airway Obstruction, Dyspnea, and Exercise capacity.
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5 years reported that patients with three or more acute exacer-

bations of COPD had 4.1 times higher risk of death compared 

to those without exacerbation. Vanasse et al,41 in a cohort 

with .1,100 patients with COPD, identified that both severe 

exacerbations of COPD (2.5 odds ratio [OR]) and higher CCI 

(1.2 OR) were predictors of mortality 1 year after hospital 

discharge, along with other factors such as old age, male 

sex, longer hospitalization, cancer diagnosis, higher number 

of previous hospitalizations, and diagnosis of COPD older 

than 3 years. Thus, characteristically, patients who presented 

higher association of comorbidities show additional effects 

in the risk of mortality. When cancer patients were excluded 

from the survival Cox analysis, we observed that CCI was 

not statistically significant. We can speculate that cancer 

patients have higher CCI score than patients without cancer, 

such as the COPD Lung Cancer Screening Score that includes 

age .60 years, pack-years .60, and BMI ,25 kg/m2. Both 

scores use age to compute higher score, and these patients 

can have higher risk factor for all types for cancer. Unfortu-

nately, we did not have genetic studies to evaluate the risk 

of cancer for these patients.42

Finally, we found that patients with BMI #21 kg/m2 

were 2.7 times more likely to die compared to those with 

BMI  .21 kg/m2. Similar to our results, a meta-analysis 

performed by Cao et al,11 which included 22 studies with a 

total sample of 21,150 individuals, showed that individuals 

with low weight (BMI ,20 or 21 kg/m2) were associated 

with higher mortality (relative risk of 1.34). Yang et al12 

showed, in a study conducted with 221,194 Chinese patients 

aged between 40 and 79 years and monitored for 15 years or 

until the age of 80, that, of the 8,769 COPD-related deaths, 

individuals with low BMI (,20 kg/m2) were associated with 

higher risk of mortality. It is observed that patients with lower 

body weight have a higher risk of mortality and, besides, the 

influence that a higher BMI exerts on aspects such as better 

pulmonary function, greater reduction in the sensation of 

dyspnea, and better quality of life is well reported.43 Moreover, 

the study by Wei et al44 showed that higher body weight and 

obesity were related with a lower frequency of exacerbation 

of COPD in 1,096 Taiwanese patients. Similarly, Geva et al,45 

who monitored 323 patients with COPD from 2003 to 2010, 

found that being male and obese were the protection factors 

against exacerbations; however, in their study, obesity did 

not affect the survival of those patients. Therefore, nutritional 

depletion is linked with other clinical outcomes of COPD that 

are interrelated with the negative outcomes of the disease. 

However, this can be a feature that may receive intensive 

clinical intervention to reduce its negative effect on mortality.

This study presents as limitations, in addition to the loss 

of follow-up of ~17%, the failure to identify all the causes 

of death of the patients, which may jeopardize the interpreta-

tions of the causes related to the severity of the disease. Thus, 

in future studies, it is suggested to increase the sample size 

to confirm our results. Despite the small sample size, we can 

identify that the clinical characteristics of the patients with 

COPD can be related to mortality over 9 years of follow-up. 

However, further longitudinal studies are needed to confirm 

the findings of this study. We highlight that we did not aim 

to identify cause and effect, which means that we can only 

affirm the possible associations of the characteristics pre-

sented with the mortality of patients with COPD.

Table 3 Cox regression analysis to identify the predictors of 
mortality in the 9-year period

Variables HR (95% CI),  
N=110

P-value

Male
Age (years)
SpO2 (%)
BODE index class 1 – reference
BODE index class 2
BODE index class 3
BODE index class 4
Charlson Comorbidity Index
Exacerbation (n)

1.34 (0.68–2.63)
0.98 (0.93–1.03)
0.94 (0.85–1.04)
*
2.62 (1.36–5.04)
2.54 (1.15–5.61)
15.35 (3.11–75.75)
1.29 (1.00–1.68)
1.32 (1.00–1.76)

0.390
0.610
0.258
*
0.004
0.021
0.001
0.049
0.048

Notes: All variables were included together in the Cox proportional hazard 
regression analysis (sex, age, SpO2, BODE index, CCI, and number of exacerbations 
in the first 3 years). BODE exacerbation, number of exacerbations in the 3-year 
period of follow-up; index, class 1 (score 0–2), class 2 (score 3 and 4), class 3 (score 
5 and 6), and class 4 (score 7–10).
Abbreviations: BODE, Body mass index, airway Obstruction, Dyspnea, and Exercise 
capacity; SpO2, pulse oximetry.

Table 4 Cox regression analysis with replacement of the BODE 
index for the variables that compose it

Variables HR (95% CI),  
N=110

P-value

Male
Age (years)
SpO2 (%)
6MWT (m)
FEV1 (%)
BMI .21 kg/m2 (reference)
BMI (#21 kg/m2) 
mMRC (score)
CCI
Exacerbation (n)

1.36 (0.66–2.76)
0.97 (0.93–1.03)
0.93 (0.84–1.03)
0.99 (0.99–1.00)
0.99 (0.97–1.00)
*
2.70 (1.38–5.25)
1.06 (0.75–1.50)
1.29 (0.99–1.68)
1.38 (1.03–1.85)

0.396
0.434
0.170
0.305
0.417
*
0.003
0.730
0.057
0.027

Notes: All variables were included together in the Cox proportional hazard 
regression (sex, age, SpO2, 6MWT, BMI, mMRC, CCI, and number of exacerbations 
in first 3 years). Exacerbation, number of exacerbations per patient in the 3-year 
period.
Abbreviations: 6MWT, 6-minute walk test; BMI, body mass index; BODE, Body mass 
index, airway Obstruction, Dyspnea, and Exercise capacity; CCI, Charlson Comorbidity 
Index; SpO2, pulse oximetry; mMRC, Modified Medical Research Council.
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Conclusion
By evaluating the predictors of mortality in patients with 

COPD in a 9-year period, we identified that those with high 

BODE index, greater CCI, higher frequency of exacerbations 

in the first 3 years, and BMI #21 kg/m2 showed increased 

risk of death.
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Supplementary materials

Table S1 Cox regression analysis with GOLD severity classification to identify the predictors of mortality in the 9-year period

Variables HR (95% CI)
N=110

P-value

Male
Age (years)
SpO2 (%)
6MWT (m)
BMI .21 kg/m2

GOLD 1 – reference
GOLD 2
GOLD 3
GOLD 4
mMRC (score)
CCI
Exacerbation (n)

1.25 (0.64–2.55)
0.98 (0.92–1.03)
0.96 (0.85–1.08)
0.99 (0.99–1.00)
0.96 (0.91–1.02)

1.16 (0.37–3.61)
1.63 (0.53–4.99)
2.18 (0.63–7.60)
1.13 (0.80–1.59)
1.32 (0.99–1.76)
1.24 (0.92–1.69)

0.536
0.465
0.521
0.625
0.304

0.798
0.390
0.218
0.481
0.058
0.153

Notes: All variables were included together in the Cox proportional hazard regression (sex, age, SpO2, 6MWT, BMI, mMRC, CCI, number of exacerbations in first 3 years, 
and 2004 GOLD classification of airflow limitation severity). Exacerbation, number of exacerbations per patient in the 3-year period. 
Abbreviations: 6MWT, 6-minute walk test; BMI, body mass index; CCI, Charlson Comorbidity Index; SpO2, pulse oximetry; mMRC, Modified Medical Research Council.

Table S2 Cox regression analysis with replacement of the BODE index for the variables that compose it, without patients with 
neoplasm, to identify the predictors of mortality in the 9-year period

Variables HR (95% CI)
N=110

P-value

Male
Age (years)
SpO2 (%)
6MWT (m)
FEV1 (%)
BMI ,21 kg/m2

mMRC (score)
CCI
Exacerbation (n)

0.29 (0.64–2.78)
−0.20 (0.93–1.03)
−0.04 (0.85–1.07)
−0.002 (0.73–1.50)
−0.004 (0.98–1.01)
1.00 (1.38–5.33)
0.48 (0.73–1.50)
0.24 (0.97–1.68)
0.38 (1.08–1.99)

0.428
0.464
0.430
0.243
0.583
0.004
0.794
0.074
0.013

Notes: All variables were included together in the Cox proportional hazard regression (sex, age, SpO2, 6MWT, BMI, mMRC, CCI, and number of exacerbations in first 
3 years) without patients with neoplasm during the follow-up. Exacerbation, number of exacerbations per patient in the 3-year period.
Abbreviations: 6MWT, 6-minute walk test; BMI, body mass index; BODE, Body mass index, airway Obstruction, Dyspnea, and Exercise capacity; CCI, Charlson Comorbidity 
Index; SpO2, pulse oximetry; mMRC, Modified Medical Research Council.
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