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ABSTRACT
Background The Global Obstructive Lung Disease
(GOLD) 2011 revision recommends the multidimensional
assessment of COPD including comorbidities and has
developed a disease categories system (ABCD)
attempting to implement this strategy. The added value
provided by quantifying comorbidities and integrating
them to multidimensional indices has not been explored.
Objective Compare the prognostic value of the GOLD
ABCD categories versus the BMI, Obstruction, Dyspnea,
Exercise (BODE) index, and explore the added prognostic
value of comorbidities evaluation to this
multidimensional assessment.
Methods From the patients who have been enrolled in
the BODE study, we selected the most recent ones who
had the available information needed to classify them by
the ABCD GOLD categories. Cox proportional hazards
ratios for all-cause mortality were performed for GOLD
categories and BODE index. The added value of the
comorbidity Copd cO-morbidity TEst (COTE) index was
also explored using receiver operating curves (ROC)
values.
Results 707 patients were followed for 50±30 months
including all degrees of airway limitation and BODE
index severity. ABCD GOLD predicted global mortality
(HR: 1.47; 95% CI 1.28 to 1.70) as did the BODE index
(HR: 2.02; 95% CI 1.76 to 2.31). Area under the curve
(AUC) of ROC for ABCD GOLD was 0.68; (95% CI 0.64
to 0.73) while for the BODE index was 0.71 (95% CI
0.67 to 0.76). The C statistics value was significantly
higher for the observed difference. Adding the COTE
index to the BODE index improved its AUC to 0.81
(95% CI 0.77 to 0.85), (χ2=40.28, p<0.001).
Conclusions In this population of COPD patients, the
BODE index had a better survival prediction than the
ABCD GOLD categories. Adding the COTE to the BODE
index was complimentary and significantly improved
outcome prediction.

INTRODUCTION
The 2011 revision of the Global initiative for
chronic Obstructive Lung Disease (GOLD) strat-
egy1 recommends the assessment of patients with
COPD using three different domains; severity of
airflow obstruction, its impact on dyspnoea or
patient’s health status and risk of future events
(exacerbations or hospital admissions). This new
proposal implies an important conceptual step
toward a multidimensional evaluation of COPD

patients beyond the traditional assessment based on
the degree of airway obstruction alone.2 Several
tools have been proposed for the multidimensional
evaluation of COPD patients. Among them, the
BMI, Obstruction, Dyspnea, Exercise (BODE)
index has been the most widely validated because it
has shown a better predictive capacity for survival
than the degree of airway obstruction measured by
the FEV1%,3 4 it predicts hospitalisations,5

responds to interventions such as lung volume
reduction surgery4 and pulmonary rehabilitation6

and relates well to health status.5

GOLD also acknowledges the frequent occurrence
of comorbidities in these patients and their influence
on hospitalisations and mortality. GOLD recom-
mends that comorbidities should be actively looked
for, and treated appropriately if present. However, it
falls short of specifying which comorbidities and
how to quantify them.1 Traditionally, the presence of
comorbidities in COPD patients has been evaluated
using a non-disease specific score such as the
Charlson comorbidity score, developed for patients
with cancer.7 More recently, Divo et al8 developed a

Key messages

What is the key question?
▸ Which multidimensional index of COPD

severity, the ABCD GOLD or the BODE Index is
better to predict mortality over time, and what
is the added value provided by quantifying
selected comorbidities and integrating them to
the multidimensional indices?

What is the bottom line?
▸ The BODE Index predicts mortality better than

the GOLD ABCD grading and adding the COTE
comorbidity Index to the BODE Index is
complementary and provides an excellent
predictive capacity for all-cause mortality in
COPD patients.

Why read on?
▸ Multidimensional evaluation in COPD patients

including comorbidities allow us to more
precisely predict short and long-term all-cause
mortality.
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COPD specific index the Copd cO-morbidity TEst or Copd cO-
morbidity TEst (COTE) index that includes those comorbidities
that impact on survival in COPD patients.

Although the scientific committee of the GOLD strategy
acknowledges that the disease classification in ABCD categories
is mainly for disease management and not for prognostic pur-
poses, several studies have already compared its survival-
predictive capacity with the previous FEV1% based classifica-
tions.9–13 We planned the present study to compare the prog-
nostic value of the revised GOLD categories with the BODE
index and investigated the added prognostic value of the pres-
ence of comorbidities using the COTE index to the multidimen-
sional assessment.

METHODS
The BODE cohort is an ongoing prospective, multicentre,
observational study of subjects with COPD, recruited from pul-
monary clinics in the USA and Spain.3 Between November 1997
and March 2009, a total of 1659 subjects from all five sites
were enrolled in the study, and followed until either the time of
death or to March 2012 (data of present analysis). The ethics
committee at each of the participating centres approved the
study, and all patients signed informed consent before
enrolment.

The details of the BODE cohort inclusion and exclusion cri-
teria have been previously described.3 In brief, COPD was
defined on the basis of a history of smoking (>10 pack-years)
and on lung function test following the ATS/ERS standards.14

All patients were in clinically stable condition and receiving
standard therapy. Subject were excluded if they had primary
asthma, inability to take the lung function and 6 min walk tests,
or any condition that could unacceptably increase the subject’s
risk of performing any of the testing.

Patients selected for the present study were those who also
had information regarding the number of exacerbations
occurred in the year previously to their enrolment.
Exacerbations were defined by the added use of antibiotics, and/
or corticosteroids, or admission to the hospital related to wor-
sening respiratory symptoms. We registered the number of sub-
jects with ≥2 exacerbations/years or ≥1 hospitalisation/year.
This allowed us to classify the patients into the ABCD categories
proposed by the GOLD strategy.1 From the initial BODE cohort
of 1659 patients, the most recently recruited (n=707) had the
information to classify them into the ABDC GOLD categories.

Clinical and physiological parameters measurements
The following information at the time of recruitment was
obtained: age, gender, smoking status and history (pack-years).
The Body Mass Index (BMI) was calculated as the weight in kilo-
grams divided by height in square meters. Dyspnoea was evalu-
ated using the mMRC scale.15 Pulmonary function tests were
performed following ATS/ERS guidelines.14 The FEV1%, BMI,
6MWD, and MMRC values were integrated into the BODE
index that ranges in value from 0 to 10. The Bode Index using
that scale or divided in quartiles has been shown to predict mor-
tality better than the FEV1 as described by Celli et al.3

Comorbidities
Comorbidities were systematically recorded through direct ques-
tioning for the following conditions: (1) those diseases included
in the Charlson comorbidity index7 (19 comorbidities); (2) all
comorbidities listed in the subject’s medical record; or (3) those
expressed during enrolment interview and subsequent visits.
The diagnosis of a comorbidity was confirmed by either

reviewing the patient’s medication list, or when feasible by con-
firmatory tests available from their medical records. Conditions
that had completely resolved were excluded (ie, pneumonia).

The COTE Index was constructed as previously described8 by
scoring those same comorbidities that were associated with a
statistically significant hazard of death. The sum of the points
intends to capture the individual or combination of diseases
affecting each patient. The scores range from 0 to 25. A 1 point
increase in the COTE Index is associated with an increased risk
of death from COPD-related (HR, 1.13; 95% CI 1.08 to 1.18;
p<0.001) and non–COPD-related causes (HR, 1.18; 95% CI
1.15 to 1.21; p<0.001).8 COTE Index was also described
according to the mortality risk in <4 points and ≥4 points.

We followed the multidimensional evaluation recommended
by the GOLD 2011 Revision.1 Airway limitation was evaluated
by FEV1% of predicted and categorised in ≥50% and <50%,
symptoms by the mMRC scores, and categorised in mMRC 0–1
and 2 or greater and exacerbation frequency in the previous
year categorised in 0–1 and 2 o greater. Unfortunately we do
not have information on the COPD Assessment Test (CAT) or
Clinical Copd Questionnaire scores or exacerbation with hos-
pital admissions.

Patients were evaluated after enrolment and were seen every
year or until death. The patient and family were contacted if the
patient failed to return for appointments. Death from any cause
was recorded and confirmed using death certificates in Spain
and the social security registry in the USA.

Statistical analysis
Quantitative data with a normal distribution were expressed
using the mean and the SD. Quantitative data with non normal
distribution were described with the median and the IQR.
Qualitative data were described using relative frequencies. The
COTE and the BODE+COTE were handled as continuous
scaled variable. Cox proportional hazards analysis was used to
explore the association of ABCD GOLD categories and BODE
quartiles with global mortality. Kaplan–Meier analysis was used
to compare GOLD categories and BODE quartiles survival. The
statistical significance was determined by the log-rank test. In
order to determine how much more precise the BODE index and
the BODE+COTE are than the ABCD categories to predict all-
cause mortality, we computed the C statistics for a model con-
taining ABCD categories, BODE score or the BODE+COTE
score as the sole independent variable. We compared the survival
times and estimated the probabilities of death up to 24 and
50 months (mean value of follow-up). The null value for the C
statistic is 0.5, with a maximum of 1.0 (with higher values indi-
cating being better predictive power). Significant levels for all
tests were established as a two-tailed p value ≤0.05. Calculations
were made with SPSS V.20.0 (IBM, Chicago, Illinois, USA).

RESULTS
The baseline characteristics of the 707 patients are shown in
table 1. Figure A1 of the Appendix shows the percentage of
COPD patients with each BODE and COTE score. This COPD
cohort includes patients of all degrees of airway limitation and
disease severity evaluated by the BODE Index. One-third of
them were still smoking with a low COTE Index and Charlson
Score. All categories of the GOLD 2011 revision classification
were represented with a higher percentage of categories A and
D. Patients were followed for a median time of 50 months and
171 deaths occurred during that time.

Mortality during the follow-up time were for ABCD categor-
ies: A 11%, B 16%, C 23% and D 42%; for BODE quartiles:
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Q1 14%, Q2 30%, Q3 41% and Q4 62% and for COTE
Index: <4 0.7% and ≥4 22%.

There was no association between the BODE and COTE
Indices (rho Spearman coefficient=−0.05, p=0.15). The ABCD
GOLD is strongly associated with BODE (rho Spearman coeffi-
cient=−0.83, p<0.001).

Table 2 shows the Cox proportional HRs for ABCD GOLD,
BODE quartiles, COTE Index and Charlson Score. All tools
showed a significant but variable association with the risk of
mortality in this selected population.

Figure 1 shows the Kaplan–Meier survival curves for ABCD
GOLD categories in panel A and for BODE quartiles in panel
B. Although statistical significance was again found in both com-
parisons, the BODE showed a better separation of the curves
with higher quartiles associating with worse survival.
Interestingly, those patients in category C of GOLD had a better
survival than those in grade B.

Figure 2 shows the receiver operating curves (ROC) curves
for each of the parameters and their respective area under the
curve (AUC). The BODE Index has the best predictive capacity
of all of the single explored parameters with an AUC of 0.71
(95% CI 0.67 to 0.76, p<0.001). Combining both assessments
(multidimensional+comorbidity evaluation) using the BODE
Index+COTE Index had the best predictive power for global
mortality in this population.

Figure 3 shows the ROC curves for ABCD GOLD, COTE
Index and BODE+COTE and their respective AUC at
24 months of follow-up. The statistical comparison of the AUC
for ABCD GOLD versus BODE+COTE was statistically signifi-
cant (χ2=40.28, p<0.001). At this earlier time point of
24 months, the BODE was still superior to the ABCD GOLD
categories, and if added to the COTE Index, preserved its
strong predictive capacity.

DISCUSSION
This study shows that the BODE Index is a better tool to evalu-
ate the severity of COPD and ultimate risk of death at short and
long term than the proposed multidimensional ABCD GOLD
category classification. As the recent GOLD 2011 revision
recommends,1 we also show that a combined multidimensional
assessment including the evaluation of comorbidities using the
COPD-specific COTE Index improves the ability to prognosti-
cate survival in these patients.

Although the ABCD GOLD categories are meant to guide
patient management and not their prognosis, it would be desir-
able that a novel category system were superior to the one to be
supplanted and had the capacity to predict outcome.

Based on this assumption several studies have already
explored the prognostic qualities of the ABCD system in differ-
ent populations.9–13 The Spanish multicenter COCOMICS
study9 included 3,633 patients with COPD with all degrees of
severity, recruited from different levels of care (primary care
and specialists) accumulating a total of 15 878 persons-year. In
that cohort, the ABCD categories did not improve the prognos-
tic capacity of the 2007 FEV1 based GOLD classification.2

Similarly, results from a cohort of 912 patients followed in
Norway over 9 years12 observed no difference in the capacity to
predict mortality or exacerbations leading to hospitalisations
between the new ABCD and the old GOLD classification.2

More recently, the results of the HUNT cohort have also been
the subject of a study.13 This cohort consists of 1540 people
with postbronchodilator COPD who participated in the
Norwegian Nord-Trøndelag Health Study between 1995 and
1997, and were followed-up on all-cause mortality until May
2012. This study population had more patients with milder
COPD (61% in group A, 18% in group B, 12% in group C and
10% in group D) than the previous studies. By contrast with
spirometric GOLD grades where mortality increased with
higher grade of severity, there were only minor differences in
mortality between categories A and B, and between categories C
and D. The authors concluded that the ABCD categories were
substantially inferior to the old lung function-based classification
to predict mortality. Agusti et al11 explored the ECLIPSE cohort
of COPD patients with all degrees of severity followed for
3 years, and confirmed that those classified in grade B had a
poorer survival than those classified in group C. However, no
comparison was made with the old 2007 GOLD spirometric
classification. Finally, the Copenhagen City Heart Study did
compare the predictive capacity of the old and new GOLD clas-
sification10 in a large population most of whom had mild to
moderate degree of airway limitation. In that study, the ABCD
categories did stratify patients with differences in survival, but
once again demonstrated that those classified as category B had
a worse prognosis than those in category C. Importantly, there
was no advantage of the new over the old classification in the
ability to predict mortality.

Although comparisons of the prognostic capacity of the
GOLD 2011 revision classification have been made against the
old classification based solely on FEV1, the present study is

Table 2 Cox proportional hazards analysis for each
multidimensional tool and comorbidity index o score

Parameters B p Value β 95% CI

GOLD ABCD 0.38 <0.001 1.47 1.28 1.70
BODE quartiles 0.70 <0.001 2.02 1.76 2.31
COTE 0.22 <0.001 1.25 1.18 1.32
Charlson 0.13 <0.001 1.13 1.07 1.20

BODE, BMI, Obstruction, Dyspnea, Exercise; COTE, Copd cO-morbidity TEst (COTE);
GOLD, Global Obstructive Lung Disease.

Table 1 Baseline characteristics of COPD patients included in the
study

Clinical and physiological characteristics N=707

Age in years: mean (SD) 64 (9)
Gender (male %) 80
BMI in kg/m2: mean (SD) 27 (5)
Pack-years: median (IQR) 50 (40–74)
Current smoking (%) 33
Charlson Index: mean (SD)
Range

1.8 (1.2)
1–15

COTE Index: mean (SD)
Range
COTE <4 (%); COTE ≥4 (%)

0.6 (1.5)
0–10
75; 25

FEV1%: mean (SD) 55 (21)
FVC%: mean (SD) 88 (22)
FEV1/FVC%: mean (SD) 51 (14)
No exacerbations: mean (SD) 1 (1.4)
2007 GOLD: I, II, II, IV (%) 14, 40, 33, 13
2011 GOLD: A, B, C, D (%) 36, 10, 23, 31
BODE quartiles: Q1, Q2, Q3, Q4 (%) 58, 22, 11, 9
Follow-up time in months: median (IQR) 50 (23–85)

BMI, body mass index; BODE, BMI, Obstruction, Dyspnea, Exercise; COTE, Copd cO-
morbidity TEst (COTE); GOLD, Global Obstructive Lung Disease.
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the first one comparing the ABCD system with another multidi-
mensional assessment tool, the BODE Index. The results show
that evaluation performed by the BODE Index is superior to
that of the ABCD GOLD categories at short (24 months) and
long-term (50 months) evaluation (figure 1). It has already been
shown that the BODE Index predicts mortality better than the
FEV1%.3 4 The current study also confirms that the evaluation
of the extra domains of BMI and the 6 min walk distance
improves the predictive capacity of symptoms (in this case only
evaluated by MRC) and exacerbation history in the previous
year.

A detailed analysis of the ABCD GOLD prognostic power at
50 months (the mean time of follow-up for this study) in
figure 1A, shows two groups of patients with different survival:
A and C versus B and D. In fact, integrating the patients in
grades A+C versus B+D the Cox proportional HR for mortal-
ity is 2.05 95% CI 1.46 to 2.87, p<0.001 for the latter group.
This implies that the more symptomatic patients (higher mMRC

in this study), are the ones with worse survival, especially if they
also have frequent exacerbations (>2) in the previous year
(grade B). These results are in agreement with the observations
made by Lange et al10 that showed that the presence of symp-
toms (evaluated with the mMRC scale) was an important driver
of mortality in their analyses.

Although differences in population type and degree of sever-
ity with the other comparative studies could explain some dif-
ferences found in survival of COPD patient according to the
different classification systems, none of the studies were com-
pleted up to date, which include cohorts with large number of
patients in all cells of the ABCD categories system, have shown
an advantage of the proposed system over the old FEV1 based
system. Our findings are in agreement with these previous
studies. An important strength of the present study is the high
proportion of patients in category C, which allowed us to prop-
erly define their comparative survival with the already proven
good prognosis of category A and bad prognosis of category

Figure 1 Kaplan–Meier survival
curves for (A) ABCD Global Obstructive
Lung Disease (GOLD) categories and
for (B) BMI, Obstruction, Dyspnea,
Exercise (BODE) quartiles.
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Figure 2 Receiver operating curves (ROC) in the BODE cohort for the ABCD category system, the BMI, Obstruction, Dyspnea, Exercise (BODE)
index, the Copd cO-morbidity TEst (COTE) comorbidity Index, and the combination of the BODE+COTE Index and their respective area under the
curve (AUC).
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D. Additionally, we confirmed the previous observation that
patients in category B seem to have a long-term worse prognosis
than those in category C.

A very important concept introduced by the recently GOLD
2011 revision was the need to actively look for associated
comorbidities so they can be properly treated. However GOLD
does not specify the nature of the comorbidities to be studied or
provide a measure of quantification of comorbidities that
impact on COPD survival. Traditionally, the Charlson score
(initially developed to evaluate comorbidites in oncologic
patients)7 has been used to quantify the added risk for mortal-
ity provided by a select group of 19 comorbidities. Recently,
Divo et al8 developed a simple multimorbidity index using a
set of 12 comorbidities documented in 1664 COPD patients
with all degrees of severity and integrated them into the com-
posite COTE index. We extended those findings by adding the
COTE Index to the BODE Index, a finding previously
reported in the study by Divo et al.8 The present study results
also show that this combination provided an excellent predict-
ive capacity for risk of death over the 50 months of the study
(AUC=0.81) far superior to the values provided by each single
index alone. This finding provides evidence that the simple
quantification of a selected group of comorbidites using the
COTE Index has important prognostic value at short and long
term. The COTE Index is simple to implement and could help
clinicians and researchers quantify the severity of the
comorbid conditions.

The present study has several limitations. First, these findings
could only be translated to the type of patients here presented,
mostly patients attending pulmonary clinics. Other studies with
different type of patients and from different settings should
confirm the external validity of our findings. Second, symptoms
evaluation in the present study was performed with the degree
of dyspnoea measured by the modified MRC Scale. As already
discussed by Agusti et al,16 several studies have confirmed that
the use of other tools like the proposed CAT17 or the Clinical
COPD Questionnaire (CCQ)18 could change patient grade
assignment with their potential impact on survival.19 However,
the mMRC Scale is a solid independent prognostic tool for
COPD survival.20 Third, the cohort consisted primarily of men
and, therefore, its conclusions have to be validated in women.
However, we have already shown the validity of the BODE
index in women with COPD.21 Finally, we used all-cause mor-
tality as the outcome because it is the more solid outcome of

the disease and could be used to compare our results with those
of other studies. We acknowledge that it could have been inter-
esting to know the exact cause of death of each ABCD GOLD
category, but this was not the aim of the study.

In summary, in this population of COPD patients attending
pulmonary clinics, the BODE Index predicted survival better
than the newly proposed GOLD ABCD categories, at short and
long-term follow-up periods. Adding the COTE comorbidity
Index to the BODE Index is complementary and provides an
excellent predictive capacity for all-cause mortality. These find-
ings should be reproduced in other populations.
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Figure 3 Mortality receiver operating curves (ROC) curves in the BMI, Obstruction, Dyspnea, Exercise (BODE) cohort for ABCD Global Obstructive
Lung Disease (GOLD), BODE Index and BODE+Copd cO-morbidity TEst (COTE) and their respective area under the curve (AUC) at 24 months of
follow-up.
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Figure A1 Percentage of COPD patients with each BMI, Obstruction, Dyspnea, Exercise (BODE) and Copd cO-morbidity TEst (COTE) score.
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Supplementary figures 

 

Histogram showing each BODE and COTE score percentage distribution. 
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