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Contributions of the Body Mass Index, Obstruction,
Dyspnea, and Exercise Capacity or BODE index to

Chronic Obstructive Pulmonary Disease

Bartolome R. Celli
Harvard Medical School, Boston, Massachusetts, USA

ABSTRACT

Chronic obstructive pulmonary disease is an important cause of disability and death
around the world. The disease has been classically characterized by the presence of
airflow limitation resulting from airway inflammation and remodeling as well as paren-
chymal destruction or emphysema. The severity and progression of chronic obstructive
pulmonary disease has been classically defined by the degree of airflow limitation mea-
sured with the forced expiratory volume in one second during a forced vital capacity
maneuver. However, observational and experimental studies have shown that chronic
obstructive pulmonary disease is a respiratory disease associated with several systemic
manifestations that actually impart a poor prognosis. Therefore it has become clear that
there is a need to quantify and incorporate measurement of one or more of those dimen-
sions in order to better reflect the actual compromise of patients. Based on findings from
a large observational cohort, we determined that the body mass index (B), the severity
of airflow limitation (O), degree of dyspnea (D) and the distance walked over six minutes
(E) (i.e. BODE) were amongst the several clinical variables that related independently
to mortality. The multidimensional BODE index developed by the integration of those
variables into a single 0-10 scale has been shown to predict not only all-cause and respi-
ratory mortality, but also to respond to interventions such as lung transplant, lung volume
reduction surgery, and pulmonary rehabilitation. This monograph summarizes the infor-
mation that supports the concept that the BODE index can be used to define chronic
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obstructive pulmonary disease severity and staging of disease. Importantly, the information
available shows that BODE can serve as a surrogate marker of disease progression and

response to therapy. ®r Rev. 2015;1:3-12)
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
is a major cause of morbidity and mortality in
adults and currently represents the fourth
leading cause of death in the world!. It has
become a major and growing health problem,
with a mortality rate that continues to in-
crease. It is the only leading cause of death
showing increases in prevalence worldwide
and it is expected that by the year 2020,
COPD will become the third leading cause
of death and the number one cause of dis-
ability in adults?®.

Chronic obstructive pulmonary disease is
primarily characterized by the presence of air-
flow limitation that responds poorly to bron-
chodilators. The limitation to airflow results
from airway inflammation and remodeling
and/or parenchymal destruction (emphysema),
which frequently coexist>*. However, there is
abody of data that associate COPD to system-
ic manifestations that can effectively signal
an increased risk for mortality®”. Recogniz-
ing these manifestations provides a more
comprehensive assessment of disease severi-
ty and can improve disease prognosis. This
monograph reviews the following concepts
and how they relate to COPD:

— Definition of disease severity and staging.

— Development of BODE as an index to de-
fine COPD severity and staging.

— Use of BODE to monitor COPD progres-
sion and response to therapy.

— Conclusions.

DEFINITION OF DISEASE SEVERITY
AND STAGING

There is no agreement about the definition of
disease severity or staging, but some infor-
mation can be used to develop the appropri-
ate framework. Two characteristics should
define the specific severity of a disease and
have to be present to provide a valid classifi-
cation for a specific disease. First, the vari-
ables used to quantitate severity should re-
flect the likelihood of death, and second and
importantly, they should reflect organ com-
promise or failure resulting from disease pro-
gression, independent of the treatment pro-
cess. In this regard, the severity of COPD
should not only define the outcome of the
person as a whole (all-cause mortality), but
also relate to the failure of the organ (in the
case of COPD, respiratory mortality, hospital-
izations from COPD, or disability from the
disease). For example, age is certainly associ-
ated with a poor outcome (older people are
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Multiple dimensions in COPD
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Ficure 1. The different domains in which chronic obstructive
pulmonary disease affects an individual can be measured with
current clinical variables. Ideally, they would be integrated into a
single final score.

COPD: chronic obstructive pulmonary disease.

more likely to die than younger ones), but may
not relate to failure of the lung itself. In this
regard, comorbidities will certainly impact
on mortality and poor health status, but may
not relate to the severity of the organ com-
promise. Thus, a system designed to classify
COPD severity should fulfill the principles
outlined above.

On the other hand, staging reflects a period
or phase in the course of a disease, a concept
that introduces the inclusion of time and pro-
gression. Thus the variable or variables used
to stage a disease should be able to change
over time. The “stage” of a disease is used not
only to reflect severity, but also to plan ther-
apy or resources investment. For COPD, se-
verity and staging are usually associated and
very difficult to separate. The inclusion of
variables that cannot change over time should
not be part of a disease staging system; such
is the case of age or gender.

THE BODE INDEX TO DEFINE
CHRONIC OBSTRUCTIVE PULMONARY
DISEASE SEVERITY AND STAGING

Several clinical or laboratory outcomes have
been identified as individual predictors of or-
gan dysfunction disability and/or mortality
in COPD (Fig. 1). These include the forced
expiratory volume in one second (FEV )*10,
airways hyper-responsiveness®!!, severity of
dyspnea'?, gas exchange disturbances'3, lung
hyperinflation!*!®, pulmonary hypertension'¢,
malnutrition, impaired exercise capacity'®2’,
health-related quality of life*, and anemia®?.
As mentioned previously, age and the pres-
ence of other comorbidities also add to the
global prognosis of patients with COPD, but
are not by definition expressions of the dis-
ease process in the lung itself and therefore I
shall not use them to define disease severi-
ty?>?. In this monograph, we will review
these individual variables as predictors of
mortality, hospitalizations for COPD, and dis-
ability. We will also discuss the power of BODE
as an integrated, multidimensional tool to
more broadly characterize COPD severity
and assess response to therapeutic interven-
tion as well.

Predictors of outcome in chronic
obstructive pulmonary disease
and development and validation
of BODE

The initial step in the development of a mul-
tidimensional index should be to study the
potential variables that could relate to the
outcomes, as mentioned before. Table 1 shows
a list of the variables that a review of the
literature at the time the BODE cohort was
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TaBLE 1. Properties of the potential variables to be included in the generation of the multidimensional evaluation of patients with chronic
obstructive pulmonary disease

All-cause mortality Respiratory mortality Disability

Strong Strong
FEV, Very strong Very strong
Pa0, Very strong Very strong
PaCO, Moderate Moderate
6MWD Very strong Very strong
Dyspnea Very strong Strong
Albumin Moderate Moderate
Anemia Weak NA
AHR Moderate NA
PAH Moderate Moderate
Age Very strong Weak
Charlson index Strong Weak

Strong Strong Moderate
Very strong Very strong Moderate
Unknown Strong Moderate
Weak Weak Moderate
Strong Very strong Difficult
Strong Very strong Easy
Weak Moderate Easy
NA Moderate Easy
NA Weak Very difficult
Moderate Strong Very difficult
Moderate Moderate Easy
Strong Strong Moderate

FVC: forced vital capacity; FEV,: forced expiratory volume in one second; Pa0,: partial pressure of arterial oxygen; PaCO,: partial pressure of arterial carbon dioxide; AHR: airway

hypereactivity; PAH: pulmonary artery hypertension.

assembled suggested a relationship with poor
outcomes. From these, we selected those with
the strongest support from the literature®.
These included variables related to lung func-
tion, such as forced vital capacity (FVC), FEV,,
functional residual capacity (FRC), and inspi-
ratory capacity (IC) and arterial blood gases
(PaO, and PaCO,). Dyspnea was evaluated
with the Modified Medical Research Council
(MMRC) scale. As an expression of the impact
of the disease on functional capacity, we se-
lected the six-minute walk distance (6MWD),
and for nutritional status the body mass index
(BMI). We also evaluated albumin and hemo-
globin as well as smoking intensity, with pack/
years as they had been associated with COPD.
Finally, we also included age and the Charlson
comorbidity score to evaluate whether the in-
dex to be developed was independent of these
factors. The first 207 patients recruited were
followed for one year and 25 of them died.

There were differences between survivors and
non-survivors in all of the variables evaluated
except in the pack years, FRC, and albumin.
However, the significance of the difference var-
ied for the different tests, being strongest for
the FEV, percentage of predicted, the MMRC
dyspnea scale, the 6MWD, and BMI. Based on
this, on the fact that these variables measured
different domains and in addition were inde-
pendently associated with all-cause and respi-
ratory mortality, we decided to include them in
the creation of the index (Fig. 2). Neither age
nor comorbidities were included in this process
because they are independent predictors of
mortality, but not of respiratory mortality or
COPD disability. In addition, the variables se-
lected are relatively easy to measure and can
respond to therapy or change over time.

The acronym BODE was derived from the
initials of each of the components (BMI,
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Ficure 2. Domains included in the BODE chronic obstructive
pulmonary disease severity index.

obstruction, dyspnea, and exercise perfor-
mance). The weight for each variable was de-
rived iteratively by relating their individual
predictive value at different thresholds. The
BMI was assigned one single value because
the relationship between BMI and mortality is
relatively flat until it falls below the value of
21 kg/m?. The values of BODE ranged from 0
(lowest possible) to 10. Exploratory evaluation
of different weights to each of the variables
resulted in no improvement in the predictive
value of the index in the original cohort®.
However, a study of a larger cohort by Puhan,
et al.?® observed a better predictive value when
more weight was assigned to the 6MWD.

Once the index was developed, it was tested
and followed prospectively every 3-6 months
for two years or until death in a cohort of 625
patients with COPD in five centers located in
three countries (USA, Spain, and Venezuela).
The BODE index predicted all-cause mortali-
ty with a 30% increase in risk of death per
each unit increase in BODE index. Not only
was all-cause mortality predicted, but more

importantly, the association of the BODE in-
dex was even stronger with mortality from
respiratory causes (HR: 1.62; 95% CI: 1.48-1.77;
p < 0.001), supporting the premise needed to
develop a COPD severity system.

BODE as a chronic obstructive
pulmonary disease prognostic
and staging tool

Following its initial publication, many reports
have tested the prognostic value of BODE for
several outcomes. The first was the study by
Ong, et al.” who recruited 127 patients with
COPD and determined their BODE index. The
patients were followed for up to two years
and the number of hospital admissions and
mortality were documented. The investigators
found the median BODE score to be lower
among survivors than among non-survivors
4 vs. 6, respectively; p = 0.003) and a signif-
icant effect of the BODE scores on mortality
(HR: 1.30; 95% CI: 1.08-1.56; p = 0.006). The
investigators used Poisson regression analy-
sis to evaluate the effect of BODE scores on
hospitalizations and found BODE to also be
a predictor of this outcome. Exacerbations and
hospitalizations were also predicted by BODE
in a study that included the expanded origi-
nal cohort followed over five years. In a study
of 275 patients followed for an average of eight
years, Marin, et al.?® showed that the mean
time to a first COPD emergency room visit
was 6.7, 3.6, 2.0, and 0.8 years for each BODE
quartiles (all p < 0.05). Using ROC curves, the
BODE index was a better predictor of exacer-
bation than FEV, alone (p < 0.01). These find-
ings have been replicated in the studies from
several groups that have explored the predic-
tive value of other multidimensional indices
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and compared them with BODE. Puhan, et al.
developed the ADO index that included age,
dyspnea, and degree of airflow obstruction?.
They updated the BODE index, increasing the
predictive value of the 6MWD value by giving
it a higher weight in the index. The ADO and
modified BODE index were both predictive of
all-cause mortality better than the original
BODE index. However, no other outcome ex-
cept all-cause mortality was evaluated. Sol-
er-Catalufia, et al. developed the BODEx index
in which the 6BMWD was substituted by the
exacerbations®. This index was a good predic-
tor of mortality and performed as well as the
original BODE index; however, only all-cause
mortality was evaluated. Three other varia-
tions on the BODE have been developed: the
m-BODE where the exercise was measured
using oxygen uptake substituting the 6MWD?,
the i-BODE where the incremental shuttle
walk test substituted the 6MWD?3!, and the
BODEm where the San Diego dyspnea score
substituted the MMRC dyspnea®. All of these
indices performed as well as the original
BODE index, with all-cause mortality as the
outcome. However, no other outcome, such as
respiratory mortality or hospitalizations, was
evaluated. Jones, et al. developed the DOSE
index that included dyspnea, obstruction,
smoking, and exacerbations®. The DOSE in-
dex predicted exacerbations, health status,
and exacerbations, but was not tested for mor-
tality. There have been other indices including
the DOREMI-BOX or dyspnea, rate of exacer-
bations, exercise, BMI, and oxygenation®$. The
HADO index integrated health status ques-
tionnaire, activity determined also by a ques-
tionnaire, dyspnea, and degree of obstruc-
tion®. The CPI score’® that includes quality of
life, obstruction, age, BMI, exacerbations, and
cardiovascular disease is complex, but it

predicted death, hospitalization, and exacer-
bations but no test for respiratory mortality
was reported. Other indices have had more
methodological problems and poor valida-
tion, and those include the COPD severity
score, or COPDSS, based on self-reported di-
agnosis of COPD¥; the PILE index compris-
ing leg strength, interleukin-6, airflow ob-
struction, and speed over 400 meters®; the
SAFE index including St. George’s question-
naire, airflow limitation, and exercise perfor-
mance; and the TARDI index® which has age,
BMI, dyspnea, cardiovascular risk, hospital-
izations and FEV, amongst its components. A
summary of these indices, their methodolo-
gy, and predictive value are shown in table 2.

More recently, there are indices that incorpo-
rate the number or type of comorbidities
based on the observation that multi-morbidi-
ty is a frequent occurrence in patients with
COPD. The CODEX index incorporated co-
morbidities (measured by Charlson), degree
of airflow obstruction, dyspnea, and previous
severe exacerbations in over 900 patients®.
The index predicted all-cause mortality better
than the BODEx or ADO indices after hospi-
tal discharge. A few studies have attempted
to compare several of these indices across a
larger spectrum of patients. The COPD col-
laborative cohorts to assess multicomponent
indices (COCOMIC) group in Spain collected
data from several cohorts consisting in total
of over 3,000 patients followed for up to 10
years®l. In this analysis with all-cause mortal-
ity as the outcome, the BODE and its modifi-
cations (m-BODE, BODEXx) had similar prop-
erties once adjusted for age.

The Global Initiative for Obstructive Lung
Disease also developed a grading system, but
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TaBLE 2. Comparison of different multi-dimensional indices in patients with chronic obstructive pulmonary disease

Index and reference Derivative Validating All-cause Respiratory Exacerbations Disease
cohort (n) cohort (n) mortality mortality progression

or response
to intervention

BODE Yes Yes Yes Yes Yes Yes
BODEXx Yes No Yes No Yes No
mBODE Yes Yes No No No No
iBODE shuttle walk No Yes Yes No No No
ADO Yes Yes Yes No No No
DOSE Yes Yes No No Yes Yes
DOREMI-BOX Yes Yes Yes No No No
CPI Yes Yes Yes No Yes No
HADO Yes No Yes Yes No No
ABCD GOLD No Yes Yes No Yes No
CODEX* Yes Yes Yes No Yes No
BODE* + COTE Yes Yes Yes Yes No No

*These indices include co-morbidities.

BODE: body mass index, obstruction, dyspnea and exercise index; BODEx: the exercise with six-minute walk distance is substituted by exacerbations; mBODE: the exercise
with six-minute walk distance is substituted by peak oxygen uptake; iBODE: the exercise with six-minute walk distance is substituted by the incremental shuttle walk distance;
ADQO: age, dyspnea, obstruction index; DOSE: dyspnea, obstruction, smoking status, exacerbations index; DOREMI-BOX: dyspnea, rate of exacerbations, exercise, body mass
index, and oxygenation; CPO: COPD, prognostic index; HADO: health status, activity, dyspnea, obstruction index; ABCD GOLD: Global initiative of obstructive lung disease, ABCD
grading; CODEX: comorbidity (Charlson index), obstruction, dyspnea, exacerbation; COTE: COPD comorbidity index.

did it without validation*. The system in- than individual variables to predict mortality
cludes FEV,, dyspnea or health status, and and in the case of BODE, exacerbations and
exacerbations. Then, using absolute thresh- hospitalizations as well as respiratory mortality.

olds, the patients are placed in one of four
grades: A, B, C and D. In the only study where However, all of the studies cited lack a crucial

the ABCD grading system was compared element; none has been tested to see if their
with the BODE, De Torres, et al.*? added the implementation improves clinical outcomes.
COTE comorbidity index to BODE, and in Some authors recommend stopping creating
this study the C statistic for mortality offered more indices, but rather to plan and complete
the highest value reported of 0.81 (95% CI: studies designed to test whether incorporat-

0.77-0.86). This was significantly better than ing the use of any index in the clinic im-
the ABCD or BODE alone. BODE on its own proves care of patients with COPD. In a series
(C statistic 0.63) was better than the ABCD (C of reviews aimed at helping guide the devel-

statistic 0.54), (p < 0.001). opment of prognostic indices, Moons, et al.

clearly state that it is best to calibrate already
Taken together, all of these studies have con- developed indices rather than to continue to
firmed that multidimensional indices are better develop new ones®.
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BODE to monitor chronic obstructive
pulmonary disease progression

The concept that BODE reflects disease pro-
gression has been explored in several studies.
Cote, et al. assessed the impact of exacerba-
tions on BODE and its components*. In this
study that lasted two years, 205 patients were
recruited and evaluated with the BODE index
at baseline while stable, then during the ex-
acerbation event and every six months
thereafter. A total of 130 patients experi-
enced exacerbations and 75 patients remained
exacerbation-free for the duration of the study.
Exacerbators showed a worsening of BODE
index of 1.38 points during the exacerbation,
and although there was a partial improve-
ment, the BODE index at 24 months remained
1.09 points above baseline. On the contrary,
non-exacerbators showed a negligible increase
in BODE at two years (0.07 points), which
differed significantly from that of the exacer-
bators (p < 0.001). Casanova, et al. used a dif-
ferent approach®. They compared the prognos-
tic validity of longitudinally followed FEV, and
BODE in a study of over 700 patients over five
years. The change in BODE index over time
had less variability than the changes and
variability of the FEV,. It also was a better
predictor of mortality than any of the indi-
vidual variables that integrate the BODE. In
a different report from patients in the same
cohort, Sanchez-Salcedo, et al. compared the
progression of COPD in younger (< 55 years)
and older (> 65 years) patients*. BODE pro-
gressed similarly in both age groups, indicat-
ing that BODE can be used independent of
age, as has been also observed in women?.
All of these results support the concept that
BODE can be used to define COPD progres-
sion and, more importantly, provide evidence

that it can be used to stage the disease as it
changes with time.

BODE to monitor response to therapy

The first evaluation of BODE as a surrogate
marker of response to therapy was completed
by Imfeld, et al. in a clinical study of 186 pa-
tients with severe emphysema?®. They tested
the predictive value of BODE following lung
volume reduction surgery (LVRS) and found
that the post-operative BODE, but not pre-op-
erative BODE, predicted survival. The LVRS
resulted in improvement in BODE from 7.2
(quartile 4), to 4.0 (quartile 2) (p < 0.001). Those
patients having the most improvement in BODE
had the best five-year survival (HR: 0.497
95% CI: 0.375-0.659; p < 0.001). The investiga-
tors found that the BODE index was able to
predict the risk of death (ROC, AUC: 0.74),
better than the FEV, (ROC, AUC: 0.63). Mar-
tinez, et al. in the NETT study randomized
over 1000 patients with inhomogeneous em-
physema to either LVRS or medical treatment™.
The LVRS resulted in significant improvement
in the BODE index compared with patients
randomized to the medical arm. Importantly,
a decrease of one unit of BODE at six months
predicted survival at 1, 2, and 5 years after
randomizations, whereas an increase in one
unit was associated with decreased survival.

Pulmonary rehabilitation (PR) is known to
improve several of the surrogate markers for
mortality in COPD, namely dyspnea, health
status, and exercise capacity. Based on this
observation, it was hypothesized that PR
would modify the stage of COPD and the risk
for mortality as measured by the BODE in-
dex®. In this study, of the 246 patients who
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qualified for and were offered rehabilitation,
116 accepted and completed the eight-week,
three-times weekly rehabilitation program;
130 declined participation. The changes in
BODE scores were compared between reha-
bilitated patients and non-PR participants.
The patients had severe COPD both by FEV,
and by BODE. Patients were followed for
more than two years or until death. Approx-
imately 30% of the patients who graduated
from PR joined a maintenance program and
exercised three-times weekly for the entire
two-year period. Following PR, 71% of the
participating patients improved their BODE
index scores by at least one point; of these 25%
improved by two points. After graduation from
PR, the BODE index decreased significantly
from 5.07 to 4.18. This resulted in a “shift” from
the third quartile to the second quartile, and
their initially predicted mortality of 20-30%
changed to an observed mortality of 11.2%. Pa-
tients who declined PR had a worse BODE in-
dex at entry of 6.94 (approaching BODE fourth
quartile), and in this group there was almost a
20% worsening of BODE index over time. This
group of patients had the highest mortality
rate (50%). For patients who responded to PR,
defined as an improvement in the BODE in-
dex score of at least one point, BODE index
scores improved by a statistically significant
25% at three months, compared with the pa-
tients who did not respond to rehabilitation.
These improvements in BODE index scores
were maintained for a full two years after the
start of PR, while patients who did not par-
ticipate in PR displayed an 18% deterioration
in BODE index scores. Bu, et al., in Australia,
enrolled 56 patients with COPD in an obser-
vational study, following them for two years®.
A total of 33 patients worsened their BODE,
in 18 the BODE remained unchanged, and it

improved in five. Patients whose BODE index
increased had more exacerbations, hospital-
izations, and longer hospital stay.

Taken together, the response of patients to
exacerbations, LVRS, and PR can be captured
by the BODE index, not only reflecting changes
on disease severity, but also a marker of out-
come, suggesting that the BODE index can be
used as both surrogate marker for mortality,
a staging tool, and also a tool to assess disease
modification.

CONCLUSIONS

The severity of a disease is determined using
variables that are associated with likelihood
of death and, second and importantly, they
should reflect organ compromise or failure
resulting from disease progression. Simple to
use, the validated multi-dimensional BODE in-
dex predicts survival, respiratory death, and
organ failure better than its individual com-
ponents. The BODE index captures the mul-
tiple pulmonary and systemic manifestations
of COPD, and is proving to be a valuable tool
not only in the assessment of severity and
progression of disease, but also in evaluating
the response to therapeutic interventions. More
studies are needed to determine the value of
BODE in clinical practice.
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