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Diaphragmatic dysfunction and
mortality in patients with COPD*

Disfuncio diafragmatica e mortalidade em pacientes portadores de DPOC

Wellington Pereira dos Santos Yamaguti, Elaine Paulin, Jodo Marcos Salge,
Maria Cristina Chammas, Alberto Cukier, Celso Ricardo Fernandes de Carvalho

Abstract

Objective: To determine whether COPD patients with diaphragmatic dysfunction present higher risk of mortality
than do those without such dysfunction. Methods: We evaluated pulmonary function, diaphragm mobility and
quality of life, as well as determining the Body mass index, airway Obstruction, Dyspnea, and Exercise capacity
(BODE) index, in 42 COPD patients. The patients were allocated to two groups according to the degree to which
diaphragm mobility was impaired: low mobility (LM; mobility < 33.99 mm); and high mobility (HM; mobility
> 34.00 mm). The BODE index and the quality of life were quantified in both groups. All patients were followed
up prospectively for up to 48 months in order to determine the number of deaths resulting from respiratory
complications due to COPD. Results: Of the 42 patients evaluated, 20 were allocated to the LM group, and
22 were allocated to the HM group. There were no significant differences between the groups regarding age, lung
hyperinflation or quality of life. However, BODE index values were higher in the LM group than in the HM group
(p = 0.01). During the 48-month follow-up period, there were four deaths within the population studied, and all
of those deaths occurred in the LM group (15.79%; p = 0.02). Conclusions: These findings suggest that COPD
patients with diaphragmatic dysfunction, characterized by low diaphragm mobility, have a higher risk of death than
do those without such dysfunction.
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Resumo

Objetivo: Verificar se individuos portadores de DPOC com disfuncdo diafragmatica apresentam maior risco de
mortalidade quando comparados aqueles sem disfuncio diafragmatica. Métodos: Foi avaliada a funcido pulmonar,
a mobilidade diafragmatica, a qualidade de vida e o indice conhecido como Body mass index, airway Obstruction,
Dyspnea, and Exercise capacity (BODE) em 42 pacientes portadores de DPOC. Os pacientes foram alocados em dois
grupos de acordo com a gravidade do acometimento da mobilidade do diafragma: grupo de baixa mobilidade (BM;
mobilidade < 33,99 mm) e grupo de alta mobilidade (AM; mobilidade > 34,00 mm). O indice BODE e a qualidade
de vida foram quantificados nos dois grupos. Todos os pacientes foram acompanhados prospectivamente por um
periodo de até 48 meses a fim de identificarmos o numero de 6bitos decorrentes de complicacOes respiratorias
devido a DPOC. Resultados: Dos 42 pacientes avaliados, 20 foram classificados no grupo BM, e 22 foram alocados
no grupo AM. Néo houve diferencas significativas quanto a faixa etaria, hiperinsuflacdo pulmonar e fatores relacio-
nados a qualidade de vida entre os grupos. Entretanto, o grupo BM apresentou maior pontuag¢io no indice BODE
em relagdo ao grupo AM (p = 0,01). O acompanhamento dos pacientes ao longo de 48 meses permitiu identificar
quatro 6bitos na populagio estudada, sendo todos os casos no grupo BM (15,79%; p = 0,02). Conclusdes: Esses
resultados sugerem que pacientes portadores de DPOC com disfuncdo diafragmatica, caracterizada por uma baixa
mobilidade do diafragma, apresentam maior risco de mortalidade quando comparados aqueles sem disfuncio
diafragmatica.

Descritores: Doenca pulmonar obstrutiva cronica/mortalidade; Diafragma; Tolerancia ao exercicio;
Qualidade de vida.
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Introduction

The disease known as COPD is defined as a
disease state characterized by airflow limitation
that is not fully reversible."!” Throughout the
course of the disease, the increased airway resist-
ance can lead to other pulmonary alterations,
identified by an increase in static pulmonary
volumes. This dynamic and progressive process,
clinically recognized as air trapping, has been
shown to be a limiting factor for diaphragmatic
function in patients with COPD.®

In recent years, the evaluation of diaphragm
mobility has become considered an additional
parameter to identify diaphragmatic dysfunction
in patients with chronic lung diseases.>* Studies
have shown that the impairment of diaphragm
mobility might be associated with alterations in
the principal pulmonary function parameters,
such as FEV .>* The isolated determination of
FEV, has been recognized as a useful tool to
predict health status, the frequency of exac-
erbations and the risk of mortality in patients
with COPD.® However, the systemic manifes-
tations of the disease are not reflected by this
parameter. Therefore, a new multidimensional
grading system—the Body mass index, airway
Obstruction, Dyspnea, and Exercise capacity
(BODE) index—has been proposed as a means
of obtaining useful information regarding the
prognosis of patients with COPD.” This index
incorporates four main parameters of func-
tional evaluation that reflect the pulmonary and
systemic alterations of COPD: quantification
of dyspnea; body mass index (BMI); exercise
capacity based on the six-minute walk test
(6MWT); and pulmonary function determined
by the FEV . The BODE index has been described
as an important predictor of mortality (better
that the isolated determination of FEV )" and
has been used as an indicator for the evaluation
of pulmonary rehabilitation programs,® as a
predictor of hospitalization® and as a predictor
of worsening of quality of life.(?

We recently described a classification of
diaphragmatic dysfunction, based on the degree
of diaphragm mobility, in which subgroups of
patients, with varying degrees of diaphragm
mobility, were characterized regarding func-
tional parameters.!"" That study revealed that
the individuals allocated to the < 33.99 mm of
diaphragm mobility group had greater sensation
of dyspnea upon exertion and shorter six-minute
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walk distances (6MWDs) than did those allo-
cated to the > 34.00 mm of diaphragm mobility
group. This classification of severity of diaphrag-
matic dysfunction was discriminatory regarding
functional parameters. However, no character-
istic regarding the incidence of mortality or the
quality of life of these two subgroups of patients
was described.

The principal objective of the present study
was to evaluate whether the risk of death is
higher for individuals with COPD and diaphrag-
matic dysfunction than for those with COPD and
without diaphragmatic dysfunction. An addi-
tional objective was to compare two different
levels of diaphragm mobility in terms of BODE
index values and factors associated with quality
of life.

Methods

Of a total of 277 patients under clinical
follow-up treatment at the obstructive pulmo-
nary diseases outpatient clinic of our institution,
we selected 42 COPD patients (32 males) who
met the criteria to participate in the study. The
diagnosis of COPD was established based on
the clinical history, on the physical examination
findings and on the pulmonary function test
results (postbronchodilator FEV /[FVC < 0.7)."
All patients were former smokers, were receiving
optimized clinical and therapeutic treatment
and presented stable clinical conditions for at
least 30 days before the evaluations (without
symptom exacerbation or hospitalization).
The exclusion criteria were as follows: signifi-
cant pulmonary response to bronchodilator use
(increase in FEV, greater than 15% of the base-
line value or greater than 200 mL); inability to
perform any of the requested tests; dependence
on oxygen; presence of other known cardi-
opulmonary or hepatic diseases; and history
of abdominal or thoracic surgery. The present
study was approved by the ethics committee of
the hospital, protocol no. 914/04, and all partic-
ipants gave written informed consent.

The patients were submitted to an evaluation
protocol comprising full pulmonary function
testing, ultrasound measurement of diaphragm
mobility, BODE index determination and quanti-
fication of factors associated with quality of life.
The tests were performed within a maximum
interval of two weeks, and all patients were clin-
ically stable during the evaluation period.
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Table 1 -Functional and anthropometric characteristics
of patients (n = 42).

Characteristic Mean £ SD
Age, years 62.55 * 8.28
BMI, kg/m? 25.71 £ 4.19
FEV,, % of predicted 49.88 £ 18.36
FEV [FVC 45.67 £ 11.04
AR, cmH,0 e L' @ 57! 4.68 +2.84
RV, % of predicted 234.71 £ 56.40
TLC, % of predicted 140.64 + 14.66
SpOZ, % 93.64 + 3.11
6MWD, m 486.05 + 98.44
MMRC 2.24 1 1.36
Diaphragm mobility, mm 36.00 + 10.08
BODE index 3.71 £ 1.65

BMI: body mass index; AR: airway resistance; 6MWD: six-
minute walk distance; MMRC: Modified Medical Research
Council scale; and BODE: Body mass index, airway
Obstruction, Dyspnea, and Exercise capacity.

The patients were allocated to two groups
according to the degree to which diaphragm
mobility was impaired: low mobility (LM;
mobility £ 33.99 mm); and high mobility
(HM; mobility > 34.00 mm).(" Patients in the
LM group were considered individuals with
diaphragmatic dysfunction. The BODE index
and the quality of life were quantified in both
groups. In addition, all patients were followed
up prospectively for up to 48 months after the
evaluation in order to determine the occurrence
of death resulting from COPD-related respira-
tory complications. Furthermore, the patients
were grouped according to the values obtained
with the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) classification system and
the BODE index in order to compare these two
indices in terms of their sensitivity and specifi-
city as predictors of mortality. The patients were
classified as low GOLD (stage 1 or 1) or high
GOLD (stage 111 or 1V). With regard to the BODE
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index, the patients were classified as low BODE
(quartile 1 or 1) or high BODE (quartile 111 or
V). Individuals classified as high GOLD or high
BODE had greater pulmonary and functional
impairment and were therefore at a higher risk
of death.("”)

The pulmonary function tests were performed
in the pulmonary function laboratory of our
institution with a whole-body plethysmograph
(Collins GS 1, Collins, Braintree, MA, USA).
Spirometric parameters, static lung volumes,
airway resistance and COPD were quantified in
accordance with the technique recommended by
the American Thoracic Society and the European
Respiratory Society," based on criteria of repro-
ducibility and acceptability (variation of < 5%).
The reference values adopted for spirometry
were those described by Knudson et al.(¥

The measurement of diaphragm mobility was
performed with an ultrasound device (Logic 500
Pro Series; General Electric Medical Systems,
Milwaukee, W1, USA) in mode B. The evaluation
method used in the present study quantified the
craniocaudal displacement of the left branch of
the portal vein in order to measure diaphrag-
matic displacement. This method was recently
validated" and proved sensitive to detect small
variations in the pattern of diaphragmatic move-
ment with changes in body position.""® A detailed
description of this method has been reported in
previous studies.® 10

The BODE index was used in order to
predict the risk of death. To calculate the BODE
index, the following were evaluated: BMI; FEV,
(expressed in percentage of predicted); sensation
of dyspnea, quantified by the Modified Medical
Research Council (MMRC) scale; and 6MWD,
the 6MWT being performed in accordance with
the recommendations of the American Thoracic
Society.'” The patients were given predeter-
mined scores according to the parameter values

Table 2 - Body mass index, airway Obstruction, Dyspnea, and Exercise capacity index for the different categories
of classification of COPD according to the severity of airway obstruction.

Severity of COPD?

Patients, n (%)

BODE index, mean (variation)

Stage 1 (FEV, > 80% of predicted)

Stage 11 (50 < FEV, < 80% of predicted)
Stage 111 (30 < FEV, < 50% of predicted)
Stage 1V (FEV, < 30% of predicted)

3(7.14) 2.67 (2-3)
17 (40.48) 2.59 (0-4)
14 (33.33) 4.46 (2-7)

8 (19.05) 5.13 (3-8)

BODE: Body mass index, airway Obstruction, Dyspnea, and Exercise capacity.*Stages 1-1V were defined based on the Global

Initiative for Chronic Obstructive Lung Disease.
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Table 3 - Anthropometric, pulmonary and functional parameters of the group of patients classified according
to diaphragmatic dysfunction (cut-off value = 33.99 mm).

Parameter Group LM Group HM p

Gender, M:F 12:8 20:3

Age, years 63.10 £ 9.08 62.05 + 7.65 0.34
BMI, kg/m? 24.14 + 4,57 27.20 £ 3.25 0.01
FEVI, % of predicted 44,05+ 17.99 55.18 £ 17.42 0.02
RV, % of predicted 254.65 + 57.19 216.59 + 50.28 0.01
TLC, % of predicted 142.10 + 14.67 139.32 + 14.86 0.27
6MWD, % of predicted 90.79 * 24.88 103.26 £ 16.58 0.03
MMRC 2.45 £ 1.36 2.05 £ 1.36 0.17
SGRQ symptoms 51.75 + 31.83 51.66 = 19.47 0.45
SGRQ activity 64.76 + 23.99 55.19 + 26.89 0.12
SGRQ impact 48.14 £ 29.40 40.34 + 26.88 0.19
SGRQ total 52.73 £ 24.53 46.18 £ 25.15 0.20
Diaphragm mobility, mm 28.70 £ 4.50 43.20 £ 10.4 < 0.05
BODE index 435+ 1.84 3.10£1.18 0.01

LM: low mobility; HM: high mobility; BMI: body mass index; 6MWD: six-minute walk distance; MMRC: Modified Medical
Research Council scale; SGRQ: Saint George’s Respiratory Questionnaire; BODE: Body mass index, airway Obstruction,
Dyspnea, and Exercise capacity. Results expressed in mean £ SD, except for gender.

obtained, using a table with scores ranging from
0 to 10. High BODE index values are associated
with a greater risk of death.?

Quality of life was evaluated using the Saint
George's Respiratory Questionnaire (SGRQ),"®
which has been translated into Portuguese and
validated for use in Brazil.'"” This questionnaire
is specific for respiratory diseases and comprises
76 questions distributed in three domains:
symptoms, activity and impact. There are prede-
termined scores for each domain, and the total
score corresponds to the sum of the scores of the
three domains. The total score can range from
0 to 100. Lower values indicate better quality of
life of the patient.

Statistical analysis

All data are presented as mean + SD. The
Kolmogorov-Smirnov test was used in order
to verify the normal variance of the data. To
compare the parameters between the two
groups, we used the Student’s t-test (parametric
data) or the Mann-Whitney test (nonparametric
data). Kaplan-Meier curve analysis was used in
order to describe the distribution of survival for
the groups, and statistical significance was eval-
uated using the log-rank test. We determined
the sensitivity and specificity of diaphragm
mobility, the BODE index and the GOLD classifi-
cation as predictors of patient mortality. Because

diaphragmatic dysfunction might be associated
with a worse prognosis, the patients classified
as LM were referred to as those who presented
a positive test when calculating sensitivity and
specificity.?® The analyses were performed using
the SigmaStat software, version 3.5 (Systat
Software Inc., San Jose, CA, USA). The level of
statistical significance was set at p < 0.05 for
all tests.

0.8+

0.7 T T T T

Time (months)

Figure 1 - Kaplan-Meier survival curve for patients
with COPD classified according to the severity of
the diaphragmatic dysfunction. Patients with high
diaphragm mobility (=) presented increased survival
(p = 0.02 by the log-rank test) when compared with
patients with low diaphragm mobility (- - -).
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Table 4 - Sensitivity and specificity of the parameters
tested as predictors of mortality.

Predictive index Sensitivity Specificity
(%) (%)
Diaphragm mobility 100 58
BODE index 100 71
GOLD classification 75 48

BODE: Body mass index, airway Obstruction, Dyspnea, and
Exercise capacity; and GOLD: Global Initiative for Chronic
Obstructive Lung Disease.

Results

The present study investigated 42 COPD
patients (32 were male) with airway obstruc-
tion ranging from mild to severe (mean FEV,,
49.88 + 18.36% of predicted). The functional
and anthropometric characteristics of the
patients are described in Table 1. The number of
patients distributed in GOLD stages 1-1V and the
mean BODE index for each category are shown
in Table 2.

Of the 42 patients evaluated, 20 were classi-
fied as LM and 22 were classified as HM. Table 3
shows the results regarding the anthropometric,
pulmonary and functional variables for the two
groups of patients. The groups were comparable
regarding age bracket and lung hyperinflation
(assessed by TLC). There were no significant
differences between groups LM and HM in
terms of the score for any domain of the SGRQ.
However, BODE index values were significantly
higher in the LM group than in the HM group
(p = 0.01). During the 48-month follow-up
period, there were four deaths within the study
sample; all of those deaths occurred in the LM
group (15.79%) and resulted from COPD-related
pulmonary complications. Figure 1 shows
the Kaplan-Meier survival curve for the two
diaphragm mobility groups. The log-rank test
showed a significant difference between the two
groups regarding the mortality rate (p = 0.02).

The sensitivity and specificity of the clas-
sification of diaphragmatic dysfunction as a
predictor of mortality in the population studied
were 100% and 58%, respectively. This calcula-
tion was also made for the classifications based
on the GOLD or BODE indices. The results are
summarized in Table 4.

Discussion

The present study showed that COPD patients
with diaphragmatic dysfunction (diaphragm
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mobility < 33.99 mm) had higher BODE index
values, indicating that these patientshave a higher
risk of death than do COPD patients without
diaphragmatic dysfunction. The mortality rate,
which was prospectively identified, was signifi-
cantly higher in individuals with diaphragmatic
dysfunction than it was in individuals without
diaphragmatic dysfunction, supporting the use
of the BODE index as a predictor of mortality.
However, the degree of diaphragmatic dysfunc-
tion had no discriminatory power in relation to
the quantification of quality of life.

A reduction in diaphragm mobility has been
identified in patients with COPD and has been
associated with a decline in pulmonary function
parameters.?" In a previous study, we demon-
strated a relationship between diaphragmatic
dysfunction and air trapping.”? Other authors
have also described an association between FEV,
reduction and impaired diaphragm mobility.*>
These results, taken together, strengthen the
hypothesis that diaphragmatic dysfunction is
related to the severity of the pulmonary disease.

Although FEV, is considered an impor-
tant marker of pulmonary obstruction severity,
it does not adequately reflect the systemic
manifestations of COPD.?? Therefore, it has
been proposed that another parameter, such
as submaximal exercise capacity (evaluated by
the 6MWT), should be evaluated in order to
improve the understanding of the functional
alterations in these individuals.??) An associa-
tion between diaphragmatic dysfunction and
limited exercise tolerance has also been demon-
strated.!" Considering the results of these
studies, which identified an association between
limited diaphragm mobility and a decline in at
least two of the determinants of the BODE index
(FEV, and exercise capacity),>" we formulated
the hypothesis that the more severe pulmonary
and functional involvement observed in individ-
uals with diaphragmatic dysfunction can reflect
greater disease severity and, consequently, higher
risk of death.

To test this hypothesis, the BODE index was
calculated for the two groups of patients classi-
fied according to diaphragm mobility. The BODE
index values were higher for the LM group
patients, who also presented shorter 6MWDs,
greater pulmonary obstruction and lower BMI
than did those in the HM group. The only BODE
index component that was not significantly
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different between the groups was sensation of
dyspnea (evaluated using the MMRC scale). The
higher BODE index values identified in the LM
group patients suggest that such dysfunction is
associated with a worse prognosis. The predic-
tive power of the BODE index as an indicator
of mortality risk was confirmed, the mortality
rate being higher in the LM group patients, who
were prospectively followed up for 48 months.

The sensitivity of diaphragm mobility for the
identification of mortality was similar to that of
the BODE index (100%). This indicates that the
recognition of individuals with diaphragmatic
dysfunction or the recognition of individuals with
higher BODE index values were equally predic-
tive of death within 48 months. However, the
specificity of the BODE index (71%) was higher
than was that of the diaphragm mobility classi-
fication (58%), which showed that a lower BODE
index was more accurate than was the absence
of diaphragmatic dysfunction as a predictor
of survival. The sensitivity and specificity of
the GOLD classification were lower than were
those of the BODE index and of the diaphragm
mobility classification. These data corroborate
results described previously, showing that the use
of a single factor to indicate pulmonary severity
(FEV,) does not seem to be the most appropriate
means of understanding the systemic alterations
and prognosis of patients with COPD.(®®)

Some previous studies have investigated
whether factors such as airway obstruction,
exercise capacity, degree of dyspnea and quality
of life, as well as symptoms of anxiety and
depression, are independently associated with
mortality in patients with COPD.©?*>? Although
those studies demonstrated the relationship
between these factors and mortality in COPD
patients, none have analyzed this relationship
using a variable that quantifies the dysfunction
of the respiratory muscles. In the present study,
we used the evaluation of diaphragm mobility
as a parameter to characterize diaphragmatic
dysfunction and observed that the presence
of diaphragmatic dysfunction was also associ-
ated with higher BODE index values and higher
mortality rates. The results of the present study
support the use of both measurements as indi-
cators of mortality, although the BODE index
is more clinically viable because it consists of
parameters easily measured in daily practice.
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In recent decades, the quantification of
factors related to quality of life has become the
focus of researchers investigating the impact
of COPD on the daily lives of individuals with
COPD. Some studies have shown that there is
gradual and progressive worsening of quality
of life in patients with COPD as the pulmonary
disease becomes more severe.?%2) A recent study
demonstrated an association between quality
of life and the BODE index in individuals with
severe COPD, showing that this index can be a
reliable predictor of quality of life.®) However, our
results show that, although the classification of
diaphragmatic dysfunction was concordant with
the BODE index values, diaphragmatic dysfunc-
tion did not differentiate patients regarding
factors related to quality of life. Therefore, the
presence of diaphragmatic dysfunction does not
seem to be associated with the deterioration of
quality of life in patients with COPD.

Physical training of patients with COPD
has been shown to have beneficial effects on
some components of the BODE index, such as
reduced sensation of dyspnea and increased
exercise capacity.®? In this sense, it was recently
demonstrated that patients who participated
in a program of physical training presented
lower BODE index values and lower mortality
rates than did those who did not participate in
the program.” The authors suggested that the
modification in BODE index values observed
in the group submitted to the intervention
provided relevant prognostic data, reflecting the
longer survival of these patients. Considering
that impaired diaphragm mobility is also associ-
ated with a higher risk of death, it is likely that
specific training modalities that aim to improve
diaphragm mobility and thoracic mobility can
also have an impact on the BODE index and,
consequently, on the survival of these patients.
This hypothesis should be investigated in further
studies.

A limitation of the present study was the
small number of patients involved, which
hindered the analyses in subgroups of patients
classified according to the BODE and GOLD
indices. Since the proportion of patients allo-
cated to the different quartiles was relatively
low, it was necessary to use a simpler division
criterion, considering only two groups, that is,
one group with greater impairment and another
with lesser impairment. We believe that this had
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no major influence on the results, since there
were, between the patients of these groups,
significant differences in the parameters that
determined the classification (BODE index
and FEV]), which characterized the patients
as having different levels of severity (data not
shown). Despite these limitations, the present
study provided an unprecedented contribution
by presenting the use of a muscular evaluation
parameter, which can be directly evaluated by
means of prospective clinical monitoring, as a
predictor of mortality.

The results of the present study suggest that
COPD patients with diaphragmatic dysfunction,
characterized by low diaphragm mobility, have
a higher risk of death than do COPD patients
without such dysfunction. Quality of life seems
to be unrelated to the decline in diaphragmatic
function in patients with COPD.
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