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Determination of exacerbation predictors in patients
with COPD in physical therapy - a longitudinal study

Diego M. Marino?, Kamilla T. Marrara'?, Juliano F. Arcuri?,
Cecilia Candolo?, Mauricio Jamami?, Valéria A. Pires Di Lorenzo*

ABSTRACT | Background: Chronic obstructive pulmonary disease (COPD) typically presents the characteristic clinical
condition of exacerbation, with more intense symptoms associated with greater functional loss and consequently lower
chances of patient survival. Objectives: This study sought to determine the predictors of exacerbation, alone or in
combination, in patients with chronic obstructive pulmonary disease (COPD) who received physical therapeutic treatment
over 6 months. Method: This was an observational, longitudinal and prospective study in which 63 COPD patients
residing within the municipality of Sdo Carlos, SP, Brazil were evaluated. These patients had COPD stages II and III
and were entered into a physical therapy program, consisting of 3 periods of assessment over 6 months. We evaluated
the occurrence of acute exacerbation as well as the patients’ body mass index (BMI), fat-free mass (FFM), fat-free mass
index, forced expiratory volume in I second (FEV ), dyspnea, distance walked (DW) in the 6-minute walk test (6MWT)
and handgrip strength. Results: When applying Cox settings with each covariate separately, the results revealed 5%
significance only for the DW in the 6MWT, which demonstrated an interaction between BMI and FFM. Comparison of
the 3 periods of assessment across the covariates measured showed a significant difference only for the DW between
evaluations in the 3 and 6" months. Conclusion: Upon analyzing the predictors of risk over 6 months of follow-up in
patients with COPD, we found that the DW in the 6MWT was associated with the risk of exacerbation, although this
risk also depended on the covariates BMI and FFM.
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Introduction

Chronic obstructive pulmonary disease (COPD)
typically presents the clinical characteristic of
exacerbation, although patients demonstrate different
clinical forms and levels of severity'~.

Exacerbation is defined as an acute increase in
respiratory symptoms that exceeds normal daily
variation and that leads to the need for changes in
the medications regularly used by the patient, and
this definition accurately describes the exacerbations
related to COPD? and/or the use of healthcare
resources*. The most frequent characteristic of
exacerbation is an increase in dyspnea, which requires
the patient to seek medical attention'?.

However, there is also evidence of reduced tolerance
to physical efforts, and physical inactivity is more
accentuated in patients with frequent exacerbations,

which also makes them more susceptible to new
exacerbations’.

According to Donaldson et al.%, greater numbers of
exacerbations are associated with greater functional
loss and, consequently, according to Cardoso',
a reduced likelihood of COPD patient survival.
According to Beghé et al.’, exacerbation of COPD
refers to the exacerbation of respiratory symptoms
in these patients, which may or may not be related to
respiratory mechanisms.

Therefore, the current study sought to identify
variables, in isolation or combination, related to the
occurrence of exacerbations in patients with COPD
who performed a program of moderate-intensity
physical exercise 2 to 3 times per week in an active
manner.
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In this study, an interaction between tolerance to
physical efforts and the occurrence of exacerbations
in COPD patients was expected. Our objective was to
determine the predictors of exacerbation, in isolation
or in combination, in patients with COPD who
participated in moderate-intensity physical therapy
treatment over 6 months.

Method

This was an observational, longitudinal and
prospective study in which patients from the
municipality of Sdo Carlos, SP, Brazil, were
evaluated from January 2010 to September 2011.
The participants were of both genders, with a
clinical diagnosis of stage II or IIl COPD? and were
monitored for 6 months, with evaluations at the initial
time of contact, after 3 months and after 6 months.

In accordance with Resolution 196/96 of the
National Health Council (Conselho Nacional de
Satde (CNS)), all of the patients signed the informed
consent form after receiving guidance. The study
was approved by the Research Ethics Committee of
the Federal University of Sao Carlos (Universidade
Federal de Sao Carlos - UFSCar), Sao Carlos, SP,
Brazil (Opinion n°® 432/2008).

Inclusion and exclusion criteria

The inclusion criteria consisted of patients with
a clinical diagnosis of COPD, from both genders,
who demonstrated a forced expiratory volume in 1
second (FEV )/forced vital capacity (FVC)<70%,
with moderate to severe obstruction®, and who were
ex-smokers and clinically stable at the time they
were contacted.

The exclusion criteria included patients with
pulmonary infections at the time of initial contact,
diseases associated with cardiopathies and rheumatic
and orthopedic diseases that made it impossible to
perform any of the tests due to exercise limitations.

Experimental procedure

All of the patients who participated in the study
were evaluated at 3 times points (every 3 months)
for 6 months. First, an initial contact was scheduled
with the patient, during which they were invited to
participate in the study after the research objectives
were explained.

The patients were placed in a physical therapy
program, consisting of 2 to 3 sessions per week, for a
period of 3 months. The program consisted of aerobic
physical training on a rolling treadmill or bicycle
ergometer for at least 20 minutes with an intensity
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of 80% of the velocity and the slope obtained in the
incremental, symptom-limited cardiopulmonary
exercise test (CPT). The intensity of the training
was constantly adjusted® to maintain the sensation
of dyspnea between 4-6 on the BORG-CRI10 scale,
always respecting a heart rate that was 85% of the
maximum heart rate.

The physical therapy program also involved
guidelines for respiratory exercises®, free exercises
with the upper limbs (UULL) and lower limbs
(LLLL) and stretching the muscles of the neck, trunk,
UULL and LLLL? bronchial hygiene maneuvers
were administered only when necessary.

In all of the evaluations, the patients were subjected
to a general and specific evaluation consisting of
the following: identification of the occurrence of
exacerbation; anthropometric evaluation; verification
of body composition according to the body mass
index (BMI), fat free mass (FFM) and fat free
mass index (FFMI); obstruction of the airways, as
evaluated by spirometry through the FEV , dyspnea
by the Modified Medical Research Council (mMRC)
scale, tolerance to physical efforts by the distance
walked (DW) in the 6-minute walk test (6MWT) and
evaluation of hand grip strength.

Evaluation of exacerbation

The exacerbation of COPD was carefully
evaluated in this study according to the appearance
or worsening of more than 2 signs and/or symptoms
(dyspnea, sputum purulence or sputum volume,
coughing or wheezing) for more than 2 consecutive
days.

The occurrence as well as the number of
exacerbations after the first evaluation was questioned
at the second evaluation period (3™ month) as well
as the third period (6™ month). In addition, when
present, exacerbation of the clinical status during
the corresponding period was evaluated, which was
characterized by sustained worsening of the health
condition of patients who required an unscheduled
visit to a healthcare facility, such as the emergency
room, a basic healthcare unit or the responsible
pulmonologist. The number of patients who quit the
study was also recorded over the 6-month period.

Anthropometrics

The measurements of weight and height were
verified using a biometric scale (Welmy®, model
110FF, Sao Paulo, SP, Brazil) on which the patients
stood barefoot and semi-clothed, in the erect position
with the head aligned.



The BMI was calculated according to the method
of Willett® using the following classification system:
BMI<20 Kg/m? was considered low weight; BMI
between 20 and 24.9 Kg/m? as normal weight; BMI
between 25 and 29.9 Kg/m? as overweight and BMI
>30 Kg/m? as obese'’.

Body composition

Additionally, the FFM was verified by bioelectrical
impedance analysis (BIA) at 50 kHz on a digital scale
(Ironman, Tanita® model BC-553, Illinois, USA),
according to the manufacturer’s recommendations.
The patients were directed to fast for 3 hours prior
to testing.

For the FFMI analysis, the formula described by
Steiner et al.'' was used, and FFMI = fat free mass/
height?.

Spirometry

Spirometry was performed by the responsible
pulmonologist before and after the use of a
bronchodilator to verify the degree of obstruction,
considering the ratio FEV /FVC<70% and FEV .
The patients were then classified as having stage
IT obstruction (50%<FEV <80% of the predicted)
or stage III obstruction (30%<FEV <50% of the
predicted)®.

Dyspnea

Evaluation of the degree of dyspnea was performed
using the mMRC scale'?. This scale is based on the
degrees of different activities that lead to dyspnea,
varying between “0” (individual is not bothered
by a lack of air except when subjected to vigorous
exercise) to “4” (individual presents with a significant
lack of air from leaving their home or even from
changing clothes).

The patients determined the number on the scale
that best related to their dyspnea during an interview
applied by the same examiner.

Tolerance to physical effort

Tolerance to physical effort was evaluated
according to the DW in the 6MWT. This test was
performed in a flat corridor, 30 meters in length,
according to the standardized method of the American
Thoracic Society (ATS)"*. The DW was recorded at
the end in meters'.

For the calculation of the predicted distance, the
formula (predicted distance ) = 622.461 - (1.846 *
age )+ (61.503 * 1)"5 was used, with knowledge

years

of the age of the evaluated patients.

Exacerbation predictors in COPD

Handgrip strength

Handgrip strength evaluations were performed
on the dominant upper limb using a Jamar®
dynamometer (Jackson, MI 49203 USA), which
provided measurements in kilograms-force (kgf)'
and was adjusted to the second position. The patients
remained seated, with their elbow flexed at 90°
and their forearm and wrist in a neutral position,
according to the standardized method proposed by
the American Society of Hand Therapists (ASHT).

Three maximum voluntary contractions were
requested with a rest of 30 seconds between
contractions, and the average of the values obtained
was considered for statistical analysis. These
measurements did not vary by more than 5%.

Data analysis

The Shapiro-Wilk test was performed to verify
the normality of the data, with verification of a
non-parametric distribution. Descriptive statistics
were performed for sample characterization, and the
data were expressed as the median and interquartile
interval and presented in tables and figures.

Regarding the initial analysis of the risk of
exacerbation, non-parametric analysis of time until
exacerbation was performed using the construction
of a survival curve to exacerbation. The Kaplan-
Meier'” estimator and 95% confidence intervals were
also used.

The influence of BMI, FFM, FFMI, FEV ,
dyspnea, DW in the 6MWT and handgrip strength
as predictors of exacerbation was verified through
the adjustment of the Cox model, and patients who
experienced exacerbation were excluded from the
sample for the statistical analysis.

The Cox model permitted data analysis according
to period of life, in which the response in a certain
period was evaluated until the occurrence of an
event of interest (exacerbation), after adjusting
for covariates'’. In this study, the period of life
between the evaluation and the exacerbation of the
patients was adjusted for the covariates cited above
and their interactions. The selection of covariates
was conducted according to the proposal cited by
Colosimo and Giolo'’, and the relative risks involving
the covariates of the final model were calculated. The
relative risk in the Cox model was calculated by the
exponential of the coefficient of the covariate under
consideration.
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With the objective of comparing the 3 periods
of evaluation for each covariate, the Friedman test
followed by the post-hoc Dunn test was selected.

For comparisons between the 3 evaluation periods,
the GraphPad InStat for Windows application was
used. The analyses and figures presented were
obtained using the R statistical software (free
software) and the SAS 9.3 software (SAS/STAT,
Version 9.3 of the SAS System for Windows). The
hazard ratio (HR) was also calculated, and the 95%
confidence interval (CI) was used. The significance
level adopted was p<0.05.

Results

Considering the entire study period, 63 patients
were initially recruited. However, 12 patients
participated only in the first evaluation, making it
impossible to monitor them over the 6-month period
due to personal problems (4), abandonment (6), fall
(1) and surgery (1). Of the 51 patients who remained
in the study, 20 showed stage II obstruction and 31
stage III obstruction. Four presented exacerbation in
the first 3 months of monitoring and, of the 47 patients
who continued, 13 showed exacerbation between the
3 and 6™ months of monitoring, and 5 abandoned
the study for personal problems (4) or surgery (1), as
shown in Figure 1. There was no occurrence of death
over the 6-month monitoring period.

The anthropometric, spirometry, dyspnea, DW
in the 6MWT, predicted distance in the 6MWT and
handgrip strength characteristics for the patients
included in this study are shown in Table 1.

Upon applying adjustments to the Cox model for
each of the covariates separately, a significance of
5% was observed for only the DW in the 6MWT
(p=0.02), which demonstrated an interaction between
the DW in the 6MWT with BMI (p=0.01) and FFM
(p=0.01).

Based on information in the literature'® and the
values obtained for the first and third quartiles of the
sample, respectively, the following median values
were measured for the DW in the 6MWT: 357, 340
and 500 m. These results highlight the large variation
observed in this study for this variable.

Values of 23 and 25 kg/m? were considered for
BMI and values of 43 and 46 kg were considered for
FFM, taking into consideration the greater frequency
of these values in the sample included in this study.

Considering a BMI of 23 kg/m? and an FFM of
43 kg, the risk of exacerbation in patients with a DW
of 357 m in the GBMWT was approximately 0.3 times
less than the risk of exacerbation for patients with a
DW of 340 m. Moreover, upon increasing the DW
to 500 m, the risk of exacerbation was 0.95 times
less (Figure 2A).

After evaluating the FEM at 46 kg, and maintaining
the same BMI value, the risk of exacerbation among

[ Recruitment ( n = 63) ]

|

[ Initial assessment (n = 63) J

—[ Exacerbation (n = 4) ]
/

3° month (n =47) J

4 Givenup (n = 12) h
- personal problems (4)
- gave up (6)
- fall (1) \
\_ - surgery (1) ) [
p
Givenup (n=5)
- personal problems (4)
- 1
- surgery (1) J \

—[ Exacerbation (n = 13) ]
/

[ 6° month (n =29) ]

Figure 1. Flowchart of the study design.
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patients who walked 357 m in the 6MWT was
approximately 0.21 times lower than the risk of
exacerbation for patients with a DW of 340 m. In
addition, by increasing the DW to 500 m, this risk was
approximately 0.89 times lower; in other words, this
risk was reduced by approximately 90% (Figure 2B).

With a BMI of 25 kg/m?* and FFM of 43 kg, the risk
of exacerbation for patients who walked 357 m in the
6MWT was 0.37 times less compared to patients who
walked 340 m. In comparison, after walking 500 m,
this risk was approximately 0.99 times lower; in other
words, this risk was reduced by 99%, as illustrated in
Figure 3A. With maintenance of the BMI and a FFM
of 46 kg, the risk of exacerbation was approximately
0.32 times less in patients who walked 357 m in the
6MWT compared to patients who walked 340 m;
with the increase of the DW to 500 m, this risk was
0.97 times lower (Figure 3B).

Table 2 shows the values for the covariates of
body composition, airway obstruction, dyspnea,
DW in the 6MWT and handgrip strength in the 3
described evaluations, demonstrating significant
differences only for the DW between the 3- and
6-month evaluations.

Table 1. Anthropometric characteristics, spirometry, dyspnea,
distance walked and predicted distance in the 6B MWT and handgrip
strength of the studied patients (n=63).

Variables Median
(interquartile interval)
Age (years) 71 (62-75)
Weight (kg) 66 (56-76)
Height (m) 168 (164-171)

BMI (kg/m?) 24 (21.5-25.6)
46 (43.2-48.3)
17 (15.1-18.9)
47 (37.8-64.5)

76.5 (66.5-85)

Fat-free mass (kg)
Fat-free mass index (kg/m?)
FEV, (% predict)
FVC (% predict)

FEV /FVC (%) 63 (49-65.6)
MVV (% predict) 43.6 (36.9-57.7)
Dyspnea (nMRC) 2(1-2)

Distance walked in 6BMWT (m)
Predict distance in 6MWT (m)

466 (349-503)
554.7 (545.5-571.4)

Handgrip strength (kgf) 38 (34.7-40)

Data reported for the median (interquartile interval). BMI: body
mass index. FEV: forced expiratory volume in one second. FVC:
Forced Vital Capacity. MVV: maximum voluntary ventilation
6MWT: six-minute walk test.

Exacerbation predictors in COPD

Discussion

Principal findings

The principal finding of this study was that the
DW in the 6MWT, in association with BMI and
FFM, predicted the risk of exacerbation among
COPD patients monitored over a 6-month period.
Additionally, a reduction was observed in the
tolerance to physical efforts over 6 months of
monitoring relative to the 3 month.

Importance of this study

Because few data have been reported in the
literature concerning the evaluation of DW in the
6MWT as a predictor of exacerbation'® in COPD
patients enrolled in an exercise program, this study
contributes to the field by showing that the evaluation
of DW in the 6 MWT could be used to predict the risk
of exacerbation, while also taking into consideration
BMI and FFM.

During exacerbation of COPD and even after
its occurrence, there is a decrease in tolerance to
physical efforts, and a certain percentage of patients
with COPD do not recuperate even 3 months after
the occurrence of exacerbation'. This finding most
likely justifies the results observed in this study with
regard to the reduction of DW in the 6MWT, even
among patients undergoing physical therapy.

Because of the interaction between DW and body
composition variables, it is important to include a
range of variables in the evaluation and monitoring
of these patients in an attempt to heed guidelines and
referrals considering the occurrence of exacerbations.

DW, BMI and FFM as determinants of
exacerbation in COPD

This study demonstrated that the DW in the 6 MWT,
in association with BMI and FFM, could predict the
risk of exacerbation in patients with COPD. In
addition, there is evidence of the association between
body mass and mortality in patients with COPD,
which highlights this variable as an important
extrapulmonary factor that may signal the need for
disease intervention®. Additionally, a relationship
was also previously observed between body mass and
acute exacerbation in COPD, accompanied with the
imbalance generated by a decrease in food ingestion
and an increase in the energy used by the patient?!.

Slinde et al.> and Vestbo et al.® reported that
free fat mass was related to mortality in COPD;
however, its impact on functional limitation remains
unknown. According to some authors®, BMI is an
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Figure 2. Proportion of exacerbations considering variations in the DW in the 6 MWT and the interaction with the fixed value of BMI
(23 kg/m?) and FFM of 43 kg (A) and 46 kg (B). Data are expressed as the HR: hazard ratio and CI: confidence interval (95%).

Table 2. Corporal composition, air way obstruction, dyspnea, distance walked in 6MWT and handgrip strength of patients over the six

months of follow-up.

Variables
BMI (kg/m?) 24 (21.5-25.6)
46 (43.2-48.3)

Fat-free mass index (kg/m?) 17 (15.1-18.9)

FEV, (% predict) 47 (37.8-64.5)

Dyspnea (mMRC) 2(1-2)
Distance walked in 6GMWT (m) 466 (349-503)
38 (34.7-40)

Fat-free mass (kg)

Handgrip strength (kgf)

Initial assessment (n= 63)

3° month (n= 47) 6° month (n= 29)

22.5 (20.7-25.5)
45.4 (43.5-48.6)
16.7 (15.8-17.2)
46.8 (37.2-58.4)
2(1.5-2)
470 (349-537)
37.3 (34.8-39)

22.3(20.8-26.1)

45.4 (43.6-48.1)

163 (16.1-17.3)

47.8 (37.8-66.1)
2(1-2)

402 (252-486)*

37.3 (33.4-40)

Data reported for the median (interquartile interval). BMI: body mass index. FEV : forced expiratory volume in one second. 6MWT: six-minute

walk test. Friedman Test with Dunn post-hoc: *p<0.05 versus 3° month.

independent factor for prognosis in this disease, with
reduced body mass associated with an increase in
mortality. According to Lan et al.?*, low BMI exerts
an influence on COPD, independent of the degree of
airway obstruction. Furthermore, it is worth reporting
that age, physical inactivity, hypoxia and the use of
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medications, primarily corticoids, was also shown
to influence weight loss and the decrease in FFM>.

According to Schols et al.?, in addition to FFM
serving as a predictor of mortality, this variable can
be used for the staging of COPD because it acts as a
systemic marker of disease severity.
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Figure 3. Proportion of exacerbations considering variations in the DW in the 6 MWT and the interaction with the fixed value of BMI
(25 kg/m?) and FFM of 43 kg (A) and 46 kg (B). Data are expressed as the HR: hazard ratio and CI: confidence interval (95%).

This study found that tolerance to exercise, as
evaluated by the DW in the 6MWT, was shown
to predict the risk of exacerbation in patients with
COPD, provided that there was an association with
BMI and FFM. According to Celli¥’, the capacity
to perform exercise is one of the most important
variables to be considered in the prognosis of COPD,
as tolerance to physical effort shows a progressive
decline and functionality is generally decreased with
disease progression.

Anzueto® reported that the reduction in physical
activity could be demonstrated by the decrease in
DW in the 6 MWT, resulting in a higher probability of
new exacerbations and hospitalizations**. Similarly,
according to Rondelli et al.*, intolerance to physical
effort is one characteristic of individuals with COPD,
which is related to progressive incapacity, with a
consequent reduction in survival.

According to Enright et al.’' and Pinto-Plata et al.*?,
DW appears to be a good predictor of mortality
because it reflects not only respiratory function
but also cardiopulmonary and peripheral muscular
system function, in addition to relating to other

important outcomes in patients with COPD, such
as dyspnea’!.

Kessler et al.*® and Carr et al.** observed that
patients with COPD after exacerbation show a
reduction in DW in the 6MWT. The former study
showed that the increased risk of hospitalization
among these patients occurred in association with
DW values less than 367 m, while in this study, it was
observed that patients with episodes of exacerbation
showed an average DW of 372 m.

It is also worth reporting that, as in the present
study, Carr et al.** monitored approximately 60
patients with COPD for 6 months to verify the
occurrence of exacerbation and demonstrated that
the average DW in the 6MWT of patients who
exacerbated was 350 m, compared to 416 m for
those who did not exacerbate. In the present study,
the patients who did not exacerbate walked 459.9 m
on average.

However, it should also be considered that older
age is associated with a reduced DW, as reported in
the study by Pires et al.. These authors evaluated 122
individuals using the 6MWT and corroborated the
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data shown in the present study, as older patients with
COPD showed lower tolerance to physical efforts.

Upon monitoring the performance of patients with
COPD according to the DW in the 6MWT for 2 years,
Pinto-Plata et al.*> observed a progressive increase in
survival with an increase in DW. Additionally, there
is evidence that a reduction of 30 meters or more in
DW in the 6MWT increases the risk of death, and this
therefore represents a clinically significant minimum
difference in patients with COPD*.

In the present study, the risk of exacerbation,
which is considered to be one of the primary causes
of morbidity/mortality’’, was shown to be reduced
with an increase in DW. Therefore, this variable may
predict the risk of exacerbation for these patients,
provided there is an association with BMI that is
between the reference values used in this study.

Previously, FEV, was regarded as the variable that
best represented COPD with respect to the severity
of the situation and the response of the patient
considering the treatment modalities®. However,
O’Donnell et al.*” demonstrated that FEV | is limited
when the intent is to predict the capacity for physical
efforts because it does not evaluate this condition in
a systemic manner, and this finding has since been
confirmed by the results of other studies. Moreover,
because a decline in the DW in the 6B MWT is observed
among more serious patients, the DW has been shown
to be a more sensitive variable for the detection of
clinical changes associated with COPD as compared
to the pulmonary function test, thus highlighting its
importance for monitoring these patients*4!,

Fletcher and Peto*? observed a relationship between
airway obstruction and survival while monitoring
patients with COPD. However, FEV | does not fully
express the disease complexity and manifestations,
considering that other clinical variables better predict
mortality in these individuals®’.

According to Vestbo et al.”® and Rabe et al.”’,
exacerbations in COPD are important events that
influence disease severity and progression. Moreover,
episodes of exacerbation result in an increase in
the provision of medical care, implying a negative
impact, as it is one of the primary causes of morbidity/
mortality, on patient quality of life.

The limitations of this study were that we
evaluated only one convenience sample treated at
only a single study center. However, the results
obtained demonstrate the importance of physical
exercise, specifically aerobic physical training
associated with a physical therapy treatment program,
for patients with COPD, as previously shown in
the systematic review by Puhan et al.**. Thus, the
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goal for these patients is to obtain an increase and/
or maintenance in tolerance to physical efforts and
a consequent reduction in the risk of exacerbation,
provided that patients performed monitoring and
drug treatment with the responsible pulmonologist.

Conclusion

In summary, over 6 months of monitoring of
COPD patients undergoing physical therapy, we
identified the DW in the 6MWT as the determinant
predictor of the risk of exacerbation, although this
association also depended on the covariates of BMI
and FFM.
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