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Abstract

Background: Dyspnea in obesity is common and dyspnea questionnaires are
mostly validated for chronic respiratory diseases. The study aims to assess
how modified Medical Research Council (mMRC) dyspnea scale correlates
with post exercise dyspnea Borg scale in 6-minute walk test of the obese pop-
ulation. Methods: We performed a retrospective observational study on 342
obese patients with 6 MWT tests from February 2008 to November 2014 at a
single tertiary hospital. Linear regression analysis was used to assess the rela-
tionship between mMRC and Borg dyspnea score. Fractional polynomial re-
gression was used to analyze the relationship of mMRC and Borg scores with
BMI. Results: MMRC dyspnea score was a strong predictor of post exercise
dyspnea Borg score in the obese population in a univariate regression model
(coefficient = 0.764, p < 0.001). When adjusted to age, BMI, 6 MWT distance
and PFT parameters in a multivariate regression model, the relationship re-
mained statistically significant (coefficient = 0.587, p < 0.001). The relation-
ship was stronger in obese group with no airflow obstruction. Conclusion: In
obese population, pre-exercise mMRC dyspnea score correlates significantly
with post exercise dyspnea Borg score regardless of airflow obstruction. This
is the first validity study regarding mMRC scale in assessing dyspnea in the
obese population.
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1. Introduction

Based on epidemiological studies, more than one-third of adults in the United
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States are obese [1]. Obese people are at increased risk of respiratory complains
and bronchodilator use despite the lack of objective evidence of respiratory ill-
ness [2] [3]. Exertional dyspnea is a common disabling symptom in obesity, but
the mechanisms of this remains unclear [4]. Reduced expiratory reserve volume
(ERV), functional residual capacity (FRC) and total lung capacity (TLC) are
most frequent observed in the obese pulmonary function tests (PFTs) [2]. These
are generally related mechanical effect of adipose tissue in chest wall, which re-
duces total respiratory compliance [2] [4] [5]. Paradoxically, increase in weight
has little effect on airway caliber [6]. Cardiopulmonary exercise test in the obese
population also showed increased oxygen consumption, increased CO, produc-
tion, and impaired ventilatory mechanics [5] [7]. Overall, obese patients end up
having multiple tests to determine the pulmonary and cardiovascular compo-
nent of their breathlessness.

Clinical questionnaires such as baseline dyspnea index (BDI) and modified
Medical Research Council dyspnea scale (nMRC) provide subjective ratings of
dyspnea although these have been largely used in the assessment of patients with
chronic respiratory disease [8]. To our knowledge, only one pilot study has at-
tempted to investigate the potential use of dyspnea questionnaire in the obese
population [9]. There is no study that validated the use of any pre-exercise
dyspnea scale in the obese population.

The Modified Medical Research Council (mMRC) dyspnea scale does not
quantify breathlessness itself. Other tools such as the Borg dyspnea scale is used
for quantitative assessment [10]. The 6 MWT has shown good reproducibility
and could be used as a fitness indicator in clinical studies in the obese popula-
tion [11] [12]. Establishing a correlation between qualitative pre-exercise score
(mMRC scale) and quantitative post exercise score (Borg scale) would validate
the use of dyspnea questionnaire in the assessment of obese breathlessness. The
primary objective of the study is to assess how baseline breathlessness measured
by mMRC scale correlates with post exercise dyspnea measured by Borg score in
a 6-minute walk test. We also aim to individually analyze mMRC and Borg
dyspnea scores on different lung function parameters, airflow rates and body
mass index (BMI).

2. Methods

MMRC dyspnea scale, 6 MWT and Borg dyspnea scale.

The modified Medical Research Council (mMRC) scale is a five-level rating
scale based on the patient’s perception of dyspnea in daily activities (Table 1).
Respiratory disability ranges from none (Grade 0) to almost complete incapacity
(Grade 4). A score can be obtained quickly which makes it very convenient in an
office setting. The mMRC dyspnea scale has been validated for patients with
COPD [8] [13] [14].

The 6 minute walk test (6 MWT) is a simple test that measures the distance
that a patient can quickly walk on a flat surface in a period of 6 minutes [15]. It

evaluates the global and integrated response of systems involved during exercise.
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Table 1. Modified Medical Research Council (MMRC) dyspnea scale [8].

Grade of o
Description
dyspnea
0 Not troubled by breathlessness except on strenuous exercise
1 Shortness of breath when hurrying on the level or walking up a slight hill
) Walks slower than people of the same age on the level because of breathlessness
or has to stop for breath when walking at own pace on the level
3 Stops for breath after walking about 100 m orafter a few minutes on the level
4 Too breathless to leave the house orbreathless when dressing or undressing

However, the 6 MWT only assess the submaximal level of functional capacity
since subjects choose their own intensity of exercise. The test could be inter-
rupted if the subject opts to take a rest. This 6 MWT reflects the the daily func-
tional exercises as most activities of daily living are performed at submaximal
exertion [15]. Patients are asked to rate their baseline dyspnea using Borg dysp-
neascale (Table 2). The Borg scale is based on the modified CR 10 categorical
scale with scores form 0 to 10, where 0 (as a measure of dyspnea) corresponds to
sensation of normal breathing with no dyspnea and 10 corresponds to subject’s
maximum possible sensation of dyspnea [16]. The same scale was used to assess
post exercise dyspnea in each 6 MWT.

3. Study Design and Measurement

We performed a retrospective observational study on patients with 6-minute
walk tests from February 2008 to November 2014 at a single tertiary hospital.
There were 342 obese patients with 6 MWT; 263 of which have complete pul-
monary function test (PFT).There were 6 patients with incomplete diffusion ca-
pacity measurements. The study includes patients referred for 6 MWT with body
mass index (BMI) > 30 kg/m* and history of non-specific dyspnea in the pres-
ence or absence of airway obstruction. Subjects with known restrictive lung dis-
ease and pulmonary fibrosis were excluded. The study was approved by the in-
stitutional Review Board of the St. Elizabeth Medical Center and patient consent
was waived.

Patient demographics (age and BMI) were systematically recorded. All pa-
tients with 6 MWT have either spirometry or full PFT prior to the test. Mea-
surements of Forced Expiratory Volume in 1 second (FEV1), Forced Vital Ca-
pacity (FVC,) FEV1/FVC ratio, Total Lung Capacity (TLC), Functional Residual
Capacity (FRC), Expiratory Reserved Volume (ERV) and Diffusion Capacity of
Carbon Monoxide (DLCO) were obtained. The 6 MW'T was performed accord-
ing to American Thoracic Society (ATS) guidelines [15]. Subjects were asked to
walk as far as possible for 6 minutes in a flatcorridor which measures approx-
imately 30 meters long. Baseline breathlessness was assessed using the mMRC
scale (Table 1). Blood pressure, heart rate, respiratory rate, oxygen saturation
and Borg dyspnea score (Table 2) were recorded at the beginning and at the
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Table 2. Borg dyspnea scale [16].

0 Nothing at all
0.5 Very, very slight (just noticeable)
1 Very slight
2 Slight (light)
3 Moderate
4 Somewhat severe
5 Severe (heavy)
6
7 Very severe
8
9
10 Very, very severe (maximal)

end of the 6 MWT. Distance covered is recorded and compared to a predicted
value. BMI were divided into 3 obese classes: classl (30 - 34.9 kg/m?); class 2 (35
- 39.9 kg/m®) and class 3 (240 kg/m?). Airway obstruction is defined as FEV1/FVC
ratio below the lower fifth percentile of healthy nonsmoking population. (LLN)
[17] [18].

4. Statistical Analysis

Analysis of variance (ANOV A) model was used to evaluate the difference of key
variables among three obesity classes. Fractional polynomial regressions were
then used to explore the non-linear relationships between mMRC and Borg
scores with BMI. Linear regression models were used to analyze the relationship

of Borg scores and mMRC adjusted by age, lung capacities and airflow rates.

5. Results

Demographic Characteristics

Three hundred forty-two (342) patients with BMI > 30 kg/m* have 6 MWT form
February 2008 till December 2014. Demographic profile of the study population
is presented in Table 3. Their ages range from 28 to 92 years old with a mean
age of 69. More than half of the study group (186, 54.4%) belongs to obese class
1. There were 294 patients with spirometry. About 45.3% (133) of the patients
have airflow obstruction (Table 3).

The study population was divided into 3 groups according to their BMI
classes. Results of the 6 MWT and PFT in each obesity subclass is presented in
Table 4. Patients with the highest obesity class (BMI > 40 kg/m?) walked the
least distance. The difference in the mean distance between those in the highest
BMI class and the lowest BMI class is about 57 meters. As BMI increases there is
a statistically significant decrease in FRC and increase of diffusion capacity (p <
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Table 3. Patient demographics.

Age (n=342)

mean

(28 - 92)
69 (SD 11.58)

BMI
30 - 34.9 kg/m?
35 - 39.9 kg/m?

240 kg/m?

Class 1
Class 2

Class 3

Full Spirometry (n = 294)

With Airway Obstruction

No airway Obstruction

186 (54.39%)
81 (23.68%)

75 (21.93%)

133 (45.29%)

161 (54.76%)

BMI = Body mass index.

Table 4. Results of 6 Minute walk test (6 MWT) and Pulmonary Function Test (PFT) in

each obesity subclasses.

Class 1 Class 2 Class 3
6 MWT and PFT parameters ) ) , Pvalue
30-34.9kg/m’ 35-39.9kg/m’> 240 kg/m
Distance walked-meters (mean)
313.53 300.86 256.73 <0.01
n =342
% predicted distance on 6 MWT
60.27 58.08 54.11 0.15
n =342
Total | ity (TLC %
otal lung capacity (TLC %) 87.11 85.92 81.92 0.17
n =263
Vital capacity (VC %)
87.20 83.74 80.9 0.08
n =263
Functional residual capacity (FRC%)
89.38 87.15 75.62 <0.01
n =263
Residual volume (RV%)
87.69 87.37 79.93 0.32
n=263
Diffusion capacity (DLCO%)
57.57 63.49 66.70 <0.01
n =257
Presence of airway obstruction
48.15 53.73 29.23 0.01
n =294
MMRC dyspnea score (mean) 1.72
1.64 1.77 0.03
n =342
Borgd
org dyspnea score (mean) 3.31 3.33 3.41 0.12

N =342

0.01 and p < 0.01 respectively; Table 4). There is no statistically significant
change in TLC, VC and RV with increasing weight (p = 0.17, p = 0.08 and p =
0.32 respectively).The likelihood of airflow obstruction decreases with increasing

weight (p=0.01; Table 4).

Pre-exercise mMRC score is a strong predictor of higher post exercise dyspnea
Borg scores in the obese population (coefficient = 0.764, p < 0.001; Table 5).
When adjusted to age, BMI, distance walked and FEV1 the relationship remained
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Table 5. Correlation of mMRC and Borg score in the non adjusted and adjusted group.

Correlation of mMRC and Borg score Correlation Coefficient Pvalue
Non adjusted (n = 342) 0.764 <0.001
Adjusted with age, BMI, FEV1 and
) X ’ 0.670 <0.001
% predicted distance in 6 MWT (n = 338)
Adjusted with age, BMI, FEV1, % predicted distance,
0.587 <0.001

TLC, FRC, DLCO, presence of AFO (n = 254)

statistically significant (coefficient = 0.670, P < 0.001; Table 5). When lung vo-
lumes and the presence of airway obstruction were added in the adjustment, the
relationship remained statistically significant. (coefficient = 0.586, p < 0.001;
Table 5). Higher weight was associated with higher mMRC and Borg score (p <
0.001 and p = 0.011 respectively; Figure 1).

The study population was divided into 2 groups depending on the presence or
absence of airflow obstruction. The relationship of mMRC scale and Borg dysp-
nea scores was even stronger in obese group with no airflow obstruction com-
pared to the obstructed group (coefficient 0.880 in non-obstructed group vs.
coefficient = 0.671 in obstructed group; Table 6). When adjusted to age, BMI,
FEV1, distance walked, TLC, FRC, DLCO, only the non-obstructed group
showed statistically significant correlation (coefficient 0.677 P= 0.001; Table 6).

6. Discussion

Obese population are at increased risk of exertional dyspnea even in the absence
of an underlying respiratory illness. They are subjected to numerous tests to
evaluate both cardiac and pulmonary etiology of symptoms. Oftentimes the me-
chanism of breathlessness remains unclear. Our study suggests a concise way to
assess dyspnea in the obese population without subjecting patients to further ex-
ercise testing. The mMRC dyspnea scale, which is currently used as qualitative
dyspnea scoring for patients with chronic respiratory disease (COPD and pul-
monary fibrosis), has been validated for dyspnea assessment in the obese popu-
lation in our study.

Three hundred forty-two (342) obese patients with 6 MWT had pre-exercise
mMRC scores to assess their breathless of daily living. The reproducibility of 6
MWT in obese population makes it a good fitness indicator [11] [12]. Our study
demonstrates a strong correlation between pre-exercise mMRC scores and post
exercise Borg dyspnea scores after 6 MWT. When adjusted to BMI, age, distance
walked and PFT parameters, a strong correlation still exists (Table 5).

The presence of mild restrictive defect and increased metabolic demand dur-
ing exercise has been proposed etiologies for breathlessness in the obese popula-
tion. The presence of adipose tissue in the chest wall and abdomen reduces FRC.
This lung function changes is detectable even with modest increase in weight [2].
Similar restrictive pattern was seen in our study where patients on higher obesity

class have significantly reduced FRC (Table 4). Reduction in FRC increases the
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Figure 1. Individual correlation of mMRC and Borg score with BMI. Correlation of mMRC and BMI (adjusted n = 254, correla-
tion coefficient 0.042, p < 0.001); Correlation of Borg score and BMI (adjusted n = 254, correlation coefficient 0.062, p = 0.011);
Adjusted with age, FEV1, % predicted distance, TLC, FRC, DLCO, presence of AFO.

Table 6. Correlation of mMRC and Borg score in relation with airflow obstruction (non

adjusted and adjusted group).

Correlation of mMRC and Borg score

With airflow obstruction

No airflow obstruction

Coefficient PValue Coefficient ~ p Value
X 0.6717 0.8804
Non adjusted <0.001 <0.001
(n=133) (n=161)
Adjusted with age, BMI, FEV1 and 0.5749 0.7476
. i 0.001 <0.001
% predicted distance (n=133) (n=161)
Adjusted with age, BMI, FEV1 and % 0.4084 0.52 0.6779 0.001
predicted distance, TLC, FRC, DLCO (n=114) ’ (n = 140) ’

risk of expiratory flow limitation and airway closure. In addition, low ERV may
lead closure of airway in the dependent portion causing V/Q mismatch [2]. Sin
et al. demonstrated that obese patients has increased use of bronchodilators de-
spite a lack of objective evidence for airflow obstruction [3]. Ironically, obesity
has little direct effect on the airway caliber and those with the highest BMI has
the lowest risk for significant airflow obstruction. Similar findings were noted in
this study where patients in obese class 3 have the lowest percentage of airflow
obstruction (29%, Table 4). The correlation of mMRC and Borg scores slightly
differs when patients were divided into groups depending on the presence or
absence of airflow obstruction. Our study demonstrated a stronger correlation of
mMRC and Borg scores in obese patients without airflow obstruction. This
finding illustrates the utility of mMRC scoring even in patients with no airway
disease.

The strength of the study includes the assessment of the relationship of
mMRC and Borg score after adjusting the major factors affecting dyspnea. These
factors include pulmonary function test parameters, weight and age. The num-
ber of patients included in the study is relatively high. Our study also comes with
its limitations. First, this is a retrospective observational study. Second, 6 MWT

is not a standardize exercise stimulus. Cardiopulmonary exercise test would have
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provided us a global assessment of exercise response, determine functional ca-
pacity, work load, and impairment of ventilatory and cardiovascular response to
exercise. Third, hip -waist ratio should have been considered.

7. Conclusion

The mMRC dyspnea scale is a qualitative parameter that reflects the disability
associated with breathlessness. In obese population, pre-exercise dyspnea meas-
ured by mMRC scale correlates significantly with post exercise dyspnea Borg
scores regardless of the presence or absence of airflow obstruction. We recom-
mend the utility of mMRC dyspnea scale in assessing breathlessness in obesity.
To our knowledge, this is the first validity study of mMRC scale in assessing

dyspnea in the obese population.
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