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ORIGINAL ARTICLE

ABSTRACT: Grading the severity of obstruction in patients
with Chronic Obstructive Pulmonary Disease and morbid
obesity. N. Barbarito, E. De Mattia.

Aim. To evaluate the severity of airway obstruction in
patients affected by chronic obstructive pulmonary dis-
ease (COPD) in the presence of concomitant restriction
due to morbid obesity.

Methods. Lung function test, six-minute walking distance
(6MWD) test, body mass index measurement (BMI), and de-
termination of dyspnoea using the Modified Medical Re-
search Council Dyspnoea Scale (MMRC) were performed on
each patient referred to our department according to their in-
dividual respiratory diagnosis or symptoms. Analysis was
performed on smokers or ex-smokers patients, with both dys-
pnoea and chronic productive cough, showing non fully re-
versible airflow obstruction, with normal-weight (NW: BMI
22 to 24 kg/m2) or morbid-obesity (MO: BMI = 40 kg/m2).

(FEV;), Body Mass Index (BMI).

e-mail: nicola.barbarito@yahoo.it

Introduction

Chronic obstructive pulmonary disease
(COPD) and obesity are major causes of morbidi-
ty and mortality worldwide and, according to cur-
rent estimates, the global burden of these condi-
tions is set to increase even further [1]. A poten-
tial link between obesity and COPD is also in-
creasingly recognised [2], although very little is
known about the mechanisms underlying this as-
sociation. The risk of developing obesity is in-
creased in patients with COPD as a result of a re-
duced level of physical activities in daily life in
these patients compared with healthy age-
matched controls [3]. In addition, patients with
COPD who receive repeated courses of systemic
glucocorticosteroids could be at an increased risk
of truncal obesity as a result of glucocorticoid me-
diated redistribution of stored energy and the
stimulatory effect on intake [4].

While classification of obesity is based on
one’s body mass index (BMI), an index of weight
to height ratio, as defined by the World Health Or-
ganization [5], spirometry is required for diagnosis
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Results. In 33 COPD patients, spirometric data dif-
fer between NW and MO only in fixed FEV{/FVC ratio
(5019 and 6217, respectively; p = 0.0001) and FEV,/SVC
% of predicted (5715 and 71%11, respectively; p =
0.005). Furthermore, SVC was found to exceed FVC on-
ly in NW (2.82+£0.7 L and 2.08£0.9 L, respectively; p =
0.03). NW and MO differ significantly also in MMRC
(3.4+0.9 vs 2.4+1, respectively; p = 0.004), 6 MWD in me-
tres (226x100 and 331+110, respectively, p = 0.007),
6MWD as % predicted (49+22 and 81+23, respectively;
p = 0.0003), and BODE index (5.8+2 and 3.6t2, respec-
tively; p = 0.003).

Conclusions. There is a significant overgrading of ob-
struction in morbidly obese patients affected by COPD.
Therefore, we suggest that an alternative grading system
be used for patients with mixed ventilatory dysfunction.
Monaldi Arch Chest Dis 2013; 79: 3-4, 121-127.
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and used for the graduation of COPD severity, ac-
cording to the Global initiative for chronic Ob-
structive Lung Disease (GOLD) guidelines [6].

Obesity, which is defined as BMI of at least 30
kg/m2, is considered as severe (or morbid) when
BMI is = 40 kg/m? [7]. It was found an inverse re-
lationship between BMI and lung volumes as-
sessed by spirometry [8, 9], with changes in lung
function better demonstrated when BMI results
greater than 45 kg/m2 [10].

Current recommendations for COPD, which is
defined as airflow obstruction that is not fully re-
versible, are that the severity of airflow obstruction
should be based on the percentage predicted of the
measured forced expiratory volume in the first sec-
ond (FEV%pred) [11, 6].

To date no recommendations from the guide-
lines exist for the grading of obstruction in the
presence of an additional restriction. Using forced
expiratory volume in the first second (FEV;) to
gauge the degree of obstruction in mixed pul-
monary disorders would be expected to overesti-
mate the degree of obstruction as FEV is reduced
from both the obstructive and the restrictive com-
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ponents of the underlying disease [12]. Obesity
could cause a restrictive ventilatory defect, since
lung volumes decrease as body mass index (BMI)
increases [8, 9]. To address the grading obstruction
in the presence of concurrent pure extrapulmonary
restrictive process, we embarked on a restrospec-
tive analysis of spirometries in patients affected by
COPD of normal weight and morbid obesity.

Materials and Methods

Each patient referred to the Pulmonary Reha-
bilitation department at Villa Esperia Hospital
(Salice T., Pavia, Italy) and depending on their res-
piratory diagnosis or symptoms, clinical history,
spirometry, exercise capacity, dyspnoea and nutri-
tional status were thoroughly assessed.

Smoking habits, respiratory history and symp-
toms were collected during an assisted interview.

Spirometry was performed by using a comput-
erized pneumotachograph (MasterScreen Pneumo,
Jager, Germany). The test procedures were per-
formed by experienced and specially trained tech-
nicians, following the ATS recommendations [13],
with each patient placed in a relaxed upright sitting
position and provided with a nose-clip. Short acting
and long acting bronchodilator medications were
withheld six and twelve hours prior to testing, re-
spectively. Vital capacity, defined as the difference
between total lung capacity (TLC) and residual vol-
ume (RV), was measured as both a slow (slow vital
capacity, SVC) and a forced (forced vital capacity,
FVC) maximal expiration from TLC to RV. In pa-
tients showing airflow obstruction according to the
current guidelines (i.e., FEV/FVC less than 70%),
we assessed a reversibility test, performing on the
same day a second spirometry approx. 15 minutes
after the inhalation of four puffs of salbutamol,
each containing 100 mcg (total dose administered
was 400 mcg), using a spacer mouthpiece. For
analysis, we used only post-bronchodilator lung
function values, in order to exclude from the study
the patients showing fully reversible airflow ob-
struction (i.e., without any airflow obstruction after
bronchodilator).

Exercise capacity was measured during a six-
minute walking test, consistent with the ATS pro-
tocol [14]. The six-minute walk distance (6MWD)
was measured considering the best out of two
walk tests separated by > 60 min [14, 15]. The
6MWD was expressed in absolute values and as a
percentage of predicted using published reference
values [16].

Perception of dyspnoea was evaluated by the
Modified Medical Research Council (MMRC) dys-
pnoea scale. The MMRC is a 0-4 point category
scale which selects the best expression to define the
dyspnoea levels among five expressions related to
dyspnoea (grade 0 meaning breathlessness only
with strenuous exercise, and grade 4 representing
the most severe category, indicating that the patient
is too breathless to leave the house or becomes
breathless when dressing or undressing) [17].

Nutritional status was assessed by body mass
index (BMI), that was computed as the ratio of

body weight in kilograms to height in meters
squared; height and weight were measured in a
standing position without shoes, with patients
wearing only light clothing [5].

In each patient included in the study, we also
calculated the BODE index, a 11-point composite
score (0 through 10) system that incorporates an
assessment of airflow obstruction as FEV;%pred,
6MWD in metres, MMRC, and BMI: higher
scores indicate poorer outcomes [18].

For inclusion in the study, patients had to sat-
isfy all of the following criteria: over 45 yrs of age,
current or ex-smoker for = 10 pack-yrs,
FEV,/FVC post-bronchodilator < 70%, BMI > 21
kg/m2, with both dyspnoea and chronic productive
cough, absence of diagnosis relating to any type of
lung disease other than COPD. Patients were clin-
ically stable for at least 6 weeks and were receiv-
ing optimal medical therapy according to the cur-
rent guidelines. Exclusion criteria were: uncon-
trolled cardiovascular diseases, BMI 25 to 39.9
kg/m2, and inability to perform the lung function
and 6-min walk tests.

Our data were collected while both authors
worked at Villa Esperia Hospital in Salice Terme
(Pavia, Italy): the study period amounted to 28
months (January 1 2008 to April 30 2010).

All patients gave written informed consent to
treatment of all data collected during their hospital
stay.

Data are presented as mean + SD (unless oth-
erwise stated), and were analysed by two-sample
independent t tests. Differences were regarded as
significant with p values < 0.05.

Results

Analysis was performed on a group of 33 sub-
jects (age range = 48-87 years, male/female ratio =
1/0.9, BMI range = 21.1-61.6 kg/m2, FEV;%pred
range = 19-93%pred), smokers or ex-smokers,
both with dyspnoea and with chronic productive
cough, showing FEV/FVC ratio of < 70%, with
normal weight or morbid obesity.

Anthropometric and spirometric characteris-
tics of the analysed patients are showed in table 1.
Both absolute values and percent of predicted of
FEV, (figure 1), FVC and SVC did not differ sig-
nificantly in the two groups. On the contrary, pa-
tients without obesity showed significantly lower
mean values of both fixed FEV/FVC ratios and
FEV,/SVC % of predicted. Furthermore, SVC was
found to exceed FVC in patients with normal-
weight (2.82+0.7 L and 2.08%0.9 L, respectively; p
= 0.03), but not in patients with morbid-obesity
(2.61£0.9 L and 2.1620.8 L, respectively; p = 0.15),
as figure 2 shows.

Normal-weight COPD patients showed signif-
icantly higher dyspnoea (assessed with MMRC)
than morbid-obese COPD patients: 3.4+0.9 vs 2.441,
respectively (p = 0.004), as figure 3 shows.

Normal-weight COPD patients showed signif-
icantly lower exercise performance (assessed by
6MWD) than morbid-obese COPD patients, ex-
pressed both in absolute values (226£100 metres
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Table 1. - Demographic and lung function characteristics of the study

patients

structive component alone on the ba-
sis of FEV; would be expected to
over-estimate the degree of obstruc-

Norm al-Weight
COPD patients

Morbid-Ob ese
COPD patients

tion because the reduction in FEV,
2 would reflect the combined effects of
both the obstructive and the restric-

Sample size () 16 17

tive components [12].
A restrictive ventilatory defect

Gender (Men: Women, n) 10:6 710

could be caused by obesity [8, 9]. In
fact, an obese individual’s accumula-

Age (vears) * 73+8 69+7
Weight (ig) * 65 +4 126 +£26

Height (m) * 1675 16410

BMI (kg/m2) * 23£1 47+6

<0.0000001

<0.0000001

tion of fat around the ribs, the di-
0.21 aphragm and the abdomen causes a
decrease in chest wall compliance.
The reduction in chest wall compli-
ance is the primary reason for a de-
crease in expiratory reserve volume
(ERV) and, consequently, in vital ca-
pacity (VC) observed in morbid obe-
sity without any changes in residual

0.36

FEV, (%pred) * 49+ 18 5718

volume (RV) due to lung parenchi-
0.25 mal disease [22].

FVC (%pred) * 82+ 21 73419

Normative predictive equations
0.23 for spirometric measurements,
plethysmographic lung volumes and

SVC (%pred) * 93+ 17 81420

enerally not corrected

o3 TLCO a
' for welght This could have implica-

FEV/FVC (%) * 50+9 62+7

tions for the clinical interpretation
0.0001 of pulmonary function tests in the

FEV/SVC (%pred) * 57+ 15 71+11

obese [1].
0.0035 We also found that normal-

* Data are presented as mean + SD.

BMI: body mass index; FEV: forced expiratory in the first second; FVC: forced

vital capacity; SVC: slow vital capacity.

vs 331£110 metres, respectively p = 0.007) and as
% of predicted (49.1£22%pred vs 81.5£23%pred,
respectively p = 0.0003), as figures 4 shows.

The BODE index was found to be significant-
ly lower (i.e., better) in morbid-obese than in nor-
mal-weight cases, as figure 5 shows: 3.612 and
5.842, respectively (p = 0.003).

Discussion

Our study on patients with COPD shows that
functional capacity, for the same grading of air-
flow obstruction, is better in the presence of a re-
strictive ventilatory defect due to morbid obesity.

Overgrading airflow obstruction

Using the FEV,%pred is recommended by
means of the ATS/ERS guidelines to grade the
severity of lung disease in the presence of obstruc-
tion and/or restriction [11] and by the GOLD
guidelines to grade the severity of airflow obstruc-
tion in COPD patients without any recommenda-
tions in the presence of an additional restriction
[6]. FEV, is a strong and independent predictor of
health status and has been found to be an indepen-
dent predictor of both all-cause and respiratory
mortality [19-21]. However, in the presence of
mixed disorders, assessing the severity of the ob-

weight and morbid-obese COPD pa-
tients did not differ in mean values of
FEV,%pred, whereas patients with-
out obesity showed lower mean val-
ues in both fixed FEV{/FVC ratios
and FEV/SVC % of predicted.

In order to address the issue of grading ob-
struction in the presence of restriction, Balfe and
colleagues [23] analyzed 147 patient pulmonary
function tests with both restriction and obstruction,

FEV1 (%pred)

Normal-
Weight
COPD

o 10 20 30 40 50 60 0 80 G0 100

FEV, = forced expiratory volume in the first second.
Data are presented as mean.

Fig. 1. - Gradation of COPD severity by spirometry.
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SVC exceeding FVC

%
.
|

A

FYC (L) SVC (L) FVC (L) SVE (L)

Mormal-Yeight Normal-YWeight Morbid-Obese  Morbid-Obese
COPD COPD COPD COPD

FVC = forced wital capacity. SV C = slow wital capacity.
Data are presented as mean

Fig. 2. - Vital capacity measured as both a slow and a forced maximal
expiration from Total Lung Capacity to Residual Volume.

without specifying the subtended lung diseases.
They determined the grading of airway obstruc-
tion by comparing the ATS recommendations
(based on FEV;%pred) with the Intermountain
Thoracic Society (ITS) recommendations (based
on the FEV/FVC ratio) [24]. The authors found
that patients categorized as having severe or very
severe obstruction were 90% using the ATS grad-
ing criteria (i.e., FEV| < 50%pred), and 3% using
the ITS grading system (i.e., FEV/FVC < 4 CIs).
In order to correct the complete reversal in the
distribution of severity grades, which perhaps un-
derestimated the true degree of obstruction, Balfe
and colleagues recommended using the ITS grad-
ing in these patients but with modified Cls so as
to normalize severity grade distribution: by using
the proposed system, patients with mixed dys-
function resulted in 38% of cases as having se-
vere obstruction (i.e., FEV|/FVC < 2 ClIs), there-
fore leading to a more balanced severity differ-
ence distribution [23].

More recently, Gardner and colleagues [25]
studied 199 patients with mixed dysfunction, af-
fected by a variety of obstructive, interstitial and
extrapulmonary lung diseases. They found that ad-
justing the FEV, for the degree of restriction re-
sults in a more appropriate distribution of the
severity of obstruction: patients categorized as
having severe or very severe obstruction amounted
to 76% with the ATS grading (i.e., FEV%pred),
and 33% with the adjusted data (by dividing
FEV %pred by TLC % of predicted). In support of
this, the authors demonstrate that the adjusted
FEV%pred correlates better than the unadjusted
value with the RV/TLC ratio, another index of air-
flow obstruction, suggesting that the adjusted val-
ue more accurately reflects the degree of obstruc-
tion [25].

f p= 0004

MIWEC = Modified Medical Reserch Council dyspnoea scale.
Data are presented as mean

Fig. 3. - Dyspnoea.

Furthermore, we found that both SVC and FVC,
as well as FEV|, did not differ between normal-
weight and morbid-obese COPD patients, both in
terms of absolute values and as % of predicted.
However, SVC was found to exceed FVC in pa-
tients with normal-weight, but not in patients with
morbid-obesity. We believe that this finding is con-
sistent with a recent paper by O’Donnell and col-
leagues stated that, with increasing BMI, subjects
with airway obstruction (greatly in patients with the
most severe airway obstruction) had consistent re-
ductions in lung hyperinflation [26]. Indeed, the
pathological hallmark of COPD are inflammation
of the small airways (bronchilolitis) and destruction
of lung parenchyma (emphysema). Bronchiolitis
narrows and obliterates the airways lumen and ac-
tively constricts the airways; emphysema reduces
the elastic recoil of the lung and the elastic load ap-
plied to the small airways [27]. The functional con-
sequence of both these abnormalities is the non-ful-
ly reversible airflow obstruction characteristic of
COPD. In such patients with small-airway collapse,
FVC can be lower than SVC. Vital capacity reflects
parenchimal properties in normal individuals [28,
29], but also airway properties in obstructed patients
[30, 29]. It was hypothesized that an increase in air-
flow may increase viscous pressure losses within
narrowed peripheral airways, thus causing the trans-
mural pressure to be less and airway closure to oc-
cur at somewhat higher lung volumes: the greater
the bronchoconstriction, the lower the vital capacity
after forced expiration [31].

Inability in patients with both COPD and obesity:
Dyspnoea and Walk distance

Both COPD and obesity are independently
linked to dyspnoea on exertion and poor function-
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ty. Casanova and colleagues deter-

6MWD (m)

6MWD (%pred)

mined the 6MWD in 294 patients
with COPD: its median value at
baseline was 380 m, and its annual
rate of decline was 19% (16 m/yr)

Marbid-
Obese
COPD

Morbid

p = 0.007

Marmal- Mormal-
Waight Waight
COPD COPD

over 5 yrs [42]. Zutler and col-
leagues determined 6MWD in 369
adults without established COPD:
the mean 6MWD was 522490 m,
and in multiple linear regression
analysis, adjusting for age and sex,
the presence of obesity was associ-
ated with a 67+9 m decrement in
6MWD (p < 0.001) [43].

In the present study, we found
that normal-weight COPD patients
showed higher dyspnoea (assessed
with MMRC) and lower exercise
performance (assessed by 6MWD)
than morbid-obese COPD patients,
for the same grading of airflow

1] 100 200 300 400 500 0 10 20 30 40

60 B0 70 &0 30 100

obstruction. Evidently, in normal-
weight patients the cause of

MWD = St munutes walle distance.
Data are presented as mean.

Fig. 4. - Exercise capacity.

al capacity. The main symptoms of COPD are dys-
pnoea and limitation of physical activity, resulting
in a complex integrated manner by several inde-
pendent negative effects of dynamic hyperinflation
(DH). Furthermore, DH leads to an increase in
elastic and threshold loads on the inspiratory mus-
cles (thus increasing the oxygen cost of breathing),
maximal shortening the muscle fibers in the di-
aphragm and other inspiratory muscles (causing
functional inspiratory muscle weakness), increas-
ing the physiological dead space (leading to CO,
retention and arterial oxygen desaturation during
exercise), and adversely affecting dynamic cardiac
function [32]. On the other hand, obesity increases
the work of breathing due to a reduction in chest
wall compliance (attributed to the mechanical ef-
fects of fat on the chest wall) [33, 34] and a weak-
ness of respiratory muscles (attributed to reduced
chest wall compliance and/or lower operating lung
volumes) [35, 34]. Furthermore, obese individuals
have a higher metabolic demand at any given pow-
er output (as a result of the high oxygen cost of lift-
ing heavy limbs) [36-38] and may have expiratory
flow limitation at rest which, when compounded
by high ventilatory requirements, leads to signifi-
cant air trapping and dynamic increase in end-ex-
piratory lung volume during exercise [36-38].

The 6-min walking distance (6MWD) test has
gained importance in the assessment of functional
exercise capacity in several kinds of diseases, in-
cluding COPD [18, 39] and obesity [40, 41].

This test evaluates the global and integrated re-
sponses of the pulmonary, cardiovascular and mus-
cular component and also reflects the functional ex-
ercise level for daily physical activities [14].
6MWD was found to reduce both COPD and obesi-

breathlessness and functional exer-

cise capacity are the abnormalities

of dynamic ventilatory mechanics

and ventilatory demand that char-

acterise COPD, whereas in morbid

obese patients there appeared to be
an overgrading of the respiratory disease.

In each of our patients, we also assessed their
BODE index, a multidimensional grading system,
which proved to be better than FEV| in predicting
the risk of hospitalization [44] and death [18]
among patients with COPD. This multistage scor-
ing system incorporates an assessment of symp-
toms (i.e., MMRC), nutritional state (i.e., BMI),
and exercise capacity (i.e., 6 MWD) together with
spirometric measure of airflow (i.e., FEV,%pred)
[18]. We excluded from our study the COPD pa-

BODE

Morbid-Obese COPD

0 L - :

Normal-Weight COPD

Data are presented as mean

Fig. 5. - Gradation of COPD severity by multistage scoring system.
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tients with BMI = 21 kg/m2, as low BMI is associ-
ated with increased all-cause and COPD-related
mortality unrelated to disease severity [45], and
this inverse relation between BMI and survival is
not linear but has an inflection point, which is just
21 kg/m2 [18, 45]. Regarding BODE index (rang-
ing from 0 to 10 points) the patient receives points
ranging from 0O to 3 for all variables but BMI, for
which the value is either O or 1, because of the
unique relation between BMI and survival de-
scribed above [18]. Using such knowledge, we
found that the BODE index was significantly low-
er (i.e., better) in the morbid-obese than in normal-
weight cases, in confirmation that dyspnoea and
exercise limitation are lower in COPD patients
with a likely overgraded airflow obstruction.

In conclusion, our results show that there is a
significant overgrading of obstruction in morbid
obese patients affected by COPD. Therefore, we
suggest that an alternative grading system be used
in patients with mixed ventilatory dysfunction
such as obesity. We believe that any substantial
downgrading of the severity of obstruction in mor-
bid obese patients with COPD is clinically signifi-
cant as such a change would inevitably lead to dif-
ferent treatment recommendations. Medications
used to treat more severe obstructive lung diseases
are expensive and can expose patients to unwanted
or adverse side effects. If we are able to better di-
agnose the severity of obstruction, we could ulti-
mately avoid using medications that are not suit-
able and incurring the costs and risks associated
with their use [25].
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