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Background: The role of obesity on dyspnea in chronic obstructive pulmonary disease (COPD) patients remains unclear. We aimed 
to provide an assessment of dyspnea in COPD patients according to their Body Mass Index (BMI) and to investigate the impact of 
obesity on dyspnea according to COPD severity.
Methods: One hundred and twenty seven COPD patients with BMI ≥ 18.5 kg/m² (63% male, median (interquartile range) post 
bronchodilator forced expiratory volume of 1 second (post BD FEV1) at 51 (34–66) % pred) were consecutively included. Dyspnea 
was assessed by mMRC (Modified medical research council) scale. Lung function tests were recorded, and emphysema was quantified 
on CT-scan (computed tomography-scan).
Results: Twenty-five percent of the patients were obese (BMI ≥ 30kg/m²), 66% of patients experienced disabling dyspnea (mMRC 
≥ 2). mMRC scores did not differ depending on BMI categories (2 (1–3) for normal weight, 2 (1–3) 1 for overweight and 2 (1–3) for 
obese patients; p = 0.71). Increased mMRC scores (0–1 versus 2–3 versus 4) were associated with decreased post BD-FEV1 (p < 0.01), 
higher static lung hyperinflation (inspiratory capacity/total lung capacity (IC/TLC), p < 0.01), reduced DLCO (p < 0.01) and higher 
emphysema scores (p < 0.01). Obese patients had reduced static lung hyperinflation (IC/TLC p < 0.01) and lower emphysema scores 
(p < 0.01) than non-obese patients. mMRC score increased with GOLD grades (1–2 versus 3–4) in non-obese patients but not in obese 
patients, in association with a trend towards reduced static lung hyperinflation and lower emphysema scores.
Conclusion: By contrast with non-obese patients, dyspnea did not increase with spirometric GOLD grades in obese patients. This 
might be explained by a reduced lung hyperinflation related to the mechanical effects of obesity and a less severe emphysema in severe 
COPD patients with obesity.
Keywords: chronic obstructive pulmonary disease, obesity, dyspnea, lung function, pulmonary emphysema

Introduction
Chronic obstructive pulmonary disease (COPD) and obesity are two major health issues. According to the World Health 
Organization, the prevalence of obesity, defined as a body mass index (BMI) >30 kg/m², has doubled since 1980, 
reaching 650 million in 2016.1 Obesity is common in COPD patients, ranging from 15 to 54%.2 Although the impact of 
both of these health problems on respiratory physiology has been widely studied in isolation, the impact of their 
combination on dyspnea remains unclear.

COPD is frequently associated with static and dynamic hyperinflation, especially when emphysema is associated. 
Various ways may describe lung static hyperinflation, including an increase in functional residual capacity (FRC), in 
residual volume (RV), in RV/total lung capacity (TLC) ratio or a decrease in inspiratory capacity (IC) and IC/TLC ratio.3 

Obesity is associated with a decrease in expiratory reserve volume (ERV) (and consequently in FRC) with an exponential 
relation between BMI increase and ERV decrease.4 Thus, it has been demonstrated that BMI increase in COPD patients 
is associated with reduced lung hyperinflation.3 Obesity might therefore provide a ventilatory mechanical advantage to 
COPD patients.
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Dyspnea is the most common symptom of COPD. Lung hyperinflation is one of the factors that contribute to dyspnea 
in COPD.5,6 Obesity also leads to dyspnea7 but is also associated with less lung hyperinflation. There is no current 
consensus on the role of obesity on dyspnea in COPD patients, with studies showing conflicting results.2,8 Some studies 
with large COPD cohorts have described more dyspnea intensity after FEV1 (Forced expiratory volume in 1 second) 
adjustment9–12 (but not after emphysema severity adjustment2) in COPD obese patients in comparison with COPD non- 
obese patients. Other studies, with small COPD populations, have found equal dyspnea intensity between COPD obese 
patients and COPD non-obese patients,13–18 in association with less static and dynamic lung hyperinflation,16 without 
having performed analysis on the quantification of emphysema.

This study aimed to provide an assessment of dyspnea in COPD patients according to their BMI, to analyse the 
factors related to dyspnea in COPD patients, and to investigate the impact of obesity on dyspnea according to COPD 
severity, including spirometric GOLD grades and emphysema quantification.

Materials and Methods
Patients and Design
This single-center study was prospectively conducted by the Department of Respiratory Diseases (University Hospital of 
Reims) between October 2016 and May 2022. COPD patients were included in the RINNOPARI study (Recherche et 
INNOvation en PAthologie Respiratoire et Inflammatoire), an observational cohort of inflammatory chronic lung 
diseases. The study was approved by the Ethics Committee of Dijon EST I on 31st May 2016 (N°2016-A00242-49) 
and by the French National Agency for Medicines and Health Products (ANSM) on 25th April 2016. Each patient signed 
a written informed consent form. The study was in accordance with the declaration of Helsinki.

Consecutive COPD patients assessed in the Department of Respiratory Diseases at the University Hospital of Reims, 
with BMI ≥ 18.5 kg/m² were considered for inclusion. The diagnosis of COPD was based on clinical and functional 
assessments with a FEV1/FVC <0.7 after bronchodilation. At inclusion, all patients were stable with no acute exacer-
bation of COPD for 4 weeks. Patients with asthma, cystic fibrosis, tuberculosis, cancer, or other chronic respiratory 
diseases were excluded.

Demographical and Clinical Characteristics
Demographic data (age, sex), anthropometric characteristics (height, weight, BMI), smoking status, medical treatments 
(COPD treatment, antidepressant and anxiolytic), medical comorbidities (hypertension, diabetes, dyslipidemia, obstruc-
tive sleep apnea syndrome (OSAS), right-heart failure, left-heart failure, coronary artery disease, arrhythmia, osteoporo-
sis, depression) were systematically recorded.

Symptoms Scores
Dyspnea in daily living was evaluated using the mMRC (Modified Medical Research Council) scale. This unidimen-
sional scale consists of five statements describing the range of dyspnea from none (grade 0) to almost complete 
incapacity (grade 4).19

Anxiety and depression were assessed by the Hospital Anxiety and Depression Scale (HADS).20,21

Pulmonary Function Tests (PFTs)
PFTs were performed according to the American Thoracic Society and European Respiratory Society guidelines22 

(BodyBox 5500 Medisoft Sorinnes, Belgium) and included measurements of post-bronchodilator forced expiratory 
volume in 1 second (FEV1), FEV1/FVC ratio, expiratory reserve volume (ERV), inspiratory capacity (IC), residual 
volume (RV), total lung capacity (TLC), diffusing capacity of the lungs for carbon monoxide (DLCO) and rate constant 
for carbon monoxide uptake (DLCO/VA).23,24 Results were expressed in percentage of predicted values.25,26 The severity 
of COPD was determined by spirometric classification (GOLD 1: FEV1 ≥ 80%; GOLD 2: 50% ≤ FEV1 < 80%; GOLD 
3: 30% ≤ FEV1 < 50%; GOLD 4: FEV1 < 30%).27
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Arterial Blood Gases
Arterial blood gases were measured in the morning in a sitting position on room air.

Six-Minute Walk Test
The six-minute walk test (6MWT) was performed in a 30-meter long, flat, covered corridor, marked meter-by-meter, 
according to the European Respiratory Society and American Thoracic Society guidelines.28 Continuous monitoring of 
oxyhaemoglobin saturation and heart rate was performed during 6MWT. Dyspnea was evaluated by the Borg scale at the 
beginning and the end of the test.

Emphysema Quantification Using Chest Computed Tomography Scan (CT-Scan)
A visual score from 0 to 4 was assigned to each lobe, based on the extent of tissue destruction, where 0 = no emphysema, 
1 = 1% to 25% emphysematous, 2 = 26% to 50%, 3 = 51% to 75%, and 4 ≥75%.29,30 The results present the sum of the 
different lobes.

Laboratory Parameters
Hemoglobin, eosinophils, fibrinogen, total protein, and N-terminal prohormone of brain natriuretic peptide (NT-pro- 
BNP) were determined from a blood sample at inclusion.

Statistical Analysis
Quantitative variables were described as median and interquartile range. Qualitative variables were expressed as number 
and percentage. Patients were split into 3 groups according to their BMI: normal weight for BMI between 18.5 and 
24.9 kg/m², overweight for BMI between 25 kg/m² to 29.9 kg/m² and obesity for BMI ≥30 kg/m². Variables associated 
with BMI were studied using Chi-square tests or Fisher tests or Kruskal Wallis tests according to the application’s 
conditions. For the significant p values, we conducted Dunn tests to show where the differences lie.

Patients were also separated into 3 groups according to their dyspnea intensity in daily living: mMRC 0–1, mMRC 2– 
3 and mMRC 4. Variables associated with mMRC were analyzed using Chi-square tests or Fisher tests or the Kruskal- 
Wallis test according to the application’s conditions. For the significant p values, we conducted Dunn tests to show where 
the differences lie.

Comparison of mMRC scores, Borg after 6MWT scores, RV, IC/TLC and emphysema scores according to GOLD 
grades (1–2 versus 3–4) by subgroup of patients according to BMI was studied using Wilcoxon tests. For this 
comparison, quantitative variables were described as median and interquartile range. Then, 3 × 2 ANOVA (obesity 
status × GOLD grades) was performed.

A first multivariate analysis using an ascending stepwise logistic regression model for dyspnea (mMRC ≥ 2 versus 
mMRC < 2) by subgroup of IMC (normal weight, underweight and obesity) was performed. Variables proposed were 
FEV1 and IC/TLC.

A second multivariate analysis using an ascending stepwise logistic regression model for dyspnea (mMRC ≥ 2 versus 
mMRC < 2) by subgroup of GOLD grades (1–2 versus 3–4) was performed. Variables proposed were quantitative BMI 
and emphysema score.

Spearman correlation between mMRC scores and PFT’s indices were studied.
A p-value <0.05 was considered statistically significant.
All analyses were performed using SAS version 9.4 (SAS Institute Inc, Cary, NC, USA).

Results
Patients Characteristics
One hundred and twenty-seven COPD patients were included in this study. Of these, 63% were male, the median 
(interquartile) age was 63 (56–67) years, and the median tobacco consumption was 40 (30–58) pack-years. All patients 
performed a spirometry, 112 patients a plethysmography, 93 patients a DLCO measurement and 89 patients a 6MWT. 
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They were missing data for the main outcomes for 6 patients for mMRC scores and for 3 patients for Borg scores during 
the 6MWT. The population included a broad range of airflow obstruction: 20 patients GOLD grade 1 (16%), 55 GOLD 
grade 2 (43%), 35 GOLD grade 3 (28%) and 17 GOLD grade 4 (13%).

Clinical characteristics, lung function tests, and laboratory parameters of the patients are presented in Tables 1 and 2. 
Thirty-nine percent of patients were normal weight (18.5–24.9 kg/m²), 36% overweight (25–29.9 kg/m²) and 25% obese 

Table 1 Patients Characteristics Depending on BMI Groups According to World Health 
Organization Categories

Normal Weight  
(18.5–24.9 kg/m²)  

(n=50)

Overweight  
(25–29.9 kg/m²)  

(n=45)

Obesity  
(≥ 30 kg/m²)  

(n=32)

p

Male sex 27 (54%) 30 (67%) 23 (72%) 0.21

Age (years) 63 (54–64) 65 (57–71) 63 (57–68) 0.13
Weight (kg) 63 (55–71) 82 (75-90) 98 (91–104) < 0.01#

Body mass index (kg/m2) 17 (16–18) 22 (20–24) 28 (26–28) < 0.01#

Smoking history
Former smoker 30 (60%) 29 (64%) 23 (72%) 0.25

Pack-years 50 (32–60) 42 (33–54) 40 (34–60) 0.81

BODE score (n=80) 7 (6–8) 4 (2–6) 3 (2–4) 0.10
COPD treatment

LABA 28 (56%) 26 (58%) 19 (60%) 0.67

Very LABA 7 (14%) 4 (9%) 3 (9%) 0.50
LAMA 30 (60%) 25 (56%) 20 (63%) 0.35

Inhaled CS 15 (30%) 18 (40%) 17 (53%) 0.32
Oral CS 2 (6%) 2 (4%) 1 (3%) 0.93

Long term O2 therapy 5 (10%) 6 (13%) 6 (19%) 0.59

NIV 1 (2%) 0 (0%) 3 (9%) 0.06
PR (12 months) 7 (14%) 6 (13%) 6 (19%) 0.61

LVR 1 (2%) 2 (4%) 0 (0%) 0.62

Exacerbation
12 months 32 (64%) 26 (58%) 21 (67%) 0.32

3 months 23 (46%) 19 (42%) 14 (44%) 0.88

Comorbidities
Hypertension 16 (32%) 26 (58%) 20 (63%) 0.88

Diabetes 4 (8%) 8 (18%) 7 (22%) 0.18

Severe OSAS 0 (0%) 6 (13%) 12 (38%) < 0.01
Right heart failure 1 (2%) 1 (2%) 0 (0%) 0.73

Left heart failure 1 (2%) 0 (0%) 0 (0%) 0.26

Coronary artery disease 5 (10%) 10 (22%) 5 (16%) 0.60
Arrhythmia 4 (8%) 8 (18%) 5 (16%) 0.85

Osteoporosis 2 (4%) 1 (2%) 2 (6%) 0.74

Depression 12 (24%) 15 (33%) 5 (16%) 0.20
HAD scale (n=117)

Anxiety HAD score 9 (5–12) 8 (5–12) 7 (5–13) 0.59

Anxiety HAD score > 10 16 (34%) 13 (33%) 9 (29%) 0.89
Depression HAD score 5 (3–8) 6 (3–9) 6 (3–10) 0.69

Depression HAD score > 10 7 (15%) 7 (18%) 7 (23%) 0.69

Antidepressant 2 (4%) 3 (7%) 2 (6%) 0.88
Anxiolytic 6 (12%) 7 (15%) 4 (13%) 0.75

Note: Data are expressed as median (interquartile range) and as number (percentage) of patients. P < 0.05 are indicated in bold 
front. #Dunn test: every groups were differents. 
Abbreviations: LABA, Long-acting β2-agonists; LAMA, Long-acting anticholinergics; CS, corticosteroids; NIV, non invasive 
ventilation; PR, pulmonary rehabilitation; LVR, lung volume reduction; OSAS, obstructive sleep apnea syndrome; HAD scale, 
Hospital Anxiety and Depression scale.
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(≥30 kg/m²). Among the 32 patients with obesity, 20 patients had a BMI between 30 and 34.9 kg/m², 11 patients a BMI 
between 35 and 34.9 kg/m² and 1 patient a BMI ≥ 35 kg/m². The maximal BMI was 40.6 kg/m². Comparison among the BMI 
categories showed that obesity was associated with severe OSAS, reduced ERV and increased post BD FEV1, DLCO and 
DLCO/VA. There was no significant difference in laboratory parameters’ Results between the BMI categories.

Dyspnea Assessment
Median mMRC score was 2 (1–3). Eighty-nine percent of the patients experienced dyspnea in daily living with a mMRC score 
>0, 66% disabling dyspnea with a mMRC score ≥2 and 18% dyspnea on the slightest exertion with a mMRC score = 4. Sixty- 

Table 2 Lung Function Tests and Laboratory Parameters Depending on BMI Groups According to World Health 
Organization Categories

Normal Weight  
(18.5–24.9 kg/m²)  

(n=50)

Overweight  
(25–29.9 kg/m²)  

(n=45)

Obesity  
(≥ 30 kg/m²)  

(n=32)

p

Pulmonary function tests (n=127)
Post BD FEV1 (% pred) 40 (29–63) 56 (46–72) 52 (43–65) 0.04 (1)
ERV (% pred) 108 (87–146) 82 (56–102) 66 (47–104) < 0.01
IC (% pred) (n=99) 76 (61–94) 88 (70–101) 105 (80–117) 0.06
IC/TLC (n=97) 23 (20–30) 30 (23–35) 32 (29–38) < 0.01 (4)
RV (% pred) (n=111) 208 (175–250) 183 (151–218) 181 (167–222) 0.21
RV/TLC (n=111) 56 (47–61) 57 (53–63) 56 (53–63) 0.13

TLC (% pred) (n=112) 126 (112–144) 123 (109–136) 125 (108–136) 0.50

DLCO (% pred) (n=92) 38 (25–50) 48 (30–70) 61 (40–74) < 0.01 (2)
DLCO/VA (% pred) (n=93) 45 (30–58) 54 (37–74) 66 (53–93) < 0.01 (3)

Arterial blood gases (n=110)
pH 7.42 (7.40–7.44) 7.42 (7.40–7.43) 7.41 (7.39–7.43) 0.82

PaO2 (mmHg) 76 (70–82) 74 (66–84) 76 (67–86) 0.66

PaCO2 (mmHg) 37 (36–42) 40(36–41) 39 (37–43) 0.43
HCO3− (mmol.L-1) 25 (23–26) 25 (24–26) 25 (23–28) 0.56

6-minute walk test (n=89)
O2 during the test (n=8) 2 (6%) 3 (10%) 3 (12%) 0.65

O2 flow (L/min) 2 (1–2) 1 (1–1) 3 (1–3) 0.22

SpO2 at rest (%) 97 (95–98) 95 (94–97) 95 (92–97) 0.02 (3)
SpO2 after 6MWT (%) 92 (88–96) 93 (89–96) 93 (87–95) 0.75

Distance (m) 416 (306–471) 369 (300–440) 337 (270–405) 0.16

Distance (% pred) 70 (57–82) 73 (62–83) 74 (53–89) 0.61

CT-scan (n=118)

Emphysema 41 (89%) 30 (73%) 19 (61%) 0.02
Emphysema score 10 (5–14) 4 (0–8) 3 (0–7) < 0.01 (1)

Laboratory parameters
Hemoglobin (g/dL) (n=122) 14.6 (13.4–15.3) 14.2 (13.6–15.4) 15.1 (14.2–15.5) 0.19

Eo (G/L) (n=121) 200 (100–350) 200 (100–300) 200 (100–300) 0.69

Fibrinogen (g/L) (n=100) 3.8 (3.4–4.5) 3.9 (3.5–4.4) 3.9 (3.3–4.8) 0.92
NT-pro-BNP (pg/mL) (n=76) 49 (31–114) 64 (34–273) 56 (36–139) 0.62

Notes: Data are expressed as median (interquartile range) and as number (percentage) of patients. P < 0.05 are indicated in bold front. (1) Dunn test: 
no difference between overweight and obesity groups. (2) Dunn test: normal weight and obesity groups are only differents. (3) Dunn test: no difference 
between normal weight and overweight groups. (4) Dunn test: no difference between normal weight and obesity groups. 
Abbreviations: Post BD FEV1, post bronchodilator forced expiratory volume in one second; ERV, expiratory reserve volume; IC, inspiratory capacity; 
RV, residual volume; TLC, total lung capacity; DLCO, diffusing capacity of the lung for carbon monoxide; 6MWT, 6-minute walk test; Eo, eosinophils; 
NT-pro-BNP, N-terminal prohormone of brain natriuretic peptide.
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nine percent of patients described dyspnea on exertion (Borg > 3). There was no significant difference between the different 
BMI categories regarding dyspnea (Table 3).

Relationship Between mMRC Scores and Clinical Characteristics and Respiratory 
Assessment
Dyspnea intensity according to mMRC scale was associated with more severe lung impairment (higher airflow obstruc-
tion assessed by FEV1, higher static hyperinflation assessed by IC/TLC, higher emphysema score, higher impairment of 
DLCO, lower PaO2, and lower covered distance in 6MWT) and higher anxiety and depression symptom scores (Table 4). 
By contrast, we did not find an association between the mMRC scale and exacerbation rate in the 3rd and 12th months 

Table 3 Dyspnea and Quality of Life Assessment Depending on BMI Groups According to 
World Health Organization Categories

Normal weight  
(18.5–24.9 kg/m²)  

(n=50)

Overweight  
(25–29.9 kg/m²)  

(n=45)

Obesity  
(≥ 30 kg/m²)  

(n=32)

p

mMRC scale (n=121)

mMRC score 2 (1–3) 2 (1–3) 2 (1–3) 0.71
mMRC = 0 3 (6%) 6 (14%) 4 (13%) 0.64

mMRC = 1 15 (32%) 8 (19%) 5 (16%)

mMRC = 2 12 (26%) 8 (19%) 9 (29%)
mMRC = 3 10 (21%) 11 (25%) 8 (26%)

mMRC = 4 7 (15%) 10 (23%) 5 (16%)

Borg scale (n=86)

Borg score at rest 0 (0–2) 0 (0–2) 1 (0–2) 0.66

Borg at rest ≥ 1 16 (45%) 9 (32%) 12 (50%) 0.38
Borg after 6MWT 5 (3–7) 5 (3–8) 5(3–7) 0.93

Borg after 6MWT ≥ 1 34 (100%) 25 (89%) 24 (100%) 0.05

Borg after 6MWT > 3 24 (71%) 18 (64%) 17 (71%) 0.84

Note: Data are expressed as median (interquartile range) and as number (percentage) of patients. 
Abbreviations: mMRC, modified Medical Research Council; 6MWT, 6 minute walk test.

Table 4 Clinical Characteristics and Lung Function Tests According to mMRC Scores

mMRC 0–1 (n=41) mMRC 2–3 (n=58) mMRC 4 (n=22) P

Age 61 (57–67) 63 (55–70) 63 (59–67) 0.80
Male sex 27 (66%) 34 (59%) 16 (73%) 0.47

BMI 26 (22–30) 28 (23–32) 27 (24–30) 0.27

Former smoker 19 (46%) 44 (76%) 17 (77%) 0.01
Pack-years 40 (31–49) 40 (22–60) 46 (40–60) 0.09

Exacerbation
12 months 21 (51%) 41 (71%) 15 (68%) 0.36

3 months 17 (41%) 25 (43%) 12 (55%) 0.17

Comorbidities
Hypertension 19 (46%) 28 (48%) 11 (50%) 0.85
Coronary artery disease 5 (12%) 11 (19%) 2 (9%) 0.47

Arrhythmia 6 (14%) 7 (12%) 3 (14%) 0.81
Right heart failure 0 (0%) 2 (3%) 0 (0%) 0.68

Left heart failure 0 (0%) 1 (2%) 0 (0%) 1.00

(Continued)
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before inclusion. Concerning PFTs, the mMRC score was correlated with lower FEV1 (correlation coefficient: −0.427; 
p < 0.0001), lower DLCO and DLCO/VA (respectively, correlation coefficients of −0.427; p < 0.0001 and −0.317; p = 
0.002), lower IC/TLC ratio, IC and higher RV (respectively, −0.299; p = 0.003, −0.369; p < 0.0001 and +0.230; p = 
0.018). The mMRC score was also correlated with higher emphysema score (correlation coefficient: +0.343; p = 0.0002).

The multivariable analysis including FEV1 and IC/TLC in the different BMI categories showed that a mMRC score 
≥2 was only associated with FEV1 in normal weight patients (OR = 0.925 IC[0.876–0.977]; p = 0.005) and only with IC/ 
TLC in obese patients (OR = 0.861 IC[0.746–0.994]; p = 0.04).

Figure 1 illustrates dyspnea assessment (according to mMRC and Borg after 6MWT scales), static hyperinflation 
(according to IC/TLC and RV) and emphysema scores according to BMI groups and GOLD grades (1–2 versus 3–4). 
mMRC scores are associated with GOLD grades for patients with a BMI < 30 kg/m², but not for obese patients. Dyspnea 
on exertion assessed by the Borg scale after 6MWT tends to show the same feature. Static hyperinflation assessed by RV 
and emphysema scores was also associated with GOLD grades for patients with BMI < 30 kg/m², but not for obese 
patients. The multivariable analysis including BMI and emphysema score in GOLD grades (1–2 and 3–4) showed that 
a mMRC score ≥2 was associated with increased BMI and emphysema scores in GOLD 1–2 but not in GOLD 3–4, 
subject to a low number of patients in this last group.

Discussion
This study analyzed the relationships between dyspnea in daily living according to mMRC, BMI, and a complete 
respiratory assessment in COPD patients. Our results showed that in contrast to patients with BMI < 30 kg/m², dyspnea 

Table 4 (Continued). 

mMRC 0–1 (n=41) mMRC 2–3 (n=58) mMRC 4 (n=22) P

Anxiety HAD score (n=116) 7 (5–9) 7 (5–11) 11 (9–13) 0.01(1)
Depression HAD score (n=116) 3 (1–7) 6 (4–8) 10 (8–12) <0.01(2)

Pulmonary function test (n=121)

Post BD FEV1 (% pred) 62 (50–77) 49 (34–65) 34 (23–51) <0.01(5)
ERV (% pred) (n=103) 98 (80–137) 84 (62–110) 95 (68–121) 0.48

IC (% pred) (n=99) 97 (80–108) 84 (65–103) 75 (54–83) <0.01(3)
IC/TLC (n=97) 32 (27–37) 29 (22–34) 24 (16–29) <0.01(1)
RV (% pred) (n=111) 180 (138–215) 198 (170–234) 213 (174–260) 0.07

RV/TLC (n=111) 56 (47–61) 59 (54–67) 62 (54–68) 0.20

TLC (% pred) (n=112) 119 (109–136) 125 (113–144) 130 (114–135) 0.35
DLCO (% pred) (n=92) 57 (45–66) 42 (30–55) 26 (18–44) <0.01(4)
DLCO/VA (% pred) (n=93) 59 (44–77) 48 (36–61) 40 (25–63) 0.11

Arterial blood gases (n=104)

PaO2 (mmHg) 79 (71–88) 74 (67–83) 70 (59–76) <0.01(3)
PaCO2 (mmHg) 39 (36–41) 39 (36–42) 39 (37–45) 0.65

6-minute walk test (n=85)
Borg scale after 6MWT 3 (3–4) 6 (4–7) 8 (5–8) <0.01(5)
Distance (m) 470 (400–511) 357 (301–430) 297 (247–338) <0.01(5)

CT-scan (n=118)

Emphysema 25 (66%) 46 (84%) 16 (84%) 0.1

Emphysema score 3 (0–7) 7 (3–11) 39 (37–45) <0.01(5)

Notes: Data are expressed as median (interquartile range) and as number (percentage) of patients. P < 0.05 are indicated in bold front. (1) 
Dunn test: difference only between mMRC 0–1 and mMRC 4. (2) Dunn test: every groups were differents. (3) Dunn test: no difference 
between mMRC 0–1 and mMRC groupe 2–3. (4) Dunn test: difference between mMRC 0–1 and mMRC 4. (5) Dunn test: no difference 
between mMRC 2–3 and mMRC 4. 
Abbreviations: BMI, body mass index; HAD score, Pre BD FEV1, pre bronchodilator forced expiratory volume in one second; TLC, total 
lung capacity; RV, residual volume; IC, inspiratory capacity; DLCO, diffusing capacity of the lung for carbon dioxide.
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intensity in daily living did not increase with spirometric GOLD grades in obese patients, in association with a trend 
towards reduced static lung hyperinflation and lower emphysema scores.

Our data confirm that obesity is highly prevalent in COPD (25% of the patients in our study). Available data 
regarding the prevalence of obesity in COPD patients are variable, ranging from 15% to 54%.9,11,31–38 As observed in our 
cohort, obesity is more common in GOLD grades 1 and 2 and least prevalent in GOLD grade 4.39

The consequences of increased BMI on static lung volumes have been documented in COPD. In a large cohort of 
COPD patients, O’Donnell et al3 showed a decrease in ERV and RV and an increase in IC with increased BMI. In our 
study, we found similar results with reduced ERV and increased IC/TLC in obese patients, compared with other BMI 
categories. Studies assessing the effects of obesity on DLCO and associated measurements of alveolar volume (VA) and 
DLCO/VA have provided conflicting results. Some studies have reported DLCO decreases in obesity, likely due to 

Figure 1 mMRC scores, Borg after 6MWT, RV and emphysema scores according to the GOLD grades (1–2 versus 3–4) and BMI groups. Data are expressed as median 
(interquartile range). p value presented in the box corresponds to the comparison between GOLD1-2 and GOLD 3–4 patients according to BMI categories using Wilcoxon 
test. p value for 3×2 ANOVA (obesity status x GOLD grades) was <0.05 for all the figures (mMRC and Borg after 6MWT scores, RV (% pred)), IC/TLC and emphysema 
score. 
Abbreviations: mMRC, modified Medical Research Council; 6MWT, six-minute walk test; RV, residual volume; BMI, body mass index.
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a reduced VA or structural changes to the interstitium caused by increased lipid deposition40 and others have showed 
DLCO increases in severe obese patients, likely due to increased pulmonary blood volume,41,42 but the most common 
finding has been DLCO within normal ranges.43–45 DLCO/VA is usually similar or higher for patients with obesity in 
comparison with normal weight patients. In context of COPD, there are few data concerning the effects of obesity on 
these measurements. In our study, comparison among the BMI categories showed that obesity was associated with 
increased DLCO and DLCO/VA, in association with less severe airflow obstruction and less severe emphysema.

Dyspnea is one of the predominant complaints from patients with COPD. In a large French COPD cohort, with a wide 
range of airflow obstruction, 63% of patients had disabling dyspnea in daily living with a mMRC score ≥2.46 In our 
study, the median mMRC score was 2, and the proportion of patients with mMRC ≥2 was similar (66%).

As previously described in COPD, we observed that dyspnea was associated with FEV1, static hyperinflation, 
diffusing capacity and anxiety/depression.46,47 This analysis also showed the non-linear relationship between BMI, 
GOLD grades and dyspnea. In obese patients, the intensity of dyspnea was similar (mMRC around 2) whatever the 
GOLD grade, whereas mMRC scores increased with GOLD grades in patients with BMI < 30 kg/m² (Figure 1). As 
hyperinflation is a significant determinant of dyspnea in COPD patients,46–50 the phenomena of less hyperinflation, thus 
breathing at relatively lower lung volumes may lead to a mechanical advantage in obese patients with COPD. Ora et al16 

showed, in 18 obese and 18 normal-weight COPD patients, matched for age, gender, smoking history, FEV1 and DLCO 
(but not for emphysema severity) that obese patients, in comparison with normal-weight patients, did not experience 
more dyspnea at rest and during incremental cycle exercise, in association with less static and dynamic hyperinflation. In 
our study, static hyperinflation assessed by RV did not increase with GOLD grades in obese patients, contrary to patients 
with BMI < 25 kg/m² (Figure 1). This might be partly related to the mechanical effects of obesity on lung volumes but 
also to less pulmonary emphysema (Figure 1), as BMI is also known to be inversely associated with the severity of 
emphysema independent of gender, age, and smoking history.51 Then, higher DLCO and DLCO/VA in patients with 
obesity, related to less severe airflow obstruction/less severe emphysema and/or obesity per se, could also explain partly 
relative lower intensity of dyspnea because presumably a higher DLCO represents a healthier alveolar capillary interface 
with potential for better gas exchange. Interestingly, exacerbation rate was not associated with BMI and GOLD grades in 
our study.

One of the strengths of our study is the assessment of the relationship between dyspnea according to the mMRC scale, 
BMI and an extensive respiratory assessment (6MWT, arterial blood gases, PFTs, CT-scan) in a prospective cohort of 
COPD patients.

This study has several limitations. It was conducted in a single centre, which may limit the generalization of the 
results. The number of patients included was relatively low, which may have limited the power of our statistical analyses 
in some sub-groups of patients. These results should be considered exploratory. As BMI is a simple measurement to use 
in clinical practice to assess obesity and is associated with dyspnea intensity in obese patients,52 we have considered BMI 
rather than body composition in this study. We then assessed lung hyperinflation through IC/TLC and RV, but other 
measures can be used with different meaning;53 eg we did not perform a cardiopulmonary exercise testing to assess 
dynamic hyperinflation. Moreover, we did not include in our study an echocardiographic assessment and/or right-heart 
catheterization to assess pulmonary hypertension or left-heart failure which are associated with dyspnea. At last, dyspnea 
was assessed by the mMRC and Borg scales which have limitations in COPD. Assessing the sensory and affective 
dimensions of dyspnea by using more recent tools like the Multidimensional Dyspnea Profile (MDP) may allow a more 
in-depth understanding of dyspnea symptoms in COPD.54 CT-scan assessment of emphysema severity was based on 
visual assessment only. A more robust assessment of CT-scan using Artificial Intelligence-based low attenuation volume 
percentage would be of interest to better characterize emphysema severity.55

Conclusion
This prospective study suggests that, contrary to patients with BMI < 30 kg/m², dyspnea intensity in daily living, 
according to the mMRC scale, did not increase with GOLD grades in obese patients. It shows that hyperinflation is 
a determinant of the mMRC score and that obesity is associated with less lung static hyperinflation and lower 
emphysema scores. Taken together, these results suggest that the relative lower intensity of dyspnea in obese patients 
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with severe COPD might be partly related to less hyperinflation, related to mechanical effects of obesity with less 
emphysema severity in severe COPD patients with obesity.

Abbreviations
ANSM, French National Agency for Medicines and Health Products; BMI, body mass index; CT-scan, computed 
tomography scan; COPD, chronic obstructive pulmonary disease; DLCO, diffusing capacity of the lungs for carbon 
monoxide; ERV, expiratory reserve volume; FEV1, forced expiratory volume in 1 second; FRC, functional residual 
capacity; FVC, forced vital capacity; HAD, hospital anxiety depression scale; IC, inspiratory capacity; LVR, lung volume 
reduction; mMRC, modified medical research council; NT-pro-BNP, N-terminal prohormone of brain natriuretic peptide; 
OSAS, obstructive sleep apnea syndrome; PFTs, pulmonary function tests; PR, pulmonary rehabilitation; RINNOPARI, 
Recherche et INNOvation en Pathologie Respiratoire et Inflammatoire; RV, residual volume; TLC, total lung capacity; 
6MWT, six-minute walk test.
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