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Abstract 

Background: The severity of COPD is commonly assessed by the reduction in 
forced expiratory volume at one second (FEV1), although more recently 
prognostic factors influencing survival have also incorporated functional ca-
pacity, degree of breathlessness on exertion, and body mass index. Increa-
singly, the reliability of physiological parameters such as FEV1 to predict pa-
tient-centered outcomes has been brought into question. Objectives: To eva-
luate the relationship between dyspnea as assessed by the Modified Medical 
Council Dyspnea (MMRC) scale, the Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD 2014) staging and indices of lung hyperinflation 
and spirometry. Methods: Data were retrospectively analyzed at a 600-bed 
tertiary care center including spirometry, plethysmographic lung volumes, 
single breath carbon monoxide diffusion capacity and dyspnea graded ac-
cording to MMRC, and GOLD staging. Results: Data for 331 patients were 
analyzed. Differences amongst FEV1, IC, IC/TLC, FRC and RV/TLC were 
significant between GOLD I/II and GOLD III/IV groups. The closest rela-
tionship to GOLD staging was seen with FEV1, FVC and slow vital capacity 
(SVC). FEV1/FVC, IC, and IC/TLC were inversely associated with MMRC 
score, while RV/TLC exhibited a positive relation with MMRC score. Conclu-
sions: Indices of lung hyperinflation are closely associated, with dyspnea as 
assessed by MMRC grading with TLC, RV/TLC and IC exhibiting the closest 
relations, more so than FEV1. GOLD staging also shows strong correlations 
with lung volume subdivisions (weakly with TLC), more so than with FEV1. 
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That TLC changed little between GOLD stages can be explained by the pres-
ence of collateral interalveolar channels and population characteristics dif-
ferent from those of other studies. These findings further support the concept 
that more than a reduction in FEV1, lung hyperinflation contributes to the 
sensation of dyspnea in airflow limitation. 
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1. Introduction 

Chronic obstructive pulmonary disease (COPD) is a heterogeneous group of 
disorders characterized by incompletely reversible expiratory flow limitation [1]. 
Its severity is usually characterized by a decrease in forced expiratory volume at 
one second (FEV1) [1], although more recently prognostic factors influencing 
survival have also incorporated functional capacity, degree of breathlessness on 
exertion, and body mass index [2] [3]. One of the aims of the recent American 
Thoracic Society (ATS)/European Respiratory Society (ERS) Statement was to 
investigate the relationship between patient-centered outcomes (such as quality 
of life and symptomatology) and physiologic outcomes [4]. Increasingly, the re-
liability of FEV1 to predict patient-centered outcomes has been brought into 
question [5]. Lung hyperinflation has been shown to be a major component of 
physical impairment in patients with airflow limitation [1] [6]. Indeed, the most 
recent update of the Global Initiative for Chronic Obstructive Lung Disease 
(GOLD 2017) de-emphasizes the importance of FEV1 in favor of symptoms, 
numbers of exacerbations and exercise capacity in grading the severity of COPD 
[6]. 

The main objective of this study was to evaluate the relationship between 
dyspnea as assessed by the Modified Medical Council Dyspnea (MMRC) scale, 
the Global Initiative for Chronic Obstructive Lung Disease (GOLD) staging and 
indices of lung hyperinflation and spirometry. A secondary objective was to de-
termine lung volume subdivisions most closely related to indices of dyspnea. We 
discuss these physiologic changes in light of recent imaging findings of ultra-
structural changes described in emphysema. Related to this, we discuss a discre-
pancy between the reduction in vital capacity (VC) and corresponding changes 
in total lung capacity (TLC) with increase in GOLD and MMRC gradings. 

2. Patients and Methods 

Data collected at Los Angeles County + University Southern California (USC) 
Medical Center, a 600-bed tertiary care center were retrospectively analyzed. The 
investigation was approved by the institutional review board of the USC Health 
Sciences Center (HS-17-00120). Data were collected in stable patients with 
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COPD aged 18 - 80 years with a diagnosis of chronic obstructive pulmonary 
disease based on ATS/ERS criteria [1] [4]. Clinical, physiologic and imaging 
features were used for confirming the diagnosis of COPD. Patients with 
post-tuberculosis airflow limitation, infiltrative respiratory diseases, chest wall 
and neuromuscular disorders, left ventricular heart failure, and those unable to 
perform lung function testing according to ATS guidelines were excluded. All 
patients were living in Los Angeles County at the time of evaluation. Pulmonary 
function testing was performed between 2008 and 2013. Testing was performed 
in seated patients, consisting of post-bronchodilator spirometry (which included 
the slow vital capacity, SVC), lung volume subdivisions measured by body ple-
thysmography, and single-breath carbon monoxide diffusion capacity (DLCO), 
according to American Thoracic Society guidelines [7]. All cases met inclusion 
criteria of post-bronchodilator ratio of forced expiratory volume at one second 
(FEV1) to forced vital capacity (FVC) less than 0.7 to qualify for the ATS/ERS 
definition of chronic obstructive pulmonary disease (COPD) [7]. Predicted val-
ues for spirometric indices, lung volumes and DLCO were from Schoenberg et al. 
[8], Crapo et al. [9] and Knudson et al. [10], respectively. Predicted values for 
inspiratory capacity (IC) were derived from Bates [11]. In patients with more 
than one PFT performed in the period studied, the earliest measurement was 
used for analysis. Dyspnea was graded according to 3 grades of the MMRC scale 
(0, 2 and 4) based on a questionnaire administered by the laboratory technolo-
gist [12]. Severity of COPD was graded based on the GOLD 2014 staging [13].  

Statistical Analysis 

Multivariable ordered logistic regression was used to identify patient characte-
ristics and lung function values associated with MMRC and GOLD 2014 staging 
[14]. The initial ordered multivariable logistic regression model included all va-
riables from the univariate analyses that were associated with MMRC at a signi-
ficance level of p ≤ 0.10. All continuous predictors were standardized. The score 
chi-square test was used to assess the proportional odds assumption; because the 
proportional odds assumption was rejected at p < 0.05, model assumptions for 
an ordered logistic regression were not met. Variables were then removed and 
added in a stepwise fashion until a final model with all variables jointly signifi-
cant at p < 0.15 was arrived at. Significances in differences between lung func-
tion variables amongst MMRC and GOLD staging were determined by analysis 
of variance. 

3. Results  

3.1. Patient Characteristics 

Data for 331 patients. Median (IQR) age, history of smoking, and BMI for the 
entire cohort was 58(11) years, 21(42) pack-years, and 27(10) kg/m2, respective-
ly. Table 1 lists anthropometric and physiologic data for the 331 patients, di-
vided into 3 subcohorts based on MMRC grades of 0, 2 and 4. As can be seen, 
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the mean age was 58 years across all 3 cohorts, while approximately two-thirds 
of the patients were males. The largest ethnic group was Hispanic (42% of all pa-
tients). Table 2 shows the breakdown of the same characteristics based on 
GOLD I-IV, in which their distribution was similar to that in Table 1. Of note, 
however, was that while the proportion of males tended to decrease as severity of 
dyspnea (estimated by MMRC) increased, the opposite trend was seen with 
GOLD stage: the majority of patients in the GOLD IV group was male.  
 
Table 1. Baseline characteristics by MMRC (N = 331)*. 

Baseline 
Characteristic 

N (%) 

MMRC  

(0) No Dyspnea 
(2) Moderate 

Dyspnea 
(4) Severe 
Dyspnea 

P-value† 

Number of PFTs 76 (23.0%) 147 (44.4%) 108 (32.6%) - 

Male 56 (73.7%) 96 (65.3%) 64 (59.3%) 0.13 

Age, years  
(mean ± SD) 

58.3 ± 1.0 58.1 ± 10.7 58.1 ± 10.6 0.99 

BMI, kg/m2 

(mean ± SD) 
26.4 ± 5.6 28.5 ± 7.4 27.9 ± 8.1 0.11 

Race 
White 

Hispanic 
Black 
Asian 
Other 

 
18 (23.7%) 
33 (43.4%) 
11 (14.5%) 
12 (15.8%) 

2 (2.6%) 

 
34 (23.1%) 
61 (41.5%) 
36 (24.5%) 
15 (10.2%) 
1 (0.7%) 

 
20 (18.5%) 
45 (41.7%) 
24 (22.2%) 
18 (16.7%) 
1 (0.9%) 

 
0.52 

*See text for additional sociodemographic and clinical details of patients. †See text for details of statistical 
analysis. 
 
Table 2. Baseline characteristics and exacerbation category by GOLD stage (N = 331). 

Baseline 
Characteristic 

N (%) 

GOLD Stage 
P-value† 

1 2 3 4 

Number of PFTs 98 (29.6%) 150 (45.3%) 60 (18.1%) 23 (7.0%) - 

Male 66 (67.4%) 95 (63.3%) 35 (58.3%) 20 (87.0%) 0.09 

Age, years  
(mean ± SD) 

59.7 ± 10.4 57.9 ± 10.7 57.2 ± 10.4 54.9 ± 9.3 0.17 

BMI, kg/m2 

(mean ± SD) 
26.5 ± 5.1 28.9 ± 7.3 29.2 ± 9.8 22.9 ± 4.9 <0.001 

Race 

White 

Hispanic 

Black 

Asian 

Other 

 

21 (21.4%) 

41 (41.8%) 

19 (19.4%) 

16 (16.3%) 

1 (1.0%) 

 

32 (21.3%) 

70 (46.7%) 

31 (20.7%) 

14 (9.3%) 

3 (2.0%) 

 

15 (25.0%) 

21 (35.0%) 

14 (23.3%) 

10 (16.7%) 

0 

 

4 (17.4%) 

7 (30.4%) 

7 (30.4%) 

5 (21.7%) 

0 

 

0.63 

*See text for additional sociodemographic and clinical details of patients. †See text for details of statistical 
analysis. 

https://doi.org/10.4236/ojrd.2019.93007


M. Miller et al. 
 

 

DOI: 10.4236/ojrd.2019.93007 79 Open Journal of Respiratory Diseases 

 

3.2. Lung Volume Subdivisions and Their Relation to MMRC and  
GOLD Grades 

Table 3 and Table 4 list lung volume subdivisions according to MMRC and 
GOLD gradings, respectively; they show significant differences amongst most 
lung volume subdivisions between MMRC and GOLD stages. In particular, dif-
ferences amongst SVC, FEV1, IC, IC/TLC, FRC, RV/TLC and DLCO were signif-
icant between GOLD I/II and GOLD III/IV groups as well as between MMRC 0 
and 4 grades. However, FEV1 did not exhibit as strong a relationship with GOLD 
staging as did plethysmographic lung volumes. By contrast, differences amongst 
TLC values between GOLD stages were weakly statistically significant.  
 
Table 3. Lung volume subdivisions by MMRC (N = 331). 

Lung Volume 
Subdivisions 

MMRC  

0 
(n = 76) 

2 
(n = 147) 

4 
(n = 108) 

P-value† 

FVC, liters 3.6 ± 1.1 3.2 ± 1.0 2.6 ± 0.9 0.002 

FVC, % pred 93.6 ± 19.6 87.5 ± 19.2 73.8 ± 22.6 <0.001 

SVC, liters 3.8 ± 1.0 3.3 ± 1.1 2.9 ± 0.9 0.009 

SVC, % pred 100.0 ± 18.6 90.9 ± 20.1 79.9 ± 19.6 <0.001 

FEV1, liters 2.1 ± 0.7 1.8 ± 0.7 1.5 ± 0.7 0.005 

FEV1, % pred 77.5 ± 19.9 67.5 ± 22.1 56.6 ± 24.1 0.01 

FEV1/FVC 0.60 ± 0.09 0.55 ± 0.13 0.54 ± 0.11 <0.001 

TLC, liters 6.1 ± 1.2 6.1 ± 1.5 5.6 ± 1.5 <0.001 

TLC, % pred 104.9 ± 21.4 110.4 ± 18.3 103.2 ± 20.7 <0.001 

FRC, liters 3.6 ± 0.8 3.8 ± 1.1 3.7 ± 1.3 <0.001 

FRC, % pred 113.7 ± 24.7 122.0 ± 30.3 121.1 ± 35.7 <0.001 

RV, liters 2.5 ± 0.8 2.9 ± 1.1 2.9 ± 1.2 <0.001 

RV, % pred 126.3 ± 37.6 151.9 ± 50.6 157.2 ± 57.6 <0.001 

IC, liters 2.5 ± 0.8 2.4 ± 0.8 1.9 ± 0.7 <0.001 

IC, % pred 96.1 ± 23.8 95.4 ± 22.9 80.6 ± 25.2 <0.001 

IC/SVC 0.67 ± 0.11 0.73 ± 0.12 0.71 ± 0.14 <0.001 

IC/TLC 0.40 ± 0.07 0.39 ± 0.09 0.35 ± 0.10 <0.001 

FRC/TLC 0.60 ± 0.07 0.61 ± 0.09 0.65 ± 0.10 <0.001 

RV/TLC 0.41 ± 0.10 0.47 ± 0.11 0.51 ± 0.12 <0.001 

SVC/FVC 1.02 ± 0.06 1.02 ± 0.11 1.03 ± 0.08 <0.001 

See list of abbreviations at beginning of text. †Analysis of variance.  
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Table 4. Lung volume subdivisions by GOLD Stage (N = 331). 

Lung Volume 
Subdivisions 

GOLD Stage 

P-value† 1 
(n = 98) 

2 
(n = 150) 

3 
(n = 60) 

4 
(n = 23) 

FVC, liters 3.8 ± 0.9 3.1 ± 0.9 2.3 ± 0.7 1.9 ± 0.7 <0.001 

FVC, % pred 104.2 ± 12.6 84.8 ± 14.6 64.9 ± 14.3 48.1 ± 16.8 <0.001 

SVC, liters 3.9 ± 1.0 3.2 ± 0.8 2.6 ± 0.8 2.3 ± 0.6 <0.001 

SVC, % pred 106.5 ± 14.6 87.6 ± 14.2 71.5 ± 16.1 55.8 ± 14.1 <0.001 

FEV1, liters 2.5 ± 0.6 1.7 ± 0.5 1.1 ± 0.3 0.7 ± 0.2 <0.001 

FEV1, % pred 93.5 ± 10.6 65.7 ± 8.6 39.6 ± 5.7 22.9 ± 5 <0.001 

FEV1/FVC 0.65 ± 0.04 0.58 ± 0.08 0.45 ± 0.11 0.35 ± 0.13 <0.001 

TLC, liters 6.2 ± 1.3 5.8 ± 1.3 5.8 ± 1.7 6.6 ± 2.1 0.04 

TLC, % pred 111.2 ± 17.1 104.4 ± 18.9 105.8 ± 23.4 106.9 ± 28.6 0.07 

FRC, liters 3.5 ± 0.8 3.5 ± 0.9 3.9 ± 1.3 5.3 ± 1.8 <0.001 

FRC, % pred 113.3 ± 26.3 115.0 ± 25.7 131.4 ± 35.4 153.6 ± 44.7 <0.001 

RV, liters 2.3 ± 0.7 2.7 ± 0.8 3.2 ± 1.2 4.4 ± 1.6 <0.001 

RV, % pred 122.4 ± 38.3 141.8 ± 39.8 172.3 ± 54.9 221.2 ± 70.9 <0.001 

IC, liters 2.7 ± 0.8 2.3 ± 0.6 1.8 ± 0.6 1.3 ± 0.4 <0.001 

IC, % pred 107.9 ± 21.3 92.4 ± 18.1 73.9 ± 18.6 48.5 ± 13.1 <0.001 

IC/SVC 0.70 ± 0.11 0.74 ± 0.13 0.72 ± 0.11 0.60 ± 0.14 0.002 

IC/TLC 0.43 ± 0.07 0.39 ± 0.07 0.31 ± 0.07 0.20 ± 0.04 <0.001 

FRC/TLC 0.57 ± 0.07 0.61 ± 0.07 0.69 ± 0.07 0.80 ± 0.04 <0.001 

RV/TLC 0.38 ± 0.09 0.46 ± 0.09 0.57 ± 0.08 0.67 ± 0.06 <0.001 

SVC/FVC 1.01 ± 0.07 1.01 ± 0.09 1.06 ± 0.11 1.02 ± 0.13 <0.001 

See list of abbreviations at beginning of text. †Analysis of variance.  

 
Between GOLD I and GOLD IV, FVC and FEV1 decreased from a mean of 3.8 

L to 1.9 L, and from 2.5 L to 0.7 L, respectively (decreases of 50% and 72%, re-
spectively (both p < 0.001). In addition, the slow vital capacity (SVC) decreased 
from 3.9 L to 2.3 L, a change of 41% (p < 0.001). Relative differences between the 
slow and forced VCs increased sharply at GOLD III and IV (by 0.1 L and 0.4 L 
respectively). Residual volume increased by 91%. By contrast, TLC (in L) in-
creased slightly between GOLD I and GOLD IV (from 6.2 L to 6.6 L, an increase 
of 6%; p < 0.04). Figures 1-3 show more significant differences amongst FEV1 
and RV as compared to TLC according to GOLD (2014) staging. By contrast, 
using the MMRC grading, TLC decreased between MMRC 0 and MMRC 4 (by 
8%, p > 0.04), explained by the marked reduction in FVC. 
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Figure 1. Forced expiratory volume in one second (FEV1) as a 
function of GOLD stage. Values represent median (IQR). Dif-
ferences amongst GOLD stages by ANOVA. 

 

 

Figure 2. Residual volume as a function of GOLD stage. Val-
ues represent median (IQR). Differences amongst GOLD stage 
by ANOVA. 

 

 

Figure 3. Total lung capacity as a function of GOLD stage. 
Values represent median (IQR). Differences by ANOVA. 

4. Discussion 

The main findings in this study are that: 1) several lung volume subdivisions are 
associated with the MMRC score, with the fewest variables exhibiting the closest 
relation when combined to be RV/TLC and IC (% predicted); 2) both MMRC 
and GOLD staging showed strong correlation with lung volume subdivisions 
(when corrected for TLC), more so than did FEV1. We discuss these findings in 
the contexts of dyspnea and hyperinflation. We also discuss some of the discre-
pancies in changes amongst lung volume divisions in light of recent imaging re-
ports using advanced CT scanning methods to assess the magnitude and distri-
bution of emphysema. 
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4.1. Dyspnea 

Using multivariate ordered logistic regression analysis of several lung function 
variables, we found that several lung volume subdivisions showed significant 
correlations with the MMRC scale. In fact, using the MMRC scale, FRC, TLC 
and RV showed closer associations with dyspnea rating than did FEV1, although 
the latter was still closely related to dyspnea rating. Using GOLD staging alone, 
TLC showed the weakest correlation with severity. Patients with the most severe 
airflow limitation, as reflected by the FEV1, might be expected to exhibit the 
most dyspnea. Yet, some patients with severe airflow limitation, as reflected by 
the FEV1, have few symptoms, while others with minimal or no flow limitation 
experience dyspnea [3] [15]. Although FEV1 has been considered important in 
the staging of COPD [13], other variables provide useful information in its eval-
uation, including age, gender, smoking history, functional vital capacity, dysp-
nea assessed by the Medical Research Council (MRC) and CAT scales, BMI, 
FRC, IC, hematocrit, and albumin level [3]. With specific reference to exertional 
dyspnea, Marin et al. [16] assessed the association between breathlessness or the 
six-minute walk test (6 MWT) and age, BMI, resting function and dynamic lung 
volumes using Pearson’s correlation coefficient and stepwise multiple linear re-
gression. The change in Borg dyspnea rating from resting to the end of a 6 MWT 
correlated with MRC scale and showed a small but significant correlation with 
change in IC during the 6 MWT (r2 = 0.24, p < 0.00001), but was independent of 
age, BMI, resting IC/TLC, FEV1 or arterial blood gas measurements. In this 
connection, we also found a similarity between MMRC and GOLD staging, but 
our findings varied from those of Marin et al. [16] in that we were able to show 
associations between the MMRC and most lung volumes (when corrected for 
age, BMI and gender), including IC (% predicted) and IC/TLC, and may reflect 
differences in population characteristics between Los Angeles and Boston. In 
this connection, our BMIs were comparable to those reported by other investi-
gators, which ranged 24 - 26 kg/m2 [16] [17] [18].  

4.2. Hyperinflation  

The SVC, FVC and IC exhibited similar magnitudes of decrement between 
GOLD 0-I and IV. By contrast, the TLC barely changed between GOLD and 
MMRC gradings. The contrasting changes in TLC between GOLD and MMRC 
severity, albeit slight, can be explained by the different methods by which each is 
subdivided: GOLD (2014) severity was categorized by FEV1 only, while the 
MMRC is determined by severity of dyspnea while performing a task. One 
would have, instead, expected reciprocal changes between SVC (and FVC), and 
plethysmographic lung volume subdivisions, with TLC increasing with GOLD 
stage along with the RV. What would account for these discrepancies?  

In chronic airflow limitation, tobacco exposure and aging contribute to small 
airway closure; this leads to closing volume exceeding FRC [19] [20]. Low vo-
lume mechanical ventilation in animal models produces injury to small airways 
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and increase in airway resistance within a few hours [21] [22] [23], similar to 
findings of histopathologic changes in peripheral airways of smokers [24]. Hogg 
and colleagues [25] provided a more detailed explanation of small airway ob-
struction in COPD, based on work by others employing micro-computed tomo-
graphy (CT) and MRI imaging. Inflammatory changes in the terminal and res-
piratory bronchioles lead to formation of centrilobular lesions. The entire lung 
lobule is destroyed, and its coalescence with other destroyed lobules leads to 
formation of bullous lesions. McDonough et al. [26] found that lungs from pa-
tients with very severe COPD (GOLD IV) exhibited only 10% to 25% of the 
number of terminal bronchioles as contained in normal lungs, depending on the 
COPD phenotype (centrilobular type exhibiting the more severe deficit as com-
pared to the panlobular form). They also showed that the number of terminal 
bronchioles per milliliter lung tissue was reduced before alveolar tissue devel-
oped emphysematous changes. In a more recent study, the same group, using 
multi-detector CT scans, determined morphologic characteristics of preterminal 
bronchioles in the same lung samples reported in the earlier investigation plus 
64 new samples [27]. They found that bronchiolar length, wall volume, total vo-
lume, lumen circularity, and number of alveolar attachments were reduced in 
both types of emphysema compared with normal lungs, with changes being 
more severe and heterogeneous in the centrilobular form. CT imaging with 
three-dimensional (3D) computational model of the lungs has been employed to 
assess structural changes in emphysema [28]. Mondonedo et al. [29] recently 
showed that CT-based 3D low-attenuation super clusters (outliers of 
low-attenuation areas) were associated with disease severity and inversely related 
to FEV1 and DLCO, changes that may reflect destruction of small airways within 
the super cluster [26]. 

Given the magnitude of alveolar destruction in the most severely involved 
lungs (GOLD IV) described by Hogg et al. [25] and Tanabe [27], the increase in 
RV should reciprocate an equivalent reduction in the SVC and FEV1. That is, if, 
according to Hogg et al. [25], in GOLD IV patients, close to 80% of terminal 
bronchioles are destroyed, the RV, representing trapped gas, should comprise 
80% of the TLC. In fact, in our GOLD IV patients RV/TLC amounted to only 
67%. Moreover, TLC hardly changed between GOLD I and GOLD IV. To ac-
count for this discrepancy, Hogg et al. [25] have suggested that some of the 
trapped gas may not be measurable. Our findings indicate that gas trapping may 
not be as severe as one would expect, a finding that can be explained by the 
presence of interalveolar collateral channels [25] [26] [27] and differences be-
tween our population and that of Hogg et al. [25]. While non-Hispanic Cauca-
sians comprise 29% and 46% the populations of Los Angeles County and the 
Vancouver metropolitan area, respectively, Latinos of any race make up 48% and 
1.6%, respectively, African-Americans constitute 8.6% and 1%, respectively, and 
Asians comprise 14% and 40%, respectively [30] [31]. The prevalence of emphy-
sema (and hence, air trapping) in the Hispanic population is known to be less 
than in individuals of non-Hispanic European origin [32] [33]. 
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In this connection, in current and former smokers without airflow limitation, 
the detection of even mild emphysema on chest CT imaging can be associated 
with impairment in quality of life, an abnormal DLCO value, a higher number of 
exacerbations, and exercise-induced oxygen desaturation [34]. These findings 
support the concept that destruction and remodeling of peripheral airways leads 
to gas trapping long before airway resistance is increased (and before FEV1 de-
clines) in COPD. In many cases, as likely occurred in our cohort, the disappear-
ance of peripheral airways would also explain why a decrease in IC and increases 
in FRC and TLC are more prominent than the reduction in the FEV1 as emphy-
sematous changes develop before airway resistance increases. Based on earlier 
GOLD classifications [1] [13], such changes occur even in stage 0, when FEV1 
and FEV1/FVC are normal, but when patients experience productive cough. 
Thus, the further staging of GOLD based on FEV1 is not justified because FEV1 
has proven to be only weakly related to dyspnea, exercise capacity and quality of 
life in COPD [3] [34]; it is for this reason that the latter 3 components are now 
the main components of the most recent staging of GOLD [6]. In addition, IC 
and IC/TLC have been shown to be associated with increased exacerbations [17] 
and mortality [17] [18] [34] [35] [36]. Hyperinflation may also influence exercise 
tolerance and mortality by reducing cardiac chamber size and impairing func-
tion of the right and left ventricles [37].  

Our study has several strengths. Most important, approximately 80% of our 
study population was comprised of non-Caucasian minority groups, of which 
the largest was Hispanic, a group in which such a physiologic analysis has not 
been reported. Second, while this was a single center study, we assessed lung 
function data in a relatively large number of patients. There were also limitations 
to this study. We did not subdivide COPD into separate phenotypes such as 
chronic bronchitis or emphysema. We were primarily interested in the relation 
of dyspnea to airflow limitation in general and hyperinflation. Such an analysis 
should apply to most forms of airflow limitation. The numbers of exacerbations 
and deaths documented during the study recorded were limited as it is likely that 
such events were managed or occurred at outside facilities; hence we do not re-
port them. Another limitation was the absence of availability of indices of dy-
namic hyperinflation as measured during exercise [38]. We also used the GOLD 
2014 to classify severity of airflow limitation in our patients as data were ana-
lyzed between 2008 and 2013. Finally, data from the 6-minute walk test (6 
MWT) or cardiopulmonary exercise testing (CPET) were available in only a few 
patients and are not included here. 

5. Conclusion 

In conclusion, markers of lung hyperinflation are associated with dyspnea as as-
sessed by MMRC grading, with RV/TLC and IC exhibiting the closest relation. 
GOLD staging is more strongly correlated with lung volume subdivisions (ex-
cept for TLC) than with FEV1. These findings further support the concept that, 
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compared to FEV1, lung hyperinflation contributes at least as much, if not more, 
to the sensation of dyspnea than does airflow limitation per sé. That TLC and 
FRC alone were not related to dyspnea or to GOLD staging can be attributed to 
collateral channels between alveolar spaces and differences between our popula-
tion and those reported by others. 
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