
Supplemental Table 1. Comparison of characteristics of COPD subjects included and 
excluded in the PCA-based cluster analysis. 

 Included Subjects 
n=322 

Excluded Subjects 
n=262 

P values 

Male, % 76.7 84.0 0.03 

Age, yr 65.0 [58.0-73.0] 65.5 [58.0-73.0] 0.80 

Smoking, pack-yr 40.5 [26.3-56.0] 40.0 [25.0-57.5] 0.98 

FEV1, % pred 48.9 [34.1-66.3] 49.1 [35.7-63.5] 0.61 

BMI, kg/m2 24.7 [21.4-28.2] 24.9 [21.4-28.1] 0.61 

MMRC scale 1.0 [1.0-3.0] 1.0 [1.0-2.0] 0.15 

Exacerbations/patient/yr 1.0 [0.0-3.0] 1.0 [0.0-2.0] 0.11 

HAD total scale 13.0 [8.0-18.0] 12.0 [8.0-19.0]* 0.58 

SGRQ total score 45.2 [32.2-61.4] 42.3 [30.9-57.6]** 0.19 

All data median [IQR] or %. P values are for comparisons between included and excluded 
subjects using Wilcoxon Two-Sample Test.  
*Based on available data (n=63)/ ** Based on available data (n=97)  



Supplemental Table 2. Correlations of the 8 original variables with the 8 

independent components derived from the principal component analysis in COPD subjects 

(n=322). 

 
Components 
(% variance) 
 
VARIABLES 

Comp 1 
(31.4%) 

Comp 2 
(15.7%) 

Comp 3 
(13.7%) 

Comp 4 
(11.4%) 

Comp 5 
(9.9%) 

Comp 6 
(9.2%) 

Comp 7 
(5.2%) 

Comp 8 
(3.6%) 

BMI -.229487  0.370158  0.622298 -.119991  -.123470  0.509840  -.364483 -.025242 

MMRC 0.487056  0.292108  0.134858 -.158716  -.240721  0.143567  0.517731 0.536161 

Pack-yr  0.069677  0.454797  -.415740 0.700042  0.045738  0.346698  -.051266 -.022074 

HAD  
total score 

0.329744  -.220896  0.412890 0.536937  -.222102  -.376139  -.370958 0.235105 

Exacerbations
/patient/yr  

0.368287  -.127880  0.096095 -.063788  0.848519  0.211146  -.182091 0.192314 

Age, yr -.026188  0.707358  0.041551 -.142211  0.240783  -.636211  -.117333 -.022375 

FEV1 % pred -.398280  -.042196  0.445006 0.397173  0.309018  -.085357  0.615811 -.042612 

SGRQ  
total score  

0.549161  0.059434  0.205549 0.003446  -.043989  0.033741  0.180892 -.785386 

 



Impact of using principal component analysis for data transformation before cluster 
analysis 
 

In the present study, we used principal component analysis as a mean for transforming 

variables included in the cluster analysis. This methodology, which was applied for the first time 

in airway diseases, is especially useful to eliminate noisy variable that may corrupt the cluster 

structure. To confirm the yield of PCA as a preliminary step before cluster analysis, we 

performed another cluster analysis based on the total number of initial variables, i.e. without 

previously using PCA for variable reduction.  

Below, we present the dendrogram obtained by cluster analysis based on our 8 initial 

variables (not subjected to PCA transformation) in the 322 patients with FEV1/FVC<0.7. 

 

 
As shown in this dendrogram, the clustering process is not very efficient (see the 

important lengths of the horizontal lines, reflecting that each step of clustering is accompanied by 



a marked reduction in the total variance explained by identified clusters). The pseudo F and 

pseudo t2 statistics determined that the grouping would be optimal with 3 clusters (phenotypes).  

Theses phenotypes are outlined in the table below: 
 

 Phenotype 1 
N=101 (31.4) 

Phenotype 2 
n=162 (50.3%) 

Phenotype 3 
n=59 (18.3%) 

Male/Female, % 73.2/26.7 77.1/22.8 81.4/18.6 
Age, yr  62.0 [57.0; 69.0] 65.0 [56.0; 73.0] 72.0 [65.0; 76.0] 
Smoking, pack-yr 35.0 [24.0; 43.0] 37.0 [23.0; 48.0] 84.0 [70.5; 94.0] 
FEV1, % pred 35.0 [27.8; 43.2] 63.5 [48.9; 72.7] 44.2 [29.6; 65.8] 
FVC, % pred 66.1 [54.7; 78.2] 87.8 [75.6; 99.7] 79.8 [63.2; 89.0] 
GOLD 1, % 
GOLD 2, % 
GOLD 3, % 
GOLD 4, % 

0 
9.9 
54.5 
35.6 

10.5 
63.0 
23.5 
3.0 

6.8 
39.0 
23.7 
30.5 

BMI, kg/m2 23.6 [19.0; 26.1] 25.2 [22.7; 29.7] 24.5 [21.0; 28.1] 
MMRC 2.0 [2.0; 3.0] 1.0 [1.0; 2.0] 2.0 [1.0; 3.0] 
BOD score*  5.0 [4.0; 6.0] 2.0 [1.0; 3.0] 3.0 [2.0; 6.0] 
SGRQ, total score 61.2 [52.8; 69.8] 33.5 [23.1; 41.9] 51.5 [37.8; 63.2] 
HAD scale 
Total scale 
Anxiety       (HAD-A) 
Depression  (HAD-D) 

 
15.0 [11.0; 21.0] 
9.0 [5.0; 12.0] 
7.0 [4.0; 10.0] 

 
12.0 [7.0; 16.0] 
7.0 [4.0; 9.0] 
5.0 [2.0; 8.0] 

 
14.0 [9.0; 20.0] 
9.0 [6.0; 11.0] 
6.0 [3.0; 9.0] 

Exacerbation/patient/yr 3.0 [1.0; 4.0] 1.0 [0.0; 2.0] 2.0 [0.0; 3.0] 
Comorbidities 
CAD                              % 
CHF                               % 
Diabetes Mellitus          % 
Hypertension                 % 

 
15.5 
13.3 
9.3 
30.9 

 
16.3 
15.3 
10.7 
41.5 

 
20.7 
31.6 
17.5 
39.7 

Inhaled therapy 
LABA                               % 
ICS                                    % 
Tiotropium                        % 

 
82.2 
80.2 
16.8 

 
56.8 
56.2 
22.2 

 
69.5 
62.7 
20.3 

 
This table shows large overlaps between groups for several important variables such as age, BMI, 

dyspnea, SGRQ. This confirms that these phenotypes (obtained without PCA-based noise 

reduction prior to cluster analysis) are less interesting than the phenotypes we described in our 

PCA-based cluster analysis. Based on the results of these analyses, we conclude that the use of 



PCA for transformation of our original dataset was clearly efficient in eliminating data that were 

not participating to variability but were corrupting the clustering process. 

 

Impact of defining airflow limitation using FEV1/FVC<LLN (instead of fixed ratio) 

In the present study, we defined COPD using a fixed FEV1/FVC<0.7 ratio, which is sex and age-

dependent. The purposes of this choice were to stay in line with the current GOLD guidelines, to use the 

criteria that is mostly referred to in routine practice and to allow comparison of the data with previous 

literature. It may have resulted in the exclusion from our cohort of young subjects with mild airflow 

obstruction (FEV1/FVC<lower limit normal-LLN but >0.7). Further, it has resulted in the inclusion of 

subjects with an FEV1/FVC<0.7 but FEV1/FVC>LLN (n=56, 17.3% of subjects). To examine whether the 

definition of airflow limitation using LLN instead of fixed ratio had an impact on our conclusion, we 

performed another cluster analysis based on the 266 patients in this cohort with a FEV1/FVC<LLN. These 

analyses were performed on the 266 subjects with FEV1/FVC<LLN (56 subjects with a 

FEV1/FVC<0.7 but >LLN were excluded from our initial analysis). The results of these analyses 

are presented below and confirm that our previous findings were robust. 

First, the relationships between the 8 initial variables were determined by cluster analysis 

in the 266 patients with FEV1/FVC<LLN; this analysis resulted in the dendrogram shown below, 

which is comparable to Figure 1 of our manuscript (dendrogram obtained from the analysis 

performed in 322 patients with FEV1/FVC<0.7). 



Dendrogram illustrating the results of cluster analysis of clinical variables (n=266 patients 
with FEV1/FVC<LLN). 

 

 



Second, the components identified by PCA in these 266 patients were also similar to that 

found in the 322 patients with FEV1/FVC<0.7. As shown in the table below, the meaningful 

components (eigenvalue>1) were the first three components, which accounted for 61% of total 

variance, as in our previous analysis. Correlations of initial variables with these 3 components 

were also comparable to those obtained in our previous analysis. 

 
Components (% 
variance) 
 
Eigenvalue 
 
VARIABLES 

Comp 1 
(31.2%) 

 
2.49 

Comp 2 
(16.0%) 

 
1.28 

Comp 3 
(13.7%) 

 
1.09 

Comp 4 
(11.3%) 

 
0.90 

Comp 5 
(10.0%) 

 
0.80 

Comp 6 
(8.7%) 

 
0.70 

Comp 7 
(5.4%) 

 
0.43 

Comp 8 
(3.7%) 

 
0.29 

BMI -.226826 0.378850 0.609148 -.078046 0.096482 0.572343 -.294277 0.066229

MMRC 0.481855 0.306966 0.153199 -.189586 -.117098 0.165971 0.561302 -.507796 

Pack-yr  0.088005 0.407490 -.534601 0.606305 0.151705 0.385908 -.003793 0.029145

HAD  
total score 

0.342567 -.221420 0.317072 0.548585 -.475726 -.065126 -.376089 -.245240 

Exacerbations/pa
tient/yr  

0.357552 -.156611 0.171238 0.095550 0.839821 -.145777 -.202246 -.204265 

Age, yr -.057756 0.706383 0.126500 0.079115 -.019009 -.677602 -.123099 0.027676

FEV1 % pred -.390581 -.151190 0.378646 0.523316 0.145181 -.104750 0.609402 0.062729

SGRQ  
total score  

0.554560 0.028405 0.174466 0.012926 -.030198 0.018519 0.171629 0.793940

 
Thus, only these first three components were used in the subsequent cluster analysis. 
 



Cluster analysis based on the first three components identified in the PCA resulted in the 
dendrogram presented below (n=266 subjects). 

 

 
Using Pseudo F and Pseudo t2 statistics, it was determined that these 266 subjects could 

be ideally grouped into 4 phenotypes. Characteristics of patients within these phenotypes are 
shown in the Table below: 

 



Phenotypes identified using PCA-filtered cluster analysis in 266 patients with 
FEV1/FVC<LLN 

 Phenotype 1 
n=96 (36.1) 

Phenotype 2 
n=35 (13.2%) 

Phenotype 3 
n=69 (25.9%) 

Phenotype 4 
n=66 (24.8%) 

Male/Female, % 78.1/21.9 80.0/20.0 66.7/33.3 77.3/22.7 
Age, yr  61.1 [54.5; 67.5] 69.0 [58.0; 74.0] 58.0 [53.0; 63.0] 73.0 [69.0; 76.0] 
Smoking, pack-yr 41.1 [28.0; 56.5] 75.0 [43.0; 99.0] 34.5 [20.0; 42.0] 37.8 [22.0; 50.0] 
FEV1, % pred 54.9 [40.3; 66.4] 29.9 [24.7; 36.0] 36.2 [27.7; 47.0] 52.6 [42.6; 64.9] 
FVC, % pred 87.1 [73.4; 100.1] 62.4 [49.3; 78.6] 71.1 [60.6; 88.4] 86.4 [75.1; 96.8] 
GOLD 1, % 
GOLD 2, % 
GOLD 3, % 
GOLD 4, % 

6.3 
51.0 
33.3 
9.4 

0 
8.5 
31.4 
60.0 

2.9 
17.4 
43.5 
36.2 

6.1 
48.5 
39.4 
6.0 

BMI, kg/m2 23.5 [21.1; 25.2] 23.7 [20.5; 25.6] 20.8 [18.3; 25.0] 28.7 [25.6; 31.6] 
MMRC 1.0 [1.0; 1.0] 3.0 [3.0; 4.0] 2.0 [2.0; 3.0] 2.0 [1.0; 2.0] 
BOD score*  2.0 [1.0; 3.0] 6.0 [5.0; 6.0] 4.0 [3.0; 5.0] 3.0 [2.0; 4.0] 
SGRQ, total score 34.2 [23.1; 41.2] 63.9 [51.4; 70.5] 63.2 [55.9; 72.8] 41.3 [32.8; 51.9] 
HAD scale 
Total scale 
Anxiety       (HAD-A) 
Depression  (HAD-D) 

 
11.0 [6.5; 15.0] 
7.0 [4.5; 9.0] 
3.0 [2.0; 6.0] 

 
14.0 [11.0; 16.0] 
6.0 [4.0; 11.0] 
7.0 [3.0; 9.0] 

 
20.0 [14.0; 24.0] 

11.0 [8; 13.0] 
9.0 [4.0; 11.0] 

 
13.0 [9.0; 16.0] 
7.0 [4.0; 9.0] 
6.0 [4.0; 8.0] 

Exacerbation/patient/yr 1.0 [0.0; 2.0] 2.0 [1.0; 4.0] 3.0 [2.0; 6.0] 1.0 [0.0; 2.0] 
Comorbidities 
CAD                              % 
CHF                               % 
Diabetes Mellitus          % 
Hypertension                 % 

 
10.5 
9.6 
7.3 
22.1 

 
23.5 
35.3 
18.1 
29.4 

 
10.4 
7.5 
2.9 
26.9 

 
20.6 
25.4 
14.2 
57.1 

Inhaled therapy 
LABA                               % 
ICS                                    % 
Tiotropium                        % 

 
56.3 
59.4 
19.8 

 
85.7 
82.9 
20.0 

 
79.1 
78.2 
17.4 

 
77.3 
65.2 
25.8 

 

An important and reassuring finding was that these phenotypes were very comparable to 

those identified by our previous set of analysis in the 322 patients with FEV1/FVC<0.7. Thus, 

although our “mild phenotype in older patient” largely disappeared (due to the removal of mainly 

mild older patients using <LLN), the other phenotypes were very similar and our main 

conclusion remain: Patients with similar airflow limitation (FEV1) had different symptoms 



(dyspnea), outcomes (exacerbation numbers, predicted mortality) and differed in terms of age and 

comorbidities.  

Phenotype 3 is consistent with our previous findings that a special group of subjects is 

composed of young subjects (median age 58 yr) with predominantly severe pulmonary disease 

and little comorbidity. Phenotype 2 is composed of subjects who also have severe airflow 

limitation, but are older and show high prevalence of major comorbidities (e.g., chronic heart 

failure). 

Similarly, Phenotypes 1 and 4 are composed of subjects with comparable airflow 

limitation. These two groups clearly differed in terms of BMI, dyspnea and comorbidities.  

These findings clearly underscore the need for a multidimensional approach of COPD 

patients taking into accounts not only FEV1, but also age and comorbidities. 

 

 

Legend of supplemental Figure 1. 

Scree plot showing Eigenvalues for components identified in the principal component analysis 

with a reference line at Eigenvalue of 1. 

 


