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Methods 

Cluster analysis of the French/Belgium COPD cohorts 

Variables to be included in the cluster analysis were selected based on their presence in the database and their 

previous association with mortality risk in COPD patients [4, 14]. These variables included age, body mass index 

(BMI), forced expiratory volume in 1 sec (FEV1, % predicted), mMRC dyspnea scale, number of exacerbations 

in the previous 12 months, and presence/absence of cardiovascular comorbidities (hypertension, coronary artery 

disease and/or left heart failure) and/or diabetes. Identification of subgroups of COPD patients associated with 

survival was achieved using factor analysis for mixed data (FAMD), a factorial method devoted to data tables in 

which a group of individuals is described both by quantitative and qualitative variables [15]. This method is 

close to principal components analyses for quantitative variables and multiple correspondence analysis for 

qualitative variables [15]. Linear combinations of the selected variables were used to form new independent 

variables called components. Classification of the COPD patients was performed using Ward’s agglomerative 

hierarchical cluster analysis based on the components with eigenvalues>1, which indicated that the component 

significantly contributed to the variability of the data [6, 10]. The choice of the optimal number of clusters was 

based on pseudo-F and pseudo-t2 statistics and visual inspection of the dendrogram and validated using all-cause 

mortality at 3 years, as described previously [6, 10]. 

 

Development of clinical rules for assigning COPD patients to specific subgroups in the French/Belgium 

cohorts 

The development of clinical rules for assigning COPD patients to specific subgroups was achieved using CART 

analysis [16], a non-parametric decision tree learning technique that produces either classification or regression 

trees, depending on whether the dependent variable is categorical or numeric, respectively [16]. Variables 

included in this analysis were those selected for the cluster analysis (see above). The algorithm that allowed the 

optimal classification of patients in the subgroups (phenotypes) identified by cluster analysis was established. 

The following parameters were implemented in the Tanagra software: 

Classification tree (C-RT) parameters 

Size before split 20 

Pruning set size (%) 33 

x-SE rule 1,00 

Random generator 1 

Show all tree seq (even if > 15) 0 

 

In these analyses, the default value (33%) of the pruning set size was used meaning that 67% of the learning set 

is used for the growing phase and 33% for the pruning phase. The CART analysis was first performed on a 

random sample representing two thirds of the patients contained in the French/Belgium Cohorts (n=1589 

patients) and tested in the remaining third (n=820 patients), following the software instructions. 
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Results 

Table S1. Clinical characteristics and 3-year mortality in COPD patients from the 

French/Belgian cohorts and the 3CIA initiative database. 
 

 French/Belgian cohort 

n=2409 patients 
3CIA initiative 

n=3651 patients 

Age, years 69 [60 ; 77] 64 [56; 71] 

Male gender, % 1885 (78.2) 2315 (63.4) 

BMI, kg/m
2
 25 [21 ; 28] 25 [22 ; 28] 

FEV1, % predicted 45 [32 ; 61] 62 [45; 78] 

GOLD grade 

GOLD 1 

GOLD 2 

GOLD 3 

GOLD 4 

 

188 (7.8) 

808 (33.5) 

810 (33.6) 

603 (25.0) 

 

817 (22.4) 

1705 (46.7) 

850 (23.3) 

279 (7.6) 

mMRC dyspnoea scale 2 [1 ; 3] 1 [0 ; 2] 

Any cardiovascular disease* and/or diabetes 1134 (47.1) 1407 (38.5) 

3-year mortality 741 (30.8%) 422 (11.6%) 

Age at death, years 76 [68; 82] 71 [65; 77] 

All data are n (%) or median [interquartile range] 

*Cardiovascular disease includes hypertension, left heart failure and coronary artery disease 

BMI: body mass index; FEV1: forced expiratory volume in 1 sec; FVC: forced vital capacity; GOLD: global 

initiative for chronic obstructive lung disease; mMRC: modified Medical Research Council 

 

 

 

Table S2 to S4 show the step by step process for selecting eigenvectors obtained by Factor Analysis for mixed 

data and used in the hierarchical cluster analysis in the French/Belgian COPD cohorts 

 

Table S2. Correlation matrix of the variables used for the Factor Analysis for Mixed data in 2409 COPD 

patients from the French/Belgian cohorts.  

 

 Age BMI mMRC FEV1 % pred 

Exacerbations/ 

patients/year 

Cardiovascular 

comorbidities 

and/or diabetes 

Age  1.0000 0.0174 0.2458 -.0254 0.0088 0.3013 

BMI  0.0174 1.0000 -.0738 0.2033 -.0594 0.2130 

mMRC  0.2458 -.0738 1.0000 -.5098 0.2592 0.1035 

FEV1 % pred  -.0254 0.2033 -.5098 1.0000 -.2529 -.0538 

Exacerbations/ 

patients/year 

 0.0088 -.0594 0.2592 -.2529 1.0000 0.0282 

Cardiovascular 

comorbidities 

and/or diabetes 

 0.3013 0.2130 0.1035 -.0538 0.0282 1.0000 
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Table S3. Eigenvalues of the correlation matrix showed in Table S1. 

 Eigenvalue Difference Proportion Cumulative 

1 1.80952362 0.42119736 0.3016 0.3016 

2 1.38832625 0.44805307 0.2314 0.5330 

3 0.94027318 0.17453346 0.1567 0.6897 

4 0.76573972 0.08764091 0.1276 0.8173 

5 0.67809881 0.26006039 0.1130 0.9303 

6 0.41803842  0.0697 1.0000 

 

 
Table S4. Eigenvectors of the correlation matrix  

 Prin1 Prin2 Prin3 Prin4 Prin5 Prin6 

Age (year) 0.273346 0.513815 -.516285 0.338069 0.406107 -.339871 

BMI (kg/m2) -.174125 0.506698 0.635200 -.335851 0.395739 -.200133 

mMRC 0.611146 0.017996 -.014563 -.301886 0.340379 0.647280 

FEV1 % pred -.573679 0.215631 -.041139 0.433810 0.219938 0.621401 

Exacerbations/patients/year 0.397194 -.147769 0.569890 0.702302 0.023550 -.042927 

Cardiovascular comorbidities and/or diabetes 0.185989 0.640777 0.057377 0.018944 -.716716 0.193598 

The first two vectors have eigenvalues>1 and thus were kept for the cluster analysis. 

 

Table S5. Hierarchical cluster analysis (Ward’s) cluster history. 

NCL 

Clusters 

Joined FREQ SPRSQ RSQ ERSQ CCC PSF PST2 

10 CL25 CL17 456 0.0106 .842 .901 -26 1420 288 

9 CL16 CL29 331 0.0154 .827 .890 -26 1430 273 

8 CL12 CL27 540 0.0163 .810 .877 -25 1465 333 

7 CL11 CL24 315 0.0239 .786 .859 -24 1473 297 

6 CL19 CL10 609 0.0280 .758 .835 -23 1508 482 

5 CL9 CL8 871 0.0519 .706 .802 -25 1446 589 

4 CL6 CL14 936 0.0919 .615 .752 -30 1278 990 

3 CL5 CL13 1158 0.0949 .520 .669 -30 1301 696 

2 CL3 CL7 1473 0.2079 .312 .418 -17 1090 1013 

1 CL2 CL4 2409 0.3116 .000 .000 0.00 . 1090 

PSF: pseudo F; PST2: pseudo T2. 

 
We used pseudo-F and pseudo-t2 statistics to determine the optimal number of clusters in the data. Relatively large pseudo-F 

values were considered to indicate a stopping point. For the pseudo-t2 statistic, we moved down the column until we found 

the first value markedly larger than the previous value and moved back up the column by one cluster. Based on this analysis, 

the data are best split into five clusters. The visual inspection of the dendrogram (see Figure S1 below) confirmed this 

analysis. 
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Figure S1. Dendrogram illustrating the results of the cluster analysis in 2409 patients with chronic 

obstructive pulmonary disease.  

Each vertical line represents an individual subject and the length of vertical lines represents the degree of 

similarity between subjects. Based on the results of pseudo-F and pseudo-t2 statistics (see Methods section), data 

can be optimally grouped into five clusters (phenotypes). 

Because mortality at 3 years suggested that there were 3 groups (good prognosis, intermediate prognosis, and 

poor prognosis; see Table 2 of the main manuscript) rather than 5 groups, we further examined the possibility 

of cutting the dendrogram into three phenotypes: as shown in the dendrogram above, this would merge 

phenotype II+IV and phenotype I+III, whereas phenotype V would be unchanged. 

 

 

 

 

 

Phenotype IV 
n=287, death 47% 

Phenotype II 
n=871, death 22% 

Phenotype V 
n=315, death 3% 

Phenotype I 
n=609, death 51% 

Phenotype III  
n=327, death 30% 

Phenotype II+IV 
n=1158, death 28.1% 

Phenotype I+III 
n=936, death 43.6%  
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Table S6 (below) shows the characteristics of patients from the French/Belgian COPD cohort when 

grouped into 3 phenotypes. 

Variable 

 

Phenotypes I+III  

N=936 

Phenotypes II+IV  

N=1158 

Phenotype V  

N= 315 

Male gender 81% (762)  75 (877)  78% (246)   

Age, years 76 [71 -  81] 64 [57 -  73] 61 [57 -  67] 

BMI 

Obesity>30kg/m
2
 

27 [23 -  31] 

26.9% (252) 

23 [20 -  26]  

7.9% (92)   

26 [24 -  29]    

19.4% (61) 

FEV1 % predicted 44 [33 -  57] 40 [29 -  53] 78 [68 -  92] 

GOLD grade 

GOLD 1 

GOLD 2 

GOLD 3 

GOLD 4 

 

2.7% (25) 

35.3% (330) 

35.5% (332) 

26.6% (249) 

 

2.0% (23) 

27.5% (318) 

40.0% (463) 

30.6% (354) 

 

44.4% (140) 

50.8% (160) 

4.8% (15) 

0.0% (0) 

mMRC dyspneoa scale 3 [2 - 3]   2 [1 - 3]    1 [0 - 1] 

Exacerbations/patient/year 2 [1 -   3] 2 [1 -   2] 0 [0 -   1] 

Hospitalisations/patient/year 1 [0 -   2] 1 [0 -   1] 0 [0 -   0] 

Any cardiovascular disease or 

diabetes 

93% (869) 16% (182) 26 % (83) 

Specific comorbidities 

Coronary artery disease 

Hypertension 

Left heart failure 

Diabetes 

 

39% (362) 

58% (542) 

23% (214) 

9% (83) 

 

6% (66) 

9% (105) 

2% (26) 

2% (19) 

 

12% (39) 

11% (36) 

3% (9) 

8% (25) 

3-year mortality, % (n) 43.6% (408) 28.1% (325) 2.5% (8) 

Age at death 79 [74 -  84] 70 [62 -  77] 65 [60 -  71] 

 

As shown in this table, merging subgroups I+III and subgroups II+IV would result in 

grouping patients mostly based on age (I+III=older patients; II+IV=younger patients). 

Although at first glance this could appear appealing, it would have two major disadvantages: 

- merging I+III would correspond to grouping older patients with severe lung disease and high 

rates of comorbidities (subgroup I, 3-year mortality 50.9%) with those with moderate lung 

disease and high rates of comorbidities (subgroup III; 3-year mortality 30%). 

- most importantly, merging II+IV would correspond to grouping younger patients with 

moderate to severe lung disease and low rates of comorbidities (subgroup II; 3-year mortality 

21.8%) to those with very severe lung disease and no comorbidities (subgroup IV; 3-year 

mortality 47%).  

This would not allow anymore to describe the heterogeneity of prognosis within younger 

patients’ subgroups (II+IV) on the one hand, and within older patients’ subgroups (I+III) on 

the other.  
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CART analysis results 

 

CART analysis was conducted in the French/Belgian cohorts (n=2409 patients). As recommended in the 

software instruction, the analysis was first conducted in a learning set representing two third of the cohorts 

(n=1589). This set was split into a growing set (n=1064) and a pruning set (n=525). The confusion matrix is 

presented in Table S7 (below) showing an error rate of 0.19, indicating that more than 80% of the patients were 

allocated to the appropriate phenotype using the CART-determined algorithm. The column 1-precision shows 

the % of misclassified patients in each phenotype (PH). 

 

Table S7. Confusion matrix of the CART learning set in the French/Belgian COPD cohort 

Error rate 0,1963 

Values prediction Confusion matrix 

Value Recall 1-Precision 

PH2 0,8673 0,1887 

PH4 0,7120 0,2599 

PH5 0,7452 0,1842 

PH1 0,8516 0,1745 

PH3 0,6833 0,2216 
 

 PH2 PH4 PH5 PH1 PH3 Sum 

PH2 490 25 24 17 9 565 

PH4 45 131 0 8 0 184 

PH5 37 0 155 1 15 208 

PH1 21 21 0 350 19 411 

PH3 11 0 11 48 151 221 

Sum 604 177 190 424 194 1589 
 

 

Next the algorithm was tested in the remaining 820 patients (which data did not contribute to the construction of 

the algorithm). CART-determined algorithm allowed for classification of 77% of patients in the appropriate 

phenotype. The column 1-precision shows the % of misclassified patients in each phenotype (PH). 

 

Table S8. Confusion matrix of the CART validation set in the French/Belgian COPD cohort 

Error rate 0,2341 

Values prediction Confusion matrix 

Value Recall 1-Precision 

PH2 0,8007 0,1967 

PH4 0,7184 0,2816 

PH5 0,7009 0,2424 

PH1 0,8687 0,2356 

PH3 0,5849 0,2955 
 

 PH2 PH4 PH5 PH1 PH3 Sum 

PH2 245 20 19 14 8 306 

PH4 22 74 0 7 0 103 

PH5 23 0 75 0 9 107 

PH1 8 9 0 172 9 198 

PH3 7 0 5 32 62 106 

Sum 305 103 99 225 88 820 
 

 

 

 

Determination of the thresholds for variables included in the algorithm 

The optimal thresholds of quantitative continuous variables were determined by CART 

analysis.  These threshold were slightly modified for improved practicality for clinical use as 

follows: 

-FEV1% pred threshold values by CART analysis were 37.5% and 60.9 %. These were 

modified to 35% and 60%, which appeared easier in clinical practice. 

-BMI threshold value by CART analysis was 31.5 kg/m
2
 and was adapted to 30 kg/m2, the 

usual threshold to define obesity. 

-Age threshold obtained by CART was 68.5 years, which was adapted to 70 years. 

-The threshold obtained for mMRC were those obtained by CART analysis. 

It should be noted that the modification of these threshold had only minimal impact on rates 

of misclassification (less than 1% difference in the % misclassified patients).   


