[bookmark: _GoBack]Table 1 Demographic and clinical characteristics of patients with infrequent and frequent acute exacerbations in the three datasets.
	Frequent exacerbation
	   development cohort   
	       No       
	      Yes       
	p value
	  external validation cohort 1     
	       No       
	      Yes       
	p value
	  external validation cohort 2     
	       No       
	      Yes       
	p value

	Characteristics
	     N=1310     
	     N=714      
	     N=596      
	         
	     N=418      
	     N=200      
	     N=218      
	
	     N=200      
	     N=107      
	      N=93      
	

	Hospitalization outcome
	                
	                
	                
	  0.014  
	                
	                
	                
	 0.482 
	                
	                
	                
	  1.000  

	    survival
	  1233 (94.1%)  
	  683 (95.7%)   
	  550 (92.3%)   
	         
	  353 (84.4%)   
	  172 (86.0%)   
	  181 (83.0%)   
	
	  181 (90.5%)   
	   97 (90.7%)   
	   84 (90.3%)   
	         

	    mortality
	   77 (5.88%)   
	   31 (4.34%)   
	   46 (7.72%)   
	         
	   65 (15.6%)   
	   28 (14.0%)   
	   37 (17.0%)   
	
	   19 (9.50%)   
	   10 (9.35%)   
	   9 (9.68%)    
	         

	Gender 
	                
	                
	                
	  0.840  
	                
	                
	                
	  1.000  
	                
	                
	                
	  0.705  

	    Female
	  246 (18.8%)   
	  136 (19.0%)   
	  110 (18.5%)   
	         
	   87 (20.8%)   
	   42 (21.0%)   
	   45 (20.6%)   
	         
	   20 (10.0%)   
	   12 (11.2%)   
	   8 (8.60%)    
	         

	    Male
	  1064 (81.2%)  
	  578 (81.0%)   
	  486 (81.5%)   
	         
	  331 (79.2%)   
	  158 (79.0%)   
	  173 (79.4%)   
	         
	  180 (90.0%)   
	   95 (88.8%)   
	   85 (91.4%)   
	         

	Age (years)[Mean±SD] (n(%))
	72.4 (8.91) 
	72.2 (9.05)
	72.7 (8.74)
	  0.307  
	74.0 (8.12)
	74.0 (8.03)
	74.0 (8.23)
	  0.957  
	73.9 (8.78)
	72.8 (8.88)
	75.2 (8.53)
	  0.052  

	   ≥40
	   11 (0.84%)   
	   8 (1.12%)    
	   3 (0.50%)    
	  0.400           
	                
	                
	                
	  0.988  
	                
	                
	                
	  0.211  

	    50-60 
	  116 (8.85%)   
	   64 (8.96%)   
	   52 (8.72%)   
	         
	   18 (4.31%)   
	   9 (4.50%)    
	   9 (4.13%)    
	         
	   2 (1.00%)    
	   1 (0.93%)    
	   1 (1.08%)    
	         

	    60-70
	  332 (25.3%)   
	  192 (26.9%)   
	  140 (23.5%)   
	         
	  102 (24.4%)   
	   50 (25.0%)   
	   52 (23.9%)   
	         
	   9 (4.50%)    
	   8 (7.48%)    
	   1 (1.08%)    
	         

	    70-80
	  565 (43.1%)   
	  296 (41.5%)   
	  269 (45.1%)   
	         
	  191 (45.7%)   
	   90 (45.0%)   
	  101 (46.3%)   
	         
	   46 (23.0%)   
	   26 (24.3%)   
	   20 (21.5%)   
	         

	    80≤
	  286 (21.8%)   
	  154 (21.6%)   
	  132 (22.1%)   
	         
	  107 (25.6%)   
	   51 (25.5%)   
	   56 (25.7%)   
	         
	   89 (44.5%)   
	   45 (42.1%)   
	   44 (47.3%)   
	         

	BMI [Mean±SD]
	20.3 [18.4－22.8]
	20.5 [18.7－23.1]
	19.9[18.4－22.3]
	  0.002  
	20.4 [18.6－22.6]
	20.6 [18.7－23.2]
	20.3 [18.4－22.2]
	  0.126  
	20.8 [19.4－22.3]
	20.8 [19.4－22.3]
	20.6 [19.4－22.2]
	  0.907  

	Smoking situation ( n (%))       
	                
	                
	 <0.001  
	                
	                
	                
	 <0.001  
	                
	                
	                
	  0.096  

	    Never smoker
	  516 (39.4%)   
	  326 (45.7%)   
	  190 (31.9%)   
	         
	  183 (43.8%)   
	  106 (53.0%)   
	   77 (35.3%)   
	         
	   70 (35.0%)   
	   43 (40.2%)   
	   27 (29.0%)   
	         

	    Current smoker
	  448 (34.2%)   
	  258 (36.1%)   
	  190 (31.9%)   
	         
	   95 (22.7%)   
	   48 (24.0%)   
	   47 (21.6%)   
	         
	   61 (30.5%)   
	   34 (31.8%)   
	   27 (29.0%)   
	         

	    Former smoker
	  346 (26.4%)   
	  130 (18.2%)   
	  216 (36.2%)   
	         
	  140 (33.5%)   
	   46 (23.0%)   
	   94 (43.1%)   
	         
	   69 (34.5%)   
	   30 (28.0%)   
	   39 (41.9%)   
	         

	Clinical signs (median [IQR] and mean (SD))
	
	
	
	
	
	
	
	
	
	
	

	Temperature (°C) 
	36.5 [36.3－36.8]
	36.5 [36.3－36.8]
	36.5[36.3－36.7]
	  0.804  
	36.5 [36.3－36.8]
	36.5 [36.3－36.8]
	36.5 [36.2－36.7]
	  0.952  
	36.6 [36.4－36.9]
	36.6 [36.3－36.8]
	36.6[36.4－36.9]
	  0.111  

	Heart Rate (cpm) 
	93.9 (17.0) 
	93.4 (16.7)
	94.4 (17.4)
	  0.287  
	92.5 [81.0－105] 
	90.0 [79.0－105] 
	94.0 [83.0－105] 
	  0.085  
	96.5 [82.8－107] 
	96.0 [83.0－106] 
	97.0 [82.0－108] 
	  0.519  

	respiratory rate (cpm) 
	22.0 [20.0－23.0]
	21.0 [20.0－23.0]
	22.0 [21.0－24.0]
	 <0.001  
	22.0 [20.0－25.0]
	21.0 [20.0－24.0]
	22.0 [20.0－25.0]
	  0.020  
	22.0 [20.0－24.0]
	21.0 [20.0－23.0]
	23.0 [20.0－24.0]
	  0.002  

	Blood pressure on admission  (mmHg)  [Mean±SD]
	
	
	
	
	
	
	
	
	
	

	Systolic pressure
	 129 (20.5) 
	129 (20.1) 
	128 (20.9) 
	  0.387  
	131 (22.3) 
	133 (21.6) 
	129 (22.9) 
	  0.126  
	132 (21.2) 
	135 (21.0) 
	129 (21.0) 
	  0.025  

	Diastolic pressure
	77.4 (12.3) 
	77.6 (12.3)
	77.1 (12.3)
	  0.394  
	76.9 (14.0)
	78.8 (13.7)
	75.1 (14.2)
	  0.008  
	76.5 (12.4)
	78.3 (11.5)
	74.5 (13.2)
	  0.033  

	Charlson  median [IQR]
	4.0 [4.0－6.0]
	4.0 [4.0－5.0]
	5.0[4.0－6.0]
	  0.002  
	5.00 [4.00－6.00]
	5.00 [4.00－6.00]
	5.00 [4.00－6.00]
	  0.411  
	5.00 [4.00－6.00]
	5.00 [4.00－6.00]
	5.00 [4.00－6.00]
	  0.217  

	Respiratory Complication ( n (%)) 
	
	
	
	
	
	
	
	
	
	
	

	Type II respiratory failure            
	                
	                
	 <0.001  
	                
	                
	                
	 <0.001  
	                
	                
	                
	  0.026  

	    No
	  647 (49.4%)   
	  422 (59.1%)   
	  225 (37.8%)   
	         
	  217 (51.9%)   
	  126 (63.0%)   
	   91 (41.7%)   
	         
	  104 (52.0%)   
	   64 (59.8%)   
	   40 (43.0%)   
	         

	    Yes
	  663 (50.6%)   
	  292 (40.9%)   
	  371 (62.2%)   
	         
	  201 (48.1%)   
	   74 (37.0%)   
	  127 (58.3%)   
	         
	   96 (48.0%)   
	   43 (40.2%)   
	   53 (57.0%)   
	         

	Pulmonary encephalopathy 
	                
	                
	  0.017  
	                
	                
	                
	  0.014  
	                
	                
	                
	  0.269  

	    No
	  1203 (91.8%)  
	  668 (93.6%)   
	  535 (89.8%)   
	         
	  389 (93.1%)   
	  193 (96.5%)   
	  196 (89.9%)   
	         
	  186 (93.0%)   
	  102 (95.3%)   
	   84 (90.3%)   
	         

	    Yes
	  107 (8.17%)   
	   46 (6.44%)   
	   61 (10.2%)   
	         
	   29 (6.94%)   
	   7 (3.50%)    
	   22 (10.1%)   
	         
	   14 (7.00%)   
	   5 (4.67%)    
	   9 (9.68%)    
	         

	Type I respiratory failure  
	                
	                
	  0.165  
	                
	                
	                
	  0.471  
	                
	                
	                
	  0.354  

	    No
	  1174 (89.6%)  
	  648 (90.8%)   
	  526 (88.3%)   
	         
	  319 (76.3%)   
	  149 (74.5%)   
	  170 (78.0%)   
	         
	  182 (91.0%)   
	   95 (88.8%)   
	   87 (93.5%)   
	         

	    Yes
	  136 (10.4%)   
	   66 (9.24%)   
	   70 (11.7%)   
	         
	   99 (23.7%)   
	   51 (25.5%)   
	   48 (22.0%)   
	         
	   18 (9.00%)   
	   12 (11.2%)   
	   6 (6.45%)    
	         

	Asthma 
	                
	                
	                
	  0.040  
	                
	                
	                
	  0.018  
	                
	                
	                
	  0.403  

	    No
	  1157 (88.3%)  
	  643 (90.1%)   
	  514 (86.2%)   
	         
	  367 (87.8%)   
	  184 (92.0%)   
	  183 (83.9%)   
	         
	  187 (93.5%)   
	  102 (95.3%)   
	   85 (91.4%)   
	         

	    Yes
	  153 (11.7%)   
	   71 (9.94%)   
	   82 (13.8%)   
	         
	   51 (12.2%)   
	   16 (8.00%)   
	   35 (16.1%)   
	         
	   13 (6.50%)   
	   5 (4.67%)    
	   8 (8.60%)    
	         

	Chronic pulmonary heart disease                
	                
	                
	 <0.001  
	                
	                
	                
	 <0.001  
	                
	                
	                
	  0.002  

	    No
	  847 (64.7%)   
	  515 (72.1%)   
	  332 (55.7%)   
	         
	  306 (73.2%)   
	  168 (84.0%)   
	  138 (63.3%)   
	         
	  133 (66.5%)   
	   82 (76.6%)   
	   51 (54.8%)   
	         

	    Yes
	  463 (35.3%)   
	  199 (27.9%)   
	  264 (44.3%)   
	         
	  112 (26.8%)   
	   32 (16.0%)   
	   80 (36.7%)   
	         
	   67 (33.5%)   
	   25 (23.4%)   
	   42 (45.2%)   
	         

	Pulmonary arterial hypertension                
	                
	                
	 <0.001  
	                
	                
	                
	  0.469  
	                
	                
	                
	  0.044  

	    NO
	  920 (70.2%)   
	  549 (76.9%)   
	  371 (62.2%)   
	         
	  287 (68.7%)   
	  143 (71.5%)   
	  144 (66.1%)   
	         
	   92 (46.0%)   
	   59 (55.1%)   
	   33 (35.5%)   
	         

	    Mild
	  323 (24.7%)   
	  141 (19.7%)   
	  182 (30.5%)   
	         
	   77 (18.4%)   
	   34 (17.0%)   
	   43 (19.7%)   
	         
	   61 (30.5%)   
	   28 (26.2%)   
	   33 (35.5%)   
	         

	    Moderate
	   37 (2.82%)   
	   9 (1.26%)    
	   28 (4.70%)   
	         
	   37 (8.85%)   
	   14 (7.00%)   
	   23 (10.6%)   
	         
	   31 (15.5%)   
	   14 (13.1%)   
	   17 (18.3%)   
	         

	    Severe
	   30 (2.29%)   
	   15 (2.10%)   
	   15 (2.52%)   
	         
	   17 (4.07%)   
	   9 (4.50%)    
	   8 (3.67%)    
	         
	   16 (8.00%)   
	   6 (5.61%)    
	   10 (10.8%)   
	         

	Structural lung disease                
	                
	                
	 <0.001  
	                
	                
	                
	  0.120  
	                
	                
	                
	  0.979  

	    No
	  794 (60.6%)   
	  466 (65.3%)   
	  328 (55.0%)   
	         
	  263 (62.9%)   
	  134 (67.0%)   
	  129 (59.2%)   
	         
	  126 (63.0%)   
	   68 (63.6%)   
	   58 (62.4%)   
	         

	    Yes
	  516 (39.4%)   
	  248 (34.7%)   
	  268 (45.0%)   
	         
	  155 (37.1%)   
	   66 (33.0%)   
	   89 (40.8%)   
	         
	   74 (37.0%)   
	   39 (36.4%)   
	   35 (37.6%)   
	         

	Tuberculosis
	                
	                
	                
	  1.000  
	                
	                
	                
	  0.319  
	                
	                
	                
	  0.629  

	    No
	  1060 (80.9%)  
	  578 (81.0%)   
	  482 (80.9%)   
	         
	  355 (84.9%)   
	  174 (87.0%)   
	  181 (83.0%)   
	         
	  155 (77.5%)   
	   81 (75.7%)   
	   74 (79.6%)   
	         

	    Yes
	  250 (19.1%)   
	  136 (19.0%)   
	  114 (19.1%)   
	         
	   63 (15.1%)   
	   26 (13.0%)   
	   37 (17.0%)   
	         
	   45 (22.5%)   
	   26 (24.3%)   
	   19 (20.4%)   
	         

	Bronchiectasis 
	                
	                
	                
	 <0.001  
	                
	                
	                
	  0.005  
	                
	                
	                
	  0.747  

	    No
	  1009 (77.0%)  
	  586 (82.1%)   
	  423 (71.0%)   
	         
	  330 (78.9%)   
	  170 (85.0%)   
	  160 (73.4%)   
	         
	  167 (83.5%)   
	   88 (82.2%)   
	   79 (84.9%)   
	         

	    Yes
	  301 (23.0%)   
	  128 (17.9%)   
	  173 (29.0%)   
	         
	   88 (21.1%)   
	   30 (15.0%)   
	   58 (26.6%)   
	         
	   33 (16.5%)   
	   19 (17.8%)   
	   14 (15.1%)   
	         

	Silicosis 
	                
	                
	                
	  1.000  
	                
	                
	                
	  0.100  
	                
	                
	                
	  0.081  

	    No
	  1247 (95.2%)  
	  680 (95.2%)   
	  567 (95.1%)   
	         
	  392 (93.8%)   
	  183 (91.5%)   
	  209 (95.9%)   
	         
	  188 (94.0%)   
	  104 (97.2%)   
	   84 (90.3%)   
	         

	    Yes
	   63 (4.81%)   
	   34 (4.76%)   
	   29 (4.87%)   
	         
	   26 (6.22%)   
	   17 (8.50%)   
	   9 (4.13%)    
	         
	   12 (6.00%)   
	   3 (2.80%)    
	   9 (9.68%)    
	         

	Lung cancer 
	                
	                
	                
	  0.288  
	                
	                
	                
	  0.308  
	                
	                
	                
	  0.389  

	    No
	  1272 (97.1%)  
	  697 (97.6%)   
	  575 (96.5%)   
	         
	  400 (95.7%)   
	  194 (97.0%)   
	  206 (94.5%)   
	         
	  189 (94.5%)   
	  103 (96.3%)   
	   86 (92.5%)   
	         

	    Yes
	   38 (2.90%)   
	   17 (2.38%)   
	   21 (3.52%)   
	         
	   18 (4.31%)   
	   6 (3.00%)    
	   12 (5.50%)   
	         
	   11 (5.50%)   
	   4 (3.74%)    
	   7 (7.53%)    
	         

	Comorbidity of other systems ( n (%)) 
	
	
	
	
	
	
	
	
	
	

	Malignant tumor 
	                
	                
	                
	  0.292  
	                
	                
	                
	  0.546  
	                
	                
	                
	  0.565  

	    No
	  1233 (94.1%)  
	  677 (94.8%)   
	  556 (93.3%)   
	         
	  393 (94.0%)   
	  190 (95.0%)   
	  203 (93.1%)   
	         
	  178 (89.0%)   
	   97 (90.7%)   
	   81 (87.1%)   
	         

	    Yes
	   77 (5.88%)   
	   37 (5.18%)   
	   40 (6.71%)   
	         
	   25 (5.98%)   
	   10 (5.00%)   
	   15 (6.88%)   
	         
	   22 (11.0%)   
	   10 (9.35%)   
	   12 (12.9%)   
	         

	Stroke 
	                
	                
	                
	  0.028  
	                
	                
	                
	  0.437  
	                
	                
	                
	  1.000  

	    No
	  1209 (92.3%)  
	  670 (93.8%)   
	  539 (90.4%)   
	         
	  368 (88.0%)   
	  173 (86.5%)   
	  195 (89.4%)   
	         
	  189 (94.5%)   
	  101 (94.4%)   
	   88 (94.6%)   
	         

	    Yes
	  101 (7.71%)   
	   44 (6.16%)   
	   57 (9.56%)   
	         
	   50 (12.0%)   
	   27 (13.5%)   
	   23 (10.6%)   
	         
	   11 (5.50%)   
	   6 (5.61%)    
	   5 (5.38%)    
	         

	Coronary atherosclerotic heart disease            
	                
	  0.029  
	                
	                
	                
	  0.265  
	                
	                
	                
	  1.000  

	    No
	  686 (52.4%)   
	  394 (55.2%)   
	  292 (49.0%)   
	         
	  194 (46.4%)   
	   99 (49.5%)   
	   95 (43.6%)   
	         
	  157 (78.5%)   
	   84 (78.5%)   
	   73 (78.5%)   
	         

	    Yes
	  624 (47.6%)   
	  320 (44.8%)   
	  304 (51.0%)   
	         
	  224 (53.6%)   
	  101 (50.5%)   
	  123 (56.4%)   
	         
	   43 (21.5%)   
	   23 (21.5%)   
	   20 (21.5%)   
	         

	Atrial fibrillation
	                
	                
	                
	  0.451  
	                
	                
	                
	  0.078  
	                
	                
	                
	  0.734  

	    No
	  1268 (96.8%)  
	  694 (97.2%)   
	  574 (96.3%)   
	         
	  391 (93.5%)   
	  192 (96.0%)   
	  199 (91.3%)   
	         
	  179 (89.5%)   
	   97 (90.7%)   
	   82 (88.2%)   
	         

	    Yes
	   42 (3.21%)   
	   20 (2.80%)   
	   22 (3.69%)   
	         
	   27 (6.46%)   
	   8 (4.00%)    
	   19 (8.72%)   
	         
	   21 (10.5%)   
	   10 (9.35%)   
	   11 (11.8%)   
	         

	Left heart failure
	                
	                
	                
	  0.001  
	                
	                
	                
	  0.399  
	                
	                
	                
	  0.012  

	    No
	  1072 (81.8%)  
	  607 (85.0%)   
	  465 (78.0%)   
	         
	  313 (74.9%)   
	  154 (77.0%)   
	  159 (72.9%)   
	         
	  135 (67.5%)   
	   81 (75.7%)   
	   54 (58.1%)   
	         

	    Yes
	  238 (18.2%)   
	  107 (15.0%)   
	  131 (22.0%)   
	         
	  105 (25.1%)   
	   46 (23.0%)   
	   59 (27.1%)   
	         
	   65 (32.5%)   
	   26 (24.3%)   
	   39 (41.9%)   
	         

	Hypertension 
	                
	                
	                
	  0.058  
	                
	                
	                
	  1.000  
	                
	                
	                
	  0.218  

	    No
	  889 (67.9%)   
	  501 (70.2%)   
	  388 (65.1%)   
	         
	  266 (63.6%)   
	  127 (63.5%)   
	  139 (63.8%)   
	         
	  132 (66.0%)   
	   66 (61.7%)   
	   66 (71.0%)   
	         

	    Yes
	  421 (32.1%)   
	  213 (29.8%)   
	  208 (34.9%)   
	         
	  152 (36.4%)   
	   73 (36.5%)   
	   79 (36.2%)   
	         
	   68 (34.0%)   
	   41 (38.3%)   
	   27 (29.0%)   
	         

	Hypoalbuminemia 
	                
	                
	                
	  0.231  
	                
	                
	                
	  0.920  
	                
	                
	                
	  0.472  

	    No
	  1053 (80.4%)  
	  583 (81.7%)   
	  470 (78.9%)   
	         
	  278 (66.5%)   
	  134 (67.0%)   
	  144 (66.1%)   
	         
	  114 (57.0%)   
	   64 (59.8%)   
	   50 (53.8%)   
	         

	    Yes
	  257 (19.6%)   
	  131 (18.3%)   
	  126 (21.1%)   
	         
	  140 (33.5%)   
	   66 (33.0%)   
	   74 (33.9%)   
	         
	   86 (43.0%)   
	   43 (40.2%)   
	   43 (46.2%)   
	         

	Osteoporosis 
	                
	                
	                
	  0.045  
	                
	                
	                
	  0.641  
	                
	                
	                
	  0.465  

	    No
	  1281 (97.8%)  
	  704 (98.6%)   
	  577 (96.8%)   
	         
	  407 (97.4%)   
	  196 (98.0%)   
	  211 (96.8%)   
	         
	  199 (99.5%)   
	   107 (100%)   
	   92 (98.9%)   
	         

	    Yes
	   29 (2.21%)   
	   10 (1.40%)   
	   19 (3.19%)   
	         
	   11 (2.63%)   
	   4 (2.00%)    
	   7 (3.21%)    
	         
	   1 (0.50%)    
	   0 (0.00%)    
	   1 (1.08%)    
	         

	Diabetes 
	                
	                
	                
	  0.785  
	                
	                
	                
	  0.902  
	                
	                
	                
	  0.395  

	    No
	  1128 (86.1%)  
	  617 (86.4%)   
	  511 (85.7%)   
	         
	  347 (83.0%)   
	  167 (83.5%)   
	  180 (82.6%)   
	         
	  180 (90.0%)   
	   94 (87.9%)   
	   86 (92.5%)   
	         

	    Yes
	  182 (13.9%)   
	   97 (13.6%)   
	   85 (14.3%)   
	         
	   71 (17.0%)   
	   33 (16.5%)   
	   38 (17.4%)   
	         
	   20 (10.0%)   
	   13 (12.1%)   
	   7 (7.53%)    
	         

	Digestive Diseases 
	                
	                
	                
	 <0.001  
	                
	                
	                
	  0.282  
	                
	                
	                
	  0.394  

	    No
	  928 (70.8%)   
	  538 (75.4%)   
	  390 (65.4%)   
	         
	  268 (64.1%)   
	  134 (67.0%)   
	  134 (61.5%)   
	         
	  173 (86.5%)   
	   90 (84.1%)   
	   83 (89.2%)   
	         

	    Yes
	  382 (29.2%)   
	  176 (24.6%)   
	  206 (34.6%)   
	         
	  150 (35.9%)   
	   66 (33.0%)   
	   84 (38.5%)   
	         
	   27 (13.5%)   
	   17 (15.9%)   
	   10 (10.8%)   
	         





Continuous variable data are presented as median (SD or interquartile ranges, IQR). Classifed variable data are presented as n (%). Unless otherwise stated, the Mann–Whitney U test is used for the continuous variable, the χ2 test, or the Fisher’s exact test for the categorical variable. cpm  counts per minute. 
