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Supplementary Table 1. Definition of confounders included in the study 

Part a. Definition of confounders based on hospitalization (at least one episode in the previous 12 months) and/or 

drugs* (at least two prescriptions in the previous 12 months) 

Confounding factors ICD-9 code ATC code 

Acute myocardial infarction   410; 412  

Acute ischemic heart disease 411  

Angina pectoris  413; 414  

Cardiomyopathy 425  

Arrhythmia 426; 427  

Heart rhythm procedures Procedure code: 37  

Heart failure 428  

Ill-defined heart disease 
429.1; 429.2; 429.7; 

429.8; 429.9 
 

Cardiogenic shock 785.51  

Diseases of pulmonary circulation 415-417  

Diabetes mellitus and/or antidiabetic drugs* 250 A10 

Acute kidney failure 584  

Chronic kidney diseases 585  

Neoplasms 140-239  

Respiratory diseases, excl. COPD 
490-496 (excl. 491.21; 

493.22; 493.92) 
 

Chronic obstructive pulmonary disease (COPD)  491.21; 493.22; 493.92  

Disorders of lipoid metabolism 272.0-272.4  

Operations on vessels of heart Procedure code: 36  

Venous thromboembolism 444; 451; 452; 453  

Hypertensive diseases 401-405  

Cerebrovascular diseases 
433; 434; 436; 437; 

440; 441; 442 
 

Transient mental disorders and/or antipsychotic drugs* 293-298; 300; 301 N05A 

Dementias and/or anti-dementia drugs*  290; 331.0 N06D 

Parkinson's disease and/or antiparkinson drugs* 332 N04 

Epilepsy  345  

Glaucoma and/or antiglaucoma drugs* 365 S01ED; S01E 

Pneumonia 480-486  

 
*therapeutic categories (ATC, Anatomical Therapeutic Chemical classification) that contributed to the identification 

of potential confounders  
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Part b. Definition of confounders based on drugs (at least two prescriptions in the previous 12 months) 

   

Confounding factors ATC code 

Antiarrhythmics class I and III C01B 

Beta blockers C07 

Antihypertensives and/or  diuretics C02-C03 

Dihydropyridine CCB C08CA 

Non Dihydropyridine CCB C08D 

Angiotensin receptor blockers and ACE-I C09 

Other cardiac drugs C01A; C01C-C01E 

Lipid lowering drugs C10 

Anticoagulants B01A 

Antidepressants N06A 

Opioids N02A 

NSAIDs M01A 

Antibacterials^ J01 

Glucocorticoids (ICS) R03BA 

Anticholinergics (SAMA) R03BB 

LABA (Salmeterol; Formoterol; Indacaterol) R03AC12; R03AC13; R03AC18 

SABA (Salbutamol; Terbutaline; Fenoterol) R03AC02; R03AC03; R03AC04 

Leukotriene receptor antagonists R03DC 

Xanthines R03DA 

Adrenergics in combination with corticosteroids or other drugs, 
excl. anticholinergics 

R03AK 

Adrenergics in combination with anticholinergics R03AL 

Antiallergic agents, excluding corticosteroids R03BC 

Other systemic drugs for obstructive airway diseases R03DX 

Corticosteroids for systemic use H02 

 

ICD: international classification of diseases; ATC: anatomic therapeutic chemical; CCB: calcium channel blocker;  ACE-I: 

angiotensin converting enzyme inhibitor; NSAIDs: non-steroidal anti-inflammatory drugs; ICS: inhaled corticosteroids; 

SAMA: short-acting muscarin antagonist; LABA:  Long-Acting Beta Agonist; SABA: short-acting beta-agonist 

^at least one prescription in the previous 12 months 
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Supplementary Table 2. Outcome definition 

Events ICD-9 Code 

COPD exacerbation Bronchitis, not specified as acute or chronic 490 

Chronic bronchitis 491 

Emphysema 492 

Chronic obstructive asthma with acute exacerbation 493.22 

 Chronic airway obstruction, not elsewhere classified 496 

Acute respiratory failure Acute respiratory failure 518.81 

 Other pulmonary insufficiency not elsewhere classified 518.82 

 Acute and chronic respiratory failure 518.84 

 Respiratory arrest 799.1 

Hypoxemia/hyperventilation Asphyxia and hypoxemia 799.0 

 Respiratory abnorm NOS 786.0 

Pneumonia  480 - 486 
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Supplementary Table 3. Characteristics and risk factors before and after matching. Values are numbers (percentages) unless stated otherwise 

Characteristics Before matching After matching Standardised 
difference Respimat 

(No 15,937) 
HandiHaler 
(No 53,088) 

Respimat 
(No 15,667) 

HandiHaler 
(No 15,667) 

Mean (SD) age, years 
 

72.2 (10.8)  73.5 (10.6) 72.2 (10.8)  72.3 (10.7) 0.009 
Gender Females 7,191 (45.1)  23,400 (44.1)  7,049 (45.0) 7,024 (44.8) 0.003 

Males 8,746 (54.9) 29,688 (55.9) 8,618 (55.0) 8,643 (55.2) 0.000 
Region   Umbria 1,396 (8.8) 4,830 (9.1) 1,259 (8.0) 1,259 (8.0) - 

Lombardy 14,541 (91.2) 48,258 (90.9) 14,408 (92.0) 14,408 (92.0) - 
Hospitalization (at least one episode in the 
previous 12 months) 

Acute myocardial infarction 351 (2.2) 1,693 (3.2) 345 (2.2) 367 (2.3) 0.009 
Acute ischemic heart disease 114 (0.7) 505 (1.0) 114 (0.7) 112 (0.7) 0.002 
Angina pectoris 833 (5.2) 3,639 (6.9) 819 (5.2) 775 (4.9) 0.013 
Cardiomyopathy 162 (1.0) 811 (1.5) 161 (1.0) 161 (1.0) 0.000 
Arrhythmia 1,028 (6.5) 4,515 (8.5) 1,007 (6.4) 1,065 (6.8) 0.015 
Heart rhythm procedures 288 (1.8) 1,264 (2.4) 287 (1.8) 316 (2.0) 0.013 
Heart failure 1,138 (7.1) 5,527 (10.4) 1,114 (7.1) 1,147 (7.3) 0.008 
Ill-defined heart disease 37 (0.2) 170 (0.3) 37 (0.2) 42 (0.3) 0.006 
Cardiogenic shock 12 (0.1) 48 (0.1) 11 (0.1) 10 (0.1) 0.002 
Diseases of pulmonary circulation 231 (1.4) 958 (1.8) 228 (1.5) 221 (1.4) 0.004 
Diabetes mellitus  2,903 (18.2) 10,949 (20.6) 2,867 (18.3) 2,693 (17.2) 0.029 
Acute kidney failure 136 (0.9) 579 (1.1) 133 (0.8) 145 (0.9) 0.008 
Chronic kidney disease 416 (2.6) 1,898 (3.6) 408 (2.6) 405 (2.6) 0.001 
Neoplasms 885 (5.6) 3,279 (6.2) 872 (5.6) 856 (5.5) 0.004 
Respiratory diseases, excl. COPD 898 (5.6) 3,913 (7.4) 881 (5.6) 816 (5.2) 0.018 
COPD  1,333 (8.4) 6,336 (11.9) 1,310 (8.4) 1,292 (8.2) 0.004 
Disorders of lipoid metabolism 100 (0.6) 412 (0.8) 100 (0.6) 91 (0.6) 0.007 
Operations on vessels of heart 304 (1.9) 1,426 (2.7) 300 (1.9) 277 (1.8) 0.011 
Venous thromboembolism 95 (0.6) 336 (0.6) 91 (0.6) 87 (0.6) 0.003 
Hypertensive disease 1,337 (8.4) 5,620 (10.6) 1,310 (8.4) 1,278 (8.2) 0.007 
Cerebrovascular diseases 621 (3.9) 2,737 (5.2) 614 (3.9) 572 (3.7) 0.014 
Transient mental disorders  1,154 (7.2) 4,286 (8.1) 1,123 (7.2) 1,135 (7.2) 0.003 
Dementias and/or anti-dementia drugs  276 (1.7) 1,026 (1.9) 271 (1.7) 248 (1.6) 0.012 
Parkinson's disease  377 (2.4) 1,311 (2.5) 372 (2.4) 347 (2.2) 0.011 
Epilepsy  44 (0.3) 173 (0.3) 44 (0.3) 48 (0.3) 0.005 
Glaucoma  909 (5.7) 2,909 (5.5) 886 (5.7) 770 (4.9) 0.033 
Pneumonia 765 (4.8) 3,470 (6.5) 749 (4.8) 713 (4.6) 0.011 

Drug use (at least two prescriptions in the 
previous 12 months) 

Antiarrhythmics class I and III 1085 (6.8) 3,833 (7.2) 1,071 (6.8) 1,006 (6.4) 0.017 
Beta blockers 4,088 (25.7) 13,600 (25.6) 4,017 (25.6) 3,937 (25.1) 0.012 
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Antihypertensives and/or diuretic 4,390 (27.5) 17,012 (32) 4,310 (27.5) 4,140 (26.4) 0.024 
Dihydropyridine CCB 2,921 (18.3) 9,985 (18.8) 2,872 (18.3) 2,824 (18.0) 0.008 
Non dihydropyridine CCB 755 (4.7) 3,021 (5.7) 742 (4.7) 640 (4.1) 0.032 
Angiotensin receptor blockers and ACE-I 8,105 (50.9) 28,402 (53.5) 7,989 (51.0) 7,973 (50.9) 0.002 
Other cardiac drugs 1,970 (12.4) 7,850 (14.8) 1,941 (12.4) 1,904 (12.2) 0.007 
Lipid lowering drugs 4,427 (27.8) 15,459 (29.1) 4,366 (27.9) 4,318 (27.6) 0.007 
Anticoagulants 7,110 (44.6) 25,329 (47.7) 7,022 (44.8) 6,768 (43.2) 0.033 
Antidepressants 2,064 (13.0) 7,095 (13.4) 2,022 (12.9) 2,002 (12.8) 0.004 
Opioids 1,484 (9.3) 5,130 (9.7) 1,454 (9.3) 1,397 (8.9) 0.013 
NSAIDs 2,497 (15.7) 8,628 (16.3) 2,455 (15.7) 2,320 (14.8) 0.024 
Glucocorticoids (ICS) 2,106 (13.2) 6,614 (12.5) 1,963 (12.5) 1,735 (11.1) 0.045 
Anticholinergics (SAMA) 705 (4.4) 5,167 (9.7) 677 (4.3) 641 (4.1) 0.011 
LABA (salmeterol; formoterol; indacaterol) 859 (5.4) 2,632 (5.0) 808 (5.2) 698 (4.5) 0.033 
SABA (salbutamol; terbutaline; fenoterol) 1,179 (7.4) 3,813 (7.2) 1,102 (7.0) 959 (6.1) 0.037 
Leukotriene receptor antagonists 499 (3.1) 1,281 (2.4) 415 (2.6) 376 (2.4) 0.016 
Xanthines 468 (2.9) 1,871 (3.5) 455 (2.9) 385 (2.5) 0.028 
Adrenergics in combination with corticosteroids or 
other drugs, excl. anticholinergics 

4,286 (26.9) 13,869 (26.1) 4,141 (26.4) 3,926 (25.1) 0.031 

Adrenergics in combination with anticholinergics 62 (0.4) 159 (0.3) 49 (0.3) 31 (0.2) 0.023 
Other systemic drugs for obstructive airway diseases 17 (0.1) 30 (0.1) 12 (0.1) 9 (0.1) 0.007 
Corticosteroids for systemic use 2,345 (14.7) 7,448 (14) 2,214 (14.1) 1,993 (12.7) 0.041 
Antibacterials^ 11,349 (71.2) 36,712 (69.2) 11,098 (70.8) 11,070 (70.7) 0.004 

Number of prescriptions 
respiratory drugs in 
previous 12 months§ 

0 8,684 (54.5) 28,458 (53.6) 8,657 (55.3) 9,041 (57.7) 0.049 
1 1,953 (12.3) 7,271 (13.7) 1,920 (12.3) 1,903 (12.1) 0.003 
2 2,708 (17.0) 8,339 (15.7) 2,682 (17.1) 2,542 (16.2) 0.024 
3 1,493 (9.4) 5,330 (10.0) 1,432 (9.1) 1,406 (9.0) 0.006 
≥4 1,099 (6.9) 3,690 (7.0) 976 (6.2) 775 (4.9) 0.056 

Severity of respiratory disease~  766 (4.8) 3,518 (6.6) 746 (4.8) 668 (4.3) 0.011 

No: number; SD: standard deviation; IQ range: interquartile range; DDD: defined daily dose; COPD: chronic obstructive pulmonary disease; CCB: calcium channel blocker; ACE-I: 
angiotensin converting enzyme inhibitor; NSAIDs: non-steroidal anti-inflammatory drugs; ICS: inhaled corticosteroids; SAMA: short-acting muscarin antagonist; LABA: long-
acting beta agonist; SABA: short-acting beta-agonist 
^ at least 1 prescription in the previous 12 months 
§ number of prescriptions of ICS and/or SAMA and/or LABA and/or SABA and/or leukotriene receptor antagonists and/or xanthines and/or adrenergics in combination with 
corticosteroids or other drugs and/or adrenergics in combination with anticholinergics and/or antiallergic agents and/or other systemic drugs for obstructive airway diseases 
and/or corticosteroids for systemic use 
~ at least two previous respiratory drugs and a previous hospitalization for exacerbation of COPD and/or pneumonia   

  

http://en.wikipedia.org/wiki/ATC_code_R03#R03DA_Xanthines
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Supplementary Table 4. Hazard Ratio of primary outcome by risk factors (drugs) of patients 
treated with Respimat® versus HandiHaler® (only risk factors with at least 40 events per group 
were included in the table) 

Risk factors  
Respimat Handihaler Adjusted hazard ratio 

(95% CI) no. of events/total no. 

Antiarrhythmics class I and III No 433/14,596 512/14,661 0.94 (0.83-1.07) 
  Yes 44/1,071 46/1,006 1.04 (0.69-1.58) 
Beta blockers No 348/11,650 411/11,730 0.94 (0.82-1.09) 
  Yes 129/4,017 147/3,937 0.96 (0.75-1.21) 
Antihypertensives and/or diuretic No 287/11,357 311/11,527 1.03 (0.88-1.21) 
  Yes 190/4,310 247/4,140 0.83 (0.69-1.01) 
DHP CCB  No 372/12,795 450/12,843 0.92 (0.80-1.06) 
  Yes 105/2,872 108/2,824 1.06 (0.81-1.39) 
Angiotensin receptor blockers and ACE-I No 224/7,678 250/7,694 0.99 (0.83-1.19) 
  Yes 253/7,989 308/7,973 0.91 (0.77-1.08) 
Other cardiac drugs No 381/13,726 449/13,763 0.94 (0.82-1.08) 
  Yes 96/1,941 109/1,904 0.98 (0.74-1.29) 
Lipid lowering drugs No 350/11,301 392/11,349 0.99 (0.86-1.14) 
  Yes 127/4,366 166/4,318 0.85 (0.67-1.07) 
Anticoagulants No 217/8,645 269/8,899 0.92 (0.77-1.10) 
  Yes 260/7,022 289/6,768 0.97 (0.82-1.15) 
Antidepressants No 401/13,645 482/13,665 0.93 (0.81-1.06) 
  Yes 76/2,022 76/2,002 1.06 (0.77-1.46) 
Opioids No 405/14,213 501/14,270 0.90 (0.79-1.03) 
  Yes 72/1,454 57/1,397 1.33 (0.94-1.88) 
NSAIDs No 409/13,212 483/13,347 0.96 (0.84-1.09) 
  Yes 68/2,455 75/2,320 0.91 (0.66-1.27) 
Glucocorticoids (ICS) No 378/13,704 469/13,932 0.91 (0.79-1.04) 
  Yes 99/1,963 89/1,735 1.09 (0.81-1.45) 
LABA (salmeterol; formoterol; indacaterol) No 435/14,859 517/14,969 0.94 (0.82-1.07) 
  Yes 42/808 41/698 0.99 (0.64-1.52) 
SABA (salbutamol; terbutaline; fenoterol) No 410/14,565 491/14,708 0.94 (0.83-1.07) 
  Yes 67/1,102 67/959 0.88 (0.63-1.24) 
Adrenergics with corticosteroids or other 
drugs, excl. anticholinergics 

No 305/11,526 373/11,741 0.93 (0.80-1.08) 
Yes 172/4,141 185/3,926 0.96 (0.78-1.18) 

Corticosteroids for systemic use No 365/13,453 443/13,674 1.07 (0.84-1.36) 
  Yes 112/2,214 115/1,993 1.70 (0.93-3.11) 
Antibacterials^ No 121/4,569 136/4,597 1.15 (0.76-1.75) 
  Yes 356/11,098 422/11,070 1.13 (0.87-1.47) 
Number of respiratory drugs§ 0 196/8.657 252/9.041 0.91 (0.76-1.10) 
  1 58/1.920 83/1.903 0.75 (0.54-1.05) 
  2 91/2.682 99/2.542 0.94 (0.70-1.24) 
  3 62/1.432 69/1.406 0.98 (0.69-1.38)  

4 70/976 55/775 1.07 (0.75-1.53) 
Severity~ No 385/14,921 476/14,999 0.90 (0.79-1.03) 
  Yes 92/746 82/668 1.13 (0.84-1.53) 

HR: Hazard Ratio; CI: Confidence Interval; DHP CCB: dihydropyridine calcium channel blockers; ACE: angiotensin-
converting-enzyme; low.: lowering; NSAIDs: nonsteroidal anti-inflammatory drugs; ICS: inhaled corticosteroid; LABA: 
long-acting beta agonist;  SABA: short-acting beta-agonist; CS: corticosteroid 
^ at least 1 prescription in the previous 12 months 
§ number of prescriptions of glucocorticoids and/or anticholinergics and/or LABA and/or SABA and/or leukotriene 
receptor antagonists and/or xanthines and/ or adrenergics in combination with corticosteroids or other drugs and/or 
adrenergics in combination with anticholinergics and/or antiallergic agents and/or other systemic drugs for 
obstructive airway diseases and/or corticosteroids for systemic use 
~ at least two previous respiratory drugs and a previous hospitalization for exacerbation of COPD and/or pneumonia 
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Supplementary Figure 1. Kaplan-Meier curves for the primary outcome by tiotropium 
formulations 
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