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Table 2. Baseline characteristics of men and women in BIOSTAT-CHF. 512 

 Men Women p-value 
 (n=1,308) (n=402)  
Clinical    
       Age  70 ± 12 74 ± 12 <0·001 
       Weight (kg) 85 ± 18 72 ± 16 <0·001 
       Height (cm) 174 ± 8 162 ± 7 <0·001 
       BMI (kg/m2) 27·9 ± 5·2 27·3 ± 5·8 0·06 
       NYHA (%)   0·27 

I 120 (10) 34 (10)  
II 639 (55) 172 (49)  
III 372 (32) 130 (37)  
IV 38 (3) 12 (3)  

       LVEF, % 27 ± 7 29 ± 6 <0·001 
       Systolic blood pressure, mmHg  123 ± 20 126 ± 23 0·002 
       Diastolic blood pressure, mmHg  76 ± 12 75 ± 13 0·21 
       Pulse pressure, mmHg 47 ± 15 52 ± 17 <0·001 
       Heart rate, beats/min  82 ± 21 83 ± 20 0·32 
       Smoking (%)   <0·001 
                     Never 371 (28) 245 (61)  
                     Past 725 (56) 114 (28)  
                     Current 210 (16) 43 (11)  
History of (%)    
       Coronary artery disease* 631 (48) 139 (35) <0·001 
       Valvular surgery  95 (7) 25 (6) 0·55 
       Atrial fibrillation 574 (44) 140 (35) 0·002 
       Stroke  111 (9) 30 (8) 0·58 
       Peripheral art. disease  140 (11) 22 (6) 0·002 
       Hypertension 759 (58) 253 (63) 0·10 
       Diabetes mellitus  431 (33) 109 (27) 0·03 
       COPD  236 (18) 52 (13) 0·02 
       Renal disease  332 (25) 78 (19) 0·02 
Physical examination (%)    
       Rales  638 (50) 205 (52) 0·44 
       Edema  595 (55) 175 (54) 0·75 
       Orthopnea 388 (30) 137 (34) 0·10 
       Hepatomegaly  206 (16) 40 (10) 0·005 
Quality of life    
       Functional status score 57 [36, 77] 46 [29, 64] <0·001 
       Clinical summary score 52 [33, 71] 42 [27, 60] <0·001 
       Overall score 54 [36, 71] 44 [31, 60] <0·001 
Laboratory data    
       NT-proBNP (pg/mL) 2484 [1073, 5032] 2724 [1193, 5906] 0·18 
       Hemoglobin (g/dL) 13·9 [12·4, 14·9] 12·8 [11·8, 13·8] <0·001 
       Creatinine (µmol/L) 106 [88, 130] 88 [72, 109] <0·001 
       Sodium (mmol/L) 140 [137, 142] 140 [138, 142] 0·12 
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       Potassium (mmol/L) 4·3 [4·0, 4·6] 4·2 [3·8, 4·6] <0·001 
Medication (%)    
Baseline    
       ACE or ARB 988 (76) 291 (72) 0·23 
       B-Blocker  1123 (86) 328 (82) 0·045 
       MRA 775 (59) 191 (48) <0·001 
       Diuretics 1302 (100) 401 (100) 0·90 
Patients on target dose at baseline    
       ACE or ARB 170 (13) 59 (15) 0·44 
       B-Blocker  66 (5) 21 (5) 0·99 
Median dose at baseline    
       ACE or ARB 0·25 [0·05, 0·50] 0·25 [0·00, 0·50] 0·814 
       B-Blocker 0·25 [0·06, 0·47] 0·25 [0·04, 0·38] 0·612 
Follow-up    
       ACE or ARB 1186 (91) 365 (91) 0·92 
       B-Blocker 1235 (94) 366 (91) 0·05 
       MRA 722 (55) 190 (47) 0·006 
Patients on target dose at follow-up    
       ACE or ARB 304 (23) 99 (25) 0·61 
       B-Blocker  168 (13) 57 (14) 0·54 
Median dose at follow-up    
       ACE or ARB 0·50 [0·25, 0·75] 0·50 [0·25, 0·75] 0·502 
       B-Blocker 0·25 [0·12, 0·50] 0·25 [0·12, 0·50] 0·536 
* Coronary artery disease: previous myocardial infarction, percutaneous coronary intervention (PCI) and/or coronary artery 513 
bypass graft (CABG). BMI=body mass index, NYHA=New York Heart Association, LVEF=left ventricular ejection fraction, 514 
BP = blood pressure, COPD=chronic obstructive pulmonary disease,  NT-proBNP=N-terminal pro-B-type natriuretic peptide, 515 
ACE=angiotensin converting enzyme inhibitor, ARB=angiotensin receptor blocker, MRA=mineralocorticoid receptor 516 
antagonist 517 

 518 
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Table 3. Risk of death or heart failure hospitalization for men and women who received 0, 1-49, 50-99% or ≥100% of recommended ACE-inhibitor/ARB and 519 
beta-blocker dose in BIOSTAT-CHF. 520 

ACE-inhibitor/ARBs Men Women 
 0% 1-49% 50-99% ≥100% 0% 1-49% 50-99% ≥100% 
 n=122 n=476 n=406 n=304 n=37 n=136 n=130 n=99 
Hazard ratio (univariable) 2·29 (2·06-2·55) 1·87 (1·69-2·08) 1·19 (1·06-1·33) Ref. 1·45 (1·18-1·79) 1·04 (0·85-1·26) 0·79 (0·64-0·98) Ref. 
Hazard ratio (multivariable)* 2·18 (1·95-2·43) 1·82 (1·64-2·02) 1·17 (1·04-1·30) Ref. 1·30 (1·05-1·60) 0·85 (0·70-1·05) 0·67 (0·54-0·84) Ref. 
Hazard ratio (multivariable)** 1·09 (0·97-1·23) 1·24 (1·12-1·38) 0·99 (0·88-1·10) Ref. 0·79 (0·63-0·99) 0·90 (0·74-1·11) 0·66 (0·53-0·83) Ref. 
Beta-Blockers Men Women 
 0% 1-49% 50-99% ≥100% 0% 1-49% 50-99% ≥100% 

 n=73 n=751 n=339 n=145 n=36 n=229 n=91 n=46 
Hazard ratio (univariable) 1·55 (1·39-1·73) 1·11 (1·00-1·23) 1·16 (1·03-1·29) Ref. 1·15 (0·94-1·42) 0·73 (0·59-0·89) 0·63 (0·51-0·79) Ref. 
Hazard ratio (multivariable)* 1·46 (1·31-1·63) 1·08 (0·98-1·20) 1·14 (1·03-1·27) Ref. 1·08 (0·87-1·35) 0·79 (0·65-0·98) 0·74 (0·59-0·92) Ref. 
Hazard ratio (multivariable)** 1·14 (1·03-1·28) 0·95 (0·86-1·06) 1·01 (0·9-1·13) Ref. 1·02 (0·83-1·26) 0·84 (0·69-1·03) 0·76 (0·61-0·95) Ref. 

 521 
*Multivariable model 1: adjusted for body surface are (BSA). 522 
**Multivariable model 2: adjusted for BIOSTAT-CHF model for death and/or heart failure hospitalization including age, heart failure hospitalization in previous year, systolic 523 
blood pressure, presence of peripheral edema, NT-proBNP, hemoglobin, sodium, high-density lipoprotein, and the use of beta-blockers at baseline.524 
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Supplementary Appendix 525 

Table S1. Recommended doses of ACE-inhibitors, ARBs, and beta-blockers in ESC guidelines for patients 526 
with LVEF <40%. 527 

Drug Class Total daily dose 
Captopril  ACE-inhibitor  150 mg 
Enalapril  ACE-inhibitor 20 mg 
Lisinopril  ACE-inhibitor 35 mg 
Ramipril  ACE-inhibitor  10 mg 
Trandolapril  ACE-inhibitor  4 mg 
Perindopril ACE-inhibitor  8 mg 
Candesartan  ARB 32 mg 
Valsartan ARB 320 mg 
Losartan ARB 150 mg 
Bisoprolol Beta-blocker 10 mg 
Carvedilol Beta-blocker 50–100 mg* 
Metoprolol Beta-blocker 200 mg 
Nebivolol Beta-blocker 10 mg 
*A maximum dose of 50mg twice daily can be administered to patients weighting over 85 kg.  528 
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Table S2. Baseline characteristics of included and excluded patients (BIOSTAT-CHF). 529 

 Included Excluded p-value 
 n=1710 n=806  
Clinical    
       Age  71 ± 12 76 ± 11 <0·001 
       Women (%) 402 (24) 268 (33) <0·001 
       Weight (kg) 82 ± 18 81 ± 19 0·46 
       Height (cm) 172 ± 9 170 ± 9 <0·001 
       BMI (kg/m2) 27·8 ± 5·4 28·1 ± 5·8 0·15 
       NYHA (%) 

  0·06 
I 154 (10) 80 (12)  
II 811 (54) 330 (48)  
III 502 (33) 248 (36)  
IV 50 (3) 32 (5)  

       LVEF, % 27 ± 7 64 ± 31 <0·001 
       Systolic blood pressure, mmHg  124 ± 21 127 ± 24 <0·001 
       Diastolic blood pressure, mmHg  75 ± 13 74 ± 15 0·001 
       Heart rate, beats/min 82 ± 21 83 ± 22 0·37 
History of (%)    
       Coronary artery disease* 770 (45) 361 (45) 0·94 
       Valvular surgery  120 (7) 59 (7) 0·85 
       Atrial fibrillation 714 (42) 429 (53) <0·001 
       Peripheral art. disease  162 (10) 111 (14) 0·002 
       Hypertension 1012 (59) 557 (69) <0·001 
       Diabetes mellitus  540 (32) 279 (35) 0·14 
       COPD  288 (17) 148 (18) 0·38 
       Renal disease  410 (24) 286 (36) <0·001 
Physical examination (%)    
       Rales  843 (50·3) 448 (58) <0·001 
       Edema  770 (54·8) 486 (70) <0·001 
       Orthopnea 525 (30·7) 354 (44) <0·001 
       Hepatomegaly  246 (14·4) 112 (14) 0·813 
Quality of life    
       Overall score 51 [34, 69] 43 [27, 59] <0·001 
Laboratory data    
       NT-proBNP (pg/mL) 2550 [1103, 5178] 3135 [1369, 6717] <0·001 
       Hemoglobin (g/dL) 13·6 [12·2, 14·7] 12·70 [11·3, 13·9] <0·001 
       Creatinine (µmol/L) 101 [83, 125] 105 [86, 142] <0·001 
       Sodium (mmol/L) 140 [137, 142] 139 [136, 141] <0·001 
       Potassium (mmol/L) 4·2 [3·9, 4·6] 4·2 [3·9, 4·6] 0·09 
Baseline medication (%)    
       ACE or ARB 1279 (75) 541 (67) <0·001 
       B-Blocker  1451 (85) 642 (80) 0·001 
       MRA 966 (57) 373 (46) <0·001 
       Diuretics 1703 (100) 801 (99) 0·68 
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* Coronary artery disease: previous myocardial infarction, percutaneous coronary intervention (PCI) and/or coronary artery 530 
bypass graft (CABG). BMI=body mass index, NYHA=New York Heart Association, LVEF=left ventricular ejection fraction, 531 
BP = blood pressure, COPD=chronic obstructive pulmonary disease,  NT-proBNP=N-terminal pro-B-type natriuretic peptide, 532 
ACE=angiotensin converting enzyme inhibitor, ARB=angiotensin receptor blocker, MRA=mineralocorticoid receptor 533 
antagonist.534 
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Table S3. Baseline characteristics of included and excluded patients (ASIAN-HF). 

 Included Excluded p-value 
 n=4500 n=776  
Clinical    
       Age 60 ± 13 60 ± 13 0·27 
       Women (%) 961 (21) 192 (25) 0·039 
       Weight (kg) 68 ± 16 66 ± 16 0·06 
       Height (cm) 164 ± 9 163 ± 9 0·006 
       BMI (kg/m2) 24·9 ± 5·1 24·7 ± 5·4 0·29 
       NYHA (%) 

  <0·001 
I 556 (14) 57 (8)  
II 2116 (52) 387 (55)  
III 1154 (28) 223 (32)  
IV 255 (6) 36 (5)  

       LVEF, % 27 ± 7 27 ± 7 0·63 
       Systolic blood pressure, mmHg  118 ± 20 121 ± 21 <0·001 
       Diastolic blood pressure, mmHg  72 ± 12 74 ± 13 <0·001 
       Heart rate, beats/min 81 ± 19 84 ± 20 <0·001 
History of (%)    
       Coronary artery disease* 2289 (51) 339 (45) 0·005 
       Atrial fibrillation 831 (19) 110 (15) 0·014 
       Stroke  302 (7) 36 (5) 0·06 
       Peripheral art. disease  157 (4) 22 (3) 0·51 
       Hypertension 2323 (52) 396 (59) 0·59 
       Diabetes mellitus  1841 (41) 279 (37) 0·06 
       COPD  367 (8) 67 (9) 0·52 
Physical examination (%)    
       Rales  726 (16) 153 (20) 0·004 
       Edema  1012 (23) 229 (31) <0·001 
       Hepatomegaly 238 (5) 48 (6) 0·25 
Quality of life    
       Overall score 67 [47, 84] 65 [44, 81] 0·004 
Laboratory data    
       Hemoglobin (g/dL) 13·2 [11·7, 14·6] 13·1 [11·6, 14·6] 0·860 
       Creatinine (mg/dL) 1·1 [0·90, 1·44] 1·2 [0·9, 1·6] 0·001 
       Sodium (mmol/L) 139 [136, 141] 138 [135, 140] <0·001 
       Potassium (mmol/L) 4·2 [3·9, 4·6] 4·2 [3·8, 4·5] 0·021 
Baseline medication (%)    
       ACE or ARB 3236 (72) 417 (74) 0·44 
       B-Blocker  3497 (79) 442 (70) <0·001 
       MRA 2685 (60) 313 (40) <0·001 
       Diuretics 3696 (82) 490 (76) <0·001 
* Coronary artery disease: previous myocardial infarction, percutaneous coronary intervention (PCI) and/or coronary artery bypass graft 
(CABG), BMI=body mass index, NYHA=New York Heart Association, LVEF=left ventricular ejection fraction, BP = blood pressure, 
COPD=chronic obstructive pulmonary disease, ACE=angiotensin converting enzyme inhibitor, ARB=angiotensin receptor blocker, 
MRA=mineralocorticoid receptor antagonist. 
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Table S4. Clinical characteristics of men and women at 9 months in BIOSTAT-CHF. 

 
 Men Women p-value 

Follow-up visit     
       Weight (kg) 86 ± 19 73 ± 16 <0·001 
       Systolic blood pressure, mmHg  124 ± 20 125 ± 21 0·32 
       Diastolic blood pressure, mmHg  75 ± 12 75 ± 12 0·48 
       Heart rate, beats/min 72 ± 15 73 ± 14 0·55 
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Table S5. Overview of individual drug intake by men and women. 

 Men n, % Women n, % 
ACE-inhibitor   
       Ramipril  565 (47) 143 (39) 
       Enalapril 163 (14) 48 (13) 
       Perindopril  162 (14) 61 (17) 
       Lisinopril 36 (3) 9 (3) 
       Fosinopril  38 (3) 8 (2) 
       Trandolapril 17 (1) 3 (1) 
       Quinapril  14 (1) 3 (1) 
       Captopril 15 (1) 1 (1) 
ARB   
       Candesartan 58 (5) 30 (8) 
       Valsartan  46 (4) 22 (6) 
       Losartan 31 (3) 18 (5) 
       Irbesartan 18 (2) 6 (2) 
       Telmisartan 9 (1) 4 (1) 
Beta-blocker   
       Carvedilol 495 (40) 119 (32) 
       Bisoprolol 448 (36) 144 (39) 
       Metoprolol 229 (19) 84 (23) 
       Nebivolol 52 (4) 19 (5) 
       Atenolol 5 (1) 1 (1) 
ACE=angiotensin converting enzyme inhibitor, ARB=angiotensin receptor blocker. 
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Table S6. Baseline characteristics of men and women in ASIAN-HF. 
 

 Men Women p-value 

 (n=3,539) (n=961)  
Clinical    
       Age  60 ± 13 61 ± 14 0·006 
       Weight (kg) 70 ± 15 59 ± 13 <0·001 
       Height (cm) 167 ± 7 155 ± 7 <0·001 
       BMI (kg/m2) 25·1 ± 5·0 24·5 ± 5·2 0·006 
       NYHA (%)   <0·001 

I 467 (15) 89 (10)  
II 1668 (52) 448 (52)  
III 884 (28) 270 (31)  
IV 195 (6) 60 (7)  

       LVEF, % 27 ± 7 29 ± 7 <0·001 
       Systolic blood pressure, mmHg  118 ± 20 119 ± 21 0·12 
       Diastolic blood pressure, mmHg  72 ± 12 71 ± 12 <0·001 
       Pulse pressure, mmHg 45 ± 15 48 ± 16 <0·001 
       Heart rate, beats/min  81 ± 19 82 ± 19 0·009 
       Smoking (%)   <0·001 
                     Never 1613 (46) 876 (91)  
                     Past 1364 (39) 60 (6)  
                     Current 560 (16) 25 (3)  
History of (%)    
       Coronary artery disease* 1953 (55) 336 (35) <0·001 
       Atrial fibrillation 670 (19) 161 (17) 0·14 
       Stroke  243 (7) 59 (6) 0·47 
       Peripheral art. disease  133 (4) 24 (3) 0·07 
       Hypertension 1854 (52) 469 (49) 0·05 
       Diabetes mellitus  1470 (42) 371 (39) 0·11 
       COPD  293 (8) 74 (8) 0·61 
Physical examination (%)    
       Rales  587 (17) 139 (15) 0·12 
       Edema  797 (23) 215 (22) 0·95 
       Hepatomegaly  199 (6) 39 (4) 0·07 
Quality of life    
       Clinical summary score 74 [55, 90] 69 [50, 86] <0·001 
       Overall score 68 [49, 84] 64 [43, 81] <0·001 
Laboratory data    
       Hemoglobin (g/dL)  13·4 [11·9, 14·8] 12·2 [10·8, 13·4] <0·001 
       Creatinine (mg/dL) 1·14 [0·92, 1·48] 0·94 [0·75, 1·24] <0·001 
       Sodium (mmol/L) 139 [136, 141] 139 [136, 141] 0·02 
       Potassium (mmol/L) 4·2 [3·9, 4·6] 4·2 [3·9, 4·6] 0·34 
Medications (%)    
       ACE or ARB 2559 (72) 677 (70) 0·27 
       B-Blocker  2779 (79) 718 (75) 0·009 
       MRA 2141 (61) 544 (57) 0·03 



36 
 

       Diuretics 2901 (82) 795 (83) 0·62 
* Coronary artery disease: previous myocardial infarction, percutaneous coronary intervention (PCI) and/or coronary artery bypass graft 
(CABG), BMI=body mass index, NYHA=New York Heart Association, LVEF=left ventricular ejection fraction, BP = blood pressure, 
COPD=chronic obstructive pulmonary disease, ACE=angiotensin converting enzyme inhibitor, ARB=angiotensin receptor blocker, 
MRA=mineralocorticoid receptor antagonist.
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Table S7. Baseline characteristics of men and women using 0-49% versus 50-≥100% of recommended target doses of ACE-inhibitors/ARBs. 

 Men  Women  

 0-49% of target dose 50-≥100% of target dose p-value 0-49% of target dose 50-≥100% of target dose p-value 
 n=598 n=710  n=173 n=229  
Clinical       
       Age  70 ± 12 69 ± 11 0·02 74 ± 13 74 ± 11 0·81 
       Weight (kg) 82 ± 16 88 ± 18 <0·001 70 ± 17 73 ± 16 0·07 
       Height (cm) 174 ± 7 175 ± 8 0·004 162 ± 7 162 ± 7 0·71 
       BMI (kg/m2) 27·2 ± 4·8 28·6 ± 5·5 <0·001 26·8 ± 6·0 27·8 ± 5·6 0·08 
       NYHA (%)   0·15   0·09 

I 57 (11) 63 (10)  9 (6) 25 (13)  
II 274 (51) 365 (58)  75 (50) 97 (49)  
III 187 (35) 185 (29)  57 (38) 73 (37)  
IV 18 (3) 20 (3)  8 (5) 4 (2)  

       LVEF, % 26 ± 7 27 ± 7 0·006 28 ± 6 30 ± 6 0·005 
       Systolic blood pressure, mmHg  118 ± 19 127 ± 20 <0·001 121 ± 23 130 ± 22 <0·001 
       Diastolic blood pressure, mmHg  73 ± 12 78 ± 12 <0·001 72 ± 13 77 ± 13 <0·001 
       Heart rate, beats/min 83 ± 20 81 ± 22 0·12 81 ± 19 84 ± 21 0·11 
       Smoking (%)   0·91   0·75 
                     Never 173 (29) 198 (28)  109 (63) 136 (59)  
                     Past 328 (55) 397 (56)  47 (27) 67 (29)  
                     Current 96 (16) 114 (16)  17 (10) 26 (11)  
History of (%)       
       Coronary artery disease* 294 (49) 337 (48) 0·58 75 (43) 64 (28) 0·002 
       Valvular surgery  56 (9) 39 (6) 0·01 16 (9) 9 (4) 0·05 
       Atrial fibrillation 289 (48) 285 (40) 0·004 67 (39) 73 (32) 0·19 
       Peripheral art. disease  67 (11) 73 (10) 0·65 16 (9) 6 (3) 0·008 
       Hypertension 299 (50) 460 (65) <0·001 106 (61) 147 (64) 0·62 
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       Diabetes mellitus  182 (30) 249 (35) 0·09 46 (27) 63 (28) 0·93 
       COPD  123 (21) 113 (16) 0·04 18 (10) 34 (15) 0·24 
       Renal disease  195 (33) 137 (19) <0·001 45 (26) 33 (14) 0·005 
Physical examination (%)       
       Rales  339 (57) 299 (43) <0·001 95 (56) 110 (50) 0·28 
       Edema  292 (58) 303 (53) 0·10 75 (53) 100 (54) 0·92 
       Orthopnea 195 (33) 193 (27) 0·04 69 (40) 68 (30) 0·04 
       Hepatomegaly  120 (20) 86 (12) <0·001 20 (12) 20 (9) 0·43 
Quality of life       
       Overall score 50 [31, 67] 57 [40, 74] <0·001 42 [27, 56] 46 [32, 62] 0·04 
Laboratory data       
       NT-proBNP (pg/mL) 2983 [1267, 6425] 2122 [912, 4359] <0·001 3056 [1399, 7673] 2430 [937, 4771] 0·002 
       Hemoglobin (g/dL) 13·6 [12·2, 14·8] 14·0 [12·8, 15·1] <0·001 12·8 [11·5, 13·6] 13·0 [12·1, 14·0] 0·03 
       Creatinine (µmol/L) 109 [91, 143] 102 [86, 123] <0·001 95 [76, 121] 83 [71, 104] <0·001 
       Sodium (mmol/L) 139 [137, 141] 140 [137, 142] 0·02 140 [138, 142] 140 [138, 142] 0·13 
       Potassium (mmol/L) 4·3 [4·0, 4·6] 4·3 [4·0, 4·6] 0·63 4·2 [3·9, 4·7] 4·1 [3·7, 4·5] 0·12 
Baseline medication (%)       
       ACE or ARB 416 (70) 572 (81) <0·001 113 (65) 178 (78) 0·008 
       B-Blocker  509 (85) 614 (87) 0·53 143 (83) 185 (81) 0·73 
       MRA 369 (62) 406 (57) 0·11 95 (55) 96 (42) 0·01 
       Diuretics 594 (99) 708 (100) 0·53 173 (100) 228 (100) 1·00 

* Coronary artery disease: previous myocardial infarction, percutaneous coronary intervention (PCI) and/or coronary artery bypass graft (CABG), BMI=body mass index, NYHA=New York Heart Association, 
LVEF=left ventricular ejection fraction, BP = blood pressure, COPD=chronic obstructive pulmonary disease, ACE=angiotensin converting enzyme inhibitor, ARB=angiotensin receptor blocker, 
MRA=mineralocorticoid receptor antagonist.
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Table S8. Baseline characteristics of men and women using 0-49% versus 50-≥100% of recommended target doses of β-blockers. 

 Men  Women  

 0-49% of target dose 50-≥100% of target dose p-value 0-49% of target dose 50-≥100% of target dose p-value 
 n=824 n=484  n=265 n=137  
Clinical       
       Age  70 ± 12 69 ± 12 0·33 74 ± 12 74 ± 12 0·68 
       Weight (kg) 83 ± 18 88 ± 18 <0·001 70 ± 16 76 ± 16 0·001 
       Height (cm) 174 ± 7 176 ± 8 <0·001 161 ± 7 164 ± 7 <0·001 
       BMI (kg/m2) 27·6 ± 5·1 28·4 ± 5·4 0·007 27·0 ± 5·8 28·0 ± 5·6 0·10 
       NYHA (%)   0·53   0·47 

I 72 (10) 48 (11)  19 (8) 15 (13)  
II 406 (56) 233 (53)  115 (49) 57 (50)  
III 234 (32) 138 (32)  90 (39) 40 (35)  
IV 20 (3) 18 (4)  9 (4) 3 (3)  

       LVEF, % 27 ± 7 27 ± 7 0·12 29 ± 6 28 ± 7 0·27 
       Systolic blood pressure, mmHg  122 ± 20 124 ± 21 0·09 126 ± 23 128 ± 23 0·46 
       Diastolic blood pressure, mmHg  75 ± 12 77 ± 13 <0·001 74 ± 13 76 ± 14 0·15 
       Heart rate, beats/min 81 ± 20 83 ± 22 0·04 81 ± 19 86 ± 21 0·02 
       Smoking (%)   0·91   0·09 
                     Never 232 (28) 139 (29)  171 (65) 74 (54)  
                     Past 456 (55) 269 (56)  66 (25) 48 (35)  
                     Current 135 (16) 75 (16)  28 (11) 15 (11)  
History of (%)       
       Coronary artery disease* 412 (50) 219 (45) 0·11 83 (31) 56 (41) 0·07 
       Valvular surgery  58 (7) 37 (8) 0·77 16 (6) 9 (7) 1·00 
       Atrial fibrillation 334 (41) 240 (50) 0·002 80 (30) 60 (44) 0·009 
       Peripheral art. disease  107 (13) 33 (7) 0·001 13 (5) 9 (7) 0·64 
       Hypertension 477 (58) 282 (58) 0·94 167 (63) 86 (63) 1·00 
       Diabetes mellitus  281 (34) 150 (31) 0·27 74 (28) 35 (26) 0·70 
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       COPD  153 (19) 83 (17) 0·57 38 (14) 14 (10) 0·31 
       Renal disease  213 (26) 119 (25) 0·66 52 (20) 26 (19) 0·98 
Physical examination (%)       
       Rales  433 (54) 205 (43) 0·001 137 (53) 68 (51) 0·85 
       Edema  387 (57) 208 (53) 0·23 111 (53) 64 (56) 0·71 
       Orthopnea 271 (33) 117 (24) 0·001 87 (33) 50 (37) 0·55 
       Hepatomegaly  141 (17) 65 (13) 0·09 30 (11) 10 (7) 0·27 
Quality of life       
       Overall score 53 [34, 70] 55 [38, 73] 0·05 43 [30, 58] 46 [32, 64] 0·15 
Laboratory data       
       NT-proBNP (pg/mL) 2527 [1132, 5003] 2435 [957, 5087] 0·40 2637 [1157, 5640] 2938 [1417, 6756] 0·21 
       Hemoglobin (g/dL) 13·8 [12·3, 14·8] 14·0 [12·7, 15·1] 0·03 12·9 [11·8, 13·9] 12·8 [11·8, 13·8] 0·84 
       Creatinine (µmol/L) 106 [88, 132] 103 [88, 128] 0·16 88 [72, 108] 88 [71, 113] 0·78 
       Sodium (mmol/L) 140 [137, 142] 140 [138, 142] 0·02 140 [138, 142] 140 [138, 142] 0·87 
       Potassium (mmol/L) 4·3 [4·0, 4·6] 4·3 [4·0, 4·6] 0·80 4·2 [3·8, 4·6] 4·2 [3·7, 4·5] 0·39 
Baseline medication (%)       
       ACE or ARB 619 (75) 369 (76) 0·70 192 (73) 99 (72) 1·00 
       B-Blocker  674 (82) 449 (93) <0·001 205 (77) 123 (90) 0·004 
       MRA 513 (62) 262 (54) 0·005 129 (49) 62 (45) 0·59 
       Diuretics 818 (99) 484 (100) 0·15 265 (100) 136 (99) 0·74 
* Coronary artery disease: previous myocardial infarction, percutaneous coronary intervention (PCI) and/or coronary artery bypass graft (CABG), BMI=body mass index, NYHA=New York Heart Association, 
LVEF=left ventricular ejection fraction, BP = blood pressure, COPD=chronic obstructive pulmonary disease, ACE=angiotensin converting enzyme inhibitor, ARB=angiotensin receptor blocker, 
MRA=mineralocorticoid receptor antagonist. 
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Table S9. The number of men and women reaching specific dose level combinations of ACE-
inhibitors/ARBs and β-blockers in BIOSTAT-CHF and ASIAN-HF. 

BIOSTAT-CHF 
 

 
 

Men 
n=1,308 

Women 
n=402 

ACE-i/ARB dose: β-blocker dose:   
Target dose  Target dose 58 (4%) 19 (5%) 
50-100%  50-100%  317 (24%) 88 (22%) 
50-100%  0-49% 393 (30%) 141 (35%) 
0-49%  50-100% 167 (13%) 49 (12%) 
0-49%  0-49% 431 (33%) 124 (31%) 
    
ASIAN-HF 
 

 
 

Men 
n=3,539 

Women 
n=961 

ACE-i/ARB dose: β-blocker dose:   
Target dose  Target dose 77 (2%) 22 (2%) 
50-100%  50-100% 384 (11%) 103 (11%) 
50-100%  0-49% 724 (20%) 194 (20%) 
0-49%  50-100% 584 (17%) 135 (14%) 
0-49%  0-49% 1790 (51%) 516 (54%) 
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Table S10. Overview of the reasons why men and women were not using target doses of ACE-
inhibitors/ARBs and β-blockers after the up-titration period of BIOSTAT-CHF. 

ACE-inhibitors/ARBs reason (%) 

Men 
n=1308 

Women 
n=402 

p-value 

On target dose 304 (23) 99 (25) 0·61 

Not on target dose 1004 (77) 303 (75) 

     Symptoms/side effects/non-cardiac organ dysfunction 118 (12) 48 (16) 0·039 

     Not-specified/unknown 886 (88) 255 (84) 

β-blockers reason (%) 

 

On target dose 168 (13) 57 (14) 0·54 

Not on target dose 1140 (87) 345 (86) 

     Symptoms/side effects/non-cardiac organ dysfunction 103 (9) 36 (10) 0·13 

     Not-specified/unknown 1037 (91) 309 (90) 

ACE=angiotensin converting enzyme inhibitor, ARB=angiotensin receptor blocker. 
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Figure S1. Flow diagram of selected patients. 

 

 
 

BIOSTAT-CHF= the BIOlogy Study to TAilored Treatment in Chronic Heart Failure, LVEF=left ventricular ejection fraction, HFrEF=heart 
failure with reduced ejection fraction.



44 
 

Figure S2. Density plot of the dose levels used in BIOSTAT-CHF (blue) and ASIAN-HF (red).
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Figure S3. Subpopulation treatment effect pattern plot (STEPP) of men and women per % of 
recommended beta-blockers (3A) and ACE-inhibitors/ARBs (3B) dose in BIOSTAT-CHF, and the ratio of 
the relative risk of women divided by the relative risk in men for beta-blockers (3C) and ACE-
inhibitors/ARBs (3D), resulting in a hazard ratio for women compared with men, including confidence 
intervals of this ratio. 
 

   3A           3B 

    3C           3D 
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Appendix S1. 

THE ASIAN-HF EXECUTIVE COMMITTEE 

• Professor A. Mark Richards (as Chairman), Cardiovascular Research Institute, National University of 
Singapore, Singapore. Email: mdcarthu@nus.edu.sg  

• Professor Carolyn S.P. Lam (as Principal Investigator), National Heart Centre Singapore, Duke-NUS 
Medical School, Singapore. Email: carolyn.lam@duke-nus.edu.sg  

• Professor Inder Anand (as Director, Publications Committee), University of Minnesota Medical School, 
VA Medical Center Minneapolis and San Diego, United States of America. Email: anand001@umn.edu 

• Dr Chung-Lieh Hung, Mackay Memorial Hospital, Taipei, Taiwan. Email: jotaro3791@gmail.com 
• Professor Lieng Hsi Ling (as Director, Echo Core Laboratory), Cardiovascular Research Institute, 

National University of Singapore, Singapore. Email: lieng_hsi_ling@nuhs.edu.sg 
• Dr Houng Bang Liew, Queen Elizabeth II Hospital, Clinical Research Center, Sabah, Malaysia. Email: 

hbliew22@gmail.com 
• Dr Calambur Narasimhan, Care Hospital, Hyderabad, India. Email: calambur@hotmail.com 
• Dr Tachapong Ngarmukos, Ramathibodi Hospital, Mahidol University, Bangkok, Thailand. Email: 

tachaponis.nga@mahidol.ac.th 
• Dr Sang Weon Park, SeJong General Hospital, Seoul, South Korea. Email: swparkmd@gmail.com 
• Dr Eugenio Reyes, Manila Doctors Hospital, Manila, Philippines. Email: eugenereyes@yahoo.com 
• Professor Bambang B. Siswanto, National Cardiovascular Center Universitas Indonesia, Jakarta, 

Indonesia. Email: bambbs@gmail.com 
• Professor Wataru Shimizu, Department of Cardiovascular Medicine, Nippon Medical School, Tokyo, 

Japan. Email: wshimizu@nms.ac.jp  
• Professor Shu Zhang, Fuwai Cardiovascular Hospital, Beijing, People’s Republic of China. Email: 

zsfuwai@vip.163.com  
 

COUNTRY AND SITE INVESTIGATORS 

China 
Fuwai Hospital: Shu Zhang (Country PI), Xiaohan Fan, Keping Chen. Ruijin Hospital, Shanghai Jiaotong 
university: Liqun Wu, Yucai Xie, Qi Jin, Tianyou Ling. The First Affiliated Hospital With Nanjing Medical 
University: Xinli Li, Fang Zhou, Yanli Zhou, Dongjie Xu, Haifeng Zhang. Zhongshan Hospital Fudan 
University: Yangang Su, Xueying Chen, Shengmei Qin, Jingfeng Wang, Xue Gong, Zhaodi Wu.  

Hong Kong 
The Chinese University of Hong Kong: Cheuk Man Yu (Country PI). 

India 
CARE Hospital: Calambur Narasimhan (Country PI), B K S Sastry, Arun Gopi, K Raghu, C Sridevi, Daljeet 
Kaur. Care Institute of Medical Sciences: Ajay Naik, Keyur Parikh, Anish Chandarana, Urmil Shah, Milan Chag, 
Hemang Baxi, Satya Gupta, Jyoti Bhatia, Vaishali Khakhkhar, Vineet Sankhla, Tejas Patel, Vipul Kapoor. Hero 
Dayanand Medical College Heart Institute: Gurpreet Singh Wander, Rohit Tandon. Medanta-The Medicity: 
Vijay Chopra, Manoj Kumar, Hatinder Jeet Singh Sethi, Rashmi Verma, Sanjay Mittal. Sir Ganga Ram Hospital: 
Jitendra Sawhney, Manish Kr. Sharma. Westfort Hi-Tech Hospital Ltd: Mohanan Padinhare Purayil. 

Indonesia 
Rumah Sakit Jantung dan Pembuluh Darah Harapan Kita: Bambang Budi Siswanto (Country PI). RS Dr Hasan 
Sadikin: Pintoko Tedjokusumo, Erwan Martanto, Erwinanto. R S Khusus Jantung Binawaluya: Muhammad 
Munawar, Jimmy Agung Pambudi. RS Siloam Karawaci: Antonia Lukito, Ingrid Pardede, Alvin Thengker, Vito 
Damay, Siska Suridanda Danny, Rarsari Surarso. 

Japan 
Nippon Medical School: Wataru Shimizu (Country PI), National Cerebral and Cardiovascular Center: Takashi 
Noda, Ikutaro Nakajima, Mitsuru Wada, Kohei Ishibashi. Kinki University Hospital Cardiovascular Center: 
Takashi Kurita, Ryoubun Yasuoka. Nippon Medical School Hospital: Kuniya Asai, Kohji Murai, Yoshiaki 
Kubota, Yuki Izumi.Toho University Omori Medical Center: Takanori Ikeda, Shinji Hisatake, Takayuki Kabuki, 
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Shunsuke Kiuchi, Tokyo Women's Medical University: Nobuhisa Hagiwara, Atsushi Suzuki, Dr. Tsuyoshi 
Suzuki.  

Korea 
SeJong General Hospital: Sang-Weon Park (Country PI), Suk Keun Hong, SookJin Lee, Lim Dal Soo, Dong-
Hyeok Kim. Korea University Anam Hospital: Jaemin Shim, Seong-Mi Park, Seung-Young Roh, Young Hoon 
Kim, Mina Kim, Jong-Il Choi. Korea University Guro Hospital: Jin Oh Na, Seung Woon Rha, Hong Seog Seo, 
Dong Joo Oh, Chang Gyu Park, Eung Ju Kim, Sunki Lee, Severance Hospital, Yonsei University Health System: 
Boyoung Joung, Jae-Sun Uhm, Moon Hyoung Lee, In-Jeong Cho, Hui-Nam Park. Chonnam National University 
Hospital: Hyung-Wook Park, Jeong-Gwan Cho, Namsik Yoon, KiHong Lee, Kye Hun Kim. Korea University 
Ansan Hospital: Seong Hwan Kim.  

Malaysia 
Hospital Queen Elizabeth II: Houng Bang Liew (Country PI), Sahrin Saharudin, Boon Cong Beh, Yu Wei Lee, 
Chia How Yen, Mohd Khairi Othman, Amie-Anne Augustine, Mohd Hariz Mohd Asnawi, Roberto Angelo 
Mojolou, You Zhuan Tan, Aida Nurbaini Arbain, Chii Koh Wong. Institut Jantung Negara: Razali Omar, Azmee 
Mohd Ghazi, Surinder Kaur Khelae, David S.P. Chew, Lok Bin Yap, Azlan Hussin, Zulkeflee Muhammad, 
Mohd. Ghazi Azmee. University Malaya Medical Centre: Imran Zainal Abidin, Ahmad Syadi Bin Mahmood 
Zhudi, Nor Ashikin Md Sari, Ganiga Srinivasaiah Sridhar, Ahmad Syadi Mahmood Zuhdi. Muhammad Dzafir 
Ismail. Sarawak General Hospital Heart Centre: Tiong Kiam Ong, Yee Ling Cham, Ning Zan Khiew, Asri Bin 
Said, Alan Yean Yip Fong, Nor Hanim Mohd Amin, Keong Chua Seng, Sian Kong Tan, Kuan Leong Yew.  

Philippines 
Manila Doctors Hospital: Eugenio Reyes (Country PI), Jones Santos, Allan Lim. Makati Medical Center: Raul 
Lapitan, Ryan Andal, Philippine Heart Center: Eleanor Lopez.  

Singapore 
National Heart Centre Singapore: Carolyn S.P. Lam (Country PI), Kheng Leng David Sim, Boon Yew Tan, 
Choon Pin Lim, Louis L.Y. Teo, Laura L.H. Chan. National University Heart Centre: Lieng Hsi Ling, Ping Chai, 
Ching Chiew Raymond Wong, Kian Keong Poh, Tan Tock Seng Hospital: Poh Shuan Daniel Yeo, Evelyn M. 
Lee, Seet Yong Loh, Min Er Ching, Deanna Z.L. Khoo, Min Sen Yew, Wenjie Huang. Changi General Hospital-
Parent: Kui Toh Gerard Leong, Jia Hao Jason See, Yaozong Benji Lim, Svenszeat Tan, Colin Yeo, Siang Chew 
Chai. Singapore General Hospital-Parent: Fazlur Rehman Jaufeerally, Haresh Tulsidas, Than Aung. Khoo Teck 
Puat Hospital: Hean Yee Ong, Lee Fong Ling, Dinna Kar Nee Soon  

Taiwan 
Mackay Memorial Hospital, Taipei, Taiwan: Chung-Lieh Hung (Country PI), Hung-I Yeh,Jen-Yuan Kuo, 
Chih-Hsuan Yen. National Taiwan University Hospital: Juey-Jen Hwang, Kuo-Liong Chien, Ta-Chen Su, Lian-
Yu Lin, Jyh-Ming Juang, Yen-Hung Lin, Fu-Tien Chiang, Jiunn-Lee Lin, Yi-Lwun Ho, Chii-Ming Lee, Po-Chih 
Lin, Chi-Sheng Hung, Sheng-Nan Chang, Jou-Wei Lin, Chih-Neng Hsu. Taipei Veterans General Hospital: 
Wen-Chung Yu, Tze-Fan Chao, Shih-Hsien Sung, Kang-Ling Wang, Hsin-Bang Leu, Yenn-Jiang Lin, Shih-Lin 
Chang, Po-Hsun Huang, Li-Wei Lo, Cheng-Hsueh Wu. China Medical University Hospital: Hsin-Yueh Liang, 
Shih-Sheng Chang, Lien-Cheng Hsiao, Yu-Chen Wang, Chiung-Ray Lu, Hung-Pin Wu, Yen-Nien Lin, Ke-Wei 
Chen, Ping-Han Lo, Chung-Ho Hsu, Li-Chuan Hsieh. 

Thailand 
Ramathibodi Hospital: Tachapong Ngarmukos (Country PI), Mann Chandavimol, Teerapat Yingchoncharoen, 
Prasart Laothavorn. Phramongkutklao Hospital:Waraporn Tiyanon. Maharaj Nakorn Chiang Mai Hospital: 
Wanwarang Wongcharoen, Arintaya Phrommintikul. 

 

 

 


