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Table S1. Characteristics of the matched HF patients. Calculations are presented as median

[Interquartile Range] or number (%). Bold indicates p< 0.05. Mann-Whitney test was used for

continuous variables, while the Chi-squared test was applied for categorical variables.

- HFrEF HFmMrEF HFpEF
Characteristics N=117 N=117 N=117 p-value
Ade - v 70.00 68.00 70.00 . E - 8;2%
ge-y [63.00-75.50] [63.75-73.00] [63.75- 75.00] ‘D = 0.6048
Female sex | P=02265
o 50 (42.7) 40 (34.2) 48 (41.0) P =0.3448
no. (%) 1P =0.8946
systolic BP 136.00 135.00 135.00 o zgfg’gg
mmHg [125.75-152.25] [123.75- 151.50] [121.00- 150.75] 'D = 0.3995
Diastolic BP - 75.00 76.00 72.00 e
mm Hg [67.00-83.00] [68.00-82.00] [64.75- 82.00] tP = 03374
Heart rate - 73.00 71.00 69.00 ool
beats/min [64.75-86.00] [60.00-80.00] [60.00-80.00] P = 0.0256
Body mass 28.69 29,62 3163 oo
. , : : : =0.
index — kg/m [24.03-31.89] [26.26-35.33] [27.67-36.07] P = 0,000
eGFR — 64.11 65.69 65.48 . E - gigfg’
ml/min/1.73m?2 [46.05-82.35] [53.62-83.69] [49.39-79.30] tP 07173
EE o 30.00 43.00 55.00 . E p 38881
° [23.75- 35.00] [41.00-46.00] [53.00-62.00] P < 00001
NT-proBNP — 969.00 482.00 658.00 . E N 8232
pg/mL [405.00-1874.70] [301.00-819.00] [317.00- 1109.00] P = 0,0500
* P =0.0002
480.00 218.00 234.00 oo
BNP — pg/mL [230.00-1277.50] [128.00-429.00] [141.75-465.75] E - 8'%%
NYHA
functional class
—no. (%)
0 3(2.6) 1(0.8) 0 (0.0) * P =0.0001
| 11(9.4) 24 (20.5) 27 (23.1) P =0.5451
I 56 (47.9) 76 (65.0) 67 (57.3) tP =0.0008
i 43 (36.8) 15 (12.9) 21 (17.9)
v 4 (3.4) 1(0.8) 2 (1.7)
Hypertension - P=10000
yperension, 78 (66.7) 77 (65.8) 69 (59.0) P =0.3448
no. (%) tP = 02792
Diabetes, no ~P=0.3506
o) 51 (43.6) 43 (36.8) 52 (44.4) P =0.2869
0 P =1.0000
*P =0.1504
CAD, no. (%) 65 (55.6) 53 (45.3) 48 (41.0) P =0.5975
tP=0.0363
P =0.6918
CKD, no. !l 52 (44.4) 48 (41.0) 49 (41.9) P =1.0000

tp=0.7918




Abbreviations: BNP=brain natriuretic peptide, BP= blood pressure, CAD= coronary artery disease, CKD=
chronic kidney disease, eGFR= estimated glomerular filtration rate, EF= ejection fraction, HF= heart failure,
HFmrEF= HF with mid-range ejection fraction, HFpEF= HF with preserved ejection fraction, HFrEF= HF with
reduced ejection fraction, NT-proBNP= N-terminal prohormone of B-type natriuretic peptide, NYHA= New York
Heart Association

*HFrEF versus HFmrEF, "THFmrEF versus HFpEF, *HFrEF versus HFpEF, SeGFR was estimated based on Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation, ICKD was defined based on the clinical
diagnosis and/or on the kidney function (eGFR<60 ml/min/1.73m?).



Table S2. Discriminatory metrics for the selected urinary biomarkers. Information is given for the top 20 peptides providing the greatest
discrimination between patients with HF (n=773) and matched controls (n=773) as well as between matched controls and patients with HFrEF (n=442),
HFmrEF (n=144), HFpEF (n=187) (as listed in Table 2). Average abundance, fold change, p-value (BH adjusted), frequency, AUC, sensitivity,
specificity, PPV and NPV are provided. Sensitivity and specificity values are given at the optimum cut-off level that was defined to maximise both

sensitivity and specificity values.

HF (n=773) versus Controls (n=773)

P CE;’r']ge pi‘éﬂ‘;e Avg. HF c (ﬁ]‘{‘ﬂds Frﬁ‘?;y';F' Freq'n((:;}[’,‘)tm's' AUC  Sensitivity Specificity PPV NPV
200005 3.96 6.75E-69 129.93 32.81 547 (71) 220 (28) 0.75 0.60 0.86 0.81 0.68
€01132 1.93 2.92E-51 7882.95 407658 772 (100) 758 (98) 0.73 0.75 0.60 0.65 0.70
£00340 212 5.12E-49 1025.07 483.00 752 (97) 616 (80) 0.72 0.84 0.49 0.62 0.75
£08489 3.00 1.23E-46 372.63 124.19 622 (80) 405 (52) 0.71 0.58 0.75 0.70 0.64
£00421 1.93 6.38E-46 958.89 497.49 726 (94) 649 (84) 0.72 0.65 0.70 0.69 0.67
¢01461 2.70 7.60E-46 1335.60 494.01 539 (70) 274 (35) 0.70 0.67 0.69 0.68 0.68
£00152 2.94 1.20E-45 89.27 30.39 480 (62) 202 (26) 0.70 0.62 0.74 0.71 0.66
016278 0.27 8.05E-45 124.00 452.62 411 (53) 577 (75) 0.71 0.54 0.81 0.74 0.64
200274 415 3.33E-44 46.91 11.30 426 (55) 165 (21) 0.69 0.54 0.81 0.74 0.64
£05864 0.33 4.82E-44 713.84 2158.39 577 (75) 659 (85) 0.71 0.49 0.86 0.78 0.63
£00134 3.38 3.61E-39 26.99 7.98 399 (52) 152 (20) 0.67 0.52 0.80 0.73 0.62
¢15360 0.32 1.74E-38 399.29 1229.79 714 (92) 711 (92) 0.70 0.51 0.81 0.74 0.63
203354 164 1.91E-37 8444.25 5157.35 758 (98) 732 (95) 0.70 0.62 0.74 0.70 0.66
£00957 272 1.13E-36 51.55 18.93 390 (50) 150 (19) 0.66 0.48 0.84 0.75 0.62
£05726 0.18 1.78E-36 57.53 314.80 268 (35) 475 (61) 0.68 0.50 0.79 0.71 0.61
204294 3.09 6.60E-34 80.44 26.01 333 (43) 102 (13) 0.65 0.43 0.87 0.7 0.60
200635 1043 9.92E-34 122.96 11.79 397 (51) 156 (20) 0.66 0.51 0.80 0.72 0.62



€00131 3.21 1.23E-30 64.76 20.20 392 (51) 174 (23) 0.65 0.51 0.78 0.70 0.61

e01767 2.63 1.43E-30 94.80 36.03 454 (59) 251 (32) 0.66 0.52 0.77 0.70 0.62

€00259 1.57 2.61E-30 223.27 142.16 725 (94) 534 (69) 0.67 0.86 0.47 0.62 0.76
HFrEF (n=442) versus Controls (n=442)

D Cﬁgrlge pi\éﬂ;e Avg.HFTEF Q}‘{?bls HFF({/I%(I:: D e ((3(%‘)”0'5' N AUC  Sensitivity Specificity PPV NPV
€00005 3.54 8.13E-39 128.37 36.27 325 (74) 133 (30) 0.75 0.67 0.80 0.77 0.70
€08489 3.35 4.21E-34 437.97 130.76 367 (83) 229 (52) 0.75 0.66 0.75 0.73 0.69
€05864 0.29 2.03E-31 607.31 2127.86 325 (74) 381 (86) 0.74 0.54 0.87 0.81 0.65
€00421 1.9 2.44E-28 980.35 514.78 421 (95) 369 (83) 0.73 0.76 0.64 0.68 0.72
€00274 3.94 5.94E-26 45.96 11.66 253 (57) 94 (21) 0.69 0.56 0.81 0.75 0.65
€00152 2.57 9.78E-26 89.74 34.91 286 (65) 119 (27) 0.70 0.64 0.75 0.72 0.67
€00134 3.64 2.15E-25 28.01 7.69 236 (53) 82 (19) 0.69 0.53 0.82 0.75 0.63
€01461 2.43 4.12E-25 1388.28 570.69 321 (73) 166 (38) 0.70 0.70 0.67 0.68 0.69
e05726 0.14 6.46E-25 45.44 313.98 146 (33) 277 (63) 0.70 0.60 0.74 0.70 0.65
€03354 1.66 6.62E-25 8773.73 5272.14 436 (99) 416 (94) 0.71 0.66 0.72 0.70 0.68
€01132 1.82 4.80E-24 7391.60 4071.86 441 (100) 434 (98) 0.71 0.72 0.61 0.65 0.68
€00340 1.94 4.86E-24 920.49 474.94 431 (98) 349 (79) 0.71 0.64 0.67 0.66 0.65
e16278 0.29 1.31E-21 128.62 449.47 241 (55) 321 (73) 0.69 0.55 0.80 0.73 0.64
€00957 2.28 2.04E-21 52.80 23.13 239 (54) 96 (22) 0.67 0.50 0.83 0.75 0.63
€08350 2.98 5.42E-21 115.71 38.87 257 (58) 117 (26) 0.68 0.54 0.79 0.72 0.63
€15360 0.32 3.18E-20 385.75 1199.27 408 (92) 398 (90) 0.69 0.50 0.84 0.76 0.63
€04294 2.92 6.80E-20 89.91 30.81 203 (46) 63 (14) 0.65 0.46 0.86 0.77 0.61
e01767 2.53 2.37E-19 102.76 40.55 271 (61) 141 (32) 0.67 0.56 0.75 0.69 0.63
€09631 3.79 9.86E-19 306.57 80.83 182 (41) 58 (13) 0.64 0.41 0.88 0.77 0.60
€02530 1.91 1.66E-17 623.12 326.96 359 (81) 278 (63) 0.68 0.62 0.70 0.68 0.65

HFmrEF (n=144) versus Controls (n=144)
D Cmge pi\éﬂl;e ’ FA%'g-EF c (ﬁ]‘{gbls HFanrfg'F, g e C((%‘)”O'S' N AUC  Sensitivity Specificity PPV NPV

(%)




00005 4.89 2.21E-12 131.66 26.93 102 (71) 39 (27) 0.76 0.63 0.88 0.84 0.70
01132 2.01 8.53E-12 7301.92 3629.68 144 (100) 140 (97) 0.77 0.69 0.76 0.75 0.71
01461 4.30 5.43E-10 1365.55 317.94 102 (71) 53 (37) 0.74 0.58 0.88 0.83 0.67
11533 0.26 5.43E-10 161.12 611.02 73 (51) 117 (81) 0.75 0.63 0.78 0.74 0.67
00152 5.17 1.83E-08 90.97 17.58 86 (60) 37 (26) 0.71 0.52 0.87 0.81 0.64
00153 5.73 5.07E-08 86.20 15.03 76 (53) 27 (19) 0.69 0.50 0.88 0.81 0.63
00340 2.03 5.17E-08 967.78 475.83 138 (96) 118 (82) 0.72 0.81 0.56 0.65 0.74
00421 1.99 6.53E-08 947.30 475.40 134 (93) 125 (87) 0.72 0.59 0.77 0.73 0.65
00131 3.98 8.58E-08 75.78 19.04 82 (57) 31(22) 0.69 0.56 0.79 0.74 0.64
00274 4.20 9.83E-08 49.67 11.83 81 (56) 33 (23) 0.69 0.49 0.87 0.80 0.63
00957 3.81 1.19E-07 56.12 14.73 79 (55) 29 (20) 0.69 0.50 0.88 0.81 0.63
15365 0.15 1.19E-07 34.38 233.21 52 (36) 94 (65) 0.70 0.61 0.74 0.71 0.65
15360 0.31 1.24E-07 400.89 1301.42 130 (90) 134 (93) 0.72 0.55 0.85 0.80 0.65
00635 8.62 5.53E-07 83.85 9.73 76 (53) 27 (19) 0.68 0.52 0.83 0.76 0.63
605726 0.18 1.22E-06 57.30 326.91 48 (33) 88 (61) 0.69 0.58 0.76 0.72 0.64
09631 6.78 1.37E-06 277.82 40.98 57 (40) 15 (10) 0.65 0.37 0.92 0.84 0.59
16278 0.23 1.52E-06 115.63 492.83 81 (56) 107 (74) 0.70 0.55 0.80 0.74 0.64
02352 2.74 2.52E-06 107.44 39.27 80 (56) 30 (21) 0.67 0.55 0.80 0.74 0.64
03354 1.66 3.10E-06 8531.45 5154.94 141 (98) 138 (96) 0.70 0.58 0.81 0.76 0.65
06138 7.00 3.36E-06 95.79 13.69 48 (33) 10 (7) 0.64 0.33 0.94 0.87 0.58
HFpEF (n=187) versus Controls (n=187)

D Cr']:;r!(;e p;‘éﬂ‘;e Avg. HFpEF C(fr‘l\;%(.)ls HFF(EE%, n HiEg), ((:(;(r)l)trols, n AUC Sensitivity Specificity PPV NPV
00340 2.59 1.80E-14 1316.37 507.57 183 (98) 149 (80) 0.76 0.57 0.83 0.77 0.65
16278 0.28 3.00E-14 119.54 429.09 89 (48) 149 (80) 0.75 0.71 0.73 0.73 0.71
£00005 4.53 3.78E-13 132.29 29.17 120 (64) 48 (26) 0.73 0.57 0.89 0.84 0.67
€01132 2.14 7.49E-13 9491.74 4431.87 187 (100) 184 (98) 0.75 0.63 0.74 0.71 0.66
00635 11.88 2.13E-10 93.29 7.86 98 (52) 30 (16) 0.69 0.52 0.86 0.79 0.64
€00152 2.94 1.71E-08 86.85 2957 108 (58) 46 (25) 0.68 0.58 0.75 0.71 0.64



€00259 1.74 3.26E-08 242.03 139.23 179 (96) 129 (69) 0.70 0.89 0.47 0.63 0.80

01461 2.65 3.26E-08 1188.04 448.38 116 (62) 55 (29) 0.68 0.60 0.74 0.70 0.65
e18263 0.16 4.10E-08 6.19E+01 3.87E+02 24 (13) 79 (42) 0.65 0.42 0.89 0.80 0.60
15360 0.34 5.46E-08 430.06 1246.78 176 (94) 179 (96) 0.69 0.83 0.45 0.60 0.72
€00274 4.69 6.17E-08 47.04 10.03 92 (49) 38 (20) 0.66 0.47 0.87 0.79 0.62
02641 8.55 7.16E-08 173.40 20.29 66 (35) 15 (8) 0.64 0.35 0.92 0.83 0.59
00421 1.94 1.91E-07 917.09 473.63 171 (91) 155 (83) 0.69 0.58 0.73 0.69 0.63
01453 2.45 1.96E-07 49.32 20.15 108 (58) 48 (26) 0.67 0.57 0.75 0.70 0.63
00134 2.76 2.67E-07 26.19 9.49 91 (49) 35 (19) 0.66 0.48 0.82 0.73 0.61
€08489 2.97 5.72E-07 285.11 95.91 141 (75) 98 (52) 0.68 0.64 0.66 0.66 0.64
e00637 2.64 6.01E-07 242.81 91.90 138 (74) 98 (52) 0.67 0.59 0.71 0.68 0.63
03389 0.47 1.09E-06 1154.04 2446.40 155 (83) 162 (87) 0.68 0.53 0.78 0.71 0.62
e07917 2.69 1.09E-06 155.05 57.73 108 (58) 56 (30) 0.66 0.55 0.74 0.69 0.62
€02352 3.14 1.34E-06 133.52 4251 86 (46) 35 (19) 0.65 0.43 0.84 0.74 0.59

Abbreviations: AUC = area under the receiver operating characteristic curve, Avg. abundance = average peptide abundance, BH=Benjamini-Hochberg, Freq.= frequency, HF=
heart failure, HFmrEF= heart failure with mid-range ejection fraction, HFpEF= heart failure with preserved ejection fraction, HFrEF= heart failure with reduced ejection fraction,
NPV = negative predictive value, PPV = positive predictive value.

Peptides are ordered by increasing p-value in respective comparisons.
Underscore indicates overlapping peptides between presented comparisons.
Peptides higher in disease are labeled in green, lower in red.



Table S3. Distribution of peptides by original cohort. Analysis was performed for the three most representative HF cohorts with the highest number
of patients (i.e. Campbell et al. 2020 (n= 449), Futter et al. 2011 (n=231), and Rossing et al. 2016 (n=91)). Information is given for the top 20 peptides
providing the greatest discrimination between patients with HF (n=773) and controls (n=773). Average abundance, fold change and frequency in each
analysed cohort are given. Differences in peptide abundance between three groups was evaluated using Kruskal-Wallis test, followed by post-hoc

analysis using Dunn test with Bonferroni method for p-value adjustment.

Avg. abundance Fold change Frequency p-value (post hoc test)
. HF-

Campbell  HF - Futter

HF- HF- HF- HF HF - HF p-value HF - HF - He- Gl Tetaletal 201

Peptide HF - HF - HE - Campbell Futter et Rossing et (n=773) Campbell HF- Rossing (Kruskal- Campbell ¢ r ot Rossing 2020 2020 v
1D Campbell Futter et Rossing et Controls et al. 2020 al. 2011 al. 2016 vs et al Futter et etal Controls, Wallis) etal. al. 2011 etal. vs Vs HF -
et al. 2020 al. 2011 al. 2016 (n=773) ' ' ’ ’ al. 2011, n ’ n (%) 2020 ' 2016 HF - Rossing et
_ - = Vs 'S Vs Controls 2020, n 2016, n 'S HF - .
(n=449) (n=231) (n=91) Controls Controls Controls (n=773) (%) (%) (%) Vs Controls Vs Futter et Rossing al.
- ° Controls Controls etal. 2016
al. 2011
2016

€00005 109.82 187.43 85.23 3281 3.35 5.71 2.60 3.96 330(73)  159(69)  57(63) 220(28) B.98E-73 7.51E-53 9.00E-43  127E-08  7.85E-01  173E-01  153E-02
e01132 7567.23 9533.62 5334.46 4076.58 1.86 234 131 1.93 449 (100)  230(100) 91 (100) 758(98) 3.25E-57 9.64E-4l  7.27E-36  3.91E-03  4.15E-01  140E-03  2.45E-05
00340 100283  1225.14 631.76 483.00 2.08 2.54 131 212 444(99)  218(94)  88(97) 616(80) B.54E-56 7.42E-44  4.68E-30  858E-02 100E+00  6.59E-06  9.46E-06
e08489 432.81 239.39 420.69 12419 3.49 1.93 3.39 3.00 367(82)  171(74)  82(90) 405(52) 3.58E-54 125E-49  419E-09  9.18E-15 1.01E-06 100E+00  3.97E-03
€00421 915.62 1110.16 792.83 497.49 1.84 2.23 1.59 1.93 430(96)  206(89)  88(97)  649(84) 109E-47 842E-37 458E-26  197E-06 L100E+00 5.46E-01  3.24E-01
€01461 1369.00 1411.32 1007.98 494.01 277 2.86 2.04 2.70 308(69)  167(72)  64(70) 274(35) 111E-47 202E-35 1.13E-26 4.85E-08 100E+00 1.00E+00  9.46E-01
€00152 83.46 113.23 57.82 3039 2.75 3.73 1.90 2.94 275(61)  144(62)  60(66) 202(26) 3.22E-47 289E-33  4.90E-28  149E-08  9.68E-01 100E+00  9.52E-01
e16278 12477 109.99 153.79 452.62 0.28 0.24 0.34 0.27 255 (57) 99(43)  56(62) 577(75) 170E-47 332E-31 142E-31  891E-07 115E-01  1.00E+00  8.12E-02
e00274 39.68 68.75 2818 11.30 3.51 6.00 2.50 4.15 259 (58)  127(55)  40(44)  165(21) 3.18E-47 5.88E-36  3.20E-27 2.04E-04 100E+00 6.67E-02  2.01E-02
e05864 461.11 1209.12 679.37 2158.39 021 056 031 0.33 303(67)  198(86)  74(8l)  659(85) 5.63E-61 2.84E-60 B57E-04 348E-09  6.88E-17  6.73E-02  7.08E-03
e00134 2712 29.90 19.38 7.98 3.40 3.75 2.43 3.38 249(55) 107 (46)  42(46) 152 (20) 4.63E-41  101E-36  240E-16  2.18E-05 6.74E-01  194E-01  1.00E+00
e15360 360.56 461.01 436.60 1229.80 0.29 0.37 0.36 0.32 420(94)  210(91)  82(90)  711(92) 3.93E-41 142E-38 9.08E-12  2.07E-07 129E-02 872E-01  1.00E+00
e03354 833334 849899  896LS0  5157.35 162 165 174 1.64 444(99)  221(96)  91(100) 732(95) 168E-38  L109E-27  7.12E-19  L119E-11  L1.00E+00 L1.00E+00  1.00E+00



e00957 5091 56.22 43.98 18.93 2.69 2.97 2.32 2.72 257 (57) 83(36)  50(55) 150 (19) 288E-41 B8.14E-39 2.26E-08 9.82E-10  167E-04 1.00E+00  188E-01
e05726 17.76 127.63 71.96 314.80 0.06 0.41 0.23 0.18 86 (19) 138(60)  42(46) 475(61) 5.05E-58 5.28E-58  8.87E-02  833E-05 532E-21  L19GE-04  9.45E-02
e04294 85.67 79.88 57.83 26.01 3.29 3.07 2.22 3.09 195(43) 100 (43)  38(42) 102 (13) 131E-34 653E-27 B8.75E-18  4.67E-07 100E+00 1.00E+00  1.00E+00
e00635 87.26 217.09 62.04 11.79 7.40 18.42 5.26 10.43 236(53)  125(54)  35(38)  156(20) G5.92E-38 L100E-25 O.16E-26  6.96E-02  2.33E-01  130E-02  1.60E-04
e00131 43.55 112.11 50.08 20.20 2.16 5.55 2.48 3.21 213(47)  131(57)  47(52) 174(23) 3.94E-36 4.35E-15 157E-30  4.04E-07 6.78E-06  1.00E+00  159E-01
e01767 104.22 71.35 108.62 36.03 2.89 1.98 3.02 2.63 271(60)  116(50)  65(71)  251(32) 1.04E-33 276E-28 147E-07 10SE-12  144E-02 100E+00  7.76E-03
€00259 211.34 280.19 132.13 142.17 1.49 1.97 0.93 1.57 427(95)  215(93)  81(89) 534 (69) 5.47E-38  3.28E-23  4.80E-27  1.00E+00  3.88E-02  5.10E-05  L1.97E-08

Abbreviations: Avg. abundance = average peptide abundance, HF= heart failure.

Peptides are ordered by increasing p-value in HF versus controls.

Peptides higher in disease are labeled in green, lower in red.

P-value<0.05 are bolded.



Table S4. Distribution of peptides in patients enrolled with acute (n=89) and chronic HF (n=682). Information is given for top 20 peptides

providing the greatest discrimination between patients with HF (n=773) and controls (n=773). Average abundance, fold change and frequency in each

analysed group are given. Peptide abundance between three groups was evaluated using Kruskal-Wallis test, followed by post-hoc analysis using

Dunn test with Bonferroni method for p-value adjustment.

Avg. abundance Fold change Frequency p-value (post hoc test)
Peptide . Acute HF  Chronic . prvale . Acute HF Chronic
ID Acute  Chronic . Vs HE vs HF vs Acute HF,  Chronic  Controls, (}S\xﬁi‘;l vs Chronic  Acute HF UE vs

HF HF Controls Controls Controls n (%) HF, n (%) n (%) HE vs Controls Controls
e00005 85.49 136.00 32.81 2.61 4.14 3.96 61 (69) 485 (71) 220 (28) 1.26E-72 2.33E-01 7.97E-11 7.88E-72
e01132 7198.85 798342  4076.58 1.77 1.96 1.93 89 (100) 681 (100) 758 (98) 1.02E-53 1.00E+00 1.19E-11 1.44E-51
e00340 986.14 1030.79 483.00 2.04 2.13 2.12 88 (99) 662 (97) 616 (80) 3.13E-51 1.00E+00 3.96E-13 5.06E-48
e08489 501.79 356.68 124.19 4.04 2.87 3.00 78 (88) 542 (79) 405 (52) 2.18E-50 3.30E-02 4.54E-19 6.34E-43
e00421 835.19 975.62 497.49 1.68 1.96 1.93 87 (98) 637 (93) 649 (84) 3.40E-48 8.30E-01 2.91E-08 1.63E-47
e01461 1407.64 1330.12 494.01 2.85 2.69 2.70 50 (56) 489 (72) 274 (35) 3.61E-49 1.39E-01 2.14E-06 2.62E-49
e00152 62.22 92.89 30.39 2.05 3.06 2.94 50 (56) 429 (63) 202 (26) 2.76E-48 2.96E-01 5.46E-07 3.61E-48
el6278 98.34 127.08 452.62 0.22 0.28 0.27 53 (60) 357 (52) 577 (75) 8.11E-47 1.00E+00 4.25E-11 1.56E-44
e00274 39.85 47.97 11.30 3.53 4.25 4.15 49 (55) 377 (55) 165 (21) 1.68E-46 1.00E+00 7.65E-09 1.89E-45
e05864 389.50 752.94 2158.39 0.18 0.35 0.33 60 (67) 515 (76) 659 (85) 1.54E-48 2.71E-03 4.60E-21 3.01E-39
e00134 26.12 27.16 7.98 3.27 3.40 3.38 48 (54) 350 (51) 152 (20) 7.50E-41 1.00E+00 5.48E-09 2.14E-39
£15360 276.93 41564  1229.79 0.23 0.34 0.32 87 (98) 625 (92) 711 (92) 3.91E-41 6.91E-02 1.18E-15 3.31E-35
e03354 7420.82  8592.35  5157.35 1.44 1.67 1.64 89 (100) 667 (98) 732 (95) 2.48E-40 8.35E-02 1.24E-04 8.68E-41
00957 44.02 52.68 18.93 2.33 2.78 2.72 47 (53) 343 (50) 150 (19) 1.81E-38 1.00E+00 7.85E-09 6.01E-37
e05726 15.92 62.44 314.80 0.05 0.20 0.18 16 (18) 250 (37) 475 (61) 1.76E-40 5.57E-03 5.88E-18 1.25E-32
04294 67.32 82.39 26.01 2.59 3.17 3.09 35 (39) 298 (44) 102 (13) 1.03E-35 1.00E+00 1.68E-06 2.86E-35
e00635 143.00 120.59 11.79 12.13 10.23 10.43 48 (54) 348 (51) 156 (20) 3.89E-35 1.00E+00 4.97E-08 7.48E-34
e00131 29.47 69.48 20.20 1.46 3.44 3.21 39 (44) 352 (52) 174 (23) 1.97E-33 3.06E-02 4.59E-03 4.29E-34
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e01767 79.53 96.90 36.03 2.21 2.69 2.63
€00259 180.68 228.09 142.16 1.27 1.60 1.57

49 (55)
84 (94)

403 (59)
639 (94)

251 (32)
534 (69)

5.27E-32
4.44E-32

8.15E-01
2.35E-01

2.51E-05
3.73E-04

6.36E-32
1.90E-32

Abbreviations: Avg. abundance = average peptide abundance, HF= heart failure.
P-value<0.05 are bolded.
Peptides higher in disease are labeled in green, lower in red.
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Table S5. Urinary peptide differences between HF subtypes. Significantly different peptides between HFrEF (n=117) and HFpEF (n=117) matched

for sex, age, eGFR, systolic and diastolic blood pressure, diabetes and hypertension are listed, along with peptide characteristics (mass, retention time,

sequence), frequency, average abundance and p-value (BH adjusted). Discriminatory metrics i.e. AUC, sensitivity, specificity, PPV and NPV are

given. Significant peptides were defined as passing the criterion of p<0.05 and the frequency threshold of 30%. Peptides are sorted by increasing p-

value.
Mass CE HFrEF (n=117) HFpEF (n=117)
ID [Da] trL]r?: Sequence Protein name Freq. n AVD. Freq. n AVG. p-value AUC  Sensitivity  Specificity PPV NPV
[min] (%) abundance (%) abundance
Peptidoglycan
11211  2187.99  27.08 MGNYMDRVPTPQAIRAAQGL recognition 91 (78) 365.34 106 (91) 714.24 211E-03 067 0.79 0.50 061 069
protein 1
Collagen alpha-
12945 2423 33.98 DGpPQGPPGSVGSVGGVGEKGEPGEAGN 10) chain 24 (21) 25.54 52 (44) 84.60 7.83E-03  0.63 0.44 0.80 070 059
el1554 223492  32.98 GRTGDAGPVGPPGPpGppGpPGPPS Co'l'?geghzzﬁha' 29 (25) 4356 56 (48) 174.38 8.52E-03  0.63 0.42 0.83 072 058
el1726 225896  26.79 PGVVGPQGAAGETGPMGERGHpGP coz'ggg’”cﬁ;‘:ga 102 (87) 810.65 107 (91) 1490.21 8.57E-03  0.66 0.59 0.68 065 062
06356  1600.7  40.07 PGVGERGppGpqGPPGP* (i‘())'('f}’ﬁ?) i'ﬁ:lf] 44 (38) 90.20 69 (59) 290.02 145E-02  0.64 0.29 0.94 085 057
00307 87639 351 GPpGpPGPpG Coz'zf%”cﬁgﬁ’ga 59 (50) 147.94 79 (68) 417.43 1.75E-02  0.64 0.34 091 080 058
17438 330251 3084 AGRpGEVGpPGpPGPAGEKGSPGADGPAGAPGTPGPQG Co'l"zgeghg'iﬁha' 23 (20) 43.19 48 (41) 125.05 229E-02  0.61 0.38 0.84 071 057
€06468 161276  23.41 ApGSKGDTGAKGEPGPVG Co'l'?gec”hg'iﬁha' 43 (37) 4186 19 (16) 10.93 254E-02 0,61 0.37 0.84 070 057
09008 188587  21.25 GNAGPpPGPpGPAGKEGGKGPR Co'l'?geghz'igha' 77 (66) 125.00 51 (44) 57.33 254E-02  0.63 0.56 0.67 063 060
15611 289233  34.39 TGPQGpIGAPGPSGADGEPGPRGQQGLFGQ* Coi'(@)egha;?nha' 60 (51) 197.48 81 (69) 503.18 263E-02  0.63 0.38 0.85 073 057
e17994 344354 2567 PGPPGTSGHPGSPGSPGYQGPPGEPGUAGPSGPPGPPGA* Col'z?ﬁincs;?;‘a 73 (62) 204.24 88 (75) 40451 323E-02  0.63 0.60 0.65 064 061
10657 210191 22 AEGSpGRDGSpGAKGDRGETGp Co'l'?geghg'iﬁha' 93 (79) 436.18 103 (88) 782.44 404E-02 063 071 0.52 060 064
06511 161672  40.24 PGMFPSGTPGGPYGGAAP Peflin 47 (40) 92.26 69 (59) 206.50 434E-02 062 0.55 0.68 064 060
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Abbreviations: AUC = area under the receiver operating characteristic curve, Avg. abundance = average peptide abundance, BH= Benjamini-Hochberg, Freq.= frequency,
HF= heart failure, HFpEF= HF with preserved ejection fraction, HFrEF= HF with reduced ejection fraction, NPV = negative predictive value, PPV = positive predictive value.

*Post-translational modification: deamidation (Q)

13



Table S6. List of the shortlisted in silico predicted proteases. Proteases that did not meet the criteria for shortlisting (i.e. at least one protease/CS

association reported in the literature and the percentage of cleavage events above 1%) are marked in gray.

HF versus Controls

HFrEF versus Controls

HFmrEF versus Controls

HFpEF versus Controls

k] 5 > T 3 <) T 3B <) ? S S
Protease Name GE)U) %U) 8 %% qE)U) gm 8 %E ngm gm 8 %g Em gm 8 %g
80 30 § o9 80 30 § =g 80 80O g o9 20 50 g =g
) a S O o S ) o S ) a S
H* I+ > H* H* > H* H* > 3+ H* >
A disintegrin and meta}llopro_teinase with 2 308 310 231 2 254 256 298 1 113 114 231
thrombospondin motifs 4
Calpain-1 catalytic subunit 2 857 859  6.39 2 720 722 6.44
Calpain-2 catalytic subunit 2 856 858  6.38 2 709 711 6.34
Cathepsin B 2 583 585  4.35 2 483 485 4.33 2 226 228 4.61
Cathepsin K 21 382 403  3.00 16 314 330 2.94 8 151 159 3.22 8 147 155 3.01
Cathepsin L1 3 686 689  5.13 4 579 583 5.20 1 276 277 5.60 1 270 271 5.27
Cathepsin S 9 661 670  4.98 9 557 566 5.05 6 246 252 5.10 4 259 263 5.11
Meprin A subunit alpha 1 250 251 5.08
Interstitial collagenase 9 222 231 1.72 183 188 1.68 4 80 84 1.70 75 80 155
Macrophage metalloelastase 11 755 766 5.70 640 649 5.79 3 267 270 5.46 282 287 558
Collagenase 3 58 351 409  3.04 51 305 356 3.18 20 128 148 2.99 21 120 141 274
Matrix metalloproteinase-14 14 537 551 4.10 12 459 471 4.20 8 193 201 4.06 5 196 201 391
72 kDa type IV collagenase 42 338 380 2.83 33 295 328 2.93 18 121 139 2.81 13 116 129 251
Matrix metalloproteinase-25 24 383 407  3.03 18 336 354 3.16 10 125 135 2.73 8 165 173 3.36
Stromelysin-1 13 538 551  4.10 12 465 477 4.26 188 194 3.92 4 194 198 3.85
Matrilysin 2 854 856  6.37 2 719 721 6.43 322 324 6.55 1 337 338 6.57
Neutrophil collagenase 14 382 396 2.95 10 323 333 2.97 139 144 291 148 153  2.97
Matrix metalloproteinase-9 69 896 965 7.18 60 760 820 7.32 25 331 356 7.20 27 339 366 7.11
Total # of retrieved CS 13441 11209 4945 5146

Abbreviations: CS= cleavage site, HF= heart failure, HFmrEF= HF with mid-range ejection fraction, HFpEF= HF with preserved ejection fraction, HFrEF= HF with

reduced ejection fraction.
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Figure S1. Workflow for matching patients with HF. Participants diagnosed with HFrEF
(n=442), HFmrEF (n=144), HFpEF (n=187) were matched for sex, age, eGFR, systolic and
diastolic blood pressure, diabetes and hypertension. This resulted in the selection of 117
individuals in each group.

* When performing matching for patients with HFmrEF and HFpEF, HFmrEF patients that
have been matched to HFrEF were considered. "When performing matching for patients with
HFrEF and HFpEF, HFrEF patients that have been matched to HFmrEF were considered,

similarly *HFpEF that have been matched to HFmrEF were considered.

Subjects with HFrEF Matched for age, sex, eGFR, SBP, | Subjects with HFmrEF
(n=442) DBP, hypertension, diabetes (n=144)

* Case/ Control Ratio 1:1 ‘
Matched subjects with Matched subjects with
HFrEF (n=117) HFmreF (n=117)

Subjects with HFmrEF Matched for age, sex, eGFR, SBP, Subjects with HFpEF
(n=117) * DBP, hypertension, diabetes (n=187)
* Case/ Control Ratio 1:1 ‘

Matched subjects with Matched subjects with
HFmrEF (n=117) HFpEF (n=117)
Subjects with HFrEF Matched for age, sex, eGFR, SBP, Subjects with HFpEF
(n=117)" DBP, hypertension, diabetes (n=117) *

& Case/ Control Ratio 1:1 ‘
Matched subjects with Matched subjects with
HFrEF (n=117) HFpEF (n=117)
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Figure S2. Analysis of HF patients stratified by cohort. Analysis was performed for three
cohorts with the highest number of HF patients (i.e., Campbell et al. 2020 (n= 449), Futter et al. 2011
(n=231), and Rossing et al. 2016 (n=91)). Results are provided for peptides found to be significantly
different between all patients with HF (n=773) and controls (n=773) including 577 peptides (A and B)
and, separately, the 20 peptides with the greatest discrimination between HF and controls (C).
Correlation of (A) the peptide fold changes calculated in selected cohorts and in the complete HF cohort
(n=773), in comparison to all controls included in the study and (B) average peptide abundance in three
HF cohorts. (C) Box-plots displaying peptide abundance per cohort. Peptide abundance for the controls

(n=773) is provided as a comparator. Mean is indicated with a red diamond.
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Figure S3. Analysis of HF patients stratified based on the enrolment status (acute and
chronic HF). (A) Correlation of peptides significantly different between HF and controls when
comparing average peptide abundance observed in patients with acute (n=89) and chronic HF
(n=682). (B) Distribution of abundance for top 20 peptides exhibiting greatest discrimination
between HF and controls (Table 2) in patients with acute and chronic HF and controls. Mean

is indicated with a red diamond.
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Figure S4. Comparison of CKD and HF associated urinary peptides. (A) The comparison
was performed between 273 CKD associated peptides defined previously when comparing patients with
CKD and normal controls (Good et al., 2010) and 577 HF associated peptides defined in this study. 71
peptides were found overlapping between these two sets of biomarkers. (B) Correlation analysis of fold

changes for 71 common peptides is presented.
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Figure S5. Summary of the consensus clustering results. Segregation of patients with HF only into clusters for k = 2-8 solutions. Percentage

of patients assigned to the class is given. Chi-squared test was applied to assess differences in the distribution of patients within the class.
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Figure S6. Performance of biomarker panels discriminating between HF subtypes. The
urinary peptidomics data from patients with HFrEF (n=117), HFmrEF (n=117) and HFpEF
(n=117) matched for sex, age, eGFR, SBP, DBP, diabetes and hypertension, were randomly
divided into two sets (training set, n=70 and test set, n=47). Thirty peptides with the highest
AUC were selected in the training set (in each pairwise analysis separately) and combined using
SVM, followed by optimisation of SVM parameters. Performance of biomarkers was assessed
in the test set. Receiving operating characteristics analysis based on test set data was conducted
for combination of biomarkers discriminating (A) patients with HFrEF (n=47) from patients
with HFmrEF (n=47), (B) patients with HFmrEF (n=47) from patients with HFpEF (n=47) and
(C) patients with HFrEF (n=47) from patients with HFpEF (n=47). Information on specificity
and sensitivity of the model at the pre-specified cut-off (based on the Youden index J) is

provided.

A) HFrEF versus HFmrEF B) HFmrEF versus HFpEF C) HFrEF versus HFpEF
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Figure S7. Urinary peptides differences between HF subtypes and controls. VVolcano plot
showing distribution of the identified sequenced peptides between matched controls and
patients with HFrEF, HFmrEF and HFpEF. Directionality of the difference, magnitude as well
as significance level (BH adjusted p-value) are displayed. Discrimination between collagen and
non-collagen derived peptides is provided. Peptides originated from proteins for which at least
10 significant peptides were identified (p<0.05, BH adjusted) when comparing all patients with
HF and controls are color-coded. Peptides with p<0.05 (BH adjusted) are marked in grey.
Abbreviations: COL1A1= Collagen alpha-1(l) chain; COL1A2= Collagen alpha-2(l) chain;
COL2A1= Collagen alpha-1(1) chain; COL3A1= Collagen alpha-1(lll) chain; FGA=

Fibrinogen alpha chain; UMOD= Uromodulin.
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Supplementary methods. Detailed information on CE-MS analysis, peptide sequencing as

well as bioinformatics are provided.

CE-MS

Preparation and measurements of urine samples using CE-MS were conducted as described
previously (1). Briefly, 0.7 mL urine was diluted with 0.7 mL of an aqueous solution of 2 M
urea, 10 mM NH4OH, and 0.02 % sodium dodecyl sulfate. To remove proteins of higher
molecular mass, the sample was filtered using Centrisart ultracentrifugation filter devices (20
kDa molecular weight cut-off; Sartorius, Germany), followed by desalting using a PD-10
desalting column (GE Healthcare, Germany) and lyophilisation. Lyophilized samples were
resuspended in HPLC-grade water shortly before analysis. CE-MS analysis was performed with
a P/ACE MDQ CE (Beckman Coulter, USA) coupled to a micro-TOF-MS (Bruker Daltonic,
Germany). RAW MS data were evaluated using MosaFinder (2) applying a probabilistic
clustering algorithm and using both isotopic distributions and conjugated masses for charge
state determination. Peptide mass, migration time, and signal intensity were calibrated using
internal urinary standard peptides to assure the comparability between different datasets.
Specifically, TOF-MS data were calibrated utilizing a list of reference masses applying linear
regression. CE-migration time was calibrated using a locally weighted regression algorithm
with internal standard peptides as reference. The signal intensity was normalised using a linear
regression based on 29 collagen fragments that are generally not affected by disease and serve
as internal standards, described in detail in (3). This enabled correction for variability of

migration time and intensity. Missing values were interpreted as zero.

Sequencing of peptides
Identified HF biomarkers were assigned in silico to sequenced peptides from the Human

Urinary Proteome database as described elsewhere (2). Briefly, urinary peptides were
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fragmented using Orbitrap MS coupled to CE or liquid chromatography (4). Fragmentation
spectra were matched to the protein sequences from up-to-date databases (International Protein
Index (5), Reference sequence database at NCBI (6) and UniProt Knowledgebase (7)) using
Proteome Discoverer 1.4 (Thermo Scientific, Bremen, Germany). The following search
parameters were applied: 1) precursor mass tolerance: 5 ppm, 2) fragment mass tolerance: 50
mDa and 3) variable post-translational modifications: hydroxylation of lysine and proline, and

oxidation of methionine.

Bioinformatic analysis

Proteases responsible for the generation of the urinary peptide fragments were predicted using
Proteasix (8). Protease/cleavage site associations were retrieved based on matching against
cleavage site associations from the literature as well as the probability of cleavage by a protease
based on MEROPS specificity matrices. Predicted proteases as well as proteins corresponding
to sequenced urinary peptides were included as an input for functional analysis. Functional
analysis was performed with the Metascape (9), with Reactome Gene Sets used as an ontology
source. All genes in the genome were used as the enrichment background. Terms with a p-value
< 0.01, a minimum count of 3, and an enrichment factor > 2.5 were collected and grouped into
clusters based on their membership similarities. P-values were calculated based on the
accumulative hypergeometric distribution, followed by Benjamini-Hochberg adjustments.
Kappa scores were used as the similarity metric when performing hierarchical clustering on the
enriched terms, and sub-trees with a similarity of >0.3 were considered a cluster. The most
statistically significant term within a cluster was chosen to represent the cluster. To capture the
relationship between the terms, a subset of enriched terms was selected and rendered as a
network plot, where terms with a similarity >0.3 are connected by edges. The network was

visualized using Cytoscape (v3.5.0) (10).
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