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BACKGROUND: Although several studies have addressed plasma proteomics in heart failure with preserved ejection fraction, 
limited data are available on the prognostic value of urinary proteomics. The objective of our study was to identify urinary pro-
teins/peptides associated with death and heart failure admission in patients with heart failure with preserved ejection fraction.

METHODS AND RESULTS: The study population included participants enrolled in TOPCAT (Treatment of Preserved Cardiac 
Function Heart Failure With an Aldosterone Antagonist Trial). The relationship between urine protein levels and the risk of death 
or heart failure admission was assessed using Cox regression, in both nonadjusted analyses and adjusting for urine creatinine 
levels, and the MAGGIC (Meta-Analysis Global Group in Chronic Heart Failure) score. A total of 426 (12.4%) TOPCAT partici-
pants had urinary protein data and were included. There were 40 urinary proteins/peptides significantly associated with death 
or heart failure admission in nonadjusted analyses, 21 of which were also significant adjusted analyses. Top proteins in the 
adjusted analysis included ANGPTL2 (angiopoietin-like protein 2) (hazard ratio [HR], 0.5731 [95% CI, 0.47–0.7]; P=3.13E-05), 
AMY2A (α amylase 2A) (HR, 0.5496 [95% CI, 0.44–0.69]; P=0.0001), and DNASE1 (deoxyribonuclease-1) (HR, 0.5704 [95% 
CI, 0.46–0.71]; P=0.0002). Higher urinary levels of proteins involved in fibrosis (collagen VI α-1, collagen XV α-1), metabolism 
(pancreatic α-amylase 2A/B, mannosidase α class 1A member 1), and inflammation (heat shock protein family D member 1, 
inducible T cell costimulatory ligand) were associated with a lower risk of death or heart failure admission.

CONCLUSIONS: Our study identifies several novel associations between urinary proteins/peptides and outcomes in heart failure 
with preserved ejection fraction. Many of these associations are independent of clinical risk scores and may aid in risk strati-
fication in this patient population.
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Heart failure (HF) with preserved ejection fraction 
(HFpEF) represents approximately half of all HF 
diagnoses, and the rate of HFpEF is increasing 

relative to HF with reduced ejection fraction.1,2 Unlike 
heart failure with reduced ejection fraction, there are 

no medical therapies that have been established to re-
duce all-cause mortality in HFpEF.

Broad proteomics discovery approaches can reveal 
novel biomarkers of risk in patients with HFpEF, which 
could lead to the identification of novel therapeutic 
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targets, or prognostic biomarkers that could aid in risk 
stratification in clinical research and practice. Although 
previous studies have focused on plasma proteomics 
approaches in HFpEF,3–15 data on urinary proteomics 
are scarce, with only 1 study assessing differences 
in urinary proteins between participants with HF and 
controls.16 Data on the prognostic value of UPPs (uri-
nary proteins/peptides) in HFpEF are not available.

UPPs have the advantage of being noninvasive, 
inexpensive to collect, and usually without side ef-
fects or complications.17 Previous urinary biomarker 
studies have identified urine peptides associated with 
coronary artery disease, kidney disease, and arterial 
stiffness.18,19 Of note, the urinary proteome contains in-
formation not only from the kidney and the urinary tract 
but also from other organs via glomerular filtration of 
some plasma proteins.20

In this study, we performed de novo urinary pro-
tein/peptide measurements in frozen urine samples 
available from 426 participants enrolled in TOPCAT 
(Treatment of Preserved Cardiac Function HF with an 
Aldosterone Antagonist Trial). We evaluated the rela-
tionship between urine biomarker levels and the risk 
of the death or HF-related hospital admission (DHFA) 
in this cohort.

METHODS
The raw data and analytical methods of this article are 
not publicly available for purposes of reproducing the 
results or replicating the procedures. These data might 
be available subject to the establishment of appropri-
ate data-sharing agreements and regulatory approv-
als. The parent TOPCAT data are available through the 
US National Institutes of Health BioLINCC website.

Study Population
Individuals included in this analysis were participants of 
TOPCAT. TOPCAT was a multicenter, double-blinded, 
placebo-controlled randomized control trial of spirono-
lactone that enrolled 3445 adults with HFpEF (left ven-
tricular ejection fraction ≥45%) from 6 countries from 
2006 to 2012. The design, characteristics, inclusion/
exclusion criteria, and results of the trial have been pre-
viously published.21,22 All study participants provided 
written informed consent. The study received approval 
from our institution’s review board.

Urine Biomarker Samples
Urine samples for biomarker analyses were obtained 
from a subset of TOPCAT study participants who had 
available samples for de novo proteomic analyses. A 
total of 2308 protein groups were assessed in unbi-
ased, data-dependent, label-free proteomic profiling, 
including imputation of values with minimum label-free 
quantification intensity. Approximately 270 μL of urine 
from participants were aliquoted into 96 well plates. 
Each plate included 4 wells with pooled normal healthy 
volunteer urine samples that were designated as qual-
ity control samples. Urine sample plates were stored at 
−80 °C until commencement of the experiment. Each 
plate was prepared for proteomics analysis on a sepa-
rate day. Urinary proteins were subjected to reduction 
and alkylation by addition of 30 μL 0.1 mol/L dithiothrei-
tol and 0.2 mol/L iodoacetamide, followed by incuba-
tion at 60 °C at 1000 rpm for 1 hour in a thermo shaker. 
Samples were cooled to room temperature, then com-
bined with 900 μL of cold acetonitrile and incubated 
overnight at −20 °C. The plate was centrifuged at room 
temperature for 20 minutes at 2500g in a plate cen-
trifuge. Supernatants were aspirated using a 1.2 mL 
pipette using a multichannel pipette. Protein pellets 

CLINICAL PERSPECTIVE

What Is New?
•	 Our study quantified urine protein/peptide lev-

els from participants in TOPCAT (Treatment 
of Preserved Cardiac Function HF With an 
Aldosterone Antagonist Trial) and evaluated the 
relationship between urine biomarker levels and 
the risk of death or heart failure admission.

•	 We found multiple urine proteins/peptides to be 
associated with the risk of death or heart failure 
admission, including proteins involved in fibro-
sis, metabolism, and inflammation.

What Are the Clinical Implications?
•	 Our study suggests a potential use for several 

novel urine proteins/peptides as prognostic 
markers in heart failure with preserved ejection 
fraction.

•	 Further studies are needed to assess whether 
urine protein/peptide level measurements can 
improve clinical decision making in patients with 
heart failure with preserved ejection fraction.

Nonstandard Abbreviations and Acronyms

HFpEF	 heart failure with preserved ejection 
fraction

MAGGIC	 Meta-Analysis Global Group in Chronic 
Heart Failure

TOPCAT	 Treatment of Preserved Cardiac 
Function HF with an Aldosterone 
Antagonist Trial

UPP	 urinary protein/peptide
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were washed by adding 1 mL of 100% acetonitrile at 
room temperature. The plate was shaken on a plate 
shaker for 5 minutes, and subsequently centrifuged for 
10 minutes at 2500g at room temperature. Finally, the 
supernatants were aspirated leaving behind the clean 
pellet, which was air dried for 5 minutes. Protein pellets 
were dissolved in 100 μL of freshly prepared 8 mol/L 
urea containing 100 mmol/L tris HCL and digested 
with 0.5 μg LysC (Wako Chemicals, Richmond, VA) at 
37 °C for 4 hours at 1000 rpm. The partially digested 
samples were diluted with 400 μL LCMS grade water, 
and 1 μg of trypsin/LysC mix (Promega, Madison, WI) 
was added. The plate was incubated at 37 °C over-
night at 1000 rpm to allow complete digestion of pro-
teins. Peptide concentrations were measured using a 
tryptophan fluorescence method.

Liquid Chromatography With Tandem 
Mass Spectrometry Analysis
A total of 500 ng of each sample was loaded onto indi-
vidual Evotips (Evosep, Odense, Denmark) and washed 
with 50 μL 0.1% formic acid followed by the addition of 
100 μL storage solvent (0.1% formic acid) to keep the 
Evotips wet until analysis. The Evosep One system was 
coupled online to a QExactive HF mass spectrometer 
(Thermo Fisher Scientific, Waltham, MA) with a nano-
electrospray ion source (Thermo Fisher Scientific). 
Peptides were eluted from Evotips onto a Pepsep C-18 
reversed phase column (ReproSil 3 μm, 120 Å, 8 cm in 
length and 75 μm inner diameter), and separated with 
a preset 30 samples per day gradient provided by the 
Evosep One system. Mass spectrometry  data were 
acquired using Xcalibur software. A data-dependent 
method was used to dynamically choose the top 10 
most abundant precursor ions from the survey scan 
using high-energy collision dissociation fragmentation. 
Survey scans were acquired with a mass range of 400 
to 1000 thompson units at a resolution of 60 000 at 200 
m/z. The maximum ion injection times for the survey 
scan and the tandem mass spectrometry scans were 
50 and 100 milliseconds, respectively, and the automatic 
gain control target values were set to 3E6 and 1E5, re-
spectively. The isolation window was set to 1.5 thomp-
son units, and ions were fragmented with a normalized 
collision energy of 27. Unassigned precursor ion charge 
states, singly charged ions, as well as ions of charge 
states above 8 were rejected. Peptide match was pre-
ferred, and dynamic exclusion was set to 40 seconds.

Sample Bioinformatics Analysis
Mass spectra were analyzed using MaxQuant software 
version 1.6.6.0. The maximum allowed mass deviation was 
set to 4.5 ppm for monoisotopic precursor ions and 0.5 Da 
for tandem mass spectrometry peaks. Enzyme specific-
ity was set to Trypsin/P, and a maximum of 2 missed 

cleavages were allowed. Carbamidomethyl cysteine was 
set as a fixed modification, and N-terminal acetylation and 
methionine oxidation as variable modifications. The spec-
tra were searched against the human Uniprot sequence 
database combined with common contaminants and 
concatenated with the reversed versions of all sequences. 
Protein identification required at least 1 unique or razor 
peptide per protein group. Quantification in MaxQuant 
was performed using the label free quantification algo-
rithm with fast label free quantification and a minimum 
ratio count of 1. The false-positive rate was set to 1% at 
both peptide and protein level. Match between runs was 
selected with an alignment time window of 20 minutes 
and match time window of 0.7 minutes. Contaminants, 
reversed sequence identification, and proteins only iden-
tified by site were excluded from further data analysis. 
Missing values were imputed with sample minimum label 
free quantification intensities, which were performed for 
57% of values across the cohort.

Ingenuity Pathway Analysis
Pathway enrichment analysis was performed using 
ingenuity pathway analysis software (Qiagen, Hilden, 
Germany; www.​qiagen.​com/​ingen​uity).23 UPPs were 
identified according to UniProt identification and in-
cluded in overrepresentation analyses if associated 
at a nominal P value threshold of 0.01. The analysis 
calculates a P value (Fisher exact test) quantifying the 
overlap, and a Z score quantifying the likelihood and 
direction (upregulated or downregulated), between the 
proteomics pattern and known canonical pathways.

Statistical Analysis
Characteristics of participants were assessed with 
mean and SD for normally distributed variables and 
median and interquartile range for nonnormally distrib-
uted variables. We compared clinical characteristics 
between subjects with and without proteomics data 
available. We used the nonpaired Student t test for con-
tinuous normally distributed variables, Kruskal–Wallis 
test for nonnormally distributed continuous variables, 
and χ2 or Fisher exact test for categorical variables.

The primary outcome was the composite of DHFA, as 
defined.12–14 We evaluated the relationship between urine 
biomarker levels and the risk of DHFA using Cox regres-
sion. We ran 3 different analyses to assess the impact of 
correcting for different clinical factors: (1) models without 
adjustment, (2) models that adjusted for urine creatinine 
levels, and (3) models that adjusted for urine creatinine 
levels and the MAGGIC (Meta-Analysis Global Group in 
Chronic HF) risk score, which incorporates multiple de-
mographic, clinical, and laboratory parameters.24

Statistical significance was defined as a 2-tailed P 
value <0.05. We corrected the α level for multiple com-
parisons based on the principal components underlying 

http://www.qiagen.com/ingenuity
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the variability of all measured UPPs, as previously de-
scribed.9,11,12,25–28 All probability values presented are 
2-tailed. We then performed interaction tests by: (1) 
location (Americas versus Eastern Europe) and (2) arm 
of trial (spironolactone versus placebo) to assess po-
tential effect modification by these characteristics be-
tween the baseline urinary proteome and the outcome. 
Analyses were performed using the MATLAB statistics 
and machine learning toolbox R2022a.29

RESULTS
TOPCAT Population
A comparison of subjects with and without available 
urinary protein data is shown in Table  1. Those with 
urine proteomic data also tended to exhibit slightly 
higher prevalence of atrial fibrillation and a history of 

myocardial infarction and were somewhat more likely 
to use statins. Renal function (estimated glomerular 
filtration rate) was similar between groups (65.4 in par-
ticipants without urine samples versus 65.7 in partici-
pants with urine samples). Systolic and diastolic blood 
pressures differed between the groups, but notably the 
difference between groups is on average <5 mm Hg.

Association of UPP Levels and the 
Incidence of DHFA: Nonadjusted Analyses
Among the individuals included in this analysis (n=426), 
there were 64 deaths, 54 participants who had expe-
rienced an HF-related admission, and 100 participants 
who reached the composite outcome of DHFA. In non-
adjusted analyses, we found 40 UPPs to be significantly 
associated with DHFA after α error correction. Figure [A] 
shows a volcano plot representing the relationship 

Table 1.  Characteristics of TOPCAT Participants With and Without Urine Proteomics Data

Characteristic
Participants without urine proteomic  
samples (n=3016)

Participants with urine proteomic 
samples (n=426)

Demographic characteristics

Age, y 69 (61–76) 69 (61–77)

Female sex 1587 (52.3) 196 (46)

Race

White 2668 (88.46) 391 (91.78)

Black 274 (9.08) 28 (6.57)

Asian 16 (0.53) 3 (0.70)

Other 67 (2.22) 3 (0.70)

Location

Americas 1535 (50.90%) 230 (53.99%)

Eastern Europe 1481 (49.10%) 196 (46.01%)

Systolic BP, mm Hg 130 (120–140) 128 (120–134)

Diastolic BP, mm Hg 80 (70–81) 75 (68–80)

eGFR, mL/min per 1.73 m2 65.4 (53.7–79.3) 65.7 (53.7–77.9)

BMI, kg/m2 30.8 (27.1–35.6) 32 (27.8–36.4)

Randomized to spironolactone arm 1524 (50.53%) 198 (46.48%)

Medical history

Myocardial infarction 757 (25.11) 136 (31.92)

Stroke 234 (7.76) 31 (7.28)

COPD 349 (11.58) 54 (12.68)

Hypertension 2742 (90.95) 404 (94.84)

Atrial fibrillation 1033 (34.26) 180 (42.25)

Diabetes 980 (32.50) 138 (32.39)

Medication use

β-Blockers 2334 (77.41) 342 (80.28)

Calcium channel blocker 1141 (37.84) 152 (35.68)

ACE/ARB use 2558 (84.84) 341 (80.05)

Aspirin use 1972 (65.41) 278 (65.26)

Statin use 1528 (50.68) 277 (65.02)

Values represent median (interquartile range) or n (percent). ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body 
mass index; BP, blood pressure; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; and TOPCAT, Treatment of Preserved 
Cardiac Function HF With an Aldosterone Antagonist Trial.
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between UPPs and the risk of DHFA. Table 2 lists UPPs 
that were significantly associated with DHFA, along with 
standardized HRs and 95% CIs. Table S1 list the full list 
of name, function, and category of these proteins.

Of the 40 UPPs associated with DHFA, 8 were posi-
tively associated, whereas 32 were inversely associated 
with the risk of DHFA. The top 3 UPPs positively associ-
ated with the risk of DFHA were IGLV3-25 (immunoglob-
ulin lambda variable 3–25) (hazard ratio [HR], 1.576 [95% 
CI, 1.28–1.94]; P=0.0065), APCS (serum amyloid P-
component) (HR, 1.547 [95% CI, 1.27–1.88]; P=0.0044), 
and MBD1 (methyl-CpG-binding domain protein 1) (HR, 
1.52 [95% CI, 1.23–1.88]; P=0.0317). All other UPPs were 
negatively associated with DHFA. The top 3 negatively 
associated UPPs included: DNASE1 (deoxyribonucle-
ase-1) (HR, 0.584 [95% CI, 0.46–0.69]; P=2.09E-08), 
AMY2A (α amylase 2A) (HR, 0.588 [95% CI, 0.46–0.69]; 
P=2.34E-08), and ANGPTL2 (angiopoietin-like protein 2) 
(HR, 0.566 [95% CI, 0.48–0.71]; P=7.54E-08).

Association of Urinary Biomarker Levels 
and the Incidence of DHFA: Adjusted 
Analyses
In models that adjusted for urine creatinine, we found 
39 proteins significantly associated with the incidence 
of DHFA. All except for 1 (glutathione S-transferase Mu 

3) was also significantly associated with the outcome 
in the nonunadjusted analyses.

In the subsample with urinary protein data, the 
MAGGIC risk score was significantly associated with 
death (standardized HR, 1.90 [95% CI, 1.45–2.47]; 
P<0.0001), heart failure-related hospitalizations (HR, 
1.77 [95% CI, 1.33–2.34]; P<0.0001), and the compos-
ite of DHFA (HR, 1.79 [95% CI, 1.45–2.20]; P<0.0001). 
In models that adjusted for urinary creatinine and the 
MAGGIC score, we found 21 UPPs to be significantly 
associated with the risk of DHFA, all of which were sig-
nificantly associated with this outcome in the nonad-
justed analyses (Figure [B]). The top UPPs associated 
with the risk of DHFA in these adjusted models included: 
ANGPTL2 (HR, 0.57 [95% CI, 0.47–0.70]; P<0.0001), 
AMY2A (HR, 0.55 [95% CI, 0.44–0.69]; P=0.0001), and 
DNASE1 (HR, 0.57 [95% CI, 0.46–0.71]; P=0.0002).

Additionally, we conducted an analysis adjusting for 
(1) urinary creatinine and estimated glomerular filtration 
rate, (2) total urine protein, and (3) the inverse of urine 
creatinine (1/urine creatinine) to assess the sensitivity 
of our results to kidney function specifically. In each 
analysis, all proteins were present in the primary analy-
sis except for 4 proteins (Tables S2 through S4). Finally, 
we conducted an analysis adjusting for the trial arm 
(placebo versus spironolactone administration). We 
found 38 significant UPPs, all of which were present in 

Figure.  Volcano plot showing standardized hazard ratios for urinary proteins associated with the composite outcome of 
death or heart failure-related admissions in nonadjusted analyses (A) and after adjustment for urinary creatinine and the 
MAGGIC score (B).
The dashed lines represent the uncorrected (red) and corrected (green) significance level. MAGGIC indicates Meta-Analysis 
Global Group in Chronic Heart Failure. The dots represent urinary proteins either below statistical significance (black), uncorrected 
significance (blue), and corrected significance (yellow).
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Table 2.  Urinary Biomarkers Associated With DHFA With and Without Adjustment

Uniprot ID Short name

Nonadjusted Adjusted

β HR 95% CI P value β HR 95% CI P value

Q9UKU9 ANGPTL2 −0.54 0.57 0.48–0.71 7.54E-08 −0.56 0.57 0.47–0.7 3.13E0-5

P04746 AMY2A −0.58 0.56 0.46–0.69 2.34E-08 −0.6 0.55 0.44–0.69 0.0001

P24855 DNASE1 −0.57 0.58 0.46–0.69 2.09E-08 −0.56 0.57 0.46–0.71 0.0002

P00352 ALDH1A1 −0.52 0.60 0.49–0.73 0.0001 −0.54 0.56 0.47–0.72 0.0003

P19961 AMY2B −0.52 0.59 0.48–0.73 0.0002 −0.58 0.58 0.44–0.7 0.0003

P00749 PLAU −0.52 0.60 0.49–0.73 0.0002 −0.53 0.59 0.47–0.74 0.0016

P10809 HSP60 −0.51 0.60 0.49–0.74 0.0002 −0.48 0.62 0.5–0.76 0.0017

A0A0C4DGN4 ZG16B −0.51 0.59 0.49–0.73 0.0001 −0.49 0.61 0.5–0.76 0.0018

K4DIA0 ICOSLG −0.49 0.61 0.5–0.74 0.0002 −0.46 0.63 0.51–0.78 0.0067

P00558 PGKA −0.42 0.66 0.54–0.79 0.004 −0.43 0.65 0.53–0.8 0.0101

P01133 EGF −0.55 0.58 0.47–0.71 1.33E-07 −0.49 0.61 0.49–0.77 0.0102

Q9H0W9 C11orf54 −0.4 0.67 0.55–0.82 0.0274 −0.48 0.62 0.49–0.78 0.0146

K7EPZ6 MBD1 0.42 1.52 1.23–1.88 0.0317 0.45 1.58 1.26–1.96 0.0172

A0A075B6N7 IGHA2 0.38 1.46 1.2–1.77 0.045 0.4 1.50 1.23–1.83 0.0218

P22732 SLC2A5 −0.49 0.61 0.5–0.75 0.0004 −0.42 0.66 0.53–0.81 0.0286

P25705 ATP5F1A −0.45 0.64 0.52–0.78 0.005 −0.42 0.65 0.53–0.81 0.0309

P05026 ATP1B1 −0.45 0.64 0.52–0.78 0.0025 −0.42 0.66 0.53–0.81 0.0367

Q16651 Prostasin −0.45 0.64 0.52–0.78 0.003 −0.43 0.65 0.52–0.81 0.0372

A0A087X0S5 COL6A1 −0.45 0.64 0.52–0.78 0.0031 −0.43 0.65 0.52–0.81 0.0486

X6R868 X6R868 −0.45 0.64 0.53–0.78 0.0019 −0.42 0.66 0.53–0.82 0.0488

P15291 B4GALT1 −0.5 0.60 0.49–0.74 0.0003 −0.41 0.66 0.53–0.82 0.0499

P02743 APCS 0.44 1.55 1.27–1.88 0.0044 0.37 1.44 1.19–1.75 0.0552

A0A087X0K0 COL15A1 −0.45 0.64 0.53–0.77 0.0014 −0.4 0.67 0.55–0.83 0.0677

P02768 Albumin 0.4 1.50 1.23–1.82 0.0196 0.39 1.47 1.19–1.82 0.0967

P33908 MAN1A1 −0.44 0.65 0.53–0.79 0.0045 −0.4 0.67 0.53–0.84 0.1303

Q16769 QPCT −0.44 0.64 0.53–0.78 0.0027 −0.38 0.68 0.55–0.85 0.1414

P01717 IGLV3-25 0.45 1.58 1.28–1.94 0.0065 0.37 1.45 1.18–1.79 0.1528

P43358 MAGEA4 0.37 1.45 1.2–1.75 0.0436 0.34 1.40 1.16–1.7 0.1668

Q96RW7 HMCN1 −0.39 0.68 0.55–0.82 0.0338 −0.36 0.70 0.56–0.86 0.2185

J3KPF9 KIF3A 0.35 1.42 1.18–1.69 0.0476 0.33 1.39 1.15–1.69 0.2265

O75882 Attractin −0.38 0.68 0.56–0.83 0.0455 −0.37 0.69 0.55–0.86 0.2313

P35858 IGFALS −0.42 0.66 0.54–0.81 0.0186 −0.36 0.70 0.56–0.87 0.2734

P16870 CPE −0.4 0.67 0.55–0.82 0.0217 −0.36 0.70 0.56–0.87 0.3026

Q9H756 LRRC19 −0.41 0.66 0.54–0.81 0.0131 −0.35 0.70 0.56–0.88 0.4487

P08582 MELTF −0.41 0.66 0.54–0.81 0.0125 −0.33 0.72 0.58–0.89 0.4703

P00738 Haptoglobin 0.4 1.50 1.22–1.83 0.0363 0.33 1.39 1.12–1.71 0.5238

P55017 SLC12A3 −0.39 0.68 0.56–0.82 0.0307 −0.32 0.73 0.6–0.89 0.5271

P22891 PROZ −0.4 0.67 0.55–0.81 0.0149 −0.31 0.74 0.6–0.9 0.6072

P05154 SERPINA5 −0.4 0.67 0.55–0.82 0.0341 −0.3 0.74 0.6–0.92 0.8695

O43895 XPNPEP2 −0.39 0.68 0.55–0.83 0.04 −0.28 0.76 0.61–0.94 0.983

Urinary proteins significantly associated with the outcome either in unadjusted analyses (left) or analyses that adjusted for urine creatinine levels and the 
MAGGIC risk score (right). HR indicates hazard ratio; and ID, identification.

ALDH1A1 indicates Aldehyde dehydrogenase 1A1; AMY2A, Pancreatic alpha-amylase; AMY2B, Pancreatic alpha-amylase 2B; ANGPTL2, Angiopoietin-
related protein 2; APCS, Serum amyloid P-component; ATP1B1, Sodium/potassium-transporting ATPase subunit beta-1; ATP5F1A, ATP synthase subunit alpha, 
mitochondrial; B4GALT1, Beta-1,4-galactosyltransferase 1; C11orf54, Ester hydrolase C11orf54; COL15A1, Collagen alpha-1(XV) chain; COL6A1, Collagen alpha-
1(VI) chain; CPE, Carboxypeptidase E; DNASE1, Deoxyribonuclease-1; EGF, Pro-epidermal growth factor; HMCN1, Hemicentin-1; HSPD1, 60 kDa heat shock 
protein, mitochondrial; ICOSLG, ICOS ligand; IGFALS, Insulin-like growth factor-binding protein complex acid labile subunit; IGHA2, Immunoglobulin heavy 
constant alpha 2 (IGHA2); IGLV3-25, Immunoglobulin lambda variable 3-25; KIF3A, Kinesin-like protein; LRRC19, Leucine-rich repeat-containing protein 19; 
MAGEA4, Melanoma-associated antigen 4; MAN1A1, Mannosyl-oligosaccharide 1,2-alpha-mannosidase IA; MBD1, Methyl-CpG-binding domain protein 1; MELTF, 
Melanotransferrin; PGKA, Phosphoglycerate kinase 1; PLAU, Urokinase-type plasminogen activator; PROZ, Vitamin K-dependent protein Z; QPCT, Glutaminyl-
peptide cyclotransferase; SERPINA5, Plasma serine protease inhibitor; SLC12A3, Solute carrier family 12 member 3; SLC2A5, Solute carrier family 2, facilitated 
glucose transporter member 5; X6R868, Bile salt activated lipase; XPNPEP2, Xaa-Pro aminopeptidase 2; and ZG16B, Zymogen granule protein 16 homolog B.
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the primary analyses (Table S5). The 2 UPPs that were 
not significant after adjusting for randomization arm 
were KIF3A (kinesin family member 3A) and attractin.

Interaction Testing
We investigated potential interactions between loca-
tion (Americas versus Russia/Georgia) and all urinary 
protein levels as predictors of DHFA. At corrected 
significance, we found a significant interaction with 
complement C1q B chain (P for interaction=0.00458). 
This protein was negatively associated with DHFA 
in Russia/Georgia (standardized HR, 0.63 [95% CI, 
0.45–0.90]; P=0.01) and positively associated with 
DHFA in the Americas (HR, 1.49 [95% CI, 1.19–1.86]; 
P=0.0004). Notably, none of the urinary proteins that 
were associated with DHFA in the overall cohort exhib-
ited significant interactions with enrollment continent, 
even at nominal significance. Similarly, there were no 
significant interactions between urinary protein levels 
at baseline and randomization arm as predictors of 
DHFA, either in the entire urinary proteome or in the 
subset of proteins associated with DHFA in the main 
effects analysis.

Ingenuity Pathway Analysis
Ingenuity pathway analysis pathway overrepresenta-
tion analysis based on the UPPs associated with the 
risk of DHFA identified 5 canonical signaling pathways 
associated with the outcome. Four of these were 
fibrosis-related pathways (hepatic fibrosis/hepatic 
stellate cell activation, wound healing, idiopathic pul-
monary fibrosis, and GP6 signaling), whereas the re-
mainder pathway (nicotinamide adenine dinucleotide 
[NAD] signaling) is related to cell metabolism.

DISCUSSION
We conducted a proteomic analysis of urinary bio-
markers associated with the risk of DHFA in HFpEF. 
We identified 40 UPPs associated with this outcome, 
which are related to fibrosis, metabolism, and inflam-
mation. We identified 21 proteins that were associated 
with the risk of DHFA after adjustment for the MAGGIC 
risk score and urinary creatinine levels.

Multiple previous studies have examined plasma 
proteomics approaches in HFpEF.3–15 In contrast to 
the extensive previous work with plasma proteom-
ics, data on urinary proteomics in HFpEF are scarce. 
Only 1 previous study assessed differences in urinary 
proteins between participants with HF and controls.16 
Studies assessing the relationship between the urinary 
proteome and outcomes in HFpEF are not available.

We found several UPPs to be inversely associated 
with the risk of DHFA in HFpEF. Some of our results 
may be counterintuitive considering prior research in 

plasma proteomics. For example, whereas increased 
urinary levels of ANGPTL2 were associated with a de-
creased risk of DHFA in our study, previous literature has 
implicated ANGPTL2 as playing a causal role in cardio-
vascular disease and HF via its proinflammatory prop-
erties.30,31 However, it is important to note that several 
potential mechanisms of dissociation between plasma 
and urinary protein associations with outcomes may 
exist. It is known that plasma and urine protein levels 
are in general poorly correlated.32,33 Whereas urine is 
produced predominantly as a result of plasma filtration 
in the kidney, the origin of larger proteins and peptides 
present in the urine is less clear. On one hand, low 
molecular weight proteins and peptides can be filtered 
and variably reabsorbed by the renal tubules. On the 
other hand, it has also been shown that renal tubules 
can secrete extracellular vesicles that contain multiple 
molecules, including a variety of proteins.34 Finally, the 
remainder of the urinary tract itself may be a source of 
proteins. Prior research has suggested that the kidney 
may be a source of production of ANGPLT2.35–38 A uri-
nary source of ANGPTL2 or another protein could be 
a reason why elevated urinary levels of a protein would 
have different associations than the circulating protein, 
and suggest other mechanisms for pathophysiology. It 
is possible that the urinary system may use compen-
satory mechanisms to increase or decrease clearance 
of proteins, which at present are poorly understood. 
Finally, some filtered proteins or peptides may un-
dergo proteolytic or other chemical modifications in 
the urinary tract, which could significantly impact their 
function and quantification, leading to clinical associ-
ations unrelated to its degree of filtration or secretion. 
Our findings should therefore be interpreted with cau-
tion, because we only studied associations with inci-
dent outcomes, rather than underlying mechanisms. 
Further research should be performed to better under-
stand the determinants of differences between plasma 
and urinary protein levels.

Increased Levels of Fibrosis Peptides in 
Urine Are Associated With a Decreased 
Risk of DHFA
We found increased urinary levels of 2 collagen-
derived proteins COL15A1 (collagen α-1[XV] chain) and 
COL6A1 (collagen α-1[VI] chain) to be associated with 
a lower risk of DHFA. COL6A1 is a chain of type VI col-
lagen, which is a major structural component of micro-
fibrils.39,40 Interestingly, plasma levels of endotrophin, 
a peptide derived from the collagen VI α-3 chain, has 
been reported to be strongly and positively associated 
with the risk of adverse outcomes in HFpEF.15 COL15A1 
is part of type XV collagen, which is widely expressed 
but frequently localized to the basement membrane.41 
Derangements in collagen turnover and organization 
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in cardiomyopathies are well established.42 They 
have also been specifically implicated as part of the 
pathophysiology of HFpEF.43,44 One study of urinary 
proteomics found elevated levels of urinary biomark-
ers associated with collagen metabolism, including 
COL6A1 and COL15A1, to be generally enriched in pa-
tients with both HFpEF and heart failure with reduced 
ejection fraction. However, this study did not assess 
their association with outcomes.16

Our findings on inverse associations between 
COL6A1 and COL15A1 and the risk of DHFA is coun-
terintuitive, given the well-known association between 
plasma biomarkers of tissue fibrosis and adverse out-
comes in HFpEF.45,46 It should be noted that UPPs 
have multiple determinants and are not a direct rep-
resentation of plasma levels. In addition to glomerular 
filtration, proteins can be secreted in the urinary tract 
by tubular cells and epithelial cells. For instance, it has 
been reported that the secretion of collagen by renal 
tubular and epithelial cells can be affected by exposure 
to albumin.47 Also, there is variable reabsorption of fil-
tered proteins by tubular cells, and there may be inter-
individual differences in the degradation of filtered or 
secreted proteins that may ultimately affect their mea-
sured levels in urine. Finally, it is possible that increased 
levels in urine could represent increased clearance of 
plasma collagen-derived peptides. Further research is 
required to assess the mechanistic determinants of the 
urinary proteome/peptidome in HFpEF.

Metabolic Pathways Implicated in 
Outcomes
We identified several UPPs that are related to metabolic 
processes, including carbohydrate metabolism (AMY2A 
[pancreatic α-amylase], AMY2B [α amylase 2B], MAN1A1 
[mannosyl-oligosaccharide 1,2-α-mannosidase IA]), and 
lipid metabolism (ALDH1A1 [aldehyde dehydrogenase 
1A1], B4GALT1 [β-1,4-galactosyltransferase 1]).

We found that increased urinary pancreatic α-
amylase (AMY2A and AMY2B) protein is associated 
with a lower risk of DHFA. There is limited literature on 
the association of AMY2A and HF, but 1 study found 
that levels of plasma AMY2A were lower in patients 
with HF compared with healthy controls.48 However, 
another study reported that plasma amylase levels are 
elevated in patients with severe but not mild HF.49

Other Novel Associations
We found prostasin to be inversely associated with the 
risk of DHFA. Prostasin is an epithelial sodium chan-
nel stimulator. Decreased prostasin expression is as-
sociated with poor outcomes in colorectal cancer and 
oral squamous cell carcinoma.50,51 However, a recent 
study found that plasma prostasin levels are positively 

associated with diabetes risk and cancer mortality,52 
whereas another study found that serum prostasin 
has an inverse association with physical activity in a 
population-based cohort.53 Whether the association 
between lower urinary prostasin levels and the in-
creased risk of DHFA seen in our study is related to 
physical activity in these patients remains to be as-
sessed in future research. To our knowledge, prostasin 
has not been associated with HFpEF.

Study Limitations
Our study should be interpreted in the context of its 
strengths and limitations. Strengths of our study in-
clude its well-characterized cohort, relatively long pe-
riod of follow-up, prospectively adjudicated outcomes 
with a stringent criteria and methodology, and the unbi-
ased nature of UPP measurements. Our study also has 
limitations. Urinary samples were not available from all 
TOPCAT participants. In addition, the inclusion of some 
participants with undiagnosed cardiac or renal amy-
loidosis cannot be excluded, which may confound the 
urinary proteome. Our study did not include an external 
validation cohort, given the limited availability of HFpEF 
cohorts with prospective follow-up and available urine 
samples. Our study identifies multiple novel urinary pro-
teins that are prognostic in HFpEF, but further research 
in larger samples should be performed to assess the 
optimal analytical techniques, prognostic cut points, 
and prognostic performance. Finally, it is worth not-
ing that no significant interactions were found between 
urinary proteins and either continent of origin or rand-
omized spironolactone therapy, except for 1 protein that 
interacted with continent of origin, which has unclear bi-
ologic and clinical significance. However, given the over-
all limited sample size, interaction analyses may have 
failed to detect some effect modifications, and strati-
fied analyses would be underpowered and challenging 
to interpret. Finally, the origin of the UPPs measured in 
our study (contribution from circulating blood, secretion 
by the urinary tract, differential catabolism) could not be 
assessed and should be the focus of future research.

CONCLUSIONS
Our study reports the relationship between UPPs and 
the risk of DHFA in HFpEF. We identify several novel 
associations between UPPs and adverse outcomes 
in this patient population. This work forms a basis for 
both validation in larger and different data sets and 
for mechanistic experimentation. Further research 
should assess the clinical value of urinary proteomic 
biomarkers in HFpEF, including its potential role in 
prognosis and clinical management, as well as HFpEF 
pathophysiology.
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