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Abstract

Aims Albuminuria is common in patients with heart failure and associated with worse outcomes. The underlying pathophysiological 
mechanism of albuminuria in heart failure is still incompletely understood. The association of clinical characteristics and biomark
er profile with albuminuria in patients with heart failure with both reduced and preserved ejection fractions were evaluated.

Methods 
and results

Two thousand three hundred and fifteen patients included in the index cohort of BIOSTAT-CHF were evaluated and findings 
were validated in the independent BIOSTAT-CHF validation cohort (1431 patients). Micro-albuminuria and macro-albuminuria 
were defined as urinary albumin–creatinine ratio (UACR) >30 mg/gCr and >300 mg/gCr in spot urines, respectively. The 
prevalence of micro- and macro-albuminuria was 35.4% and 10.0%, respectively. Patients with albuminuria had more severe 
heart failure, as indicated by inclusion during admission, higher New York Heart Association functional class, more clinical signs 
and symptoms of congestion, and higher concentrations of biomarkers related to congestion, such as biologically active adre
nomedullin, cancer antigen 125, and N-terminal pro-B-type natriuretic peptide (NT-proBNP) (all P < 0.001). The presence of 
albuminuria was associated with increased risk of mortality and heart failure (re)hospitalization in both cohorts. The strongest 
independent association with log UACR was found for log NT-proBNP (standardized regression coefficient 0.438, 95% con
fidence interval 0.35–0.53, P < 0.001). Hierarchical clustering analysis demonstrated that UACR clusters with markers of con
gestion and less with indices of renal function. The validation cohort yielded similar findings.

Conclusion In patients with new-onset or worsening heart failure, albuminuria is consistently associated with clinical, echocardiographic, 
and circulating biomarkers of congestion.
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Structured Graphical Abstract

Graphical summary of the main findings of the current study. Prevalence and hazard ratio are based on the index cohort. HF, heart failure; UACR, 
urinary albumin–creatinine ratio; HR, hazard ratio. Created with BioRender.com.

Keywords Albuminuria • Congestion • Cardiorenal interaction • Biomarkers • Central venous pressure

Introduction
Under normal circumstances, only 0.008% of plasma albumin is filtered 
by the glomeruli.1 Leakage through the glomerular membrane, caused 
by damage to (one of the layers of) the glomerular endothelial mem
brane will cause more albumin to pass through the glomeruli, leading 
to albuminuria.1 This is a disease mechanism which is well described 
in hypertensive and diabetic kidney disease and is usually related to in
traglomerular hypertension.2,3 In patients with chronic heart failure, the 
presence of albuminuria is a strong prognostic indicator of adverse 

events, such as mortality and heart failure hospitalization, even after 
correction for diabetes, hypertension, and concomitant renal disease.4,5

While its prognostic value is well recognized, the underlying mechan
isms of albuminuria in heart failure are incompletely understood. 
First, albuminuria could be the result of renin–angiotensin–aldosterone 
(RAAS) system activation, as angiotensin may directly cause podocyte 
injury.6 Secondly, albuminuria might be the result of endothelial dys
function, manifesting in both the peripheral vessels and the glomeruli. 
Third, albuminuria could be the result of increased renal venous pres
sure. Two studies from the same group indicated that when renal 
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venous pressure was increased this led to albuminuria, while external 
pressure on the kidney parenchyma did not lead to albuminuria.7,8

Lastly, albuminuria could be an indicator of comorbidities which fre
quently occur alongside heart failure, such as diabetes and hyperten
sion.9–11 In addition, its differential relevance in heart failure with 
reduced (HFrEF) and preserved ejection fraction (HFpEF) has not 
been described. We, therefore, aimed to study the clinical characteris
tics and biomarker profile associated with albuminuria, in addition to 
previously described clinical outcomes, in patients with heart failure 
with both reduced and preserved ejection fraction.

Methods
Patient population
For the present study, we used the index and validation cohort of 
BIOSTAT-CHF (A Systems Biology Study to Tailored Treatment in 
Chronic Heart Failure). The trial design has been published before.12 In 
brief, BIOSTAT-CHF was a European, multicentre clinical study executed 
in 11 different countries, consisting of 2516 patients in the index cohort. 
Patients were included after presentation with either new-onset or wor
sening heart failure, which was defined as left ventricular ejection fraction 
(LVEF) ≤40% or B-type natriuretic peptide (BNP) >400 pg/mL or 
N-terminal pro-B-type natriuretic peptide (NT-proBNP) >2000 pg/mL. 
Patients were encouraged to be uptitrated to recommended treatment 
doses of betablockers and angiotensin-converting enzyme (ACE) inhibitors 
or angiotensin receptor blockers (ARBs).

Data were validated in the independent BIOSTAT-CHF validation cohort 
consisting of 1738 patients with heart failure from Scotland, United 
Kingdom.

All patients enrolled in BIOSTAT-CHF provided written informed con
sent to participate in the study and BIOSTAT-CHF was conducted in con
cordance with the Declaration of Helsinki, national ethics and legal 
requirements, as well as relevant EU legislation.

Biomarkers
Spot urinary samples were collected at the baseline visit. Samples were fro
zen in −80°C and thawed prior to analyses. Standard urinary chemistry 
measurements for albumin, creatinine, sodium, potassium, urea, and uric 
acid were performed in the laboratory of the University Medical Center 
Groningen, using routine clinical chemistry measurement on a Roche 
Cobas® analyser.

At baseline, a total of 2315 patients in the index cohort and 1431 patients 
in the validation cohort had urinary samples available. Micro-albuminuria 
was defined as an urinary albumin–creatinine ratio (UACR) >30 mg/gCr, 
while macro-albuminuria was defined as an UACR >300 mg/gCr.3

Statistical analysis
Patients were divided in groups based on normo-, micro-, or macro- 
albuminuria, respectively. Normally distributed continuous data are pre
sented as means and standard deviation, not normally distributed data as 
medians and 25th until 75th percentile, and categorical variables as percen
tages and frequencies. Intergroup differences were tested using one-way 
ANOVA for normally distributed continuous data, whereas skewed data 
were analysed using χ2 test or Kruskal–Wallis test depending on whether 
the data were nominal or continuous. Whether variables were parametric 
or non-parametric was assessed visually using Q–Q plots. When Q–Q plots 
were inconclusive, a histogram was created. When the histogram was also 
inconclusive, the variable was deemed to be non-parametric. In a subgroup 
analysis, HFpEF was defined as an LVEF ≥50% and HFrEF was defined as an 
LVEF <40%, per the most recent European Society of Cardiology (ESC) 
heart failure guidelines.13

Associations of UACR were analysed using univariable and multivariable 
regression analyses, in which all variables with P < 0.10 in univariable analysis 

were included in the multivariable analysis and subjected to the backward 
elimination method. The assumption of normality was checked with the 
use of Q–Q plots, the assumption of linearity was checked using scatter 
plots and independence of residuals was analysed using residual time series 
plots. Moreover, we checked the assumption of homoscedasticity with the 
use of fitted value vs. residual plots. If the assumption was not met, log trans
formation was performed to ensure homoscedasticity. The models ob
tained using stepwise backward selection were validated by repeating the 
variable selection using least absolute shrinkage and selection operator 
(LASSO) regression. First, variables with more than 15% missingness 
were excluded from the analysis, second LASSO regression was performed 
using the R package glmnet.14 Alpha was set to 1 and the optimal penaliza
tion parameter (lambda) was obtained using 10-fold cross-validation. To de
rive the most parsimonious model, the lambda within 1 standard error of 
the minimum lambda was used. Variables selected with LASSO regression 
were then used in a linear regression model to obtain their coefficients. The 
coefficients of determination (R2) have been calculated for all regression 
models.

A Cox regression analysis was used to investigate the association of 
UACR with clinical endpoints of mortality and heart failure hospitalization, 
first in a univariable model, secondly corrected for known causes of albu
minuria (i.e. renal disease, diabetes mellitus, and hypertension), and lastly 
corrected for the BIOSTAT-CHF risk model, which consists of the stron
gest predictors of each clinical outcome.15 Proportional hazards assump
tion of the Cox regression models were checked by the use of 
Schoenfeld residuals in R, with the use of the Survival and Survminer pack
age to test and plot the Schoenfeld residuals.

The dendrograms were built using hierarchical clustering based on 
Euclidean distance, which has the benefit of using real-valued vectors, as 
compared with Spearman’s correlation, which uses ranked variables. The 
optimal number of clusters was decided in a supervised manner and based 
on clinical experience. The current number of clusters is 9. Any number of 
clusters of 7 or higher puts UACR in between the congestion cluster. 
A similar approach was used in the validation cohort. All variables were 
standardized prior to analysis. Aside from urinary and plasma biomarkers, 
a clinical congestion score was added to the dendrogram. This congestion 
score was modified from the validated Ambrosy score16 and constructed 
by assigning points based on clinical findings: 1 point for orthopnoea, 1 point 
for jugular vein distention and, respectively, 1/3, 2/3, or 1 point for 
peripheral oedema until the ankle, below the knee and above the knee, 
for a maximum of 3 points.17 A two-sided P-value of <0.05 was considered 
to be significant.

Results
Baseline characteristics
The prevalence of macro-albuminuria and micro-albuminuria was 242 
(10.0%) and 819 (35.4%), respectively, in the index cohort. Baseline 
characteristics based on these groups are depicted in Table 1. In sum
mary, patients with micro- or macro-albuminuria had more severe 
heart failure indicated by inclusion during admission, more frequent 
New York Heart Association (NYHA) functional class of III or IV, higher 
blood pressures and heart rate, more clinical signs of congestion, and 
higher plasma concentrations of congestion-related biomarkers, such 
as NT-proBNP, biologically active adrenomedullin (bio-ADM), and can
cer antigen 125 (CA-125) (all P < 0.001).

Patients with any albuminuria in the index cohort were less likely to 
be on ACE-inhibitor or ARB [63.2% (macro-) and 69.0% (micro-) vs. 
75.8% (normo-albuminuria), P < 0.001], while they were on higher 
doses of loop diuretics [114 ± 141 (macro-) and 101 ± 120 (micro-) 
vs. 85 ± 116 mg of furosemide or equivalent daily (normo-albuminuria), 
P < 0.001]. No differences in medical treatment between those with 
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and without albuminuria were seen in the validation cohort, with the 
exception of loop diuretic doses.

Echo parameters that provide assessment of right-sided pressures 
and volume (only available in the validation cohort) suggested that pul
monary pressures were higher in patients with albuminuria (peak tricus
pid regurgitation gradient 40.7 mmHg, 36.4 mmHg, and 33.2 mmHg for 
macro-, micro, and normo-albuminuria, respectively, P < 0.001) and in
ferior caval vein diameter >2.1 cm (22.5%, 25.9%, and 15.6% for macro-, 
micro, and normo-albuminuria, respectively, P < 0.001).

Linear and logistic regression analysis
From multivariable linear regression, the strongest associations with log 
UACR were found for log NT-proBNP (standardized regression coef
ficient 0.438, (95% CI: 0.35 – 0.53)), log urinary KIM-1 (standardized re
gression coefficient 0.327), log plasma urea, log fractional excretion of 
urea, a history of diabetes mellitus, systolic blood pressure, log 
bio-ADM, and log renin (all P < 0.001) (Table 2). Multivariable linear re
gression in the validation cohort yielded similar results regarding 
NT-proBNP, history of diabetes mellitus, systolic blood pressure and 
bio-ADM. Yet, several differences were also observed, in part driven 
by the inclusion of different variables in the index and validation cohorts 
due to availability (Table 2). The adjusted R2 of the multivariable regres
sion models for the index and validation cohorts were 0.284 and 0.288, 

respectively. Outcomes of univariable regression analysis performed 
prior to multivariable regression can be found in Supplementary 
Table S1. To account for the possibility that a higher NT-proBNP 
was the result of poorer renal clearance, the presence of an interaction 
was tested between log NT-proBNP and estimated glomerular filtra
tion rate (eGFR) for the association with log UACR, which was not sig
nificant (P for interaction = 0.260). In order to differentiate between 
congestion and heart failure severity, linear regression was performed 
in subsets of NYHA functional class (I/II, III, and IV). In all NYHA classes 
the strongest association with log UACR was found for log 
NT-proBNP (see Supplementary material online, Table S2A and B).

The independent associations of log UACR in multivariable linear re
gression analysis in HFrEF and HFpEF were similar (Table 3 and 4).

To further validate our findings from the linear regression analyses, the 
variable selection was repeated using LASSO, which gave very similar vari
ables to include in the final model for the complete cohort and the 
HFrEF subgroups (see Supplementary material online, Table S3A and B). 
However, for the HFpEF subgroup, slightly different variables were selected 
(see Supplementary material online, Table S3C). The regression models build 
with the variables selected using LASSO can be found in Supplementary 
material online, Tables S4. In all these models, log NT-proBNP showed 
the strongest independent association with log UACR.

As a history of diabetes was a major factor associated with log UACR 
in all subgroups, linear regression analyses were repeated in those with 
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Table 2 linear regression, standardized regression coefficient per log increase urinary albumin-to-creatinine ratio

Index cohort Validation cohort

Variable Standardized regression 
coefficient (95% CI)

T-value P-value Standardized regression 
coefficient (95% CI)

T-value P-value

Log NT pro-BNP 0.438 (0.35–0.53) 9.676 <0.001 0.486 (0.39–0.58) 9.689 <0.001

Log urinary KIM-1 0.327 (0.23–0.42) 6.915 <0.001

Log plasma urea 0.373 (0.27–0.48) 6.9 <0.001

Log fractional excretion 
of urea

0.346 (0.24–0.45) 6.68 <0.001

Hx of diabetes mellitus 0.536 (0.37–0.7) 6.351 <0.001 0.474 (0.30–0.65) 5.218 <0.001

Systolic blood pressure 0.252 (0.17–0.33) 6.136 <0.001 0.410 (0.33–0.49) 9.940 <0.001

Log bio-ADM 0.265 (0.18–0.35) 6.197 <0.001 0.150 (0.05–0.25) 2.892 0.004

Log Y-GT 0.201 (0.12–0.29) 4.654 <0.001

Log renin −0.228 (−0.31 to -0.14) −5.228 <0.001

VAS dyspnoea score 0.146 (0.06–0.23) 3.281 0.001

Body mass index −0.110 (−0.2 to -0.02) −2.38 0.017

Heart rate 0.10 (0.02–0.18) 2.323 0.019

Log urinary NGAL 0.139 (0.05–0.23) 3.066 0.002

Log serum creatinine 0.094 (0–0.19) 1.997 0.046

Peripheral oedema 
above knees

0.389 (0.01–0.77) 2.011 0.045

Adjusted R2: 0.2844 
N = 1645

Adjusted R2: 0.2882 
N = 1471

NT pro-BNP, N-terminal pro-B-type natriuretic peptide; KIM-1, kidney injury marker-1; Hx, medical history; bio-ADM, biologically active adrenomedullin; Y-GT, 
gamma-glutamyltransferase; VAS, visual analogue scale; NGAL, neutrophil gelatinase-associated lipocalin.
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Table 3 Linear regression analysis for log urinary albumin–creatinine ratio in heart failure with reduced ejection 
fraction vs. heart failure with preserved ejection fraction in the index cohort

HFrEF (LVEF <40%) HFpEF (LVEF ≥50%)

Variable Standardized regression 
coefficient (95% CI)

T-value P-value Standardized regression 
coefficient (95% CI)

T-value P-value

Log NT-proBNP 0.414 (0.3–0.52)) 7.355 <0.001 0.568 (0.2–0.93) 3.092 0.003

Log plasma urea 0.42 (0.28–0.56) 6.052 <0.001

Log urinary KIM-1 0.371 (0.25–0.49) 5.949 <0.001 0.393 (0.09–0.69) 2.594 0.011

Systolic blood pressure 0.285 (0.18–0.39) 5.296 <0.001

Log fractional excretion 
of urea

0.334 (0.21–0.46) 5.097 <0.001

Log bio-ADM 0.242 (0.13–0.35) 4.301 <0.001

Serum creatinine 0.46 (0.22–0.7) 3.793 <0.001

Log renin −0.186 (–0.29–0.08) −3.362 0.001 −0.49 (−0.81–0.17) −3.053 0.003

Log plasma CA-125 0.588 (0.19–0.99) 2.92 0.004

History of diabetes 
mellitus

0.379 (0.15–0.6) 3.303 0.001 0.96 (0.37–1.55) 3.253 0.002

Log urinary uromodulin −0.163 (−0.27–0.06) −3.083 0.002 −0.348 (−0.63−0.06) −2.414 0.018

Log urinary NGAL 0.147 (0.03–0.26) 2.523 0.012

Plasma glucose 0.112 (0.01–0.24) 2.211 0.027

Beta-blocker use 0.707 (0.13–1.28) 2.428 0.017

Adjusted R2: 0.2771 
N = 11031

Adjusted R2: 0.432 
N = 113

NT pro-BNP, N-terminal pro-B-type natriuretic peptide; KIM-1, kidney injury marker-1; bio-ADM, biologically active adrenomedullin; NGAL, neutrophil gelatinase-associated lipocalin.
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Table 4 Linear regression analysis for log urinary albumin–creatinine ratio in heart failure with reduced ejection 
fraction vs. heart failure with preserved ejection fraction in the validation cohort

HFrEF (LVEF <40%) HFpEF (LVEF ≥50%)

Variable Standardized regression 
coefficient (95% CI)

T-value P-value Standardized regression 
coefficient (95% CI)

T-value P-value

Log NT-proBNP 0.557 (0.42–0.69) 8.168 <0.001 0.639 (0.51–0.77) 9.576 <0.001

Systolic blood 
pressure

0.036 (0.23–0.49) 5.522 <0.001 0.326 (0.2–0.45) 5.025 <0.001

Log bilirubin 0.237 (0.1–0.37) 3.512 <0.001

History of diabetes 
Mellitus

0.43 (0.16–0.7) 3.101 0.002 0.468 (0.19–0.75) 3.28 0.001

Log bio-ADM 0.178 (0.04–0.31) 2.584 0.01

VAS dyspnoea score 0.17 (0.03–0.31) 2.422 0.016

Log gamma-GT 0.141 (0.01–0.27) 2.089 0.037

Adjusted R2: 0.275 
N = 444

Adjusted R2: 0.286 
N = 296

NT pro-BNP, N-terminal pro-B-type natriuretic peptide; gamma-GT, gamma-glutamyltransferase; GDF-15, growth differentiation factor-15; VAS, visual analogue scale.
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and without a history of diabetes mellitus (see Supplementary material 
online, Table S5). Again, associations found were similar in both sub
groups, and NT-proBNP and systolic blood pressure remained the 
strongest associations.

Sensitivity analyses using multivariable logistic regression for associa
tions of any vs. no albuminuria showed similar results (see 
Supplementary material online, Table S6).

Hierarchical cluster analysis of urinary 
albumin–creatinine ratio and other 
biomarkers
Figure 1A shows a dendrogram based on Euclidean distance positioning. 
Urinary albumin–creatinine ratio clearly clusters with biomarkers of 
congestion, as well as the clinical congestion score. Other clusters that 
can be appreciated are a ‘glomerular cluster’ of serum creatinine and ser
um urea, a renal injury cluster of urinary kidney injury molecule-1 
(KIM-1) and urinary neutrophil gelatinase-associated lipocalin (NGAL), 
a hepatic cluster of alkaline phosphatase, gamma-glutamyltransferase, 
and total bilirubin, and a RAAS cluster of aldosterone and renin. Very 
similar clusters were found in the validation cohort (Figure 1B).

Cox regression analysis
Kaplan–Meier survival curves showed that the presence of any albumin
uria was associated with a higher risk of mortality and heart failure (re) 
hospitalization (index cohort Figure 2A and validation cohort Figure 2B, 
log-rank P for both <0.001). Multivariable Cox regression analyses 
showed that log UACR was independently associated with mortality 
in both the index and validation cohort and was independently asso
ciated with the combined endpoint of death or heart failure hospitaliza
tion in the validation cohort (Table 5). To account for potential 
differences in biology between patients with HFpEF or HFrEF, an inter
action term was added to the Cox regression model. There, however, 
was no significant interaction on outcome (index: likelihood ratio rest 
P = 0.452, P = 0.2316 for mortality and the combined endpoint, re
spectively; validation: likelihood ratio rest P = 0.978, P = 0.5455 for 
mortality and the combined endpoint, respectively)’.

Discussion
The present study shows that patients with heart failure who had albu
minuria showed more signs and symptoms of (systemic) congestion at 
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Figure 1 Dendrogram displaying hierarchical clustering based on Euclidean distance in the index (A) and validation cohort (B). bio-ADM, biologically 
active adrenomedullin; FGF-23, fibroblast growth factor 23; GDF-15, growth differentiation factor 15; NT-proBNP, N-terminal pro-B-type natriuretic 
peptide; CA-125, cancer antigen 125; gamma-GT, gamma-glutamyltransferase; NGAL, neutrophil gelatinase-associated lipocalin.
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baseline, compared with those who did not have albuminuria. Even 
after adjustment for several kidney markers, such as urinary NGAL 
and KIM-1, the strongest association with log UACR was found for 

plasma NT-proBNP, in multivariable regression analysis. In addition, 
the correlation between NT-proBNP and UACR was independent of 
glomerular filtration and remained present across all NYHA functional 
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Figure 2 Survival analyses, proportion free from mortality or heart failure hospitalization in the index (A) and validation cohort (B).
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classes. Other markers and clinical parameters reflective of congestion, 
such as bio-ADM and peripheral oedema, were also associated with a 
higher UACR. Lastly, in hierarchical cluster analysis UACR clustered 
with established and novel markers of congestion, as well as with the 
clinical congestion score, rather than with glomerular and tubular mar
kers such as creatinine, NGAL, and KIM-1 (Structured Graphical 
Abstract). Taken together, these findings suggest that in patients with 
heart failure the extent of albuminuria is more related to the severity 
of congestion than to markers of intrinsic renal disease.

Congestion
Although albuminuria is not yet an established marker of congestion in 
heart failure, there are several lines of evidence that support a connec
tion between congestion and albuminuria. Firstly, ligation of the renal 
vein in healthy dogs resulted in albuminuria in the congested kidney after 
pressures of 18 mmHg were attained, while the non-congested control 
kidneys did not show albuminuria.18 Central venous pressures (and with 
it renal venous pressure) of more than 18 mmHg are not uncommon in 
acute heart failure.19,20 Importantly, after the ligation was lifted, protein
uria quickly recovered.18 Secondly, in patients admitted for acute de
compensated heart failure, the incidence of albuminuria significantly 
decreased after 7 days of diuretic treatment, indicating an effect of con
gestion relief (or reduction of central venous pressure) on albumin ex
cretion.21 Thirdly, in patients with the so-called ‘nutcracker’ syndrome, 
the left renal vein gets squeezed between the aorta and the superior 
mesenteric artery. This syndrome is typically associated with albumin
uria, among other urological symptoms.22 Similar to the nutcracker syn
drome, in patients with renal vein thrombosis giving rise to occlusion of 
the renal vein, albuminuria is common, can be severe and is reversible 
after the occlusion is lifted.23 Finally, in adult patients with congenital 
heart disease associated with higher (central and pulmonary) venous 
pressure (single ventricle Fontan, systemic right ventricle, and 

Eisenmenger syndrome), a higher prevalence of albuminuria is found 
as well. In contrast, no increase in albuminuria is found in congenital ab
normalities without increased right-sided pressures, such as an aortic 
coarctation.24 In addition, pulmonary hypertension is a common compli
cation of sickle cell disease. In this patient category, the presence of al
buminuria has a positive predictive value of 60% for concomitant 
pulmonary hypertension, further solidifying the association between in
creased right-sided pressures and albuminuria.25

The association between albuminuria and (central) venous pressure 
is further supported by available echocardiographic data. In the valid
ation cohort, echo parameters related to right-sided pressure, namely 
vena cava inferior diameters and tricuspid regurgitation gradient, were 
significantly increased in patients with albuminuria, indicating increased 
pulmonary and central venous pressures. In logistic regression, the gra
dient over the tricuspid valve remained independently associated with 
the presence of albuminuria.

After NT-proBNP, the second strongest association with log UACR 
in multivariable linear regression was found for urinary KIM-1. Several 
animal studies have shown that clipping of the renal vein leads to in
creased renal interstitial pressures, with one renal congestion model 
in mice showing increased tubular expression of KIM-1 in the affected 
kidney.18,26,27 Moreover, clipping of the vein leads to albuminuria and 
microscopic destruction of podocytes in these mice,27 indicating 
congestion-induced damage to the glomerular membrane as well as 
the tubules. Importantly, our data only show correlations between con
gestion markers, KIM-1, and albuminuria in heart failure and therefore 
causality cannot be assessed.

One surprising finding is the fact that renin concentration was nega
tively associated with log UACR. A possible explanation for this finding 
could be that those with micro- or macro-albuminuria were less likely 
to be on ACE-inhibitor/ARB and mineralocorticoid receptor antagon
ist, giving rise to lower renin concentrations. This finding is further sup
ported by the fact that ACE-inhibitor use was associated with a lower 
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Table 5 Cox regression

Index cohort Validation cohort

Hazard 
ratio

(95% confidence 
interval)

P-value Hazard 
ratio

(95% confidence 
interval)

P-value

2-year mortality

Univariate 1.148 1.104–1.193 <0.001 1.330 1.257–1.407 <0.001

Serum creatinine, age,History of DM and 
NT-proBNP

1.061 1.009–1.116 0.02 1.214 1.140–1.293 <0.001

BIOSTAT-CHF risk modela 1.059 1.012–1.107 0.013 1.134 1.066–1.206 <0.001

Combined endpoint of HF hospitalization or mortality

Univariate 1.118 1.084–1.153 <0.001 1.296 1.237–1.359 <0.001

Serum creatinine, age, History of DM and 
NT-proBNP

1.037 0.999–1.079 0.066 1.198 1.138–1.262 <0.001

BIOSTAT-CHF risk modelb 1.031 0.995–1.067 0.091 1.201 1.143–1.263 <0.001

DM, diabetes mellitus; NT pro-BNP, N-terminal pro-B-type natriuretic peptide. 
aVariables included in the BIOSTAT risk model for 2-year mortality: age, blood urea nitrogen, NT pro-BNP, haemoglobin, and failure to prescribe a beta-blocker. 
bVariables included in the BIOSTAT risk model for the combined endpoint of HF hospitalization or mortality: age, previous HF hospitalization, peripheral oedema, systolic blood pressure, 
NT pro-BNP, haemoglobin, high-density lipoprotein, sodium, and use of beta-blockers.
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odds ratio for UACR in logistic regression. Our findings are especially 
interesting in light of the fact that sacubitril/valsartan is associated 
with a higher incidence of albuminuria, despite a reduction in 
NT-proBNP and a slower decline in eGFR, in both HFrEF and 
HFpEF.28,29 Importantly, however, no patients in BIOSTAT-CHF 
were using sacubitril/valsartan, so an influence of this drug on albumin
uria could not be tested in our data.

Endothelial dysfunction
Another possible underlying mechanism explaining the relation be
tween albuminuria and congestion could be related to endothelial dys
function. Dysfunctional endothelial cells are associated with many 
cardiovascular, metabolic, and renal diseases.30 The main symptoms 
of endothelial dysfunction are impaired nitric oxide production and in
creased vascular permeability. Impaired endothelial function in the kid
neys might, therefore, result in more albuminuria.31 Endothelial 
dysfunction would also explain the correlations found with congestion, 
as the threshold for congestion is lowered in the case of endothelial 
dysfunction.32 Of particular interest is the function of the glycocalyx, 
which is situated on the outer border of the endothelium in both the 
peripheral vasculature and the glomerulus. The glycocalyx transduces 
stress from plasma flow, which releases mediators that in the glomeru
lus control podocyte function and in the peripheral vasculature regulate 
permeability.1,30 It is postulated that high levels of sodium, resulting 
from sodium reabsorption in heart failure, structurally alter the glyco
calyx, disrupting interstitial stability, which in turn diminishes interstitial 
protection from overt fluid overload.33 A similar pathophysiological 
mechanism seems plausible for the glomerular glycocalyx.10 In patients 
with sickle cell disease and pulmonary hypertension the vascular endo
thelial growth factor soluble fms-like tyrosine kinase-1 has been sug
gested to be the missing link responsible for endothelial dysfunction 
and thus albuminuria.34 Endothelial dysfunction might, therefore, be 
an important link between congestion and albuminuria in heart failure. 
It is, however, important to acknowledge that the endothelium shows 
remarkable heterogeneity throughout the body. Endothelial phenom
ena observed in one part of the body may, therefore, not be easily 
transferable to other parts of the body.

Limitations
Limitations of this study include the post hoc design. Our findings are 
based on associations; a direct effect of central venous pressure or in
trarenal congestion could not be proven. Moreover, an association with 
low cardiac output, the other main hallmark of heart failure aside from 
congestion, could not be proven as we did no measure this. However, 
as albuminuria was associated with a higher systolic blood pressure, ra
ther than a lower systolic blood pressure, this association seems less 
likely. Similarly, it is technically possible that the inverse is true, meaning 
albuminuria leads to congestion, through serum hypalbuminaemia. 
However, hypalbuminaemia in the index cohort was very mild and 
not present at all in the validation cohort. Moreover, serum albumin 
was not associated with albuminuria in multivariable regression ana
lyses, making it an unlikely contributor.

Additionally, no data on the timing of loop diuretic administration are 
present. We can, therefore, not exclude an effect of the recent admin
istration of loop diuretics, leading to RAAS activation as a driver of al
buminuria, although the total daily dose of loop diuretics was not 
independently associated with log UACR. Urinary albumin was only 
available at baseline, so no information on treatment effect or course 
over time could be provided.

Another important limitation is the fact that our findings cannot eas
ily be extrapolated to the current ESC heart failure guideline recom
mendations of optimal medical treatment,13 as no patients in 
BIOSTAT-CHF used sacubitril/valsartan or an sodium–glucose cotran
sporter 2 inhibitor and less than half used a mineralocorticoid receptor 
antagonist. The current findings should, therefore, be confirmed in con
temporary databases.

While we did not find differences in independent associations of al
buminuria in HFpEF and HFrEF, it is important to note that the sub
group of patients with HFpEF in both BIOSTAT-CHF cohorts is 
limited in number. The overall findings in the entire cohorts are, there
fore, likely driven by patients with HFrEF.

Lastly, as BIOSTAT-CHF did not exclude patients based on co
morbidities, our results could still be driven mainly by concomitant co
morbidities, such as diabetes and hypertension.

Conclusion
In patients with new-onset or worsening heart failure, albuminuria was 
consistently related to clinical, echocardiographic, and circulating bio
markers of congestion.
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Supplementary material is available at European Heart Journal online.
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