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ABSTRACT 

Background. Albuminuria could potentially emerge as a novel marker of congestion in acute heart failure. However, the 
current evidence linking albuminuria and congestion in patients with congestive heart failure ( CHF) remains somewhat 
scarce. This study aimed to evaluate the prevalence of albuminuria in a cohort of patients with CHF, identify the 
independent factors associated with albuminuria and analyse the correlation with different congestion parameters. 
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Methods. This is a subanalysis of the Spanish Cardiorenal Registry, in which we enrolled 864 outpatients with heart 
failure and a value of urinary albumin:creatinine ratio ( UACR) at the first visit. 
Results. The median age was 74 years, 549 ( 63.5%) were male and 438 ( 50.7%) had a reduced left ventricular ejection 

fraction. A total of 350 patients ( 40.5%) had albuminuria. Among these patients, 386 ( 33.1%) had a UACR of 30–300 mg/g 
and 64 ( 7.4%) had a UACR > 300 mg/g. In order of importance, the independent variables associated with higher UACR 

were estimated glomerular filtration rate determined by the Chronic Kidney Disease Epidemiology Collaboration 

equation ( R2 = 57.6%) , systolic blood pressure ( R2 = 21.1%) , previous furosemide equivalent dose ( FED; R2 = 7.5%) , antigen 

carbohydrate 125 ( CA125; R2 = 6.1%) , diabetes mellitus ( R2 = 5.6%) and oedema ( R2 = 1.9%) . The combined influence of 
oedema, elevated CA125 levels and the FED accounted for 15.5% of the model’s variability. 
Conclusions. In patients with chronic stable heart failure, the prevalence of albuminuria is high. The risk factors of 
albuminuria in this population are chronic kidney disease and hypertension. Congestion parameters are also associated 
with increased albuminuria. 

Keywords: albuminuria, cardiorenal disease, congestive heart failure, congestion, predictors 

KEY LEARNING POINTS 

What was known: 

• Albuminuria could potentially emerge as a novel marker of congestion in acute heart failure. Nevertheless, the existing 
evidence connecting albuminuria and congestion in patients with congestive heart failure ( CHF) remains somewhat limited.

This study adds: 

• Among individuals with a diagnosis of chronic stable heart failure, a strikingly high prevalence of albuminuria is observed. 
The principal contributors to albuminuria in this population include chronic kidney disease and hypertension. It is essential 
to emphasize that markers of congestion are intricately associated with an increased likelihood of albuminuria in these 
cases.

Potential impact: 

• When analysing a urinary albumin:creatinine ratio ( UACR) test in patients with heart failure, it is crucial to consider their 
fluid overload status.

• In individuals experiencing fluid retention ( wet patients) , UACR levels may register higher compared with those who are not 
retaining excess fluids ( dry patients) .

• Future studies should explore the clinical insights that can be gleaned from observing UACR trajectories transitioning from 

wet to dry scenarios.
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NTRODUCTION 

he presence of albuminuria has been of great interest in 
eart failure ( HF) in recent years [1 ]. Chronic kidney disease 
 CKD) is defined according to the Kidney Disease: Improving 
lobal Outcomes ( KDIGO) guidelines by the estimated glomeru- 
ar filtration rate ( eGFR) and/or albuminuria [2 ]. Values of eGFR 
 60 ml/min/1.73 m2 and/or albuminuria [albumin excretion 
ate > 30 mg/24 h or urinary albumin:creatinine ratio ( UACR) 
 30 mg/g] establish the diagnosis of CKD. The prevalence of CKD 

n patients with congestive heart failure ( CHF) is ≈70% according 
o a recently published study by our research group [3 ]. Albumin- 
ria has been established as a risk factor for the development 
f cardiovascular diseases [4 ], including HF [5 , 6 ]. Furthermore,
t has been observed that albuminuria regression is associated 
ith a decrease in cardiovascular risk [7 ]. It also has a prognos- 
ic value in established HF. Albuminuria is associated with in- 
reased mortality, increased risk of hospitalization [8 ] and more 
evere comorbidities [9 ]. 

Recent studies propose a potential link between albuminuria 
nd the extent of congestion in patients with acute HF [10 ]. Con- 
estion, recognized as the primary driver of HF readmissions, is 
dvocated for comprehensive assessment, in line with consen- 
us and clinical practice guidelines [11 –14 ]. It is worth consider- 
ng that albuminuria might serve as a novel marker of conges- 
ion in this context. Conversely, in patients with chronic stability,
he existing evidence supporting the association between albu- 
inuria and congestion is limited. 
This study aimed to evaluate the prevalence of albuminuria 

n a cohort of patients with CHF, determine the independent 
actors associated with albuminuria and analyse the correlation 
ith different congestion parameters. 

ATERIALS AND METHODS 

tudy design and population 

his is a subanalysis of the Spanish Cardiorenal Registry, where 
e prospectively evaluated a consecutive cohort of 1107 patients 
ho attended a routine follow-up visit in 13 Spanish HF clinics,
egardless of baseline eGFR, from October 2021 to February 2022 
3 ]. Diagnosis of HF was performed according to current Euro- 
ean guidelines [15 ]. The only exclusion criterion was refusal 
o participate. This subanalysis only included patients with a 
ACR value at the first visit, a total of 864 patients. Data were
ollected on patient demographics, medical history, medical and 
evice therapy at baseline, vital signs and physical examination,
ncluding oedemas. The oedema scoring system assigned points 
s follows: absent, 0 points; present in ankles, 1 point; present up
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o the knees, 2 points; and present up to the root of the limbs, 3
oints. 
This study complied with the Declaration of Helsinki and was

pproved by the local institutions’ ethics committees. Informed 
onsent was obtained from all the subjects. 

aboratory analysis 

lood and urine tests were assessed at baseline ( within a 48-
 window from inclusion) and analysed in the local laboratory 
f each participating site. eGFR was calculated from creatinine 
evels using the Chronic Kidney Disease Epidemiology Collab- 
ration ( CKD-EPI) equation and stratified according to KDIGO 

012 classification into four clinical strata: < 30 ml/min/1.73 m2 

 G4–G5) , 30–44 ml/min/1.73 m2 ( G3b) , 45–59 ml/min/1.73 m2 

 G3a) and ≥60 ml/min/1.73 m2 [2 ]. All patients had a prior
GFR assessment available in their medical chart for eGFR 
onfirmation. Albuminuria was assessed in the first morning 
rine sample and stratified into three categories using UACR: 
1 ( normoalbuminuria) , < 30 mg/g; A2 ( microalbuminuria) , 30–
00 mg/g; and A3 ( macroalbuminuria) , > 300 mg/g. 

tatistical analysis 

ontinuous variables are presented as median [interquartile 
ange ( IQR) ]. Categorical variables are expressed as percentages.
omparisons across albuminuria categories were performed 
y χ2 test for categorical variables. For continuous variables,
ne-way analysis of variance and the Kruskal–Wallis test were 
sed for variables with a parametric and non-parametric distri- 
ution, respectively. The variables associated with albuminuria 
ere evaluated by multivariate linear regression analysis. The 
ontribution of the exposures to the proportion of the depen-
ent variable variation was evaluated by R2 . In the multivariable
odels, all variables listed in Table 1 were tested based on prior
nowledge/biological plausibility, regardless of the P -value.
e simultaneously tested the linearity assumption for all 
ontinuous variables and the variables were transformed using 
ractional polynomials when appropriate. Next, we derived a 
educed and parsimonious model using backward stepwise 
election on prior knowledge/biological plausibility, indepen- 
ent of the P -value. The covariates included in the final model
ere age, sex, systolic blood pressure ( SBP) , oedemas, basal 
GFR ( CKD-EPI) , basal haemoglobin, antigen carbohydrate 125 
 CA125) levels and basal furosemide equivalent dose ( FED) . The 
ontribution of the covariates to the variability of UACR in the
ultiple linear regression model was assessed by the coefficient 
f determination ( R2 ) . We set a two-sided P -value of < .05 as
he threshold for statistical significance. Stata 15.1 ( version 15; 
tataCorp, College Station, TX, USA) was used for these analyses.

ESULTS 

he median age was 74 years ( IQR 63–82) , 549 ( 63.5%) were male 
nd 438 ( 50.7%) had a reduced left ventricular ejection fraction 
 LVEF) . The median creatinine and eGFR were 1.34 mg/dl ( IQR 
.92–1.59) and 54.7 ml/min/1.73 m2 ( IQR 37.52–76.87) , respec- 
ively. The median of the amino-terminal fraction of the brain N-
erminal pro b-type natriuretic peptide ( NT-proBNP) and CA125 
ere 1378 pg/ml ( IQR 575–3134) and 14.7 U/ml ( IQR 9.27–28) , re- 
pectively. The median UACR was 22 mg/g ( IQR 7.7–64.9) . A total
f 350 patients ( 40.5%) had albuminuria. Among these patients,
86 ( 33.1%) had a UACR of 30–300 mg/g and 64 ( 7.4%) had a UACR
 300 mg/g ( Table 1 ) . 
aseline characteristics across UACR categories 

he baseline characteristics of the study sample across UACR
ategories are presented in Table 1 . Patients with an increased
ACR were older and exhibited a more adverse risk profile
 particularly among those exhibiting macroalbuminuria) , char- 
cterized by a higher prevalence of hypertension, diabetes mel-
itus and dyslipidaemia than those with normal UACR. A higher
harlson Comorbidity Index was more common in patients with
n elevated UACR. Regarding vital signs and physical exami-
ation, patients with elevated albuminuria had a higher sys-
olic blood pressure ( SBP) and heart rate and oedemas. In the
chocardiographic findings, elevated LVEF and pulmonary artery 
ressure are prominent in the patients with elevated UACR.
n patients with an elevated UACR, renal function was worse,
nd haemoglobin was lower than in those with normal UACR.
he CA125 and NT-proBNP levels were higher when albumin-
ria was elevated, mainly in the macroalbuminuria group. In the
acroalbuminuria group, the utilization of sacubitril–valsartan 
nd mineralocorticoid receptor antagonists was less frequent,
hile the FED was notably higher. 

actors associated with higher UACR 

ultivariate analysis revealed that independent variables asso- 
iated with higher UACR ( and explaining up to 95% of the model
ariability) ( Fig. 1 ) : eGFR showed an inverse and near-linear re-
ationship ( R2 = 57.6%, P < .001) ( Fig. 2 ) , whereas the association
as positive and linear with SBP ( R2 = 21.1%, P < .001) ( Fig. 3 ) .
ther covariates associated with higher UACR were previous
ED, CA125 and oedemas, all showing a positive and linear re-
ationship with UACR ( R2 = 7.5%, P < .048; R2 = 6.1%, P < .011;
nd R2 = 1.9%, P = .064, respectively) ( Figs. 4 –6 ) and previous
iagnosis of diabetes mellitus ( R2 = 5.6%, P < .001) . Likewise,
ge ( P = .689) ( Fig. 7 ) , sex ( P = .575) and haemoglobin ( P = .828)
ere not predictors of UACR. Overall, this multivariate model ac-
ounted for 17% of the variability in UACR. 

ACR and congestion parameters 

he combined influence of oedema, elevated CA125 levels and
ED—variables strongly associated with hydrosaline overload—
ccounted for 15.5% of the model’s variability. 

ISCUSSION 

n this study, which enrolled a cohort of 864 patients with CHF
ccompanied by an initial UACR determination, the main find-
ngs were a high prevalence of albuminuria among participants,
GFR and SBP emerged as the principal predictors for elevated
ACR and congestion was independently associated with albu-
inuria in HF, even in a stable scenario. 
The prevalence of albuminuria among HF patients, based on

revious studies, typically falls within the range of 20–40% [1 ,
6 , 17 ]. However, our study, which stands as the largest registry
f patients with CHF that registered albuminuria, reflects a no-
ably higher prevalence rate at 40.5%, mainly microalbuminuria.
onsistent with findings in other studies, this increased preva-
ence was particularly notable among patients with HF with
reserved ejection fraction. Interestingly, microalbuminuria was 
he most common presentation, although cases of macroalbu-
inuria were also observed [17 , 18 ]. 
Patients with albuminuria were older and exhibited a

ess favourable risk profile. These patients displayed a higher
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Figure 1: Predictors of UACR after multivariate analysis in order of importance assessed by the coefficient of determination ( R2 ) . 

Figure 2: Relationship between eGFR ( functional form) and UACR ( logarithmic form) after multivariable analysis. 
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ikelihood of comorbidities such as hypertension, diabetes mel- 
itus and dyslipidaemia compared with individuals with a nor- 
al UACR. Additionally, they more frequently presented with 

mpaired renal function and more severe HF symptoms, includ- 
ng more pronounced signs of congestion. 

In this cohort of patients, the group’s prior study analysing 
he prevalence of CKD determined a prevalence rate of 
early 60% [3 ]. Furthermore, 13% of patients with eGFR 
60 ml/min/1.7 m2 exhibited albuminuria. 

redictors of elevated UACR 

n our cohort, after multivariable analysis, the independent risk 
actors associated with albuminuria were the presence of CKD 
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Figure 3: Relationship between SBP ( functional form) and UACR ( logarithmic form) after multivariable analysis. 

Figure 4: Relationship between FED ( functional form) and UACR ( logarithmic form) after multivariable analysis. 
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nd high BP. Both explained > 70% of the model. Other factors
ncluded diabetes, previous FED, CA125 and oedemas. 

Albuminuria and its connection to HF is complex, with 
ultiple underlying potential mechanisms. This association 

s primarily linked to impairment of the kidney filtration bar-
ier, which includes damage to the endothelium and tubular 
tructures and the presence of coexisting medical condi-
ions such as hypertension, diabetes mellitus and obesity [1 ].
hese alterations in the kidney’s function trigger a cascade of
vents, resulting in systemic inflammation and activation of
eurohormonal pathways, particularly the renin–angiotensin–
ldosterone system ( RAAS) . This, in turn, results in volume
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Figure 5: Relationship between CA125 ( functional form) and UACR ( logarithmic form) after multivariable analysis. 

Figure 6: Relationship between oedemas ( functional form) and UACR ( logarithmic form) after multivariable analysis. 
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verload due to enhanced retention of sodium and water,
hereby fostering the onset and progression of HF [1 ]. 

In patients with HF and without diabetes, hypertension or 
KD, albuminuria can often be attributed to HF itself [1 ]. In in- 
ividuals with HF, elevated central venous pressure exerts pres- 
ure on the renal system, resulting in increased renal venous 
ongestion. This congestion, in turn, leads to reduced renal per- 
usion pressure, ultimately causing a decrease in eGFR. To coun- 
eract these adverse changes, compensatory mechanisms are 
riggered, including activation of the RAAS [19 ]. 

A noteworthy percentage of patients displayed albuminuria 
espite the absence of hypertension, diabetes or CKD. This 
bservation underscores the significant role played by HF itself 
nd the associated congestion, even during the chronic stable 
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Figure 7: Relationship between age ( functional form) and UACR ( logarithmic form) after multivariable analysis. 
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hase. In our study, CA125 accounted for a larger proportion of
he multivariate model’s variance compared with diabetes mel- 
itus ( R2 = 6.1% versus 5.6%) . These findings emphasize that HF,
nd the resulting congestion, can, to a considerable extent, ac-
ount for the presence of albuminuria in our patient population.

ongestion and UACR in CHF 

n the present study, even in patients with chronic stable HF,
ongestion surrogates such as CA125, previous FED or oedemas 
layed a relevant role as predictors of albuminuria. Other stud-
es have examined the relationship of hydrosaline overload and 
lbuminuria, but predominantly in acute scenarios, both new- 
nset and worsening HF. Boorsma et al . [10 ] observed in the BIOl-
gy Study to TAilored Treatment in Chronic Heart Failure cohort
n CHF patients that congestion parameters such as biomarkers 
 including CA125) , ultrasound and clinical parameters ( oedema) 
ere independently associated with the presence of albumin- 
ria after multiple regression analysis. The relationship of con- 
estion parameters in the chronic setting has not been previ-
usly evaluated as in our cohort. In the multivariate analysis,
A125, oedema and previous FED were independent predictors 
f the presence of albuminuria. 

Notably, this is a cohort of patients with cardiorenal syn-
rome with a prevalence of CKD > 70%, and CA125 levels
redicted the presence of albuminuria in a model that in-
luded renal function. As is well known, CA125 values are not
nfluenced by renal function. Instead, CA125 levels exhibit a 
trong correlation with indicators of right-sided HF, which 
re frequently encountered in this specific patient population.
oreover, the established link between CA125 and renal conges- 

ion further underscores the significance of this finding [20 , 21 ]. 
Generally, renal damage resulting from hydrosaline over- 

oad stems not only from intravascular renal congestion, but 
lso from parenchymal congestion and the third space ( renal 
amponade) [22 ]. Therefore, a tissue congestion parameter ( like 
edema or CA125) , which often aligns with intravascular conges- 
ion in most patients, would more accurately predict the onset
f renal impairment associated with hydrosaline overload. 

linical implications 

hen interpreting a UACR test in patients with HF, it seems es-
ential to account for fluid overload status. In wet patients, UACR
ay be higher than in dry patients. Further studies may evalu-
te the clinical information provided by UACR trajectories from
et to dry scenarios. 

imitations 

his study has several limitations. First, UACR was assessed only
t baseline and not continuously measured during follow-up.
econd, it is important to note that patients were recruited
rom specialized HF clinics. As a result, any extrapolation of
hese findings to other follow-up methods, healthcare systems
r countries should be interpreted with caution. Third, other
ltrasound parameters of congestion, such as renal venous
ow patterns or suprahepatic vein flow, were not available
nd there were missing values in the inferior vena cava and B
ines to incorporate into the final model. Fourth, bioimpedance
nalysis was not done for volume assessment. Fifth, we do not
ave obesity data and thus were unable to analyse it. Sixth,
he multivariate model showed a limited ability to predict
lbuminuria variability. This issue may reflect an incomplete
nderstanding of albuminuria in cardiorenal patients and the
ack of assessment of well-known factors related to the severity
f albuminuria. And finally, as an observational study, there are
everal unmeasured confounders that may be operating or even
odifying the current findings. 

ONCLUSIONS 

n patients with chronic stable HF, the prevalence of albumin-
ria is high. The risk factors of albuminuria in this population
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