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Hypoalbuminaemia (serum albumin levels ≤3.5 g/dl) is associated with poor outcomes among patients with heart failure (HF). This narrative
review includes original articles and reviews published over the past 20 years and retrieved from PubMed using the following search terms (or
their combination): ‘heart failure’, ‘hypoalbuminaemia’, ‘heart failure with reduced ejection fraction’, ‘heart failure with preserved ejection
fraction’, ‘all-cause mortality’, ‘in-hospital mortality’, ‘hospitalization’, ‘prognosis’. The aims of this review are to provide an overview on
the prevalence of hypoalbuminaemia in HF, its impact on clinical outcomes, and potential mechanisms that may suggest future therapeutic
strategies. Hypoalbuminaemia is frequent in HF patients, especially among the elderly. However, data about the exact epidemiology of
hypoalbuminaemia are scant due to different definitions, and prevalence is estimated between 5% and 70% across the whole spectrum of
ejection fraction. Current evidence points to hypoalbuminaemia as a marker of poor outcomes in HF, irrespective of the ejection fraction,
and in other cardiovascular diseases. Among patients who suffered from acute coronary syndrome, those with hypoalbuminaemia had an
increased risk of new-onset HF and in-hospital mortality. Albumin, however, might also play a role in the natural history of such diseases due
to its antioxidant, anti-inflammatory, and antithrombotic properties. Whether albumin supplementation or nutritional support in general
would be beneficial in improving clinical outcomes in HF is not completely clear and should be evaluated in adequately designed studies.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Introduction
Prevalence of heart failure (HF) is increasing over time.1 HF
is associated with morbidity and mortality and often requires
hospitalization. Current strategies rely on serum biomarkers to
support diagnosis and prognosis in both hospital and outpatient
settings,2 such as B-type natriuretic peptide (BNP) or N-terminal
proBNP (NT-proBNP) and cardiac troponins (high-sensitivity
cardiac troponin I or T).3–5

Serum albumin is associated with adverse events in patients
with medical conditions. It has indeed been added to the Acute
Physiology and Chronic Health Evaluation III (APACHE III)
score to determine in-hospital mortality in critically ill patients6

and various studies have confirmed its short- and long-term
prognostic role in the acute setting, irrespective of the underlying
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.. disease.7,8 Hypoalbuminaemia – defined as serum albumin levels

≤3.5 g/dl – is common in patients with HF, especially in older
patients with multiple comorbidities.9–12 Mild hypoalbuminaemia is
also encountered in patients with advanced HF causing congestive
liver disease, usually associated with malnutrition or protein-losing
enteropathy.13 Different studies identified hypoalbuminaemia as an
independent predictive factor for cardiovascular (CV) and all-cause
mortality14–16 and incident HF.10 Importantly, hypoalbuminaemia
was independently associated with other CV diseases, such as
coronary artery disease, atrial fibrillation, stroke and venous
thromboembolism, and has emerged as a prognostic parameter in
these conditions.17–24

In this narrative review, we aim at providing an overview on
the prevalence of hypoalbuminaemia in HF, its impact on clinical
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outcomes, and potential causes that may suggest future therapeu-
tic strategies. In particular, we will discuss the pathophysiology of
hypoalbuminaemia, present available data regarding its epidemi-
ology in HF, and its link with frailty. We will then review the
existing literature investigating the prognostic role of albumin in
HF patients by considering different clinical phenotypes. Finally,
we will present data about albumin supplementation and discuss
potential benefits of implementing dedicated studies to assess this
knowledge gap.

Search criteria
This narrative review is based on original articles and reviews
published over the past 20 years and retrieved from PubMed
using the following search terms (or combination of terms):
‘heart failure’, ‘hypoalbuminaemia’, ‘pathophysiology’, ‘heart failure
with reduced ejection fraction’, ‘heart failure with preserved
ejection fraction’, ‘all-cause mortality’, ‘in-hospital mortal-
ity’, ‘hospitalization’, ‘prognosis’. Only English-language papers
were included in the literature search. Other papers iden-
tified from the reference list of the retrieved articles were
also considered.

General properties of albumin
in health and disease
Albumin represents more than 50% of total plasma protein con-
centration. In adults, normal albumin levels ranges between
3.5 and 5.5 g/dl. To date, no age-related cut-offs for albu-
min are available, however serum albumin levels decrease
with age in both sexes, especially among individuals aged
≥90 years.25

Albumin is synthetized by hepatocytes and regulated by differ-
ent stimuli, mainly nutrient intake. Albumin has several different
properties, the most important being the contribution to oncotic
pressure.9 In addition, albumin is a carrier of fatty acids, inacti-
vates toxins, affects drug activity and has antioxidant capacity and
many enzymatic properties.26 General features of albumin and its
metabolism are summarized in Figure 1. Albumin leaks into the
extravascular space for up to 5% of its concentration through the
so-called transcapillary exchange/escape rate (TER), that is depen-
dent on the integrity of the endothelium and the glycocalyx, the
latter being injured by inflammation. Once leaked, albumin is able to
return into the bloodstream through the lymphatic system at a rate
similar to TER and this is particularly evident for pulmonary vessels
that own increased permeability for albumin.27 Hence, the devel-
opment of pulmonary oedema is linked to the balance between
the transcapillary difference of intravascular and interstitial oncotic
pressure, interstitial pressure, and lymphatic flow rate. Arques
et al.28,29 described that in acutely decompensated HF (ADHF)
hypoalbuminaemia is a promoting factor for pulmonary oedema
among patients with diastolic dysfunction presenting with a moder-
ate increase in left ventricular filling pressure. Consequently, in such
conditions, restoration of the transcapillary oncotic pressure gradi-
ent through albumin supplementation might increase intravascular ..
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.. oncotic pressure.27 In ADHF patients, hypoalbuminaemia is asso-
ciated with enteric losses caused by splanchnic congestion, as
occurs in systemic venous hypertension resulting from tricuspid
incompetence, pulmonary stenosis, constrictive pericardial dis-
ease, or dilated cardiomyopathy.30–34 As a consequence, within the
villi, the increase in interstitial fluid impairs capillary permeabil-
ity, leading to the loss of macromolecules (including albumin) and
lymphocytes from the lamina propria into the lumen of the gastroin-
testinal system, that results in hypoalbuminaemia and lymphope-
nia.34–36 In this view, lower albumin levels may partially explain
diuretic resistance in some patients as loop diuretics bind to albu-
min,37 with albumin that increases their volume of distribution and
decreases their renal delivery, as clearly outlined in experiments
with analbuminaemic rats.38 There is growing evidence support-
ing a role of inflammation in the underlying pathophysiology of
HF.39–41 The most commonly understood mechanisms include pro-
duction of cytokines from myocardial cells as a reaction to fluid
overload,41 tissue hypoxia,42 and intestinal congestion that could
promote bacterial translocation and production of elevated lev-
els of endotoxins.43 In ADHF, all of these mechanisms become
more intense. A meta-analysis of 48 studies demonstrated a link
between hypoalbuminaemia in HF and persistent inflammation,
reflected by the elevation of C-reactive protein (CRP) levels44 as
the inflammatory activity is higher in patients with low levels of
albumin. Bonilla-Palomas et al.45 found that inflammatory activation
was the most important aetiologic factor associated with hypoal-
buminaemia in ADHF patients. From a pathophysiological stand-
point, interleukin-2 (IL-2) and interleukin-6 (IL-6) inhibit the hep-
atic synthesis of albumin and, together with interferon-α (IFN-α),
increase vascular endothelial permeability, promoting the transcap-
illary albumin leakage from the intravascular to the extravascular
compartment.33

In sum, current evidence points to hypoalbuminaemia as a
marker of poor outcomes in HF and other CV diseases, due to
its association with coexisting conditions – chronic congestion,46

chronic low-grade inflammation,47 malnutrition,48,49 and renal fail-
ure50 – that have a detrimental effect on the prognosis of patients
with HF. This makes hypoalbuminaemia an inclusive prognostic
factor, since its interpretation encompasses a greater number of
pathophysiological processes and helps identifying patients with a
more severe disease who are at higher risk of worse outcomes. On
the other side, it could be tempting to speculate that low serum
albumin levels play a direct role in the natural history of chronic
HF. Indeed, hypoalbuminaemia may trigger an acute worsening of
HF through a reduction in oncotic pressure28 and a predisposition
to diuretic resistance.38 However, if a role in the pathophysiol-
ogy of acute and chronic HF were true, albumin supplementation
should be beneficial in improving outcomes, while currently avail-
able observational studies have not shown a substantial improve-
ment of HF outcomes, neither in acute nor in the chronic set-
ting.51,52 This leads to the final consideration that the association
between hypoalbuminaemia and HF is explained by the presence of
several supporting mechanisms and hypoalbuminaemia itself should
be considered, at present, as a marker of advanced disease that
predisposes to episodes of acute decompensation and long-term
mortality.

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Hypoalbuminaemia and heart failure 3

Figure 1 Properties and metabolism of albumin. Albumin is the most abundant protein in the body and plays important roles, such as regulation
of oncotic pressure and carrier of various compounds. Its metabolism relies on a balance between synthesis and catabolism. Importantly,
transcapillary escape rate (TER) – an average of two rates, fast (12%, into the viscera) and slow (2%, into the skin and muscles) – may be
increased in case of inflammation, infections, and trauma. TER, transcapillary escape rate. This figure has been partially created using Servier
Medical Art templates, which are licensed under a Creative Commons Attribution 3.0 Unported License; https://smart.servier.com.

Epidemiology of
hypoalbuminaemia in patients
with heart failure
Hypoalbuminaemia is frequently observed in HF patients, and it is
prevalent with increasing age and number of chronic diseases.9,25,53

However, information about the exact epidemiology of hypoalbu-
minaemia is lacking because of different working definitions, differ-
ent study designs, and diverse populations considered in the studies
(ADHF, chronic HF, HF with reduced [HFrEF] and preserved ejec-
tion fraction [HFpEF]) (Table 1).10,15,16,45,54–65 Hypoalbuminaemia
is encountered both in HFrEF and HFpEF45 as well as in acute
and chronic HF patients,29,54,58,66 with a higher prevalence in the
acute setting (38.5% vs. 19.7%).44,65 A meta-analysis of 48 studies
estimated the prevalence of hypoalbuminaemia among HF patients
between 12% and 54%, with a pooled prevalence of 32%.44 Around
15% of ambulatory HF patients suffer from hypoalbuminaemia, irre-
spective of their ejection fraction64 (Table 1).

Hypoalbuminaemia is prevalent in the elderly population due to
the concurrent presence of aging,25,53 frailty16,29,66 and HFpEF.28,58

Frailty (which includes cognitive, social and psychological frailty)
in HF is associated with poor prognosis and increases the risk
of death and hospitalization.67 Due to a pro-inflammatory state,
pathological changes in muscle composition are responsible for
reduced muscle mass and strength, i.e. sarcopenia.67 Sarcopenia ..
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.. itself could be a cause of acute decompensation in HF and is asso-
ciated with haemodynamic changes that could worsen symptoms
and duration of the event.68 As elderly patients are more likely
to carry a greater number of comorbidities, the vicious cycle of
inflammation, malnutrition (due to reduced intake and reduced
absorption of nutrients due to intestinal oedema), cachexia, and
frailty are responsible for reduced albumin levels in HF patients69

(Figure 2).
Hypoalbuminaemia derives from different mechanisms –

reduced synthesis or increased catabolism, kidney and intestine
loss, or increased vascular permeability,70 although the single
contribution of each factor was not studied in depth in patients
with HF. It is, however, clear that inflammation and malnutrition
play a major role,71,72 along with liver disease especially in patients
with long-standing congestive HF9,70 (Figure 2).

Prognostic role of albumin in
heart failure

Impact of hypoalbuminaemia on clinical
outcomes in patients with heart failure
In the past decade, a large number of observational studies and
sub-analyses of randomized controlled trials were published that

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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4 M. Biancucci et al.

Table 1 Main observational studies investigating the epidemiology of hypoalbuminaemia in patients with heart failure

Author Study design No. of
patients

HF classification Age, years HypA cut-off
value (g/dl)

Prevalence
of HypA

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Bonilla-Palomas et al.45 Prospective, cohort study 362 All types 78.5± 8 ≤3.4 29.8%
Liu et al.58 Prospective, cohort study 576 HFpEF 77± 10 3.4 28%
Prenner et al.59 Prospective, cohort study 118 HFpEF 66± 10 3.7 28%
Yatsu et al.60 Prospective, cohort study 551 All types 69.6±14 <3.4 56.4%
Filippatos et al.10 Prospective, cohort study 5450 Not available 74.1± 6 ≤3.5 11%
Horwich et al.61 Retrospective, cohort study 1726 HFrEF 52± 12 ≤3.4 25%
Uthamalingam et al.54 Retrospective, cohort study 438 All types 75± 14 3.4 54%
Gotsman et al.62 Retrospective, cohort study 5779 All types 75± 13 3.5 12%
Grodin et al.63 Retrospective, cohort study 456 All types 68 (57.5–78) 3.5 44.7%
Bavishi et al.64 Retrospective, cohort study 9437 All types – 3.5 15%
Polat et al.15 Retrospective, cohort study 135 HFrEF 67± 14.0 ≤3.4 69.6%
Karki et al.65 Retrospective, cohort study 1 365 529 All types – <3.5 88%

HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HypA, hypoalbuminaemia.

Figure 2 Predisposing factors to hypoalbuminaemia. Different factors contribute to low levels of serum albumin. Hypoalbuminaemia is more
frequently encountered in elderly people and generally increases all-cause mortality and negatively impacts on heart failure (HF) outcomes.
ADHF, acutely decompensated heart failure. This figure has been partially created using Servier Medical Art templates, which are licensed
under a Creative Commons Attribution 3.0 Unported License; https://smart.servier.com.

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Hypoalbuminaemia and heart failure 5

Table 2 Observational studies investigating the prognostic role of hypoalbuminaemia in patients with heart failure

Author No. of
patients

HF
classification

Main findings

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Liu et al.58 576 HFpEF Hypoalbuminaemia was as an independent predictor of all-cause mortality at 1 year
(HR 3.18, 95% CI 2.77–4.45; p< 0.001).

Uthamalingam et al.54 438 All types Hypoalbuminemia independently predicted 1-year mortality (HR 2.05, 95% CI
1.10–3.81; p= 0.001). In HFrEF patients, hypoalbuminaemia carried a higher
independent risk of 1-year mortality (HR 5.00, 95% CI 2.17–11.5; p< 0.001).

Grodin et al.63 443 All types Hypoalbuminaemia was not associated with the composite outcome (all-cause mortality,
all-cause rehospitalization, and unscheduled ER visit).

Clarke et al.73 177 All types Baseline hypoalbuminaemia was an independent predictor of WRF (HR 2.87, 95% CI
1.60–5.16; p= 0.0004) and in-hospital mortality among those with WRF (OR 2.86,
95% CI 1.24–6.65; p= 0.011).

Prenner et al.55 372 HFpEF Albumin was independently associated with the primary outcome including CV death,
aborted cardiac arrest, or HF hospitalization after correction for multiple
comorbidities (HR 0.72, 95% CI 0.67–0.78, and HR 0.78, 95% CI 0.71–0.85; p< 0.001

for both models).
Albumin was also independently associated with the composite outcome of all-cause

death or HF hospitalization (HR 0.72, 95% CI 0.67–0.78, and HR 0.78, 95% CI
0.72–0.84; p< 0.001 for both models).

Cardoso et al.74 204 EF not assessed Increasing levels of albumin independently reduced the risk of 1-year all-cause mortality
(OR 0.41, 95% CI 0.22–0.75; p= 0.004).

Yatsu et al.60 551 All types Hypoalbuminaemia did not predict all-cause mortality.
Filippatos et al.10 5450 Not available Among older adults aged <73 years, hypoalbuminaemia was associated with an increased

risk of incident HF (HR 2.09, 95% CI 1.41–3.10; p< 0.001).
Hypoalbuminaemia was found to increase the composite outcome of incident HF or

all-cause mortality (HR 1.33, 95% CI 1.11–1.61; p= 0.002) and all-cause mortality
(HR 1.23, 95% CI 1.02–1.49; p= 0.035).

Gopal et al.14 2907 All types Hypoalbuminaemia was associated with an increased risk for HF hospitalization and
readmission up to 6 years (baseline HR 1.13 per −0.1 g/dl, 95% CI 1.05–1.22;
p= 0.001).

Su et al.75 385 HFrEF Serum albumin independently predicted CV death or WHF (HR 0.96, 95% CI 0.94–0.99;
p= 0.02).

Feng et al.76 559 All types Hypoalbuminaemia increased the risk for all-cause mortality (HR 1.34, 95% CI
1.02–1.74; p= 0.032) as well as did baseline serum albumin levels as a continuous
variable (HR 1.53 per 1 g/dl decrease, 95% CI 1.15–2.04; p= 0.003).

ADHF, acutely decompensated heart failure; CI, confidence interval; CV, cardiovascular; EF, ejection fraction; ER, emergency room; HD, haemodialysis; HF, heart failure; HR,
hazard ratio; OR, odds ratio; WHF, worsening heart failure; WRF, worsening renal function.

investigated the role of hypoalbuminaemia as a prognostic marker.
In many of them, HF was considered across the whole spectrum
of the ejection fraction (Table 2).10,14,54,55,58,63,73–76

The COAPT (Cardiovascular Outcomes Assessment of the
MitraClip Percutaneous Therapy for Heart Failure Patients with
Functional Mitral Regurgitation) trial demonstrated that tran-
scatheter edge-to-edge repair (TEER) with the MitraClip™ sys-
tem in addition to guideline-directed medical therapies reduced
hospitalization for HF and improved survival in patients with
moderate-to-severe or severe secondary mitral regurgitation.77 A
sub-analysis of the COAPT trial recently focused on serum albu-
min levels.76 In this study, 13.6% of patients had a baseline albumin
<3.5 g/dl. Patients with albumin levels <4.0 g/dl were older and
suffered from a larger number of diseases and more frequently
experienced a hospitalization in the previous 12 months before ..
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. enrolment. Baseline hypoalbuminaemia and baseline albumin levels

expressed as a continuous variable were both found to increase
the risk of all-cause mortality, but not hospitalization for HF,
all-cause hospitalization or the composite of all-cause mortal-
ity or hospitalization for HF.76 A recent report including more
than 1 million patients hospitalized for ADHF showed that 88%
of them had hypoalbuminaemia and died during hospitalization
or experienced acute kidney injury, sepsis, and blood transfu-
sions more frequently than those with normal albumin levels.65

Interestingly, Peterson et al.78 reported about the importance of
hypoalbuminaemia assessed by the nadir – and not the base-
line – albumin level. Indeed, they showed that nadir serum albumin
levels were observed in up to 50% of patients, were associated
with in-hospital mortality, and provided a two-fold increased risk
to develop acute worsening of kidney function. In the AURORA

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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6 M. Biancucci et al.

(Acute Heart Failure Registry in the Osaka Rosai Hospital) study
conducted in Japan, hypoalbuminaemia increased the risk of 1-year
all-cause mortality in patients aged ≥80 years, but not in those aged
<80 years.79

However, not all studies are concordant on the role of hypoal-
buminaemia in HF. A post-hoc analysis of two double-blind
trials – DOSE-AHF (Diuretic Optimization Strategies Evalua-
tion Acute Heart Failure) and ROSE-AHF (Renal Optimization
Strategies Evaluation Acute Heart Failure) – designed to test the
effectiveness and consequences of different decongestive thera-
pies indicated that baseline albumin levels were associated with
net fluid loss, but not with weight change or lower diuretic effi-
ciency.63 In addition, baseline hypoalbuminaemia was not likely to
increase the incidence of worsening HF or worsening kidney func-
tion. At discharge, the composite endpoint of death, rehospital-
ization and unscheduled emergency room visit over a follow-up
of 60 days occurred in 43.4% of patients, however no corre-
lation with baseline serum albumin levels was found. Although
hypoalbuminaemia could be associated with increased peripheral
congestion, but not with central congestion, its baseline levels
were not correlated with prognosis.63 The authors, however, rec-
ognized various biases in the post-hoc analysis, such as selec-
tion bias due to the inclusion criteria of the two studies and
the inadequate power of the two studies to detect clinical end-
points based upon serum albumin levels. On the other hand,
an interesting approach to the problem has been proposed by
Nakayama et al.80 In a study on 115 patients, a rising trend
of serum albumin values during hospitalization was observed in
61% of patients and was independently associated with a good
prognosis.80

Two meta-analyses were performed on the prognostic role
of serum albumin in HF. Peng et al.81 studied both acute and
chronic HF: in both groups the pooled risk for all-cause mor-
tality was higher in patients with hypoalbuminaemia (relative
risk [RR] 1.75, 95% confidence interval [CI] 1.35–2.27, pooled
p= 0.048, and RR 3.50, 95% CI 1.29–9.73, pooled p= 0.002,
respectively). El Iskandarani et al.44 confirmed that mortal-
ity in HF patients was ∼4 times higher in those with lower
serum albumin, both in the inpatient (odds ratio [OR] 3.77,
95% CI 1.96–7.23) and outpatient settings (OR 2.44, 95%
CI 2.05–2.91). Baseline hypoalbumineamia had a pooled area
under the curve of 0.79, which was comparable to that of
elevated BNP levels at admission. Long-term mortality was
also significantly increased in patients with hypoalbuminaemia
and this was more evident in the first year of follow-up
(OR 1.5, 95% CI 1.36–1.64). Moreover, hypoalbuminaemia
in HF patients was correlated with a longer hospital stay,
coupled with a non-significant higher rehospitalization rate
(OR 1.22, 95% CI 0.96–1.55).44

Heart failure with preserved ejection
fraction
Among the patients included in the TOPCAT (Treatment of Pre-
served Cardiac Function Heart Failure With an Aldosterone Antag-
onist Trial) trial, that studied spironolactone in patients with ..
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.. HFpEF,82,83 Prenner et al.55 evaluated the phenotypic effects of
serum albumin levels in patients with HFpEF on measures of tar-
get organ damage (glomerular filtration rate, echocardiographic
data, arterial wall stiffness). In this study including 3265 patients
from the original trial, the prevalence of hypoalbuminaemia was
10.7% and was associated with older age, black race, advanced
HF, peripheral arterial disease, atrial fibrillation, and diabetes.
Patients in the lower tertile of serum albumin levels (serum albu-
min between 1 and 3.9 g/dl) had a higher prevalence of mark-
ers of micro- and macrovascular dysfunction.55 In another study
by Prenner et al.59 conducted in 118 HFpEF patients with a
median follow-up of 57.6 months, serum albumin was proved
as an independent predictor of mortality and hospital readmis-
sion for HF after adjustment for several clinical variables, includ-
ing NT-proBNP. In this regard, a number of studies confirmed
the prognostic value of albumin irrespective of natriuretic pep-
tides.57,75,84–87 Among 100 elderly patients, Arques et al.28 reported
that lower serum albumin was more prevalent in patients with
HFpEF than with HFrEF or pulmonary disease and that oncotic
pressure, of which albumin is the main leading force, is the first
pathophysiological determinant in pulmonary oedema, especially
in HFpEF patients. In the JASPER (Japanese Heart Failure Syn-
drome With Preserved Ejection Fraction) registry, lower serum
albumin levels at hospitalization were predictive of all-cause mortal-
ity and worsening HF across a 2-year period after discharge among
HFpEF patients irrespective of New York Heart Association class
III or IV at discharge, systolic blood pressure, sodium and BNP
on admission.86

A post-hoc analysis of the EMPEROR-Preserved (Empagliflozin
Outcome Trial in Patients With Chronic Heart Failure with Pre-
served Ejection Fraction) trial evaluating liver function abnormal-
ities and CV outcomes found that albumin levels in the lowest
tertile increased the risk for the composite of time to first adju-
dicated hospitalization for HF or CV death and this was partic-
ularly true for albumin levels <4.2 g/dl.88 A significant increase in
albumin levels from week 4 to week 120 for empagliflozin ver-
sus placebo was observed,88 and this might depend, at least in
part, from a reduction in albuminuria, although regarded as a not
clinically meaningful change by the authors of the paper. Another
post-hoc analysis of the EMPEROR-Preserved trial included albu-
min in biomarker-driven prognostic models and confirmed that
lower albumin levels increased the risk of both all-cause and CV
mortality (hazard ratio [HR] 1.07, 95% CI 1.05–1.10 and HR 1.07,
95% CI 1.03–1.10, respectively).89

Heart failure with reduced ejection
fraction
In a sub-analysis of the VERITAS (Value of Endothelin Receptor
Inhibition with Tezosentan in Acute Heart Failure Studies) study,
lower serum albumin levels were predictive of the composite
endpoint of death, worsening HF or HF rehospitalization within
30 days only in patients younger than 72 years, while hypoalbu-
minaemia was associated with 90-day mortality only among those
older than 72 years.90 A post-hoc analysis of the EVEREST (Effi-
cacy of Vasopressin Antagonism in Heart Failure Outcome Study

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Hypoalbuminaemia and heart failure 7

with Tolvaptan) trial found that participants in the lowest quartile
of serum albumin at baseline (between 1.4 and 3.4 g/dl) experi-
enced a 36% increased risk for all-cause mortality (HR 1.36, 95%
CI 1.02–1.82) compared to those in the highest quartile (serum
albumin levels at baseline between 4.1 and 5.6 g/dl), but had no
influence on CV mortality of first HF hospitalization.84

Heart failure associated with other
conditions
A couple of studies evaluated the prognostic role of lower levels of
albumin in patients with acute coronary syndrome. Among such
patients, hypoalbuminaemia independently predicted new-onset
HF and in-hospital mortality and this trend was inversely cor-
related with progressively low albumin levels.17 Another report
described increased in-hospital mortality, HF development, and
major bleeding in patients with hypoalbuminaemia. In addition,
hypoalbuminaemia was found to predict long-term mortality and
worsening HF.18

Hypoalbuminaemia is also important in rare forms of CV dis-
eases, such as congenital heart diseases (CHD), and is a strong
independent predictor of death even after adjustment for disease
complexity.70 The Fontan palliative procedure often fails because
of the onset of protein-losing enteropathy which causes severe
hypoalbuminaemia.91 The prognostic role of serum albumin was
evaluated in adult HF patients with CHD listed for heart trans-
plantation. Serum albumin levels <3.2 g/dl were found to almost
double the risk of the primary outcome – death or delisting for
clinical worsening within 1 year – among CHD patients irrespec-
tive of lower estimated glomerular filtration rate, admission to the
intensive care unit, and need for mechanical ventilation.92

Biventricular congestive HF, which causes fluid retention and
increased vascular permeability, contributes to the onset and per-
petuation of hypoalbuminaemia. The latter is a prognostic marker
for patients referred to cardiac interventional therapies, such
as transcatheter aortic valve replacement, left ventricular assist
device, cardiac resynchronization therapy, and in heart transplant
recipients.93–96

Role of albumin in prognostic
scores in heart failure
Some prognostic models, that include albumin in their algorithms,
were proposed over the past years in patients with acute HF.
A retrospective analysis of the REALITY-AHF (Registry Focused
on Very Early Presentation and Treatment in Emergency Depart-
ment of Acute Heart Failure) study, which compared the MELD XI
(Model for End-stage Liver Disease excluding INR) score with the
ALBI (albumin-bilirubin) score, showed that the latter performed
better than the MELD XI score to predict 1-year mortality in
ADHF patients.97 Shibata et al.98 demonstrated that the Fibrosis-4
(FIB4) index was an independent predictor for all-cause mortality
and HF readmission at 3, 6 and 12 months; on the other hand,
liver function tests at admission, which are part of FIB4, could
not per se predict adverse events. In a report from the PROTECT ..
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.. (Placebo-Controlled Randomized Study of the Selective A1 Adeno-
sine Receptor Antagonist Rolofylline for Patients Hospitalized with
Acute Decompensated Heart Failure and Volume Overload to
Assess Treatment Effect on Congestion and Renal Function) study,
a model with eight clinical parameters including serum albumin was
found to predict a number of adverse outcomes (30-day mortality
or rehospitalization for any reason; 30-day death or rehospitaliza-
tion for CV or renal reasons; 30- and 180-day all-cause mortality)
with similar accuracy to more complex models, although with mod-
erate accuracy for non-fatal events.99 The CRP/albumin ratio was
proposed as a marker of chronic inflammation in HF with contrast-
ing results.100–102 An elevation of the Glasgow prognostic score
(GPS) or modified GPS (mGPS) – a well-established nutritional
and inflammatory assessment tool in patients with cancer includ-
ing a combination of albumin and CRP – was associated with poor
survival in HF patients.103,104 Elevated fibrinogen-to-albumin ratio
was independently associated with major adverse cardiac and cere-
brovascular events in patients with ADHF and diabetes.105

Almost 70% of HF patients, independently of age, fulfil frailty
diagnostic criteria and almost one third of younger HF patients
are diagnosed as frail.106 Assessment of frailty is crucial in all HF
patients and different tools are available.107,108 In a prospective,
single-centre study, serum albumin concentration was measured in
frail, institutionalized patients aged >70 years. Hypoalbuminaemia,
together with age, blood urea nitrogen and BNP, was an indepen-
dent predictor of in-hospital mortality.57 Albumin concentrations
<3 g/dl were found to predict in-hospital mortality with a modest
specificity (68%) and a good sensitivity (94%).29 Finally, the Charl-
son comorbidity index, which was developed in 1987 to predict
10-year survival in patients with multiple comorbidities,109 was
found higher in HF patients with hypoalbuminaemia than in those
with normoalbuminaemia.65

Impact of albumin
supplementation in patients with
heart failure
and hypoalbuminaemia
An important matter of debate deals with the rationale for nutri-
tional interventions in patients diagnosed with hypoalbuminaemia
and acute HF. Low prognostic nutritional index (including albu-
min and lymphocytes) values were associated with short- and
long-term mortality in elderly patients hospitalized for ADHF.110

A metanalysis by Vincent et al.6 resulted inconclusive in support-
ing administration of albumin in target patient cohorts. Despite
the detrimental effect of hypoalbuminaemia on mortality, morbidity
and length of hospitalization, no evidence was found for a threshold
above which albumin was no longer affecting these areas. A sub-
group analysis of the PICNIC (Nutritional Intervention Program
in Hospitalized Patients with Heart Failure who are Malnourished)
study, in which a nutritional intervention reduced all-cause mor-
tality in hospitalized patients with acute HF and readmission for
worsening HF,85 focused specifically on hypoalbuminaemia with a
primary endpoint of all-cause mortality and readmission for HF.

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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8 M. Biancucci et al.

Table 3 Randomized clinical trials that tested the effect of albumin supplementation in different conditions

Author No. of
patients

Condition Main findings

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Lee et al.113 203 AKI Administration of albumin immediately before off-pump coronary artery bypass
surgery in patients with a preoperative albumin level <4 g/dl was associated
with a reduced risk of AKI after surgery (RR 0.56, 95% CI 0.33–0.92)
compared to saline.

Macedo et al.114 65 Intermittent KRT Among AKI or ESKD patients with hypoalbuminaemia (albumin<3 g/dl)
undergoing KRT, pre-dialysis albumin supplementation reduced the number of
episodes of hypotension compared to saline (7% vs. 15%, p= 0.002).

O’Brien et al.115 1508 Continuos KRT The administration of 20% albumin (either alone or in combination with 4%
albumin) did not increase 90-day mortality or KRT dependence.

Caironi et al.116 1810 Severe sepsis In patients with severe sepsis, albumin replacement in addition to crystalloids did
not improve survival rate at 28 and 90 days compared to crystalloids alone.

Park et al.117 360 Severe sepsis or septic shock Albumin supplementation together with lactated Ringer’s in cancer patients with
sepsis did not improve 7-day survival compared to lactated Ringer’s alone.

Philips et al.118 308 Sepsis-induced hypotension Albumin supplementation was able to reverse sepsis-induced hypotension at 3 h
compared to normal saline in patients with cirrhosis (11.7% vs. 3.2%,
p= 0.008; OR 3.9, 95% CI 1.42–10.9).

Martin et al.119 40 ARDS Combination therapy with albumin and furosemide resulted in improved
oxygenation compared to placebo and furosemide (OR 19.3, 95% CI
2.9–127.3).

China et al.120 777 Cirrhosis Among hospitalized patients with decompensated cirrhosis, no differences were
observed between albumin infusions aimed at maintaining an albumin level
≥3.5 g/dl compared to standard care.

Finfer et al.121 6997 Critically ill patients in the ICU No differences in the rate of 28-day death from any cause was found between
patients receiving albumin or normal saline.

AKI, acute kidney injury; ARDS, acute respiratory distress syndrome; CI, confidence interval; ESKD, end-stage kidney disease; ICU, intensive care unit; KRT, kidney replacement
therapy; OR, odds ratio; RR, relative risk.

Patients were divided between normo- and hypoalbuminaemia
(serum albumin <3.4 g/dl, with hypoalbuminaemia prevalence of
49.2%). At 12-month follow-up, the number of events for the pri-
mary endpoint were comparable between the two subgroups.111

The authors concluded that the cause of hypoalbuminaemia in HF
patients was multifactorial and, therefore, in this type of population
albumin loses its value as a nutritional parameter and should not
be used solely for this purpose.

Hypoalbuminaemia may reduce oncotic pressure and contribute
to diuretic resistance, as observed in nephrotic syndrome.112

While albumin supplementation is established for some condi-
tions (Table 3),113–121 its effectiveness in HF is not known and
was poorly studied. In a randomized controlled cross-over trial
in patients with hypoalbuminaemia and chronic kidney disease, the
addition of albumin to furosemide provided a short-term advantage
in terms of water and sodium diuresis over furosemide alone,122

supporting previous pre-clinical findings in analbuminaemic rats.38

While convincing data about albumin supplementation emerged
from the infectious disease field (severe sepsis and septic shock
and in spontaneous bacterial peritonitis),116,123,124 scant evidence
is available for albumin supplementation in patients with ADHF.
In a retrospective cohort study of 1038 ADHF patients, albu-
min supplementation did not show any advantage in terms of
reduction of the primary endpoint (a composite of intubation, ..
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. emergency renal replacement, or mortality).125 Despite the retro-
spective nature of the study, a slight, non-significant signal towards
an increased harm for albumin supplementation was observed. A
retrospective study including 162 ADHF patients, with 20.3% of
them presenting hypoalbuminaemia, found that average net urine
output over a 2-day study period and diuretic doses (expressed
as furosemide equivalent/24 h) were similar irrespective of albumin
levels.126 In another study, a reduced urinary output was observed
when co-administering albumin (12.5 g over 24 h) and furosemide
(continuous infusion of 250 mg over 24 h, dose of 0.1 mg/kg/h)
compared to continuous infusion of furosemide for 24 h alone (ini-
tial dose of 1 mg/kg, followed by 0.1 mg/kg/h).127 In the retrospec-
tive LILAC-HF (Levels of Albumin and Impact on Loop Diuretic
and Albumin Co-administration in Heart Failure) study, concomi-
tant administration of intravenous loop diuretics and albumin in 276
patients hospitalized for ADHF was effective in improving median
diuretic output and weight within 72 h of treatment, but no associ-
ation between baseline serum albumin level and 72-h urine output
was found.128 Taken together, these findings underline the need for
randomized trials testing albumin supplementation in HF patients.

Charokopos et al.72 evaluated serum and urine albumin in two
independent populations including outpatients with HF and inpa-
tients admitted for ADHF. Among outpatients, serum albumin
inversely correlated with NT-proBNP, loop diuretic dose, and
plasma IL-6. However, when controlling for IL-6, the association

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Hypoalbuminaemia and heart failure 9

between diuretic efficiency and serum albumin disappeared. In
addition, outpatients with larger amounts of albuminuria needed
higher doses of loop diuretic and albuminuria was inversely asso-
ciated with serum albumin and positively correlated with baseline
NT-proBNP and IL-6. Similar results were confirmed in an inpatient
cohort, suggesting that serum and urine albumin are not associated
with diuretic resistance in patients with HF.72

Albuminuria and heart failure
Albuminuria – the loss of albumin in the urine – represents
an earliest marker of glomerular damage, that could present
before the estimated glomerular filtration rate reduction
<60 ml/min/1.73 m2.129 Pathophysiological mechanisms linking
albuminuria to HF are multifactorial. They depend on the damage
to the kidney filtration barrier causing systemic inflammation
and increased activation of the renin–angiotensin–aldosterone
system, finally leading to volume overload mediated by water and
salt retention, as discussed elsewhere in more detail.130 In patients
with chronic HF, albuminuria is found in up to 44% patients131,132

and more frequently in patients with HFpEF.131,133,134 Data from the
BIOSTAT-CHF (A Systems Biology Study to Tailored Treatment in
Chronic Heart Failure) reported that albuminuria was associated
with clinical, echocardiographic, and circulating biomarkers of
congestion in HF patients.135

Albuminuria was found to predict incident HF in high-risk
subjects, irrespective of the presence or absence of type 2 diabetes
and history of CV disease, as found in the RENAAL (Reduction
in Endpoints in Non-insulin dependent diabetes mellitus with
the Angiotensin II Antagonist Losartan) trial, the Framingham
Heart Study, and the MESA (Multi-Ethnic Study of Atherosclerosis)
study.136–138 In a prospective analysis of the ARIC (Atherosclerosis
Risk in Communities) study, including patients without HF at
baseline, a progressive increase in the degree of albuminuria was
associated with a progressively increased risk of HF across time.139

The association between albuminuria and risk of incident HF across
different HF subtypes is controversial,137,140 given different study
design and cohorts that make comparisons difficult.

Albuminuria was found as an independent predictor of HF hospi-
talization and mortality among HF patients included in the SOLVD
(Studies of Left Ventricular Dysfunction) trial.141 Similar results
were described in the CHARM (Candesartan in Heart Failure
Assessment of Reduction in Mortality and Morbidity) trial,131

where albuminuria conferred a 60–80% increased risk of death and
a 30–70% risk of HF hospitalization in HFpEF patients. Importantly,
a direct relationship was proved between an increase in albumin-
uria and an augmented mortality risk.142 In addition, in the GISSI-HF
(Gruppo Italiano per lo Studio della Streptochinasi nell’Infarto) and
CHARM trials, albuminuria was a strong independent predictor of
poor outcomes in HF patients, irrespective of hypertension and
diabetes,131,132 that are commonly associated with albuminuria and
reduced kidney function. As for incident HF, specific associations
of albuminuria with HFrEF versus HFpEF remain limited and are
worthy of further investigation.

Given the availability of therapeutic agents that could reduce
albuminuria, it might be plausible that reducing albuminuria could ..
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.. reduce the risk of developing HF or of its complications among HF
patients. Limited, although encouraging, data are available to this
regard. Losartan was able to reduce albuminuria in the RENAAL
trial and this was associated with a 27% reduced risk of HF among
patients without HF at baseline.136 Data from the FIGARO-DKD
(Finerenone in Reducing Cardiovascular Mortality and Morbid-
ity in Diabetic Kidney Disease) trial showed that finerenone was
able to decrease new-onset HF, CV death, and hospitalizations
for HF in patients with chronic kidney disease and type 2 dia-
betes, irrespective of a history of HF.143 Similar results apply
to chronic kidney disease patients on sodium–glucose cotrans-
porter 2 inhibitors, as outlined in the DAPA-CKD (Dapagliflozin
and Prevention of Adverse Outcomes in Chronic Kidney Disease)
and EMPEROR-Pooled (Empagliflozin Outcome Trial in Patients
With Chronic Heart Failure With Reduced Ejection Fraction
[EMPEROR-Reduced] and EMPEROR-Preserved) trials.144,145

An exhaustive review on the role of albuminuria in HF can be
found elsewhere.130

Open questions about the role of
albumin in heart failure
Following an exhaustive review of the literature, additional inves-
tigation is needed to overcome the presence of multiple work-
ing definitions for hypoalbuminaemia, that makes comparisons of
findings among studies extremely difficult. In addition, the pres-
ence of studies with different designs (retrospective and prospec-
tive cohorts but lack of randomized clinical studies) and popu-
lations with age varying from 50 to 80 years points to a com-
plexity that is larger than previously expected and to knowledge
gaps claiming for future studies. This is closely linked to the cur-
rent cut-off of albumin levels, which is generally fixed between 3.4
and 3.5 g/dl. We believe that albumin levels <3.5 g/dl should ini-
tially raise some degree of attention in clinicians treating patients
with both acute and chronic HF as this could highlight the pheno-
type of a more frail patients with worse outcomes compared to
similar patients with albumin levels ≥3.5 g/dl. However, it is docu-
mented that a physiological decline in hepatic synthesis of albumin
occurs with aging, with a potential impact on congestion, but this
belief is for now only speculative and somewhat limited to clinical
observation. A meta-analysis has recently shown that patients with
albumin levels <2.5 g/dl benefit the most from co-administration
of furosemide and albumin in terms of diuretic and natriuretic
response,52 suggesting that lowest cut-offs for albumin should be
studied to assess their clinical impact in the management of fluid
congestion. In addition, what is not completely clear is whether
hypoalbuminaemia is always due to a true decrease in albumin
levels (caused by increased loss and/or reduced production) or
rather a pseudo-hypoalbuminaemia explained by dilution of albu-
min following volume increase, as already described in patients on
haemodialysis.146 To date, this aspect has not been investigated
in clinical studies and, to the best of our knowledge, neither in
pre-clinical studies, but could certainly represent a knowledge gap
to be filled in the future, especially if this may represent a tool to
improve decongestive therapies in ADHF.

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

 18790844, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejhf.3363 by C

ochraneItalia, W
iley O

nline L
ibrary on [15/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



10 M. Biancucci et al.

Studies are needed in the next future in order to depict the ideal
phenotype of HF patients who could benefit from albumin infusion.
Based on the available evidence in the literature and on the clinical
experience of the authors, older patients with severe fluid reten-
tion (as those with pleural and pericardial effusion and ascites)
and/or with poor response to high-dose loop diuretics within 48 h
while still symptomatic might represent the best patients to be
included in trials of albumin supplementation. An additional feature
that should be taken into consideration deals with the nutritional
status of the patient, as malnutrition – that could underlie lower
albumin levels – may negatively impact on the response to diuretics
and on patient prognosis during hospitalization for ADHF.

At present, clinical management of patients with acute HF and
hypoalbuminaemia should follow guidelines,2 including diuretics,
as fluid decongestion reduces albumin TER and contributes to
correcting hypoalbuminaemia, once splanchnic venous congestion
resolved.31,34 The same applies to chronic HF with coexisting
hypoalbuminaemia, since guideline-directed medical therapies are
able to improve the dysregulation of mechanisms causing the clini-
cal syndrome and indirectly decrease biomarkers of inflammation.39

Conclusion
Hypoalbuminaemia is common in HF patients and is explained by
multiple pathophysiological processes. Several studies showed that
hypoalbuminaemia could be used as a prognostic biomarker for
patients hospitalized due to HF or to predict HF events across
the full spectrum of ejection fraction, irrespective of potential
confounders. In the opinion of the authors, this is the current
and more helpful role of albumin in such patients. Whether
albumin supplementation in ADHF or chronic HF patients would be
beneficial to improve outcomes is not known. Indeed, adequately
designed, multicentre randomized clinical trials, as done for iron
supplementation in HF, are warranted to fill this knowledge gap,
considering the beneficial properties of albumin that have been
demonstrated in other settings. In this view, it would be helpful to
consider both inpatients and outpatients, different HF phenotypes,
and acute versus chronic HF in order to gather information about
the best time, if any, to supplement albumin.
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