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Abstract N
Background: Hypoalbuminemia (HA) is common in HF, however, its pathophysiology and clinical implications are poorly |
understood. While multiple studies have been published in the past decade investigating the role of serum albumin in HF, there is still
no consensus on the prognostic value of this widely available measure. The objective of this study is to assess the prognostic role of
albumin in heart failure (HF) patient

Methods: Unrestricted searches of MEDLINE, EMBASE, Cochrane databases were performed. The results were screened for
relevance and eligibility criteria. Relevant data were extracted and analyzed using Comprehensive Meta-Analysis software. The Begg
and Mazumdar rank correlation test was utilized to evaluate for publication bias.

Results: A total of 48 studies examining 44,048 patients with HF were analyzed. HA was found in 32% (95% confidence interval [Cl]
28.4%-37.4%) HF patients with marked heterogeneity (=98%). In 10 studies evaluating acute HF, in-hospital mortality was almost
4 times more likely in HA with an odds ratios (OR) of 3.77 (95% Cl 1.96-7.283). HA was also associated with a significant increase in
long-term mortality (OR: 1.5; 95% Cl: 1.36-1.64) especially at 1-year post-discharge (OR: 2.44; 95% Cl: 2.05-2.91; P=11%).
Pooled area under the curve (AUC 0.73; 95% Cl 0.67-0.78) was comparable to serum brain natriuretic peptide (BNP) in predicting
mortality in HF patients.

Conclusion: Our results suggest that HA is associated with significantly higher in-hospital mortality as well as long-term mortality
with a predictive accuracy comparable to that reported for serum BNP. These findings suggest that serum albumin may be useful in
determining high-risk patients.

Abbreviations: ADHF = acute decompensated heart failure, AUC = area under the curve, BNP = brain natriuretic peptide, Cl =

confidence interval, HA = hypoalbuminemia, HF = heart failure, HR = hazard ratio, LOS = length of hospital stay, LVAD = left
ventricular assist devices, OR = odds ratio, SA = serum albumin, sST2 = soluble ST2.

Keywords: heart failure, hypoalbuminemia, in-hospital mortality, length of hospital stay, long-term mortality, prevalence, prognosis,

rehospitalization, serum alboumin
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1. Introduction

Heart failure (HF) is associated with increased frequency of
hospitalization, morbidity, and mortality. Disease burden is on
the rise. By 2030, 1 in every 33 people in the United States are
projected to suffer from HF.™! To optimize disease management
through medication dose titration, cardiac resynchronization, or
ventricular-assist-devices, risk-stratification of patients has
become increasingly compelling. Brain natriuretic peptide
(BNP) and N-terminal pro-BNP have been increasingly used
for prognostication in acute decompensated heart failure
(ADHF).”! Novel prognostic markers have been recently
suggested.®! The 2017 American College of Cardiology focused
update on guidelines for the management of HF hinted toward
possible future role of these markers'*!; such as admission cardiac
troponin level in ADHF, soluble ST2 (sST2) in chronic HF, and
other myocardial fibrosis markers for prediction of hospitaliza-
tion and mortality. However, many of these biomarkers require
expensive assays which aren’t readily available. Albumin is
synthesized in the liver and represents >50% of total serum
proteins. Serum level depends on rate of albumin synthesis,
distribution, degradation and excretion.”~”! Hypoalbuminemia
(HA) is linked to poor prognosis in multiple conditions, including
left ventricular assist device (LVAD),"® and acute kidney
injury.”? We found a vast amount of literature published in
the past decade investigating the role of serum albumin (SA) as a
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prognostic indicator in patients with HF. Considering the ease
and wide availability of this test, we performed a systematic
review and meta-analysis to evaluate the prognostic role of SA in
HF.

2. Methods

2.1. Search strategies

This review was prepared according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA).!°!
Unrestricted searches of MEDLINE, EMBASE, CINAHL,
Cochrane bibliographic databases were performed using the
terms “albumin” and “heart failure” from inception to January-
2019. In addition, the reference lists of all selected publications
were checked to retrieve relevant studies not identified by the
search.

2.2. Study selection and eligibility criteria

Two reviewers (ME and BE) independently screened studies for
inclusion based on pre-specified eligibility criteria: studies
prospectively or retrospectively enrolled patients diagnosed with
HF. Studies clearly reported the associations of SA and one or
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more outcomes of interest; all-cause mortality including in-
hospital, long-term mortality, rehospitalization, or composite
outcome of rehospitalization/mortality, providing a relevant
hazard ratio (HR)/odds ratio (OR) and its 95% confidence
interval (CI), or sufficient data to estimate them. Long-term
mortality was defined as post-discharge mortality in patients
admitted with acute HF and all-cause mortality in patients with
chronic HF, articles published in languages other than English
and conference abstracts were excluded.

2.3. Data extraction and quality assessment

Two reviewers (ME and BE) independently extracted the
following details from each study: publication year; country;
study design; number of centers involved; acute or chronic HF;
type of HF (reduced vs preserved ejection fraction); HA cut-off
point; HA prevalence; sample size; mean age; inclusion and
exclusion criteria for each study; reported outcomes; follow-up
period; HR and/or OR with corresponding 95 % CIs and adjusted
variables. When multiple studies analyzed data form the same
clinical trial, we elected to include only the study which either
directly evaluated the role of SA or the one with the largest sample
size in our qualitative analysis. To evaluate the quality of
evidence, studies were assessed by the method proposed by
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Figure 1. Flow diagram of record allocation.
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Hayden et al™ in systematic reviews of prognostic studies.
Studies which failed to include all of the following: age, sex, body
mass index (BMI), liver function tests, and renal function tests in
multivariate analysis were considered at high risk of confounding
bias.

2.4. Statistical analyses

OR or HR was either extracted or calculated from individual
papers. Though defined differently, OR and HR have been shown
to be similar theoretically as well as empirically.”>'*! Hence,
throughout this systematic review, we used the term OR to
denote both OR and HR. Cumulative OR with 95% confidence
interval (CI) was calculated using random effects model.
Heterogeneity was assessed for using the I measure and the
Cochran Q-statistic. We further stratified studies into subgroups
based on type of analysis used (univariate vs multivariate) and
follow up duration for each study. The Begg and Mazumdar rank
correlation test was utilized to evaluate for publication bias.
Statistical analyses were performed using the Comprehensive
Meta-Analysis software version 3.3.070 (Biostat; Englewood,
NJ). P-value <.05 was considered significant.

3. Results

3.1. Record allocation

Of the 2591 citations in the initial literature search, conference
abstracts, review papers, letters to the editor, comments, and
duplications were excluded. One hundred twenty five studies
remained and were screened for eligibility criteria. A total of 48
studies were considered eligible and included in the analysis
(Fig. 1). Six studies were included in the qualitative analysis, but
not the quantitative analysis.

3.2. Study characteristics

Fourty eight studies examining 44,043 HF patients were included
in this review (Table 1). Study characteristics are outlined in the
supplementary table, http:/links.lww.com/MD/F819.

The studies were published between 2006 and 2018, while 1
was published in 1992. Sample-size ranged from 33 to 8246.
Mean-age of study populations ranged from 55 to 93 years.
Percentage of male patients ranged from 13% to 100%. Nine
studies were prospective, 25 retrospective, and 14 were
secondary analyses of data collected in randomized controlled
trials. Four ™31 out of the 14 studies used data of population
from a single trial’”! and 2 studies"®'*! used data from another
trial.[2%

3.3. Quality of evidence evaluation

The overall risk of internal bias for included studies was rated as
moderate. No publication bias was found in any of the analyzed
outcomes using Begg and Mazumdar test. Twenty seven out of 48
of the included studies were not designed to assess the prognostic
role of SA. On the other hand, 90% of the included studies used
multivariate analysis to examine the prognostic role of studied
parameters independently and decrease the risk of bias. The
domains at low risk of bias were: population description/
selection, attrition, description of statistical analysis, and
outcome definition and measurement. Fourteen of the included
studies used composite outcomes of rehospitalization or
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mortality after discharge or during follow up. In respect to
prognostic factor assessment, HA was clearly defined only in 26
studies. Furthermore, techniques of albumin measurement and
other laboratory parameters were not clearly described in 46%
and 48% (Q3Db, and Q3c), respectively. Studies which failed to
include all of the following: age, sex, body mass index, liver
function tests, and renal function tests in multivariate analysis
were considered at high risk of confounding bias, this was the
case in 50% of the included studies. Thus, the overall risk of bias
in this category (Q5b) was considered to be moderate (Fig. 2).

3.4. Pooled prevalence of hypoalbuminemia in HF

Twenty two studies reported HA prevalencel!321-2%:29-401

ranging between 28% and 37%. Pooled prevalence was 32%
(95% CI 28.4%—-37.4%) with marked heterogeneity (I*=98%)
(Fig. 3). Subgroup analysis showed that hypoalbuminemia is
more prevalent in acute HF 38.5% (95% CI 34.6 %—-42.5%) than
in chronic 19.7% (95% CI 15.2%-25.1%).

3.5. Hypoalbuminemia in HF and association to mortality

In 10 studies evaluating acute HF patients!!21:23:30,31,34:41-44]

mortality was approximately 4 times more likely in HA (OR 3.77
[95% CI 1.96-7.23] [Fig. 4A]). Further stratification by type of
analysis revealed a pooled OR 5.62 (95% CI 1.86-16.95) in 5
studies performing univariate analysis compared with OR 3.05
(95% CI 1.36-6.82) in the 5 studies!'>*"***>%1 which
performed a multivariate analysis accounting for confounders
such as age, sex, BMI, serum creatinine, BNP level, C-reactive
peptide level, systolic blood pressure, and left ventricular ejection
fraction (LVEF). OR for mortality at 3 months?®2%! was 2.12

Study characteristics.

Characteristics Number of Total
studies sample size
Study design, no
Prospective 9 (19%) 9987 (23%)
Retrospective 25 (52%) 20,060 (45%)
Secondary analysis of randomized controlled trials 14 (29%) 13,996 (32%)
Research country
North America 12 (24%) 11,348 (26%)
Europe 9 (19%) 1951 (4%)
Asia 15 (31%) 16,079 (36%)
Africa 1 (2%) 120 (0.2%)
Australia 2 (4%) 7789 (18%)
Inter-continent 9 (19%) 6756 (15%)

Number of hospitals

Single center 33 (69%) 15,293 (35%)

Multicenter 15 (31%) 28,750 (65%)
Sample size

>1000 16 (33%) 30,379 (69%)

<1000 32 (66%) 13,664 (31%)
Mean age

50-69 20 (42%) 12,476 (28%)

70-80 16 (33%) 16,159 (36%)

80-95 8 (17%) 8998 (20%)

NA 4 (8%) 6468 (15%)
Acute vs chronic

Acute 42 (87%) 34,962 (79%)

Chronic 6 (13%) 9081 (21%)
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Figure 2. Risk of bias assessment.

(95% CI: 1.19-3.37), at 6 months!'>3¢3845471 (a5 1,16 (95%  The association was most strikingly demonstrated at 1-year
CI: 1.03-1.36), and at 12 months?*2*2548-51 w452 44 (95% CI  follow-up (OR: 2.44; 95% CI: 2.05-2.91; *=11%).

2.05-2.91) (Fig. 4B). HA was associated with a significant Seven studies!?32%:30:42:43:50:521 ey aluated the diagnostic accu-
increase in long-term mortality (OR: 1.5; 95% CIL: 1.36-1.64).  racy of HA in predicting mortality in HF (pooled area under the

Pooled prevalence of hypoalbuminemia in HF

Group by Study name Statistics for each study Event rate and 95% CI
Acute vs chonic
Event Lower Upper
rate limit limit Z-Value p-Value
Acute Bonilla-Palomas et al, 2014 0.298 0.253 0.347 -7.456 0.000 -
Acute Liu etal, 2012 0.380 0.341 0.420 -5.703 0.000 -
Acute Arques et al, 2011 0.470 0.403 0.538 -0.863 0.388 ==
Acute Uthamalingam et al, 2010  0.540 0.493 0.586 1.672 0.094 =
Acute Polat N et al, 2014 0.696 0.613 0.768 4.427 0.000 ——
Acute Grodin JL et al, 2016 0.447 0.402 0.493 -2.259 0.024 =
Acute Novack et al, 2010 0.360 0.350 0.370  -25.079 0.000 L
Acute Abdellah et al, 2017 0.567 0.477 0.653 1.463 0.143 -
Acute Ancion A et al, 2017 0.270 0.234 0.309 -10.318 0.000 -
Acute Peterson EJ et al, 2018 0.290 0.248 0.336 -8.267 0.000 -
Acute Clark et al, 2013 0.200 0.147 0.265 -7.377 0.000 -
Acute Wang et al, 2017 0.450 0.438 0.462 -7.894 0.000 L
Acute Van deursen et al, 2014 0.183 0.139 0.238 -8.850 0.000 -
Acute Biegus et al, 2016 0.400 0.379 0.421 -8.956 0.000 L
Acute Biegus et al, 2012 0.440 0.371 0.512 -1.646 0.100 -
Acute Scholfield et al, 2014 0.238 0.196 0.286 -9.218 0.000 -
Acute Cikrikcioglu et al, 2012 0.470 0.397 0.544 -0.796 0.426 e
Acute 0.385 0.346 0.425 -5.513 0.000 L 4
Chronic Allen et al, 2009 0.183 0.169 0.198  -29.943 0.000 |
Chronic Georgiopoulou et al, 2018  0.238 0.201 0.280 -10.454 0.000 | ]
Chronic Castillo-Martinez et al, 2012 0.279 0.242 0.319 -9.701 0.000 ||
Chronic Jabbour et al, 2014 0.050 0.028 0.087 -9.774 0.000 ]
Chronic Horwich et al, 2008 0.250 0.230 0.271  -19.764 0.000 ||
Chronic 0.197 0.152 0.251 -8.752 0.000 L 2
Overall 0.338 0.306 0.371 -8.964 0.000 ¢
-1.00 -0.50 0.00 0.50 1.00

Random Effect Meta Analysis

Figure 3. Pooled prevalence from 22 studies.
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curve [AUC] 0.73; 95% CI 0.67-0.78). While pooled AUC for 1-
year mortality was 0.69 (95% CI0.61-0.79) from 2 studies,*>->!
pooled AUC for in-hospital mortality was 0.79 (95% CI 0.76—
0.81) from 3 studies.[*>*%*?! (Fig. 4C).

3.6. Serum albumin relation to length of hospital stay
(LOS) and readmission rates in heart failure patients

Six studies evaluated the relationship between HA and LOS in
patients admitted with ADHF. Five studies!!* 182341531 showed
that HA was associated with longer hospital stay. Multivariate
analysis!" %331 was used in 3 publications, demonstrating that
SA was an independent predictor of LOS. The reporting of LOS
in median (interquartile range) form hindered our ability to
perform a meaningful meta-analysis of HA effect on LOS.
Four studies?®??254 reported on the association between
HA and rehospitalization showing an insignificant increase in
rehospitalization in the HA group (OR 1.22; 95% CI: 0.96—
1.55). Four other studies' 333331 reported a significant increase
in a composite outcome of rehospitalization or cardiac death in
the HA group an (OR 1.17; 95% CI: 1.06-1.30) (Fig. SA).

3.7. Mortality is negatively correlated to SA

Five studies reported the effect of decreasing levels of SA on
mortality,132426:36:36] Mortality increased as SA decreased with
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OR 1.64 (95% CI 1.08-2.50) for each 1g/L decrement in SA
(Fig. SB).

4. Discussion

While multiple risk-stratification models and prognostic scores
for HF have been proposed and validated, none of them
investigated the role of SA.P7°81 In a recent meta-analysis, Peng
et al®”! studied HA and mortality in HF, however, in our study
we aimed to summarize the increasingly available evidence on the
overall prognostic role of HA in HF in inpatient and outpatient
mortality, LOS, and rehospitalization. Vincent et al''?! found HA
to be an independent prognostic factor in all patients acutely
admitted to the hospital. In this review we show this holds true for
patients with acute HF. We note HA was present in one-third of
HF patients and associated with increased HF mortality in the
inpatient (OR 3.77, 95% CI 1.96-7.23) and outpatient (OR
2.44; 95% CI: 2.05-2.91) setting. This observation was
preserved after excluding studies which only conducted univari-
ate analysis indicating the independent effects of HA on mortality
in HF. Similarly, Peng et al'®®! showed in their meta-analysis that
HA was associated with increased mortality in heart failure. We
also found mortality to be negatively correlated to SA. Although
SA is not a specific cardiac marker, admission HA had a pooled
AUC of 0.79 (95% CI 0.76-0.81) in predicting in-hospital
mortality which is comparable to that reported for elevated BNP

In-Hospital Mortality OR

Group by Study name Statistics for each study Odds ratio and 95% CI
Analysis
Odds Lower Upper
ratio limit limit Z-Valuep-Value
Multivariate Arques 2011 1.220 1.107 1.344 4.002 0.000 -]
Multivariate Biegus 2016 2.784 1320 5.873 2.688 0.007 —i—
Multivariate Bonilla-Palomas 2014 2.899 1.032 8.145 2.019 0.043 ——
Multivariate Kinugasa 2009 4.902 2.195 10.948 3.877 0.000 ——
Multivariate Ancion 2017 6.849 2975 15770 4.522  0.000 ——
[Multivariate 3.050 1.363 6.822 2.714 0.007 | -
Univariate Herrmann 1992 2.041 1.568 2.657 5.300 0.000 ‘.'
Univariate Clark 2013 2.857 1233 6.622 2448 0.014 —i—
Univariate Yagyu 2017 3410 1.853 6274 3.944 0.000 ——
Univariate Arques 2008 15.152 11.004 20.862 16.657  0.000 . n
Univariate Peterson 2018 43.478 5.136 368.07 3.461 0.001 ——B—3
Univariate 5.627 1.868 16.950 3.070  0.002 —a—
[Overall 3774 1.969 7.230 4.003 0.000 ] e
Heterogeneity: 0.01 0.1 1 10 100
NorAlb LoAlb

Q=261.6 df(Q)=9 p=0.000 1=96.6% Tau?=1.14

Meta Analysis: Random effects
A

Figure 4. Mortality and hypoalbuminemia in patient with HF. (A) Overall odds ratio for in-hospital mortality in patient with heart failure sub-grouped according to the
type of analysis conduct. (B) Long-term mortality in hypoalbuminemia group categorized by duration of follow up. (C) Pooled area under the curve for serum albumin

in sub-groups based on duration of follow up. HF=heart failure.
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Post-discharge Mortality HR subgrouped by follow up duration

Group b Study name Statistics for each study Hazard ratio and 95% CI
Follow up (Months)
Hazard Lower Upper
ratio limit limit Z-Value p-Value

01-03 Novack 2010 1.587 1.442 1.746 9.477 0.000 =

01-03 Gordin 2016 1.640 0.878 3.063 1.552 0.121 3I

01-03 Abdellah 2017 3.919 2.367 6.487 5311 0.000 ! ———
[01-03 2 =383% 2.126 1.197 3.776 _2.575 0.010 | ———

6.00 Lindner 2009 1.000 0.951 1.051 0.000 1.000 z 1

6.00 Lourenco 2015 1.031 0.979 1.086 1.159 0.246 ;

6.00 Van deuesen 2014 1.163 1.059 1.276 3.169 0.002 -

6.00 Biegus 2016 1.631 1.296 2.053 4.169 0.000 —

6.00 Beigus 2012 2.190 1.141 4.204 2356 0.018 e R—
6.00 Naffa 2014 6.460 1.41729.456 2.410 0.016 :
[[6.00 P=85% 1.166 1.032 1316 2.473 0.013 | >

12.00 Nagai 2018 1.961 1267 3.035 3.022 0.003 —_r

12.00 Uthamalingam 2010 2.050 1.102 3.815 2.265 0.024 e

12.00 Tsuji 2017 2.128 1.648 2.747 5.796 0.000 [

12.00 Horwish 2008 2400 1.578 3.650 4.094 0.000 A

12.00 Liu 2012 3.180 2.271 4.452 6.737 0.000 ! —

12.00 Yanagisawa 2010 3.571 1.818 7.015 3.695 0.000 ;

12.00 Polat 2014 4.082 1.35612.286 2.502 0.012 -
[12:00 =119% 2.447 2.056 2.912 10.083_0.000 | L -

More than 24 Jabbour 2014 1.134 1.066 1.207 3.961 0.000 =

More than 24 Mao 2015 1,370 0.820 2.289 1.201 0.230 -

More than 24 BonillaPalomas 2014 1.650 1.089 2.499 2.365 0.018 _i.__

More than 24 Huynh 2006 1.667 1.221 2275 3.220 0.001 —

More than 24 Baydemir 2017 2447 1252 4781 2.618 0.009 —_ 1
[ More than 24 P =70.6% 1.489 1.132 1.957 2.851 0.004 | |

Overall 1.501 1.368 1.646 8.613 0.000 <

0.1 0.2 0.5 1 2 5 10
Heterogeneity:
NorAl LoAl

Q=240 df(Q)=20 p=0.000 1>=91.7% Tau’=0.054 orAlb oAlb
Meta Analysis: Random effects

B

Figure 4. Continued
Pooled AUC for serum Albumin as a predictor of Mortality

Group by Study name Statistics for each study AUC and 95% CI1

time
Lower Upper
AUC limit limit Z-Value  p-Value

1 year Yanagisawa 2010  0.642  0.561  0.716 3.383 0.001 L

1 year Polat 2014 0.700  0.618  0.771 4511 0.000 5
[1 year P=61% 0.669  0.610  0.724 5.375 0.000 | L
In-hospital Arques 2011 0.780 0.718 0.831 7.543 0.000 =
In-hospital  Ancion 2017 0790  0.754  0.822 12.61 0.000 |
In-hospital Arques 2008 0.860 0.752 0.926 5.039 0.000 -
[ In-hospital P=0% 0.792  0.763  0.819 15.47 0.000 | ¢
long-term Kinugasa 2009 0.680 0.629 0.727 6.569 0.000 |
long-term Baydemir 2017 0.684  0.620  0.741 5.385 0.000 =
| long-term F=0% 0.682 0.642 0.718 8.493 0.000 | 4
Overall 0.730 0.708 0.751 17.69 0.000 ‘

Heterogeneity: 0.00 0.50 1.00

Q=30.8 df(Q)=6 p=0.000 12=80.5% Tau?=0.01

Random effects analysis
C

Figure 4. Continued
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Rehospitalization/Mor tality

Group by Study name Statistics for each study Odds ratio and 95% CI
Outcome.

Odds Lower Upper

ratio limit limit Z-Value p-Value
Composite Su 2012 1.042 1.011 1.073 2.710 0.007 :
Composite Van Deursen 2014 1.163 1.072 1.262 3.628 0.000 ——
Composite Wang 2017 1.289 1.078 1.542 2.778 0.005 ——
Composite Davison 2016 1.530 1.038 2.255 2.149 0.032
Composite P=789% 1.161 1.034 1.304 2.520 0.012 -
Rehospitalization Gordin 2016 0.952 0.685 1.324 -0.292 0.770 i
Rehospitalization Mao 2015 1.175 0.724 1.906 0.653 0.514 &
Rehospitalization Baydemir 2017 1.296 0.860 1.954 1.238 0.216 L
Rehospitalization Geogriopoulou 20181.639 1.103 2.435 2.447 0.014 i
Rehospitalization 1?2 =32% 1.224 0.961 1.558 1.637 0.102 e
Overall 1.173 1.056 1.302 2.981 0.003 -

0.5 1 2
Heterogeneity:
NorAlb LoAlb

A Q=203 df(Q)=7 p=0.000 I>=65.5% Tau’=0.009

Rehospitalization/Mortality OR per drop in Alb

Group by Study name Statistics for each study Odds ratio and 95% CI
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Figure 5. . Rehospitalization and hypoalbuminemia in patient with HF. (A) Odds ratios of rehospitalization and hypoalbuminemia sub-grouped by type of outcome
(composite vs rehospitalization). (B) Odds ratios of rehospitalization/mortality composite outcome per drop in serum albumin. HF =heart failure.

on admission (AUC of 0.79).1°°! This suggests SA might be a
potential marker for mortality in HF.

A downward trend in SA was associated with worse prognosis
in acutet'?31:¢1¢2! and chronic HF.P*! Jabbour et al®! followed
212 patients with chronic systolic HF for over 2 years and found
that a drop in SA from baseline was associated with higher

mortality compared with retained baseline SA. A study by Biegus
et al'"¥ showed that a downward trend in SA during the first
4 days of hospitalization was associated with, increased 6-month
mortality, the risk was proportional to the extent of albumin
decrement. Moreover, an upward trend in SA was associated
with a drop in cardiovascular and heart failure related mortality
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as well as all-cause mortality in ADHF.!®!! The pathophysiology
behind this association is not clear. However, ineffective diuresis
and fluid overload might have a dilutional effect on SA and a
subsequent worsening of outcome.'* Accentuated inflammatory
reaction has also been suggested.>!! These results suggest that a
downward trend in SA might assist in longitudinal prognostica-
tion of HF patients over time.

SA can be affected by nutrition, inflammation, hepatorenal
conditions, and volume-status of HF patients (Fig. 5). Reports
have linked HA in HF to ongoing inflammation reflected by its
strong correlation to C-reactive protein (CRP),2125921 3nd
serum total cholesterol**3°! levels. Moreover, SA has been used
as a marker for malnutrition and wasting syndrome in HF.[*1->!
Another cause of HA can be hepatic dysfunction due to venous
congestion and ischemic injury.*®! Other mechanisms include
renal dysfunction,?! protein-losing enteropathy secondary to
gastrointestinal congestion!*”! and hemodilution.**! The effect of
HA on HF is not completely understood. However, HA has been
used as an indicator of inflammation, cachexia, and malnutri-
tion?"2%! in patients with HF. Moreover, diuretic resistance, and
pulmonary edema are more pronounced in patients with severe
hypoalbuminemia.”®! This might explain the higher risk of
mortality associated with HA.

Despite the findings above, no specific therapy targeting HA in
HF has been studied. The only available data on rectifying HA in
HF is derived from studies on LVAD outcomes. Two studies
followed patients with HF who received LVAD. Longitudinal
trend of SA in this population showed a progressive rise,[®3¢4!
and even normalization of SA within 6 months.[®?! Furthermore,
a study found that patients with resolution of HA after LVAD
had improved overall outcome.!®! This might be related to
enhanced liver perfusion, decreased hepatic congestion and
improved fluid status.!®®! Although the co-administration of
albumin and diuretics has been studied in nephrotic syndrome,
and liver cirrhosis,'®®! data are lacking on this treatment in HF.
Future studies are needed to explore the role of this treatment
strategy in HF.

4.1. Limitations

This study has the following limitations: only 9 out of the 48
studies used prospective design, half of the included studies did
not adequately address relevant confounders in their multivariate
analysis. Moreover, we observed significant heterogeneity
between included studies. This might be related to the large
variation between sample size, age, sex, and study design among
the included studies. In addition, only 44% of the included papers
were designed to evaluate the effect of HA on HF outcomes.
Furthermore, we have used OR to denote both OR and HR,
which might have introduced some bias. Despite these limi-
tations, our findings provide valuable insights into the signifi-
cance of SA in HF prognostication. Our results emphasize the
need for population-based studies which longitudinally follow SA
in HF patients to validate its prognostic utility.

4.2. Future direction

In Conclusion, SA is an independent predictor of mortality in HF
especially in ADHF. Therefore, SA might be an additional marker
for the identification of patients at high-risk of complications and
mortality, who would require a higher level of monitoring, and
earlier, intensive treatment. Our finding needs to be validated in

Medicine

controlled trial to assess whether an earlier intervention in ADHF
patients with HA would change the outcome.

5. Conclusion

In summary, we found that HA in HF is associated with increased
mortality rates and increased LOS. A downward trend in SA
might indicate worse outcome. HA is a strong predictor of
mortality in acute HF with AUC of 0.79 comparable to that
reported for established factors like BNP. As such, SA level,
which is a broadly available and affordable test, might provide
a simple method to identify patients with increased risk of
mortality.
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