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Abstract Purpose: To test the
hypothesis that hypoalbuminemia is
independently associated with
increased risk of acute kidney injury
(AKI). Methods: A meta-analysis
was performed of observational
clinical studies evaluating the rela-
tionship between serum albumin level
and the occurrence of AKI by multi-
variate methods. Additionally, the
impact was assessed of lower serum
albumin on mortality in patients who
developed AKI. Eligible studies were
sought by multiple methods, and
adjusted odds ratios (OR) were
quantitatively combined using a ran-
dom effects model.
Results: Seventeen clinical studies
with 3,917 total patients were inclu-
ded: 11 studies (6 in surgical or
intensive care unit patients and 5 in
other hospital settings) evaluating the
influence of serum albumin on AKI
incidence and 6 studies describing the
relationship between serum albumin
and mortality among patients who
had developed AKI. Lower serum
albumin was an independent predictor

both of AKI and of death after AKI
development. With each 10 g L-1

serum albumin decrement, the odds
of AKI increased by 134%. The
pooled OR for AKI was 2.34 with a
95% confidence interval (CI) of 1.74–
3.14. Among patients who had
developed AKI, the odds of death
rose 147% (pooled OR 2.47, 95% CI
1.51–4.05) with each 10 g L-1 serum
albumin decrement. Conclu-
sions: This meta-analysis provides
evidence that hypoalbuminemia is a
significant independent predictor both
of AKI and of death following AKI
development. Serum albumin deter-
minations may be of utility in
identifying patients at increased risk
for AKI or for death after AKI.
Controlled studies are warranted to
assess interventions aimed at cor-
recting hypoalbuminemia.
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Introduction

Acute kidney injury (AKI) is associated with significant
morbidity and mortality in critically ill patients [1, 2]. Risk
factors leading to this complication are under active
investigation [3]. Among independent risk factors for AKI
currently identified are age, body mass index, baseline
renal function, acute circulatory or respiratory failure,

liver disease, infection, peripheral vascular occlusive dis-
ease, chronic obstructive pulmonary disease, chronic heart
failure, lymphoma or leukemia, prior invasive procedures,
and higher-risk surgery [1, 4]. While hypoalbuminemia
has been well established as a potent independent risk
factor for morbidity and mortality [5], its role, if any, as a
predictor specifically of AKI remains poorly defined.
There is also the possibility that hypoalbuminemia may
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augment the risk of AKI. Analyzing existing observational
studies focused on the epidemiology of AKI may make it
feasible to evaluate these questions.

This meta-analysis was designed to test the hypothesis
that hypoalbuminemia is independently associated with
increased risk of AKI. Additionally, the impact of hypo-
albuminemia on survival of patients developing AKI was
assessed.

Methods

Study selection

The primary criterion for clinical study selection was the
availability of data on AKI incidence in relation to serum
albumin level. Additionally, clinical studies with data on
mortality as related to serum albumin levels in patients
who had developed AKI were sought. Observational
studies are susceptible to the influence of confounding
variables, and that influence can be minimized through
multivariate analysis. Accordingly, only clinical studies
evaluating the impact of serum albumin by multivariate
methods were eligible for inclusion in the meta-analysis
[5]. Otherwise, no restrictions were placed on study
design, including the definition of AKI adopted by the
investigators. Eligibility was not based on either time
period or reporting language.

Search strategy

Eligible studies were identified by computer searches of
MEDLINE, EMBASE, the Cochrane Library, and the
abstracts from the annual meetings of the Society for
Critical Care Medicine, the American Thoracic Society,
and the American Society of Anesthesiologists, and the
annual International Symposium on Intensive Care and
Emergency Medicine. Reference lists of primary study
publications and review articles were also examined. The
searches were conducted between March and August
2009. Search terms included the following: acute renal
failure, acute kidney injury, mortality, survival, death,
serum albumin, and hypoalbuminemia (see ‘‘Appendix’’).

Data extraction

For each study, data were extracted on year reported,
study design, number of centers conducting the study,
number of patients, clinical indication, patient age and
gender, mean baseline serum albumin and creatinine
concentrations, method of multivariate analysis, number
and types of covariates used to adjust the effect size of
serum albumin, the definition of AKI applied, the adjusted

odds ratios (OR) for AKI and mortality after AKI
development and their standard errors or 95% confidence
intervals (CI).

Statistical analysis

Based on a previous meta-analysis of hypoalbuminemia as
an outcome predictor [5], significant between-study het-
erogeneity was anticipated. In order to accommodate such
expected heterogeneity, individual study-adjusted OR per
10 g L-1 decrement in serum albumin were quantitatively
combined under a random effects model [6]. For studies
in which multivariate analysis was performed by Cox
regression, the effect size measure was the hazard ratio.
Though defined differently from the OR, the hazard ratio
has been shown to be similar to the OR both theoretically
and empirically [5]. Accordingly, in this report, the term
OR is used to denote both the OR and the hazard ratio.

OR is sometimes reported with reference to serum
albumin cutoffs such as \35 g L-1 rather than to contin-
uous decrements. In such instances, the median serum
albumin values below and above the cutoff were used to
re-express the reported OR based on per 10 g L-1 decre-
ments [6]. Those medians were calculated from individual
patient serum albumin values, when reported. When such
individual patient values were presented as data points in
graphical displays, the data were derived from the graphs.

Heterogeneity was evaluated for statistical signifi-
cance by Cochran Q test and magnitude by calculation of
the I2 statistic. Publication bias was assessed by linear
regression of standardized effect as a function of preci-
sion. Prospective design and larger patient population
were assumed to be indicative of higher study quality.
More recent studies were considered to be more closely
representative of contemporary clinical practice. Statisti-
cal analysis was performed using the software program
Comprehensive Meta Analysis version 2.2.048 (Biostat;
Englewood, NJ, USA).

Results

Included studies

The process of study selection is depicted in Fig. 1. After
initial screening and examination of retrieved full clinical
study reports, 51 candidate reports were selected for pos-
sible inclusion. Of those, 34 were excluded upon detailed
review. By far the most common basis for exclusion,
accounting for 23 of the 34 excluded reports, was lack of
multivariate analysis. The typical data presentation in
those studies was a univariate comparison of mean serum
albumin levels between patients who did or did not develop
AKI. Other grounds for exclusion were assessment of end
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points other than AKI in four reports, predictors other than
serum albumin in three, or patients with end-stage renal
disease or chronic kidney disease in four studies.

Seventeen studies reported from 1989 to 2009 with
3,917 total patients fulfilled all inclusion criteria, includ-
ing multivariate analysis of hypoalbuminemia as an
independent outcome predictor, and were included in the
meta-analysis [7–23]. None was unpublished.

Eleven of the studies, six in surgical or intensive care
unit (ICU) patients and five in other hospital environ-
ments, addressed the role of hypoalbuminemia in AKI
development (Table 1). The remaining six studies dealt
with the relationship between hypoalbuminemia and
mortality among patients who had already developed AKI
(Table 2).

All 17 studies were specifically designed to identify
predictors/risk factors of AKI development or death after
AKI. Baseline serum albumin level was evaluated as a
candidate predictor/risk factor in all studies. In 9 of the 11
studies on AKI development, none of the study patients
presented with pre-existing AKI at baseline. In the other
two such studies, 93 [13] and 92% [18] of the patients
were free of pre-existing AKI at baseline.

Study characteristics

The median number of patients per study was 184 with an
interquartile range (IQR) of 104–236, and six studies
involved [200 patients. Eight of the 17 included studies
(47%) were prospective and 9 retrospective (53%) in
design. Mean patient age ranged from 43 to 78 years,
averaging 57 years with a standard deviation (SD) of
12 years. The mean percentage of male patients was 64%
(SD 13%). Mean baseline serum albumin averaged
33.3 g L-1 (SD 4.8 g L-1). For the 11 studies on AKI
predictors, mean baseline serum creatinine was on aver-
age 1.15 mg dL-1 (SD 0.170 mg dL-1), compared with
4.62 mg dL-1 (SD 0.384 mg dL-1) in the 6 studies on
patients who had developed AKI.

The presence of chronic kidney disease (CKD) in the
patient population was indicated for 11 studies. There
were no CKD patients in six of those studies, and the
percentages with CKD in the remaining five studies ran-
ged from 4.8 to 40.2%.

In 14 of the 17 studies, the definition of AKI was
based exclusively upon serum creatinine (SCr), either a
fixed increase in 9 studies or a graded increase depending
on baseline SCr in 4 studies (Tables 1, 2). In the four
remaining studies, AKI was defined in accordance with an
increase in either SCr or blood urea nitrogen, the RIFLE
glomerular filtration rate (GFR) criteria [24], the AKIN
creatinine criteria [25], or the need for dialysis.

No information on usage of resuscitation fluids was
provided in the reports of 14 studies, although in one of
those studies shock patients were excluded [9]. In one
study, fluids were administered at physicians’ discretion
[10], while in another no formal protocol for fluid man-
agement was implemented [8]. In a study on burn
patients, the Parkland formula for fluid resuscitation was
followed [14].

The multivariate analytical methods employed were
logistic regression in 15 studies (88%) and Cox regression
in 2 (12%). The effects of serum albumin were adjusted for
a median of three covariates (IQR 2–5). The most frequent
covariates were gender, which was assessed in all 17
studies, age in 16, SCr in 15, diabetes in 10, hypertension
in 9, and sepsis, congestive heart failure, and need for
mechanical ventilation in 8 studies each. Among the less
frequently evaluated covariates were malignancy in six
studies, and inflammation, New York Heart Association
class, and chronic liver disease in two studies each. After
model development in two studies [16, 21], a separate
validation sample was used for testing.

Albumin and AKI

Lower serum albumin was a significant independent
predictor of AKI development. With each 10 g L-1

345 Candidate Reports 
Identified and Screened

191 Reports Judged Ineligible 
on Screening

154 Complete Reports 
Retrieved and Examined

103 Reports Judged Ineligible 
on Examination

51 Reports Selected for 
Possible  Inclusion

34 Reports Excluded on 
Detailed Review

17 Observational Clinical 
Studies Included

Fig. 1 Study selection process
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decrement in serum albumin the odds of AKI increased by
134% (pooled OR, 2.34; CI, 1.74–3.14). The odds of AKI
development were more than doubled in association with
lower albumin among the six studies of surgical or ICU
patients and nearly tripled among studies in other hospital
settings. Serum albumin was the first or second most
powerful independent predictor of AKI in 7 of the 11
studies evaluating this end point (Fig. 2).

Significant heterogeneity was present (p \ 0.001),
confirming the appropriateness of the random effects
model. Approximately two-thirds of the total variance
was attributable to heterogeneity (I2 67.9%). There was
no evidence of publication bias (p = 0.21). Heterogeneity
persisted among studies on surgical and ICU patients
(p = 0.001; I2 75.7%) but not on other indications
(p = 0.32; I2 14.9%).

Table 1 Studies on predictors of AKI development

Study Indication/population Design AKI definition Albumina

(g L-1)

Surgery or ICU
Rich et al. [7] Cardiac surgery R SCr increase C1.0 mg dL-1 or

BUN C 20 mg dL-1
38

Létourneau et al. [13] BMT patients admitted to ICU R SCr doubling or increase
to [200 lmol L-1

27.1

Kim et al. [14] Burn ICU patients R SCr increase to C2 mg dL-1 23.7
Chawla et al. [15] Medical and surgical ICU admissions P [75% SCr increase if baseline

SCr B 2.0 mg dL-1 or [50% increase
if baseline [ 2.0 mg dL-1

30

Boyle et al. [17] First orthotopic heart transplant P Dialysis 38
Cabezuelo et al. [18] Consecutive orthotopic liver transplants R Persistent C50% SCr increase 35.6

Other hospital indications
Rich and Crecelius [8] Cardiac angiography P C44 lmol L-1 SCr increase within 48 h 40.7
Contreras et al. [9] Hospital i.v. amikacin treatment P C0.5, C1.0, or [1.5 mg dL-1 SCr

increase if B1.9, 2.0-4.9,
or C5.0 mg dL-1 baseline, respectively

34.4

Drawz et al. [21] Consecutive medical, surgical, and
obstetric hospital admissions

Rb C0.5, C1.0, or C1.5 mg dL-1 SCr
increase if B1.9, 2.0-4.9, or C5.0
mg dL-1 baseline, respectively

35

Park et al. [22] Transarterial chemoembolization in
hepatocellular carcinoma

R AKIN criteria (creatinine) 35.7

Hung et al. [23] Stevens-Johnson syndrome and toxic
epidermal necrolysis

R RIFLE GFR criteria 37.7

AKI Acute kidney injury; AKIN acute kidney injury network; BMT
bone marrow transplantation; BUN blood urea nitrogen; GFR glo-
merular filtration rate; ICU intensive care unit; P prospective; R
retrospective; RIFLE risk of renal dysfunction, injury to the kidney,

failure of kidney function, loss of kidney function, and end-stage
kidney disease; SCr serum creatinine
a Mean baseline serum albumin level
b Multicenter

Table 2 Studies on predictors of mortality after AKI development

Study Indication/population Design AKI definition Albumina (g L-1)

Chertow et al. [10] ATN Pb C1.0 mg dL-1 SCr increase over 24–48 h 27
Obialo et al. [11] Renal failure, ATN, or acute

tubulointerstitial nephritis
R C2.0 mg dL-1 SCr increase 31

Lins et al. [12] Consecutive adults with AKI P SCr [ 2 mg dL-1 or C50% increase 32
Dharan et al. [16] Consecutive hospitalized

patients with AKI
P C0.5 or 1.0 mg dL-1 SCr increase if B1.9 or

2.0-4.9 mg dL-1 baseline, respectively
–

Mahajan et al. [19] Consecutive ICU patients with
AKI

R [2 mg dL-1 SCr increase or 25% if CKD –

Sezer et al. [20] Hospital-diagnosed AKI P C1.5 mg dL-1 SCr increase within 48 h 33.8

AKI Acute kidney injury, ATN acute tubular necrosis, CKD chronic
kidney disease, ICU intensive care unit, P prospective, R retro-
spective, SCr serum creatinine, - not reported

aMean baseline serum albumin level
bPlacebo arm of a multicenter randomized controlled trial
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The increase in odds of AKI associated with lower
serum album was greater among studies with prospective
design and larger size (Table 3). Significant heterogeneity
was absent in both the prospective (p = 0.56; I2 0%) and
larger (p = 0.33; I2 13.3%) studies, but remained present
in the retrospective (p \ 0.001; I2 76.5%) and smaller
(p = 0.002; I2 71.2%) studies. The differences between
recent and older studies and between studies adopting

AKI definitions based on fixed versus graded SCr
increases were relatively minor (Table 3).

Albumin and mortality

Lower serum albumin was a significant independent risk
factor for mortality among patients who had developed
AKI (Fig. 3). The odds of death rose 147% (pooled OR
2.47; 95% CI 1.51–4.05) with each 10 g L-1 serum
albumin decrement. Significant heterogeneity was also
present with respect to this end point (p \ 0.019; I2

62.9%). Due to the comparatively small number of
included studies evaluating mortality after AKI devel-
opment, however, reliable subgroup sensitivity analyses
were judged not to be feasible.

Discussion

This meta-analysis provides evidence for the hypothesis
that hypoalbuminemia is an independent risk factor for
AKI. Hypoalbuminemia was also independently associ-
ated with increased risk of mortality among patients
developing AKI. These associations were highly consis-
tent in direction, as judged by OR [ 1 in each and every
included study (Figs. 2, 3). The pooled OR of 2.34 (95%
CI 1.74–3.14) for AKI suggests that the kidney may be
particularly vulnerable to hypoalbuminemia, since in a
previous meta-analysis [5] the pooled OR for total com-
plications (1.89, CI 1.59–2.24) was smaller.

Study name Odds ratio and 95% CIOdds Lower Upper 
ratio limit limit

Rich and Crecelius 1990 3.24 1.37 7.67

Contreras et al. 1994 11.20 1.01 124.72

Drawz et al. 2008 1.47 0.67 3.22

Park et al. 2008 3.45 1.79 6.66

Hung et al. 2009 3.33 2.04 5.44

2.96 2.05 4.26

Surgery or ICU

Rich et al. 1989 2.230 1.342 3.706

Lètourneau et al. 2002 1.20 0.92 1.57

Kim et al. 2003 1.53 0.53 4.41

Chawla et al. 2005 2.17 1.17 4.02

Boyle et al. 2006 2.94 1.83 4.72

Cabezuelo et al. 2006 2.70 2.01 3.62

2.06 1.42 2.99

Pooled total 2.34 1.74 3.14

0.1 0.2 0.5 1 2 5 10

Lower AKI odds with
lower albumin

Higher AKI odds with
lower albumin

Other hospital indications

Pooled subtotal

Pooled subtotal

Patients % Weight

183 6.7

104 1.4

540 7.5

236 8.9

234 11.0

1,297 35.5

92 10.8

57 14.0

147 5.2

194 9.4

774 11.3

184 13.8

1,448 64.5

2,745 100.0

Fig. 2 Meta-analysis of
adjusted odds ratio for acute
kidney injury (AKI) per
10 g L-1 decrement in serum
albumin. Data points scaled in
proportion to meta-analytic
weight. Error bars indicate
95% confidence interval (CI).
ICU Intensive care unit

Table 3 Sensitivity analyses of studies on AKI predictors

Parameter n Pooled adjusted
OR (95% CI)

Design
Retrospective 7 2.14 (1.47-3.13)
Prospective 4 2.79 (1.99-3.93)

Size (patients)
B200 7 2.11 (1.43-3.13)
[200 4 2.86 (2.11-3.89)
Year reported
B2000 3 2.58 (1.67-3.97)
[2000 8 2.23 (1.58-3.16)
AKI definition
Fixed SCr increase 4 1.96 (1.11-3.49)
Graded SCr increasea 3 2.04 (1.13-3.71)
Otherb 4 2.90 (2.24-3.76)

AKI Acute kidney injury; BUN blood urea nitrogen; CI confidence
interval; GFR glomerular filtration rate; n number of studies; OR
odds ratio; RIFLE risk of renal dysfunction, injury to the kidney,
failure of kidney function, loss of kidney function and end-stage
kidney disease; SCr serum creatinine
a Determined by baseline SCr
b SCr or BUN increase, RIFLE GFR criteria, AKIN creatinine
criteria, or dialysis
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One limitation of this meta-analysis was reliance on
observational studies. Although studies without multivar-
iate analysis were excluded, there remains the possibility of
confounding by latent unrecognized or unmeasured vari-
ables affecting outcome. Hence, the observed independent
associations cannot be considered proof of a causative role.
Another limitation was the lack of available information on
resuscitation protocols applied.

It could be postulated that albumin merely serves as a
negative biomarker of inflammation. That possibility was
investigated in two studies included in this meta-analysis.
In one of those studies, hypoalbuminemia was an inde-
pendent risk factor for AKI (adjusted OR 2.17, 95% CI
1.17–4.02), while systemic inflammatory response syn-
drome was not [15]. In the other study, the independent
risk factors for AKI included low serum albumin (adjus-
ted OR 3.33, 95% CI 2.04–5.44), but not C-reactive
protein, eosinophil count, or white blood cell count [23].
In a previous meta-analysis that was not focused specifi-
cally on AKI [5], hypoalbuminemia remained an
independent risk factor for morbidity and mortality when
inflammatory markers were evaluated as covariates.

While the direction of the hypoalbuminemia effect on
AKI and post-AKI death was remarkably consistent, the
presence of heterogeneity suggests that a single underlying
effect size cannot adequately explain the data observed. At
least three sources of heterogeneity were apparent: study
quality, clinical indication, and definition of AKI. How-
ever, higher quality studies, by the dual criteria of
prospective design and larger size, were free of significant
heterogeneity, as were studies in hospital indications out-
side surgery or the ICU. The lack of a uniformly accepted
definition of AKI (formerly acute renal failure, ARF)
before the introduction of the RIFLE [24] or AKIN [25]
criteria must be considered a major limitation for every
analysis including older studies in the area.

The meta-analysis suggests that determinations of
serum albumin may be of value in identifying patients at
higher risk for AKI as well as death following the

development of AKI. A separate question is whether the
demonstrated associations between hypoalbuminemia and
AKI and death following AKI development might also
provide a rationale for modifying clinical management
with the aim of restoring more nearly normal serum
albumin levels. That question can only be answered
affirmatively if serum albumin contributes to these out-
comes causally rather than serving simply as a marker of
other pathophysiologic processes.

In the current analysis, hypoalbuminemia effects were
potent, since the odds both of AKI and death following
AKI were more than doubled. A dose-response relation-
ship was evident in the studies included in the meta-
analysis, since those odds progressively increased with
each 10 g L-1 decrement in serum albumin. A dose-
response relationship was also apparent in a study of 438
cadaver renal transplant recipients [26]. In patients
receiving [0.8 g kg-1 exogenous albumin, the incidence
of delayed graft function was reduced and the frequency
of graft survival increased compared with those receiving
lower albumin doses.

Several lines of evidence also suggest mechanisms by
which serum albumin may protect the kidney. One study
included in the meta-analysis showed that declining
albumin levels were associated with increased incidence
of i.v. amikacin nephrotoxicity, suggesting that the spe-
cific ligand-binding properties of albumin may mediate
renoprotection in patients treated with nephrotoxic drugs
[9]. Albumin also mitigated the nephrotoxicity of inter-
leukin-2 (IL-2) in a randomized trial of 107 patients who
had developed vascular leak due to IL-2 [27]. The fre-
quency of oliguria was 2.8% in the albumin group
compared with 32.5% in patients receiving normal saline.
In a large study on chronic renal insufficiency, albumin
was found to be an independent predictor of GFR [28].

Albumin at approximately 1% of its serum concentra-
tion increased the survival of cultured renal tubular cells,
and the effect was independent of either bound lipid or
colloid osmotic pressure [29, 30]. This renoprotective

Study name Odds ratio and 95% CI
Odds 
ratio

Lower 
limit

Upper 
limit

Chertow et al. 1998 1.37 0.96 1.96

Obialo et al. 1999 2.86 0.92 8.90

Lins et al. 2000 2.25 1.30 3.90

Dharan et al. 2005 1.65 0.63 4.31

Mahajan et al. 2006 7.83 2.12 28.91

Sezer et al. 2006 4.39 2.08 9.25

2.47 1.51 4.05

0.1 0.2 0.5 1 2 5 10

Pooled total

Lower mortality odds
with lower albumin

Higher mortality odds
with lower albumin

256 25.6

100 11.5

197 21.7

459 13.9

45 9.6

115 17.7

1,172 100.0

% WeightPatients
Fig. 3 Meta-analysis of
adjusted odds ratio for mortality
per 10 g L-1 serum albumin
decrement in patients who had
developed AKI. Graphic
conventions and abbreviations
as in Fig. 2. Error bars indicate
95% confidence interval (CI)
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action of albumin was mediated by its capabilities for
scavenging reactive oxygen species, preventing oxidative
damage, and binding and delivering protective lysophos-
phatidic acid [29, 30]. Consistent with direct renoprotection
is the effectiveness of albumin in the preservation of human
transplantable kidneys up to 50 h [31]. Albumin appears to
play a major role in maintaining renal perfusion as well as
glomerular filtration and medullary fluid reabsorption.
Improved perfusion may be the consequence of prolonged
potent renal vasodilatation caused by reaction of serum
albumin with oxides of nitrogen to form S-nitroso-albumin
[32] or by binding of platelet-activating factor [33].
Although increasing albumin concentration above 30 g L-1

decreases GFR secondary to the resulting increase in
oncotic pressure, reduction of serum albumin below the
critical value 30 g L-1 in the perfusion media was found to
decrease renal plasma flow and GFR in the isolated per-
fused rat kidney [34]. Furthermore fluid transport in the
medulla appears to be dependent on albumin concentration
in peritubular capillaries [35].

Albumin has further been shown to stimulate renal
tubular cell DNA synthesis via signaling pathways
involving Ca2?, protein kinase C, epidermal growth factor
receptor, mitogen-activated protein kinases, and nuclear
factor-jB [36, 37]. Enhanced DNA synthesis has been
interpreted as a mechanism by which albumin maintains
proximal tubular integrity and function [36, 37].

The present meta-analysis was focused on serum
albumin level as a predictor rather than on the effects of
administering exogenous albumin. Nevertheless, studies
of albumin administration are relevant to the question of
whether low serum albumin may play a causal role for
poor renal outcomes [9, 38]. A large multicenter RCT
comparing 4% albumin with crystalloid for fluid resus-
citation failed to demonstrate any difference in outcome
parameters including renal function, but proved that
albumin itself was safe [39].

In three randomized trials of hypoalbuminemic patients
with spontaneous bacterial peritonitis, albumin infusion
reduced the odds of renal impairment by 70–79% compared
either with no albumin [40, 41] or hydroxyethyl starch 200/
0.5 [42]. Although only one of the three trials was powered
to show statistical significance [40], the magnitudes of the
albumin effects closely coincided in all three.

In a prospective study of 21 consecutive patients with
hepatorenal syndrome (HRS), complete responses defined

as 1.5 mg dL-1 SCr or lower were achieved in 77% of
patients receiving albumin as an adjunct to terlipressin
versus 25% of those treated with terlipressin alone [43].
Survival was also improved in the albumin recipients.
Based on studies of extracorporeal albumin dialysis
(EAD), HRS appears to be another indication in which the
benefit of albumin may derive from its specific ligand-
binding properties. EAD is designed to take advantage of
toxin binding by albumin. In a randomized trial, EAD
improved survival of hypoalbuminemic HRS patients
and reduced levels of both creatinine and bilirubin [44].
Animal evidence exists of direct nephrotoxicity by
unconjugated bilirubin [45, 46]. Nevertheless, systemic
toxicity arising from unbound ligands such as uremic
toxins in hypoalbuminemic patients might be a major
indirect contributor to renal dysfunction.

The results in HRS also illustrate the apparent capacity
of albumin to improve kidney function even in the pres-
ence of pre-existing renal impairment. Further supporting
this concept is a randomized crossover trial of patients
with nephrotic syndrome, in which albumin increased
urine output and sodium excretion [47].

Taken together, this meta-analysis provides evidence
for hypoalbuminemia as an independent risk factor for
AKI and for post-AKI death. Currently available data
support a causal role for serum albumin in maintaining
kidney integrity and function. Hence, controlled clinical
studies are warranted to evaluate the effects on renal
function of interventions aimed at correcting hypoalbu-
minemia. Further evaluation of serum albumin in
identifying patients at increased risk for AKI and for
death after AKI would also be justified.

Conflict of interest statement The authors have no conflicts of
interest to disclose.

Appendix: search strategy

1. Search ‘‘acute kidney injury’’ OR AKI OR ‘‘acute
renal failure’’ OR ARF

2. Search mortality OR survival OR death
3. Search ‘‘serum albumin’’ OR hypoalbuminemi* OR

hypoalbuminaemi*
4. Search #1 AND #2 AND #3
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S, Emmrich J, Korten G, Schmidt R
(2000) Improvement of hepatorenal
syndrome with extracorporeal albumin
dialysis MARS: results of a prospective,
randomized, controlled clinical trial.
Liver Transpl 6:277–286

45. Elias MM, Comin EJ, Grosman ME,
Galeazzi SA, Rodriguez Garay EA
(1982) Inhibitory effect of
unconjugated bilirubin on p-
aminohippurate transport in rat kidney
cortex slices. Biochim Biophys Acta
693:265–272

46. Elias MM, Comin EJ, Grosman ME,
Galeazzi SA, Rodriguez Garay EA
(1987) Possible mechanism of
unconjugated bilirubin toxicity on renal
tissue. Comp Biochem Physiol A Comp
Physiol 87:1003–1007

47. Fliser D, Zurbrüggen I, Mutschler E,
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