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ABSTRACT

Serum albumin is a widely used biomarker in clinical nephrol-
ogy. Serum albumin cut-off values are used to define disease, to
predict outcome and to guide patient care. The available com-
mercial assays to measure serum albumin rely on different ana-
Iytical principles, all with their own (analytical) specifications.
This article provides an overview of the different clinical appli-
cations of serum albumin measurements in nephrology, the
(dis)advantages of the available assays and the estimates of the
effects of the measurement uncertainty between different assays
in clinical decision making. This article concludes that harmo-
nization of serum albumin assay results is needed.

Keywords: clinical decision making, clinical laboratory techniques,
measurement uncertainty, nephrology, serum albumin

INTRODUCTION

Serum albumin is regularly measured in routine clinical prac-
tice and aids in clinical decision making. Over the last decades,
many different automatic assays have become available that al-
low reliable estimation of the serum albumin concentration
within hours of sample collection [1]. In nephrology care, se-
rum albumin is used to define disease state, assess risks and
evaluate treatment and/or disease status.

Soon after automatic assays became available, discussion
arose regarding the validity of results of these assays [1, 2]. This
discussion has been ongoing ever since, but has not yet led to
harmonization of results.

Discrepancies between results generated by laboratory assays
caused by bias, imprecision and interferences can have a major
impact on disease management. In nephrology, this was illus-
trated when serum creatinine-based formulas were introduced
for the estimation of the glomerular filtration rate (GFR) [3]. It
became evident that the differences between serum creatinine
assays introduced major errors in chronic kidney disease

(CKD) classification and management, which fostered efforts
for standardization of serum creatinine assays [3].

In this review, we summarize the use of measurements of se-
rum albumin in nephrology care, provide an overview of the vari-
ous assays currently in use and discuss the consequence of their
performance specifications such as selectivity, bias and impreci-
sion, on daily practice. Knowledge of the pitfalls of a specific assay
can improve medical decision making. The ultimate goal should
be international harmonization of albumin results [4].

Albumin in physiological perspective

Albumin is the most abundant protein in plasma. It plays a
major role in maintaining the colloid oncotic pressure and in
the solubilization, stabilization and transport of endogenous
and exogenous compounds [5].

Albumin is produced in the liver, where the synthesis rate is
driven by the oncotic pressure and the nutritional intake of pro-
teins and amino acids [5, 6]. In euvolaemic patients, hypoalbu-
minaemia signals disease. In normal health, serum albumin
levels are relatively constant, with a within-person biological
variation of 2.6% [7]. Acute, rapid changes can occur due to
changes in hydration status, with hyperalbuminaemia occur-
ring during dehydration and hypoalbuminaemia due to expan-
sion of the plasma volume [8].

Hypoalbuminaemia occurs when production rates decrease,
losses increase or a combination thereof. Nutritional deficien-
cies, chronic hepatic impairment or inflammation can decrease
synthesis [5, 9]. With inflammation present, inflammatory
cytokines downregulate the production of albumin, as albumin
is a known negative acute-phase protein [9]. Albumin concen-
tration decrement can also be the consequence of increased ca-
tabolism during inflammation or losses due to increased
capillary permeability, protein-losing enteropathy or kidney
disease [5, 9, 10]. Hypoalbuminaemia in nephrotic syndrome
(NS) results from albuminuria insufficiently compensated by
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hepatic synthesis, and is possibly further aggravated by in-
creased albumin catabolism [11, 12].

Interestingly, patients with congenital analbuminaemia exhibit
only mild or even absent clinical symptoms, such as oedema and
altered lipid metabolism [13]. The physiological response to the
absence of albumin is increased expression of other proteins, espe-
cially in the a2- and the B-globulin fraction of the spectrum [13].

SERUM ALBUMIN IN NEPHROLOGY

In nephrology, the use of albumin as a biomarker is supported
in several guidelines [14-18]. Thus, serum albumin values are
considered as important in clinical decision making. Serum al-
bumin values are used for diagnosis, prognosis and evaluation
of treatment response, as illustrated in Table 1.

Albumin in diagnosis Nephrotic syndrome and Focal
Segmental Glomerulosclerosis

Serum albumin is pivotal in clinical assessment of various kid-
ney diseases. First, decreased albumin level is one of the diagnos-
tic criteria of NS, which is characterized by proteinuria,
hypoalbuminaemia and oedema [14, 15]. The 2012 Kidney
Disease: Improving Global Outcomes (KDIGO) guidelines define
hypoalbuminaemia when albumin levels drop <35 g/L [14, 15].

Second, serum albumin is used to distinguish primary from
secondary causes of focal segmental glomerulosclerosis (FSGS)
[33, 34]. In primary FSGS, the serum albumin concentration is
decreased, defined by a serum albumin concentration of <30 g/
L, whereas in secondary FSGS serum albumin concentrations
are not affected (>35g/L) [33, 34].

Finally, albumin can be used to define a partial or complete
remission of NS, membranous nephropathy (MN) or FSGS
[14]. For NS, a remission is defined when albumin levels are
‘improved’ or ‘normalized’ [14]. A partial remission in MN is
diagnosed when albumin levels show improvement or normali-
zation [14]. For FSGS, complete remission is defined when
urine proteinuria is <0.2 g/day and serum albumin levels are
>35g/L [14].

Albumin in diagnosis of energy waste

For patients on renal dialysis, maintenance of energy is of vi-
tal importance [35, 36]. One way to assess the energy status is
by using the Malnutrition Inflammation Score (MIS), where se-
rum albumin is one of the markers [35, 36]. The Dutch dieti-
cians for chronic kidney disease association acknowledge that
‘[albumin] is a useful indicator for the general disease status
and a predictive value for mortality’ [37]. Another example is
the French Protein Energy Wasting score, where a serum albu-
min cut-off value of 38 g/L is used to identify patients with evi-
dence of protein-energy wasting [19].

Albumin in initiation of treatment

Patients with NS have an increased risk for venous and arte-
rial thromboembolic events when serum albumin levels de-
crease, most prominent in the first 6 months after diagnosis
[38]. Notably, the risk is also dependent on the underlying
kidney disease, with the highest risk observed in patients with
MN [20, 38-42]. Guidelines therefore advise initiation of
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anticoagulation therapy in patients with NS when the serum
albumin level falls <25g/L [14, 17] and its discontinuation
when serum albumin concentration recovers >30g/L [14, 17].
Alternatively, the initiation of anticoagulation therapy can be
based on calculator tools where bleeding risk is weighed against
the expected benefit of treatment, as described by Lee et al. [20].

Serum albumin values are also used to select patients who
benefit most from adapted haemodialysis (HD) modalities [21].
Patients with a serum albumin <40 g/L showed greater patient
survival on high-flux dialysis as compared with low-flux dialysis
[22,23].

Albumin in prognosis

The measurement of serum albumin can aid in predicting
morbidity and mortality. Numerous studies showed reduced
survival in patients with hypoalbuminaemia [24-26, 31, 43]. It
has been shown that serum albumin was the strongest labora-
tory predictor of disease mortality compared with other MIS
parameters [35, 36].

In HD patients with a serum albumin <35g/L 1-year sur-
vival is reduced by 10% as compared with their normoalbumi-
naemic counterparts [24-26]. Due to the clear association
between hypoalbuminaemia and morbidity and mortality, the
Kidney Disease Outcomes Quality Initiative advises to maintain
an albumin concentration of at least 40 g/L for all HD patients
[14]. Couchoud et al. developed a prognostic score including se-
rum albumin for assessing risk of early mortality within the first
3 months after starting dialysis [28]. Another risk factor is inter-
dialytic weight gain (IDWG); patients with a low IDWG in
combination with a serum albumin of <38 g/L have a higher
mortality risk [31].

In patients undergoing kidney transplantation, higher pre-
transplant serum albumin levels are associated with lower mor-
tality [29]. The association of mortality risk with serum albumin
levels has led to development of risk prediction tools, which in-
corporate serum albumin to calculate the absolute probability
of death. For example, in the Bansal risk prediction tool, albu-
min is used to predict the risk of death within 5 years for older,
non-dialytic patients with CKD Stages 3-5 [30].

Albumin in Miscellaneous calculators

As albumin binds different compounds in serum, a change
in serum albumin concentration affects biomarker distribution.
A well-known example is calcium, of which more than half is
complexed to albumin [16, 44]. As hypercalcaemia is associated
with increased morbidity and mortality in CKD patients, an ac-
curate estimation of the ionized, biologically active calcium con-
centration is vital [16, 45-47]. The correction of total calcium
concentration for serum albumin should be discouraged, since
the assumed factor used in correction is not only strongly de-
pendent on the assay used, it is also dependent on deteriorating
kidney function and pH changes. Especially in hypoalbuminae-
mic patients, corrected total calcium concentration overesti-
mates true ionized serum calcium levels [16, 48, 49].

The introduction of the Modification of Diet in Renal
Disease (MDRD) formula for estimation of GFR has been piv-
otal in creating awareness for CKD. The original six-variable
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formula included serum albumin concentration, in addition to
age, gender, race, serum creatinine and serum urea. In clinical
practice, most often the four-variable equation is used, which
only includes serum creatinine as laboratory parameter. The in-
troduction of this four-variable MDRD formula was fostered by
epidemiological studies, which had limited datasets and often
had missing values for serum albumin and serum urea. In
patients with low serum albumin levels, the use of the four-
variable MDRD formula may be biased. Indeed, for patients
with NS, the six-variable MDRD formula better reflects GFR,
while the four-variable formula greatly overestimates the GFR
[50-52].

ALBUMIN ASSAYS
Techniques

Albumin can be measured by two types of methods: colouri-
metric methods where dye complexes with albumin, and im-
munological methods based on antibody binding to albumin
(specifics are listed in Table 2).

Colourimetric assays

In colourimetric assays, a molecular change of the dye is in-
duced upon albumin binding causing a concentration-
dependent spectral change which can be quantified [1, 53].
Two dye-binding assays are currently used: bromocresol green
(BCG) and bromocresol purple (BCP). These two dyes have a
similar molecular structure, but the additional bromine groups
in BCG require a lower pH to observe the colour shift. In re-
cent decades, assay performance has been improved by use of
optimal additives, a short reaction time and the introduction
of bichromatic analysis, where the absorption of visible light is
measured at two wavelengths to correct for sample blank ab-
sorption [1, 53-55].

Immunological methods

Immunological methods rely on the principle of epitope-
specific antibody binding, leading to complex formation and
precipitation [56]. If this mixture is subjected to light, then part
of the light is scattered due to the particle size of the complex,
which is proportional to the concentration of the molecule of
interest [56]. Either the reduction in light-intensity is measured
using the so-called turbidimetric analysis, or the intensity of the
scattered light in nephelometric analysis [56].

Immunological methods (either turbidimetric or nephelo-
metric) are listed as the reference method, and should therefore
be preferred [57]. However, the colourimetric assays for albu-
min measurement are robust, widely used assays at relatively
low cost with highly automated applications for the 24/7 clinical
demand. Moreover, both immunological and colourimetric
assays are subjected to specific pitfalls, as described below.

ANALYTICAL PERFORMANCE OF SERUM
ALBUMIN ASSAYS

The accuracy of a laboratory test result is important for reliable
clinical decision making. The accuracy is reflected by the com-
bination of trueness and precision, of which the antonyms are

Serum albumin measurement in nephrology

bias (systemic deviation) and imprecision (variation of esti-
mates around their mean), respectively. Different methodolo-
gies of assays offered by multiple manufacturers each have
unique formulations of reagents, divergent calibration
approaches and local implementation protocols, which all con-
tribute to divergent albumin results and offer a major challenge
in current clinical practice. Naturally, this can become even
more problematic when patients are treated at multiple sites.
The main question to be answered is: how does the choice of as-
say influence clinical decision making for a specific patient?

Imprecision of albumin assays

Imprecision is defined as the standard deviation of the mean
result, and provides information on the variability of individual
measurements of the same sample around their mean. The im-
precision of both colourimetric and immunological albumin
assays are generally low (maximum of 2.8% for all measure-
ment procedures used) [4]. This is supported by data obtained
from our own external quality control (EQC) programme,
showing an average imprecision within a lab at a serum albu-
min concentration of ~35 g/L of BCP, BCG, turbidimetry and
nephelometry of 1.8%, 1.9%, 2.2% and 3.4%, respectively (per-
sonal communication results of 2019 EQC data; Table 2).
However, larger differences exist between measurement results
obtained at different laboratories, described as between-lab pre-
cision [4]. Between laboratory variation ~35 g/L of BCP, BCG
turbidimetry and nephelometry assays is 2.9%, 3.2%, 4.2% and
5.7%, respectively (personal communication results of 2019
EQC data; Table 2), reflecting differences between manufac-
turers, calibration protocols and the local implementation
thereof. Between-lab variation affects clinical decision making
when patient results from multiple laboratories are used, or pa-
tient results are compared with cut-offs derived from a different
laboratory.

Bias of albumin assays

Bias is defined as the difference between the average results
of replicate measurements in a particular assay and the true
value as established by the so-called ‘golden standard’ or refer-
ence method for the given analyte. Many studies comparing
BCG with other assays report a positive bias; however, the abso-
lute amount of divergence with BCG varied in individual
patients from 0.2 g/L to 11 g/L, which makes it impossible to
correct [4, 58-62]. The ‘bias’ that is observed here is most likely
caused by BCG binding to other proteins with relatively con-
stant concentrations between patients, and is therefore techni-
cally interference rather than bias [58-61].

Interferences of albumin assays

Several studies have shown that colourimetric assays are
hampered by aspecific binding of other sample constituents to
albumin that lead to spurious results, which is referred to as in-
terference. The conclusions of these studies in a multitude of
patient populations are shown in Supplementary data, Table S3.
The combination of manufacturer with calibrator and disease
state influences the magnitude of overestimation or underesti-
mation of serum albumin.
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In the majority of studies, BCG albumin results were higher
than immunological and BCP results, in all patient populations.
The earlier described overestimation of BCG appeared to be
correlated with the presence of globulins [4, 58-70]. Pinnell and
Northam showcased this aspecificity using albumin-free serum
(prepared by affinity-chromatography) where the average BCG
serum albumin concentration appeared to be between 5.5 g/L
and 11.0g/L [71]. We have confirmed this by analysing a pa-
tient with analbuminaemia: where the BCG assay reported a
presumed albumin level of 14g/L, nephelometric analysis
revealed an albumin value of 0.27 g/L (data not published, per-
sonal communication).

Especially in patients with NS, overestimation by BCG is
high [58]. In NS, the body appears to compensate for the loss in
oncotic pressure caused by reduced serum albumin by upregu-
lating production of o2-macroglobulin, which is a major inter-
ferent in the BCG assay [72]. Another proposed condition that
could aggravate the degree of interference with BCG is inflam-
mation, mainly because of the upregulation of a1-globulin, o1-
acid glycoprotein, haptoglobulin and B-globulin, which are pro-
posed interferents in the BCG assay as well [59, 70, 73, 74].

The (dis)agreement between immunological methods and
BCP methods is as yet unresolved. While there is overall agree-
ment between BCP and immunological methods in healthy per-
sons and non-renal patients, more diverse results are obtained
when patients with CKD are assessed. In HD patients, the pres-
ence of uraemic toxins seems to prohibit BCP from binding to
albumin [60, 64]. High levels of urea are another proposed
interferent because carbamylation of albumin can decrease the
affinity to BCP [4, 61, 64, 70]. Some HD patients have an inter-
ference present in their serum, which can cause a negative bias
of up to 7 g/L, while other studies show no effect [4, 58, 60, 61,
63-71, 75]. These apparently conflicting results could be (par-
tially) caused by the instruments used, local calibration,
between-laboratory variation, variation in patient-specific inter-
fering factors or differential HD treatments. Mabuchi and
Nakahashi proposed that the degree of interference is increased
after dialysis, and Delanghe et al. showed that the ratio of BCP/
BCG-derived serum albumin was negatively correlated with the
K,/V [64, 70]. Beyer et al. showed that in HD patients switching
to continuous ambulatory peritoneal dialysis the degree of in-
terference gradually reduced and was no longer present at
around 6 months after treatment switch [75]. The factors that
are present in HD patients may to a lesser extent be present in
other kidney disease patients, which may be an explanation of
the difference in agreements obtained. Therefore, future re-
search should evaluate interference in patients with various
stages of CKD and in HD patients treated with different
modalities.

In conclusion, BCG results overestimate true serum albumin
concentration, and the bias is particularly evident in patients
with hypoalbuminaemia. In contrast, BCP results are occasion-
ally negatively interfered by uraemic toxins in patients with kid-
ney failure. Immunological methods also have interferences
(listed in Table 2) although they seem to occur very infre-
quently. Moreover, the differences in the within- and between-
lab variation of assays cannot be ignored in clinical decision
making, as described below.

Serum albumin measurement in nephrology

EFFECT ON CLINICAL DECISION MAKING

It is evident that the report of serum albumin concentrations
and thus the choice of the used assay may have a pronounced
effect on clinical decision making and therefore may affect out-
come. A non-similar assay (possibly lacking standardization)
increases the risk of divergence between results and the cut-off
value or reference interval [58]. This may lead to inappropriate
medical decisions. In a recent study, we showed that up to 58%
of patients with MN and NS might not receive appropriate anti-
coagulant therapy when using a BCG assay [58].

Clinical example

To illustrate the relevance of bias and imprecision in daily
practice, let us imagine a patient with a real serum albumin
value of 34 g/L and a guideline proposed cut-off value of 35 g/L.
The effects of bias and imprecision are shown in Figure 1.

Obviously, an assay with a positive bias will result in misclassi-
fication in a large number of patients as is the case for BCG. For
unbiased assays, misclassification will be more likely if impreci-
sion is high. This can partly be resolved by multiple measure-
ments. We have calculated the percentage of misclassified
patients (i.e. reporting a value >35 g/L) by a simulation of 10 000
samples and using the within-laboratory coefficient of variation
(CV) at a concentration range of 30-40 g/L, as shown in Table 2.
The percentage misclassification was 3.99% in BCP, 9.42% in tur-
bidimetric assay, 19.3% in nephelometer assay and 100% for
BCG. Measurement in duplicate reduced misclassification for
nephelometry from 19.3% to 10.9%. However, in the concentra-
tion range of 20-30 g/L, nephelometry results have lower misclas-
sification rates as opposed to turbidimetry results, due to better
precision at lower albumin concentration (Table 2).

RECOMMENDATIONS

Clinicians should address the following questions when evaluat-
ing serum albumin results. It is evident that the answers require
and active dialogue between the clinician and the specialist in
laboratory medicine.

(i) Is the assay fit for intended use in my patient?
(ii) Which assay was used to construct the decision rule
that I am using?
(iii) 'What is the bias and imprecision of the assay?

First, the assay that is used to measure serum albumin has to
be fit for intended use in the patient, i.e. the assay has to be com-
patible with the individual patient status. This can be based on
the interferences that are unique for each assay available. We
endorse the recommendations published previously suggesting
that the BCG assay be abandoned, as aspecific binding and pro-
portional bias are impossible to correct for, and this message
should be spread to In-Vitro Diagnostics manufacturers.
Recently, a public draft of the KDIGO clinical practice guideline
on glomerular diseases has been published, where assay specific
cut-off values are proposed [76]. As a general rule of thumb,
BCP is the preferred colourimetric method. However, in indi-
vidual HD patients, the validity of the BCP-derived results is
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FIGURE 1: The impact of different types and degrees of analyti-
cal error on diagnostic accuracy. Within laboratory CVs used for
BCG, BCP, nephelometric and turbidimetric assays are 1.9%,
1.8%, 3.4% and 2.2%, respectively.

doubtful and the preferred method should be immunological
methods until future research proves otherwise.

Second, the assay that is used to derive the albumin value
has to be similar to the assay that was used to develop the clini-
cal decision rule. Unfortunately, as noted above, many guide-
lines mention specific cut-off values, but do not include details
on the assays that are used.

Third, imprecision is of major importance in the interpreta-
tion of laboratory results. As the variation increases, so does the
possibility of a result crossing a medical decision point. When a
critical medical decision is needed and there is doubt regarding
the effect of measurement uncertainty on patient outcome, one
may take multiple samples to increase the certainty that the
results in the patient reflect the ‘true’ value.

In conclusion, it is evident that we need better harmoniza-
tion of the serum albumin assays. In the meantime, we suggest
that studies should report details of the assays used. Moreover,
clinicians consult their specialist in laboratory medicine to gain
insight into the specifics of the assay used in their clinic. Insight
into the assay used and the performance specifications may aid
clinicians in improving clinical decision making in the future.
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