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Abstract

Background/aims: In hemodialysis (HD) patients, the brom-
cresol green (BCG) assay overestimates, whereas the brom-
cresol purple (BCP) assay underestimates albumin concen-
tration. Since corrected calcium concentrations depend on
albumin, the albumin assay may have implications for the
management of bone mineral disorders. Methods: A subset
of patients from CONTRAST, a cohort of prevalent HD pa-
tients, was analyzed. Bone mineral parameters and prescrip-

tion of medication were compared between patients in
whom albumin was assessed by BCP versus BCG. Results:
Albumin was assessed by BCP in 331 patients (9 of 25 cen-
ters) and by BCG in 175 patients (16 of 25 centers). Albumin
was the lowestin the BCP group (34.5 +4.2vs.40.3 + 3.1 g/L;
p < 0.0005). Measured calcium levels and the prescription of
calcium-based phosphate binders were similar in both
groups. Corrected calcium levels, however, were markedly
higher in the BCP group (2.45 + 0.18 vs. 2.33 £ 0.18 mmol/L;
p < 0.0005). Conclusion: These findings suggest that calcium
levels are not corrected for albumin in clinical practice when
considering the prescription of calcium-free or calcium-
based phosphate-binders in dialysis patients.
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Introduction

Mineral metabolism disorders, such as hyperphospha-
temia and hypercalcemia, are associated with increased
cardiovascular morbidity and mortality in patients with
chronic kidney disease (CKD) [1-3]. Hence, the current
Kidney Disease Improving Global Outcomes (KDIGO)
clinical practice guideline on the management of CKD-
mineral and bone disorder (MBD) suggests lowering el-
evated phosphate levels toward the normal range and
avoiding hypercalcemia [4].

Phosphate-lowering treatment is indicated in patients
with persistently elevated phosphate levels. However, cal-
cium-based phosphate binders may contribute to a posi-
tive calcium balance in CKD patients [5] and may accel-
erate vascular calcification [6-8]. Hence, the KDIGO
Work Group suggests restricting the dose of calcium-
based phosphate binders [4].

More than 50% of the plasma calcium is bound to al-
bumin. Only the ionized calcium fraction is biologically
active [9]. In clinical practice, however, the ionized cal-
cium fraction is not routinely available. Instead, total cal-
cium concentration is measured and can subsequently be
corrected for the albumin level [3, 9]. Data from clinical
studies investigating differences in clinical outcomes us-
ing corrected versus total calcium levels are lacking. Nev-
ertheless, in many laboratories and clinical trial databas-
es, corrected calcium levels are reported [3]. This correc-
tion, however, is complicated by the existence of different
albumin assays. Albumin concentrations are usually
measured with a dye-binding assay, that is, the bromcre-
sol purple (BCP) or the bromcresol green (BCG) assay.
Notably, especially in hemodialysis (HD) patients, albu-
min levels assessed with these methods deviate from al-
bumin levels as assessed with an immunological method,
which is considered the reference standard. When com-
pared to the immunological method, the BCP assay un-
derestimates, whereas the BCG overestimates the albu-
min level [10-12]. Consequently, the corrected calcium
level depends on the albumin assay that is used [13].
Mean corrected calcium levels will possibly be higher in
centers using BCP assay as compared to centers using the
BCG assay, potentially leading to differences in prescrip-
tion of phosphate binders, calcitriol, or vitamin D. The
albumin assay type may thus affect clinical decisions in
the management of bone mineral disorders.

In the present study, an exploratory analysis was per-
formed to investigate (1) differences in albumin levels de-
termined by either the BCG or the BCP assay, (2) a pos-
sible difference in corrected calcium levels between the
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CONTRAST
n=714
No calcium-containing
phosphate binders prescribed
(n =102)
Other albumin assay (n = 10)
Included after 2008 (n = 72)

Missing data (n = 9)

Study cohort

n =521

Bromcresol purple
n =331

Fig. 1. Flowchart of patient inclusion.

Bromcresol green

n =190

BCP and BCG group and (3) possible differences in the
prescription of (non) calcium-based phosphate binders
between these groups.

Materials and Methods

For this study, baseline data of patients from the CONvec-
tive TRAnsport STudy (CONTRAST, clinicaltrials.gov identifier
NCT00205556) were analyzed [14, 15]. Prevalent intermittent HD
patients were recruited from dialysis centers in Canada (n = 2),
Norway (n = 1), and the Netherlands (n = 26). All patients were at
least 18 years of age and treated with low-flux HD 2 or 3 times
weekly for at least 2 months. A life expectancy of less than 3 months
due to non-renal disease, participation in another clinical inter-
vention trial evaluating cardiovascular outcome, or severe incom-
pliance to dialysis prescription was defined as exclusion criteria. At
the time of study initiation, routine patient care was performed
according to local guidelines, based on the National Kidney Foun-
dation’s Kidney Disease Outcomes Quality Initiative (KDOQI)
Clinical Practice Guidelines for Bone Metabolism and Disease in
CKD 2003 [16]. The composition of dialysis fluid, including cal-
cium concentration, and medication was based on the clinical
judgment of the local nephrologist. CONTRAST was conducted in
accordance with the Declaration of Helsinki and approved by a
central and all local medical ethics review boards.

Eligible Patients

As shown in Figure 1, a total of 521 patients from 25 centers
were included in the present cross-sectional analysis. Only patients
from centers were included in which both calcium-based and cal-
cium-free phosphate binders were regularly prescribed, thereby
excluding 102 subjects from 2 centers. Furthermore, patients from
1 center where neither the BCP nor the BCG method was used to
measure albumin were excluded (n = 10). Patients were included
in this study until 2008 because the KDIGO Clinical Practice
Guidelines for the Diagnosis, Evaluation, Prevention, and Treat-
ment of CKD-MBD was published in 2009 [3], which may have
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affected treatment policy (excluding 72 patients). Lastly, patients
with missing values of calcium, albumin, or phosphate at baseline
were excluded (n =9).

Data Collection

Baseline data from the CONTRAST study were used, including
demographic, clinical, and treatment-related parameters. Blood
samples were drawn prior to dialysis. Laboratory samples were an-
alyzed at the local hospital laboratory facility. Calcium concentra-
tions were corrected for albumin using the formula by Payne et al.
[17]: adjusted calcium (mmol/L) = ([uncorrected calcium
[mmol/L]) +0.0246 x (40 - [albumin (g/L)]). We also analyzed our
data using the formula by Orrell et al. [18]: corrected calcium
(mmol/L) = (uncorrected calcium [mmol/L]) + 0.0176 x (34 - [al-
bumin (g/L)]). Furthermore, data on the prescription of phosphate
binders, vitamin D were collected. Of note, calcimimetics (i.e.,
cinacalcet) were not prescribed at the time of the study. Nutrition-
al status was assessed using the 7-point scaled Subjective Global
Assessment (SGA) [19].

Statistical Analysis

Baseline data are shown as mean (SD), median (interquartile
range), or number (percentage) when appropriate. Differences be-
tween patients in whom albumin was measured with the BCP assay
(BCP group) and in whom albumin was assessed using the BCG
assay (BCG group) were assessed using a ¢ test for normally distrib-
uted continuous variables, a Mann-Whitney U test for not-normal-
ly distributed continuous variables or a x*-test for categorical vari-
ables. To assess whether a potential difference between albumin
assay groups in corrected calcium was mediated by center differ-
ences, a linear regression was performed with corrected calcium as
the dependent variable and albumin assay and center (categorical)
as independent variables. All model assumptions were checked and
not violated. A 2-sided p value <0.05 was considered statistically
significant. All statistical analyses were performed using IBM SPSS
Statistics version 22.0 (IBM SPSS Inc., IL, USA).

Sensitivity Analysis

As a sensitivity analysis, hypercalcemic patients, with a cor-
rected calcium level >2.55 mmol/L, were identified. Possible dif-
ferences in the prescription of (non) calcium-based phosphate
binders were also analyzed in this subgroup.

Results

Patient Characteristics

Characteristics of patients as stratified by the albumin
assay (BCP n =331 [9 centers] and BCG n = 190 [15 cen-
ters]) are shown in Table 1. Overall, the mean age was
63.5 £ 14.1 years and 62% were male. Albumin level was
significantly lower in the BCP group (34.5 £ 4.2 g/L) com-
pared to the BCG group (40.3 + 3.1 g/L). More patients in
the BCG group had residual kidney function (58%) when
compared to the BCP group (49%). In addition, more pa-
tients in the BCG group had a normal SGA (88%) when
compared to the patients in the BCP group (81%).

Albumin Assay and Corrected Calcium in
HD

Bone Mineral Parameters

Comparing the albumin assay groups, the mean mea-
sured calcium was similar in both groups (2.32 £ 0.18 and
2.34 + 0.17 mmol/L for BCP and BCG respectively [p =
0.26]). In the BCP group, 9.1% was hypercalcemic (mea-
sured calcium >2.55 mmol/L), which was similar to that
in the BCG group (9.5%). Albumin-corrected calcium
was higher in the BCP group (2.45 + 0.18 mmol/L) than
that in the BCG group (2.33 + 0.18 mmol/L). Correction
for center differences and nutritional status (SGA) did
not alter the difference between corrected calcium levels
between the 2 albumin assay groups (corrected unstan-
dardized B = 0.16, 95% CI 0.08-0.24). In the BCP group,
27.5% of the patients were hypercalcemic (corrected cal-
cium >2.55 mmol/L) versus 12.1% of the patients in the
BCG group. Albumin-corrected calcium using the Orrell
etal. [19] formula resulted in similar outcomes. With this
formula, the prevalence of hypercalcemia was lower in
both groups (8.5 and 4.2% for BCP and BCG respective-
ly).

Phosphate levels were found to be higher in the BCP
group compared to those in the BCG group (1.70 + 0.53 vs.
1.58 + 0.44 mmol/L respectively). In the BCP group, a
smaller percentage of patients achieved KDOQI treatment
targets for phosphate (phosphate <1.78 mmol/L; 58.6 vs.
74.2%).

CKD-MBD Medication Prescription

Prescription of calcium-based phosphate binders (cal-
cium carbonate, calcium acetate) did not differ in the 2
albumin assay groups despite higher corrected calcium
levels in the BCP group (51 and 45%). The prescription
of calcium-free phosphate binders (sevelamer, lantha-
num carbonate) was also similar between the 2 groups (69
and 70%). Vitamin D supplementation was prescribed in
213 out of 331 BCP patients (64%) and in 135 out of 190
of BCG patients (71%). In 93.5% of these patients, the
type of vitamin D was alfacalcidol. Furthermore, in a sub-
group of hypercalcemic patients, no differences were
found between the BCP and the BCG group regarding the
prescription of calcium-based phosphate binders (52 and
48%, respectively), calcium-free phosphate binders (69
and 57%), or vitamin D (63 and 65%).

Discussion
Results from this study confirm that albumin levels of

patients in whom albumin was measured with the BCP
assay are lower as compared to patients in whom albumin
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Table 1. Patient characteristics

Determinant Investigated Bromcresol purple Bromcresol green p for
cohort (n =521) measured albumin measured albumin difference
(n=331) (n=190)
Demographic variables
Age, years 63.5 (14.1) 63.3 (14.0) 63.9 (14.5) 0.62
Gender, male 323 (62) 201 (61) 122 (64) 0.43
BMI, kg/m? 24.8 (4.2) 24.9 (4.5) 24.8 (3.8) 0.82
Medical history
SGA (normal, score 6-7) 433 (83) 268 (81) 167 (88) 0.01
Diabetes 102 (20) 66 (20) 36 (19) 0.77
Cardiovascular disease 224 (43) 140 (42) 84 (44) 0.67
Residual kidney function*® 272 (52) 162 (49) 110 (58) 0.05
Dialysis parameters
Dialysis vintage 2.0 (1.0-3.8) 2.0 (0.9-3.7) 2.0 (1.2-4.0) 0.33
spKt/V 1.37 (0.21) 1.36 (0.20) 1.38 (0.22) 0.34
Dialysis time, hours/week 11.1(1.4) 11.1(1.4) 11.2 (1.5) 0.40
Laboratory values
Hematocrit, L/L 0.36 (0.04) 0.36 (0.04) 0.36 (0.04) 0.77
Cholesterol, mmol/L 3.65 (0.98) 3.59 (0.99) 3.76 (0.95) 0.06
Creatinine, umol/L 876 (253) 895 (239) 844 (273) 0.03
Phosphate, mmol/L 1.65 (0.50) 1.70 (0.53) 1.58 (0.44) 0.01
Albumin, g/L 36.6 (4.7) 34.5(4.2) 40.3 (3.1) <0.0005
Uncorrected calcium, mmol/L 2.32(0.18) 2.32(0.18) 2.34(0.17) 0.26
Corrected calcium®, mmol/L 2.41(0.19) 2.45(0.18) 2.33(0.18) <0.0005
Corrected calcium®, mmol/L 2.28 (0.18) 2.31(0.18) 2.22(0.17) <0.0005
PTH, pmol/L 29 (9-35) 19 (9-36) 20 (9-35) 0.87
Medication use
Calcium-containing
phosphate binders$ 256 (49) 170 (51) 86 (45) 0.19
Calcium-free phosphate
bindersT 361 (69) 229 (69) 132 (70) 0.92
Vitamin D analogue 348 (67) 213 (64) 135 (71) 0.11
Statin 272 (52) 165 (50) 107 (56) 0.15

Data are shown are mean (SD), median (interquartile range) or number (percentage), when appropriate.

* Defined as diuresis >100 mL/24 h.

# Albumin corrected calcium as calculated by the formula by Payne et al. [17].
£ Albumin corrected calcium as calculated by the formula by Orrell et al. [18].

§ Calcium carbonate and/or calcium acetate.
T Lanthanum and/or sevelamer.

Conversion factors for units: haematocrit in L/L to %, (x100); cholesterol in mmol/L to mg/dL, (/0.02586), creatinine in pmol/L to
mg/dL (/88.4); phosphate in mmol/L to mg/dL, (/0.3229); albumin in g/L to g/dL, (/10); calcium in mmol/L to mg/dL (/0.25); PTH in

pmol/L to pg/mL (/0.106).

BMI, body mass index; SGA, subjective global assessment; PTH, parathyroid hormone.

levels were measured with the BCG assay. Measured cal-
cium levels were similar, but the 2 albumin assays result-
ed in significantly different corrected calcium levels. Sim-
ilarly, the prevalence of hypercalcemia was similar in the
2 groups when considering uncorrected calcium level.
However, after correction of albumin, the prevalence of
hypercalcemia was more than 2 times higher in the BCP
group compared to that of the BCG group. Importantly,
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no difference was found in the prescription of calcium-
based phosphate binders between the 2 groups.
Hypercalcemia is associated with increased mortality
and should be avoided in HD patients [20]. Hence, it is
important to take calcium levels into account in the treat-
ment of mineral bone disease, in particular, in view of the
increased serum calcium concentrations caused by calci-
um-based phosphate binders and vitamin D supplements
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[21]. In the 2003 KDOQI guideline on CKD-MBD [16],
which was the guideline at the time the data for this study
were collected, it was advised that calcium levels be main-
tained within the normal range and preferably toward the
lower end of normal. No preference for either calcium-
free or calcium-based phosphate binders was defined, as
long as elemental calcium intake did not exceed 1,500 mg/
day, with the exception for HD patients with severe calci-
fications, for whom calcium-free phosphate binders were
advised. This explains the relatively high use of calcium-
based phosphate binders as reported in this study. Nota-
bly, it was recommended to correct serum calcium levels
for albumin concentration. In the event of high corrected
calcium levels, the dose of calcium-based phosphate
binders and/or vitamin D analogues had to be reduced or
discontinued. Notably, the 2009 KDIGO guideline on
CKD-MBD [3] stated that there were in fact no data sup-
porting the use of corrected calcium levels versus uncor-
rected calcium levels in clinical practice, a conclusion
mainly based on the study by Gauci et al. [22]. However,
the KDIGO Working Group did not recommend that
corrected calcium measurements be abandoned [3]. It
was emphasized that the assay used for albumin may af-
fect the corrected calcium level, as described by Labriola
et al. [13] and also confirmed by our data. In the recent
KDIGO 2017 CKD-BMD guideline update, no further
statements about corrected versus uncorrected calcium
levels were made. A major change in this update in com-
parison with the previous guidelines was recommending
tighter restrictions in the use of calcium-based phosphate
binders [4, 23].

Ionized calcium is considered the reference standard
[24]. However, this method is not routinely used in clini-
cal practice due to logistic feasibility and costs. As men-
tioned before, it is presently unclear whether measured or
corrected calcium should be used in clinical practice. Fur-
thermore, multiple formulas are available to correct the
measured calcium level for albumin concentration. The
most widely used formula was developed by Payne et al.
[17] who analyzed 200 patients undergoing liver function
tests and derived a simple regression equation from these
data to correct calcium for albumin. However, Payne et
al. [17] did not measure ionized calcium for comparison.
A more recent study compared various methods to adjust
calcium levels for albumin in 50 HD subjects [25]. In that
study, it appeared that corrected calcium levels have no
added value in clinical practice over uncorrected calcium
levels in predicting ionized calcium. In fact, corrected cal-
cium levels using the formula derived by Payne et al. [17]
was even inferior to uncorrected calcium levels in pre-

Albumin Assay and Corrected Calcium in
HD

dicting ionized calcium, whereas the formula by Orrell
performed slightly better [18]. Notably, both formulas
were created in cohorts in whom all albumin was mea-
sured using the BCG assay. None of these studies did ad-
dress differences between the BCP and BCG assays in cor-
recting calcium. Therefore, it is debatable whether these
formulas can be extrapolated to cohorts in which albumin
is measured using the BCP assay. Kok et al. [12] demon-
strated that the BCP assay is affected to a much higher
extent by carbamylation of albumin than the BCG assay,
suggesting that the apparent mild hypoalbuminemia in
this group is a measurement error. From these data, it can
be postulated that calcium should not be corrected for
mild hypoalbuminemia when albumin is assessed with
the BCP assay.

A limitation of the present study is the unavailability
of data on locally prescribed dialysate calcium levels.
However, even when available, the mechanisms by which
different prescribed dialysate calcium levels could have
affected serum calcium concentration, phosphate con-
centration, or drug-prescription dependent of the mea-
surement method of albumin would remain unclear. Fur-
thermore, the measurement of albumin with both assays
was not done in parallel. Another limitation is that ion-
ized calcium for comparison was not measured. The most
important strength of our study is the meticulous data
collection in this well-defined cohort of HD patients, in-
cluding medication prescription. Furthermore, as both
calcium-free and calcium-containing phosphate binders
were fully reimbursed by insurance companies, financial
motives appear to play no role in the prescription of phos-
phate binder type.

In summary, the BCP albumin assay results in lower
measured albumin concentration in HD patients when
compared to albumin concentration obtained using the
BCG assay. Measured calcium levels were similar, but the
2 different albumin assays resulted in significantly differ-
ent corrected calcium levels. In addition, the prescription
of calcium-containing phosphate binders was similar in
both groups. Thus, it appears that in clinical practice, cal-
cium levels are not corrected for albumin when consider-
ing the prescription of (non) calcium-containing phos-
phate binders. From our data, it is unclear whether this is
justified.
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