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sample types. Spike recovery and linear dilution
studies revealed a higher accuracy of the
TECOmedical assay (97% and 96%) compared
tothe Biomedica assay (118% and 78%). Sclerostin
levels were stable within 4 hours after sample
collection, in particular when analyzed in plasma.

ABSTRACT

BACKGROUND: Sclerostin is an endocrine
regulator in chronic kidney disease — mineral and
bone disorder (CKD-MBD). Validation of assay

comparability and pre-analytical handling is . .
. . In contrast to the Biomedica assay, the
mandatory for establishment of sclerostin as a . .
. TECOmedical showed a systematic but no
biomarker. . .
proportional bias between serum and plasma
METHODS: Blood samples (serum, EDTA, samples with higher values for plasma samples.

heparin and citrate plasma) were obtained from 12 Among the 3 different plasma samples no

hemodialysis (HD) patients after the long dialysis
interval. Passing-Bablok regression analysis and
Bland-Altman difference plots were used to
evaluate the agreement between sclerostin levels
measured with two commercially available ELISAs
from TECOmedical and Biomedica.

RESULTS: Independent of the sample type, the
agreement of the two assays was poor with a strong
proportional but no systematic bias. Compared to
the TECOmedical assay, the Biomedica test yielded
almost 2-fold higher sclerostin values throughout all
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systematic error could be documented.

CONCLUSION: Careful consideration of the pre-
analytical handling and comparative assay
validation are necessary to facilitate a more
differentiated interpretation of studies reporting
circulating sclerostin levels. The presence of a
proportional bias demonstrates that in HD patients
the two ELISAs for measuring sclerostin should not
be used interchangeably. Furthermore, caution is
necessary when comparing sclerostin results
obtained from different blood sample types.
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INTRODUCTION

The close relationship between bone disease,
mineral disturbances and cardiovascular disorders
in patients with chronic kidney disease (CKD) is
increasingly acknowledged and has led to the
introduction of the term chronic kidney disease -
mineral and bone disorder (CKD-MBD)'. One of
the recently identified regulators involved in CKD-
MBD is the glycoprotein sclerostin, a soluble Wnt
inhibitor produced mainly in osteocytes. Sclerostin
inhibits differentiation and function of osteoblasts
and possibly interferes with biological signaling
that operates in the vessel wall>. Sclerostin
represents a promising biomarker in CKD-MBD
since the physiology of sclerostin is altered during
renal insufficiency and since the modulation of the
Whnt signaling pathway via sclerostin is involved in
the development of renal osteodystrophy and in
cardiovascular diseases associated with CKD™.
Moreover, measurement of circulating sclerostin in
patients with end-stage-renal disease (ESRD)
revealed associations with bone mineral density’,
cardiovascular mortality in prospective
observational cohort studies®’, and with vascular
calcification®'°. Of note, some of these studies have
reported contradictory results, thus awaiting further
confirmation.

In terms of establishing novel biomarkers, assay
validation and standardization are essential''.
Significant disagreement between different assays
measuring the same parameter may impair the
comparability of results in a clinically meaningful
manner. Indeed, a relevant variability among
different intact parathyroid hormone assays in
patients with ESRD has been confirmed'”. Previous
studies designed to compare two commercially
available sclerostin ELISAs, namely the Biomedica
and the TECOmedical ELISA, identified in various
clinical settings a relevant variation of measured
sclerostin values, therefore limiting the clinical
interpretation of reported values and compromising
the comparability of studies using different
immunoassays for sclerostin detection'®. Several
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additional factors such as pre-analytical handling
including the choice of blood sample type, storage
time, and matrix interference may affect the
quantification of biomarkers. For the robust
introduction of sclerostin as a biomarker in CKD-
MBD it is thus mandatory to further validate the
applied assays and to assess the relevance of pre-
analytical variables particularly in (haemodialysis)
HD patients.

MATERIALS AND METHODS

Sample collection. Human blood samples were
obtained with the written, informed consent of the
patients and the permission from local ethical
committees (RWTH Aachen EC vote number EK
300/11). Blood was drawn by venipuncture after an
overnight fast at the end of the long dialysis interval
from 12 clinically stable patients with ESRD before
undergoing routine hemodialysis. We collected
serum and three types of plasma (EDTA, lithium
heparin and citrate plasma) in standard monovettes
(Sarstedt, Niimbrecht, Germany). Patients (5 men, 7
women) were aged 66.6 = 9.1 years and were on
dialysis for a median time of 54 months. For further
details regarding the patient population please refer
to Supplemental Table 1. Samples were centrifuged
after 20, 60, 120 and 240 minutes at room
temperature for 10 minutes at 2000 g and
subsequently stored as aliquots at -80°C until
assayed. No sample was thawed more than twice
and all samples were assayed using the same lot of
the respective ELISA Kit.

Sclerostin measurement. Sclerostin levels were
measured by two commercially available ELISAs
according to the respective manufacturer's
instructions. All plates and reagents were from the
same lot. Samples were tested in duplicate and the
calculated means were used for further statistical
analysis. Both the Biomedica assay (Biomedica,

Wien, Austria) and the TECOmedical assay
(TECOmedical, Sissach, Switzerland) represent
two-site immune-capture ELISAs. The

characteristics of the assays are summarized in
Supplemental Table 2. Of note, values from all
patient samples were in the proper range of the
respective test. The reported intra-assay and inter-
assay precision of the sclerostin ELISAs are <7%,
respectively <10% for the Biomedica assay and
<6%, respectively <9% for the TECOmedical assay.
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Stability. Stability is the capability of a sample
material to retain the initial property of a measured
constituent for a period of time within specified

Statistics. Levels of sclerostin and other parameters
are expressed as meanzstandard deviation (SD).
The nonparametric regression procedure of Passing-

Table 1. Stability of various sample types stored for up to 240 min. Results are presented as % of the

baseline (20 min) control £ SD.

time Biomedica Biomedica Biomedica
(min)
serum heparin EDTA
20 100 100 100
60 946+128 101.8+3.1 101.0+1.9
120 91.2+109 100.6+6.1 99.0+£34
240 96.6+19.0 974+35 1042+10.5

limits when the sample is stored under defined
conditions. To evaluate the stability of sclerostin in
serum as well as in all 3 plasma samples at room
temperature, collected blood from 4 patients was
left unprocessed for various periods ranging from
20 to 240 min and subsequently centrifuged and
frozen at —80 °C. Samples were thawed at room
temperature and all samples were assayed at the
same time.

Accuracy and assessment of matrix effects. The
accuracy of highly sensitive biomarker methods is
frequently confounded by the presence of
endogenous factors in samples causing matrix
effects. For determination of the accuracy of the
two ELISAs and assessment of matrix effects, we
performed linearity analysis as well as spike
recovery experiments. Linearity of dilution, also
known as parallelism, was evaluated by serially
diluting samples with sample diluent (within the
range of the standard curve) and comparing
observed values with expected values. Samples
were diluted to 1:2 and 1:4 according to the
manufacturer’s protocol. Linearity (%) was
assessed as linearity = 100 x observed value /
(previous value/dilution factor). Spike recovery is
used to determine if the assay is affected by the
difference between the diluent used to prepare the
standard curve and the biological sample matrix.
Analysis of such recovery was performed by
spiking samples with a known quantity of purified
sclerostin and comparing observed values with
expected values. Recovery (%) was determined as
recovery= 100 x (observed value - unspiked sample
value) / expected value.
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TECOmedical TECOmedical TECOmedical

serum heparin EDTA
100 100 100
948 +14.1 105225 103.6 £ 6.6
87.8+9.4 105.0+5.1 102.4 6.0
97.6 £22.1 98.4+13.8 103+7.3

Bablok and concordance correlation coefficient
(CCC) were used to evaluate the comparability and
the agreement between sclerostin results obtained
with the two ELISAs and the different sample
types. To demonstrate and visualize the relationship
between the differences and the magnitude of
measurements we conducted a Bland-Altman
analysis'’. Statistical analysis was performed using
the open-source software R with the mcr package
(R Foundation for Statistical Computing, Vienna,
Austria) and GraphPad Prism 6 (GraphPad
Software, Inc., CA, USA).

RESULTS

Stability of sclerostin in serum and plasma:
influence of pre-analytical storage time. We tested
the effect of sample storage at room temperature on
the detection of sclerostin in serum and plasma. As
shown in Table 1, sclerostin was stable within 4
hours after sample collection when stored as plasma
(EDTA, heparin and citrate) with a maximum
deviation of 5.2% (TECOmedical, heparin plasma)
and 4.2% (Biomedica, EDTA plasma). These
results indicate that it is feasible to store plasma
samples for up to 4 hours before centrifugation and
subsequent analysis. When analyzing serum
samples, we observed inferior stability compared to
plasma with a maximum deviation of 12.2%
(TECOmedical) and 8.8% (Biomedica).

Dilution and spike recovery. Linearity analysis
(linearity-of-dilution) was performed by diluting
samples with specimen diluent and comparing
observed values with expected values. To further
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Table 2. Dilution linearity (up) and spike recovery (below) expressed as % of recovery + SD.

Biomedica Biomedica Biomedica TECO TECO TECO
medical medical medical
serum heparin EDTA serum heparin EDTA
Dil. linearity (%) 116.3 + 116.0 + 118.3 + 93.7 + 103.0 + 993 +
1:2 dilution 4.2 7.0 11.5 5.7 10.4 5.0
Dil. linearity (%) 112.5 + 130.0 + 114.0 + 90.0 = 97.7 + 943 +
1:4 dilution 3.5 7.1 7.1 1.7 12.2 8.5
Biomedica Biomedica Biomedica TECO TECO TECO
medical medical medical
serum heparin EDTA serum heparin EDTA
spike 76.0 + 79.3 + 79.0 + 973 + 993 + 95.7 +
recovery (%) 9.5 7.6 6.9 2.5 3.8 2.3

validate the accuracy of the ELISA, spike recovery
studies were performed by spiking samples with a
known quantity of purified recombinant sclerostin
and comparing measured with expected values.
Whereas the TECOmedical assay was characterized
by a high linearity (dilution recovery of all samples
98.7 = 7.0% for 1:2 dilution, 94.0 = 7.5% for 1:4
dilution) and a spike recovery in the proper range
97 £ 2,9%), the Biomedica assay showed a
significant inferior accuracy with an over-recovery

2.0+
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Figure 1. Sclerostin levels as determined by
the Biomedica (black bars) and
TECOmedical (grey bars) ELISAs in
various sample types as indicated. Data
represent mean +SD

in the dilution series (dilution recovery 1169 *
7.6% for 1:2 dilution and 118.8+ 5.9% for 1:4
dilution) and an under-recovery in the spike testing
(spike recovery 78+ 8.1%), suggesting a significant
matrix interference (Table 2, Supplemental Figure 1
and 2). Of note, all values (spiked and unspiked)
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were above the lower limit of quantification and on
the linear portion of the curve.

Levels of sclerostin. Comparing the two ELISAs,
we observed that the Biomedica assay yielded
significant higher sclerostin values both in serum
and plasma samples (Table 3 and Figure 1).
Whereas EDTA plasma sclerostin concentrations
measured with the TECOmedical assay were 0.73 +
0.30 ng/ml (mean = SD), EDTA plasma sclerostin
levels were 1.34 + 0.74 ng/ml with the Biomedica
assay. The difference was most pronounced when
determining sclerostin levels in citrate plasma (1.97
fold higher with the Biomedica assay) and least
pronounced in heparin plasma (1.79 fold higher
with the Biomedica assay). In general,
determination of sclerostin concentration in serum
yielded the lowest values followed by citrate
plasma.

The Bland-Altman plots (Figure 2) revealed
that the differences between the two assays enlarge
as the level of sclerostin increases, suggesting that
the putative overestimation of absolute sclerostin
levels using the Biomedica test increases with
higher concentrations. In addition, the scatter
around the bias line became larger at higher
sclerostin  levels, indicating an inconsistent
variability. The mean difference(=bias)and the
respective  95% confidence intervals (CI) are
summarized in Table 4.

In order to further evaluate the comparability
and the agreement between sclerostin results
obtained with the TECOmedical and Biomedica
assay and to elucidate the influence of the chosen
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Table 3. Descriptive statistics of sclerostin measurement stratified by blood sample type and assay

sample min Ist median mean 3rd max SD n
type quart. quart

TECOmedical serum  0.18 0.43 0.56 0.61 0.77 1.21 0.30 12
Biomedica serum  0.54 0.74 0.9 1.18 1.48 2.42 0.62 12
TECOmedical heparin 0.23 0.54 0.7 0.73 0.83 1.44 0.31 12
Biomedica heparin 0.6 0.91 1.08 1.32 1.54 2.71 0.65 12
TECOmedical EDTA 0.23 0.61 0.71 0.73 0.84 1.33 0.30 12
Biomedica EDTA  0.53 0.9 1.06 1.34 1.46 2.82  0.74 12
TECOmedical citrate  0.21 0.5 0.61 0.63 0.73 1.14  0.26 12
Biomedica citrate  0.56 0.84 1.03 1.24 1.4 2.75 0.63 12

Table 4. Bland-Altman analysis testing the agreement of the Biomedica and TECOmedical ELISAs.

LOA = limit of agreement.

Biomedica vs. serum
TECOmedical

bias (mean difference) 0.568
SD of bias 0.382
lower LOA (95% CI) -0.181
upper LOA (95% CI) 1.316

sample type, we applied the nonparametric
regression procedure of Passing-Bablok.
Independent of the sample type, the agreement
of the two assays was poor with a strong
proportional but not systematic bias (Table 5,
Figure 3). Among all tested sample types, the 95%
Cl interval for the intercept did include 0, indicating
the absence of a systematic error/bias between the
two ELISAs, whereas with the exception of heparin
plasma (lower CI 0.962) the 95% confidence
interval for the slope did not include 1, revealing
the presence of a proportional error between the
Biomedica and TECOmedical assay. The
proportional bias was largest in EDTA plasma
(slope 2.50) and smallest in heparin plasma samples
(slope 1.90). The resulting equation of Passing-
Bablok analysis for the combination of all sclerostin
measurements independent of the sample type was
y = 0.064 + 2.024x (95% CI of intercept -0.460 and
0.142; 95% CI of slope 1.571 and 2.633).
Concordance correlation coefficient for all sample
types was 0.39, the Pearson correlation coefficient
0.885. Passing-Bablok analysis identified neither a
systematic nor a proportional difference between
the four blood types when using the Biomedica
assay (Table 6 and Figure 4A,B). When comparing
each of the three plasma types with serum, in all
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heparin

0.583
0.404
-0.209
1.375

EDTA citrate all samples
0.607 0.610 0.592
0.489 0.422 0.413
-0.351 -0.218 -0.217
1.565 1.438 1.401

cases the 95% confidence interval for the intercept
did include O and the slope did include 1,
demonstrating a good agreement among the various
sample types. The same could be documented when
directly comparing the 3 different plasma types
with each other. In contrast, analysis of the
TECOmedical assay provided evidence for a
systematic but not proportional bias between serum
and each of the plasma samples, with generally
higher values for plasma probes (7able 6 and
Figure 4A,B). Among the three different plasma
samples no systematic error could be observed.
Between citrate vs. heparin and citrate vs. EDTA,
but not between heparin vs. EDTA the 95%
confidence interval for the slope did not include 1,
indicating a proportional error with lower sclerostin
results obtained in citrate plasma samples compared
to EDTA and heparin plasma samples.

DISCUSSION

As sclerostin represents a promising novel
biomarker for the multifaceted entity of CKD-
MBD?®, reliable measurement of circulating
sclerostin is of increasing interest. However,
various sclerostin immunoassays were found to
yield inconsistent results'®'®.
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Figure 2. Bland-Altman difference plots visualizing the difference of the measurements obtained with the
Biomedica and TECOmedical ELISAs. The differences or the bias (Biomedica — TECOmedical; Y-axis
in ng/mL) is plotted versus the average of the two readings (Biomedica + TECOmedical / 2; X-axis in
ng/mL). As an increase in variability of the differences is observed as the magnitude of the measurement
increases, the lower right Bland-Altman plot displays the relationship between the average and the
percentage of difference. Thin continuous horizontal lines represent the mean, thin dotted horizontal lines
indicate the 95% limits of agreement (average difference + 1.96 SD of the difference).
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Figure 3. Plots displaying the Passing-Bablok regression analysis of the agreement between the
Biomedica and TECOmedical ELISAs for various sample types as indicated. The solid line indicates the
regression line, the black dotted lines show the line of identity and the gray dashed lines represent the 95%
confidence interval for the regression line.

Table 5. Passing-Bablok regression analysis testing the agreement of the Biomedica and TECOmedical
ELISAs and concordance correlation coefficients (CCC).

slope
95% CI of
slope
intercept
95% CI of

intercept
CCC

95% CI of
CCC

1.969 1.905
1.136 to 0.962 to0 3.196
3.105
-0.025 0.109
-0.693 to -0.964 to
0.348 0.367
0.40 0.40
0.15 to 0.60 0.14 t0 0.61
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2.504
1.351 to 4.167

-0.449

-2.177 t0 0.194

0.38
0.15t0 0.58

2.203

-0.119

0.33
0.11 t0 0.53

1.171 to 4.500

-1.911 to 0.308

2.024
1.571 to 2.632

-0.064
-0.461 to 0.142

0.39

0.27 to
0.49
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Figure 4A. Plots displaying the Passing-Bablok regression analysis of the agreement between the
various samples types as indicated. Analysis was performed for results obtained by the Biomedica. The
solid line indicates the regression line, the black dotted lines show the line of identity and the gray
dashed lines represent the 95% confidence interval for the regression line.
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the gray dashed lines represent the 95% confidence interval for the regression line.
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Table 6. Passing-Bablok regression analysis testing the agreement of different sample types and
concordance correlation coefficients (CCC).

serum vs. serumvs. serumvs. heparinvs. heparinvs. citrate vs.
heparin EDTA citrate EDTA citrate EDTA
Biomedica
slope 1.022 1.209 0.931 1.124 0.936 1.124
95% Cl of slope  0.857 to 0.791 to 0.686 to 0.954 to 0.879 to 1.000 to
1.200 1.279 1.184 1.326 1.087 1.361
intercept 0.140 -0.096 0.136 -0.163 -0.011 -0.076
95% CI of -0.042 to -0.185 to -0.094 to -0.320 to -0.124 to -0.293 to
intercept 0.297 0.333 0.349 0.004 0.042 0.041
CCC 0.96 0.94 0.97 0.98 0.99 0.97
95% CI of CCC 0.89 to 0.85t00.98 0.92t00.99 0.95 to 0.99 0.96 to 0.84 to 0.97
0.99 1.00
TECOmedical
slope 1.064 1.016 0.877 0.947 0.851 1.144
95% Cl of slope ~ 0.902 to 0.842 to 0.784 to 0.892 to 0.806 to 1.022 to
1.143 1.213 1.059 1.042 0.906 1.180
intercept 0.079 0.100 0.090 0.041 0.014 0.004
95% CI of 0.027 to 0.029 to 0.025 to -0.024 to -0.032 to -0.016 to
intercept 0.1964 0.261 0.161 0.092 0.043 0.097
CCC 0.90 0.90 0.98 1.00 0.93 0.93
95% CI of CCC 0.77 to 0.76t0 0.96 0.94t00.99 0.99 to 1.00 0.83 to 0.84 to 0.97
0.96 0.97

Together with uncertainties in respect to the optimal
pre-analytical handling, this inconsistency has
limited the introduction of sclerostin measurement
into general clinical practices. We therefore
compared two commercially available sclerostin
ELISAs in order to validate assay quality
characteristics. Among the various commercially
available sclerostin assays, the ELISAs by
TECOmedical and Biomedica are currently the
most widespread applied assays. Moreover, we
particularly evaluated the influence of pre-
analytical variables including storage time and
blood material.

We performed the study on purpose in HD
patients since they represent a cohort of particular
interest for sclerostin assessment. In summary,
while storage of unprocessed samples for up to 4
hours at room temperature has only minor influence
on measured sclerostin levels, this study clearly
reveals a disagreement and strong proportional error
between the Biomedica and TECOmedical ELISAs
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and identifies a bias among different blood sample
types.plasma samples.

Our results confirm the fulfillment of the
stability criteria suggested by the European
Medicines Agency for both assays and
demonstrated the capability of the sample material
to retain the initial property of the measured
constituent at room temperature within the tested
time frame, especially when stored as plasma
samples'. Thus we can conclude that routine blood
sample handling in dialysis units seems to be
appropriate for sclerostin assessment as our data
indicate that it is feasible to store samples from HD
patients for up to 4 hours before centrifugation and
further analysis. In order to be acceptable for
widespread clinical use in ESRD patients, it is
necessary to ensure that sample dilution and matrix
effects have no adverse effects on the integrity of
the results obtained. In this respect, the
TECOmedical assay yielded a good accuracy with
an adequate dilution linearity/parallelism and a
satisfactory spike recovery in the tested samples

10
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disagreement

uncertainty in respect to the prope

samples

validation of the two most common and co

sclerostin ELISAs revealed (1) a poor agreement of the two ¢

strong proportional but no systematic bias and (2) a systematic b
proportional bias between serum and plasma samples with higher values
for plasma samples.

to establish standardized guidelines for analytical methods.

from patients with ESRD. The Biomedica assay
showed lower accuracy with an over-recovery in
the dilution series and an under-recovery in the
spike testing. This result points towards differences
in sample-matrix-interferences between the two
assays.

The present study shows that among patients
with ESRD undergoing hemodialysis, results
derived from the two sclerostin ELISAs should not
be directly compared due to the poor agreement
with a relevant proportional bias. Prior studies
already  investigated the Biomedica and
TECOmedical ELISAs for detection of sclerostin in
various patient populations. In accordance with our
results, McNulty et al. identified both in serum and
heparin plasma samples obtained from healthy,
middle-aged individuals considerably higher
sclerostin levels with the Biomedica assay (1,4-fold
in serum, 1,8-fold in heparin plasma samples)".
Measured sclerostin levels were found to be lower
in serum than in plasma samples. Similar, Durosier
et al. analyzed sclerostin levels in serum of healthy
elderly individuals and measured 2-fold higher
values with the Biomedica assay compared to the
TECOmedical ELISA'. A relevant limitation of the
interpretation of these studies is that the authors
applied only a correlation analysis determining
linear association instead of the more adequate
Passing-Bablok regression analysis testing the true
agreement of the assays. The non-parametric
regression analysis developed by Passing and
Bablok allows estimation of analytical methods
agreement and possible systematic and/or
proportional bias between them and overcomes the
assumptions of the classical linear regression®'. Our

study therefore substantially extends previous
validation studies of the Biomedica and
TECOmedical ELISAs. Costa et al. recently

www.discoveriesjournals.org/discoveries

identified in hospitalized patients or patients with
metabolic bone diseases and CKD a strong
correlation between sclerostin levels detected by the
two ELISAs and reported that the mean
concentration of sclerostin in serum samples
differed by only 2.9 % due to a “slight systematic
and proportional” error””. The reason for this
inconsistent magnitude of differences among the
studies remains unclear'®. Matrix interference
effects might be variably present or dominant in
analyzed samples from various patient populations.
Furthermore, the presence of circulating sclerostin
in a dimeric form or sclerostin fragments, as well as
the formation of protein complexes might
differentially affect the recognition by antibodies
used in the assays'®**%,

Although serum and plasma specimens are
considered equivalent for many assays>', previous
studies and our results documented that sclerostin
values measured in serum were generally lower
than in plasma'>'**  Further exploring this
observation, Passing-Bablok analysis of the
TECOmedical assay (but not Biomedica assay) now
provided evidence for a systematic bias between
serum and each of the plasma samples. It remains
speculative whether the addition of anticoagulants
like EDTA, citrate and heparin influences the
accessibility of recognizable epitopes and thus
affects the values of measured sclerostin. Our data
do not allow concluding whether serum or plasma
yields the “true” level of circulating sclerostin. For
the first time regarding sclerostin measurement, we
provide a systematic comparison of 3 different
plasma types, namely heparin, EDTA and citrate
plasma. Regression analysis of results obtained
from the TECOmedical assay demonstrated a
proportional error between citrate and EDTA or
heparin plasma with lower sclerostin values

11




Validation of sclerostin ELISAs in HD patients

measured in citrate plasma. Independent of the
assay applied, our study reveals the absence of a
systematic error between all plasma sample types.

In summary, our data indicate that sclerostin
measurements in HD patients are reliable in both
serum and plasma. However, serum and plasma
sclerostin levels are not directly comparable. Due to
the better stability during storage, we recommend
using plasma samples for analysis of sclerostin in
patients with ESRD. Results obtained by the two
ELISAs should not be used interchangeably. In
conclusion, clear annotation of the applied
sclerostin ELISA type, as well as blood sample
type, is mandatory for interpretation of sclerostin
results in HD patients. With the validation of the
two most commonly used sclerostin immunoassays,
our data allows in the context of ESRD a more
differentiated judgement of reported circulating
sclerostin levels among various studies and
contributes to the development and final
establishment of sclerostin as a reliable and clinical
relevant biomarker, although assay validation
studies in larger populations will be necessary for
further confirmation.
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