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Abstract: A total of 1628 human plasma samples from Cycle 1 of the Canadian Health Measures Survey were assayed for
total 25-hydroxyvitamin D using the DiaSorin RIA method and the Diasorin “LIAISON 25 OH Vitamin D Total” method.
Bland-Altman comparison showed an average bias of 4.8 + 16.7 nmol/L (6.3%: P<0.001) with the LIAISON method giv-
ing higher values. The relationship was investigated using linear and Deming regression. Linear regression gave:
LIAISON = RIA*(0.87 £+ 0.02) + (13.3 + 1.2) (mean = SE) and weighted Deming regression (constant CV) gave:
LIAISON = RIA*(1.14 £ 0.02) - (4.2 + 1.2). The significant deviations from a slope of unity and the significant non-zero
intercepts were further investigated using non-linear regression. Quadratic regression gave: LIAISON = RIA? * (-0.0025 +
0.0005) + RIA*(1.211 £ 0.07) + (2.9 £ 2.5). The intercept was not significantly different from 0. The quadratic equation
significantly decreased the residual sum of squares (P<0.0001) indicating this model better described the relationship.
Non-linearity was apparent at RIA 25-hydroxyvitamin D > 110 nmol/L, where the relationship was described by:
LIAISON = 97.5339 + 0.1388*RIA (r* = 0.0039; N.S.). However, removing points RIA > 110 nmol/L did not substan-
tially alter the regression parameters. Comparing the analytical imprecision with the total random regression error (Sy)
suggested that sample-related effects were not present. It is recommended that cross-over analysis between these two

methods include points from all parts of the range of interest to elucidate the complete nature of the relationship.
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INTRODUCTION

Vitamin D is metabolized by the body into several com-
pounds that play a central role in calcium and phosphorous
absorption, helping to maintain serum calcium and phospho-
rus levels through its influence on the small intestine’s effi-
ciency to absorb these minerals [1]. Vitamin D intake has
been linked to a reduced risk of breast cancer [2], colorectal
cancer and adenoma [3], cardiovascular disease [4, 5] and
even multiple sclerosis and type 1 diabetes [6]. Many effects
are mediated through its ability to act directly on DNA tran-
scription when bound to its receptor [7].

Vitamin D occurs primarily in two forms: cholecalciferol
(D3), the form synthesized from exposure to sunlight and
found in fortified milk and margarine products in Canada;
and ergocalciferol (D2), which is obtained exclusively
through the diet and occurs mostly in fungi exposed to UV
irradiation [8]. Vitamin D status is normally assessed by
measuring the circulating 25-hydroxylated forms of D2 and
D3, although the 1,25 dihydroxylated metabolite calcitriol is
the predominant active form [9]. Status is important to health
professionals because of the link to long-term bone health
and potentially to other diseases. For this reason, it is meas-
ured routinely during population surveys such as the Cana-
dian Health Measures Survey (CHMS), the National
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Health and Nutrition Examination Survey (NHANES) in the
United States [10], and several others [11-15].

Difficulties arise, however, when comparing among sur-
vey results because of differences between methodologies
used to measure 25-hydroxy D2, 25-hydroxy D3, the sum of
these two forms (25(OH)D), as well as other circulating
forms. These methodologies include gas or liquid chroma-
tography (usually coupled with a mass spectrometer detec-
tor), antibody based immunoassays and the now almost ob-
solete protein binding assays [16]. Selection of an assay
method for a survey is often based on a combination of sam-
ple throughput, analytical requirements (only 25(OH)D or
minor metabolites as well), and budget. Both positive and
negative performance characteristics are associated with
each method. Indirect or direct (extraction or no extraction)
antibody based methods are limited by the variability in an-
tibody preparations, the sensitivity of the antibody-antigen
binding assay conditions [17], and the nature of the assay
method: they do not give a direct measure of 25(0OH)D. Ad-
vantages of direct antibody methods over indirect include the
fact that they are easily applicable to automation and high
throughput, they measure total 25(OH)D, and are sensitive
enough to be used to monitor the full range of human
25(0OH)D plasma concentrations. Chromatographic tech-
niques have the advantage of being able to identify and
quantify multiple vitamin D metabolites and they tend to
have less inter- and intra-assay variability but they do not
typically allow high sample throughput and often are associ-
ated with a high initial overhead cost.
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Canada and the United States have embarked on a joint
process to set dietary recommendations common to both
countries [18]. As part of this process, it is important to
compare the vitamin D status of both countries, a process
made difficult because the two national surveys use different
methods. As part of the first cross-sectional sampling of the
Canadian population, the CHMS offered a unique opportu-
nity to compare a large number of samples, monitored over
several months using the Diasorin Liaison method, an auto-
mated direct cheminluminescence immunoassay, against a
manual indirect radioimmunoassay method, which has been
used by the United States national survey (NHANES). Other
comparisons between these two methods have included more
than one method [19, 20] or have reported a significant in-
consistency and variability among laboratories [21]. We
were interested in assessing performance over several assay
kit lots using a large sample size to resolve some of these
issues.

MATERIALS AND METHODS

Manual RIA Method

Manual radioimmunoassay (RIA) kits for the analysis of
250H Vitamin D were obtained from Diasorin Inc, Stillwa-
ter, MN, USA. All reagents required to perform the analysis
are contained within the RIA kit including; 25(OH)D cali-
brators, non-specific binding/addition buffer, 25(OH)D an-
tiserum, 25(OH)D tracer, donkey anti-goat (DAG) precipitat-
ing complex, 25(OH)D controls and acetonitrile. The RIA
assay was performed as directed by the manufacturer’s prod-
uct insert.

The indirect assay is a two-step procedure: the first step
is a liquid-liquid extraction using acetonitrile and 50uL of
plasma, and the second step is the immunoassay itself, which
consists of an equilibrium competition for the antibody be-
tween iodine'® labelled 25(0OH)D and endogenous 25(OH)D
present in the human plasma sample. The primary antibody
is specific for both 25(OH)D, and 25(0OH)Ds.

The antibody, tracer and 25uL of the sample extract are
incubated in 12x75mm disposable culture tubes (Fisher Sci-
entific Co., Ottawa, ON, Canada) for 90 minutes at room
temperature. A secondary antibody (DAG precipitating
complex) was then added and incubated for another 20 min-
utes to precipitate out the bound material. All excess liquid
was decanted and the remaining precipitate was measured
using a Wallac 1470 Gamma Counter (Perkin Elmer,
Waltham, Massachusetts, USA). The amount of gamma ra-
diation measured is inversely proportional to the concentra-
tion of 25(OH)D present in a given sample. A six point cali-
bration curve, consisting of serum containing known
25(0OH)D concentrations was used to determine the
25(0OH)D content of the unknown samples.

Automated CLIA Method

This assay is a direct competitive chemiluminescence
immunoassay (CLIA), which uses 25(OH)D conjugated to
an isoluminol derivative to compete with the 25(OH)D pre-
sent in the plasma. There is no indication of the chemical
form of the conjugated 25(OH)D. A LIAISON® autoimmu-
noanalyzer and LIAISON® 250H Vitamin D TOTAL Assay
integrals were obtained from Diasorin Inc, Stillwater, MN,
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USA. The integral contains the following reagents required
to perform the CLIA: magnetic particles coated with anti-
body against 25(OH)D, assay buffer, conjugated 25(OH)D
and 25(OH)D calibrators. Additionally purchased from Dia-
sorin Inc, (Stillwater, MN, USA) to perform the assay were:
Liaison system liquid, starter reagents and reaction modules.

The assay was performed as indicated in the manufac-
turer’s product insert. During the first incubation, 25(OH)D
is dissociated from its binding protein and binds to the anti-
body on the magnetic particles. The antibody is specific for
both 25(0OH)D, and 25(0OH)D;. After a 10 minute incuba-
tion, the conjugated 25(0OH)D is added and allowed to incu-
bate for 10 minutes again. The magnetic particles are then
washed of all excess liquid and unbound material. A starter
reagent is added to initiate a flash chemiluminescent reaction
of the conjugated isoluminol derivative, which is then meas-
ured by a photomultiplier. The amount of light measured is
inversely proportional to the concentration of 25(OH)D pre-
sent in a given sample. A two point calibration curve, con-
sisting of serum containing known 25(OH)D concentrations,
is constructed. Unknowns are obtained by comparison with
the calibration curve.

Samples and Method Comparison

Plasma samples were obtained from the CHMS, a re-
peated cross sectional survey of the Canadian Population
[22]. The first cycle of this survey consisted of 5,604 sub-
jects (48% males), aged 6-79 y (median age 33 y) who re-
ported to a mobile examination centre for physical measure-
ments. The survey excluded residents of Indian reserves,
Crown lands, certain remote regions, institutions, and full-
time members of the Canadian Forces. Data was collected
over a period of two years at 15 sites across Canada [23].
The initial survey contained plasma 25(OH)D data on 5,298
(94%) of the subjects (median vitamin D in males = 66.1
nmol/L, females = 67.9 nmol/L).

The present cross-over study used a portion (31%) of
these samples (1628 samples: Table 1). Of the 3670 ex-
cluded samples, 3080 were dropped because they did not
have data for both RIA and LIAISON (only sites 1-7 were
assayed by both methods). A further 581 were excluded be-
cause of problems with external control validation during the
RIA measurement, five were excluded because their values
fell below the lower range of the RIA (< 6 nmol/L) or the
LIAISON measurement (<10 nmol/L), and four values were
greater than 4 standard deviations from the analysed mean of
all samples. The final sample contained 48% males with
a median age of 35 for males and 37 for females
(range 6-79y).

The samples were collected in lavender top blood collec-
tion tubes containing ethylenediaminetetraacetic acid
(EDTA). The plasma was removed on site and shipped to
our laboratory frozen on dry ice and then subsequently
stored at -80°C until analysis. The samples were analysed by
RIA within 3 months of receipt and then stored at -80°C until
re-analysis by LIAISON. Samples were analyzed by RIA
from March 2007-April 2008 and by LIAISON from Febru-
ary 2009-April 2009. In some cases samples were thawed
and refrozen more than once for the RIA assay. These oc-
curred when the RIA quality control parameters indicated
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Table1. Regression Analysis of RIA vs. LIAISON Measures
Comparison method Parameter Value?
Bland-Altman bias: nmol/L 48+16.7
% 6.3+258
Weighted Deming Regression intercept -4.2 £1.2 (p=0.0007)
slope 1.14 £ 0.02 (p<0.0001)
Nonlinear quadratic regression: a -0.0025 + 0.0005 (p<0.0001)
LIAISON = a*RIA? + b*RIA + ¢ b 1.21 +0.07 (p<0.0001)
c 2.9+25(p=0.2441)

®value + standard error.

that the assay results were too variable or were outside toler-
able ranges for the assay.

Quality Control

Quality controls were included with each analytical run
for both the RIA and LIAISON methods. 5 controls were run
in total, two levels of controls purchased from Diasorin Inc.
(Stillwater, MN, USA) and the other three levels were pur-
chased from Biorad Diagnostics Inc. (Montreal, Quebec,
Canada). The laboratory has participated in the Vitamin D
External Quality Assessment Scheme (DEQAS) since Janu-
ary 2006 for the RIA method and since January 2008 for the
Liaison method and has been in proficient standing for both
since enrolment.

Statistical Analysis

Statistical analysis was performed using Analyse-it for
Microsoft Excel (Bland-Altman plots, regression analysis)
and Statistica 7.0 (Statsoft, Tulsa, OK, USA). Regression
analysis was carried out to evaluate the performance of the
methods and to assess whether a linear relationship between
the two variables existed. Linear regression was performed
to assess whether the observed spread of points across the
regression (Syx) was a function only of the total analytical

2 2
imprecision (S, ot = NS+ Siiason ) or whether it included

sample-related effects [24]. Total analytical imprecision was
assessed using all data from high and low QC material which
was purchased from Biorad Diagnostics Inc. These QC ma-
terials were analyzed with every run (both methods) during
the method comparison. Imprecision for each method was
estimated as the average variance across the measured range
(37 = 129 nmol/L for RIA; 29.5 — 84 nmol/L for LIAISON)
calculated as the square root of the sum of measured vari-
ances at the two values. This was necessary because the vari-
ance was proportional to the magnitude of the measured
value (CVs were constant).

Method comparison was performed using weighted Dem-
ing regression (constant CV) to account for the non-
uniformity of variance across the response range [25]. The
assumption of a constant variance ratio was verified using
repeated measurements of the QC material described above
(CV=10.5% at 37 nmol/L and 10.8% at 129 nmol/L for RIA;

CVv=115% at 29.5 nmol/L and 9.8% at 84 nmol/L for
LIAISON).

The Shapiro-Wilk W test showed that both the LIAISON
and RIA data were not normally distributed (P<0.0001).
Both data sets had significantly more observations in the
lower portion of the graph than normal (skewness = 0.42 for
RIA and 0.43 for LIAISON). In addition, the LIAISON data
had more observations near the media than the RIA data
(kurtosis = 0.09 for RIA and 0.49 for LIAISON). Thus, cor-
relation analysis was performed using the Spearman correla-
tion coefficient, which gave a value of 0.77 (Cl: 0.75 to
0.79). The data were also fitted by quadratic regression to
test the linearity of the response. Agreement between the two
methodologies was assessed using a plot of the difference as
a function of the mean 25(OH)D values as described by
Bland and Altman [26].

RESULTS

Samples

None of the samples showed visible signs of hemolysis
or lipemia. Plasma samples were frozen and thawed a maxi-
mum of 3 times. Under this treatment, 25(OH)D is stable
[16].

Estimates of Precision

The RIA and Liaison method intra- and inter-assay %CV
was estimated by analysing 5 different samples in duplicate
over 3 days. The Liaison method intra and inter assay %CV
ranged from 3.2% to 8.01% and 6.9% to 12.7%, respec-
tively. The RIA method intra and inter assay %CV ranged
from 1.0% to 13.7% and 8.1% to 12.0%, respectively.

Method Comparison

The RIA method average was 64.0 + 23.8 (median 62.8;
95% CI from 62.7 to 65.1; range 6.7-145.0). The LIAISON
method average was 68.8 + 26.5 (median 68.8; 95% CI from
67.6 to 70.1; range 10.0-213.4). Differences between the
RIA and LIAISON methods were assessed graphically using
a Bland-Altman percentage difference vs. average plot (Fig.
1). The overall bias was 4.8 nmol/L with the LIAISON giv-
ing higher values (Table 1). The data was further analysed
using weighted Deming regression to determine the linearity
of response. This gave a negative intercept and a slope sig-
nificantly different from unity. Visual inspection of the data
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suggested a non-linear relationship with a plateau at RIA
25(0OH)D concentrations in excess of 110 nmol/L (Fig. 2A).
Regression of the 65 samples with concentrations > 110
nmol/L (approximately 4% of the total data set) gave a non-
significant slope of 0.14 + 0.28 (r* = 0.004; Fig. 2B). How-
ever, removing these points from the regression analysis did
not substantially alter the weighted Deming parameters.
Linearity was further tested using the Linearity Test (Ana-
lyse-It). This revealed that a quadratic equation slightly but
significantly improved the fit (Table 1) as shown by a reduc-
tion in the sum of squares due to lack of fit (395620 for lin-

ear regression vs. 389482 for quadratic regression;
p<0.0001).
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Fig. (1). Bland-Altman plot showing differences between method-
ologies plotted as a function of the average 25(0OH)D value from
both methodologies. Solid line shows identity. Dotted line shows
average bias of 4.8 nmol/L. Dashed lines show 95% limits of
agreement (-28.1 to 37.6 nmol/L).
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Fig. (2). A. Non-linear quadratic regression of RIA versus
LIAISON. Solid line shows line of best fit (see Table 1 for parame-
ters). Dashed lines show 95% confidence limits. B. Linear regres-
sion analysis of values greater or equal to 110 nmol/L. Solid line
represents regression fit. Dashed lines show 95% confidence limits.

DISCUSSION

A common practice when performing a clinical cross
over or a method comparison test is to perform multiple tests
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on a smaller set of between 36-400 samples over a short pe-
riod of time [19, 20, 27-30]. While this can be sufficient in
some circumstances, it can also introduce other possible
sources of error. The present study demonstrates that there is
value in using a higher number of samples than is commonly
used for performing the comparison. In addition, it shows the
advantage of conducting the crossover using samples spread
over a longer period of time and utilizing several different
assay kits of different lots. This would be especially true
when comparing across sampling cycles for a long-term sur-
vey.

Although the RIA method is regarded as a well-
established reference method for comparison purposes [19],
results from the DEQAS program show that the LIAISON
method forms a significant portion of the total submitted
values [31]. It is, therefore, important to define the relation-
ship between these two methods. The present study, analysed
by weighted Deming regression, showed a good correlation
between methods (Spearman r = 0.77) with a slope of 1.14 +
0.02 (Table 1). These values are slightly higher than a recent
comparison analysed by Deming regression using 390 sam-
ples, which reported an excellent correlation (Spearman r =
0.91) and a slope of 0.99 [19]. Unlike the data of Wagner et
al. [19], the correlation of the present study was improved
when a quadratic fit was applied to the data, presumably
because of non-linearity at both ends of the data range. The
reasons for this non-linearity cannot be determined from the
present analysis but the lack of correlation between the two
methods at high 25(OH)D values in our hands is of concern.
Part of the difficulty in this part of the curve may lie in the
lower signal to noise ratio of response, which would magnify
small pipetting errors as well as other relatively minor dif-
ferences in procedure. From a theoretical perspective (opera-
tor reproducibility), the automated system should be more
reproducible at this range than the manual RIA Kkit. In accor-
dance with this principle, we have noticed a decrease in the
variance associated with our measurements after switching
to the Liaison (RIA difference from DEQAS ALTM -28.5%
to 15.2%; Liaison difference from DEQAS ALTM -6.3% to
4.0%). The significant Y-intercept obtained from regression
analysis suggests that at lower 25(OH)D plasma concentra-
tions, the two methods differ significantly but are more
closely related at about 80 nmol/L. The reasons for this are
not clear. The antibody used is identical for both methods,
but the RIA is an indirect method utilizing a solvent extrac-
tion procedure prior to the immunoassay, while the quicker
direct LIAISON method skips this step. Whether this ac-
counts for the non-linear response at the higher concentration
range is unknown. The non-linearity in response for both
methods at the extremes of the response curve appears to
influence the relationship between the methods. At the low
end of the curve, this resulted in a non-zero intercept, how-
ever the direction and magnitude of this deviation cannot be
determined from this study.

Bland-Altman analysis showed a significant bias with the
LIAISON method giving higher values - a situation opposite
to that suggested from the DEQAS program results [32] and
one that was higher than that of Wagner et al. [19] illustrat-
ing the value of laboratory-specific cross over studies. Some
of these differences may be related to differences in RIA and
LIAISON response to D2 and D3 in plasma samples. The
DEQAS samples may come from a single individual and this
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may include a significant D2 component that can be sample
specific. In contrast, the samples from the present survey
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