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ABSTRACT

We assessed the impact of intact parathyroid hormone (iPTH)
and adjusted calcium analyses on Abbott, Roche and Siemens
analytical platforms in the diagnosis of normocalcaemic pri-
mary hyperparathyroidism (NCPHPT). These assays are used
by over 85 % of clinical laboratories in the UK. Over five months,
consecutive serum samples from outpatients with NCPHPT in
the laboratory with Abbott assays were identified, aliquoted
and stored at -80°C. Frozen aliquots were transported month-
ly to the other two laboratories. After thawing, samples were
mixed and analysed immediately for calcium, albumin and iPTH
in the laboratories with Abbott, Roche and Siemens analytical
platforms. Adjusted calcium was calculated using the equation
used in the respective laboratory. Diagnostic concordance of
iPTH and adjusted calcium were assessed using manufactur-
er-provided assay-specific reference intervals and the pathol-
ogy harmony reference interval respectively. Fifty-five patients
with NCPHPT were identified using Abbott assays. Of these, 16
(29.1%)and 11(20.0%) had NCPHPT, 9 (16.4%) and 13 (23.6 %)
had hypercalcaemic primary hyperparathyroidism, and 30
(54.6%) and 31 (56.4 %) patients had normal results when an-
alysed in laboratories with Roche and Siemens assays, respec-
tively. The diagnosis of NCPHPT was strikingly different depend-
ing on the commercial assay used. There is a pressing need for
iPTH assay harmonisation and robust reference intervals. Ref-
erence intervals may become invalid if an assay drifts, as exem-
plified by adjusted calcium in this study.
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Introduction

Persistently elevated parathyroid hormone (PTH) concentrations
with normal circulating calcium levels in the absence of secondary
causes of hyperparathyroidism is classified as normocalcaemic pri-
mary hyperparathyroidism (NCPHPT) [1, 2], a well-established en-
tity of primary hyperparathyroid disorders [1]. NCPHPT has been
reported as carrying a significant co-morbidity with increased rates
of osteoporosis, fractures and renal stones [3, 4].

The reported prevalence of NCPHPT ranges from 0.1% to 6%
[3,5-7]. The differing prevalence of NCPHPT has been attributed
to different patient cohorts, study design especially non-rigorous
exclusion of secondary hyperparathyroidism, nutritional factors,
differing definitions of NCPHPT and normalisation or progression
to hypercalcaemic primary hyperparathyroidism (PHPT) [3]. Many
studies reporting NCPHPT prevalence have, however, provided lit-
tle or no information about the calcium and PTH assays used [6, 7]
and the specific generation of PTH assay used [6, 8].

Assay related differences in PTH are well-recognised [9] and ev-
ident from external quality assurance (UK NEQAS) data. It is gen-
erally believed, however, that between assay differences are ac-
counted for by assay-specific reference intervals [ 10]. We suspect-
ed that the diagnosis of NCPHPT may be dependent on the
laboratory site of sample analysis. Due to geographical and service
provision reasons, patients seen in our regional endocrine services
may have their blood samples analysed in any of six laboratories in
the region. These laboratories have analytical platforms from ei-
ther Abbott Laboratories, Roche Diagnostics or Siemens Health-
ineers. Calcium, albumin and PTH assays provided by these three
manufacturers are used by 85 % of clinical laboratories in the UK.

In an institution approved service evaluation, we therefore, as-
sessed the impact of Abbott, Roche and Siemens assays in the di-
agnosis of NCPHPT.

Patients and Methods

Three neighbouring hospital laboratories participated in a diagnos-
tic test assessment study evaluating commutativity of Abbott,
Roche and Siemens assay results in the diagnosis of NCPHPT.

Consecutive serum samples from outpatients with NCPHPT (ad-
justed calcium 2.2-2.6 mmol/l with an intact PTH (iPTH)>7.2
pmol/l) were identified in the laboratory with Abbott assays for five
months (February to June 2021). The diagnosis of NCPHPT requires
confirmation of an elevated PTH on at least two further occasions
[2]. However, for this study assessing the performance of diagnos-
tic tests, patients with a single paired elevated iPTH with a normal
serum albumin adjusted calcium were included after exclusion of
secondary and tertiary hyperparathyroidism. Samples from pa-
tients with estimated glomerular filtration rate (eGFR, CKD-EPI
equation) <60 ml/min/1.73 m2[11], vitamin D<50 nmol/l, preg-
nant women, children (<18 years) and patients with malignancy,
renal transplant, hypothyroidism with elevated thyroid stimulating
hormone, Paget’s disease of bone and on medication known to af-
fect PTH calcium were identified based on information in the pa-
tients’ laboratory, hospital and primary care records and excluded
[2,4,12].

Samples from patients with possible NCPHPT were identified in
real-time using automated data pulls from the laboratory informa-

tion system in the laboratory with Abbott assays. Following the
conclusion of requested tests, maximally within eight hours of sam-
ple collection, samples fulfilling the inclusion criteria were retrieved
from refrigerated laboratory storage (2-8°C), anonymised, serum
tipped off into three aliquots (one each for analysis by Abbott,
Roche and Siemens assays) and stored at -80°C [8, 13].

Once a month, the serum aliquots for Roche and Siemens labo-
ratories were transported frozen to the respective laboratory. On
receipt, the sample aliquots were thawed, mixed and analysed
within one hour for calcium, albumin and iPTH. The frozen sample
aliquotsin the laboratory with Abbott assays were similarly thawed
and analysed on the same day every month as the aliquots in the
other two laboratories. Calcium and albumin were measured on
Architect 16000, cobas c702 and Atellica CH 930, and iPTH was
measured on Architecti2000 SR, cobas e801 and AtellicaIM 1600,
respectively, in laboratories with Abbott, Roche and Siemens ana-
lytical platforms. All three PTH assays are second-generation (iPTH)
immunoassays [9, 14]. The sample identification and exchange con-
tinued for five months.

Adjusted calcium (mmol/l) was calculated using the routinely
used equation in each laboratory that was {total calcium (mmol/l) +
0.0152 [42.24 - albumin (g/1)]}, {total calcium (mmol/l) +0.02 [40
—albumin (g/I)]} and {total calcium (mmol/l) +0.015 [45 - albumin
(g/N)]}, respectively, for laboratories with Abbott, Roche and Sie-
mens methods. Laboratories with Abbott and Siemens methods
use adjusted calcium equation derived in-house using previously
published method [15, 16]. The calcium adjustment equation used
by the laboratory with Abbott method was derived less than a year
before the study. Adjusted calcium, and not ionised calcium, is used
in all three laboratories in accordance with national guidance [17].

Adjusted calcium and iPTH assays were ISO 15189 accredited
by the United Kingdom Accreditation Service (UKAS) for the par-
ticipating laboratories. The inter-assay coefficient of variation (CV)
for Abbott iPTH was 5.9 % at 4.6 pmol/l and 3.7 % at 25 pmol/l, for
Roche iPTH was 7.4 % at 5.9 pmol/l and 2.6 % at 29.9 pmol/l and for
Siemens iPTH was 6.4 % at 2.8 pmol/l and 4.5% at 22.0 pmol/l. In-
ter-assay CV for Abbott adjusted calcium was 1.4 % and 1.1 %, re-
spectively, at the calcium of 2.52 mmol/l and albumin of 32.4 g/I
and calcium of 3.13 mmol/l and albumin of 39.3 g/I. Inter-assay CV
for Roche adjusted calciumwas 2.8 % and 2.8 %, respectively, at the
calcium of 2.53 mmol/l and albumin of 25.5 g/l and calcium of
3.07 mmol/l and albumin of 41.9 g/I. Inter-assay CV for Siemens
adjusted calciumwas 2.3 and 2.1 %, respectively, at the calcium of
2.51Tmmol/l and albumin of 32.3 g/l and calcium of 3.30 mmol/!
and albumin of 39.5 g/I. All assays had satisfactory internal quality
control performance on the days of sample measurement.

Allthree laboratories use UK Pathology Harmony consensus ad-
justed calcium reference intervals of 2.2 to 2.6 mmol/l [18]. The
laboratories with Abbott and Roche assays use serum samples for
iPTH analysis and both laboratories use the manufacturer provid-
ed assay-specific reference intervals, respectively, 1.6-7.2 pmol/l
and 1.9-6.9 pmol/l. The preferred iPTH sample type in the labora-
tory with Siemens assay is EDTA plasma and results are interpreted
using manufacturer-provided assay-specific reference intervals.
Since serum was used in this study, the serum-specific iPTH refer-
ence range, provided by the manufacturer, was used (1.96-9.33
pmol/l). The manufacturer provided reference intervals for Abbott,
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Roche and Siemens iPTH were derived from 143, 60 and 142 ap-
parently health individuals respectively (package inserts). Addi-
tional details are not provided in Abbott and Roche iPTH package
inserts. The Siemens iPTH package insert states that individuals
had normal levels of calcium, creatinine, vitamin D and TSH.

Data were tabulated in Excel (Microsoft corp.) and statistical
analysis was performed using SPSS Statistics for Windows version
28 (IBM Corp.). Since data were non-parametric (Shapiro-Wilk test),
Spearman rank correlation was used to measure the degree of as-
sociation between results on different analytical platforms. Wilcox-
on signed-rank test was used to assess the significance of the dif-
ference between paired data. Cohen’s and Fleiss’ kappa were used
for assessing agreement in categorical diagnosis by two methods
and three methods, respectively. The threshold for statistical sig-
nificance was 5 %. Data are expressed as medians with inter-quar-
tile ranges (IQR).

20

15

PTH resuits by Abbott, Roche and Slemens methods (pmoll)

Results

Samples from 55 patients (48 females, median age 71 years, IQR
64-77) indicative of NCPHPT were identified in the laboratory with
Abbott assays over five months.

The Abbott adjusted calcium results correlated with the Roche
(p0.868, p<0.001) and Siemens (p 0.855, p<0.001) adjusted cal-
cium results. The Roche adjusted calcium results correlated with
the Siemens adjusted calcium results (p 0.828, p<0.001). The Ab-
bott iPTH results correlated with the Roche iPTH (p 0.911, p<0.001)
and Siemens iPTH (p 0.951, p<0.001) results. The Roche iPTH re-
sults correlated with the Siemens iPTH results (p 0.920, p<0.001).

Abbott iPTH results were 53.4% (IQR 42.3-67.1, p<0.001) and
21.4%(IQR12.1-28.1,p<0.001) higherthan Roche iPTH and Siemens
iPTH results, respectively. Siemens iPTH results were 26.8 % (IQR 19.6-
37.9, p<0.001) higher than Roche iPTH results (> Fig. 1 a). The adjust-
ed calcium results in the laboratory with Abbott methods were 3.0%
(IQR0.9-4.4,p<0.001) and 3.8 % (IQR 2.8-6.1, p<0.001) lower than
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> Fig. 1 Intact PTH (a) and adjusted calcium (b) results on Abbott, Roche and Siemens assays for normocalcaemic hyperparathyroidism identified

on Abbott assays (n=55). URL is the upper reference limit.
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NCPHPT on Abbott assays (n=55, 100%)

T

Results on Roche assays

Normal NCPHPT PHPT
30 16 9
(54.5%) (29.1%) (16.4%)

Of these, results
on Siemens
assays were

Normal Normal Normal
28(50.9%) | 2(3.6%) 1(1.8%)

NCPHPT NCPHPT NCPHPT
0(0.0%) 11 (20.0%) | 0(0.0%)

PHPT PHPT PHPT
2 (3.6%) 3 (5.5%) 8(14.5%)

Results on Siemens assays

Normal NCPHPT PHPT
31 11 13
(56.4%) (20.0%) (23.6%)

Of these, results
on Roche assays
were

Normal Normal Normal
28 (50.9%) | 0(0.0%) 2 (3.6%)

NCPHPT NCPHPT NCPHPT
2(3.6%) 11 (20.0%) 3 (5.5%)

PHPT PHPT PHPT
1(1.8%) | 0(0.0%) | 8(14.5%)

> Fig. 2 Comparison of Abbott, Roche and Siemens assays in the diagnosis of normocalcaemic primary hyperparathyroidism (NCPHPT) identified
on Abbott assays (n=55). PHPT is hypercalcaemic primary hyperparathyroidism and normal indicates both adjusted calcium and parathyroid hor-

mone within respective reference intervals.

adjusted calcium results in laboratories with Roche and Siemens meth-
ods, respectively. Adjusted calcium results in the laboratory with Roche
methods were 1.5% (IQR -0.8 to 3.9, p=0.002) lower than adjusted
calcium results in the laboratory with Siemens methods (> Fig. 1 b).

Of the 55 patients with NCPHPT identified in the laboratory with
Abbott assays, 16 (29.1%) and 11 (20.0 %) had results consistent
with NCPHPT when samples were analysed in laboratories with
Roche and Siemens assays, respectively. Of the remaining patients,
9 (16.4%) and 13 (23.6 %) had hypercalcaemic primary hyperpar-
athyroidism (PHPT), and 30 (54.6 %) and 31 (56.4 %) had normal
findings, based on results from the same laboratories, respectively
(> Fig. 2).

Cohen’s kappa for agreement in diagnosis for laboratories with
Roche and Siemens assays was 0.756 (p<0.001). Cohen’s kappa
for agreement in diagnosis was not significant (p>0.05) for the lab-
oratory with Abbott assays compared to laboratories with either
Roche or Siemens assays. Overall, the laboratories did not agree
with categorical diagnosis (Fleiss kappa 0.079, p=0.189).

Discussion

We report striking differences in the diagnosis of NCPHPT depend-
ing on whether iPTH and adjusted calcium were analysed in labo-
ratories with assays provided by Abbott Laboratories, Roche Diag-
nostics or Siemens Healthineers. Diagnostic categories when ana-
lysed in laboratories using Roche and Siemens methods were in
moderate agreement but both were very different compared to
the laboratory using Abbott methods. Of the 55 patients with
NCPHPT defined using Abbott assays, only 16 (29.1%) and 11
(20.0%) had NCPHPT when analysed in laboratories using the Roche
and Siemens assays respectively. The rest, 39 (70.9 %) and 44

(80.0 %) patients had discordant categorical clinical diagnoses
when analysed in laboratories with Roche and Siemens assays, re-
spectively.

The diagnostic differences in NCPHPT were largely due to iPTH
assay differences and different assay-specific iPTH reference inter-
vals. The diagnosis of NCPHPT was higher with Abbott than Roche
assays because the Abbott iPTH results were 53.4 % higher than
Roche iPTH results but their upper reference limits (URL) were sim-
ilar. The diagnosis of NCPHPT was higher with Abbott than Siemens
assays not only because the Abbott iPTH results were 23.4 % high-
er than Siemens iPTH results but also because the URL for Abbott
iPTH was 29.5 % lower than the Siemens iPTH URL. The diagnosis
of NCPHPT was slightly higher for Roche than Siemens assays be-
cause although Siemens iPTH results were 26.8 % higher than Roche
iPTH results the URL for Siemens iPTH was 35 % higher than Roche
iPTH URL.

The second-generation PTH assays, used in this study, are the
most widely used PTH assays [14]. Second-generation PTH assays
(“intact” PTH), unlike the third-generation PTH assays (“whole” or
“bioactive” PTH), recognise biologically inactive large C-terminal
PTH fragments to a variable extent which may explain some of the
observed between assay variability [9, 14]. Although the Interna-
tional Federation of Clinical Chemistry (IFCC) Committee on Bone
Metabolism is working towards improving PTH assay harmonisa-
tionincluding the development of a commutable international PTH
standard [9, 14], PTH assays are not standardised [ 14]. In addition,
our results indicate that current manufacturer-provided assay-spe-
cific reference intervals do not compensate for the inter-assay iPTH
differences. Laboratories may, therefore, have to either derive or
adopt appropriate iPTH reference intervals. Different inclusion and
exclusion criteria and diverse statistical data handling in studies de-
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riving PTH reference intervals, however, have led to large differenc-
es in published PTH reference intervals, which make it unclear
which iPTH assay requires a re-evaluation of its reference intervals
[19]. Notably, studies have reported higher upper reference limits
(URL) for Abbott Architect iPTH assay, ranging from 9.4 pmol/l to
11.1 pmol/l compared to the manufacturer provided URL of 7.2
pmol/l [20]. A higher URL for the Abbott iPTH assay would have
mitigated the observed differences in this study.

Of the 55 patients with NCPHPT identified in the laboratory with
Abbott assays, 9 (16.4 %) and 13 (23.6 %) had hypercalcaemia with
inappropriately elevated iPTH, diagnostic of PHPT, when analysed
in laboratories using Roche and Siemens analytical platforms re-
spectively. This diagnostic discordance was due to a significant neg-
ative bias in the Abbott calcium assay compared to the Roche and
Siemens calcium assays during the study period since all the labo-
ratories used the same UK Pathology Harmony consensus reference
interval for adjusted calcium [18]. The negative bias for the Abbott
assay reported in this study, which was evident since February 2021
(UK NEQAS for Clinical Chemistry external quality assessment re-
port), prompted the laboratory with the Abbott assays to imple-
ment mitigative action by re-deriving the adjusted calcium equa-
tion [15, 16] until the issue was addressed and resolved by the man-
ufacturer by October 2021 (UK NEQAS for Clinical Chemistry
external quality assessment report). This study demonstrates how
analytical issues with calcium or albumin can affect adjusted calci-
um and management of parathyroid disorders [21,22]. The study
also indicates limitation of current approach of derivation of ad-
justed calcium equation as it relies on previous patient data [22].
If calcium or albumin assay bias is introduced, derivation of updat-
ed adjustment equation is delayed until sufficient patient data is
available. Additionally, small cumulative assay drift with successive
lots may not be picked up by existing laboratory practise [23].

NCPHPT is considered to be an intermediate phenotype be-
tween the normal population and PHPT [3]. Studies in referral cen-
tres have reported a significant increase in the prevalence of oste-
oporosis, fragility fractures and nephrolithiasis in patients with
NCPHPT whereas most population-based studies have reported
little or no excess risk [3, 24]. Data on the natural history of NCPHPT
are sparse and inconsistent and only a minority of NCPHPT patients,
depending on the study 0 to 19%, progress to PHPT [3-5].

In the absence of a strong evidence base, management of
NCPHPT is guided by expert recommendation [24,25] and includes
nephrolithiasis screening, biochemical monitoring, periodic bone
densitometry and regular clinical assessments in most centres
[4,25]. In this study, it is unclear whether Abbott iPTH and adjust-
ed assays led to over-diagnosis of NCPHPT and under-diagnosis of
PHPT or Roche and Siemens assays led to under-diagnosis of
NCPHPT and over-diagnosis of PHPT. A misdiagnosis of NCPHPT
and resultant additional investigations and periodic follow up not
only generate additional expenditure but may also lead to patient
anxiety, whereas a missed diagnosis of NCPHPT and PHPT may lead
to increased patient co-morbidity through bone and renal stone
disease.

This striking variability in the diagnosis of NCPHPT due to differ-
ent iPTH assays is not addressed in guidelines [2, 17, 26]. Between
assay differences in iPTH and differences in iPTH reference intervals

may have contributed to observed differences in the prevalence,
and therefore, epidemiology of NCPHPT but it is difficult to ascer-
tain as many studies have not provided assay information [3, 6, 7].

In summary, this study draws attention to the pressing need for
harmonisation of PTH assays [14] and the inclusion of assay-relat-
ed factors in the clinical management guidelines of parathyroid
conditions. This study also emphasises the importance to labora-
tories of selecting or deriving appropriate reference intervals and
periodically assessing the fitness of existing assay-specific reference
intervals and equations for calculated parameters. Clinicians and
laboratorians should be aware that assay differences and variations
in reference intervals will directly impact the diagnosis and there-
fore management of hyperparathyroidism.
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