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Background: Parathyroid hormone (PTH) measurement is key for diagnosing parathyroid
disorders, and for management of chronic kidney disease. Available PTH assays include
second (intact PTH) and third (PTH 1-84) generations. Data comparing interchangeable
use are insufficient.

Objective: The objective of this study was to compare intact and 1-84 PTH assays to determine
the difference in analytical performance and impact on clinical interpretation.

Methods: A method comparison was done on residual samples with PTH requests (06 April
2022 - 21 September 2022) from a tertiary hospital in South Africa. Parathyroid hormone was
measured using both intact PTH and 1-84 PTH assays. Clinical performance was compared in
the diagnosis of hypo- and hyperparathyroidism, and in pre-dialysis and dialysis chronic
kidney disease patients.

Results: Among 481 samples, intact PTH had a higher median concentration than PTH 1-84
(9.85 pmol/L vs. 851 pmol/L, p < 0.0001), but the two showed good correlation
(r = 0.994, p < 0.0001). Regression analysis revealed systematic (intercept = 0.887 pmol/L
[95% confidence interval: 0.788 — 1.005]) and proportional differences (slope = 0.713 pmol/L,
[95% confidence interval: 0.703 — 0.723]), with increased deviations at higher concentrations.
The average bias was 18.5%, exceeding allowable limits. Among the 276 patients (170 women,
106 men, age range: 18-89 years) included in the clinical study, interpretation was unchanged.

Conclusion: A bias was observed between the PTH assays, indicating that they should not be
used interchangeably. However, no changes in clinical interpretation were observed when one
assay was used over the other.

What this study adds: The study confirms the recommendation by Kidney Disease: Improving
Global Outcomes for the use of assay-specific upper limit of normal instead of generic cut-off
in dialysis patients. This study further highlights the need for standardisation of PTH assays.

Keywords: parathyroid hormone; second-generation PTH assays (intact PTH); third-
generation PTH assays (PTH 1-84); chronic kidney disease; dialysis; method comparison; bias,
estimated glomerular filtration rate; hyperparathyroidism.

Introduction

Chronic kidney disease (CKD) is a global health problem with a prevalence of 5% — 10%.! In
Africa, CKD presents a major public health concern, particularly against a background of limited
resources.? Such patients have an increased risk of CKD-mineral and bone disorder (CKD-MBD),
which is associated with high morbidity and mortality.! Bone histomorphometry is the gold
standard in the assessment of renal osteodystrophy, which reflects the skeletal facet of CKD-
MBD. However, it is invasive, expensive, and requires expertise not readily available, thus
measurement of circulating biomarkers, including parathyroid hormone (PTH), offers an
attractive non-invasive alternative.!? Changes in PTH concentrations contribute to the bone
abnormalities observed in CKD-MBD.* This makes its measurement essential in the management
of CKD-MBD.

Parathyroid hormone regulates calcium and phosphate homeostasis and bone remodelling,* and
determination thereof is crucial in the diagnostic workup of hypocalcaemia, hypercalcaemia,
and in the perioperative assessment in thyroid or parathyroid surgery.'* Therefore, accurate and
reliable PTH assays are needed for proper patient management. Parathyroid hormone is composed
of a single polypeptide produced exclusively by the chief cells of parathyroid glands, with a

Note: Additional supporting information may be found in the online version of this article as Supplementary Document 1.
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molecular weight of ~9.5 kDa.® It is sequentially cleaved at
the amino terminal end to yield the mature biologically active
84 amino acid molecule PTH (1-84), which consists of two
main parts: the amino (N) terminus, made up of the first 34
amino acids, and the carboxyl (C) terminus, that contains the
remaining 50 amino acids. As a result of rapid proteolytic
cleavage in circulation, PTH exists as intact PTH (1-84) and
various fragments, that is, N-terminal, mid-region and
C-terminal PTH, the most abundant being 7-84 PTH.®
Although the plasma half-life of PTH (1-84) is between 2 and
4 min, C-terminal PTH fragments have a longer half-life of
several hours because of renal clearance.®” The latter may
account for more than 20% of circulating PTH in normal
kidney function individuals and up to 45% in patients with
renal failure.® This heterogeneity of PTH in circulation has
made its measurement challenging.

Parathyroid hormone measurements have numerous pitfalls.
Currently, no reference method exists, and although the use
of a single recognised international standard, for example,
World Health Organization PTH 95/646, has been proposed,
it has not been fully implemented, and PTH measurement
remains unstandardised.’ The radioimmunoassay was a
first-generation competitive PTH assay that utilised a single
polyclonal antibody generated against epitopes in the mid-
or C-terminus of the PTH peptide.” The radioimmunoassays
had several limitations, including cross reactivity with the
biologically inactive C-fragments, which are highest in CKD
patients because of decreased renal clearance.'”!! To overcome
this issue, the immunometric second- and third-generation
PTH assays were developed. The second-generation PTH
assay is a non-competitive sandwich immunoassay that
makes use of two antibodies, generated against the mid-
region N-terminal and C-terminal amino acids. It was
assumed that it detected the biologically active PTH (1-84)
and avoided cross reactivity with C-fragments, and thus was
referred to as the ‘intact’ PTH assay.!"'? However, subsequent
studies revealed that these assays overestimated values in
patients with kidney failure compared to PTH values in
normal subjects because of the accumulation of N-truncated
PTH fragments, the most abundant of which is 7-84 PTH.">"
The third-generation PTH assays use a capture antibody
against the C-terminal amino acids similar to the second-
generation. However, the detection antibody is directed
against epitopes in the first four amino acids of the
N-terminus, which avoids cross reactivity with 7-84 PTH
fragments.”!! Third-generation assays were termed bio-intact
(bio-PTH) or whole PTH assays, as they were more specific
for PTH (1-84)."

Second-generation assays have provided the basis for the
Kidney Disease: Improving Global Outcomes (KDIGO) clinical
guidelines on management of CKD-MBD.*" Significant
inter-method variability among second-generation assays has
been shown, thus affecting comparability of results.® Taking this
into consideration, the recent KDIGO guidelines proposed
utilisation of multiples of 2-9-fold of the upper limit of normal for
a given PTH assay, instead of absolute values in CKD patients on
dialysis. In patients not on dialysis, the KDIGO guidelines state
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that the target PTH concentration is unknown and thus
recommend monitoring trends rather than a single value.”

Research has shown that third-generation assays produce
results that are 50% — 60% lower in CKD patients, and 15%
lower in non-CKD patients, when compared to second-
generation assays.'”? Third-generation assays are more
specific to bioactive PTH than second-generation, and should
in theory be more accurate in the evaluation of PTH status.
Yet, there is still dispute as to which assay is preferable and
whether third-generation assays offer improved clinical
value® Second-generation assays are readily available,
extensively researched and form part of current clinical
guidelines.”” In contrast, there is insufficient research for
the third-generation to be universally adopted in clinical
practice.”?

In our setting, the National Health Laboratory Service
services two major academic hospitals, namely Chris
Hani Baragwanath Academic Hospital and Charlotte
Maxeke Johannesburg Academic Hospital (CMJAH),
which utilise the second- and third-generation PTH
assays, respectively, from the same manufacturer with
similar reference intervals. There is considerable
movement of patients and blood samples between the two
hospitals, which may affect PTH interpretation and
clinical decision-making depending on the assay used.
The aim of this study was to compare the analytical
performance of second- and third-generation PTH assays
and their impact on clinical interpretation of hypo- and
hyperparathyroidism, and in pre-dialysis and dialysis
CKD based on current KDIGO guidelines.

Methods
Ethical considerations

This study has been approved by the Human Research Ethics
Committee (Medical) of the University of the Witwatersrand
and performed in line with the Declaration of Helsinki.
The study made use of remnant patient samples on which
routine PTH measurement was requested. Ethics clearance
(clearance certificate number M210475) was obtained for
use of remnant samples and informed consent was not
required. All patient data obtained were fully anonymised
and de-identified before accession.

Study design

This cross-sectional study was conducted between 06 April
2022 and 21 September 2022, in two parts. The first part was
a method comparison study conducted on residual patient
samples from both in- and outpatients on which a PTH was
requested at CMJAH National Health Laboratory Service.
These samples were tested on both second- and third-
generation PTH assays consecutively. The second part
assessed clinical interpretation of the assays’ results among a
subset of the same group of patients, using data from the
laboratory information system.
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Sample size calculations

For a method comparison study, a minimum of 40 samples
is required to achieve statistical significance as per Clinical
Laboratory Standard Institute EP09-A3 guideline.'
However, more than 100 are recommended to improve
statistical power. All PTH samples received during the
study period were considered for the study and included if
they met the criteria.

For clinical interpretation, the Equation 17 was used to
derive the sample size (n):

e M [Eqn 1]
d2

utilising a prevalence of 6.4% in South Africa for CKD;
z denotes the z-score of 1.96 that corresponds to the confidence
interval (CI) of 95%, p is expected prevalence (6.4%) and d is
precision, which reflects the effect size and was estimated to
be 5%.71® A minimum of 92 samples from CKD patients were
required to demonstrate a difference between the two assays.

Method comparison

Samples were collected in BD Vacutainer® ethylenediamine-
tetraacetic acid tubes™ (Becton Dickinson and Company,
Franklin Lakes, New Jersey, United States) by clinicians as
part of the routine clinical care. Samples of sufficient volume
and within recommended stability period of 48 h when
stored at 2 °C — 8 °C were included. The samples were initially
analysed using the third-generation Roche TH 1-84 assay on
the Roche cobas® e602 analyser (Roche Diagnostics,
Mannheim, Germany), the routine assay at CMJAH. The
second-generation intact PTH assay was validated on the
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same analyser for the study at CMJAH laboratory, replicating
the assay used at Chris Hani Baragwanath Academic
Hospital. Parathyroid hormone is unstable in blood samples;
to maintain sample stability, method comparison was
performed at the same site. After analysing the samples on
the third-generation PTH assay, they were immediately re-
analysed using the newly validated second-generation Roche
intact PTH assay.

Laboratory analysis

A verification study for the second-generation PTH assay was
performed according to the Clinical Laboratory Standard
Institute EP15-A3 guideline.’” This was done because the
second-generation PTH assay was not validated on the Roche
cobas®e602 analyser at CMJAH. Assay performance was within
the acceptable limits of the manufacturer’s claims with intra-
assay variability of 0.9%, and inter-assay variability of 2.2%.

The PTH assays’ analytical performance was compared as per
the Clinical Laboratory Standard Institute EP 09-A3 guideline.'®
Analyses of samples for PTH were performed on an e602
module of a cobas® 8000 system (Roche Diagnostics, Mannheim,
Germany). The analytical characteristics of the PTH assays
used are depicted in Online Supplementary Table 1.20%
Biochemical parameters including creatinine, total calcium
and phosphate were measured using standard chemistry
methods on the Roche cobas® 8000 analyser €702 module.

Clinical interpretation

The same data set used in the method comparison study was
considered for the clinical performance study, and those that
met criteria were included. The clinical performance of the

TABLE 1: Demographic and biochemical data for the patient samples used in clinical interpretation, Johannesburg, South Africa, 06 April 2022 to 21 September 2022.

Parameters Overall (N =276) CKD (n = 146) Non-CKD (n = 130)
Median IQR n % Median IQR n % Median IQR n %
Age (years) 52.50 49.00-54.00 = = 46.90 44.61-49.19 - - 55.00 54.00-59.00 - -
Sex
Female - - 170 62 - - 80 55 - - 90 69
Male - - 106 38 - - 66 45 - - 40 31
Parathyroid hormone (pmol/L)
Intact PTH 12.33 10.52-16.96 = = 26.28 20.84-36.28 - - 6.75 5.68-8.10 - -
PTH 1-84 10.36 9.10-12.81 = - 19.95 15.50-27.29 - - 6.05 5.00-7.04 - -
Serum calcium (mmol/L) 2.30 2.27-2.32 - - 2.26 2.20-2.30 - - 2.36 2.31-2.41 - -
Phosphate (mmol/L) 1.26 1.17-1.36 = = 1.30 1.19-1.42 - - 1.16 1.06-1.33 - -
Creatinine (pmol/L) 306.00 264.55-417.04 - - 599.00 428.03-697.86 - - 90.00 82.08-107.93 - -
eGFR (mL/min/1.73 m?) 16.00 12.00-22.45 - - 8.00 6.00-10.00 - - 66.00 52.23-74.92 - -
CKD Stage 1 S - 3 - 93.00F = = - - = = -
CKD Stage 2 = = 9 = 65.00 58.41-81.03 = = = = = =
CKD Stage 3a = = 9 = 52.00 45.28-56.00 - - - - - -
CKD Stage 3b = = 9 = 36.00 33.14-37.86 - - - - - -
CKD Stage 4 = = 18 = 19.00 16.00-21.22 - - - - - -
CKD Stage 5 = = 70 = 5.50 5.00-6.00 - - - - - -
CKD Stage 5D = = 28 - 5.50 4.36-7.00 - - - - - -

Source: Adapted from Nhlapo N. Comparison of second and third generation parathyroid hormone (PTH) assays performed at Charlotte Maxeke Johannesburg Academic Hospital — Are they fit for
purpose? [Master’s thesis]. Johannesburg: University of the Witwatersrand; 2023. Available from: https://hdl.handle.net/10539/44544

IQR, 25th and 75th interquartile range; CKD, chronic kidney disease diagnosed with > 3-month history of estimated glomerular filtration rate (eGFR) < 60 mL/min/1.73 m?. Non-CKD, patients

without confirmed history of CKD.
T, sample size insufficient to calculate confidence interval.
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two assays was assessed for their performance in the diagnosis
of hypoparathyroidism and hyperparathyroidism and in
CKD patients, including those on dialysis. Data were collected
from the National Health Laboratory Service TrakCare™
(InterSystems, Cambridge, Massachusetts, United States)
laboratory information system during the study period (06
April 2022 and 21 September 2022) and included: age, gender,
calcium, phosphate, creatinine, and 25 (OH) vitamin D. The
glomerular filtration rate (GFR) was estimated using the
Chronic Kidney Disease Epidemiology Collaboration 2009
equation without the race factor.”? Samples within storage
stability limits, those with all required biochemical data and
patients 18 years old and above were included for the clinical
interpretation (Online Supplementary Figure 5b).

Statistical analysis

The data obtained were captured onto Microsoft Excel®
(Microsoft, Seattle, Washington, United States) and analysed
using MedCalc®, version 200218 (MedCalc Software, Ostend,
Belgium). The Shapiro-Wilks test was used to assess for
normality. Data were demonstrated to be not normally
distributed and expressed as median and interquartile range.
Categorical data were expressed as proportion and
percentage. The Wilcoxon test was used to compare PTH
concentrations between the two assays. A Mann-Whitney
test was used to compare the median age between the CKD
and non-CKD groups.

Intact PTH was used as the comparative method (X) and
PTH 1-84 as the test method (Y). Passing-Bablok regression
was used to assess method agreement, and the Bland-Altman
difference plot was used to determine the magnitude of bias
(observed differences) between the two methods. The
observed inter-assay bias was compared with desirable
analytical performance specifications (bias +7.1%) for PTH
derived from the European Federation of Clinical Chemistry
and Laboratory Medicine biological variation database.” The
McNemar test was used to determine if there were significant
differences in the classification of patients and if the clinical
interpretation changes when one assay is used over the other.
A p-value of < 0.05 was considered statistically significant.

Chronic kidney disease patients on dialysis were classified as
above, below, or within the PTH target range of 2-9 times the
upper limit of normal as recommended by the KDIGO
guidelines, using the two PTH assays. A kappa statistic was
used to assess the performance of the classification using
both assays, with a value of > 0.60 representing acceptable
agreement.”

Results
Method comparison

A total of 505 residual patient samples were initially identified
for the study. However, 24 samples were excluded: 17 had
results exceeding the measuring range of the Elecsys PTH
1-84 assay and seven had exceeded the stability period.
Thus, 481 samples were analysed and utilised for
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the method comparison study as shown in Online
Supplementary Figure 5a.

The median PTH concentration for the third-generation
assay was lower, at 851 pmol/L (interquartile range:
4.30 — 25.5) compared to the second-generation median of
9.85 pmol/L (interquartile range: 4.53 — 33.58), and the
difference was statistically significant (p < 0.0001). The
regression analysis equation was calculated as y = 0.713x +
0.887 (Figure 1). There was good correlation between the two
methods, with a coefficient correlation (r) = 0.994 and
p <0.0001. The intercept was calculated at 0.887 pmol/L (95%
CIL: 0.788 — 1.005) and the slope at 0.713 pmol/L (95%
CI: 0.703 — 0.723), indicating that there were systematic and
proportional differences between the two methods.

The Bland-Altman analysis showed an average overall
difference between the PTH assays of 9.00 pmol/L (18.5%,
p < 0.0001) among all samples analysed, with increased
deviations observed at higher PTH concentrations (Figure 2
and Figure 3). The bias in the entire CKD group was 27.2%,
and 25.3% in the pre-dialysis CKD group (p < 0.0001). The
dialysis group, however, demonstrated the highest bias of
35.2% (p < 0.0001). This is in stark contrast to the difference
observed within the non-CKD group with estimated GFR
(eGFR) > 60 mL/min/1.73 m?, which was demonstrated to
be 5.7% (p < 0.0001) (Online Supplementary Figures 1-4).

Clinical interpretation

The clinical performance of the two assays was
assessed in the diagnosis of hypoparathyroidism and
hyperparathyroidism and in CKD patients, including those
on dialysis. The same 505 residual samples considered for
the method comparison study were reviewed for the clinical
interpretation arm of the study. Sixteen (16) were excluded
because they exceeded the stability period and had missing
demographics, 110 were from patients with an age less than
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Source: Adapted from Nhlapo N. Comparison of second and third generation parathyroid
hormone (PTH) assays performed at Charlotte Maxeke Johannesburg Academic Hospital —
Are they fit for purpose? [Master’s thesis]. Johannesburg: University of the Witwatersrand;
2023. Available from: https://hdl.handle.net/10539/44544.

PTH, parathyroid hormone.
FIGURE 1: Distribution of results across all measured concentrations comparing

intact parathyroid hormone and parathyroid hormone 1-84 assays (y = 0.713x +
0.887; n = 481), Johannesburg, South Africa, 06 April to 21 September 2022.
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FIGURE 2: Absolute differences in parathyroid hormone (PTH) results across
concentrations levels comparing intact PTH and PTH 1-84 assays, Johannesburg,
South Africa, 06 April 2022 to 21 September 2022.
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Source: Adapted from Nhlapo N. Comparison of second and third generation parathyroid
hormone (PTH) assays performed at Charlotte Maxeke Johannesburg Academic Hospital —
Are they fit for purpose? [Master’s thesis]. Johannesburg: University of the Witwatersrand;
2023. Available from: https://hdl.handle.net/10539/44544

PTH, parathyroid hormone.

FIGURE 3: Percentage difference in parathyroid hormone (PTH) results across
concentration levels comparing intact PTH and PTH 1-84 assays, Johannesburg,
South Africa, 06 April 2022 to 21 September 2022.

18 years old, and 103 had missing biochemical data. A total
of 276 patients (170 women, 106 men, age range: 18 — 89
years) were included in the clinical interpretation part of
the study as depicted in the flow diagram (Online
Supplementary Figure 5b). The overall median age was 52
years with the majority being women (62%). The median
age for CKD patients was lower than the non-CKD;
however, the difference was not statistically significant
(p = 0.1032) (Table 1). Vitamin D results were not included,
as very few patients had results available on the laboratory
information system.

The McNemar test did not demonstrate any statistically
significant differences in clinical interpretation, as shown by
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TABLE 2: Differences in clinical interpretation using manufacturer reference
interval, Johannesburg, South Africa, 06 April 2022 to 21 September 2022.

Parameter Category Intact PTH PTH 1-84 P
n % n %
Overall PHPT 15 5.4 16 5.8 1.0000
SHPT 185 66.5 184 66.2 1.0000
Normal 57 20.5 58 20.9 1.0000
Hypoparathyroidism 20 7.2 21 7.6 1.0000
CKD SHPT 133 91.1 135 92.5 0.500
Normal 11 7.5 9 6.2 0.500
Hypoparathyroidism 2 14 2 1.4 UTC
Dialysis SHPT 28 100.0 28 100.0 uTC

Source: Adapted from Nhlapo N. Comparison of second and third generation parathyroid
hormone (PTH) assays performed at Charlotte Maxeke Johannesburg Academic Hospital —
Are they fit for purpose? [Master’s thesis]. Johannesburg: University of the Witwatersrand;
2023. Available from: https://hdl.handle.net/10539/44544

PHPT, primary hyperparathyroidism; SHPT, secondary hyperparathyroidism; UTC, unable to
calculate and perform test; PTH, parathyroid hormone; CKD, chronic kidney disease.

TABLE 3: Classification according to Kidney Disease: Improving Global Outcomes
guidelines for intact parathyroid hormone and parathyroid hormone 1-84
assays, Johannesburg, South Africa, 06 April 2022 to 21 September 2022.

Manufacturer <2xULN 2-9 x ULN >9 x ULN
ULN (pmol/L) % n % n %
Intact PTH 0 0.0 15 53.6 13 46.4
(1.6-6.9)

PTH 1-84 1 3.6 16 57.1 11 39.3
(1.6-6.0)

Source: Adapted from Nhlapo N. Comparison of second and third generation parathyroid
hormone (PTH) assays performed at Charlotte Maxeke Johannesburg Academic Hospital —
Are they fit for purpose? [Master’s thesis]. Johannesburg: University of the Witwatersrand;
2023. Available from: https://hdl.handle.net/10539/44544

ULN, upper limit of normal; PTH, parathyroid hormone.

p-values above 0.05 in the detection of low, normal, and high
PTH using both assays. In both the CKD and dialysis
group, no statistically significant (p = 0.500) differences in
interpretation were found using McNemar, as is shown in
Table 2.

There were 29 patients with CKD on dialysis. Classification
according to KDIGO guidelines revealed minimal discordance
between the two PTH assays, with a weighted « coefficient of
0.797 (0.594-1.000) (Table 3).

Discussion

The study conducted at a tertiary hospital in Johannesburg,
South Africa, between 06 April 2022 and 21 September 2022
found that there was a difference (inter-assay bias) between
the second- and third-generation PTH assays. However,
there was no clinically significant change in the classification
of hypoparathyroidism, primary hyperparathyroidism, and
secondary hyperparathyroidism in pre-dialysis and dialysis
CKD patients when one assay was used over the other.

With regard to analytical performance, the methods were
strongly correlated. However, as the percentage mean
bias surpassed the European Federation of Clinical
Chemistry and Laboratory Medicine biological variation
goal, this implies that these assays are neither
interchangeable nor comparable. Our study showed
that for the entire patient group, the third-generation
PTH assay produced results that were, on average,
approximately20%lowerthanthesecond-generationassay,
and even lower in CKD (27%) and dialysis (35%) patients.
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This is in keeping with other reported research.*!415232627

Studies by Hashim et al. conducted in a Malaysian
population in 2020 and O’Flaherty et al. published in 2013
from the United Kingdom, both using Roche PTH assays,
found that third-generation assays were lower by 30%
and 40% compared to second-generation assays,
respectively.?®* In contrast, in the non-CKD group with
eGFR above 60 mL/min/1.73 m?, the observed bias was
5.7%. This indicates that in patients with normal GFR,
there are minimal differences between second- and third-
generation assays, which is in keeping with other reported
studies conducted in France and Malaysia.?**

Although the observed differences between the two PTH assays
were higher in both the pre-dialysis and dialysis CKD
groups, there was no change in interpretation of secondary
hyperparathyroidism with either assay. The KDIGO guidelines
do not state the target PTH range in pre-dialysis CKD patients.”
Furthermore, we did not find studies that assessed the impact on
clinical interpretation in this group.

There is a paucity of studies that have compared second- and
third-generation PTH assays in dialysis patients using the
KDIGO classification of 2-9 times the upper limit of normal.?*
In the dialysis group, using the manufacturer’s upper limit
of normal, classification using KDIGO did not demonstrate
statistically significant discordance between the two assays.
This study was limited by a small sample size of confirmed
dialysis patients which reflects the limited dialysis resources
in our country. However, our finding contrasted with a few
published studies, including that by Dupuy et al. conducted in
France and published in 2018, which demonstrated a high
percentage of discordant results in dialysis patients, with a x
coefficient of < 0.20.* In addition, a study by Beko et al.,
published in 2012 from Hungary, found that using the
manufacturer’s upper limit of normal, the clinical classification
was altered in up to 23% of dialysis patients because of the
switch from second- to third-generation PTH assay.* Presence
of discordance is important, as PTH concentrations are used in
the management of CKD-MBD. Hence, the use of second- over
third-generation PTH assays may result in misclassification,
leading to inadequate management.

There have been various attempts to reduce the
discrepancies between the second- and third-generation
PTH assays in dialysis patients, by applying a correction
factor or deriving an equation to allow interconversion
between the two assays.®® A study by Wéjtowicz et al.
conducted in 2016 in Poland suggested the use of
1-84/7-84 PTH ratio to report PTH results to minimise
potential misdiagnosis of CKD-BMD in CKD patients.*
However, further validation studies are needed, and these
efforts are not currently adopted by clinical guidelines.

Overestimation of PTH by second-generation assays because
of PTH fragment cross reactivity is of negligible consequence
in patients with primary hyperparathyroidism. Nonetheless,
the question regarding whether third-generation
PTH assays offer superior diagnostic efficacy remains.
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In our study, there were no differences in interpretation
between the two assays with regard to diagnosis of primary
hyperparathyroidism. This is consistent with other
published studies: Boudou et al. from France,* and Bonansea
et al. from Brazil. ¥ Taking into consideration published
evidence, the recent international guideline on evaluation
and management of primary hyperparathyroidism
recommend the use of either second- or third-generation
PTH assays.*

The International Federation of Clinical Chemistry and
Laboratory Medicine Committee for Bone Metabolism has
established a working group for the purpose of creating PTH
standardisation to make the results comparable among
different assays.® In the absence of a reference measurement
method, the International Federation of Clinical Chemistry
and Laboratory Medicine has recommended the use of
the World Health Organization standard, but this has not been
completely implemented because of a lack of commutability.**°
Even though second-generation PTH assays are the most
utilised assays, third-generation PTH assays offer the best
hope for harmonisation of PTH because the majority are
traceable to the World Health Organization standard.®

To the best of our knowledge, this is the first study in Africa
to evaluate the differences in analytical performance and
impact on clinical interpretation of second- and third-
generation PTH assays.

Limitations

Our study had some limitations. Firstly, we had a small
sample size of patients on dialysis. Secondly, not all patients
had laboratory results of tests used in the evaluation of
CKD, for example urine albumin. Finally, the study
was based on information available on the laboratory
information system, with limited clinical information.

Conclusion

The second- and third-generation PTH assays correlate
very well, though there was a bias observed between the two
methods which increases with rising PTH concentrations that
prevail in CKD patients. However, using the manufacturer’s
assay-specific reference intervals and KDIGO guideline on
PTH classification, there were no major changes in clinical
interpretation when either assay was used. Thus, the decision
to use third- over second-generation PTH should take all of
this into account. We recommend that assays not be used
interchangeably. Therefore, as stated by the manufacturer and
in accordance with the KDIGO recommendations, clinical
laboratories should state the generation of PTH assay
employed and inform clinicians of any change in clinical
methods to facilitate appropriate interpretation of PTH results.

Acknowledgements

We would like to acknowledge all the National Health
Laboratory Services technical staff at Charlotte Maxeke
Johannesburg Academic Hospital for their assistance in



http://www.ajlmonline.org�

analysing samples. This article is partially based on the
N.N.’s thesis entitled ‘Comparison of second and third
generation parathyroid hormone (PTH) assays performed at
Charlotte Maxeke Johannesburg Academic Hospital — Are
they fit for purpose?’ towards the degree of Master of
Medicine in the Department of Chemical Pathology,
University of the Witwatersrand, South Africa, November,
2023, with supervisors M.M. and D.. It is available here:
https:/ /hdlhandle.net/10539/44544.

Competing interests

The author reported that they received funding from National
Health Laboratory Service K-Funding and University of the
Witwatersrand research grants, which may be affected by
the research reported in the enclosed publication. The author has
disclosed those interests fully and has implemented an approved
plan for managing any potential conflicts arising from their
involvement. The terms of these funding arrangements have
been reviewed and approved by the affiliated university in
accordance with its policy on objectivity in research.

Authors’ contributions

N.N. collected and analysed the samples, conducted data
analysis, and drafted the first manuscript. D.J. and S.K.
supervised the study, and were involved in project
management, data analysis, and reviewing and editing
of the article. M.RM. conceptualised the study, and was
involved in methodology, supervision, funding acquisition,
and reviewing and editing of the article.

Sources of support

National Health Laboratory Service K-Funding and University
of the Witwatersrand research grants provided the funds for
study consumables.

Data availability

The data that support the findings of this study are available
on request from the corresponding author, M.R.M.

Disclaimer

The views and opinions expressed in this article are those
of the authors and are the product of professional research.
The article does not necessarily reflect the official policy or
position of any affiliated institution, funder, agency, or
that of the publisher. The authors are responsible for this
article’s results, findings, and content.

References

1. Waziri B, Duarte R, Naicker S. Chronic Kidney Disease-Mineral and Bone
Disorder (CKD-MBD): Current perspectives. Int J Nephrol Renovasc Dis.
2019;12:263-276. https://doi.org/10.2147/1JNRD.5191156

2. Kaze AD, llori T, Jaar BG, Echouffo-Tcheugui JB. Burden of chronic kidney disease
on the African continent: A systematic review and meta-analysis. BMC Nephrol.
2018;19:125. https://doi.org/10.1186/s12882-018-0930-5

3. Souberbielle J-C, Boutten A, Carlier M-C, et al. Inter-method variability in PTH
measurement: Implication for the care of CKD patients. Kidney Int.
2006;70:345-350. https://doi.org/10.1038/sj.ki.5001606

Page 7 of 8 . Original Research

10.
11.

12.
13.

14.

15.

16.
17.
18.
19.

20.
21.

22.
23,
24,
25.
26.
27.

28.

29.

http://www.ajlmonline.org . Open Access

Smit MA, Van Kinschot CMJ, Van der Linden J, Van Noord C, Kos S. Clinical
guidelines and PTH measurement: Does assay generation matter? Endocr Rev.
2019;40:1468-1480. https://doi.org/10.1210/er.2018-00220

Chen H, Han X, CuiY, Ye Y, Purrunsing Y, Wang N. Parathyroid hormone fragments: New
targets for the diagnosis and treatment of chronic kidney disease-mineral and bone
disorder. Biomed Res Int. 2018;2018:9619253. https://doi.org/10.1155/2018/9619253

D’Amour P. Circulating PTH molecular forms: What we know and what we don’t.
Kidney Int Suppl. 2006;102:529-533. https://doi.org/10.1038/sj.ki.5001599

Arya AK, Sachdeva N. Parathyroid Hormone (PTH) assays and applications to bone
disease: Overview on methodology. In: Preedy VR, editor. Biomarkers in bone
disease. Dordrecht: Springer; 2016, p. 1-29.

Cavalier E, Delanaye P, Nyssen L, Souberbielle JC. Problems with the PTH assays.
Ann Endocrinol. 2015;76:128-133. https://doi.org/10.1016/j.and0.2015.03.018

Cavalier E. Parathyroid hormone results interpretation in the background of
variable analytical performance. J Lab Precis Med. 2019;4:1-11. https://doi.
org/10.21037/jlpm.2018.12.03

Sturgeon CM, Sprague S, Almond A, et al. Perspective and priorities for
improvement of parathyroid hormone (PTH) measurement — A view from the
IFCC Working Group for PTH. Clin Chim Acta. 2017;467:42-47. https://doi.
org/10.1016/j.cca.2016.10.016

Couchman L, Taylor DR, Krastins B, Lopez MF, Moniz CF. LC-MS candidate reference
methods for the harmonisation of parathyroid hormone (PTH) measurement: A
review of recent developments and future considerations. Clin Chem Lab Med.
2014;52:1251-1263. https://doi.org/10.1515/cclm-2014-0150

Soliman M, Hassan W, Yaseen M, Rao M, Sawaya BP, El-Husseini A. PTH assays in
dialysis patients: Practical considerations. Semin Dial. 2019;32:9-14. https://doi.
org/10.1111/sdi.12743

Lepage R, Roy L, Brossard JH, et al. A non-(1-84) circulating parathyroid hormone
(PTH) fragment interferes significantly with intact PTH commercial assay
measurements in uremic samples. Clin Chem. 1998;44:805-809. https://doi.
org/10.1093/clinchem/44.4.805

Slatopolsky E, Finch J, Clay P, et al. A novel mechanism for skeletal resistance in uremia.
Kidney Int. 2000;58:753-761. https://doi.org/10.1016/S0085-2538(15)47156-X

Kidney Disease: Improving Global Outcomes (KDIGO) CKD-MBD Update Work
Group. KDIGO 2017 clinical practice guideline update for the diagnosis,
evaluation, prevention, and treatment of chronic kidney disease—mineral and
bone disorder (CKD-MBD). Kidney Int Suppl.2017;7:1-5. https://doi.
org/10.1016/j.kisu.2017.04.001

CLSI. Measurement procedure comparison and bias estimation using patient
samples; Approved guideline, 3rd ed. CLSI document EP09-A3. Wayne, PA: Clinical
and Laboratory Standards Institute; 2014.

Pourhoseingholi MA, Vahedi M, Rahimzadeh M. Sample size calculation in medical
studies. Gastroenterol Hepatol Bed Bench. 2013;6:14-17.

Adeniyi AB, Laurence CE, Volmink JA, Davids MR. Prevalence of chronic kidney
disease and association with cardiovascular risk factors among teachers in Cape
Town, South Africa. Clin Kidney J. 2017;10:363-369. https://doi.org/10.1093/ckj/
sfw138

CLSI. User verification of precision and estimation of bias; Approved guideline. 3rd
ed. CLSI document EP15-A3. Wayne, PA: Clinical and Laboratory Standards
Institute; 2014.

Roche Cobas® c¢601/602. Elecsys PTH. Order info (2019-01 V27.0): Ref
1172103122 [homepage on the Internet]. [cited 2021 Oct 10]. Available
from:https://diagnostics.roche.com/global/en/products/lab/elecsys-pth-
cps-000506.html.

Roche Cobas® c601/602. Elecsys PTH (1-84). Order info (2019-10, V 7.0): Ref
05608546190 [homepage on the Internet]. [cited 2021 Oct 10]. Available from:
https://diagnostics.roche.com/global/en/products/lab/elecsys-pth-1-84-
cps-000505.html.

Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomerular
filtration rate. Ann Intern Med. 2009;15:604-612. https://doi.org/10.7326/0003-
4819-150-9-200905050-00006

Aarsand AK, Fernandez-Calle P, Webster C, et al. EFLM Biological Variation
database [homepage on the Internet]. [cited 2021 Oct 10]. Available from:
https://biologicalvariation.eu

McHugh ML. Interrater reliability: The kappa statistic. Biochem Med (Zagreb).
2012;22:276-282. https://doi.org/10.11613/BM.2012.031

Einbinder Y. Benchetrit S. Golan E. Zitman-Gal T. Comparison of intact PTH
and bio-intact PTH assays among non-dialysis dependent chronic kidney
disease patients. Ann Lab Med. 2017;37:381-387. https://doi.org/10.3343/
alm.2017.37.5.381

Dupuy AM, Bargnoux AS, Morena M, et al. Moving from the second to the third
generation Roche PTH assays: What are the consequences for clinical practice?
Clin Chem Lab Med. 2018;57:244-249. https://doi.org/10.1515/cclm-2018-0300

Hecking M, Kainz A, Bielesz B, et al. Clinical evaluation of two novel biointact PTH
(1-84) assays in hemodialysis patients. Clin Biochem. 2012;45:1645-1651. https://
doi.org/10.1016/j.clinbiochem.2012.08.006

Hashim SM, Tuan Ismail TS, Che Soh NA. Agreement of parathyroid hormone
status measured by intact and biointact parathyroid hormone assays among
chronic kidney disease patients and its correlation with bone turnover
parameters. Malays J Med Sci. 2023;30:69-82. https://doi.org/10.21315/
mjms2023.30.2.6

O’Flaherty D, Sankaralingam A, Scully P, Manghat P, Goldsmith D, Hampson G.
The relationship between intact PTH and biointact PTH (1-84) with bone and
mineral metabolism in pre-dialysis chronic kidney disease (CKD). Clin Biochem.
2013;46:1405-1409. https://doi.org/10.1016/j.clinbiochem.2013.06.023



http://www.ajlmonline.org�
https://hdl.handle.net/10539/44544�
https://doi.org/10.2147/IJNRD.S191156�
https://doi.org/10.1186/s12882-018-0930-5�
https://doi.org/10.1038/sj.ki.5001606�
https://doi.org/10.1210/er.2018-00220�
https://doi.org/10.1155/2018/9619253�
https://doi.org/10.1038/sj.ki.5001599�
https://doi.org/10.1016/j.ando.2015.03.018�
https://doi.org/10.21037/jlpm.2018.12.03�
https://doi.org/10.21037/jlpm.2018.12.03�
https://doi.org/10.1016/j.cca.2016.10.016�
https://doi.org/10.1016/j.cca.2016.10.016�
https://doi.org/10.1515/cclm-2014-0150�
https://doi.org/10.1111/sdi.12743�
https://doi.org/10.1111/sdi.12743�
https://doi.org/10.1093/clinchem/44.4.805�
https://doi.org/10.1093/clinchem/44.4.805�
https://doi.org/10.1016/S0085-2538(15)47156-X�
https://doi.org/10.1016/j.kisu.2017.04.001�
https://doi.org/10.1016/j.kisu.2017.04.001�
https://doi.org/10.1093/ckj/sfw138�
https://doi.org/10.1093/ckj/sfw138�
https://diagnostics.roche.com/global/en/products/lab/elecsys-pth-cps-000506.html�
https://diagnostics.roche.com/global/en/products/lab/elecsys-pth-cps-000506.html�
https://diagnostics.roche.com/global/en/products/lab/elecsys-pth-1-84-cps-000505.html�
https://diagnostics.roche.com/global/en/products/lab/elecsys-pth-1-84-cps-000505.html�
https://doi.org/10.7326/0003-4819-150-9-200905050-00006�
https://doi.org/10.7326/0003-4819-150-9-200905050-00006�
https://biologicalvariation.eu�
https://doi.org/10.11613/BM.2012.031�
https://doi.org/10.3343/alm.2017.37.5.381�
https://doi.org/10.3343/alm.2017.37.5.381�
https://doi.org/10.1515/cclm-2018-0300�
https://doi.org/10.1016/j.clinbiochem.2012.08.006�
https://doi.org/10.1016/j.clinbiochem.2012.08.006�
https://doi.org/10.21315/mjms2023.30.2.6�
https://doi.org/10.21315/mjms2023.30.2.6�
https://doi.org/10.1016/j.clinbiochem.2013.06.023�

30.

31.

32.

Bekd G, Butz H, Berta K, et al. Switching between parathyroid hormone (PTH)
assays: The impact on the diagnosis of renal osteodystrophy. Clin Chem Lab Med.
2013;51:1251-1256. https://doi.org/10.1515/cclm-2012-0485

Woajtowicz M, Piechota M, Warikowicz Z. Comparison of second and third generation
parathyroid hormone test results in patients with chronic kidney disease. Med Sci
Monit. 2020;26:€928301. https://doi.org/10.12659/MSM.928301

Boudou P, lbrahim F, Cormier C. Third- or second-generation parathyroid
hormone assays: A remaining debate in the diagnosis of primary
hyperparathyroidism. J Clin Endocrinol Metab. 2005;90:6370-6372. https://doi.
org/10.1210/jc.2005-0715

Page 8 of 8 . Original Research
33.
34.

35.

Bonansea TC, Ohe MN, Brandao C, et al. Experience with a third-generation
parathyroid hormone assay (BIO-PTH) in the diagnosis of primary
hyperparathyroidism in a Brazilian population. Arch Endocrinol Metab.
2016;60:420-425. https://doi.org/10.1590/2359-3997000000183

Bilezikian JP, Khan AA, Silverberg SJ, et al. Evaluation and management of primary
hyperparathyroidism: Summary statement and guidelines from the fifth
international workshop. J. Bone Miner. Res. 2022;37:2293-2314. https://doi.
org/10.1002/jbmr.4677

Cavalier E, Vasikaran S, Bhattoa HP, Heijboer AC, Makris K, Ulmer CZ. The path to
the standardization of PTH: Is this a realistic possibility? A position paper of the IFCC
C-BM. Clin Chim Acta. 2021;15:44-51. https://doi.org/10.1016/j.cca.2020.12.022

http://www.ajlmonline.org . Open Access



http://www.ajlmonline.org�
https://doi.org/10.1515/cclm-2012-0485�
https://doi.org/10.12659/MSM.928301�
https://doi.org/10.1210/jc.2005-0715�
https://doi.org/10.1210/jc.2005-0715�
https://doi.org/10.1590/2359-3997000000183�
https://doi.org/10.1002/jbmr.4677�
https://doi.org/10.1002/jbmr.4677�
https://doi.org/10.1016/j.cca.2020.12.022�

	﻿﻿Comparison of second and third-generation parathyroid hormone assays at a tertiary hospital in South Africa
	﻿﻿Introduction
	﻿﻿Methods
	﻿﻿Ethical considerations
	﻿﻿Study design
	﻿﻿Sample size calculations
	﻿﻿Method comparison
	﻿﻿Laboratory analysis
	﻿﻿Clinical interpretation
	﻿﻿Statistical analysis

	﻿﻿Results
	﻿﻿Method comparison
	Clinical interpretation

	Discussion
	Limitations
	Conclusion

	Acknowledgements
	Competing interests
	Authors’ contributions
	Sources of support
	Data availability
	Disclaimer

	References
	Figures
	FIGURE 1: Distribution of results across all measured concentrations comparing intact parathyroid hormone and parathyroid hormone 1–84 assays (y = 0.713x + 0.887; n = 481), Johannesburg, South Africa, 06 April to 21 September 2022.
	FIGURE 2: Absolute differences in parathyroid hormone (PTH) results across concentrations levels comparing intact PTH and PTH 1–84 assays, Johannesburg, South Africa, 06 April 2022 to 21 September 2022.
	FIGURE 3: Percentage difference in parathyroid hormone (PTH) results across concentration levels comparing intact PTH and PTH 1–84 assays, Johannesburg, South Africa, 06 April 2022 to 21 September 2022.

	Tables
	TABLE 1: Demographic and biochemical data for the patient samples used in clinical interpretation, Johannesburg, South Africa, 06 April 2022 to 21 September 2022.
	TABLE 2: Differences in clinical interpretation using manufacturer reference interval, Johannesburg, South Africa, 06 April 2022 to 21 September 2022.
	TABLE 3: Classification according to Kidney Disease: Improving Global Outcomes guidelines for intact parathyroid hormone and parathyroid hormone 1–84 assays, Johannesburg, South Africa, 06 April 2022 to 21 September 2022.



