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Background: In patients with chronic kidney disease (CKD), secondary hyperparathyroidism is assessed by measuring serum

parathyroid hormone (PTH) levels. Well-established, recommended, second-generation intact parathyroid hor-
mone (iPTH) tests are typical; rarely are more recent third-generation PTH 1-84 assays used. The agreement
between results of the 2 tests in patients with CKD has not been sufficiently defined.

Material/Methods: This study aimed to compare Roche second- and third-generation PTH assays by establishing a quantitative
relationship between the results of assays in patients with CKD and assessing degree of their correlation with
kidney function and calcium-phosphate and bone metabolism parameters. In 205 patients with stages 3 to
5D CKD and 30 healthy controls, we measured levels of iPTH and PTH (1-84), creatinine, urea, cystatin C, cal-
cium, inorganic phosphate, magnesium, alkaline phosphatase, bone alkaline phosphatase, osteocalcin, and
B-CrossLaps.

Results: The third-generation PTH assay results were more than 40% lower than those obtained with the second-gen-
eration test in patients undergoing dialysis and approximately 30% lower in patients in the pre-dialysis pe-
riod. PTH concentrations determined with both assays were almost to the same extent correlated with calci-
um-phosphate and bone metabolism parameters, and renal function indices. Formulas have been developed
enabling 2-way conversion of PTH results determined with both the second- and third-generation PTH assays:
For dialyzed patients, PTH (1-84)=0.5181iPTH+18.0595. Serum osteocalcin, -CrossLaps, and total calcium were
independent predictors of PTH levels.

Conclusions: Correcting for the established quantitative differences, the second-and third-generation PTH tests can be used
interchangeably, given the almost identical pathophysiological correlations of their results with calcium-phos-
phate and bone metabolism parameters.
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Background

Chronic kidney disease (CKD) is considered to be a disease of
215t century civilization. Its occurrence may be the result of
complications of other conditions, such as diabetes, cardio-
vascular disease, or hypertension. CKD is also a common and
final pathway to the vast majority of primary kidney diseases.
During its course, patients develop other disorders, including
those of the endocrine system, such as secondary hyperpara-
thyroidism (SHPT). SHPT incidence increases with the decrease
in glomerular filtration rate (GFR) and it affects up to 20% to
25% of patients who have stage 5 CKD [1].

The basic diagnostic criterion for SHPT is serum parathyroid
hormone (PTH) concentration. Currently, the commonly used
and recommended test for PTH determination is the second-
generation intact PTH (iPTH) test [2]. Apart from estimating
the whole biologically active molecule, 1-84 PTH, the test also
measures its forms and fragments that are inactive or prob-
ably exerting opposite effects. In patients with CKD, as the
GFR decreases, fragments of 7-84 PTH that are physiological-
ly cleared by the kidneys accumulate in the circulation. The
PTH concentrations determined by the second-generation test
may be overestimated in these patients because the total con-
centrations of the whole particle 1-84 PTH and the 7-84 frag-
ments are measured together, which can lead to an erroneous
assessment of the severity of SHPT [3,4]. Consequently, the re-
sult may be inappropriate therapeutic decisions. The solution
to the problem may be the third-generation test for PTH (1-
84), which measures only the whole hormone molecule and
would appear to be more appropriate than the first- and sec-
ond-generation PTH tests. However, practical application of the
third-generation test is hindered because the optimal range
of PTH results in patients with stage 5 CKD who are undergo-
ing dialysis is still unknown.

The main objective of the current project was to establish quan-
titative relationships between PTH measurements obtained
with the second- and third-generation tests in patients with
stages 3 to 5D CKD. The specific objectives were to assess the
correlations between PTH levels obtained with both the sec-
ond- and third-generation tests and estimated GFRs (eGFRs)
and calcium-phosphate and bone metabolism parameters, as
well as to attempt to select among them potential predictors
of PTH concentrations in patients with CKD.

Material and Methods

The study included 205 patients with stages 3 to 5D CKD
(127 men and 78 women, mean age 65+13) who were in the
care of the Department of Internal Medicine, Nephrology and
Dialysis of the Military Institute of Medicine in Warsaw and a
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control group of 30 healthy volunteers (16 men and 14 wom-
en aged 59413 years). Healthy volunteers were recruited from
consecutive willing laboratory technicians and their family
members. The study was performed with the consent of the
Bioethical Committee of the Military Institute of Medicine in
Warsaw, which was given on February 17, 2016 in Resolution
No. 10/WIM/2016. The characteristics of the study groups are
presented in Table 1.

Venous blood was collected in appropriate vacuum tubes us-
ing a closed system (BD Vacutainer®). In patients with CKD
in the pre-dialysis period and on home peritoneal dialy-
sis (HPD), blood was collected during follow-up visits to the
Nephrological Outpatient Clinic. In patients treated with he-
modialysis (HD), blood was collected before mid-week dialy-
sis in the Dialysis Department. Blood samples (approximately
10 mL) were collected from the control group after they gave
written informed consent.

The serum required for the tests was obtained by centrifuga-
tion with cooling of the blood samples under standard condi-
tions, ie 10 min at 4000 rpm. The serum samples used were
free of visible traces of hemolysis and significant lipemia. All
of the routine tests were performed on the same day. The re-
maining serum was frozen at =70°C and used for subsequent
scheduled tests up to 3 months after collection. lonized cal-
cium levels were determined in serum from anaerobic blood
tubes. The planned set of laboratory tests for all 235 subjects
included: PTH determined with the second-generation tests
(intact PTH, iPTH) and the third-generation PTH (1-84) test,
creatinine, urea, cystatin C, total calcium, ionized calcium, in-
organic phosphate, magnesium, alkaline phosphatase (ALP),
bone alkaline phosphatase (BAP), osteocalcin, and isomer-
ized C-terminal telopeptides of type | collagen (B-CrossLaps).
GFRs were calculated using eGFR according to the abbreviat-
ed Modification of Diet in Renal Disease study equation, and
GFR based on the concentration of creatinine and cystatin C
as calculated with the CKD-EPI Creatinine-Cystatin Equation
(2012) [5]. The use of the second equation was intended to
increase the accuracy of the study.

The serum PTH concentrations were determined with Roche
Diagnostics second- and third-generation tests using an au-
tomated Cobas e601 analyzer from the same manufactur-
er. That analyzer also was used to determine osteocalcin and
B-CrossLaps concentrations.

BAP levels were determined with an immunoenzymatic meth-
od from Immunodiagnostic Systems (IDS). Biochemical analyt-
es in serum were determined using ready-made reagent kits
for automatic analyzers from Beckman Coulter (AU) and Roche
Diagnostics (c501). The concentration of ionized calcium was
determined with a Siemens 900 Series blood gas analyzer.
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Table 1. Characteristics of the study group and the control group.

Study group (n=205)
Control group
Predialysis period

Study participants ; Hemodialyzed Peritoneal dialysis (n=30: healthy
(n=78: stage 3: 36 patients, stage (n=95) (n=32) volunteers)
4: 35 patients, stage 5: 7 patients)

Age (years) 64+11 66+14 63+14 59+13

Sex (men/women) 52/26 59/36 16/16 16/14

Based on the
interview: no history
of kidney disease,
diabetes, untreated
or poorly controlled

20 patients — 26% 14 patients — 15% 3 patients — 9% hypertension,
"""""""""""""""""""""""""""""""""""""""" o hyperparathyroidism
Hypertension or
6 patients — 8% 10 patients — 11% 6 patients — 19% hypoparathyroidism,

taking vitamin D
and/or calcium
preparations

Duration of dialysis -
treatment/number
of patients

<12 months/32
1-<5 years/48
5-10 years/12
>10 years/3

<12 months/8
1—<5 years/20
5-10 years/2
>10 years/2

Blood samples were taken between January and December 2016.

Statistical analysis of the results was carried out using Statistica
12 software (StatSoft). Descriptive statistics were used for the
characteristics of the study groups and the control group. The
normality of the distributions of all analytes was determined
with a Shapiro-Wilk test. None of the analytes showed a dis-
tribution close to normal in any of the groups studied, hence
the use of non-parametric methods prevailed in this research.
Multiple regression analysis was used after the data were log-
arithmically transformed to normalize their distribution. This
analysis was used to select independent predictors of PTH con-
centration. Linear regression was used to describe the rela-
tionship between iPTH and PTH (1-84) concentrations, and to
obtain the equations for each patient group. Spearman rank
correlations were used to determine the correlation between
iPTH and PTH (1-84) and renal function biochemical tests,
calcium, phosphate levels, and bone metabolism parameters.
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The significance of the differences in the results between the
groups was verified with Kruskal-Wallis and Mann-Whitney U
tests, and with a Significance of the Difference Between Two
Slopes Calculator (http://www.danielsoper.com/statcalc). The
adopted level of statistical significance was P<0.05.

Results

Table 2 lists the concentrations of the measured analytes and
the ages of the patients in the studied groups and the sub-
jects in the control group presented as the means and stan-
dard deviations together with the significance of differences
in comparison with the controls and between studied groups.
With the exception of age, all parameters in the patients with
CKD differed in terms of statistical significance compared
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Table 2. Intact parathyroid hormone, parathyroid hormone 1-84, and other laboratory parameters and age in various subgroups of
patients with CKD and in the control group.

Study group (n=205) e

Parameter/test pad
Predialysis period Hemodialyzed Peritoneal dialysis (n=30) xSD
(n=78) X+SD (n=95) %+SD (n=32) 3+SD
iPTH (pg/ml) 155.6+£153.2 519.4+606.3 456.1+400.5 38.9+14.6
CPTH(-84) (pg/m) 1005:953 200083246 2458:1820 3384117
Creatinine mg/d) 26412 70825 sox24 09102
CeGR (mUmin/173m3) 20812 oxs s 85416
E::?r:m /Clr.‘;a;i;ige'cy“aﬁ” 27412 742 9+4 83+14
CUrea(mgrd) o0s35  uzs1 11636 3210
CGystatinC(mg/) 24108 ss110 52410 10801
CCatotal(mgrd) 93411 86:07 8905 97104
Caionized (mmol/)  117:006  108:009 1162007 - 116:009
Inorganic phosphate (mg/d) 38108 a2 as2 34105
Mg mgd) 212003 22103 1904 21501
Cwe@n osts2  13os94 1574163 74828
BAPGEN 17687 3171316 3221424 137453
Osteocalcin (ng/m) 579528 27753342 241302383 190879
BCrosslaps (pg/m) 774614692 20887113368 25254134393 360611623
Cagefears) easil 6614 | 63:14 59813

for difference between for difference between for difference between

Parameteu St for differencelirey hemodialyzed and hemodialyzed and predialysis period and
contios peritoneal dialysis** predialysis period** peritoneal dialysis**

iPTH (pg/ml) <0.001 0.774 <0.001 <0.001
CPTH(-84) (g/m) 0ot o1 wor w0oo1
Creatinine (mg/d) w0oor 0031 wor ool
CeGRR (mUmin/173m) w0oor ooss wor ool

(Cnfsr::: /clr.‘;"’;ti:qi:)'e'cy“ati” <0.001 0.010 <0.001 <0.001
CUrea(mgd) 0ol o740 wor 0ol
CCystatinCmgh) 0ot 0003 wor 0ol
Catotal (mg/d) w01 o004 w01 w0001
CCaionized (mmolV) 0ot 0ol woor 0042
Inorganic phosphate (mg/d) 0ol 040 wor ool
R w0oor 0ol 030 0ol
Caewny 0ol osse 0ot 0002
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Table 2 continued. Intact parathyroid hormone, parathyroid hormone 1-84, and other laboratory parameters and age in various
subgroups of patients with CKD and in the control group.

P p 4

. P for difference between for difference between for difference between
Parameter/test for difference from N . e A

controls* hemodialyzed and hemodialyzed and predialysis period and

peritoneal dialysis** predialysis period** peritoneal dialysis**

BAP (ug/l) <0.001 0.852 <0.001 <0.001
Osteocalcin (ng/ml) <0.001 0.762 <0.001 <0.001
B-CrossLaps (pg/ml) <0.001 0.704 <0.001 <0.001
Age (years) 0.0902 0.299 0.298 0.666

* Kruskal-Wallis test; ** Mann-Whitney U test.

Table 3. Correlations between intact parathyroid hormone and parathyroid hormone 1-84 concentrations in different study groups

(Spearman method).

Studied group+
control group

r 0.9957* 0.9872*

0.9629*

0.9866* 0.9929*

n — number of cases; r — correlation coefficient; p — significance level * p<0.0001.

with the control group. There were no statistically significant
differences in mean iPTH and PTH (1-84) concentrations be-
tween the groups of patients on HD and HPD. PTH concen-
trations determined with the third-generation test were low-
er than those determined with the second-generation test by
more than 40% in patients on dialysis, approximately 30% in
patients in the pre-dialysis period, and more than 10% in the
subjects in the control group.

The correlations between PTH concentrations measured with
second- and third-generation tests in the patients and in the
control group, as well as in all subjects who took part in the
study, are shown in Table 3. The strength of these correlations
is very high in all the studied groups.

Scattergrams of results of PTH (1-84) versus iPTH are shown
in Figures 1-3, respectively, for all the patients with CKD, the
patients on hemodialysis, and the patients in the pre-dialysis
period. The differences in PTH concentration determined with
the 2 tests increased with rising PTH concentration, which is
illustrated by the Bland-Altman graph in Figure 4 for the pa-
tients with stages 3 to 5 CKD. Table 4 shows the original con-
version formulas for clinical practice developed by our team,
allowing comparison of the results of PTH determinations be-
tween the second- and third-generation tests. There is a sta-
tistically significant difference between slopes of the linear
regression equations for the patients on dialysis and those in
the pre-dialysis period.
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Table 5 shows correlations between the PTH concentrations
obtained with the second- and third-generation tests and oth-
er laboratory parameters, that is, with biochemical indicators
of renal function, GFR, calcium-phosphate metabolism pa-
rameters, and bone turnover markers. The estimated correla-
tions show that the strength of the association between the
PTH levels determined with tests of both generations and re-
nal function indicators is statistically significant in all patients
with CKD and in the subgroup in the pre-dialysis period, and
disappears in patients on dialysis. The correlation coefficients
between PTH concentration measured with the-second gen-
eration test and kidney function indicators are slightly higher
than those for the third-generation test, but without statistical
significance. This may be a result of recognition by the second-
generation test of the epitopes of PTH fragments. Removal of
the fragments is impaired in patients with CKD and the sec-
ond-generation tests have lower analytical specificity for bio-
logically active PTH. PTH measurements with the second- and
third-generation tests show a similar strength of association
with calcium and phosphate concentrations.

Pathophysiological associations between PTH levels and serum
concentrations of bone mineral components are strong in the
patients in the pre-dialysis period and all of the patients with
CKD. A similarly strong correlation was observed between PTH
results obtained with the tests of both generations and bone
turnover markers. The strong correlation between PTH con-
centrations and B-CrossLaps, BAP, and osteocalcin in almost
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Figure 1. Linear regression between intact parathyroid hormone Figure 3. Linear regression between intact parathyroid hormone
and parathyroid hormone 1-84 concentrations in and parathyroid hormone 1-84 concentrations in
patients with CKD stages 3 to 5D. dialyzed patients.
iPTHvs. PTH (1-84) iPTH vs. PTH (1-84)
Predialysis patients, n=78 Bland-Altman graph
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Figure 2. Linear regression between intact parathyroid hormone
and parathyroid hormone 1-84 concentrations in pre- Figure 4. Comparison of second- and third-generation
dialysis patients. parathyroid hormone assays in patients with chronic

kidney disease (n=205) (Bland-Altman method).

Table 4. Formulas enabling comparison of parathyroid hormone concentration results determined with second- and third-generation

tests*.
Formulas enabling comparison of PTH (1-84) and
Study group iPTH test results
Patients with CKD stages 3-5 and 5D (n=205) PTH 1-84=0.5181xiPTH+22.1596
Dialyzed patients (HD+HPD) (n=127) PTH 1-84=0.5181xiPTH+18.0595
Patients in pre-dialysis period (n=78) PTH 1-84=0.6187**xiPTH+13.1944

* Applies to PTH Roche Diagnostics tests; ** slope significantly different (p<0.001) from that for dialyzed patients.
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Table 5. Correlations between intact parathyroid hormone and parathyroid hormone 1-84 concentrations and kidney function indices,
calcium-phosphate metabolism parameters, and bone metabolism markers (Spearman method).

Patients with CKD

Predia(::(_si;8 ;Jeriod Hen;:figasl;lzed Perito;l:_a; ;)ialysis stages 3-5 and 5D

B B B (n=205)

Creatinine 0.6519*** 0.2154* 0.0081 0.5325**
eGRR  —oee02> 01981 0036  -05340"

CCYKS?;E;' creatinine- ~0.6713*** -0.2061* 0.0227 ~0.5352%*
U I o184 02872 040357
Cystatinc osa08™ 01632 oo414 05172"%
CCatotal o4~ —02728™ 01029 -0dooar
Caionized 03790 -03043* 00317  -0435™
Inorganic phosphate 02282 02664 0443 04352
Mg 00003  -00%6 04316 00156
A 03509 053 00ss2 04663
e o4sos* oe097 01746 05545%
Osteocalin oz0s4r o271 04028 07270
BCrosstaps 0695 07042 06309 07596

PTH (1-84)

Patients with CKD

Predlzal(:|y=5|7s8 ;)erlod Herr;::;agzed Perlto:l::; :)lalysw stage:n:_zz :)n d5D

Creatinine 0.6253*** 0.1693 -0.1037 0.4853***
eGRR 0633 o159 00911  -o4ses™

f;?:ﬂ creatinine- ~0.6436*** -0.1612 0.1311 —~0.4858**
U o4gaer o114 02852 03833
Coystaine 06213+ 01120  -o022 04680~
Ccatotal  -04805™*  -02846™  -01177 04900
Caionized 03666 03062 00760 04340
Inorganic phosphate 02147 02245+ 03759t 03979
Mg o000t o049 0399 -00106
A 03600 05450+ o161 04760
e 04627 o175 02496 05652
COsteocalcin o703 o107 0422 o711
CpCrosstaps o654 oesss™ 0635 07416

* p<0.05; ** p<0.01; *** p<0.001.
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Table 6. Multiple regression analysis for correlates of intact parathyroid hormone and parathyroid hormone 1-84 in patients with

stages 3 to 5D CKD (n=205).

Log[iPTH] - patients with CKD

Log[CKD-EPI creatinine-

cystatin] 0.0330+0.0691 0.6333
CloglCatotal  -0.2189£0.0475  <0.0001
ClogBAPl 00445100623 04764
loglOosteocalcin] 0397110.1030  0.0002
loglp-Crosstaps] 03395100025 00003
""""""" Model 2 - summary (R? for the model=0.6906)
CloglCatotal  -0.2073:00437  <0.0001
loglOsteocalcin] 04036100877  <0.0001
loglp-Crosstaps] 03456100895 00002

Log[PTH 1-84] - patients with CKD

Log[CKD-EPI creatinine-
cystatin]

Log[p-CrossLaps] 0.3481+0.0932 0.0002

B — standardized regression coefficient; SE — standard error; R? — determination coefficient; p — significance level.

Table 7. Multiple regression analysis for correlates of intact parathyroid hormone and parathyroid hormone 1-84 in patients with CKD

in the pre-dialysis period (n=78).

Log[iPTH] - patients in pre-dialysis period

Log[PTH 1-84] - patients in pre-dialysis period

Log[CKD-EPI creatinine-

cystatin] —-0.336440.1018 0.0015
loglCatota]  -0.1005:00785 02046
loglBAP]  -00083:00912 09282
loglOsteocalcin] 05301101449 00005
loglp-Crosslaps]  -00199:0.1336 08822

Log[CKD-EPI creatinine-
cystatin]

Log[Osteocalcin] 0.5179+0.0908 <0.0001

Log[CKD-EPI creatinine-

cystatin] —-0.295140.1059 0.0068
loglCatotal  -0.1030:00816 02111
ClogBAPl 00045:00948 09621
loglosteocalcin] 05530:01506 00005
loglf-Crosslaps]  -00307:0.1388 08254

Log[CKD-EPI creatinine-
cystatin]

Log[Osteocalcin] 0.5428+0.0943 <0.0001

B — standardized regression coefficient; SE — standard error; R? — determination coefficient; p — significance level.

all the groups studied (with the exception of patients on HPD
in the case of BAP and osteocalcin) is noteworthy.

In multiple linear regression models, only analytes were includ-
ed that were significantly correlated with iPTH and PTH (1-84),
according to the Spearman test. The independent predictors of
both iPTH and PTH (1-84) levels in all 205 patients with CKD
were total calcium, osteocalcin, and B-CrossLaps (Table 6). In
the patients with CKD in the pre-dialysis period, independent
predictors of both iPTH and PTH (1-84) levels were GFR ex-
pressed by the CKD-EPI creatinine-cystatin formula and serum

osteocalcin concentration (Table 7). In patients on HD, inde-
pendent predictors of both iPTH and PTH (1-84) levels were
serum ionized calcium and osteocalcin (Table 8), and in pa-
tients treated with HPD, only osteocalcin (Table 9).

Discussion

The results of the present study show that PTH concentrations
determined with the third-generation test in 205 patients with
CKD stages 3 to 5 were lower by more than 40% than those
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Table 8. Multiple regression analysis for correlates of intact parathyroid hormone and parathyroid hormone 1-84 in hemodialyzed

patients (n=95).

Log[iPTH] - hemodialyzed patients

Log[CKD-EPI creatinine-

cystatin] 0.1133+0.0828 0.1748
loglCaionized]  -02484:0.0718 00008
CloglBAPl 0.1525:0.1152 01890
loglOsteocalcin] 03996:0.1566 00125
loglpCrosstaps] 02585:0.1320 00536

Log[Osteocalcin] 0.6787+0.0729 <0.0001

Log[PTH 1-84] — hemodialyzed patients

Log[CKD-EPI creatinine-

cystatin] 0.1356+0.0849 0.1140
loglCaionized]  -02774:00734 00003
CloglBAR) 0.1617:0.1148 01626
loglOsteocalcin] 04113101566 00103
loglp-Crosstaps] 02216:0.1330 00995

Log[Osteocalcin] 0.6501+0.0745 <0.0001

B — standardized regression coefficient; SE — standard error; R? — determination coefficient; p — significance level.

Table 9. Multiple regression analysis for correlates of intact parathyroid hormone and parathyroid hormone 1-84 in patients on home

peritoneal dialysis (n=32).

Log[iPTH] - patients on home peritoneal dialysis

Log[PTH 1-84]- patients on home peritoneal dialysis

0.7196+0.1289 <0.0001

Log[Osteocalcin]

Log[Osteocalcin] 0.7196+0.1289 <0.0001

B — standardized regression coefficient; SE — standard error; R? — determination coefficient; p — significance level.

determined with the second-generation test in patients on di-
alysis (HD and HPD), and by approximately 30% in patients in
the pre-dialysis period of CKD. Similar discrepancies were re-
ported when a third-generation PTH test first became avail-
able in clinical laboratories [6,7]. Later, Beké et al. compared
the third-generation Elecsys PTH (1-84) and Liaison PTH (1-84)
tests with 3 second-generation tests (Elecsys iPTH, Architect
iPTH, and Liaison N-tact) and found that average iPTH levels
in 110 patients on HD were about 33% to 51% higher than
PTH (1-84) levels (P<0.001) [8]. Similarly, Gannage-Yared et al.
reported PTH concentrations that were approximately 28%
higher on iPTH tests in 92 patients on HD [9].

Second-generation PTH assays measure both the active
1-84 PTH molecule and its fragments, mainly 7-84 PTH. The

third-generation PTH test measures the concentration of the
whole physiologically active PTH molecule. As the concentra-
tion of iPTH increases and the GFR decreases, the discrepan-
cies increase, not only between the results of the second- and
third-generation tests but also within the individual second-
generation tests from different manufacturers [10,11]. These
discrepancies may result from the severity of CKD and the
number of fragments and forms of PTH assessed with these
tests [10]. Eddington et al. compared the results of PTH tests
performed in 17 laboratories in samples obtained from the
same group of 37 patients on HD. These laboratories used the
second-generation PTH tests. Eight methods were used for
testing, with 5 different assays from 4 different manufactur-
ers. Because the PTH concentrations were significantly differ-
ent, even using the same method, the results were adjusted
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using correction factors, which led to the conclusion that as
many as 21% of the patients would require a change in clin-
ical management [12]. Also, Kuczera et al. compared the re-
sults of PTH concentration determined with chemilumines-
cence (Architect Intact PTH) and electrochemiluminescence
(Elecsys iPTH) in 77 patients on HD and found that they were
significantly different (P<0.0001). The results obtained with
the chemiluminescence method were about 34% higher [13].

Taniguchi et al. and Donati et al. described the challenge posed
when the type of test used has the potential to impact ther-
apeutic decisions [14,15]. Taniguchi et al. used second- and
third-generation tests to measure PTH concentrations in 738
patients on HD and demonstrated that 18% of those who were
tested with the third-generation assay would be classified into
a different therapeutic category, possibly requiring different
treatment [14]. In 19 patients on HD, Donati et al. compared
PTH concentrations measured with second-generation tests
from 2 different manufacturers, which resulted in statistically
significant differences in the results. The authors suggested
that the transfer of a patient to another dialysis center, com-
bined with changes in the method used to determine the PTH
concentration, might affect therapeutic decisions [15].

Our study showed that PTH concentrations obtained with the
second- and third-generation tests were strongly correlated
in all patients with CKD and in the control group. In addition,
the relationship between these concentrations was highly lin-
ear. Thanks to this, regression equations were created, which
can serve as simple formulas to compare the results obtained
with both tests. Similar relationships of PTH concentrations
determined with both generations of Roche Diagnostics tests
have been established for patients in the pre-dialysis peri-
od and on dialysis. The formula put forth for the former pa-
tients O’Flaherty et al. was biointact PTH (1-84)=0.62 intact
PTH+9.88 [16]. The formula put forth for the latter patients by
Fukagawa M et al. was intact PTH=whole PTHx1.7 [17]. Because
the present study included a large number of patients, we were
able to show that the formulas for the patients in the pre-dial-
ysis period and on dialysis were different. Therefore, we sug-
gest that the practical application of such formulas should take
into account this finding.

In our study, iPTH and PTH (1-84) concentrations were cor-
related with calcium-phosphate and bone metabolism pa-
rameters and GFR values in the same way, i.e., with similar
strength and statistical significance. Similar conclusions have
been presented by Rodriguez-Osorio et al., Kurajoh et al., and
Graf et al. [18-20]. A study also has been published, howev-
er, suggesting that the results obtained with the third-genera-
tion PTH tests are more strongly correlated with calcium-phos-
phate and bone metabolism parameters in patients with CKD
than those measured with second-generation tests. The study

Woéjtowicz M. et al.:
Parathyroid hormone tests and chronic kidney disease
© Med Sci Monit, 2020; 26: €928301

also suggested that the PTH (1-84) assay may better reflect
mineral disorders, probably with more accurate assessment of
bone turnover in CKD, but additional confirmatory studies are
needed, including bone biopsy [16]. Many correlations found
in our study confirm the pathophysiological relationship be-
tween PTH and eGFR, calcium, and inorganic phosphate con-
centrations in the serum of patients with CKD that have been
demonstrated by other authors [21,22].

The present study of bone metabolism markers in patients in
the pre-dialysis period and on dialysis showed that PTH lev-
els determined with the second- and third-generation tests
strongly were positively correlated with these markers, espe-
cially with serum concentrations of osteocalcin and B-CrossLaps.
Also noteworthy are the positive correlations between PTH lev-
els determined with both the tests and ALP activity and BAP
concentration (except in patients on HPD). These statistical-
ly significant correlations of varying strengths also have been
demonstrated by other researchers [10,18,23-26]. Davina et al.,
in 32 men who were not diabetic and had stages 4 to 5 CKD
in the pre-dialysis period, showed the usefulness of the com-
bined BAP and iPTH determination as a set of reliable predic-
tors of reduced bone mineral density (sensitivity 79.9%, speci-
ficity 81.5%). They also found a significant positive correlation
between BAP and iPTH levels and a statistically significant
negative correlation between BAP and eGFR values, suggest-
ing that high BAP concentration is associated with SHPT and
decreasing renal function [27]. Other authors have indicated
that determining the concentration of 3 or more bone turn-
over markers more accurately evaluates the course of mineral
and bone disorders in patients with CKD than determination
of single markers [28,29]. Despite many studies, no ideal sin-
gle biomarker of bone turnover has been discovered that can
be used to guide treatment of patients with CKD and second-
ary hyperparathyroidism [30,31].

Along with PTH, ALP, and BAP, osteocalcin is considered a useful
marker of mineral and bone disorders in the course of CKD [28].
In all of the patients in our study, osteocalcin concentration
was an independent parameter associated with PTH concen-
tration determined by second- and third-generation tests. We
also found that the independent predictors of PTH levels were
-CrossLaps concentration in all the patients with CKD, CKD-
EPI creatinine-cystatin in patients in the pre-dialysis period,
and ionized calcium in patients on HD. Results of both genera-
tions of PTH tests showed very strong and similar correlations
with bone marker levels. Other researchers, using multiple re-
gression models, have been able to demonstrate correlations
between PTH concentrations determined with the third-gen-
eration DiaSorin Liaison XL PTH and Fujirebio Lumipulse PTH
tests and BAP concentrations in patients on HD [23].
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The third-generation PTH tests measure the whole molecule
of the hormone, hence, the ranges recommended for patients
on dialysis can be determined with much greater accuracy and
in a narrower range. The great advantage of the third-gener-
ation tests is the possibility of their standardization and clin-
ically meaningful stratification for different groups of pa-
tients. The study of 119 patients on dialysis conducted by
Cavalier et al. [23], who compared the results of the third-gen-
eration DiaSorin Liaison XL PTH and Fujirebio Lumipulse PTH
tests with those of the PTH 1-84 Roche Diagnostics, showed
that test re-standardization using the WHO 1-84 PTH stan-
dard significantly reduces the differences between results
from various manufacturers. Taking into account the Kidney
Disease Improving Global Outcomes (KDIGO) recommenda-
tions, Cavalier et al. determined that when using the Fujirebio
third-generation PTH test for patients on dialysis, the opti-
mal range should be 84 to 378 pg/mL, and for DiaSorin, 76 to
342 pg/mL. Bekd et al. set new, much lower recommended tar-
get ranges for patients on dialysis using third-generation tests:
65 to 258 pg/mL for Liaison PTH 1-84 and 68 to 288 pg/mL
for Elecsys PTH (1-84) [8]. These ranges are much lower (and
narrower) than those recommended by the KDIGO, i.e., 2 and
9 times the upper limit of normal for second-generation PTH
tests. Cavalier et al., after re-standardization of the third-gen-
eration PTH tests of DiaSorin and Roche, also established ref-
erence ranges for a healthy population of 11 to 46 pg/mL and
8 t0 45 pg/mL, respectively [32]. PTH (1-84) concentration has
been shown to be a good indicator of SHPT (area under the
curve=0.926; P<0.001) and the concentration that could indi-
cate this disorder is above 60 pg/mL (sensitivity 92.3%; speci-
ficity 79.1%) [32,33]. The Japanese Society of Dialysis Therapy
Group recommends maintaining PTH concentrations between
35 and 150 pg/mL for the third-generation Roche Diagnostics
PTH (1-84) test in patients on dialysis [34].

Since the introduction of the third-generation tests (IRMA w-
PTH Scanti Body Co. Ltd.), it has been established that the sec-
ond-generation tests overestimate the concentration of PTH,
i.e., 1-84 PTH [35]. Recommendations for use of third-gener-
ation tests for patients with CKD in everyday practice are still
lacking [36]. In addition, the interpretation of the third-gen-
eration tests in a manner similar to the interpretation of the
second-generation tests does not bring new information about
mineral and bone disorders in patients on dialysis [36,37]. The
inability to optimally interpret results of PTH tests and make
therapeutic decisions based on them is mainly associated
with the determination of PTH C-terminal fragments (not de-
termined solely by third-generation tests) [38]. Until now, the
presence of oxidative forms of PTH (physiologically inactive)
also has been ignored in development of subsequent gener-
ations of PTH tests [39].

CLINICAL RESEARCH

When using the second-generation PTH tests, KDIGO current-
ly recommends additional, regular determination of calcium,
inorganic phosphate, and possibly ALP and BAP levels in se-
rum. In the case of patients on dialysis, it is suggested that in-
terpretation and therapeutic decision-making using third-gen-
eration PTH tests should be based on BAP concentration, and
modification of therapy in these individuals should be con-
sidered when significant dynamics of change in PTH concen-
tration occur, even within the recommended ranges [40,41].

The precise PTH concentrations from second- or third-gen-
eration tests that represent the occurrence of secondary hy-
perparathyroidism in patients with CKD are unknown [39]. At
the same time, new drugs and therapies are emerging for this
group of patients, and a good marker is needed to monitor
their efficacy [42]. Such a marker should be easily available,
as is the case with PTH, which has become a routine test in
many laboratories [43].

The third-generation PTH tests actually measure the entire
PTH molecule. Recalibration of these tests using the IS 95/646
standard reduces the discrepancies between the results ob-
tained with different third-generation PTH assays. In practice,
this makes it possible to determine cut-off points, which are
useful in the diagnosis and treatment of mineral and bone dis-
orders in patients on dialysis. The correlations between the
results of the second- and third-generation PTH tests in our
patients with CKD in the pre-dialysis period and those on renal
replacement therapy may be a starting point for further stud-
ies to improve the usefulness of third-generation PTH tests
for the diagnosis and treatment of secondary hyperparathy-
roidism in these individuals.

Conclusions

The third-generation test for the determination of PTH in se-
rum produces results lower than the second-generation test.
The differences increase with the degree of renal impairment
and amount to about 30% in patients with CKD during the pre-
dialysis period and over 40% in patients on dialysis.

PTH concentrations determined with the second- and third-
generation tests are strongly linearly correlated in all patients
with stages 3 to 5 CKD, including those on dialysis. The for-
mulas we have developed allow for 2-way recalculation of the
concentrations obtained with the second- and third-generation
tests and preliminary interpretation of the results obtained with
the third-generation test on the basis of previous experience.

PTH concentrations determined with the second- and third-
generation tests were were correlated to almost the same de-
gree with calcium-phosphate and bone metabolism parameters,
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GFR, and biochemical renal function indices. None of these
methods show an advantage in this respect.

Osteocalcin, B-CrossLaps, and calcium concentrations were inde-
pendent predictors of PTH concentrations determined by both
generations of tests in patients with CKD. The statistical sig-
nificance of the PTH predicators depends on the stage of CKD.

Correcting for the established quantitative differences in the
second- and third-generation PTH tests, these assays can be
used interchangeably because of the almost identical patho-
physiological correlations of their results with calcium-phos-
phate and bone metabolism parameters.
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