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Abstract Well-validated reference values are necessary
for a correct interpretation of a serum PTH concentration.
Establishing PTH reference values needs recruiting a large
reference population. Exclusion criteria for this population can be defined as any situation possibly inducing an
increase or a decrease in PTH concentration. As recommended in the recent guidelines on the diagnosis and management of asymptomatic primary hyperparathyroidism,
PTH reference values should be established in vitamin
D-replete subjects with a normal renal function with possible stratification according to various factors such as age,
gender, menopausal status, body mass index, and race. A
consensus about analytical/pre-analytical aspects of PTH
measurement is also needed with special emphasis on the
nature of the sample (plasma or serum), the time and the
fasting/non-fasting status of the blood sample. Our opinion is that blood sample for PTH measurement should
be obtained in the morning after an overnight fast. Furthermore, despite longer stability of the PTH molecule in
EDTA plasma, we prefer serum as it allows to measure calcium, a prerequisite for a correct interpretation of a PTH
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concentration, on the same sample. Once a consensus is
reached, we believe an important international multicentre
work should be performed to recruit a very extensive reference population of apparently healthy vitamin D-replete
subjects with a normal renal function in order to establish
the PTH normative data. Due to the huge inter-method variability in PTH measurement, a sufficient quantity of blood
sample should be obtained to allow measurement with as
many PTH kits as possible.
Keywords Parathyroid hormone (PTH) · Vitamin D ·
Reference values · Primary hyperparathyroidism · Chronic
kidney disease

Introduction
The measurement of parathyroid hormone (PTH) has
become very frequent in routine clinical practice since the
availability of numerous automated immunoassays with
excellent analytical performances. This measurement is
not, however, an easy task. Assessment of PTH concentration is of paramount importance in the exploration of
disorders of calcium/phosphorus metabolism and in the
monitoring of patients with chronic kidney disease (CKD).
Correct interpretation of a PTH concentration necessitates
at least to have a concomitant serum calcium concentration
in order to evaluate whether PTH is adapted (high calcium/
low PTH or low calcium/high PTH) or not (high calcium/
high PTH or low calcium/low PTH) to the calcemia. It is
now well known, however, that cases with normal calcium
and high PTH [1], or high or low calcium with normal
PTH, are frequently encountered in practice. In these cases,
other biological parameters are necessary among which
phosphatemia, calciuria, 25-hydroxyvitamin D (25OHD)
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at least are mandatory. Like for any biological parameter,
there is a need for well-validated PTH reference values.
The aim of the present paper is to discuss the way the PTH
reference values should be established as highlighted in
the two most recent guidelines on asymptomatic primary
hyperparathyroidism (PHPT) [2, 3].

The different PTH assays and what they measure
The human PTH molecule is an 84 amino acid peptide. Its
metabolization occurs in the liver, releasing various aminotruncated fragments into the bloodstream that are called
C-terminal PTH fragments because they have kept the
carboxyl-terminal part of the native PTH molecule. These
fragments are cleared from the circulation through the kidney and have a much longer half-life than the 1–84 PTH.
They thus accumulate in the blood of patients with CKD.
The description of the first immunoassay for PTH was
published in 1963. This assay, and those who used the same
“competitive” design in the following years, used a single
antibody directed towards the C-terminal part of the PTH
peptide. While they have been important for a better comprehension of PTH physiology and helped for the diagnosis of PHPT and secondary hyperparathyroidism (SHPT),
they lacked specificity and were flawed in all cases where
C-terminal fragments accumulated such as in CKD. Furthermore, they lacked sensitivity in the low concentrations
failing thus to demonstrate very low concentrations in nonparathyroid hypercalcemia or hypoparathyroidism. These
assays, now called first-generation assays, are no longer
used in clinical practice. Indeed, in 1987, Nichols Institute Diagnostics launched an immunoradiometric (IRMA)
kit called Allegro [4]. This assay used a pair of antibodies,
one coated to a bead and directed towards the 39–84 portion of the PTH molecule, and the other labelled with 125I
and directed towards the 13–24 portion of the PTH molecule, and was not influenced any more by the presence of
C-terminal fragments. This “sandwich” assay and the other
ones that became available after 1987 were globally called
“intact” PTH assays as they were thought to only measure
the full-length 1–84 PTH. In 1998, it was demonstrated that
these so-called intact PTH assays recognized, with various cross-reactivities, a PTH molecule different from the
1–84 PTH that co-eluted in HPLC with a synthetic (7–84)
PTH fragment [5]. In 1999, the first “third-generation”
assay was developed by Scantibodies Laboratories [6]. This
IRMA called “Whole” PTH assay, used an anti-C-terminal
antibody similar to those of the “intact” assays, but an antiN-terminal antibody directed towards the very first amino
acids (1–4) of the peptide. During the recent years, several
automated similar third-generation assays became available. While these assays do not measure the C-terminal
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fragments or the 7–84 PTH fragment, they, however, crossreact with a molecular form of PTH, called “amino-PTH”
that is overproduced in parathyroid carcinoma [7]. Table 1
is a summary of what the different generations of PTH
assays actually measure.

Analytical and pre‑analytical problems with PTH
assays
Lack of standardization of the PTH assays
Except in parathyroid carcinoma and some very rare cases
of severe PHPT where amino-PTH is overexpressed, the
second-generation PTH assays, which measure both the
1–84 and the 7–84 PTH, give theoretically higher values
than third-generation assays that do not measure 7–84
PTH. In fact, this is only partly true as the various PTH
assays are not standardized. In a previous study, we have
shown that 15 different PTH assays gave dramatically different results in the same serum sample with a difference of
almost 4 times between the kit producing the highest values
and the kit producing the lowest values [8]. In this study,
we also found that some second-generation assays gave
results that were almost similar to third-generation assays.
Thus, apparently different PTH concentrations measured in
a single patient in different laboratories during a follow-up
may be simply due to the use of different PTH kits by the
clinical laboratories.
Sample time and sample stability
A circadian rhythm for PTH exists, showing a nocturnal acrophase, a mid-morning nadir and a smaller afternoon peak. In our opinion, a correct interpretation of a
PTH result should mandatorily be performed in conjunction with total (or ionized) serum calcium concentration
obtained on the same sample. As calcemia is influenced by
food intake, especially if rich in calcium, samples for PTH
should always be taken in the morning when the patient
is in a fasting status (except in dialysis patients for whom
the time of sampling will be dependent on the time of the
dialysis session). Several studies, but not all, have suggested that PTH is more stable in EDTA plasma than in
serum. To summarize, while EDTA PTH is said to be stable
at room temperature for 24 h at least, serum PTH seems
to be stable for 4–6 h only. This may appear as an advantage for using EDTA plasma. However, as measurement of
calcium is impossible in EDTA plasma, using EDTA samples to measure PTH necessitates that two different tubes
are obtained. We thus prefer serum in our practice. In fact,
if we suppose that blood is drawn at 8:00 AM, it is likely
that in all laboratories, the serum sample will be assayed at

Establishing PTH reference values

Ab antibody

It may be noted that the second-generation assays are named « intact » PTH assays, while, in addition to the intact 1–84 PTH molecule, they also measure 7–84 PTH

Depends on the epitope of the anti-N-terminal Ab: No if the Yes
epitope is proximal (ex: 13–24); Yes if the epitope is distal
(ex: 26–32)
Yes
“Amino” PTH (also called N-PTH or “atypical” PTH,
possibly 1–84 PTH with phosphorylation of 17Ser)

No
Yes
C-terminal fragments (various molecular forms which do
not comprise the 1–34 amino acids)

No

No
Yes
7–84 PTH (also called “non-(1–84)” PTH, N-terminal
truncated PTH, CIP)

Yes (with various cross-reactivity)

Immunometry (“sandwich” assays)
Yes
Competition (mostly RIA)
Yes
Methodology
1–84 PTH (also called intact PTH, whole PTH, CAP, fulllength PTH, …)

Immunometry (“sandwich” assays)
Yes

C-PTH assays Mid-PTH assays “Intact” PTH assays

Whole PTH assay, Ca-PTH assay
BioIntact PTH assay

12:00 or processed appropriately (whole blood centrifuged
and serum stored at −20 °C until assayed). It must be also
noted that serum and EDTA PTH measured with the same
assay may be significantly different. This difference varies from one kit to another and may be huge. Some PTH
assays give higher EDTA values than serum values, while it
may be the opposite with other kits [9].

Most common identifications

Second-generation assays
First-generation assays

Table 1  Main PTH circulating fragments, and whether they are measured (yes) or not (no) by the various PTH assay-generations

Third-generation assays
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The first step in establishing reference values for serum
PTH is to recruit a healthy reference population. Exclusion
criteria for this population can be defined as any situation
possibly inducing an increase or a decrease in PTH concentration. Some of these conditions such as the use of a
treatment and/or the existence of a symptomatic disease are
easily identified at inclusion, but others are usually asymptomatic and may be ignored if not searched. Among these
conditions, vitamin D insufficiency (low serum 25-hydroxyvitamin D [25OHD] concentration) is highly frequent in
the general population [10] and should thus be prevalent in
an otherwise apparently healthy group. If one admits that
vitamin D insufficiency may induce an increase in PTH
secretion, and that serum PTH concentration decreases
(normalizes) when subjects are given vitamin D [11], it
is then logical to exclude subjects with vitamin D insufficiency from a reference population recruited to establish
normative data for PTH. This point has been strongly recommended in the two most recent guidelines on the diagnosis and management of asymptomatic primary hyperparathyroidism (PHPT) published in 2009 [2] and 2014 [3].
However, excluding vitamin D-insufficient subjects from
the reference group requires measuring the 25OHD level
beforehand in all subjects, a practice which greatly complicates the establishment of reference values and had not
been taken into account in many previous studies which
provided serum PTH reference values for different immunoassays [4, 12–15]. By doing this, however, it has been
demonstrated in several studies that excluding subjects with
a low serum 25OHD concentration from a reference population decreased the upper normal limit (ULN) for serum
PTH compared to what is found in the whole population
not taking vitamin D status into account [10, 16–27] (see
Table 2). A point that deserves a consensus, however, is the
25OHD cut-off below which a 25OHD concentration may
be considered “low”. Indeed, at least two 25OHD cut-offs,
50 and 75 nmol/L, are debated. The 50 nmol/L cut-off is
supported by the Institute of Medicine (IOM) report which
is targeted towards the general (healthy) population in order
to define optimal vitamin D intake (which vitamin D intake
is necessary so that most individuals in the general population have a 25OHD concentration at or above 50 nmol/L?)
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Blood samples not
Glendenning [17] 197 Healthy blood
obtained in a fasting
donors (98 women,
state, season not
99 men) aged less
reported
than 60, living in
Perth, Western
Australia. Serum creatinine <120 µmol/L
in all

25OHD of the whole
population was not
specified

iPTH by chemiluminescent immunoassay (Immulite
2000; Diagnostics
Products), secondgeneration

Fasting morning blood The 25OHD assay was Allegro Intact PTH,
280 Healthy elderly
Nichols Institute
an in-house proteinsample, performed
(140 women, 140
Diagnostics, San
binding assay that
in April–June.
men) aged 60–79,
Juan Capistrano,
was recalibrated
Dry tubes. Serums
living in the Paris
CA, second-generafter this publicapromptly frozen at
area (northern
ation
tion to match with
−20 °C. Assayed in
France). Albeit
the values obtained
batches
complaint of various
with the DiaSorin
symptoms related to
RIA 25OHD of
aging (asthenia, anxithe whole cohort
ety, loss of memory,
was not specified.
pain), they were
Insufficient vitamin
considered to be in
D status defined as
good health and did
25OHD ≤30 nmol/L
not take drugs known
(corresponding
to affect calcium
to 39 nmol/L in
metabolism
DiaSorin-equivalent). 40.4 % of
the subjects had a
25OHD above this
cut-off
CAP, IRMA, Scantibodies Laboratory,
Inc., Santee, CA,
third-generation

PTH assay(s) used in
these various studies

Souberbielle [16]

25OHD concentration of the recruited
reference population
and 25OHD cut-off
defining insufficient
vitamin D status

Reference population
that was recruited in
the different studies

References

Conditions of blood
sampling for PTH

Table 2  Summary of studies that reported PTH reference values for different assays in “vitamin D-replete” subjects

12–72 pg/mL
Serum from 255
healthy “patients”

19–8.9–101 pg/mL

9–34 pg/mL
In 113 subjects with
25OHD >39 nmol/L
(DiaSorin
RIA-equivalent)
19–68 pg/mL
In 147 subjects with
25OHD
≥50 nmol/L

10–44 pg/mL
5–39 pg/mL
128 EDTA plasma
from apparently
healthy blood donors

PTH in the recruited
reference population
after exclusion of
vitamin D-deficient
subjects
10–46 pg/mL
In 113 subjects with
25OHD >39 nmol/L
(DiaSorin
RIA-equivalent)

PTH in the entire
recruited reference
population

13–64 pg/mL
10–65 pg/mL
73 Healthy subjects
from the Boston area

Manufacturer’s PTH
normative values and
reference population
as described in the
package insert
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PTH assay(s) used in
these various studies

La’ulu [20]

Rejnmark [21]

Aloia [19]

Blood samples
927 Healthy adult
obtained in a fasting
individuals from
state, in late June to
different French
late October
geographic areas
enrolled in a national
survey for allergy
risk. All had a normal
protein-corrected
serum calcium level

LIAISON intact PTH
25OHD of the
assay, second-genpopulation was
eration
13–151 nmol/L:
3–97 percentiles.
Insufficient vitamin
D status defined as
25OHD <50 nmol/L.
45.4 % of the subjects had a 25OHD
above this cut-off
Allegro Intact PTH,
Blood samples (prob- Mean 25OHD of the
489 Women parNichols Institute
whole population
ably) not obtained in
ticipants without
Diagnostics, San
a fasting state, season was 51.5 nmol/L
comorbidities aged
Juan Capistrano,
Various 25OHD cut47.8 ± 14.6, living in not reported
CA, second-generoffs were tested
Mineola (New York
ation
area, USA)
25OHD of the popula- ElectrochemiluminesBlood samples
2316 Women aged
cent immunoassay
tion was 62 nmol/L
between 0800 and
17–87, living in Den(ECLIA) on an
(46–79): median
1300 hours not in a
mark. Blood samples
automated instru(IQR). Deficient
fasting state in all
from May 2003 to
ment (Cobas e601;
vitamin D status
subjects, season not
July 2007
Roche Diagnostics),
defined as 25OHD
reported
second-generation
EDTA plasma stored at <30 nmol/L 90.4 %
of the subjects had
−80 °C was used to
a 25OHD above this
measure PTH
cut-off
260 Healthy subjects, Blood samples (prob- 25OHD of the popula- Access 2 (Beckman
living in the Salt
Coulter, Fullerton,
tion was not speciably) not obtained in
Lake City area
CA), second-generfied. Various 25OHD
a fasting state. 130
(USA). 8 excluded.
ation
cut-offs were tested.
subjects had a blood
All included sub243 had 25OHD
sample in July–
jects had an eGFR
≥25 nmol/L,
August, and 130 in
(MDRD) >60 mL/
198 had 25OHD
February. Serum and
mn/1.73 m2 and a
≥50 nmol/L, and
EDTA plasma were
133 had 25OHD
tested
normal serum cal≥75 nmol/L
cium level

25OHD concentration of the recruited
reference population
and 25OHD cut-off
defining insufficient
vitamin D status

Souberbielle [18]

Conditions of blood
sampling for PTH

Reference population
that was recruited in
the different studies

References

Table 2  continued

3–80 pg/mL

17.3–72.9 pg/mL
105 Healthy adults

19–81 pg/mL

13.7–77.2 pg/mL
12–88 pg/mL
289 paired samples
(serum and EDTA)
from apparently
healthy subjects.
Exclusion of individuals with abnormal
calcium, creatinine,
and 25OHD

15–65 pg/mL
Reference population
not specified

17.2–67.5 pg/mL
10–65 pg/mL
73 healthy subjects
from the Boston area

PTH in the entire
recruited reference
population

Manufacturer’s PTH
normative values and
reference population
as described in the
package insert

13.6–74.9 pg/mL
In 133 subjects with
25OHD
≥75 nmol/L

16–72.6 pg/mL
In 525 women with
25OHD
≥80 nmol/L

16.0–59.6 pg/mL
In 124 subjects with
25OHD
≥70 nmol/L

3–51 pg/mL
In 421 subjects with
25OHD
≥50 nmol/L

PTH in the recruited
reference population
after exclusion of
vitamin D-deficient
subjects
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17.1–72.9 pg/mL
In 133 subjects with
25OHD
≥75 nmol/
13.7–85.1 pg/mL
In 133 subjects with
25OHD
≥75 nmol/
21.8–119.5 pg/mL
In 133 subjects with
25OHD
≥75 nmol/

17.3–73.5 pg/mL

13.8–92.2 pg/mL

21.8–123.4 pg/mL

15–65 pg/mL
Reference population
not specified
12–65 pg/mL
Serum from 255
healthy “patients”
17.3–72.9 pg/mL
105 healthy adults

16.3–64.7 pg/mL
240 subjects with
25OHD
≥75 nmol/L

10.9–69.1 pg/mL
In 133 subjects with
25OHD
≥75 nmol/

11–70.6 pg/mL

14–72 pg/mL

NA

18.1–84.2 pg/mL
In 133 subjects with
25OHD
≥75 nmol/

18.1–88.5 pg/mL

8.7–77.1 pg/mL
143 plasma samples
from apparently
healthy adults

ARCHITECT
i2000SR (Abbott
Diagnostics, Abbott
Park, IL), secondgeneration
ADVIA Centaur
(Siemens Healthcare
Diagnostics, Deerfield, IL), secondgeneration
Modular E170 (Roche
Diagnostics, Indianapolis, IN), secondgeneration
IMMULITE 2000
(Siemens Healthcare Diagnostics),
second-generation
LIAISON (DiaSorin,
Stillwater, MN),
second-generation
15–68.3 pg/mL
143 plasma samples
from apparently
healthy adults

PTH in the recruited
reference population
after exclusion of
vitamin D-deficient
subjects

PTH in the entire
recruited reference
population

Manufacturer’s PTH
normative values and
reference population
as described in the
package insert

PTH assay(s) used in
these various studies

120 Women
25OHD mean concen- Intact PTH Architect
Blood samples (dry
20–79 years, 120
(Abbott)
tration of the whole
tubes) obtained in
men 19–80 years.
group not specified. second-generation
the morning after an
All Caucasian.
All had a 25OHD
overnight fast. Blood
All had a 25OHD
concentration
centrifuged within
level ≥75 nmol/L,
≥75 nmol/L
30 mn of sampling,
serum calcium
serums aliquoted and
between 2.15 and
store at −70 °C
2.60 mmol/L,
serum phosphate
between 0.74 and
1.51 mmol/L, and
an eGFR (MDRD)
>60 mL/mn/1.73 m2.
No drug potentially
affecting calcium
metabolism except
native vitamin D3

25OHD concentration of the recruited
reference population
and 25OHD cut-off
defining insufficient
vitamin D status

Cavalier [23]

Conditions of blood
sampling for PTH

Reference population
that was recruited in
the different studies

References

Table 2  continued

J Endocrinol Invest

References

Table 2  continued

Reference population
that was recruited in
the different studies

Conditions of blood
sampling for PTH

25OHD concentration of the recruited
reference population
and 25OHD cut-off
defining insufficient
vitamin D status

Manufacturer’s PTH
normative values and
reference population
as described in the
package insert

PTH in the entire
recruited reference
population

NA

NA
14–66 pg/mL
165 EDTA plasma
from apparently
healthy blood donors
NA
12–72 pg/mL
Serum from 255
healthy “patients”

Elecsys 2010 (Roche
Diagnostics);
second-generation
Total intact PTH
IRMA (Scantibodies Laboratories);
second-generation
IMMULITE 2000
(Siemens Healthcare Diagnostics),
second-generation

NA
7.5–53.5 pg/mL
EDTA, heparin or
serum samples from
240 subjects with
normal calcium,
TSH, creatinine and
vitamin D levels
15–65 pg/mL
Reference population
not specified

Intact PTH Vitros
5600
(Ortho Clinical Diagnostics)

Access PTH intact
(Beckman-Coulter).
second-generation

NA
12–88 pg/mL
289 paired samples
(serum and EDTA)
from apparently
healthy subjects.
Exclusion of individuals with abnormal
calcium, creatinine,
and 25OHD
NA
N-Tact PTH SP IRMA 13–54 pg/mL
(DiaSorin). second- 129 serum samples
from apparently
generation
healthy young adults
NA
LIAISON (DiaSorin,), 17.3–72.9 pg/mL
105 healthy adults
second-generation
(serum)

PTH assay(s) used in
these various studies

13.7–50.2 pg/mL
240 subjects with
25OHD
≥75 nmol/L
7.8–49.7 pg/mL
240 subjects with
25OHD
≥75 nmol/L
5.4–57.1 pg/mL
240 subjects with
25OHD
≥75 nmol/L

7.2–35.7 pg/mL
240 subjects with
25OHD
≥75 nmol/L
21.3–68.2 pg/mL
240 subjects with
25OHD
≥75 nmol/L
108–47.5 pg/mL
240 subjects with
25OHD
≥75 nmol/L

10.1–47.4 pg/mL
240 subjects with
25OHD
≥75 nmol/L

PTH in the recruited
reference population
after exclusion of
vitamin D-deficient
subjects
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Deckers [24]

CAP, IRMA, Scantibodies Laboratory,
Inc., Santee, CA,
third-generation

15–68.3 pg/mL
143 plasma samples
from apparently
healthy adults

26–114 pg/mL

17–78 pg/mL
12–88 pg/mL
289 Paired samples
(serum and EDTA)
from apparently
healthy subjects.
Exclusion of individuals with abnormal
calcium, creatinine,
and 25OHD

NA
5.5–38.4 pg/mL
74 individuals with
25OHD >75 nmol/L
and serum calcium
between 2.125 and
2.525 mmol/L
NA
5–39 pg/mL
128 EDTA plasma
from apparently
healthy blood donors

Liaison 1–84 PTH
(DiaSorin); secondgeneration

PTH in the entire
recruited reference
population

Manufacturer’s PTH
normative values and
reference population
as described in the
package insert

PTH assay(s) used in
these various studies

25OHD of the popula- Access Intact PTH
Blood samples not
266 Healthy blood
assay on a UniCel
tion was 51 nmol/L
obtained in a fasting
donors aged 18–65,
DxI 800 analyser
(34–70): median
living in the region of state, performed
(Beckman Coulter,
(IQR). Insufficient
in end of summer
Brussels (Belgium)
Brea, CA, USA),
vitamin D status
(n = 157) and winter
second-generation
defined as 25OHD
(n = 109)
<50 nmol/L. 50.6 %
of the subjects had
a 25OHD above this
cut-off
25OHD of the popula- Intact PTH assay
Blood samples
738 Healthy subjects
obtained in the morn- tion was 56.7 nmol/L (Architect, Abbott
(398 women, 340
Diagnostics, Abbott
(9–183): mean
ing after light breakmen) aged 55–65,
Park, IL), second(range). Insufficient
fast without dairy
living in Netherland.
generation
vitamin D status
products, season not
LASA cohort
defined as 25OHD
reported
<50 nmol/L. 59 %
of the subjects had
a 25OHD above this
cut-off

25OHD concentration of the recruited
reference population
and 25OHD cut-off
defining insufficient
vitamin D status

Fillée [22]

Conditions of blood
sampling for PTH

Reference population
that was recruited in
the different studies

References

Table 2  continued

25–105 pg/mL
in 438 subjects with
25OHD
≥50 nmol/L

6.8–30.8 pg/mL
240 subjects with
25OHD
≥75 nmol/L
and eGFR >60
15–70 pg/mL
in 132 subjects with
25OHD
≥50 nmol/L

4.6–25.8 pg/mL
240 subjects with
25OHD
≥75 nmol/L

PTH in the recruited
reference population
after exclusion of
vitamin D-deficient
subjects
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PTH assay(s) used in
these various studies

Touvier [10]

Djennane [25]

25OHD of the popula- Intact PTH assay
Blood samples
633 Subjects from
obtained in the morn- tion was 67.8 nmol/L (Architect, Abbott
primary care (387
Diagnostics, Abbott
ing after an overnight (8–179) nmol/L
women, 244 men)
Park, IL), secondmean (range).
fast, season not
aged 18–65, living in
generation
Insufficient vitamin
reported
Netherland.
D status defined as
NESDA cohort
25OHD <50 nmol/L.
71 % of the subjects
had a 25OHD above
this cut-off
Elecsys 2010 (Roche
25OHD was
Blood samples
435 Children aged
Diagnostics);
obtained in the morn- 71.4 nmol/L
5–15 years living
second-generation
(48.5–79.5): median
ing in a fasting state
in Northern Algeria
(IQR) in September,
(Tizi-Ouzou) had
and 52.9 nmol/L
a blood sample in
(24.8–44.8) in
March 2011. 408 of
March. Overall
them had another
(March + Septemblood sample in Sepber) 323 samples
tember 2011. They
had a 25OHD
were apparently
>75 nmol/L
healthy and were
recruited from school
registry with the consent of their parents.
All has normal serum
calcium, phosphate
and creatinine.
Calcium intake was
recorded in all
Roche Cobas electroFasting blood, obtained 25OHD of the
1824 Healthy Cauchemiluminescent
population was
between October and
casian adults (991
immunometric assay
50 ± 25.75 nmol/L:
April
women, 833 men)
(Roche Diagnostics),
mean ± SD.
aged 35–65, living in
second-generation
771 Subjects had a
France. Participants
25OHD ≥50 nmol/L
in the SUVIMAX
293 Subjects
study
had a 25OHD
≥575 nmol/L

25OHD concentration of the recruited
reference population
and 25OHD cut-off
defining insufficient
vitamin D status

Deckers [24]

Conditions of blood
sampling for PTH

Reference population
that was recruited in
the different studies

References

Table 2  continued
PTH in the recruited
reference population
after exclusion of
vitamin D-deficient
subjects
19–89 pg/mL
in 450 subjects with
25OHD
≥50 nmol/L

19.4–49.3 pg/mL
In the 323 samples with
25OHD
≥75 nmol/L

13.3–45.3 pg/mL
In 293 subjects with
25OHD
≥75 nmol/L

PTH in the entire
recruited reference
population

20–101 pg/mL

20.7–69.8 pg/mL

14.3–50.8 pg/mL

Manufacturer’s PTH
normative values and
reference population
as described in the
package insert
15–68.3 pg/mL
143 plasma samples
from apparently
healthy adults

15–65 pg/mL
Reference population
not specified

15–65 pg/mL
Reference population
not specified
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PTH assay(s) used in
these various studies

13

NA not applicable

Note the definition of “vitamin D-replete” subjects differed in terms of serum 25OHD cut-off

Li [26]

25OHD of the popula- ImmunochemilumiBlood samples
898 Healthy adults
nometric assays on
tion was 59 nmol/L
obtained in a fasting
(432 women,
the LIAISON XL
(47–70.8): median
state, in all seasons
466 men) aged
(DiaSorin, Still(IQR). Insufficient
18–89 years, living in
water, MN, USA),
vitamin D status
France. Participants
third-generation
defined as 25OHD
of the VARIETE
<75 nmol/L 20.4 %
study (see extensive
of the subjects had
description of the
a 25OHD above this
inclusion/exclusion
cut-off
criteria in the paper)
Chemiluminescence
25OHD of the
1436 healthy Chinese Fasting morning
automated analyser
population was
venous blood, season
people aged 15–64,
(Roche Diagnostics),
49.7 ± 20.4 nmol/L:
not reported
living in China.
second-generation
mean ± SD. InsufExtensive description
ficient vitamin D
of the population in
status defined as
the paper
25OHD <75 nmol/L
11.7 % of the subjects had a 25OHD
above this cut-off

25OHD concentration of the recruited
reference population
and 25OHD cut-off
defining insufficient
vitamin D status

Souberbielle [27]

Conditions of blood
sampling for PTH

Reference population
that was recruited in
the different studies

References

Table 2  continued
PTH in the entire
recruited reference
population

15–65 pg/mL
Reference population
not specified

8.8–70 pg/mL

10.1–37.9 pg/mL
<38.4 pg/mL
74 individuals with
25OHD >75 nmol/L
and serum calcium
between 2.125 and
2.525 mmol/L

Manufacturer’s PTH
normative values and
reference population
as described in the
package insert

7.5–60.7 pg/mL
168 subjects with
25OHD
≥75 nmol/L

9.4–28.9 pg/mL
In 183 subjects
In 293 subjects with
25OHD
≥75 nmol/L
and eGFR >60

PTH in the recruited
reference population
after exclusion of
vitamin D-deficient
subjects
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[28]. The 75 nmol/L cut-off is supported by the Endocrine
Society and is intended for the care of the patients [29]. In
our opinion, this 75 nmol/L cut-off value is the one that
should be used when recruiting “vitamin D-replete” subjects to establish PTH normal values. This is not because
we think that everybody needs a 25OHD concentration
above 75 nmol/L, but rather because many reports and
meta-analyses have concluded that serum PTH concentration may still be elevated in some subjects if their 25OHD
concentration is below 70–80 nmol/L, and decreases when
these subjects are given vitamin D [29]. Another point
which should be taken into account in the inclusion criteria
for establishing PTH reference values is renal function. It
is generally accepted that PTH may rise in some patients
when estimated glomerular filtration rate (eGFR), assessed
with the MDRD or the CKDepi formula, is below 60 mL/
mn/1.73 m2 [30]. Such eGFR below 60 mL/mn/1.73 m2
may be present but ignored in some apparently healthy subjects, especially in those aged more than 60 years.
Another issue concerning PTH reference values is
whether the reference population should be stratified
according to various factors such as age, gender, menopausal status, body mass index, and race. Indeed, it has
been reported for example that serum PTH is higher in
black than in white people [31], in overweight than in
lean individuals [10], and in the elderly than in the young
[32]. However, 25OHD is also known to be usually lower
in black than white people [31], in overweight than in lean
persons [10], and in the elderly than in the young [31], and
this can explain part of the higher PTH concentration found
in blacks, overweight, and elderly people. These differences in vitamin D status between young and old, whites
and blacks, lean and overweight individuals should thus
be re-evaluated in vitamin D-replete subjects. We found
for example in [10] that the PTH concentration differed by
weight status in the French general population (higher in
overweight) but that this difference disappeared in subjects
with higher vitamin D status (25OHD ≥75 nmol/L). However, age may be an independent determinant of PTH concentration with higher levels in older persons as suggested
in several studies [33]. For example, our recent results in a
cohort of French healthy subjects suggested that PTH reference values should be stratified for age, as subjects older
than 60 years had higher PTH concentrations than younger
subjects, independent of vitamin D status and renal function [27]. However, given the small number of “vitamin
D-replete” subjects (i.e. with a 25OHD level ≥75 nmol/L)
over 60 years old in this study, we were unable to provide
separate reference values for younger and older subjects.
Last but not least, dietary calcium intake of the subjects
included in a reference population for PTH concentration
should probably be considered. In an evaluation of the vitamin D status and its determinants of children/adolescents

from Northern Algeria, we showed that for a given category of 25OHD concentration (all children whatever their
25OHD concentration, those with a 25OHD ≥50, and those
with a 25OHD ≥75 nmol/L), low calcium intake (i.e. below
the median intake of 623 mg/day found in our population)
was significantly associated with higher mean PTH concentrations than in those with higher calcium intake [25].
Finally, it must be mentioned that questions remain concerning the PTH concentrations in children and in pregnant
women. Several studies that measured PTH in healthy children reported concentrations that varied with age [34, 35].
However, these age-related variations were different across
studies with higher values in teenagers in some studies [34]
or in prepubertal children in others [35]. These discrepancies may be explained by the fact that these studies were
usually not designed to evaluate specifically the paediatric
PTH concentrations and thus did not take into account the
various determinants of PTH secretion listed above. In our
above-mentioned study performed in healthy children from
Northern Algeria [25], the PTH values were perfectly similar to what we found in healthy adults with the same kit
[23]. We thus believe that, assuming that the determinants
of PTH concentration are taken into account when recruiting a paediatric reference population, PTH concentrations
are similar in children and adults. The data concerning the
PTH levels in pregnant women are also conflicting. While
it is clear that, compared to non-pregnant women, calcium
and phosphate levels are unchanged in pregnancy and that
calciuria, 1,25-dihydroxyvitamin D, and PTHrP increase
significantly [36], data on PTH measured with secondgeneration assays are conflicting as some studies showed
a strong decrease [36–38], while others found no change
[39–43].
Looking at Table 2, it may be noted that different authors
who took vitamin D status into account when describing
PTH reference values did not find similar ULN, even when
using the same PTH kit. As an example, we can consider
a widely used PTH assay, the Cobas/Elecsys/Modular kit
from Roche Diagnostics, for which the manufacturer’s
ULN is 65 pg/mL. With this kit, we found a serum PTH
ULN of 50 pg/mL in 240 healthy Belgian subjects with a
serum 25OHD ≥75 nmol/L [23], 49.3 pg/mL in 323 healthy
children from Northern Algeria with a 25OHD ≥75 nmol/L
[25], and a plasma PTH ULN of 45.3 pg/mL in 293 healthy
French adults with a 25OHD ≥75 nmol/L [10]. With the
same kit, La’ulu found that the ULN of serum PTH values was 60.3 pg/mL when their analysis was restricted to
133 apparently healthy subjects with a 25OHD concentration ≥75 nmol/L [20], Li et al. [26] found a serum PTH
ULN of 56.8 pg/mL in 168 healthy Chinese subjects with
a 25OHD ≥75 nmol/L, while Rejnmark et al. [21] found
that the plasma PTH ULN was 67 pg/mL in 525 Danish
women with a 25OHD level ≥80 nmol/L. Explaining the
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differences between these results, and specially those of the
well-conducted study by Rejnmark, and our results is not
obvious at first glance. Indeed, the fact that they explored
only women should not explain their higher PTH limit than
in some of our studies [10, 23, 25] as we did not find different PTH levels in men and in women. The larger age range
of the Rejnmark’s population compared to our studies [10,
23, 25] may explain some (but not much) of the difference because, as indicated above, age may be a significant
determinant of PTH concentration with higher PTH levels
in older compared to younger subjects. In our opinion, the
most important reason for these different results resides in
the way the blood samples were obtained (i.e. in the early
morning after an overnight fast in our studies [10, 23, 25],
and between 08:00 and 13:00 in a non-fasting state in the
Rejnmark study [21]). Indeed, circadian variation of PTH
concentration is well documented with higher concentration during the late morning–early afternoon period than
during early morning hours [44–46]. As a possible consequence, the distribution of PTH values in the Rejnmark’s
study was not Gaussian (skewed to the right). As their
mode of calculation of the reference range was based on the
nonparametric percentile method, it is thus highly plausible
that a subset of their population who had a blood sample at
the latest hours influenced the distribution of the PTH values and was responsible for the higher ULN. In one of our
recent studies on this topic [27], we used the Horn algorithm to determine the PTH reference range in a large population of healthy French subjects after elimination of the
outliers [47]. In brief, this statistical method needs first that
evaluation of the normality of the distribution of the PTH
concentrations is performed (Kolmogorov test). If the distribution is non-Gaussian, the raw data are log-transformed,
the Gaussian nature of the log-transformed data is tested,
and the quartiles 1 and 3 (Q1 and Q3) and the interquartile
range (IQR) of the log-transformed data are calculated (if
the log-transformed data are not Gaussian, use the Box and
Cox method to approximate a Gaussian distribution). Outliers are then defined as PTH concentrations below Q1–1.5
IQR and above Q3 + 1.5 IQR of the log-transformed values. Then, the 95 % confidence interval in the remaining
subjects is calculated (after elimination of the outliers).
Using this statistical method, the PTH ULN is lower than
the one calculated when using the nonparametric method.

Clinical consequences of using PTH reference
values established in vitamin D‑replete subjects
with a normal renal function
As stressed above, using PTH reference values which
take vitamin D status and renal function into account will
decrease the ULN when compared to what is generally
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obtained in an apparently healthy general population without considering vitamin D status and eGFR. The clinical
value of decreasing the PTH ULN concentrations may,
however, be questioned. The obvious consequence is that,
in clinical practice, much more patients will be detected as
having an increased PTH concentration. It is thus important
to evaluate whether these patients have a potential reason
for an increased PTH secretion, a question which, in many
cases, will need additional explorations. In 2003 [48], we
validated in 708 well-documented consecutive osteopenic
patients the upper PTH limit of 46 ng/L that we found
with the Nichols Allegro assay after exclusion of vitamin
D-deficient subjects from a reference population (compared to the 65 ng/L ULN of the manufacturer) [16]. We
showed that our proposed reference values increased the
detection of high PTH levels in normocalcemic patients
having a potential reason for an abnormal PTH secretion
(better sensitivity), with no more than 3 % of patients with
a PTH above 46 ng/L and no reason for an increased PTH
secretion (no loss of specificity). The gain in sensitivity was important as among 348 patients with a potential
cause of increased PTH, 46 (13.2 %) had a concentration
above 65 ng/L, whereas 126 (36.2 %) had a concentration
above 46 ng/L. Similarly, in a recent study on the effects of
parathyroidectomy on bone mineral density, we found that
more than half of our 39 patients with a surgically proven
normocalcemic PHPT, and 40 % of those with a hypercalcemic but asymptomatic form of the disease, had a serum
PTH concentration measured with the Roche Cobas automated assay below the upper normal value of 65 ng/L of
the manufacturer [49].
Clinical consequences of using PTH reference values
established according to our proposals do not resume to
patients with endocrine/bone disorders and a normal renal
function. Indeed, although not usually concerning the endocrinologists, we would like to address the case of chronic
kidney disease (CKD) with emphasis on dialysis patients.
It is well documented that PTH tends to increase as soon as
the GFR decreases below 60 mL/mn/1.73 m2. The reasons
are multiple, including a decrease in calcitriol production
due to phosphate retention and increased FGF23 secretion,
a progressive shift to the right of the calcium set-point, and
a resistance to PTH action for poorly understood reasons. In
non-dialysis patients with CKD, the recommendation of the
KDIGO guidelines [30] is to try to maintain the PTH concentration within the normal range, using primarily native
vitamin D, calcium salts, and non-calcium phosphate binders, and keeping more active treatments such as calcitriol
analogs or calcimimetics for patients in whom the primary
treatment failed to decrease PTH. It must be noted that
this recommendation is based on results mostly obtained
with the Allegro intact PTH assay whose reference range
was not established in vitamin D-sufficient subjects. It
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should probably be revisited if excluding vitamin D-insufficient subjects and subjects with a (moderately) low GFR
becomes the rule when establishing PTH reference values.
Having said that, most nephrologists consider that a PTH
concentration close to twice the ULN is not a problem in
patients with advanced CKD (stages 4 and 5). The case is
different in dialysis patients for whom it is a consensus to
target higher PTH levels. According to the KDIGO guidelines [30], the PTH concentration of the patients treated by
dialysis should be maintained within twice and nine times
the ULN of the PTH assay. Indeed, both too low and too
high PTH concentrations are better avoided in dialysis
patients because low PTH levels are associated with low
turnover bone disease and high PTH levels are associated
with osteitis fibrosa cystica and increased mortality. The
choice of the KDIGO expert panel to define the optimal
PTH range for dialysis patients in terms of multiple of the
ULN of a given PTH assay rather than in absolute concentration in pg/mL was an elegant way to overcome the
huge inter-method variability of PTH results. However, as
the PTH reference values for a given kit may greatly differ as a function of the reference population (see Table 2),

classification of a dialysis patient according to the KDIGO
target range (below, within, or above ×2–×9 ULN) may
be influenced by the way the reference population for
PTH concentration has been recruited. In a study published in 2012 [23], we measured serum PTH with 10 different kits in 149 haemodialysis patients and 240 healthy
subjects with a 25OHD concentration ≥75 nmol/L and an
eGFR >60 mL/mn/1.73 m2. We showed that when using the
manufacturer’s ULN of these 10 PTH kits, many dialysis
patients were classified differently by the 10 kits and that
these discrepancies were significantly reduced when we
used the ULN derived from our healthy population of 240
subjects to define the KDIGO target range.
Last, it should also be highlighted that several metaanalyses of prospective cohort studies performed in apparently healthy populations have reported that subjects in
the highest quartile or quintile of PTH concentrations are
at higher risk of cardiovascular events [50] and all-cause
mortality [51]. After adjustment for different confounding
factors, PTH was considered as an independent risk factor.
This also argues for the necessity of obtaining appropriate
threshold for normal PTH values.

Table 3  Summary of the various determinants of PTH concentration that should be considered when establishing PTH reference values, and
how they could influence the reference range
Pre-analytical and post-analytical determinants
Nature of the blood sample (Serum or EDTA plasma)

Time of sampling and fasting status

Mode of calculation of the reference range

Metabolic and endogenous determinants
Vitamin D status (25OHD concentration)
Renal function (eGFR)
Calcium intake (alimentary and/or supplemental)
Race
Weight status

Age

Pregnancy
Paediatry

Some assays give higher values in EDTA plasma, while other assays give higher results
in serum. PTH more stable in EDTA plasma, but serum allows measuring calcium (not
possible in EDTA plasma). For this reason, serum is preferred
Due to circadian variations in calcium, phosphate, and PTH concentration, and to the
decrease in PTH secretion after the consumption of calcium containing foods, it is
recommended to use samples obtained in the morning in a fasting state
The distribution of PTH concentration is usually not Gaussian, and several outliers are
usually present when testing an apparently healthy population. It is recommended to
use a statistical method that renders the distribution Gaussian and eliminate the outliers
(i.e. the Horn method—see text)
PTH is usually increased in vitamin D-insufficient subjects. ULN is lower when vitamin
D-insufficient subjects are excluded from the reference population
PTH may be increased when GFR is <60 mL/mn/1.73 m2. ULN is lower when subjects
with impaired renal function are excluded from the reference population
PTH increased in case of chronic low calcium intake
PTH higher in Blacks compared to white subjects. Independent determinant or due to
the fact that Blacks have lower vitamin D status than whites? (more studies needed)
PTH higher in overweight/obese compared to lean subjects. Independent determinant or
due to the fact that obese have lower vitamin D status than lean subjects? (more studies
needed)
PTH higher in older (>60 years) compared to young subjects. Independent determinant
or due to the fact that old subjects have lower vitamin D status and lower eGFR than
young subjects? (more studies needed)
Unclear: some studies report much lower PTH values in pregnant women compared to
non-pregnant, while other studies report similar levels (more studies needed)
There are no firm data supporting that children have different PTH concentrations than
young adults
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Conclusion and perspectives

References

PTH measurement is now very frequently performed
in routine clinical practice and is essential for a correct
diagnosis of disorders of calcium/phosphorus metabolism and for the care of patients with CKD. The reference values for PTH concentration may significantly
differ, especially in terms of ULN, in function of the
inclusion/exclusion criteria that are used to recruit a reference population, with potential differences in the interpretation of a PTH concentration in a given patient. In
our opinion, an important international multicentre work
should be performed to recruit a very extensive reference
population of apparently healthy vitamin D-replete subjects with a normal renal function in order to establish
the PTH normative data for all the available PTH kits.
Attention should be paid to several determinants of PTH
concentration, especially calcium intake, and age with
possible stratification according to age (Table 3). Due to
the huge inter-method variability in PTH measurement,
a sufficient quantity of blood sample should be obtained
into allow measurement with as many assays as possible.
Pre-analytical and analytical criteria must also be considered, especially the type of sample (serum or plasma—
we prefer serum as stressed above), the time of sampling
and the fasting/non-fasting status (we recommend early
morning samples in a fasting state). Outliers should be
detected by one of the recommended statistical methods
and eliminated from the included subjects. These proposals correspond to our opinion, but we acknowledge that
an international, multidisciplinary consensus is necessary. We must also remind the reader that a PTH concentration should always be interpreted in function of the
concomitant calcemia (i.e. measured on the same sample
than PTH [52]) and that a low calcium level associated
with a low-normal PTH, or a high calcium level associated with a high-normal PTH, is indicative of a parathyroid disorder.
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