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Interpretation of serum parathyroid hormone concentrations
in dialysis patients: what do the KDIGO guidelines change
for the clinical laboratory?
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Abstract
The Kidney Disease: Improving Global Outcomes (KDIGO)
have recently replaced the K/DOQI guidelines to help
nephrologists in diagnosing, treating and monitoring chronic
kidney disease mineral and bone disorders (CKD-MBD).
Here, we comment on the KDIGO recommendations concerning the interpretation of parathyroid hormone (PTH)
concentrations in dialysis patients: ‘‘In patients with CKD
stage 5D, we suggest maintaining iPTH in the range of
approximately two to nine times the upper normal limit of
the assay. We suggest that marked changes in PTH concentrations in either direction within this range prompt an initiation or change in therapy to avoid progression to
concentrations outside of this range’’. Our comments concern the interpretation of PTH in dialysis patients, but also
the more global problem of establishing normal values for
PTH.
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alization, bone growth and/or bone strength, and 3) extraskeletal calcification including vascular calcifications. The
term renal osteodystrophy now relates only to anomalies
diagnosed during the histomorphometric evaluation of a
bone biopsy. Since 2003, the nephrologists relied on the
K/DOQI guidelines (1) to diagnose, treat, and monitor CKDMBD. Since the publication of the K/DOQI, new information has become available, justifying an update of these
recommendations. This was achieved with the Kidney Disease: Improving Global Outcomes (KDIGO) initiative, first
published as a summary of a consensus conference (2), and
recently (August 2009) updated as more extensive guidelines
(3). Several differences between the K/DOQI and the KDIGO guidelines are the main biological parameters of calcium/
phosphorus and bone metabolism, as summarized in Table
1. We must stress that the overall level of evidence for these
recommendations is low, and that the need for further
research is great as emphasized by the authors of the KDIGO. However, these guidelines may help the clinical Nephrology practice, specially those nephrologists who lack the
time to read (and ‘‘digest’’) the great amount of new, highly
specialized medical and scientific literature. In the present
review we aim to comment on the KDIGO recommendation
concerning the interpretation of PTH serum levels in dialysis
patients (stage 5D CKD patients), which states: ‘‘In patients
with CKD stage 5D, we suggest maintaining iPTH levels in
the range of approximately two to nine times the upper normal limit for the assay. We suggest that marked changes in
PTH levels in either direction within this range prompt an
initiation or change in therapy to avoid progression to levels
outside of this range’’. Again, as acknowledged by the KDIGO work group, the level of this recommendation is weak,
based on a low level of evidence.

Introduction
Chronic kidney disease mineral and bone disorders (CKDMBD) are well known consequences of decreases in glomerular filtration rate (GFR). They include 1) anomalies in
calcium, phosphorus, parathyroid hormone (PTH), or vitamin
D metabolism, 2) anomalies in bone turnover, bone miner*Corresponding author: Jean-Claude Souberbielle, Laboratoire
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The KDIGO PTH range and the PTH reference
values
Secondary hyperparathyroidism (SHPT) is a common feature
associated with decreased GFR. The mechanism by which
SHPT occurs in CKD is complex, and involves among other
things hyperphosphatemia, high FGF 23 (fibroblast growth
factor 23) secretion, decreased renal production of calcitriol,
a shift in the calcium set-point, and skeletal resistance to
PTH. SHPT can be considered an appropriate adaptative
response to a decreasing GFR in order to maintain calcium/
phosphorus homeostasis. However, SHPT may have delete-
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Table 1 Differences between the K/DOQI and the KDIGO for the four main parameters of calcium/phosphorus metabolism.

Serum
Serum
Serum
Serum

calcium
phosphate
PTH
25OH vitamin D

K/DOQI

KDIGO

2.10–2.37 mmol/L
1.10–1.80 mmol/L
150–300 pg/mL
Not recommended in CKD stage 5D

Reference range of the laboratory
Tend toward the reference range of the laboratory
2–9 times the upper limit of normal
Maintain within 30–100 ng/mL

rious consequences on bone turnover and mineralization and,
in its severe forms, may lead to osteitis fibrosa cystica. SHPT
may also become autonomous, leading to tertiary (hypercalcemic) hyperparathyroidism. However, it is clear that many
patients with CKD do not exhibit a sufficient increase in
PTH concentrations, or have some degree of resistance to
PTH (of unclear mechanism). This implies that their bone
turnover is lower than expected considering their serum PTH
concentrations. This corresponds to adynamic bone disease
and is associated with a tendency for hypercalcemia and an
increased risk of vascular calcifications. Thus, both too high
and too low PTH concentrations are better avoided in
patients with CKD, leading experts to propose an optimal
range for serum PTH concentrations. As mentioned above,
the recommended target range for serum PTH in dialysis
patients has changed from 150 to 300 pg/mL in the K/DOQI,
to 2–9 times the upper limit of normal in the KDIGO. This
raises several issues. We must remember that the K/DOQI
target range for serum PTH concentrations was derived from
studies performed in the late 1980s–early 1990s that compared bone biopsy data from dialysis patients to serum PTH
concentrations measured with the (no longer available) Allegro Intact PTH assay (Nichols Institute Diagnostics) (4).
Since then, it has been reported that any kind of bone turnover could be found for PTH values between (grossly)
100–500 pg/mL (5), with no intervention study showing a
survival benefit for any range of PTH concentrations. Other
studies reported that for dialysis patients, PTH concentrations
are associated with mortality only for the highest concentrations (above 400–600 pg/mL) (6, 7). For these reasons, the
K/DOQI PTH range (150–300 pg/mL) has been expanded
in the KDIGO, corresponding for example to 130–585 pg/mL
with the Allegro assay when the manufacturer’s upper limit
of normal of 65 pg/mL is considered. Another point requiring discussion is why the KDIGO propose a target PTH
range based on multiples of the upper normal limit, rather
than absolute concentrations, such as in the K/DOQI. To
understand this, the inter-method variability in PTH
measurements should be considered (8). Indeed, while the
K/DOQI proposed the same PTH target range whatever the
assay used, the PTH concentration in a given sample may
vary by a factor )2, depending on the assay used. A comparison of PTH assays available in France during 2005 found
that the PTH concentration in a given sample might be either
below or above the K/DOQI target range using the assays
that produced the lowest and the highest concentrations,
respectively. This could potentially cause opposite diagnostic/therapeutic conclusions (8). Thus, what may be not clinically relevant when assay-specific clinical cut-offs are used,
may become highly problematic when the same clinical cut-

off for a diagnostic/therapeutic decision is used, whatever
the assay method used. Since the standardization of PTH
assay methods is highly difficult to achieve due to the lack
of an international standard made of recombinant 1–84 PTH,
and also to the variable cross-reactivity of PTH fragments to
the different assays, the proposition by the KDIGO work
group to use a target range for serum PTH based on the upper
limit of the normal values is a pragmatic way to overcome
this problem of inter-method variability in PTH assays. However, we have some concerns that necessitate discussion
about PTH reference values. Reference values for serum
PTH concentrations are obtained by measuring PTH in a
reference population of apparently healthy subjects. Exclusion criteria for this population are extremely important and
correspond to any cause of altered PTH secretion, including
vitamin D insufficiency. This last point is important, because
according to most reports (9), vitamin D insufficiency is very
frequent in the general population and should therefore be
prevalent in an otherwise apparently healthy group recruited
to establish PTH reference values. However, excluding vitamin D deficient subjects from the reference group requires
measuring 25-hydroxy vitamin D (25OHD) concentrations
beforehand in all subjects, a practice which complicates
establishment of PTH reference values, and which was not
considered in most studies that provided serum PTH reference values for different immunoassays (10–12). However,
we have demonstrated that excluding subjects with low
serum 25OHD concentrations from a reference population
decreased the upper normal limit for serum PTH by
25%–35%, depending on the assay being considered and
compared to the initial reference populations we.g., 46 pg/mL
instead of 65 pg/mL with the Allegro intact PTH assay (13)x.
As a result of this example, the KDIGO target range for the
Allegro assay would have been 130–585 pg/mL using the
manufacturer’s upper normal limit of 65 pg/mL, whereas it
would have been 92–414 pg/mL using our proposed upper
limit of 46 pg/mL. Thus, for a given PTH assay, the normal
values, and consequently the KDIGO target range may vary
significantly, depending on the reference population that has
been recruited, and especially whether vitamin D status has
been considered. In addition, several other determinants of
PTH concentrations should also be considered including age,
GFR, calcium intake, race, and body mass index (BMI), as
suggested by the expert panel who published the last recommendations for the diagnosis of asymptomatic primary
hyperparathyroidism (14). Thus, waiting for more definitive
studies (i.e., establishment of PTH reference values for all
the available assays, using the same extensive population of
vitamin D-replete normal subjects, with stratification according to age, GFR, calcium intake, ethnicity«), nephrologists
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will need to rely on the reference range provided by the
laboratory, even if the reference population is not clearly
described. As an illustration of this problem, we reported
recently in this journal a systematic 30% difference between
PTH concentrations measured with the Roche Diagnostics
Elecsys assay and the Abbott Diagnostics Architect assay
(higher values with the Architect assay). However, the manufacturer’s upper limit of normal for these two kits is similar
(65 pg/mL and 68 pg/mL for the Elecsys and the Architect
assay, respectively), suggesting that the reference populations
for these two kits differed significantly in terms of inclusion
criteria (15).

Interpretation of a serum PTH in dialysis
patients
As indicated above, the recommendation of the KDIGO
guidelines is to consider the evolution of PTH concentrations
in a given patient (rather than its absolute concentration) to
initiate therapeutic changes. Furthermore, the KDIGO group
acknowledges that the concentration of other parameters,
such as serum calcium, phosphorus, 25OHD, and alkaline
phosphatase, and their evolution must be considered for the
interpretation of serum PTH concentrations and for therapeutic decisions. This seems obvious, but was not clearly
stated in the K/DOQI guidelines. In practice, a PTH concentration in the middle of the recommended range should not
result in the same therapeutic considerations if the previous
concentrations were above or below the target range (as illus-

trated by the two examples in Table 2), or, in case of stability,
when it is associated to high/normal high or low/normal low
serum calcium and/or phosphorus (as illustrated by other
examples in Table 3). Schematically, an increase in PTH concentrations toward the upper limit of the recommended range
should induce treatment to decrease PTH, while decreases
will favor stopping or decreasing such treatment. However,
for a given high or high normal PTH value, PTH-lowering
treatment should be preferably a calcimimetic when high or
high normal calcium concentrations are present, and an
active vitamin D compound in cases with low or low normal
serum calcium concentrations.
Finally, two other points deserve brief comment. First,
contrary to the K/DOQI, the KDIGO recommendation is to
correct vitamin D deficiency/insufficiency in dialysis
patients. This entails measuring serum 25OHD concentrations and is a prerequisite in cases with high PTH before
treating with active vitamin D or a calcimimetic. Indeed,
numerous studies suggest that this supplementation which is
simple, cheap, and very well tolerated may be beneficial,
even for patients undergoing dialysis (3). Indeed, besides its
potential pleiotropic effects (16), vitamin D supplementation,
moderately, but significantly, reduces PTH concentrations in
dialysis patients (17). Second, we welcome the proposition
by the KDIGO to add the measurement of total alkaline
phosphatase, and of the bone isoenzyme when total alkaline
phosphatase is abnormal, into the panel of bone-related parameters. Indeed, while PTH has important effects on bone
turnover, serum PTH concentrations cannot be considered as
a surrogate bone marker. As indicated above, any bone turn-

Table 2 Dynamic interpretation of the biological results of two dialysis patients (case 1 and case 2) with the same PTH concentration
(300 pg/mL), but a very different physiological evolution.

Case 1
PTH, pg/mL
(10–65 pg/mL)
Serum calcium, mmol/L
(2.20–2.60 mmol/L)
Serum phosphate, mmol/L
(0.85–1.5 mmol/L)
Total alkaline phosphatase, IU/L
(30–130 IU/L)
Case 2
PTH, pg/mL
(10–65 pg/mL)
Serum calcium, mmol/L
(2.20–2.60 mmol/L)
Serum phosphate, mmol/L
(0.85–1.5 mmol/L)
Total alkaline phosphatase, IU/L
(30–130 IU/L)

Baseline

3 months

6 months

878

478

300

2.36

2.45

2.5

1.6

1.7

1.8

220

156

108

69

187

300

2.5

2.45

2.29

1.9

1.7

1.5

40

78

159

PTH-lowering
treatment

x

≠

In case 1, PTH decreases over the 6-month period with a concomitant decrease in alkaline phosphatase activity and an increase in serum
calcium. To avoid adynamic bone disease, PTH-lowering treatments will be decreased. In case 2, PTH increases over the same period while
serum calcium and phosphate both decrease. To prevent severe secondary hyperparathyroidism, PTH-lowering treatments will be increased
by the nephrologists. These two cases illustrate the KDIGO recommendation to take into account the evolution of the biological parameters
rather than an absolute value. PTH-lowering treatments include calcium (dietary, supplemental, or through dyalisate), active vitamin D
compound or cinacalcet.
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Table 3 Examples of possible interpretations of the same serum PTH concentration (arbitrarily 300 pg/mL) measured in a dialysis patient
with respect to the other parameters of calcium/phosphorus metabolism.
Suspicion of«

Serum calcium,
mmol/L
(2.20–2.60
mmol/L)

Serum phosphate,
mmol/L
(0.85–1.45
mmol/L)

Serum
PTH, pg/mL
(10–65
pg/mL)

Serum
25OHD, nmol/L
(75–200
nmol/L)

Serum bone alkaline
phosphatase, mg/L
(5–20 mg/L)

Moderate secondary
hyperparathyroidism
Adynamic bone
Tertiary
hyperparathyroidism

2.15

1.7

300

12

27

2.5
2.65

1.4
2.0

300
300

28
39

7
35

Normal values are in brackets.

over may be associated with PTH concentrations ranging
from 100 to 500 pg/mL (5). It must be remembered that bone
turnover is quite a slow process, which can take a few weeks,
in cases of high bone turnover, to a few months, or years in
cases of adynamic bone disease, whereas secretion of PTH
is a very quick process (minutes) in response to variations
of ionized calcium. Thus, an isolated measurement of serum
PTH is unlikely to provide a valid representation of bone
turnover, except in cases with extremely low or high values.

Choosing a PTH assay
The KDIGO recommend that ‘‘«clinical laboratories inform
clinicians of the actual assay method in use and report any
change in methods, sample source (plasma or serum), and
handling specifications«’’. The choice of a PTH assay is
thus not only of interest for the laboratory, but also for the
clinician. PTH is an 84 amino-acid peptide. For PTH calcemic effects to be exerted, the very first amino-acids of the
N-terminal end of the hormone must be present. The socalled ‘‘intact’’ PTH assays (second-generation PTH assays)
are used by most laboratories worldwide. It is now well
established that in addition to 1–84 PTH, the secondgeneration PTH assays measure ‘‘N-truncated’’ fragments
(such as 7–84 PTH) that have been shown in experimental
studies to exert effects that are opposite to those of 1–84
PTH (18). Since 1999, third-generation PTH assays that do
not cross-react with 7–84 PTH are available (19). Although
highly interesting in better understanding PTH physiology,
these assays have not been found to provide more clinically
meaningful information than the second-generation PTH
assays when compared to bone biopsy data (20–22). Adding
to this finding is the fact that the only currently available
third-generation assay is an immuno-radiometric assay, available to a limited number of laboratories only and the KDIGO
working group did not recommend its use (3). However, we
believe that for the third-generation assays, further studies
are needed to evaluate the diagnostic sensitivity for altered
bone turnover better as well as their ability to predict other
outcomes, such as mortality, as suggested by one study (23),
or vascular calcification. This is more feasible since the new
fully automated third-generation assays will soon become
available. Furthermore, since the third-generation assays pro-

duce lower values than the second-generation PTH assays,
their use was not possible with the KDOQI target PTH ranges or able to correct PTH concentrations using a specific
factor (24) or modify the target PTH range; two solutions
that are far from perfect. This is no longer a problem with
the KDIGO as the new target range depends on the upper
limit of normal for a given PTH assay, including the thirdgeneration assays. Finally, preanalytical considerations must
be taken into account, specially the nature of the blood sample. Significant differences in PTH concentrations measured
in serum and EDTA plasma have been reported with some
assays, such as the Immulite PTH assay (25–27). To account
for these differences, the manufacturer proposes normal values that are different for serum and EDTA plasma, with the
consequent differences for the KDIGO target range for dialysis patients. Thus, it is important that the laboratory gives
the nephrologist clear indications concerning the nature of
the specimen type to be used for PTH measurements, as
requested by the KDIGO. Although there is no consensus,
we prefer serum for practical reasons, such as the possibility
of measuring calcium in serum, but not in EDTA plasma,
and the necessity for filling the EDTA tube, but not the tube
for collection of serum (28). However, as PTH collected in
EDTA has been reported to be slightly more stable than PTH
in serum at room temperature (25, 29), it is important to
standardize the storage of the serum samples if not assayed
immediately. Our recommendation is to freeze the serum at
–208C within 4–6 h of blood collection. Special cases can
occur when a blood sample is collected in the evening at a
dialysis centre and sent to the laboratory the next morning.
We demonstrated previously that if the primary tube is a gel
type serum tube and is centrifuged without opening in the
dialysis centre (assuming that the dialysis center has a centrifuge), measurement of serum PTH may be delayed by at
least 18 h if the primary tube is maintained at 48C (30).
Serum seems also preferable when samples have to be stored
for long periods of time at –808C, such as for research
studies (31).

Conclusions
The recommended target range for serum PTH in dialysis
patients has changed from 150 to 300 pg/mL in the K/DOQI,
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to 2–9 times the upper limit of normal in the KDIGO. While
this will minimize the problem of inter-method variability of
PTH measurement, this also raises questions regarding the
establishment of normal values for serum PTH, and especially the definition of the reference population. The good
news is that this will reinforce the dialogue between nephrologists and clinical chemists.
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