
V

J
a

b

c

d

a

A
R
R
A

K
V
P
P
B

1

c
i
D
a
8
i
p
m
d
e
w
T
s
a
e

B

N
T

0
d

Journal of Steroid Biochemistry & Molecular Biology 121 (2010) 199–203

Contents lists available at ScienceDirect

Journal of Steroid Biochemistry and Molecular Biology

journa l homepage: www.e lsev ier .com/ locate / j sbmb

itamin D and primary hyperparathyroidism (PHPT)�

ean-Claude Souberbiellea,b,c,∗, Emilie Mauryc,d, Gérard Friedlandera,b,c, Catherine Cormierc,d

Service d’Explorations Fonctionnelles, Hôpital Necker-Enfants Malades, Paris, France
Faculté de Médecine, Centre de Recherche Croissance et Signalisation (INSERM U845), Paris, France
Université Paris Descartes, France
Service de rhumatologie, hôpital Cochin, APHP, Paris, France

r t i c l e i n f o

rticle history:
eceived 28 October 2009
eceived in revised form 22 March 2010
ccepted 26 March 2010

eywords:
itamin D
rimary hyperparathyroidism

a b s t r a c t

Vitamin D deficiency and PHPT are two common conditions, especially in postmenopausal women. Vita-
min D deficiency is said to be even more frequent in PHPT patients than in the general population due
to an accelerated conversion of 25OHD into calcitriol or 24-hydroxylated compounds. Although several
studies have reported worsening of PHPT phenotype (larger tumours, higher PTH levels, more severe bone
disease) when vitamin D deficiency coexists whereas vitamin D supplementation in PHPT patients with a
serum calcium level <3 mmol/L has been shown to be safe (no increase in serum or urinary calcium) and
to decrease serum PTH concentration, that many physicians are afraid to give vitamin D to already hyper-
arathyroid hormone
iological reference values

calcemic PHPT patients. On the other hand, it is possible that, in some patients, a persistent vitamin D
deficiency induces, in the long-term, an autonomous secretion of PTH (i.e. tertiary hyperparathyroidism).
The mechanism by which this could occur is unclear however. Finally, as many, otherwise normal, sub-
jects with vitamin D insufficiency may have an increased serum PTH level we believe that those with
vitamin D insufficiency should be excluded from a reference population for serum PTH levels. By doing

per n
that, we found that the up

. Introduction

Primary hyperparathyroidism (PHPT) and vitamin D insuffi-
iency are two frequent conditions. The diagnosis of vitamin D
nsufficiency is based on the measurement of 25-hydroxy vitamin

(25OHD) in serum/plasma. Depending on the studied population,
nd on the 25OHD cut-off value below which it is defined (50, 75,
0, or 100 nmol/L for example), vitamin D insufficiency is found

n approximately 30% to almost 100% of cases [1]. According to
opulation-based surveys, PHPT is now considered as the third
ost frequent endocrinopathy (after diabetes mellitus and thyroid

iseases), with a prevalence of approximately 1/1000 in the gen-
ral population but 1–3% (and sometimes more) in menopausal
omen depending on the biological diagnostic criteria used [2].
he diagnosis of PHPT is usually based on the measurement of
erum calcium and parathyroid hormone (PTH) levels showing
high (or inappropriately high normal) PTH level in the pres-

nce of hypercalcemia [3]. Less obvious presentations such as

� Special issue selected article from the 14th Vitamin D Workshop held at Brugge,
elgium on October 4–8, 2009.
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ormal limit for serum PTH was 25–30% lower than in the whole population.

© 2010 Elsevier Ltd. All rights reserved.

normocalcemic PHPT are more and more frequently detected [4].
In most cases (80–85%), PHPT is due to a single benign adenoma
although multiple adenoma or hyperplasia of the 4 parathyroid
(PT) glands are also quite frequently found [5]. PHPT is also a
frequent feature of multiple endocrine neoplasia (MEN) especially
MEN1, while the biological and clinical presentation of the rare
cases of PT carcinoma (less than 1% of the published series of
PHPT) is similar to a severe PHPT [6]. It is of note that, due to more
systematic measurement of serum calcium, PHPT has shifted from
a rare disease with severe bone and/or renal complications to a
frequent, mostly asymptomatic disease. The treatment of PHPT
consists in the surgical removal of the diseased PT gland(s) [7]
although alternative medical treatments are possible in case of
contra-indication to surgery or anaesthesia [8]. It must be under-
lined that parathyroidectomy (PTX) is not systematically proposed
to any PHPT patient and criteria for PTX (based on risk/benefit
ratio) are regularly updated during consensus conferences, the
latest recommendations having been published in 2009 [9].

2. VTD insufficiency/deficiency as a consequence or a cause

of PHPT

There are potential reasons for PHPT causing vitamin D insuf-
ficiency. Increased conversion of 25OHD into calcitriol and/or
24-hydroxylated vitamin D compounds is probably the most fre-

dx.doi.org/10.1016/j.jsbmb.2010.03.077
http://www.sciencedirect.com/science/journal/09600760
http://www.elsevier.com/locate/jsbmb
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uently evoked reason. Studies have shown that the half-life of
ritiated 25OHD was shortened in PHPT patients compared to
ealthy controls and normalized after PTX [10]. Calcitriol levels
nd 1-alpha hydroxylase activity are both clearly elevated in PHPT
ut the serum molar ratio of calcitriol to 25OHD (approximately
/1000) makes that the excessive synthesis of calcitriol in PHPT is
nlikely an explanation for an important decrease in 25OHD serum

evels. In line with that, Christensen found a similar mean 25OHD
oncentration in 147 PHPT patients and 66 patients with familial
ypercalcemia-hypocalciuria (FHH) who had similar level of cal-
emia despite frankly higher PTH and calcitriol levels in the PHPT
roup [11], while Silverberg et al. found no association between
he serum levels of 25OHD and calcitriol in 126 PHPT patients [12].
he high calcitriol levels found in PHPT patients may stimulate the
ynthesis of 24-hydroxylated compounds as the 24-hydroxylase
nzyme is highly inducible by calcitriol [13] although it is said also
o be reduced by PTH [14]. Another reason for a decrease in 25OHD
evels in PHPT may be a decreased skin synthesis of cholecalcif-
rol either by a direct stimulatory effect of elevated calcitriol on
elanin synthesis [15], or because of a lack of outdoor activity,

nd thus of exposure to UVB radiation, in those with symptoms
fatigue, muscle weakness, etc.) that are common in PHPT and

ay be enhanced by vitamin D deficiency (although, as underlined
bove, most PHPT patients are asymptomatic). Finally, as PHPT
atients are usually heavier than matched controls, the hypothesis
f decreased 25OHD due to fat sequestration of vitamin D has been
uggested [16]. According to the above-mentioned reasons, 25OHD
erum levels should thus be lower in PHPT patients than in controls.
owever, few studies that reported 25OHD levels in PHPT patients
ompared the percentage of low values with carefully matched
ontrols. For example, our group reported that the median 25OHD
erum concentration of 72 consecutive patients with PHPT (with
very mild to a very severe clinical and biological presentation),

2.7 years old in mean, was 22.5 nmol/L, 93% of them with a con-
entration <50 nmol/L [17]. Although not compared to a matched
ontrol group, this may seem a very low concentration compared
o the mean 43 nmol/L found in the SUVIMAX study in the French
eneral population living, like our patients, in the northern part
f France [18]. It is however consistent with the mean levels of
0–30 nmol/L found in the EURONUT-SENECA study on indepen-
ent older persons living in different Southern European countries
19]. In fact, the rare studies that compared the 25OHD levels of
HPT patients to those of matched controls yielded conflicting
esults. For example, the mean 25OHD level of 20 PHPT patients
rom India was 21 nmol/L compared to a mean of 20.8 nmol/L in 14

atched controls [20], whereas Christensen et al. [11] found that
5OHD levels were not different in 147 PHPT patients, 66 patients
ith FHH and 46 FHH-matched controls. Conversely, Moosgaard

t al. [21] reported that the 25OHD level was <50 nmol/L in 81% of
89 PHPT patients (here again the clinical and biological presenta-
ion of PHPT ranged from very mild to severe) compared to 60% of
89 matched controls (p < 0.01) with a significant inverse correla-
ion between 25OHD and PTH levels in the PHPT patients as also
eported in numerous other studies [17,21–25]. Thus, low vitamin

status seems more frequent in the more severe forms of PHPT
han in matched controls whereas this is less obvious in mild PHPT.

It is well-known that long-lasting secondary hyperparathy-
oidism (SHPT) in patients with chronic kidney disease (CKD) may
ecome autonomous, a situation commonly called tertiary hyper-
arathyroidism (THPT) which resembles PHPT (hypercalcemia
nd high PTH levels) albeit usually associated with hyperphos-

hatemia and characterized by hyperplasia of the 4 PT glands rather
han isolated adenomas (although adenomas are also found) [26].
HPT frequently persists after renal transplantation and has also
een reported in patients treated with phosphorus for hypophos-
hatemic rickets [27]. It is thus possible that long-lasting SHPT
try & Molecular Biology 121 (2010) 199–203

due to vitamin D deficiency leads to PT hyperplasia and adenoma
eventually as suggested previously [28]. It must be said however
that, on the one hand, many persons worldwide are almost perma-
nently vitamin D-deficient without developing PHPT, and, on the
other hand, that not all PHPT patients are VTD-deficient. Decreased
expression of the vitamin D receptor (VDR) and the calcium-sensing
receptor (CaSR) in the hyperplastic and adenomatous PT glands is
hypothesized to be, at least in part, responsible for the high prolif-
eration of the PT cells and thus the progression of PHPT [29]. CaSR
expression in the PT is up-regulated by calcitriol [30] whereas VDR
is also stimulated by calcitriol and inhibited by PTH. It is thus likely
that, in some patients, profound and sustained SHPT due to vitamin
D deficiency induces a desensitization of parathyroid VDR which
leads to a decreased expression of CaSR and a shift in the calcium
set-point. The reason why some PT but not others may then develop
a monoclonal growth leading to a PT adenoma is however unclear.
Over-expression of the cyclin D1/PRAD1 gene has been implicated
in the pathogenesis of a significant number of sporadic PT adeno-
mas, while somatic mutations of the MEN1 gene have been found
in some PT adenomas [31]. VDR and CYP27B1 genes have also been
hypothesized as candidate tumour suppressor genes conferring to
the PT the property of monoclonality. However, no mutation of
CYP27B1 [32] or VDR [33] genes have been found in genomic DNA
from PT adenomas. VDR polymorphism has been related to the fre-
quency of PHPT in some studies (60% of bb in 90 postmenopausal
PHPT women compared to 33% in postmenopausal controls [34])
but not in others [35]. Finally, as the nuclear factor kappaB (NF-�B)
pathway seems implicated in the development of PT tumorigenesis
[36], and as calcitriol has been reported to inhibit NF-�B pathway
in different systems [37], influence of vitamin D deficiency on the
PT cells proliferation due to NF-�B activation is another research
topic.

3. Vitamin D deficiency and the presentation of PHPT:
effect of vitamin D supplementation in PHPT patients

Whether a cause or a consequence of PHPT (or both), vita-
min D deficiency has been clearly associated with a more severe
phenotype of PHPT in many studies which reported higher PTH
levels and larger tumours [17,21–25], lower bone mineral density
(BMD) especially at sites rich in cortical bone, and/or higher bone
turnover [12,38,39], and even an increased risk of fracture [40] in
PHPT patients with vitamin D deficiency compared to those with
a “normal” vitamin D status. Although some studies did not find
this relationship between vitamin D deficiency and more severe
bone disease in PHPT [41,42], the results of the above-mentioned
studies [17,21–25,12,38–40] may argue for a beneficial effect of
vitamin D supplementation in PHPT patients with a low 25OHD
serum level. Furthermore, PHPT patients with vitamin D deficiency
have worse post-PTX outcomes such as SHPT, delayed bone recov-
ery, or “hungry bone syndrome”, than those with a normal vitamin
D status [43–45] suggesting that ensuring an optimal post-PTX
vitamin D (and nutritional calcium) status is mandatory. How-
ever, what most physicians remember from their medical studies
is that vitamin D deficiency may cause rickets on the one hand,
and that vitamin D may be potentially toxic on the other hand,
vitamin D intoxication being a severe medical condition character-
ized by symptomatic hypercalcemia and hypercalciuria. It is thus
not easy to convince the medical community to give vitamin D to
already hypercalcemic PHPT patients, even if they are also vitamin
D-deficient. Trials of vitamin D in PHPT patients with coexisting

vitamin D deficiency, aiming to evaluate the risk/benefit ratio of
this treatment, are thus of paramount importance. An encourag-
ing report of 5 PHPT patients with low 25OHD serum levels who
were given 50,000 IU vitamin D2 twice weekly for 5 weeks showed
no increase in serum calcium and an increase in spine and/or hip
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Table 1
Summary of the studies where PHPT patients were given vitamin D (or calcifediol).

Study
1st author [ref]

Patients Vitamin D treatment Main results

Kantorovitch [46] 5 PHPT patients with 25OHD < 25 nmol/L 50,000 IU ergocalciferol twice weekly for
5 weeks

No increase in serum calcium
Decrease in PTH levels
Increase in hip or spine BMD

Grey [47] 21 PHPT patients serum calcium < 3 mmol/L
25OHD < 50 nmol/L (mean 27.5 nmol/L)

50,000 IU cholecalciferol weekly for 4
weeks, followed by 50,000 IU
cholecalciferol monthly for 11 months

Increase in serum 25OHD to a mean
77.5 nmol/L
No increase in serum calcium or phosphorus.
Decrease (−26%) in serum PTH. Decrease in
serum total alkaline phosphatase
No increase in mean 24-h calciuria, but two
patients became hypercalciuric (>400 mg/day)

Grubbs [48] 112 PHPT patients 400,000 IU ergocalciferol over a 1-month
period

No change in serum calcium levels

Tucci [49] 56 PHPT patients with 25OHD < 3 mmol/L 50,000 IU ergocalciferol weekly for 8
weeks followed by a “stabilization”
dosage ranging from 800 IU/day to
100,000 IU/month

No change in serum calcium, phosphate, and
PTH levels
No change in urinary calcium

Isidro [50] 27 PHPT patients 8–16 �g calcifediol/day for 1 year Mean 25OHD of 71 nmol/L at 1 year. No change
in serum calcium. Transient decrease in serum
PTH. One-third of the patients became
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MD, bone mineral density.

MD [46]. The “princeps” study was however published by Grey et
l. 5 years later [47]. In this study, 21 PHPT patients with a serum
alcium level <3 mmol/L and a 25OHD level <50 nmol/L were given
0,000 IU vitamin D3/week for 1 month and 50,000 IU/month for
he following 11 months. At the end of the study, 25OHD levels had
ncreased by almost 200%, whereas no increase in serum calcium
r phosphate, and a decrease in serum PTH (−26%) and total alka-
ine phosphatase were recorded. The group mean calciuria did not
hange but two individual patients became hypercalciuric. Since
hen, Grubbs et al. [48] and Tucci [49] reported no change in serum
alcium in PHPT patients who received large doses of vitamin D2.
ery recently, Isidro et al. reported that, in 27 PHPT patients who
eceived 8–16 �g calcifediol/day for 1 year, serum calcium did not
hange while serum PTH decreased transiently, but one-third of
he patients became hypercalciuric [50]. This may be due to the
se of calcifediol (25OHD) instead of vitamin D2 or vitamin D3
s in [46–49] but it is somewhat surprising regarding the 25OHD
evels reached in these patients (71 nmol/L in mean) which were
uite similar (or even lower) than in the previous studies [47–49].
hese studies, summarized in Table 1, are consistent with the rec-
mmendation of the expert panel [3] to measure routinely 25OHD
evels in any PHPT patient and to treat with vitamin D if the serum
5OHD level is <50 nmol/L. They also recommended to better define
he optimal 25OHD levels for individuals with PHPT by including
andomized trials with vitamin D supplementation. In addition,
e propose to quantify the calcium intakes of the patients dur-

ng the day(s) of urine collection when 24-h calciuria is measured
n vitamin D-treated PHPT patients, data that are lacking in the
bove-mentioned studies [45–50].

. Vitamin D and the diagnosis of PHPT

As indicated above, the diagnosis of PHPT is based on the con-
omitant finding of high serum calcium and PTH levels. In our
linical practice, probably because of the growing practice of bio-
ogical testing in osteoporosis patients to exclude secondary causes

f low bone mass and/or fracture, we are however more and
ore frequently confronted with difficult diagnoses presenting
ith mild hypercalcemia and normal PTH, normocalcemia and
igh PTH (normocalcemic PHPT), or even high normal calcemia
nd PTH. In this context, the reliability of the reference values for
hypercalciuric

serum PTH is of great importance. Contrary to the 25OHD reference
values which must be “health-based” [51] with still non consen-
sual cut-offs defining an optimal vitamin D status, the reference
values for serum PTH levels are “population-based”. This means
measuring the PTH concentrations in a reference population and
using either the parametric (mean ± 2SD) or the non-parametric
method depending on the distribution of the variable to propose
reference values. Exclusion criteria for this population are highly
important and, in addition to common exclusion criteria (known
chronic disease, obesity, tobacco and alcohol excess, etc.), should
include any cause for an altered PTH secretion. This includes hypo-
or hypercalcemia, low GFR (<60 mL/min/1.73 m2?), drugs known
to influence PTH secretion (anticonvulsant, lithium, phosphorus,
thiazide, loop diuretic, bisphosphonate, etc.), very low calcium
intakes. Thus, why should we include (otherwise normal) subjects
with vitamin D insufficiency as it is widely demonstrated that PTH
levels may be increased in these patients and that their PTH usu-
ally decreases when they are given vitamin D [51]? This point is
important because vitamin D insufficiency is very frequent in the
general population [51–53], and thus should be prevalent in an
otherwise apparently healthy group recruited to establish refer-
ence values for PTH. However, excluding vitamin D insufficient
subjects from the reference group requires measuring the 25OHD
level beforehand in all subjects, a practice which complicates the
establishment of reference values, and which was not considered in
most studies which provided serum PTH reference values for differ-
ent immunoassays [54–58]. Nevertheless, we have demonstrated
that excluding subjects with low serum 25OHD levels (<20 ng/mL
of DiaSorin RIA-equivalent) from a reference population decreased
the upper normal limit for serum PTH by 25–35% depending on
the assay considered, compared to the initial reference popula-
tions [59,60] (Fig. 1). We have then verified that our PTH reference
values which take vitamin D status into account did not induce a
decrease in diagnostic specificity [61]. We must acknowledge that
our “new” reference values were derived from an initial reference
population of healthy Caucasian subjects aged 60–79 years, with a

normal body mass index (BMI) and an almost normal renal func-
tion (estimated creatinine clearance >50 mL/min in all subjects) and
thus, that they may be not applicable to other populations as dis-
cussed in [62]. Indeed, several other determinants of PTH levels
should also be tested such as age and GFR [63], nutritional calcium
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Fig. 1. Scatter plot of the 25OHD and PTH concentrations (Allegro Intact PTH assay)
measured in 280 healthy Caucasian subjects, 140 men and 140 women, aged 60–79
years living in the Paris, France, area. In this population, the 95% confidence interval
of the PTH levels was 12–65 pg/mL and is represented by the lower and the upper
horizontal lines. Among these subjects, only 113 (40.4%) had a serum 25OHD con-
centration >20 ng/mL (50 nmol/L) when expressed in DiaSorin RIA-equivalent. The
97.5th percentile of the PTH levels in these 113 subjects was 46 pg/mL (i.e. 29.2%
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tures of primary hyperparathyroidism (pHPT) in a vitamin D deficient region,
J. Endocrinol. Invest. 27 (October (9)) (2004) 807–812.
ower than in the whole population) and is represented by the middle horizontal
ine.

ntake of the population [64], race [65], BMI [61]. Indeed, the PTH
evels will usually be higher in mean if the subjects are older, have a
ecreased GFR, and/or poor calcium intakes, are black or have more
at mass. Note however that 25OHD is also usually lower in the
lderly than in the young, the black than the Caucasian, the obese
han the thin, and that it will be necessary to test whether these dif-
erences persist when all subjects are vitamin D-replete. We thus
ully agree with the expert panel who published the last recom-

endations for the diagnosis of PHPT [3] stating that “. . .Further
tudies are required to establish reference intervals for second-
nd third-generation PTH assays using large population cohorts
hat are comprised of vitamin D-replete subjects and also to stratify
ccording to age, sex, race, GFR, and possibly BMI.” We also believe
hat “dynamic” PTH reference intervals obtained in normal subjects
ccording to the above-mentioned inclusion/exclusion criteria, in
hom serum calcium is acutely modified (i.e. increased by infu-

ion of CaCl2 or calcium gluconate) as proposed by Lepage et al.
66] may significantly improve the diagnostic sensitivity for PHPT
y improving the evaluation of the adequacy between serum PTH
nd calcium concentrations.

As stressed above, using PTH reference values which take vita-
in D status into account will probably decrease the upper limit of

ormal by 25–35% when compared to what is generally obtained
hen vitamin D status is not considered. The evident consequence

s that above-normal PTH concentrations will be found more often
n clinical practice. On the one hand, this will improve the diag-
ostic sensitivity of PTH measurements as serum PTH will be more

requently elevated in patients with PHPT, but on the other hand,
his will also induce an increase in the detection of high serum PTH
n otherwise normocalcemic patients. In most cases, this will reflect
HPT for which a cause must be searched. Only if none of these

auses are identified, and especially if calcemia is in the upper half
f the normal values, the diagnosis of normocalcemic PHPT may be
uspected [3].
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