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Abstract

Objective: Spontaneous parathyroid hormone (PTH) secretory dynamics include tonic and pulsatile
components. It is not known how glucocorticoids might alter these secretory dynamics.
Design: The aim of our study was to evaluate spontaneous fluctuations in serum PTH levels in six
adult male patients (aged 31–64 years) receiving chronic ( . 6 months) therapy with glucocorticoids
(daily dosage . 7.5 mg of prednisone or dose equivalent of other corticosteroid) as compared with a
control group of 10 age- and sex-matched normal subjects.
Methods: Peripheral venous blood sampling was performed every 3 min for 6 h from 0900 to 1500 h.
Plasma PTH release profiles were subjected to deconvolution analysis, a method that resolves
measured hormone concentrations into secretion and clearance components, and to an approximate
entropy (ApEn) estimate, that in turn provides an integrated measure of the serial regularity or order-
liness of the release process.
Results: In the glucocorticoid-treated group, the PTH tonic secretory rate was reduced (4.3^0.74 vs
8.8^1.4 pg/ml per min in controls, P ¼ 0.017). There was, however, an increase in the fractional
pulsatile PTH secretion (42^8.2 vs 18.3^3.9 pg/ml per min, P ¼ 0.006) in glucocorticoid-treated
vs normal subjects. Mean overall PTH concentration, as well as mean integrated area, was similar
among normal and glucocorticoid-treated subjects.
Conclusions: These results demonstrate, for the first time, that chronic glucocorticoid treatment
induces a redistribution of spontaneous PTH secretory dynamics by reducing the amount released
in tonic fashion and increasing the amount released as pulses.
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Introduction

Glucocorticoid-induced osteoporosis (GIO) is one of the
most common causes of osteoporosis, trailing only post-
menopausal and age-related osteoporosis in import-
ance (1). The pathogenesis of GIO is multifactorial
(2), including effects of glucocorticoids on gastrointesti-
nal absorption of calcium, vitamin D metabolism, renal
calcium handling, bone turnover itself and the hypo-
thalamic –pituitary–gonadal axis. Most explanatory
diagrams of GIO include a secondary rise in parathyroid
hormone (PTH) which, however, has recently been
questioned (3). The putative compensatory increase in
PTH is believed to be due to the effects of glucocorti-
coids in limiting calcium absorption in the gastrointes-
tinal tract and in facilitating renal calcium excretion
(4). Some studies have suggested that vitamin D
deficiency or resistance could contribute to the
reductions in calcium absorption or, conceivably, also
lead more directly to PTH hypersecretion (5, 6).

Many hormones have a pusatile component to their
secretory profile. (7–9). Reflecting episodic stimulatory
input to the secretory gland, pulsatility is believed to
modulate target organ responsiveness (7). Accurate
characterization of hormonal pulses requires specific
and sensitive assays, intensive schedules of blood
sampling, and validated and objective methods of
pulse analysis (10, 11). PTH has only been studied to
a limited extent in this regard. Older reports have
suggested that PTH is normally secreted in pulses in
healthy young men and women (12, 13). Other studies
have demonstrated that there is a significant diurnal
rhythm of PTH, reflecting, perhaps, slight changes in
serum calcium or phosphate concentration (14).
Recent studies have established that, in healthy young
subjects, PTH secretion has two major components: a
predominantly tonic pattern of constant secretion and
low amplitude pulses with high frequency (approxi-
mately every 15–20 min). In healthy individuals, pul-
satile PTH secretion accounts for approximately 25%
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of the total secreted PTH (15). No significant differences
in these secretory dynamics have been observed
between normal men and women (16) nor have there
been any significant correlations between these pat-
terns and the ambient PTH or ionized calcium concen-
tration (17). In a disorder such as postmenopausal
osteoporosis, however, dampened PTH pulsatility has
been reported in some but not all early studies (13,
14, 17). Pulsatile (once daily) administration of PTH
in low doses can be associated in animals and in
human subjects with a preferential stimulation of
new bone formation (18 –22). No data are so far
available on the effect of chronic glucocorticoid
excess on spontaneous pulsatile PTH secretion in
human subjects. The aim of our study was to
evaluate spontaneous fluctuations of PTH in patients
chronically treated with pharmacological amounts of
glucocorticoids.

Materials and methods

Subjects

Six adult male patients (age range 31–64 years) being
treated with chronic glucocorticoid therapy (.6
months; daily dosage 7.5 mg or more of prednisone
deltacortene (Bruno Farmaceutica, Rome, Italy) or its
dose equivalent) and ten normal subjects, matched for
age and sex, were studied after they had given written
informed consent. The clinical characteristics of the
patients and the controls are reported in Table 1.
Three of the six patients had rheumatic diseases
(two had systemic lupus erythematosus and one had
polymyalgia rheumatica). The mean duration of the
treatment was 17.5 months and the mean daily dose
of prednisone was 10 mg. Protocols were approved by
the local Ethics Committee.

Experimental design

Biochemical assessment Each glucocorticoid-treated
patient had blood fasting samples taken for the
measurement of electrolytes, creatinine, phosphorus,
albumin, protein and 25-hydroxyvitamin D. A 24-h
urine sample was collected for the measurement of

calcium excretion. A blood and urine sample was also
collected from these patients for the assay of markers
of bone metabolism (osteocalcin, bone-specific alkaline
phosphatase activity (BSAP) and deoxypyridinoline
(DPD)). All study subjects (glucocorticoid-treated and
controls) were admitted to the hospital at 0830 h.
A venous catheter was placed in an ante-cubital vein
and 2 ml blood was withdrawn every 3 min for 6 h
from 0900 to 1500 h. Subjects, fasted since midnight,
were not allowed to eat during the protocol but they
were allowed free access to water. They remained
recumbent during the study.

Assays Hematocrit, electrolyte, creatinine, calcium,
phosphorus, albumin and protein levels were measured
by Auto Analyser methods (Technicon Instruments
Corp., Tarrytown, NY, USA). Urinary DPD was evalu-
ated by Pyrilinks-D (Metra Biosystem, Mountain View,
CA, USA; nl range, 2.3–6.7mM/mM creatinine) and
BSAP activity was measured by Alkaphase-B (Metra
Biosystem; nl range: 10–50 IU/l). Serum 25-hydroxy-
vitamin D was measured by RIA. All blood samples
were analyzed in duplicate for PTH using an immunor-
adiometric assay (Nichols Allegro, San Juan Capis-
trano, CA, USA). Assay sensitivity was 1pg/ml; intra-
and interassay coefficients of variation were 4% and
6% respectively. All samples from an individual subject
were run in the same assay.

Deconvolution analysis Multiple parameter deconvo-
lution was applied to each subject’s plasma PTH
concentration profile as previously described (15).
The following parameters were estimated: tonic PTH
secretion rate (pg/ml per min), initial plasma PTH con-
centration (pg/ml), secretory burst half-duration (min)
and total number of significant secretory bursts. The
half-life for PTH clearance was assumed to be
2.5 min. The dose-dependent intra-assay variance
associated with sample means (assay duplicates) was
used in an inverse weighting function when calculating
the best-fit secretory values. The plasma PTH release
profiles were also subjected to an approximate entropy
(ApEn) estimate, which provides an ensemble measure
of the serial regularity or orderliness of the release
process (15).

Table 1 Clinical characteristics of the male patients and the ten male control subjects studied.

Patient number Age (years)
Body mass

index (kg/m2) Diagnosis
Prednisone

dose (mg/day)
Duration of

therapy (months)

1 36 24 Sarcoidosis 10 24
2 54 23 SLE 7.5 36
3 42 24 Bechet 7.5 6
4 60 21 Polymyalgia 15 9
5 64 22 SLE 7.5 24
6 56 25 Pemphigus 12.5 6
Mean^S.E.M. 52^4.84 24.17^0.65 10^1.41 17.5^5.54
Controls 36–58 22–26
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Statistical analyis

Values are reported as means^S.E.M. PTH secretory par-
ameters derived from deconvolution analysis and ApEn
were compared among the group of the glucocorticoid-
treated patients and the controls by ANOVA. PTH frac-
tional pulsatile secretion was correlated with clinical
parameters with linear regression analysis.

Results

Bone metabolism data

Mean 25-hydroxyvitamin D and serum and urinary
calcium levels were in the normal reference range
(Table 2). One patient was below the normal reference
range for our laboratory at 13 ng/ml (nl: 15–75) and

Table 2 Baseline bone metabolic parameters.

Patient
number

DPD
(mM/mM creatinine)

Osteocalcin
(mg/l)

BSAP
(IU/l)

25-OH Vit. D
(ng/ml)

Calcium in serum
(mg/dI)

Calcium in 24 h urine
(mg/24 h)

1 5 12 14 13 9.2 255
2 4.4 6 12 31 9.6 220
3 5.2 7.1 16 18 9.4 240
4 4.7 5 18 21 9.5 190
5 3.1 4.6 10 24 9.1 210
6 5.9 3 8 16 8.9 155
Mean^S.E.M 4.72^0.4 6.28^1.4 13^2 20.5^1.1 9.28^0.11 211^16
nl range ,7 7–50 10–50 15–75 8–10 100–300

25-OH Vit. D, 25-hydroxyvitamin D; BSAP, bone specific alkaline phosphatase.

Figure 1 Illustrative profiles of serum PTH concentrations in two different representative control and glucocorticoid-treated subjects
over the first 100 min of the sampling period. Serum PTH concentrations are shown by a continuous line through the data points that
represent the calculated fit as predicted from the specific PTH secretory measures estimated by deconvolution in that individual. The
figure shows sample standard deviation as recalculated from the duplicates using errors inherent in the standard curve as described in
Giustina & Veldhuis (7). The reported sampling period is considered to be representative of the entire study period as well as to allow a
better depiction of PTH spontaneous secretory activity.
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another two subjects had 25-hydroxyvitamin D levels
below 20 ng/ml, the newly regarded lower limit of the
physiologic range. Markers of bone turnover were
normal for bone resorption (DPD) but it is noteworthy
that the bone formation marker, serum osteocalcin,
was either frankly low or in the low normal range.
Similarly, BSAP was generally in the low normal
range. These bone marker data are consistent with
the expectation that patients on chronic glucocorticoid
therapy are in a low bone turnover state.

PTH secretory characteristics

Representative patterns of absolute and deconvoluted
PTH levels in two representative patients and control
subjects are shown in Figs 1 and 2. Mean PTH
secretory parameters derived from deconvolution ana-
lysis are listed in Table 3. PTH tonic secretory rate
was 4.3^0.74 pg/ml per min in the glucocorticoid-
treated group, significantly lower than the rate in the
control group, 8.8^1.4 pg/ml per min (P ¼ 0.017).
Plasma PTH tonic secretory rate derived from deconvo-
lution analysis in the glucocorticoid-treated group and
in the control group is shown in Fig. 3a. The fractional
pulsatile PTH secretion was 42^8.2% and 18.3^3.9%
respectively in the glucocorticoid-treated and control

groups (P ¼ 0.006). The number of PTH bursts was
not significantly higher in patients vs controls. PTH
peaks had slightly, even though not significantly
longer, half-duration and larger total mass in glucocor-
ticoid-treated patients vs controls, whereas the interval
between peaks was shorter and peak amplitude tended
to be greater in control vs glucocorticoid-treated
patients. ApEn, a measure of orderliness of PTH
secretion, was similar for patients and controls. Frac-
tional pulsatile PTH secretion rate derived from decon-
volution analysis in the two groups is shown in Fig. 3b.
Mean percentage PTH secretion in pulses was more
than double in glucocorticoid-treated patients than in
controls. Mean overall PTH concentration and mean
integrated area were not significantly different in
normal subjects as compared with glucocorticoid-trea-
ted patients (Fig. 3c). No correlations were found
between PTH secretion and other clinical and bio-
chemical variables.

Discussion

Recent pathophysiological animal and human models
of glucocorticoid action in bone describe two phases:
a short-term increase in bone resorption and a much
longer, more profound reduction in bone formation

Figure 2 Illustrative profiles of resolved PTH secretory bursts in two different representative control and glucocorticoid-treated subjects
(same as Fig. 1). The resolved PTH secretory function is a plot of the calculated PTH secretion rate over time.
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(3, 23–25). Non-skeletal physiological actions on the
gastrointestinal tract, to reduce intestinal calcium
absorption (26) and on the kidney, to induce hypercal-
ciuria (27), have skeletal consequences. The effects of
glucocorticoids in inhibiting the growth hormone –
insulin-like growth factor-I (IGF-I) axis (28, 29) and
the hypothalamic–pituitary –gonadal axis also have
skeletal consequences (30 –33).

These direct and indirect effects of glucocorticoids
could have effects on the parathyroid glands. The para-
thyroid glands are believed to be targets of glucocorti-
coid actions, but the literature has not been
consistent. Slovik et al. (34) found normal PTH levels
in asthmatic patients on long-term and short-term glu-
cocorticoid treatment. PTH levels in 22 women with
rheumatoid arthritis were not influenced by low dose
prednisone (35). Even when women were given
higher amounts of prednisone chronically, PTH levels
were not different from age-matched controls (36).
The same observations were made by Hattersley et al.
(37) who studied patients treated with glucocorticoids
for chronic obstructive pulmonary disease. In contrast,
other reports have associated long-term glucocorticoid
use with elevated circulating PTH levels (1, 2, 27).
One reason for these contradictory results may be due
to the fact that single random measurements do not
reflect the overall pattern of PTH secretion in a given
subject nor do they give any insight into possible
abnormalities in the secretory dynamics of PTH as a
consequence of the glucocorticoids. This point is par-
ticularly relevant since it is now known that PTH is
secreted both in low amplitude pulses and in a tonic
secretory state (16, 17). Until the results of this study,
no comparable data were available on pulsatile vs
tonic secretory PTH dynamics in patients chronically
treated with glucocorticoids. The results from our
study document that in patients chronically treated
with glucocorticoids there is a reduced amount of
PTH secreted in the tonic mode as compared with
normal subjects. Our results have also demonstrated
an increase in the fractional pulsatile PTH secretion

Figure 3 (a) PTH tonic secretory rate in the glucocorticoid-treated
group (shaded bars) and in the controls (solid bars). *P , 0.05.
(b) Percent of PTH secreted in pulses vs overall PTH secretory
rate in glucocorticoid-treated subjects (shaded bars) and in the
controls (solid bars). *P . 0.01. (c) Mean integrated area in
normal subjects (solid bars) vs glucocorticoid-treaded patients
(shaded bars).

Table 3 Measures of spontaneous PTH secretory pattern
estimated by deconvolution analysis in the six patients treated
with glucocorticoid with respect to a control group of ten normal
subjects. Values are expressed as means^S.E.M.

Parameters Controls Patients

Tonic secretion rate (pg/ml per min) 8.8^1.4 4.3^0.74
Half-duration (min) 7^1.6 9.6^1.2
Bursts (total number) 6.1^0.44 5.8^0.3
Interval (min) 12.8^1.3 15.4^0.69
Mass (pg per pulse) 26.5^4.3 46^9.1
Pulse secretary rate (pg/ml per min) 154^23 269^62
Total pulsatile release (pg/ml) 944^12 637^74
% Pulsatile 18.3^3.9 42^8.2
ApEn ratio 0.853^0.047 0.891^0.063
Mean concentration (pg/ml) 38^4.8 28^4.8
Integrated area (pg/ml per 6 h) 3286^422 2407^418

Glucocorticoid treatment and PTH dynamics 203EUROPEAN JOURNAL OF ENDOCRINOLOGY (2005) 152

www.eje-online.org

Downloaded from Bioscientifica.com at 08/22/2022 09:40:02PM
via free access



in patients treated with chronic glucocorticoid therapy
as compared with normal subjects. The increase in pul-
satility dynamics is associated with a reduction in the
amount of PTH released in the tonic mode.

These abnormalties in PTH secretory dynamics may
well relate to observations in animals and now in
human subjects that clearly show differences in PTH
actions as a function of how it is administered (20,
22, 38). This concept may provide an interesting
rationale for explaining the efficacy of exogenous inter-
mittent PTH treatment in glucocorticoid-induced osteo-
porosis (39). Intermittent administration of PTH may
provide patients with peaks of PTH that are much
larger than those that could be obtained by limited
intrinsic compensatory mechanisms.

The regulatory physiology by which glucocorticoids
induce a redistribution of spontaneous PTH secretion
is not known. Even if there were subtle abnormalities
in ionized calcium, Samuels et al. (16, 17) have pre-
viously shown that no correlation exists between ionized
calcium levels and serum PTH spontaneous secretion.
Levels of vitamin D in the lower range of normal could
conceivably be a secretory trigger. Finally, it is possible
that glucocorticoids act directly at the parathyroid
gland to affect PTH secretory dinamics. Thus, glucocor-
ticoids may have actions that govern more the secretory
behavior of PTH than the actual amount secreted over a
period of time (16). Another possibility to be tested is
that glucocorticoids either directly or indirectly alter
the ratio between the intact molecule, PTH(1–84),
and a large amino-terminally truncated form,
PTH(7 –84), that is present both in the parathyroids
and in the circulation. Central or peripheral alteration
in the ratio of PTH(1 –84)/PTH(7–84) could have
important pathophysiological implications. Since the
assay used in this study detects both full-length intact
molecule as well as PTH(7 –84), more specific assays
will be needed to investigate this point.

It has been reported that glucocorticoids may affect
GH pulsatility (40). It has also been reported that
estrogen replacement treatment reduces PTH pulsati-
lity (41). It is of interest, therefore, that an inhibitor
of bone resorption, estrogen, has one effect on PTH
pulsatility while an inhibitor of bone formation, gluco-
corticoids, has the opposite effect, namely to increase
PTH pulsatility. Secretory dynamics of PTH could reflect
effects at the level of bone metabolism with signals
generated from bone to the parathyroids. Two such sys-
tems that could be involved are receptor activator
nuclear factor-kappaB osteoprotegerin and IGF-I in
which glucocorticoids and PTH have diametrically
opposite effects (18, 42, 43).

We have shown in this study that glucocorticoids
profoundly affect the secretory dynamics of PTH.
Whether the redistribution of PTH secreted in tonic
or pulsatile compartments is going to be shown to
have primary or secondary effects on bone metabolism
remains to be demonstrated by further investigation.
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