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Abstract. The role of  calci tonin and parathyroid hormone  
(PTH) in cor t icosteroid- induced os teoporosis  is controver-  
sial. We therefore  measured  plasma calcitonin and PTH lev- 
els in 34 adults receiving chronic  pharmacological  cort ico- 
steroids for obs t ruc t ive  airways disease,  and in controls  
matched for age, sex, menopause ,  and disease.  In addition, 
the acute  effect  of  a 7-day course  of  15 mg prednisolone daily 
on fasting and calcium-st imulated calci tonin was studied in 
10 normal male volunteers .  There  was no difference in cal- 
citonin and PTH levels  in the cor t icosteroid- t reated patients 
when compared  with controls .  The correc ted  serum calcium 
was significantly higher in the steroid-treated patients (pa- 
tients mean 2.40 (SEM 0.01) mmol/l i ter;  controls  mean 2.33 
(SEM 0.01) mmol/l i ter;  P < 0.001). The  short course  of  cor- 
t icosteroids in volunteers  did not  alter  basal  or  st imulated 
calcitonin, PTH,  or  calcium levels.  These  results suggest 
that neither calcitonin def ic iency nor  PTH excess  is a feature 
of  cor t icosteroid- induced osteoporosis .  
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Osteoporosis  is a wel l - recognized complicat ion of  therapy 
with pharmacologica l  doses  of  cor t icosteroids  [1, 2]. The 
etiology of  cor t icosteroid  os teoporosis  is unknown and prob- 
ably multifactorial  [3]. A var ie ty  of  mechanisms  have been 
postulated and these  related to ei ther a suppression of  bone 
formation [4, 5] or  an increase in resorbing influences,  pos- 
sibly by a d i rec t  ac t ion  on bone  [6] but  also indirect ly  
through an e levat ion o f  parathyroid  hormone  (PTH) [7] or  a 
reduct ion in calci tonin (CT) levels.  CT reduces  bone resorp- 
tion by inhibiting os teoclas t  funct ion [8]. The effect of  acute 
or  chronic  cor t icosteroids  on CT levels  in man is controver-  
sial. Reduced  [9, 10] or  normal  [11] levels  o f  CT  have  been 
repor ted  in patients on chronic  steroids. 

We studied serum CT and P T H  levels  in adults receiving 
chronic  cor t icosteroids  for as thma and chronic obstruct ive 
airways disease (COAD) and in age, sex, menopause ,  and 
d i sease -matched  controls .  In addit ion,  we looked  at the 
acute effect of  a 7-day course  of  prednisolone on fasting and 
calcium-st imulated calci tonin levels  in normal  subjects.  

Correspondence to: A. T. Hattersley, Department of Medicine, 
Queen Elizabeth Hospital, Birmingham, B15 2TH, England 

Patients and Methods 

Thirty-four adult outpatients from chest clinics in London with 
symptomatic asthma or COAD on long-term supraphysiological 
treatment with prednisolone were studied (Table 1). Long-term 
treatment was defined as daily or alternate day prednisolone for at 
least 1 year. The mean dose for the preceding 3 months was 10.1 
mg/day. All were on a dose of at least 5 mg daily (or 10 mg on 
alternate days) and most (30/34) were on at least 7.5 mg daily. For 
comparison, we took 34 control patients with asthma or COAD from 
the same clinics, who had taken no prednisolone in the preceding 3 
months and who had never had continuous treatment with cortico- 
steroids. The controls were individually matched for age (within 5 
years), sex, and where appropriate, years since menopause. Patients 
with known causes of bone disease such as renal failure, thyroid 
dysfunction, alcoholism, and long-term anticoagulants were ex- 
cluded. All patients were assessed clinically for possible adverse 
effects of corticosteroids including spontaneous vertebral and rib 
fractures, objective spontaneous bruises, and inability to rise un- 
aided from squatting as a result of muscular weakness. Skin thick- 
ness was measured using Harpendon spring-loaded callipers. The 
skin was considered significantly thin if it was two standard devia- 
tions less than the mean thickness for age and sex-matched normal 
subjects [12]. 

Blood samples were drawn from all patients between 2 p.m. and 
4 p.m. Plasma was separated, frozen immediately in dry ice, and 
stored at - 20~ 

In a parallel study of 10 healthy male volunteers (age range 25-46 
years), the same biochemical indices were measured before and at 
the end of a 7-day course of prednisolone (daily dose 15 mg). Fasting 
serum CT was also measured at these times and also on each occa- 
sion at 5, 10, 20, and 30 minutes after a slow (1 minute) bolus infu- 
sion of calcium gluconate (Ca 2 mg/kg). These studies were ap- 
proved by the Hospital Ethics Committee and full informed consent 
was obtained. 

Assays 

Samples were analyzed without any knowledge of patient details. 
Plasma CT was measured by a well-established, nonextracted, sin- 
gle-site radioimmunoassay [13]. This uses a sensitive antiserum 
raised in rabbit against synthetic human calcitonin (hCT) conjugated 
to ovalbumin. The antiserum was used in a dilution of 1:36,000. A 
7-day protocol was used involving preincubation of the sample with 
the polyclonal antibody for 4 days followed by the addition of radi- 
olabeled hCT and a further 3-day incubation. Using this protocol, 
the lower limit of detection of the assay was 4 pg/ml. Intra- and 
interassay coefficients of variation at 100 pg/ml were 9% and 13%, 
respectively. Plasma PTH was measured using a 2-site immunorad- 
iometric assay for the biologically intact 84 amino acid chain of PTH 
(PTH Allegro, Nichols Institute, California, USA). The between- 
batch coefficient was 10.8% and 6.1% at levels of 42 and 248 pg/ml, 
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Table 1. Clinical characteristics of asthmatic subjects treated with long-term prednisolone and 
controls 

Steroid treated 
Patients Controls 
(n = 34) (n = 34) 

Mean age (years) 55.7 (14.7) 55.4 (15.1) 
Sex 

Male 13 13 
Female (premenopausal) 9 9 
Female (postmenopausal) 12 112 

Years since menopause 13.3 (11.3) 13.8 (7.2) 
Severity 

Duration(years) 19.4 (10.9) 13.4 (11.48) 
FEV 1 (liters) 1.41 (0.76) 1.58 (0.68) 

Breathless at rest 7 5 
Prednisolone dose Mean (SD) 

Current (last 3 months) (mg) 10.1 (3.8) 0 
Duration therapy (years) 9.3 (7.5) 0 

Data is shown as mean (SD). Statistical analysis by the nonpaired Student's t-test showed no 
significant difference between the two groups 
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respectively. Serum samples were analyzed for calcium, albumin, 
creatinine, alkaline phosphatase, and phosphate using routine Tech- 
nicon SMAC methods. The albumin-adjusted (corrected) calcium 
(Ca corr) was calculated from the formula: 

Ca corr = total calcium - [0.02 • {albumin (g/l) - 40}] nmol/l. 

Statistics 

For the patient study, variables measured in the patients on chronic 
corticosteroids were compared with those from the control group 
using a two-sample t-test. The incidence of steroid-related clinical 
signs in the two groups was compared using the Chi-squared test. 
The volunteer study was analyzed using a paired t-test. 

Results 

Patient Study 

The patients on long-term pharmacological prednisolone had 
clinical evidence of side effects from their treatment (Table 
2). They were significantly more likely to have thin skin, 
spontaneous bruising, and a history of fractured ribs or ver- 
tebrae. 

The biochemical parameters  in the prednisolone-treated 
patients and the control patients are shown in Table 3. There 
was no significant difference in the mean CT (patients 13.8 
rig/liter; controls 13.2 ng/liter) or PTH levels (patients 33.8 
ng/liter; controls 34.6 ng/liter). There was no correlation be- 
tween the calcitonin or PTH levels and the dose of prednis- 
olone or its duration. 

The mean serum-correc ted  calcium was significantly 
higher in patients (2.40 mmol/liter) on long-term predniso- 
lone than controls (2.33 mmO1/liter) P < 0.001) but there was 
no associated difference in phosphate,  creatinine, or alkaline 
phosphatase.  

Volunteer Study 

The results of the calcium infusion study are shown in Figure 
1. There was a marked rise in CT in response to the calcium 
infusion in all volunteers. The 1-week course of prednisolone 
in normal subjects caused no side effects and did not change 

the fasting or the calcium-stimulated calcitonin levels (either 
maximum or area under the curve, Table 4). Other fasting 
indices, including serum-corrected calcium, plasma PTH, 
and testosterone, were all unaltered (Table 4). 

Discussion 

This study has shown no alteration in PTH or CT levels with 
long- and short-term corticosteroid treatment.  These results 
do not support the hypothesis that corticosteroids cause an 
increase in bone resorption mediated by either increased 
PTH or reduced CT levels. 

To examine the chronic effect of  pharmacological doses 
of corticosteroids we studied large groups of subjects with 
obstructive lung disease. Patients with obstructive lung dis- 
ease are the most appropriate steroid-treated patient group 
to study as they probably do not have altered bone metab- 
olism or increased fractures as a result of their disease [1, 
14]. Many systemic diseases treated by steroids, such as 
rheumatoid arthritis and sarcoidosis,  are not suitable to 
study as they directly alter bone density and calcium metab- 
olism. In cross-sectional studies, careful matching of con- 
trois is important. We chose controls with obstructive lung 
disease who were individually matched for age, sex, and 
where appropriate,  menopausal status. Perfect matching in 
steroid-treated disease is difficult as steroid treatment is re- 
served for the more severe cases. Our subjects treated with 
steroids did have evidence of more severe lung disease (a 
lower FEV 1) than controls, but these did not reach signifi- 
cance. 

We found no reduction in basal CT in patients on long- 
term corticosteroids compared with matched controls nor in 
the calcium-stimulated CT response following short-term, 
high-dose prednisolone in normal volunteers. Lo Cascio et 
al. [9] reported a more than 50% reduction in mean plasma 
calcitonin in seven patients treated with corticosteroids for 8 
months. Four  of these patients with pituitary failure received 
replacement doses of steroids only. One patient had sarcoid- 
osis and another had nephrotic syndrome, both disorders 
known to affect calcium metabolism. Blunting of  calcium- 
stimulated CT release was also reported [10] in three patients 
given 20 mg prednisolone daily. However ,  in keeping with 
our study, a controlled calcium clamp study in nine patients 
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Table 2. Clinical evidence of corticosteroid side effects in asthmatic subjects treated with 
long-term corticosteroids and controls 

Steroid treated 
Patients Controls 
(n = 34) (n = 34) Significance 

Thin skin for age and sex 15 
Spontaneous bruising 24 
Proximal muscular weakness 6 
Fractures of ribs and vertebrae 7 

0 P < 0.001 
4 P < 0.001 
3 n.s. 
1 P < 0.01 

Statistical analysis was by the Chi-squared test 

Table 3. Biochemical parameters in asthmatic patients on long-term prednisolone and controls 

Patients Controls Significance 

Serum calcium (mmol/liter) 2.43 (0.02) 2.38 (0.01) P < 0.001 
Phosphate (mmol/liter) 1.11 (0.04) 1.09 (0.03) ns 
Serum albumin (g/dl) 41.5 (0.6) 42.2 (0.4) ns 
Corrected calcium (mmol/liter) 2.40 (0.01) 2.33 (0.01) P < 0.001 
Serum creatinine (~mol/liter) 92 (4) 84 (3) ns 
Alkaline phosphatase (IU/liter) 91 (6) 83 (6) ns 
Plasma testosterone (ng/liter) (n = 13) 11.6 (1.6) 13.8 (1.1) ns 
Calcitonin (ng/liter) 13.8 (1.6) 13,2 (1.2) ns 
PTH (ng/liter) 33.8 (3.2) 34.6 (3.2) ns 

Data presented as mean (SEM). Statistical analysis was by the nonpaired Student's t-test 

e 
01 
e~ 

r 

'E 
O 

_o 
(a 

o 

1 0 0  

8 0  

6 0  

4 0  

2 0  

0 i i i 

0 10 2 0  3 0  

Time (minutes) 
Fig. 1. Plasma CT levels following a calcium bolus, before (solid 
line) and after (dotted line) 7 days of 15 mg prednisolone/day. Error 
bars represent the SEM. 

with endogenous Cushing's syndrome failed to show any 
abnormality in basal or stimulated calcitonin levels [11]. 

Experimental animal and in vitro studies have also failed 
to show a reduction in calcitonin with corticosteroids. In 
adrenalectomized rats, there was a fivefold increase in thy- 
roid CT mRNA when treated with dexamethasone [15]. In 
the TT cell line, derived from medullary carcinoma, dexa- 
methasone was again shown to increase calcitonin mRNA 
[16]. These results need to be interpreted cautiously as tu- 
mor cell lines and rat models may not represent the position 
in man. 

Despite our failure to demonstrate CT deficiency in cor- 
ticosteroid-treated patients, CT may still have a useful ther- 
apeutic role in preventing or treating osteoporosis. In post- 
menopausal osteoporosis [17], where plasma CT is probably 
normal [18, 19] and bone turnover is increased [20], intrana- 

sal CT therapy has significantly reduced the rate of bone loss 
[21]. Intramuscular CT has been shown to reduce the rate of 
bone loss in patients on chronic corticosteroids for sarcoid- 
osis [22] and asthma [23]. Therapeutic doses of CT may in- 
crease bone mass by reducing bone resorption but will not be 
correcting an underlying CT deficiency. 

Increased secretion of PTH has been postulated to play a 
role in causing steroid osteoporosis. Cortisol stimulates PTH 
secretion by a direct action on the parathyroid glands in vitro 
[3, 7]. Our study using an intact PTH assay failed to confirm 
elevated levels of PTH. Of nine reports since 1975, four 
report an increase in PTH (supported by cAMP or phosphate 
data in three) [7, 24-26] and in four, the levels were found to 
be unchanged [28-30]. 

The serum calcium was raised in patients on chronic ste- 
roids compared with the matched controls. There was no 
change in serum calcium in the volunteers on a 7-day course 
of steroids. A recent longitudinal study by Prummell et al. 
[30] also found a significant increase in mean-corrected se- 
rum calcium with a 12-week course of prednisolone given in 
a decreasing daily dose of between 60 mg and 20 mg. Six 
other studies have also shown an increase in calcium in sub- 
jects on corticosteroids but none reached significance [7, 
24-26, 31, 32]. There was a nonsignificant fall in calcium in 
one study [27]. 

The raised serum calcium seen in our study is not ex- 
plained by alterations in calcitonin, PTH, or renal function, 
and its mechanism is uncertain. A direct effect of cortisol on 
bone resorption has been seen in vitro [33], which is inde- 
pendent of PTH. If the increase in calcium resulted from 
such a PTH-independent effect, one would expect lower 
than normal PTH levels. If on the other hand, the rise in 
calcium is PTH dependent, a possible explanation is that 
there is enhanced responsiveness of the resorbing process to 
these normal PTH levels. This relative hyperresponsiveness 
could explain both bone loss and the elevation of serum 
calcium without an increase in PTH levels in the steroid- 
treated group. Studies have confirmed facilitation of PTH- 
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Table 4. Biochemical parameters in normal subjects before and after a 7-day course of 15 mg 
prednisolone daily 

Before After 
prednisolone prednisolone Significance 

Fasting serum values 
Calcium (mmol/1) 2.43 (0.02) 2.45 (0.02) ns 
Albumin(g/dl) 45.6 (0.53) 46.3 (0.84) ns 
Corrected calcium 2.31 (0.02) 2.32 (0.02) ns 

Fasting plasma values 
PTH (rig/l) 29.4 (4.6) 29.6 (3.6) ns 
Testosterone(ng/liter) 23.3 (1.88) 23.7 (1.57) ns 
BasalCT (ng/liter) 10.3 (1.1) 9.1 (0.6) ns 
Peak CT (ng/liter) 60.3 (12.5) 72.6 (18.3) ns 
Area under curve (min rig/liter) 948 (227) 1008 (245) ns 

Data presented as mean (SEM). Statistical analysis was by the paired Student's t-test 
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mediated bone resorption by corticosteroids in vitro [34, 35]. 
A reduction of bone accretion of calcium might cause hyper- 
calcemia if resorption continued. The renal action of gluco- 
corticoids results in increasing calcium excretion and makes 
this explanation unlikely [25]. 

In conclusion, in doses commonly used to treat chronic 
respiratory disease, prednisolone does not reduce plasma 
CT levels or increase PTH levels when given in short- or 
long-term courses. The beneficial effect of therapeutic CT in 
corticosteroid-induced osteoporosis is not dependent on pre- 
existing CT deficiency. 
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