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Effect of  intravenous pulse dexamethasone 
versus daily oral prednisolone on bone 
mineral density in dermatology patients: Is 
it a site‑specific response?
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Abstract
Background: The use of glucocorticoids in various forms of administration is complicated by their systemic side effects. 
Although intravenous pulse therapy is considered to have lesser systemic side effects, there are few studies in literature 
comparing the effects of intravenous pulse glucocorticoids versus oral daily glucocorticoids on bone mineral density.
Aim: To compare the effects of intravenous pulse glucocorticoids and oral daily glucocorticoids on bone mineral 
density with the aim of finding any site‑specific osteopenic side effect.
Methods: The study was conducted by the department of dermatology of Postgraduate Institute of Medical 
Education and Research, Chandigarh, India. The study comprised of two groups of patients. Group A consisted 
of 28 patients with pemphigus vulgaris who received intravenous pulses of dexamethasone at 4 weekly intervals. 
Group B consisted of 21 patients with airborne contact dermatitis who received oral daily prednisolone therapy. 
All the patients had a dual X‑ray absorptiometry scan at baseline, and at 3 and 6 months of follow‑up. The results 
were analyzed as changes in bone mineral density.
Results: There was loss of bone mineral density at lumbar spine and the head of radius in both the groups. 
At the lumbar spine, Group B showed more reduction in bone mineral density at 3 months whereas in Group A 
it was more at the head of radius. In patients on oral steroids, the lumbar spine was significantly more affected 
than the head of radius at both 3 and 6 months of follow‑up. However, in patients on intravenous pulse steroids, 
both the sites were equally affected at 3 and 6 months.
Limitations: In our study, we used different glucocorticoids in the two groups: prednisolone in the oral daily group 
and dexamethasone in the intravenous pulse steroids group. A similar reduction in bone mineral density in both the 
groups may have been due to a longer half‑life or more bone‑directed side effects of dexamethasone as compared 
to prednisolone.
Conclusion: Dermatologists need to be aware of the detrimental effects of high‑dose intravenous pulsed 
glucocorticoids on bone mineral density and assessment of this parameter should be done before the initiation of 
therapy and also at regular intervals thereafter. During follow up, either the lumbar spine or the head of radius can be 
used to assess the osteopenic effect of intravenous pulse steroids, whereas the lumbar spine is a better site for this 
evaluation in patients on oral steroids.
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Introduction
Dermatologists, along with rheumatologists and pulmonologists, 
are among the leading prescribers of systemic glucocorticoids 
in the world. The efficacy of glucocorticoids is well known, but 
their use is associated with numerous adverse effects. The most 
predictable and debilitating of these adverse effects is rapid loss 
of bone mineral density, with an increase in osteoporotic fracture 
risk, particularly on long‑term use. The intravenous pulse form of 
glucocorticoids came into clinical practice to minimize the adverse 
effects of daily systemic glucocorticoids. A decreased incidence 
of common side effects such as weight gain, Cushingoid obesity, 
diabetes mellitus and hypertension makes intravenous pulse 
administration more acceptable to the patient.1 In this study, we 
compared the effects of these two routes of steroid administration 
on bone mineral density and tried to identify whether the response 
was site specific.

Methods
Ethical clearance was obtained from the Ethical Committee of our 
Institute. The study comprised of two groups of patients recruited 
from the outpatient department of dermatology of Postgraduate 
Institute of Medical Education and Research, Chandigarh, India. 
Twenty‑eight patients with pemphigus vulgaris on intravenous pulse 
dexamethasone (140 mg for 3 consecutive days at 4 weekly intervals) 
were assigned to Group A, and 21  patients with airborne contact 
dermatitis on oral daily prednisolone (at a dose calculated according 
to patient’s body weight and tapered according to response) were 
assigned to Group B. The patients in the intravenous steroid group 
were not given intermittent oral steroids and were managed with 
steroid‑sparing immunosuppressants such as azathioprine and 
cyclophosphamide, as and when required. The patients in both 
the groups were matched for age and sex. However, matching for 
mobility, physical activity and occupation could not be done due 
to practical difficulties. Postmenopausal women, pregnant women, 
patients with osteoporosis or with a low bone mineral density 
(T‑scores ≤2.5 at baseline dual X‑ray absorptiometry scan), patients 
on treatment with drugs which could affect bone metabolism such as 
bisphosphonates, calcitonin, hormone supplements, methotrexate, 
cyclosporine, lithium and antiepileptic drugs in the preceding 
6 months, and patients who had taken >7.5 mg/day of prednisolone 
or its equivalent for >3 months during the past 6 months or who had 
taken vitamin D or calcium supplements, were all excluded from 
the study.

Informed consent was taken from all the patients before recruitment 
into the study. Detailed clinical history and examination were 
recorded. Baseline investigations including serum albumin, calcium, 
phosphate, alkaline phosphatase, thyroid‑stimulating hormone, 
T3 and T4 were done. All women in reproductive age group had to 
undergo a urine pregnancy test before dual X‑ray absorptiometry 
scan.

All patients had dual X‑ray absorptiometry scan at baseline, at 3 
months and at 6 months of starting treatment and bone mineral 
density was measured at the lumbar spine and the head of radius 
[Figures 1 and 2]. Dual X‑ray absorptiometry scan was performed 
using Norland dual X‑ray absorptiometry scanner (first generation), 
which uses Samarium filter producing a pencil beam to give energy 
peaks at 46.8 keV and 80 keV. Two sodium iodide scintillation 
detectors 0.3 mm and 7.0 mm thick were used. The data were 
expressed as bone mineral density (g/cm2), T‑ and Z‑scores. T‑score 

is defined as individual bone mineral density values compared 
to those in a young healthy adult matched for race and gender. 
Osteoporosis, as per the WHO guidelines, is defined as a T‑score 
≤−2.5. Z‑scores are defined as individual bone mineral density 
values compared to those of an age‑matched population that is also 
matched for race and gender. The results were analyzed as a change 
of bone mineral density  (change of T‑  and Z‑score) as compared 
to baseline within each group. Furthermore, among the two sites, 
the site at which reduction in bone mineral density occurred at the 
earliest was identified. The results were analyzed using Statistical 
Product and Service Solutions (SPSS) version IBM SPSS Statistics 
22.0. (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, 
Version 22.0. Armonk, NY: USA; IBM Corp.)

Results
The patients in Group A were given a total cumulative dose of 2520 
mg of dexamethasone  (equivalent to 16,800 mg of prednisolone). 
The mean cumulative dose in Group B was 6308.57 ± 1342.75 mg 
of prednisolone with a mean dose of 35 ± 7.45 mg/day.

The mean T‑ and Z‑score at baseline, at 3 months and at 6 months 
in both the groups is given in Table 1. The mean change of T‑ and 
Z‑score at lumbar spine and head of radius for both the groups is 
given in Tables 2 and 3. At 3 months of therapy, the fall in T‑score 
at lumbar spine was significantly more in patients on daily oral 
steroids  (P = 0.049), whereas at the head of radius, it was more 
in patients on intravenous pulse glucocorticoids  (P  <  0.001) as 
shown in Figure 1. At 6 months, however, there was no statistically 
significant difference between the two groups in the magnitude of 
reduction of T‑score at either site (P > 0.05).

A comparison of change in T‑ and Z‑score at 3 and 6 months for 
either treatment group at lumbar spine and the head of radius is 
given in Tables  4 and 5. Patients on daily oral prednisolone had 
a significantly greater reduction of T‑score at the lumbar spine 
as compared to the head of radius at 3 and 6 months  (P < 0.001; 
P = 0.016), whereas patients on intravenous pulse glucocorticoids, 
had a comparable reduction in T‑score at 3 and 6 months at both the 
lumbar spine and the head of radius (P > 0.05) as shown in Figure 2.

Discussion
Glucocorticoid‑induced osteoporosis is a leading cause of secondary 
osteoporosis and is a major risk factor for fractures. Even doses 
of 7.5 mg/day of oral glucocorticoids have resulted in a rapid 
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intravenous pulse steroid groups at lumbar spine and head of radius
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reduction of bone mineral density as early as 3 months after the 
commencement of therapy.2 Although there are various studies, 
especially by pulmonologists and rheumatologists, establishing 
the osteoporotic effect of oral corticosteroids, studies reporting the 
osteoporotic side effects of intravenous pulse steroids are scarce.3,4 

Loss of bone mineral density has been observed at various skeletal 
sites of the body, but it is most marked at lumbar spine, perhaps, as it 
is a metabolically active trabecular bone.5,6 The results of our study 
indicate that 3 months after the commencement of treatment, the 
lumbar spine shows a higher degree of bone mineral density loss in 

Table 1: Mean T‑ and Z‑score at baseline, 3 and 6 months at lumbar spine and head of radius

Variable Lumbar spine Head of radius

Oral daily 
glucocorticoids

IV pulse 
glucocorticoids

Oral daily 
glucocorticoids

IV pulse 
glucocorticoids

T‑score* (at baseline) −0.06±0.89 −0.87±1.02 0.63±0.96 −0.27±0.91
T‑score (at 3 months) −1.09±0.81 −1.65±0.85 0.13±1.10 −1.34±0.67
T‑score (at 6 months) −1.80±0.59 −2.28±0.75 −0.78±0.76 −1.69±1.16
Z‑score# (at baseline) 0.17±0.58 −0.50±0.99 0.84±0.92 −0.008±0.75
Z‑score (at 3 months) −0.51±0.76 −1.25±0.71 0.40±1.04 −0.78±0.83
Z‑score (at 6 months) −1.31±0.50 −1.76±0.58 −0.20±1.15 −1.32±0.72
Result expressed as mean change±SD. *T‑score is defined as individual bone mineral density values compared to those in a young healthy adult matched for race 
and gender. Osteoporosis is defined as per the WHO guidelines, i.e., T‑score ≤−2.5, #Z‑scores are defined as individual bone mineral density values compared to 
those of an age‑matched population that is also matched for race and gender. SD: Standard deviation, IV: Intravenous

Table 2: Mean change of T‑ and Z‑score at 3 and 6 months as compared to baseline at lumbar spine: Daily 
oral versus IV pulse glucocorticoids

Mean change of bone mineral density measurement Oral daily glucocorticoids (n=21) IV pulse glucocorticoids (n=28) P
Change of T‑score at 3 months from baseline −1.04±0.44 −0.78±0.45 0.049*
Change of T‑score at 6 months from baseline −1.70±0.48 −1.41±0.69 0.120
Change of Z‑score at 3 months from baseline −0.67±0.49 −0.79±0.55 0.448
Change of Z‑score at 6 months from baseline −1.27±0.64 −1.40±0.64 0.485
Result expressed as mean change±SD. *P<0.05: Significant change of T‑score at 3 months from baseline. SD: Standard deviation, IV: Intravenous

Table 3: Mean change of T‑ and Z‑score at 3 and 6 months as compared to baseline at head of radius: Daily oral versus 
intravenous pulse glucocorticoids

Mean change of bone mineral density measurement Oral daily glucocorticoids (n=21) IV pulse glucocorticoids (n=28) P
Change of T‑score at 3 months from baseline −0.50±0.40 −1.07±0.74 0.001*
Change of T‑score at 6 months from baseline −1.25±0.66 −1.42±0.67 0.118
Change of Z‑score at 3 months from baseline −0.525±0.47 −0.78±0.42 0.066
Change of Z‑score at 6 months from baseline −1.08±0.62 −1.33±0.51 0.155
Result expressed as mean change±SD. *P<0.05: Significant change of T‑score at 3 months from baseline. SD: Standard deviation, IV: Intravenous

Table 4: Mean change in T‑ and Z‑score at 3 and 6 months as compared to baseline in patients on daily oral glucocorticoids

Mean change of bone mineral density measurement Lumbar spine (n=21) Head of radius (n=21) P
Change of T‑score at 3 months from baseline −1.04±0.44 −0.50±0.40 <0.001*
Change of T‑score at 6 months from baseline −1.70±0.48 −1.25±0.66 0.016*
Change of Z‑score at 3 months from baseline −0.67±0.49 −0.525±0.47 0.172
Change of Z‑score at 6 months from baseline −1.27±0.64 −1.08±0.62 0.334
Result expressed as mean change±SD. *P<0.05: Significant change of T‑score at 3 and at 6 months from baseline. SD: Standard deviation

Table 5: Mean change in T‑ and Z‑score at 3 and 6 months as compared to baseline in patients on 
intravenous pulse glucocorticoids

Mean change of bone mineral density measurement Lumbar spine (n=28) Head of radius (n=28) P
Change of T‑score at 3 months from baseline −0.78±0.45 −1.07±0.74 0.08
Change of T‑score at 6 months from baseline −1.41±0.69 −1.42±0.67 0.96
Change of Z‑score at 3 months from baseline −0.79±0.55 −0.78±0.42 0.93
Change of Z‑score at 6 months from baseline −1.40±0.64 −1.33±0.51 0.65
Result expressed as mean change±SD. SD: Standard deviation
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patients on oral glucocorticoids whereas the head of radius is affected 
more by intravenous pulse glucocorticoids. However, at the end of 6 
months, the degree of reduction in bone mineral density at both the 
sites is similar for both oral and intravenous pulse glucocorticoids. 
When comparing the two treatment modalities, it was found that 
oral steroids caused a significantly greater reduction in bone mineral 
density at the lumbar spine as compared to the head of radius both 
at 3 and 6 months, while intravenous pulse glucocorticoids affected 
both the sites equally. This suggests that either of these two sites, 
that is, lumbar spine or the head of radius, can be used to assess the 
reduction in bone mineral density in patients on intravenous pulse 
glucocorticoids, however, the lumbar spine is a more sensitive site to 
detect the osteoporotic adverse effects of oral glucocorticoids.

Our results are in agreement with the study by Salem et  al. who 
compared daily oral prednisolone  (mean: 24.79  ±  18.47 g) with 
intravenous dexamethasone pulse therapy  (mean 5.43  ±  2.08 g 
dexamethasone; 37.46  ±  14.35 g of prednisolone).6 They found 
that after 6 months of respective therapies, a significant reduction 
in bone mineral density occurred in both the groups, however, oral 
corticosteroids produced a statistically significant reduction in bone 
mineral density at the lumbar spine which was greater than that 
at the left hip and the head of radius, whereas intravenous pulsed 
glucocorticoids produced a statistically significant reduction in bone 
mineral density of a similar magnitude at all the three sites. In the 
same study, in the oral glucocorticoids group, reduction in the bone 
mineral density of trabecular bones such as lumbar spine was not 
found to be affected by the cumulative doses of corticosteroids, 
while that of cortical bones had an inverse correlation with the 
cumulative dose. However, the duration of daily oral corticosteroid 
intake, or the number of intravenous dexamethasone pulses did not 
correlate directly with the osteoporotic effect observed.

Various studies in the past, which established the safety of 
intravenous pulse glucocorticoids in relation to osteoporosis, 
relied on various different markers for assessment of bone and 
calcium metabolism, such as serum calcium, parathyroid hormone, 
vitamin D, alkaline phosphatase, osteocalcin and urinary excretion 
of calcium, hydroxyproline, deoxypyridinoline and pyridinoline. 
They did not measure the bone mineral density by any densitometric 
technique.7‑9 Such studies, therefore, cannot be fully relied upon. 
However, there are some studies which have measured bone mineral 

density and these have advocated the relative safety of intravenous 
pulse glucocorticoids with respect to osteoporosis.10,11

In a study by Dovio et al., intravenous pulse methylprednisolone 
in a dose of 15 mg/kg/day was given for 10 days to 13 patients of 
multiple sclerosis.10 They concluded that even though high‑dose, 
short‑term intravenous glucocorticoid regimens cause an immediate 
and persistent decrease in bone formation and a rapid and transient 
increase in bone resorption, these parameters return to baseline 
values within 6 months. However, intravenous pulse glucocorticoids 
are not used for such short durations by dermatologists but as 
monthly pulses usually prolonged over a year and a half. Therefore, 
it is difficult to comment if the conclusions by Dovio et al. hold true 
for intravenous pulse glucocorticoids as used in dermatology.

Similarly, in a study by Frediani et al., on patients with rheumatoid 
arthritis, daily oral methylprednisolone was compared to intravenous 
methyprednisolone pulse therapy (with a mean interval of 
76  days between each pulse) over 1  year.11 Their study showed a 
significant reduction in the bone mineral density at lumbar spine at 
6 and 12 months in the oral group as compared to the intravenous 
group, even though the average yearly dose of intravenous pulse 
methylprednisolone was 18.9 g (equivalent to 23.4 g prednisolone) 
which was greater than that used by us. Again, this scenario is not 
comparable to the usual routine of intravenous pulse glucocorticoids 
followed by dermatologists where pulses are given every 28  days, 
which is less than half of the mean interval between pulses given by 
Frediani et al. A longer inter‑pulse interval, as used in the latter study, 
might give the bones some time to regenerate.11

Conclusion
Our study aims to emphasize that high doses of intravenous pulse 
glucocorticoids do cause reduction in bone mineral density, at 
both the lumbar spine and the head of radius, and the magnitude 
of reduction is similar to that seen in patients taking daily oral 
glucocorticoids. Dermatologists need to be aware of the detrimental 
effects of high‑dose intravenous pulse glucocorticoids on bone 
mineral density and its baseline and periodic assessment should be 
considered wherever long‑term therapy is indicated. Prophylactic 
treatment against osteoporosis in the form of calcium supplements 
and bisphosphonates is essential for patients receiving corticosteroids 
orally as well as for those on intravenous pulse therapy.
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