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The Effects of Supraphysiologic Doses of Vitamin D3 in
Conjunction With Teriparatide on Bone Mineral
Density in Two Postmenopausal Females
With Severe Osteoporosis

Pooja Raghavan?, Elena Christofides®®

Abstract

Teriparatide was approved by the FDA in 2002 for the treatment
of osteoporosis in postmenopausal women who are at high risk for
fractures. Previous studies involving the use of teriparatide in con-
junction with vitamin D and calcium supplementation have sug-
gested that sufficient vitamin D levels may not be a requirement to
achieve an effective response to teriparatide. We present a case of
two postmenopausal females with severe osteoporosis who were
treated with teriparatide along with calcium and supraphysiologic
doses of vitamin D, as illustrated by an increase from their baseline
serum 25-hydroxyvitamin D concentrations. Both patients experi-
enced an increase in bone mineral density that was significantly
higher than what has been seen in prior studies of teriparatide ad-
ministration in conjunction with physiologic doses of vitamin D.
These findings suggest that administering supraphysiologic doses
of vitamin D may in fact potentiate the effects of teriparatide in
postmenopausal females with osteoporosis, resulting in larger in-
creases in bone mineral density than would otherwise be expected.
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Introduction

Osteoporosis currently affects 10 million people in the Unit-
ed States, with 18 million more still at risk [1]. Due to the
increasing number of patients being diagnosed annually with
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this disabling disease, new therapies are continuing to be
studied with the aim of increasing bone mineral density and
reducing the risk of fractures.

Antiresorptive agents have been widely studied in
the treatment of postmenopausal osteoporosis; including
bisphosphonates, estrogen, raloxifene, and calcitonin. Terip-
aratide was approved by the FDA in 2002 for the treatment
of osteoporosis in postmenopausal women at high risk for
fractures [2]. Calcium and vitamin D are an essential com-
ponent of the treatment of osteoporosis, and while alone
they may not significantly affect bone mineral density, an
adequate dose of both complements the anti-fracture efficacy
of the antiresorptive and anabolic agents [3]. Previous trials
involving teriparatide therapy supplemented with vitamin D
and calcium involve doses of vitamin D no higher than 1200
IU/day or with the aim of achieving a serum 25-hydroxyvita-
min D level of 50 nmol/L [4]. No studies to date have shown
the effects of supraphysiologic doses of vitamin D supple-
mentation in conjunction with teriparatide therapy on bone
mineral density and fracture prevention.

We present 2 cases of postmenopausal females with se-
vere osteoporosis who were treated with supraphysiologic
doses of vitamin D throughout their treatment period on
teriparatide, and report results of 25-hydroxyvitamin D lev-
els and bone mineral density in response to such therapy.

Case Presentation
Case 1

A 68-year old postmenopausal Caucasian female with a his-
tory of premature menopause at age 38 was referred for man-
agement of osteoporosis. The patient had never been placed
on hormone replacement therapy and had no history of frac-
tures. She had a recent dual-energy x-ray absorptiometry
(DEXA) showing a bone mineral density (BMD) of 0.393 g/
cm? and a T-score of -5.9 at the lumbar spine. Prior to evalua-
tion at our clinic, the patient had been started on alendronate
and 2800 IU/day of vitamin D, which she continued for one
month before being seen by our team. The patient’s height
was measured at 58 inches, though she stated a previous
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height of 66 inches approximately 10 years prior. Given the
severity of osteoporosis, the patient was started on teripara-
tide, calcium citrate 2000 mg/day, and vitamin D3 50,000 IU
weekly. Her previous therapy with alendronate and vitamin
D was discontinued.

The patient continued this medication regimen with-
out any changes or additions for 24 months. Serum 25-hy-
droxyvitamin D, calcium, phosphorus, intact PTH, and urine
cross-linked N-telopeptide levels were checked at baseline
and at 12-month intervals while on teriparatide therapy (Ta-
ble 1). TSH and albumin were also checked, which were in
normal range at 1.6 (reference range: 0.5 -4 .8) and 3.5 (refer-
ence range: 3.5 - 4.8), respectively. Renal function, glomeru-
lar filtration rate, and 24-hour urine calcium were measured
at baseline and 12-month intervals while on therapy. These
remained within normal limits throughout the 24 months of
therapy. The 1, 25-dihydroxyvitamin D concentration was 56
(reference range: 25 - 66) at 12 months. 25-hydroxyvitamin
D levels exhibited a significant change from baseline. At the
end of two years, a DEXA scan was repeated which showed
a BMD of 0.582 g/cm? and a T-score of -4.2 at the lumbar
spine (Table 2). This was a 48.2% change from baseline val-
ues. The patient sustained no fractures and no further loss of
height during the treatment period on teriparatide.

Case 2

A 67-year old postmenopausal Caucasian female with a his-
tory of menopause at age 43 was referred for management
of severe osteoporosis. Her history was notable for seven
vertebral fractures and loss of height in all of the lumbar
vertebral bodies since menopause. Initial DEXA two months
prior revealed a BMD of 0.351 g/cm? and a T-score of -6.3
at the lumbar spine. The patient had never been placed on
hormone replacement therapy, but had been started on alen-
dronate and vitamin D 5,600 [U/day after results of DEXA
became available. On physical examination, the patient ap-
peared frail, with a height of 59 inches. She reported a height
of 63 inches prior to menopause. Due to a new intertrochan-
teric fracture of the left hip while on alendronate therapy, her
prior treatment was discontinued, and the patient was started
on teriparatide, calcium citrate 2,000 mg/day and vitamin D3
50,000 IU weekly.

The patient continued this medication regimen with-
out any changes or additions for 24 months. Serum 25-hy-
droxyvitamin D, calcium, phosphorus, intact PTH, and urine
cross-linked N-telopeptide levels were checked at baseline
and at 12-month intervals while on teriparatide therapy
(Table 1). TSH and albumin were also checked, which were
in normal range at 0.74 (reference range: 0.5 - 4.8) and 3.9
(reference range: 3.5 - 4.8), respectively. Renal function,
glomerular filtration rate, and 24-hour urine calcium were
measured at baseline and 12-month intervals while on ther-
apy. These remained within normal limits throughout the 24
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Table 1. Serum 25-Hydroxyvitamin D, Calcium, Phosphorus, Intact PTH, and Urine Cross-Linked N-Telopeptide at Baseline and 12 Month Intervals During Therapy

With Teriparatide, Calcium Citrate and Supraphysiologic Doses of Vitamin D in Patients 1 and 2
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Serum phosphorus
(mmol/L)
Reference range: 0.775 - 1.518

Serum calcium (mmol/L)
Reference range: 2.05 - 2.55

35-150

Serum 25-hydroxyvitamin D
(nmol/L) Reference range:

Time
(months)

75
90
64

65
16
22

0.710
0.936
0.839

2.125
2.425
2.325

39.93
504.19
394.36

0*
12*
24*
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0.969

2.50

304.51
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64

24

0.904

2.425

284.54
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*Laboratory values for patient 1; ** Laboratory values for patient 2.
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Table 2. Comparison of BMD and T-Scores Prior to and 24 Months After Treatment With Teripa-
ratide, Calcium Citrate and Supraphysiologic Doses of Vitamin D in Patients 1 and 2, Percent
Change and Absolute Increase in BMD is Also Noted

Patient 1 Patient 2
BMD, L1-L4 (g/cm?), baseline 0.393 0.351
BMD, L1-L4 (g/cm?), at 24 months 0.582 0.639
T-score, L1-L4, baseline -5.9 -6.3
T-score, L1-L4, at 24 months -4.2 -3.7
% change in BMD, L1-L4, at 24 months 48.2% 82.3%
Absolute increase in BMD at 24 months (g/cm?) 0.189 0.288

months of therapy. The 1, 25-dihydroxyvitamin D concentra-
tion was 49 (reference range: 25 - 66) at 12 months. 25-hy-
droxyvitamin D levels exhibited a significant change from
baseline. At the end of two years, a DEXA scan was repeated
which revealed a BMD of 0.639 g/cm? and a T-score of -3.7
at the lumbar spine (Table 2). This was an 82.3% change
from baseline values. The patient sustained no new fractures
during the treatment period on teriparatide.

The DEXA results in case 1 and 2 exhibit a 4 to 8 fold
increase in bone mineral density at the lumbar spine respec-
tively, in comparison to results from the largest double-blind,
multicenter, placebo-controlled clinical trial involving terip-
aratide administration in conjunction with physiologic doses
of vitamin D supplementation (Table 3) [2].

Discussion

Osteoporosis is a disease in which bone quality and strength
become compromised, leading to an increased risk of frac-
tures [1]. The risk of osteoporosis increases with age, and it
is estimated that 1 in 3 patients who sustain an osteoporotic
hip fracture are sent to a nursing home within a year [1]. Due
to the disabling nature of the disease and the significant in-
creases in morbidity and mortality associated with osteopo-
rotic fractures, drug therapies continue to be studied with the
aim of increasing bone mineral density and subsequently re-
ducing the risk of fractures in patients with osteoporosis [5].

Teriparatide, a recombinant human parathyroid hormone
analog 1 - 34, was approved by the FDA in 2002 for the treat-
ment of osteoporosis in postmenopausal women who are at
high risk for fractures [2]. Hodsman et al suggest that pa-
tients who are considered high risk for osteoporotic fractures
include: patients with very low bone density (T-score <-3.5),
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with preexisting fractures, or with a suboptimal response to
antiresorptive therapy [6]. Teriparatide is regarded as being
the first and only anabolic agent available for the treatment
of osteoporosis. Its mechanism of action differs from other
agents currently used. Historically, chronic exposure to PTH
has been observed to lead to osteoporosis, as in diseases
such as hyperparathyroidism [7]. This is due to PTH induced
stimulation of osteoclasts, leading to an increase in bone re-
sorption [7]. Teriparatide, however, reaches peak serum con-
centrations in 30 minutes and returns to non-detectable se-
rum levels within a few hours [7]. This intermittent burst of
PTH given in the form of teriparatide, in contrast to chronic
exposure to PTH, has the paradoxical effect of stimulating
new bone formation and increasing bone mass by favoring
stimulation of osteoblasts more than osteoclasts [7].
Calcium and vitamin D are also essential components
of the treatment of osteoporosis. Calcium is required to at-
tain peak bone mass, while vitamin D is required to optimize
calcium absorption [1]. Vitamin D is acquired through direct
exposure to sunlight and by diet, and its ability to increase
the 25-hydroxyvitamin D level is affected by many differ-
ent factors; this makes it difficult to standardize requirements
[8]. Recent studies have suggested that the current daily re-
quirements for vitamin D are inadequate, and concentrations
of 25-hydroxyvitamin D less than 80 nmol/L are consid-
ered deficient [9]. Circulating 25-hydroxyvitamin D levels
less than 80 nmol/L have been shown to cause a reduction
in the absorption of calcium, resulting in osteoporosis and
an increased risk of fractures [10-11]. Recently, the Institute
of Medicine recommended an increase in the daily require-
ment of vitamin D, based on an extensive review of studies
on health outcomes [8]. The evidence supported a definite
role for calcium and vitamin D in bone health [8]. While
alone they may not significantly affect bone mineral density

www.jofem.org 141



Raghavan et al

) Endocrinol Metab « 2012;2(3):139-144

Table 3. Comparison of Changes in Bone Mineral Density From Baseline Values in Our Patients After 24 Months
of Teriparatide, Calcium Citrate and Supraphysiologic Doses of Vitamin D; With Patients Treated With Teriparatide,

Calcium and Physiologic Doses of Vitamin D@

Patients treated with teriparatide and

physiologic doses of vitamin D Patient #1 Patient #2
Percent Change in BMD at o o 0
the Lumbar Spine over 24 months 9-7% 48.2% 82.3%
1 1 2
Absolute increase in g/cm ) 0.189 0,288

over 24 months

aResults from Eli Lilly pharmaceutical clinical trial. The safety and efficacy of once-daily teriparatide and physiologic doses of
vitamin D with a median exposure of 19 months were examined in a double-blind, multicenter, placebo-controlled clinical trial of

1,637 postmenopausal women with osteoporosis [2].

or the risk of fractures, an adequate dose of both calcium
and vitamin D complements the anti-fracture efficacy of the
antiresorptive and anabolic agents used to treat osteoporosis
[3, 12].

The Endocrine Society guidelines for vitamin D supple-
mentation in patients at risk for vitamin D deficiency suggest
600 IU/day for adults between the ages of 50 and 70, and
800 IU/day for adults above the age of 70 [13]. For all adults
with vitamin D deficiency, the guidelines suggest supple-
mentation with 50,000 IU of vitamin D once a week for 8
weeks or its equivalent of 6,000 IU/day to achieve a mini-
mum 25-hydroxyvitamin D serum level above 75 nmol/L,
followed by maintenance therapy of 1,500 to 2,000 IU/day
[13]. Despite such guidelines, there appears to be little in-
formation regarding how much vitamin D supplementation
should be given to a postmenopausal female with osteo-
porosis requiring treatment with antiresorptive or anabolic
agents.

Previous trials involving teriparatide therapy supple-
mented with vitamin D and calcium involve doses of vitamin
D no higher than 1,200 IU/day or with the aim of achieving
a serum 25-hydroxyvitamin D level of 50 nmol/L [4]. Fur-
thermore, previous studies involving the use of teriparatide
in conjunction with vitamin D and calcium supplementation
have suggested that vitamin D sufficiency may not be re-
quired to achieve an effective response to teriparatide [14].
In a study by Dawson-Hughes et al, patients received physi-
ologic doses of vitamin D and calcium supplementation with
teriparatide, and were compared to a placebo group who re-
ceived similar doses of calcium and vitamin D without the
intervention of teriparatide [14]. Their results suggested
that responses to teriparatide did not differ significantly in
women with baseline vitamin D insufficiency or sufficiency
in regards to the endpoint of increased bone mineral density
and reduction in vertebral and non-vertebral fracture risk
[14]. However, in this study, baseline 25-hydroxyvitamin D
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levels were not significantly different between the vitamin D
insufficient and sufficient groups, and the change in serum
25-hydroxyvitamin D concentrations from baseline values
were not reported. Dawson-Hughes et al also observed an
increased incidence of vitamin D insufficiency in all pa-
tient groups being treated with teriparatide after 12 months
of teriparatide therapy, while this effect was not observed
in the placebo group [14]. Perhaps there was no significant
difference in bone mineral density or reduction in fractures
observed between the vitamin D insufficient and sufficient
groups because many patients became vitamin D insufficient
after 12 months of teriparatide therapy. This may suggest the
need for higher doses of vitamin D supplementation in pa-
tients being treated with teriparatide.

Vitamin D deficiency or insufficiency may lead to an in-
crease in endogenous PTH levels, in order to maintain serum
calcium levels within a normal range. This could potentially
interfere with the action of teriparatide, a PTH analog. The
actions of teriparatide on the bone seem to be effective due
to its ability to quickly reach peak serum concentrations and
decline to non-detectable levels within a few hours [7]. If
endogenous PTH levels were to rise in the serum due to vi-
tamin D deficiency or insufficiency, one cannot be certain
that teriparatide can effectively achieve its full potential on
bone remodeling. Raising 25-hydroxyvitamin D to a level
that is well in the sufficient range may suppress endogenous
PTH concentrations [15]. This could potentially minimize
effects of endogenous PTH on bone remodeling, thus allow-
ing teriparatide to achieve its full potential on bone remodel-
ing in an osteoporotic patient.

Although the advantages of using supraphysiologic
doses of vitamin D3 in conjunction with teriparatide are evi-
dent, one must be aware of the potential adverse effects of
high dose vitamin D. Vitamin D toxicity has been known to
cause hypercalcemia, hypercalciuria, as well as accelerated
bone resorption. The lowest observed adverse effect level is
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the lowest serum concentration of 25-hydroxyvitamin D that
produces signs or symptoms of vitamin D toxicity, including
hypercalcemia or hypercalciuria. Many studies have shown
that even with daily doses of vitamin D exceeding 40,000
1U, signs of vitamin D toxicity such as hypercalcemia only
occurred in those individuals whose serum concentrations of
25-hydroxyvitamin D exceeded 750 nmol/L [15-18].

In trials testing the effect of high dose vitamin D supple-
mentation on serum concentrations of 1, 25-dihydroxyvita-
min D and calcium, it was found that even at daily doses
of 10,000 IU of vitamin D for several weeks, there was no
increase noted in the serum concentrations of calcium or
1, 25-dihydroxyvitamin D, though a significant increase in
serum 25-hydroxyvitamin D was produced [16, 19]. There
were also no signs of toxicity associated with these high dos-
es of vitamin D supplementation, including hypercalcemia
or hypercalciuria [16, 19]. In another study, daily doses of
50,000 IU of vitamin D for 8 weeks showed no evidence of
vitamin D toxicity or changes in serum calcium or 1, 25-di-
hydroxyvitamin D levels, even with serum concentrations of
25-hydroxyvitamin D exceeding 600 nmol/L [19, 20]. This
suggests that increased concentrations of 1, 25-dihydroxyvi-
tamin D, the biologically active form of vitamin D, is what
leads to vitamin D toxicity in which signs and symptoms
of hypercalcemia and hypercalciuria are observed. Serum
concentrations of 1, 25-dihydroxyvitamin D are unlikely
to change dramatically with significant increases in 25-hy-
droxyvitamin D due to tight regulation of renal conversion
of 25-hydroxyvitamin D to 1, 25-dihydroxyvitamin D. Both
parathyroid hormone and 1, 25-dihydroxyvitamin D itself,
inhibit the conversion to active vitamin D [8].

In addition to this, most of the toxicity data regarding
vitamin D is in relation to vitamin D2, not vitamin D3. Vita-
min D2 has more of a propensity to cause toxic effects than
vitamin D3 for several reasons. Vitamin D2 is a synthetic
compound, while vitamin D3 is the naturally occurring form
in humans. Therefore, there was greater impurity seen with
vitamin D2 preparations [21]. In addition, because vitamin
D2 is an artificial compound, the vitamin D binding protein
has a weaker affinity for the metabolites of vitamin D2 in
comparison to vitamin D3. This causes higher biologically
available levels of free 25-hydroxyvitamin D2 and 1, 25-di-
hydroxyvitamin D2, leading to potential vitamin D toxicity
at high daily doses [22, 23].

Taking into account the available data regarding toxicity
of vitamin D, patients can be safely treated with supraphysi-
ologic doses of vitamin D3 in conjunction with teriparatide,
as long as serum concentrations of 25-hydroxyvitamin D, 1,
25-dihydroxyvitamin D, calcium, renal function, glomeru-
lar filtration rate, and 24-hour urine calcium are periodically
measured during treatment. If nephrolithiasis in the setting
of hypercalcemia and hypercalciuria is suspected, renal
ultrasound can also be performed. Patients should also be
counseled on the signs and symptoms seen with vitamin D
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toxicity, and if they exhibit signs of hypercalcemia or hyper-
calciuria, this should prompt an urgent appointment with a
physician.

Not all patients receiving teriparatide may require sup-
raphysiologic doses of vitamin D3. This treatment regimen
may be best suited for patients who are vitamin D insuffi-
cient or deficient at the onset of therapy with teriparatide, as
patients may exhibit worsening of vitamin D insufficiency
or deficiency while receiving therapy with teriparatide. Fur-
thermore, treatment with supraphysiologic doses of vita-
min D3 in this subset of patients may suppress endogenous
parathyroid hormone levels, allowing teriparatide to achieve
its full potential on bone remodeling, without the possible
interference of elevated endogenous levels of parathyroid
hormone. After discontinuation of teriparatide, vitamin D
supplementation should be decreased to physiologic doses.

Conclusion

No randomized, placebo controlled trials to date have shown
the effects of supraphysiologic doses of vitamin D supple-
mentation in conjunction with teriparatide therapy on bone
mineral density and fracture prevention. Prior clinical stud-
ies of teriparatide given in conjunction with physiologic
doses of calcium and vitamin D supplementation show that
increases in BMD at the lumbar spine [2, 14]. Although such
increases in bone mineral density with the use of teriparatide
are encouraging, further studies with teriparatide involving
supraphysiologic doses of vitamin D should be considered.
During these trials, serum 25-hydroxyvitamin D, 1, 25-dihy-
droxyvitamin D, calcium, renal function, glomerular filtra-
tion rate, and 24-hour urine calcium should be monitored,
as well as assessment of bone mineral density and fracture
incidence. Clinicians should consider the possibility that
raising 25-hydroxyvitamin D levels to well above borderline
sufficient levels may have the beneficial effect of potentiat-
ing the actions of teriparatide on bone remodeling. This may
potentially lead to greater increases in bone mineral density,
and subsequently result in a further reduction in fracture risk.
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