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Teriparatide in the treatment of severe
osteoporosis in elderly female patients:
results of a multicenter prospective study
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Abstract
Teriparatide (TPTD) is a recombinant aminoterminal fragment (1–34) of the human parathyroid hormone (PTH),
which has a predominantly stimulating effect on bone formation. The effectiveness of the treatment with teriparatide consists in fracture reduction in females with severe osteoporosis. We report results of an 18-months prospective multicenter study with daily subcutaneous application of 20 μg of teriparatide in 85 elderly women with severe
osteoporosis, the efficacy, safety and compliance of the treatment. We´ve observed an increase of BMD after
12 and 18 months of treatment in the lumbar spine region (9.2% and 10.6%, p = 0.001), respectively in femoral neck
(1.4% and 4.6%, p = 0.04) and total hip (3.5% and 3.7%, p = 0.02) and an increase of markers of bone turnover after
6 and 18 months (CTx 173% and 93%, p < 0.001 and osteocalcin 134%, p < 0.001). The type of previous antiosteoporotic treatment had no influence on the effectiveness of teriparatide according to BMD and bone turnover markers.
Treatment was well tolerated and no serious side effects were observed. Borderline hypercalcemia was present
in 5.3% of patients with higher calcium supplements doses, but it has no clinical relevance. Teriparatide is a highly
effective osteoanabolic drug in elderly women with severe osteoporosis with a preexisting vertebral fracture.
Key words: BMD – fracture risk – osteoporosis – teriparatide
Abstrakt
Teriparatid (TPTD) je rekombinantný aminotermálny fragment (1-34) ľudského parathormónu (PTH), ktorý má
najmä stimulujúci účinok na tvorbu kostí. Účinnosť liečby teriparatidom spočíva v znížení počtu zlomenín u žien
s ťažkou osteoporózou. Uvádzame výsledky 18-mesačnej prospektívnej multicentrickej štúdie, v priebehu ktorej
bolo 85 ženám s ťažkou osteoporózou denne podkožne aplikované 20 μg teriparatidu a bola sledovaná účinnosť,
bezpečnosť a dodržiavanie liečby. Po 12 a 18 mesiacoch liečby sme sledovali nárast BMD v oblasti bedrovej chrbtice (9,2 % a 10,6 %; p = 0,001), konkrétne v oblasti krčka femoru (1,4 % a 4,6 %; p = 0,04), v proximálnom femoru
(3,5 % a 3,7 %, p = 0,02) a taktiež nárast markerov kostného obratu po 6 a 18 mesiacoch (CTx 173% a 93%; p < 0,001
a osteokalcínu 134 %; p < 0,001). Typ predchádzajúcej antiosteoporotickej liečby nemal podľa ukazovateľov BMD
Clin Osteol 2018; 23(3): 88–93

www.clinicalosteology.org

proLékaře.cz | 13.8.2022
Payer J et al. Teriparatide in the treatment of severe osteoporosis in elderly female patients

a kostného obratu žiaden vplyv na účinnosť teriparatidu. Liečba bola dobre tolerovaná a neboli pozorované žiadne
závažné nežiadúce účinky. U 5,3 % pacientok, ktoré užívali vyššie dávky vápnikových doplnkov, bola zistená hraničná hyperkalcémia, ktorá ale nemala klinický význam. Teriparatid je vysoko účinný osteoanabolický liečivý prípravok vhodný u starších žien s ťažkou osteoporózou a so zlomeninou stavca v anamnéze.
Kľúčové slová: BMD – osteoporóza – riziko zlomeniny – teriparatid

Introduction

Osteoporosis is a disorder with both medical and socio-economical dimensions and is the most severe
disorder of the locomotor system due to its high incidence and mortality [1]. The most frequent locations of
osteoporotic fractures are the forearm, vertebrae and
the hip [2]. The lifelong risk of any osteoporotic fracture in a 50-year old woman represents approximately
39% and approximately 13% in a man. Hip fracture is
the most serious complication of osteoporosis and is
associated with high morbidity and mortality. An increase in the number of these fractures from 1.6 million
in 1990 to 6.26 million in 2050 can be expected worldwide. The 5-year survival is only 82% of the total population. The highest mortality after hip-fracture is in the
first 6 months [3].
The epidemiology of vertebral fractures is less understood due to the lack of generally accepted diagnostic
criteria and high proportion of asymptomatic fractures
(Figure 1) [4]. The prevalence of radiologically detected
fractures in people over 50 years represents 8–25% (de-

pending on the definition) and vertebral fractures are
associated with a similar increase in 5-year mortality
as hip fractures. A present vertebral fracture is the most
important risk factor of recurrent vertebral fractures.
Treatment of these high-risk patients as is the most difficult challenge [3,4].
The aim of our 18-months study was to evaluate the
effect of teriparatide on bone density, levels of bone
turnover markers, compliance and safety of the treatment in a high-risk group of patients with severe postmenopausal osteoporosis.

Design and participants

The prospective, open label, non-randomized, single-armed 18-months study was performed in 5 centers in the Slovak republic. The inclusion criteria were:
(1) bone mineral density (BMD) T-score < -2.9 in the
region of the femoral neck, or hip and 2 or more vertebral fractures, (2) the failure of previous antiresorptive treatment. The failure of treatment was defined as
a new osteoporotic fracture after 2 or more years of anti

Figure 1 | Vertebral fractures semi-quantitative grading. Modified according to [16]
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osteoporotic treatment or BMD loss in the femoral neck
or hip region more than 6% after 2 or more years of treatment. The definition of vertebral fractures was < 20% of
the regular height of vertebrae, according to the Genant
criteria. We enrolled 109 women in the study, with mean
age of 70.2 ± 0.8 years (52–83 years). All patients were
daily applicated subcutaneously 20 micrograms of recombinant humane parathyroide hormone (1–34) –
teriparatide (Forsteo®, Eli Lilly and Company, Nederland
BV). All enrolled women received daily supplements of
500 to 1 000 mg of Calcium and 400 to 800 IU of vitamin D. Characteristic of the participants is summarized
in Table 1.

Outcomes

The primary outcomes were defined as changes from
basal/basic BMD of femoral neck, total hip and lumbar
spine after 12 and 18 months.
We analysed also BMD changes in respect of previous treatment (bisphophonates, calcitonin or raloxifene).
Another primary outcome was defined as an analysis
of serum level changes of bone turnover markers after
6 and 18 months.

Methods

The bone mineral density of lumbar spine (L1–4), femo
ral neck and total hip was measured before treatment
Table 1 | Characteristic of the participants
characteristic of the participants
enrolled patients (n)

109

completed patients (n)

85

age (years)

70.2 ± 0.8 (52-83)

age of menopause (years)

51.3 ± 0.4

prevalence of fractures before treatment
per patient (n)

3.7 ± 0.22

previous treatment
bisphosphonates (n)

48

calcitonine or raloxifene (n)

37

bone mineral density at the beginning of the study g/cm2
total hip

0.55 ± 0.08

femoral neck

0.50 ± 0.08

lumbal spine

0.64 ± 0.13

Results

From 109 women enrolled in this study 85 (77.9%) completed the protocol. From the 24 excluded patients 9 patients due to difficulties with the subcutaneous application of teriparatide without further specification, one
patient died on cardiovascular event (stroke), but not in
relationship with the treatment. 2 women had mild adverse events (headache after 2 months of treatment)
and whole body pain (myalgia and arthralgia) after
5 months of treatment. In 3 participants no effect of
treatment was observed (no increase of BMD and osteocalcin) due to non-compliance. The remaining 9 participants were excluded due to technical difficulties (we
lost contact to these patients).
Treatment with TPTD resulted in increase of bone mineral
density of the total hip during 12 months (+3.5%, p = 0.066)
and significant increase of BMD in 18 months of treatment
(+3.7%, p = 0.026). The BMD changes in the femoral neck
region were also significant, we observed an increase of
BMD + 4.6% (p = 0.041) in 18 months. The most significant increase of BMD was found in the lumbar spine region,
+9.2% (p = 0.002) during 12 months of treatment and an
increase of 10.6% after 18 months of treatment with TPT
(p = 0.001), Figure 2. The changes in serum levels of markers of bone turnover are shown in Figure 3. Over 18 months
of teriparatide therapy led to significant increase of CTx and
osteocalcin. The increase of CTx was 173% after 6 months
and 93% after 18 months (p < 0.001). As for osteocalcin, the
increase of serum level represented 134% after 6 and also
18 months of therapy (p < 0.001).
The increase in bone mineral density was found in all
groups of patients, there was found no significant difference in the effect of TPTD on BMD and bone turnover markers according to the previous medication
(Table 2 and Table 3).

Discussion

T-score at the beginning of the study
total hip

-3.05

femoral neck

-3.20

lumbal spine

-2.7
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(base line) and at 12 and 18 months using dual-energy
X-ray (DXA Hologic). We measured the concentration
of C-telopeptide of collagen (CTx) and osteocalcin (OC)
at base line and at 6 and 18 months. These markers
were measured in serum using electro-chemoluminiscent immuno-assay analysis (Elecsys, Roche, Basel,
Sschwitzerland). Statistical analyses were performed
according to the intention-to-treat principle. T-test was
used to determine the changes in percentage of BMD
and levels of serum markers in 6, 12 and 18 months
compared to baseline.

The main goal of treatment of osteoporosis is the reduction of fractures [4]. In all drugs generally used in treatment, this efficacy has been proven in prospective placebo controlled long term trials. The majority of these
www.clinicalosteology.org
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Table 2 | Changes in BMD
month 0

change – month 0/12

change – month 0/18

BMD avg

P

change (%)

P

change (%)

P

total hip

0.55

0.01

3,5

0.066

3.7

0.026

neck

0.50

0.009

1.4

0.268

4.6

0.041

lumbal spine

0.64

0.01

9.2

0.002

10.6

0.001

Figure 2 | Changes in bone mineral density (%) after 12 and 18 months
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Table 3 | Changes in bone turnover markers
month 0

change – month 0/6

change – month 0/18

avg

p

change (%)

P

change (%)

P

OC (μg/l)

26.43

5.75

134

<0.001

134

<0.001

Ctx (ng/ml)

0.43

0.04

173

<0.001

93

<0.001

Figure 3 | Changes in bone turnover markers (%)
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drugs inhibit the bone turnover, both osteoresorption and
osteoformation (bisphosphonates, estrogens, SERMs,
calcitonine), strontium ranelate has a dual mechanism of
action (inhibition of resorbtion and stimulation of osteoformation) [5,6]. Parathormone and its active recombinant aminoterminal fragment (1–34) teriparatide are the
only pure osteoanabolic drugs [7].
Teriparatide affects the metabolism of calcium and
phosphates in several ways – stimulation of the release
of calcium and phosphate from the bone, stimulation
of the reabsorption of calcium from the glomerular filtrate and loss of phosphate to urine and stimulation of
the renal synthesis of 1,25-(OH)2-vitamin D3 and so the
absorption of calcium and phosphate from the gastrointestinal tract. The greatest impact on the bone micro
architecture is achieved in therapeutic doses. Teriparatide
increases periosteal and endocortical bone formation –
total bone area, cortical area and bone strength [8,9].
The teriparatide treatment first stimulates bone formation and later on the bone resorption too, with a positive formation – resorption ratio. Daily dose of 20 µg
of teriparatide stimulates the production of growth factors- IGF-1 and TGF-β in osteoblasts without reduction
of osteoprotegerin [10]. Although, in this study the increase in CTx during first months of treatment was observed, the results are borderline significant.
Neer and colleagues documented in a group of postmenopausal females with prevalent vertebral fracture
a decrease in risk of vertebral and non-vertebral fractures in
an 18 months prospective study. The treatment was asso
ciated with significant improvement of life quality [11].
In this 18-months prospective multicenter study we
applicated the same treatment protocol as in Neer´s
trial. But our study patients were suffering from more
severe osteoporosis, with lower T-score of total hip and
more vertebral fractures (3.7 in our study vs 2.3 fractures in Neer’s trial).
We have found significant increase of BMD of the hip
and lumbar spine in our whole group. The highest increase was present in the lumbar spine region. The anabolic effect on bone turnover was significant during the
whole period of treatment. Our data are very similar to
the results from other studies with teriparatide. For example our results are similar to data from FPT (Fracture
Prevention trial), the most significant changes in BMD
were observed in the lumbar spine region (+9.7%) at the
end of treatment (after 18 months) unlike the total hip
(+2.6%) and femoral neck (+2.8%) [12].
The evaluation of the effect of teriparatide on fracture
risk reduction was not the purpose of our study. Only two
clinical fractures were proved during the 18-months trial
period (one fracture of forearm after 16 months of treatment and one fracture of femoral neck after 2 months
Clin Osteol 2018; 23(3): 88–93

of treatment). We suppose much higher occurrence of
fractures when using other treatment modalities due to
a very high risk of fractures in our population.
There are existing data on dependence of the effect
of teriparatide treatment on previous antiresorptive
treatment [13,14]. Ettinger et al did show that increase
of BMD and bone turnover was delayed and of lower
magnitude in patients pretreated with alendronate compared to patients treated with raloxifene [15].
We didn´t notice any influence of the type of preexist
ing antiosteoporotic treatment on the effect of teripara
tide in our study.
The drug was well tolerated, without any several adverse events, and we observed a high adherence to
the long-term treatment. Osteosarcoma as an adverse
event did not occur in our group of patients. Safety of
the treatment was proved by monitoring normal blood
(serum) and urine calcium levels. We found no case of
clinically significant hypercalcemia. Only 10 patients
had increased range of serum level after 6 month of
treatment, but after 12 month levels remained normal.

Conclusion

In conclusion, osteoanabolic treatment using teriparatide was effective, well tolerated and safe. According to or results parathormone could be a drug of choice
in postmenopausal women with severe osteoporosis.
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