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OBJECTIVE The European Forsteo Observational Study (EFOS) examined the 

long-term fractures, back pain (BP), health-related quality of life (HRQoL) and 

compliance with treatment in post-menopausal women with osteoporosis 

(OP) treated with teriparatide (TPTD) for the maximum approved period (18 

months), with follow-up for a further 18 months. This paper describes the 18 

month follow-up outcomes of Greek patients completing TPTD treatment. 

METHOD EFOS, a 3-year, multinational, observational study recorded the 

incidence of clinical vertebral and non-vertebral fractures, BP [using a 100 

mm Visual Analogue Scale (VAS)], and HRQoL [using the EuroQol Standard-

ized Questionnaire (EQ-5D)]. Changes from baseline in BP and EQ parameters 

were analyzed using a repeated measures model. Improvement over the 

baseline in frequency and severity of BP and limitations in activity due to BP 

were assessed using the sign test. RESULTS Of the 301 Greek women aged 

69.5±8.5 years enrolled in the study, 83.7% reported previous OP treatment. 

A sustained decrease in BP and concurrent limitation of movement, a reduc-

tion of days in bed, improvement of mobility and increase in the scale on 

self-reported QoL were observed 18 months after completion of treatment 

with TPTD. These findings should be interpreted in the context of a non-

controlled observational study. CONCLUSIONS An 18-month course of TPTD 

appears to have a beneficial effect on BP, mobility and QoL that is sustained 

up to 18 months after completion of treatment.
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Osteoporosis (OP) is a ubiquitous disease that currently 

affects an estimated 75 million people in Europe, the USA 

and Japan; one in 3 women over 50 years of age experi-

ences fractures as a consequence of this disease. It produces 

major socioeconomic costs for health and hospital care; 

the annual combined medical costs of treating 2.3 million 

osteoporotic fractures in Europe and the US was $ 27 billion 

in 2002. OP has a profound impact on the quality of daily 

living and activities of individuals, due to back pain (BP), 

loss of height, deformity, immobility, increased numbers 

of bed days and even reduced pulmonary function.1

Teriparatide (TPTD) –recombinant human parathyroid 

hormone [rhPTH (1-34)]– is an established anti-osteoporotic 

anabolic agent that increases predominantly trabecular 

bone in the lumbar spine and femoral neck, with a result-

ant decrease in fractures.2,3 Meta-analyses have provided 

evidence of favorable effects of TPTD on BP in comparison 

to placebo, hormone replacement therapy or alendronate.4 

In Greece, TPTD has been approved for the treatment 

of established OP, but in everyday practice, for various rea-

sons such as cost and administration route, it is considered 

to be a second line treatment, following failure of other 

anti-osteoporotic agents. The multiple benefits of its use, 

although documented in clinical trials,3,5–7 have only been 

addressed in clinical practice in a routine care setting. In 

order to provide further evidence of the impact of TPTD 

on OP related health outcomes in real-time conditions, 

the European Forsteo Observational Study (EFOS) was 

The EFOS study was funded by Eli Lilly & Co.
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conducted in Greece and 7 other European countries 

for an overall 3-year period. Women were enrolled in the 

EFOS study who suffered from severe OP accompanied 

by serious limitations in mobility and daily activities and 

who experienced intense BP, anxiety, depression and di-

minished health related quality of life (HRQoL).8–11 In the 

overall study population, changes in the incidence of clini-

cal vertebral and non-vertebral fractures, BP and HRQoL 

were recorded and there was evidence of a decrease in 

fracture risk during treatment.10 No further change in the 

fracture rate was reported after discontinuation of TPTD, 

but the improvement in BP observed during treatment was 

maintained for at least 18 months after discontinuation.11 

Results from the analysis of the Greek subpopulation dur-

ing TPTD treatment have already been published.12 This 

paper presents the results from the Greek subpopulation 

examined 18 months after completion of TPTD treatment. 

MATERIAL AND METHOD

EFOS, a 36-month, non-interventional, multi-national, pro-

spective, observational study, included post-menopausal women 

initiating TPTD for treatment of osteoporosis in specific everyday 

care settings. Patients who were being treated with any investiga-

tional drug or procedure at study entry, or who presented one of 

the known contraindications for the use of TPTD, as listed in the 

Summary of Product Characteristics (SmPC) were excluded. Each 

patient signed an informed consent form prior to enrollment, to 

permit medical data collection, and could withdraw from the study 

at any time. The study was conducted according to good clinical 

practice (GCP) standards and ethical review board permission was 

given at all participating investigational sites. The study design, 

the demographic characteristics of the patients and the disease 

related data at baseline have been presented elsewhere.8–12 

New clinical vertebral and non-vertebral fractures were di-

agnosed and verified by X-ray and or from the patients’ history 

of orthopedic interventions. Suspected new or exacerbations of 

older fractures were ascertained by the clinical symptoms and 

findings, such as acute BP or lumbago, and confirmed with a 

new comparative X-ray. 

A specific questionnaire for BP evaluation was completed at 

each visit, covering the frequency and severity of BP, limitation of 

activities, and days spent in bed due to BP in the previous month. 

The perceived severity of BP was estimated using a 100 mm Visual 

Analogue Scale (VAS), with 0 representing the absence of pain 

and 100 the worst possible pain.13 

HRQoL was evaluated using the EuroQol (EQ-5D) question-

naire,14 which consists of 5 parameters (mobility, self-care, daily 

activities, pain/discomfort and anxiety/depression), each of which 

has three possible levels (no problem – some problems – extreme 

problems). In addition, patients expressed their overall perception 

of their QoL using a VAS (ranging from 0: the worst possible QoL 

to 100: the best possible QoL). 

During the follow-up period the patients visited the physician 

at 6 and 18 months after completion of TPTD treatment. Spontane-

ously reported adverse events were collected throughout the study.

Descriptive statistics, including frequencies, percentages, means, 

standard deviations (SD) and ranges, were used to describe the 

study population over time. 

The number of fractures occurring in patients in the overall 

study population was summarized in 6-month intervals. The regres-

sion models used to analyze fracture rating for the total cohort 

have been described elsewhere.9 In the Greek sub-population 

such analysis was not carried out due to the small sample and 

thus will not be presented here.

The BP and QoL results were analyzed over the treatment 

period. The number and percentage of patients with improve-

ment, no change or worsening in each domain of the EQ-5D 

questionnaire was summarized at each visit and the sign test was 

used to determine whether significantly more patients showed 

improvement as opposed to worsening. BP changes from base-

line as estimated by VAS were analyzed using a mixed model 

for repeated measures (MMRM), adjusting for multiple factors as 

has been already described.9 As the EQ-5D health state valuation 

(HSV) had a continuous, non-parametric, bimodal distribution the 

Wilcoxon sign-rank test was used to assess changes from baseline 

in this parameter. 

The number of patients reporting improvement or worsen-

ing in the severity and frequency of BP, limitation of activities 

and number of days in bed (≤2 days: no change) was analyzed 

using the sign test. 

RESULTS 

A total of 1,648 patients were enrolled in the pan-

European study including 301 post-menopausal women 

from Greece. For the Greek sample, the mean age was 

69.5±8.5 years and their mean body mass index (BMI) 

was 26.3±4.0. Baseline characteristics of the total cohort 

including the Greek sub-population of the EFOS study have 

been already presented.6,9 A history of fracture after 40 

years of age was reported by 92.5% of the Greek patients, 

vertebral fractures being the most prevalent (89.7%), and 

approximately 40% percent of the women had experienced 

at least 2 fractures. Data from the 18-month follow-up 

period after completion of TPTD treatment was available 

for 350 Greek patients (83% of those initially enrolled). 

Questionnaires were also returned by some patients who 

prematurely stopped TPTD treatment (total maximum 

number of patients responding: 257) (tab. 3). 
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Treatment following teriparatide

In the Greek cohort the number of patients complying 

with TPTD treatment was high. Off label use regarding 

TPTD therapy beyond 18 months was seen in a minority 

of patients (fig. 1). After completion of TPTD treatment, 

86.4% of patients received alternative OP therapy; 68% 

received an anti-resorptive (AR), 54.8% a bisphosphonate, 

alendronate (26.4%), risedronate (20.4%), etidronate (0.4%) 

or other bisphosphonate (14.0%). Other post-TPTD medica-

tions included raloxifene and calcitonin taken by 8% and 

8.8% of patients, respectively. The percentage of patients 

taking calcium and vitamin D supplementation ranged 

between 72% and 82% throughout the study (tab. 1). 

Based on supplementary data, 2 patients (0.7%) reported 

taking strontium ranelate and 2 patients PTH 1–84 use 

after discontinuation of TPTD, but the TPTD treatment 

duration was not available.

Incidence of new osteoporotic fractures

The incidence of fractures is presented in table 2. There 

was a numerical decrease of total fractures per 10,000 

patient-years, but no statistical significance was dem-

onstrated due to small Greek sample size. Bone mineral 

density (BMD) was not systematically evaluated as part of 

the EFOS study, but in the Greek patients the BMD T-score 

in the lumbar spine and the femoral neck were collected 

and are also shown in table 2.

Back pain and health-related quality of life

All self-reported parameters affecting QoL, which were 

estimated via the EQ-5D questionnaire and VAS, showed 

marked improvement from baseline to treatment comple-

tion. Throughout the 18-month follow-up period, after 

completion of TPTD treatment this improvement continued; 

specific observations included a sustained decrease in BP 

and concurrent movement limitations, reduction of reported 

days in bed, improvement of overall mobility, amelioration 

of depression and anxiety and increase in self-reported 

QoL. All the relevant values were numerically comparable 

to those shown at the end of TPTD treatment and the 

Figure 1. Compliance with teriparatide (TPTD) treatment among Greek 
post-menopausal women (n=301) (% of patients receiving TPTD at any 
given time). 
Note: Approved duration of treatment at the time of the study was 18 
months.

Table 1. Anti-osteoporotic medication used before and after completion 
of teriparatide (TPTD) treatment by post-menopausal women in Greece.

Medication

Prior use [n (%)]

(n=301)

Post-treatment [n (%)]

(n=250)

Any OP medication 251 (83.7%) 216 (86.4%)

Any AR medication 245 (81.7%) 170 (68.0%)

Any BP medication 114 (38.0%) 137 (54.8%)

None reported 49 (16.3%) 34 (13.6%)

Alendronate 72 (24.0%) 66 (26.4%)

Risedronate 45 (15.0%) 51 (20.4%)

Etidronate 9 (3.0%) 1 (0.4%)

Other bisphosphonates 2 (0.7%) 35 (14.0%)

Raloxifene 21 (7.0%) 20 (8.0%)

Calcitonin 195 (65.0%) 22 (8.8%)

Calcium 204 (68.0%) 203 (81.2%)

Vitamin D 161 (53.7%) 200 (80.0%)

OP: Osteoporosis; AR: Anti-resorptive; BP: Back pain

Table 2. Fractures and bone density in Greek post-menopausal women followed for 36 months after initiation of teriparatide (TPTD) treatment (n=301).

Observational period (months) 0−<6 6−<12 12−<18 18−<24 24−<30 30−36

Total fractures per 10,000 pt-yrs (Gr) 402 342 346 352 147 78

Baseline 18 months − end of TPTD 
treatment

36 months − end of study

Lumbar spine BMD T score (mean±SD) -3.45±0.72 (n=208) -2.57±0.77 (n=125) -2.25±0.80 (n=111)

Femoral neck BMD T score (mean±SD) -3.07±0.84 (n=47) -2.37±0.69 (n=12) -2.39±0.61 (n=15)

Pts: Patients; BMD: Bone mineral density; SD: Standard deviation; Gr: Greece; pt-yrs: Patient-years
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Table 3. Changes from baseline in back pain (BP) and self-reported qual-
ity of life (EQ-5D) in Greek post-menopausal women patients (n=301) 
followed for 36 months after teriparatide (TPTD) treatment initiation (18 
months treatment and 18 months follow-up).

Parameters 

18 months 

(treatment) 36 months

BP improvement 213/269 
(79.2%a)*

198/257 
(77.0%a)*

Improvement of limitation due 
to BP

195/269 
(72.5%a)*

183/258 
(70.9%a)*

Reduction of days in bed due to BP 0 (-5.0)a,# 0 (-5.0)a,#

VAS–BP decrease -38.6±1.7a,§ -42.0±1.7a,§

EQ-5D–pain/discomfort 
improvement

176/271 
(64.9%a)*

152/256 
(59.4%a)*

EQ-5D–mobility improvement 130/271 
(48.0%a)*

120/256 
(46.9%a)*

EQ-5D–self-care improvement 108/271 
(39.9%a)*

100/256 
(39.1%a)*

EQ-5D–usual activities 
improvement

148/271 
(54.6%a)*

124/256 
(48.4%a)*

EQ-5D–anxiety/depression 
improvement

124/271 
(45.8%a)*

109/256 
(42.6%a)*

EQ-5D–health state value 
increased

0.309 
(0.117, 0.801)a,#

0.275 
(0.036, 0.766)a,#

EQ-5D–dimension VAS 22.7±1.5a,§ 24.9±1.5a,§

VAS: Visual analogue scale; 
*N/Ntotal, percentage; #Median (Q1, Q3); §LSmean±standard error; ap <0.001

DISCUSSION

Post-menopausal OP is characterized by bone remodeling 

with an imbalance between excessive bone resorption and 

inadequate bone formation. Disability and BP complicating 

osteoporotic fractures can affect HRQoL.15–18 The introduc-

tion of anabolic agents such as TPTD that stimulate bone 

formation has expanded the range of treatment options.19 

The reported evidence of fracture decrease3 and favorable 

effects of TPTD on BP4,20 needs to be established in the 

context of health care provision. Observational studies 

bridge that gap between research and clinical practice, 

offering supplementary information and answers to a 

wide variety of clinical questions emerging in every day 

clinical practice.

EFOS, a 36-month, multi-national, observational study, 

provides information on the effects of 18-month TPTD 

treatment on bone strength (expressed by fracture rates) 

and other health aspects affected by OP, including BP and 

movement limitation, for the period of treatment, but also for 

an extra period of 18 months after treatment completion.9–11 

The Greek post-menopausal women who were enrolled in 

this study had severe OP; 92.5% of them reported a history 

of fractures after 40 years of age. Bisphosphonates were 

the drugs most often prescribed, and their use, in terms 

of percentages, was higher after the TPTD treatment. 

This is in accordance with the recommendation of using 

an anti-resorptive therapy after TPTD to maintain BMD.21 

Calcitonin treatment has been effective in the management 

of acute pain associated with acute osteoporotic vertebral 

compression fractures, and is reported to shorten time to 

mobilization,22,23 although its effectiveness in the relief of 

chronic pain is not clearly proven.23 In the present study, 

even though the vast majority of the patients had received 

calcitonin treatment in the past, a greater improvement 

in self-estimated BP was observed during and after TPTD 

treatment. The use of calcitonin following TPDT treatment 

was notably lower (in absolute percentages) compared to 

before the study. Calcium plus vitamin D (CaD) supple-

mentation has a modest but significant effect on slowing 

down the loss of femoral bone mass and reducing the 

risk of hip fractures in post-menopausal women through 

a mechanism that may be independent of bone density 

or geometric changes in the bone.24,25 EFOS documented 

widespread use of CaD supplementation after TPTD treat-

ment in the Greek sub-population, confirming high levels 

of adherence to anti-osteoporotic therapy. Physicians’ 

prescription of PTH 1–84 after an uncompleted period 

of TPTD use (supplemental data – 2 patients), unique in 

Greece among the EFOS study centers,12 may be attrib-

uted to factors affecting treatment decisions other than 

drug efficacy. Supplementary data have also shown that 

strontium use at the time of the study was less frequent 

in the Greek sub-population than in the overall European 

cohort (0.7% vs 5%),12 perhaps due to its very recent launch 

in the local market.

The Greek data are not sufficiently large to produce 

statistical evidence of fracture decrease following TPTD 

treatment, although there is a clear trend towards reduction 

in fractures sustained throughout the follow-up period. 

The statistically significant improvement shown by the 

various questionnaires in BP, movement limitations, days 

in bed, depression and anxiety levels, self-care ability and 

overall QoL, at the end of TPTD treatment, and reported 

elsewhere,9 continued roughly unchanged throughout 

improvement over the baseline values was statistically 

significant (tab. 3). In addition, compared to the baseline, 

more patients reported engaging in some form of exercise 

at the end of treatment and remained active throughout 

the 18-month follow-up period (baseline: 26.9%, treatment 

completion: 40.4%, 18-month follow-up: 40.5%).
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the 18-month follow-up period after the completion of 

TPTD treatment. This observation confirms, in real life, 

the data of clinical trials regarding the effects of TPTD on 

OP induced disability/functional impairment, and shows 

that this effect remains constant long after treatment 

discontinuation.4,8,26 Bisphosphonates, with the possible 

exception of iv bisphosphonates,26,27 do not exhibit major 

analgesic effects, but alendronate therapy has been as-

sociated with reduction of the number of days in bed 

and of limited activity caused by BP in post-menopausal 

women with pre-existing vertebral fracture.28 The further 

improvement in BP, however, recorded during and for as 

long as 18 months after TPTD treatment could not be at-

tributed to these other forms of OP treatment, since these 

treatments were the most widely used even before TPTD. 

The major factors that reduce adherence to treat-

ment, leading to sub-optimal compliance with all forms 

of OP therapy, include concerns about drug-related side 

effects, the cost of medications, lack of understanding or 

motivation on the part of the patient, difficulty in treat-

ing an asymptomatic disease, inconvenience29 and fear 

of injections.30 Adherence to anti-OP treatment is quite 

high in clinical trials; in routine care, however, rates as 

low as 25% have been reported.28,31 The Greek patients 

in the EFOS study showed high compliance with TPTD 

treatment in “real-time” conditions. As high adherence and 

persistence are needed to ensure an optimal therapeutic 

outcome in OP treatment, the long duration of favorable 

effects observed here may be attributed to high compli-

ance. Other researchers have previously described similar 

levels of compliance with TPTD treatment (as high as 80%) 

after 12 months with TPTD compared to 49% and 39% for 

bisphophonates and raloxifene, respectively.32 This may be 

partly explained by the sustained severe OP and fragility 

fractures that the majority of the patients taking TPTD 

have already suffered, which increases their perseverance. 

In conclusion, Greek women with severe OP enrolled 

in the EFOS multi-national observational study for the use 

of TPTD provided evidence of a potentially beneficial ef-

fect of TPTD on BP, mobility and QoL, which appeared to 

be maintained for 18 months after treatment completion. 

Significantly reduced fracture risk sustained throughout 

the follow-up period was documented on analysis of the 

total EFOS cohort. All the findings should be interpreted 

in the context of a non-controlled observational study and 

taking into consideration the small number of patients in 

the Greek subgroup.
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Η ευρωπαϊκή μελέτη παρατήρησης για την τεριπαρατίδη (EFOS): Δεκαοκτάμηνη παρακολούθηση 

Ελληνίδων που ολοκλήρωσαν τη θεραπεία

Κ. ΑΛΟΥΜΑΝΗΣ,1 Ε. ΔΡΟΣΙΝΟΣ,1 Δ. ΤΡΙΚΚΑ,1 Δ. ΚΑΡΡΑΣ2 ΓΙΑ ΤΗΝ ΕΛΛΗΝΙΚΗ ΟΜΑΔΑ ΜΕΛΕΤΗΣ EFOS

1Τμήμα Κλινικής Έρευνας, Pharmaserve-Lilly, Κηφισιά, 2Ρευματολογική Κλινική, Νοσοκομείο «ΝΙΜΙΤΣ», Αθήνα

Αρχεία Ελληνικής Ιατρικής 2012, 29(4):454–460

ΣΚΟΠΟΣ Η ευρωπαϊκή μελέτη παρατήρησης για την τεριπαρατίδη (European Forsteo Observational Study, EFOS) 

εξέτασε τα μακροπρόθεσμα αποτελέσματα σε κατάγματα, ραχιαλγία, συμμόρφωση στην αγωγή και σχετική με την 

υγεία ποιότητα ζωής σε μετεμμηνοπαυσιακές γυναίκες με οστεοπόρωση που έλαβαν τεριπαρατίδη για τη μέγιστη 

εγκεκριμένη περίοδο (περίοδος 18 μηνών, όταν εκπονήθηκε η μελέτη) και παρακολουθήθηκαν για επί πλέον 18 μή-

νες. Περιγράφονται τα αποτελέσματα της περιόδου παρακολούθησης των Ελληνίδων ασθενών που ολοκλήρωσαν 

τη θεραπεία με τεριπαρατίδη. ΥΛΙΚΟ-ΜΕΘΟΔΟΣ Στην τριετή, πολυεθνική μελέτη παρατήρησης EFOS καταγράφη-

καν τα κλινικά κατάγματα (σπονδυλικά και μη σπονδυλικά), η ραχιαλγία [με χρήση οπτικής αναλογικής κλίμακας 100 

mm (VAS)] και η σχετική με την υγεία ποιότητα ζωής (HRQoL) [με χρήση τυποποιημένου ερωτηματολογίου EuroQuol 

(EQ-5D)]. Μεταβολές από την έναρξη της μελέτης στις ανωτέρω παραμέτρους αναλύθηκαν, χρησιμοποιώντας ένα 

μοντέλο επανειλημμένων μετρήσεων. Βελτίωση στη συχνότητα, στη σοβαρότητα και στους περιορισμούς αναφο-

ρικά με την κινητικότητα που προκαλεί η ραχιαλγία υπολογίστηκαν, χρησιμοποιώντας τη δοκιμασία προσήμου. Πα-
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ρουσιάζονται δεδομένα από τον ελληνικό υποπληθυσμό της μελέτης. ΑΠΟΤΕΛΕΣΜΑΤΑ Από 301 Ελληνίδες (ηλικίας 

[±SD] 69,5±8,5 ετών) που εντάχθηκαν στη μελέτη, ποσοστό 83,7% ανέφερε προηγούμενη λήψη αντιοστεοπορωτι-

κής θεραπείας. Τόσο κατά τη διάρκεια της αγωγής όσο και καθ’ όλο το διάστημα παρακολούθησης παρατηρήθηκε 

σημαντική βελτίωση στη ραχιαλγία, τους συνακόλουθους περιορισμούς της κινητικότητας, τις ημέρες σε κατάκλιση 

και στην ποιότητα ζωής, όπως καταγράφονταν με βάση τις προσωπικές αναφορές των ασθενών. ΣΥΜΠΕΡΑΣΜΑΤΑ 

Η τεριπαρατίδη φαίνεται να έχει ευεργετικά αποτελέσματα για την κινητικότητα και την ποιότητα ζωής, αποτελέσμα-

τα που φαίνεται να είναι διατηρήσιμα μέχρι και 18 μήνες μετά από τη θεραπεία. Τα συμπεράσματα πρέπει να ερμη-

νεύονται στο πλαίσιο μελετών παρατήρησης.

Λέξεις ευρετηρίου: Οστεοπόρωση, Ποιότητα ζωής, Ραχιαλγία, Συμμόρφωση στην αγωγή, Τεριπαρατίδη
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