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Abstract This study assessed persistence and compliance

with anti-osteoporosis therapies, and associations between

compliance and clinical outcomes (fracture, fracture-re-

lated hospitalization and death), in Hungarian women with

postmenopausal osteoporosis. The study used the Hungar-

ian National Health Insurance Fund Administration data-

base and included women with PMO aged at

least 50 years, for whom a prescription for anti-osteo-

porosis medication had been filled between 1 January 2004

and 31 December 2013 (index event). Persistence (pre-

scription refilled within 8 weeks of the end of the previous

supply) was evaluated over 2 years; good compliance

(medication possession ratio C 80 %) was evaluated at

1 year. Associations between compliance and clinical

outcomes (data collected for up to 6 years) were assessed

with adjustment for baseline covariates. A total of 296,300

women met the inclusion criteria (524,798 index events).

Persistence and compliance were higher for less frequent

and parenteral therapies (1- and 2-year persistence: half-

yearly [parenteral] vs. daily/weekly/monthly [oral and

parenteral], 81 and 38 % vs. 21–34 and 10–18 %, respec-

tively; parenteral vs. oral, 75 and 36 % vs. 32 and 16 %;

good compliance: half-yearly vs. daily/weekly/monthly, 70

vs. 24–39 %; parenteral vs. oral 78 vs. 36 %). Good

compliance significantly reduced the risks of fracture,

fracture-related hospitalization and death (relative risk vs.

non-compliance [95 % confidence interval]: 0.77

[0.70–0.84], 0.72 [0.62–0.85] and 0.57 [0.51–0.64],

respectively; P\ 0.01). Improving compliance through

long-interval parenteral therapies may result in clinical

benefits for patients.

Keywords Compliance � Death � Fracture �
Hospitalization � Osteoporosis � Persistence

Introduction

Osteoporosis is a systemic skeletal disease characterized by

low bone mass density and bone structure deterioration.

The main clinical complication of osteoporosis is an

increased susceptibility to fractures due to bone fragility

[1]. In Hungary, osteoporosis affects approximately

7–10 % of the population [2–5], with approximately

140,000–150,000 patients treated annually. The economic

burden of the disease comprises the cost of fracture-pre-

vention medicine and the cost of treating the incident

fractures. In Hungary, annual anti-osteoporosis treatment

costs are estimated, on the basis of the 2009 data from the

Hungarian National Health Insurance Fund Administration

(NHIFA) database, at €22 million [2]. The annual costs

associated with fractures (including all medical and health

service costs) are even higher, at €24 million. Across

Europe, annual osteoporosis-associated costs are expected

to increase to €76.7 billion by 2050 [5], owing to a higher

incidence of fractures in an ageing population. It is prob-

able that low compliance with fracture-prevention
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medications increases these costs further, because it results

in suboptimal efficacy, thereby increasing the risk of

fractures.

Numerous studies have reported low persistence and

compliance with anti-osteoporosis therapies in clinical

practice. For bisphosphonates, the mainstay of treatment in

Europe, 1-year persistence ranges from 25 to 78 %, and

average compliance (calculated in terms of medication

possession ratio [MPR]) ranges from 25 to 70 % [6–13].

Moreover, a minimum compliance (MPR) level of 50 %

has been reported as necessary to achieve any reduction in

the risk of fracture, with the benefit increasing exponen-

tially above this level [14]. The variability in the reported

levels of persistence and compliance can, to some extent,

be attributed to differences in definitions of persistence and

compliance, statistical methodology employed and popu-

lations studied; therefore, the studies are not necessarily

comparable.

The factors that determine treatment persistence and

compliance are not fully understood, but include dosing

requirements, medication costs, drug-related side effects,

the patient–physician relationship and patients’ inability to

detect improvements in an asymptomatic disease [7, 8, 15–

22]. Research into the relationship between such factors

and clinical outcomes is becoming increasingly important.

Long dosing intervals and injectable formulations are

thought to contribute to better persistence and compliance,

which may in turn lead to improved clinical outcomes [12,

14, 23–26]. To date, few studies have followed patients

longitudinally to assess the impact of persistence, compli-

ance and other known risk factors on clinical outcomes

such as fracture, hospitalization and death.

Several therapies are available for the prevention and

treatment of osteoporosis, with the goal of reducing risk of

fracture [27]. It is widely recognized that persistence and

compliance with these therapies is critical for optimal

outcomes, and poor persistence and poor compliance have

been reported to increase the risk of fracture, morbidity and

mortality significantly [12, 14, 23, 28, 29]. For example,

compared with non-persistence, persistence with treatment

at 1 year has been reported to reduce risk of fracture by

26–45 %; compared with non-compliance, compliance

with treatment at 1 year has been reported to reduce risk of

fracture by 19–45 % [23, 29]. Several patient and disease

characteristics are known to increase risk of fracture in

osteoporosis, including advancing age, previous fractures

and long-term use of co-medications [30].

The current study used longitudinal data from the

Hungarian NHIFA database to analyse persistence and

compliance with anti-osteoporosis treatments retrospec-

tively in a large cohort of women with postmenopausal

osteoporosis (PMO). Also, this study assessed the influence

of different dosing frequencies and routes on persistence

and compliance, specifically whether persistence and

compliance were higher with parenteral treatment than

with oral therapy. Moreover, we assessed the associations

between compliance, baseline covariates, and the risks of

fracture, fracture-related hospitalization and death over

time.

Methods

Data Source

The study used the longitudinal NHIFA database, which

contains records of medical events from 1 January 2004

and is representative of the entire Hungarian population

(9,957,731 subjects at the time of the study). Data are

available for medications (prescription refill, indication,

package information) and outpatient and inpatient care.

Every event is identified with one or more International

Classification of Diseases (ICD) diagnoses and with codes

for procedures and diagnosis-related groups. In Hungary,

primary care services are financed on a fixed allowance

basis; therefore, no administrative data are available on this

level. Basic demographic data (age, gender) are available

for every patient and allow longitudinal analysis of the

patient pathway. Data to 31 December 2012 were accessed

for all analyses except the persistence analysis, which used

data to 31 December 2013.

Patients

Eligible individuals were women aged C50 years treated

with an anti-osteoporosis medication (at least two pre-

scription fills, with no requirement for prescriptions to be

for the same specific treatment). Where available, ICD

codes were reviewed and women with an ICD-10 diagnosis

of osteoporosis (codes M80–M81; Online Resource 1)

were included. Women without a recorded ICD code were

not excluded from the study if they met all other inclusion

criteria. Women were excluded if they had concomitant

malignant disease, Paget’s disease, acquired immune defi-

ciency syndrome or any prescription of antineoplastic

drugs or cytostatic hormones, or if they died within

3 months of an index date.

Study Design

An index event was defined as initiation of treatment;

treatment initiation also defined the index date. Multiple

index events were permitted per patient. The persistence

and compliance analyses included a 13-month wash-out

period before each index date. The analysis periods for

persistence and compliance were up to 2 years and 1 year,
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respectively, after the index event (Online Resource 2a and

b).

The risk analysis included a 3-year selection period and

index events from 1 January 2007 for up to 6 years, to

minimize the potential bias from changes in therapeutic

options (Online Resource 2c).

All patients were included in the persistence analysis.

Patients with at least 1 year of follow-up were included in

the compliance analysis. Patients initiating their first

treatment for osteoporosis on or after January 2007 were

included in the risk analysis.

Treatment

Anti-osteoporosis treatments were categorized as alen-

dronate and combinations (oral), risedronate and combi-

nations (oral), strontium ranelate (oral), ibandronate (oral),

hormone replacement therapy (oral), ibandronate (intra-

venous [IV]; parenteral), zoledronate (IV; parenteral),

denosumab (subcutaneous; parenteral) and teriparatide

(1–34 parathyroid hormone) (subcutaneous; parenteral).

Treatments were also categorized by administration fre-

quency (daily, weekly, monthly and other), administration

route (oral and parenteral), and a combination of frequency

and route of administration (oral: daily, weekly and

monthly; parenteral: daily, quarterly, half-yearly and

yearly). While alendronate and risedronate were available

in Hungary from 2004, the other treatments only became

available later (strontium ranelate, teriparatide and oral

ibandronate in 2006; parenteral ibandronate and zole-

dronate in 2007; denosumab in 2011) [31].

Outcomes

This study analysed persistence, compliance and the clin-

ical outcomes fracture, fracture-related hospitalization and

death.

Persistence

Persistence was estimated at 6, 12, 18 and 24 months as the

proportion of patients refilling each subsequent prescription

within a specified grace period. For the main analysis,

persistence was defined as refilling a prescription within

8 weeks of the end of the previous supply; for the sensi-

tivity analyses, persistence was defined as refilling a pre-

scription within 4 and 12 weeks of the end of the previous

supply.

For analysis according to treatment, patients were

defined as persistent if their prescription was refilled for the

specific treatment within the specified grace period. For

analysis according to frequency and route of administra-

tion, patients were defined as persistent if their prescription

was refilled for a treatment with the same frequency and

route. For each analysis period, patients were grouped by

their specific treatment at index date and followed until a

change in their prescription (i.e. drop-out after the grace

period for refilling the prescription).

Compliance

MPR was calculated using all outpatient anti-osteoporosis

medications during a 1-year analysis period as the number

of days covered by the prescribed number of therapy units

in the year divided by 365.

Compliance was assessed in terms of the MPR. For the

main analysis, good compliancewas defined asMPR C80 %

(non-compliance: MPR\80 %); for the sensitivity analy-

ses, good compliance was defined as MPR C75 andC85 %.

Non-compliance was used as the reference group. Zole-

dronate is administered yearly; thus, 1-year compliance for

this therapy was assumed to be 100 %.

Clinical Outcomes

Data on fractures, fracture-related hospitalizations and

deaths were collected for a maximum of 6 years following

the index date. The occurrence of a previous or new

osteoporotic fracture was assumed when one of the fol-

lowing ICD-10 codes was documented for diagnosis or

reason for hospitalization: S12, S22, S32, S42, S52, S72,

S82, T08 and T14.2. Fragility fractures were not consid-

ered because these codes are not frequently used in Hun-

gary; therefore, all fractures of unknown severity were

included as osteoporotic fractures, except for fractures of

fingers, face, mandible, skull, metacarpals, finger pha-

langes, toe phalanges and those of unknown location.

Hospitalizations were based on ICD-10 fracture codes. All

deaths, regardless of cause, were included.

Covariates

The following covariates, which are known to influence the

risk of fracture, were included in the risk analyses: age

(50–59, 60–69, 70–79 andC80 years at the first index date);

number of previous fracture(s) (0, 1 or C2 fractures in the

3-year wash-out period before an index date); co-medication

(0, 1 orC2 co-medications during the first 3 months after an

index date); and new fractures (0 or C1 fractures during the

6-year follow-up period). For each covariate, the first cate-

gory was used as the reference group.

Disease Severity

For the assessment of disease severity, the Hungarian

reimbursement protocol requires bone mineral density data
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to be recorded for patients initiating anti-osteoporosis

therapy, with previous therapy determining the patient’s

disease severity (Table 1). For each index date in our

analyses, the maximum disease severity over the corre-

sponding wash-out period was assessed and included as a

static covariate in the risk analyses. Disease severity was

also considered as a dynamic covariate, but was excluded

during covariate selection because of suboptimal fitting.

Diagnosis Cohorts

Diagnosis cohorts were grouped by the type of prevention

(primary or secondary) and were used as static parameters.

The primary prevention cohort comprised patients with a

diagnosis of osteoporosis with no previous fracture

according to ICD-10 codes M81.0, M81.2, M81.5, M81.6,

M81.8 and M81.9. The secondary prevention cohort com-

prised patients with a diagnosis of PMO with pathological

fracture according to ICD-10 codes M80.0, M80.2, M80.5,

M80.8 and M80.9. The occurrence of a previous or new

osteoporotic fracture was assumed when one of the fol-

lowing ICD-10 codes was documented for diagnosis or

reason for hospitalization after an index date: S12, S32,

S42, S52, S72, S82, T02, T08 and T14.2.

Statistical Analyses

The database analyses in the current study were descrip-

tive. All relevant data were included to minimize missing

data bias and potential confounders. Frequency distribu-

tions were reported for categorical variables; summary

statistics were presented for continuous variables. The

sample size was considered adequate to present a 95 %

confidence interval (CI) around point estimates with suf-

ficient precision, both overall and by covariates.

Persistence data were summarized according to drug and

according to administration frequency and route. Cox

proportional hazard models were used to assess differences

between drugs and between administration frequencies/

routes. The exception to this was for 1-yearly zoledronate,

for which 95 % bootstrap CIs were constructed for the

differences in persistence between zoledronate and other

therapies at 2 years.

Compliance data were summarized by age group and

administration frequency and route. Associations between

good compliance (MPR C80 %) and risks of fracture,

fracture-related hospitalization and death were analysed

using Cox proportional hazard models. As a regression-

type model, this time-to-event approach quantifies the

whole structure of dependencies between the therapy

characteristics, compliance and fracture, fracture-related

hospitalization or death. Additionally, it censors the data

for each index event at the end of the analysis period.

For fracture and fracture-related hospitalization, multi-

ple events were considered using the Andersen–Gill

method (Cox’s Regression Model for Counting Processes),

which includes all events in the calculation of the hazard

ratio.

Results

Patients

A total of 296,300 patients (524,789 index events) met the

inclusion criteria, all of whom were included in the per-

sistence analyses. The compliance analyses were limited to

the 262,236 patients who were followed up for longer than

1 year (369,840 index events). The risk analyses included

185,760 patients (215,377 index events).

Patient characteristics are shown in Table 2. Mean

(standard deviation) age was 68.28 (9.67) years. The

most frequent administration regimen was weekly (n =

227,373; 77 %). More than half of the patients were

administered alendronate, either alone or as a combination

oral medication with vitamin D (n = 166,614; 56 %).

Approximately 2 % (n = 6483) of patients received zole-

dronic acid; fewer than 1 % (n = 1104) received

denosumab.

Persistence

Figure 1 and Table 3 summarize persistence by therapy,

and route and frequency of administration, using an 8-week

grace period.

Overall persistence (prescription refilled within 8 weeks

of the end of the previous supply) was 38.1 % at 1 year and

18.9 % at 2 years (Table 3). Persistence was higher for less

frequently administered therapies (1- and 2-year persis-

tence: half-yearly [parenteral] 81.0 and 38.4 % vs. daily/

weekly/monthly [oral and parenteral] 22.7–34.2 and

10.0–17.6 %) and parenteral versus oral therapies (1- and

2-year persistence: 74.5 and 35.8 % vs. 31.5 and 15.9 %,

respectively) (Table 3; Fig. 1b). Two-year persistence was

Table 1 Anti-osteoporosis therapies during the wash-out period and

disease severity level

Disease severity Anti-osteoporosis therapies

0 Calcium, NT

1 Oral bisphosphonate

2 Parenteral bisphosphonate

3 Raloxifene, strontium ranelate, denosumab

4 Teriparatide

NT no therapy
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generally higher for less frequently administered therapies,

with the highest persistence observed for half-yearly and

yearly therapies administered parentally (38.4 % [95 % CI

34.8–42.2 %] and 42.2 % [95 % CI 32.8–54.3 %],

respectively). Similar results were observed for sensitivity

analyses that used 4- and 12-week grace periods (data not

shown).

Compliance

Table 4 summarizes compliance at 1 year. Overall, 47 %

of observations demonstrated good compliance at 1 year.

In general, more frequently administered therapies had

lower rates of good compliance. Rates of good compliance

were higher for parenteral therapies than for oral therapies

(78.4 vs. 35.5 %, respectively), and daily oral medications

had the lowest level of compliance. Only 24 and 39 % of

observations demonstrated good compliance with daily or

weekly oral bisphosphonates, respectively. The highest

level of compliance at 1 year (other than the 100 % com-

pliance assumed for yearly therapy) was in the half-yearly

parenteral group (70 %). Sensitivity analyses defining good

compliance as MPR C75 % and C85 % yielded similar

results (data not shown).

Risks of Fracture, Fracture-related Hospitalization

and Death

Compared with non-compliance, good compliance (MPR

C80 %) at 1 year was associated with a statistically sig-

nificant 23 % reduction in the risk of fracture (relative risk

(RR) [95 % CI] 0.77 [0.70–0.84]; P\ 0.01) (Fig. 2;

Online Resource 3). Age C70 years (vs. 50–59 years),

secondary prevention (vs. primary prevention), previous

fracture (vs. no previous fracture), two or more co-medi-

cations (vs. no co-medication) and new fracture (vs. no

new fracture) were all associated with a significantly

increased risk of fracture (Fig. 2).

Good compliance was associated with a statistically

significant 28 % reduction in the risk of fracture-related

hospitalization (RR [95 % CI] 0.72 [0.62–0.85]; P\ 0.01)

(Fig. 2). Age C70 years and new fractures were associated

with significantly increased risks of fracture-related

hospitalization.

Good compliance was associated with a statistically

significant 43 % reduction in the risk of death (RR [95 %

CI] 0.57 [0.51–0.64]; P\ 0.01) (Fig. 2). Age C60 years,

secondary prevention, one or more co-medications and new

fractures were all associated with a significantly increased

risk of death (Fig. 2).

Compliance was the only covariate associated with a

significant decrease in the risks of all three clinical out-

comes. The occurrence of any new fractures and age

C70 years were the only covariates associated with a sig-

nificant increase in the risks of all three clinical outcomes

(any new fracture: risk of new fracture, fracture-related

hospitalization and mortality increased by 273, 691 and

99 %, respectively; age C70 years: risk increased by 37,

109 and 287 %, respectively; Fig. 2).

Discussion

We retrospectively analysed data from a large, longitudinal

database, representative of the entire population of women

with PMO in Hungary, for persistence and compliance with

various anti-osteoporosis therapies. The study also assessed

associations between compliance, baseline covariates and

the risks of fracture, fracture-related hospitalization and

death in this patient cohort over time.

Table 2 Characteristics of patients included in the study at their first

index date

Characteristic Study population

(N = 296,300)

Age group, n (%)

50–59 years 67,870 (22.9)

60–69 years 99,862 (33.7)

70–79 years 93,341 (31.5)

80–89 years 33,797 (11.4)

90 ? years 1430 (0.5)

Previous fractures, n (%)a

None 276,678 (93.4)

1 15,448 (5.2)

2 3358 (1.1)

C3 816 (0.3)

Drug

Alendronate and combinations 166,614 (56.2)

Risedronate and combinations 60,759 (20.5)

Strontium ranelate 20,838 (7.0)

Ibandronate (oral) 16,862 (5.7)

Hormone replacement therapy 13,152 (4.4)

Ibandronate (intravenous) 9660 (3.3)

Zoledronate 6483 (2.2)

Denosumab 1104 (0.4)

Teriparatide (1–34 PTH) 828 (0.3)

Frequency of administration

Daily 34,818 (11.8)

Weekly 227,373 (76.7)

Monthly 16,862 (5.7)

Other 17,247 (5.8)

a Data regarding fractures occurring during the 3-year wash-out

period before the index date were collected

PTH parathyroid hormone
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This study found low persistence at 1 year (38 %),

particularly for therapies with frequent administration

schedules (ranging from 22 to 34 % for daily, weekly and

monthly administered therapies). Patients were most likely

to persist with less frequent, parenteral therapies (81 % for

half-yearly therapy at 1 year). Although persistence

decreased across all therapies at 2 years, it remained

highest for the less frequent, parenteral therapies; it is

worth noting that the low 2-year persistence for once-

yearly administered zoledronate (42 %) may reflect
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Fig. 1 Persistence with anti-

osteoporosis medication

(prescription refilled within

8 weeks) according to (a) drug
and (b) frequency and route.
a Patients could be treated with

teriparatide for 18 months only

Table 3 Persistence (prescription refill within 8 weeks) at 1 and

2 years after the index date according to frequency and route of

administration

Treatment

frequency

Number of index

events

Persistence (%)

1 year 2 years

Oral (all) 443,706 31.5 15.9

Daily 76,333 21.3 10.4

Weekly 338,470 34.2 17.6

Monthly 28,903 27.3 10.0

Parenteral (all) 81,083 74.5 35.8

Dailya 3429 52.5 0.9

Quarterly 38,865 56.9 33.5

Half-yearly 10,266 81.0 38.4

Yearly 28,523 98.7 42.2

All treatments (all) 524,789 38.1 18.9

Daily 79,762 22.7 10.0

Weekly 338,470 34.2 17.6

Monthly 28,903 27.3 10.0

Other 77,654 75.5 37.3

a Patients could be treated with teriparatide for 18 months only

Table 4 Mean medication possession ratio (MPR) and compliance

(MPR C80 %) at 1 year according to age and administration fre-

quency and route

Number

of index

events

Mean

MPR

(%)

Number of observations

that showed good

compliance

(MPR C80 %) (n (%))

Overall population 369,840 63.6 171,836 (46.5)

Age group

50–59 years 82,905 61.2 35,757 (43.1)

60–69 years 126,845 65.9 62,629 (49.4)

70–79 years 117,681 64.3 55,889 (47.5)

80–89 years 40,819 59.6 17,028 (41.7)

90 ? years 1590 52.4 533 (33.5)

Administration frequency

Daily 60,184 44.2 14,647 (24.3)

Weekly 240,119 57.2 92,874 (38.7)

Monthly 24,367 54.3 8267 (33.9)

Quarterly 23,779 80.1 15,144 (63.7)

Half-yearly 1559 84.8 1091 (70.0)

Administration route

Oral 322,690 54.5 114,688 (35.5)

Parenteral 47,117 88.0 36,943 (78.4)
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physicians’ decisions not to repeat this treatment, perhaps

on the basis of evidence which suggests residual anti-

fracture benefits following yearly infusions [32, 33]. Sim-

ilarly, discontinuation of teriparatide may not be indicative

of poor medication-taking behaviour as this agent should

not be used for more than 24 months over a patient’s

lifetime [34]. In contrast, physicians may be more likely to

continue prescribing denosumab to avoid the transient

increase in bone turnover markers reported following dis-

continuation [35]. Therefore, data on persistence need to be

evaluated in the context of the latest evidence and rec-

ommendations for osteoporosis drug use.

Our findings for persistence were generally consistent

with other database studies [12, 28, 36]. For example,

among 2419 postmenopausal women in France [36], 1-year

persistence with orally administered anti-osteoporosis

medications was 34 %, compared with 32 % for oral

medications in the current study. Similarly to findings from

our study, 1-year persistence varied significantly according

to the administration frequency; however, compared with

weekly therapies, monthly dosing was associated with

significantly improved persistence and the daily regimens

were associated with significantly poorer persistence [36].

This is in contrast to the 2-year persistence data from our

study, in which persistence with weekly therapies was

almost double that of monthly therapies. These results may

have been influenced by the substantially greater number of

patients taking weekly, as opposed to monthly, therapies in

this study. For oral therapies, the low 2-year persistence

observed is consistent with that reported for oral bisphos-

phonates in large US and German database studies [12, 29].

Conversely, in the Swedish Adherence Register Analysis

(SARA) study [37] investigating 56,586 patients with

osteoporosis, persistence with oral therapies at 1 and

2 years (51 and 35 %, respectively) was markedly higher

than in the current study (31 and 15 %, respectively).

Notably, 1-year persistence of 70 % was reported for the

one injectable therapy included in the SARA study

(parathyroid hormone). Furthermore, two large observa-

tional studies of women with PMO treated in routine

practice in North America and Europe have reported 1-year

persistence with 6-monthly subcutaneous denosumab of 82

and 87–95 %, respectively [25, 26]. These data support the

high 1-year persistence observed in this study for par-

enteral treatments (74 %), particularly for the less fre-

quently administered parenteral therapies, such as those

administered half-yearly (81 %).

Fewer than half of the observations in the current study

demonstrated good compliance (MPR C80 %) with anti-

osteoporosis therapies after 1 year, which is consistent with

previous studies [8, 28, 38, 39]. Furthermore, only 24 and

39 % of observations demonstrated good compliance with

daily or weekly oral bisphosphonates, respectively. This

result is similar to that of a large US database analysis

(n = 38,120) in which, over a mean of 1.7 years of follow-

up, only one-quarter of women had an MPR C80 % [8]. In

the current study, the percentage of observations demon-

strating good compliance at 1 year was markedly higher

for parenteral therapies than for oral therapies. Good

compliance was particularly high with less frequently

administered, parenteral therapies (70 % for half-yearly

therapies).

Several database studies have highlighted the relation-

ship between poor compliance and adverse clinical out-

comes [8, 28, 37–39]. Compared with good compliance

(MPR C80 %), non-compliance has been associated with a

17–45 % increase in risk of fracture and a 37 % increase in

risk of all-cause hospitalization [8, 28, 39]. In the SARA

study, persistence with treatment over 3 years was associ-

ated with a 41 % reduction in 3-year risk of fracture

(P\ 0.001), with no significant association observed

between compliance and risk of fracture [37]. Our data are

consistent with these findings, with the risks of fracture and

fracture-related hospitalization significantly reduced by 23

and 28 % among patients demonstrating compliance.

HospitalizationFracture

Relative risk 
1.00 10.000.10

Reduced risk Increased risk 

Compliance to therapy 
(ref. category: non-compliance)

Cohort (ref. category: 
primary cohort)

Age 60–69 years 
(ref. category: 50–59 years)

Age 70–79 years 
(ref. category: 50–59 years)

Age ≥80 years 
(ref. category: 50–59 years)

1 prior fracturea 
(ref. category: no prior fractures)

>1 prior fracturea 
(ref. category: no prior fractures)

1 co-medicationb 
(ref. category: no co-medication)

>1 co-medicationb 
(ref. category: no co-medication)

New fractures at follow-upc 
(ref. category: no new fractures 
at follow-up)

95% CI
0.70–0.84
0.62–0.85
0.51–0.64

1.14–1.34
1.02–1.31
1.13–1.38

0.85–1.04
0.98–1.41
1.19–1.73

1.24–1.50
1.76–2.48
3.27–4.59

1.48–1.84
2.23–3.24
9.84–13.82

1.24–1.51
0.79–1.11
0.80–1.08

1.46–1.87
0.81–1.26
0.79–1.18

0.96–1.13
0.98–1.29
1.09–1.35

1.06–1.24
1.02–1.33
1.28–1.57

3.43–4.06
6.98–8.96
1.78–2.23

 HR
0.77
0.72
0.57

1.23
1.16†

1.25

0.94†

1.18†

1.43

1.37
2.09
3.87

1.65
2.69
11.66

1.37
0.93†

0.93†

1.65
1.01†

0.97†

1.04†

1.12†

1.21

1.14
1.17†

1.42

3.73
7.91
1.99

Death

Fig. 2 Analysis of associations between compliance, covariates and

new fractures and risks of fracture, fracture-related hospitalization

and death. a Fractures occurring during the 3-year wash-out period

before the index date; b co-medications during the 3-month period

post index date; c new fractures during the 6-year follow-up period.

P values are\ 0.01 unless otherwise indicated; �P[ 0.01. CI

confidence interval, HR hazard ratio
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Furthermore, in our study, the relative risk of death was

significantly reduced by 43 % among patients with good

compliance. Indeed, compliance was the only covariate

associated with a significant decrease in the risks of all

three clinical outcomes. Notably, studies have found an

association between high-to-moderate compliance levels

and significant savings on healthcare costs [8, 38].

Therefore, improving compliance with anti-osteoporosis

medications may reduce healthcare costs, possibly through

a reduction in the incidence of fractures and the associ-

ated costs of hospitalization. The occurrence of any new

fracture and older age (C70 years) were associated with

significant increases in the risks of fracture, fracture-re-

lated hospitalization and death (any new fracture: 273,

691 and 99 %, respectively; age C70 years: 37, 109 and

287 %, respectively), providing further evidence that

previous fracture and age are both significant risk factors

for future fracture(s). Our data are also supported by the

Australian Dubbo Osteoporosis Epidemiology Study, in

which fracture was associated with increased mortality for

up to 10 years following an initial fracture, particularly in

those who had a second fracture within 5 years of their

initial fracture [40]. In addition to good compliance, good

persistence may also reduce the risk of mortality in

patients with osteoporosis. However, this was not evalu-

ated in the current study owing to the risk of immortal

time bias.

Whereas information is available on the epidemiology

of osteoporosis-related fractures in Hungary [3], to our

knowledge, this is the first fully published study to eval-

uate persistence and compliance with various anti-osteo-

porosis therapies, and the associations between

compliance, baseline covariates and the risks of fracture,

fracture-related hospitalization and death over time, using

the Andersen–Gill method. The strengths of the current

study include the large sample size that was achieved

through the use of a country-wide database, rather than

one limited to a subset of the population (e.g. managed

care, claims or pharmacy databases), and the follow-up of

patients to obtain longitudinal data. Baseline data indicate

that 6.6 % of this population had previous fractures.

Although these data are from the 3 years before treatment

initiation, and so may not be generalizable to the entire

population of patients with osteoporosis, this figure is

broadly consistent with data from other studies. The

International Osteoporosis Foundation report a 10-year

fracture incidence of 10–15 % [41], and a study in Hun-

gary of the nationwide health insurance database showed

that 404,380 women aged C50 years had at least one

fracture in a 5-year period, corresponding to a yearly

mean of 4 % [3].

A limitation of this study is that, because it is based on a

public health database, the information on patient and

disease characteristics is limited. In Hungary, ICD diag-

nosis codes are used to determine reimbursement; there-

fore, for patients with multiple conditions the diagnosis

may be biased towards the disease with the highest level of

reimbursement. It is thus possible that, for women with

osteoporosis and other comorbidities, some fractures and

fracture-related hospitalizations may have been coded to a

diagnosis other than osteoporosis and hence excluded from

our study. Owing to data availability, it was not possible to

control for all confounding factors which may be related to

compliance, persistence and associated outcomes, such as

bone mineral density, socioeconomic variables, comor-

bidities and lifestyle and self-care behaviours. The effect of

these parameters on patient outcomes would be an area of

interest for future research. We did, however, control for

some variables known to influence compliance and risk of

fracture, such as age, previous fracture and co-medication.

Disease severity was included as a static covariate and was

assessed using prior treatment used, according to the

Hungarian reimbursement protocol. Using alternative def-

initions of disease severity may lead to variations in the

results. In addition, administrative data from primary care

services were not available. However, in Hungary, all

X-rays were carried out in the outpatient or hospital setting;

hence, all fractures diagnosed using this method would

have been recorded and included. Furthermore, as all

osteoporosis medications included in our study are reim-

bursed in Hungary, the NHIFA database is a comprehen-

sive source for such data.

Another limitation is that newer treatments are likely to

be prescribed later in the treatment pathway, after older

less expensive alternatives have failed or for secondary

fracture prevention. It is possible that compliance may

have been overestimated in the current study. Also,

because the retrospective calculation of MPR is based on

the assumption that patients take all medications for which

they have prescriptions filled, and does not take into

account whether drugs are taken in accordance with the

prescribing instructions, it is possible that compliance may

have been overestimated [42]. Nonetheless, MPR is com-

monly used in this type of study [8, 12, 28, 37, 38], and its

use for measuring compliance is recommended by the

International Society for Pharmacoeconomics and Out-

comes Research [43]. Inclusion criteria in our study

required patients to have at least two prescriptions filled for

anti-osteoporosis medication, leading to the exclusion of

‘early drop-out’ patients who only had one prescription

filled over the entire study period. Epidemiological data

from Hungary, however, suggest that this patient subgroup

is small and there exclusion would have only a minor effect

on the study results [2, 3]. It should also be noted that the

exclusion of patients who died within 3 months of the

index date may have led to selection bias. Despite these
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limitations, this study supports previous findings regarding

the clinical benefits of compliance with anti-osteoporosis

therapies. Moreover, the findings of this study indicate that

these benefits are more likely to be achieved through use of

long-interval parenteral administration.

The optimal effects of anti-osteoporosis medication

depend on long-term compliance and persistence; however,

there are few studies designed to investigate persistence

patterns after switching therapies. Such studies are

important, given that more than 30 % of women switch

anti-osteoporosis medication at least once [44, 45]. A study

in a cohort of postmenopausal women in the UK who

initiated treatment with anti-osteoporosis medication

between 1995 and 2008 found that switching medication at

least once increased persistence, although persistence with

the second and third therapies remained suboptimal [44].

Most women switched from high-frequency medications

(e.g. daily) to those with a lower frequency of use (e.g.

weekly or monthly), which may have contributed to the

improved persistence. In an earlier study by the same

authors, persistence was lower in women who switched

therapy than in those who did not [45]. While the overview

of the relationship between compliance and outcomes

reported here highlights the importance of medication-

taking behaviour in patients with osteoporosis, it would be

useful to explore switching patterns and the effects on

persistence in future research in Hungary.

In conclusion, persistence and compliance were highest

with parenteral anti-osteoporosis therapies with long dos-

ing intervals. Compliance (MPR C80 %) was associated

with significantly decreased risk of fracture, fracture-re-

lated hospitalization and death. Improving compliance

through long-interval parenteral administration may

improve clinical benefits for patients.
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