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1. INTRODUCTION

Geriatric falls are the leading causes of hospital trauma admissions and injury-related
deaths among older adults [1, 2]. Approximately one-third of community-dwelling elderly
above the age of 65 fall at least once a year, resulting in bone fractures, worsened quality of

life, loss of independence, fear of falling, disability and early death [3, 4].

Population aging is a well-documented, growing problem in developed countries
nowadays. The proportion of older adults is remarkably increasing; it is estimated that the
number of people over 60 years will rise from 901 million in 2015 to 2.1 billion by the year
2050 [5]. For example, in Hungary this age group will increase from 24.9% to 34.6% between
the years 2015 and 2050, but in China the rate will double (Figure 1).
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Figure 1 Percentage distribution of the 60+ age group by country in 2015 and 2050 [5]

Among the elderly, medication use is a crucial element among extrinsic risk factors for falls
[6]. It is proven and well known that older people account for the highest proportion of
medication costs, as the number of chronic diseases rapidly increases with age [6, 7].
Even though comorbidities in older people often require taking numerous prescription drugs,
taking 4 or more chronic medications (defined as polypharmacy) was found to be an
independent risk factor for falls [8, 9]. Polypharmacy (PP) also increases the prevalence of
drug-related problems, such as drug—drug interactions, adverse drug reactions, prescription

errors and non-adherence [10, 11]. Though there is no consensus about the exact cut-off value



for polypharmacy, usually it is defined as the concomitant use of more than or equal to
4-8 chronic medications [6, 12, 13]. Polypharmacy is quite common in geriatric patients: the
prevalence in the U.S. is around 57%, while a large European study reported 39.4% above the
age of 65 [14, 15]. To reduce the risk of falls and to minimize the prevalence of adverse drug
reactions, potentially inappropriate medication (PIM) lists have been implemented, among
which the ‘Beers criteria’ is the most widely used, outstarter list [16]. Initially its use was
restricted for nursing home residents, then it was extended for any geriatric patients. The most
recently updated (2015) list identifies not only the potentially inappropriate drugs, but also
offers recommendation on alternative medications or therapies [17]. Following the Beers
criteria, numerous countries have created their specific national PIM list, adding or
withdrawing medications, adapted to the country’s therapeutic practice and pharmaceutical
market. Using these medication lists is a substantial strategy to reduce the risk of adverse
events and falls in older adults, however, the lists are hardly confirmed by real
epidemiological data. According to the Centers for Disease Control and Prevention (CDC),
approximately 5% of adults above 65 years live in nursing homes, but these residents account
for about 20% of deaths from falls in this age group [1]. Although many falls remain
unreported, patients often fall more than once a year. In a typical nursing home, the annual
average number of falls is 2.6 per patient [1]. Therefore guidelines and policies on fall
prevention need to be adverted on populations under the greatest risk, such as nursing home

residents.

Other than medication use, many studies have revealed a variety of factors or conditions
that can increase the risk of falling in elderly patients, such as older age, comorbidities,
vitamin D deficiency, vision disturbances, diabetes, depression and osteoporosis [6, 8, 18]. In
the present thesis, osteoporosis and serum vitamin D level have been studied as risk factors

for falls (and fractures).

Osteoporosis (OP) is a metabolic bone disease, characterised by decreased bone mass,
quality and strength, and increased susceptibility to fracture, even to minimal trauma (such as
falls) (Figure 2) [19]. Therefore osteoporotic patients with brittle bones are under high risk of
developing low-energy fractures - as a consequence of falls. Thus, prevention and treatment
of osteoporosis is an important challenge, which cannot be accomplished without identifying

the population at greatest risk.



Figure 2 This three-dimensional photographic study shows the progression of vertebral body
from normal bone density to moderate osteoporosis and severe osteoporosis [20].
(Permission to use images granted by Professor Alan Boyde.)

The incidence of OP increases with age, occurring mainly above the age of 50 years.
In Germany, 6.3% of the population (around five million patients) were diagnosed with
osteoporosis in 2009, reported by a recently published epidemiologic study [21].
Osteoporosis is mostly defined as the disease of women, because the prevalence and fracture
rates are much higher among females. However, the disease affects a significant portion of
men, as well. From the 10 million residents of Hungary, it is estimated that in the population
over 50 years of age 547,107 people suffered from osteoporosis, of which 94,949 were males
and 452,158 were females in 2010 [22, 23]. Similar prevalence rates were found in the
European Union, while the rate was higher in the U.S.A. [18, 22, 23]. Amongst fall-related
low-energy bone fractures, hip fractures are the most significant consequences of
osteoporosis: they put a huge financial burden on the health care system and on the patients as

well, besides extreme pain and high morbidity and mortality rates.

These types of fractures require urgent surgical intervention, hospitalisation and
prolonged rehabilitation, yet nearly 25% of people with hip fracture will die within one year.
Although falls and fractures are more common among older women than men, in the case of
hip fracture the mortality rate is almost double in males than in females: 26.8-32.5% versus
17.0-21.9% [18, 22-32]. There are approximately 100,000 osteoporotic bone fractures each
year in Hungary, and the treatment costs are estimated to be more than 20 billion HUF
(Hungarian Forints, about 64.5 million EUR) for the National Health Insurance Fund (NHIF)
in 2011. At the same time, the expenses of pharmacological prevention and treatment take
only 8 billion HUF (26 million EUR), moreover, 50% of osteoporotic fractures would be
preventable with appropriate pharmacological treatment and with screening the population at
risk [33].



Besides osteoporosis, many studies have proven that low vitamin D level increases the
risk of bone fractures. Adequate vitamin D level is essential to prevent bone loss and
structural damage of the bone matrix, which also prevents fractures. Though there are
insufficient data to confirm a causal relationship between vitamin D deficiency and the
immune, cardiovascular, and metabolic systems, many epidemiological studies proved that
low levels of vitamin D are important risk factors in several diseases, such as diabetes,
cardiovascular diseases, hypertension, cancer or in autoimmune diseases [34-38]. Low
vitamin D levels are also associated with decreased muscle strength and coordination, which
can lead to falls [39, 40].



2. AIMS

Our objective was to identify the main risk factors of geriatric falls on different

population levels.

a)

b)

A gender- and age-specific analysis was performed regarding the utilisation of anti-
osteoporotic drugs on national level in Hungary, covering a 5-year period
(between 2007 and 2011). Further goals were to analyse the differences of treatment
characteristics and hip-fracture trends between males and females, and to compare

our results with those in other European countries.

Secondly, our aim was to evaluate the medication use of nursing home residents by
using the Hungarian PIM list - created and developed by our research group-,
as well as to investigate the possible predictors of geriatric falls annualised over a
5-year-long period (between 2011 and 2015), under the frame of a cohort study.

Finally, in a pilot study, we compared vitamin D levels of elderly, hospitalised hip
fractured patients with hospitalised non-fractured patients. Additionally,
the prevalence of falls was detected and the differences between the groups were

analysed.



3. MATERIALS AND METHODS

3.1. Gender- and age-specific utilisation study of anti-osteoporotic drugs

3.1.1. Data source

The source of our crude data was the Hungarian National Health Insurance Fund
(NHIF), which is the sole, mandatory, national health insurance fund, covering 100% of the
Hungarian population (roughly 10 million people). All prescription claims are recorded by the
providers; the NHIF database contains data on age, gender, residence, date of claim,
medication, and diagnosis by ICD codes (International Classification of Diseases, 2010) [41].
Microsoft Access and Microsoft Excel programs were used for data management and
analysis. For our study the NHIF provided anonymous, aggregated crude data; therefore this
study did not require ethical approval.

Our data for the European comparison came from the Estonian State Agency of
Medicines, from the Baltic Statistics on Medicines, the Finnish Medicines Agency Fimea and
Social Insurance Institution, and from the Norwegian Prescription Database [42-47].
All results refer to the total population of each country.

3.1.2. Database screening for anti-osteoporotic medications

A retrospective analysis was performed regarding anti-osteoporotic medication use in
Hungary, for the period between 2007 and 2011. The following details on medication use
were available in the crude data: calendar year (2007-2011), gender, age group
(in 5-year-long clusters), ATC code (Anatomical Therapeutic Chemical Classification), active
pharmaceutical ingredient, product name, strength, ICD code (first 3 digits), number of
packaging units, number of patients, and total number of DDDs (Defined Daily Dose). The
primary screening method was based on the ATC codes (2013 version) of drugs [48].
ATC is a pharmaceutical, five-level, seven digit coding system. Active substances are divided
into different groups according to the organ or system on which they act and to their
therapeutic and chemical characteristics [48]. The ATC/DDD system was set up by the
World Health Organisation (WHO), in order to serve as a tool for drug utilisation research,

and to improve quality of drug use [49].



The screened drugs that are available for the treatment of osteoporosis in Hungary were
the followings: vitamin D and analogues (ATC: A11CCO02-05), calcium compounds
(A12AA03-04, and A12AA13), bisphosphonates (MO5BA02-08), bisphosphonate
combinations (M05BB03-05), strontium ranelate (M05BX03), and denosumab (M05BX04).
The DDD is the average maintenance daily dose of the medication used for its main
therapeutic indication in adults [49]. The medication use of large populations is often
expressed as the number of DDDs per 1000 inhabitants per day, which technical unit enables
to compare the drug use of populations of different sizes [50]. To obtain standardised,
DDD/1000 inhabitants/day (DDD/TID) unit, we calculated with the formula below:

DDD/TID = DDD / 365 / population size x 1000.

Drug utilisation data expressed in this way may provide a rough estimate of the proportion of
the population treated daily with certain drugs. An estimated drug consumption of
10 DDD/1000 inhabitants/day corresponds to a daily use of the investigated drug by 1% of
the population within a defined area [46].

For each year, the gender and age-standardised data on population size were gained
from the Hungarian Central Statistical Office (HCSO) [51]. The youngest population
receiving anti-osteoporotic treatment was the 40-44-year-old group. In 2007 the total
Hungarian population was 10,055,783 inhabitants, out of which there were 4,928,988 people
above the age of 40 years (2,158,031 males and 2,770,967 females), while in 2011 the total
population was 9,971,727 inhabitants, out of which 5,010,276 people were above the age of
40 years (2,201,817 males and 2,808,459 females) [51]. The secondary screening method was
based on the indications of drugs, coded by ICD (included ICDs: E55-58, M80, M81).

3.1.3. Further technical assumptions

a) In the case of bisphosphonate combinations (alendronic acid + vitamin D,
MO05BBO03, alendronic acid + vitamin D + calcium, MO5BBO05, risedronic acid +
vitamin D + calcium, M05BB04) different vitamin D and calcium doses were found
from those in the vitamin D and calcium monotherapy medications. Therefore,
direct comparison on each vitamin D and calcium-containing medications was not
possible, since DDD/TID values were also different in the combinations.

These categories are presented separately.
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b) To avoid any bias, drugs for the treatment of malignancies (ICD “C” group and
M82, M85) were excluded from the final analysis. The rates of excluded drugs
(expressed in DDD%) in the indication of cancer therapy were the followings:
vitamin D and analogues 1.38%, calcium compounds 2.64%, bisphosphonates
8.34%, bisphosphonate combinations 0.12%, denosumab and strontium ranelate less
than 0.1%, all of which was roughly 3% of treated patients.

3.1.4. Incidence of hip fractures

Age- and gender-specific incidence of hip fractures was studied in 2007 and 2011

in Hungary. Our crude data came from the “Tables of basic data on Hungarian health
care” [52]. Hip fractures were identified according to ICD codes (S72.0, S72.1, and
S72.2) (Figure 3).
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Figure 3 Anatomy of pelvis and hip and different types of hip fractures [53]
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3.2. Medication use and fall prevalence among nursing home residents

A retrospective analysis was performed regarding the medication use and fall
prevalence in nursing home residents, all recruited from the same institution, between

August 2011 and August 2015 in Szeged, Hungary.

3.2.1. Patients and setting

Every patient who was the resident of the investigated nursing home for at least
12 months was included in the study. Patient data were recorded and analysed for the first
12 months of residency, starting from the date of admission. Relevant medication lists and
demographic information were collected from the patient medical documentation of the
facility. Detailed data on falls were available from hospital discharge documents since, after
noticed falls, all residents were admitted to hospital for further investigation according to the
nursing home protocol. The nursing home provides residential accommodation, meals and
24-hour personal care (residential nursing) for those who find it difficult to cope without
assistance. The facility is fully accessible and barrier-free. Daily medical supervision is also
ensured (neurologist and gerontologist). Due to the local policy, deceased patients were
excluded from this study, since we had no data access to those patients’ medical information.
The present study was approved by the Regional Human Biomedical Research Ethics

Committee of the University of Szeged.

3.2.2. Data analysis and statistical methods

Microsoft Excel, IBM SPSS Statistics (version 23) and R (3.2.2) programs were used
for data management and analysis. A Chi-squared test was applied to compare the categorical
variables (e.g. gender) between the investigated groups, and Fisher’s test in case of
polypharmacy. Student’s t-test was performed to compare the continuous variables (e.g. age,

number of medications) between groups.
Positive predictive value (PPV)

We examined the prevalence and PPV with 95% confidence intervals (Cl 95%),
to estimate the possible impact of each medication (active substance) on risk of falls by the
widely used, basic architecture (2 by 2 contingency table) of cohort studies [54]. PPV is the
proportion of patients taking a particular (investigated) drug and who had fall(s). In other
words it shows the probability of an outcome (fall) if the patient has the tested condition

(takes the particular drug). These proportions only have limited validity in clinical practice,

12



however. The predictive values of a clinical test depend critically on the prevalence of the
condition (falls) in the patients being tested within a particular environment [55].

Number needed to harm (NNH)

NNH was calculated for those active agents which had high PPV, and where the lower
Cl1 95% value exceeded the annual fall prevalence rate. The NNH index expresses how many
patients need to be exposed to a certain risk-factor (drug) to cause harmful effect (fall) in one
patient over a specific time period (1 year) [56, 57]. Nevertheless, NNH values calculated in
our study cannot be extended for the entire population of elderly people; they are valid only

for those nursing home residents involved in this analysis.
Binary logistic regression analysis

Binary logistic regression analysis was carried out to determine the association of falls
with other variables found significant in univariate analysis. Logistic regression was

characterised by the accuracy of test [56, 57].
Potentially inappropriate medications

To identify the potentially inappropriate medications, four commonly used PIM lists
have been adopted to the Hungarian drug market and to our data on medication use, i.e. the
updated Beers criteria (2015), the French LaRoche list (2007), the German Priscus list (2010)
and the Austrian Mann list (2012) [17, 58-60]. The adopted list consists of 94 drugs or active
ingredients (PIMSs), out of which 54 drugs (PIM fall risk) were considered high-risk drugs in
terms of falls (based on the rationale of the original lists) [61]. The prevalence of exposure to
these medicines was illustrated by Venn diagram [62]. The complete Hungarian PIM list can

be found as a supplement of this thesis.
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3.3. Vitamin D levels of elderly hospitalised patients

A prospective pilot study was done to compare vitamin D levels of hospitalised hip
fractured patients with hospitalised non-fractured patients in Szeged, Hungary. The fractured
group was recruited from the Traumatology Department and the control group was recruited
from the Department of Internal Medicine and Geriatrics. The recruitment period was from
2011 June to 2011 September. Control group was matched according to age and gender.
Microsoft Excel and R (3.2.2) programs were used for data management and analysis.
Student’s t-test was performed to compare the continuous variables (e.g. age, vitamin D level)

between groups.

An international consent uses 25(OH)Dj3 (cholecalciferol) as a reference to assess the
general level of vitamin D in the body (Table 1). The normal blood level of vitamin D is
between 30 and 40 ng/ml, and this range is also considered as laboratory reference range [63].
Cholecalciferol levels were measured with ELISA kit and were expressed in ng/ml. All hip
fractures derived from falls; therefore fall prevalence rate was considered 100% in the
fractured group. Subjects were asked about previous falls during a personal interview. The
study was approved by the Regional Human Biomedical Research Ethics Committee of the
University of Szeged.

Table 1 Laboratory references of 25(OH)Dj3 vitamin (*based on national guidelines, this rate
may vary in different countries) [63]

Laboratory references of 25(OH)Dj3 vitamin*

above 30 ng/ml (above 75 nmol/L)  Sufficiency (adequately supplied)

< 30 ng/ml (<75 nmol/L) Insufficiency (deficient)

< 20 ng/ml (<50 nmol/L) Deficiency (seriously deficient)

14



4. RESULTS

4.1. Gender- and age-specific utilisation study of anti-osteoporotic drugs

4.1.1. Gender- and population-based results

As expected, medication use by females was substantially higher in the case of every

medication than by males (Figure 4). During the examined 5-year period, the utilisation of
vitamin D and analogues showed constant increase from 7.91 DDD/TID to 13.73 DDD/TID

(Table 2). A similar tendency was revealed in female and male patients. However, there was

an approximately ten-fold difference between genders, male patients were remarkably

undertreated. Vitamin D can also be found in combination with bisphosphonates, therefore the

overall consumption was higher. The utilisation of calcium compounds increased from
1.43 DDD/TID in 2007 to 4.49 DDD/TID in 2011, which is a more than three-fold growth.

This tendency mainly arose from the treatment of female patients; males were significantly

undertreated (F:M ratio was 10.8 in 2011). As calcium occurs in combination with alendronic

and risedronic acid, the total rate would be higher than above.
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Figure 4 Utilisation of anti-osteoporotic medications in Hungary 2007-2011
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Table 2 Gender-standardised utilisation of anti-osteoporotic drugs between 2007 and 2011 in Hungary
(Bis. = Bisphosphonate; F=female; M=male)

Vitamin D Bis. Bis. - - - - .| Alendronic Rise(_jronic AIenfironic -
Utilisation | Drug & Calcium | Bis. total mono- combi- Alend'ronlc Iband_ronlc Rlsed_ronlc Zoled_ronlc acid + _aC|d_+ _aC|d_+ Strontium | Denosu-
analogues therapy nations acid acid acid acid Vitamin D Vltaml_n D Vltaml_n D ranelate mab
+ Calcium | + Calcium
DDD/TID é(;ra?é AlliCC Al2AA MN(I)SSBBAB+ MO5BA MO05BB MO05BA04 MO5BA06 MO5BA07 MO05BA08 MO05BB03 MO05BB04 MO05BB05 MO05BX03 | MO05BX04
Total 2007 7.91 143 6.66 5.07 1.60 3.91 0.68 0.48 — 0.81 0.69 0.10 0.16 —
2008 8.09 2.03 7.04 4.24 2.80 3.30 0.79 0.14 <0.01 1.42 1.27 0.11 0.32 —
2009 9.44 2.87 7.27 3.88 3.39 2.75 0.99 0.14 <0.01 2.02 1.23 0.14 0.54 —
2010 11.05 3.66 6.85 3.58 3.28 2.25 1.12 0.21 <0.01 2.08 1.05 0.15 0.64 —
2011 13.73 4.49 6.22 342 2.81 1.94 111 0.37 <0.01 1.89 0.77 0.14 0.70 0.04
Female 2007 13.91 2.45 12.10 9.13 2.97 6.94 1.29 0.91 — 1.48 131 0.18 0.31 —
2008 14.23 3.52 12.78 7.62 5.16 5.84 151 0.27 <0.01 2.55 241 0.20 0.61 —
2009 16.62 5.04 13.18 6.98 6.20 4.83 1.88 0.26 <0.01 3.62 2.33 0.25 1.03 —
2010 19.48 6.43 12.49 6.49 6.00 3.96 2.13 0.39 <0.01 377 1.97 0.26 121 —
2011 24.13 7.89 11.39 6.26 5.14 3.46 212 0.67 <0.01 343 1.45 0.26 1.34 0.08
Male 2007 1.28 0.30 0.65 0.57 0.08 0.56 <0.01 <0.01 — 0.07 0.01 <0.01 <0.01 —
2008 1.30 0.38 0.69 0.50 0.19 0.50 <0.01 <0.01 — 0.18 0.01 <0.01 <0.01 —
2009 1.49 0.48 0.73 0.45 0.28 0.44 <0.01 0.01 — 0.24 0.02 0.02 <0.01 —
2010 1.73 0.61 0.63 0.37 0.26 0.35 — 0.02 <0.01 0.20 0.03 0.02 <0.01 —
2011 2.25 0.73 0.51 0.28 0.23 0.26 — 0.03 <0.01 0.19 0.02 0.02 <0.01 —
F:M ratio 2007 10.90 8.10 18.60 16.00 37.60 12.30 294.50 236.70 — 22.00 134.50 93.40 741.70 —
2008 11.00 9.20 18.40 15.20 26.50 11.70 1105.60 380.40 — 14.20 198.10 59.10 239.90 —
2009 11.10 10.50 18.10 15.50 22.30 10.90 1789.20 37.60 — 14.90 130.90 15.30 297.90 —
2010 11.30 10.60 19.90 17.70 23.00 11.30 — 24.50 55.20 18.40 57.20 12.30 304.30 —
2011 10.70 10.80 22.20 22.10 22.40 13.50 — 24.30 47.10 18.10 68.00 14.00 372.30 —
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The total bisphosphonate use was 6.66 DDD/TID in 2007, it slowly increased in
2008 and 2009, but for 2011 it dropped to 6.22 DDD/TID. Male patients were treated

approximately 20 times less than women (F:M ratio was 22.2 in 2011).

In 2007, monotherapy took roughly 75% of the total trade compared to 55% in 2011,
since the use of bisphosphonate combinations gradually increased, and nearly reached the rate
of monotherapy in females and in males as well (Figure 5). The most widely used agent was
alendronic acid; however, during the 5-year-long period, the trade of alendronic acid in
monotherapy halved (3.91 vs 1.94 DDD/TID), while the combination with vitamin D more
than doubled (0.81 vs 1.89 DDD/TID). The trade of vitamin D and calcium combination with
alendronic acid was 0.15 DDD/TID in 2011. Alendronic acid took almost two-third of the
total bisphosphonate use in all investigated years. The use of risedronic acid was more or less
constant. The rate of combination with vitamin D and calcium was double compared to
monotherapy (0.37 vs 0.77 DDD/TID in 2011). It accounted for roughly one-fifth of all
bisphosphonate trade in all years. Ibandronic acid took around 16% (1.11 DDD/TID in 2011)
of the total bisphosphonate consumption, and it was prescribed only for women; in 2010 and
in 2011 there was no use of it in the male population. Zoledronic acid use has remained

marginal since 2007 on the Hungarian market with less than 0.01 DDD/TID.

Strontium ranelate is mainly prescribed for women after the bisphosphonate therapy
failed or could not be tolerated. The trade showed a constant increase since 2007
(0.16 DDD/TID), for 2011 it reached 0.70 DDD/TID.

Denosumab, a monoclonal antibody, was introduced to the Hungarian market in 2011
and took 0.04 DDD/TID in that year.
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Figure 5 Utilisation rate of bisphosphonates in Hungary 2007-2011

4.1.2. Gender- and age-standardised results

The utilisation of bisphosphonates was the highest in the 75-79-year-old population in
both genders, but with very different values: 49.27 DDD/1000females/day and 3.40
DDD/1000males/day in 2011 (Table 3). The highest decrease in bisphosphonate utilisation

was detected in the 40-54 age groups in both genders during the study period. The largest

differences between genders could be seen in 2011 in all age groups. Strontium ranelate was

prescribed to male patients only above the age of 60, but less than 0.05 DDD/1000males/day.

In women, a remarkable rise can be seen in all age groups from 2007 to 2011. The trade of

denosumab in females peaked in the 70-74-year-old population (0.37 DDD/1000females/day)

in 2011. There was no denosumab use among male patients.
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Table 3 Gender- and age-standardised results

40-44 | 4549 | 50-54 | 5559 | 60-64 | 65-69 | 70-74 | 75-79 | 80-84 | 85and
years | years | years | years | years | years | years | years | years over
Females
(DDD/1000females/day)
Bisphosphonates 2007 0.10 140 | 818 | 1882 | 3077 | 4336 | 49.93 | 4826 | 3618 | 1533
MO5BA, M05BB 2008 0.05 1.22 805 | 1872 | 3137 | 4492 | 5258 | 5338 | 39.94 | 17.02
2009 0.06 1.07 831 | 1892 | 31.36 | 4489 | 5315 | 5492 | 4325 | 19.39
2010 0.05 0.72 717 | 1779 | 2854 | 4114 | 4972 | 5324 | 4293 | 19.44
2011 0.04 053 556 | 1578 | 2567 | 3658 | 4479 | 4927 | 41.04 | 1862
;/(‘;O%hgg%i 59.6% | -62.0% | -32.1% | -16.1% | -16.6% | -156% | -10.3% | 21% | 134% | 21.4%
Strontium ranelate 2007 — 0.01 0.12 0.40 0.66 1.06 1.42 1.44 1.22 0.45
MO5BX03 2008 — | o005| 032 0.81 1.36 2.09 253 2.68 2.22 0.98
2009 — | o007 0.54 1.39 2.32 358 4.20 432 3.65 1.76
2010 — | o005| 055 155 274 | 409 4.92 5.19 4.48 2.04
2011 — | o004| 052 1.64 295 | 431 5.33 5.85 5.20 2.72
%’gﬂgg%i — | 5236% | 333.1% | 307.8% | 346.3% | 306.8% | 2749% | 3065% | 327.1% | 505.1%
,E’Aeor‘s";;’(rgjb 2011 — —| o008| 012| 023| 024| 037| 03| o012 —
Males
(DDD/1000males/day)
Bisphosphonates 2007 0.01 0.09 0.67 1.25 1.96 2.87 3.56 4.20 3.20 1.50
MO5BA, MO5BB 2008 — | o012 0.67 1.29 2.03 3.10 3.75 451 3.73 153
2009 0.01 005 | 056 1.33 2.26 3.27 401 479 361 1.63
2010 — | o006| 036 112 1.78 2.95 3.45 3.88 358 171
2011 — | oo01 0.16 0.80 1.44 2.30 2.96 3.40 3.43 1.56
3/857“33?? — | -855% | -76.7% | -35.7% | -26.6% | -19.7% | -168% | -19.0% | 7.% | 4.2%
Strontium ranelate 2007 — — — — — 0.01 — — —
MO5BX03 2008 — — — — | o002 0.03 0.01 0.03 —
2009 — — — — | 002 0.04 0.04 0.02 —
2010 — — — 0.01 0.03 0.02 0.05 — | o004
2011 — — — 0.01 0.02 0.03 0.01 0.05 0.03
% change
first trade — — — — — | 55% | 1224% | -29.1% | 682% | -21.6%
year - 2011
360”5‘);‘;(’5‘2*3 2007-2011 _ _ _ — _ — — _ _ —
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4.1.3. Comparison with European countries

Comparable DDD/TID values of anti-osteoporotic medication use were available from
2008 in Estonia, from 2009 in Finland, from 2010 in Latvia and Lithuania, and from 2007 in
Norway; however, published age- and gender-matched data have not been found for the same
time period [42-47]. The comparison is presented in Table 4.

Results on total bisphosphonate use differ in all investigated countries. The declining
tendency and the utilisation rate were similar in Finland, in Norway, and in Hungary.
In contrast, Estonian, Latvian and Lithuanian bisphosphonate use was about 2-3 times lower,
but a slowly increasing tendency or constant rate (Lithuania) was present in all three Baltic
countries. In Finland and in Hungary, alendronic acid monotherapy took the majority of the
bisphosphonate trade, similarly to Norway, while in the Baltic countries the use of
bisphosphonate agents was more various. Regarding bisphosphonate combinations, the use of
alendronic acid and vitamin D combination was more or less constant in Latvia, Lithuania and
in Hungary. In Finland, a certain decline was seen between 2009 and 2011, while the Estonian
data on alendronic acid combination markedly increased, from 0.93 DDD/TID in 2008 to
2.52 DDD/TID in 2011. No use of bisphosphonate combinations was noticed in Norway.
Strontium ranelate consumption was the highest in Hungary in 2010 and in 2011, similarly
high in Lithuania, with an approximately 5-10-fold difference between Estonia, but the
tendency of use was increasing in all countries, except in Norway (strontium ranelate is not
available). Denosumab utilisation was the highest in Finland in 2011 (0.37 DDD/TID).
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Table 4 Gender- and age-standardised utilisation of specific anti-osteoporotic drugs between 2007 and 2011 in different countries

. Bis. . . . . .| Alendronic Riset_ironic AIendronic .
DDD/TID Drug Bis. total Bis. mono- combi- Alend_ronlc Iband_ronlc Rlsed_ronlc Zoled_ronlc acid + _aC|d_+ _a0|d_+ Strontium Denosu-
therapy nations acid acid acid acid Vitamin D Vitamin D | Vitamin D ranelate mab
+ Calcium | + Calcium

Country | HTCI | MOBAY | nosga | MOSBB | MOSBAG4 | MOSBAOG | MOSBAO7 | MOSBAOS | MOSBBO3 | MOSBBO4 | MOSBBOS | MOSBXO3 | MOSBX04
Estonia 2008 3.34 241 0.93 1.17 0.79 0.44 — 0.9 — — 0.04 —
2009 3.86 2.09 1.77 0.78 0.86 0.44 — 1.77 — — 0.04 —
2010 452 2.10 2.42 0.65 0.93 0.52 — 242 — — 0.06 —
2011 4.38 1.86 2.52 0.56 0.80 0.49 — 2.52 — — 0.09 0.01
Latvia 2010 3.74 2.55 1.19 <0.01 0.96 159 — 1.19 — — 0.42 <0.01
2011 475 2.93 1.82 0.01 0.92 2.00 — 1.82 — — 0.47 0.02
Lithuania 2010 2.75 181 0.94 0.40 0.73 0.68 — 0.48 0.46 — 0.64 <0.01
2011 2.66 1.71 0.95 0.37 0.73 0.61 — 0.45 0.50 — 0.53 0.07
Finland 2009 10.80 8.34 2.46 3.84 1.95 254 0.01 2.46 — — 0.07 —
2010 8.89 7.02 1.87 3.08 1.83 2.10 0.01 1.87 — — 0.14 0.02
2011 7.97 6.52 1.45 2.97 1.73 181 0.01 1.45 — — 0.32 0.37
Norway 2007 9.32 9.32 — 8.86 0.19 0.27 <0.01 — — — — —
2008 9.32 9.32 — 8.94 0.16 0.22 <0.01 — — — — —
2009 9.05 9.05 — 8.71 0.15 0.19 <0.01 — — — — —
2010 9.00 9.00 — 8.71 0.12 0.17 <0.01 — — — — <0.01
2011 8.81 8.81 — 8.56 0.10 0.15 <0.01 — — — — 0.07
Hungary 2007 6.66 5.07 1.60 391 0.68 0.48 — 0.91 0.69 0.10 0.16 —
2008 7.04 424 2.80 3.30 0.79 0.14 <0.01 142 127 0.11 0.32 —
2009 7.27 3.88 3.39 2.75 0.99 0.14 <0.01 2.02 1.23 0.14 0.54 —
2010 6.85 3.58 3.28 2.25 112 0.21 <0.01 2.08 1.05 0.15 0.64 —
2011 6.22 3.42 2.81 194 111 0.37 <0.01 1.90 0.77 0.14 0.70 0.04
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4.1.4. Incidence of hip fractures

Investigating the Hungarian incidence of hip fractures in 2007 and 2011 would probably
provide a better understanding of the importance of osteoporosis treatment. According to the
“Tables of basic data on Hungarian health care”, the highest incidence of osteoporotic hip
fractures was 3332.8 per 100,000 females aged 85 above, and 2151.2 per 100,000 males for
the same age group in 2011 [52]. An exponentially growing tendency with age can be seen in
the incidence of osteoporotic hip fractures in both investigated years (Figure 6). The incidence
between 2007 and 2011 was more or less constant, showing slightly elevating tendency above
the age of 75 years in both genders. However, a remarkable 8.7% increase in absolute number
of hip fractures could be seen (17,432 hip fractures in 2007 and 19,093 in 2011), owing

probably to the increasing number of elderly people in the Hungarian society.

Incidence of hip fractures in 2007 and in 2011
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Figure 6 Incidence of hip fractures in 2007 and 2011 in Hungary
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4.2. Medication use and fall prevalence among nursing home residents

4.2.1. Demography

A total of 197 nursing home residents were included in the study, 150 (76.2%) women
and 47 (23.8%) men (Table 5). Among the 55 fallers 44 were females and 11 were males,
therefore the annual fall prevalence rate was 27.9%. Out of the 142 non-faller residents, 106
were females and 36 were males. The gender was not found to be a predisposing factor for
falls (prevalence in males: 23.4% versus 29.3% in females, p>0.05). Bone fractures occurred
in 24 patients (5 males and 19 females, 43.6% of fallers).

Regarding age, fallers were older (84.0 years + 7.0 years) than non-fallers (80.1 years +
9.3 years, p<0.01). The age above or equal to 80 years was found to be a significant risk
factor for falls (p<0.001). Among fallers, 47 residents (85.5%) were 80 years old or older, and

all the 13 multiple fallers (more than 1 fall per year) were in this group.

Table 5 Study population characteristics. *Chi-squared test was applied for categorical
variables, Student’s t-test for continuous variables, and Fisher’s test in case of polypharmacy.
(Polypharmacy: concomitant use of minimum 4 or more chronic medications; PIM:
Potentially inappropriate medication use; PIM fall risk: PIMs carrying risk of falls)

Fallers Non-fallers Total
p-value*
(55; 27.9%) (142; 72.1%) (197; 100.0%)

Gender females (% of all females) 44 (29.3%) 106 (70.7%) 0=0.427 150 (76.2%)

males (% of all males) 11 (23.4%) 36 (76.6%) 47 (23.8%)
Age (years) mean + SD 84.0+£7.0 80.1+9.3 p=0.002 81.2+8.9

min-max 61-99 52 - 104 - 52 - 104
Age group 80 years or older (% of group) 47 (35.9%) 84 (64.1%) 131 (66.5%)
Age group less than 80 years (% of group) 8 (12.1%) 58 (87.9%) p<0.001 66 (33.5%)
Number of mean = SD 9.1+3.8 8.0+3.9 p=0.093  8.32+3.88
chronic. min-max 3-19 0-18 i 0-19
medications

males (mean + SD) 124+4.0 6.9+42 p<0.001 82+47

females (mean = SD) 83+33 8.4+3.7 p=0.810 8.4+3.6
Polypharmacy yes (% of group) 54 (98.2%) 122 (85.9%) 176 (89.3%)

no (% of group) 1(1.8%) 20 (14.1%) p=0.010 21 (10.7%)
PIM yes (% of group) 40 (72.7%) 112 (78.9%) 0=0.357 152 (77.2%)

no (% of group) 15 (27.3%) 30 (21.1%) 45 (22.8%)
PIM fall risk  yes (% of group) 39 (70.9%) 107 (75.3%) 020523 146 (74.1%)

no (% of group) 16 (29.1%) 35 (24.6%) 51 (25.9%)

23




4.2.2. Medication patterns

The number of chronic medications taken did not significantly differ between fallers
and non-fallers (9.1 + 3.8 vs. 8.0 = 3.9, p>0.05) (Table 5), but did differ among male fallers

and male non-fallers (12.4 £ 4.0 vs. 6.9 + 4.2, p<0.001). Also, polypharmacy (taking 4 or

more chronic medications) was a significant risk factor of falls (p=0.01). Polypharmacy

occurred in 85.9% among non-faller patients, but in 98.2% among fallers (p=0.01).

4.2.3. Potentially inappropriate medications

Regarding the prevalence of PIM medication use, 77.2% of the residents took one or

more PIM-list positive drug, and there was no significance in prevalence between fallers and

non-fallers (72.7% vs. 78.9%, p>0.05). Those PIMs carrying risk of falls were taken by
70.9% of fallers and 75.3% of non-fallers (p>0.05). PIM use was illustrated on the so called
Venn diagram (Figure 7A and Figure 7B). To provide better understanding, we considered

implementing the age dimension into this visualisation.

80-year-old or above

15

PIM
with fall risk

Figure 7A Venn diagram illustrates the
populations (sets) that were subject to multiple
drug use: residents taking potentially
inappropriate medications (PIM) with fall risk;
fallers; patients who were 80 years old or
older, and those who were not part of any of
these three sets.
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Figure 7B Venn diagram illustrates the
populations (sets) that were subject to
multiple drug use: those residents taking 4 or
more chronic drugs (Polypharmacy); fallers;
patients who were 80 years old or older, and
those who were not part of any of these three
sets.



Except for 2 non-medicated residents, 195 were taking 227 different drugs, out of which
22 drugs were taken by at least 10% of the patients (minimum 20 individuals). For the most
prevalent drugs, positive predictive values (with 95% confidence intervals) were calculated to
estimate the impact of each medication on fall risk (Table 6). Considering the 27.9% annual
fall prevalence rate in the nursing home, the lower confidence interval exceeded this margin
in case of trimetazidine (PPV (95% CI) 0.48 (0.30-0.66), vinpocetine 0.44 (0.31-0.59) and
pantoprazole 0.40 (0.30-0.52). Hence, those drugs seem to be significant risk factors for falls
(Figure 8).

Table 6 Positive predictive values (PPV) of drugs (with 95% CI: confidence intervals).
Displayed drugs were taken by minimum 20 individuals (10% of all residents).
Active substance

No. of takers (%) No. of fallers PPV (95% CI)

trimetazidine 23 (11.68%) 11 0.48 (0.30-0.66)
isosorbide mononitrate 20 (10.15%) 9 0.45 (0.26-0.65)
vinpocetine 36 (18.27%) 16 0.44 (0.31-0.59)
tiapride 28 (14.21%) 12 0.43 (0.27-0.60)
atorvastatin 29 (14.72%) 12 0.41 (0.27-0.58)

pantoprazole 52 (26.4%0) 21 0.40 (0.30-0.52)
allopurinol 21 (10.66%) 8 0.38 (0.21-0.58)
glyceryl trinitrate 36 (18.27%) 13 0.36 (0.24-0.51)
famotidine 33 (16.75%) 11 0.33 (0.21-0.49)
levothyroxine sodium 30 (15.23%) 10 0.33 (0.20-0.50)
acetylsalicylic acid 74 (37.56%) 24 0.32 (0.25-0.41)
alprazolam 63 (31.98%) 20 0.32 (0.23-0.42)
bisoprolol 33 (16.75%) 10 0.30 (0.18-0.46)
amlodipine 42 (21.32%) 12 0.29 (0.18-0.42)
pentoxifylline 29 (14.72%) 8 0.28 (0.15-0.45)
metoprolol 43 (21.83%) 10 0.23 (0.14-0.36)
furosemide 65 (32.99%) 15 0.23 (0.16-0.33)
potassium chloride 68 (34.52%) 15 0.22 (0.15-0.31)
perindopril and amlodipine 28 (14.21%) 6 0.21 (0.10-0.39)
acenocoumarol 20 (10.15%) 4 0.20 (0.08-0.42)
piracetam 40 (20.3%) 7 0.18 (0.09-0.31)
metformin 22 (11.17%) 3 0.14 (0.05-0.34)

Giving an example for better understanding, the 0.40 PPV of pantoprazole shows the
proportion of patients who used pantoprazole and who had fall(s). This means that taking the
drug increases the fall prevalence rate by approximately 12% (compared to the annual 27.9%

fall prevalence rate).
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Figure 8 Positive predictive values (PPV) of drugs (with 95% confidence intervals, Cl 95%,
N= number of drug users). Dashed red line shows the annual fall prevalence rate (27.9%) in
the nursing home. Displayed drugs were taken by minimum 10% of all residents.

For the same drugs, the number needed to harm (NNH, 95% CI) was calculated (groups were

the following: particular drug user or non-user, and the outcome/risk was falls). Accordingly,

approximately 4-5 patients are needed to be exposed to trimetazidine and vinpocetine use to

sustain a fall, while this number is about 6 in the case of pantoprazole exposure (Table 7).

Table 7 Number needed to harm (NNH) values (with 95% CI: confidence intervals) of
trimetazidine, vinpocetine and pantoprazole (N: number of takers).

Drugs (number of drug users)

trimetazidine (N=23)
vinpocetine (N=36)
pantoprazole (N=52)
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NNH 95 % ClI
4.5 2.3-551
5.0 2.7-32.6
5.9 3.2-470



These numbers are clinically remarkable. We would like to emphasize that the NNH values
calculated above cannot be extended for the entire population of old people; they are valid

only for the involved nursing home residents.

The variables of the binary logistic regression model were the following: age group 80
years and above, persons taking pantoprazole, vinpocetine or trimetazidine. The binary
logistic regression confirmed the significant impact of the 80+ age group, pantoprazole, and
vinpocetine on fall risk, odd ratios were respectively 3.92, 2.59 and 2.32, with 73.6%

accuracy detected (Table 8).

Table 8 Results of binary logistic regression analysis (CI: confidence interval; OR: odds ratio).

Variables Coefficients (p-value) OR (95% CI)
age group 80 years old or above 1.3660 (p=0.00175) 3.92 (1.67 -9.22)
pantoprazole 0.9498 (p=0.01049) 2.59 (1.25 - 5.35)
vinpocetine 0.8411 (p=0.03760) 2.32(1.05-5.12)
trimetazidine 0.7181 (p=0.13296) 2.05 (0.80 - 5.23)

4.2.4. Prevention and treatment of osteoporosis

We analysed the prevalence of anti-osteoporotic drugs among the nursing home residents. Out
of 197 subjects, 6 females have received oral bisphosphonate therapy, evenly distributed
between the ages of 64 and 95 years. All the six females received calcium and vitamin D
supplementation as well. Furthermore, 20 individuals took vitamin D (only 3 male patients),
and 7 subjects received calcium monotherapy (only 1 male patient).
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4.3. Vitamin D levels of elderly hospitalised patients

4.3.1. Demography

Twenty-two patients were in the fractured group (mean age 84.1 years, SD + 6.8) and
33 patients were in the control group (mean age 80.5 years, SD + 6.6); the majority of patients
were women in both groups (Table 9). Therefore the investigated groups did not differ

significantly in demographic pattern, as stated in the Methods section.

Table 9 Study population characteristics. (*Student’s t-test.)

Patients with Patients with no

hip fracture  fracture (controls) p- value* el
22; 40% 33; 60% 55; 100%
females 20; 91% 29; 88% _ 49; 89%
Gender males 2; 9% 4;12% 6; 11%
Age (years) mean = SD 84.1+ 6.8 80.5+6.6 0>0.05 82.0+6.84
min - max 71-92 71-98 71-98
Vitamin D  mean+ SD 33.8+17.2 39.7+21.3 37.4+19.8
level (ng/ml)  min - max 12.8-74.4 17.0-107.1 p>0.05 12.8-107.1

4.3.2. Vitamin D level

Serum vitamin D level was normal (sufficient; >30 ng/ml) in 66.7% of the controls, and
in 45.4% of fractured patients. Vitamin D insufficiency (20-30 ng/ml) was higher in the
fractured group (27.3% vs. 21.2%), as well as the prevalence of deficiency (<20 ng/ml)
(27.3% vs. 12.1%), though we couldn’t find any statistical significance between the groups
(Figure 9A).

| Sufficiency

[ Insufficiency H Deficiency

Fractured
Control 21.2%
group
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 9A Proportion of vitamin D levels of fractured and control patients



The mean vitamin D level was 33.8 ng/ml in the fractured group and 39.7 ng/ml in the control
group (p=0.230). Distribution of patients was similar in both groups (Figure 9B).

8 8
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Vitamin D level (ng/ml) Vitamin D level (ng/ml)

Figure 9B Distribution of fractured (blue) and control patients (yellow) by vitamin D levels

4.3.3. Falls reported

Patients in fractured group reported considerably more falls within one year than in the
control group. An important finding may be that about 36.4% of fractured patients, and 30.3%

of control patients reported more than 2 falls in the previous year (Figure 10).
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Figure 10 Prevalence of falls
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5. DISCUSSION

5.1. Utilisation study of anti-osteoporotic drugs

A retrospective gender- and age-specific drug utilisation analysis was performed of
medications indicated for the treatment of osteoporosis between 2007 and 2011 in Hungary.
As expected, men were disproportionately undertreated in all age groups compared to women,
and treatment choice was restricted for vitamin D, calcium supplementation and
bisphosphonates compared to women. The persistent 10-20-fold difference between males
and females does not reflect the estimated 1:5 proportion of males and females affected by
osteoporosis in Hungary. In a similar age and gender-standardised Australian study, a much
milder 3-4-fold gender difference was found between the use of alendronic- and risedronic
acid in 2005-2006 [64]. Recently, results of numerous randomised controlled trials have
confirmed that anti-osteoporotic drugs are equally effective in males and females [65-68].
Based on those findings, the recommended treatment options for male patients are calcium
and vitamin D supplementation as first line treatment, and in combination with alendronate,
risedronate, zoledronate, denosumab and teriparatide. All of these drugs are available in
Hungary, however, in practice, besides health professional considerations, drug choice is also

determined by the costs and reimbursement criteria.

Among osteoporotic fractures, hip fractures are responsible for the greatest costs and
high mortality rates, the male-female ratio is constant at about 30:70 [25, 28]. Based on
international literature data, 25% of people with hip fracture die within 1 year, and the 5-year
survival is only 41%, with an estimated 740,000 deaths worldwide [25, 69]. One year after
hip fracture the mortality rate is almost double in men than in women: 26.8-32.5% versus 17-
21.9% [18, 23-32]. The rate of frailty and co-morbidities in men contribute to higher mortality
rates and explains the high rate of long-term care and hospitalisation, as well as greater rates
of smoking and alcohol abuse among men can worsen the outcome [65, 66]. Nevertheless,
lifetime risk of osteoporotic fracture at age 50 is 20-25% in Caucasian men (versus 45-55%
in women), which fact should not be neglected [70]. As the incidence of hip fractures showed
an exponentially growing tendency with age in our study, adjusting the trend of anti-
osteoporotic medications to the population under the greatest risk would be considerable.
Appropriate and proportional treatment of the 80+ populations would be an important issue in

both men and women. Also, in case of diagnosed osteoporosis, pharmacological fracture
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prevention may be initiated in the earliest ages as possible to reduce late-age incidence of hip

fractures.

A constantly growing utilisation was seen in the case of vitamin D and calcium
compounds in both genders during the investigated period. A possible reason could be the
increasing number of articles on vitamin D and calcium supplementation in the past 10 years
worldwide, which resulted in wider publicity and guideline implementations of these agents

as first-line therapy, also in Hungary.

In contrast, bisphosphonate use showed a gradually declining tendency. The peak age of
utilisation was 7579 years in both genders, while in Australia the peak age was 80—89 years
in females and 85-94 years in males [64]. This difference may be explained by the higher life
expectancy rate at birth in Australia, which was 83 years in 2012, compared to 75 years in
Hungary [71]. This age utilisation profile only partially corresponds to the population with the
highest prevalence of osteoporotic fractures, as hip fractures are the highest in the 85+
populations in Hungary. A Swedish study also reported declining probability of

bisphosphonate use with increasing age, especially in 85+ age groups [72].

Large differences were seen when comparing utilisation data of different countries.
Unfortunately, a reliable explanation of these discrepancies or any similar comparison has not
been found in the literature. The 2 or 3 fold differences in the utilisation rate can partially be
explained with the different reimbursement policies of the investigated countries or difference
in patient registration system. As an example, in Hungary, as a result of substantial cut in the
reimbursement rate, the use of risedronic acid (monotherapy) dropped to one-third of its trade
in 2008 compared to 2007, and it still has not reached the 2007 level in 2011.

The different screening methods and the applied diagnostic criteria can also influence
the use of anti-osteoporotic drugs. In Finland and in Hungary — and in most European
countries — DEXA (Dual-Energy X-Ray Absorptiometry) is the gold standard diagnostic tool
for osteoporosis [73]. Yet, there is a debate on the reference values of DEXA, the
International Osteoporosis Foundation recommends a sex-specific T-score, while the WHO
recommends using the reference values of a 20 to 30-year-old white U.S. woman to define
DEXA T-score (-2.5 T-score) [65]. In a Dutch study, using a T-score value < -2.5, only 21%
of men and 44% of women were identified among those sustained non-vertebral fracture [74].
Hence, there is a great need to develop more sensitive fracture prediction tools, and

implement them into the diagnostic criteria. Integrating several relevant clinical risk factors,
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FRAX is the most widely used fracture risk assessment tool for prediction of 10-year
probability of a major osteoporotic (i.e. spine, forearm or shoulder) and hip fracture [75]. If
available, femoral neck BMD value of the individual can be also typed in, therefore FRAX

results can be further specified.

Furthermore, adequate patient compliance and persistence is a crucial determinant of
successful pharmacological therapy of osteoporosis. Compliance is defined as taking drugs as
directed (timing, dosage and frequency) and persistence as continuing the treatment for the
prescribed duration [76]. A novel German study found 55.2% non-compliance of more than
10,000 treated osteoporotic patients, who were followed for one year. Compliance increased
with age and was better in patients with previous osteoporotic fracture(s). Non-compliance
was higher in men versus women (OR=1.15) and patients receiving oral versus injectable
therapy (OR=1.68). Daily and monthly therapies were associated with poorer compliance than
weekly regimens; three-or six monthly injectable therapies showed the best results [21].
Similarly, in a recent Italian retrospective analysis, with 30,000 osteoporotic subjects, male
gender carried 11% higher risk of discontinuation (persistence) compared to female gender
(HR=0.89). Also, patients who started treatment with a co-administration of calcium and
vitamin D had a lower risk of early discontinuation (HR=0.72). The best persistence at one
year was reported in patients treated with monthly bisphosphonates (21.6%) than subjects
treated with daily bisphosphonates or strontium ranelate [77]. A recent Hungarian survey
found only 24% and 39% compliance for daily and weekly oral osteoporosis therapy after 12
months of treatment initiation, while compliance rate was 64% and 70% for 3-monthly and 6-
monthly parenteral therapy in post-menopausal women. Good compliance was associated
with a statistically significant reduction in the risk of fracture, fracture-related hospitalisation
and in risk of death [78]. A former British study reported that 58.3% of the patients continued
bisphosphonate treatment for more than 1 year and 23.6% for more than 5 years. They also
found positive correlation between weekly bisphosphonates therapy and compliance
compared with patients using daily bisphosphonates [79]. Thus, males and patients on oral
therapies (other than weekly regimen) should be prioritised in terms of improving compliance

and persistence.

Bisphosphonates are pyrophosphate analogues that bind to the hydroxyapatite crystals
in bone tissue and suppress osteoclast-mediated bone resorption by inducing the apoptosis of
osteoclast [80]. Advantages and efficacy of these agents in the treatment of osteoporosis are

proven and well-established. However, growing concern has been raised regarding the
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potential complications of prolonged bisphosphonates therapy, such as BRONJ
(bisphosphonate-related osteonecrosis of the jaw) and atypical fractures. A systematic review
article published wide incidence rates of BRONJ, ranging from 0.01% to 4.3% [81].
The Hungarian Dental Association estimates 0.1-0.2% prevalence in Hungary, being higher in
association with intravenous and anti-cancer therapy [82]. Despite BRONJ is a relatively rare
condition, prevention and early recognition are primary, as treatment options are limited and
the results are unsatisfying. Therefore national guidelines and literature suggest careful dental
examination and appropriate management before the initiation of bisphosphonates therapy
[80, 82, 83]. Atypical femoral fractures are also associated with long-term use of
bisphosphonates, and described as ‘unusual’ low-energy fractures, with atypical radiographic
appearance (Figure 11). They are located in the subtrochanteric region and diaphysis of the
femur and are characterised by simple transverse, or short oblique fracture in areas of
thickened cortices with a unicortical beaking [84-87]. The absolute risk varies between
3.2-100 cases per 100,000 person-years, strongly depending on the duration of
bisphosphonate therapy [84, 85, 88]. Bone healing is often delayed or failed in approximately
30% of these patients [87, 89, 90]. Thus, in harmony with the FDA recommendations,
interruption and evaluation of bisphosphonates therapy is suggested after 3 years of
continuous administration. Additionally, the termination of treatment is considerable after 5

years, as there is no evidence of further efficacy over this period of time [83, 85, 91].

Figure 11 Radiographic picture of an atypical femur fracture. The arrows show the
transversal fracture and thickened cortices with a unicortical beaking [90].
(Permission to use images granted by Ana Méndez.)
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The recent concerns about strontium ranelate (Protelos/Osseor) treatment must also be
mentioned. Protelos/Osseor must not be used in patients with established, current or past
history of ischaemic heart disease, peripheral arterial disease and/or cerebrovascular disease,
or those with uncontrolled hypertension (European Medicines Agency letter No:
EMA/84749/2014) [92]. These restrictions are unlikely to cause significant changes in the use

of strontium ranelate in Hungary, as similar recommendations were in effect previously.

5.1.1. Limitations of the study

There are some limitations to our study. NHIF database does not provide full data
access for research purposes, therefore the information on ICD codes and age of patients was
not complete. Nevertheless, for our analysis ICD codes for the first 3 digits and 5-year-long
age clusters were used. There might be some uncertainties derived from limited ICDs in the
case of vitamin D and calcium prescriptions (E55-E58, vitamin deficiency), since the
indication of use is widespread. However, M80 (osteoporosis with pathological fracture) and
M81 (osteoporosis without pathological fracture) codes clearly and sufficiently refer to
osteoporosis. Also, this database does not include over-the-counter medication claims. Thus,

in this study we cannot estimate the OTC calcium and vitamin D consumption in Hungary.

5.2. Medication use and fall prevalence among nursing home residents

A retrospective cohort study was carried out over a period of five years (2010-2015)
regarding the medication use and fall prevalence among nursing home residents in Szeged,
Hungary. We found 27.9% annual fall prevalence rate among nursing home residents, which
is slightly lower than the literature data. This fact bears evidence of the high-standard nursing
care service the investigated nursing home provides. According to CDC and WHO reports,
approximately 30-50% of people living in long-term care institutions fall each year, which is
twice the rate of falls among community-dwelling older adults, and the frequency of falls
increases with age [1, 3, 93]. Our results correspond to these findings: the age of 80 years and
above was found to be statistically significant risk factor of falls, and fallers were 4 years
older than non-faller residents on average. Therefore, attention should be paid to the
80+ population, since they had almost a 4-fold risk of falling (odds ratio 3.92) compared to

those who were under the age of 80 years.
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Although many geriatricians consider polypharmacy (defined as taking 4 or more
chronic medications) to be unavoidable among older patients, PP was a significant risk factor

of falls in our study, as it is supported by different surveys and reviews [6, 13, 18].

Higher numbers of chronic medications was a predisposing factor for falls in male
patients. This is an important finding, since fatal fall outcome rates are much higher in men
(46%) than in women (27%) over the age of 65 years [94]. The underlying causes of higher
incidence in men are not obvious. Some studies found that males suffer from more co-morbid
conditions or they may fall from greater heights and, having poorer health status, they are less
likely to survive a fall-related injury than women of comparable age [94, 95]. Among the
potential causes, the greater rates of smoking and alcohol abuse in men, along with commoner
causes of secondary osteoporosis (e.g., glucocorticoid excess and hypogonadism) can be
mentioned [65, 66]. As was highlighted earlier, the mortality rates are also nearly double in
men than in women after sustaining a hip fracture [18, 23, 24, 29-32]. Thus guidelines and
policies on fall prevention need to be designed on gender perspective, particularly in

vulnerable nursing home populations.

As the most serious non-fatal consequence of falls, bone fractures occurred in 24
patients (43.6% among fallers). Although huge differences can be seen in fracture rates
worldwide, our study reports higher percentages than a Sweden study (1-33%) or a US study
(10-25%) do, and lower than the one identified in a recent Australian paper (about 48%)
[96-98].

One possible way of reducing fall risk (and consequences) of elderly patients is the
frequent and regular medication review, as some of the medications are considered potentially
inappropriate for elderly people [17, 58-60]. Although our results did not show a difference in
the number of overall PIM-use between fallers and non-fallers, three active agents have
emerged from the others. Neither trimetazidine nor vinpocetine have been considered as PIM
agents in the literature previously. Pantoprazole was included in the 2015 Beers criteria, but
was not included in any PIM lists before. The updated Beers criteria suggests the avoidance of
the use of pantoprazole beyond 8 weeks without justification, since long-term proton-pump
inhibitor exposure carries high risk of Clostridium difficile infection, bone loss and fractures.
Thus, our empirical findings extend the relevancy of pantoprazole being mentioned as a PIM
agent with a new aspect: its use showed 2.5-fold risk of falls compared to non-takers, and one
in every six patients would be expected to experience a fall (NNH value 5.9). As stated in the
summary of product characteristics (SPC), severe hypomagnesaemia has been reported in
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patients, causing fatigue, tetany, delirium, convulsions and dizziness, especially on long-term
use (more than 3 months), which can directly lead to geriatric falls [99]. As pantoprazole is an
extensively used proton pump inhibitor, its side effects are widely studied. In fact, several
recent articles suggest that its use in high doses over long durations (>1 year) may modestly
increase the risk of bone fractures; thus, patients at risk of osteoporosis should receive
adequate intake of calcium and vitamin D and should be kept under regular surveillance [99,
100].

Both vinpocetine (nootropic agent) and trimetazidine (anti-anginal agent) can have side
effects that may increase the risk of falls, such as tremors, gait instability and dizziness [101-
103]. However, we could not find any research that would confirm the direct association
between falls and the use of these medications. Our results from the binary logistic regression
analysis revealed that taking vinpocetine will double the risk of falls (odds ratio 2.32), and the
obtained NNH values suggest that every fourth or fifth exposure to trimetazidine or
vinpocetine will result in a fall — within the given circumstances. We would like to emphasise
that the role of trimetazidine as a risk factor for falls was confirmed only by univariate
analysis. Larger patient numbers are necessary to support this finding, since the more robust
multivariate analysis did not confirm this result. The use of tiapride (PPV (Cl 95%) 0.43
(0.27-0.60), atorvastatin 0.41 (0.27-0.58) or isosorbide mononitrate 0.45 (0.26-0.65) was
found to be a statistically non-significant (as the confidence interval overlap the average

annual fall rate), but still mentionable risk for falls.

Our methods applied in this study would fit in larger population analysis as well, and it
may allow us deeper understanding of the role of each medication (or their combinations)
concerning falls, especially as geriatric falls are multifactorial. Hence an explicit detachment
of the causative circumstances is challenging. Physical state, impaired balance and gait, older
age, visual impairment, cognitive decline and environmental factors all carry remarkable fall
risk [6, 18]. Despite these facts, the most broadly examined iatrogenic risk factors are
polypharmacy and PIM use, since those are closely associated with ageing [9, 13-15, 17, 61].
As mentioned earlier, wider, comprehensive epidemiological studies would be necessary to
confirm the role of particular active agents, and to help professionals prescribe, evaluate and
review geriatric medication use based on real-life epidemiological data. Our results may

contribute to and inspire further research in this field.
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5.2.1. Limitations of the study

The source of data for our analysis came from the same nursing home, and we did not
have access to the medical information of deceased patients. This limitation may cause some
bias in our results. Furthermore, while some falls may have remained hidden and unreported
for any reason, the documented cases were well-established. Finally, larger patient data are
needed to confirm our findings, since we had relatively small sample sizes for

epidemiological analyses.

5.3. Vitamin D levels of elderly hospitalised patients

Serum vitamin D levels of old, hospitalised, hip fractured patients were compared to
non-fractured hospitalised patients in a prospective pilot study. Although cholecalciferol level
was measured during summertime, the insufficiency was markedly presented in both patient
groups, and was higher in the fractured group. Prevalence of vitamin D deficiency was more
than double in the fractured group. Correspondently, the mean vitamin D level was slightly
higher in the control group. Falls were prevalent in both investigated groups: nearly 55% of
fractured patients and roughly one-third of controls reported multiple falls in the previous
year. However, the statistical significance could not be verified of these findings, some

conclusions might be made.

Many articles call our attention to the moderate or serious vitamin D hypovitaminosis,
which affects the majority of the European, Asian and American population, mainly the
elderly. In a Dutch study, serious 25(OH)D3 deficiency was noticed (<25 nmol/L range was
used) in 2-30% of adults, increasing in the elderly and institutionalised to more than 80%
across Europe [104]. According to the National Health and Nutrition Examination Survey
(NHANES) in non-Hispanic white Americans mean serum 25(OH)D3; was about 65 nmol/L,
but only 40 nmol/L in non-Hispanic blacks and Mexican-Americans [105]. Approximately
10% of the inhabitants have been suffering from extreme serious hypovitaminosis D in the
USA (<25 nmol/L) [106]. Suboptimal vitamin D levels are also common in Hungary.
A recent study of the Semmelweis University (Budapest, Capital region of Hungary) analysed
the results of a one-year long survey (from 2009 to 2010), which has involved nearly
6000 patients. Suboptimal vitamin D level (<75 nmol/L) occurred in 72%, while the rate of
serious deficiency was 12% (<35 nmol/L) [107]. Another Hungarian survey found 32%

vitamin D insufficiency (<75 nmol/L) and 9.6% deficiency (<50 nmol/L) rates among healthy
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blood donors in Vas County during summertime. Over 43 years, suboptimal vitamin D levels
were more prevalent, 57% in females and 67% in males [108].

The role of 25(OH)D3 vitamin in calcium and bone homeostasis is well-known — its
main effects on the bone metabolism include: the increase of calcium absorption from the
intestine, the activation of osteoblasts, differentiation of osteoclasts and the inhibition of
parathyroid hormone synthesis [109, 110]. Adequate vitamin D status is elementary part of
treating osteoporosis in both women and men. However, numerous studies refer to the extra-
skeletal functions of vitamin D, verifying various systemic effects of it (see Introduction
section). The vitamin D receptor (a member of the nuclear steroid hormone receptor family) is
almost universally expressed in nucleated cells, and the expression of several hundred known
cytokines and molecules is being influenced by cholecalciferol [111-113]. Thus it may be

treated as a hormone rather than a vitamin [114-117].

Several lines of evidence support the concept that vitamin D is essential for maintaining
muscle strength and coordination, for example the fact that genetic depletion of the receptor
can lead to poor muscle function in mice [118]. Also, the high degree of muscle weakness in
heritable conditions of vitamin D resistance and impaired receptor function confirms the
strong and direct effect of vitamin D on muscles [119-121]. Vitamin D administration can
improve the grip strength, the maximum voluntary contraction and maximal relaxation rate of
quadriceps muscle, as well as the knee extension strength in patients with hypovitaminosis
[122-124]. Thus, vitamin D supplementation may improve falls, as functional outcomes. In a
meta-analysis vitamin D was associated with statistically significant reduction in the risk of
falls (odds ratio 0.86), showing more reduction in deficient patients and when calcium was
co-administered [40]. Vitamin D supplementation with calcium reduced the prevalence of hip
fractures more effectively in community-dwelling elderly, than without calcium [125].
Vitamin D alone did not affect the mortality rate in old patients, but the risk of death was

reduced if vitamin D was given with calcium in a Danish cohort [126].

Nevertheless, optimal serum concentration levels of vitamin D, with respect to its extra-
osseal effects, are still debated. The British National Osteoporosis Society (NOS) suggests
that serum 25(OH)D3; >50 nmol/L (20 ng/ml) is sufficient for almost the whole population
[127]. The most recent Bischoff-Ferrari study set out 50-75 nmol/L (20-30 ng/ml) serum level
as on optimal range, since higher serum vitamin D levels (over 111 nmol/L) were associated
with more than 5 times higher risk of falls compared to the deficient group [128].
An epidemiological study reported higher morbidity and mortality rates in patients both under
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and over the level of 50-90 nmol/L serum vitamin D [129]. For reaching the desirable
50nmol/L value, the Institute of Medicine recommends 600 IU (international units) daily
vitamin D intake between the ages of 19-70, and 800 IU per day over 70 years [130].
At the same time, under 70 years in males and under 50 years in females 1000 mg daily
calcium intake is suggested, and 1200 mg over those ages — European recommendations
suggest only 700-800 mg of calcium [39, 130]. The International Osteoporosis Foundation
(IOF) and the USPSTF (U.S. Preventive Services Task Force) evaluated the fall-risk reducing
effects of daily 800-1000 IU vitamin D intake ’convincing’ over 60 and 65 years [131, 132].
The Endocrine Society (ENDO) suggests general vitamin D supplementation of 800 1U over
65 years to prevent falls [133]. The ENDO considers the optimal vitamin D level to be above
75 nmol/L, and it can be reached by giving 1500-2000 1U daily amount, and continue as
maintenance therapy [133]. The Hungarian guidelines (issued in 2012) agree with this
standpoint, yet the workgroups of the consensus did not distinguish ‘elderly’ from ‘adult’
[116]. On the other hand, none of the health organisations recommend extreme amounts of
vitamin D intake for extra-osseal purposes. In two studies, high dose vitamin D treatment
(500,000 IU once yearly and 60,000 IU monthly) was associated with increased risk of falls,
while it was not associated with better lower extremity function [128, 134].

With respect to the origin of vitamin D, the IOF prioritises natural sources (UVB
radiation, diet), supplemented by pharmacological vitamin D products if needed [131].
The main vitamin D source for the majority of the population is the sunlight UVB exposure,
rather than diet [131, 135]. Various environmental factors influence the amount of UVB
radiation, such as latitude, weather conditions, duration of sunlight exposure, etc. [136].
The most endangered groups under the greatest risk of vitamin D deficiency are infants and
children under 5 years, pregnant and breastfeeding women, old people aged 65 years and
over, people who have low or no exposure of sunlight (who are housebound or confined
indoors for long periods, people who have darker skin, or those who cover their skin for
cultural reason) [137]. Also, winter season is a strong determinant almost everywhere [138].

Vitamin D treatment is essential for the populations at risk, but several precautions can
be taken into account. In contrast with certain previous views, vitamin D supplementation in
general populations is not recommended. Moreover, if the optimal range of vitamin D level is
truly between 50-75 nmol/L, widespread screening of the population is essential before the
initiation of general supplementation programme, since it is not reasonable or even riskful for

people within the optimal range [39, 132, 133]. Several trials are in progress to clarify the role
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and the optimal range of vitamin D under different conditions, such as cardiovascular
diseases, cancer, diabetes or fracture [139].

Based on the above, we can come to the conclusion that in our study, more than 50% of
fractured patients and about one-third of controls should receive vitamin D supplementation
and it should be between 1500-2000 IU per day until the desirable range is reached.
If available, UVB exposure and dietary sources should be also implemented to the
supplementation therapy. The current recommendations do not suggest higher doses than
800 IU daily vitamin D over 70 years as maintenance dose —not even to prevent falls.

Giving a maximum dose of 1000 mg calcium per day may also be considered.

5.3.1. Limitations of the study

There are some limitations to our study. Firstly, the number of patients was relatively
small for an epidemiological study. Nonetheless, this pilot study may provide useful
information for the health care professionals about the vitamin D status of hospitalised elderly
patients. Secondly, lack of patient data also limited our analysis. As falls are multifactorial,
detailed patient history (e.g. medication history, body mass indices) would have been more
informative, as well as performing grip strength test or walking test may improve the standard

of this study.
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6. SUMMARY AND CONCLUSIONS

Falls are prevalent among elderly people, leading to hospital trauma admissions and
early death. Osteoporotic fractures, as a consequences of geriatric falls, are responsible for
high hospital admission- and mortality rates worldwide, significantly affect quality of life, and
put huge financial burden on the society. Undoubtedly, postmenopausal women are under the
greatest risk of osteoporotic bone fractures; however, outcomes are even much worse among
male patients. A retrospective gender- and age-specific drug utilisation analysis of this study
showed that men are significantly undertreated with medications indicated for the treatment of
osteoporosis in all age groups, compared to women. The 10 to 20-fold difference calls our
attention to this unrecognised problem and to the need for extended screening aids. The
incidence of hip fractures in Hungary showed an exponentially growing tendency with age in
our study, therefore adjusting the trend of anti-osteoporotic medications to the population
under the greatest risk (population over 80 years) would be considerable in both men and
women. Also, based on our results, screening for osteoporosis in earlier ages, ideally
2 or 3-yearly after menopause in women, and over 65 years in men may accurately identify
those individuals who need medication treatment. The earlier initiation of appropriate
osteoporosis therapy could prevent fractures in older ages and may improve mortality rates.
Our research is the first study that provides both age- and gender-specific information on the
use of anti-osteoporotic medications in Hungary, and according to our knowledge there is no
such study freely available across Europe. We hope this study will be helpful not only for
Hungarian colleagues, but also a gap-filling work for other health care professionals in

Europe.

Nursing home residents are especially endangered by falls, about 30-50% of people
living in long-term care institutions fall each year, which is twice the rate of falls among
community-dwelling older adults. Appropriate medication use is a basic factor in terms of
falls, as some drugs may carry increased risk of falling. We performed a retrospective cohort
study regarding medication use and fall risk among nursing home residents. Older age
(80 years or above), polypharmacy, and the independent use of 3 active agents
(pantoprazole, vinpocetine and trimetazidine) were found to be major risk factors for falls.
Neither trimetazidine nor vinpocetine have been considered as PIM agents in the literature
previously. High numbers of chronic medications taken was a significant risk factor in male

patients. Our results showed that polypharmacy itself could be defined as an independent risk
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factor for falls. Nevertheless, the benefit-to-risk ratio of fall-risk drugs also should be taken
into account for safe prescribing. Drug-related problems can be reduced by means of the
potentially inappropriate medication lists; however, these theoretical criteria need to be
confirmed by real-life epidemiological data. Our methods and results could serve as a strong
base for further research in this field, as well as they can attract health care professionals’

attention to the most vulnerable populations of elderly patients in terms of falls.

The role of vitamin D in calcium and bone homeostasis is well-known. However, many
research papers are dedicated and growing attention is oriented to the pleiotropic (extra-
skeletal) effects of 25(OH)Ds. Vitamin D insufficiency is associated with decreased muscle-
and grip strength, higher incidence of falls, cancer, diabetes, autoimmune- or cardiovascular
diseases in numerous articles. In our prospective pilot study, serum vitamin D levels of
elderly hospitalised, hip fractured patients were compared to non-fractured hospitalised
patients. Although cholecalciferol level was measured during summertime, the insufficiency
was markedly presented in both patient groups, and was higher (more than double) in the
fractured group, yet we could not prove the statistical significance. Also, falls were prevalent
in both investigated groups. Based on the current, evidence based guidelines, elderly people
under the normal cholecalciferol level (30 ng/ml or 75 nmol/L) should receive vitamin D
supplementation for both skeletal and extra-skeletal purposes. Nevertheless, high dose boluses
should be avoided, because extreme amounts of vitamin D intake may increase the risk of
falls. Sunlight exposure and dietary sources are highly recommended as part of the

supplementation therapy.
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Key messages and novelties

Gender- and age-specific utilisation study of anti-osteoporotic drugs

e Osteoporosis in no longer the condition of postmenopausal women, significant
portion of men is also affected, and survival rate of hip fractures is worse in
men.

e Males over 65 years should be also screened for osteoporosis and treated
accordingly.

e Pharmacological fracture prevention may be started in earlier ages to reduce
late-age incidence of hip fractures in both genders. This intervention may
improve mortality rates and decrease fracture-related costs.

Medication use and fall prevalence among nursing home residents

e Geriatric falls are prevalent among individuals living in long-term care
institutions, and are the leading causes of injury-related deaths.

e Older age, polypharmacy, and the independent use of 3 active agents
(pantoprazole, vinpocetine and trimetazidine) were found to be major risk
factors for falls in our study.

e Frequent and regular medication review is one possible way to reduce the risk of
falling in elderly patients.

Vitamin D levels of elderly hospitalised patients

e Suboptimal vitamin D levels are prevalent among hospitalised older adults,
as well as the prevalence of falls: nearly 55% of fractured patients and roughly
one-third of controls reported multiple falls in the previous year.

e Vitamin D insufficiency was higher among hip fractured patient compared to
controls; however we cannot prove the statistical significance.

e Based on current guidelines, elderly people under the normal cholecalciferol
level (30 ng/ml or 75 nmol/L) should receive vitamin D supplementation.
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SUPPLEMENT



The Hungarian PIM list

La- . .
ATC . Beers Priscuss | Mann | Risk
Drug code Reasons Alternative drugs 2015 F;(())c(:)t;e 2010 2011 | of falls
Can lead to hypocalcaemia and Lactulose, macrogol
hypokalaemia, can lead to lipid
pneumonia in case of aspiration X X X
Liquid paraffin | AO6AA0L | pneumonia.
Bisacodyl A06AB02 | Worsening of irritable bowel syndrome. | Osmotic laxatives X X X
Sennosides A06ABO6 | Worsening of irritable bowel syndrome. Osmotic laxatives X
Sodium Worsening of irritable bowel syndrome. Osmotic laxatives
4 | picosulfate AD6AB08 X
5 | Docusate A0BAG10 | Worsening of irritable bowel syndrome. Osmotic laxatives X
Muscarinic-blocking agents. No proven Mebeverine, phloroglucinol
6 | Diphenoxylate | A07DA01 | efficacy. X
Long-acting sulphonylureas can cause an | Short-acting sulphonylureas
7 | Glibenclamide | A10BBO1 | increased risk of hypoglycaemia. X
Can lead to life-threatening Clopidogrel, acetylsalicylic-acid
haematological side effects, including
neutropenia/agranulocytosis, thrombotic X X X X
thrombocytopenic purpura, and aplastic
8 | Ticlopidine BO1ACO05 | anaemia, may cause altered blood counts.
May cause altered blood counts. Clopidogrel, acetylsalicylic-acid
Unfavorable risk/benefit ratio, X
9 | Prasugrel BO1AC22 | particularly over 75 years.
10 | Ferrous sulfate | BO3AA02 X
Increased sensitivity of the elderly. The Digoxin dose <0.125 mg/day or
dose should remain <0.125 mg/day or serum concentration between
preferably should be adapted to maintain | 0.5 and 1.2 ng/ml.
serum concentration < 1.2 ng/ml. Risk of
overdose in renal insufficiency: nausea, X X X X YES
vomiting, drowsiness, visual
disturbances, cardiac rhythm
11 | Digoxin CO01AAO05 | disturbances.




La-

ATC . Beers Priscuss | Mann | Risk
Drug code Reasons Alternative drugs 2015 Roche 2010 2011 | of falls
2007
Central nervous side effects, increased Beta-blockers, verapamil, diltiazem,
mortality. Quinidine plus verapamil: not | amiodarone, defibrillator
recommended for patients over age 75. implantation.
Monitoring for central nervous effects, X
monitoring of cardiovascular function
(proarrhythmia, QT duration), monitoring
12 | Quinidine CO01BAO1 | of renal function.
13 | Disopyramide co1BA03 | Heart failure, anticholinergic effect. Amiodarone, other antiarrhythmics X X YES
Pro-arrhythmogenic effect can lead to Indication of cardioversion:
AV block, intraventricular conduction amiodarone, indication of frequency
delays, common neurotoxic and control: beta-blockers, verapamil, X
14 | Propafenone C01BCO03 | gastrointestinal side effects. diltiazem, digitoxin.
Higher rate of adverse effects in general, | Beta-blockers, amiodarone,
pro-arrhythmogenic effect can lead to verapamil, diltiazem, digitoxin.
ventricular arrhythmias, ventricular Monitoring for central nervous
fibrillation and cardiac arrest. effects (e.g., vertigo, cognitive X X YES
impairment), monitoring of
cardiovascular function, monitoring
15 | Flecainide C01BC04 of renal function (dose adjustment).
Common side effects: extra-pyramidal
tremors, insomnia, nightmares. Inhibition X YES
16 | Amiodarone C01BDO01 | of liver enzimes.
Severe liver dysfunction up to liver Indication of cardioversion:
failure, increased mortality in patients amiodarone, indication of frequency
with heart failure, “reserve drug” for control: beta-blockers. X
amiodarone or beta-blockers in K,
17 | Dronedarone C01BDO07 | indication made by specialists.
Can cause orthostatic hypotension, can
18 | Methyldopa C02AB01 | cause sedation. X X X YES
The aged are more sensitive to sedation, Other antihypertensive drugs, except
hypotension, bradycardia, syncope. short-acting calcium-channel X YES
19 | Guanfacine C02AC02 blockers and reserpine.
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The aged are more sensitive to sedation, | Other antihypertensive drugs, except

hypotension, bradycardia, syncope. short-acting calcium-channel X YES
20 | Moxonidine C02AC05 blockers and reserpine.

The aged are more sensitive to sedation, | Other antihypertensive drugs, except

hypotension, bradycardia, syncope. short-acting calcium-channel X YES
21 | Rilmenidine C02AC06 blockers and reserpine.

Aggravation of urinary incontinence, Monitoring of cardiovascular
22 | Prazosine CO02CAO01 | postural hypotension. function X X YES

Hypotension (positional), dry mouth, Monitoring of cardiovascular

urinary incontinence/impaired function X X YES
23 | Doxazosin C02CA04 | micturition.

Aggravation of urinary incontinence, Monitoring of cardiovascular
24 | Urapidil C02CAO06 | postural hypotension. function X YES
25 | Ethacrynic acid | co3ccol Can cause postural hypotension. X YES
26 | Pentoxifylline | c04AD03 | Hypotension X X X X YES

No really proven efficacy while postural

hypotension and fall risks are increased X X X YES
27 | Nicergoline CO04AE02 | with most vasodilators.

No really proven efficacy while postural

hypotension and fall risks are increased X X X YES
28 | Naftidrofuryl C04AX21 | with most vasodilators.

Pro-arrhythmogenic effect, can lead to Other beta-blockers (except atenolol,

torsade de pointes or ventricular which has unfavourable data

tachycardia/ventricular fibrillation, QT regarding the endpoint of stroke). X X

interval prolongation, and accumulation
29 | Sotalol CO7AA07 | in patients with renal insufficiency.

Postural hypotension, myocardial Other antihypertensive drugs, except

infarction or stroke. centrally acting antihypertensives X X X X YES
30 | Nifedipine C08CA05 and reserpine.

Can cause delirium and cognitive Trospium chloride

impairment, can worsen glaucoma and

lead to partial or complete X X X X YES
31 | Oxybutynin G04BD04 | gastrointestinal obstruction.
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Can cause delirium and cognitive Trospium chloride
impairment, can worsen glaucoma and
lead to partial or complete X X X YES
32 | Tolterodine G04BDO07 | gastrointestinal obstruction.
Anticholinergic side effects (e.qg.,
constipation, dry mouth, CNS ), ECG X X YES
33 | Solifenacin G04BDO08 | changes (prolonged QT).
Increased risk of cerebrovascular and
34 | Terazosine G04CAO03 | cardiovascular disease. X
Unfavorable risk/benefit ratio, Other antibiotics (e.g.,
particularly with long-term use cephalosporins, cotrimoxazole,
(pulmonary side effects, liver damage, trimethoprim—in accordance with
etc.) sensitivity and resistance testing, as
far as possible). Non- X X X
pharmacological measures: more
fluid intake, incontinence aids.
Monitoring of renal, pulmonary, and
35 | Nitrofurantoin | JO1XEO1 hepatic function.
Serious adverse drug reactions:
gastrointestinal ulcers, bleeding, kidney X
36 | Celecoxib LO1XX33 | and liver insufficiency, hypertension.
Highest incidence of CNS side effects Paracetamol or other NSAID.
(e.g. delirium) of all NSAIDs. Very high X X X X
37 | Indomethacin MO1ABO1 | risk of gastrointestinal haemorrhage.
Serious adverse drug reactions: In the analgetic indication:
gastrointestinal ulcers, bleeding, kidney paracetamol, metamizole, X
38 | Diclofenac MO1ABO05 | and liver insufficiency, hypertension. hydromorphone.
Serious adverse drug reactions:
gastrointestinal ulcers, bleeding, kidney X
39 | Ibuprofen MO1AEQ1 | and liver insufficiency, hypertension.
Serious adverse drug reactions: In the analgetic indication:
gastrointestinal ulcers, bleeding, kidney paracetamol, metamizole, X X
40 | Acemetacin MO1AB11 | and liver insufficiency, hypertension. hydromorphone.
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2007
Serious adverse drug reactions: In the analgetic indication:
gastrointestinal ulcers, bleeding, kidney paracetamol, metamizole, X X X
41 | Piroxicam MO1ACO01 | and liver insufficiency, hypertension. hydromorphone.
Serious adverse drug reactions: In the analgetic indication:
gastrointestinal ulcers, bleeding, kidney paracetamol, metamizole, X X
42 | Meloxicam MO1ACO06 | and liver insufficiency, hypertension. hydromorphone.
Serious adverse drug reactions: In the analgetic indication:
gastrointestinal ulcers, bleeding, kidney paracetamol, metamizole, X X
43 | Naproxen MO1AEOQ2 | and liver insufficiency, hypertension. hydromorphone.
Serious adverse drug reactions: In the analgetic indication:
gastrointestinal ulcers, bleeding, kidney paracetamol, metamizole, X X
44 | Ketoprofen MO1AEOQ3 | and liver insufficiency, hypertension. hydromorphone.
) Serious adverse drug reactions: In the analgetic indication:
Mefenamic gastrointestinal ulcers, bleeding, kidney paracetamol, metamizole, X
45 | acid MO1AGO01 | and liver insufficiency, hypertension. hydromorphone.
Cardiovascular contraindications. In the analgetic indication:
paracetamol, metamizole, X
46 | Etoricoxib MO1AHO05 hydromorphone.
47 | Chlorzoxazone | M03BB03 X YES
Common side effects: delirium, falls, Thiocolchicoside, mephenesine
48 | Baclofen MO03BX01 | headache, sedation, drowsiness, amnesia. X X X YES
The major metabolite normeperidine can | Hydromorphone
cause convulsions, delirium, sedation, X X YES
49 | Pethidine NO2ABO02 | and respiratory depression.
CNS side effects: sedation and delirium, Hydromorphone
gastrointestinal effects: nausea at the
beginning and constipation with medium- X YES
and long-term administration,
50 | Buprenorphine | NO2AEO1 | anticholinergic side effects.
Lowers seizure threshold, may lead to Paracetamol, metamizole,
delirium. Frequent unwanted side effects: | hydromorphone. X YES
51 | Tramadol NO2AX02 | vomiting, vertigo, constipation.
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52

Acetylsalicylic
acid

N02BAO1

High rate of gastrointestinal side effects
(bleeding) in/with long-term use.

In the analgetic indication:
paracetamol, metamizole,
hydromorphone.

53

Ergotamine

NO2CA52

Vasoconstriction can lead to angina
pectoris, hypertension, glaucoma, liver
and renal impairment, urinary retention
and cramping. Unfavorable risk/benefit
profile.

Therapy waiver

54

Phenobarbital

NO3AA02

Sedation, paradoxical excitation, clinical
monitoring for adverse effects (testing of
gait steadiness, coordination;
psychopathology).

Other antiepeleptic drugs:
lamotrigine, valproic acid,
levetiracetam, gabapentin.

YES

55

Phenytoin

NO3ABO02

CNS depression, including delirium,
tremor, ataxia, nystagmus, anaemia and
osteomalacia.

YES

56

Clonazepam

NO3AEOQ1

CNS depression, including delirium,
depression, amnesia and ataxia.

YES

57

Biperiden

NO4AA02

Anticholinergic side effects: restlessness,
delirium, urinary retention and negative
effect on cognitive functions.

L-dopa

YES

58

Ropinirole

N04BC04

Higher potential for hallucinations and
delirium.

59

Pramipexole

N04BCQ05

Higher potential for hallucinations and
delirium.

60

Rotigotine

N04BCQ09

Higher potential for hallucinations and
delirium.

61

Levome-
promazine

NO5AA02

Main side effects: anticholinergic
(urinary retention, constipation, visual
disturbances), cognitive impairment,
noradrenergic (orthostatic hypotension),
antihistaminergic (sedation),
extrapyramidal symptoms including
Parkinson-like symptoms, dystonia,
akathisia and tardive dyskinesia.

So-called atypical neuroleptics.

YES
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62

Fluphenazine

NO5ABOQ2

Main side effects: anticholinergic
(urinary retention, constipation, visual
disturbances), cognitive impairment,
noradrenergic (orthostatic hypotension),
antihistaminergic (sedation),
extrapyramidal symptoms including
Parkinson-like symptoms, dystonia,
akathisia and tardive dyskinesia.

So-called atypical neuroleptics.

YES

63

Pipotiazine

NO5SAC04

Muscarinic-blocking drugs. Second
choice drugs.

Atypical antipsychotics with less
anticholinergic activity (clozapine,
risperidone, olanzapine, amisulpride,
quetiapine), meprobamate.

64

Haloperidol

NOSADO1

Main side effects: anticholinergic
(urinary retention, constipation, visual
disturbances), cognitive impairment,
noradrenergic (orthostatic hypotension),
antihistaminergic (sedation),
extrapyramidal symptoms including
Parkinson-like symptoms, dystonia,
akathisia and tardive dyskinesia.

So-called atypical neuroleptics.

YES

65

Clozapine

NO5AH02

Can cause agranulocytosis.

66

Olanzapine

NO5AHO03

Extrapyramidal and anticholinergic side
effects, sedation, and cognitive

impairment especially with higher doses.

YES

67

Diazepam

NO5BAO1

Prolonged reaction times.

Opipramol

YES

68

Chlor-
diazepoxide

NO5BAQ2

Risk of falling (muscle-relaxing effect)
with risk of hip fracture.

Short-(/shorter-)acting
benzodiazepines, zolpidem,
zopiclone, zaleplone at a low dose.

YES

69

Medazepam

NO5BAO03

Long-acting benzodiazepines

YES

70

Clobazam

NO5BAQ9

Long-acting benzodiazepines, protracted
activity, increased likelihood of adverse
effects occurrence (drowsiness, falls).

YES

71

Alprazolam

NO5BA12

Long-acting benzodiazepines

YES
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72 | Meprobamate NO5BCO1 | Long-acting benzodiazepines X X YES
Long-acting benzodiazepines, protracted
activity, increased likelihood of adverse X X X YES
73 | Nitrazepam NO5CDO02 | effects occurrence (drowsiness, fall).
74 | Temazepam NO5CDO7 | Long-acting benzodiazepines X X X
Short- and intermediate acting
75 | Brotizolam NO5CDO09 | benzodiazepines (>0.125 mg/day). X X
76 | Zopiclone NOo5CFo1 | Delayed reaction time (>3.75 mg/day). X X YES
Risk of falling and hip fracture Combining form: short- and
77 | Zolpidem NO5CEQ2 | (5 mg/d). intermediate-acting benzodiazepines. X X YES
Psychiatric reactions (sometimes
paradoxical, e.g., agitation, irritability, X YES
hallucinations, psychosis), cognitive
78 | Zaleplone NO5CF03 | impairment (>5 mg/d).
Drowsiness, inner unrest, confusion, Non-pharmacological treatments
muscarinic-blocking agents with such as behavioral therapy. X X X YES
79 | Imipramine NOBAAO02 | cardiotoxicity when overdosed.
Muscarinic-blocking agents with
80 | Clomipramine | NO6AA04 | cardiotoxicity when overdosed. X X X YES
Muscarinic-blocking agents with
81 | Trimipramine | NO6AA06 | cardiotoxicity when overdosed. X X YES
Muscarinic-blocking agents with
82 | Amitriptyline NO6AAQ9 | cardiotoxicity when overdosed. X X X X YES
Muscarinic-blocking agents with
83 | Maprotiline NO6AA21 | cardiotoxicity when overdosed. X X X YES
Common side effects: headache,
insomnia, drowsiness, ataxia, tremor, X X YES
84 | Fluoxetine NO6ABO3 | convulsions.
Nausea, vomiting, drowsiness, dizziness, | Other SSRIs; SNRIs; mirtazapine.
dry mouth, constipation, diarrhoea, X YES
85 | Fluvoxamine NOBABO8 | weight loss/anorexia.
Increased risk of orthostatic hypotension | Therapy waiver
86 | Piracetam N06BX03 | and falls and/or efficacy not proven. X X X YES
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No proven efficacy, high risk of postural YES
87 | Ginkgo Biloba | N06DX02 | hypotension and falls. X X
Can cause delirium and anticholinergic
side effects like dry mouth, urinary
retention, and constipation, and can cause X X X X YES
88 | Hydroxyzine NO7XX04 | QT interval prolongation.
Can cause atrial fibrillation and atrial Inhalational drugs including
flutter and tachycardia, cardiac tiotropium, glucocorticoids and long-
arrhythmia, seizures, insomnia and acting beta-sympathomimetic drugs. X
irritability, vomiting and diarrhoea; dose-
89 | Theophylline RO3DA04 | dependent.
Diphen- Anticholinergic effects, dizziness, ECG Monitor for anticholinergic side YES
90 | hydramine RO6AA02 | changes. effects, ECG. X X X
91 | Dimetindene R06AB03 | ECG changes (prolonged QT). X
Other drugs with anticholinergic Nausea: domperidone. Cough:
properties. No proven efficacy. clobutinol, olexadine. Drowsiness:
Muscarinic-blocking agents, can cause acetyl-leucine, betahistine. Rhinitis: X X
92 | Promethazine RO6ADO02 | confusion, sedation. saline.
Cypro- Muscarinic-blocking drugs, can cause Cetirizine, desloratadine, loratadine.
93 | heptadine RO6AX02 | sedation, drowsiness. X X
The aged are more sensitive to sedation, Other antihypertensive drugs, except
hypotension, bradycardia, syncope. short-acting calcium-channel X X X YES
94 | Clonidine S01EA04 blockers and reserpine.
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Introduction: Our aim was to perform both gender- and age-specific analysis regarding the utilisation
of anti-osteoporotic drugs in Hungary, between 2007 and 2011, and to compare our results with other
European countries.

Methods: The database of the Hungarian National Health Insurance Fund was screened for anti-
osteoporotic medications, covering 100% of the Hungarian population (10 million people). ICD coding
system (International Classification of Diseases) and WHO ATC/DDD methodology were used for medi-
cation screening and analysis.

Results: In Hungary, the total bisphosphonate use was 6.66DDD/TID (Defined Daily Dose/
1000inhabitants/day) in 2007, and 6.22DDD/TID in 2011; the rate of bisphosphonate combinations
slightly increased from 1.60 to 2.81 DDD/TID. The total vitamin D use almost doubled (13.73 DDD/TID
in 2011), while the calcium supplementation tripled (4.47 DDD/TID in 2011), and so did the strontium
ranelate utilisation (0.70 DDD/TID in 2011) within the investigated time period. Denosumab consump-
tion was marginal. Male patients were disproportionately, 10-20 times undertreated in all age groups,
and treatment choice was restricted among men. Several differences were seen in our results compared
to those in Baltic countries, Finland and in Norway.

Conclusions: Men were significantly undertreated in all age groups, compared to women. The 10 to 20-fold
difference calls attention to this unrecognised problem.
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1. Introduction

Osteoporosis is a metabolic bone disease, characterised by
decreased bone mass, quality and strength, and increased suscep-
tibility to fracture, even to minimal trauma [1]. The incidence of
osteoporosis is increasing with age, occurring mainly above the age
of 50 years. Osteoporosis is mostly defined as the disease of women,
because the prevalence and fracture rates are much higher among
females. However, the disease affects a significant portion of men,
as well. From the 10 million residents of Hungary, it is estimated
that in the population over 50 years of age 547,107 people suf-
fered from osteoporosis, of which 94,949 were male and 452,158
were females in the year of 2010 [2]. Similar prevalence rates were
found in every country in the European Union [2]. At the same
time, according to the National Osteoporosis Foundation, the rate
was higher in the USA [3]. Bone fractures are important factors of
high mortality and morbidity rates in osteoporotic patients. As hip
fractures require urgent surgical intervention, hospitalisation and

* Corresponding author. Tel.: +36 62 34 2506; fax: +36 62 54 4921.
E-mail address: andrea.bor@pharm.u-szeged.hu (A. Bor).

http://dx.doi.org/10.1016/j.maturitas.2014.11.001
0378-5122/© 2014 Elsevier Ireland Ltd. All rights reserved.

prolonged rehabilitation, these fractures are the most significant
consequences of osteoporosis. Therefore, treatment costs of hip
fractures are substantial, and osteoporosis-induced costs are a huge
financial burden for the health care system and for the patients as
well, besides extreme pain and high mortality rates.

Among patients with hip fractures the female/male ratio is
70:30, though the mortality rate is much higher in men than in
women: 31% vs 17%, within one year after fracture [4-7]. There
are approximately 100,000 osteoporotic bone fractures each year
in Hungary, and the treatment costs are estimated to be more
than 20 billion HUF (Hungarian Forints, about 64.5 million EUR)
for the National Health Insurance Fund (NHIF). At the same time,
the expenses of prevention and pharmacological treatment take
only 8 billion HUF (26 million EUR), moreover, 50% of osteoporotic
fractures would be preventable with appropriate pharmacological
treatment and with screening the population at risk [8].

Our aim was (1) to perform gender- and age-specific analysis
regarding the utilisation of anti-osteoporotic drugs in Hungary,
covering a 5-year period (between 2007 and 2011), (2) to ana-
lyse the differences of treatment characteristics between males
and females, and (3) to compare our results with those in other
European countries.
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2. Methods
2.1. Data source

The source of our crude data was the Hungarian National Health
Insurance Fund, which s the sole, mandatory, national health insur-
ance fund, covering 100% of the Hungarian population (roughly
10 million people). All prescription claims are recorded by the
providers; the NHIF database contains data on age, gender, res-
idence, date of claim, medication, and diagnosis by ICD codes
(International Classification of Diseases, 2010).

For our study the NHIF provided anonymous, aggregated crude
data; therefore, the study did not require ethical approval.

2.2. Database screening for anti-osteoporotic medications

A retrospective analysis was performed regarding anti-
osteoporotic medication use in Hungary, for the period between
2007 and 2011. The following details on medication use were avail-
able in the crude data: calendar year (2007-2011), gender, age
group (in 5-year-long clusters), ATC code (Anatomical Therapeutic
Chemical Classification), active pharmaceutical ingredient, product
name, strength, ICD code (first 3 digits), number of packaging units,
number of patients, and total number of DDDs (Defined Daily Dose).

Microsoft Access and Microsoft Excel programs were used for
data management and analysis.

The primary screening method was based on the ATC codes (2013
version) of drugs [9].

The screened drugs that are available for the treatment of
osteoporosis in Hungary were the followings: vitamin D and
analogues (ATC: A11CC02-05), calcium compounds (A12AA03-04,
and A12AA13), bisphosphonates (M0O5BA02-08), bisphosphonate
combinations (M05BB03-04), strontium ranelate (M05BX03), and
denosumab (M05BD01).

The DDD is the average maintenance daily dose of the medi-
cation used for its main therapeutic indication in adults [10]. The
medication use of large populations is often expressed as the num-
ber of DDDs per 1000 inhabitants per day, which technical unit
enables to compare the drug use of populations of different sizes
[11].

To obtain standardised, DDDf1000 inhabitants/day (DDD/TID)
unit, we calculated with the formula below:

DDD/365

DDD/TID = populationsize x 1000

For each year, the gender and age-standardised data on popula-
tion size were gained from the Hungarian Central Statistical Office
(HCSO) [12]. The youngest population receiving anti-osteoporotic
treatment was the 40 to 44-year-old group (Table 2). In 2007
the total Hungarian population was 10,055,783 inhabitants, out
of which there were 4,928,988 people above the age of 40 years
(2,158,031 males and 2,770,967 females), while in 2011 the total
population was 9,971,727 inhabitants, out of which 5,010,276 peo-
ple were above the age of 40 years (2,201,817 males and 2,808,459
females) [12].

The secondary screening method was based on the indications of
drugs, coded by ICD (included ICDs: E55-58, M80, M81).

2.3. Further technical assumptions

a. In the case of bisphosphonate combinations (alendronic
acid+vitamin D, MO05BB03, alendronic acid+vitamin
D +calcium, MO5BBO05, risedronic acid +vitamin D+ calcium,
MO5BB04) different vitamin D and calcium doses were found
from those in the vitamin D and calcium monotherapy med-
ications. Therefore, direct comparison on each vitamin D,

Table 1

Gender-standardised utilisation of anti-osteoporotic drugs between 2007 and 2011 in Hungary.

Risedronic acid  Zoledronic acid  Alendronic Risedronic Alend ronic Strontium Denosumab
ranelate

Ibandronic acid

Alendronic acid

Vitamin D & Calcium Bis, total Bis, Bis.

analogues

Drug

Utilisation

acid + vitamin
D +calcium
MO5BB0S5

acid+vitamin
D+calcium
MO5BBO4

acid+ vitamin D

combinations

mono-therapy

MOSBDO1T

MOSBX03

V0S5 BAOG MO05BAO7 IMD5 BAOS V05 BBO3

VDS BAO4

Al2ZAA  MOSBA+MOSBB  MOSBA MO5BB
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and calcium-containing medications was not possible, since
DDD/TID values were also different in the combinations. These
categories are presented separately.

b. To avoid any bias, drugs for the treatment of malignancies (ICD
“C" group and M82, M85) were excluded from the final analysis.
The rate of excluded drugs (expressed in DDD %) in the indication
of cancer therapy was the following: vitamin D and analogues
1.38%, calcium compounds 2.64%, bisphosphonates 8.34%, bis-
phosphonate combinations 0.12%, denosumab and strontium
ranelate less than 0.1%, all of which was roughly 3% of treated
patients.

3. Results
3.1. Gender and population-based results

As expected, medication use by females was substantially higher
in the case of every medication than by males (Table 1).

During the examined 5-year period, the utilisation of vitamin
D and analogues showed constant increase from 7.91 DDD/TID
to 13.73DDD/TID. A similar tendency was revealed in female
and male patients. However, there was an approximately 10-
fold difference between genders, male patients were remarkably
undertreated (Fig. 1). Vitamin D can also be found in combina-
tion with bisphosphonates, therefore the overall consumption was
higher.

The utilisation of calcium compounds increased from
1.43DDD|TID in 2007 to 4.49DDD/TID in 2011, which is a
more than three-fold growth. This tendency mainly arose from the
treatment of female patients; males are significantly undertreated
(F:M ratio was 10.8 in 2011). As calcium occurs in combination
with alendronic and risedronic acid, the total rate would be higher
than above.

The total bisphosphonate use was 6.66 DDD/TID in 2007, it
slowly increased in 2008 and 2009, but for 2011 it dropped to
6.22 DDD/TID. Male patients were treated approximately 20 times
less than women (F:M ratio was 22.2 in 2011). In 2007, monother-
apy took roughly 75% of the total trade compared to 55% in 2011,
since the use of bisphosphonate combinations gradually increased,
and nearly reached the rate of monotherapy in females and in males
as well (Fig. 2).

The most widely used agent was alendronic acid; however,
during the 5-year-long period, the trade of alendronic acid in
monotherapy halved (3.91 vs 1.94 DDD/TID), while the combina-
tion with vitamin D more than doubled (0.81 vs 1.89 DDD/TID).
The trade of vitamin D and calcium combination with alen-
dronic acid was 0.15 DDD/TID in 201 1. Alendronic acid took almost
two-third of the total bisphosphonate use in all investigated
years.

The use of risedronic acid was more or less constant. The rate
of combination with vitamin D and calcium was double compared
to monotherapy (0.37 vs 0.77 DDD/TID in 2011). It accounted for
roughly one-fifth of all bisphosphonate trade in all years.

Ibandronic acid took around 16% (1.11 DDD/TID in 2011) of the
total bisphosphonate consumption, and it was prescribed only for
women; in 2010 and in 2011 there was no use of it in the male
population.

Zoledronic acid use has remained marginal since 2007 on the
Hungarian market with less than 0.01 DDD/TID.

Strontium ranelate is mainly prescribed for women after the
bisphosphonate therapy failed or could not be tolerated. The trade
showed a constant increase since 2007 (0.16 DD/TID), for 2011 it
reached 0.70 DDD/TID.

Denosumab, a monoclonal antibody, was introduced to the Hun-
garian market in 2011 and took 0.04 DDD/TID in that year.

3.2. Gender- and age-standardised results (Table 2)

The utilisation of bisphosphonates was the highest in the 75
to 79-year-old population in both genders, but with very different
values: 49.27 DDD/1000females/day and 3.40 DDD/1000males/day
in 2011. The highest decrease in bisphosphonate utilisation was
detected in the 40-54 age groups in both genders during the study
period. The largest differences between genders could be seen in
2011 in all age groups.

Strontium ranelate was prescribed to male patients only above
the age of 60, but less than 0.05 DDD/1000males/day. In women, a
remarkable rise can be seen in all age groups from 2007 to 2011.

The trade of denosumab in females peaked in the 70 to 74-year-
old population (0.37 DDD/1000females/day) in 2011. There was no
denosumab use among male patients.

3.3. Comparison with European countries

Comparable DDD/TID values of anti-osteoporotic medications
use were available from 2008 in Estonia, from 2009 in Finland,
from 2010 in Latvia and Lithuania, and from 2007 in Norway; how-
ever, published age- and gender-matched data have not been found
for the same time period [13-16]. The comparison is presented in
Table 3, all values refer to the total population of each country.

Results on total bisphosphonate use differ in all investigated
countries. The declining tendency and the utilisation rate were sim-
ilar in Finland, in Norway, and in Hungary. In contrast, Estonian,
Latvian and Lithuanian bisphosphonate use was about 2-3 times
lower, but a slowly increasing tendency or constant rate (Lithuania)
was present in all three Baltic countries.

In Finland and in Hungary, alendronic acid monotherapy took
the majority of the bisphosphonate trade, similarly to Norway,
while in the Baltic countries the use of bisphosphonate agents was
more various.

Regarding bisphosphonate combinations, the use of alendronic
acid and vitamin D combination was more or less constant in Latvia,
Lithuania and in Hungary. In Finland, a certain decline was seen
between 2009 and 2011, while the Estonian data on alendronic
acid combination markedly increased, from 0.93 DDD/TID in 2008
to 2.52 DDD/TID in 2011. No use of bisphosphonate combinations
was noticed in Norway.

Strontium ranelate consumption was
the highest in Hungary in 2010 and in 2011, similarly high in
Lithuania, with an approximately 5 to 10-fold difference between
Estonia, but the tendency of use was increasing in all countries,
except in Norway (strontium ranelate is not available).

Denosumab utilisation was the highest in Finland in 2011
(0.37 DDD/TID).

4. Discussion

A retrospective gender- and age-specific drug utilisation anal-
ysis was performed of medications indicated for the treatment of
osteoporosis between 2007 and 2011 in Hungary.

As expected, men were disproportionately undertreated in
all age groups compared to women, and treatment choice was
restricted for vitamin D, calcium supplementation and bisphospho-
nates compared to women. The persistent 10 to 20-fold difference
between males and females does not reflect the estimated 1:5 pro-
portion of males and females affected by osteoporosis in Hungary.
In a similar age and gender-standardised Australian study, a much
milder 3 to 4-fold gender difference was found between the
use of alendronic acid and risedronic acid in 2005-2006 [17].
Recently, results of numerous randomised controlled trials have
confirmed that anti-osteoporosis drugs are equally effective in



Table 2

Gender- and age-standardised utilisation of specific anti-osteoporotic drugs between 2007 and 2011 in Hungary.

Calendar year 40-44 years 45-49 years 50-54 years 55-59 years 60-64 years 65-69 years 70-74 years 75-79 years 80-84 years 85 and over
Females (DDD/1000females/day)
Bisphosphonates 2007 0.10 140 8.18 18.82 30.77 43.36 4993 48.26 36.18 1533
(MO05B)
2008 0.05 1.22 8.05 18.72 31.37 4492 52.58 53.38 39.94 17.02
2009 0.06 1.07 831 18.92 31.36 44.89 53.15 54.92 43.25 19.39
2010 0.05 0.72 717 17.79 2854 41.14 49.72 53.24 4293 19.44
2011 0.04 0.53 5.56 15.78 25.67 36.58 4479 49.27 41.04 18.62
% change —59.6% —62.0% —32.1% -16.1% -16.6% —15.6% -10.3% 2.1% 13.4% 21.4%
2007-2011
Strontium 2007 - 0.01 0.12 0.40 0.66 1.06 1.42 1.44 1.22 0.45
ranelate
(MO5BX03)
2008 - 0.05 0.32 0.81 1.36 2.09 253 2.68 222 0.98
2009 - 0.07 0.54 1.39 2.32 3.58 4.20 432 3.65 1.76
2010 - 0.05 0.55 1.55 2.74 4.09 4.92 5.19 4.48 204
2011 - 0.04 0.52 1.64 2.95 431 533 5.85 5.20 272
% change - 523.6% 333.1% 307.8% 346.3% 306.8% 274.9% 306.5% 327.1% 505.1%
2007-2011
Denosumab 2011 - - 0.08 0.12 0.23 0.24 037 0.30 0.12 -
(MO05BDO1)
Males (DDD/1000males/day)
Bisphosphonates 2007 0.01 0.09 0.67 125 1.96 2.87 3.56 4.20 3.20 1.50
(MO05B)
2008 - 0.12 0.67 129 2.03 3.10 375 451 373 1.53
2009 0.01 0.05 0.56 133 226 3.27 4.01 4.79 3.61 1.63
2010 - 0.06 0.36 112 1.78 295 345 3.88 3.58 1.71
2011 - 0.01 0.16 0.80 144 230 2.96 3.40 343 1.56
% change - —85.5% -76.7% —35.7% -26.6% -19.7% -16.8% -19.0% 7.1% 4.2%
2007-2011
Strontium 2007 - - - - - - 0.01 - - -
ranelate
(MO5BX03)
2008 - - - - - 0.02 0.03 0.01 0.03 -
2009 - - - - - 0.02 0.04 0.04 0.02 -
2010 - - - - 0.01 0.03 0.02 0.05 - 0.04
2011 - - - - 0.01 0.02 0.03 0.01 0.05 0.03
% change first - - - - - 5.5% 122.4% —29.1% 68.2% -21.6%
trade year = 2011
Denosumab 2007-2011 - - - - - - - - - -
(MO5BDO01)
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Table 3

Comparison on anti-osteoporotic medication use in six European countries.

DDD/TID Drug Bis. total Bis. mono- Bis. combi- Alendronic Ibandronic Risedronic Zoledronic Alendronic Risedronic Alendronic Strontium Denosumab
therapy nations acid acid acid acid acid +vitamin acid +vitamin acid +vitamin ranelate
D D+ calcium D+ calcium
Country  ATC/Years MO5BA+ MO5BB MO5BA MO5BB MO5BA04 MO5BAOG6 MO5BAO7 MO5BADS MO5BB03 MO5BB04 MO5BB05 MO5BX03 MO5BDO1
Estonia 2008 3.34 241 0.93 117 0.79 0.44 - 0.93 - - 0.04 -
2009 3.86 2.09 177 0.78 0.86 0.44 - 1.77 - - 0.04 -
2010 4.52 2.10 242 0.65 0.93 0.52 - 242 - - 0.06 -
2011 438 1.86 252 0.56 0.8 0.49 - 252 - - 0.09 0.01
Latvia 2010 374 255 1.19 <0.01 0.96 1.59 - 1.19 - - 0.42 <0.01
2011 475 293 1.82 0.01 0.92 2.00 - 1.82 - - 047 0.02
Lithuania 2010 275 1.81 094 0.40 0.73 0.68 - 0.48 0.46 - 0.64 <0.01
2011 2.66 1.71 095 0.37 0.73 0.61 - 0.45 0.50 - 0.53 0.07
Finland 2009 10.8 8.34 246 3.84 1.95 2.54 0.01 2.46 - - 0.07 -
2010 8.89 7.02 1.87 3.08 1.83 210 0.01 1.87 - - 0.14 0.02
2011 797 6.52 1.45 297 1.73 1.81 0.01 1.45 - - 032 037
Norway 2007 9.32 932 - 8.86 0.19 0.27 <0.01 - - - - -
2008 9.32 9.32 - 8.94 0.16 0.22 <0.01 - - - - -
2009 9.05 9.05 - 8.71 0.15 0.19 <0.01 - - - - -
2010 9.00 9.00 - 8.71 0.12 017 <0.01 - - - - <0.01
2011 8.81 8.81 - 8.56 0.10 0.15 <0.01 - - - - 0.07
Hungary 2007 6.66 5.07 1.60 3.91 0.68 0.48 - 0.91 0.69 0.10 0.16 -
2008 7.04 4.24 2.80 3.30 0.79 0.14 <0.01 1.42 127 0.11 0.32 -
2009 7.27 3.88 3.39 2.75 0.99 0.14 <0.01 2.02 123 0.14 0.54 -
2010 6.85 3.58 328 2.25 1.12 0.21 <0.01 2.08 1.05 0.15 0.64 -
2011 6.22 3.42 281 1.94 1.11 0.37 <0.01 1.90 077 0.14 0.70 0.04
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Fig. 1. Utilisation of anti-osteoporotic medications in Hungary 2007-2011.

males and females [18-21]. Based on those findings, the rec-
ommended treatment options for male patients are calcium and
vitamin D supplementation as first line treatment, and in combi-
nation with alendronate, risedronate, zoledronate, denosumab and
teriparatide. All of these drugs are available in Hungary, however,
in practice, besides health professional considerations, drug choice
is also determined by the costs and reimbursement criteria.
Investigating the Hungarian incidence of hip fractures in 2007
and 2011 (Fig. 3) would probably provide a better understanding of
the importance of osteoporosis treatment. According to the “Tables

a) total population
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b) among females

of basic data on Hungarian health care”, the highest incidence of
osteoporotic hip fractures was 3332.8 per 100,000 females aged
85 above, and 2151.2 per 100,000 males for the same age group
in 2011 [22]. Hip fractures were identified according to ICD codes
(S72.0,572.1, and §72.2).

An exponentially growing tendency with age can be seen in the
incidence of osteoporotic hip fractures in both investigated years.
The incidence between 2007 and 2011 was more or less constant,
showing slightly elevating tendency above the age of 75 years in
both genders. However, a remarkable 8.7% increase in absolute

) among males
100%

90%

2008 2009

2010 2011

2010

2011

Fig. 2. Utilisation rate of bisphosphonates in Hungary 2007-2011.
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Incidence of hip fractures in 2007 and in 2011
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Fig. 3. Incidence of hip fractures in 2007 and in 2011.

number of hip fractures could be seen (17,432 hip fractures in 2007
and 19,093 in 2011), owing probably to the increasing number of
elderly people in the Hungarian society [22].

Among osteoporotic fractures, hip fractures are responsible for
the greatest costs and high mortality rates, the male-female ratio is
constant atabout 30:70[4,7]. Based on international literature data,
20% of people with hip fracture die within 1 year, and the 5-year
survival is only 41%, with an estimated 740,000 deaths worldwide
[4,23]. One year after hip fracture the mortality rate is almost dou-
ble in men than in women: 31% vs 17% [4,7]. The rate of frailty
and co-morbidities in men contribute to higher mortality rates
and explains the high rate of long-term care and hospitalisation,
as well as greater rates of smoking and alcohol abuse among men
can worsen the outcome [18]. Nevertheless, lifetime risk of osteo-
porotic fracture at age 50 is 20-25% in Caucasian men (vs 45-55%
in women), which fact should not be neglected [24].

As the incidence of hip fractures showed an exponentially grow-
ing tendency with age, adjusting the trend of anti-osteoporotic
medications to the population under the greatest risk would be
considerable. Appropriate and proportional treatment of the 80+
populations would be an important issue in both men and women.

A constantly growing utilisation was seen in the case of vitamin
D and calcium compounds in both genders during the investi-
gated period. A possible reason could be the increasing number
of articles on vitamin D and calcium supplementation in the past
10 years worldwide, which resulted in wider publicity and guide-
line implementations of these agents as first-line therapy, also in
Hungary.

In contrast, bisphosphonate use showed a gradually declining
tendency. The peak age of utilisation was 75-79 years in both gen-
ders, while in Australia the peak age was 80-89 years in females
and 85-94 years in males [ 17]. This difference may be explained by
the higher life expectancy rate at birth in Australia, which was 83
years in 2012, compared to 75 years in Hungary [25]. This age utili-
sation profile only partially corresponds to the population with the
highest prevalence of osteoporotic fractures, as hip fractures are
the highest in the 85+ populations in Hungary (Fig. 3). A Swedish
study also reported declining probability of bisphosphonate use
with increasing age, especially in 85+ age groups [26].

Large differences were seen when comparing utilisation data of
different countries. Unfortunately, a reliable explanation of these

discrepancies or any similar comparison has not been found in the
literature.

The 2 or 3 fold differences in the utilisation rate can partially be
explained with the different reimbursement policies of the inves-
tigated countries or difference in patient registration system. As
an example, in Hungary, as a result of substantial cut in the reim-
bursement rate, the use of risedronic acid (monotherapy) dropped
to one-third of its trade in 2008 compared to 2007, and it still has
not reached the 2007 level in 2011.

The different screening methods and the applied diagnostic
criteria can also influence the use of bisphosphonates. In Finland
and Hungary - and in most European countries — DEXA (Dual-
Energy X-Ray Absorptiometry) is the gold standard diagnostic tool
for osteoporosis [27]. Yet, there is a debate on the reference values
of DEXA, the International Osteoporosis Foundation recommends
a sex-specific T-score, while the WHO recommends using the ref-
erence values of a 20 to 30-year-old white U.S. woman to define
DEXA T-score (—2.5 T-score) [18]. In a Dutch study, using a T-score
value <-2.5, only 21% of men and 44% of women were identified
among those sustained non-vertebral fracture [ 28]. Hence, thereisa
great need to develop more sensitive fracture prediction tools, and
implement them into the diagnostic criteria. Considering several
relevant clinical risk factors, FRAX is the most widely used fracture
risk assessment tool for prediction of 10-year probability of a major
osteoporotic or hip fracture [29].

The recent concerns about strontium ranelate (Protelos/Osseor)
treatment must also be mentioned. Protelos/Osseor must not
be used in patients with established, current or past history of
ischaemic heart disease, peripheral arterial disease and/or cere-
brovascular disease, or those with uncontrolled hypertension (EMA
letter No: EMA/84749/2014) [30]. These restrictions are unlikely
to cause significant changes in the use of strontium ranelate in
Hungary, as similar recommendations were in effect previously.

There are some limitations to our study. NHIF database does
not provide full data access for research purposes, therefore the
information on ICD codes and age of patients was not complete.
Nevertheless, for our analysis ICD codes for the first 3 digits and
5-year-long age clusters were used. There might be some uncer-
tainties derived from limited ICDs in the case of vitamin D and
calcium prescription (E55-E58, vitamin deficiency), since the indi-
cation of use is widespread. However, M80 (Osteoporosis with
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pathological fracture) and M81 (Osteoporosis without pathological
fracture) codes clearly and sufficiently refer to osteoporosis.

Also, this database does not include over-the-counter medica-
tion claims. Thus, in this study we cannot estimate the OTC calcium
or vitamin D consumption in Hungary.

5. Summary and conclusions

Osteoporosis and osteoporotic fractures are responsible for
high hospital admission and mortality rates worldwide and put
huge financial burden to the society. Undoubtedly, postmenopausal
women are under the greatest risk of osteoporotic bone fractures;
however, outcomes are even much worse among male patients.

We found that men are significantly undertreated in all age
groups, compared to women. The 10 to 20-fold difference calls
our attention to this unrecognised problem and to the need for
extended screening aids.

Our research is the first study that provides both gender- and
age-specific information on the use of anti-osteoporotic medica-
tions in Hungary, and according to our knowledge there is no such
study freely available across Europe. We hope this study will be
helpful not only for Hungarian colleagues, but also a gap-filling
work for other health care professionals and decision makers in
Europe.
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Abstract Background Geriatric falls are leading causes
of hospital trauma admissions and injury-related deaths.
Medication use is a crucial element among extrinsic risk
factors for falls. To reduce fall risk and the prevalence
of adverse drug reactions, potentially inappropriate
medication (PIM) lists are widely used. Objective Our
aim was to investigate the possible predictors of geriatric
falls annualized over a 5-year-long period, as well as to
evaluate the medication use of nursing home residents.
Serting Nursing home residents were recruited from the
same institution between 2010 and 2015 in Szeged,
Hungary. Method A retrospective epidemiological study
was done. Patient data were analysed for the first
12 months of residency. Chi-squared test and Fisher’s-
test were applied to compare the categorical variables,
Student’s ¢ test to compare the continuous variables
between groups. Binary logistic regression analysis was
carried out to determine the association of falls with
other variables found significant in univariate analysis.
Microsoft Excel, IBM SPSS Statistics (version 23) and
R(3.2.2) programs were used for data analysis. Main
outcome measure Falls affected by age, gender, number
of chronic medications, polypharmacy, PIM meds. Re-
sults A total of 197 nursing home residents were inclu-
ded, 150 (76.2%) women and 47 (23.8%) men, 55 fallers
(annual fall prevalence rate was 27.9%) and 142 non-
fallers. Gender was not a predisposing factor for falls
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(prevalence in males: 234 vs 293% in females,
p > 0.05). Fallers were older (mean years + SD;
84.0 £ 7.0) than non-fallers (80.1 & 9.3, p < 0.01). The
age >80 years was a significant risk factor for falls
(p < 0.001). The number of chronic medications was
higher in male fallers (12.4 4+ 4.0) than in non-fallers
(69 =42, p<0.001). Polypharmacy (taking four or
more chronic medications) was a significant risk factor
of falls (p < 0.01). Those PIMs carrying fall risk were
taken by 70.9% of fallers and 75.3% of non-fallers
(p > 0.05). Taking pantoprazole, vinpocetine or trimeta-
zidine was a significant risk factor for falls. Conclusion
Older age, polypharmacy and the independent use of
pantoprazole, vinpocetine, and trimetazidine were found
to be major risk factors for falls. Further real-life epi-
demiological studies are necessary to confirm the role of
particular active agents, and to help professionals pre-
scribe, evaluate and review geriatric medication use.

Keywords Elderly - Fall risk - Nursing home -
Polypharmacy - Potentially inappropriate medication

Impacts on practice

* Older age (above 80 years) is a main risk factor for
geriatric falls among nursing home residents.

® Our results showed that polypharmacy is an indepen-
dent risk factor for falls.

e Taking pantoprazole, vinpocetine or trimetazidine was
significant risk factors for falls; therefore patients using
these medications may require special attention during
the routinely performed medication reviews (the role of
trimetazidine as a risk factor for falls was confirmed
only by univariate analysis).
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Introduction

Geriatric falls are the leading causes of hospital trauma
admissions and injury-related deaths [1]. Approximately
one-third of community-dwelling elderly above the age of
65, and approximately 30-50% of people living in long-
term care institutions fall each year, resulting in bone
fractures, worsened quality of life, loss of independence,
fear of falling, disability and early death [2, 3].

Amongst fall-related low-energy bone fractures, hip
fractures are responsible for the greatest costs and high
mortality rates: nearly 20% of people with hip fracture will
die within one year. Although falls are more common
among older women than men, in the case of hip fracture,
the mortality rate is almost double in males than in females
(31 vs 17%) [4-6]. Therefore guidelines and policies on
fall prevention need to be adverted on gender perspective,
as well as on populations under the greatest risk, such as
nursing home residents. According to the Centers for
Disease Control and Prevention (CDC), approximately 5%
of adults above 65 years live in nursing homes, but these
residents account for about 20% of deaths from falls in this
age group. Although many falls remain unreported,
patients often fall more than once a year. In a typical
nursing home, the annual average number of falls is 2.6 per
patient [1].

Many studies have revealed a variety of factors or
conditions that can increase the risk of falling in elderly
patients, such as older age, comorbidities, vision distur-
bance, diabetes and depression [5, 7, 8]. Also, medication
use is a crucial element among extrinsic risk factors for
falls. Although comorbidities in older people often require
taking numerous prescription drugs, taking four or more
chronic medications (defined as polypharmacy) was found
to be an independent risk factor for falls [8, 9]. Polyphar-
macy (PP) also increases the prevalence of drug-related
problems (DRPs), such as drug—drug interactions, adverse
drug reactions (ADRs), prescription errors and non-adher-
ence [10, 11]. Though there is no consensus about the exact
cut-off value for polypharmacy, usually it is defined as the
concomitant use of more than or equal to 4-8 chronic
medications [7, 12, 13]. Polypharmacy is quite common in
geriatric patients: the prevalence in the U.S. is around 57%,
while a large European study reported 51% [14, 15].

To reduce the risk of falls and to minimize the preva-
lence of adverse drug reactions, potentially inappropriate
medication (PIM) lists have been implemented, among
which the ‘Beers criteria’ is the most widely used, out-
starter list [16]. Originally its use was restricted for nursing
home residents, then it was extended for any geriatric
patients. The most recently updated (2015) list identifies
not only the potentially inappropriate drugs, but also offers
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recommendation on alternative medications or therapies
[17].

Following the Beers criteria, numerous countries have
created their specific national PIM list, adding or with-
drawing medications, adapted to the country’s therapeutic
practice and pharmaceutical market. Using these medica-
tion lists is a substantial strategy to reduce the risk of
adverse events and falls in older adults; however, the lists
are hardly confirmed by real epidemiological data.

Aim of the study

In this cohort study our aim was to investigate the possible
predictors of geriatric falls annualized over a 5-year-long
period, as well as to evaluate the medication use of nursing
home residents.

Ethics approval

The present study was approved by the Regional Human
Biomedical Research Ethics Committee of the University
of Szeged.

Materials and methods

A retrospective analysis was done regarding the medication
use and fall prevalence in nursing home residents, all
recruited from the same institution, between August 2010
and August 2015 in Szeged, Hungary. The main outcome
measures were falls affected by age, gender, number of
chronic medications, polypharmacy and PIM meds.

Patients and setting

Every patient who was the resident of the investigated
nursing home for at least 12 months was included into the
study. Patient data were recorded and analysed for the first
12 months of residency, starting from the date of admis-
sion. Relevant medication lists and demographic informa-
tion were collected from the patient medical documentation
of the facility. Detailed data on falls were available from
hospital discharge documents since, after noticed falls, all
residents were admitted to hospital for further investigation
according to the nursing home protocol.

The nursing home provides residential accommodation,
meals and 24-hour personal care (residential nursing) for
those who find it difficult to cope without assistance. The
facility is fully accessible and barrier-free. Daily medical
supervision is also ensured (neurologist and gerontologist).
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Due to the local policy, deceased patients were excluded
from this study, since we had no data access on those
patients’ medical information.

Data analysis and statistical methods

Microsoft Excel (Microsoft Office 2010, Microsoft Cor-
poration, Redmond, WA), IBM SPSS Statistics for Win-
dows (version 23, IBM Corporation, Armonk, NY) and R
(version 3.2.2, R Foundation for Statistical Computing,
Vienna, Austria) programs were used for data management
and analysis.

A Chi-squared test was applied to compare the cate-
gorical variables (e.g. gender) between the investigated
groups, and Fisher’s test in case of polypharmacy. Stu-
dent’s t test was performed to compare the continuous
variables (e.g., age, number of medications) between
groups. Polypharmacy is defined as the concomitant use of
equal to or more than four chronic medications.

Positive predictive value (PPV)

We examined the prevalence and PPV with 95% confi-
dence intervals, to estimate the possible impact of each
medication (active substance) on risk of falls by the widely
used, basic architecture (2 by 2 contingency table) of
cohort studies [18].

PPV is the proportion of patients taking a particular
(investigated) drug and who had fall(s). In other words it
shows the probability of an outcome (fall) if the patient has
the tested condition (takes the particular drug). These
proportions only have limited validity in clinical practice,
however. The predictive values of a clinical test depend
critically on the prevalence of the condition (falls) in the
patients being tested within a particular environment. [19].

Number needed to harm (NNH)

NNH was calculated for those active agents which have
high PPV, and where the lower CI 95% value exceeded the
annual fall prevalence rate. The NNH index expresses how
many patients need to be exposed to a certain risk-factor
(drug) to cause harmful effect (fall) in one patient over a
specific time period (1 year) [20, 21]. Nevertheless, NNH
values calculated in our study cannot be extended for the
entire population of elderly people; they are valid only for
those nursing home residents involved in this analysis.

Binary logistic regression analysis

Binary logistic regression analysis was carried out to
determine the association of falls with other variables

found significant in univariate analysis. Logistic regression
was characterized by the accuracy of test [20, 21].

Potentially inappropriate medications

To identify the potentially inappropriate medications, four
commonly used PIM lists have been adopted to the Hun-
garian drug market and to our data on medication use, i.e.
the updated Beers criteria (2015), the French LaRoche list
(2007), the German Priscus list (2010) and the Austrian
Mann list (2012) [17, 22-24]. The adopted list consists of
94 drugs or active ingredients (PIMs), out of which 54
drugs (PIM fall risk) were considered high-risk drugs in
terms of falls (based on the rationale of the original lists).
The prevalence of exposure to these medicines was illus-
trated by Venn diagram [25].

Results
Demography

A total of 197 nursing home residents were included in the
study, 150 (76.2%) women and 47 (23.8%) men (Table 1.)
Among the 55 fallers (so the annual fall prevalence rate
was 27.9%), 44 were females and 11 were males. Out of
the 142 non-faller residents, 106 were females and 36 were
males. The gender was not found to be a predisposing
factor for falls (prevalence in males: 23.4 vs 29.3% in
females, p > 0.05). Bone fractures occurred in 24 patients
(5 males and 19 females, 43.6% of fallers).

Regarding age, fallers were older (84.0 = 7.0 years)
than non-fallers (80.1 & 9.3 years, p < 0.01). The age
above or equal to 80 years was found to be a significant
risk factor for falls (p < 0.001). Among fallers, 47 resi-
dents (85.5%) were 80 years old or older, and all the 13
multiple fallers (more than 1 fall per year) were in this

group.
Medication patterns

The number of chronic medications taken did not signifi-
cantly differ between fallers and non-fallers (9.1 & 3.8 vs
8.0 £ 3.9, p > 0.05) (Table 1), but did differ among male
patients (fallers 12.4 = 4.0 vs non-fallers 6.9 £ 42, p <
0.001). Also, polypharmacy (taking four or more chronic
medications) was a significant risk factor of falls (p =
0.010).

Potentially inappropriate medications

Regarding the prevalence of PIM medication use, 77.2% of
the residents took one or more PIM-list drugs, and there
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Table 1 Study population characteristics

Fallers Non-fallers p vale, test Total
(55: 27.9%) (142; 72.1%) (197; 100.0%)
Gender Females (% of all females) 44 (29.3%) 106 (70.7%) p = 0427, Chi-squared test 150 (76.2%)
Males (% of all males) 11 (234%) 36 (76.6%) 47 (23.8%)
Age (years) Mean + SD 840+ 7.0 80.1 =93 p = 0,002, ¢ test 812 £ 89
Min-max 61-99 52-104 - 52-104
Age group 80 years or older (% of group) 47 (35.99%) 84 (64.1%) p < 0.001, Chi-squared test 131 (66.5%)
Age group less than 80 years (% of group) 8 (12.1%) 58 (87.9%) 66 (33.5%)
Number of chronic medications Mean £+ SD 9.1 +38 8.0+ 39 p = 0,093, r test 8.32 + 3.88
Min-max 3-19 0-18 - 0-19
Males (mean £+ SD) 124 £ 4.0 6.9 42 p < 0.001, t test 8.2 4.7
Females (mean = SD) 8§83 +33 8.4 + 3.7 p = 0.810, r test 84+ 3.6
Polypharmacy Yes (% of group) 54 (98.2%) 122 (85.9%) p = 0.010, Fisher’s-test 176 (89.3%)
No (% of group) 1 (1.8%) 20 (14.1%) 21 (10.7)
PIM Yes (% of group) 40 (72.7%) 112 (78.9%) p = 0.357, Chi-squared test 152 (77.2%)
No (% of group) 15 (27.3%) 30 (21.1%) 45 (22.8%)
PIM fall risk Yes (% of group) 39 (709%) 107 (75.3%)  p = 0.523, Chi-squared test 146 (74.1%)
No (% of group) 16 (29.1%) 35 (24.6%) 51 (25.9%)

Polypharmacy concomitant use of minimum four or more chronic medications; PIM Potentially inappropriate medication use; PIM fall risk PIMs

carrying risk of falls

246  was no significance in prevalence between fallers and non-
247  fallers (72.7 vs 78.9%, p > 0.05). Those PIMs carrying risk
248  of falls were taken by 70.9% of fallers and 75.3% of non-
249 fallers (p > 0.05). Comparing to PIM prevalence,
250  polypharmacy occurred in 85.9% non-faller patients, but in
251  98.2% fallers (p < 0.01). PIM use was illustrated on the
252 Venn diagram (Fig. la, b). To provide better understand-
253 ing, we also included the age dimension into this
254  visualisation.

255 Drugs and falls

256  Except for two non-medicated residents, 195 were taking
257 227 different drugs, out of which 22 drugs were taken by at
258 least 10% of the patients (minimum 20 individuals,
259 Table 2).

260 For the most prevalent drugs, positive predictive values
261  (with 95% confidence intervals) were calculated to esti-
262  mate the impact of each medication on fall risk. Consid-
263  ering the 27.9% annual fall prevalence rate in the nursing
264 home, the lower confidence interval exceeded this margin
265 in case of trimetazidine (PPV (95% CI), 0.48, (0.30-0.66),
266  vinpocetine 0.44 (0.31-0.59) and pantoprazole 0.40
267  (0.30-0.52). Hence, those drugs seem to be significant risk
268 factors for falls (Table 2; Fig. 2). Giving an example for
269  better understanding, expanding the definition of PPV, the
270  0.40 PPV of pantoprazole shows the proportion of patients
271  who used pantoprazole and who had fall(s). This means
272 that taking the drug increases the fall prevalence rate by
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approximately 12% (compared to the annual 27.9% fall
prevalence rate).

For the same drugs, the number needed to harm (NNH,
95% CI) was calculated (groups were the following: par-
ticular drug user or non-user, and the outcome/risk was
falls). Accordingly, approximately 4-5 patients are needed
to be exposed to trimetazidine and vinpocetine use to
sustain a fall, while this number is about 6 in the case of
pantoprazole exposure (Table 3). These numbers are clin-
ically remarkable. We would like to emphasize that the
NNH values calculated above cannot be extended for the
entire population of older adults; they are valid only for the
involved nursing home residents.

The variables of the binary logistic regression model
were the following: age group 80 years and above, persons
taking pantoprazole, vinpocetine or trimetazidine. Binary
logistic regression confirmed the significant impact of the
804 age group, pantoprazole, and vinpocetine on fall risk,
odd ratios were respectively 3.92, 2.59 and 2.32, with
73.6% accuracy detected, but did not confirm the impact of
trimetazidine (Table 4).

Discussion

A retrospective cohort study was carried out over a period
of five years (2010-2015) regarding the medication use and
fall prevalence among nursing home residents in Szeged,
Hungary. We found 27.9% annual fall prevalence rate
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A
80-year-old or above
15
All other
residents

PIM
with fall risk

Fallers

B
80-year-old or above
13
All other
residents

Polypharmac

Fig. 1 a Venn diagram illustrates the populations (sets) that were
subject to multiple drug use: residents taking potentially inappropriate
medications (PIM) with fall risk; fallers: patients who were 80 years
old or older, and those who were not part of the other three sets.
b Venn diagram illustrates the populations (sets) that were subject to
multiple drug use: those residents taking four or more chronic drugs
(Polypharmacy): fallers; patients who were 80 years old or older, and
those who were not part of the other three sets

among nursing home residents, which is slightly lower than
the literature data. According to CDC and WHO reports,
approximately 30-50% of people living in long-term care
institutions fall each year, which is twice the rate of falls
among community-dwelling older adults, and the fre-
quency of falls increases with age [1, 2, 26]. Our results

correspond to these findings: the age of 80 years or above
was found to be statistically significant risk factor of falls,
and fallers were 4 years older than non-faller residents on
average. Therefore, attention should be paid to the 80+
population, since they had almost a fourfold risk of falling
(odds ratio 3.92) compared to those who were under the
age of 80 years.

Although many geriatricians consider polypharmacy
(defined as taking four or more chronic medications) to be
unavoidable among older patients, PP was a significant risk
factor of falls in our study, as it is supported by different
surveys and reviews [5, 7, 13].

Higher numbers of chronic medications was a predis-
posing factor for falls in male patients. This is an important
finding, since fatal fall outcome rates are much higher in
men (46%) than in women (27%) over the age of 65 years
[27]. The underlying causes of higher incidence in men are
not obvious. Some studies found that males suffer from
more co-morbid conditions or they may fall from greater
heights and, having poorer health status, they are less likely
to survive a fall-related injury than women of comparable
age [27, 28]. Among the potential causes, the greater rates
of smoking and alcohol abuse in men, along with com-
moner causes of secondary osteoporosis (e.g., glucocorti-
coid excess and hypogonadism) can be mentioned [29, 30].
As was highlighted earlier, the mortality rates are also
nearly double in men than in women after sustaining a hip
fracture [4-6]. Thus guidelines and policies on fall pre-
vention need to be deigned on gender perspective, partic-
ularly in vulnerable nursing home populations.

As the most serious non-fatal consequence of falls, bone
fractures occurred in 24 patients (43.6% among fallers).
Although huge differences can be seen in fracture rates
worldwide, our study reports higher percentages than a
Sweden study (1-33%) or a US study (10-25%) do, and
lower than the one identified in a recent Australian paper
(about 48%) [31-33].

One possible way of reducing fall risk (and conse-
quences) of elderly patients is the frequent and regular
medication review, as some of the medications are con-
sidered potentially inappropriate for elderly people
[17,22-24]. Although our results did not show a difference
in the number of overall PIM-use between fallers and non-
fallers, three active agents have emerged from the others.
Neither trimetazidine nor vinpocetine have been consid-
ered as PIM agents in the literature previously. Pantopra-
zole was included in the 2015 Beers criteria, but was not
included in any PIM lists before. The updated Beers cri-
teria suggests the avoidance of the use of pantoprazole
beyond 8 weeks without justification, since long-term
proton-pump inhibitor exposure carries high risk of
Clostridium difficile infection, bone loss and fractures.
Thus, our empirical findings extend the relevancy of
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Table 2 Positive predictive

values (PPV) of drugs (with Active substance

No. of takers (%)

No. of fallers

PPV (95% CI)

95% CI confidence intervals) Trimetazidine

Isosorbide mononitrate
Vinpocetine

Tiapride

Atorvastatin
Pantoprazole
Allopurinol

Glyceryl trinitrate
Famotidine
Levothyroxine sodium
Acetylsalicylic acid
Alprazolam
Bisoprolol
Amlodipine
Pentoxifylline
Metoprolol
Furosemide

Potassium chloride
Perindopril and amlodipine
Acenocoumarol
Piracetam

metformin

23 (11.68%) 11 0.48 (0.30-0.66)
20 (10.15%) 9 0.45 (0.26-0.65)
36 (18.27%) 16 0.44 (0.31-0.59)
28 (14.21%) 12 0.43 (0.27-0.60)
29 (14.72%) 12 0.41 (0.27-0.58)
52 (26.4%) 21 0.40 (0.30-0.52)
21 (10.66%) 8 0.38 (0.21-0.58)
36 (18.27%) 13 0.36 (0.24-0.51)
33 (16.75%) 11 0.33 (0.21-0.49)
30 (15.23%) 10 0.33 (0.20-0.50)
74 (37.56%) 24 0.32 (0.25-0.41)
63 (31.98%) 20 0.32 (0.23-0.42)
33 (16.75%) 10 0.30 (0.18-0.46)
42 (21.32%) 12 0.29 (0.18-0.42)
29 (14.72%) 8 0.28 (0.15-0.45)
43 (21.83%) 10 0.23 (0.14-0.36)
65 (32.99%) 15 0.23 (0.16-0.33)
68 (34.52%) 15 0.22 (0.15-0.31)
28 (14.21%) 6 0.21 (0.10-0.39)
20 (10.15%) 4 0.20 (0.08-0.42)
40 (20.3%) 7 0.18 (0.09-0.31)
22 (11.17%) 3 0.14 (0.05-0.34)

Displayed drugs were taken by minimum 20 individuals (10% of all residents)

trimetazidine (N=23) —
isosorbide mononitrate (N=20) 4:—0—
vinpocetine (N=36) P——
tiapride (N=28) [
atorvastatin (N=29) =
pantoprazole (N=52) E o=
allopurinol (N=21) e
glyceryl trinitrate (N=36) —_—
levothyroxine sodium (N=30) —r—
famotidine (N=33) —
acetylsalicylic acid (N=74) e
alprazolam (N=63) —
bisoprolol (N=33) e
amlodipine (N=42) —Ib—
pentoxifylline (N=29) —_—
mietoprolol (N=43) —
furosemide (N=65) ——
potassium chioride (N=68) -
perindopril and amlodipine (N=28) —o—i—
acenocoumarol (N=20) —_—
piracetam (N=40) —
metformin (N=22) _—

T T T
0.0 0.2 0.4 0.6 08 1.0

PPV 95% CI

Fig. 2 Positive predictive values (PPV) of drugs with 95% CI
confidence intervals (N = number of drug users). Dashed red line
shows the annual fall prevalence rate (27.9%) in the nursing home.
Displayed drugs were taken by minimum 10% of all residents

pantoprazole being mentioned as a PIM agent with a new
aspect: its use showed 2.5-fold risk of falls compared to
non-takers, and one in every six patients would be expected
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Table 3 Number needed to harm (NNH) values (with 95% CI con-
fidence intervals) of trimetazidine, vinpocetine and pantoprazole (N:
number of takers)

Drugs (number of drug users) NNH 95% CI
Trimetazidine (N=23) 45 2.3-55.1
Vinpocetine (N=36) 5 2.7-32.6
Pantoprazole (N=52) 59 3.2-47

to result in a fall (NNH value 5.9). As stated in the sum-
mary of product characteristics (SPC), severe hypomag-
nesaemia has been reported in patients, causing fatigue,
tetany, delirium, convulsions and dizziness, especially on
long-term use (more than 3 months), which can directly
lead to geriatric falls [34]. As pantoprazole is an exten-
sively used proton pump inhibitor, its side effects are
widely studied. In fact, several recent articles suggest that
its use in high doses over long durations (>1 year) may
modestly increase the risk of bone fractures; thus, patients
at risk of osteoporosis should receive adequate intake of
vitamin D and calcium, and should be kept under regular
surveillance [34, 35].

Both vinpocetine (nootropic agent) and trimetazidine
(anti-anginal agent) can have side effects that may increase
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Table 4 Results of binary

- . ; Variables
logistic regression analysis

Coefficients (p value) OR (95% CI)

(95% CI confidence interval;

Age group 80 years old or above
OR odds ratio) ge group 80 y r abov

Pantoprazole
Vinpocetine
Trimetazidine

1.3660 (p = 0.00175)
0.9498 (p = 0.01049)
0.8411 (p = 0.03760)
0.7181 (p = 0.13296)

3.92 (1.67-9.22)
2,59 (1.25-5.35)
2.32(1.049-5.12)
2.05 (0.80-5.23)

the risk of falls, such as tremors, gait instability and
dizziness [36-38]. However, we could not find any
research that would confirm the direct association between
falls and the use of these medications. Our results from the
binary logistic regression analysis revealed that taking
vinpocetine will double the risk of falls (odds ratio 2.32),
and the obtained NNH values suggest that every fourth or
fifth exposure to trimetazidine or vinpocetine will result in
a fall—within the given circumstances. We would like to
emphasize that the role of trimetazidine as a risk factor for
falls was confirmed only by univariate analysis (Table 2).
Larger patient numbers are necessary to support this find-
ing, since the more robust multivariate analysis did not
confirm this result (Table 4).

The use of tiapride PPV (CI 95%) 0.43 (0.27-0.60),
atorvastatin 0.41 (0.27-0.58) or isosorbide mononitrate
0.45 (0.26-0.65) was found to be a statistically non-sig-
nificant (as the confidence interval overlap the average
annual fall rate), but still mentionable, risk for falls.

Our methods applied in this study would fit in larger
population analysis as well, and it may allow us deeper
understanding of the role of each medication (or their
combinations) concerning falls, especially as geriatric falls
are multifactorial. Hence an explicit detachment of the
causative circumstances is challenging. Physical state,
impaired balance and gait, older age, visual impairment,
cognitive decline and environmental factors all carry
remarkable fall risk [5, 7]. Despite these facts, the most
broadly examined iatrogenic risk factors are polypharmacy
and PIM use, since those are closely associated with ageing
[9, 13-15, 17, 39]. As mentioned earlier, wider, compre-
hensive epidemiological studies would be necessary to
confirm the role of particular active agents, and to help
professionals prescribe, evaluate and review geriatric
medication use by real-life epidemiological data. Our
results may contribute to and inspire further research in this
field.

Limitations of the study

The source of data for our analysis performed came from
the same nursing home, and we did not have access to the
medical information of deceased patients. This limitation
may cause some distortion in our results. Furthermore,
while some falls may have remained hidden and unreported

for any reason, the documented cases were well-estab- 419
lished. Finally, larger patient data are needed to confirm 420
our findings, since we had relatively small sample sizes for 421
epidemiological analyses. 422
Conclusions 423
A retrospective cohort study was performed regarding 424
medication use and fall risk among nursing home residents. 425
Older age (80 years or above), polypharmacy, and the 426
independent use of three active agents (pantoprazole, vin- 427
pocetine, or trimetazidine) were found to be major risk 428
factors for falls. High numbers of chronic medications 429
taken was a significant risk factor in male patients. Our 430
results showed that polypharmacy itself could be defined as 431
an independent risk factor for falls. Nevertheless, the 432
benefit-to-risk ratio of fall-risk drugs also should be taken 433
into account for safe prescribing. Drug-related problems 434
can be reduced by means of the potentially inappropriate 435
medication lists; however, these theoretical criteria need to 436
be confirmed by real-life epidemiological data. Our meth- 437
ods and results could serve as a strong base for further 438
research in this field, as well as they can attract health care 439
professionals’ attention to the most vulnerable populations 440
of elderly patients in terms of falls. 441
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Az idoskori gyogyszeralkalmazas
problémai
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Szegedi Tudominyegyetem, Gydgyszerésztudomanyi Kar, Klinikai Gyégyszerészeti Intézet, Szeged

A fejlett orszagok lakossaganak eléregedése napjaink dltalinos problémidja. Az egészségiigyre nehezedd teher kiilo-
nosen nagy, hiszen a kor elrehaladtaval a betegségek, kiilonosen a kronikus betegségek szima né meg ebben a po-
puldcioban. A halmozott gyégyszerszedés, a polypharmatia jellemzé az id6és betegekre. Bar az idéskori komorbiditds
megkoveteli tobb hatéanyag valés indikacion alapulé alkalmazdsit, viszont a polypharmatia néveli az interakciok és
a nemkivinatos gyogyszerhatisok kialakuldsanak esélyét, csokkenhet a betegcompliance, romlik az életmindség és
jelentds anvagi megterhelést jelent mind a beteg, mind pedig a tirsadalom szdmadra. Az idds betegek gyogyszeral-
kalmazdsibdl eredé problémaiinak csokkentése érdekében sziilettek meg azok a listik, amelyek a potenciilisan nem
megfelelé hatdanyagokat, dozisokat gytijtik ossze. Az egyik legkorabbi lista az tgynevezett Beers-kritériumok. Az
ezekben szerepld hatdanyagok alkalmazisa iddskorban nem javallotr, illetve kockizatos. A kiilfoldi példik nyoman a
szerzok a hazai gyogyszerkincshez alkalmazkodo listat allitottak Gssze, atvéve a nem megtelelGség indoklasat és al-
ternativ terdpids javaslatokat is. Orv. Hedl., 2012, 153, 1926-1936.

Kulesszavak: iddskor, komorbiditds, polypharmatia, prevencio

Drug-related problems in the elderly

The aging population in developed countries is a growing problem nowadays. The burden on healthcare is particu-
larly high, since the prevalence of the diseases, especially chronic diseases increases with age. Prevalence of polyphar-
macy is common among elderly patients. While comorbidities require usage of several active agents with evidence
based indication, polypharmacy increases the likelihood of interactions and adverse drug reactions, reduces patient
compliance, affects quality of life and puts a significant financial burden on the patient and society. In order to reduce
drug-related problems among the elderly, different lists of potentiallv inappropriate drugs and doses were created.
One of the earliest known lists is the “Beers criteria”. The use of listed drugs is riskv and not recommended for el-
derly patients. Following foreign examples, a list was compiled and adapted to the Hungarian drug spectrum based
on the main concerns and alternative therapeutic suggestions. Orv. Hetil., 2012, 153, 1926-1936.

Keywords: elderly patients, comorbidity, polypharmacy, prevention

(Beérkezett: 2012. oktober 9.5 elfogadva: 2012. oktéber 25.)

Roviditések

ATC = (Anatomical Therapeutic Chemical Classification Sys-
tem) Anatomiai Teripids Kémiai Osztilyozdsi Rendszer;
DRP = (drug-related problems) gyogyszeralkalmazdsbél eredd
problémak; PIM = (potentiallv inappropriate medications)
potencidlisan nem megfelels gyogyszerek; WHO = (World
Health Organization) Egészségiigyi Viligszervezet

Altalinos tapasztalat szerint a gyoégyszerhasznilat fo-
lyamatos novekedésének sajndlatos velejirdja a gyogy-
szerekkel kapcsolatos gondok (drug-related problems

— DRP) szaporodisa. Mivel a rendszeres, kronikus
gyogyszerfogyasztok dontden az idGs, 65 év feletti sze-
mélyek koziil keriilnek ki, a gyodgyszeralkalmazishoz
kapcsol6dd, am specidlis gondoskodassal csokkenthetd
problémdk is tilnyomodan az idGs betegeket érintik. Sza-
mos esetben az egyidejlileg fennallod kiilonbozs betegsé-
gek, komorbiditisok indokoljik ugyan tobbféle gyogy-
szer parhuzamos rendelését, de a sziikséges hatéanyagok,
adagok, az alkalmazisi méd és id6tartam meghatiro-
zdsa megkiilonboztetett figyelmet kivan. A gerontologiai
gyogyszerelés dltalanos nehézségeit ¢és a potencialisan
problémas gydgyszereket foglalja ssze kozleménytink.
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1. abra | Sziiletéskor virhato élettartam orszigonként [4, 5]

Demogriafiai helyzet

A tarsadalom eloregedése napjainkban a fejlett orsza-
gokban megfigyelhets, jol dokumentdlt jelenség. Ma-
gyarorszigon nemcsak az idds lakossig arinya novek-
szik, hanem a tarsadalom oregedésének iiteme is gyorsul.
Mig 2010-ben 17% korili volt a 65 éven feliiliek aranya
hazankban, addig 2060-ra mar 32%-ra becsiilik az id6-
sek ardnyét [1, 2, 3]. Ennek hatterében részben az tgy-
nevezett Ratké-korszak népesedéspolitikija dllhat, de
sokkal szamottevibb az alacsony sziiletésszam és a var-
haté élettartam meghosszabboddsanak jelent&sége.
A WHO adatai szerint — az 1. abran szerepl$ 22 orsza-
got figyelembe véve — 2011-ben a sziiletéskor virhatod
élettartam 70,1 év férfiak és 78,1 év nék korében, atlago-
san 74,8 év. Bar a virhatd élettartam folyamatosan no-
vekvé tendencidt mutat, mas fejlett orszigokhoz viszo-
nyitva hazdnk még mindig a legalacsonyabbak kozott
foglal helyet (1. abra) [4, 5].

Hazai és nemzetkozi irodalmi adatok az iddskor alsé
hatdrit egyre inkibb 65 évben hatirozzak meg a ko-
rabbi 60 év helyett, amely tény jol példizza az idGsddés
jelenségének térhoditasit, amely magaval hozza a nyug-
dijkorhatar emelkedését is [6, 7, 8,9, 10, 11, 12].

Halmozott gyogyszerszedeés

Az oregedés tényének jelentGs egészségiigyi vonatko-
zasa van, hiszen a kor el6rehaladtival a betegségek
eléforduldsa fokozott, és kiilonosen jellemzs erre a
populiciora a kronikus betegségek egyiittes jelenléte,
a komorbiditas, amelynek viszont sziikségszer kovet-
kezménye tobb hatbanyag valés indikicion alapulé al-
kalmazasa, azaz a polypharmatia. A halmozott gyogy-
szerszedés definiciojanak tobbféle megkozelitése létezik,
a legismertebb a mennyiségi szemlélet, miszerint Ot
vagy tobb gydgyszer kronikus egyiittes alkalmazdsa

polypharmatidnak mindsiil [13]. Erdemes megemlite-
niink azonban a klinikai aspektus definicidjat is: poly-
pharmatia minden klinikailag nem indokolt vagy sziik-
ségtelentil rendelt akdr egyetlen szer hasznalata, illetve
onmagaban csak mellékhatis-kezelésre alkalmazott to-
vabbi gyégyszer adasa [13].

Az Amerikai Egyesiilt Allamokban az idések (>65 év)
57%-a szed ot gyodgyszernél tobbet tartésan, pirhuza-
mosan [14]. Egy nyolc orszagra kiterjeds, 2707 sze-
mélyt felolelé eurdpai tanulmdanyban pedig az iddsek
51%-andl taldltdk hat vagy tobb gyogyszer egy idében
torténd alkalmazasat [12]. Sajat felméréseink szerint,
a halmozott gyogyszerszedés a mindennapi gyakorlat
sorin az elébbihez hasonlé mértékben van jelen ha-
zankban is [13, 15]. A polypharmatia néveli az inter-
akciok ¢és a nemkivinatos gyogyszerhatasok kialaku-
lasanak esélyét, csokkenhet a beteg-egyiittmiikodés,
romlik az életmindség és jelentds anyagi megterhelést
jelent mind a beteg, mind pedig a tarsadalom szdmara.
A jol ismert matematikai képlettel szaimolva (@)
két gyogyszer egyiittes alkalmazdsa esetén egy interak-
cig, Ot esetén tiz, 10 gydgyszer esetén pedig mar elméle-
tileg 45 interakcio lehetséges. Szerencsére a gyakorlat-
ban a lehetséges interakcioknak csak téredéke kovetkezik
be vagy vezet klinikailag relevans tiinethez-tiinetekhez.

2

Potencialisan nem megfelel6 gyogyszerelés
id6skorban

Az id&s betegek gydgyszeralkalmaziasibdl eredd prob-
lémdinak csokkentése érdekében sziilettek meg azok az
ajanldsok, amelyek a szimukra potencidlisan veszélyt je-
lentS gybgyszeres terapidkar irjak le. Feltételesen nem
megfeleld gyogyszereknek (potendally inappropriate
medications — PIM) tekintjiik azokat a szercket, ame-
lyek alkalmazdsinak kockazata meghaladja a varhato kli-
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nikai elényt, amennyiben azokat idds betegeknél alkal-
mazzik és nem helyettesithet6k mas, jobban tolerilhaté
szerekkel [16]. Ilyen kockazat példiul az antikolinerg
hatds/mellékhatas, amely a beteg mozgasi bizonytalan-
sigihoz, szédiiléséhez, ataxidhoz, végsé soron elesésé-
hez vezethet.

Az ajanlasok koziil a legismertebb a Beers-lista, ame-
lyet elészor 1991-ben az amerikai egyesiilt allamok-
beli idGsotthonokban lakok szamara fejlesztettek ki, de
késébb barmilyen koriilmények kozote €16 idés popu-
laciéra is kiterjesztették. Ennek sziikségességét, hasz-
nossigat mi sem bizonyitja jobban, minthogy elsé
megjelenése 6ta hirom revizion esett at, a legfrissebb
elérheté listat idén, 2012-ben tették kozzé [17, 18,
19, 20].

Beers MH 1991-es szempontjai nem vették tekin-
tetbe az alkalmazott gyogvszer dozisit és adagolasi
modjit vagy a fenndllo betegségeket, a hatdanyagokat —
kizirdlag farmakolégiai szempontok szerint elemezve
fogalmazott meg explicit kritériumokat. A 2012-es val-
tozat mar az Amerikai Geriatriai Téarsasdg interdisz-
ciplindris szakértéi csoport konszenzusaval készilt el,
és az alibbi megfontolasok szerint keriilt fel egy-egy
hatdéanyag a listdra:

1. A gydgyszer vagy gyogyszercsoport alkalmazasa al-
taldban keriilendd, mert a szer hatdstalan, vagy indo-
kolatlanul magas kockdzatot jelent idGseknél.

2. A dozis és az adagolds, a kezelési idotartam déntéen
befolyasolja a szer idGsekre vald hatdsat.

3. Egyes gyogyszerek alkalmazdsa nem javallott bizo-
nyos betegségek fenndlldsakor (példiul veseelégtelen-
s¢g, mijelégtelenség) annak ellenére, hogy hasznila-
tuk az dltalinos idds népesség korében elfogadott [20].

Ebben az ajinlisban tehit nemcsak a nemkivinatos
hatassal, illetve mellékhatdssal rendelkezé aktiv hato-
anyagok szerepelnek, hanem azok is, amelyek 65 év fe-
lett példdul csak megfelelé vérszint-monitorozas mel-
lett adhatok.

Id6s betegek részére torténd ) gyogyszer valaszta-
sandal tehat a fentek figyelembevétele kivanatos, de a mar
hosszabb ideje, tartdsan alkalmazott gyogyszerek idén-
kénti feliilvizsgélata is javasolt, hiszen — pontosan a fent
emlitett tényezék miatt — eléfordulhat, hogy a korib-
ban jol toleralt, bevalt gydgyszerét mar nem képes me-
tabolizdlni a beteg, ekkor doziscsokkentés vagy sziik-
ség esetén gyogyszercsere lehet a megoldas.

A Beers-kritériumok nyomdn tobb orszag is megal-
kotta sajit, nemzeti listajit, amely az adott orszig
gyogyszerkineséhez igazodik [21, 22, 23], igy példaul
a legujabbak és foldrajzilag hozzink kozel esé teriile-
teken kidolgozottak ¢és késSbbiekben részletesebben
elemzettek: a francia Laroche-lista, a német PRISCUS és
végiil a Mann-féle osztrik lista [ 16, 24, 25].

PIM-listak kidolgozasanak modszere

A Beers-listak, valamint a késGbbiekben figyelembe vett
utdbbi eurdpai ajanldsok osszedllitasa széles kord iroda-
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lomkutatast kovetSen tgynevezett Delphi-modszerrel
tortént.

A Delphi-médszert az Amerikai Egyesiilt Allamok-
ban (Rand Corporation) dolgoztik ki az 1950-es évek-
ben, szakért6i konszenzus optimalizdlisa érdekében.
A modszer tobbszintli, tobbkort szakértbi lekérdezé-
sen alapul. Elsé lépése a témdnak megfelel§ strukturalt
kérdsiv kidolgozasa, amelyet a vizsgalni kivant tertilet
szakértGihez juttatnak el. A visszakiildott valaszokat
Osszesitik és a mdsodik/tobbedik kérdezés soran a
szakértOk az el6z6 ,kor” véleménymegoszlasainak isme-
retében valaszolnak wjra, alakijak véleményiiket: azaz
visszacsatoldsként folyamatosan pontos képet kapnak
az el6zé adatfelvétel eredményeirdl. A szakértdi véle-
mények osszegyljtése természetesen névtelendl torté-
nik. A munka tehat tébb Iépcsében addig folytatodik,
amig az elére meghatirozott egyetértési szinti meg-
oldds megsziiletik [26, 27]. A mddszer viszonylag hosz-
szadalmas lehet, viszont hatalmas elénye, hogy az ille-
tékes szakérték konszenzusdval zarul.

Hazai gyogyszerkincs sziirése
PIM-szempontok szerint

Amint mar hangsilyoztuk, az elsé Beers-lista megalko-
tasa kétség kiviil hidnypotld, attérd munka volt, dm
szamos probléma is megfogalmazodott altalinos hasz-
nalhatésagat illetGen [28]:

— a listin szerepld gyogyszerek nagy szdzaléka csak az
Amerikai Egyesiilt Allamokban van, illetve volt for-
galomban;

— nem strukturdlt, a rutin klinikai gyakorlatban nem
alkalmaztik;

— nem értékelték ki a szempontrendszer értékét a nem-
kivinatos gyogyszerhatisok, valamint az egészség-
tigyi koltségesokkentés tekinterében.

A kovetd, késGbb osszedllitott ajanldsok, listdk mdr a
fenti hidnyossagok kikiiszobolésére torekedve késziiltek
el. A 2007-es Laroche-lista figyelembe veszi a dézisokat
¢és adagolasi modot, illetve az adott hatéanyag elkerii-
lésének javaslatit indokldssal is alatdmasztja, igy a gya-
korlatban jobban hasznilhaté [24, 25]. Uj megkozelités
volt még az egyes betegesoportok (magas vérnyomas,
veseelégtelenség, hyperlipidaemia stb.) kiemelése, azaz
gyogyszerajanlas betegségspecifikus megkozelitése. Pél-
daul a listdn veseelégtelen idGs beteg szamara ellenja-
vallt gyogyszer megfelel6 vesemiikodési idGs betegnek
rendelhetd, ezt a lista egyértelmiien jelzi. A Laroche-lista
szamos esetben még alternativ terapids javaslatot is tar-
talmaz. A 2010-es PRISCUS és a 2011-es osztrik lista is
minden fent felsorolt szempont figyelembevételével,
a nemzeti terdpids gyvakorlatnak megfeleléen és gyogy-
szervalasztékhoz igazodva késziilt el [16, 24]. Tény,
hogy amint mér fentebb emlitettiik, a 2012-es Beers-
listat is ez a multifaktorialis megkozelités jellemzi.

2012 m 153. évfolyam, 49. szam

ORVOSI HETILAP



2012 m 153. éviolyam, 49. szam

1ST[TLIOW
e ezzoy o] ueqiiodoss8aaq uapaidapaizg -oma] PU[EUZSEY U1ISD
1940l BpsuspFpplyw rearz 1SIpOANWILW SOANS  OLENPURIUOY UOIEPOIUT I ‘OOPO[q-1q Y LOALTOD uorepauoi] 91
SOIEARZSTAE “YOWRWI “Jowal sieprueiidexs
DOSPITLI[[PW LOYLAD) "1UI9ZIA ZOYSTIDINO]
esepe Ya1zs4A3048 opofezioqeIaur [Nzsa1oy
UDWIZUD FYE O5Fd WOnoIn ¢ seppiuzualyy 10ad1oo uoteponuy - S
1294 ZOYSP[[YEIWAJZS “ZOYOIIP][LIQY LI Nojuele LSEZOIONUOW QINUNJISIA € 59
“zoypIupAyLIe reawey eseey serugisyaeosd QINUNJ SLE[NOSEAOTPIED YOSPIRYY[[dW
QRIZOYO MBARZOIYUN ADTUSOY ISNPIZs uazspuarfopt nuodzoy y “urxonsip
“I[2AQU IBSP[NPIOJO[D YOSLILY SOILUPARWAN  ‘UoIepornue ‘wazenpip ‘muedeias ojopojq-viag  $0D410D prumsa ] ¥
ZOYO0 1LHOSTITPP[[AW steunsautonsed s
SIIXO10INIU LIOYPAT “18919Z0ARIIEY B 1191]2[SY QILY[PUZSEY UDIIED
29724 ZOPPPIOQ-AY USPILL SEIUIPAAILOL]  QLENIPURIIUOY UOIEPOIUIE AT ‘QIONO[q-112q ¥ €0DLT0D uoudjedolg g1
~ seep[aw Sauroynue ‘Fasuandapazg y219z8 senupAyaIenUe 42430 ‘uodeponuy  £OVIT10D prueaidosiq 71
“ nojuele wou yau nojuele esezolouOW
H -)2qQASOPT [PUAD G/ TSEPE NNASD ofea fepruedeay OINUNJISIA B §9 ODNUNJ SLE[NISLAOTPIED
= 11020y Ya8a10q 1pzay [puutprumb v ouSow “Soserep|ow uazspuaidapt nuodzoy v
= SEINELIOW “Yoseryy[aw uazspuaidapt nuodzoy  uoseporwe ‘wazenyip ‘uedesaa Yooyyo[q-eg  [OVL 10D uprum) 11
N
L] 1eIe( [EYYOIRARZSNUILIAIZS ‘|23 OICARZSEIY] 10zoY [ /Bu 77 $9 g° uakSa| grovs
= ‘ressedury ‘pPanpSuldury nue ‘erezepoy  -JudduoywMINzZS v A3ea e graydyp wou sizop deu
e sejofepeim e sedew uaqfpsusiSopasay  Sw gz s v nenu 98sAUZID NOZOYO YISOPT  SOVVIOD uxofi(q 01
ZOVVEQd — Woumyns wnusg 6
o ; — '
" UIQZIAPAY] SOPRAULY AUQ[D,/1eZEND0Y B U Iy
E AD G/ U2SOUOTNY eyzOYO IsezoN[eA[ddaNID A avs-ToIEZS|RNE ‘RaSopidoly  ZZOVIOD [padnsery g
= erwaeue snonsejde sp emdind seruadorHoquonp
‘sisordonuelde /eiuadonnau nunuASn
“ILYZOYO 1LYOSPZOI[LAD RIFO[0ILWAY SARPZSIAII Avs-[pIEZS[Rade ‘puiSopidoly  goDVIOY upidopiy, ¢
uea ynlenuatod opeziuaeyA[SodAy
SeSeU YRUNEIIN[IURINZS NSLITY NZSSOY FEIIN[URINZS NSEIRY PIACY  [0II0TV pluRpuaqD 9
SPITY NONAUOZIQ SIUTU ‘SPILY SOULILISTIULILY founniBoioyd ‘ULLDAPW  TOVAZLOV wepAxouaydip ¢
WWOIPULZS [2q SHIGEILIL 28 theliqsof|ng foaleysey SIYHOWZO O 1OVIOV S0 ¥
WUQIPULZS [3q SIGRILIT 28 eheipiqsosng soaleyser snynowzg - goAVo0Y  mynsodd wnipog ¢
TPUQIPULZS [3q SIGRILL 28 Bheipiqsofng oafeyser snYROWZG  Z0AVIOV IApodesig ¢
Jeyzoyo jeruowmaudprdy
X X X 2 Jopeadse ‘enuseeyodAiy so JenwsesjesodAp [odomew ‘sopnpE]  1OVVIOY uggeaed Auoyadjog |
eIzsny  SezsioldwpN  Spzsiovdutl] VSN
- 110¢g - 010¢T = £00T —E1oT
‘uuepy “‘SADSNId ‘aypoae] ‘s1g ageariua)g EANRWINY  POY-D LY Fedueoiery  wpzg
uaqsouRj1azs 3043 aeifew v yoTeiuvorey gpaEaw wau wesippuNOg | 1ezRIqE T

ORVOSI HETILAP




ORVOSI HETILAP

1LY ZONO IQINNIISQO SIEUnSAUI0Nsed
sofajzsa1 Aea salp1 s elieyarqsoAns Jpwooned v
X Jeyzoy0 1reAez AnTuSoy Qownurac] puopyp wnidsoly L0 gF0D upoIno],  €¢
JRYZOYO JOINNIISQO STEUNSNUI0NSET
safajzspa A3ea 52191 59 eheyqsod|ns
X wwodned v “eyzoyo 1aeaez AnuSoy qowmuracq puopyd wmidsol],  F)AIFOD wuAngaxQ  zg
SYINP-DONH ‘SNPYZS JosTepR{w Srauroynuy O ‘BSPZOIONUOW YOSTIRPI[PW SRULOIUY  ZOVYIOU unweapsquaydip - 1¢
1LYZOYO 10-10ns AFea urdiasar s9 yownarzusadiynue
X IsmdIRpuL sTRIpIRdoAW YeruorodAy snyneizsolQ SIENUDD 2A2AY Yowrnarzusaindmnue qa48q  gOVHLOD uwdipapN  0¢
wYpoz
-Owey () uaqya8a12q ua18I205A §2 121PIZIA (joqehuodwozs
zoyesenAuGow zsesezs-1 7Y ‘“ZOYQIde[[LIqy LAy YONS [M1IUIWDY] UIPQZIAPIY [O[OUIIE IAPADY)
X “ZOYPIPALIA LY TEUEY BSEITY STIUYIAYITOL] NOPMHO1G-19q PABT LOVVLOD [opI0§ 6T
sedewn
ﬂ BIEZEYDOY 259592 ZE 59 eruolodAy smynezsolio
w X ZE W0ZSIA ‘eseiey NOAU0ZIQ UasdFajAun souN 1TXVH0D JArmjoapnyeN 8¢
.M sedew
il BIRZEDOY Y8983 ZE 52 eiuo10dAy smyjnezsolio
N X 7B JUOZSIA ‘BsPIRy NOIAUOZIO 12sd8a[AU) U ZOAVFOD unoSIdIN 27
O
= X riuolodAfy £0avFOO unipoIag 97
o
viuorodAy snojneizsoio 1azalayny poeoswioenyg 67
o eruojoday
m SNY1ILIZS0LI0 “BSTPOQSOA[NS BOUIUNIUONUTLI[IZIA BSEZOIOIUOW QINUNY SLE[NISEACIPIE)  90W¥DTOD ppidein  §g
E vnolodAy smyneizsolo
% ‘Beszerezs(vzs ‘BSEPOQSOAMS POUIUNUOYUNIIZIA BSEZOIONUOW QINUN] SLE[NISEACIPIE)  FOYDTOD UsOZeXO(] €7
= vruoloday
SNYIILIZSOLIO “BSEPOSOAINS BOUSUTIUONUTID[IZIA BSEZOIONUOW OIUN] SLE[NISLACIPIE) 1OV Z0D ulsozel] 77
eapdoouds ‘earpipaesdpeiq ‘erosusodiy urd1asan 59 NOIOMPO[q-BUIOIESIWNDEY
BIODEPIZS B IAUINPZID ULNOZOYOJ YISOPT 2y NSEILY PIAQT A9AY Yownarzuaradiynue qaiSq  900OVZOD upuawy 17
eradosuds ‘erepresiperq ‘erosumodiy urd12sa1 83 O[O O[q-LLLIOIESIWNDEY
RIODEPIZS € IAUDNPZIY ULNOZONOJ YISOPI 2y nseiey praga aapan Sownazuardignue gaASy  SoOVZOD WOXOW (0T
vapdoduds ‘ereipresiperq ‘erosusnodiy urd1asa1 53 NOIOMO[q-BLUIOIESIWIND[EY]
‘BIODEPIZS B YIAUNNPZIY UBNOZOYOJ YISOPI 2y nseiey praga aapan Yownarzuarndignue qaASq  Z0OVZOD upeuenn g1
X 1RYZOYO 101OEPaZS §3 1eruolodAy snyneIzsol) 109VZ0D edopiApay 81
orsua11adAy “‘GasuagarBaaasan 59 -(ew
©A89Z19A YA sifeunsUI0 Nsed
X OseIRYIaZsAT AT JupAl] WU SOANSG OTIAT10D uyoadnqy /1
emzsny  Sezsiopwpn  Sezsioenurl] WS
- 1102 —010T —400T -1
‘uuepy ‘SNOSrad “ypore] s190g Jepjeae(ua|g BANRUIY  POY-DLV Fedueoiey wyzg

2012 m 153. évfolyam, 49. szam




0 KOZLEMENYEK

SZEFO

ODENIPUTEITUOY SLIE[NISEAOTPIRY ‘Sasua[a1dapasan
59 -[pur “y2s59z194 YAy s1eunsMUIONSLd

voydioworpdy ‘joziueaw ‘Joweadeied

X HosTIey1azsA8048 JuTAn) wou ‘sodng uequloneppur sendesoworpley  SOHVIOW qroouoIg  oF
ODPYIPUIEIIUOY SLIR[NISEAOIPIED ‘Spsuappidspasaa
53 -lewr “Yas9za0a “YoA[N9) sieunsMutonsed uotdiowoipdy ‘Joznueow ‘Jowerddeied
X njoserey1azsA304F Jupap) wou ‘sofng wueqeloneyipur sendeppsowoepley  [0OVIOW SIRIRITTUUTETE] (NS
osua1iadAy “Gsusjarjoasan s -lew
YI8IZIIA YIA[N) steunSIIUTONSLT voydiowoipiy ‘joziuelaw ‘Joweiadeied
X X HosereyaazsA804F 1ugap) wou ‘sod[ng wueqelgnpyiput sedesoworepley 0V IOW woidony ¥
orsuaradAy ‘FpsuaranBapoasan s -lew
2892194 YA sTEUNSAUIONSET voydioworpAy ‘joznuelawr ‘Jouwreradered
X X HospeyIazsA50AT JUPAR] WU ‘soA[ng ‘ueqelonpyyipur seydesowopple  Z0AVIOW uaxosdeN g%
otsualiadAy “GasuapnBaaason 53 -lew
“YSPZIPA AN sTEUDSIIUIONSET uoydiowoipdy ‘Joziuemaw ‘Jouwrelaseied
X X DOSEIe19ZSATOAT JULAR] WU ‘SOAINS wweqeloneypun sendepsowoeple]  00DVIOW WedxoP  7E
orsualradAy ‘Grsua[a9[0asaA 59 -few
2897194 A9y sTEUnSN U0 NS voydioworpAy ‘joziueaw ‘oureroseied
X X X Hosey1azsAB0AT Jugap wau ‘soing ‘ueqplopwyput seydeqsoworepley 10OV ION werong ¥
orsuaniadAy “GpsuajarFp[aasaa s -(ew
2592194 YIA[RI) sTRUNSNUIONSET uoydioworp4iy ‘joziueaw ‘Joweiadeied
X X DjosTeyIazsATOAT JUpAR] WU ‘soAng wueqeloneyipur seudesowoppley 119V I0OW URERWDY  OF
otsuaaadAy “Fasus[a18129534 53 -[ew
Y8214 WA sTeUnsAIUIOnsed uoydiowoipiy ‘Joziueaw ‘oweradeied
X njoseIeydazsA304F JueAn| wou ‘sofmg ueqeloneyipun seudepsaworple]  SOIVIOW JRUOPIT  6E
BSPINPIOJ O YISPZIPA S[eunsaIutonsed v unu
‘A8nyesy ‘sedewr eSesuoyedS sempioop
X X X X (wnupap) yosweyyaw uazspuaidapt nuodzoy C(IVSN sewn ASea joweasere]  [09VIOW upepAWopu] 8¢
orsua11adAY “Gasus[aBn[2954 59 -[ew
2892194 YAA[R siEUNsAUIO.NseT
X HosereyaazsAT0AS JupAr] wau ‘sosms CEXXTOT qoMPD  LE
BSEZOIONUOW QIyjunylew s -opna
2524 PUAIQPEAO] QR[S ow Nopusd] qrASY
(*qus seposoapy(pw “yoseieyy[ow sieuownd) *(PAPSPZIIA[D 1Z8D1RIDUMNZSIZI- 89
UIIsI SPZRLI[LY[E DALY NZSsoY Fa[g) Fpstuaypzipwudopowin ‘jozexowuiod
X X X “UINQZIAPN] sOpeAULY AUQ[D/1eZ ey 20y Youuodsopeydad) syownynoquue A8 104XT10( UIOIIRINJOIIN  9F
eloyizu seSew
X F259219q SURNOISLAOTPIED §3 SUE[NISLAOIQIID)) SOVOFOD ulsoZe],  GE
(semAudaw-zseezs-1.0)) s2A0[2-OH
‘(o1ovpazs ‘Guszuapzslvzs ‘sppoyonpzs)
X X Josmepp{aw Saauloyauy 800D UREUOS e
emzsny  SezsiopwpN  Spzsioepuey]  yS)
- 11og - 010T —£00T - zig
‘uuepy ‘SNOSrdd ‘aypoaey ‘s109g Jepjear(ua|yg BALRUIIY  POY-DLY Fedueoiey  wpzg

2012 m 153. éviolyam, 49. szam

ORVOSI HETILAP



0 KOZLEMENYEK

0SSZEFOG

RISOUDYSAP AIPIE] § BISTIEDE “BIUOISAP “22um
(nuazs-uosunyieg ) siyeprueiidenxs ‘gepazs
‘otsunodAl SNYNRIZSOLI0 “BSE[WOT OLYUTY

X X X anudoy ‘Grouroynue oseep[PW qqopda syowmyndsjoanau styidny  ZoVVSON uizewoidoword] 7o
BIRZENI0Y
X JEULSE[NPIOJO[d WNLIRP §9 Yoeupn|ey v seSepy 600 9FON unoSnoy 19
BIRZENDOY
X EUPSEINPIOIO[d WP 53 oIpunN{ey v seSepy S004¥ON Joxadnuely 09
BIRZEND0Y
X JEULSE[NPIOJO[d WNHIRP §9 Yoeupn|ey v seSepy FOOIFON jonudoy ¢
X X UIPQZIAPY sOpEAULY AUQ[d /1eZE D0y c00gFON  undipoSmoipdyq  gs
ESE[WOL
JOYUN ANUSOY B 59 ‘ODUIIITIPZIA ‘WP
X X ‘Gesueperdndu Hjosereyyp[pw Siauroynuy edop-T  ZOVVFON uapuadig  z¢
pIXRIE §9 RIZOUWE ‘01z8531dop
X ‘wnunap ‘ozssaidap uazspuaidapt nuodzoy T09VEON wedozeuo)y  9g
BIDB[ELLODISO §9 BIUDBUE ‘snwielsAu ‘erxere ‘Jowan
X ‘wngppp ‘ozssaadap wazspuaidapt nuodzoy T0IVEON ulolfuay]  ¢¢
unuadeqed ‘weldoein o]
X X 1eqzoyo 1o8esnoiedzr xopeaed 59 100epazg  ‘avsooidpea ‘uiSinowre] sjowmndapdonue gAY ZOVVEON [engrRqoudy ] <
JIIZIA ZOYODUNIINII[PZIA ZIFsud[idpasan
52 -fewr ‘zoyewodned ‘zoyorsuairadiy
‘zoysuodad vurdue onoLsuodoseA ¢
X “UAIQZIAPY| sOprAURY AUQ[D/1eZEYIOY asaroumnzsow videaay,  gSYOTON unuelo8ry  g¢
UBIOS SEZRLIEy[e uoydiowopAy ‘ozitueiow
X NALI NIZSSOY BSP[NPIOJO] SIZIPAIOWOAT v seSepy ‘lowreyadered ueqeloneyipur sendeworeple]  10VITON proe odomesjAimay ge
1SppaanRZs ISMPazs ‘Lafutiuvy vqqeaod voydioworpAy ‘oziueiaw
X “IBYZOYO JOWNLIP “I0GOZSTNUTHOI T HUMOS) ‘Jowrziadered :ueqelonpyput spudesoworpley  ZOXVION |opewied] 1§
yosereyypaw S1auoynue ‘UoAr)
NZSSOL] SHPR[IPZS ‘U(2]2 s3zy v wFurlury
DOSLIRY SIEUNSNUIONSLS ‘Wnufap §9 0Epazs
X njoserey wazspuaidopt nuodzoy uvoydiowoIpAr]  [0IVZON uiydiouaadng g
eyzoyo 101zssa1dopspzd) 59
1010EPazs JownuIap IoZ[nAuoy upuadowion v
X X ‘elioqeiaw 9Fuusy uaqdpsifuuow qqoideudo uvoydiowoIrpAq  Z0IVION [UTAITREN S
onepazs ‘selejly ‘umupap
X X X 598919 ‘BIZpuLUE ‘SUSSOWE NOSTIRYYI[[AW LOYeAr uisauaydawr ‘prsodwpodoy],  1OXIE0W ugjopey  8¥
Fpsinaadur ‘selyylay “Byssowe
X ospIRR[[PW LONeAS ‘supxe[auoz] cOgIeOW UOZEXOZIO) ¥
elnzsny - SyzsiolowpN  Syzsiovpunl] s
- 110¢ = 010T = £00T - zIot
‘uuely  ‘§NOSIAd ‘ayporey ‘s19g Jepjeaefuajg BANEWIY  POY-DLY Fedueorey  wpzg

ORVOSI HETILAP

2012 m 153. évfolyam, 49. szam



0 KOZLEMENYEK

SZEFO

SNIXOI0IPIED

X X X U122 spjoTepe[n ‘seIey souLeIsnUnUY FOVVOON unweadiwoy 18
SNOIXOOIpIE)
u1283 spjofepe[m ‘seiey souLesnIDUE
X X X ‘Gysuepeadniu 9sjaq “Gesiieavz “Fessowry seaeApounaf) ‘erdein sa10zs48043 WON  ZOVVION uureadnup g
Teavz-oyunjAnudoy ¢(sizoyizsd ‘oreunnyey
X Fosfumyapafur ‘opeNde) JOEaT TEHITIIZS ] £04D50N uopbprz 62
X X BIRZEYI0Y S2IOWLAUQUOD “Has983[0 Ze seSey y-7Zag nseiey sadozoy ASea pragy  ZOADSON woapidioz gz
X X opropyea1 InAuBapy 104DS0N vopidoz, £z
X X (deu/Bur g71°0<) 600D50N wejozuosl 94
X X X ZAd nseiey nzssopy 20ADSON wedazeway, gz
eIezE0y Sessowe
X X X [as9sa[d zv sedew “Z(Id NSPILY NZSSOH TOUDSON weddzenN - §4
X X Fesireavz essowy 10D9SON wweqoidsyy €2
X X X Zad nseey nzssoyq TIVASON wejozeidyy gz
elezE]20y Sessowe
X X “aspsaa ze sedew “Z (g nseIey Nzssop H60VISON wezeqody 14
X ZAd NSERY NZsS0H £OVESON wedazepay 02
OYIZLI 1S90 RAUQLIOD 59 uopdapez ‘vopidoz ‘wopidjoz
X X X X (syaey SUPXE[2IWIOZE) 1LZBI0Y 159822 SLTLp DSIZOP QIsHEa] 12U2] - ZAF NSy PAOY  ZOVESON prodazeipiopyd - 69
X X X X opromear JnAugapy pweididy  10VISON wedazeiy g9
[euoSepe
sedew Sa10] TeAez-oDUNANIUTOY $7 O13BpazZs
X X Sjospreppappw Sauroynue s sieprureiideny SOHVSON uidezuejy 29
X X Jeyzoyo I1sIsoIAI0N Ul Sy ZOHVSON uidezoy 99
RISOUDYSAP AIPILY § RISTIEDE “RIUOISAP 22U
(nuazs-uosunyie] ) siyeprueiidens ‘ooepazs
‘orsuatodAy smyneIZsol1o ‘espruol oYUy
X X angoy ‘Grouroynue oserepR[PW qqoyda| yownmyndajoanau sioypidny  [0AVSON jopuadojey  ¢9
Jewreqoadow “(udenanb ‘pudinsiue
‘urdezuejo ‘vopuadsu ‘uidezo)d) [esseIey[owWw
X seiey sounedssnwnuy  Sourjoynue qqassad] yownynoydzsdnue snyidny  F0OVSON wzenodiy  §9
RISOUD{SAP AIPIE] $3 PISIIEDE ‘BIUOISAP 219U
(naazs-uosunpeg ) sieprueiidenxa ‘goepazs
‘orsumodAy SNYNEIZSOLIO “eSE[LOT QYUY
X X X apdoy ‘Grouroynue HjoserePR|PW qqeyEa] yownmyndajoanou snyidny  Z0IVSON uizevaydngy €9
elnzsny - SyzsiolowpN  Syzsiovpunl] s
- 110¢ = 010T = £00T - zIot
‘uuepy ‘SNOSrAd ‘ayporey ‘s19g Jepjeaefuajg BANEWIY  POY-DLY Fedueorey  wpzg

2012 m 153. éviolyam, 49. szam

ORVOSI HETILAP



0 KOZLEMENYEK

0SSZEFOG

X

X

WWOIPIZS [3q SIGEILN 78 LOPPIQSOAg

sedew
BIRZEYDOY 32595910 7 §9 viuolodiy smynvzsolto ze
UOZSIA ‘esEIRY 1NOIAUOZIG UISITIAUNI SHUN

vapdoouds ‘ereipresipeiq ‘erosusodiy
X ‘RIODEPIZS € YIAUNNPZIY ULNOZONOJ YISOPI 2y

Eaa

X opEpazs ‘Fessowe ‘spiey souLESNWNUY

X QEPIZS “FUsIIeALZ ‘SPIRY SOULILIS NI Y
wineAsnui-10) InAudow spama-0

uapdBrysizop

“eyzoyo IseAury ‘sauswsey 1a89siusyppafur s
108esuepewe “eoureyos seru AL
pipaeaiypes spGagapreand 91p(uqL]
winjeadiul- 1.0 yniudaw

SIPIYIINIZS ‘QPUMNINI[IZIA ‘Tpszerpzsipzs

X RYZOYNO 1WOSTIVLP[I][AW S1aurjoynue Jownuya(g
seIel NONAUOZIq sautu AGea /) ‘seSew
RIRZEYI0Y] JISISID Z¥ 59 eruojodAy snynezsoli()
s21Zsaads ‘desueeidideals

‘spudtusey ‘sppasjoapzs ‘Feszeapzslvzs

‘sa[npazs ‘Sessowpe ‘seAuey afuiduvy

spleylag sp spdawaa ‘spdupy ASea /59 aaSurdury

‘seBuol1ozs ‘32s28uaAd ‘Sesuepewe ‘ersaypsovied
‘SpMPzZs DPUIAZAIUA[ JP1aUM KLUOA

JOYSTASEY[D UL "TISTYILIC ULNILT §9 NOIZ[NAUOY
‘{snuopodw “owan ‘erxeie ‘sedurs eprad)
yoaeaezseSzow nauawne ‘sanpazs ‘Fesfuoypzsnpe

X ‘Bessowp ‘Sysuepewy ‘seliby HospepRPW

SNIIXOI0IpIE)

U1989 SPIOFLPE[NI ‘SPIRY SOULLIS NI Y

SNOIXO01pIED

X up3383 sploFepe[n ‘seIvy souLEsIuuy

SNOIXOI0TPIED
uPIasa selodepeni ‘seavy soumedsnWInUY

yoaleysey snYNOWz()

urd 1231 53 3Q[0PO]q-EBLIOTESIW NI [LY]
NSPILY PIAQT 2A9AR] Yownarzuardynue qaiiyg

UIPEIRIO] ‘UIPRILIO[SIP “UIZLINd.)

unsieRnq
‘unaf-[Aa0e :Fssowy ‘wperajo ounnqop
:$38010y ‘vopuddwop 13532y 1a8uiur

sownynatunuoledunzs-e13q nseiey nzssoy
59 Yoproyioyoyn(d ‘wmidonon ya1azs sopreyu]

asorounzsSow videaay,

urdezeranu “NINS ‘NISS 94T

90dVI0V

TOXA90N

FOVHTOS

TOXVo0d

0avand
£0aVod

FOVAeod

FOXXLZON

£OXHI90N

804VION

£0IVION

[EVVION

60VVION

90VVION

Jopisouudsg

¥qofiq oFuID

Uupuor
urpeidayodiyy

UIZRLRWOL]

udpuBAWI]

udydoay,

wzAXOIpAH

WEIIRIL ]

UTWEXOAT]]

unaxon,I

uroadepy

unadinmuy

unwesdnuny,

S6

to

£6

6

16
06

68

88

L8

98

S8

¥8

£8

8

enzsny  Svzsiopwpn  SvzsiovdurL]

- 110¢
‘uuey

- 010t
‘SNOSHId

—£00T
‘aypoaey

vsn

- Trot

‘s10g Jeffeaefua|y

EATIEULIDI[Y

POY-OLV

Fedueorery wiezg

ORVOSI HETILAP

2012 m 153. évfolyam, 49. szam



A hazai demogrifiai helyzet és a gydgyszerfogyasztasi
mutatok alapjan jutottunk arra az elhatirozdsra, hogy a
hosszadalmas Delphi-modszer nélkiil, a hazai gyogy-
szerkincsre adaptilva a mdr publikdlt PIM-listik szinté-
zisét végezziik el. A 2012-es Beers-lista mint ,,gold stan-
dard” mellett, tekintetbe véve az amerikai és eurdpai
kiilonbséget, a hozzink kozel dll6 francia, német és a
legtijabb osztrak ajinlasokat foglaljuk dssze.

Az 1. tablazat bsszesen 95, hazankban forgalmazott
hatdéanyagot tartalmaz, amely az elemzett listak vala-
melyikén szerepel. Az indikicié meghatirozisiban a
hazai gyakorlatban dltalinosan alkalmazott ATC-kédok
nyijtanak segitséget (az eredeti idegen nyelvi listak
ATC-kodot nem tartalmaznak). Minden hatdéanyag
mellett megtaldlhaté az indoklds, ami alapjin felkertil
a listdra, valamint az ajinlott alternativ gyogyszeres te-
ripia is feltiintetésre keriilt, amennyiben ez elérhetd
volt az eredeti listak valamelyikében.

Az 1. tablazat adatai, az eltérd ajanlisok jol tikrozik
a nemzeti terdpids gyakorlatok viltozatossigit. A 95
hatdéanyag koziil mindossze nyolcat tekint mind a négy
lista PIM-nek, azaz ezek vonatkozdsiban mondhaté ki
a teljes mértékd nemzetkozi konszenzus:

Ticlopidin:  életveszélyes hematologiai  eltéréseket
okozhat.

Digoxin: az id6sek fokozott érzékenysége miatt a
maximalt napi adag 0,125 mg.

Nifedipin: nem retardalt tipust készitmény esetén
az ortosztatikus vérnyomas esésének ve-
szélye fokozott.

Pentoxifvllin: hypotonia veszélye.

Oxybutynin:  deliriumot, kognitiv zavart, részleges

vagy teljes gastrointestinalis obstrukciot
okozhat és stlvosbithatja a glaucomat.

Indomethacin: stlyos gastrointestinalis mellékhatasa mel-
lett még kifejezett kozponti idegrend-
szeri tiinetet, deliriumot okozhat.

Diazepam: elhtiz6dd szedativ hatds, mozgdsbizony-
talansag.
Amitriptylin:  kifejezett antimuscarin hatdsa miatt tal-

adagolds esetén cardiotoxicitas veszélye
kifejezert.

Amennyiben az egyes ajanlisokban szereplé hato-
anyagok szamat tekintjiikk, elmondhato, hogy a legszi-
gorubb az osztrik javaslat 56 PIM-hatéanyaggal, ezt
koveti a PRISCUS lista 53, majd a Laroche-lista 48 po-
tencidlisan veszélyes hatdanyaggal. A Beers-kritériumok
szerint csak 33, idGsek szdmdra potencidlis veszélyt je-
lenté hatéanyag van jelen a magyar gyogyszerpiacon.
Meg kell ugyanakkor jegyezniink, hogy hat olyan hato-
anyag van, amely viszont kizirdlag a Beers-listin szere-
pel: diphenoxylat, ferrum sulfuricum, etacrynic acid,
amiodaron, mefenamic acid, chlorzoxazon (1. tablazat).

Kovetkeztetések

Tagadhatatlan tény, hogy a varhato élettartam folyama-
tos novekedésében a gyodgyszeres terdpids lehetdségek

OSSZEFOGLALO KOZLEMENYEK

elmilt 50 év sorin bekovetkezetr fejlédése meghati-
rozé jelentdségli, de az utdbbi két évtizedben az is
nyilvanvaléova valt, hogy a pozitiv lehetdségek mellett a
negativumok, a potenciilis veszélyek is szinte sziikség-
szeri velejaréi a gyogyszerek alkalmazasanak. Kiilo-
nosen igaz ez az idds személyekre, akiknél sajnalatosan
egyidejiileg mar tobb funkciozavar, betegség dll fenn.
Esetiikben gyakorlatilag elkeriilhetetlen a halmozott
gyogyszerszedés, amely hatvinyozott gondokhoz ve-
zethet, figyelembe véve a kronologikus oregedésbdl
szarmazd természetes fiziologids viltozdsokat is. Ezen
fiziologids /patofiziologas viltozasok kovetkeztében bi-
zonyos gyogyszerek alkalmazdsa alapvet$ farmakologiai
hatasaikkal osszhangban allo, de fokozott klinikai reak-
ciokhoz, nemkivinatos tiinetekhez vezethet. Az Ossze-
gyilt klinikai tapasztalatok birtokiban, osszegzésével
sziilettek meg az iddskori gyogyszeralkalmazasra vonat-
kozo, potenciilisan veszélyes hatdanyaglistik és ajanla-
sok a feltételes veszélyek elkertilésére, minimalizdlisira.
Hangsulyozandé a veszélyek feltételes jellege, azaz sze-
rencsés esetben, individudlisan a baj megjelenésének el-
maraddsa, de ennek tudatdban is hangsalyozando, hogy
a gerontologiai gyogyszerrendelés mindségi (hato-
anyag-valasztas) és mennyiségi (dozis és hatGanyagszam)
vonatkozasban egyarant specidlis figyelmet kévetel.

Koszonetnyilvanitas

A tanulminy a TAMOP 4.2.2/B-10/1-2010-0012 szimi palyizati
keret timogatdsdval valésult meg,.
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Gyogyszerészet 57. 1-5. 2013.

Idosek gyogyszerelése: kockazatot jelenté hatéanyagok

Bor Andrea, Matuz Maria, Doro Péter, Soos Gyongyver

Elészo

Az Emberi Eréforrasok Minisztériuma Egészség-
ligyért Felelés Allamtitkarsig a gydgyszertdraknak
nytdjtandé szolgdltatasi dijhoz kapcesolddd jogszabaly-
modositasok keretei kozott dontdtt a |, tdbb mint 35
gyogyszert szedo, 62 év feletti betegekhez kapcesolodo
emelt szintli gyogyszerészi gondozasi tevékenység”
bevezetésérdl. A dontés értelmében — ha a gyogyszer-
tar ,emelt szintli gyogyszerészi gondozas” végzésére
alkalmas és felhatalmazott — a gyogyszerésznek 2013.
julius elsejétdl a patikaba beterd idos betegek gyogy-
szerelésének teljes és koriiltekint6 idoszakos attekinté-
sét el kell végeznie.!! Bizunk benne, hogy koézlemé-
nyiink hozzajarulhat ahhoz, hogy ennek a kihivasnak
gyakorlé kollégaink minél nagyobb szamban eleget
tudnak majd tenni.

Bevezetés

Altaldnos tapasztalat szerint a gyogyszerhasznalat fo-
lyamatos novekedésének sajnalatos velejardja a gyogy-
szerekkel  kapcesolatos  gondok  (Drug-Related
Problems — DRP) szaporodasa. A gyogyszeralkalma-
zashoz kapcsolodo, am specialis gondoskodassal csok-
kenthetd problémak tulnyomodan az 1dds betegeket
érintik, mivel a rendszeres, kronikus gyogyszerfo-
gyasztok dontden az idds, 65 év feletti személyek ko-
ziil keriilnek ki. Szamos esetben az egyidejtileg fenn-
allo kiilénbozo betegségek, comorbiditasok indokoljak
ugyan tobbféle gyogyszer parhuzamos rendelését, de a
sziikséges hatéanyagok, adagok, az alkalmazasi mod
¢és 1dotartam meghatarozasa megkiilonboztetett figyel-
met kivan. A gerontologiai gyogyszerelés altalanos
nehézségeit és a potencialisan problémas gyogyszere-
ket foglalja 6ssze kozleményiink.

Demogrdfiai hattér

A tarsadalom eloregedése napjainkban a fejlett orsza-
gokban — igy hazankban is — megfigyelhetd, jol doku-
mentalt jelenség. Magyarorszagon nemcsak az idos la-
kossag aranya novekszik, hanem a tarsadalom Grege-
désénck iiteme is gyorsul. Mig a KSH adatai szerint

! A szabalyozas részleteinek kidolgozdsdra a jilius 1-jét megeldzo
idészakban keriil sor.

2010-ben 17% kariili volt a 65 éven feliiliek aranya ha-
zankban, addig az Eurdpai Statisztikai Hivatal becslé-
sei szerint ez az arany 2060-ra akar a 32%-ot is elérhe-
ti [1, 2, 3]. Ennek hatterében foként az alacsony sziile-
tésszam és az élettartam varhaté meghosszabboddsa
allhat. A Vildgbank és a WHO egybehangzé adatai
szerint 2010-ben a sziiletéskor varhatd élettartam Ma-
gyarorszagon 70,5 év a férfiak, és 78,1 év a nok kéré-
ben, atlagosan 74.2 év. Bar a varhato élettartam folya-
matosan novekvo tendenciat mutat, mas fejlett orsza-
gokhoz viszonyitva (pl. Németorszag, Ausztria, Cseh-
orszag, Horvatorszag, Szlovakia) hazdank még mindig
sereghajto [4, 5].

Halmozott gyogyszerszedés

Az oregedés tényének jelentos egészségiigyl vonatko-
zasa van, hiszen a kor elorehaladtaval a betegségek
eléfordulasa gyakoribb, és kiilénosen jellemzo erre a
populdciéra a comorbiditds, a krénikus betegségek
egyiittes jelenléte, amelynek viszont sziikségszeru ko-
vetkezménye t6bb hatoanyag valos indikacion alapuld
alkalmazasa, azaz a polifarmacia. A halmozott gyogy-
szerszedés definicigjanak tobbféle megkdozelitése léte-
zik. Legismertebb a mennyiségi szemlélet, miszerint 5
vagy tobb gydgyszer kromikus egyiitt alkalmazasa
polifarmacidnak mindsiil [6]. Erdemes megemlite-
polifarmacia minden klinikailag nem indokolt, vagy
akar egyetlen sziikségteleniil rendelt szer hasznalata,
illetve 6nmagaban csak mellékhatas kezelésre alkal-
mazott tovabbi gyogyszer adasa [6].

Egy 2007-ben, az Amerikai Gerontologiai Szaklap-
ban kozélt kutatds eredménye szerint az Amerikai
Egyesiilt Allamokban az id6sek (>65 év) 57%-a szed 5
gyogyszernél tobbet tartosan, parhuzamosan [7]. Egy
8 orszagra kiterjedo, 2707 személyt feldleld, 2005-ben
megjelent eurdpai tanulmanyban pedig idosek 51%-
anal talaltak 6 vagy tébb gyogyszer egy idében torté-
no alkalmazasat [8]. Sajat felméréseink szerint, a hal-
mozott gyogyszerszedés a mindennapi gyakorlat so-
ran az elobbihez hasonld mértékben van jelen hazank-
ban is [6, 9]. A polifarmacia noveli az interakeidk és a
nem kivanatos gyogyszerhatasok kialakulasianak esé-
lyét, csokkenhet a beteg egyiittmikddés, romlik az
életminbség és jelentds anyagi megterhelést jelent
mind a beteg, mind pedig a tarsadalom szamara. Hogy
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az interakciokkal kapcsolatos varhatd kockazatot
konkrét szamokkal is szemléltessiik, a jol ismert mate-
matikai képlettel szamolva (/2 (-1) ) két gyogyszer
egyiittes alkalmazasa esetén egy interakcid, 5 esetén
tiz, 10 gydgyszer esetén pedig mar elméletileg negy-
vendt interakcio kialakulasa lehetséges. Szerencsére a
gyakorlatban a lehetséges interakcioknak csak toredé-
ke kovetkezik be, vagy vezet klinikailag relevans tii-
netekhez.

Potencialisan nem megfeleld gyogyszerelés
idds korban

Az 1d0s betegek gyogyszeralkalmazasabol eredo prob-
Iémak csokkentése érdekeében sziilettek meg azok az
ajanlasok, amelyek a szamukra potencialisan veszélyt
jelentd gyogyszeres terapiakat rogzitik. Feltételesen
nem megfeleld gyogyszereknek (Potentially Inappro-
priate Medications — PIM) tekintjiik azokat a szereket,
amelyek alkalmazasanak kockazata meghaladja a var-
hato klinikai elényt, amennyiben azokat 1dos betegek-
nél alkalmazzak és nem helyettesithetok mas, jobban
toleralhatd szerekkel [10]. Ilyen kockazat példaul az
anticholinerg hatas/mellékhatas, mely a beteg mozgdsi
bizonytalansagahoz, szédiilés¢hez, ataxidhoz, végso
soron eleséséhez vezethet.

Az ajanlasok koziil a legismertebb az an. Beers lis-
ta, amelyet eloszor 1991-ben az USA-beli idésottho-
nok lakdi szamdra fejlesztettek ki, majd ezt kiterjesz-
tették barmilyen koriilmények kozott €16 1dos popula-
ciora. Ennek sziikségességét, hasznossagat mi sem bi-
zonyitja jobban, minthogy elsé megjelenése dta 3 revi-
zion esett at, a legfrissebb elérhetd listat tavaly,
2012-ben tették kozzé [11, 12, 13, 14].

Mark H. Beers 1991-es szempontjainak Gsszedllita-
sakor nem vette tekintetbe az esetlegesen fennallo be-
tegségeket, az alkalmazott gyogyszer dozisat vagy
adagoldsi modjat. A hatéanyagokat kizarolag farma-
kologiai szempontok szerint elemezte, ¢s ennek alap-
jan fogalmazott meg explicit kritériumokat. A 2012-es
valtozat mar az Amerikai Geriatriai Tarsasdg inter-
diszciplinaris szakértdi csoportjanak konszenzusaval
késziilt el, és az alabbi megfontolasok szerint keriilt fel
egy-egy hatdéanyag a listara:

— a gyogyszer vagy gyogyszercsoport alkalmazdsa al-
talaban keriilend6, mert a szer hatdstalan, vagy in-
dokolatlanul magas kockazatot jelent id6seknél;

— a dozis, az adagolasi mod, a kezelési idotartam dén-
tden befolyasolja a szer idosekre valo hatasat;

— a gyogyszer alkalmazasa nem javallott bizonyos be-
tegségek fennallasakor (pl. veseelégtelenség, maj-
elégtelenség) annak ellenére, hogy haszndlata az 4l-
talanos id6s népesség korében elfogadott [14].
Ebben az ajanlasban tehat nem ,,pusztan™ a nembki-

vanatos hatassal, ill. mellékhatassal rendelkezoé aktiv

hatéanyagok szerepelnek, hanem olyanok is, melyck

65 év felett példaul csak megfeleld vérszint-monitoro-
zas mellett adhatdk. 1dos betegek részére ) gyogyszer
valasztasanal tehat a fentiek figyelembe vétele kivana-
tos, de a mar hosszabb ideje, tartéosan alkalmazott
gyogyszerek idonkénti feliilvizsgalata is javasolt, hi-
szen — pontosan a fent emlitett tényezok miatt — elo-
fordulhat, hogy a beteg a korabban ol toleralt gyogy-
szerét mar nem képes metabolizalni. Ekkor doziscsok-
kentés vagy sziikség esetén gyogyszercsere lehet a
megoldas.

A Beers kritériumok nyoman tobb orszag is megal-
kotta sajat nemzeti listajat, mely az adott orszag
gyogyszerkineséhez igazodik [15, 16, 17]. igy példaul
a legjabbak és toldrajzilag hozzank kozel eso teriile-
teken kidolgozottak: a francia Laroche, a német
Priscus, és végiil a Mann-féle osztrak lista, melyeket a
késobbiekben részletesebben is elemziink [10, 18, 19].

PIM listak kidolgozasanak modszere

A Beers listak, valamint a késobbiekben figyelembe
vett utobbi eurdpai ajanlasok Osszeallitasa széleskori
irodalomkutatast kévetden an. Delphi modszerrel tor-
tént. A Delphi modszert az Amerikai Egyesiilt Alla-
mokban (Rand Corporation) dolgoztak ki az 1950-es
években, szakértol konszenzus optimalizalasa érdeke-
ben. A modszer elso lépése a témanak megfeleld
strukturalt kérdoiv kidolgozasa, amelyet a vizsgalni
kivant teriilet szakértéihez juttatnak el. A visszakiil-
dott valaszokat Osszesitik €s a masodik/tébbedik kér-
dezés soran a szakértok az elozo ,,kor” vélemény-meg-
oszldsainak ismeretében vialaszolnak tjra, természete-
sen névteleniil. A munka t6bb lépcsében addig folyta-
todik, amig az eldre meghatdrozott egyetértési szintii
megoldas megsziiletik [20, 21]. A mddszer viszonylag
hosszadalmas lehet, viszont hatalmas elonye, hogy az
illetékes szakértok konszenzusaval zarul.

A PIM kritériumok gyakorlati alkalmazhatosdga

Amint mar hangsulyoztuk, az elsé Beers lista megal-
kotasa kétség kiviil hianyp6tld, attéré munka volt, am
szamos probléma is megfogalmazddott az altalanos
hasznalhatosagat illetoen [22]. Széleskori elterjedését
limitalta, hogy a listin szerepld gyogyszerek nagy
szézaléka kizarolag az Amerikai Egyesiilt Allamok-
ban van, illetve volt forgalomban. A rutin klinikai
gyakorlatban vald alkalmazasédnak korlatot szabott a
lista strukturdltsagdnak hidnya, tovabba a szempont-
rendszert a nemkivanatos gyogyszerhatasok valamint
az egészségiigyi koltségesokkentés tekintetében sem
értékelték ki.

A késobb 6sszedllitott ajanlasok, nemzeti listak mar
a fenti hianyossagok kikiiszobolésére térekedve ké-
sziiltek el. A 2007-es Laroche lista mar figyelembe ve-
szi a dozisokat és adagolasi modot, illetve az adott ha-



2013. marcius

GYOGYSZERESZET 3

I tabldzat

Potencidlisan nem megfelelé hatoanyagok a magyar gyogyszerkincsben

Hatéanyag ATC Figyelmeztetés
1. Folyékony paraffin | AO6AAO] | Hipocalcaemiat és hypokalaemiat, aspiraciot és lipid pneumoniat okozhat
Natrium pikoszulfit | AO6ABO8 | Sulyosbithatja az irritabilis bél szindromat

3. Tiklopidin® BOIACO5 |Eletveszélyes hematoldgiai elvaltozdsokat okozhat, igy mint: neutropénia/
agranulocytosis, thrombocytopenias purpura és aplasticus anaemia

4. Digoxin® COIAADS | Veseelégtelenségben magas a taladagolas kockdzata, ami hanyingerrel, hanyas-
sal, latdszavarokkal, szivritmus-zavarokkal jarhat

5. Propafenon CO1BCO03 |Pro-arrithmias hatdsa AV-blokkhoz vezethet, késlelteti a kamravezetést, gyakori
neurotoxikus és gastrointestinalis mellékhatasokat okoz

6. Amiodaron C01BDO1 |Majenzim-gitlas, a citokrom P450 3A4 enzimen keresztiil metabolizdlodo
gyogyszerek addsa toxicitashoz vezethet. Gyakori mellékhatasok:
extrapiramidalis tremor, rémdlmok, alvaszavarok

7. Ibuprofen CO1EB16 |Sulyos nem kivant gyogyszerhatasok: gastrointestinalis fekélyek, vérzések, maj-
¢s veseelégtelenség, hypertensio

8. Moxonidin CO2ZACO05 |ldosek fokozottan érzékenyek szedaciora, hypotensiora, bradycardiara,
syncopéra

9. Rilmenidin CO02ACO06 |ldosek fokozottan érzékenyek szedaciora, hypotensiora, bradycardiara,
syncopéra

10. | Prazosin C02CAO01 | Vizelet-inkontinencia sulyosboddsa, orthostaticus hypotonia

11. Doxazozin C02CAO04 |Vizelet-inkontinencia stlyosboddsa, szdjszarazsag, orthostaticus hypotonia

12. | Pentoxifillin" C04ADO03 | Hypotonia

13. Nicergolin CO4AE02 | Nincs ténylegesen bizonyitott hatdsa, viszont az orthostaticus hypotonia és az
elesések kockdzata magas

14.  |Nifedipin’ CO8CAOS5 |Orthostaticus hypotoniat, myocardialis infarctust vagy stroke-ot okozhat

15. | Oxybutinin® G04BD04 | Deliriumot, kognitiv zavart okozhat, glaukomat stlyosbithatja és teljes vagy
részleges gastrointestinalis obstrukciot okozhat

16. | Celecoxib MO1AHO1 | Sulyos nem kivant gyogyszerhatasok: gastrointestinalis fekélyek, vérzések, maj-
¢s veseelégtelenség, hypertensio

17. Indometacin” MO1ABO!L |Kp-i idegrendszeri mellékhatasok (delirium) eléfordulasi gyakorisaga magas,
csakiigy, mint a gastrointestinalis vérzések eléfordulasa

18. Diklofenak MO1ABOS | Silyos nem kivint gyogyszerhatiasok: gastrointestinalis fekélyek, vérzések, maj-
¢és veseelégtelenség, hypertensio

19. | Piroxikam MOI1ACO1 | Sulyos nem kivant gyogyszerhatasok: gastrointestinalis fekélyek, vérzések, maj-
¢s veseelégtelenség, hypertensio

20. Meloxikam MO1ACO6 | Salyos nem kivant gyogyszerhatasok: gastrointestinalis fekélyek, vérzések, maj-
¢és veseelégtelenség, hypertensio

21. Naproxen MO1AEQ2 |Silyos nem kivint gyogyszerhatiasok: gastrointestinalis fekélyek, vérzések, maj-
¢és veseelégtelenség, hypertensio

22. Tramadol NO02AXO02 | Csokkenti a rohamkiiszébot, deliriumot okozhat, tovabba hanyingert, szédiilést,
sz¢krekedést

23. | Klonazepam NO3AEO1 |Kp-i idegrendszeri depresszio, delirium, depresszid, amnézia és ataxia

24. | Olanzapin NO5SAHO3 | Extrapiramidélis és anticholinerg mellékhatasok, szedacio és kognitiv funkcio
zavar, foleg magas adagoknal

25.  |Diazepam’ NO5BAO1 | Megnyult reakcioidd

26. Klordiazepoxid® NO5SBAO2 | Magas elesési kockazat (izomrelaxans hatas) és combnyaktérési rizikd

217. Alprazolam NO5BA12 | Hossza hatasi BDZ

28. | Zopiklon NO5SCFO01 | Megnyult reakeioidd
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Hatéanyag ATC Figyelmeztetés

29. |Zolpidem NO5SCF02 | Magas az elesések, combnyaktdrés kockdzata

30.  |Zaleplon NOSCFO03 | Pszichiatriai reakciok (agitacio, ingerlékenység, hallucinacio, psychosis), kogni-
tiv funkcié zavar

31. | Amitriptilin® NO6AAQ9 | Antimuscarinos hatés, tiladagolas esetén cardiotoxikus

32. Piracetam NO06BXO03 | Orthostaticus hypotonia és az elesések kockazata magas, és/vagy nincs bizonyi-
tott hatas

33. | Ginkgo biloba N06DX02 | Nincs ténylegesen bizonyitott hatsa, viszont az orthostaticus hypotonia és az
elesések kockazata magas

34. |Hidroxizin® N07XX04 | Deliriumot, anticholinerg mellékhatasokat okozhat: szdjszarazsag, vizeletreten-
c10, sz¢krekedés, megnyalt QT intervallum

35. Teofillin RO3DA04 |Fibrillaciot, pitvarlebegést, tachycardiat, arrithmiat, dlmatlansagot ¢s ingerlé-
kenységet, hasmenést, hanyést okozhat, dozisfiiggd

Megjegyzés: *= mind a 4 PIM listan szereplo hatoéanyag

toanyag elkeriilésének javaslatit indoklassal is alata-
masztja, igy a gyakorlatban jobban hasznalhatd [18,
19]. Uj megkézelités volt még az egyes betegesoportok
(pl. magas vérnyomads, veseelégtelenseég, hyperlipidae-
mia stb.) kiemelése, azaz ilyenkor a gyogyszerajanlds
betegség-specifikus megkozelitésen alapul. Példaul
veseelégtelenségben szenvedo 1dos beteg szamara el-
lenjavallt gyogyszer megfeleld vesemukddési idos be-
tegnek rendelhetd, ezt a lista egyértelmuen jelzi. A
Laroche lista szdmos esetben még alternativ terdpids
javaslatot is tartalmaz. A 2010-es Priscus, és a 2011-es
osztrak Mann-lista is minden fent felsorolt szempont
figyelembe vételével, a nemzeti terapias gyakorlatnak
megfeleloen és a gyogyszervalasztékhoz igazodva keé-
szilt el [10, 18]. A legfrissebb, 2012-es Beers listat is
ez a multifaktorialis megkozelités jellemzi.

Hazai gyogyszerkincs sziirése
PIM szempontok szerint

A hazai demografiai helyzet és a gyogyszerfogyasztasi
mutatok alapjan jutottunk arra az elhatarozasra, hogy a
hosszadalmas Delphi modszer nélkiil, a hazai gyogy-
szerkincsre adaptdlva végeztiik el a mar publikalt PIM
listak szintézisét. A 2012-es Beers’, mint ,,gold stan-
dard” mellett — tekintetbe véve az amerikai és eurdpai
kiilonbséget — a hozzank kozel allo, francia, német és a
legijabb osztrak ajanlasokat foglaljuk Gssze.

Amennyiben az egyes ajanlasokban szerepld hato-
anyagok szamat tekintjiik, elmondhaté, hogy a legszi-
goriibb az osztrak javaslat 56 PIM hatéanyaggal, ezt
koveti a Priscus lista 53, majd a Laroche 48 potenciali-
san veszélyes hatéanyaggal. A Beers kritériumok sze-
rint csak 33, idosck szamadra potencialis veszélyt jelen-
t6 hatoanyag van jelen a magyar gydgyszerpiacon.

Az eredeti publikaci6 és a részletes magyar gyogy-
szerlista az Orvosi Hetilap 153. évfolyam, 49. szamdban
érheté el: | Az idéskori gyogyszeralkalmazas problé-

mai” cimmel®>. A tablazat dsszesen 95, haziankban for-

galmazott hatoanyagot tartalmaz, amelyek az elemzett

listak valamelyikén szerepelnek. Minden hatéanyag
mellett megtaldlhaté az indoklas, ami alapjan felkertilt

a listara, valamint az ajanlott alternativ gyogyszeres te-

rapia is feltlintetésre keriilt, amennyiben ez elérhet6

volt az eredeti listdk valamelyikében. Az indikacio
meghatarozasaban, a hazai gyakorlatban altalanosan al-
kalmazott ATC kodok nyqjtanak segitséget (az eredeti
idegen nyelvii listak ATC kédot nem tartalmaznak).
Jelen kézleményben a 95 hatéanyagbol csak 35 ha-

toanyagot emeltiik ki: a Magyarorszagon leggyakrab-
ban forgalmazottakat, illetve azokat, melyeket mind a
négy eredeti idegen nyelvu lista PIM-nek tekintett (1.
tablazaf). Az eltérd ajanlasok jol tiikrozik a nemzeti
terapias gyakorlatok valtozatossagat. A 95 hatéanyag
koziil mindossze 10-et tekint mind a négy lista PIM-
nek, azaz ezek vonatkozasaban mondhatd ki a teljes
mértekli nemzetkozi konszenzus:

— Tiklopidin: életveszélyes hematologiai eltéréseket
okozhat;

— Digoxin: az idosek fokozott érzékenysége miatt a
maximalt napi adag 0,125 mg;

— Pentoxifillin: hypotonia veszélye;

— Nifedipin: nem retardalt tipusa készitmény esetén az
orthostaticus vérnyomasesés veszélye fokozott;

— Oxibutinin: deliriumot, kognitiv zavart, részleges
vagy teljes gastrointestinalis obstrukciot okozhat és
sulyosbithatja a glaucomat;

— Indometacin: stlyos gastrointestinalis mellékhatasa
mellett még kifejezett kézponti idegrendszeri tiine-
tet, deliriumot okozhat;

— Diazepam: elhizodd szedativ hatas, mozgdsi bi-
zonytalansag;

2

? Bor Andrea, Matuz Maria, Dord Péter, Viola Réka, Soods
Gyobngyvér: Az idoskori gyogyszeralkalmazas problémai Orv.
Hetil., 753, 1926-1936 (2012).
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— Klordiazepoxid: magas elesési kockazat (izom-
relaxans hatas) és combnyaktorési riziko;

— Amitriptilin: kifejezett antimuscarin hatasa miatt
taladagolas esetén a cardiotoxicitas veszélye kifeje-
zett:

— Hidroxizin: delirtumot, anticholinerg mellékhataso-
kat okozhat: szajszarazsag, vizeletretencid, székre-
kedés, megnyult QT intervallum.

Kovetkeztetések

Tagadhatatlan tény, hogy a varhato élettartam folya-
matos novekedésében a gydgyszeres terapias lehetosé-
gek elmult 50 év soran bekdvetkezett fejlodése megha-
tarozo jelentdségii. Am az utobbi két évtizedben az is
nyilvanvalova valt, hogy a pozitiv eredmények mellett
a negativumok, a potencialis veszélyek is szinte sziik-
ségszeri velejarol a gyogyszerek alkalmazasanak. Kii-
lonosen igaz ez az 1dos személyekre, akiknél sajnala-
tosan egyidejiileg mar tobb funkcidzavar, betegség all
fenn. Esetiikben gyakorlatilag elkeriilhetetlen a hal-
mozott gyogyszerszedés, amely hatvanyozott gondok-
hoz vezethet, figyelembe véve a kronologikus orege-
désbdl szarmazo termeészetes fiziologias valtozasokat
is. Ezen fiziologias /patofiziologas valtozasok kovet-
keztében bizonyos gyogyszerek alkalmazasa fokozott
klinikai reakciokhoz, nem kivanatos tiinetekhez ve-
zethet. Az Osszegyiilt klinikai tapasztalatok birtoka-
ban, ezek Osszegzésével sziilettek meg az id6skori
gyogyszeralkalmazasra vonatkozd, potencidlisan ve-
szélyes hatoanyag-listak és ajanlasok a feltételes ve-
szélyek elkeriilésére, minimalizalasdra. Hangsulyo-
zandd a veszélyek feltételes jellege, azaz szerencses
esetben, individualisan a baj megjelenésének elmara-
dédsa, de ennek tudataban is kiemelten fontos, hogy a
gerontologiai gyogyszerrendelés mindségi (hatéanyag
valasztas) €s mennyiségi (dozis és hatéanyag darab-
szam) vonatkozasban egyarant specialis figyelmet ko-
vetel.
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