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Abstract Objective: To estimate the hospitalisation costs of accidental fall injuries in the
EU resulting from the use of benzodiazepines.
Methods: Risk and exposure data were obtained from the Dutch Pharmo system,
a population-based register of drug-dispensing records and hospital records. The
population attributable risk (PAR) was calculated using the age-specific preva-
lence estimates of benzodiazepine use and the corresponding relative risk (RR),
obtained from a case-control study in community-dwelling inhabitants over 55
years of age in defined areas of The Netherlands covering the period 1985-2000.
Annual hospitalisation costs of benzodiazepine-related fall injuries were based on
the age-specific PARs and extrapolated to the European population using accident
and demographic data of the EU. All analyses were performed from the perspec-
tive of a third-party payer.
Results: Fall injuries in the study population were significantly associated with
benzodiazepine use (RR 1.6, 95% CI 1.4-1.7), especially in those aged over 85
years (RR 3.6, 95% CI 2.9-4.5). The total annual hospital direct medical costs in
2000 of fall-related injuries attributable to benzodiazepine use were €1.8 billion
(95% CI €1.5-2.2 billion) in the EU.
Conclusions: The estimated costs of hospitalisations of accidental-fall injuries
related to benzodiazepine use in the EU varied between €1.5 and €2.2 billion
each year. More than 90% of these costs were in the elderly, with hip fractures as
the major contributor. Discontinuing benzodiazepines in the elderly and/or substi-
tuting them with other drugs not associated with the risk of falls in the elderly will
to a large extent prevent these accidents.

Benzodiazepines are among the most widely pre-  of anxiety and sleep disorders. Use of benzodiaze-
scribed drugs in the western world for the treatment  pines has been consistently reported as an indepen-
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dent risk factor for accidental falls, particularly in
the elderly.['l Data from several reviews indicate
more than 40 studies have described increased risks
of accidental falls with the use of benzodiazepines,
ranging from 1.4-1.8.1-31 Because of the widespread
use of benzodiazepines, it can be assumed that use
of these drugs may have significant economic con-
sequences. Herings et al. estimated in 1995 that
approximately 10% of the total treatment costs of
hip fractures, mostly resulting from accidental falls,
could be attributed to benzodiazepine use in The
Netherlands.!

Approximately 80% of fall-related injuries in
those aged over 50 years result in osteoporotic frac-
tures.[' Various estimates and projections have been
made on the burden of osteoporotic fractures in
some European countries, the US and worldwide.
Annual costs are estimated to be between $US7-20
billion in the US (1994 costs) and about €1.1 billion
in the UK (1995-1996 costs), including all in- and
outpatient costs; 60% of these costs are attributable
to hip fractures.[*-%! Worldwide projections on annu-
al hip fracture-related costs approximate €50 billion
in 2002 and exceed €130 billion in 2050, as the
population ages.””! In smaller European countries,
such as Austria and Belgium, the annual hospital
inpatient costs of hip fractures were assessed, re-
spectively, at €103 (1995 costs) and €118 million
(1996 costs).[B

The main purpose of this study was to estimate
the burden of benzodiazepine-associated hospital-
isations because of accidental injuries (falls only) in
The Netherlands and the EU, using the population
attributable risk multiplied by treatment costs
(PARC) as described by Herings and Klungel.['”!

Methods

Study Design

The method applied to estimate the burden of
benzodiazepine-associated accidental fall injuries
was based on the PARC.['% The PARC represents an
estimate of the proportion of fall-related injury treat-
ment costs that may be attributed to benzodiazepine
use. It is a function of the age and gender-specific
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prevalence of benzodiazepine use, the relative risk
(RR) of falling resulting in injury whilst taking
benzodiazepines and the year-specific treatment
costs for all fall-related injuries.

Population Attributive Risk

The population attributable risk (PAR) is estimat-
ed per age (5-year classes) (i) and gender (j) and
represents the proportion of the outcome (accidents)
that is directly attributable to the studied exposure
(benzodiazepines), expressed as (equation 1):

PAR;; = p; x (RR;; 1)/ {p; X (RR;; -1) +1}

where pij is the prevalence of exposure to which
the RR (RRij) refers for each age and gender
group.[!]

Benzodiazepine-attributable costs (PARCs) were
obtained by multiplying PARs by costs of hospital-
isation using the following equation (equation 2):

AINL = Z(PAR X COStHospitalisation )age—gender

By summating PARCs, a weighted estimate was
obtained for the total benzodiazepine-related hos-
pitalisation costs of fall-related accidental injuries
(AINL) in The Netherlands after standardisation to
the Dutch population (January Ist 2001).

Data Sources

Data for this study were obtained from the
Pharmo medical record linkage system in The
Netherlands. The Pharmo medical record linkage
system includes the drug-dispensing records from
community pharmacies and hospital discharge
records of 1 million residents of 24 geographical
areas scattered throughout The Netherlands. For all
residents, the drug-dispensing histories of com-
munity pharmacies are linked to the hospital dis-
charge records of the same patient, using a probabil-
istic algorithm, based on characteristics such as date
of birth, gender and a code for the general practi-
tioner. Validation of 9822 linked records showed
that these registries were linked with a sensitivity
and specificity exceeding 95%.!'?! The computerised
drug-dispensing histories contain data concerning
the dispensed drug, type of prescriber, dispensing
date, dispensed amount, dosage regimens and the
prescription duration. The hospital records include
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detailed information concerning the primary and
secondary diagnoses, procedures and dates of hospi-
tal admission and discharge. All diagnoses were
coded according to the International Classification
of Diseases, 9th Revision, Clinical Modification.
Accident-related admissions were encoded with ‘E’-
codes as secondary diagnoses, validated in 2001.113!
Drugs were coded according to the Anatomical
Therapeutic Chemical classification.

Prevalence and Relative Risk

The prevalence of benzodiazepine use was mea-
sured as the percentage of users on a single day in
the year 2000 (first Wednesday in October) among
all people aged 55 years or more registered in the
Pharmo database.['*! Exposure to benzodiazepines
was ascertained from computerised records of pre-
scriptions filled at community pharmacies. For each
prescription of a benzodiazepine, the duration of the
treatment was calculated by dividing the number of
dispensed tablets by the prescribed daily dose.

A case-control study was performed in the
Pharmo system to estimate the relationship between
accidental falls and use of benzodiazepines. Cases
were defined as community dwelling patients treat-
ed in hospital with an accidental fall as a major
cause of injury (based on ‘E’-codes: E880-E888)
and with a primary diagnosis of: fractures
(800-829); luxations, distorsions, intracranial and
internal injuries or open wounds (830-897); and
grazes and contusions (910-924) between January
1985 and December 2000. Each case had at least 6
months of dispensing data in the Pharmo system
before hospital admission. For each case, the index
date was defined as the date of hospital admission
for an accidental fall.

All possible cases and controls from the Pharmo
database were selected. There were 9081 cases his-
torically matched to 9081 controls. Controls were
matched to cases on index day, year of birth, gender
and pharmacy. Controls without a dispensing of any
drug before and after the index date, with an acci-
dental fall-related hospitalisation in the preceding
year, or a transfer to another hospital were excluded
from the study.
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Hospitalisation Costs of Fall-Related Injuries
in Europe

For each admission that complied with the inclu-
sion criteria for this study, the costs of the hospital
charges, i.e. admission day cost, the costs of proce-
dures, fee of medical specialists and costs of tests,
were calculated per patient and per hospital. These
costs are the best estimates for the actual costs
charged by third-party payers.['” Total costs were
obtained by summating all PARCs per age class
(5-year classes) and gender in the Pharmo area.
Total cost estimates were obtained for The Nether-
lands by direct reference to the Dutch population at
January Ist which was assumed to be the standard
population. The Dutch age-specific admission
figures and costs were extrapolated to the EU. Ad-
justments for local variations in age distribution,
fracture incidence and health expenses were made
using the demographic figures of each country
(Eurostat, Luxembourg) and the indices based on
hip fracture-related discharge rates (IFRD) and in-
patient expenses per bed-day (IEBD) for each EU
member statel!%1516] (table I). The adjusted fracture
incidences were multiplied by the obtained ad-
mission costs and summated to obtain the total treat-
ment costs for each country and age category over
55 years according to the following formula:

Table I. Indices for hip fracture discharge rates and daily in-patient
expenses per capita for each EU member state

EU country Index for hip fracture Index for expenditure
related discharge per bed day
Austria 1.65 0.97
Belgium 1.34 1.04
Denmark 1.24 3.21
Finland 2.22 0.71
France 0.78 1.35
Germany 1.21 1.09
Greece 0.81 0.57
Ireland 1.00 0.73
Italy 1.20 1.53
Luxembourg 1.25 0.79
Netherlands 1.00 1.00
Portugal 0.87 0.79
Spain 0.75 1.36
Sweden 2.62 0.99
UK 1.00 0.75
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CostEUage = (PrevNLage / DenomNLage) X De-
nomEUjage X IFRD x MCostNLage X IEBD

where CostEUgge is the total costs of fall-related
hospitalisations per age-group in an EU country,
DenomEUage is the population denominator per age
group in an EU country, DenomNLage is the popula-
tion denominator per age group in The Netherlands,
MCostNLage is the mean cost of a fall-related ad-
mission per age group in The Netherlands, and
PrevNLage is the prevalence of falls in The Nether-
lands per age group (number of falls/population).

Finally, the benzodiazepine-related contribution
to the expenses of accidental falls in Europe was
calculated by multiplying the total European sum of
admission costs by the age-specific PARs and then
summating to reach an overall cost.

Statistical Analyses

Conditional logistic regression analyses were
performed to estimate the RR of an accidental fall-
related hospitalisation associated with the use of
benzodiazepines by using SAS v8.2 (SAS Institute,
Cary, NC, USA).'T Potential confounders that
could be assessed by using pharmacy and hospital-
isation data included Parkinson’s disease and the use
of antidepressants.l'! Other confounders were ig-
nored as they had no effect on the benzodiazepine-
related RRs. Confidence intervals (95%) for the
PAR were derived from the lower and upper confi-
dence limits of the RR. Because of the large number
of benzodiazepine users, the error in the prevalence
estimates was small and therefore neglected. RRs
and corresponding confidence intervals were calcu-
lated for each age and gender group.

Results

Use of Benzodiazepines

In The Netherlands, the total number of benzo-
diazepine prescriptions was 12.4 million in the year
2000 (table II). Benzodiazepines were most fre-
quently labelled for the treatment of anxiety
(>55%). In 2000, 13 510 patients of the Pharmo
population and 675 000 inhabitants of The Nether-
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lands were continuous users of one or more benzo-
diazepines. More than 15% of these patients used
several different benzodiazepines concurrently.
Among the continuous users, women were in the
majority: 473 000 women versus 202 000 men.
About 47% of the continuous users were more than
65 years old, while this age group only represented
13.6% of the Dutch population.

Benzodiazepine Related-Fall Injuries

1478 study participants and 1019 matched con-
trols were taking benzodiazepines at the time of the
fall accident. The overall age- and gender-adjusted
RR associated with benzodiazepine use was 1.6
(95% CI 1.4-1.7). This risk increased with age from
a moderate risk among people younger than 45 years
(RR 1.4, 95% CI 1.0-2.0) to a 3.6-fold risk in
subjects aged 85 years and older (95% CI 2.9-4.5).
A slightly increased risk was found in females com-
pared with males.

Population Aftributive Risk

In figure 1, PARSs for benzodiazepine fall-related
injuries for men and women in the EU are presented
based on data from the study population on the age-
specific prevalence of use of benzodiazepines (table
IIT) and the RR of benzodiazepine fall-related inju-
ries (table IV). Among users <75 years of age, the
PAR ranged between 0.7-8.4%. The PAR in-
creased, however, from 10.4% in users aged 75-79
years to 41.6% in users aged 85 years and older.
Benzodiazepine-induced fall accidents were higher
in women than in men.

Table Il. Benzodiazepine use in the Pharmo area, The Netherlands
and the EU in 2000 in all age groups

Pharmo Pharmo area  The EU
area (per 1000 Netherlands (x106)
(total) inhabitants) (x106)
No. of 250000 744 12.4 280
prescriptions
No. of users 40 800 121 2.0 46
No. of 13510 40 0.7 15
continuous

users
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Table lll. Absolute numbers of continuous users and prevalence of any use of benzodiazepines in the Pharmo area in 2000 (age groups of

55 years and older).

Absolute number of continuous users

Use per 1000 residents

Age group (years) women men total women men all
55-59 781 383 1164 90.7 4341 66.6
60-64 839 384 1223 116.4 54.5 85.7
65-69 948 366 1314 141.4 62.2 103.9
70-74 1035 384 1419 171.8 79.8 131.3
75-79 1115 375 1490 205.4 104.8 165.7
80-84 885 248 1133 252.5 132.8 212.0
85+ 824 209 1033 297.2 207.3 274.0
All ages =55 6427 2349 8776 159.7 71.0 119.7

Fall-Related Hospitalisation Costs in
The Netherlands

The estimated admission costs for fall-related
injuries in patients aged over 55 years are €214
million in 2000. Based on the calculated PARs from
the study population, the cost of benzodiazepine
injury-related admissions was assessed at €48.5
million (range €39.0-58.8 million), comprising
18.9% (95% CI 15.2-22.9%) of the total expenses in
hospital-treated fall injuries in The Netherlands.

Treatment Costs in the EU

After adjustment for the varying hospitalisation
costs in different countries,'® we estimated that
over one million fall-related hospital admissions
would lead to total hospitalisation costs of €8.5
billion in the EU. Most of this treatment cost was in
the age group 55 years and older (>€7.8 billion).
Using the age-specific PARs, costs attributable to
benzodiazepine use were estimated at approximate-
ly €1.8 billion (95% CI €1.5-2.2 billion) in the EU
(table IV) [year of valuation 2000 for all costs].

Discussion

The results of this study show that benzodiaze-
pine use is an important risk factor for fall-related
accidents among the elderly in the EU, resulting in
total hospital treatment costs of between €1.5-2.2
billion in the EU. The actual economic conse-
quences might even go beyond this amount, because
only direct hospital costs were taken into account in
this study. The large costs are explained by a high
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prevalence of benzodiazepine use among the elderly
and high RRs in the older age groups.

The results of our case-control study are com-
parable with findings from previous studies.!!*!
There were no differences found in risk rates ac-
cording to the elimination half-life of benzodiaze-
pines. In recent studies, the risk of accidental falls
was largely explained by the prescribing of high
doses of benzodiazepines to the elderly.l3] Some
studies suggested that an increased risk of falling
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Fig. 1. Population attributive risk (PAR) of benzodiazepine fall-
related injuries based on the prevalence of the use of benzodiaze-
pines per age stratum for men and women from the Pharmo study
population.
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among the elderly was only associated with the use
of long-acting benzodiazepines, not with short-act-
ing.['8191 However, a meta-analysis of 40 observa-
tional studies indicated that there was no significant
difference in the effect of short- and long-acting
benzodiazepines.’! In a recent Dutch study, it was
shown that in the past 5 years no changes were
observed in the dosage of benzodiazepines given to
the elderly, although guidelines recommend to pre-
scribe half of the adult dosage of benzodiazepines to
the elderly because of physiological and pharmaco-
logical reasons.””! In addition, they also found that
the risk and, consequently, costs concentrate in a
relatively small, but rapidly growing segment of the
elderly population.

European estimates of the consequence of benzo-
diazepine use have hitherto been unknown because
drug-use statistics are not consistently available for
the individual members of the EU. In this study, we
used statistics from IMS, an international company
that obtains information on the use of pharmaceuti-
cals worldwide, for the modelling of benzodiaze-
pines for the different EU member countries. How-
ever, data of benzodiazepine use specified per coun-
try were incomplete, not available, not suitable or
not affordable. Therefore, we assumed that the
Dutch prevalence data of benzodiazepine use could
be used as a proxy for benzodiazepine use in other
European countries. These estimates are rather con-
servative and hence might result in an underestima-
tion of the PAR, and, consequently, benzodiazepine
fall-related treatment costs, as the lowest prescrip-
tions per capita in Europe were in The Nether-

Panneman et al.

lands.?!! In addition, only hospitalisations were in-
vestigated as an outcome in this study. It may be
assumed that the total costs of treatment of fall-
related accidental injuries attributable to benzo-
diazepine use are even more considerable. More-
over, the prevalence of benzodiazepine use and the
incidence of falls may have changed in the past 3
years, because of aging of the Dutch population.

The same assumptions were made for the inci-
dence of fall-related injuries, although it seems un-
reasonable to believe that the age- and gender-spe-
cific incidence differs much between countries in
Europe. Based on findings of other authors, we
considered the age- and gender-specific incidences
of fall-related injuries in The Netherlands were on
average at a level between the Scandinavian and
Mediterranean countries.!???*! In addition, European
discharge data on hip fractures per country were
available to adjust for differences in fall injury-
related admissions among countries. Another sub-
ject of discussion may be our assumption that hos-
pitalisation costs in the EU were homogeneous.
Although we corrected for differences in costs per
country, it is possible that estimates for some coun-
tries might be overestimated, while other cost esti-
mates might be underestimated. Comparison of our
estimates of total hospital fall injury-related cost
with the results of two European studies on osteo-
porotic fractures in Belgium and Austria, indicated
that there was a 15-20% overestimate of the Dutch
costs.®? Annual in-hospital expenses on osteo-
porotic fractures in the US were assessed at €8.6
billion® with the total injury-related cost in those

Table IV. Benzodiazepine (BZD)-associated costs (€ millions) for hospitalisations of BZD fall-related injuries by age group in the EU in 2000
based on relative risk (RR) and population attributable risk (PAR) data derived from the Pharmo study population (see also figure 1)

Age Population EU RR PAR % No. of falls Total cost BZD-related costs
(years) (95% Cl) (95% Cl) (x1000) (95% Cl)

55-59 21181181 1.1 (1.0-1.4) 0.7 (0.0-2.6) 40.0 216 1.4 (0.0-5.6)

60-64 20388 651 1.1 (1.0-1.4) 0.9 (0.0-3.3) 46.1 304 2.6 (0.0-10.1)

65-69 18 097 801 1.1 (1.0-1.4) 1.0 (0.0-4.0) 55.9 432 4.4 (0.0-17.2)

70-74 16 007 168 1.7 (1.5-2.0) 8.4 (6.2-11.6) 83.2 845 71.1 (52.0-98.0)

75-79 13122 095 1.7 (1.5-2.0) 10.4 (7.7-14.2) 118.6 1407 146.2 (107.6-199.9)
80-84 6704 287 2.3 (2.0-2.6) 21.6 (17.5-25.3) 109.7 1488 321.4 (260.2-376.8)
85+ 7162 816 3.6 (2.9-4.5) 41.6 (34.2-48.9) 214.7 3116 1296.2 (1066.7-1525.2)
Total 102 663 999 668.2 7808 1843.3 (1486.5-2232.9)
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aged 50 years possibly approximating €13 billion
(1995 costs). In this perspective, our European find-
ings appear to be modest.

Our sample size appeared adequate. Leipzig et
al.Blindicated in their meta-analysis that the overall
RR for benzodiazepine fall-related injuries is be-
tween 1.4 and 1.5. Our results show we are able to
demonstrate similar RRs with our study group. We
are also able to show significant results in the differ-
ent age groups.

Conclusion

Our study gives insight into the magnitude of
costs associated with benzodiazepine-related fall in-
juries at a European level. Although the confidence
limits are wide, even the lower estimate points to
their enormous economic consequence. This is espe-
cially alarming as the proportion of elderly in the EU
grows rapidly. Moreover, there is clear evidence that
a substantial part of these injuries can be avoided by
refraining from prescribing high doses to the elder-
ly.[1251 Concerted EU action is needed to convince
prescribers and regulators to abstain from unneces-
sary prescribing of benzodiazepines.
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