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Concomitant medication use and

its implications on the hazard
pattern in pharmacoepidemiological
studies: example of antidepressants,
benzodiazepines and fracture risk
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ABSTRACT

BACKGROUND: Antidepressants and benzodiazepines are often co-prescribed and both associated
with an increased fracture risk, albeit with distinctive hazard patterns. Timing of initiation of one
with respect to the other and duration of use may influence the combined fracture hazard.

The objective of our study was to describe patterns of concomitant use of benzodiazepine and
antidepressants in terms of timing of initiation and duration and to illustrate the potential impact
of various scenarios of timing of co-use on hip fracture hazard.

METHODS: Patients initiating antidepressant therapy (2002-2009) were identified from the Netherlands
Primary Care Research Database. Concomitant benzodiazepine use was assessed according to the start
time of benzodiazepine with respect to antidepressant therapy start. Duration of concomitant use was
estimated relative to the length of antidepressant treatment episode.

RESULTS: Among 16,087 incident antidepressant users, 39.0% used benzodiazepines concomitantly
during their first antidepressant treatment episode. The time of initiation of benzodiazepine use was
variable (64.4% starting before, 13.7% simultaneous and 21.9% after antidepressants). Duration of
concomitant use in the three groups varied.

CONCLUSION: Co-prescribed medications with a common adverse event, may not only require
accounting for concomitant use, but also the timing of start and duration of use as the overall hazard
may vary accordingly.

Key words: antidepressants, benzodiazepines, concomitant use, duration of use, hazard pattern, hip fracture,
timing of use
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INTRODUCTION

Poly-pharmacy is often unavoidable in
daily clinical practice, but may be associated
with additional risks of adverse events. Several
examples of frequently combined medications
with the same adverse event have been
described: aspirin and clopidogrel and the
risk of bleeding[1] anti-rheumatic agents and
methotrexate and the risk of hepatotoxicity
[2] and angiotensin converting enzyme (ACE)
inhibitors and non-steroidal anti-inflammatory
drug (NSAID) use and renal impairment [3].
When hazard patterns of drug-adverse event
vary over time, the risk of an adverse event
may differ at the initiation of a therapy
compared to during continuous use or even
after termination of therapy. Timing of start of
concomitant medication use may hence modify
the combined effect.

Electronic health care databases are often
used for observational research on adverse
effects of medications [4, 5]. The availability
of longitudinally recorded data allows for a
detailed characterization of both the exposure
to medication and the outcome of interest.
In more recent drug-adverse event studies,
we observe elaborated definitions of the
main exposure of interest but rarely of the
concomitant medication use as a confounding
or effect modifying factor. It is important
to account for concomitant medication use
in more detail, as two medications may be
associated with the same adverse event, albeit
with different hazard patterns over time.

To elaborate this, we portray the example
of concomitant use of benzodiazepines among
antidepressant users and the hazard for fracture
as the common adverse event. Concomitant
use of antidepressants and benzodiazepines
is proven to be effective to treat the acute
phase of depression [6] and hence are often
co-prescribed in routine clinical practice
[7]. The use of antidepressants [8-14] and
benzodiazepines [15-20] have both been
associated with an increased risk of fractures.
The hazard patterns for fracture have been
reported to be different for these two classes
of medications. Studies have reported high
risk of fracture for antidepressant use (both
selective serotonin re-uptake inhibitors and
tricyclic antidepressants) starting three to six
months after continuous use followed by a
lower but persistent risk up until in the fourth

to fifth year of continuous use [9, 12, 21]. In
contrast, fracture risk is highest immediately
after initiation of benzodiazepine use and
there is a marked decrease in the risk upon
continuous use as reported in various studies
[18, 20, 22]. Accordingly, fracture hazard for
antidepressant use is high long after initiation
of therapy with bone mineral density alteration
as the potential mechanism of action, whereas
the more acute risk for fracture associated with
benzodiazepine use is thought to be related
to an increased risk of falls. Assuming at least
an additive effect of concomitant use and
the approximate patterns of fracture hazard
for antidepressant and benzodiazepine use
roughly derived from risk estimates reported
in previous studies as noted above, different
timings of benzodiazepine use start may modify
the combined risk for fracture. This is shown in
Figure 1, where different scenarios of combined
risk patterns for concomitant use are depicted.
Scenario 1A represents the situation in which
patients use antidepressants but do not use
benzodiazepines and hence bear the potential
risk pattern associated with antidepressant
use only. Further, scenarios 1B, 1C and 1D
represent situations in which patients start
using benzodiazepine concomitantly before,
simultaneous and after the initiation of
antidepressant use, respectively. As shown, the
coexisting and/or overlapping risk patterns,
assuming at least an additive effect, for these
three groups are different.

The aim of this study was to estimate
concomitant use of benzodiazepine among
antidepressant users and characterize the
timing of benzodiazepine start with respect to
antidepressant therapy start and the duration
of concomitant use. Secondly, we aimed to
illustrate scenarios of timing of initiation and
duration of concomitant benzodiazepine use
among antidepressant users and discuss potential
scenarios and implications on the estimation of
the combined hazard for hip fracture.

METHODS
Setting

Data were obtained from the Netherlands
Primary Care Research Database (NPCRD)[23], a
database from general practices that register data
on morbidity, drug prescriptions and referrals
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FIGURE 1

FOUR SCENARIOS OF TIMING OF BENZODIAZEPINE INITIATION AMONG NEW ANTIDEPRESSANT USERS
AND THEIR RESPECTIVE HAZARD FUNCTIONS FOR HIP FRACTURE OVER TIME
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in electronic medical records on a continuous
basis. The NPCRD includes more than 350,000
patients registered at 85 practices. Prescription
data are classified according to Anatomical
Therapeutic and Chemical (ATC)[24] classification
and morbidity is coded using the International
Classification of Primary Care (ICPC)[25].

Study population

All patients with a first prescription for an
antidepressant drug (ATC NOGA) enrolled in
practices, which are registered in the database
between 2002 and 2009 were identified. The
date of the first antidepressant prescription was
considered to be the start date. Patients aged 18
years and older at the time of the start date with
at least one year of enrollment history in NPCRD

and at least 90 days of follow-up available were
eligible for inclusion. We included only new
users, defined as patients who had their first
AD prescription (start date) during the study
period without any AD prescription in the year
preceding the start date.

Definition of antidepressant use

For each patient starting an antidepressant,
all prescriptions for selective serotonin reuptake
inhibitors (SSRIs), serotonin-norepinephrine
reuptake inhibitors (SNRIs), tricyclic
antidepressants (TCAs), and monoamine oxidase
inhibitors (MOAIs) were identified. Treatment
episodes were constructed according to the
method previously applied by Gardarsdottir
et al. [20]. In short, a treatment episode
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comprised a series of subsequent antidepressant
prescriptions, irrespective of switching between
different types of antidepressant and changes
in dose regimen. As prescribing records in
NCPRD did not provide information on the
dosing regimen, the prescription length for each
antidepressant was considered to be 90 days,
consistent with the maximally allowed dispensing
duration in the Netherlands. In case a subsequent
antidepressant prescription with the same drug
was collected before the theoretical end date
of a previous antidepressant prescription, the
number of overlapping days was added to
the theoretical end date of the subsequent
antidepressant prescription. If a subsequent
prescription was another antidepressant, the
patient was considered to have switched therapy
and any remaining days from the previous type
of antidepressant were disregarded.

A new treatment episode was assumed
when an interval of 30 days or more occurred
between the theoretical end date of a
prescription and the next prescription for the
same patient. For all patients, only the first
treatment episode was assessed.

Concomitant use of benzodiazepines

Among patients with a first episode
of antidepressant use, all prescriptions for
benzodiazepines (ATC codes NO5BA),
benzodiazepine derivatives (ATC NO5CD) and
benzodiazepine related drugs (ATC NOS5SCF)
were identified.

As information on the dosing regimen
for benzodiazepine was not available, the
length of a benzodiazepine prescription was
assumed to be 30 days, based on the common
prescribing practice for benzodiazepines in
the Netherlands. To assess concomitant use
of benzodiazepines (‘co-use’) during the first
episode of antidepressant use, we calculated
the number of days that benzodiazepines were
used within this period. If a benzodiazepine
prescription was issued prior to the start of
antidepressants or the theoretical end date of
a prescription was after the end date of the
antidepressant treatment episode, only the days
within the antidepressant episode were taken
into account.

Using a fixed duration of 30 days for a
benzodiazepine prescription can inflate the
number of days use in case the prescriptions

were e.g. issued on a weekly basis or were used
in a higher frequency. Therefore, we created a
rule that the number of days of co-use could
not be larger than the difference between the
last theoretical end date of a benzodiazepine
prescription and the start of benzodiazepine/
start of the antidepressant treatment episode,
whichever came last. As an antidepressant
episode can potentially last for years, we
applied the above mentioned rule taking
into account clusters of benzodiazepine use,
where a difference of 182 days between the
end date of one benzodiazepine prescription
and a subsequent one marked a new cluster.
This prevented a scenario where intensive
co-use at the beginning and at the end of an
antidepressant episode would overestimate
the number of days of co-use. Concomitant
use of benzodiazepines within the first
antidepressant episode was further defined
in two dimensions: First, we assessed the
timing of benzodiazepine start with respect
to the start of the antidepressant treatment
episode (T=0). Three subgroups of patients
were identified according to the timing of
concomitant benzodiazepine start: 1) patients
who start using benzodiazepines before,
2) those who start using benzodiazepine
simultaneously (on the same day) and who
have no benzodiazepine prescription in the
182 prior to the start day and 3) patients who
start using benzodiazepine after the start of
the antidepressant treatment episode.

Second, the duration of concomitant use in
days was plotted relative to the length of the
antidepressant treatment episode in days.

Data Analysis

The cohort of new antidepressant users
was described for sex, age, major indications
(footnote Table 1), length of antidepressant
treatment episode and type of antidepressant
use. Mean, median and standard deviation were
calculated. The frequency of concomitant use
of benzodiazepine was determined according
to the definitions described above. Results were
stratified by timing of benzodiazepine start.
Duration of concomitant benzodiazepine use
was compared with respect to antidepressant
treatment episode length. Data analyses were
performed using SPSS for Windows 20.0 (SPSS
Inc, Chicago, IL).
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RESULTS

A total of 16,087 patients initiated
antidepressant treatment between 2002 and
2009 (Table 1). The majority (63.0%) was
female and the mean age was 50 years (SD
18) at the start of antidepressant treatment.
The most frequently recorded indications were
depression/depression related disorders (35.5%),
followed by anxiety/anxiety related disorders
(11.0%). The range of the antidepressant episode
lengths was wide (between 90 and 2920 days)
and the mean and median were 295 and 166
days, respectively. About one third (34.0%) of
the patients had the minimum antidepressant
treatment length (3 months), corresponding to a
single antidepressant prescription. The majority
of the patients were SSRI users (54.2%) and only
one third of the patients were TCA users.

More than one third (39.0%) of the new
antidepressant users were concomitant users
of benzodiazepines (Figure 2) at least once
during their antidepressant treatment episode.
The majority (64.4%) of these patients initiated
benzodiazepine use before antidepressant
therapy start. In total 21.9% of concomitant users
started using benzodiazepine after initiation of
antidepressant therapy, and 13.7% started the
use of benzodiazepines and antidepressants
simultaneously.

Figure 3 shows the duration of the
concomitant benzodiazepine use versus total
antidepressant treatment episode length
overall, as well as for those who start
benzodiazepine use before, simultaneous
and after antidepressant treatment initiation
separately. Figure 3A shows regular periods of
30, 60 and 90 days of benzodiazepine co-use
during the antidepressant treatment episode
in addition to some other lengths of periods
of concomitant benzodiazepine use. Figures
3B and 3C indicate relative long duration of
concomitant use of benzodiazepine among
the subgroups of antidepressant users who
start using benzodiazepine before and
simultaneous compared with the duration of
concomitant use for those who start using
benzodiazepine after antidepressant initiation
(figure 3D) which was relatively shorter.
Comparing the scatter plot of prescriptions in
figures 3B, 3C and 3D, we notice more density
of prescriptions clustered in a diagonal line
indicating a positive correlation between
the length of co-use and the length of

TABLE 1

CHARACTERISTICS OF ANTIDEPRESSANT
THERAPY INITIATORS

ANTIDEPRESSANT THERAPY INITIATORS

N=16,087
Female 10,207 63.4
Mean age (standard deviation) 50 (18)
Indication of use
Depression 5713 35.5
Anxiety | 1775 11.0
Sleeping disorder 382 2.4
Unspecified 473 2.9
Other | 5226 32.4
Unknown 2518 15.7
Antidepressant episode duration
in days
Mean (Standard deviation) 295 (345)
Median 166
Minimum 90
Maximum | 2920
25 percentile 90
75" percentile 344
3 month 5480 34.1
>3-6 months 3295 20.5
6-12 months 3608 22.4
>12 months 3704 23.0
Only selective serotonin 8714 54.2
re-uptake inhibitors use
Only tricyclic antidepressants use | 5386 33.5
Only other antidepressant use 1987 12.3

Depression: depression and related disorders (ICPC code
P76, Po3)

Anxiety: anxiety and related disorders (ICPC codes: Po1, P74)
Sleeping disorder (ICPC code: Poé)

Unspecified: no diagnosis determined by the general
practitioner

Unknown: missing data.

antidepressant treatment episode in figure 3B
and to a lesser extent in figure 3C compared
to figure 3D. This indicates a more regular
benzodiazepine co-prescribing at intervals
of 30, 60 and 90 days during antidepressant
treatment episode in figure 3D which does
indicates a less relative increase of co-use
duration compared to figures 3B and 3C.
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DISTRIBUTION OF CONCOMITANT BENZODIAZEPINE USE AMONG NEW ANTIDEPRESSANT USERS, ACCORDING TO

TIMING OF BENZODIAZEPINE START WITH RESPECT TO ANTIDEPRESSANT TREATMENT EPISODE START (T=0)
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DISCUSSION antidepressant therapy. Moreover, 13.9% of

In our study population of incident
antidepressant users, 39% of patients were
concomitant benzodiazepine users. This is in
line with the proportion of co-use reported in
several recent studies on psychotropic poly-
pharmacy from Canada (49.3%) [27], Japan
(36.7%) [71 and the Netherlands (40.1%)
[28]. Among the concomitant users, timing
of start of benzodiazepine use varied. The
majority of concomitant users (64.4%) started
using benzodiazepines before the start of the

concomitant users initiated benzodiazepine
use on the same day as the antidepressant
start day. The duration of concomitant use
varied also among these patient groups with
different timing of benzodiazepine start. In
general, the duration of concomitant use
was longer for patients who started using
benzodiazepine before and simultaneous to
antidepressant therapy start compared with
patients who started using benzodiazepine
after antidepressant treatment initiation. The
highest fracture risk of concomitant co-use is
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FIGURE 3

DISTRIBUTION OF DURATION OF CONCOMITANT USE OF BENZODIAZEPINE WITH RESPECT
TO THE DURATION OF ANTIDEPRESSANT TREATMENT EPISODE:
OVERALL (3A) AND IN THREE DIFFERENT PATIENT GROUPS IN TERMS OF TIMING OF BENZODIAZEPINE START (3B-3D)
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expected when a benzodiazepine is initiated 3
to 6 months after start of antidepressant therapy
(figure 1D). Approximately 10% of our study
population falls in this category (figure 2). We
are not aware of any publications describing
the concomitant use of benzodiazepines among
antidepressant initiators in this level of detail

with respect to timing and duration of co-use.

Antidepressants and benzodiazepines are
widely used medications and are prescribed
for a broad range of indications. Despite
the wide range of indications for prescribing
antidepressants [29], the most frequently
recorded indications are depression-/related

HAZARDS OF CONCOMITANT MEDICATION USE e11273-7
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indications and anxiety-/related indications
[30, 31]. Patients diagnosed with depression
or anxiety related morbidities are advised to
continue using antidepressants for at least a
year to prevent relapse [32]. On the other hand,
benzodiazepines are advised to be prescribed
for shorter periods [33-35] as they may be
highly addictive [36] and may have higher
chance for misuse and associated risks such as
falls especially in elderly [37, 38]. Long term
use of benzodiazepines has been reported
to be problematic in several studies [36, 39,
40]. Concomitant use of antidepressants and
benzodiazepines is proven to be effective
to treat the acute phase of depression [0].
Considering guidelines for prescribing and
reports of utilization studies of both medications
and the prevalence of their co-prescription
[41], a more detailed characterization of the
dynamics of concomitant use when evaluating
a common adverse event is imperative. The
main motive for this, as shown in scenarios 1B,
1C and 1D, is the combined hazard patterns,
which may be different for different timing of
benzodiazepine start.

Studies on the association of antidepressants
and fractures have, almost always, considered
benzodiazepine use as confounding to the
main exposure and subsequently adjusted for.
This is irrespective of study type (case-control
or cohort or other), source of data used
(survey or electronic health care database)
and/or definition of the confounder variable.
However, previous association studies have not
corrected for timing of start of the confounder
with respect to the main exposure. A literature
search showed eight cohort studies [10, 13,
42-47] on antidepressant use and fracture risk.
Five of those studies used interview generated
information on medication use. Because of the
relative simplicity of these medication data,
advanced assessment of co-prescription is not
possible. Of the three studies [13, 45, 47] that
have used electronic health care databases,
only two included benzodiazepine use as a
potential confounder. Coupland et al used
a simple adjustment for use of hypnotics/
anxiolytics at baseline [45]. Abbing et al took
into account timing of co-use, by adding
benzodiazepine exposure to the multivariate
model as a time-dependent covariate [47].
However, duration of benzodiazepine use was
not taken into account simultaneously. This
implies that the hazard is assumed constant

over time, hence neglecting the specific hazard
functions for benzodiazepine-induced fracture
risk as depicted in figure 1. In our present
study, we found that more than half of the
concomitant users started benzodiazepines more
than 2 weeks before antidepressant initiation
(figure 2). For those patients, concomitant
benzodiazepine should in fact no longer be
regarded a potential confounder, as the hazard
of fracture has already disappeared (figure 1B).

The recent multi-country study from our
group [47] showed different risk estimates
for fracture per country, despite applying
common methods for defining antidepressant
use as the main exposure and benzodiazepine
use as co-medication. Considering different
scenarios of hazard patterns and magnitudes
of concomitant use discussed in figure 1
hypothesize that residual confounding
because of insufficient adjustment of timing
and duration of co-use may have played a
role. The three cohorts might have different
distributions of patients with respect to timing
of benzodiazepine start (more prevalent users
in cohorts where the risk estimate is lower —
acute risk of benzodiazepine absent) and hence
different magnitudes of overall risk found in
their study. Specifically, when antidepressant
treatment start is the TO — exposure window of
interest, the cohort with higher risk estimate in
our previous study may have a larger patient
group with scenarios in figures 1C and 1D as
more relevant compared to the cohorts with
lower risk estimates where figure 1B may be
more relevant.

Our study has some limitations. First,
information on the prescribed dose was not
available in the database and assumptions
on prescription length for antidepressant and
benzodiazepine had to be made. However,
the assumed prescription lengths were based
on the common prescribing practices in the
Netherlands. Second, patients starting with
benzodiazepine use after the initiation of
antidepressant therapy can, by definition, not
have duration of concomitant benzodiazepine
use that is equal to the duration of antidepressant
use. This may introduce bias when comparing
the duration of concomitant use between the
subgroups based on timing of benzodiazepine
start (before starters / simultaneous starters
/ after starters). Third, the combined hazard
scenarios depicted in figure 1 were simplified
for illustration purposes and were not based
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on empirical data, hence ignoring aspects like
dose and possible drug-drug interaction. In
addition, we were not able to test whether our
hypothesis on a fluctuating cumulative fracture
hazard function associated with combined
antidepressant and benzodiazepine use is true.
A general limitation for such studies can
be the unavailability of patient compliance
information which may differ not randomly in
the three groups. Future studies, which include
fracture endpoints, are needed to fill this
knowledge gap.

CONCLUSION

The frequency of concomitant
benzodiazepine use among antidepressant users
is considerable and the timing of concomitant
benzodiazepine start is highly variable. When
studying a common adverse event associated with
medications that are often co-prescribed, as in
the example of antidepressants, benzodiazepines
and hip fracture, it is important to take into
account not only the presence of concomitant
medication use, but also the timing of start and
duration of co-use as the overall hazard may
vary accordingly.

References.

[1] Steinhubl SR, Bhatt DL, Brennan DM, et al. Aspirin to
prevent cardiovascular disease: the association of aspirin
dose and clopidogrel with thrombosis and bleeding. Ann
Intern Med. 2009;150(6):379-86.

[2] Castrejon I, Gibson KA, Pincus T. Efficacy and safety of
methotrexate in combination with other non-biologic disease-
modifying antirheumatic drugs (DMARDs) in treatment of
rheumatoid arthritis. Bull Hosp Jt Dis. 2013;71 Suppl 1:520-8.

[3] Thomas MC. Diuretics, ACE inhibitors and NSAIDs-the
triple whammy. Med J Aust. 2000;172(4):184-5.

[4] Blake KV, Devries CS, Arlett P, Kurz X, Fitt H. Increasing
scientific standards, independence and transparency
in post-authorisation studies: the role of the European
Network of Centres for Pharmacoepidemiology and
Pharmacovigilance. Pharmacoepidemiol Drug Saf.
2012;21(7):690-6.

[5] Hennessy S. Use of health care databases in phar-
macoepidemiology. Basic Clin Pharmacol Toxicol.
20006;98(3):311-3.

[6] Kanba S. Although antidepressants and anxiolytics are
frequently used together to treat depression in the acute
phase, how effective is the concomitant use of these
drugs? J Psychiatry Neurosci. 2004;29(6):485.

[7]1 Onishi Y, Hinotsu S, Furukawa TA, Kawakami K.
Psychotropic prescription patterns among patients diag-
nosed with depressive disorder based on claims database
in Japan. Clin Drug Investig. 2013;33(8):597-605.

[8] Ray WA, Griffin MR, Malcolm E. Cyclic antidepres-
sants and the risk of hip fracture. Arch Intern Med.
1991;151(4):754-6.

[9] Liu B, Anderson G, Mittmann N, To T, Axcell T, Shear N.
Use of selective serotonin-reuptake inhibitors or tricyclic
antidepressants and risk of hip fractures in elderly peo-
ple. Lancet. 1998;351(9112):1303-7.

[10] Ensrud KE, Blackwell T, Mangione CM, et al. Central

nervous system active medications and risk for fractures
in older women. Arch Intern Med. 2003;163(8):949-57.
Bolton JM, Metge C, Lix L, Prior H, Sareen J, Leslie

WD. Fracture risk from psychotropic medications: a

[11

population-based analysis. J Clin Psychopharmacol.
2008;28(4):38491.
[12] van den Brand MW, Pouwels S, Samson MM, van Staa
TP, Thio B, Cooper C, et al. Use of anti-depressants and
the risk of fracture of the hip or femur. Osteoporos Int.
2009;20(10):1705-13.
Ziere G, Dieleman JP, van der Cammen TJ, Hofman A, Pols
HA, Stricker BH. Selective serotonin reuptake inhibiting anti-

[13

depressants are associated with an increased risk of nonver-
tebral fractures. J Clin Psychopharmacol. 2008;28(4):411-7.
Verdel BM, Souverein PC, Egberts TC, van Staa TP,
Leufkens HG, de Vries F. Use of antidepressant drugs

[14

and risk of osteoporotic and non-osteoporotic fractures.
Bone. 2010;47(3):604-9.

[15] Ray WA, Griffin MR, Downey W. Benzodiazepines of
long and short elimination half-life and the risk of hip
fracture. Jama. 1989;262(23):3303-7.

[16] Herings RM, Stricker BH, de Boer A, Bakker A, Sturmans
F. Benzodiazepines and the risk of falling leading to
femur fractures. Dosage more important than elimina-
tion halflife. Arch Intern Med. 1995;155(16):1801-7.

[17] Wang PS, Bohn RL, Glynn RJ, Mogun H, Avorn J.
Hazardous benzodiazepine regimens in the elderly:
effects of half-life, dosage, and duration on risk of hip
fracture. Am J Psychiatry. 2001;158(6):892-8.

[18] Wagner AK, Zhang F, Soumerai SB, et al. Benzodiazepine

use and hip fractures in the elderly: who is at greatest

risk? Arch Intern Med. 2004;164(14):1567-72.

Chang CM, Wu EC, Chang IS, Lin KM. Benzodiazepine and

risk of hip fractures in older people: a nested case-control

study in Taiwan. Am J Geriatr Psychiatry. 2008;16(8):686-92.

[19

HAZARDS OF CONCOMITANT MEDICATION USE 112739

W



Epidemiology Biostatistics and Public Health - 2015, Volume 12, Number 3
ORIGINAL ARTICLES

[20] Zint K, Haefeli WE, Glynn RJ, Mogun H, Avorn J,

Sturmer T. Impact of drug interactions, dosage,

and duration of therapy on the risk of hip fracture
associated with benzodiazepine use in older adults.
Pharmacoepidemiol Drug Saf. 2010;19(12):1248-55.
Hubbard R, Farrington P, Smith C, Smeeth L, Tattersfield
A. Exposure to tricyclic and selective serotonin reuptake
inhibitor antidepressants and the risk of hip fracture. Am
J Epidemiol. 2003;158(1):77-84.

van der Hooft CS, Schoofs MW, Ziere G, et al.
Inappropriate benzodiazepine use in older adults and the
risk of fracture. Br J Clin Pharmacol. 2008;66(2):276-82.

http://www.ggzrichtlijnen.nl/index.php?pagina=/rich-
tlijn/item/pagina.php&id=573&richtlijn_id=59
Medicines and Healthcare products Regulatory Agency
(MHRA). Addiction to benzodiazepines and codeine:
supporting safe use. [cited 2013 November]; Available
from: http://www.mhra.gov.uk/Safetyinformation/
DrugSafetyUpdate/CON123123

Danish Health and Medicines Authority. Effective effort
against the excessive use of benzodiazepines in den-
mark. [cited 2013 November]; Available from: http://
sundhedsstyrelsen.dk/en/medicines/consumption-analy-
ses/effective-effort-against-the-excessive-use-of-benzodi-

[23] LINH. Netherlands Institute for health services research. azepines-in-denmark?sc_site=website
1992 [cited 2013 april]; Available from: http://www.linh.nl/ [36] Lader M. Benzodiazepines revisited-will we ever learn?
[24] World Health Organization. WHO Collaborating Centre Addiction. 2011;106(12):2086-109.

for Drug Statistics Methodology. 1996 [cited 2013 April]; [37
Available from: http://www.whocc.no/atc_ddd_index/
[25] Lamberts H., Wood M. ICPC. International Classification
of Primary Care. Oxford: Oxford University Press; 1987. [38
[26] Gardarsdottir H, Souverein PC, Egberts TC, Heerdink
ER. Construction of drug treatment episodes from drug-

Berdot S, Bertrand M, Dartigues JF, et al. Inappropriate
medication use and risk of falls-a prospective study in a large
community-dwelling elderly cohort. BMC Geriatr. 2009;9:30.
Cumming RG, Le Couteur DG. Benzodiazepines and

risk of hip fractures in older people: a review of the evi-
dence. CNS Drugs. 2003;17(11):825-37.

dispensing histories is influenced by the gap length. J [39] Willems IA, Gorgels WJ, Oude Voshaar RC, Mulder J,

Clin Epidemiol. 2010;63(4):422-7.

Sanyal C, Asbridge M, Kisely S, Sketris I, Andreou P.

The utilization of antidepressants and benzodiazepines [40

Lucassen PL. Tolerance to benzodiazepines among long-
[27

term users in primary care. Fam Pract. 2013;30(4):404-10.
Kollen BJ, van der Veen WJ, Groenhof F, Donker GA,

among people with major depression in Canada. Can J
Psychiatry. 2011;56(11):667-76.

van Geffen EC, Gardarsdottir H, van Hulten R, van Dijk
L, Egberts AC, Heerdink ER. Initiation of antidepressant
therapy: do patients follow the GP's prescription? Br J
Gen Pract. 2009;59(559):81-7.

Mercier A, Auger-Aubin I, Lebeau JP, Schuers M, Boulet
P, Hermil JL, et al. Evidence of prescription of antide-
pressants for non-psychiatric conditions in primary care:
an analysis of guidelines and systematic reviews. BMC
Fam Pract. 2013;14:55.

Gardarsdottir H, Heerdink ER, van Dijk L, Egberts AC.
Indications for antidepressant drug prescribing in
general practice in the Netherlands. J Affect Disord.
2007;98(1-2):109-15.

Abbing-Karahagopian et al. Antidepressant prescribing in
five European countries: application of common definitions
to assess the prevalence, clinical observations and method-
ological implications.; (2013) Abstract. Pharmacoepidem.
Drug Safe., 22: 1-521. doi: 10.1002/pds.3512.

Patten SB, Kennedy SH, Lam RW, et al. Canadian Network
for Mood and Anxiety Treatments (CANMAT) clinical
guidelines for the management of major depressive dis-
order in adults. I. Classification, burden and principles of
management. ] Affect Disord. 2009;117 Suppl 1:55-14.

[33] Trimbos Institute. Guidelines for benzodiazepines.

version 2008 [cited 2013 November]; Available from:

van der Meer K. Discontinuation of reimbursement of
benzodiazepines in the Netherlands: does it make a dif-
ference? BMC Fam Pract. 2012;13:111.

Lenze EJ, Mulsant BH, Shear MK, Houck P, Reynolds IC.
Anxiety symptoms in elderly patients with depression:
what is the best approach to treatment? Drugs Aging.
2002;19(10):753-60.

Lewis CE, Ewing SK, Taylor BC, et al. Predictors of non-
spine fracture in elderly men: the MrOS study. ] Bone
Miner Res. 2007;22(2):211-9.

Richards JB, Papaioannou A, Adachi JD, et al. Effect of
selective serotonin reuptake inhibitors on the risk of
fracture. Arch Intern Med. 2007;167(2):188-94.
Spangler L, Scholes D, Brunner RL, et al. Depressive
symptoms, bone loss, and fractures in postmenopausal
women. ] Gen Intern Med. 2008;23(5):567-74.
Coupland C, Dhiman P, Morriss R, Arthur A, Barton G,
Hippisley-Cox J. Antidepressant use and risk of adverse
outcomes in older people: population based cohort
study. BMJ. 2011;343:d4551.

Diem §J, Blackwell TL, Stone KL, et al. Use of antidepres-
sant medications and risk of fracture in older women.
Calcif Tissue Int. 2011;88(6):476-84.
Abbing-Karahagopian et al. Inconsistency in the results
from observational pharmacoepidemiological studies:
the case of antidepressant use and risk of hip fracture.
Submitted. 2014.

e11273-10 HAZARDS OF CONCOMITANT MEDICATION USE



