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ABSTRACT

Background Benzodiazepines are sedative-hypnotic medications frequently prescribed in

elderly patients for several clinical indications. An association with increased risk forfalls

has been reported but there is continueddebate regarding which specifie benzodiazepines are

associated with this risk.

Objectives To estimate the risk ofinjuries from falls associated with benzodiazepine use in

an elderly cohort taking into account patient characteristics and changes in patterns of use

overtime.

Methods Using information from provincial administrative health databases, 462,543

community-dwelling, 66 year old Quebec residents were screened for benzodiazepine use

in 1989. Subjects who did not use benzodiazepines in 1989 were observed for the next five

years to estimate incidence rates andevaluate patient characteristics associated with new use

for thirteen benzodiazepines. Patterns of use for incident users were characterized in terms

ofduration, dose and frequency ofswitching oradding benzodiazepines. New methods were

developed to model the past cumulative dose and duration ofbenzodiazepine exposure. The

impact of benzodiazepine exposure on risk of injury was estimated using Cox proportional

hazards analyses with time-dependent covariates to take into account changes in dose and

patterns of use.

Results The overall incidence rate for benzodiazepines was 88.7 per 1,000 person-years,

with higherrates in women (95.0) than men (81.8). Predictors ofincident use were different

in individual products and there were systematic differences between users and non-users.

Use ofanti-depressants in 1989 was the strongest predictor for incident benzodiazepine use
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(HR 1.45 to 3.07, p<O.OOO1). The median duration for uninterrupted periods ofuse was 31

days (mean=75.5 days, sd=137.2). The mean dose was almost haif the recommended

maximum adult daily dose and only 8.6% of subjects exceeded the maximum. Older age at

date offirst prescriptionsignificantly increasedthe likelihoodofincreasingduration anddose

overtime (OR=1.02, p<O.OOOl). Ali OOnzodiazepines exceptclonazepam were significantly

associated with an increased risk of injuries from falls (p<O.OS). The oost predictive model

for most benzodiazepines included a cumulative measure of duration and current dose.

Conclusion Benzodiazepines are associated with an increased risk of injuries From falls in

elderly patients, howeverduration ofexposure may he more critical than dose. Physiological

dependence and withdrawal symptoms appearto play an important role in increasing the risk

for many benzodiazepines.

word count: 350
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RÉsUMÉ

Situation Les benzodiazépines sont des médicaments sédatifs-hypnotiques fréquemment

prescrits aux patients âgés dans différentes indications. Ces médicaments ont été associés à

un risque accru de chutes, mais il existe un débat continu sur les benzodiazépines

spécifiquement associées à ce risque.

Objectifs Estimer le risque de blessures, consécutives à une chute, attribuable à la prise de

benzodiazépines dans une cohorte de personnes âgées, en prenant en compte les

caractéristiques des sujets et les variations de profils d'utilisation au cours du temps.

Méthodes A partirdes informations contenues dans les banques de données administratives

sanitaires de la province, l'utilisation de benzodiazépines a été recherchée au sein d'une

cohorte de 462 543 résidents Québécois non institutionnalisés, âgés de 66 ans et plus, en

1989. Les sujets n'ayant pas utilisé de benzodiazépines en 1989 ont été observés pendant les

cinq années suivantes afin d'estimer le taux d'incidence et les caractéristiques des patients

ayant débuté une benzodiazépine parmi une liste pré-établie de 13. Le profil d'utilisation de

ces nouveaux utilisateurs (utilisateurs incidents) a été défini en terme de durée d'utilisation,

de dose et de fréquence de changements ou d'addition de benzodiazépines. Des méthodes

originales ont été développées pourmodéliser la dose cumulée et la durée d'exposition aux

benzodiazépines. L'impact de l'exposition aux benzodiazépines sur le risque de blessures

par chute a été estimé en utilisant le modèle à risques proportionnels de Cox incluant des

variables dépendantes du temps afin de prendre en compte les changements de dose et de

profil d'utilisation•
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Notes OR Manuscript-Based Thesis

This thesis was written as a collection ofmanuscripts to he submittedfor publication.

The following section is quotedfrom the FacultyofGraduate Studies andResearch atMcGill

University Guidelines for Submitting a Doctoral Thesis (revised June 2(00).

"As an alternative to the traditional thesis format, the dissertation can consist of a

collection of papers that have a cohesive, unitary character making them a report of a single

program of research. The structure for the manuscript-based thesis must confonn to the

following:

•

•

L

2.

3.

Candidates have the option ofincluding, as part of the thesis, the text ofone ormore

papers submitted, or to he submitted, for publication, or the c1early-duplicated text

(not the reprints) ofone ormore published papers. These texts mustconform to the

'Guidelines forThesis Preparation' with respect to font size, line spacing and margin

sizes and must he hound together as an integral part of the thesis.

The thesis must he more than a collection of manuscripts. Ali components must he

integrated into a cohesive unit with logical progression from one chapter to the next.

In order to ensure that the thesis has continuity, connecting texts that provide logjcal

bridges between the different papers are mandatory.

The thesis must confOnD to all other requirements of the 'Guidelines for Thesis

Preparation' in addition to the manuscripts. The thesis must include the foLlowing:

(a) tableofcontents; (b) an abstract in English andFrench; (c) an introduction which

clearlystates therationaleandobjectives ofthe research; (d) acomprehensive review

v
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5.

of the literature (in addition to that covered in the introduction to each paper); (e) a

final conclusion and summary.

As manuscripts for publication are frequently very concise documentsy where

appropriate, additional material must he provided (e.g., in appendices) in sufficient

detail to allow a clear and precise judgement ta he made of the importance and

originality of the research reported in the thesis.

In general y when co-authored papers are included in a thesis the candidate must have

made a substantial contribution to ail papers included in the thesis. In addition, the

candidate is required to make an explicit statement in the thesis as to who contributed

to such work and to what extent. This statement should appear in a single section

entitled ~Contributionsof Authors' as a preface to the thesis. The supervisor must

attest to the accuracy of this statement at the doctoral oral defense."

•

For this thesis, in cases of conflict between journal specific-farmatting and thesis

guidelines, 1have fol1owed the McGill conventions for thesis preparation. Papers included

in this thesis will he modified to reflect journal criteria before submission for publication.
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Contribution of Authon

As PhD candidate and îtrSt author on aH the manuscripts, l was primarilyresponsible

for conceptualizing, designing and carrying out the research described in this thesis. The

overal1sC0Pe ofthis research was determined together by myself, Dr. Michal Abrahamowicz

and Dr. Robyn Tamblyn and extended sorne of the original objectives of an earlier study of

which Dr. Tamblyn was the primary investigator and Dr. Abrahamowicz was co-primary

investigator. Based on the literature review that l conducted and wrote, l developed the

specific study objectives for the fourmanuscripts and prepared the necessary algorithms to

generate the final database for these objectives. 1 also validated the data, performed the

statistical analyses, and wrote aU the scientific manuscripts as weil as the other sections of

the thesis.

Members of the thesis supervisorycommittee who were listedas co-authors provided

written feedback on their respective areas of expertise. Drs. Michal Abrahamowicz and

Robyn Tamblyn provided guidance and methodological expertise in the conduct of the

research and in the interpretation ofthe results. Dr. Abrahamowicz also provided statistical

eXPertiseparticularlyfor operationalizing sorneofthe more complexexposure variables. Dr.

Radon Capek provided pharmacologjcal expertise. Clinical expertise was provided by Ors.

Johanne Monette and Peter McLeod..

Although not part of the thesis supervisory committee, the contribution of Roxane

du Berger as co-author is gratefully acknowledged. Ms. du Berger provided feedback on

statistical programming and helped me with developing SAS programs for sorne of the

analyses contained in Manuscripts 2 and 3.
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As PhD candidate, 1 am responsible for the scientific quality of the research, the

originality of the ideas and the accuracy of the data contained in these manuscripts.

Statement of Originality

The research in this thesis constitutes original scholarship and advances the

knowledge in the domain of epidemiological database studies of post-marketing drug

utilization in several ways.. In the first manuscript, clinical differences between different

tyPes of benzodiazepine users were presented as well as incident rates for individual

products. This research presented new information in several ways. First, most published

information on benzodiazepine use in this population has been restricted to prevalence rates

and does not indicate the rate ofnew use. The first manuscript provided this information and

also demonstrated that the predictors of new use were quite different among the individual

tyPes of benzodiazepines. Furthermore, by examining patient characteristics before

benzodiazepine therapy, a positive predictive association was found for several factors.

Since several ofthese factors were independently associated with riskofinjuries from falls,

these original results confirmed the importance of controlling for these variables in any

analyses of risk for faIls in elderly in order to avoid confounding bias.

In the second manuscript, detailed information was providedon the different aSPects

ofpatterns ofbenzodiazepine use for a five yearperiod.. This required developing sorne new

approaches that May he usefuL in future studies focusing on utilization ofother Medications.

Byexamininghow these patterns changeovertime, evidence ofescalatingdose and duration

ofbenzodiazepine use over time was found and olderage was implicated as a risk factor for

this behavior. These results verifiedconcerns regardingthe riskofphysiologicaldependence
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with benzodiazepines, particularly for older patients.

The thirdmanuscript presentednew statisticalmethods to model complicated aspects

ofbenzodiazepine exposure, such as estimating effects ofcumulative dose, or separating the

impact of dose from duration of use. Modeling using these methods provided new insights

into the role that physiological dependence andwithdrawal symptoms mayplayin increasing

the risk of injuries from falls. These methods were a1so shown to reduce residual

confounding bias in estimating risk ofinjuries from falls associated with benzodiazepine use

and provided a new technique which can he used in future research for the evaluation of

different risks associated with othertypes ofMedication. This is particularly relevant for the

field ofdrug utilization studies where the drug exposures are often complex and change over

time.

Finally, the fourth manuscript appHed the results of earHer manuscripts to obtain

more accurate estimates of the impact of specifie benzodiazepines on the risks of injuries

from falls. Specifically, methods proposed in the third manuscriptwereemployed to account

for different aspects ofdrug exposure patterns (Manuscript 2), while adjusting forpotential

confounders identified in the first manuscript. These methods allowed us to find an

increased risk for injuries from falls for a1most ail benzodiazepines. However, unlike

previous research, this risk was found to be associated more with duration of previous use

than with current exposure or dose.

Overall, the original findings of tms research provided new insights into the

mechanisms by which benzodiazepines increase the risk of injuries from falls while the

proposed methods offer new tools for other researchers investigating adverse effects of

various Medications.
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1.0 INTRODUCTION

1.1 BACKGROUND

Benzodiazepines are sedative-hypnotics that are usedfor the managementofa variety

ofdisorders including anxiety, panic attacks, insomnia, seizure disorders, muscle spasticity,

alcohol withdrawal, and as premedicants for surgical or diagnostics procedures (Canadian

Pharmacists Association, 2000; Facts and Comparisons, 2000; MosbyInc., 1999; RaU, 1990;

Nelson et al., L999). White different benzodiazepines vary in their potency and

pharmacokinetic parameters, such as rate of absorption, metabolism and half-life, they tend

to have simitar chemical structures and overlapping clinical indications (Rail, 1990;

Canadian Pharmacists Association, 2000; Nelson et al., 1999). Generally, benzodiazepines

depress the central nervous system (CNS) producing anxiolytic effects, sedation and

hypnosis, anti-convulsant effects, and a reduction in muscle tone and motor coordination

(Faets and Comparisons, 2000; Canadian Pharmacists Association, 2000). For the founeen

different benzodiazepines available in Canada since 1990, different pharmacokinetie

properties May play a role in drug selection and May also be the most importantdeterminants

of possible side effects (Facts and Comparisons, 2000).

Although one of the distinctive features of benzodiazepines that contribute to their

popularity is the wide margin ofsafetybetween therapeutie and toxie doses,(Klein-Schwartz

et aL, 1991; Moller, 1999) there is evidence that the elderly are more likely to be sensitive

to the effeets of benzodiazepines and experience adverse CNS effects such as ataxia,

dizziness, confusion and over-sedation (Canadian Pharmacists Association, 2000; Salzman

et al., 1983; Kruse, 1990; Hammerlein et al., 1998; Sumner, 1998; Klotz, L998; Ashton,
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1994; Nelson et al., 1999)~ This is an important issue since benzodiazepines are commonly

preseribed to the elderly in both community and institutional settings (Kruse, 1990; Grad,

1995; MeNutt et al., 1994; Zisselman et al~, 1994; Juergens, 1993; Avom et al., 1995)~

Studies have estimated international point-prevalences of approx.imately 6% to17% for

benzodiazepine use in people over the age of65 who are dwelling in the community (Kirby

et al., 1999; Taylor et al., 1998; Dealberto et al., 1997; Gleason et aL, 1998; Jorm et aL,

2000). In Canada, estimated point-prevalenee rates for benzodiazepine use by community

dwelling elderly vary from 12% to 51% (Rojas-Fernandez et al., 1999; Tamblyn et al., 1994;

D'Arcy et al., 1994). The large range in the estimated prevalence rates is, in part, attributed

to differenees in age groups and geographic regions. These figures tend to be slightly higher

for hospitalized elderly with POint-prevalences of approx.imately 42%(Woods et al., 1992;

Zisselman et al., 1994) and 25% to 50% for elderLy in institutions such as nursing homes

(Kruse, 1990; Woods et al., 1992; Schjott et al., 1999). Incidence rates for benzodiazepine

use in elderLy people are more difficult to obtain but several studies estimate that

approximately 12% ofcommunity-dwelling elderly become new users during the course of

one year (Tamblyn et al., 1998b; Dealberto et aL, 1997; D'Arcy et al., 1994).

While CNS depression leading to motor impairment Mayonlyoccurat doses beyond

those needed for anxiety relief,(Facts and Comparisons, 2000) benzodiazepine use in the

elderly is often characterlzed by long term use, multiple prescriptions, and concurrent use of

othertypes ofmedication (Kruse, 1990; Wilcocket al., 1999; Jorm et al., 2000; Tayloret al.,

1998; Kirbyet al., 1999; Rojas-Femandez et al., 1999; Tamblyn et al., 1994; Woods et al.,

1992; Simon et al., 1996; Egan et al., 2000b). Studies estimate that approx.imately 17% to
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68% of elderly people taking benzodiazepines continue for longer than the recommended

maximumof30 days(Jormet al.~2000; Rojas-Femandez et al'~ 1999; Tayloret al.~ 1998) and

that more than 10% continue for more than 90 days (Jorm et al.~ 2000; Rojas-Femandez et

aL, 1999; Taylor et a1.~ 1998; Egan et al., 2000b; Roberge et al., 1995). One studyestimates

that 18% ofelderly people taking benzodiazepines are concurrently taking at least one other

psychotropic drug (Kirby et al., 1999). Elderly women are more likely to be taking

benzodiazepines longer and more frequently than men. (Jorm et aL, 2000; Rojas-Femandez

et al., 1999; TamblYn et al., 1994; Gleason etai., 1998; Tayloret a1.~ 1998). These published

data indicate that, among the elderly, prescriptions of excess duration with potentially

cumulative doses of benzodiazepines are frequently dispensed (Juergens, 1993).

Due to the effects of benzodiazepines and the pattern of their use in elderly people,

there is a great deal ofconcem about increasing the risk of injuries from falls and accidents

(Juergens, 1993; Ryrnanenetal., 1993;Cumming, 1998; Leipziget al., 1999; Caramel et al.,

1998; Neutel et al., 1996; Ebly et al., 1997; Tambiyo et al., 1998b). Injury from fails and

accidents is an important and, unfortunately, relatively common problem in the elderly that

has serious implications formorbidityandmortality(Leipzigetal., 1999; Neuteletal., 1996;

Ryyoanen et al., 1993; Juergens, 1993; Ebly et aL, 1997; Mohane et al., 1996). This is

especially true for females who are at higher risk for osteoporosis and who thus have a

greater likelihood of experiencing fractures from a fall or accident (Scientific Advisory

Board, 1996). While several other factors have been identified as risks for injuries from

falling and accidents, benzodiazepine use is one of the few risk factors that is potentially
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modifiable (NeuteletaI., 1996;Ryynanen et al., 1993; Juergens, 1993; Canadian Pharmacists

Association, 2000).

Despite the biological basis for a greater risk of injury from faIIs with

benzodiazepine use,(MacDonaId, 1985) the empirical research presents conflictingevidence

(Kruse, 1990; Cumming, 1998; Leipzig et aL, 1999; Juergens, 1993; MacDonald, 1985). A

review of published studies indicates that there is an increased risk for injuries due to falls

for certain benzodiazepines but there is no agreement as to what dosages, types, specifie

produets orperiod ofbenzodiazepine use are associated with such a risk (Leipziget aL, 1999;

Neutel et al., 1996; Rayet al., 1989; Ryynanen et aL, 1993; Cumming et al.. L993).

Limitations of previous studies inelude lack of control for other risk factors that are

associated with riskoffallingsuch as differentmedications andco-morbidconditions;(Grad,

1997; Mohane et aL, 1996) arbitrary grouping ofbenzodiazepines by therapeutic category;

combining benzodiazepines with differing metabolic half-lives and little or no detailed

information on dosage (Cumming, 1998; Taggart, 1988; Sorock et aL, 1988; Rashiq et al.,

1986; Stevens et al., 1989; Rayet al., L987; Leipzig et al., 1999).

1.2 OBJECTIVES

The objective of this thesis is to determine what aspects of benzodiazepine use put

an elderly patient at risk of injury from falling. In order to do this, l will describe the

magnitude ofbenzodiazepine use with the incidence and prevalence ofindividual produets

in acohortofcommunity-dwellingelderly in Quebec from 1990 to 1994. During this period,

patienteharaeteristics in terms ofdemographic factors and otherrisk factors forfalls will he

evaluated for different tyPes of benzodiazepine use and to predict new use. Incident users
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of benzodiazepines will he observed for a five year Period in arder to evaluate changes in

patterns of use over time.

After completing this description, a cohort study will be conducted to determine the

profiles of the patients t characteristics and benzodiazepine use that are associated with the

highest risk of injury. Patterns of benzodiazepine use that may he associated with risk of

injury will be determined, including cumulative dose, recent dose change, change of

medication, and duration of past exposure. Interactions between variables related to

benzodiazepine use and selected patients' characteristics will also he explored to determine

to what extent the impact ofhenzodiazepine use depends on age, sex, co-morbidity and level

ofdisability. This will allow for the identification ofthose elderly at highest risk and which

specifie benzodiazepines have the highest impact on injuries from falls. This information

will be used to provide insight into the mechanism by which benzodiazepine use may

increase this risk. The long term objective 1S the generation of scientific information that

couldhe used to provide improvedclinical management ofbenzodiazepine use in the elderly.
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2.0 REVIEW OF LlTERATURE

2.1 PHARMACOLOGY OF BENZODIAZEPINES

Benzodiazepines are central nervous system (CNS) depressants that produce their

effects by facilitating the synaptic transmission mediated by the inhibitory neurotransmitter~

gamma aminobutYric acid (GABA) (Canadian Pharmacists Association, 2000). More

precisely~ this action is accomplished by binding to specifie benzodiazepine receptor sites

that are an integral part of the GABAA receptor-chloride channel protein. Single channel

recordings reveal that benzodiazepines increase the frequency ofchannel openings induced

by GABA (Facts and Comparisons, 2000). Evidence suggests that there are at least two

distinct benzodiazepine receptors. One tyPe is associated with sIeep mechanisms while

another is associated with memory, motoi, sensory and cognitive functions (Facts and

Comparisons, 2000). The clinically used benzodiazepines are not selective in this respect.

With these different receptors in various areas ofthe CNS, benzodiazepines are psychotropic

medications that are administered fOi the purpose of affecting the CNS to impact behavior

or psychiatric symptoms.

In general, benzodiazepines are classified as sedative-hypnotics. A sedative drug

tends to decrease activity, moderate excitement and caIm the patient while a hypnotic drug

produces drowsiness and facilitates the onset and maintenance ofsleep (Rail, 1990). Despite

the fact that benzodiazepines are widely used as anti-anxiety agents, their effects on

wakefulness and anxietyare not trulydistinct, therefore anyclassification ofbenzodiazepines

as sedatives versus hypnotics would he somewhat artificial (Rail, 1990; BaIdessarini, 1990).

Benzodiazepines are aIso used in other theraPeutic categories, namely as anti-convulsants
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andmuscle relaxants (Ra1l, 1990; Rall et al., 1990;Baldessarini, 1990; Canadian Pharmaeists

Association, 2000; Facts and Comparisons, 2000; Mosby Ine., 1999).

Clinical indications for benzodiazepines are numerous and include short tenn

insomnia, anxiety and panic disorders, epilepsy, muscle spastieity, alcohol withdrawal,

preoperative and perioperative sedation, as weil as conscious sedation for diagnostic

procedures (Mosby Ine., 1999; Rail, 1990; Marshall et al., 1990; Baldessarini, 1990; Rail et

al., 1990; Uhlenhuth et al., 1999; Uhlenhuth et al., 1998; Nelson et al., 1999).

Benzodiazepines are also prescribed for indications that the product is not labeled foror have

not been investigated (Nelson et al., 1999). These unlabeled uses include management of

irritable bowel syndrome; depression; premenstrual syndrome; chemotherapy inducednausea

and vomiting; psychogenic catatonia; ehronic insomnia; periodic leg movements during

sleep; Parkinsonian dysarthria; aeute manie episodes ofbipolaraffectivedisorder; multifocal

tic disorders; and as adjunctive therapy in the trealment of schizophrenia and neuralgias

(Facts and Comparisons, 2000; Moller, 1999). There are over fifty benzodiazepine

derivatives available for clinical use worldwide(Rall, 1990; Nelson et al., 1999) but only

foUIteen were available by prescription in Canada in 1990 (Canadian Pharmaeists

Association, 2000).

2.1.1 CNS Depression

An interesting and unusual pharmacoLogjcal feature of benzodiazepines is that the

action ofthe drug changes with increaseddoses, but there is a wide margjn ofsafetybetween

therapeutic and toxic doses, even at extremely hign doses (Facts and Comparisons, 2000;

Kruse, 1990; KIein-Scnwartz et al., 1991). Generally, sedative-hypnotics depress the CNS
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in a relatively non-selective, dose-dependent method that progressively produces calming,

drowsiness, sleep, unconsciousness, surgical anesthesia, coma and fatal depression of

respiration and cardiovascular regulation (Rail, 1990). Although benzodiazepines are

considered sedative-hypnotics and consequently, CNS depressants, by themselves they

cannot induce general anesthesia and are essentially unable to cause a fatal respiratory

depression or cardiovascular collapse (Rail, 1990; Argyropoulos et aL, 1999). With

increasing levels, the dose-relatedCNS depression causedby benzodiazepines first produces

a relief of anxiety (calming or drowsiness) followed by anti-convulsant effects, a reduction

in muscle tonus andfinally, sedation and hypnosis (Canadian Pharmacists Association, 2000;

Mosby Ine., 1999). Because of the CNS depression , sorne of the adverse events associated

with benzadiazepines are CNS effects such as an inability ta caordinate voluntary muscular

movements (ataxia), dizziness and over sedation. These adverse events tend to manifest

themselves more specifieally as drowsiness; depression; impaired intellectual funetion;

impaired memory; lethargy; impairedcoordination; dizziness; nausea and/or vomiting; skin

rash; and respiratory disturbances (Rawson et al., 1999; Lader, 1999).

The CNS depressant effects produeed by benzodiazepines are additive when

administeredalong with otherpsychotropicMedications, anti-convulsants, anti-histaminics,

ethanol and other drugs that also cause CNS depression (Mosby Ine., 1999). Even at

recommend dailydosages and without otherCNS depressant drugs, these adverseevents are

more likely to he experienced by the elderly (Canadian Pharmacists Association, 2000;

Hammerlein et aL, 1998; Kruse, 1990; Sumner, 1998; KIotz, 1998). In order to appreciate
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Table 2.1
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Pharmacokinetic properties of benzodiazepines available by prescription in Canada, 199f)'·

•

Elimination
Half-Life:
Benzodiazepine

Approx,
Equiv.

Oral Dose

Timeto
Peak

Plasma

Protein
Binding

(%)

Active
Metabolites

(half-life, hrs)

Properties

Pathwayof
Metabolism

Half-life of
Parent

Compound

Indication

- - -., --- -- r

Ultra-short:
Midazolam 2 0.3-0.5 - Yes (I-4) Oxidation 1.0 ~ 2.8 anesthetic Ci.v.}

Triazolam 0.25 1 - 5 89 No Oxidation 1.5 - 5.5 insomnia

Short-intermediate:
Alprazolam 0.5 1-2 80 Yes (6-20) Oxidation 6-20 anxiety. panic

Bromazepam 3 1~4 70 Yes (8-19) Conjugation 8 - 19 anxiety disorders

Lorazepam 1 1- 5 85 No Conjugation 10- 20 anxiety, agitation

Oxazepam 15 2~4 91 No Conjugation 5 - 20 anxiety disorders

Temazepam 30 2-3 96 No Conjugation 8 - 24 insomnia

Nitrazepam 5 1- 5 87 No Nitro-Reduction 20-40 insomnia, seizure disorder

Long: anxiety, panic, petit mal &
Clonazepam 0.25 1-2 85 No Nitro-Reduction 20- 80 myoclonic seizures

Clobazam 10 1- 3 85 Yes (36-46) Oxidation 10- 30 seizure disorder

Chlordiazepoxide 10 1-4 96 Yes (14-100) Oxidation 10- 30 mild anxiety, tension states with
muscle spasms

Clorazepate 7.5 0.5 - 2.5 95-98 Yes (30-100) Oxidation 30-60
anxiety, tension in psychoneurotic

patients, alcohol withdrawal

Diazepam 5 0.5 - 1.5 98 Yes (14-100) Oxidation 20- 80 mild anxiety

Flurazepam 30 0.5 - 1.5 97 Yes (40-100) Oxidation 0 insomnia

•Compi'ed using information from: Compendium ofPharmaceuticals and Specialities t 35th edition (2000); Argyropoulos SV, Nuit DJ. (1999) The use of
benzodiazepines in anxiety and o.her disorders. European Neuropsychopharmacology 9 SuppI6:S407-S412; Nelson J, Chouinard G. (1999) Guidelines for the
clinical use of benzodiazepines: pharmacokinetic~, dependency, rebound and withdrawal (Canadian Society for Clinical Pharmacology). Canadian Journal of
Clinical Pharmacology 6(2):69-83.
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on the strength of the binding (Benet et al., 1990). The binding varies from 70% for

bromazepam to a1most 99% fordiazepam (Rail, 1990).

Circulating benzodiazepines are initially taken up in tissues with high blood

perfusion, such as the brain, and subsequently redistribute into low perfusion tissues, such

as muscle and then fat (Rail, 1990). Benzodiazepines are metabolized extensively through

various complex pathways. Many are biotransfonned by oxidative reactions, primarily

N-demethylation and hydroxylation yielding often active Metabolites. Oxidative reactions

May be influenced by various factors, such as age, liver disease orco-administration ofdrugs

that May induce ordepress liver-metabolizing enzYmes (seeTable 2.1). Because some ofthe

active Metabolites are biotransformed more slowly than the parentcompound, theycontribute

to the duration of action of Many benzodiazepines (RaU, 1990). For example,

benzodiazepines such as flurazepam, diazepam, clorazepate and chlordiazepoxide have

active Metabolites that are slowly metabolized, can accumulate with chronic dosing and

produce prolonged effects. The active Metabolites and some parent compounds undergo

conjugation with glucuronic acid. This reaction results in loss of biological activityand is

much less influenced by age, disease or drug interactions. Thus, benzodiazepines such as

lorazepam, oxazepam, and temazepam that metabolize through conjugation and do not have

active Metabolites, are not susceptible to accumulation butMay require multiple dailydosing

to sustain therapeutic effects (Canadian Pharmacists Association, 2000; Salzman et al.,

1983).

Within the wide range of therapeutic plasma concentrations, the elimination of

benzodiazepines follows thefirstorderkinetics. Thus theelimination half-life, definedas the
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time required for half of the amount of the compound present in the body to he eliminated,

is one of the main pharmacokinetie parameters (Benet et al., 1990). This parameter may he

used to roughlyeategorize a benzodiazepine as ultra-short (half-life less than 5 hours), short

intermediate (half-Iife less than orequal to 24 hours) or long half-life (greaterthan 24 hours)

as Iisted in Table 2.L For the remainderofthis review, the classification ofhenzodiazepines

by half-life reported in Table 2.1 based on Nelson and Chouinard (1999), will he used

(Nelson et al., 1999). It should be noted that this is not a universal method of classifYing

these drugs, therefore anyexceptions will he noted in the texte

The length of the half-Life determines when plasma concentrations of

benzodiazepines reach a steady state assuming that the drug is administered repeatedly at the

same dose and at the same time intervals (Benet et ai., 1990). This usuallyoccurs after

approximately five elimination half-lives, varYing between a few days and three weeks after

the initial dose of the drug is administered depending on its pharmacological profile

(Canadian Pharmacists Association, 2000; Nelson et al., 1999).

Although half-life is important, ail the phannaeokinetic factors must he considered

when preseribing a specifie benzodiazepine for agiven patient. For example, long half-life

benzodiazepines, such as diazepam have been shown to he absorbed more quickly and with

a faster onset ofclinieal effects than the intermediate-acting oxazepam despite the fact that

oxazepam accumulates less andeliminates significantlyfaster (Salzman et aL, 1983). Which

drug is more appropriate will depend on the patient's situation. In other words, for a

hypnotic agent, the ideal pharmacokinetic profile would provide a rapidonsetofaction when

taken at bedtime with a sufficiently sustained action to facilitate sleep throughout the night
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without residual drowsiness in the morning (Rall, 1990). The pharmacological properties of

triazolam would theoretically fit this profile however, triazolam May eliminate too quickly

therefore causing rebound early moming insomnia (Rail, 1990). Thus, the different profiles

have different clinical consequences and prescribing has to he tailored to best fit the patients'

needs.

2.1.3 Pharmacokinetics and Changes in the Elderly

Using the arbitrary but conventional age of 65 years used by govemments and

researchers to define a person as elderly, the age-related changes in the pharmacokinetics of

benzodiazepines are fairly weil characterized (Kruse, 1990). A similar dose of a

benzodiazepine will he absorbed, distributed, metabolized andexcreted less efficiently in an

older patient (Salzman et al., 1983). Since the effects of beozodiazepines are partly

determined byhow long thedrugremains active in the body, theseage-relatedchanges impLy

a increased risk of adverse events in the elderly (Salzman et aL, 1983).

Specifically, one of the changes seen is a reduction in renal cLearance of

benzodiazepine as a result of decreased renal function in older adults (Sumner, 1998;

Hammerleio et al., 1998). This reduction is more prominent in men than women and

increases the amount of time the benzodiazepines remains in the body as weil as the rate of

accumulation and thus the effective dosage (Sweet et aL, 1998; Sumner, 1998).

Another importantchange is one that occurs in bodycomposition. Olderadults tend

to have less body water, lower levels of the protein that binds benzodiazepines (serum

a1bumin), and, for females in particular, more body fat (Sumner, 1998; Hammerlein et al.,

1998). These changes will resu[t in higherconcentrations ofbenzodiazepines in the plasma

13



• Table 2.2 Cbanges in the pharmacokinetic properties of benzodiazepines in
elderly people.$

Elimination
Half-Life:
Benzodiazepine Clearance

Level

Propertiest

Decreased Increased Half-Life
Clearance

•

•

Ultra-short:
Midazolam High in males in males

Triazolam High in males & females no

Short-
intermediate: High in males in males
Alprazolam

Bromazepam High no no

Lorazepam High no no

Oxazepam High no no

Temazepam High no no

Nitrazepam High no no

Long:
Clonazepam Low no no

Clobazam Low in males in males & females

Chlordiazepoxide Low in males in males

Clorazepate Low no no

Diazepam Low in males in males & females

Flurazepam Low no no

* Adapted from: Kruse WH (1990). Problems and pitfalls in the use ofbenzodiazepines in the elderly•
Drug Safety 5(5):328-44.
t Significant alteration in the elderly compared with younger subjects.
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for discriminating among benzodiazepines (Nelson et al., 1999). They define poteney as

"the affinity of a benzodiazepine compound or its active Metabolites for benzodiazepine

receptors in vivo" and state that pharmacological poteney is "believed to correlate with drug

potency in the clinical sense."(Nelson et al., 1999). High potency benzodiazepines include

triazolam, alprazolam, lorazepam, bromazepamandclonazepam. Oxazepam, temazepamand

chlordiazepoxide are both low potency drugs and clorazepate, diazepam and flurazepam are

medium potency (Nelson et al., 1999). Potency is not related to elimination half-life but

relatively few researchers have made use ofthis type ofcategorization.

Furthermore, the pharmacodynamie changes in benzodiazepines due to aging are not

as easily understood as the changes in pharmacokinetics and are only now beginning to he

elucidated (Hammerlein et al., 1998; Sumner, 1998). A number of studies have shown a

greater variability in the pharmacodYnamie effects of benzodiazepines in the elderly that

result in an increased sensitivity and an enhanced response to the CNS depressant effects of

the Medication (Kruse, 1990; Hammerlein et al., 1998; Sumner, 1998; Klotz, 1998). This

sensitivity occurs even when pharmacokinetic reactions are similar so that even when

absorption, distribution andelimination are the same for the elderly versus youngersubjects,

the effect ofthe drug is stronger in the elderly (Kruse, 1990; Hammerlein et al., 1998; Klotz,

1998; Rasmussen et al., 1999).

2.1.5 Tolerance, Dependence and Discontinuation Syndromes

Aside from the increased sensitivity to benzodiazepines and their adverse effects

related to CNS depression, the pharmacokinetic and pharmacodynamic changes associated

with aging have made elderly people particularly vulnerable to tolerance, physiological
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and/or psychological dependence, and effects from discontinuation such as recurrence,

rebound orwithdrawal symptoms (Nelson et al., 1999; Moller, 1999). Tolerance is helieved

to occur with prolonged clinical exposure and is defined as a diminishment in the efficacy

of the drug with a repeated use so that higher doses are required to produce the same effect

(Mayo et al., 1993; Nelson et al., 1999). The development of tolerance to the anti

convulsant, sedative and psychomotor effects has been well documented in aU age groups,

however there seems to he less tolerance to the anxiolytic effect of benzodiazepines (Nelson

et aL, 1999; Trevor et al., 2000; Kruse, 1990).

While increasing dosage attributed to tolerance can facilitate the development of

dependence, it is not a necessary factor and the two phenomena are distinct (Nelson et al.,

1999; Trevor et al., 2000; MoIler, 1999). Following conventions developed by the World

Health Organization, benzodiazepine dependence is now defined as a syndrome that includes

both the psychological aspects, previousLy described as "addictive behaviours", and the

physiological aspects (Nelson et al., 1999; Kan et al., 1997). Traditionally, dependence

referred to physical manifestations of withdrawal caused by the body's biological adaption

to long term drug use (puntillo et al., 1997). This physiologicaL dependence can develop

without the characteristics of addiction, which implies use for non-medical and/or

pleasurable reasons, and cao he defined as "the development of clinically meaningful

discontinuation symptoms following abrupt withdrawal"(Salzman, 1998). Elderly people

are particularly susceptible to benzodiazepine dependence since the factors that play a role

in the development of physiological dependence include drug dose, duration,

pharmacological properties of the particular benzodiazepine (such as speed of drug
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elimination), co-morbidityandpredisposition ofdifferent users (Martinez-Cano etal., 1999;

Holroyd et al., 1997; Kan et al., 1997; Nelson et al., 1999; Ashton, 1994).

Information regarding the incidence and prevalence of benzodiazepine dependence

is controversial since dependence may occureven at therapeutic doses making it difficult to

distinguish between those who maintain therapy to avoid painful withdrawal symptoms and

those who require it long tenn to treat chronic conditions such as anxiety (Moller, 1999;

Woods et al., 1992; Marks, L985; Kruse, L990). Although experts agree that dependence can

develop during treatment with any benzodiazepine, there is sorne evidence that those

medications with a high potencyand short elirnination half-life pose a greater risk (Nelson

et al., 1999; Moller, 1999; Uhlenhuth et al., 1999; Kruse, 1990; Ashton, 1994).

Dependence on benzodiazepines tends to be a problem because of the three types of

symptoms associated with discontinuation: recurrence, rebound and withdrawal (Nelson et

al., 1999). Recurrence or relapse symptoms are those symptoms that retum aftertenninating

benzodiazepine use and are similar in tyPe and magnitude to pre-benzodiazepine levels.

Rebound symptoms are also similar to the original symptoms, only more intense. Finally,

withdrawal symptoms are new symptoms that occur with abrupt discontinuation and were

not present before benzodiazepine use (Nelson et al., 1999). These symptoms can include

depressed mood (dysphoria), depersonalization, loss ofappetite, headache, nausea, fatigue,

nausea, weakness, dizziness, muscle aches and twitches, and perceptual disturbances (Nelson

et al., 1999; Schweizeretal., 1998; Lader, 1999). Any ofthese symptoms cao cause serious

difficulties in the eldedy, especially if benzodiazepine termination is abrupt (Kruse, 1990;

Schweizeret al., L998; Nelson et al., 1999; Lader, 1999; Olivier et aL, L998)•
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A full understanding of the consequences of sensitivity to the effects of

benzodiazepines and the implications for tolerance, dependence and discontinuation

symptoms in elderly people is facilitated by a review of the extent and patterns of

benzodiazepine use.

2.2 BENZODIAZEPINE USE IN THE ELDERLY

According to the U.S. Census Bureau, as ofJuly 1, 1999, 12.6% orthe United States'

population was 65 years ofage orolderwith 7.4% ofthat being female and 5.2% being male.

In the United States in 1999, approximately 34.5 million people were 65 years of age or

older. These estimates are mirrored in Canadian statistics. According to Statistics Canada,

12.4% of the 1999 population was 65 years of age or older with 7.1% females, and 5.3%

males. In an ofCanada, this equates to roughly 3.7 million elderly with 0.9 million ofthese

residing in Quebec. Percentages throughout the provinces are similarand these figures have

remained fairly stable since the early 1990's, with only slight increases.

2.2.1 Prevalence of Sedative-Hypnotic Use

This relatively small population is a large consumer of prescription drugs, in

particular, benzodiazepines (Gleason et aL, 1998; Dealberto et aL, 1997; Jorm et al., 2000;

Kirby et al., 1999; Tamblyn et aL, 1994). However, the estimated rates of use vary

considerablyaccording to geographic locations, time frame, sourceofdata and methodology.

White there are some inconsistencies among reports, a review ofavaitable information will

help provide an idea of the magnitude of benzodiazepine use. For instance, a study by

Wysowski and Baum (1991) using data from two pharmaceutical marketing research

databases in the United States, found that 20.8 million prescriptions were dispensed for
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sedative-hypnotic drugs in 1989 (Wysowski et al., 1991). In the 1990 Canadian population,

Rawson andD'Arcy (1998) estimate that the twelve month prevalenceofsedatives-hypnotics

was 10.7% for self-reported use (Rawson et al., 1998).

2.2.2 Prevalence of Sedative-Hypnotics Use in the Elderly

Wysowski and Baum (1991) also found that 17.9 million of the sedative-hypnotic

prescriptions disPensed were for benzodiazepines (86%) and of these, 49% were disPensed

to patients overthe age of60 years (Wysowski et aL, 1991). While no specifie details were

provided for benzodiazepine use, information on sedative-hypnotie use in Canada showed

similar estimates in older age groups. For example, information taken by Rawson and

D'Arcy (1991) from a national survey conducted in 1985 determined that 20% of men and

30% of women aged 65 years and over reported using sedative-hypnotics in the last 12

months (Rawson et aL, 1991). In 1989, 12% of elderly men and 17% of elderly women

reported using this type of medication in the last 30 days (Rawson et aL, 1991).

2.2.3 Prevalence of Benzodiazepine Use in the Elderly

A study in the Netherlands by van Hulten et al (1997), using pharmacy records for

drugs dispensed, estimates that Il% of their total population received a benzodiazepine

during 1990, with mostofthe users being overthe ageofSS years (van Hulten et al., 1998).

More detailed information on benzodiazepine use in the elderly was found in a cohonstudy

ofcommunity dwelling elderly in the United States conducted by Dealberto et al (1996) in

1988 thatestimatedthat 6% oftheirparticipants reported taking a benzodiazepine sometime

in the two weeks prior to the interview (Dealberto et al., 1997). A similar- study conducted

by Gleason et al (1998) in a different location in the United States in 1990 that used
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interviewers to establish a Medical inventory for each subject, found a higher prevalence of

almost 10% for benzodiazepine use during a two week period for participants 65 years or

older (Gleason et al., L998). This rate was close to the point prevalence found in a study by
•

Tayloret al (1998) from Liverpool, England in 1991 where almost Il% ofthe elderly sample

reported currently taking benzodiazepines when interviewed (Taylor et al., 1998). A

population ofcommunity dwelling elderly in Ireland were interviewed by Kirby et al (1999)

between 1993 and 1997 and 17% reported taking benzodiazepines at the time of the

interview (Kirbyet al., 1999). A similar estimate of point prevalence was also found in a

study by Jorm et al (2000) from Australia that interviewed participants that were 75 years or

older three times over a 5 year period starting in 1991 CJonn et aL, 2000). In this slightly

older group, 16% of the participants reported taking benzodiazepines in aIl three interviews

and 19% reported taking benzodiazepines in at least one ofthe interviews (Jorm et al., 2000)•

Whereas the estimated prevalence rates of benzodiazepine use in the elderly for

Canada vary according to province, they rernain within a similar range. In the less denseLy

populated province of Saskatchewan, D'Arcy and Blackburn (L994) found that based on

records from the comprehensive health care databases, 12% of males and 20% offemaLes

over the age of 65 were dispensed a benzodiazepine prescription in 1989 (D'Arcy et al.,

1994). This rate was lower than that previously estimated in Canada. Higher rates were

found in Nova Scotia by Rojas-Femandez et al (1999) where records from the provincial

administrative database indicated that 28% ofthe senior population filled a prescription for

benzodiazepines in 1993 and 24% in 1996 (Rojas-Fernandez et al., 1999). The highest rates

ofbenzodiazepine prescription were found in Quebec by Tamblyn et al (1994) where drug
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information from the provincial databases indicated that 51% ofelderly females and 33% of

elderly males filled prescriptions in 1989 (Tamblyn et al., 1994). It is difficult to establish

if these differences reflect actual rates of benzodiazepine use and are simply due to

differences Methodologies used by the researchers taestimate the rates (Tamblm et aL, 1994;

Rojas-Femandez et aL, 1999; D'Arcy et aL, 1994).

Ali of these estimates are for elderly who were not institutionalized or hospitalized,

Le. were living in the community. Prevalence rates for institutions tend ta be higher(Kruse,

1990) with a review by Kruse (1990) on survey data reporting an average point prevalence

of 50% among nursing home residents in Denmark, 60% in Australia,(Woods et al., 1992)

and 41% in the United States (Kruse, 1990; Woods et al., 1992). A more recent study by

Schjott, Opedal and Rutledal (1999) conservatively estimated from drug administration

records that 25% ofthe elderly in nursing homes received benzodiazepines on the dayofthe

study (Schjott et aL, 1999). Another study by Zisselman (1994) looked at benzodiazepine

use in a university hospital for consecutive admissions during a six. month period and using

the pharmacy database, estimated that 41.2% of the patients over the age of 65 received

benzodiazepines (Zisselman et al., 1994). This finding was similar to the findings from a

study of a Toronto Hospital reported in a review by Woods et al (1992) that estimated using

pharmacy records that during one month, 42% ofelderly patients received a benzodiazepine

prescription (Woods et al., 1992). These prevalence rates are considered separately, since

factors influencing the use ofbenzodiazepines in institutions and/orhospitals tend to he very

different from those factors influencing benzodiazepine use in the elderly living in the

22



•

•

•

community (Woods et ai., 1992; Kruse, 1990; Grad et al., 1999). The remainder of this

review will focus on community-dwelling elderly.

2.2.4 Incidence of Benzodiazepine Use in the Elderly

The incidence of benzodiazepine use in the elderly is not as well documented as the

prevalence. In the 1988 study by Dealberto (1997) conducted in the United States, the

researchers found that 12% of the elderly participants who had not reported using

psychotropics at the first interview, reported starting use within 3 to 6 years (Dealberto et al.,

1997). Rates restricted specifically to benzodiazepines were not provided. In the Tayloret

al (1998) Liverpool study of the elderly, 2.5% of the cohort reported beginning to use

benzodiazepines by the second interview that occurred 1 - 2 years after the initial contact

(Taylor et al., 1998). The authors note that this relatively low incidence rate reflected the

predominance ofprevalent and long-term users ofbenzodiazepines in the original interview

(Taylor et al., 1998).

In Canadian studies, based on administrative drug records D'Arcy and Blackburn

(1994) found an incidence rate of 12.4 per 1,000 females in Saskatchewan aged 65 - 69 in

1990 and 10.7 pet L,OOO males in the same age group (DtArcy et aL, 1994). [n the Quebec

study byTamblyn et al (1998), aIso basedon provincial drug records, exposure rate incidence

was LO% in 199Lin the elderly(Tamblyn et al., 1998b). These relatively low incidence rates

probably reflect the high levels of elderly already using benzodiazepines by the age of 65.
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2.2.5 Patterns of Benzodiazepine Use in the Elderly

While the prevalence and incidence rates give an indication ofthe numberofelderly

eitherstarting to orcurrently taking benzodiazepines, they do not give the whole picture. For

a clearer idea of benzodiazepine use in the elderly, patterns of usage must he examined. In

other words, which types of benzodiazepines are being used, how long they are used for,

what dosage is used, how often one benzodiazepine is replaced by or added to another, and

what other Medications might he taken simultaneously.

First, benzodiazepine consumption tends to he characterized by long periods of use

regardless of the age of the patient (van Hulten et al., 1998; Balestrieri et al., 1997; Wilcock

etal., 1999). The maximum defined daily doses (DDD) as established by the World Health

Organization(WHO Collaborating Centre for Drug Statistics Methodology, 2000) and the

recommended period of usage for benzodiazepines by the drug manufacturers as published

in the Compendium ofPharmaceuticals and Specialties(Canadian Pharmacists Association,

2000) are summarized in Table 2.3. Basedon both self-reports and administrative databases,

the misuse ofbenzodiazepines seemed to the highest in the 1970's anddespite sorne tapering

in the 1980's, a review of more recent literature indicates that recommended doses and time

periods are still often exceeded (Kruse, 1990; Woods et al., 1992; Olfson et al., 1994;

Simpson et al., 1990).

In a survey ofover seven thousand consecutive Italian pharmacy patients presenting

a hypnotic drug prescription in 1994, Balestrieri etal (1997) found that 96% ofthe dispensed

prescriptions were for benzodiazepines and of these approximately 73% of the patients

rePOrted taking the drug for a yearor more (Balestrieri et al., 1997). The long-term. users
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Table 2.3 Recommended daily doses acconling to the World Health

Organization (WHO)- and Compendium of Pharmaceuticals and
Specialities (CPS),t available dosages*and manufacturers
recommended use for benzodiazepines, 1990.

Benzodiazepine
(Brand Name)

WHO
Defined

Daily Dose
(mg)

Available
Doses
(mg)

CPS Dermed Daily
Doses for Elderly

Manufacturers'
Recommended Duration or
Use

•

•

Midazolam 15 1 mg/ml 2mg-3 mg Used as a premedicant
(Versed) 5 mg/ml injection under physfcian

supervision.

Triazolam 0.25 0.125 0.125 mg Treatment should not exceed 7
(Halcion) 0.25 - 10 consecutive days.

Alprazolam 1 0.25.0.5 initial dose: Clinical studies are limited to
(Xanax) 1.0.2.0 0.125 mg x 2 - 3 4 months but benefit seen up

(total =.25-.375 mg) to 8 months.

Bromazepam 10 1.5.3.0 initial: s3 mg in Initial course of treatment
(Lectopam) 6.0 divided doses should not exceed 7 days.

Lorazepam 2.5 O.s. 1.0 initial: ~0.5 mg in Initial course of treatment
(Ativan) 2.0 divided doses should not exceed 7 days.

Oxazepam 50 10.0. 15.0 10 mgx 3 Clinical studies Iimited to 4
(Serax) 30.0 (total = 30.0 mg) months or less.

Nitrazepam 5 5.0 initial dose: 25 mg Treatment should not exceed 7
(Mogadon) lO.O max dose: 5.0 mg - 10 consecutive days.

Temazepam 20 15.0 initial dose: l5 mg Treatment should not exceed 7
(Restoril) 30.0 - 10 consecutive days.

Clobazam 20 lO.O initial: 5-15 mg No information given -used as
(Frisium) max. dose: 80 mg adjunctive forepilepsy.

Clonazepam 8 0.25.05 8 -10 mg Minimum of3 months - alone
(Rivotril) 1.0.2.0 divided in 3 doses or adjunctive for seizures.

Chlordiazepoxide 30 5.0, 10.0 5mgx2-4 No information given.
(Librium) 25.0 (total =10 - 20 mg)

Clorazepate 20 discont. 3.75 mg Should he limited to the
(Traxene) after 1990 duration of the episode

requiring symptomatic relief.

Diazepam 10 2.0.5.0 initial:2 mg x 1 - 2 As short as possible but
(Valium) 10.0 (total: 2 - 4 mg) should not exceed 2-3 months.

F1urazepam 30 15.0 15 mg Treatment should not exceed 7
(Dalmane) 30.0 -10 consecutivedays.

* WHO Collaborating Centre for Drug Statistics Methodology. (2000) Anatomical therapeutic chemical
classification index with defined daily doses.
t Compendium ofPharmaceuticais and Specialities~35th edition (2000).*List ofMedications. Quebec Health Insurance Plan [Liste de medicaments, Regie de l'assurance maladie

du Quebec].
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were predominantly elderly (82%) and female. Over 71% of the patients taking a longer

acting benzodiazepine (defined as a half-life greater than 24 hours; mainLy flurazepam)

exceeded 12 months ofuse and only 6% had used the drugs for less than a month (Balestrieri

et al.~ 1997). In the Dutch 10 year cohort study by van Hulten et al (1998)~ according to

pharmacyrecords, 31% ofbenzodiazepine users exceeded 180 days ofcontinuous use during

1992 and another 30% had 30 to 180 days of use~ resulting in over 60% of the sample

exceeding 30 days of use (van Hulten et aL, 1998). While the use of the long half-life

benzodiazepines such as diazepam and flurazepam had decreased from the levels reported

for 1983~ in 1992 they still accounted for more than 20% of benzodiazepine prescriptions

dispensed in this community in the Netherlands (van Hulten et aL, 1998). Overall~ these

studies demonstrated that overhalfofthe benzodiazepine users exceed the recommended 30

days for ail adult age groups in the population (Woods et aL, L992; Balestrieri et aL, 1997;

van Hulten et al., 1998).

This trend of long term use tends to be even more pronounced in the elderly (Kruse,

L990). In the Australian cohort study ofbenzodiazepine use by elderly over the age of75 in

1991~ Jorm et al (2000) found that almost 38% of the participants reported using

benzodiazepines forthree years or more (Jorm et al., 2000). In the Liverpool longitudinal

cohort study started in 1989, Taylor et al (1998) found that 70% of the elderly participants

reported taking benzodiazepines for at least one to two years and 69% reported still taking

them two years later (Taylor et al., 1998). The more recent study conducted in Nova Scotia

by Rojas-Fernandez et al (1999), found that despite a decrease in the prevalence of

benzodiazepine use exceeding 30 days from the beginning ofthe study in 1993 until the end
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in 1996, according to provincial records, the rate was still 17%, with 10% exceeding 90 days

(Rojas-Fernandez et aL, 1999)..

The potential risks associated with benzodiazepine use in the elderly tend to be

increased not only by long term use but aIso by use of longer half-life benzodiazepines,

multiple prescriptions, increased use for females, and concurrent use of other medications

(Kruse, 1990; Wilcock et al., 1999; Tayloret al., 1998; Kirby et al., 1999; Rojas-Fernandez

et al., 1999; TamblYn et al., 1994; Woods et al., 1992; Simon et al., 1996). In the Liverpool

study byTayloret al (1998), at the last interview conducted sometime between 1993 to 1995,

almost 13% of the reported medications were long half-life benzodiazepines of the type

mainly used as hypnotics (Tayloret aL, 1998). A study ofquestionable prescribing practices

in Quebec in 1990 by TamblYQ et al (1994) found that according to database records, 36%

ofthe elderly population were taking benzodiazepines longer than 30 days, 15% were taking

long hali-life benzodiazepines and almost 16% were taking either two benzodiazepines or

a benzodiazepine and a sedative (Tamblyn et al., 1994). The prevalence of potentially

inappropriate prescribing was higher in females and in the 75 to 79 year age group primarily

because psychotropic drugs were more likely to he prescribed to this sub-population

(TamblYn et al., 1994). Another study of Quebec elderly by Egan et al (2000) reported a

twelve-month prevalence of long-term continuous use ofbenzodiazepines of 19.8% (Egan

et al., 2000b). The 1990 study in the United States by Gleason et al (1998) found that the

second Most frequentlyreported prescribed benzodiazepine for the elderly sample was the

long half-life anxiolytic diazepam (18%) (Gleason et al., 1998). Although other Medication

use was not measured in that particular study, almost 10% ofthe participants reported using
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more than one benzodiazepine (Gleason et al., 1998). In the elderly cohort study conducted

by Rojas-Fernandez et al (1999) in Nova Scotia, according to database records, prescriptions

ofbenzodiazepines with half-lives greater than 24 hours accounted for approximately 7% in

1993/94, and 6% in bath 1994/95 and 1995/96 of all benzodiazepine prescriptions (Rojas

Fernandez et al., 1999). Almost twice as Manyelderly females used benzodiazepines (30%)

compared to elderly males (17%) and females were also more likely to use the longer half

life benzodiazepines (Rojas-Fernandez et aL, 1999). For most of the benzodiazepines, the

mean dailydosages, calculated using prescription information, exceeded the recommended

maximum dailydoses forelderly patients (Rojas-Fernandez et aL, 1999). The recommended

maximum daily doses were established based on clinical guidelines and from drug

monographs (Rojas-Fernandez et aL, 1999).

The more recent study in Dublin by Kirby et al (1999) with data collected on the

elderly from 1993 to 1997, found that as Many as 51% of users reported a prescription for

a benzodiazepine with a half-Iife greater than 24 hours (Kirby et aL, 1999). This trend was

more pronounced for benzodiazepines used as sedatives (77%) compared to those

benzodiazepines used as hypnotics (35%). The Dublin study also found that 8% of

benzodiazepine users reported using another benzodiazepine and Il% were using a

psychotropic from a different class of drugs (Kirbyet al., 1999).

The information from these studies along with other research on polypharmacy

suggest that benzodiazepine prescriptions often diverge from recommended use in the

elderly. This raises the issue ofthe sequellaofsuch patterns ofbenzodiazepine usage. One

of the major concems is that non-optimal benzodiazepine use in the elderly could increase
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the risk of injury from faUs and/or accidents due to the CNS depression effects (Cumming,

1998; Leipzig et al., 1999; Tamblyn, 1996; Juergens, 1993).

2.3 BENZODIAZEPINES AND THE RISK OF INJURY

While the biological argument that certain of the CNS depression effects of

benzodiazepines might increase the likelihood that an elderly user would faH or have an

accident seems fairly straightforward,(MacDonald, 1985) empirical research findings have

been less clear (Kruse, 1990; Cumming, 1998; Leipzig et aL, 1999; Juergens, 1993;

MacDonald, 1985). The results of studies using data from the 1970's and 1980's vary with

several researchers concluding thatbenzodiazepines had no effect on the risk offractures and

faUs (Taggart, 1988; Rashiq et aL, 1986; Stevens et al., 1989; Sorock et aL, 1988; Jensen et

al., 1991; Weintraub et al., 1993). Some researchers even suggested that certain

benzodiazepines might have a protective effect (Rashiq et al., 1986). Still other researchers

concluded that there was a significant increase in risk(Ryynanen et al., 1993) but mainly for

benzodiazepines with half-lives greater than 24 hours (Rayet al., 1987; MacDonald, 1985;

Rayet al., 1989).

A similar pattern is found in research on automobile accidents and benzodiazepines,

with several researchers finding no relationship(Jick et al., 1981; Barbone et al., 1998;

Leveille et al., 1994)while others reported an increased risk(Skegg et al., 1979; Rayet al.,

1992) especially for benzodiazepines with half-lives greater than 24 hours (Hemmelgarn et

al., 1997; Ray, 1997). The factors affecting driving are very diverse and only affect those

elderly who are still active drivers. The intensity of driving, which is very difficult to

measure accurately, is potentially a major confounder since the subjects at higher risk of
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cognitive impairment are less likely to drive often. These factors make driving accidents a

problematic outcome, especially for database studies. On the other hand, falling is a

significant risk for ail elderly people with potentiaIly serious sequellae. Forthis reason, most

of the research focus has been on the risk of injury From faIls and the remainder of this

review will focus on this specifie risk.

Many of the studies that evaluated the risk of falls associated with benzodiazepine

use grouped the medications as sedatives and hypnotics, and failed to control for differing

half-lives orto adequatelycontrol forconfounders (Kruse, 1990; Ral1, 1990). Anyfactorthat

is related to either increasing or decreasing the risk of falls in the elderly is a potential

confounderin an analysis ofthe association between benzodiazepines and injuries from Falls

(Rothman et aL, 1998b). Given the serious implications forfalls in the elderly, many studies

have identified a variety of potential risk factors for injuries from falls in this population

(OLoughlin et aL, 1993; Prudham et al., 1981; Campbell et aL, 1989; Mayo et aL, 1993;

Tinetti et aL, 1988; Campbell et aL, 1990; Close et aL, 1999; Tinetti et aL, 1989). Table 2.4

summarizes the results from studies that focused specificallyon risk factors in eommunity

dwelling elderly. Severa! other studies have focused on specifie risk factors and have

identified loss of bone density due to osteoporosis and/or aging in women,(Melton et aL,

1986; Cummings etai., 1993; Melton et al., 1987; Melton et aL, 1988; Scientific Advisory

Board, 1996; Campbell et aL, 1990) and the numberofchronie disabilities, including visuaI

impairment,(Felson et al., 1989; Tinetti et ai., 1986; Mohane et al., 1996) as increasing the

risk for injurious falls. Otherfaetors that mayincrease theriskofinjuries from faIls incLuded

certain chronie diseases such as stroke, heart disease, cognitive impainnent and arthritis
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Study Study Des~ription
Factors Asso~iatedwith Signifiœnt
In~reasedRisk of Injurious Falls

O'Loughlin, 1.5 year follow-up of -older age
Robitaille, Boivin & 409 elderly -days of limited activity
Suissa (1993) (65 years +) -respiratory disorder

-high activity levels

Prudham & Evans survey of2,193 -olderage
(1981) elderly -sex.

(65 years +) -diuretics, anti-psychotics
-history of stroke or heart disease

Campbell, Borrie & 1 year follow-up of -stroke
SPears (1989) 761 elderly -lower extremity arthritis

(70 years +) -total number of Medications
-psychotropic Medications

Tinetti, SPeechley & l year follow-up of -sedatives
Ginter(1988) 336 elderly -cognitive impairment

(75 years +) -lower extremity disabilities

Koski, Luukinen, 1 year foUow-up of -cardiac Medications
Laippala, & Kivela. 979 elderly -lower extremity disabilities
(1996) (70 years +)
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(Buchner et al., 1987; Prudham et al., 1981; Campbell et al., 1989; Tinetti et aL, 1988;

Stevens et al., 1989; Ryynanen et al., 1993). Many studies have also focused on the role

medications play in altering the riskoffalling (Mohane etaL, 1996; Cumming, 1998; Leipzig

etal., 1999; MacDonald, 1985). Certain drugs such as thiazidediuretics have been found to

have a protective effect for the risk of injury(Cumming, 1998; O'Loughlin et al., 1993;

Taggart, 1988; Rashiq et al., 1986) while otherdrugs such as psychotropic medications other

than benzodiazepines, contribute to an increased risk of falls or injury from falls (Tinetti et

al., 1988; Mayo et al., 1993; Campbell et al., 1989; Prudham et al., 1981; Ebly et al., 1997;

Jensen et al., 1991; Ryynanen et al., 1993; Sobel et aL, 1983; Mohane et al., 1996).

2.3.1 Review of Published Studies of the Association Between Benzodiazepine Use
and Risk of lnjury from Falls

In a recent review of psychotropic medication and the risk of falls in the elderly,

Cumming (1998) Iisted 16 studies from 1981 to 1995 that dealt with community-dwelling

elderly (Cumming, 1998). Of these studies, only three examined benzodiazepines

specificallyand results were inconclusive, with statistically non-significantodds ratios of0.6,

1.5 and 1.7 (no confidence interval glven) (Cumming, 1998). Cumming (1998) also noted

the same conflicting evidence for short versus long acting benzodiazepines and concluded

that the dosing May he more important than type ofbenzodiazepine (Cumming, 1998). None

of the studies in the review included information on dosing for benzodiazepines. Several

other studies conducted in the early to mid 1980's found no significant effects for

benzodiazepines on the risk of falls or fractures. However, most of these studies did not

control for any confounders other than age or gender (Taggart, 1988; Sorock et al., 1988;

Rashiq et aL, 1986), one study used hospital controls for hip fractures (Stevens et al., 1989)
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and the other study did not classify benzodiazepines separately from other psychotropic

Medications (Rayet al., 1987).

Similar methodological problems were found in a meta-analysis by Leipzig et al

(1999) of 40 studies conducted during the period from 1983 to 1993 (not including the

above-mentioned studies) that examined the link between psychotropic drugs and falls in

patients over 60 years old. Leipzig et al (1999) reported a pooled odds ratio of L44 (95%

CI, 1.09 - 1.90) for short acting (half-life s24 hours) benzodiazepines but no significant

effect for long acting (half-life >24 hours) products (O.R.=1.32; 95% CI, 0.98 - 1.77)

(Leipzig et al., 1999). However, only 14 out of the 40 studies included information specifie

to benzodiazepines and the authors noted that only nine of these studies were able to provide

separate data on short and/or long acting benzodiazepines (Leipzig et al., 1999).

Furthermore, although stratified analyses were used to control for age, with a eut-off at 75

years, residence and use ofother Medication, few of the studies reported information on any

other confounders for falling and no mention was made of dosing (Leipzig et al., 1999).

More recent studies have reported sorne significant findings but still seem to have

apparently conflicting conclusions. For instance, Neutel et al (1996) found that in a case

control study ofhospital admissions due to injuries from falls in the Saskatchewan Health

Databases from 1979 to 1986 for ail ages, the highest risk of serious injury due to falls for

people over 60 years was for men filling a prescription for benzodiazepine hypnotics

(triazolam or flurazepam) four weeks prior to the injury with an adjusted odds ratio of4.0

(95% CI, 2.4 - 6.6). The next highest risk was also for men filling a prescription for

benzodiazepine sedatives (oxazepam, lorazepam ordiazepam) fourweeks priorto the injury

33



•

•

•

with a reported adjusted odds ratio of 2.5 (95% CI? 1.4 - 4.3). Wornen filling a prescription

for benzodiazepine hypnotics and sedatives? four weeks prior to an injury had a lower risk

for injuries due to faUs with odds ratios of2.3 (95% CI? 1.7 - 3.2) and 1.6 (95% CI, 1.2 - 2.3)

resPectively (Neuteletal., 1996). When examiningthe five individual benzodiazepines? the

authors found that all the drugs had statistically significant increased risks among subjects

60 years and older, however the long acting flurazepam had the highest odds ratio of 3.4

(95% CI, 2.5 - 4.7) followed by the short acting triazolam with 2.7 (95% CI? 2.0 - 3.6)

(Neutel et aL, 1996). While the authors did adjust for age, sex and concomitant use ofother

sedatives, a lack of information in the database did not allow for control of mental and

physical status, or dosage (Neutel et aL, 1996).

ln another case control study using the Saskatchewan Health Database conducted

over a similar time frame, from 1977 - 1985, Ray, Griffin and Downey (1989), estimated the

risk ofhip fracture in subjects over65 years ofage (Rayet aL? 1989). The authors compared

current benzodiazepine use in short acting (half-life ~24 hours) versus long acting (half-life

>24 hours) benzodiazepines. Afteradjustingforsex? age, calendaryear, residence status? and

historyofhospitalization, the relative riskofhip fracture associated with fi llinga long-acting

benzodiazepine prescription within the preceding 30 days was 1.7 (95% CI, 1.5 - 2.0)

however, the risk for short-acting benzodiazepines was non-significant (relative rislc LI;

95% CI, 0.9 - 1.3) (Rayet al., 1989). Unlike the previous study, the authors did not find a

statistically significant effect for individual drugs but tbis studyfocused on hip fractures and

excluded other injuries due to falls (Rayet al.? 1989).
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In an interesting case control study conducted from 1987 to 1988 y Ryynanen et ai

(1993) investigated Medications and chronie diseases as risk factors for fails that required

Medical treatment (Ryynanen et al. y 1993). Both eases (n=380) and controls (n=342) were

required to give a sample of blood to determine serum benzodiazepine concentration. In a

multiple logistie regression analysis y after adjusting for an extensive list ofchronie diseases,

mental capacity, other medication use, and age, serum benzodiazepine was found to have a

significant odds ratio of 3.3 (95% CI, 1.6 - 6.9) for men and 3.9 (95% CI, 1.6 - 6.9) for

women for the risk of falls. The researchers found that information from interviews on

Medications taken 24 hours before the fall showed an under-reporting of 10 - 15% for

benzodiazepine use compared with serum concentrations (Ryynanen et al., 1993). The

authors believed that this under-reporting may be due to sorne of the longer acting

benzodiazepines still havingderivatives in the bloodseveral days aftertakingthe medication

(Ryynanen et ai., 1993). While the evidence for benzodiazepines increasing the risk ofa fall

seems very convincing, the study design did not allow for further investigations of specifie

products and patterns of use.

In another study, using data collected in 1991 by the Canadian Study ofHealth and

Aging, Ebly et al (1997) collected self-reported information on history of falls and

Medication use to examine the risk of faIls in 10,263 elderly subjects (Ebly et al., (997).

Benzodiazepines were classified according to short versus long acting with duration of use

dichotomized into less than or greater than 30 days. However, the authors did not indicate

what specifie criterion was used for classifYing short versus long or what specifie

benzodiazepines were included (Ebly et aL, 1997). After adjusting for age, sex, mental
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health status, depression, other Medication, Parkinson's disease and narcotic use,

benzodiazepines remained a significantpredictorforadverse outcomes including falls (Ebly

etaI., 1997). In subjects thatwerecognitivelynonnal, thefrequencyoffalls was60% greater

in benzodiazepine users than in non-drug users (Ebly et aL, 1997). The authors did not find

a difference for short versus long acting benzodiazepines or for use less than 30 days

compared to use greater than 30 days (Ebly et al., 1997). Ebly et al (1997) caution against

extrapolation of their results to the general elderly population since the original study pre

selected subjects mainly on the basis of cognitive impainnent and residency (Ebly et aL,

1997).

In an Australian case control study, Cumming and Klineberg (1993) estimated the

risk of hip fractures for self-reported benzodiazepine use in 209 elderly cases and 207

controls during 1991. Four different benzodiazepines were examined (diazepam,

nitrazepam, oxazepam and temazepam). A significant increase in risk with use was found

only for the short acting temazepam with an adjusted odds ratio of 3.52 (95% CI, 1.07

11.54) (Cumming et aL, 1993). After adjusting for age, sex, type of residence, alcohol

consumption, body mass index, cognitive status, dairy product consumption, health status,

physical activity, proxy status, smoking history and use ofother Medications, the odds ratio

for any benzodiazepine use was not significant (1.55; 95% CI, 0.95-2.54) (Cumming et al.,

1993). However, the study also failed to find a statistically significant effect formany other

Medications that have previously been implicated as risk factors for hip fractures; likely

because the study lacked statistical power to detect these effects (Cumming et al.~ 1993).
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The differences in statistically significant findings among these more recent studies

are depicted graphically in Figures 2.1 and 2.2.

2.3.2 Comparison of Methods Used in Published Studies of Association Between
Benzodiazepine Use and Risk of Injury from Falls

The lackofconsistency in results for published studies on the use ofbenzodiazepines

and the risk of injury from faUs May he due to differences in methodology and sources of

data. A detailed examination of the methods used in the previously reviewed studies show

substantial deficiencies in sources ofdata; study design and population; ascertainment and

representation of different aspects of henzodiazepine use; measurement and tyPe of injury

used for outcomes; adjustment for confounders; and methods for statistical analyses. Each

of these methodological features will he reviewed in brief.

2.3.2.1 Stlldy Design and Data Source

Cumming and K1ineberg (1993) in their Australian study and Ryrnanen et al (1993)

in their Finnish study both used a case-control design~(Cumminget a1.~ 1993; Ryynanen et

al., 1993) while Ray, Griffin and Downey (1989) used a nested case-control design drawn

from the Saskatchewan Health Databases (Rayetal.~ 1989). Ebly~ Hogan and Fung (1997)

used collected data to conduct a retrospective analysis (Ebly et al., 1997). The data was

obtained from a cohort enrolled in the Canadian Study of Health and Agjng that was

originallydesigned to determine the prevalence ofdementia in Canadians 65 years and older

(Canadian StudyofHealth and Aging WorkingGroup, 1994). Finally~Tamblyn et al (1998)

and Neutel et al (1996) used extensive databases to conduct cohort studies on the elderly

populations in Quebec and Saskatchewan~respectively (Neutel et al., 1996; Tamblyn et al.~

1998b).Population based sludies are morerobust in that they are less susceptible to selection
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• Figure 2.2 Risk ratios with 95% confidence intervals (CI) Cor recent published
studies tbat reported results Cor specifie benzodiazepines with long
e6mination balC-lives (~24 hours).
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controls with a lowerrate forcontrols. The non-responders may have differedsystematically

from the responders on an important factor, forexample health status, and with the different

rates among cases and controls, these stumes would he susceptible to non-differential

missclassification bias.

In the first nested case-control study from the Saskatchewan Health Databases, both

cases and controls were drawn from the community as well as nursing homes (Rayet aL,

L989). The cases in this study were diagnosed hetween 1977 to 1985 with a fracture of the

proximal femur (hip) according to International Classification of Diseases 9th Revision

(lCD-9(Practice Management Information Corporation, L993» codes 820.0 - 820.9

(n=450L). Cases were excluded based on a history of hip fracture from 1970 to 1976,

neoplastic disease, or if the cause of injury was majortrauma. Five controls were selected

for each case (n=24,04L) and matched on sex and yearof birth (± 1 year). The controls had

to he aHve at the time ofthe hip fracture for the matching case. Both cases and controls were

excluded ifthey were Aboriginals or if they were hospitalized 30 days priorto the admission

for hip fracture since no Medication information would he available in either scenario.

Although this was based on a population cohort, the exclusion criteria for the cases differed

from those applied to the controls, again raising the question of selection bias

In comparison, the study using data from February, L991 to May, 1992 in the

Canadian StudyofHealth and Aging, was basedon asample of 10,263 elderlysubjects (Ebly

et al., 1997).. These subjects had been assessed for cognitive abilities and included those

who scored <78 on the Modified Mini-Mental State or who could not take the exam

(n=1165), all institutionalized subjects (n=1225) and a random sample of the community
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laceration orfall-related admissions to hospital. Since the authors ofthis studyeffectively

used the entire elderly population, the possibility of selection bias was greatly reduced.

Forail ofthesestudies, the operational definitions differedfor the outcome ofinterest

which may have reduced the precision of the studies that limited their outcome to one type

of injury related to falls. Also, the age and source of the elderly population varied

considerably. This might not have affected the generalizability of the results, however the

inclusion of nursing home residents would have limited the comparability of the study

results. Since nursing home residents are frequently more frail, often with restricted levels

ofactivityandmobility,theriskfactorsamongtheseelderlyandcommunity-dwellingelderly

May be quite different (Stoudemire et al., 1996; Sobel et al., 1983; Ruthazer et al., 1993;

Granek et al., 1987).

2.3.2.3 Classification for Benzodiazepine Exposure

Assessment ofexposure to benzodiazepines varied among studies. In the two case

control studies and the study that used data from the Canadian Study of Health and Aging,

ail medication use was mainly self-reported (Cumming et al., 1993; Ryynanen et al., 1993;

Ebly et al., 1997). In the remaining studies, Medication information was retrieved from

pharmacy billing records contained in provincial databases (Rayet al., 1989; Neutel et al.,

1996; Tamblyn et al., 1998b).

For the case-control study based in Australia, the self-reported current use of a

benzodiazepine (before hospital admission for cases) was represented as ayes/no

independentbinary variable for the prediction ofhip fractures (Cummingetal., 1993). In the

Finnish case-control subjects, self-reportedbenzodiazepine use in the last 24 hours was also
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benzodiazepine use were represented as independent binary variables for the risk of hip

fracture and modeled in separate analyses (Rayet al., 1989).

The study, based on information collected for the Canadian Study of Health and

Aging, a1so used five categories to classify the tyPe ofbenzodiazepine use according to self

reports of current Medication use (Ebly et al., 1997). The main variable was a binary

indicator of benzodiazepine use as a predictor for a history of self-reported falls. Further

analyses compared the following groups represented by indicator variables: (i) long acting

benzodiazepines used less than 30 days; (H) short acting benzodiazepines used less than 30

days; (Hi) long acting benzodiazepines used more than 30 days; (iv) short acting

benzodiazepines used more than 30 days; and (v) the use of more than one benzodiazepine

(Rayet al., 1989). The authors did not provide infonnation as to which specifie

benzodiazepines were included in each group, or how they characterized the length of the

half-life.

In the earlier study that used the Saskatchewan HeaIth Database, Neutel et al (1996)

used pharmacy billing records to assess benzodiazepine use 60 days before a fall-related

hospitalization (Neutel et al., 1996). The authors also used a binary variable to assess the

impact of filling a prescription for a benzodiazepine on the risk of injuries from faIls.

Benzodiazepines were grouped as sedatives or hypnotics but were also examined

individuaIly{triazolam, flurazepam, diazepam, lorazepam, oxazepam). The benzodiazepine

users were aIso furthercategorizedinto three groups according to how much time had passed

between filling the most recent prescription and the occurrence of an injury (less than 15

days, 15-28 days, 29-60 days).
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Since MOStofthese sludies used a binary variable forcurrent benzodiazepine use, this

did not allow fortime-dependentchanges in benzodiazepine exposure~ Therefore, a subject

who filled only one benzodiazepine prescription for a five day period would have been

considered equivalent to a subject that continually filled benzodiazepine prescriptions for a

much longer periodoftime. Given that benzodiazepineexposure is characterized byperiods

of use and non-use, this over-simplification would he expected to lead to missclassification

and possibly bias the estimate ofassociation. Furthermore, onlyTamblyn et al (1998) went

beyond on/offclassification ofbenzodiazepine exposure and attempted to look al daily dose

(Tamblyn et al., 1998b).

[n their analysis of Quebec database information, Tamblyn et al (1998) used

pharmacy billing records to assess benzodiazepine use in the elderly (Tamblyn et al., 1998b).

Benzodiazepines were grouped as short-acting (half-life ~ 10 hours; triazolam, temazepam,

oxazepam), intermediate-acting(half-life ~Il hours and ~48 hours; alprazolam, nitrazepam,

bromazepam, lorazepam) and long-acting (halr-life > 48 hours; chlordiazepoxide,

flurazepam, diazepam)~The drugs were also assessed by individual products~ The use of a

benzodiazepine was treated as a time-dependent variable in a survival analysis for the risk

of injury from falls~ Two tyPes of analyses were conducted. In the first, periods of

benzodiazepine use were compared to periods ofnon-use in persons using the same drug and

in the second, periods of use and non-use in new users were compared to a random sample

ofnon-users. Dose was aIso includedas a covariate and standardized using the World Health

Organization defined daily dose for benzodiazepines (TambLYn et al., 1998b; WHO

Collaborating Centre for Drug Statistics Methodology, 2000). In order to facilitate the
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interpretation of the results, the analyses were restricted ta users ofa single benzodiazepine

who did not switch Medications. Subjects who did not have a faIl were censored at the time

when they eitherchanged benzodiazepine products or added an additional benzodiazepine.

The main reason for not including the Period after such a switch was the eXPectation,

confinned by preliminary analyses,(Tamblyn et aL, 1998b) that the change of rnedication

may have been a Marker for adverse effects, likely related to sorne unaccounted for frailty

of the individual. In other words, the association between a new (changed) Medication and

injuries among "switchers" might be confounded by indication bias. Patients eXPeriencing

problems with their initial Medication May he prescribed a "safer" medication creating a

spurious association between negative outcomes and such Medications (Tamblyn et aL,

1998b). Thereason forcensoringwhen asubjectaddedanotherbenzodiazepine was to focus

on indePendenteffects ofspecifie benzodiazepines while avoiding additional methodological

problems that could arise in modeling the effeets of simultaneous exposure to different

benzodiazepines and the subsequent complex additive effects (Tamblyn et aL, 1998b;

Tamblyn et aL, 1998a).

2.3.2.4 Adjustment for Potential Confounders

While all the reviewed studies adjusted for age and sex, the categorization ofage and

the method ofadjustment for both age and sex varied between studies, from strata sampling

to matching in control selection. Furthermore, there was a greatdeal ofheterogeneityamong

the remaining variables that were included in the analyses in order to control for POtential

confounders for the risk of fails. Previous reviews of the role of Medications in the risk of
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faIls concluded that any evaluation of falls must have adequate, uniform. assessment of

confounders (Mohane et al., 1996; Tinetti et al., 1988).

2.3.2.5 Statistical Methodology

Ail ofthe studies, with one exception, used multiple logistic regression to model the

riskofbenzodiazepine use on injuriesorfalls (Cummingetal., 1993; Ryynanen et al., 1993;

Rayet aL, 1989; Ebly et al., 1997; Neutel et al., 1996). Like aIl methods of analysis, use of

logistic regression analysis is limited by the assumptions underlying the modeL Since one

of the assumptions in logistic regression is that the log of the odds will have a linear

relationship with the main variable of interest, this method will not detect risks that might

peak within a short time or at a specific dose (Hosmer et aL, 1989). Furthermore, if there is

an effect that changes over time, this information will he lost altogether (Tamblyn et al.,

1998a). The assumption of linearity was not tested in these studies and it is plausible that

the risks change over time. This is supported by evidence from the study in which Neutel

et al (1996) dichotomized the duration ofrisk, and found the greatest risk forserious injury

due to falls was within 15 days offilling a benzodiazepine prescription (Neutel et al., 1996).

Several otherauthors did attempt to model the time dependent effect ofthe benzodiazepines

by categorizing users according to time since prescription (Rayet al., 1989; Ebly et al.,

1997), however the results were dependent on the cut-offs established by the authors.

Tamb1m etaI (1998) attempted to account for changes overtime by using survival

analyses to model the time-dependence ofbenzodiazepine use on the riskof falls (Tamblyn

et al., 1998b). This approach allowed benzodiazepine exposure to change over time

providing the most refined classification of differentiating use from non-use by day.
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Table 2.5 Summary of methods review for published studies of association between benzodiazepine use and risk of injury from falls.

Study DesignlSample Study Population
Size

Outcome Exclusion Criteria Benzodiazepine
Exposure

Statistical
Methodology

Coofounders

Cumming& case-control elderly in a hip fracture -neopJastic disease binary, self-report of - bivariate analyses - 5 year age groups
Klineberg (1993) circumscribed current use: to pick - sex

sample size: geographical area - diazepam confounders - type of residence
eases=209 of Sydney inel. - nitrazepam - multiple logistie -aleohol consump.
eontrols=207 nursing homes: - oxazepam regression - body mass index

1990 - 1991 - temazepam - cognitive status
- diary products
- health status
- physical activity
ft proxy status
ft smoking history
- otller medications

Ryynünen et al case-control elderly in a injury from none - binary, self-report of - bivariate analyses - age (65-74 vs 75+)
(1993) circumseribed first fall of any use 24 hrs before fall 10 selecl - cognitive status

sample size: geographical area year - binary, presence of confounders - depression
cases = 380 of Finland incl. serum benzodiazepine in - multiple logistic - diabetes
controls ;:; 342 nursing homes: blood regression with - heart disease

1987 - 1988 step-wise selection ft oesteoarthrosis
- stratified analysis - musculoscletal dx
by sex - urinary tract infect.

- resp. disease
- lower ext. arthrosis
- hypertrophy prost,
- other medications

Ray, Griffin & nested case- elderly alive at fracture of - previous hip - binary, 5 groups for - unconditional - age (65-74, 75-84, 85+)
Downey (1989) control time ofevent ine). proximal fraelure long acting use: current multiple logistic - sex

matched on sex nUTsing homes, in femuT (hip) - cancer (script in last 30 days), regression - index year (4 x 2 year
and birlh year ± Saskatchewan - cause of injury indeterminate (31-90 categories)
1 year Health Database: code for major days), former (91-365 - type of residence

1977-1985 trauma days), olher drugs (short- - hospilaliz, history
cases=4,501 -native SUuus acting, anlidepressants,
controls=24,041 - hospitalized 30 antipsychotics)

days before event - binary, 2 groups for
current users: first time
users, dose (high vs low)
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Study

Continued

DesignlSample Study Population
Sile

Outcome

•
Exclusion Criteria Benzodiazepine

Exposure
Statistical

Methodology

•
Confounders

Ebly, Hogan & retrospective elderly from the answer to "Did - moderate to - binary, self-report of -stepwise multiple - age (7 categories)
Fung (1997) cohort~ random Canadian Study of or does the severe dementia current use logistic regression - sex

selection of stud Heulth and Aging subject have - 5 groups: long acting < stratified by - mental score
population: incl, nursing homes falls1" 3Odays, >30 days, short cognitive status - depression

(N=10,263); acting <30 days, >30 - Parkinson's
N= 2,053 1991 - 1992 days, multiple use - stroke

- lower ext, problems
- visual impairment
- antidepressant use

Neiltel et al comparative adults over 20 injury due to none binary, billing records of -multiple logistic - other medication (30 days
(1996) cohort,2 years old in first faU 60 use: regression prior)

controls Saskatchewan days after - triazolam restricted to 60 - drug/alcohol abuse
matched on sex, Health Database: filling script - flurazepam years plus, - social assistance
10 year age 1979-1986 (controls given - diazepam stratified by sex
groups: sume date) -Iorazepum

- oxazepam
N=321,422 lime since filling script:
(for over 60 yrs: <15 days, 15-28 days,
N=J32,873) 29-60days

Tamblyn et al cohort 66 years elderly in Quebec injury due to - nursing home - time-dependenl, billing - mulli-variate - drug half-life
(1998) or older: Health Databases: first fall resident record of use (13 types) survival analysis - age (5 year groups)

1989-1990 - use of benzo. in - continuous, comparing period - sex
N=273,248 1989 standardized dose of use with non~use - visual impairment

- stroke
- lower ext. arthritis
- dementiaIParkinson
- other psychotropics
- injury in 1989



OBJECTIVES

To describe~ among new users of benzodiazepines, initial and evolving patterns of

use over time in terms ofduration of uointerrupted use, dosage, switching or adding

of prescriptions, and specifie benzodiazepines.

3. To investigate methodological issues associated with modeling complex

benzodiazepine exposure, such as cumulative dose and duration.

2.

The overall objective ofthis thesis is to estimate the riskofinjurydue to falls associated with

complex patterns of use includingcumulative duration of use and cumulative dose using a

prospective cohort design. In order to do this~ the further objectives are:

L.a To estimate the incidence and prevalence of benzodiazepine use in Quebec elderly

during a five year period, overall and for individual products.

1.b To determine the characteristics associated with incident use relative to non-use in

terms ofdemographic features (age~ sex~ level ofurbanization)~and health status (co

morbidity, disabilities and contraindications, use of health care services).

Le To estimate, for new users, the prevalence of labeled indications for use in the year

before filling the first prescription.

2.4
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3.0 OVERVIEW OF STUDY DESIGN AND DATA SOURCE

3.1 STUDY DESIGN

In order to achieve the thesis objectives, a historical cohort ofQuebec residents who

were 66 years oldas of 1989, was assembLedthrougl1 provincial population health databases.

Detailed information was coLlected from provincial demographic, biLling, prescription and

hospitalization databases for one calendar year, 1989, to assess healtn status and

benzodiazepineexposure for462,543 subjects. Using a cohortanalytic design, the 252,811

subjects who did not fill a benzodiazepine prescription for that year were followed for an

additionaL five year period to allow for time-dependent assessments of new benzodiazepine

exposure and occurrence of injuries from falls.

This study utilizes similar data to that collected by TambLYn et al(TamblYn et al.,

1998b) for a study funded bythe National Healtn Researcn and Development Program (File

952249). TambLyn et al examined current use and dose for individual benzodiazepines to

determine which products were associated with the risk of fractures, lacerations, soft tissue

injury and accident-reLated hospital admissions in a cohort of Quebec elderLy who nad not

filled a benzodiazepine prescription during the baseline period. The cohort of 273,248

subjects was selected from the provincial databases and studied overfive years to determine

the relative safetyofdifferent benzodiazepines. The current study utilized similareLigibility

criteria for collection of the data from the same original administrative databases, however,

benzodiazepineexposure was measured in greaterdetail and focused on changes in patterns

of exposure over time in terms of duration, dose and switching or adding of different

products. This study received a certification ofethical acceptability for research involving
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data were available for aU Medical services bil~ed to RAMQ by any physician for the

patients defined in database (1);

the prescription claims database from RAMQ contains a11 the prescriptions filled in

any community-based pharmacy in Quebec. It contains the PlO, professional c1ass,

prescribing physician identification, encrypted pharmacy identification, codes for

prescription drug, dosage, strength, and generic name, American Hospital Formulary

c1ass, quantity, duration of prescription, codes for substitution, renewal and type of

prescription, date of prescription, and cost. These data were available for

prescriptions billed to RAMQ by any community-based pharmacy for the patients in

database (1);

(4) the hospitalization database (MED-ECHO) from the Ministère de la Santé et des

Services Sociaux (Quebec Ministry of Health and Social Services) consists of the

PID, type of institute, date of admission and discharge, total number ofdays of stay,

death, death 48 hours before or after admission, type of physician, principal

diagnosis, secondary diagnoses (up to 8), date of accident, code of accident (if

applicable), discharge destination and treatrnent codes. This infonnation was

available for ail hospital admissions for the patients in database (1).

The detailed description of the variables contained in each database is listed in Appendix IL

There were severaI advantages to using these population-based provincial databases

forthis study. The aImost universallevel ofheaIth care coverage for People over the age of

65 provided high external validity and increased levels of statistical power (Miller et al.,

1996). The complex modeling that was necessary to evaluate changes in exposure overtime
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required a large cohort ofsubjects with comprehensive patient information as weil as a range

ofdetailed information on different tyPes of benzodiazepine use. This level of information

is uncommon,(Milleret aL, 1996) however the provincial administrative health databases of

the elderly population in Quebec offered an excellent data source for such analyses. Recent

research by Tambiyo et al (1995) comparing prescription claims against clinical data

indicates that the prescription claims database in Quebec may be one of the most accurate

methods ofdetermining drugs disPensed to individuals (Tamblyn et al., 1995). Furthermore,

research on injury ascertainment concludes that the combination of treatment procedure

codes and diagnostics codes in the medical services database is a sensitive indicator of fall

related injuries (Tamblyn et aL, 2000). The elderly cohort enabled us to look at changes in

incident benzodiazepine use over time and to assess even small increases in risk associated

with injuries from falls (Rothman et aL, 1998a).

3.3 STUDY POPULATION AND PERIOD

From these databases, a sub-population within the cohort was selected comprising

all elderly subjects who were 66 years of age or older as of January 1, 1989 and lived in

Quebec for at least the first two years of the study. This first restriction was applied in order

to have comparable data for all the study participants and the second restriction was applied

so that there would he at least one year of follow-up time for all subjects.. Because of

incompletedataon henzodiazepine exposure, injuryascertainment, orboth, individuals were

ineligjble if:

• the health insurance number was temporary or non-unique (4,186; 0.6 %);
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3.4.1 Benzodiazepine Exposure

Benzodiazepine exposure was elassified into three groups. Each subject was

categorized as either (i) a prevalent user if a benzodiazepine prescription was filled during

the baseline period, 1989, or if the first prescription issued during the study period was a

refill; Oi) an incident user if there was no benzodiazepine prescription issued during the

baseline and at least one prescription was issued sometime during the study period; or (Hi)

a non-user if there was no benzodiazepine dispensed for the entire baseline and study period

(see page A3-3 of Appendix lll). The period of one year without a benzodiazepine

prescription was chosen to define new users based on conventions of previous research on

incidence measures of medication use (van Eijk et aL, 2000; Egan et aL, 2000b). The period

ofone year is a more conservative method since other researchers often consider a period of

l80 days without use to be adequate for defining new users (van Eijk et al., 2000; Egan et

al.,2000b).

Among incident users, benzodiazepineexposure was measured dynamicallyoverthe

study period and was represented by several different variables depending on the specifie

studyobjective being addressed. Information on benzodiazepine prescriptions includedstart

and end dates; type of benzodiazepine; and dosage for the thirteen products available by

prescription in community-based pharmacies in Quebee (Appendix m, pages A3-ll to A3

17). In order to avoid periods of artificial overlap or artificial non-usage that would result

if a patient refil1ed their prescription a few days early or late, a rule was applied to the data

so that gaps or overlaps of three days hetween refills would he ignored (page A3-l4). An
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example of the records for a single subject are contained in Appendix IV. Ail other

benzodiazepine exposure variables were constructed from these records.

For the îmt objective that evaluated incidence use and its predictors, variables

recording the type ofbenzodiazepine productand thedate that the first prescription was filled

were constructed.

For the next objective of evaluating patterns of use that change over time, several

more sophisticated variables were generated to represent benzodiazepine exposure. First, to

facilitate between-drug comparisons, a standardized daily dose was calculated for each

prescription according to the following formula:

(
total number ofpiUs J ( dosage per pm ln mg J

duralion of prescription in days x WHO recommended adult daily dosage ln mg

where the first term represents the average number of piUs per day and the second term

converts a given dosage into the percent of the World Health Organization (WHO)

recommended adultdailydose(WHO CollaboratingCentre forDrug Statistics Methodology,

2(00)(pageA3-l1) for the respective drug (page A3-13). If the prescribed dose was close to

the recommended daily dose for this specifie product then the standardized dose would he

close to LO.

Second, several time-dependent covariates representing different aspects of

benzodiazepine exposure were constructed using January 1~ 1990 as the start of the

observation period. Cumulative exposure to benzodiazepines was calculated as the sum of

ail daily doses since the beginning ofthe follow-up period~ January 1~ 1990~ until censoring

occurred from Ioss-to-follow-up or due to the end of the study on December 31~ 1994.
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Cumulative duration ofbenzodiazepine exposure was also calculated as the sum of all time

intervals during which there was benzodiazepine exposure between the beginning of the

follow-up period until censoring occurred. These summary rneasures were created for

overall benzodiazepineexposure, Le. cumulative dose andduration across different products,

as weil as for exposure to individual benzodiazepines. Given that most elderly may

occasionally forget to take a pHI, may reduce theirdosage, ormay have difficulty seeing their

physician to obtain a refill prescription, periods ofless than two weeks between consecutive

prescriptions were unlikely to he "true" periods of non-use. To avoid under-estimating the

cumulative duration of uninterrupted use, periods of less than 15 days between two

consecutive benzodiazepines prescriptions were considered as continued use at the dosage

of the earlier prescription. This rule did not apply if the period of interruption was due to

hospitalization.

Third, summarymeasures were made for changes in dosage, the numberoftimes that

there was a switch to a different benzodiazepine or an addition of another benzodiazepine.

Again, to avoid bias by over-estimating how often a subject was filling more than one

benzodiazepine prescription at a time, when the period of time where there was a record for

more than one benzodiazepine script was less than five days, the overlap was ignored and

the overlap period was assumedto reflect only information from the earlierprescription. The

period of five days was chosen based on the distribution of the duration for periods of

overlap between more than one benzodiazepine within the study. This rule was applied

whether the later prescription was for the same benzodiazepine as the earlier one or for a

different type. For the analyses of changes in dosage over time, periods were considered
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uninterrupted as Long as the subject did not change the dose of the Medication (either by

changing the dose ofthecurrently prescribed medication orby addingorswitchingto another

benzodiazepine).

Since benzodiazepine exposure wouLd he affected by the Length of observation,

January l, 1990 was aLso used as time zero (To>for the calculation of the total person-time

of observation. A second variable was also constructed with Ta set at the date of the first

prescription. No prescription information was available during hospitalization so periods of

hospitalization longer than seven days were temporarily censored (pages A3-L6 and A3-17)

and not included in the calculation oftotal person-lime of observation or in the construction

of the time-dependent covariates.

In the methodologjcal investigations and for the final objective ofevaluating risk of

injuries associated with patterns of benzodiazepine use, a set of time-dePendent exposure

variables was constructed for modeling in time-to-event analyses. First, a binary time

dependent covariate was constructed to represent the standardized daily dose. To avoid

implausible values, the range ofthe standardized dose was truncated al the 99th percentile for

the distributions of average dose among incident users. For periods of benzodiazepine use

where dose information was missing, the value was set to the dose for ail subjects exposed

ta that particular benzodiazepine.

Second, a setoftime-dependentcovariates, representing pastduration ofuse and past

cumulative dose incorporating weighing by recency, was calculated. Specifically, the

weighted duration was calculated byttrSt multiplying the binaryindicatorofbenzodiazepine

use for agiven day by the value of the weight function w(.~t) corresponding to the distance
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from that day to the current day (~t). The resulting products were summed across all days

from time zero (Ta) to current day. Two different variables were calculated for weighted

duration corresponding to w(30 days)=O.5 and w(4 days)=O.5, respectively, with the latter

function weighting recent exposure much more heavily than the distant past. Similar

calculations defined the two time-dependent variables corresponding to altemative versions

of weighted cumulative dose.

3.4.2 Patient Demographies and Potential Confounders

Patient characteristics that were measured in 1989 and treated as fixed covariates

included age in 1989; sex; region of residence; the total number of prescriptions filled in

1989 for medications that may influence the risk of injury (other than benzodiazepines);

injuries; and measures ofdisability, illness and health care use. Region ofresidence was set

by the Quebec Ministry of Health and divided Quebec into eighteen regions (Appendix 2,

page A2-2). These regions were then collapsed into five categories based on geographical

proximity to a university teaching hospital (Savard et aL, 1999). The condensed categories

are as follows: (i) regions containing a teaching hospital (Québec, Estrie, Montréal-Centre);

(H) peripheral regions (ChaudièrelAppalaches, Laval, Montérégie); (iii) intermediate regions

(MauricielBois-Francs, Outaouais, Lanaudière, Laurentides); (iv) remote regions (Bas/Saint

Laurent, SaguenaylLac-Saint-Jean, Abitibirrémiscamingue, Côte-Nord,GaspésielÎles-de-la

Madeleine); and (v) isolated regions (Nord-du-Québec, Nunavik, Terres-Cries-de-Ia-Baie

James) (Savard et al., 1999). Given the restricted access to health care that exists in the

isolated regions due to geographicai constraints and the availability of prescription

Medications through nursing stations, the few subjects residing these areas (0=697) were

excluded from the study.
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For subjects who were classified as incident users, a variable was created to indicate

whether a diagnosis for one ofthe main labeled indications for benzodiazepines appeared in

the patients' billing or hospitalization records anytime in the 365 days before the date ofthe

first prescription (pageA3-3). The International Classification of Diseases 9th Revision (

ICO-9) codes(practice Management Information Corporation, 1993) corresponding to each

diagnosis were compiled in consultation with a panel of expert clinicians. Approved

indications included a diagnosis for anxiety disorders (ICO-9 codes: 300.0, 300.2, 309.0

308.0, 309.2), insomnia (ICO-9 codes: 307.4, 780.5), seizure disorders (ICO-9 codes: 345,

780.3), muscle spasticity (ICD-9 codes: 728.8, 78 LO) and alcohol abuse (303, 305.0, 291,

265.2,425.5,535.3,57 L.O - 571.3). This variable was assessed only in benzodiazepine users

and was notconstructed for prevalent users since it would not have been possible to establish

which occurred first, the diagnosis or the benzodiazepine use.

The measurement of other prescriptions was restricted to drugs that were identified

in al least one study as influencing the riskof falls and fractures (see Chapter 2.0). Table 3.1

presents a detailed lisl of these drugs. The general categories of Medications that decrease

the risk offractures included thiazides and estrogens. Medications that were associated with

an increased risk ofinjuries included psychotropics other than benzodiazepines, grouped as

anti-depressants, anti-psychotics, and sedative-hypnotics (otherthan benzodiazepines); and

Medications altering motor stability grouped as cardiac drugs, anti-hypertensive agents,

vasodilatingagents, opiate agonists, opiate partial agonists, andmuretics other than thiazides.

These drugs were characterized al baseline by number of prescriptions (page A3-4)..
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Class
(AHFS· Code)• Table 3.1 Prescription medications that influence the risk of injury from faUs.

Medications

Tbiazides
Diuretics
(402800)

hydrochlorothiazide

Potassium Sparing Diuretics
(402810)

amiloride. spironolactone. triamterene

Estroeens
Oral Contraceptives
(681200) ethinyl estradiol

Estrogens chlorotrianisene. estradiol. esterified estrogens. estradiol valerate.
(681600) conjugated estrogens. estrone

Psycbotropics
Anti-Depressants amitriptyline. amoxapine. clomipramine. desipramine. doxepine. fluoxetine.
(281604) fluvoxamine. imipramine. maprotiline. moclobemide. nortriptyline.

paroxetine. phenelzine. protriptyline. sertraline. tranyleypromine. trazodone.
trimipramine

Anti-Psychotics chlorpromazine. flupenthixol. tluphenazine. fluspirilene. haloperidol.
(281608) loxapine. mesoridazine. pericyazine. perphenazine. pimozide.. pipotiazine.

prochlorperazine. promazine. thioproperazine. thioridazine. thiothixene.
trifluoperazine

Mise. Anxiolytics Sedatives. buspirone. chloral. hydroxyzine. methotrimeprazine. promethazine
Hypnoties
(282492)

Mise. Psyehotropics lithium. l-tryptophan
(282800)

•
Dn12S AlteriDe Motor Stabilitv

Cardiac Drugs
(240400)

acebutolol.. amiodarone. atenolol. digitoxine. digoxine. diltiazem.
disopyramide. flecainide. metoprolol. mexiletine. nadolol. nicardipine.
nifedipine... pindolol. procainamide. propafenone. propanolol. quinidine.
sotalol. timolol. tocainide. verapamil

Anti-Hypertensive Agents
(240800)

amlodipine. benazepril. captopril. cilazapril. clonidine. diazoxide.
doxazosine. enalapril. felodipine. fosinopril. guanethidine. hydralazine.
indapamide. labetalol. lisinopril. methyldopa. minoxidil. oxprenolol.
pindolol. prazosin. quinaprel. reserpine. terazosine

Vasodilating Agents
(241200)

isosorbide dinitrate. nitroglycerin

Opiate Agonists
(280808)

anileridine. codeine. hydromorphone. levorphanol. meperidine. morphine.
opium. oxycodone. oxymorphine

•
Opiate Partial Agonists
(280812)
Diuretics (excluding
Hydrochlorothiazide)
(402800)

pentazoine

bendrotlumethiazide. ethacrynate sodium. enthacrynie acid. furosemide.
indapamide. methyclothiazide. metolazone

• American Hospital Formulary Service.
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Disabilities that increased the risk of fall-related injuries were measured during the

baseline period. These included visual impairment, stroke, neurological disorders, arthritis

or lower extremity instability, seizure disorders, osteoporosis, depression, alcohol

abuse/dependence and dmg abuse/dependence. The ICD-9 codes corresponding to these

variables are listed in Appendix V.

The Charlson Co-Morbidity Index (CCn was calculated for the calendaryearforeach

patient to measure disease severity and co-morbid conditions in 1989 (Charlson etaL, 1987).

This measure was chosen since il was specifically adapted by Deyo et al (1992) for

administrative databases that use ICO-9 diagnostic codes and was found to be a strong

predictorofmortality in different populations (Oeyo et aL, 1992). The codes included in the

CCI are listed in Appendix VI. This measure supplemented the variables described

previously that recorded the presenceofotherdisabilities orillnesses since previous research

indicates that this score does not adequately control for confounding due to co-morbidity

(Schneeweiss et al., 2000; Wang et al., 2000)

Several variables were measured for the baseline period to assess health care use.

These variables included the number of physicians prescribing Medication, physicians

visitedin thecalendaryear, numberofdistinctdays with billed visits (maximumof365), and

total number of billed visits for the entire year (cao exceed 365), the number of discharges

from aH institutions, and discharges from acute-care hospitals (page A3-5).

3.4.3 Outcome Assessment and Censoring

The number of injuries during the baseline year, 1989, were counted and used as a

covariate in the predictive models. Injuries during the study period were assessed
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dynamicallyas the main outcome (pages A3-18 to A3-19). An injury was considered any

fracture or soft-tissue injury recorded in the Medical services or hospitalization databases.

The variables used to define the occurrence of an injury were based on a study of the

sensitivity of diagnostic and procedure codes for injury ascertainment in the elderly in

Quebec (Tamblyn et al., 2000). The type of injuries that were mainly fall-related included

fractures ofthe hip, upperextremity, lowerextremity and soft-tissue injuries. The definition

of the codes and diagnoses used to identify injuries is listed in Appendix VIT. A mie was

applied in orderto avoid identifying the follow-up visits as separate occurrences ofthe same

injury (see page A3-18 for details). A record was generated for each subject with a date on

which the first distinct injury occurred after January 1, 1990.

For most of the study, the date of the first injury in the study period was determined

to be the end ofthe observation for that subject. Subjects who did not have any injury during

the study period were pennanently censored at the end the five year follow-up (December

31, 1994) or at the date of loss to follow-up caused by moving out of province, placement

in a nursing home or long term care facility, or death (see page A3-15).

Since hospitalization databases were used to obtain this infonnation, sorne of the

injuries May have occurred after hospitalization (Le. falls from hospital beds). In order to

exclude these events and to take into account the imprecision of administrative dates, only

injuries recorded in the first five days ofhospitalization where considered as an outcome for

our study and observation for these subjects was stopped at the tinte of the event. If there

was an event, the subject was not recorded as being hospitalized for these five days. A

subject with an event that occurred more than five days after hospital admission but before
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hospital discharge was permanentlycensoredat that time as lost to follow-up. Furthermore9

since no prescription information was available during hospitalization temporary censoring

was applied during each distinct hospital stay longer than seven days. These periods of

hospitalization were subtracted from the total observation time for all subjects.

Detailed information on methods specifie to the study objective is provided in the

subsequent articles.
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Abstract

Background Benzodiazepines are sedative-hypnotics that are frequentlyprescribed to elderly

patients. However, there is a lack ofdetailed information on incidence rates and on specifie

patients' characteristics associated with incident use of specifie benzodiazepine products.

Objectives To estimate the annual prevalence and incidence of the use of different

benzodiazepines in an elderly population and to identify potentiaL predictors of new use.

Methods Using information from provincial administrative databases, 462,543 community

dwelling Quebec residents 66 years ofage orolderwere assessed in 1989 forbenzodiazepine

use and patient characteristics. Subjects were classified as prevalent users if they filled a

script in 1989, incident users if the first prescription was during the follow-up (1990-1994),

or non-users. Subject demographics, use of other selected medications, health care

utilization and presence of certain disabilities were compared among the three groups.

Prevalence for 1989 was estimated by sex and age group. After excluding prevalent users,

sex and age specific incidence rates were estimated for each benzodiazepine and subjects

were observed for 5 subsequent years. Cox regression models were used to identifypotential

predictors of incidence use from patients' baseline characteristics.

ReslI.lts The overall incidence rate for benzodiazepines was 88.7 per 1,000 person-years,

with higher rates in women (95.0) than men (81.8). Incidence rates varied considerably

across different products with lorazepam being by far the most popularchoice. There were

systematic differences between users and non-users and predictors of incident use were

different among individual products. Use ofanti-depressants in 1989 was the strongest and

Most consistent predictor of incident use across different benzodiazepines (hazard ratios:

1.45 to 3.07, p<O.OOOl).
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Conclusions The identificationofpredictors for incident benzodiazepine use emphasizes the

importance of individual benzodiazepine evaluation and adequate control ofconfounders..
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4.0 PREVALENCE, INCIDENCE AND PREDICTORS OF
BENZODIAZEPINE USE IN QUEBEC ELDERLy
(MANUSCRIPT 1)

4.1 INTRODUCTION

Benzodiazepines are sedative-hypnotic Medications frequently prescribed for the

elderly.l-6 Due to changes in pharmacokinetics and pharmacodynamies associated with agjng,

elderly people are particularly sensitive to the effects ofthese Medications and are more Iikely

to experience adverse events such as dizziness, ataxia, over-sedation and withdrawal

symptoms.1;7.Ll These symptoms have been linked to an increase risk of injuries from falls.12-

16For this reason, clinicians are often advised to provide elderly people with lower doses, to

avoid long tenn use and to limit the use of benzodiazepines that May be susceptible to

accumulation due to long elimination half-lives.1;L 1;17·20

In spite ofthese recommendations, there is convincing epidemiological evidence that

benzodiazepine use is less than optimal in elderly people. In an Australian cohon study of

benzodiazepine use by elderly over the age of75 in 1991, Jorm et al (2000) found that almost

38% of the participants reported using benzodiazepines forthree years ormore.3 In a similar

studystartedin 1989 in England, Tayloret al (1998) foundthat70% ofthe elderly participants

reported taking benzodiazepines for at least one to two years and 69% reported still taking

them two years later:~ A more recent study conducted in Nova Scotia by Rojas-Femandez et

al (1999), found that despite a decrease in the prevalence of benzodiazepine use exceeding

30 days from the begjnning ofthe study in 1993 until the end in 1996, according to provincial

records, the rate was still 17%, with 10% exceeding 90 days.2l A study of questionable

prescribing practices in Quebec in 1990 by Tamblyn et al (1994) found that according to
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database records, 36% ofthe elderly population were taking benzodiazepines for longerthan

30 days, 15% were taking long half-life benzodiazepines and aImost 16% were taking either

two benzodiazepines ora benzodiazepine and another sedative.22 This finding in the Quebec

elderly was confirmed by Egan et al (2000) who reported a twelve-month prevalence of long

term continuous use of benzodiazepines of 19.8%.6

Most studies that have investigated the magnitude of benzodiazepine use in elderly

people have grouped ail benzodiazepines together, or classified the medications by

elimination half_life.2:3:5:6:23 HoweveT, recent evidence suggests that the sensitivity to adverse

effects e'Cperienced by elderly patients may only occur with selected products due to

phannacodynamic characteristics that are not shared by the entire class of

benzodiazepines.11:17 With this possibility, and given that the associations between the use of

different benzodiazepines and risks of injuries from falls may differ,12-16 it is important to

determine if there are systematic baseline differences between individuals who are prescribed

different benzodiazepines as the apparent differences in the impact on injuries from falls may

be due to residuaI confounding?~

In order to assess the use of specifie benzodiazepines in elderly people, the rate of

current and new use needs to he estimated for individual drugs. Some studies report

prevalence rates for specifie benzodiazepines4:11but we were unable to find any information

on incident use of specifie benzodiazepines. Investigation of predictors of new use should

provide some insight into the charaeteristics of the patients starting a course of

benzodiazepine therapy. Due to the high prevalence rates previousLy reported byTambLyn et

al (1994) and the extensive administrative records available with. the provincial heaLth
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In orderto protectconfidentiality, information on age was limited to the yearofbirth.

There was no way ofdifferentiating between a subject who tumed 65 in January, 1989 and

a subject who tumed65 in December, 1989. Both subjects would he included in the database

and would have qualified for the govemment drug plan in 1989, however we would have had

a full year of information for one subject but only one month or less of information for the

other subject. To have comparable information, subjects who were 65 years old or younger

in 1989 wereexcluded from thecohort(205,547; 28.3%). Subjects who resided in extremely

isolated regions (Northem Quebec, Nunavik and James Bay) were also excluded from the

analysis since prescription medications May he dispensed through nursing stations as weil as

communitypharmacies and this would underestimate the rate ofbenzodiazepine use forthese

areas (n=697; 0.09%).28

For the final, fixedcohort of462,543 subjects, data was retrieved on age, sex, areaof

residence, disabilities, co-morbidity, benzodiazepine use, hospitalization, health care use, use

ofother selected prescription drugs and treatment and procedure codes for fractures and soft

tissue injuries..27 Further details on the construction of the study cohort are provided in

Chapter3.0.. This study was conducted in accordance with the ethical standards ofthe McGill

FacultyofMedicine Institutional Review Board forresearch involving human subjects..

4.2.2 Benzodiazepine Use

In order to discrirninate between prevalent use of benzodiazepines and incident use,

the active follow-up was restricted from 1990 to 1994while 1989 was considered a baseline

period.. Ail subjects were followed until the end of the study at December 31, 1994 or until

loss to follow up due to death, moving out of the province or institutionalized..
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Each subject was categorizedas a prevalent user ifa benzodiazepine prescription was

filled during the baseline year~ anytime from January 1 to December 31~ 1989 or if the first

prescription issued after December 31~ 1989 was a refill. A subject was considered an

incident user ifthere was no benzodiazepine prescription issued during the baseline year and

at least one prescription was issued during follow-up from January 1~ 1990 to December 31~

1994. Subjects for whom there was no benzodiazepine dispensed for the entire baseline and

study period were considered non-users.

4.2.3 Measurement of Predictors

Predictors were chosen ta assess the characteristics associated with benzodiazepine

use in elderly. Sînce factors or characteristics that might increase the risk of injuries due to

falls from central nervous system effects~ besides those caused by benzodiazepine use~ were

of interest~ the covariates used to model potential predictors of incident benzodiazepine use

were selected if they had been identified in at least one published study as a risk factor for

injuries from falls in theelderly(Chapter2.0, Section 2.3). These predictors included patient

demographics~other medications~disabilities or impairments~co-morbidity~and health care

use.13:24:29-37

Baseline characteristics measured in 1989 included age, sex. and region of residence.

The eighteen regions ofresidence were established by RAMQ and were then categorized into

four groups according to the prox.imity of a university teaching hospital~ immediate vicinity

of a teaching hospital~ peripheral~ intermediate~ and remote.?8

The disabilities recorded included visual impairment~ stroke, neurological disorders

including dementia and Parkinson~s disease, arthritis~ seizure disorders including epilepsy~

osteoPOrosis~depression~alcohol abuseldePendenceanddrug abuse/dependence. ICD-9 codes
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were used to detect the impainnents in the hospitalization database as weil as the medical

services billing database (diagnostic codes are listed in Appendix V). Since patients

diagnosed with both upper and lowerextremity arthritis are given a separate diagnosis for the

lower extremity arthritis, the presence of both upper and lower extremity arthritis was

recorded.. The Charlson Co-Morbidity Index (CC1)38 adapted by Oeyo et al (1992) for

administrative databases39 was calculated for each patient in 1989 to obtain an aggregate

measure of disease severity and co-morbid conditions (diagnostic codes listed in Appendix

V1).

Prescriptions for drugs other than benzodiazepines were determined based on the

R.AMQ prescription database. The drugs that were recorded included thiazides, estrogens,

antidepressants, anti-psychotics, non-benzodiazepine sedative-hypnotics, miscellaneous

psychotropics (lithium, l-tryptophan), cardiac drugs, anti-hypertensive agents, vasodilating

agents, opiate agonists, opiate partial agonists, and non-thiazide diuretics.

Baseline health care use was estimated foreach subject in 1989. A count was made

of the numberofphysicians prescribing Medication, the number of physicians visited during

the year, the total number of billed visits, the number of billed visits made on distinct days,

the number of discharges from all hospitals, and the number of discharges from acute care

hospitals.

Whether or not a subject had an injury in 1989 was recorded using the Medical

services and hospitalization databases. The variables used to define the occurrence of an

injury were based on a study of the sensitivity of diagnostic and treatment procedure codes

for injury ascertainment in the elderLy in Quebec.27 The type of injuries considered were any
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fracture or soft tissue injury including fractures of the hip, upper extremity fractures, lower

extremity fractures. Hip fractures accounted for 17% ofthe fractures and 10% ofall injuries.

The likely reason for prescribing the benzodiazepine was assessed by inspecting the

diagnostic codes in the Medical services claims and hospitalization records for evidence of

the labeled therapeutic indications (anxiety disorders, insomnia, seizure disorders, muscle

spasticity and alcohol abuse)20 in the 365 days before the date of the first prescription. The

ICD-9 codes corresponding to each diagnosis were compiled in consultation with a panel of

eXPert cHnicians (Appendix V). Presence or absence ofany one of the listed indications was

treated as a binary variable in the analysis.

4.2.4 Statistical Analyses

4.2.4.1 Descriptive

Frequency distributions ofcategorical baseline characteristics were determined and

the means and standarddeviations (sd) were reported forcontinuous variables. Comparisons

were made by benzodiazepine exposure status and by individual benzodiazepine product.

Chi-square tests and one-way analysis of variance using Tukey-Kramer tests for multiple

comparisonsoW
;41 were used to compare the distribution of categorical and continuous

variables, respectively.

4.2.4.2 Prevalence

Period prevalence rates for filling at least one benzodiazepine prescription during the

year from January 1 to December 31~ 1989 were estimated separately for men and women.

The prevalence rates were estimated for five different age groups using all subjects in the

cohort for total benzodiazepine use and for individual product use.
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4.2.4.3 Incidence

Subjects who filled a prescription for a benzodiazepine during 1989 (prevalent users)

were excluded from the estimation of incidence rates. Incidence rates were estimated

separately for men and women for the study period, January 1, 1990 to December 31, 1994

for overall henzodiazepine use and for individual products. Incidence rates per 1,000

person-years were reported for the five age groups. January l, 1990 was considered to he time

zero (Ta) forthecalculation ofthe total person-time atrisle Since no prescription information

was available during hospitalization, periods ofhospitalization were temporarily censored and

not included in the calculation of total person-time at risk. For the overall benzodiazepine

incidence, the date ofthe first benzodiazepine prescription was considered to he the event of

interest and the endofobservation for that subject. For the individual product incidence, each

subject was censored at the time of the first benzodiazepine prescription unless the first

prescription was for the specifie product. In aH analyses, subjects were also censored when

they died, moved out of the province, were institutionalized or at the end of the foHow-up on

December 31, 1994.

4.2.4.4 Predictors ofIncidence

Forall subjects except prevalent users, predictors of initiating benzodiazepine use for

individual products were evaluated using Cox regression model for time-to-event analysis:~2

Starting time for the observation period (Ta) was January 1, 1990 and follow-up continued

until Decernber 31,1994 unless a subject was censored because of loss to follow-up due to

death, moving away from Quebee, or institutionalization. Potential predictors were seIected

a priori from baseline characteristics measured in 1989. To assess if the role of potential

predictors was the same for men and women, interaction terms were included for sex and
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several baseline characteristics. Interaction terms were tested individually using a Wald test

at 0.05 significance level. Ifa significant interaction was found between the binary variable,

sex, and the continuous variable, age, the parameter estimate for sex would he meaningless

since it would represent the effect of sex al age = O. In order to avoid this problem, the age

variable was transfonned by subtracting a subject' s age in 1989 from the median age of the

coholt. Thus if a significant interaction was found between age and sex, the parameter

estimate for sex would represenl the hazard for men compared to women at the median age.

For baseline covariates ofhealth care use, predictors that measured similar variables,

Le. number of physicians seen versus number of prescribing physicians, were modeled

separately. The models were compared using Akaike Information Criterion (AlC) to select

the optimal variable:$) AIC is calculated as twice the SUffi of the negative log likelihood of

the data under a gÏven model and the number of parameters estimated in the mode1:

Ale= 2x (-log L)+ 2x (numberofparameters)

with the optimal model corresponding to the minimum Aie value.

To assess the time-dependence of the predictive ability of the baseline variables and

to assess the plausibility of the proportional hazards assumption, two types of additional

survival analyses were conducted. First, two separate Cox proportional hazard regression

analyses were carried out for two mutually exclusive follow-up periods: i) restricting the

follow-up to 1990 and H) starting follow-up only in 199L In the flISt analysis, ooly incident

use in 1990 was considered an event, and ail subjects who remained al risk on December 31,

1990 were censored al that lime. In the second analysis, only incident use after 1990 was

considered and To began on January 1, 1991 and continued until the end of the studyon
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December 31, 1994. Comparison of the corresponding hazard ratios estirnated for the two

analyses allowed assessment of whether the baseline characteristics predicted equally well

incident use over the longer periods as during the first year of follow-up. The second

approach relied on the rnethods developed by Grarnbsch and Themeau (1994) using the

Schoenfeld residuals and the standardCox variance estirnator for a global test ofproportional

hazards assumption as weil as for testing the time-dependence ofthe predictive abiLity of the

baseline measurements of individual covariates.-ss

Statistical analyses were conducted using SAS Systems 8.0 for Windows-s6 and S-Plus

4:~1 Graphs and figures were constructed using Microsoft ExceL-ss To correct for the number

of statistical tests, significance levels were set at 0.0L

4.3 RESULTS

4.3.1 Daseline Characteristics of Study Cohort

The average age of the cohan was 73.6 years (sd =6.0) and 59% were wornen.

Almost halfof the study participants filled a benzodiazepine script in 1989 (45%), and two

thirds of this group were wornen. For the other subjects, 38% never filled a benzodiazepine

script (51% wornen) and 17% went on to fill a benzodiazepine script sometime between

January l, 1990 and December31, 1994 (56% wornen).

Based on the first prescription filled in 1989, the most common benzodiazepine for

prevalent users was lorazepam (37%), followed by triazolam (13%), flurazepam (12%),

oxazepam and diazepam (11% each). A somewhat different pattern was shawn for incident

users (filling the lmt script between 1990 and 1994) with the most common first script being

filled for lorazepam (42%), followed byoxazepam (20%), tlurazepam (7%), diazepam (6%),

alprazolam and bromazepam (5% each). No prescriptions for c1obazam, a new drug in the
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Quebec formulary9 were detectedbefore 1992 and clorazepate prescriptions were notdetected

after1990 when the Medication was excluded from the formulary.49

Table 4.1.a and 4.1.b compare the baseline characteristics represented9respectively,

bycontinuous and categorical variables, among henzodiazepine non-users, incidentusers and

prevalent users. AU differences between groups were statistically significant(p ~O.O1) except

between the Mean number of hospital discharges among non-users and incident users. The

statistical significance of the differences partly reflected the very high statistical power due

to the large sample size, and May not he clinically relevant.

Overall, prevalent users ofbenzodiazepines were much more likely to he taking other

Medications including non-benzodiazepine psychotropic medications, cardiac Medications,

anti-hyPertensive agents, vasodilators, opiate agonists, partial opiate agonists, and diuretics

than incidentusers and non-users. Prevalent users were also more likely to have impairments

and disabilities, have a higher rate ofco-morbidity, use more health care services and he more

likely to live in an area that was not close to a teaching hospital than incident users and non

users of benzodiazepines. These differences were reflected in the Charison Co-morbidity

Index (CC!), where twice as Many prevalent users than incident and non-users had a CCI ~3

(Table 4.1.b). One ofthe Most marked between-group differences was for filling at least one

script for another psychotropic Medication (20% of prevalent users versus 9% of incident

users, 7% ofnon-users). Also, 59% ofprevalent benzodiazepine users filled al leastone script

for Medications that affect motor stability (cardiac drugs, anti-nypertensives, vasodialators,

opiate and partial opîate agonîsts, non-thîazide diuretics) compared to 38% ofnon-users and

44% of incident users.
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• Table 4.1.a Means (standard deviations) of baseline (1989) characteristics among non·
users (174,444), incident users (78,367), and prevalent users (209,732) of
benzodiazepines among Quebec elderly.·

Type of Variable Variable Benzodiazepine Exposure

Non-Users Incident Prevalent

•

•

Age Age in years 73.6 (5.9) 73.6 (6.1) 73.0 (5.7)

Mensures ofHealth No. Prescribing Physicians L.8 (1.5) 2.1 (l.6) 3.0 (1.9)
Care Use

No. Physician Visits 3.8 (3.9) 4.3 (4.0) 5.9 (5.0)

No. Days with Billings 8.5 (10.8) 9.7 (1l.0) 15.0 (14.8)

Total No. ofBillings 9.7 (13.7) Ll.O (13.7) 17.1 (18.9)

No. Hospital Dischargest 0.2 (0.7) 0.2 (0.6) 0.3 (0.8)

No. Acute-Care Hospital 0.2 (0.6) 0.2 (0.5) 0.3 (0.7)
Dischargest

Health Status Charlson Co-morbidity Index~ 0.6 (l.3) 0.5 (1.2) 05 (l.I)

• Ail differences are statistically significant unless otherwise indicated based on multiple comparisons wim ANDVA
for continuous measures and chi-square for binary mensures. Benzodiazepine use is bnsed on any orthe twelve
available benzodiazepines. Midazolam was not available through community pharmacies and clobazam. had no
detected use before 1992•
't No statisticalLy significant difference between non-users and incident users.
~ Charlson Co.morbidity Index (CCI) is a1so shown as a binary variable in Table 4.1.b.
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4.3.1.1 Frequ.ency ofClinical Indications Among Incident Users

A diagnosis for at least one of the main therapeutic indications was detected in the

year prior to the initial benzodiazepine script for only 4.3% ofincident users. Anxiety was the

most common diagnosis (3.2%), followed by seizure disorders (0.5%), alcohol abuse (0.3%)

and finally insomnia and muscle spasticity (0.2% each)

Interestingly, two thirds of patients with a seizure disorder (n=9,451) had been

prescribeda benzodiazepine butamongincidentusers with aseizuredisorder(n=1,407), 66%

ofthe firstprescriptions were forbenzodiazepines notnormallyindicatedas anti-convulsants

(37% lorazepam, 22% oxazepam and 7% flurazepam). Benzodiazepines thatare labeled for

use as an anti-convulsant (clorazepate, clobazam and clonazepam) accounted for less than 5%

of the incident benzodiazepine use by subjects with a seizure disorder.

4.3.2 Prevalence

Prevalence rates for benzodiazepine use in 1989 among men and wornen are shown

by age group in Table 4.2. Overall, 51% of women filled at least one benzodiazepine script

in 1989 compared to 37% of men. Lorazepam accounted for over one third of the prevalent

use. Triazolam, oxazepam, diazepam and flurazepam aH had similar prevalence rates and

together accounted for almost half of the prevalent use. Each of the remaining

benzodiazepines accounted for less than 2% of prevalent use.

For both men and women, the overall prevalence rate increased by age until 79 years

and then decreased. The highest prevalence rates occurred in the 75-79 year age group with

54% of wornen and 39% of men filling a benzodiazepine script. This non-monotone effect

of age on the overall use of benzodiazepines mostly reflected the pattern observed for the
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•
Table 4.2

•
Estimated 1989 prevalence (percent) of benzodiazepine use for women and men by age group and type of
benzodiazepine scriDt first detected durinl! th •

•
Elimination Type of Sex Age Groups Ali Ages Total
Half-life Benzodiazepine First

66-69 70·74 75·79 80-84 85+Used
Any Benzodiazepine Women 48,8 52,7 53.7 52,2 47,5 51.3 45,3

Men 34.3 37,8 38,6 38.1 36,6 36,8
Ultra-Short Triazolam Women 5,5 6,5 7,3 7,5 7,8 6.6 6,1

Men 4.3 5.5 6.1 6,4 6.4 5.3
Short- Temazepam Women 0.6 0.8 0,8 0.8 0,7 0.7
Intermediate Men 0.5 0.6 0.7 0.8 0.7 0.6

0,7

Nilrazepam Women 0.7 0.7 0.7 0.6 0.5 0,7
0.6Men 0.4 0.6 0.6 0.5 0,7 0,5

Alprazolam Women 2.3 2,1 1.8 1,4 1.2 1.9
1.6Men 1.3 1.3 1.1 0.9 0,7 1.2

O,",zepam Women 4.8 5,8 6.6 7.3 7,7 6,0
5,1

Men 3,2 3,9 4.3 4.8 5.9 3.9
Bromazepam Women 2,3 2,2 1.8 1.4 0.9 2.0

1.7Men 1.4 1.4 1,2 0.9 0.8 1.2
Lorazepam Women 19,5 20,6 20.3 19.3 16.6 19.8

16,9
Men 12,4 13,1 13.1 12.7 11.8 12.8

Long Clonazepam Women 0.5 0.4 0.3 0.3 0,2 0.4
0.3

Men 0,3 0.2 0,2 0,2 0.1 0.3
Flurazepam Women 5.4 6,0 6,1 5.4 4.6 5,7

5,4
Men 4.6 5,3 5.3 5,2 4,7 5,0

Cblordiazepoxide Women 0,7 0,7 1,0 0.9 0.8 0,8
0,8

Men 0,8 0.7 0,7 0.7 0.6 0,7
Diazepam Women 5,3 5,6 5,9 6.1 5,7 5,6

5.1
Men 4,2 4.5 4,7 4,3 3.5 4,4

Clorazepale Women 1,2 1.2 1.1 1,0 0.7 1,1
0.9Men 0,7 0.7 0.6 0.6 0.5 0.7

• Subjects who sturted simultaneously on more than one script (20) or had unknown type of first benzodiazepine (30) are excluded from the table (0.02% of
prevalent users). Clobazam had detected use for only 2 subjects.
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most populardrug, lorazepam, and was notconsistent forindividual products~ Notably, for

triazolam and oxazepam the prevalence rate continually increased with olderage groups for

both males and females~ In contrast, for alprazolam, bromazepam, clonazepam and

clorazepate, prevalence rates decreased in older age groups~

4.3.3 Incidence

Incidences pel" 1,000 person years of observation are shown in Table 4.3 by sex and

age group. The overall incidence rate for filling a benzodiazepine script was 88.7 pet 1,000

person-years~ Again, this rate was higher for women (95.0 per 1,000 person-years) than men

(81.8 per 1,000 person-years). As with prevalence, the overall incidence rate showed a non

monotone association with age, first increasing then decreasing. However, while the highest

incidence rates for women were found in the 75-79 year age group (96.2 pel" 1,000 person

years), the highest rates for men were found in the 80-84 year age group (87.8 pel" 1,000

person-years). Lorazepam and oxazepam accounted for 62% of incident use (42% and 20%

respectively). Temazepam, alprazolam, bromazepam, f1urazepam and diazepam each

accounted forabout 5% ofthe incident use and the remaining five benzodiazepines accounted

for less than 2%.

Approximately 1% of incident users started on more than one benzodiazepine.

Incident use declined over time (34% in 1990, 23% in 1991, 17% in 1992, 14% in 1993 and

Il% in 1994), as was expected given the fixed cohort design of our study.

4.3.4 Predictors of Incidence

At the first step of the multivariable Cox regression analyses, models containing

alternative variables that measured sunHar characteristics, and therefore might cause near-
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Table 4.3

•
Estimated incidence per 1,000 person-years for benzodiazepine use, 1990-1994, for women and men by age

d tvoe of benzodiazeoine first used (number of incident users) •

•
Halr·life Type of Sex Age Groups Ail Ages Total

Benzodiazepine First
66-69 70-74 75-79 80-84 85+Used

Any Benzodiazepine Women 94,98 96,62 96,15 92,67 87,86 95,03
88,70(78,367) Men 77,04 82,70 86,19 87,81 86,77 81,76

Ultra·Sbort Triazolam Women 2.43 2,70 2,69 2.13 2.77 2,53 2.58
(2,282) Men 2.20 2,76 2.86 3.30 3.11 2.62

Sbort· Temazepam Women 4,06 4.18 4,70 4.56 4,44 4.30
4,58Intermediate (4,049) Men 4.27 4.96 5.23 6.10 6,00 4,88

Nitrazepam Women 1.51 1.71 1.75 1.73 1.79 1.66 1.65
(1,458) Men 1.45 1,68 1,78 1.87 2.01 1.64
Alprazolam Women 6. Il 5.19 4,22 3.79 3,47 5,22 4.48
(3,959) Men 3,98 3.63 3,57 3,35 2.07 3.68
Oxazepam Women 15.92 18,83 20,89 22.57 23,07 18,95 17.65
(15,600) Men 13.15 16,08 18.94 22.43 22.14 16,24
Bromazepam Women 5.97 5,60 4,85 3.70 2.61 5,18

4.39(3,877) Men 3,71 3.69 3.04 3.1l 3.70 3,52
Lorazepam Women 42,04 41,51 41.37 39,98 37,99 41,29

37,20
(32,822) Men 31,64 33,15 34.41 32,44 33.83 32.78

Long Clonazepam Women 2,35 2,11 2.02 2.36 1.75 2,18
2,04

(1,800) Men 2,04 1.71 1.96 1.76 1.41 1.88
Flurazepam Women 5,60 5.48 5,15 4.62 3.04 5.22

6.14(5,425) Men 6.99 1,50 7,03 6.93 6,37 7.13
Cblordiazepoxide WOOlen 0,96 0.94 0,88 0.92 0.66 0.91

1.00
(887) Men 1.32 0.94 1.15 0.77 0.52 1.10
Diazepam Women 6,54 6.32 6,16 5.13 5.10 6.15

5.55
(4,908) Men 4.84 5,17 4.78 4,56 4.66 4.90

Starting on more tban Women 1.18 1.19 1.20 1.00 0,91 1.15
1.17one type of benzodiazepine Men 1.23 1.22 1.23 1.02 0,59 1.19

• No incidence rates were estimated for two of the benzodiazepines; clobazam, which had detected use only starting in 1992 and clorazepate, whieh had deteeled
use only in 1990.
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collinearityproblems ifincludedin the same model, were compared with respect to goodness

of-fit. Based on the minimum AlC value;B the following variables were kept for further

analyses. The number of prescribing physicians (AIC = 1893346) was kept instead of the

total number of billings (AIC = 1894320), the number of days with any billings (AIC

=1894181) or number of physicians seen (AIC = 1894120). The number of acute-care

hospital discharges (AIC = 1893346) was kept insteadoftotal numberof hospital discharges

(AiC = 1893356) and the continuous version of the CCI (AIC =1893331) was kept instead

of the binary version (AiC = 1893346).

A further issue concerned the relationship between the two original variables

representing the diagnosis of depression and the use of anti-depressant Medication. Use of

anti-depressant Medication during 1989 was detected for 33% of the total cohort with a

diagnosis of depression. However, only 30% of the subjects who filled al least one

prescription for an anti-depressant had a diagnosis for depression. In order to separate the

overlap between subjects filling prescriptions for anti-depressants and those subjects with a

diagnosis of depression, a different coding was done. Any subject with a diagnosis for

depression regardless ofMedication use was represented by the original variable for baseline

depression. Then a new variable was created to identify only those subjects who filled a

prescription for an anti-depressant but did not have a diagnosis fordepression. Therefore this

covariate, anti-depressant use, represented ooly those people using the Medication without a

recorded diagnosis of depression.

Table 4.4 compares estimated hazard ratios for incident use of any benzodiazepine,

with p-values and 95% confidence intervals for the entire follow-up periods and for two
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• Table 4.4 Estimated bazard ratios and 95% confidence intervals for predictors of
starting OD any benzodiazepine for aU incident users (78,367 users), 1990
incident users only (26,637 users), and 1991·1994 incident users ooly (51,730
users).

1990001yPredictor
Class

Predictors Total

95% CI H.R.
(P-VALUE) 9S'iI CI

1991·1994 Only

•

•

Patient Age for women (5
0.96 «.0001)

Demographies
.

year increments) §

Age for men (5
non-linear (0.004) non-linear (0.0003)

year increments) §
1.02 (0.01)

Sex- 0.87 0.86-0.89 0.79 0.77-0.81 0.92 0.90-0.94
Men vs Women* «.0001) «.0001) «.0001)
Peripheral Region 1.09 1.07-1.11 1.04 1.01-1.08 1.11 1.08-1.13

«.0001) (0.006) «.0001)
Intermediate 1.16 1.14-1.18 1.12 1.08-1.16 1.18 1.15-1.21
Region «.0001) «.0001) «.0001)
Remote Region 1.25 1.22-1.28 1.19 1.14-1.24 1.28 1.24-1.32

«.0001) «.0001) «.0001)
Health Care No. Prescribing 1.09 1.09-1.10 1.11 1.10-1.12 1.08 L.07-1.09
Utilization Ors. «.0001) «.0001) «.0001)

No. Hospital Stays 0.95 0.94-0.97 0.98 0.95-1.00 0.93 0.91-0.95
«.0001) (0.09) «.0001)

Disabilities Any lnjury (1989) 0.96 0.93-0.99 1.02 0.96-1.08 0.92 0.88-0.97
and (0.02) (0.53) (0.0006)
Impairments Visual Impairment 0.97 0.95-0.99 0.98 0.95-1.01 0.96 0.94-0.98

(0.0003) (0.17) (0.0008)
Stroke 0.95 0.91-0.99 0.99 0.92-1.06 0.93 0.88-0.99

(0.03) (0.73) (0.0l)
Depression 1.35 1.30-1.41 1.43 1.34-1.52 1.31 1.25-1.38

«.0001) «.0001) «.0001)
Neurological 1.10 1.05-1.15 1.09 1.02-1.17 1.10 1.04-1.17
Disorders «.0001) (0.01) (0.0008)
Arthritis 1.08 1.06-1.10 1.10 1.06-1.14 1.06 1.04-1.09

«.0001) «.0001) «.0001)
Seizure 0.96 0.91-1.02 0.97 0.89-1.05 0.96 0.89-1.02.

(0.19) (0.45) (0.21)
Osteoporosis 0.99 0.90-1.10 0.93 0.80-1.10 1.04 0.92-1.18

(0.91) (0.40) (0.51)
Mise. Impairments 1.01 0.98-1.05 1.02 0.96-1.08 1.00 0.96-1.05

(0.573) (0.48) (0.88)
Alcohol Abuse 1.35 1.18-1.54 1.62 1.34-1.96 1.16 0.97-1.40

«.0001) «.0001) (0.10)
DrugAbuse L18 1.03-1.37 1.12 0.89-1.41 L23 1.02-1.48

(0.02) (0.32) (0.03)
Charlson Co- L02 1.02-1.03 1.04 1.02 -1.05 LOI 1.00-1.02
morbidity Index. (<.0001) «.0001) (0.01)

• Region ofresidence is modeled as a dummy variable with the region containing a teaching hospital being the
reference: "Region ln is periphera1~. ·"Regïon 2~" is intermediate and '"Region 3n is remote.
:t: Estimated for the effect ofsex.at median sample age (73.4 years) for men compared to wornen (reference group)~



Continued•• Table 4.4

Predictor Class Predictor Total

95'MCI

19900nly 1991-1994 Ooly

•

•

Medications Esuogen 1.03 0.84-1.26 1.32 0.98-1.78 0.87 0.66-1.15
Potentially (0.76) (0.07) (0.33)
Protective for Thiazide 1.03 LOI-LOS L04 1.01-L07 1.03 1.00-1.05
Fractures Diuretics (0.0006) (0.009) (0.02)
Non- Anti- 1.67 1.61-1.74 1.72 1.62-1.83 1.64 1.56-1.72
Bern.:odiazepine Depressants (<.0001) «.0001) «.0001)
Medications Anti-Psychotics 1.23 1.16-1.31 L31 1.20-1.42 1.16 1.08-1.26
Associated with «.0001) «.OOOL) 0.0001
an Increased Sedatives 1.27 1.23-L.32 1.23 1.16-1.31 1.30 1.25-1.36
Risle ofInjury (<.0001) «.0001) «.0001)

Lithium. 1.26 1.09-1.46 1.05 0.82-1.35 1.41 1.18-1.68
L-tryptophan (0.002) (0.68) 0.0002
Cardiac Drugs LOS 1.03-1.07 1.01 0.98-1.05 1.07 1.04-1.09

(<.0001) (0.34) «.0001)
Anti - 1.06 1.04-1.08 LOS 1.01-1.09 l.07 1.04-1.09
Hypertensives (<.0001) (0.006) «.0001)
Vasodilators 1.17 1.15-1.20 1.24 1.19-1.28 1.14 l.U-l.17

«.0001) «.0001) «.0001)
Opiate Agonists 1.14 1.06-1.23 1.28 1.14-1.44 1.05 0.95-1.16

(0.0008) «.0001) (0.35)
Partial Opiate LU 0.91-1.34 1.25 0.94-1.67 L.03 0.79-1.33
Agonists (0.31) (0.13) (0.84)
Non-Thiazide 1.08 1.OO-l.U l.12 1.01-1.16 1.05 1.02-1.08
Diuretics «.0001) «.0001) (0.0008)
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separate analyses restricted~ respectively~ to 1990 incident use and 1991-1994 incident use.

Most variables showed a very small difference between the two period-specific hazard ratios~

and also showed confidence intervals that usually overlapped considerably. Variables that

showed a larger change in hazard ratios with no overlap in 95% confidence intervals (Le. the

use of opiate agonists in 1989) were investigated further. When these covariates were

modeled using a program specifically designed to evaluate the time-dependence ofcovariates

in survival analysis~SOnone of the changes were statistically significant (data not shawn). The

test of the proportional hazards assumption was conductedon a random sample ofthe cohort

(n=25~264) for aU the covariates. The proportional hazards hypothesis was not rejected at the

O.05level for any of the individual predictors (data not shown). Overan~ the results of these

analyses indicated that the predictive abilityofbaselinecharacteristics remains approximately

constant over five years of follow-up. Therefore, aH incident use occurring between 1990 ta

1994 was combined for the remaining analyses.

Tables 4.5.a~ 4.5.b~ and 4.5.c compare the estimated hazard ratios with p-values and

95% confidence intervals forpredictors ofincident use ofindividual benzodiazepines grouped

by three classes ofhalf-life. Each ofthe three tables focuses on a different subset ofpotential

predictors even though all the results related to a given benzodiazepine in the three tables

were obtainedfrom the same multivariableCox model. Use ofclobazam andclorazepate was

not analyzed since these drugs were not listed in the provincial formulary for the full

observation period. The analysis for use ofmore than one benzodiazepine was not conducted

because this only occurred with 1~027 subjects (1.3% ofincident users) and the results would

hedifficult to interpret becauseofdifferent subjects starting on differentcombinations oftwo
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Table 4.5.a Estimated hazard ratios (p-value) and 95% confidence intervals for patient demographics and baseline health

care use (1989) as predictors of incident benzodiazepine use (1990-1994):

Half ·Iife Type of Patient Demographiest Baseline Health Care Use
Benzodiazepine

Age (S yrFirst Used
Increment)* Sex Region of Residence No. of No. of Hospital

MenIWornenl Prescribing
Stays

Wornen Men Peripheral Intermediate Remote Doctors

Ultra· Triazolam 0,99 1,08 1.05 (0.29) 1.19 (0.04) 1.58 «.0001) 1.66 «.0001) 1.06 «.0001) 0,94 (0.25)
Short (0,66) (0,02) 0.96-1,14 1.00-1,25 1.42-1,76 1.45-1.90 1.03-1.09 0,86-1.04
Short· Temazepam 1,03 1,09 1,18 «.0001) 1.17 «.0001) 1.32 «.0001) 1,28 «.0001) 1.06 «.0001) 1.01 (0.63)
Intermediate (0.18) «.0001) 1.10-1.25 1.09-1.27 1.21-1.43 1.14-1.42 1.04-1.08 0.96-1.06

Nitrazepam 1,04 1.09 1.00 (0.96) 1.37 «.0001) 1.66 «.0001) 2.26 «.0001) 1.06 (0.001) 0.86 (0.03)
(0,21) (0,007) 0,90-1.1J 1.20-1.56 1.45-1.91 1.93-2.65 1,03-1,11 0.76-0.99

Alprazolam 0.84 0,92 0.72 «.<)(xH)' 1.02 (0.70) 1.21 «.0001) 1.50 «.0001) 1,10 (<:,0001) 0.81 «.0001)
«,0001) (0.0005) 0.67-0.77 0.94-1.10 1.11-1.32 1.35-1.67 1.07-1,12 0.75-0.89

Oxazepam non-lin, non-lin. 0.89 «.0001)' 1.35 (<:.0001) 1.14 «.0001) 1.16 (<:.0001) 1,09 «.0001) 0.98 (0.24)
(0.01) (0.008) (0,85-0.93) 1,30-1.41) 1,09-1.19 1.09-1.23 1.07-1.10 0.95-1.01

Bromazepam 0.84 0,93 0,70 (<:.0001)' 1.31 «.0001) 0.94 (0.23) 1.43 «.0001) 1.10 «,0001) 0,90(0.02)
(<:,0001) (0.003) 0.65-0.75 1,21-1,41) 0,86-1.04 1.28-1,59 1.08-1.13 0,83-0.98

Lorazepam 0,97 0.99 0.80 «.0001)1 0.95 (0,0009) 1,14 (<:.0001) 1,20 (<:,0001) 1.10 «.0001) 0.96 (0,001)
(<:.0001) (0,66) 0,78-0.82 0,93-0.98 1,11-1.17 1.15-1.25 1.09-1.10 0,93-0,98

Long Clonazepam 0,93 0,93 0,92 (0.09) 0,95 (0,43) 0.85 (0.02) 1.19 (0.04) 1.12 «.0001) 0.91 (0.10)
(0,02) (0,04) 0,83-1.01 0,85-1.07 0.74-0.97 LOI-lAI 1.09-1.15 0.82-1.02

Flurazepam 0,91 0.97 1.32 «.0001) 1.18 «.0001) 1.39(<.0001) 1.68 «.0001) 1.08 «.0001) 1.01 (0,58)
«.0001) (0.06) 1.22-1,42 1,10-1.26 1.29-1.49 1.54-1.83 LOO-LlO 0.97-1.06

Cblordia- 0.99 0,85 1,12 (0.11) 1.19 (0,04) 1,14(0.16) 1.23 (0.08) 1.07 (0,005) 0.95 (0,57)
zepoxide (0.78) (0,0008) 0.97-1,29 1,01-1.40 0.95-1.37 0.97-1.56 1.02-1.12 0.81-1.12

Diazepam 0.92 0,94 0,82 (<:.0001) 0,89 (0,002) 0.95 (0,23) 0.76 «.0001) 1.13 (<:.0001) 0.85 «.0001)
«.0001) (0,008) 0.77-0.87 0.83-0.96 0,88-1.03 0.67-0.85 1.11-1.15 0.79-0.91

• AdJusted for bal'eline impairments and other medication Ulie.
t Region of rel'idence is modeled as a dummy variable with the region containing a teaching hospital being the reference: "Region 1n is peripheral, l'Region 2" is
intermediate and "Region 3" il' remote, Women are the reference group for sex.
*Aquadratic function was used to test the non-Iinearity of age.
t Estimated for the effeet of l'ex at median sample age (73.4 years).
, Statistically significant interaction between sex and age (p-value:50,O 1).
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Table 4.S.b Estimated hazard ratios (p-value) and '5% confidence intervals for baseline disabilities and impairmentst

(1989) as predictors of incident benzodiazepine use (1990-1994). •

Halr -lire Type or Injuries Depression Visual Neurologieal Arthrilis Seizure Aleohol Drug Charlson
Benzodiazepine Related to Impairment Disorders Disorders Abuse Abuse Comorbidity
First Used Falls Index

Ultra - Short Triazolam 1,07 (0.52) 1.14 (0.29) 0.93 (0.15) 1.15 (0.28) 1.19 (0.003) 1.13 (0.40) 1.74 (0.08) 1.786(0.09) 1.04 (0.07)
0.88-1.30 0.89-1.46 0.84 - 1.03 0.891.47 1,06 - 1.33 0.85 - 1.51 0.93 - 3.25 0.91 - 3.41 1.00 - 1.08

Sbort • Temazepam 0.98 (0.77) 1.22 (0.03) 0.85 «.0001) 1.28 (0.006) 1.04 (0.43) 0.91 (0.78) 1.53 (0.10) 1,13 (0.70) 1.02 (0.13)
Intermediate 0.84 - 1.14 1.02-1.46 0.79-0.92 1.07 - 1.53 0.95 - 1.13 0.77 - 1.22 0.92 - 2.54 0.61 - 2.11 0.99 - 1.05

Nitrazepam 1.01 (0.96) 1.53 (0.003) 0.93 (0.26) 1.25 (0.14) 1,16 (0.04) 1.37 (0.06) 1.52 (0.36) 2,08 (0.08) 1,00 (0.96)
0.18-1.29 1.16-2.01 0.82 - 1.06 0.93· 1.69 1.01 - 1.34 0.98 - 1.90 0.63 - 3.67 0.93 - 4.70 0.94 - 1.06

AlpralOlam 0.96 (0.61) 2.02 «.0001) 0.95 (0.21) 0.92 (0.47) 1.06 (0.19) 0,86(0.26) 0,68 (0.40) 1.30(0.43) 1.00(0.93)
0.82 -1.12 1.75-2.34 0.88 - 1.03 0,74 - 1.15 0.91- 1.16 0.61- 1.11 0.28 - 1.65 0.61- 2.51 0.97 -1.04

Oxuepam 0.99 (0.78) 1.23 «.0001) 1.01 (0.73) 1,26 «.0001) 1.07 (0.002) 1.04 (0.48) 1.57 (0.001) 1.13 (0.47) 1.04 «.0001)
0.92-1,07 1.12-1.34 0.97· 1.05 1.14 - 1.38 1.03 - 1. 12 0.93 - 1.17 1,20 - 2.07 0.81 - 1.56 1.02 - l,OS

Bromazepam 0.91 (0.24) 1.50 «.0001) 0.97 (0.43) 0.86(0.20) 1.23 «.0001) 0.82 (0.15) 0.83 (0.65) 2.40 (.0008) 0,93 (0.0005)
0.71-1.01 1.27-1.77 0,90 - 1.05 0,68 - 1.09 1.13 - 1.34 0.63 - 1.07 0.37 - 1.86 1.44 -4.01 0.89 - 0.97

Lorazepam 0.94 (0.02) 1.29 «.0001) 0.99 (0.52) 0.97 (0.43) 1.06 (0.0001) 0.87 (0.002) 1.08 (0.49) 1.14 (0.27) 1.03 «.0001)
0.89 - 0.99 1.22-1.37 0.97 - 1.02 0.90 - 1.04 1,03 - 1.09 0.80 - 0.95 0,86 - 1.37 0.90 - 1.43 1.02 - 1.04

Long Clonazepam 0.87 (0.24) 2.44 «.0001) 0.94 (0.29) 2.29 «.0001) 1.30 «.0001) 1.38 (0.02) 0.22 (0,13) 0.44 (0,25) 1.05 (0.04)
0.69 - 1.10 2.03-2.94 0.84 - 1.05 1.88 - 2.78 1.15 - 1.46 1.05 - 1.82 0,03 - 1,55 0,11 - 1.78 1.00 - 1.10

Flurazepam 1.02 (0.78) 1.26 (0.003) 0.90 (0.002) 1.18 (0.04) 1.04 (0.31) 1.02 (0,88) 1.48 (0.07) 1.00 (1.00) 1.04 (0.0008
0.90 - 1.16 1.08-1.46 0.84 - 0.96 1.01 - 1.37 0.96 - 1.12 0.84 - 1.23 0.97 - 2.25 0.59 - 1.69 1.02 - 1.07

Chlordiazepoxide 1.32 (0.06) 1.63 (0.005) 1.01 (0.90) 1.08 (0.74) 0.81 (0.18) 1.01 (0.96) 12.91 «,0001) 1.12 (0.85) 0.95 (0.20)
0.99 - 1.75 1.16-2.30 0.86 - 1.19 0.70 - 1.65 0.72 - 1.06 0.62 - 1.65 8.58 - 19.42 0.35 - 3.53 0.88- 1.03

Diazepam 0.87 (0.06) 1,27 (0,002) 0.96 (0.25) 0.87 (0.16) 1.13 (0.001) 0.97 (0.81) 0.95 (0.87) 1.16 (0.65) 0.97 (0.14)
0,75 - 1.00 1.09-1,48 0.90- 1.03 0.71 - 1.06 1.05 - 1.22 0.79 - 1.21 0.49 - 1.83 0.62 - 2.16 0.94 - 1,01

t Results for stroke are not shown since this disability is included as part of the Charlson Comorbidity Index. Osteoporosis and other miscellaneous impairments
were not shown since ail hazard ratios were non-significant. For osteoporosis this may have been due to the small number of cases (0.5% ofail incident users,
0.4% of non-users).
• Adjusted for baseline patient characteristics, health care use and other medication use.
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Table 4.S.c Estimated hazard ratios (p-value) and 95% confidence intervals for non-benzodiazepine baseline medication (1989) use as

predictors of incident benzodiazepine use (1990-1994). •

Half· Type of Protedive Associated with an Increased Risk for Injuries
life Benzodiazepine for

Fint Used Fradures'
Thiazide Anti· Anti· Other Lithium, L· Cardiac Anti- Vasodi· Opiate Partial Non·
Diuretics Depressants Psychoties Sedatives tryptophan Drugs Hypertensive lators Agonisas Opiate Thiazide

ARooisas Diuretics
Ultra· Triazolam l,Il (0.04) 1,83 «.0001) 0.93 (0.69) 1.24 (0.04) 1.27 (0.59) 1,02 (0.71) 1.07 (0.26) 0.95 (0.43) 1.45 (0.07) 2.48 (0.02) 1.09 (0.19)
Short 1,01 • 1.23 1.48-2.27 0.64 - 1.34 1.01 • 1.54 0.53 - 3.08 0.92 - 1.13 0.95 .. 1.22 0.83 -1.08 0.97 - 2.16 1.18 - 5.22 0.95 - 1.25
Short! Temazepam 1.14 (0.0008) 2.16 «.0001) 1.71 «.000J) 1.69 «.0001) 2.09 (0.004) 1.04 (0.28) 1,08 (0.12) 1,05 (0.31) 1.43 (0.02) 0.82 (0.69) 1.13 (0.02)
Inter· 1.06 - 1,23 1.85- 2,52 1.38·2.11 1.47 - 1.94 1.27 - 3.43 0.96 - 1.13 0.98 .. 1.19 0.95 - 1.16 1.05 - 1.94 0.31-2.19 1.02 - 1.25
mediate Nitrazepam 1.04 (0.44) 2.49 «.0001) 1.43 (0.06) 1.40 (0.008) 1.32 (0,58) 0.90(0.11) 1.05 (0.56) 1.18(0.04) 1.35 (0.27) 1.69 (0.37) 1.23 (0.01)

0,92 - 1.19 1.96 - 3.16 0.99-2,08 1.09 - 1.80 0.49 - 3.56 0.78 .. 1.02 0.89 - 1.23 1.01 - 1.38 0.79 - 2.29 0.54 - 5.27 1.04 - 1,46
Alprazolam 1.00 (0.97) 2.29 «.0001) 1.01(0.94) 1.37 «,0001) 0.97 (O.92) 1.05 (0.25) 1.04 (0.46) 1.16 (0.002) 0.84 (0.42) 1.35 (0.46) 1.02 (0.68)

0,92 - 1.08 1.96 - 2.67 0,77 - 1.33 1,18 - 1.60 0,50-1.87 0,97 - 1.13 0.94 .. 1.14 1.06· 1,28 0.56 - 1.27 0.60 - 3,02 0.92 - 1.14
Oxazepam 1.02 (0.28) 1.68 «.0001) 1,19 (0.008) 1.32 «.0001) 1.26(0.19) 1,07 (0.0004) 1.14 «.0001) 1.21 «.0001) 1.24 (0,009) 1.16 (0.49) 1.16 «.0001)

0.98 - 1.06 1.54 - 1.83 1.04 - 1.35 1,22 - 1.42 0.89 - 1,78 1.03 - 1.12 1.09 - 1.19 1.16 - 1.27 1.06· 1,47 0.76 - 1.76 1.10 - 1.22
Bromazepam 1.00 (0.91) 1.84 (<.OOO1) 0.98 (0.91) 1.26 (0.005) 0.98 (0.95) 1.02 (0.62) 1.06 (0.24) 1.03 (0.53) 1.07 (0.71) 0.69 (0,51) 1.02 (0,72)

0,92 - 1,08 1,56 - 2.18 0.73 - 1.32 1,07 - 1.48 0.48 - 1.96 0.94 - 1,11 0.96 - 1.17 0.93 - 1.14 0.74 - 1.56 0.22 - 2.13 0,91 - 1.14
Lorazepam 1.03 (0,01) 1.45 «,0001) 1.02 (0.70) 1.18 «.0001) 0.75 (0.06) 1,06 «.0001) 1.05 (0.003) 1.20«.0001) 1.04 (0.58) 0.92 (0.64) 1,04 (0.03)

1,01 - 1.06 1,36 - 1,55 0.92 - 1.12 1,12 - 1.25 0.55 .. 1.01 1.03 .. 1.09 1.02 - 1.09 1.16 - 1,24 0.91 - 1,18 0,66 - 1.29 LOI .. 1.08
Long Clonazepam 0.85 (0.01) 3,07 «.0001) 2.30 «.0001) 1.22 (0.07) 5.19 «.0001) 1.12 (0.06) 1.03 (0.68) 0.99 (0.859) 1.29 (0.28) 1.02 (0.97) 1.20(0.02)

0.76 - 0.96 2,54 - 3.70 1,82 - 2.89 0.98- 1.52 3.60-7.46 1.00 - 1.26 0.89 .. 1.19 0.856 - 1.14 0.81 - 2.03 0.33 .. 3.19 1.03 - 1.39
Flurazepam 1.01 (0.74) 1.68 «.0001) 2,09 «.0001) 1.53 «.0001) 2.41«.0001) 1.02 (0.55) 1.06 (0.16) 1.29(<.0001) 1.15 (0.34) 1.92 (0.02) 1.15 (0.001)

0,94 .. 1.08 1.46 - 1.95 1.76 - 2.49 1,36 - 1.73 1.64 - 3.54 0.95 - 1.09 0.98-1,15 1.19 - 1.40 0.86 - 1.52 I.ll .. 3,31 1.06 - 1.26
Chlordmz. 1.04 (0.64) 2.03 «.0001) 1.10 (0.74) 1.01 (0.96) . 1 0.96 (0.62) 1.03 (0.78) 0.95 (0.64) 1.34 (0.42) -t 0.83 (0.15)

0.88 .. 1.24 1.42 .. 2.89 0.62-1.95 0.68 - 1.47 0.80 - 1,14 0.83 - 1.28 0.76 - 1,18 0.66 - 2.69 0.64 - 1.07
Diazepam 1.05 (0.16) 1.24 (0.02) 1.40 (0.003) 1.12 (0.12) 0.61 (0.23) 1.03 (0.34) 0,93 (0.10) 1.16 (0.0007) 1.19 (0.27) 0.88 (0.78) 1.01 (0.75)

0.98 - 1.13 1.04 - 1,47 1,12 - 1.75 0.97 - 1.30 0.27 - 1.37 0.96 - 1,11 0.85 - 1.01 1,06 - 1,26 0.87 - 1.62 0.37 - 2.13 0.92 - 1,12

• Adjusted for baseline patient characteristics, health care use and disabilities.
, Hazard ratios for estrogen could not he estimated hecause of the small number of occurrences (0.1 % for incident users and non~users).

t Hazard ratios not estimated due tO the small number of incident users.
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Figure 4.1 Estimated change in huard ratio with age for incident oxazepam use in men

and women, adjusted for ail other covariates•
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Figure 4.2 Estimated ehange in hazard ratio with age for men compared to women for incident

benzodiazepine use in models with stalistieally signitieant interaetions, adjusted for ail other
baseline eharaeteristies.
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benzodiazepine in the next five years, there was a slightlydecreasedprobabilityforlorazepam

(HR=0.94, p=O.02) and an increased probability for chlordiazepoxide (HR=L32, p=O.06).

A diagnosis for depression during the baseline year was strongly associated with an increased

hazard for subsequent incident use of all the benzodiazepines. This increase in probability

was particularly strong for alprazolam (HR.=2.02, p<O.OOOl) and clonazepam (HR=2.44,

p<O.OOO1). A weaker but consistently positive association was found between arthritis and

incident benzodiazepine, although the statistical significance varied between drugs. There

were also several strong, positive associations between certain impairments and incident use

of specifie benzodiazepines. These ineluded the association between neurologieal disorders

(ineluded dementia and Parkinson' s disease) and clonazepam (HR=2.29, p<O.OOO l); aleohol

abuse and both oxazepam (HR=L57 p=O.OOl) and ehlordiazepoxide (HR=l2.9, p<O.OOOl);

as well as drug abuse with bromazepam (HR=2.40, p=O.0008).

Associations between othertyPes ofdisabilities and incident benzodiazepine use were

SPecifie to the type ofbenzodiazepine and demonstrated no discernable pattern between drugs

with similar elimination half-lives. For example, for every increase of one point in the

Charlston Co-morbidityIndex, the hazard forstartingon bromazepam signifieantlydecreased

by 7% while the hazard for starting on other intermediate half-life benzodiazepines, such as

oxazepam and lorazepam, significantly increased by 3-4%.

4.3.4.4 Other Medication Use

Like disabilities, the significant predictors for starting benzodiazepine use among

Medications considered in ouranalyses were quite different across specific benzodiazepines.

Overall, the associations between the use of eardiae drugs, anti-hyPerteosives and oon-
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thiazide diuretics were very weakfor aU the benzodiazepines. Contrasting associations were

found for use ofcertain Medications and different benzodiazepines. Forexample, the use of

thiazide diuretics was associated with a significant increase in probability fortemazepam use

(HR=L14, p=0.OOO7) but with a decrease in probability for clonazepam use (HR=O.85,

p=O.Ol).

The strongest and most consistent associations were seen for use of anti-depressants

as weil as otherpsychotropic medications (anti-psychotics and non-benzodiazepine sedatives,

lithium or I-tryptophan). For a subject without a detected diagnosis of depression, filling a

prescription foran anti-depressantsignificantlyincreased the hazardofstarting anyparticular

benzodiazepine, but the strength of the association varied from a 24% increase for diazepam

to more than tripling the probability for clonazepam. For use of anti-psychotics, other

sedatives, and lithium or l-tryptophan, the statistically significant hazard ratios were greater

than 1.0 but, again, the strength of the associations varied considerably across products. For

example, the use ofanti-psychotics more than doubles the probabilityofincidentclonazepam

and flurazepam use (p<O.OOO1) and the useoflithium orI-tryptophan increases the probability

of clonazepam use by over five times (HR=5.19, 95% CI 3.60-7.46).

4.4 DISCUSSION

4.4.1 Summary

As with the findings ofother studies that have examined the characteristics ofelderly,

prevalent users of benzodiazepines,2:3;51;52 we found that elderly patients who filled a

benzodiazepine prescription in 1989 were generally more likely to he wornen, to have poorer

health and to he takingmore Medication. The relatively high prevalencerates of37% for men
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and 51% for wornen agreed with the results of an earlier study by TamblYn et al (1994) of

Quebec elderly. Despite the fact that these rates were relatively high compared with similar

studies, given the large size of the Quebec elderly population compared to other regions that

have universal health coverage, the yearlyprevalence rates ofbenzodiazepine use in ourstudy

should still have been an accurate reflection of benzodiazepine consumption in elderly

populations.

The most common drug for prevalent users in our study was lorazepam, followed by

oxazepam. This high prevalence of lorazeparn was also found in a database study of Nova

Scotia seniors21 but was not noted in otherstudies ofbenzodiazepine prevalence.2:5:51 However

the difference in rates ofuse may reflect the availabilityof the medications or possible shifts

in prescribing patterns over time. We were unable to find any published studies that provide

incidence rates for individual benzodiazepines. We also found that lorazepam was the most

common drug for first-time prescriptions, followed by oxazeparn. A comparison of incident

rates between our study and other published estimates is difficult since many ofthe incidence

rates are reported as percentages and not in terms ofperson-years ofobservation. The overall

incidentrateof88.7 per 1,OOOperson-years can beroughlytranslatedto 8.9% peryear. Using

this figure, our rates were significantly higher than the 2.5% reported by Taylor et al (1998)

for an elderly cohort in England:~ Since Taylor' s study uses an age-gender stratified sample

of people living in the Liverpool region and relies on self-reported medication use at two

different interview periods, we expected tbis rate to he an underestimation of the true

incidence of henzodiazepine use due to inadequate ascertainrnent ofexposure.ol
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While the characteristics ofprevalent benzodiazepine users elearly indieated that this

group had a higher risk profile, due to the cross-seetional nature of the data we were unable

to determine if any or a11 of these conditions occurred before, or after initiating

benzodiazepine treatment. This limitation was overcome in our analysis of the predietors of

incident use. By measuring these factors in a group of elderly who did not use

benzodiazepines for at least one year, we were able to determine that many ofthe pre-existing

conditions had a significant effect on the probability of initiating benzodiazepine treatment

in the next five years. This confirmed the importance of including these factors in any study

that evaluates the adverse effects, such as risk of falls or injuries, associated with

benzodiazepine use.

Nelson and Chouinard (1999), in theirguidelines forclinical use ofbenzodiazepines,

comment that the sensitivity to the adverse effects of benzodiazepines that elderly people

experience may only occurwith specifie products.LL This specificity is related to the unique

pharmacokinetie and pharmacodynamie profile of each benzodiazepine. LL
:
17

::!O Therefore,

initial research into risks associated with benzodiazepine use in the elderly population should

first establish ifthere are any discrepancies among the rates of individual benzodiazepine use

as we11 as the characteristics ofthe users ofspecifie products. In ourstudy, we found that not

only did the rates of use vary, but also the factors associated with new benzodiazepine use

varied greatly among the individual benzodiazepines. If there were only certain

benzodiazepines that posed specific risks, the distribution ofbenzodiazepine use among the

different products could have been a crucial factor in comparing the results of studies

assessing the overall impact of benzodiazepine use in different populations. Furthermore,
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there were significant differences among the characteristics of elderly people who started

usinganyofthe benzodiazepines compared to thoseelderLywho neverfi lieda benzodiazepine

script as weil as significant differences among incident users depending on which

benzodiazepine was first used.

In order to properly assess the risk of adverse effects associated with benzodiazepine

use, the presence of pre-existing risk factors must be examined. If these factors are not

included in a model used to estimate the risk of falls associated with benzodiazepines, the

results will he biased due to a classical confounding factor.53 According to Rothman and

Greenland, there are three criteria for a confounding factor: (i) the factor must be a risk factor

for outcome of interest, (H) the factor must not be affected by the exposure or the outcome

of interest, and (Hi) the factor must he associated with the main exposure in the source

population.53 Most of the predictors of incident use that we included in our study met these

requirements. Part of the basis for the selection of our predictors was that the factor had to

he identified in at least one published study as a risk factor for injuries from falls, thereby

meeting Rothman and Greenland's first criterion for confounding. By employing a

prospective study design that only included incident use of benzodiazepine and measured

characteristics a year before possible exposure to benzodiazepines, we ensuredthat these pre

existing factors were not affected by the exposure, benzodiazepine use, or the outcome,

injuries from falls, which ensures the secondcriterion. Finally, ourstudywas unique in that

it provided confirmation of the association between these factors and the exposure,

benzodiazepine use, thereby demonstrating that many ofthese factors met, as weU, the third

criterion for confounders. Therefore, our study provided conclusive evidence for including
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these variables in any analysis of the impact of benzodiazepine use on the risk of adverse

events in order to avoid potential spurious associations due to confounding.

It is possible that some of the previous studies showing that benzodiazepine use is

associated with higher risk of injuries from falls, but did not control for these subject

characteristics, may have overestimated the impact of the benzodiazepines.2'~ For example,

our study found a very strong association between the use of anti-depressant medication in

1989 and the increased probability of incident benzodiazepine use in the next five years. A

strong relationship was also found by otherinvestigators between the use ofanti-depressants

and falls.36
:S

ol Yet several of the studies reporting high associations between benzodiazepine

use and injuries from falls do not control for anti-depressant use.13:2ol:3S:37

Moreover, the fact that the predictors of incident use, and the strength of their effects,

varied considerably between individual benzodiazepines, indicated that it was essential to

adjust for these characteristics when comparing the impact of different products on the risk

of injuries from faIls. Although Many of the more recent studies that examine the risks

associated with benzodiazepine use attempt to control for Medication use and health status

in the elderly, 13-16:35 none of these studies measure health care utilization. In our study, one

of the Most consistent predictors of subsequent benzodiazepine use was the number of

prescribing physicians in the baseline year. The interpretation of tms association is not

straightforward. While the estimate is adjustedfor the useofMany Medications, and illnesses

that are associated with falls, our list of predictors was not exhaustive. The number of

prescribing physicians May have been an indication of other aspects of heaIth status, not

reflected by the variables included in our analyses. There was aIso the possibility that tbis
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predictorwas a measure ofa patient's tendency to higher utilization ofthe healthcare system,

independent of the patient's actual health status. Within the context of a database study, it is

impossible to make this distinction but the conjecture that this association may have partIy

reflected "doctorshopping" behaviourwas supportedby the fact thatthe association persisted

even afteradjusting for several measures ofthe patient' s health status.SS
:56 This was consistent

with the previous finding that the risk of potentially inappropriate drug combinations

increased with number of physicians involved in the medical management of an elderly

patient.S6

Despite the obvious lack of sorne details on the patients' health status, the use of

administrative databases offered several advantages for our study. The main advantage was

in sample size resulting in high statistical power and precision of the estimation. We had a

large enough sample size to examine different, detailed aspects of individual benzodiazepine

use with a prospective cohort design. Even for drugs such as chlordiazepoxide, with a very

small market share, significant predictors were detected. Although the differences in

statistical significance of sorne of the predictors among the individual benzodiazepines may

have been partIy due to power considerations for the less frequent benzodiazepines, these

considerations affected only very weak associations (hazard ratios between 0.8 and 1.2).

However, comparing the significant predictors for the two most common incident

benzodiazepines, lorazepam and oxazepam, shows quite different profiles (Table 4.5). This

disparity of strengili and magnitude for the predictors of incident use among the different

benzodiazepines reinforced the fact that analyses of the impact ofbenzodiazepines on risks

of adverse effects such as injurious falls must he by individual products.
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estrogen use and subsequent incident benzodiazepine use. The small number of detected

osteoporosis diagnoses and estrogen use, likely due to under-reporting, did not allow us to

explore the role of these factors as predictors. Also, certain conditions such as anxiety and

insomnia were often not coded in the billing databases making it difficult to assess the

association between these variables and benzodiazepine use.6~ While benzodiazepines May

often he prescribed for inappropriate reasons,22;58;62-64 the lack of sensitivitYin the diagnostic

codes for billing databases May partly have accounted for our finding that only a very smal1

proportion of incident users were diagnosed with any of the conditions corresponding to the

labeled uses of benzodiazepines.

Furthermore, there was no prescription information available during hospitalization.

Although we adjusted our estimates of incidence rates accordingly, by removing periods of

hospitalization from the total person-years calculation, the lack of this information May have

accounted for the apparent lack of effect of the number of acute care hospital stays in the

baseline on subsequent incident benzodiazepine use. Grad et al (1999) found that recent

hospitalization increases the riskofincidentbenzodiazepine use outofhospital in community

dwelling elderly people of Quebec.6S

Finally, in our study we onlyevaluated the first new benzodiazepine script filled. We

did not go on to look at subsequent use, so we were not able to say, for example, whether

lorazepam remained a popular drug after initiation of therapy or to comment on different

aspects ofpatterns of use such as switching or adding benzodiazepines, duration of use and

changes in the dose of the subsequent prescriptions..
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• 5.0 PREFACE TO MANUSClUPf 2
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•

This is the secondarticle in a series offour that addressed specific components ofthe

overall thesis objective ofassessing the riskofinjuries from ralls associated with patterns of

benzodiazepine use in community-dwelling elderly people. This article is a logical

continuation of the research described in the tirst manuscript. The first article estimated the

level of benzodiazepine consumption in an elderly population and examined the

characteristics ofsubjects who initiated therapy using different benzodiazepines. The second

manuscript continued with the next step in that research by investigating patterns of

benzodiazepine use that occurred after- the first prescription. This investigation was

motivated by the expectation that some aspects of time-dependent changes in the exposure

to benzodiazepines may be important to identify more precisely the mechanisms by which

they affect the risks of injuries from ralls.

In order to achieve the specific objective of describing, among new users of

benzodiazepines, initial and evolving patterns of use over time, the manuscript evaluated

such aspects as duration of uninterrupted use, changes in dosage, switching or adding of

prescriptions, and assessed how these aspects of patterns of use related to specifie

benzodiazepines and patient characteristics.

The results of this article were then used to guide the next steps ofthe thesis research.

Specifically, based on the finding of complex patterns of benzodiazepine use that change

over time, the next article focused on the methodological issues involved in modeling tbis

level of complexity in exposure. The results from this article confirmed the necessity of

utilizing carefully defined time-dependent covariates to represent different aspects of
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exposure to benzodiazepines in aU subsequent analyses. Information from the

characterization of these patterns was the basis for the selection of the variables that were

constructed in Manuscript 3 and that were included in the final analyses of risk associated

with benzodiazepine exposure in Manuscript 4 (Chapters 6 and 7, respectively).
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Abstract

Background Given the widespread use of benzodiazepines in elderly patients, there are

concerns about duration of use, the choice of benzodiazepine, and the increased risk of

physiological dependence. OnLy limited information is available about patterns of

benzodiazepine use and their evolution over time.

Objectives To characterize different aspects of the patterns of benzodiazepine use in an

elderly cohort including the choice of specifie products, switching or adding medications,

changes in duration and dosage overtime, evidence ofdependence through increasingdosage

or duration of use, and to develop new approaches to summarize these complex. patterns.

Methods Using information from provincial administrative databases, 78,367 community

dwelling Quebec residents overthe age of65 classified as incident users(no benzodiazepine

prescription for one year) were followed for five years. Time-dependent covariates

representingdifferent aspects ofbenzodiazepineexposure and summary measures ofchange

in dosage, switching oradding were constructed and compared between patients and specifie

products. Dose was standardized using recommended maximum adult daily doses. [n order

to identify patterns suggesting POssibly increasing drug dependency, Spearman's rank

correlation coefficients were calculated to assess strengths and direction of association

between duration of use or current dose, and tîme. Multiple logistic regression models

evaLuated subject characteristics associated with extreme positive correlations considered a

prox.y measure for dependence.

Results The Median duration foruninterrupted periods ofuse was 31 days (mean:75.5 days,

sd=137.2). The mean daily dose was almost half the recommended maximum adult daily
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s.o PATTERNS OF BENZODIAZEPINE USE IN THE ELDERLY
(MANUSCRIPT 2)

5.1 INTRODUCTION

With the well-documented widespread consumption of benzodiazepines in

community dwelling elderly (see Chapter 4.0), Many investigators and clinicians have

focused on the non-optimal use of these medications. Several studies have been published

on duration of use, the choice of benzodiazepine product, usually in terms of length of

elimination half-life, and non-optimal prescribing.1oS Non-optimal prescribing May include

exceeding the recommended duration or dosage for specific benzodiazepines, potentially

inappropriate drug combinations orproviding a benzodiazepine for no acceptable reason.1
:
2:6

While the recommended duration of use for Many benzodiazepines is 30 days,7-9 published

studies estimate that approximately20-30% ofthe elderly using benzodiazepines exceed this

time and almost 10% exceed 90 days.12.2.30 Furthermore, investigators estimate that 10-15%

of these patients are taking more than one benzodiazepine at the same time.2:lO Although

there is evidence that many prescriptions are given with instructions to be taken pro re nata

(as needed) and that Many elderly report taking lower doses than prescribed,lO:llresearchers

suggest thatManybenzodiazepineprescriptions still apPearto exceed the recommendeddaily

maxima. l
!

Since factors such as the presence ofotherillnesses, increased length ofelimination

half-life, higherdose level, and increasedduration contribute to the likelihoodofdeveloping

of benzodiazepine dePendence,7:13-16 the non-optimal use of benzodiazepines May make

elderly patients particularly susceptible to this problem.7;8:16:17 Dependence occurs with
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chronicexposure to benzodiazepines thatcauses physiological alterations in a patientso that

abrupt termination ofthe medication is associated with uncomfortahle orpainful withdrawal

symptoms.7:
18

-:
m Withdrawal symptoms can include depressed mood (dysphoria),

depersonalization, loss ofappetite, headache, nausea, fatigue, nausea, weakness, dizziness,

muscle aches and twitches, and perceptual disturbances.7:8
:20:21 Researchers believe that the

majority of benzodiazepine dependence, unlike dependence on other sedatives, occurs with

little, if any, dosage increase,19however very few studies have investigated changes in

benzodiazepine dosage over time.

Despite these concerns, we were unable to identify any studies that have

comprehensively examined the patterns of benzodiazepine use in the elderly over a long

period oftime. The objective ofthis study is to characterize different aspects of the patterns

of benzodiazepine use in an elderlY cohort including the choice of specifie products,

switchingor adding medications, changes in duration and dosage over time and evidence of

dependence through increasing dosage or duration of use.

5.2 METROOS

5.2.1 Data Source and Study Population

A cohort ofelderly Quebec residents were studied for the period, January 1, 1989 to

December 31, 1994, using information from provincial administrative health databases.

Details of the cohort and the available subject information are provided in Chapter 4.0.

Since no information on benzodiazepine use was available before January 1, 1989,only

subjects who did not fiU a benzodiazepine prescription during tbis year were eligible to he

included in the study. Furthermore, subjects for whom the first detected benzodiazepine
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prescription during the study periody January 1y 1990 to December 31, 1994, was a refill

were also excluded (n=209y732). The remaining subjects were included in the study if a

recordforat leastone new benzodiazepine prescription was detected during the studyPeriod.

Thus, aIl new incident users of benzodiazepine were assessed.

For the final cohort, data was retrieved on several baseline characteristics including

age, sex, areaofresidencey disabilities, co-morbidityy hospitalization, health care usey use of

other selected prescription drugs and diagnosis for fractures and soft tissues injuries. Further

details are provided in Chapter4.0. This study was conducted in accordance with the ethical

standards of the McGill Faculty of Medicine Institutional Review Board for research

involving human subjects.

5.2.2 Measurement of Benzodiazepine Exposure

In order to discriminate between prevalent use of benzodiazepines and new usey the

active follow-up was restricted from 1990 to 1994 while 1989 was considered a baseline

Period. Ali subjects were followed until the end of the study at Dec. 31, 1994 or untillost

to follow up due to deathy moving out of the province or institutionalized.

Information on benzodiazepine use included start and end dates for each

uninterrupted period ofexposure; exact drug type; dosage; and hospitalization information

foreach prescription. To facilitate between drugcomparisonsy a standardizeddailydose was

calculated for each prescription according to the following fonnula:

(
total number ofpiUs J ( dosage per pHi in mg J

duralion ofprescription in days) x WHO recommended adult daiLy dosage in mg)
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where the first term represented the average number of piUs per day and the second term

converted a given dosage into the percent of the World Health Organization (WHO)

recommended adult daily dose22 for the respective drug (see Appendix llI). Ifthe prescribed

dose was close to the recommended daily dose for this specifie product then the standardized

dose would he close to 1.0.

In addition, several time-dependent covariates representing different aspects of

benzodiazepine exposure were constructed. January 1, 1990 was considered the start of the

observation periodfor the time-dependentcovariates. Since benzodiazepine exposure would

he affected by the length ofobservation, January 1, 1990 was also used as time zero (Ta) for

the calculation of the total person-time of observation. No prescription information was

available during hospitalization so periods of hospitalization longer than seven days were

temporarily censored and not included in the calculation oftotal person-time ofobservation

or in the construction of the time dependent covariates. Cumulative exposure to

henzodiazepines was calculated as the sum of ail daily doses since the beginning of the

foLlow-up period, January 1, 1990, until censoring occurred from loss-to-follow-up or due

to the end of the study on December 31, 1994. Cumulative duration of benzodiazepine

exposure was also calculated as the sum of ail lime intervals since the beginning of the

foLlow-up period until censoring occurred. These summary measures were created for

overall benzodiazepine exposure, i.e. cumulativedose andduration across differentproducts,

as well as for exposure to individual benzodiazepines. Given that most elderly May

occasionally forget to take a pHI, mayreduce theirdosage, orMay have difficulty seeing their

physician to obtain a refill prescription, we felt that periods of less than two weeks between
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consecutive prescriptions were unlikely to he "true" periods of non-use. To avoid under

estimating the cumulative duration of uninterrupted use, periods of less than 15 days

between two consecutive benzodiazepines prescriptions were considered as continued use

at the dosage of the earlier prescription. This role did not apply if the period ofinterruption

was due to hospitalization.

Summary measures were also made for changes in dosage, the number of limes a

subject switched to a different benzodiazepine or added an additional benzodiazepine.

Again, to avoid bias by over-estimating how often a subject was filling more than one

benzodiazepine prescription at a time, when the period of time where there was a record for

more than one benzodiazepine prescription was less than five days, the overlap was ignored

and the overlap period was assumed to reflect only information from the earlierprescription.

The period of five days was chosen based on the distribution of the duration for period

overlaps between more than one benzodiazepine within the study. This mie was applied

whetherthe laterprescription was for the same benzodiazepine as the earlierprescription or

fora different type. Forthe analyses ofchanges in dosage overtime, periods were considered

uninterrupted as long as the subject did not change the dose of the medication (either by

changing the doseofthe currently prescribedMedication orbyaddingorswitchingto another

benzodiazepine).

5.2.3 Statistical Analyses

Frequency distributions of categorical benzodiazepine exposure variables were

reported and the means, standard deviations (sd) and ranges were reported for continuous

variables. Chi-square tests and one-way analysis of variance using Tukey-Kramertests for
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multiple comparisons2J
;24 were used to compare the distribution ofcategorieal andcontinuous

variables~ respectively.

Spearman's rank correlation coefficients were calculated~ for each subject with 3 or

more distinctperiodsofuse, to assess strengths anddirection ofassociation between duration

ofuninterrupted periods ofbenzodiazepine use and time.Time was represented by an ordinal

variable reflecting rank orderofsubsequent periods of use. Subjects were then categorized

based on the distribution of the correlation coefficients with high positive correlations

indicating increasing durations of use with consecutive time periods. Subjects were

categorized using a eut-off corresponding to 90th percentile of the sample distribution of

Speannan's correlation coefficients as having uincreasing duration." Multiple logistic

regression modeling was used to identify baseline subjectcharacteristics that were associated

with "increasing" duration. The same approach was employed to identify uincreasing"

dosage, and to assess its correlates.

Potential predictors were identified a priori from baseline characteristics measured

in 1989. However, age was included as age at time of first benzodiazepine prescription. To

assess if the role of potential predictors was the same for men and women, interaction terms

were included for sex and several baseline characteristics. Interaction terms were tested

individually using a Wald test. If a significant interaction was found between the binary

variable, sex, and the continuous variable, age, the parameter estimate for sex would he

meaningless since it would represent the effect of sex at age =o. ln order to avoid this

problem~ the age variable was transformed by subtracting a subject's age in 1989 from the

Median age of the cohort. Thus~ ifa significant interaction was found between age and sex~
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the parameter estimate for sex represented the hazard for men compared to women at the

Median age~ Significant predictors were selected using automated stepwise procedures~

Statistical analyses wereconducted using SAS Systems 8.0 forWindows25 andS-Plus

4.26 Graphs and figures were constructed using Microsoft Exce1.21 To correct for the number

of statistical tests, significance levels were set at 0.01.

S.3 RESULTS

Of the 252,811 elderly subjects who did not fill a benzodiazepine prescription in

1989, 30% went on to fill at least one during the study pcriod (n=78,367)~ The baseline

characteristics ofthese subjects are reported in Chapter4.0 (see incident users, Table 4.1).

The average age of subjects in the study when they filled their first benzodiazepine

prescription was 75.5 years (sd=5.8) with no clinically significant differences between men

(75.L years) compared ta women (75.7 years). Fifty-six percent of the subjects were

hospitalized at least once for a period greater than seven days during the follow-up

(n=43,683). Significantly more men were hospitalizedcompared with women (63% versus

50%, p<O.OOO1). However, among these subjects, the average duration of hospitalization

(excluding stays ofone week or less) was slightly longer for women (54.5 days) compared

to men (51.1 days, p<O.OOOl)~

S.3.1 Duration of Benzodiazepine Use

Table 5~1 reports the descriptive statistics for the distribution ofduration of subject

observation and for benzodiazepine exposure. After filling their frrst prescription for a

benzodiazepine, elderly subjects spent an average of 34% (sd=35.1) of their lime on

benzodiazepines~ Only one subject spent the entire 1,826 days of follow-up using

benzodiazepines. However, 11% of the elderly patients spent all oftheirnon-hospitalized
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• Table S.l Description of study observation tinte· and periods of benzodiazepine
exposure for 78,237 incident users over S years of follow-up.T

Variable No. of
Subjects

Mean
(sel)

Median Range

•

•

Observation time
78,367 1,625.1 (407.0) 1826 10 - 1.826(days)

Ouration of hospitalization
43.683 53.6 (58.8) 34 8 - 1,306

periods* (days)

Ouration ofhospitalization
periods as a fraction of totaL 78.367 0.03 (0.06) 0.06 0-0.996
observation time
Observation time excluding
periods of hospitalization 78,367 1.595.2 (420.8) 1809 1-1.826
(days)
Observation time after first
benzodiazepine script 78.367 915.7 (568.1) 927 1 - 1,826
(days)
Observation lime after first
benzodiazepine script excluding

78,367 896.5 (570.2) 904 L- 1,826
periods of hospitalization
(days)
Total duration of
benzodiazepine use 78.367 228.6 (327.3) 83 1 - 1.826
(days)
Ouration of benzodiazepine use
as a fraction ofobservation time

78.367 0.34 (0.35) 0.18 0.0005 - l.ü
since first benzodiazepine script
excludintit hospitalization
Numberof periodsof
uninterrupted benzodiazepine 78.367 3.2 (3.3) 2 1 - 32
use
Average duration of
uninterrupted periods of

78.367 75.5 (137.2) 31 1 - 1.826
benzodiazepine use
(days)
Average duration of
interruption between periods of

42,219 187.1 (239.9) 95.6 15 - 1.773benzodiazepine use'l
(days)

• The observation period starts on January 1. 1990 (Day 0) and continues until the end ofthe study on
December 31. 1994 (Day 1826).
't Based on exposure to anyorthe 13 benzodiazepines available in community-based pharmacies in Quebec.
i Among subjects hospitalized at least once for more than 7 days. ooly hospital stays longer than 7 days
were considered resulting in an inflation of the mean and median duration.
'1 Calculated only with those benzodiazepine users who had two or more distinct periods ofuse.
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observation time after filling their flISt prescription on benzodiazepines y and 15% of the

sample sPent 90% ormore oftheirtime since the first prescription on benzodiazepines. The

average duration of uninterrupted benzodiazepine use was greater than 35 days for 45% of

the subjects (n=35 y442). Among the subjects whose average duration of use exceeded 35

days~ 20.1% of the subjects had an average duration of use between 36-65 days~ 7.6%

between 66-95 days y 9.0% between 96-185 days and 8.5% exceeded 185 days. Although

subjects who were followed for less than one year had somewhat shorter average periods of

benzodiazepine use~ Figure 5.1 shows that overall the duration of uninterrupted

benzodiazepine use was not significantly affected by the amount of time that a subject was

observed. Furthennore, Figure 5.2 shows that men and women had very similardistributions

for the average duration ofuse even ifwomen contributed on average over four months more

to the observation time after filling their first prescription compared to men (951.4 versus

814.9 days, p<O.OOOl).

When the duration of uninterrupted use was examined by the number and order of

distinct intervals, 40.9% ofthe subjects had only one period of use (53.0% ofwomen). The

overall mean duration of the first period of use was 69.7 days (sd-147.2 days). Table 5.2

compares the average duration of the first period of use for women and men, by the type of

benzodiazepine listed on the first prescription. Table 5.2 shows that whereas overally men

had slightly longer Mean durations of use for the frrst period, this difference was only

statistically significant fortriazolam (17.7 days longer for men) and lorazepam (4.5 days).

By contrasty women had a significantly longer average duration of flIst use for!Wo long

elimination half-life benzodiazepines, fIurazepam (14.3 days) andchlordiazepoxide (15.7).
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Figure 5.2 Distribution of mean duration of uninterrupted benzodiazepine use for men

and women.

•
~Oi i

56.1

50.0

40.0

~

5
~ 30.0
~

20.0

10.0

0.0 l '

DWomen

• Men

20.0 20.2

0-35 36-65 66-95 96-185 186+

Mean Duration of Periods of Uninterrupted Benzodiazepine Use (days)



• Table 5.2 Average duration of fint period of uninterrupted benzodiazepine
exposure for women compared to men by type of first prescription
and br year first prescription was fiUed.

Elimination
Ralf-LiCe

Year or Type of
Benzodiazepine

FirstUsed

No. of
Subjects

(% wODJen)

Mean Duration of First Periocl of
Uninterrupted Use in Days·

(sel)

WOD1en Men

Difference for
WODJen

compared to
men (p-value)

•

•

Short Triazolam 2.282 (51.2) 71.3 (152.5) 89.0 (186.4) -17.7 (0.01)

Temazepam 4.049 (48.8) 98.8 (213.3) 895 (185.7) -9.3 (0.14)

Nitrazepam 1.458 (52.3) 82.3 (188.7) 82.4 (174.2) -0.1 (0.99)

A1prazolam 3,959 (60.5) 61.0 (130.7) 65.6 (l25.1) -4.6 (0.27)
Intennediate

Oxazepam 15.600 (55.8) 79.3 (16 L.6) 78.9 (153.5) 0.48 (0.85)

Bromazapam 3.877 (61.4) 53.5 (lL9.6) 50.3 (105.3) -2.1 (0.57)

Lorazepam 32.882 (57.6) 66.0 (141.8) 70.5 (141.3) -4.5 (0.004)

Clonazepam 1.800 (55.6) 72.6 (149.9) 73.4 (150.5) -Ll.3 (O.H)

Clobazamt 28 (35.7) 81.6 (70.6) 128.2 (251.4) -46.6 (0.57)

Aurazepam 5.425 (44.2) 68.1 (l64.6) 53.8 (l17.6) 14.3 (0.0003)
Long

385 (75.4)Chlordiazepoltide 887 (47.3) 54.2 (120.9) 15.7 (O.02)

Diazepam 4,908 (57.6) 40.6 (79.6) 42.5 (86.0) -1.9 (0.41)

Clorazepate* 177 (62.1) 36.7 (30.5) 36.0 (29.1) 0.6 (0.88)

More than one type 1.035 (51.2) 120.9 (216.0) 130.6 (225.9) -9.73 (0.47)

1990 26.637 (58.2) 77.0 (184.1) 78.1 (174.7) -1.1 (0.62)

Any 1991 17.826 (55.4) 69.8 (148.8) 76.1 (154.1) -6.3 (O.OO6)
Benzodiaze-
pinel 1992 13,527 (55.2) 68.1 (134.6) 72.4 (140.2) -4.3 (O.O7)

1993 11.422 (53.2) 64.4 (l08.3) 65.6 (108.9) -1.2 (0.53)

Total 78.367 (55.7) 68.7 (149.1) 70.8 (144.7) -2.1 (0.04)

• Ifa subject switches or adds another benzodiazepine aCter the first prescription, this will count as a period
ofuninterrupted use as long as the prescriptions are filled without any ume in between.
t Clobazam has detected use only aCter 1992.
*' Clorazepate has detected use only in 1990•
§ Average duration was not calculated for subjects who started benzodiazpine use in the last yearofthe
study period (1994).
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Average duration of the tint tive periods of uninterrupted benzodiazepine use
for men and women among subjects with more than one period of use (46,282 ).

Figure 5.3
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Figure 5.4 Frequency distribution of Spearman's rank correlation coefficients between duration of subsequent

periods of benzodiazepine use and their ranking in lime for subjects with 3 or more distinct
periods of use (31,800).
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for-1 and +1. The 90lh percentile was 0.83, with about 3,800 subjects beyond the eut-off.

Subjects above these cutoffs were categorized with having a strong tendency for increasing

duration of use with subsequent periods of use.

Table 5.3 presents the results of the forward model selection of the predictors of

increased duration of use over time, based on the multiple logistic regression analyses. Age

at date of first prescription was very statistically significant (p<O.OOO1), with about 2%

increase in risk of increasing duration of benzodiazepine use over time with every year

increase in age at the lime of first prescription (OR=1.02, 95% CI 1.01-1.03). This

represented an increase of 10% for an increase in age of five years at date of first

prescriptions (OR=l.lO) and 22% for an increase in age of 10 years (OR=1.22). Men were

more likely to show a trend toward increasing duration compared to women (OR=1.14, 95%

CI 1.05-1.23). Among the different benzodiazepines used with the first prescription only,

subjects initiallyprescribed temazepam hada significant increase in risk (OR=1.30, 95% CI

1.01-1.52) compared to users of lorazepam.

5.3.3 Predictors of Increasing Benzodiazepine Dosage

The average standardîzed dose for all subjects was 0.57 (sd=O.37) corresponding to

just over one-half of the recommended maximum daily adult dose, with a median dose of

0.48 (range from 0.01-11.0). Men had a slightly higher average standardîzed dose (0.61)

compared to women (0.54, p<O.OOO1).. A value of 1.0 was equal to the WHO recommended

maximum adult daily dose, and the average daily dose exceeded this value for 8..6% of the

elderly subjects. A similar proportion of men (3 ..9%) exceeded the maximum daily dose,

on average, as women (4.7%, p=O..45)•
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The average nurober of distinct periods of benzodiazepine use, defined as a period

with no interruption in use and no change in dosage, was 3.75 per subject (sd=3.8) with a

median value of 2.0 (range of 1 - 35). Figure 5.5 shows how average dose changed with

subsequentperiods ofuse. The average dose remained stable forthe fist 20 periods and while

it increases in the uppertailofthe Figure 5.5, this apparent increase is basedon few subjects.

Accordingly, there was no significant overall trend for average dose to increase or decrease

with subsequent periods of use.

Figure 5.6 shows the distribution of the Spearman's rank correlation coefficients

between dose and ranking ofsubsequent periods, among the 35,941 subjects with 3 ormore

intervals of distinct benzodiazepine use. While the most Frequent correlations clustered

around zero, the distribution was not as uniform as the distribution of correlations with

duration (see Figure 5.4). The cut-offforthe 90th percentile was 0.87 and included 3,666

subjects.

The results for the forward model selection of predictors of increased dosage with

duration of use overtime are shown in the bottom half ofTable 5.3. As with duration, age

at date of first prescription was again statistically significant (p<O.OOOI), with the same

increase in risk of2% for increasing dosage ovec time with every year increase in age at time

offirstprescription (OR=1.02, 95% CI 1.01-1.03). AIso similartoduration, men weremore

likely to show a trend to increasing dosage than women (OR=L17, 95% CI 1.08-1.25). For

the different benzodiazepines used with the first prescription, a1prazolam, oxazepam, and

clonazepam were all associated with a statistically significant increase in the risk of

increasing dosage over time compared to the reference group of lorazepam users. Subjects

who started on diazepam were less Iikely than lorazepam. users to increase dosage oveclime

139



• • •
2

1.8

1.6

1.4
U)
tIJ
0
~ 1.2
1
~

~ 1

!
CI)

~ 0.8

~

0.6

0,4

0.2

0

Figure S.S Mean standardized dose for each period of distinct use.

r
1
1

..... 1, ~

/
/ -"IlIII

~
.... -...

--IlL ~ ~ --~---....-

-

. ,

, 2 3 4 S 6 7 8 9 10 Il 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Period of Use

Maximum
Recommended
Adult Daily Dose



•

•

•

(OR=O.76, 95% CIO.64-0.9L). Also, takingmedications thataffectedmotorstabilityin 1989

reduced the probability of increasing dosage by almost 10% (Table 5.3).

5.3.4 Switching or Adding Benzodiazepines

Among incident users, 28.8% switched at least once from the initial type of

benzodiazepine to another product and/or added a different benzodiazepine to the current

prescription. Of these subjects, 71.5% only switched benzodiazepines and did not add an

additional prescription. On average, subjects who never switched oradded benzodiazepines

were one year older at the time of first benzodiazepine prescription compared to those who

did add or switch (p<O.OOO L). The same proportions of men and women switched

benzodiazepines.

Among subjects who switched at least once, the average number of switches from

one to another benzodiazepine was 1.9 (sd=1.7) with a median of l (range l - 26). When the

numberofswitches was adjusted for the total observation time since the first scriptexcluding

periods of hospitalization, there was an average of l.0 switches per person-year of

observation (sd=L9) with a median value of0.5 switches per person-year (range 0.2-73.0).

Figure 5.7 shows that the distribution of the number of switches per subjeet did not differ

depending on the benzodiazepine used in the first prescription. However, Figure 5.8 shows

that the majorityofthe trrst switches, regardless ofthe initial prescription, were to lorazepam

(33.4%). The next most popular drug for the fust switeh was oxazepam (17.6%). In order

to ensure that these high proportions did not simply refleet higher market share ofthese two

products, we also estimated, separately, foreach benzodiazepine, what proportion ofthe first

users represented subjects who switched from another benzodiazepine. The proportion of

subjects using a given drug for the fust lime who previously filled a prescription for another
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Figure S.7 Comparison of the distributions of numbers of switches from one
benzodiazepine to another among subjects who have switched benzodiazepines
at least once, for subjects who slarted with particular products.
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benzodiazepine was the highest for lorazepam (21.6%) and for oxazepam (19.1%). The

proportion of switchers among first users of aU other benzodiazepines was much lower,

ranging from 6.3% for nitrazepam to 15.3% for bromazepam. This indicated clearly that

lorazepam and oxazepam were the favorite benzodiazepines for subjects who had switched

from another benzodiazepine.

Subjects who added an additional benzodiazepine (n=6,424) did so an average of 1.3

times (sd=O.80) during the study Period with a median value of 1 (rangel-14). Figure 5.9

shows the distribution of the benzodiazepines that were added for the first time. Again,

lorazepam was by far the most frequently added drug (41.6% of first additions) with

diazepam (8.5%) and flurazepam (20.2%) being the only other relatively popular drugs. For

these subjects, 82.5% added a single benzodiazepine for only one period during the

observation. An additional lO.1% had at least two occasions where they added one extra

benzodiazepine prescription. The remaining 1.3% added more than one additional

benzodiazepine (maximum of 5) on different occasions with a maximum of 14 distinct

occasions for using two or more different benzodiazepines.

When relevant data onconsecutive orsimultaneous use ofdifferent benzodiazepines

were combined, 4.0% of the subjects had both average duration of uninterrupted

benzodiazepineexposure greaterthan 35days and an average standardizeddose greaterthan

1.0. Among subjects exceeding 35 days average duration ofuse, 1.0% had a strong trend for

increasing dose over time as indicated by a strong positive correlation compared to 1.5% of

short-term (average duration of use less than 35 days) users (p<O.OOOl). This was very

similarforstrong positive correlations with increasing duration ofuse (5.5% versus 1.6%,
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p<O.OOO1). Aimost twice as Many subjects who exceeded the recommended 35 days ofuse

switched drugs at least once compared to short-term users (17.5% vs 10.0%, p<o.OOOI).

5.4 DISCUSSION

Overall we found that the majority of the new benzodiazepine users were filling

prescriptions that fol1owed the guidelines of providing eLderly patients with doses that are

half of the recommended adult daily dose,7-9:16:18:29 with only a small proportion of the

subjects exceeding the maximum daily dose. Moreover, with Many benzodiazepine

prescriptions being given on a pro re nata basis, the average daily doses may have been

overestimated forelderly patients only filling one prescription (41% ofsubjects) or ifthere

were long periods between prescriptions.

On the other hand, although the average duration of use for most of the sample was

less than 90 days, almost half of the new users exceeded 35 days for duration of

uninterrupted use.9 Our finding that 16.8% of wornen and 18.5% of men whose average

duration of uninterrupted use exceeded 90 days was almost twice that found in a later study

ofNova Scotia seniors (9.6% in 1995/96 fiscal year) [2 but was slightly lower than the 19.8%

found by Egan et al (2000) among Quebec participants of the Canadian Study of Health and

Aging.30 When the average duration for the first period ofuninterrupted use was examined

by the calendar year in which the first prescription was filled, we found a Mean decrease of

almost two weeks between 1990 and 1993. Sorne ofthis decrease may have been due to the

fact that our study used a closed cohortofsubjects, however this would not entirely expIain

the findings. The decrease May have reflected a heightened awareness of the problems

associated with long-term use in the elderly. Despite this decrease, the average duration for

the first periodofuse still exceeded 60 days in 1993.

147



•

•

•

suggested the presence of dependence with escalating dose and raised the question about

possible predictors ofsuch patterns ofuse. Our finding that older age at the time ofthe first

benzodiazepine prescription was a significant predictor for both increasing duration and

dosage confirmed that older subjects were more likely to become dependent on

benzodiazepines. Since these analyses were restricted to subjects with extensive

benzodiazepine exposure of more than three periods of distinct use or increases in dose, it

was unlikely that actual benzodiazepine use in those subjects was overestimated based on

the information on prescriptions available in ourdatabase. A patientwho was a chronic user,

Le. filled subsequent prescriptions, was unlikely to he using the benzodiazepine at a reduced

dosage or not at aiL

Benzodiazepines appeared to he misused in a small proportion of subjects. These

patients not only exceeded both the recommended duration of use and the maximum

recommended adult daily doses, but were also more likely to he using at least two

benzodiazepines at the same time. Although we estimated that almost 10% of elderly

patients filled at least two benzodiazepine prescriptions at the same time, most of these

subjects had only one period of overlap between their prescriptions. Given that almost a

third of the study cohort switched from one type ofhenzodiazepine to another at least once,

it was likely that elderly patients with apparent overlap between prescriptions for two

different benzodiazepines actually switched to another Medication due to uncomfortable

side-effects or a lack of therapeutic effect with the original Medication. The popularity of

lorazepam in our cohort and the number of subjects who switched to this medication

supports tbis conjecture and suggested that these benzodiazepines probably had relatively

few unpleasant or unwanted side effects.11 The phenomenon of drug discontinuation and

149



•

•

•

medication switching in the elderly is documented with other types of medication.1L;33-3s

However, using database records, we had no way of assessing whether a patient stopped

taking the original prescription before starting a second prescription and therefore actually

switched medications instead ofadding an additional prescription. Despite this limitation,

the identification of subjects who had Periods ofuse when more than three benzodiazepine

prescriptions were filled simultaneously, with repetition of this pattern, provided strong

evidence for misuse of benzodiazepines in a small nurober of elderly (0.5%).

5.4.1 Conclusion

In our study, we looked at the patterns of benzodiazepine use in an elderly cohort

over time. The methods we developed to assess different aspects of these patterns couId he

useful for studies of other types of medication. We found that the majority of

benzodiazepine use in the elderLy patients followed clinical guidelines, however there was

definite evidence for tolerance and dependence with dose escalation over time. A small

proportion ofelderly patients appearedto misuse benzodiazepines, and periods ofuse greater

than 60 days were still quite common. The next step of our research will he to account for

the relevant aspects of longitudinal patterns ofbenzodiazepine use when evaluating the risk

of injury associated with these medications.
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This is the third article in a series offour that addressed specifie components of the

overall thesis objective ofassessing the risk ofinjuries from falls associated with patterns of

benzodiazepine use in community-dwelling elderly people. This article dealt with some of

the methodological issues that required in-depth investigation based on the findings from the

first two articles in this series. The research contained in this manuscript is a logical

continuation of the research conducted in the first two manuscripts and a necessary step in

order to proceed with the final analyses contained in the fourth manuscript.

The first manuscript concluded that predictors of incident use in the elderly vary

substantially across different products resulting in different patterns ofpotential confounding.

This reinforced the need to evaluate risks associated with benzodiazepines by individual

products. Moreover~ the finding that characteristics of incident benzodiazepine users differ

systematically from those of non-users, suggested that it is important to reduce the risk of

residual confounding which could OCCUf. Specifically~in the analyses in which the periods

ofnon-current benzodiazepine exposure is represented bya time-dePendent covariate~ it was

important to develop methods to separate Periods ofnon-use arnong incident users from the

"permanent'~ non-exposure arnong non-users. The second manuscript showed that the

patterns of benzodiazepine use are very complex and, again~ varied across individual

products. The conclusion from these findings was that in order to explore the mechanisms

by which benzodiazepine use May affect risks of injuries from falls, the effects of current

dose, duration of past exposure orcumulative dose have to be disentangled. However~ the

methods necessary for evaluating various time-varying asPects of exposure for eleven
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different benzodiazepines while ensuring validity and comparability of results have not

previously been explored.

The specifie objective of this manuscript was to address several of the above

methodologieal issues related to assessment of complex benzodiazepine exposure. The

findings of this article were the basis for the selection of the methods used in Manuscript 4

to analyze the risk ofinjuries from falls associated with benzodiazepine exposure in elderly

patients.
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Abstract

Background Benzodiazepine use in the elderly is complex and varies across individual

products. The methods necessary for evaluating various aspects of exposure to several

different benzodiazepines while ensuring validity and comparability of results need to he

evaluated.

Objectives To address methodological issues related to assessment of the role of different

aspects of time-varying benzodiazepine exposure. Specifically, (i) to assess the impact of

changing the start ofthe observation period and ofthe inclusion ofnon-users in one analysis;

(ii)to analyze the time-dependenceofthe effect ofbenzodiazepine exposure to determine if

the risks change with time since first use; and (Hi) develop new methods to model the impact

ofcurnulative dose and duration for exposure with differential weighting ofpast exposures.

Methods The four sub-cohorts ofelderly incident users of four particular benzodiazepines,

with a random selection ofnon-users matched on age and sex, were observed for a fi ve year

periodor unti1the lime ofa fall-related injury. Cox proportional hazards (PH) regression was

used to model the risk of injury with two different starting dates, including and excluding

non-users. The time-dependenceofexposure was analyzedwith the piecewise time-stratified

Cox PH model and a flexible generalization ofthis modeL Five altemate versions of Cox

PH model, representing different aspects ofbenzodiazepine exposure, including duration or

cumulative dose, were estimated using two different functions to weight past exposure, and

negative log likelihoods were compared.

Reslilts Using the start of the study Period instead of the date of frrst prescription lead to a

significant over-inflation of the risk of injuries associated with benzodiazepine exposure.

The risk was overestimated, due to residual confounding, when non-users were included
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unless a separate covariate was introduced to separate ever-users from non-users. The

hazards associated with the binary classification ofexposure were non- proportional during

follow-up(p=O.OOO4). The best fitting models forestimating the impactofbenzodiazepine

exposure on risk of injuries varied between products, but always included a measure of

weighted cumulative duration orcumulative dose.

Conclusions Analyses that were restricted to incident users were able to focus on in-depth

evaluation of the impact ofdifferent aspects ofexposure. Using altemative representations

ofcumulative dose and duration allowed for the selection ofthe model that oost fits the data

and provided insight into the mechanisms behind the risk associated with individual

benzodiazepine exposure among users of these Medications.
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6.0 METHODOLOGICALISSUES INMODELINGTHE IMPACT OF
BENZODIAZEPINE USE ON RISK OF INJURIES
(MANUSCRIPT 3)

6.1 INTRODUCTION

Many studies report an increased risk of injuries From falls associated with

benzodiazepine use, however the findings for the strength and magnitude of the association

are not consistent. l
-6 A review of these studies reveals that classification of exposure has

become more sophisticated with time, and this May explain some of the discrepancies

(Chapter 2.0). Earlier studies simply look at any benzodiazepine use while later studies

examine risk associated with use ofbenzodiazepines with similarelimination half-lives or

clinicat indications.t:2:6-9 The Most recent studies attempt to look at individual products, and

suggest that the impact of individual benzodiazepines may he quite different.3os Findings

from Tamblyn et al (1998), in one of the few studies ofindividual benzodiazepine use that

adjusted forcurrent dose, further suggest that the apparent differences in impact May simply

reflect the typical doses at which the products are prescribed.*

Ourprevious research showed that patterns ofbenzodiazepine use in the elderlywere

very complex. and varied across individuai products (Chapter 5.0). In order to explore the

mechanisms by which benzodiazepine use May affect risks of injuries from faUs, the effects

ofcurrent dose, duration of past exposure or cumulative dose May have to he disentangled.

When using eumulative dose, how to aeeount for variation over time in the daily dose must

he determined and the clinically relevant window of past exposure must he decided.

Moreover, it is unelear if the relative risks associated with eurrent exposure ehange with

duration of use. In order to aceurately assess the risk of injury associated with
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henzodiazepine useythis complexity must he taken into account. It may he that these

different aspects of patterns of use are more relevant for establishing the reasons for the

increased risk of injury than the simple fact of using a benzodiazepine.

In additiony previous research shows that risks associated with individual

henzodiazepines may he quite differenty2-S~ which suggests that the various aspects of

patterns of use should also he assessed separately for each benzodiazepine. This necessity

is furtherreinforced by ourprevious findings that predictors ofincident use vary substantially

across different products (Chapter 4.0) resulting in different patterns of potential

confounding.

Yetyit 1S not completely clear how to evaluate various aspects ofexposure to eleven

different benzodiazepines while ensuring validity andcomparabilityofresults. Simultaneous

modeling ofseveral aspects ofexposure creates modeling challenges even in the case ofone

type ofexposurey10 and simultaneous modeling ofMany aspects ofexposure for each of the

eleven drugs would be impossibleyespecially given the need to represent Many of these

aspects by time-dependent covariates.

Furthermorey it is unclear how to oost assess the impact of an individual

benzodiazepine in a prospective cohort study. Although it seems natural to limit such

analysis to actual users ofa particular benzodiazepineya difficulty is that individual subjects

become "usersn onlysome time afterthe beginning offollow-upy so thaton January 1y1990

we do not know who williaterbecome a "user." While the obvious solution Mayhe to "look

back in the datà' from the end of the studyon December 31, 1994 to determine a person's

statusyusing retrospective information onexposure, outcome, orbothexposureandoutcome

has been demonstrated to induce bias in Cox. regression analysis oftime-to-event.ll
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A related issue concems the question ofwhethernon-users should he included in the

analysis ofthe impactofa particularproduct. On one hand, manyexposure-related variables,

such as cumulative or current dose, can he meaningfully defined only for actual users.

Moreover, inclusion ofnon-users makes it difficult to separate the effectofa time-dependent

binary variable (on/oft), indicating the relative risks associated with current use, from

possible systematic differences between non-users and users that May persist even when the

latter are not exposed. On the other hand, an important advantage of including non-users in

the separate analyses focusing on individual benzodiazepines is that this group would then

provide a common reference for assessing relative risks associated with different products.

In the absence ofsuch a common reference group, each ofthese separate analyses will assess

only the risks associated with periods of use versus periods of non-use among users of a

particular product, raising concems about comparability of the estimates.

In this article, we address several of the above methodological issues related to a

comprehensive assessment ofthe impact of various aspects of patterns for use of individual

benzodiazepines. Specifically, we focus on the following issues: (i) assessing the impact of

changing the start ofthe observation period and the inclusion ofnon-users; (ii)analysis ofthe

time-dependence of the effect of benzodiazepine exposure in order to determine if the risks

change with lime since first use; and (iii) estimating cumulative dose and duration for

benzodiazepine use and assessing the sensitivityofthese analyses with respect to differential

weighting of past exposures.

6.2 GENERAL METROnS

Data for the analyses were selected from a cohort ofQuebec elderly who did not fill

a benzodiazepineprescriptionin the baseline year, 1989 (n=252,811). Subjects who went
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generated foreach subject with thedate at which the first distinct injuryoccurred. Since both

hospitalization databases and Medical billing data were used~ to obtain this information~

sorne of the injuries rnay have occurred after hospitalization (Le. falls from hospital beds).

In order to exclude these events and to take into account the imprecision of administrative

dates~ only injuries recorded in the first five days of hospitalization were considered as an

outcome for our study and observation for these subjects was stopped at the time of the

event. [f there was an event~ the subject was not recorded as being hospitalized for these five

days. Due to the absence of data on benzodiazepine exposure during hospitalization~ a

subject with an event that occurred more than five days after hospital admission but before

hospital discharge was permanently censored at that time as lost to follow-up~ Le. these

events were not used in the analyses.

For this study t the date ofthe first injury in the study period was determined to be the

end of the observation for that subject. Subjects who did not have any injury during the

study period were censored at the end of the five year follow-up (Decernber 3l~ 1994)or if

the subject was lost to follow-up caused by placement in a nursing horne~ a long term care

facility or by death. For analyses that were restricted to users of specifie benzodiazepine

products, subjects were censored at the time ofa switch to a different type ofbenzodiazepine

or the addition of a new one. Furthermore, since no prescription information was available

during hospitalization, temporary censoring was applied during each distinct hospital stay

longer than five days. These periods of hospitalization were subtracted from the total

observation time for all subjects.

Most analyses in this article relied on time-to-event methods~ and specifically on

conventional Cox. regression model13 or its flexible generalization.1ol In all models~ the
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variables related to benzodiazepine use were adjusted for a set of a priori selected baseline

covariates. Measured in 1989, there characteristics included patient demographics, health

care utilization, history ofinjuries related to faUs, othernon-benzodiazepine medication use,

and baseline illness and impairments (see Chapter4.0 fordetails). Methods specific to eacn

analysis are described in Sections 6.3, 6.4 and 6.5. Statistical analyses were conducted using

SAS Systems 8.0 for Windows15 and S-Plus 4.16 Graphs and figures were constructed using

Microsoft Excel.17

6.3 ASSESSINGTHE IMPACT OF CHANGINGTIME ZERO AND INCLUDING
NON-USERS OF BENZODIAZEPINES

The selection of the time for starting observation for a cohon study (time zero) may

introduce bias in the estimate ofriskespecially ifthere is an Himmortal-time" included in the

cohort.18 uImmortai time" refers to periods in the follow-up where subjects cannotexperience

the event of interest. This is not because the cohort has become physically immune to the

outcome ofinterest, in this case injuries from falls, but because the selection criteria forentry

ioto the studycohort excludes subjects who have experiencedan event before beingexposed.

Assume, for example, that we were interested in comparing the risk of injuries in

incident benzodiazepine users, thus restrictiog the analysis to users. Exposure wouId he

assessed by periods of use and non-use among these subjects and subjects who experienced

an event before filling their first benzodiazepine prescription would be excluded from the

cohort. Thus, subjects who were retained in the cohortwouldhe artificially ··protected" until

filling their Îrrst benzodiazepine prescription.. This wouId under-estimate the incidence rate

andotherindices ofabso1ute rlsk..18 The impactofsuch a restriction on relative riskestimates

is less clear and in this section we will attempt to explore tms issue..
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6.3.1 Methods

The four different eohorts corresponding to the users ofa partieular benzodiazepine

were used forthese analyses. AU incident users ofthe specifie benzodiazepine were included

in the eohort and subjeets were eensored at the day they switched to, or added, a different

type of benzodiazepine. Non-users were ineluded in a separate eohort. Each of the four

eohorts of users were analyzed separately with or without non-users.

Two different methods were used to establish time-zero (To). The first was to set To

to the startofthe follow-up period, January 1, 1990. The second method was to set To to the

date ofthe first benzodiazepine prescription for the incident users. When the Ta was adjusted

based on the first benzodiazepine prescription, randomly seleeted non-users were

individually matched to the incident users on age and sex. Then, the non-user was given the

same Ta as the matehed benzodiazepine user. This proeess was repeated for the four types

ofincident benzodiazepine users and randomization ofnon-users was carried out separately

for eaeh sub-eohort of users, with a new seed number eaeh time.

Periods of benzodiazepine use were represented by a binary time-dePendent

covariate, later referred to as "on/off' variable, with on/off = 1 for the periods the subject

where the subject filled a benzodiazepine prescription, and 0 in the remaining time periods.

In addition to the time-dependent benzodiazepine on/off variable, a binary covariate (later

referred to as "group") was constructed to indicate if a subject was a non-user (group=O) or

a benzodiazepine user (group=l). Cox proportional hazards regression13 was used to

model the risk of injury. Three different models were constructed for each of the four

different benzodiazepines. A different Ta was provided for selected models for a total of

twenty models. The rmt model evaluated the riskofinjury basedon periods of use and non-
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use among incident benzodiazepine users only. The second model was similar, except that

non-benzodiazepine users were included in the analysis. The only difference between the

second and third model was that the latter additionally includ~d the variable indicating

whether a subject was an incident user or non-user (group).

The main focus of the comparison between the three models was on hazard ratios

(HR) for the on/off variable, Le. on the estimate of the impact of current use of a given

benzodiazepine. The HR for the group variable was considered a measure of residual

confounding. Ourreasoning was that this reflected the additional risk among users, relative

to non-users, thatcould not be explained byeitherthe currentexposure to the benzodiazepine

(on/of0 or other covariates in the modeL

6.3.2 Results and Discussion

The hazard ratios with p-values and 95% confidence intervals (en for the different

models are presented in Table 6.1. Whether non-users were included (Modelmorexcluded

(ModelllI), starting the period ofobservation at January 1, 1990 almost doubled the hazard

ratios for benzodiazepine exposure across all drugs compared to the models that use the date

ofthe first prescription as To- Because events that occurred among incident users before the

ftrst prescription were excluded, and given the fact that most benzodiazepine prescriptions

were filled for at least thirty days, almost ail the events that occurredearly in the observation

period would have been among subjects exposed to benzodiazepines. This artifact would

have led to the inflation of the relative risk of injury for benzodiazepine exposure when Ta

was set to January 1, 1990 (Models land m. These biases were minimized by shifting the

Ta so that observation ofeach subject only began at the time when the first benzodiazepine
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Model Variablet No. of
Events

Te Hazard Ratio
(p-value) 95% CI

•

•

I. Only Incident 255 Jan. 1~ 1990 2.67 «.0001) 2.03 -350
Temazepam Users

Temazepam Exposure
255 First Script L.29 (0.08) 0.97 - 1.7L

ll. Incident Temazepam 475 Jan. 1. 1990 3.02 «.0001) 2.36 - 3.84
Users and Non-Users

Temazepam Exposure
475 First Script 1.7 L«.0001) 1.33 -2.20

m. Incident Temazepam Exposure 1.23 (0.14) 0.93 - 1.62
Temazepam Users and 475 First Script
Non-Users Type ofUser (group) 1.7 L«.OOOL) 1.40- 2.10

1. Only Incident 116 Jan. L. 1990 1.71 (0.01) 1.11-2.64
Nitrazepam Users

Nitrazepam Exposure
116 First Script 1.10 (0.66) 0.71- 1.72

O. Incident Nitrazepam 205 Jan. L. 1990 2.27 «.0001) 1.52 - 3.38
Users and Non-Users

Nitrazepam Exposure
205 First Script 1.43 (0.08) 0.95 - 2.16

m. Incident Nitrazepam Nitrazepam Exposure
205

LOO (0.99) 0.65 - 155
Users and Non-Users Type of User (group)

First Script
1.91 «.0001) 1.4L-258

I. Only Incident 2.345 Jan. 1. 1990 L83 «.0001) L67 - 2.01
Lorazepam Users

Lorazepam Exposure
2.345 First Script 1.02(0.66) 0.92 .. 1.13

n. Incident Lorazepam 4.303 Jan. 1. 1990 2.11(<.000 1) 1.93 -2.30
Users and Non-Users

Lorazepam Exposure
4.299 First Script 1.31(<.0001) 1.20 -1.43

m. Incident Lorazepam Lorazepam Exposure
4.299 First Script

1.03(0.52) 0.94 - 1.14
Users and Non-Users Type of User (group) 1.50«.0001) 1.41 - 1.61

I. Only Incident 391 Jan. 1. 1990 3.08 (<.000 1) 2.43 -3.89
Flurazepam Users

Flurazepam Exposure
391 First Script 1.60 (0.0006) 1.22-2.08

ll. Incident Flurazepam 726 Jan. l, 1990 3.63 «.OOOL) 2.91-452
Users and Non-Users

Flurazepam Exposure
725 Frrst Script 2.18 «.0001) 1.72-2.76

m.lncident Flurazepam Exposure 1.65 (0.0001) 1.28 .. 2.12
Flurazepam Users and 725 First Script
Non-Users Type ofUser (group) 1.64 «.0001) 1.40 -1.92

• AIL models are adjusted for baseline characteristics including age, sex, use of non-benzodiazepine
Medications, disabilities, impairments, Charlson Comorbidity Index, number ofprescribing physicians,
number ofshort hospital stays and region ofresidence.
't Benzodiazepine exposure is a time-dependent "on/off' variable.
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prescription was filled eliminating the pre-exposure periods when the subsequent users

appeared to be ~'protected."

AnothermethodologicallyimportantfindingoftheanalysessummarizedinTable6.1

concemed the impact of including non-users on the estimated effect of the on/off time

dependent variable representing current exposure. Even when using the appropriate To'

corresponding to the time of the first prescription, the estimates from Mode1Il that included

non-users were systematically higher, for all four products, than those from Model 1 which

relied on users only. Moreover, in the case of lorazepam this difference induced an

important change in the final conclusion, as the effect of exposure was practically nil

(HR=1.02; 95% CI, 0.92-1.13; p=0.66) in Model 1but became statistically very significant

in (HR=1.3 1; 95% CI, 1.20-1.43; p<O.OOOl) in Model II. Results ofourModel IIprovided

an explanation of these discrepancies.

By adjusting the effect of the on/off variable for another variable ~~group"

discriminating between subjects who had used benzodiazepines at leastonce from those who

never used a benzodiazepine during the study period, the two effects were separated, thus

ensuring that the effect of current exposure was estimated only among actual users

(group=I). Accordingly, Model IIdemonstrated that being currentlyon orofflorazepam did

not affect the risks among users (HR=1.03; 95% CI, 0.94-1.14; p=0.52), which was

consistent witn the results ofModel 1, based on users only (with To set to the date ofthe first

prescription).

In contrast, Model m indicated clearly that there was a systematic and very

significant increase of risk among subjects who were ever exposed to lorazepam before

regardless ofwhether they were on oroffthe drug at the time (HR~1.50;95% CI, 1.41-1.61;
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p<o.ooo1). The most likely explanation for this systematie effeet of the ··group" variable

was related to residual eonfounding. It apPeared that subjects ever preseribed lorazepam

before have higher risks of injuries from falls for reasons not eaptured by their exposure

status or by the baseline covariates taken into account in our analyses. Similar results were

obtained for the three other benzodiazepines, since in each case Model m revealed a

significant increase in risks for ··group" variable (Table 6.1) In contrast, Model Il that

included only the on/off variable, was unable to separate the effects of potential residual

confounding between ever users and non-users ofbenzodiazepines from the actuaL impact

ofbeing currently exposed. The reason was that in Model II, both a user who had not filled

a benzodiazepine prescription and a non-user were assigned the same value (0) for the only

benzodiazepine-related variable (on/off). As a consequence, the estimated effect of the

on/off variable in Model II represented a compound of the two separate effects Leading to a

substantial inflation of the relative risks and possible incorrect conclusions about the

statistical significance of the impact of current exposure for certain benzodiazepines, such

as lorazepam. For example, the estimated hazard ratio from Model Il for current exposure

ta flurazepam (2.18) was close ta the product of the two reLevant estimates from Madel ID

for current use (1.65) and type of user (1.64).

Results from this section of the study suggest that if only users are incLuded in an

analysis evaluating risk of injury, it is essential that the period of observation starts at the

date of the first prescription in arder to avoid overestimating the impact of benzodiazepine

exposure. If this time zero is used, estimates of the impact of current exposure to specifie

benzodiazepines can he explored in a cohort restricted to users of that specifie product. In

addition, if non-users are ineluded in the analyses, the model should include two separate
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variables, as in ourModel ill, in order to separate the actual effects ofcurrent use ofagiven

product from the systematic differences in risk profile between subjects ever prescribed a

specifie benzodiazepine and non-users. Otherwise, residual confounding between users and

non-users May result in a considerable over-estimation of the impact ofcurrent exposure to

benzodiazepines.

6.4 ANALYSIS OF TIME·DEPENDENCE OF THE EFFECT OF
BENZODIAZEPINE EXPOSURE

Many previous studies ofbenzodiazepine use have modeled the riskofinjuries using

multiple logistic regression.2
;3:S;6;9 However, the logistic regression model ignores the aspect

oftime to event. Forexample, an event thatoccurs two days afterthe start ofthe observation

period will be considered equivalent to an event that occurs three years after the start orthe

follow-up. Moreover, variation in duration of follow-up is not accounted for in the logistic

regression modeL19 In addition, the exposure in logistic regression analyses is typically

represented bya fixed-in-time variable. Since logistic regression does not allow for time-

dependent changes in benzodiazepine exposure, a subject who has filled only one

benzodiazepine prescription for a five day period will he considered the same as a subject

thatcontinuallyfilled benzodiazepine prescriptions formostofthe follow-up period. Given

that an exposure such as benzodiazepineprescriptions is characterîzedby periods ofuse and

non-use (Chapter 5.0), we would expect that this over-simplification would lead to

missclassification and possible bias in the estimates of association.

To overcome this limitation, survival analytical methods, such as the Cox

proportional hazard model, can he used.3 One of the advantages of utilizing this method in

modeling benzodiazepine exposure is that it takes into account the variation in folIow-up
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duration and the timing of the events (injuries from faUs)..3 Nonetheless, the Cox model

imposes a priori the proportional hazards assumption which dictates that the relative risk

associated with a given independent variable remains constant over the entire follow-up

duration.13 If this is a correct assumption, it facilitates the Interpretation of the results since

the impact of the risk factor can he summarized by a single parameter, the adjusted hazard

ratio. On the otherhand, in Many studies there maynot be sufficient substantivejustification

forimposing the proportional hazards assumption..l~ This is relevant forbenzodiazepine use

since there is sorne evidence that elderly people gradually develop a tolerance to the

psychomotoreffects ofbenzodiazepines so the impact on risks may change with duration of

exposure.2
0-

22 It is also possible that the risks will increase with longer duration ofexposure

due to accumulation caused by incomplete or impaired elimination of the

benzodiazepine.21:13:2-'

If the proportional hazards assumption is incorrect, then neither the relative risk

estimates Yielded by the proportional hazards model nor the Inference about these estimates

are valid.1.a:2S-27 Forexample, ifthe predictive abilityofthe binary measure ofbenzodiazepine

exposure decreases with increasingdurationoffollow-up, then the results oftheconventional

proportional hazard analyses may underestimate the initial impact on risk of injuries from

falls because the proportional hazards estimate will represent the average-over-time of the

time-dependent effects.1-':28 Moreover, in such a case, the comparison of relative risks

associated with different benzodiazepines may he confounded by differences in the Mean

duration of their use (Chapter 5.0).. Products with longer use may show lower risk even if

the actual risks, at a fixed duration, are identical for the two products. In order to obtain

unbiased estimates of the evolution of relative risks over lime, flexible modeling of time-
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dependent hazard ratio would be necessary.14:26:19 Moreover, the estimation of a function

describing the pattern of such changes over time May provide insights into what measures

of benzodiazepine exposure are more relevant and whether further investigation into time

dependence of the benzodiazepines effects is warranted.14

6.4.1 Methods

For this part of the study, we selected an incident flurazepam users. For sorne ofthe

analyses involving a novel software that restricts the maximum sample size, a smaller,

random sample of 1,200 flurazepam users and 1,200 subjects who never filled a

benzodiazepine prescription was used. To illustrate the relevant methodological issues, the

benzodiazepine found in previous analyses to have the strongest association with injuries in

the elderly, flurazepam, was chosen.3 The non-benzodiazepine users were randomly selected

and then matched with flurazepam users based on age and sex. The non-users had to be alive

and injury-free at the time of initial flurazepam prescription for the benzodiazepine users.

Time zero was set at the date of the initial flurazepam prescription foreach flurazepam user

and their rnatched control was given the same time zero. Ali analyses were adjusted for

baseline (1989) characteristics of the subjects. The outcome ofinterest was a detection of

an injury due to falls and the exposure was a binary group variable.

The impact of flurazepam use on risk of injuries from falls was analyzed using the

Cox proportional hazards model13 and a new flexible generalization of this modeL14

Accordingly, the hazard ratio was used as a measure of the strength of association between

flurazepam use and the risk of injuries from falls. Whereas the hazard ratio was restricted

to remain constant over the enlire follow-up period for the proportional hazards model, the

flexible model allowed the hazard ratio for flurazepam. use to change over time, according
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to an arbitrary function, the shape of which is estimated from the data using a 5 degrees of

freedom (df) regression spline, Le. a piecewise quadratic polynomial with three pieces. The

4-df likelihood ratio test, comparing the fit of the conventional 1-df proportional hazards

model and the flexible 5-df regression spline model, was used to verify the null hypothesis

that the hazard ratio between users and non-users did not change with increasing time since

beginning of use. AU hypothesis were tested at the 0.05 significance level.

Using simulations, Abrahamowicz et al (1996) show that this model-based test is

powerful against a wide range of alternatives and offers better power than sorne popular

conventional tests.14 This is particularly relevant when the pattern oftime-dependent changes

May he complex. and when it is difficult to restrict the pattern to a specific c1ass of functions

a priori. If the constant hazard ratio hypothesis is rejected, the model will provide a reHable

estimate of the pattern of changes, together with point-wise confidence intervals. Non

parametric estimation of the time-varying hazard ratio, using regression spline technique,

ensures recovery ofa broad range ofpatterns ofchanges in relative risks with increasing time

since first exposure.

When using the time-varying model, we a priori assumed that the effects ofthe other

risk factors met the proportional hazards assumption and focused on the stability of the

predictive abilityofflurazepam use. Such an approach, consistent with the objectives ofthis

study and the results of Chapter 4.0, was necessary given that the number ofevents in this

data setdid not exceed200. Simultaneous estimation and testing of the time-varying effects

ofseveral riskfactors would have undermined theaccuracyofthe estimates andofinferential

statisticS.l~ In order to corroborate the results in a larger sample, methods developed by

Grambsch and Therneau (1994) using the Schoenfeld residuals and the standard Cox
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variance estimator were also used as a global test of proportional hazards and to test

individual covariates.3L This test was conducted on the full cohort of incident flurazepam

users with a matched, random sample ofnon-users.

6.4.2 Results and Discussion

2AOO elderly subjects were followed for a median time of 936 days (standard

deviation =560) with 193 injuries (8% of sample). Although the likelihood ratio test of

time-dependence was statistically non-significant (p>O.20), the relatively low number of

events should be taken into account when interpreting the results, as it reduced the statistical

power of the hypothesis testing. This lack of power was seen in the non-significance of the

association for flurazepam (p=O.23). The pattern for the hazard ratio over-time is shown in

Figure 6.1. It suggested that the risks among flurazepam users compared to non-users May

increase with long-term exposure. However, the small number ofevents did not allow us to

estimate the short-term changes in risks over the first two months after the first prescription.

To avoid the restrictions on sample size, we re-ran the time-dependent analyses using

Grambsch and Themeau's (1994) method in a large sample with an incident users of

flurazepam and the matched non-users.3L This sample of lO,l93 elderly was observed for an

average of 832 days (standard deviation= 57l) with 291 injuries (2.8% of sample).

Grambsch and Themeau's test of the non-proportionali~L of the effect of flurazepam.

exposure with this sample of flurazepam users was statistically significant (p=O.OOO4)

although none ofthe otherhazards for thecovariates orthe global testwere significantly non

proportional. The estimated pattern of non-proportional changes in hazard ratio over lime

is shown in Figure 6.2. This figure shows that the impact offlurazepam exposure decreased
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Figure 6.1 Time-dependence of log hazard ratio with 95"0 confidence bands for a sample of incident users of
Ourazepam compared 10 matched non-benzodiazepine users (2,400).
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Figure 6.2 Results from test of proportional hazards for categorization of ail incident fturazepam users versus a matched

sample of non-users with 9S%confidence bands (p=O.M4).
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• rapidly in the first few months after filling the first prescription but tended to increase with

long-term exposure, the latter finding being consistent with Figure 6.1.

Basedon these preliminaryresults, any modelingofbenzodiazepinee;llposure should

utilize time-dependent covariates. A fixed, binary representation of type of benzodiazepine

user would cause bias from missclassification of exposure. This finding has important

implications for the results of previously published studies that rely on such a classification

to assess benzodiazepine risk. Furthermore, the hazards associated with the binary

classification ofexposure may not have been proportional for the entire period offollow-up.

The sharp initial decrease in relative risks was consistent with expectations that the risks May

have been highest right after initial exposure while the risks decreased with graduai

development of tolerance to psychomotor effects.

• 6.S ESTIMATINGTHE IMPACT OF CUMULATIVE DOSE AND DURATION
OF BENZODIAZEPINE USE

Previous analyses ofthe impactofparticular benzodiazepines were mostly restricted

•

to a simple binary indicator of current use and sometimes included current dose,2:3:S:6:9 In

sorne studies, these indicators are represented bytime-dependent covariates but this left open

the question ofwhat happens if the impact increases with increasing duration of Medication

use, with increasingcumulativedose, orwith both. In orderto respect the temporal sequence

ofexposure and outcomes, it is essential to represent both duration and cumulative dose by

time-dependent covariates so that at any lime during follow-up only previous exposure will

he considered.32 Because of frequent interruptions between subsequent periods of

benzodiazepine use and changes in the dose (Chapter 5.0), a clinically meaningful
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representation of both duration and cumulative dose requires a careful definition of the

corresponding time-dependent variables.

Assume~ forexample, that Subject A was taking lorazepam between days 26 and 75

ofthe follow-up period while Subject8 was exposed to lorazepam between days 71 and 120.

If total exposure is assessed at day 125, both A and B will be assigned 50 days duration of

past exposure. Yet from a clinical perspective, the exposure of Subject 8 is likely to he

much more relevant because of the recency.3

A similarconsideration applies to cumulative dose. Subject C who had a dose of0.5

mg of lorazepam between days 51 and 80 and l.0 between days 81 and 110 would have total

cumulative dose of 45 mg for 60 days (30*0.5 + 30*1.0). However, Subject D who had a

dose of 1.0 mgearlierin the observation period (days 51 to 80) and 0.5 mg later(days 8t to

100) would also have a total cumulative dose of 45 mg for 60 days (30*1.0 + 30*0.5).

However, one wouId expect a higherimpact in the case ofSubject C, who was more recentLy

exposed to a larger dose.

6.5.1 Representation of Cumulative Dose and Exposure

These considerations suggest that the operational definition ofboth duration of past

benzodiazepine use and cumulative dose should incorporate weighting by recency.32 This

requires an a priori choice, based on substantive knowledge, of an appropriate weight

function that assigns numerical weights for the difference in time between the time of

exposure and the current time;.33

w(L\t) =f(tcurrent - texposure)

where At = (teu"f!nr - tetposurc) denotes lime elapsed since exposure. Within a wide range of

therapeutic plasma concentrations, the elimination of benzodiazepines follows first order
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Figure 6.3 Two Gaussian weight functions; used to weight past exposure as a function of time elapsed since

exposure (At). Note that the lime axis is reversed, with the origin 41=0 corresponding to present
time, and increasing At corresponding to more distant past. 80th functions assign the highest weight
of 1.0 to present exposure and they decrease to halfthe present weight (0.5) at 30 days (solid curve)
and 4 days (dashed curve), respectively, in the past.
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Once the weight functions have been defined, the time-dependent covariates,

representing past duration ofuse and past cumulative dose, are calculated. Specifically, the

weighted duration is calculated by first multiplYing the binary indicator of benzodiazepine

use for agiven day by the value of the weight function W(ât) corresponding to the distance

between this day and present (ât). The resulting products are summed across aU days from

time zero (To) to present day (t,,""ent):

duration(tcllrrellr) = l', I(t)* W(tclIrrenr - t)
r$rt'IIrrtnr

where /(t) = 1 if the subject was using the drug on day t and /(t) = 0 otherwise.

Similar calculations define the time-dependent weighted cumulative dose:

cum.dose(tcurrenl) = l: dose(t)* wCtcurrellt - t)
t$t..llrrtnl

where dose(t) indicates the dose prescribed at day t, with dose(t) =0 on days when the

subject was not using a benzodiazepine.

Figure 6.4 illustrates the implications ofusing the proposed weight functions. Figure

6.4a shows the pattern ofbenzodiazepine use by a hypothetical subject, with the horizontal

axis representing the time since January 1, 1990 (t) and the vertical axis representing daily

dose d(t). The time axis is truncated at 320 days when the subject is assumed to have an

event (injury from fall). The subject started using a benzodiazepine at the daily dose of0.3

mg on day 120. On day 150 the dose was increased to 0.5 mg, but at day 180 the subject

stopped using benzodiazepines until day 201, when a second period ofexposure with a dose

of0.8 mg began. Figure 6.4a also implies thatl(t) = 1 fortime intervals 120 to 180 and 200

to 260 days, when the subject was exposed to a benzodiazepine. Figure 6Ab shows the
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Figure 6.4.a Hypothetical Subject
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Figure 6.4.b Time.dependent covariate representing past cumulative dose*, as a function ofcurrent time (leurrent)' for the
hypothetical subjeet shown in Figure 6.4.a.
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Figure 6.4.c Time-dependent (ovariate representing past (umulative duration, as a fun(tion of current time (/turrent), for the

hypothetical subject shown in Figure 6.4.a.
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the intensityofthe computational resources necessary to generate thecumulative exposures~

all models were adjusted only for age~ sex and history of injury in 1989 and incident users

oflorazepam were not included in this analyses. Based on results from Section 6.3, To was

set to date of first prescription. Furthennore, since non-users do not provide information on

dose or duration of use, the analyses were restricted to users of a specifie product only.

In the first model, a binary~ time-dePendent reprcsentation of current dose was

included. In order to compare ourresults with previous analyses, the second model included

an on/offvariable ofbenzodiazepine exposure. [n the third model, the benzodiazepineeffect

was represented only by a time-dePendent covariate indicating weighted duration while the

fourth model included only the time-dependent covariate representing weighted cumulative

dose. A comparison between the log likelihoods of these two models allowed us to assess

if the additional information on variation in dose improved prediction. To further explore

the relative importance ofdose versus duration of use, we have also estimated a fi fth model

which included two benzodiazepine related time-dependent covariates, one representing

weightedcumulative duration~duration(tcurr&!nt)~and a secondrepresentingcurrentdose, tcurr&!nt.

Notice that such modeling avoids the near collinearity problem that would occur if we

included both cumulative dose, cum.dose(tcurr&!1It)' and cumulative duration~ duration(tcummt)'

in the same model. AlI three models that included duration or cumulative dose were

estimatedtwice, using two different functions to weightpastexposure, and the log likelihood

ofthe corresponding models were compared to gain sorne insight into the clinical relevance

ofpast exposure.33
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6.5.3 Results

Table 6.2 shows the estimated hazards ratios for the differentexposure variables and

the negative log likelihoodfor the five different models ofbenzodiazepine exposure forthree

different groups ofincident users. Using the minimum values for the negative log likelihood

as a measure of goodness-of-fit, the oost modeling of exposure was different for each

benzodiazepine (these models are indicated by the symbol, §, in Table 6.2). The oost model

fornitrazepam. included weightedcumulativeduration, dllration(tcummrJ where w(4)=0.5 days,

and current dose, tcummr. The hazard ratio for cumulative duration was difficult to interpret

since it represented an increase in a summed weight, however we could say that the the

recent exposure to nitrazepam seemed to play an important role in increasing risk of injury

among users of this drug (HR=1.31, p=O.OOO4). There was also a non-significant increase

in risk associated with an increase of one standardized unit of current nitrazepam dose.

While the same modeL also provided the oost fit fortemazepam, the "optimal" weight

function was different with w(30)=0.5 days, suggesting that a window ofclinically relevant

past exposure was longer for temazepam than for nitrazepam. In this case longer periods of

exposure were associatedwith an increased riskofinjuryamong temazepam users (HR.=1.03,

p=0.OOO2). Interestingly, once adjusted for the duration, an increased current dose of

temazeparn was associated with a decreased risk of injury (HR=O.60, p=O.02). Similar

results were obtained using a more steeply weighted function for duration. These results

helped expIain why the current dose of temazepam. did not have a significant impact on risk

(Model lb) and suggested that the marginalLy significant effect ofcumulative dose (Model

mwas dueto increasingduration ratherthan increasingdose. Finally, the best-fittingmodels

helped in detecting a statistically significant (p<O.O1) impact of increasing duration of
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• Table 6.2 Comparison of models of benzodiazepine dose and duration of
exposure using two ditTerent weight functions.*

Benzodiazepine Modelt
(haar-lire)

Variable
w(M)=O.5

(days)
Hazard Ratio

{p-value>
95% CI -2 Log

Like6boodf

•

•

Nitrazepam la nitrazepam exposure n.a~ 4.51 «.0001) 2.84-7~16 1154.99
(20-40 hrs) lb current dose n.a. 2.31 «.0001) 1.82-2~93 1160.81

II 4 1.41 «.0001) 1.27-1.56 1149.68
cumulative duration

30 1.04 «.0001) L.03-1.06 1172.69n=1,385
m 4 1.21 «.0001) L.15-1.27 1156.38

cumulative dose
30 1.03 «.0001) L.02-1.03 1174.67

IV cumulative duration 1.31 (0.0004) L.13-1.51 1147.78i

current dose
4

1.34 (0.16) 0.89-2.01

cumulative duration l.02 (0.05) 1.00-1.04 1156.80

current dose
30

1.93 «.0001) 1.42-2.62

Temazepam la temazepam exposure n.a. l.23 (0.12) 0.94-1.61 3625.05
(8-24 hrs) lb current dose n.a. L.I0 (0.39) 0.87-L.41 3626.64

II 4 1.06 (0.03) 1.01-1.13 3622.62
cumulative duration

30 l.01 (0.004) 1.00-1.02 3619.26n=3,797
III 4 1.04 (0.14) 0.99-1.09 3625.22

cumulative dose
30 1.01(0.04) 1.00-1.02 362359

IV cumulative duration 1.22 (0.002) 1.08-L.39 3616.91

current dose
4

0.50 (0.02) 0.27-0.91

cumulative duration 1.03 (0.0002) 1.01-1.04 3613.47'

current dose
30 0.60 (0.02) 0.39-0.92

Flurazepam la tlurazepam exposure n.a. L73 «.0001) 0.52-0.78 5859.81
(40-100 hrs) lb current dose n.a. 2.12 «.0001) 1.61-2.78 5854.10

n=5,111
II 4 L15 «.0001) l.09-1.21 5850.81

cumulative duration
30 l.02 «.0001) l.01-l.03 5856.45

m 4 1.20 «.0001) L.13-1.27 5845.4St

cumulative dose
30 1.03 «.0001) 1.01-1.04 5851.13

IV cumulative duration 1.11 (0.05) 1.00-1.24 5850.29

current dose
4 1.26 (0.47) 0.68-2.33

cumulative duration 1.01 (0.12) 1.00-1.02 585L75
30

1.64(0.02) 1.06-253current dose

• Adjusted for age, sex and previous history of injury. Time zero is date offtrSt benzodiazepine script.
Dose is standardized and truncated at 3.0•
t Model [ includes (a) a binary time-dependent representation ofbenzodiazepine exposure and (b) a
continuous time-dependent representation of the current dose; Model II includes weighted cumulative
duration; Model m includes weighted cumulative dose; Model IV includes weighted cumulative duration
and current dose.
§ lndicates the best fitting model using the minimum negative log likelihood to measure ofgoodness-of-fit-
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White temazepam is not known to be susceptible to accumulation through impaired

elimination due to a different pathway of metabolism~ the shortness of the half-life (8-24

hours) May increase the likelihood of elderly experiencing physiological dependence.2L
;24

With repeated exposure of more than four weeks~ tapering of dosage instead of abrupt

termination IS recommended in order to avoid withdrawal symptoms.2L
;24 If withdrawal

occurs with an abrupt discontinuation of the Medication or with the termination of a course

of therapy, the elderly patient may he at greatest risk of injury from falls due withdrawal

symptoms such as dizziness and impaired coordination.21 This theory was supported by our

estimate of the best fitting model, with increased risks for longer cumulative duration but

decreased risks for higher current dose. This exposure pattern implied that risks continued

to increase if the patient was exposed to benzodiazepine for an extended period of at least

thirty days. If the patient experienced an event soon after finishing a therapeutic course of

temazepam~then at that point the cumulative exposure would still have been high but the

current dose would have been zero. The latter explains why we found that higher current

dose (specifically, current dose greaterthan zero) provideda protective effect, reflecting the

additional risk due to recent discontinuation. Although this was a plausible explanation for

our findings~we were not able to state this conclusion with certainty since the information

on benzodiazepine prescriptions was only a proxy measure of actual benzodiazepine use.

Flurazepam is a benzodiazepine with a long elimination half-life (40-100 hours) that

is metabolized through oxidation, thus beingparticularlysusceptible to accumulation through

prolonged use. However~ the slow elimination of flurazepam due to the increased half-life

actuallyacts a ~'self-taperingn mechanismthatreduces thewithdrawal and reboundsymptoms

that occur with discontinuation oftreatment.2L This mayexplain why, in our results, the
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short-term cumulative dose predieted events better than the duration ofexposure. Overan~

the results for the three selected benzodiazepines demonstrated potential additional insights

from careful modeling ofcumulative dose and duration ofindividual drugs. The results also

suggested that the impact of specifie aspects of exposure may be different for individual

benzodiazepines.

6.6 CONCLUSION

The investigation ofthe methodologieal issues addressed in this article confirmedour

expectations that an in-depth and unbiasedexaminationofthe riskofinjuries associated with

benzodiazepine use must he evaluated with time-dependent measures of exposure. Based

on our findings of the importance of specifie aspect of benzodiazepine exposure that were

relevant only to users and the finding that unbiased estimates of risk can he obtained in

cohorts thatexclude non-users~the analyses maybe restrieted to onlyineident users foreach

benzodiazepine and focus on in-depth evaluation of the impact of different aspects of

exposure. Given the results ofour previous research (Chapter 4.0 and 5.0)~ and the finding

that the impact of specifie aspects of exposure May he different for individual

benzodiazepines~ this typeofanalysis should he modeledseparatelyforeach benzodiazepine

product. An additional reason for- focusing on each product separately was the very

substantial computational resources needed to represent several continuous-in-time~ time

dependentcovariates foreach benzodiazepine. Starting observation forthese analyses at the

time offilling the first benzodiazepine prescription avoided an artificial inflation ofrelative

risks. Finally, given thatthere was no onecomrnon model oftime-dependentbenzodiazepine

dose and duration ofeXPQsure that oost fit the effects ofdifferent products, different models

using alternative representations ofcumulative dose and duration should he considered for
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further analyses. This will a110w the selection of the model that oost fits the data and will

provide insight into the mechanisms behind the risk associated with individual

benzodiazepine exposure among users of these medications.
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• 7.0 PREFACE TO MANUSCRIPT 4

•

•

This is the final article in a series of four that addressed specifie components of the

overall thesis objective ofassessing the risk ofinjuries from falls associated with patterns of

benzodiazepine use in community-dwelling elderly people. This article presented the final

analyses using methods developed according to the findings from the first three articles in

the series. The patient characteristics that were included in the analysis to control for

potential confounding, were identified from the research contained in the first manuscript.

The research in this final paper attempted to gain more insight into the mechanisms

underlying the adverse effects of benzodiazepines by investigating different aspects of

patterns of use that were evaluated and characterized in the second manuscript. Using a

prospective cohort design, the analyses were conducted using state-of-the-art statistical

methodology developed in the third manuscript . In the third article, the best fitting models

for estimating the impact of benzodiazepine exposure on risk of injuries varied between

products butalways included a measure ofweightedcumulative duration orcumulative dose.

Based on these findings and the conclusions that analyses that were restricted to incident

users were able to focus on in-depth evaluation of the impact of different aspects of

exposure, alternative representations ofcumulative dose and duration were used to allow for

the selection of the model that best fit the data.

The results from the research in tbis manuscript provided evidence of an increased

riskofinjuries with almost all benzodiazepine exposure with increasing duration ofpast use

or cumulative exposure for elderly patients. Modeling of the more complex patterns of

benzodiazepine exposure provided insight into the role that physiological dependence may

play in increasing the risk of injury in tbis population.
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Abstract

Background Due to concems about the increased risks offaIls benzodiazepines have come

under intense scrutiny and criticism. Previous studies on the risks of injuries from falls

associated with benzodiazepine use have methodological limitations that might affect the

accuracy and precision of results and contribute to the inconsistency of the findings.

Objectives To evaluate the risk of injuries from falls associated with different aspects of

patterns of use, such as duration of past use, current dose, and cumulative dose, for

individual products in an elderly population.

Methods In a cohort of 78,367 elderly incident benzodiazepine users, time-dependent

covariates, representing past duration ofOOnzodiazepine use and past cumulative dose, while

weighting past exposure by its recency, were calculated. Four alternative versions of Cox

proportional hazards model with different time-dependentcovariates were used to estimate

the impact of individual benzodiazepine use on risk of injuries from falls. Beginning of

follow-up was set to the date of the first prescription and ail analyses were adjusted for

baseline patient characteristics. Negative log likelihoods were compared to determine

goodness-of-fit.

Resll.lts Ail OOnzodiazepines except clonazepam. were significantly associated with an

increased risk of injuries from faIls (p<O.05). The oost predictive model for triazolam,

oxazepam, aIprazolam, bromazepam, temazepam and clonazepam. included cumulative

duration and current dose. The oost models for lorazepam, nitrazepam, chlordiazepoxide,

diazepam and flurazepam included cumulative dose. The optimal weight function varied

among benzodiazepines, indicating that relative importance of most recent versus earlier

exposure may depend on their specifie pharmacokinetie and pharmacodynamie profile.
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Conclusions Benzodiazepines were associated with an increased risk of injuries from falls

in elderly patients, however duration ofexposure May have been more critical than current

dose. Physiological dePendence and withdrawal symptoms apPeared to play an important

role in increasing the risk for many benzodiazepines.
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7.0 BENZODIAZEPINES AND RISK OF INJURIES IN THE
ELDERLY (MANUSCRIPT 4)

7.1 INTRODUCTION

With extensive use in the elderly community, benzodiazepines have come under

intense scrutiny and criticism.l4 Due to concerns about adverse events, particularLy the

increased risks of faLls, as well as physiologicaL dependence, restrictions have been placed

on the use of benzodiazepines and Many clinicians are discouraged from prescribing them

for eLderly patients.2:5-l1 However, benzodiazepines can be a valuable therapeutic tooL for a

wide range of cLinical conditions, and restrictions in use often means either a switch to

alternative treatments that also have a risk for dependence and are not necessarily safer or

more effective5:9:12 or no treatment at all for debilitating conditions such as chronic anxiety

and insomnia.1:5:9

Evidence from our previous study (Chapter 5.0) and from other research indicates

that the use of benzodiazepines is often non-optimal and that there is an increased risk for

physiological dependence in the elderly:kl3-16 Furthermore, manystudies conclude that there

is an increased risk of injury from falls associated with benzodiazepines but there is Little

agreement on which benzodiazepines have the highest risk.11
-
n However, previous studies

on the impact of benzodiazepines on the risks of injuries from falls have sorne

methodological limitations that might affect the accuracyand precision of their results and

possibly contribute to the inconsistency of the findings. Even in the recent studies there is

a great deal of discrepancy in the approaches used to assess and classify exposure to

benzodiazepines with several researchers using patient self-reports21
-
n while others retrieve

information from pharmacy billing records contained in provincial databases.lS-10 A few
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studies attempt ta control for timing ofthe exposure by categorizing users according to time

since the prescription,18-20;23 butonlyTambiyo et al (1998) use survival analyses to model the

time-dependence of benzodiazepine dose on the risk of falls.20 While all of the reviewed

studies adjusted for age and sex, there is a great deal ofheterogeneity between the remaining

variables that are included in the analyses in orderto control forpotential confounders.L8;L9;2L-

23

We have shown that in order to avoid bias in the evaluation of the risk of injuries

from faUs associated with benzodiazepine use, whether from symptoms associated with

withdrawal or from the psycho-motor impairment effects of the medication, a study must

adequately control for the presence of confounding factors, as elderly who become

benzodiazepine users have different profiles of risk factors for injuries from faUs (Chapter

4.0). Moreover, previous studies ofthe impactofbenzodiazepine use on the risks ofinjuries

from falls consider only very simple measures of exposure such as a yes/no binary

variable,19;21;22 or classification of exposure into a few groups based on the duration of

elimination halflife of the specifie benzodiazepines used.18:23

In one of the few studies to include a measure ofcurrent dose, Tamblyn et al (1998)

used Quebec pharmacy billing records to assess benzodiazepine use in the elderly.20 Ten

different benzodiazepines were assessed by individual products. The use of a

benzodiazepine was treated as a time-dependent variable in a survival analysis for the risk

of injury from falls. Two types of analyses were conducted. In the first, periods of

benzodiazepine use are compared to periods of non-use in Persons using the same drug and

in the second, periods ofuse and non-use in new users were compared to a random sample

ofnon-users. Current dose is aIso included as a covariate and standardized using the World

HeaIth Organization defined daily dose for benzodiazepines.20:24 In order to facilitate the
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administrative health databases of the elderly population in Quebec offered an ideal data

source for such analyses. This assessment of risk allowed for a more balanced evaluation

of the relative advantages and disadvantages of benzodiazepine use in the elderly.

7.2 METROnS

A cohort ofelderly Quebec residents was studied from January L 1989 to December

31, 1994 using information from provincial administrative health databases. Details of the

cohort and the available subject infonnation are provided in Chapter 4.0, Sections 4.2.1 to

4.2.3. Since no information on benzodiazepine use was available before January l, 1989,

and in order to restrict the assessment to incident users only, subjects who did not fill a

benzodiazepine prescription during this year were eligible to he included in the study.

Furthermore, subjects for whom the first detected benzodiazepine prescription during the

studyperiod,January 1, 1990 to December31, 1994, wasarefill wereexcluded(n=209,732) ..

The remaining subjects were included in the study if a record for at least one new

benzodiazepine script was detected during the study period. Thus, ail new incident users of

benzodiazepine were assessed.

For the final cohort, data were retrieved on several baseline characteristics including

age, sex, area ofresidence, disabilities, co-morbidity, hospitalization, health care use, use of

other selected prescription Medications and diagnoses for fractures and soft tissues injuries

during the baseline year. Further details are provided in Chapter 4.0 with details of

diagnostic codes listed in Appendices V and VI..

This study was conducted in accordance with the ethical standards of the McGill

Faculty of Medicine Institutional Review Board for research involving human subjects

(Appendix 1).
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7.2.1 Benzodiazepine Exposure

Information on benzodiazepine use included start and end dates for each

uninterrupted period ofexposure, exactdrug type, and dosage for each prescription. Further

details on the measurement of benzodiazepine exposure are provided in Chapter 5.0.

Clorazepate and clobazam were not included in any of the analyses since these drugs were

included in the provincial formulary for only part of the observation period.

Periods ofbenzodiazepine use were represented bya binary time-dependentcovariate

(Iater on referred to as "on/off' variable with on/off = l for the periods where the subject

filled a benzodiazepine prescription, and 0 in the remaining time periods). A second time-

dependent covariate was constructed to represent the standardized daily dose. The

standardized daily dose was calculated for each prescription, to facilitate between drug

comparisons, according to the following fonnula:

(
total number of piUs ) ( dosage per pHI in mg )

duration of prescription in days x WHO recommended adult daily dosage in mg

where the first term represented the average number of pills per day and the second terrn

converted a given dosage into the percent of the World Health Organization (WHO)

recommended adultdailydose24 forthe respective drug (see Appendix llI). Ifthe prescribed

dose was close to the recommendeddailydose for this specifie product then the standardized

dose would he close to one. To avoid implausible values, the range ofthe standardized dose

was truneated at 3.0, which exceeded the 991h percentile for the distnoutions ofaverage dose

among incident users (Chapter 5.0). Thus, all values higher than 3.0 were replaced by 3.0.

For periods of benzodiazepine use where dose information was missing, the value was set

to the dose for aIl subjects exposed to that particular benzodiazepine.
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events were excluded. To take into account the imprecision of administrative dates, only

injuries recorded in the first five days of hospitalization were considered as an outcome for

our study. The observation for aU of these subjects was stopped at the time of the event. If

the event occurred within 5 days of hospitalization, this subject would not he recorded as

hospitalized forthese five days in orderto avoid conflicts with temporary censoring that was

applied to ail periods ofhospitalization (see below). A subject with an event that occurred

more than five days after hospital admission but before hospital discharge was permanently

censored at that time as lost to follow-up.

The date of the first injury in the study period was determined to he the end of the

observation for that subject. Subjects who did not have any injury during the study Period

were censored at the end the five year follow-up (December 31, 1994)or at the date of loss

to follow-up caused by placement in a nursing home or long term care facility or caused by

death. Furtherrnore, since no prescription information was available during hospitalization

temporary censoring was applied during each distinct hospital stay longer than five days.

These periods of hospitalization were subtracted from the total observation time for aU

subjects.

7.2.3 Statistical Analyses

The impact of benzodiazepine use on risk of injuries from falls was analyzed using

the Cox proportional hazards model with time-dependent covariates.21 These analyses

focused on individual benzodiazepines and were restricted to separate subsets of incident

users of particular benzodiazepines. To was set to the date of the first benzodiazepine

prescription. Each benzodiazepine was modeled in a separate analysis and subjects were

censored at the lime of a switch or an addition of a different type of benzodiazepine
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prescription. Due to the substantial computational resources necessary to represent the

continuous-in-time, time-dependent covariates for each benzodiazepine, we could not carry

out the analyses for the full cohort of lorazepam users (n=31,062, matrix of 56,719,212

records). Therefore, we divided the full cohort randomly into two disjoint sub-cohorts and

conducted the analyses on only one of the sub-cohorts (n=15,529).

Ail the models includedcovariates measuring baseline patientcharacteristics. These

covariates were selected based on results from Chapter 4.0 and included a quadratic term of

age and an interaction between gender and age; the use of other prescription Medication;

impairments and disabilities, and health care utilization. Due to the reduction in power

caused by the restricted sample size and the need to ensure the adequate ratio ofthe number

ofevents to the number of model parameters for the less commonly used benzodiazepines,

baseline variables with small frequencies ofoccurrence were not included in the model (the

use ofestrogen, miscel1aneous psychotropics, and partial opiate agonists or the presence of

osteoporosis, alcohol abuse, drug abuse, and miscellaneous impairments).

Four versions of the Cox model were considered for the incident users ofthe eleven

different benzodiazepines to assess the impact ofpast cumulative dose and duration of use.

In the first model, the binary time-dependent representation ofcurrent standardizeddose was

included. In the second model, the benzodiazepine effect was represented only by the time

dePendent covariate indicating weighted duration wlUle the third model included only the

time-dependentcovariate representingweightedcumulativedose. The fourth model included

two benzodiazepine related time-dependent covariates, one representing the weighted

cumulative duration, and a second representing the standardized current dose. AlI three

models that include the cumulative exposure variables were estimated twice, using the two
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different functions to weight past exposure~ The four models are discussed in more detail

in Chapter6.0. The log likelihoodofthe corresponding models were comparedto determine

which model provided the oost fit.28

Statistical analyses were conducted using SAS Systems 8.0 for Windows~29

7.3 RESULTS

Baseline characteristics of incident users are described in Chapter 4.0 (Table 4~1)

while details of the patterns ofOOnzodiazepine exposure appear in Chapter 5.0~

Table 7~1 descriOOs the distribution ofstandardized dose among the different groups

of benzodiazepine users. Users of nitrazepam, triazolam and temazepam had median and

mean doses near or equal to the recommended daily maximum adult dose~ Other

benzodiazepine users had a Median standard dose close to halfof the recommend adult dose,

whereas median doses for oxazepam and bromazepam were below one-third of the

recommended maxima, and clonazepam doses were very low. However, for almost an

products, except clonazepam, there was considerable between-subject variation in these

individual doses, with occasionally very high doses and sorne subjects exceeding the daily

adult recommended dose (Table 7.1).

Table 7~1 also shows that the proportion of injuries detected in each group of

benzodiazepine users was similar for- Most products (8.6 to 6~1%), with clonazepam and

chlordiazepoxide having the highest proportions (9.0% and 9.2%, resPectively)~

Table 7.2 reports, separatelyforeach ofthe Il benzodiazepines, the estimatedhazard

ratios with p-values and95% confidenceforbenzodiazepineexposure in the differentmodels

with the best fitting model indicated C*).. Using the minimum values for the log likelihood

as a measure ofgoodness-of-fit, for an benzodiazepines except nitrazepam, flurazepam,
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Table 7.1

•
Descriptive statistics for standardized daily doses by type of benzodiazepine use.·

•

Type of
Benzodiazepine

No. of
Events

(%)

No. of
Incident

Vsers

WHO
Recommended

Adult Daily Dose
(mg)

Median
Standardized

Daily Dose

Mean
Standardized

Daity Dose
(sel)

Range
Inter Quartile

Ranget

Triazolam 191 (8,6) 2,220 0.25 J.OO 0.92 (0.40) 0.07 - 10.00 0,50 - 1,00

Temazepam 255 (6.7) 3,798 20.0 0.75 1.05 (0.49) 0.07 - 15.00 0.75 - 1.50

Nitrazepam 116 (8.4) 1,385 5,0 LOO 1.31 (0,61) 0,09 - 11.00 1.00 - 2.00

Alprazolam 273 (7.2) 3,783 1.0 0.50 0.58 (0.41) 0.025 - 10.00 0.25 - 0.75

Oxazepam 1,042 (7.2) 14,460 50.0 0.30 OA3 (0.28) 0.01 - 10.00 0.30 - 0.60

Bromazepam 278 (7.5) 3,723 10.0 0.30 0.47 (0.29) 0,01 - 6.30 0.30- 0.60

Lorazepam 2,345 (7.5) 31,062 2.5 0.40 0.53 (0.35) 0,001 - 14.40 0.40- 0.67

Clonazepam 153 (9.0) 1,701 8.0 0.10 0.12 (0.12) 0.007 - 2.00 0.06 - 0.12

Flurazepam 391 (7.6) S,Ill 30.0 0.50 0.73 (0.32) 0.12 -7.5 0,50 - 1.00

Chlordiazepoxide 79 (9.2) 850 30.0 0.67 0.82 (0.86) 0.02 - 12.50 0.33 - 1.00

Diazepam 392 (8.3) 4,736 10.0 0.50 0.71 (0.56) 0.02 - 16,7 0.50- 1.00

• The standardized dail)' dose was calculaled b)' dividing lhe prescribed dail)' dose (number of piUs per day*dosage per pHl/duralion of prescription) by lhe
World Health Organization recommended adult daUy dose.
t In the analyses, the standardized dose range was trunealed at 3.0, so thal each dose >3.0 was replaced by 3.0, to avoid implausible values that would excessivel)'
influence the parameter estimales.



Estimated bazard ratios (p-values) with 95% confidence intervals (CI)
for ditTerent models of benzodiazepine exposure.·
Modelt Benzodiazepine W(At)=O.5 Hazard Ratio 95% CI -2 Log

Ex (d) (al ) LOk rbood

Table 7.2

Benzodiazepine
(h If. 6fl h )a - e. rs ~posure ays lP-V ue 1 el

Triazolam 1 current dose n.a. 1.74 (0.0009) L.26-2.41 2523.26
(L.5-5.5) 4 1.14 (0.0001) L.07-1.22 252056

II cumulative dose
30 1.02 (0.001) 1.01-1.03 2523.45

m cumulative duration
4 1.19 «.0001) 1.10-1.27 2513.46

30 l.03 «.0001) 1.02-1.04 2514.07

cumulative duration L.30 (0.0006) 1.12-1.51
251154*4

IV
current dose 0.59 (0.18) 0.28-1.27

cumulative duration
30

l.03 (0.002) 1.01-1.05

current dose 0.94 (0.83) 0.55-1.62
2514.03

Oxazepam 1 current dose n.a. 0.69 (0.04) 0.49-0.98 18128.51
(5-20) 4 1.00 (0.98) 0.93-1.07 18133.16

II cumulative dose
30 1.00 (0.70) 0.99-1.01 18133.01

4 1.00(0.96) 0.97-1.03 18133.16
III cumulative duration

1.00 (0.71) 0.99-1.0130 18133.02

cumulative duration 1.11 (0.0006) 1.05-1.18
18116.65*4

current dose 0.25 (0.0002) 0.12-0.52
IV

cumulative duration 1.01 (0'<X)4) 1.00-1.02

current dose
30

0.40 (0.0008) 0.23-0.68
L8120.35

Alprazolam 1 current dose n.a. 1.24 (0.33) 0.81-1.89 3977.99
(6-20) 4 1.07 (0.12) 0.98-1.17 3976.65

II cumulative dose
30 1.02 (0.01) 1.00-L.03 3973.67

4 1.10 (0.002) 1.03-1.16 3969.70m cumulative duration
30 1.02 «.0001) 1.01-1.03 3962.60

cumulative duration 1.20 (0.0002) L.09-1.33
3964.33

current dose
4

0.39 (0.03) 0.16-0.93
IV

cumulative duration 1.03 «.0001) 1.02-L.05
30 3956.75*

current dose 0.45 (0.02) 0.22-0.90

Bromazepam 1 current dose n.a. 1.35 (0.30) 0.76-2.39 4059.73
(8-19) 4 1.09 (0.18) 0.96-1.23 4059.06

II cumulative dose
30 1.02 (0.02) 1.00-1.04 405592

4 1.05 (0.11) 0.99-1.12 4058.30
III cumulative duration

30 1.00-1.02 4055.031.01 (0.01)

cumulative duration 1.07 (0.20) 0.96-1.20
4

0.27-2.30
4058.11

IV
current dose 0.79 (0.67)

cumulative duration 1.02 (0.02) 1.00-1.03
current dose

30
0.31-1.69

4054.45*
0.72 (0.45)

•

•

•
• Adjusted for baseline characteristics: age. sex,. region ofresidence. number ofprescnôing doctors and
hospital stays longer than 7 days. other medication use (anti-depressants. anti-psychotics. sedatives. cardiac
drugs. anti-hypertensives. thaizide diuretics.. vasodilators. opiate agonists.. diuretics) and disabilities or
impairments (history of injury. depression.. seizure and neurological disorders.. stroke. arthritis.. and visual
impairments) and the Charlson Comorbidity Index.
t Model 1 includes a binary time-dependent representation ofOOnzodiazepine dose; Model il includes
weighted cumulative duration; Model III includes weighted cumulative dose; Model IV includes weighted
cumulative duration and current dose. Time zero is date offirst benzodiazepine script.
t Indicates the model with the oost fit..
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Table 7.2 Continued

Benzodiazepine Modelt Variable
(h 1f.1ifi )a • e ays ~p·va ue 1 el
Lorazepam l current dose n.a. 1.23 (0.07) 0.98-1.53 20218.10
(10-20) II 4 1.08 (0.001) 1.02-1.13 20211.70

cumulative dose
30 1.01 (0.0003) 1.01-1.02 20209.05*

fi 4 1.05 (0.001) 1.02-1.08 20211.10
cumulative duration

30 LOI (0.009) LOO-LOI 20214.57
[V cumulative duration 1.08 (0.003) 1.02-1.13

current dose
4

0.75 (0.18) 0.50-1.14
20209.23

cumulative duration
30

1.01(0.06) LOO-LOI
20214.57

current dose LOO (0.98) 0.73-1.37

Temazepam l current dose n.a. 1.10 (0.42) 0.87-L40 3595.93
(8-24) fi 4 1.04 (0.15) 0.99-1.09 359456

cumulative dose
30 1.01 (0.05) 1.00-1.02 3593.01

III 4 1.07 (0.03) 1.01-1.13 3591.74
cumulative duration

30 1.01 (0.003) 1.00-1.02 3588.35
IV cumulative duration 1.23 (0.001) 1.08-1.40

4 358551
current dose 0.49 (0.02) 0.27·0.89

cumulative duration 1.03 (0.0002) 1.01-1.04
3582.24*

current dose
30

0.59 (0.02) 0.38-0.91

Nitrazepam l current dose n.a. 1.05 (0.77) 0.76-1.43 1414.63
(20-40) II 4 1.03 (0.41) 0.96-1.10 1414.05

cumulative dose
30 1.01 (0.04) 1.00-1.02 141097*

m 4 1.03 (053) 0.94-1.13 1414.33
cumulative duration

30 1.01 (0.17) 1.00-1.02 1412.90
IV cumulative duration 1.09 (0.42) 0.89-1.33

4
0.81 (056) 0.39-1.66

[413.99
current dose

cumulative duration 1.02 (0.07) 1.00-1.05
30 1411.44

current dose 0.73 (0.24) 0.43-1.23

Chlordiaze- 1 current dose n.a. 2.19 (0.002) 1.32-3.62 900.62
poxide n 4 1.19 (0.002) 1.06-1.33 90055
(10-30) cumulative dose

30 1.04 (0.0009) 1.01-1.06 899.24*
m 4 1.12 (0.07) 0.99-1.28 904.32

cumulative duration
30 1.02 (0.07) 1.00-1.04 904.30

IV cumulative duration 0.99 (0.97) 0.83-1.19
4 900.62

current dose 2.21 (0.03) 1.094.48

cumulative duration 1.01 (0.64) 0.98-1.03
900.41

current dose
30

2.03 (0.02) 1.11-3.74

•

•

•
t Model 1 includes a binary time·dependent representation ofbenzodiazepine dose; Model n: includes
weighted cumulative duration; Model m includes weighted cumulative dose; ModellV includes weighted
cumulative duration and current dose. Time zero is date offirst benzodiazepine script.
~ Indicates the model with the best fit.
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Variable

ContinuedTable 7.2

Benzodiazepine Modelt
(halr. Uri ). e ays lP-V ue • e
Clonazepam [ current dose n.a. 154(0.66) 0.22-10.95 1879.76
(20-80) II 4 1.19 (0.36) 0.82-1.72 1879.23

cumulative dose
30 l.03 (0.35) 0.97-1.09 1879.21

m 4 l.05 (0.18) 0.98-1.13 1878.19
cumulative duration

30 1.01 (0.10) l.00-1.02 1877.29
IV cumulative duration 1.07 (0.18) 0.97-1.19

current dose
4

0.40 (0.60)
1877.87

0.01-11.62

cumulative duration
30

1.01 (0.09) 0.99-1.03
1876.95*

current dose 0.43 (058) 0.02-8.52

Diazepam 1 current dose n.a. 1.39 (0.04) 1.01-1.92 5986.34
(14-100) II 4 1.08 (0.02) 1.01-1.16 5985.43*

cumulative dose
30 1.01 (0.02) 1.00-1.02 5985.78

m 4 1.06 (0.07) 0.99-1.13 5986.89
cumulative duration

30 1.01 (0.09) l.00-1.02 5987.13
IV cumulative duration 1.03 (0.59) 0.94-1.12

4
1.27 (0.34) 0.78-2.06

5986.06
current dose

cumulative duration L.OO (0.47) 0.99-1.02

current dose
30

1.28 (0.23) 0.85-1.92
5985.84

Flurazepam l current dose n.a. 2.16 «.0001) 1.63-2.85 5814.87
(40-100) n 4 L.2L «.0001) 1.14-1.28 5806.02*

cumulative dose
30 1.03 «.0001) 1.02-1.04 58LL.77

m 4 1.15 «.0001) 1.09-1.21 5812.63
cumulative duration

30 1.02 «.0001) L.Ol-Lü3 5818.34

IV cumulative duration 1.10 (0.08) 0.99-1.22 581l.77
4

1.35 (0.35) 0.72-2.50current dose

cumulative duration 1.01 (0.16) L.oo-1.02 5812.91
30

1.71 (0.02) 1.10-2.65current dose

•

•

•
t Model l includes a binary time-dependent representation ofbenzodiazepine dose; Model il includes
weighted cumulative duration; Model m includes weighted cumulative dose; Model IV includes weighted
cumulative duration and current dose_ Time zero is date of first benzodiazepine script_
*' Indicates the model with the best fit..
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ft is interesting to note that when the more sophisticated modeling methods are used,

ail benzodiazepines exceptclonazepam have a statisticallysignificant(p<O.OS) increasedrisk

ofinjurywith increasedduration andlorcumulativedose. Furthermore,clonazepam, theonly

benzodiazepine that did not have a statistically significant increase in association with the

risk ofinjuries from falls, had an extremely restricted range of low standardizeddoses (Table

7.1). If the representation of exposure were limited to current dose alone (Model [in Table

7.2), then only triazolam, flurazepam and chlordiazepoxide would have shown a statistically

significant increase in risk for injury.

7.4 DISCUSSION

The models proposed in this study to assess the impact of OOnzodiazepine exposure

provided sorne new insights into the role that benzodiazepines mayplay in increasing the risk

of injury. The fact that the model of benzodiazepine exposure that appeared to fit the data

oost was different for individual benzodiazepines, offered support for the theory that

sensitivity to adverse events experienced by the elderly was related to the pharmacokinetic

and pharmacodynamie properties of specifie benzodiazepines.16 Our study showed that the

best model for most of the benzodiazepines included a measure ofcumulative duration and

current dose. If withdrawal symptoms occurred when a patient attempted to stop the

Medication, this would have been when the elderly patient was at greatest riskofinjury from

falls due to dizziness and impaired coordination.[6 Given that benzodiazepines are typically

prescribed for at Ieast a few weeks (Chapter 5.0), a patient who recently stopped treatment

would have had a relatively high value ofduration ofrecent use. Forexample, ifthe patient

experienced an event soon after finishing a therapeutie course of temazepam, then at that

point the cumulative duration of exposure and the cumulative dose would still have been
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of benzodiazepines on the risk of injury.l1-L9:2L:22 Fust, the hazard ratio was adjusted for

possible confounding due to other Medications and baseline factors implicated in the risk of

injuries from falls (details in Chapter4.0). Second, time-to event analyses was used to allow

for time-dependent changes in benzodiazepine exposure represented by standardized daily

dose. Yet, this model almost always provided the worst fit to the data (Table 7.2).

Furthermore, the conclusions thatwould have been drawn from the results ofthis model were

quite different than those that were made based on the results from the more complicated

modeling of benzodiazepine exposure. According to the current dose model, the only

statistically significant increases in risk were associated with increasing current dose of

flurazepam, chlordiazepoxide and triazolam. In contrast, in a better fitting, though more

complex model, that also accounted for the duration ofrecent exposure, the current dose did

not have a significant independent effect on risks ofinjuries, and ifanything, showed a trend

towards a protective effect. On examination of the findings byTamblyn et al (1998) for an

analysis ofincreased risk ofinjurythat includes non-users and time-dependent covariates for

current dose of 10 benzodiazepines, it is interesting to note that a significant effect is only

found for benzodiazepines that showed relatively strong effects in our analyses. The only

benzodiazepine that did not have a statisticallysignificant increase in risk, clonazepam, also

had an extremely restricted range of very low standardized doses (mean = 0.12) in a small

group of subjects (n=1,700, Table 7.1). Since the oost model included a measure of

cumulative duration and current dose, it is likely that evaluation of exposure to tms

OOnzodiazepine in a larger group of subjects, would also identify a statistically significant

increase in risk associated with injuries from falls.
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The methods we developed to model complex aspects of benzodiazepine exposure

that vary over time provided new insights into the potential role that physiological

dePendence and withdrawal symptoms mayplayin increasing the risks ofinjuries from falls.

However, confirmation of this finding would require explicit modeling of the impact of

withdrawal symptoms on increasing the risk of injuries from falls. This tYPe of modeling

wouId require better information on the exact timing of the benzodiazepine exposure than

that provided by records from the administrative health databases. At the same time, the

methods developed in this study (Chapter 6.0) should he explored further using computer

simulations and different analytical forms and/or parametrization of the different functions

describing how recent exposures are weighted relative to more distant pasto

7.4.1 Conclusion

Falling is a significant risk for ail elderly people with potentially serious sequella

including injuries requiring hospitalization and that mayeven he responsible for fatalities.3
[

35 Furthermore, injuries from falls are the causeof 40% ofnursing home admissions.3LSince

we have used novel methods to assess the complex. benzodiazepine exposure, our findings

of increased risk of injury in the elderly for most benzodiazepines need to he investigated

further, and replicated in an independent study of a similar population. However, if our

conclusions are valid, then some of the risks associated with benzodiazepine use May be

modifiable. Benzodiazepines can continue to be a useful therapeutic tool as long as elderly

patients are cautioned against both prolonged exposure and abrupt termination and

physicians ensure a proper regime oftapering to avoid severe withdrawal symptoms.[;~:S:[6;36
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8.0 DISCUSSION

8.1 SUMMARY

We found an increased risk of injury associated with the majority of the

OOnzodiazepines studied in the elderly QueOOc population. However, unlike other

researchers who examined the risk of individual benzodiazepines based on current

exposure,(Leipzig et aL, 1999; Rayet al., 1989; Neutel et aL, 1996; Tamblyn et aL, 1998b;

Cumming et al., 1993; RyYIlanen et aL, 1993) we found that the risk of injury was specifie

to the certain time-dependent aspects ofthe benzodiazepine exposure (Chapter 7.0). ForaIl

the benzodiazepines, the oost model of exposure included either a measure of cumulative

dose or a measure of cumulative duration with current dose. The optimal weight function

for recency of cumulative dose or duration, was different for different benzodiazepines.

Furthermore, use ofcumulative dose or duration allowed us to establish that after adjusting

for several potential confounders, only clonazepam did not have a statistically significant

increase in risk. By contrast, only three among Il benzodiazepines considered had

significant dose-response relationships in a conventional model, in which exposure

measurement was restricted to current dose. Yet, many previous studies model

benzodiazepine exposure using eithercurrentexposure orcurrent dose (Leipzig et aL, 1999;

Rayet aL, 1989; Neutel etal., 1996; TambLyn etal., 1998b; Cumminget al., 1993; Ryynanen

et al., 1993). Interestingly, our analyses suggested that the effect of current dose changes

substantially after adjusting for cumulative duration, which significantly improved the

model's fit to the data. This finding May provide sorne insight into mechanisms by which

benzodiazepine exposure increases the risk of injuries from falls in elderly patients.
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Specifically, ourresults appeared to corroborate that withdrawal from a benzodiazepine may

adversely affect the risk.

This complex modeling of the exposure required a large sample size, an adequate

observation period and a range of exposure among the subjects. The cohort of Quebec

elderly met these requirements, and by using this database with novel methods developed

specifically to evaluate benzodiazepine exposure over time (Chapter 6.0), we were able to

enhance the accuracy and precision in evaluating the risk of injury.

The large number of subjects in our database allowed us to focus on individual

benzodiazepine products. Like Many other researchers, we found that this class of

Medications had a high prevalence ofuse in the elderly (see Chapter4.0) (Egan et aL, 2000b;

Gleason et aL, 1998; Rojas-Fernandez et aL, 1999; Taylor et al., 1998; Olfson et al., 1994;

Kirby et al., 1999; Jorm et al., 2000; van Hulten et aL, 1998). We also found a high

incidence rate but this was specific to individual drugs. Evaluation ofpredictors fornew use

of individual drugs revealed systematic differences not only among users of specifie

benzodiazepines but also between incident users and those subjects who never filled a

prescription (Chapter 4.0). This emphasized the importance of adjusting for relevant

subjects' characteristics when estimating the overall risk associatedwith benzodiazepine use

and when comparing the impact of particular medications.

A furtherinvestigation into patterns ofuse afterthe initial prescription revealed that

benzodiazepine use varied greatly over five years in terms of duration, dose, type of

benzodiazepine, addition of a prescription for another drug and switching to a different

benzodiazapine (Chapter 5.0). Although Most elderly seemed to follow clinical guidelines

for use of benzodiazepines, there was a significant proportion who did not, and a smalt but
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important fraction who seem to abuse the Medications (extremely high doses, multiple

simultaneous prescriptions and continuous use). Most importantly, we found evidence for

dependence and tolerance in escalating duration and/or dosage with subsequent periods of

benzodiazepine use. The most significant risk factor for increasingduration and dosage was

older age at the date ofthe first prescription. This factor was significant aftercontrolling for

other Medication use and illnesses, emphasizing the fact that patients become more

susceptible to the risk of dependence with increasing age, independent of increasing co

morbidity (Martinez-Cano et al., 1999; Holroyd et al., 1997; Kan et al., 1997; Nelson et al.,

1999; Ashton, 1994).

This finding was particularly relevant since our analyses of the impact of

benzodiazepines on the risk of injuries seemed to indicate that a recent withdrawal from

Many benzodiazepines provided a significant increase in risk. Indeed, for a oumber of

benzodiazepines, the oost fitting models showed a protective effect for current dose with an

iocreased risk associated with cumulative duration. Since the analyses were restricted to

users of a specifie benzodiazepine, one possible interpretation was that subjects who were

recently exposed to benzodiazepines, but were oot currently using the Medication, Le. had

a currentdoseofzero, had an increased risk ofinjurycompared to subjects eithernot recently

exposed or those who currently continue using benzodiazepines. This interpretation was

only viable ifthe exposure to the benzodiazepine caused physiological dePendence and the

riskofinjurywas affected bysymptoms ofwithdrawal (Nelson et al., 1999; Schweizeret al.,

1998; Lader, 1999).

One of the most consistent findings throughout all of our studies, was that many

factors, including characteristics associated with benzodiazepine use, patterns of use and
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increased risks of injury with use, were ail specifie to individual products. Much of the

previous researeh on benzodiazepines in the elderly has used a phannacokinetic parameter,

eLirnination half-life, toclassifybenzodiazepines (Jensen etal., 1991; MacDonald, 1985; Ray

et al., 1987; Stevens et al., 1989; Taggart, (988). We found that none of the aspects of

benzodiazepine use were comparable among different benzodiazepines with similar

elimination half-lives (see Chapters 4.0 - 7.0). Nor was there any similarity among

benzodiazepines with overlapping clinical indications (Le. benzodiazepines used mainly as

hypnotics versus those used mainly as anxiolytic agents). Therefore, any analyses that

combined different benzodiazepines by the half-life wouId he biased due to

missclassification, and would likely result in a dilution ofeffects (Mohane et al., (996). The

fact that analyses of each benzodiazepine provided distinct information was not surprising

since so Many of the aspects associated with benzodiazepine use are unique, included

pharamokinetic factors (Le. pathway of metabolism), pharmacodynamie parameters (Le.

potency), and clinical indication (i.e. night-time hypnotics for insomnia versus daytime

sedation for anxiety) (Nelson et ai., (999). The combination of these factors along with

patient characteristics created a unique profile for each type of benzodiazepine and

classification by a single parameter May have resulted in inaccurate conclusions that would

mislead both researchers and clinicians.

8.2 LIMITATIONS

Our study could not avoid sorne limitations typical of all analyses relying on

administrative health databases. One of the study limitations was the lack of prescription

information during hospitalization. Evidence frompreviouslypublishedstudies indicates that

benzodiazepines are frequently prescribed for eiderly patients during periods of
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hospitalization (Zisselman et a1.y 1994; Woods et al., 1992; Krusey 1990; Gradetal., 1999)

and that in-hospital use may he assocfated with an increased risk of falling (passaro et aL,

2000; Mendelsony 1996). Since we did not have any prescription information during periods

ofhospitalization y we were not able to verify ifsubjects terminated orstarted benzodiazepine

use at the time of hospitalization. If the risk of injury was associated with CUITent or recent

use and/or withdrawal symptoms for Many benzodiazepinesy this limitation WOUId have

biased our results in two ways. First, a subject who was exposed to a benzodiazepine only

for the duration of hospitalization (e.g. for problems with sleeping) and then experienced a

fall after retuming home, would have been missclassified as a non-exposedy thereby

underestimating the risk of injury when comparing benzodiazepine users with non-users.

Second, if the abrupt termination of therapy due to hospitalization resulted in a within

hospital fall, our study would have missed this event and again underestimate the risk of

injury associated with benzodiazepine use. We used two methods to minimize the possible

bias from lack of prescription information during hospitalization. First, periods of

hospitalization longer than five days were censored in the time-to-event analyses for both

users and non-users. Second, the pre-hospitalization exposurestatus was assigned to the first

five days of hospital admission and injuries that occurred within the first five days of

hospitalization were included in the analyses.

The other main limitation with using a database for our study was that we were not

able to verify actual benzodiazepine consumption and had to use the characteristics of the

henzodiazepine prescriptions as a proxy measure for duration ofexposure and actual dose.

Therefore, we would systematically overestimate the intensity of exposure for (i) patients

who did not consume their entire prescriptiony (ii) patients who reduced their dosage by
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taking only half or a quarter of a tablet per day, and (üi) if the prescription was given with

instructions to "take as neededn(pRN). In the first scenario, the patient wouldhe considered

exposed when they were actually not taking a benzodiazepine which would underestimate

any non-zero risk due to exposure, regardless of what specific measure of exposure was

assessed. However, this first scenario was unlikely because the patient had actually filled the

prescription. In the second scenario there were two possibilities. First, the patient May have

used the Medications at a reduced dose, but only for the period covered by the prescription.

Then the effectofan on/offvariable indicating current use and the duration ofuse would not

he affected but the impact of current dose and cumulative dose wouId be underestimated.

Altematively, it is quite possible that a patient will use the remaining stock of piUs for a

period extending beyond the "official" end of the prescription. In that case, the exposure

would have been overestimated in the periodcorresponding to the actual recorded ("official")

duration ofthe prescription and underestimated after the end ofthe prescription, when, in our

analyses, the subject would have been considered to be unexposed. Therefore, both biases

in exposure would have reduced the true difference between periods of exposure and non

exposure and would have resulted in attenuation of the effects ofthe on/offcurrentexposure

variable as weil as the dose-related variables. Similarbiases in the riskestimate wouId have

occurred with PRN prescriptions although it would have been more sporadic and dependent

on the patient's actual perception of when and how often they "needed" to take the

medication. It is quite likely thatwe overestimated benzodiazepine exposure in intermittent

users of benzodiazepines since prescriptions are often given on a PRN basis and

approximately 10% ofelderlyreport taking a henzodiazepine at a lowerdose than prescribed

(Gleason et al., 1998; McElnayet al., 1997). This bias would have been less likely to occur
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with patients who regularly fiUed consecutive prescriptions, however a validation of drug

exposure assessment would have been necessary to fully assess the level of bias in our

results. This type ofvalidation would have required sampling patients and verifying database

records against self-reported use by patients for assessment of consumption, PRN

prescribing, and patient self-dosing.

While we did attempt to control for as Many potential confounders as possible, there

were several factors that we were not able to include in our study. Since this was a database

study, we were also not able to assess psychosocial variables that have been implicated in

higherrates ofbenzodiazepine use (van Hulten et aL, 2000) and mayplay an important role

in modifying risk associated with falls (Buchner et al., 1987; Avom, 1998). Preliminary

evidence for an increased risk of faIls with use ofcorticosteroids only began to emerge after

we constructed our database to include this variable in our list of medications that possibly

increased the riskofinjuries from falls (NlHConsensus Development Panel on Osteoporosis

Prevention, 2001). Furthermore, Many of the patient characteristics such as presence of

illnesses orimpairments, useofnon-benzodiazepine medications, andlevels ofco-morbidity

undoubtably changed overtime. We only assessed these variables during the baseline year,

1989. However, given the important differences between the characteristics of the users of

individual types ofbenzodiazepines (Chapter4.0), it would have been useful to measure the

changes in these variables over time and include them as time-dependent covariates

(Tamblynetal., 1998b). This wouldhave beenparticularlyimportantforstrongconfounders

such as anti-depressant Medications (Chapter4.0). Manyelderly develop more impairments

and disabilities witn increasing age, therefore Many of these factors that occurred after the

baseline Period would not have been detected, and their effect on risk of injury May have
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Since our new methods to represent benzodiazepine exposure allowed us to

investigate new aspects oftheirputativeeffects on the risks of injuries, it is essential thatour

findings he replicated in an independent study using similar methods. Furthermore, the

conjecture that withdrawal symptoms related to physiological benzodiazepine dependence

are associated with an increased risk of injury, and supported by our analyses of the

independent effects of duration of use and current dose, needs to he investigated more

carefully. At the same time, the methods developed in this study (Chapter 6.0) should he

explored further using computer simulations and different analytical forms and/or

parametrization of the different functions describing how recent exposures are weighted

relative to more distant past.

Our study was based on data from the first halfof the 1990s. The importance ofour

finding ofan increased risk of injuries with benzodiazepine exposure depends on continued

high levels ofconsumption among the elderly. While it is un likely that elderly patients will

stop using benzodiazepines, the rate of usage May decrease or increase over time due to

temporal changes in perception of the relative safety and efficacy of different tYPes of

benzodiazepines, changes in clinical guidelines and recommendations, and changes in

patient or physician perceptions or behaviours (Ashton, 1994; Moller, 1999; Nelson et al.,

1999; ArgyropouLos et al., 1999; Lader, 1999; Uhlenhuth et aL, 1999; McNuttet aL, 1994;

Johnson et aL~ 1997). Forexample, afterimplementation oftriplicate prescription program

in the stateofNew York, the numberofbenzodiazepineprescriptions forelderlypatients was

reducedby40-50% across all products (McNuttetal., 1994). InQuebec, a majorchange was

administered for the prescription drugcoverage in the mid-1990's, so that Medication costs
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for many elderly substantially increased (Legras, 1998). Whereas the policy resulted in an

overall decrease of use of Medications by the elderly, the implications specifically for the

frequency and patterns ofbenzodiazepine use in the elderly have oot been investigated sinee

this policy was introduced (Tamblyn et al., 2001).

Any evaluation of the relative advantages and disadvantages of benzodiazepine use

in the elderly shouldreflectnotonly the serious adverse effects that require Medical attention

but should also look at the patient's perception of adverse effects. In our study we focused

on the adverse effects that might increase the risk of injuries from falls. However, we a1so

found that a large proportion of the subjects that used benzodiazepines for more than one

period oftime switehed from one type of Medication to another. It May weil be that patients

experienee effects that are unpleasant or uncomfortahle enough to switch Medications but

not serious enough to require hospitalization. Such effects May ioclude dizziness and the

subjective feeling ofa hangoverthat has been reported with Many benzodiazepines (Ashton,

1994). Since the presence of such effects is a common reason for abruptly diseontinuing

treatment, further investigation of the frequency and reasons for stopping a treatment or

switehing to another product May provide more insigbt into which specifie benzodiazepines

demonstrate these effects (McElnayet al., 1997). This becomes especially relevant in view

of our results that suggested that abrupt withdrawal of Many benzodiazepines may he

associated with an increased riskofserious events such as injuries due to falls. Furthermore,

the impact ofchanging or adding a new Medication should be carefully investigated using

appropriately constructed time-dependent variables (TambLyn et al., 1998a).

Anotherareaforinvestigationwouldbethecharacteristicsofthephysiciansinvolved

in prcscribing benzodiazepines for the elderly. There is a geat deal of evidence that the
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choice of and appropriateness of benzodiazepine prescribing is associated with physician

characteristics (Tamblyn et al., 1996; Monette et al., 1994; Aparasu et al., 1999; Egan et al.,

2000a; Morabia et al., 1992; Olfson et al., 1993). Researchers have examined the types of

benzodiazepines prescribed in terms ofphysician characteristics,(Aparasu et al., 1999; Egan

et al., 2oooa; Morabia et al., 1992; Monette et al., 1994) but the overall patterns of

benzodiazepine use in terms ofphysician characteristics and perception ofthe risks involved

with individual benzodiazepines needs to he evaluated. Despite existing evidence of the

apparent risks associated with benzodiazepines, Many clinicians continue to favour

benzodiazepines as a pharmacotherapy (Uhlenhuth et al., 1999; Uhlenhuth et al., 1998). The

perceptions of the physician May actually play the biggest role in the decision to initiate the

benzodiazepine treatment and may explain in part why lorazepam dominated the use of

benzodiazepines in ourstudy.

8.4 FINAL CONCLUSION

Any evaluation of risks associated with drug use, especially in context of non

experimental epidemiologjcal studies in high risk populations such as elderly patients faces

important methodological challenges. We have demonstrated the considerable variation in

the patterns of benzodiazepine use among the elderly. To address the complexity of such

research, the choiceofstatistical methodology and assessmentofexposure to the Medication

require careful consideration (Linden et al., 1993). Although complex. modeling is not

always possible in view oflimitations in dataand in existingstatistical software, conclusions

based on simpler analyses must be interpreted in that light. Evidence from our study has

shown that inadequate control forconfounding factors cao leadto overestimationofrisk, and

that limiting the exposure measurement to current use orcurrentdose ooly can also bias the
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estimation of risk and result in failure to detect statistically significant effects of Many

benzodiazepines. In either situation, the risk profile May be misleading. The evidence from

previous studies of the risk of falls has mainly concluded that there is an increase in risk,

especially for benzodiazepines with longerelimination half-lives (Leipzig et aL, 1999; Ray

et aL, 1989; Neutel et aL, 1996; Tambiyo et aL, 1998b; Cumming et aL, 1993; Ryyoanen et

aL, 1993). These findings have lead to restrictions in the use of sorne benzodiazepines

resulting in switches to alternative treatments that May have an even worse safety profile or

to no treatment at aU (Moller, 1999; Johnson et aL, 1997; Straand et aL, 1997; Smith et al.,

1998; McNuttet al., 1994; Lader, 1999; Woods et aL, 1992; Kruse, 1990). Ourfindings that

the increased risk for injuries from falls May he associated with specifie aspects of

benzodiazepine exposure, such as duration of recent exposure and the recency of treatment

tennination, need to he validated in furtherstudies. However, ifthese findings are vaUd then

the increased risk would he subject to modification through patient education and use of

tapering regimes to avoid more severe withdrawal symptoms. More careful management of

patients, based on solid research findings, would decrease the risk of adverse events and

improve the utility of this treatment in elderly (Argyropoulos et al., 1999).

Methods developed in our study provided new insight into the role benzodiazepines

play in the risk of injuries from falls among the elderly. These findings may have important

implications for clinicians, researchers and elderly patients. Many other Medications, such

as oral contraceptives orhypotensives, are commonly used in a variety of patients and have

a complicated exposure history (Monane et aI., 1997; Suissa et al., 2000; Fourrier et al.,

2(00). The method we propose for assessing the past and present exposure to
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benzodiazepines and the associated risk of adverse events can he utilized in investigations

of the effects of these Medications.
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• The following is a list orthe raw variables trom RAMQ and other sources used to
generate variables for the current study.

PATIENT DEMOGRAPHIe DATABASE (demopt)

Variable name Definition

•

•

pm Patient identification - encrypted health insurance number. When the patient was
assigned a temporarv number, the region number was labeled "0".

sex Patient gender: M=Male, F =Female
dlnais89 -dlnais94 A~e ofthe patient foreach study year.
reg89 ID reg94 Region ofresidency from 89-94:

01= Bas-Saint-Laurent
02= Saguenay-Lac-St-!eao
03 = Québec
04= Mauricie-Bois-Francs
05= Estrie
06= Montréal
07= Outaouais
08 = Abitibi-Térniscamingue
09= Côte-Nord
la = Nord-du-Québec
11= Gaspésie
12= Chaudières-Appalaches
13 = Laval
14= Lanaudière
15 = Laurentides
16= Montérégie
17 = Kativik
18 = Terres-cries-de la B.-J.

dsc89 ID dsc94 DSC - code of 1 diait dividing the region into several administrative umts.
c/sc89 ID clsc94 CLSC - code of2 digits dividing the DSC into several coints ofservice.
cDdeD89 ID cDdeD94 Forward sortation area (Le. first 3digits ofthe postal code).
dtdeces Date ofdeath(in Julian format of5 digits).

2 categories ofdeath (2 unsafe sources = l sare source):
I) death ftomsafe source, 2) death from unsafe source

2 categories ofdate ofdeath: precise (ddlmmlyy), imprecise (3 l/mmlyy) or (28,
29 or 30) depending on the month.

Sources of information for the RAt\ifO Type
• ~ID daims forcertificate ofdeath (codeacte=0013 or 0014) unsafe
• Bureau de la statistique du Québec(name, date ofbirtb. sex) safe
• Régie des rentes du Québec (name~date ofbirth. se~ SIN) unsafe
• Société de l'Assurance-auto. du Québec (name. date ofbirth. sex) unsafe
• Curatelle publique (IOlC-I2le people) safe

(name. date ofbirth. gender. SIN. health insurance number)
• Elealth Canada (for people ~5 ofage who received the maximum unsafe

for old age pension - about 60IC-SOIC people in Québec)
(name. date ofbirth. gender. SIN)

• Patient~s family (health insurance number & RAl"lQ data form) safe
• Undertaker (health insurance number & RAMQ data fonn) saCe
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• PHARMACEUTICAL SERVICES DATABASE (rx)

•

•

Variable name
PlD
clDrof
noprof
nopharm
codespcl-codespc5

codemed

cdenom

codeahf

qntymed
duretr

Definition
Patient id - unique identifier
Class ofprofessional (see Physician Demo~phicsOatabase).
Prescnbing physician id - unique identifier
Pharmacy id - unique identifier. Encrypted pharmacy number.
Special consideration code:

A = there is another document attached to daim or
additional relevant information entered under
"complementary information"

B = rebilling after payment was refused or cancelled
C = service for patient less than a year old
o = emergency service
T = reduced length oftreatrnent or lesser quantity

ordru~s supplied than prescribed
Code ofthe prescription drug supplied, as shawn in RA!\,((Q 'OListe des
médicaments".
Common name code orthe prescription drug Ce.g. diazepam.lorazepam). This
uniQue code for generic drug is provided by R.AJ."vlQ.
American Hospital Formulary code ofdrug dass:
08~OO Anti-infective Agents
1O~00 Antineoplastic Agents
12~00 Autonomie Drugs
16:00 Blood Derivatives
20:00 Blood Formation and Coagulation
24:00 Cardiovascular Drugs
28:00 Central Nervous System Agents
36:00 Diagnostic Agents
40:00 Electrolytic, Calorie, and Water Balance
48:00 AntituSsives, Expectorants, and Mucolytic Agents
52:00 Eye, Ear, Nose, and Throat (EENT) Preparations
52:32 Vasoconstrictors
56:00 Gasttointestinal Omgs
60:00 Gold Compounds
64:00 Heavy Metal Antagonists
68:00 Hormones and Synthetic Substitutes
76:00 Oxytocics
84:00 Skîn and Mucous Membrane Agents
84:80 Sunscreen Agents
86:00 Smooth Muscle Relaxants
88:00 Vitarnîns
92:00 Unclassified Therapeutic Agents
99:00.00 Diet Supplements
99:00.03 Special Medications
99:00.05 Supplies
99:00.10 Special Topical Müttures
99:0020 Additives

Quantity ofdrug supplied
Duration ofthe treatment in number ofdays. Wben the format ofthe <hug îs
spray orcream. this variable îs meaningless.
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MED-ECHO HOSPITALIZATION DATABASE cont.
Variable. name. Definition

CI

CI

CI

CI

CI

CI

CI

0

0

0

0

CI

CI

CI

0

0

0

0

CI

• CI

CI

CI

CI

CI

CI

CI

•

•

dillsecI-dillsecB

cmdI-emd4

dtacel

cllccl

cdest

ctrlll-ctra9

typede

Secondary diagnoses.
Other dia2Doses for treatment during hospitalization.
Physician's code:
Anonymous code identifYing the treating physician within a specific institution.
in. relation to rnedical specialty as specified by the ProfessionaL Association.
The first part of the code is composed ofone digit identifying the professional
c1ass ofthe tteating physician:

1=physician living in Québec
2=dentist living in Québec
3=physician living in Québec. caring for a long term patient

occupying a short tenn bed.
6=physician living outside ofQuébec
7=dentist living outside ofQuébec

Accident date
If the admission is attributed to an accident. the date ofthe latter will be
indicated as year-month-day.
Accident code.
Code identifying the cause of the trauma for which the patient was admitted.
The codes used are taken from the 9th Edition ofthe International classification
ofdiseases (ICO-9).
Destination code.
Destination where the patient was sent on discharge (8 digit codes assigned by
"Le ministère des Consommateurs, Coopératives et Institutions rmancières").
This number is used in licensing by the ··Ministère de la Santé et des Services
Sociau."<". First digit =1 principal establishment

=5 pavilion
=0 out ofprovince establishment

Treatment code.
General term identifying diagnostic, therapeutic or surgicaL procedures during
hospitalization in Canada.
Destination type. Where the patient discharged (Med-Echo nomenclature):

oL= public hospital. short term care
02=public hospital. long term convalescent care (abolished 1985)
03=public hospital, long term care
04=private hospital, short term care
05=private hospital. long term convalescent care (abolished 1985)
06= private hospital, long term eare
07= federaI hospital, short term care
08= federal hospital. long term care
09= out ofprovince hospital. shon termcare
lO= out ofprovince hospital, long termcare
12= transition center
l3= rehabilitation center
l4= public long term care living facilities
l5= private long tenn care living facilities
16= Social Service Center (CSS)
17= Local Community Service Center (CLSC)
18= outpatient services
20= registered foster homes and group homes
2l= home without in-home care
22= home with in-home C3Ce
23= clay care center
24= private clinidconsultant
25= protected workgroup
30=death
31= disebarge against Medical advice
32=missing
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Appendixm
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•
Eligible Elderly

Appendix m Instructions for Generation of Database
BENZODIAZEPINE 1 - Eligibility &. Fixed Variable Definitions

Definition The patient demographic dalabase conlains complete information on subjeçts 65 ycars during the pcriod
ofJan. 1, 19S9 lO 0e1:. 31, 1994 and residents ofQuebec during a ponion orthis period. The year 1989
(from Ianuary 1 to Dccember 31) is called the washout period~ rndividuals collected in the washout
pcriod a~ tested forclisibility, then obscrved tOI" il pcriod offive years (from January l, 1990 ta Oec:em
ber 31. 1994), called the study period. Throughout this document, we refer to the washout llnd study
periods as those pcriods specificd above.

Eligible subjc<:ts will he >65 years of age in 1989 and be residents of Quebce for the entin: w:ashout
period and the first ycar of the study pcriod.

DalablSe patient dcmoll'3phic (demoPt); prescription (nt); RAMQ billing; MEC-ECHO
Variable PID. agc::at94. dtdeces, resclsu and codcpx.~ in dcmopt; datescrv in rx; dlSort, typede in med-ec:ho; dacte,

noetable in bitlin2

•

•

New Identification npid new numcric subject identification bascd on key ta entire RAMQ population database (id=l to 721,294);
Number motivation - numeric: keys are casier ro handle than long aJpha-numeric keys
Record Deletions.-·:-··: 'Definition:·.·.~:SubjectsrcmOvect-due:U). prematun:: dam.. uninown placc:of"residence-,: ïnstitutfonalfzation in. washout,..

···.--f:-.·~~:~~~ ë~:': ..- ..,:, .~înOvinldùMiWashOUtancl;tlié:titstYàiof~Siùdypcriod~àndpèrlnancnthospicalfzation.W"e-begirt
. ,;:~,,' '.~:~. ;::,.ç .~duœi"imbêor5Ubjêëtiin:demoP.~~whichcontlÏŒuniCluèpatientidentiûcrs.(PID)anclp~

.::/~~):.t;':~.,;~ ·~<::t~·IO~~~I~t~~~,~~~cc~.~~:~~~'~~\X: ·.~···_- .. ,_·:_:;'~1~:.;; . -.
1. Reçord the number ofunique identifiers (PlO) in demopt.

NUMBER: 121,295
2. Records with ail 6 variables regclsxx=O indiclltes that a tempor.ary PlO was issued, which might not

be unique. DeJete records with regcls89=0.and.regcls90=0.and.regcls91=O.and.regcls92=0.and.
regc:ls93=0.and.regC!s94=0. Record the numbcr ofsubjccts in this step.

NUMBER: 4.186
3. Delete subjccts with age in 1989 (ageat94-S) Jess than 66 years «66) or agt:3l94 missing. Record

the number ofsubjects in this srep.

NUMBER: 205.547
4. Derelesubjec:ts with 0< drdcces < 9000l. Record the numberofsubjccts in this step.

NUMBER: 18,258
5. An cligible subjcet is a. Québec resident during the washout and Iîrst ye:lr orthe study PC:riod. A

Qué~ resident is n:cognized with :l permanent PlO (regcls:cc>O) and a V3lid post:ll code (1st lelter
of lU 3 digits ofcodcp.~t=G.H orn, toryears.a=1989 and 1990. Delctesubject if

not(regcls:a>O) and ({ ISl retterorLst 3 digitslcodcp.a=G, H or1)},
.a=l989 and 1990

Record the numbcr-ofsubjeclS in this step.

NUMBER: 9.509
6. A subjcct institutionalized during the washout pcriod is not eligible for the study. Restrict query to

dates <90002.. Matc:h the tTrst date oc:c:um:nces (citsorr. daCle) to the associated Destination code
(typede) or Establishment code (noeurbl). Delete n:cords ifmin(dtsort. dacte)<90002..

Subject TnstÎtutionalizariQn CM EQ.ECHO. Billing)~

- MEQ.ECHO:
dlsort - Disçharge d~lte

typede - Disc:harge destination codes: 03.06.08,10.l2.14.15
-Bilting:
dacle - Medîcal procedure date
noetabl- Establishment code

Oxxx4: Unité de Tangue dur= (soins prolongés)
Ox:u5: Unité de longueduréc (hébergement)
1:u,:6: Hébergement public

2:c<x5: Hébergement privé
Record the numberofsubjccts in this stcp.

NUMBER: 23,241
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• 7. Pennanent hOSPitltization

During washout period:

Detete subject ifa. single 3SSoc:iated MED·ECHO record feiladm. dlson) shows d,adm s Janu.
ary 1. 1989 and dlSort ~ December 31. 1989.

During study pcriod:

Detete subjecl ifa singte 3SSociated MED-ECHO record (drndm.dlSof'l) shows dladm S Janu·
ary 1. 1990 :md dtsort ~ Dccember 31. 1994.

Record the numbcrofsubjccts in this step.
NUMBER: 3.307
8. Isolated Region

Delete subjcct ifregcls89=10 or 17 Dr 18;
NUMBER= 697

Cohort for 5ludy The n:maining subjccts are used for extr3ction orthe cligibility staNS ofsubjects using data from the
prescription databasc (nt).

1. S~l ~ldc:tig=t as the default value of:ln cligibte subjcct:
2. Set eldc:lig=2 ifa l sr benzo rx is dispcnsed during washout period:
3. Set c:ldc:lig=3 ifthe l st benzo rx issued during the: sludy pcriod is :l refill (codereno=2)~
4. Set ctdelig=4 ifa 1st benzo nt issucd durin5t the sludv period is unknown (codereno=O).

....

Eldelig

EUlÏblllty.nd.:-'::',~~,\':J)ennitfon< ,EJigibilitysèatUs:.oCsubfcctsby:bcnzo-use=Abenzorxisfdentifiecl.by.:adateoCprescription:.(dacesetvl'for
. Esposure ro~1J.eti2-':; ~/~; "'.', ~.AHF c~·(~2~4()~ oc28_U~~'àc[udlllg- DOC (coderi1ëd):0908606':.L~989,. 1925970· and
zodr.:upfae ùse-',:<;<:~ ,:": ::-:' ." : 19U82L (su6class ch1or,;:d"oncfanSétioa;"zorna)~ ETcfelfg.-l Wlll-icfentity.'die seto(mdividiJafsat nsle oC

. .' .:" ;;<. '> ~~i~lÎe.CXpôS~~~S-ubfeCts:wi~·èrdè:Ifg>[;;wmberénoWŒ~tfleprMJâlt~:'· .
~C~b:;m.~~atirë:.to,char.iCterfZe;.among.the: eligiblesubjccts (unst).: thosewho wae dis
-pmsedaneW:~ridUri'riiïtJt~'stU~Pertod,.thÎl$fcreritifYingâ:lroùPoCsùbjeé1sèxpOsC:d:tQbenzodjll--- .zeUine., ~·-:::-~.f:f:~:·">'': -~~."" r.>.-" -. - .'. .' . - .... -. :-' ~;~;:....- -- ... -.;::~.~;:~-•

Expos 1. Set cxpos=2 ifcldelig>l (prevalent subjects):
2.. Sct cxpos=l if ctdetig=l and lU bcnzo rx during the saudy period and codereno=l (ncw prescrip

tion):
3. Set c.'<POS"'O ifcldelipl and no benzo nt during the studv pcriod.

;: Cb.~derfst(a:rot:; :~ftDidoll::~~ ~Collect rDr~~dOllL~u~~dlvr~a.I!'~~_~a. BENI()'['.w~·b••e:~I~.:LooIt:for specitr~

.: New:U.n;· •o';"r,::"L~ ~c~~~: .. ~~p' ~diiiInOsisiÙl~iàttiCfoœ'th2aatCo[~trrst:DeiiZo script::'::1biseWiltOllrj fHt focil:subSétof'thc: fndt-
- '.'.".:: .,:~~"..~ ~~(~'. ~~~ ~~ciûa1SstàièIt'~BOOOro;iA~..'.',~;:-·. rt:~-;:::1:'"'~:::'~~~ '.~: < '-::7.-\ J~:~..;..~ . ~.';:~,:':. \.~ :,!~~~';:.::.:.:~~---,.; .

Dal.base BENTOT: billinll: med-ccho: rx
Variable PlO. cxpos in BENTOT: datcserv. codcahfin nt: cdiag. dacte in billinlr. diaprin. dtson: in med-ccho

Indication ror
Benzo

DeRnition lndicate whether a diagnosis of one of the main labclcd indic:uions for presc:ribing benzodiazepines~
made at leut once in the year previous to the date of the first benzodiazepine script dispcnsed for indi
viduals with erpos=I(I=yes. O=no). Listcd bclow~ toreach indication. aM the diagnostic: codes by cdfag
(bilting) and diaprin/ (mcd-ccho). The first benzodi:lZcpines dispenscd is identificd by date ofprescrip
tion (dnreserv) for AHF codes (codeahj)=28240S or 281208~ acludillg DrN (codcmcd) 0908606.
1925989. 1925970 and t9 t 1821 (subc:l:lSS chlor. d"ondansétron - zornn).

tllIXit.d
ilfsolfli"t1
s~i:ilfd

sptUilfd
tllcoilftl

Diagnosis of anxiety disorders - cdiag and/ordiaprin: 300.0.300.2.309.0 JOS.O. 309.2
Diagnosis of insomnia -cdiag andlordiaprin: 307.4. 780.5
Diagnosis of seizure disorders -cdiag and/ordinprin: 345. 780.3
Diagnosis of muscle spasticity - cdfag and/ordiaprin: 728.8. 781.0
Diagnosis of alcohol abuscldepcndence -cdiagandlordiaprin: 303.. 305.0.291..

265.2.425S.. 535.3.. S7LO - 571.3

1 REMINDER: Allerreviewof[CQ.9 codes for principal diagnosis (dfaprin) in MEQ.ECHO. it was round thatrecords may have
been misscd bec::luse: sorne codes contilin alphanumcric: c:har.lcters beyond the 4.digit dcfinition. The rute: now is to rake the tÎrst 4
digits and isnore. the rest ofthe field.•

~S"'nRe .. DeGaiera.· - 'SlCR iD. fileBENIOT_
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•
Variable PlO in BENTOT. sexy ageat94 in demopt; codemed (DlN). cdenom. codeahf and daleServ in rx;

cdialr.dacte and cacte in biHinlz; diaDrin. diasec:l-diasec:8. dtadm and dlSort in med-ec:ho~

Definilion Sex ofsubject.

•

•

Orul Use' Y:~!}:::~:,_.
~- -~:;::~i-:'-

IhiaIX

pS)'dl!p~psydl!psb

psytrarr.psyt,asb
pSysl!drr,ps)~l!dsb

psymisrr. psymissb

mOlca,rr,molctlnb
mOlh)·pr.c.mothypsb
moldi/~moldilsb

molopi~molopisb

motporr.molpopsb
motdiurr.moldiusb

visbi/. vismed
visrr

strokbi/. sf,okmed

IIl!ubi/. II~um~d.
II~Ua.

arlhbil1. tlrlltml!d
(lrlltbi/2

sl!i:bil. sei:m~d
Sl!;:rx

oSleobit, os/~Dml!d

depbil. d~pm~d

a/cD6it. alco",~d

Definition AIZe ofsubiect in 1989.
. Definftioil.~;:" r:"ppendrr.J'~J,descn"bës.thc:=drusi chat mt1uenc~theriskofinjury_Thiazides: and Estrosms arc said. to
';:~ ,.-~ _:~i~: ~.~~~~~ir~~~~~~~~J?rug.~tering Mo~.~ Srabi1ity.ftsa~~ tofn~ the nsfe. of
;_ ,'" _ -<,~>j: ~lftJury':;.(P~IrJ:~1fllsts;,wlimtncèdeo;;:theCod"eah_ crfellofft 111ft!DDrsoCeach drulrcfaa. The tasks

't :~.) '-mvolved.ft'tôcOùn~èiUiini;;âiÎlo"I:~:''":~'-' '~" .. - . '.'~ - ~- -, - ,
. ..~ :" t_ Th~ rotâitnutribCfot~ptfon$dtspensed: (t; rx):: The counÎs,'aft:compurcd acconlin~ to DIN.

~~-;~:~ <. etimDii~âJdcâ6j:~hcrefni:l~ca~6CloW;--". - .-: ...':-.~." . .
; ',- ~,'~' •2::' Th~'IOfitLnu~oCunï~ptiarmDcorogfcat5ubstanc:es(unïque etfellOnt - fi sb): This step is not

.'. " reQuiRd!tOrHYdïoëhfoiOhiÛide;: ::':~--, . ' '. -
Hydroc:hlorohiazide Diuretics: #rxaccording lO cdenom.

EstrOgc:ns: # rx. llccording to distinct cdenom • 10 distinct DfN for chlorolrianisène. #sb :lccording to
distinct cdenom (note: count c:hlorotrillnisène DfN as one cdenom).

Psychotropics: #rx according lo codenhf.
#sb :lccording to distinct cdenom.

Drugs Allenng Motor Slability: #rx according to coclenlrf.
#sb according lO distinctcdenom (except cdenom: 04537 for Drug Class Diurelics)•

Dennfdoll:~" : Disability otimpainnent"due:- ~Amncss-'during-wubouL-Âppad~·.fif.2:lises.- fOr:'exit:disability...aœ
. '; ", ,"~:: '~ialD~tic:::~es:bif.ciI;ài:(bmfnÏ)";d~p;;ii,;. diÎ!Jecl-dia.id·'{frrt#~~'fand.. ïtt one:~:by ciJctt

.-.', .' .·:.. tf_~· :~lbmin8>: Dii.4trspèii~ft.idéialjtTè(t~COdaJï:(rx) and:,b~èctaô;~lrx)-1'tHt IasfcconsistsoCcounr-
, -::}i: :inlt.thenuriilM:é-otdiàâàSCsoi:nulilb«ôrdrÜRSDii5aibed~· '.,"~:::'>:,;r::;:<'~:". '. ;'" '. ..""

Diagnosis ofvisual impairmenc cding. diaprill. dinsed.B.
Drug R.lt for visual impllirrncnt: codenhf.

Diagnosis ofstrokc:: cding. dinprirr. dinsecl-8.

Diagnosis ofncurological disorders: cding. dinprin.
Drug R.'C. fordc:mcntia and/or Parkinson disease: cdenom.

Diagnosis Ofllnhritis or lowerextremity instability: cding. dinprin~ dinsecl-8.
Diagnosis ofilrthritis and lowere:'ttremity instabiIity: cncte

Diagnosis ofSeizure Disorders includfng Epilepsy: cding~ dinprin.
Drug R.'C. for Seizure Dfsorders: codenhf.

Diagnosis ofOsleoporosis: cding. dinprin~

Diagnosis ofDepn:ssion: cding. dinprfn.

Diagnosis ofAlcohol Abuse llnd/or- Depcndence: cding~ dinprin.

Dillgnosfs ofDrug Abuse and/or Dependence: cding. diaprin•
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•
trI"rbb.Jx

trI"rbblt:a

Heallb care UR - -

physp.u

phys'l1Ja

visillUX

Dalabase
Variable

- ~,- -DeRnidons.'
•• : "',=-r;-.

-,:: ,

l. Charlson Co-Morbidity [nda based on mcdiC31 services (cding);

2. Charlson Co-Morbidity lndex based on diagnostic codes (diaprin. dinsecl--dinse(8);

3. Charlson Co-Morbidity lndex based on eilher cding ordinprin. diasecl-diasee8.

BENTOT; billinll. med-ec:ho
PlO in BENTOT; noprof, clrprof. cacte and dacte in billing; dtsort and typeta in med-ec:ho; noprof and
codemed in ne.
Duringwasbau~~~tht:numbet:orDmed::vfsits. Valid '·classes o(pro~asionaC· are drproJ-t and 6
(billing)::C'oun-ufiéàülnba:à-CadmiSSfôns tiom.hospitat disc:hàigeS (dtron)~ -- : . . _

~~:;~:t~:"~ _::::~.:~::f:r::'~:_"l"~~ '~.~.~-.~...<>' , , . '. .
l. Number of physfc:ians presc:ribing medic:llion (unique noprofassociated with cr.lc:n codemed in r:<.

d:uabase).

2. Number ofphysieians visited in the calendar ye:1r (unique noprofin caen d:lY).

3. Number- of billed visits (encre) m:lde on different days (dacre). Each day with one or more biUc:d
visits counts as one.

•
visilb.a

clldmxx
typshrt:e:e

4. Number-ofbilled visits made on same or different days: Same day billings count as one when noprof
is the same. Ifnoprofis different for a same day billing. the number of visits is c:qual to the numbcr
ofunique noprofvalues for th:lt d:lY.

S. 01) Count thc-numbc:rofdisehllrges trom hospitlll (dtsort);.
b) Whc:re clldm>O. count the occurrences ofrypera-l or 4 (Short stay in public orpriv:lte- hospital)•

Darabase BENTOT; billini. med-ec:ho
Variable PlO in BENTOT; cdiall. caete and dac:te in billinR: dUldm.:lnd diaDrin in med-ec:ho.

•

SPECIfie TO:.

• Fractura:
jTtipbJ1tib",J1tipc
fmspbJlftspmJmspc
fmtrfbJlftllfmJmllfc
fatrybjiJ"ymjiJllYc
• Any (njury:
itrilltrvb .i"iIlIlVIIf. i"i"trvC

Searc:n for aU injuries- matc:hing those listed in ..fppendi;~ J.[.3 a) and b). R~ord only the first injury.. un
less the next same injury oceurs Olt tcast 30 days rater. Continue scarching until the end orthe washout
DCriod. ReDcat the crocedure for vnrb (cdin~ dacle). varm (diaDrin. dladm) and van: (caere. clacre).
See Appendi."C J.I.J.a) for the Hst of codes: Use rCD9 codes for cding and dinprin (e."<ciuding dinsecl
diasee8) :lnd Procedure code for caere.

Sce Appendir J.[.J.b) for the list of codes: Use IC09 codes for cding and dinprin (e."<cluding diasec[
dinse(8) and Procc:duM code: for caere.
Sa~a1Iincw(vcraœcf vaîfabtesÜlBENTO'L-
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• Appendis 3.1.1: Drap That Innuence Risk orlnjury

AHF
a.55

Estrolens

thillTX

estrorx. estrosb

Drug
Ous

Thinzide Diuret;cs
Potassium Sparing

Diuretics

Ornl Contraceptive
Estrogens

Thiazides

402800
402810

681200
681600

Hydroc:hlorothi:azide
AmiloridclHydro
Spironol:lctoneJHydro
TriamterenelHydro

Ethinyl Estradiol
Chlorotrianisene

Estr:idiol (17.bet:l)
Estcrified Estrogens
Estradiol Valemte
Conjug:ucd Estrogens (natural)
Conjugatcd Estrogens (synthetic)
Estrone (pipemzino-:iult'3tt:>

Code DIN
déno.....

04537
'Un2
38158
38197

45447
NA 017965.

017973
34232
43072
45022
45582
45583
47031

Psychotropics

282800 lithium.. I-tryptophan

•
psydeprx,psydepsb

psytrllrx,psytrilsb

psysedrx,psysetlsb

psvmisrx. esylftissb

Anridepressants

...nti-psychotics

Misc- An.'fio/ytics Sedatives &:
Hypnolics
Misc. Psvchotropics

281604

281608

282492

3mitriptyline. :lmox:lpine. clomipra
mine. desipraminc:. doxepine.
tluoxctine. tluvox:lmine. imipmmine.
mllprotilinc:. moclobemide. nortripty
line. paroxctine. phenclzine. prompty
line. scrtralinc:. tr:inylcypromine. tr:lZo
donc. trimipmminc:
chlorprolTUlZine. tlupenthixol.. l1uphen
3Zine. tluspirilene. haloperidol. lox
:lpinc. mesoridazine. pericy.lZÏne. per
phcnazine. pimozide. pipoti3Zine. pro
chlorpcr.1ZÏne. promazine. thioproper
azine. thioridazine. thiothixcne. aitluo
pcmzine
Buspirone. chlolill. hydroxyzinc::.
methotrimc:pmzine. promethazine

Drues AJeering Moeor Seability

•

Iftothyprxt",oth"psb

",ottlilrx.mottlilsb
motopirxt",otopisb

motpoprx,llfotpopsb
"'otdillrxtlffotdiab

Camiac Dnlgs

Anri-hypertensive Agents

Vasodilarln~Agents
Opiatf! Agonists

Oplatl? Partial Agonists
Diureria (e:ccluding Hydra
chlorothia=itfe)

240400

240800

241200
280808

280812
402800

A3-6

ac:cbutolol. amiodarone. :ucnolol. digi
toxine. digoxinc:.. diltilllcm. disopyr
amide. flecainide. mctoprolol. mc.~i1c
tine. nadolol. nic:lrdipine. nifcdipinc:..
pindolol. proe:ainamide. propafenone.
propanolol. quinidine. $Ot:llol.. timolol.
tOc::Linide. vcr:apamil
amlodipine. benlllcpril. c:aplopril.
c:Hazapril. c:lonidine. diazoxidc.
dox:lZosine. enalaprir. felodipine. fo
sinopril.. guanethidine. hydlillazinc::.
indapamide. labetalol. lisinopril. meth
yrdop:a. minoxidit. olCprenolol. pindolol.
prazosin. quinaprel. reserpine. temzo
sine
isosorbide dinitrate. nitroglY"rin
anileridine. codeine.. hydromorphone..
Ie.vorphanol. mepc:ridine. morphine.
opium. oxycodone.. oxymorphine
pentlZOine
bendrotlumethiazide... ethaayn:ue 50- not 04537
dium. enthacrynic ac:id.. tùroscmidc::.
indapamidc::. mcthyclothiazide.. mctola-
zone



•

•

•

Appendix 3.1.1: Disabilities or Impairment due to Illness

Dia2nostk Codes Dru21ù
cdiag diaprin cacte ahfclass cdenom

(bi11ing) (med-echo) (billiml) (rx) (rx)

Visual Impairment
"isbil. "ismetl 360 to 379
"is'Je 522000
StroD 430-.431- ,434- , 436l

slrtJkbil. strtJkmeti 432.433.435.437,438

Neurologie.1 Disorders
neubit. neumetl 290:.294.331 to 337.340-342.344
neur;r 18426.34323,34466.

03744.06741.06734.
08138,45544,09828.
37651,05226.41824.
33829

Arthritis or lower utremil)' instabiliry
4nhbill.4nh..d 171010725.726.1

726.5.726.6.726.7.727.
274.728.729.730.733.1-733.9

tlrthbil2 2419.2753,2759,2160

• h~nnhroscopynndnnhropffls~ 2291,23)3,2335,2338.2342.
2415.2416,2417.2480.26IJ.
2614.2615,2617,2644

• Icnee nnhroscopy nnd nrtl,roplosl}" 2146.2141,2148.2149.
2150.2151,2511,2724,2814.
2815,2832.2831,2838,2881 •
9538.2400. 2401,2402.
2403,2442.2465,2491.2492.
2493.2491.2498.2499

Osteoporosis
Dstebit. D,tellmetl 733.0. 131.0

Other Conditions 131.1-737.3.731.9.738.3.738.4.139.1-
olhbil. ollrmed 739.3.139.5. 739.8. 805.2. 805.4. 805.8.

840.4.840.6.840.9.842.0.842.1.844.0.
844.1.844.2.844.9.845 O. 845.1. 846.0.
846.1.841.0.847.2.847.9.848.3.848.9.
819.8908.9919.0.919.6.921.0.923.1.
924.1,924.4.924.8.924.9.921.3.928.3.
929.9.948.0.949.0.959.0.959.9.991.9.
995.2.995.8

Depression 311.298.0.296.2.296.3.. 309.1.300.0-
tiepbil. tlepmetl 300.4

Alcohol Abuse/Dep 303.291,305.0.535.3.571.0-511.3.
IIlcobil. tllcometl 265.2.425.5

Drug Abuse/Dep.
tI,ugb;I, tlrugmetl 304.305.1-305.9.292

Seizure Disorden 281204
sei:bil, sei;m«ti 345.180.3 281292
s«i:rx 281212

281""0

~ rncludcd in Charlson Comorbidity rnde.~
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Variable name Ca.eaory of Injury RAMQ Procedure Code (cacte)
Appendix 3.1.3: Injuries due to Fractures and Soft-Tissue Injuries•
A. fhipb.fhibm.tl1ipc: Fracture - hip

A. Fracture -upper-exucmitics
fmspb.fmspm.fmspc:

2675.2695.2715.2716.2714.
2739.2740. 2742.

2559.2532.2537.2531.2534.
2536.2590.2605.2630.2591.
2606.2631.2655.2592.2607.
2632.2593.2608.2633.2594.
2609.2640.2634.2641.2610.
2635.2595.2612.2636.2624.
2649.2569.2570.2571.2585.
2586.2587.2588.2589.2599.
2645.2651.2652.2653.2654.
2735.2736.2768.2769.2770.
2604.2618.2642.2611.2620.
2643.2600.2621.2616.2601.
2622.2627.2646.2602.2623.
2647.2603.2626.2648.2896.
2820.2823

ICD9CODEJ

(cdra.. dr.prin)
820

810.811.812.813.
814.815.816.817.
818.819

•
A.
fmntb.fmnfm.fmnfc

A. f:lnyb.f~nym.f:anyr:

B. inj:anyb.injanym.
injanyc

Fr:acture - lowc:r C:XlTCmitics

Fracture (:lny)

:lny injury

2660.2667.2673. 9589.
9590.9549.2683.2705.2725.
268[.2694.2696.9591.9592.
2721.2743.2693.2708.2727.
9542.2886.2887.2684.2686.
2687.2710.2730.2734.27~.

2685.2709.2729.2688.2689.
2711.2731.2732.2690.2712•
2733.2848

:lny of the :lbove fr:acture RAMQ
codes plus 2863,2800.2512.
7500.750[.7502.7503.7504.
7505.7506.7507.2505.2509.
2520.2521.2517,2523.2524.
2502.2508.2515.25[6.25[8.
2506.25[1,2507,2513.2514.
2522.7379.2539.2533.2535.
2540.2578.2581.2584.2579.
2583.2771.2772.2713

:lnyofthe above RAMQ lracture
codes pius 2745. 2757.2545.
2548,2546,2549,2544.2547.
2824.
2662.2668.2657.2666.2671.
2664,2670.2663.2669.2677.
2678.2679.2737.2738.2749.
276[.2751.2888.2752.2765.
2764. 2754. 2766. 2756.2767.
2676.2567.2572.1320.132.3.
1322,1325. [326. 1327.5321.
5328.
7386.7387.7403

821.822.823.824.
825.826.827.828

800.801.802.803.
804. 807. 808. 809.
829

835.831.832.834.
833.836.831.838.
839.811.0.871.1.
8n.2. 871.3. 8n.ol.
8n.9. 872.873.874.
875.876.877. 880.
881.882.883.884.
890.891.892..893.
894.
870.0.810.1.870.2.
8703.
870.8. 870.9

• ] REMINDER: Alter- rc.view oflCo-9 codes ter principal diagnosis (dinprîn) in MED-ECHO. it W:lS round tholt records may have
bc:c:n misscd bcause somecodcs cont:lin afphanumeril: char:acters beyond the 4-digitdcfinition. The rufe now is to t:a.ke: the: tTrst4
digits and ignore the rcstorthe- field.
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•

•

Eligible
Subiects

TIme
Dependent
Exposure

Definition

Databases
Variables

Definflron

BENZODIAZEPINE n -Time-Dependent Exposure

Eligible subjects have PlO stom! in BENTOI (cre:lted From dvc~menl BZCOHORI.DOC).

BENTOI. RX. OEMOPI. ME[).ECHO. SiIlinR • OEMOMD
Extract from the following databases. the variables required for the projecr..
BENTOI:

pid - original alpha-numerfc subject ID
npid - revfsed numeric subject 10 number

~
• Drug identification as perAppendix J.2./:

codeahf- AHF drug class code
cdenom - Comman name code ofAHF drug clllSS

• Definition of c:ovariale change of state. rec:ommended dosage rates as per Appendix J.2J. and
physician identification:

cfaleserv - Date ofprescription
qnrymed - Quanuty ofdrug supplied"
duretr- Ouration oftreatment in days
dosemecf - Dosage code :lSSociatt:d [0 drug weight (01" strength). usualty e:<pressed as
mglunit (e.g. c:ode.:ccx= 15 mg/tablet})
nopro{- Prescribing physic:i:m identi fiC3tion
codespc/-eodespcS - Special consideration code:. in l'articulaI" h:vel ="S"

loss [0 [ollow-up (/!ùj charncterization:
Residence Starus <DEMOPD:
regc/s:a. :a=91 to 94 -Code ofRegion OI;'Y,Y to 18yyy
codep:cc. :a=91 to 94 - First 3 digits ofpostal code
De31h <DEMOPD:
cfod - De:uh date
Placement 10 Nursing Home <MEC-ECHO, Billing):
-ME[).ECHO:
tflsort - Discharge date
typede - Discharge destination codes 03.06,08,10.12.14,15
• Billing:
dacte - Medical procedure date:
noetabl- Establishment code 0:<."(.'(4. O:<.uS.l xxxS. 2xxxS

The: charactcrization ofan eligible subject's use ofbcnzodiazepines during the study period including
Start and end dates. dosages, number ofphysicians, their 10 and hospitaliZ3tion. Ail e1igible subjects are
enumerated with the: variable npid.

The: end ofthe study period is setat 1826 days beginning fromJanuary L. 1990 (Day 1) to December
31, 1994 (Day 1826). Day 0 begins on Deccmber 31, 1989 to gencrate the very first subject starting
date. The study period is interrupted al a date earlicrthan 1826 iCthe subject is lost to follow-up during
the stydy period for one offolloWÎng rgsons:

1. Death
2. Plac:ement in a nursing home: or long-terro care facility
3. Migr.ufon (set to mid-year 1991 to L994)

Migration has ontyyear infonnAtion.so that migration date is set to mid-year.

Examination oCthe demographic databasc: by ROB shows sorne ambiguilies bctween death ofsubject
and yearofdeparture. Subjccts alive (about 4500 out of-189.226) and having tell. pose no problc:m.
There is a small numbcrofsubjects who died but are coded as having left the province later(about
(50)••-usumingchat dale oftfeatlr is a more precise measuremenl of[os$ to follow-up tlran residence.
combine batlr measures uncfer tire rule tlrat ifdeallr occun befi:Jre deparrure. then loss is due to death.
otlrerwise loss is due to deparrure

•
Throughout this document. arithmetic opc:r.ltions made on dates assume a Juaran format .tX}»', where
:cris theyear 19:c::randyyy is thedayofthe year. tfthe lastthn:edfgits ofthe.ayyy rcpn:senta value
less than 1 orlz:reollerthan 366.. then date is invalid•

~ Scanoing the RXdatabase shows thatqltrymed From 1989 to L991 have: 2decimal poïntsand qncymecftrom [992 to [994 have 3
decimal points.
S ln January [997, Jimmy Fragos tr.msl:ued dosemed codes assoc:f:ued to ail the c:<isting Benzodiazepine: prescriptions betwcen 1989
and [994. It WiIS done: manually by compouing the dosage: strength code (dosemed) with the assoc:iated. DIN dosage: tound in the
RAMQ Liste des midiC:lmenrs (any volume).
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•

•

•

TIme- LIST OF APPENPICES
Dependent Appendi:c J.2./lists the 13 types ofBcnzodiazepine drugs, clusteml by their halC-lifc ac:tivity {short.
Exposure intermcdiate or long}, main fndication and fdentified by thcir codeah{and cdenom. Oosage rates are

calc:ulated based on rec:ommcnded daily dosages given for adults (ac:cording to WHO). There is an
intimate relationship between Appendices J.Z.I and 3.13.

Appendi:c J.2.Z iIIustnltes il simplified counting proc:ess representation.

Appendi:c J.2.3 descn"bcs the caleulation ofil daily dosage t'3te during the state ofbenzodiuepine use.
Sec aIso Appendi:c J.1./.

Appendi:c J.2../ sets the rules ta handle holes and overlaps ofbenzodiazepine drug prescriptions (alsa
ealled Application ofJ-day Rule).

Appendi:c J.15 detines loss to follow-up (Ijü) indic:ators and dates (/fudt) to be
used against multiple records gener:ued for time-depend~ntvariables.

Appendi:c J.2.6Char:leterizes hospitalization indic:ltor (for tempor:lry censoring during the analyses).
This compilation is to be done only aner the gcner:ltion ofrecords for exposure-. end ofobservation due
to lfu (I(udt) and inde~ orthe record (oinde:c).

PfNDEX rnde.~ofgencr:ated r~ords (m:aster record ind~).

NPID New P:uicnt Identification number (replaces old alph:lOumeric: index)

Permanent SDATE Slart date· Day of status change for which obscrv:uion bcgins at day 0 (Dccember 31. (989). Values
Variables t'3ngc tram 0 to 1825 days. depcnding on the state of Benzodiazepine use. Eaeh change ofstalus gener-
to Output. :Ues a new record witn new start and SlOP dates. Sc:~ AppendLr 1.1.1 tbr Counting Process Representa-

tion and Appendi:c 3.2.4 for application ofJ-day rule.

ENDDT Stop date - Day of status change. Values t'3nge tmm 1 to 1826 days. the laller being the l:ast day of
observation because ofend ofstudy (O~ember31. (994). A l:ast stop date earlic:r than 1826 describes a.
subjcct lost lO tbllow-up (LFU).

LFU Loss to tbllow.up (O=at risk. l=dad, 2=placcment, J=migra.tion) and date or 1055 as pel" Appenlli:c
LFUDT .. J.2.5•
HOSP Hosoitaliulion indica.lor (0=110. 1=yes) observed bc:tween time zc:ro and lfUdt • se~AooendL'C J.l.6.
BZI-BZI3 The state of Benzodiuepine drug use:as pc:r Appendices 3.2./ and 3.1.1 (O=no R.'t. ~1 R.'t). Values

lUC:ltc:r than zero describes multiole ore5criOlions duriftl~ a lime inlerval (sdate. enddtj)
PBZt-PBZt3 Oosage t'3tes associated to status ofaZ'C. :,=1 ta l3 - Sc:e Appendix 3.1.3 for dosag~ t'3te calculations [if

bZX""O then obz:,=O. cise obz.'C>Ol.
NOTE: Care is required on :assigning values to SDATE and ENDOT. SDATE abov~ is now dc:fined :as day 0- ~ember31. 1989 on

th~ first record. so that tirst day ofobservation bcgins on January 1. 1990. Sc:e .-4ooendi.'C J.2.2. tbr türther detaHs.
Initializa- lnilialization ofvariables:
lion elfddt-1826

sdate=b:I=.•=b=13=pbzl=••=O

Record Definition From lhis step onwards, examine drug use on ail subj~ts.
Generalion

Ellcn subject who never fins a prescription will consist ofone record and cach subjc:c:t who mIs a script
will consist of:at lC3St [wo records. A record is gcner:lled al cach valid drug prescription service date.
Besides the propcr identification of the drug of intcrest. dosage. dUnltion. et~. another condition of
validity is that the record have no "B" value in any of variables codespc:l.5. According to database
doc:umentation. "B" means rebiUing a11er payment w:lS refuscd orc:ancclled.

Bc:gin observation at first subj~t record SDATE=O :md end observation at ENDDT (ta < datcserv s: r.).
Appendir J.1.1 i1tustrates the creation ofmurtiple records.

Benzodiaze- Definition Sel~t dates ofprescriptions and duralion oftteatment for the drugs listed in Appendi:c J.2./. Sort records
pine. in inCTe:lSing orderolserviee date, ta < dateserv < t,..
US_le C:dc:ulations are made for stan and end dates. numberofh by type: (idcntilied by one orthe drug stale

vectors bu), the relevant dosages. the numberofditTerent idcntificd prescnDing pllysfc:ians.
For a. drug uscr". lhcre is one necessary change ofstatus: at a prescriptIon date-- Each change ofstacus
generates a new record. for any orthe fol1owing n::lSOns:
t. A non-renewal on same date as dateserv+duretr;
2- A renewal aftcr or before dateserv+durerr;
3. 1'\. drulllYDC chartRe fiom bu to bzv.
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Change orSaatus Definition Generate li record based on Benzodiazepine acnv;ty between tD and t... [t is diffic:ult to state
coherentlyand in a few lincs the application ofa counting process mie. [nstead. a diagram i5
ProDOSed in ADoendfr 3.2.1.

b:/-b:JJ [ndicate the stue ofdrug use (O=use. ~L number ofprescriptions) according la the diagr:lm rules
in Appendf:c 3.2.2.

Dosalle Definition Dailv dosa5l:e rates durin2 Benzodiazeoine activity
pb:J-pb:lJ Calculate the Benzodiazl:l)ine dosage rate according to rules in Appendï." 3.D.
Reeorcl Definilloll • Apply the three-day rule to delete records wittl shon-temt overlaps and absence ofactivity
Deletion according ta specifications stated in Appendfr 3.2.4.

• Assuming data i5 sorted by subject sdale and loss to follow-up indicator 1jU>O. delete the
(+1 records until/fudl is betweellstlrt dates record i and i+l (sdale{< /fruit <- sdale(+JJ
and assiRll [fudt to enddl,. The variables [ru and lfudl are defined in ADDendir3.2.5.

Record Definition Index each record oftheeHgible subjects.
Index
pinde:c Sort in ascending order- the v:lriables npid. enddt. Assign to each record an inde:t numberpin-

de.". The ordered inde:t vector should rtlnac from [ to the total numberofrec:ords.
Record Addition Definition ACter record deletion (3-day rule and Ifu) and creation ofrecord index. gener.lIe new records 10

inc:oroorate an indicator for hosoitaliZ:ltion durin2 the studv oeriod.
hosp Hospitalization during lime interval. Sec: Appendi:, ).1.6 for instructions.

Sioraie Definition Output pennanent variables listed in "Permanent Variables ta Output'·. Bccausc orthe large
numberofvariables. plcase outpuuo the following files:
1. 3 variables (sIngle subject records) associaled with Iru (TOlFU):

npid. Ijù. IjUdt:
2. 19 variables assoc:iated to exposure stltus (TDEXP):

pinde:r~npid. sdate. enddt.ljU. hosp. ln/-b=/J:
3. 14 variables assoc:iated 10 exposure dosage (TOOOSE) :

pinde:c. pb=/.pb:13;

Appendix 3.2.1: List ofBenzodiazepine Drugs

. Benzodrazepine:Dru~ RecommendeerDaily
Oose(mg)

AHFClass Common
Name (codeahj) name Half-lire (hrs) Thcrapculiç Catcgory Adult-WHO

(cdenom) (maxlwlro)

01 Triazolam 282408 39029 L.s-5.5 H)'flnotiç 0.25

02 Tcmazepam 282408 4L590 8-24 H)'flnotiç 20.0

03 Nitrazepam 282408 42045 20-40 H)'flnOliç 5.0

04 Alprazolam 282408 4350L 6-20 Sedative 1.0

OSOxazepam 282408 06786 5-20 Sedative 50.0

06 Bromazepam 282408 43488 8-19 Sedative LO.O

07 torazepam 282408 37950 10-20 Sedative 2.5

08 Clonazepam 241208 37872 20-80 Anti-Conv. 8.0

09 Clob3Z:lm 28L208 45591 L046 Anti-Conv. 20.0

10 Aurazepam 282408 04095 40-[00 Hypnotiç 30.0

Il Chlordiazepo;ltide 282408 01807 lO-30 Sedative 30.0

l2Diazepam 282408 02717 20-80 Sedative [0.0

t3 Ctorazepatef> 282408 [4768 30-100 Sedative 20.0

6 Records with Clorazepate: have dctec:ted use only in 1990.
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• Appendix 3.2.2: Illustration oCa Simple Counting Process Representation

fnitial start dates begin at ZCtO. Each subjcct is reprcscnted bya set ofobservations: start time (lo). an end time (tl) l'CfIreset1ted by a
risk interval (lo. td. open on the lell and c:losed on the right with (tl-'o»O.

A simplified illustration 1S the diagram belaw which describes a subject «(0003) being abserved from day 0 ta 150. date at which
subjcct dies (LFU=I). The diagram illustrales the-counting process representation with [Wo types ofdrugs (B, and B:). Ta eac:h drug
type ther.: is a drug dosage and a presc:ribing physician.

LO98

Records for Subject [0 003---------.~

4 5 6 732------ ------ -- 1"----- -_. -- -----_ ... _---- _. --_ ...
BI Dl Mu ~I DI Mit

BI olMI~
i-

BIOL Mil

B~o~M~1

BI OlMI:
:-

BI DI Mu

--

The data set c:reated from the diagram will look somewhat:lS fol1ows:

Br: One aftwo drug types - Dr: Oosage mte o(Br -MI}:jth presc:ribing physician ofBr

•
o 20 40 50 70 80 90 ILS 130 150 t

Subject SWt Stop LFU DrugType Rx Omg Dosage Rilte
Obs ID (sdnte) (entfdr) B, Bo! Br B:

01 003 0 20 0 0 0 0 0
02 003 20 ~O 0 2 0 20, 0
03 003 40 50 0 2 [ 20, Oz
04 003 50 70 0 0 1 0 0:
OS 003 70 80 0 1 1 0, 0:
06 003 80 90 0 1 1 0, 0:
01 003 90 115 0 1 0 0, 0
08 003 Ils 130 0 1 0 0, 0
09 003 UO 13S 0 0 0 0 0
10 003 U5 ISO 1 1 0 0, 0

A new record is gener:lIed whenevcr Ih~ is :a. c:han~ in drug use: activity. At eac:h R.~ date. rec:ord the numbaofdrug prescriptions
for the sarne type ofdrug. sum their dosage r:ltes (Appendix 3.23). Handting of5hon·time renewals ;md non·renewals is e:tplaincd in
Appendi.'C 3.2.4.

•
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Appendix 3.2.3: Benzodiazepine Recommended Daily Dosage Rate

Consider the Iist ofvanabh:s in Appendi:c J.2./:

codenh[- AHF c:Iass ofdrug;
cdenom - Drug subclass;
mlLûlVho - Recommended Daily Dosage from WHO (in mg);

Consider the variables in the pharmaceutical lU Database:

qnlymed - numberofpills (drug quantity supplied l ) ;

dClretr - duration oftreatment in daysl ;
dosemed - dosage code to drug weight (or strength). usually expressed as mg/unit (e.g. code :co:c = 15 mgltablet).l ;
codespcl-codespcJ - Special consideration code 1 to 5;

ASSUMPTION: Ignore drug prescriptions with any codc:spc:c="B"•.P 1 to 5.

When the relevant drug is selected from the list in Appendi.l: J.1.1. compute the daily recommended dosage rate (pb::x) for the subject.
Let

nunits 0: qnl}'med1 durelr

he the number ofpills prescribed per day :md let

proprec = dosemed 1mlLt:llVllo

be the ralio ofdrug:c dosage 10 recommended daily dosage (WHO). Dosages v:lrY within cdenom :md recommended dosagc:s are
lixed. Fin:l1ly. the daily dosage r:lte associ:ltcd to a drug type.'I: is computed as làllows:

pb:x =mmits • proprec

where:c is one orthe l3 benzodiazcpine drugs understudy. Only the variablepb:x. is output to lile.

Forexample. say a patient reccives a prescription of90 pills and the duration oftre:ltment is 30 days. Supposcthe recommended daily
dosage is 1.0 mg per day (e.g. Alprazolam) and the drug dosage is 5 mg per tablet (decoded cfosemecf). The daily dosage rate is

pb=4 = (901 JO) • (51 l.O) = L5.0

The above is an e;<treme example ofhow a drug prescription can Carexcced the recommendcd d;lily dosage r:1t~~ which ifappropriate.
should have a \';llue close to 1.

1The variable qnrymed in the R.~ database has 2 dec:imal points between 1989 and 1991. and 3 dec:imal points bclWeen [992 and
L994•.,
-The R.~ d:ltabase is sometimcs- round to contain dur:uion oftre:ltrnent duretr > 181 and in very fewC3Ses cfuretris missing. The
following rule requires the additional use ofthe (corrected) variable qmymed when cfllrelr> 18 [ days:

ifcfllretr> 18 [ days then
ifdllretr> qnt}'med

durelr= qnrymed
cndif

cise ifdllretr=missing then
cfuretr=qntymed

cndif

3 Jimmy Fragos tronslated dosemed codes associated te aU the e:<isting Benzodiazepineprescriptions bclWeen t989 and [994. It w:ss
donc manually br companng the dosage stn:ngth code (dosemed) with the :lSSociated DlN dosage found in the RAMQ Lisle des
médicaments (any volume).
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• Appendix 3.2.4: Application ofThree Day Rule

The mOlivation for this rule is 10 remove records in which subjccts fill their benzodfilZepine prescriptions slightly carly or slightly late.
The tïrst case produces an :ntitidal overlap and the second an aniticial period ofnon-usage. The appl ic:atian ofa three-day rute will
result in an :lppreci:lble reduction ofrecords and will make data and statistic:lI :lnalyses mon: man:lgeable. ln this section. we lISSume
a valid duration oftre:ltment (i.c-. manipularion ofrecords with dUTelr> 181 • Sce Appendi'C J.l.J).

The followin~ three conditions musthe re5DCCted befon: cansidcrinll the remov:l1 of:l record:
l. Start> 0
2.. End < 1826
3. :lnd LFU=O
4. Interval time =(End time· Stan date) S 3 days and previous record h:lS detec:ted Benzodiazepine activity.

A candidate record tbr removal must also satisfi the followin lWO conditions:
l. No change trom drug .'C la y from record i to record i+1: bz.tî <> bzy,..
2.. No change in prescribing physician from one record to the next

Remove the records satistying ail ofthe above conditions and adjust the stan and end times accordingly. such that the interval lime
has a unique covariate pattern. The following ex3mple :mempts to iIIustr:1te the application orthe threc-day rule.
Suppose we have the tbllowing prescription renewnl p:mem for one subject (10=45). with loss to fallow-up (LFU=O). prior 10 the
application ofthree-day rule. For simplicity. we: assume: th3t the drug type is the same in ail Il observations.

Dav Interval R:< frcguenc:y
Observation 10 UU St3rt End Time Drug MD

1 45 0 0 187 187 0 0
2 45 0 187 193 6 1 1
3 45 0 193 195 2. 3 l• 4 45 0 195 200 5 1 1
5 45 0 200 20L L 2. 1
6 45 0 2.01 207 6 1 1
7 45 0 207 208 1 l 1
8 45 0 2.08 214 6 1 1
9 45 0 214 215 1 0 0
10 45 a 21S 221 6 1 1
11 45 0 221 1826 1605 0 0

Application of the three-day rule requires that obsc:rv:ltions 5. 7 and 9 be removed from the data set. The c:ovariate patterns for Drug
and MD R.~ frequenc:ies (O.O).(t.1l.(3.2).(t.l).(1.L).(l.I).{1.1).(0.0) an: not unique.

Day [ntcrvaJ R.~ freguenc:y
Observation lo LFU Start End Time Drug MD

1 45 0 a 187 187 0 a
2 45 0 187 193 6 1 1
3 45 0 193 195 2 3 2
4 45 0 195 200 5 1 1
5 45 0 200 207 7 1 t
6 45 a 207 214 7 1 1
7 45 0 214 221 7 1 1
8 45 0 221 1826 1605 a 0

Adjust the: interval times suc:h that covariate patterns between lWO adjacent observations are unique.
Day [ntc:rval R.~ frequenc:y

Observalion ID LFU Start End Time Dru! MD
1 45 0 0 187 187 0 0
2 45 a 187 193 6 L 1
3 45 0 193 L9S 2. 3 2.
4. olS 0 195 221 26 1 1
5 olS 0 nt [826 1605 a 0

• The: numberafobscrvations is reduced from [1 ta S.

~: This algorithm may not :ldcquatcly handle: ail typeS ofsituations. ln such c:lSC'. the :dgorithm will be clabor:ued further.
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Appendix 3.2.5: Definition. ofCensoriag Indicator: Lost to Follow.Up

Initialize the following variables:
/fi.=O./fudl=f8Z6. 10=89365. f,,=94365. yrleft=O. yrevt=O

Dellne loss to follow-up /fi. as
0= atrisk.
l=dcath.
2=placement in :1 nursing home or long tenn care facility. and
3=migration (mid-ycar dates from 1991 to L994).

Assume aIl datcs :ne in Julian format. Match aU subjects with death (nod). placement (rypede) and/or migr:uion dates (regcfs;(.,,<.
codep'l(,:(). Migration is given in year fonnat only. Ifmigration accurs on the same ycar as dcath or placement. then ignore migration.
There are a smllll numbet" of subj~ts who died but are coded as having letl the province I:lter (about ISO)• ..fssuming tflnl dare of
denllr is a more precise nrensllremenl ofloss la fo/lo",.up llian resinence. combine bOlh mensures rmner lhe nlle lfrnl ifdenth occllrs
beforedepnrrllre. then foss is dlle 10 dent". olnerwise loss ès due 10 nepartrlre. [f (fi'= 1 or 2. set (fi/nl to Ihe numberofdays bctwccn
event date and tQ. IrIf..-J. set Ifutlt to the number ofdays bctween the middle of the depanure year and 10.

Use the tbllowing information to determine placement:

Match the first dl1te occurrences (dlsort. dacle) 10 the assaciated Destin:ltion code (rypede) or Establishment code (noelnb/).

Subject Institutionalization (MED-ECHO. Bilting):

-MED-ECHO:
dlsore - Discharge date:
typedft - Disch:arge destin:ation codes: 03.06.08.10.12.14.15

- Billing:
dnCle - Medical procedure date
noelnbl - Establishment code

0x."<:(4: Unite: de longue: duree (soins prolongés)
Ox."<.~S: Unite: de longue: duree: (hébergement)
lx.uS: Hébergement public
2."<."<.'<5: Hébergement prive:

NOTE: There will cenainly he discrepancies bc:tween placement d:1tes found in MED-ECHO and RAMQ. ln these: cases. choosc: the
earliest date.

Apply the: tbltowing algorithm:

ifplaccment thc:n
lfù = 2~ lit =min(dtsort.nacte); /fi,nt =t..-lo; yrevt =- int(r,.!t000);

else: ifdeath then
Ifu =- 1; l.. = non; /fùdl = flt-lo;yrevt=- int(t,.!IOOO)~

endif
for ycars .cc=9 t to 94;

ifnot(first letter 00 digit postal code: codep.a=G. H or l
and regcls.a>O) and yrreft=O then yrlefr=:cc;

end for;
if{O < yrleft < yrev/) or (yrevI =0 and yrleft:> 0) then

(fil =- 3~ t.=yrleft·IOOO+182; ljùdt=r"ota:
endif;

Kccp the: v3ri:ables /fù :lOd ljùnt to stop observation ofc[igible: subjccts. Whcre lfil :> O.lfildt is :lSSigncd to enddt :at the: appropri:lte
record•
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Appendix 3.2.6: Illustration orHospitalization Indicator to Insert into Exposure Records

Each record is representcd by il time. inrerval (t& tl] wïrh ro < l,. MED-ECHO dates are in YYMMDD tOI'1t1llt. For c:onvenience~0
<ljildt<=1826 issorTletirnese.,pressed as 89-12-Jt <lfudt <=94-12-31~where fromstlrting dale(te=O is equivalent to calendardate
89-12-31 and ~=1826 is equivalentto culcndardarc 94-12-31).

1. a) Use MEO-ECHO variables dtadm. dlSor, associatcd to eligible subjects. Sort hospital records by subjcr:t dtndm.

Oriafnal Hospllal Oales
Obsll "Dili dl"d". dlson

1 003 89-12-27 90-01-02
2 003 90-04-01 90-04-01
3 003 90.Q4-o2 90-04-11
4 003 90-04-11 90.Q4-16
5 003 90-04-30 90-05-02
6 003 90-05-05 90-05-11
7 003 90-05-28 90-05-29

b) Restrict observation to study period from to=O (89-12-31) to t,,=ljildt=1826 (94-12-3l) ifljil=O ~Ise ljildt<1826 if ljil>O:

i} ifdtndm=dlSort then dlSort=dlSort+l;
ii} ifdtndm <89-12-31 and 89-12-3 1<dlSorr <((Udl<=94-1 2-3 1 then dtadm=89-12-31 (to=O);
Hi) ifdtsorr>/fudr and 90-01-0 L<dtadm<lfutit<=94-L2-31 then dlSorr=lfiidr.

c) Cre:ltc distinct non-overlapping and non-eonliguous: MEO-ECHO time intcrvals:

Applicalion orRule lb '" c - Hospital dates
Obs Il "Dill d,,,d,,, dtson Siaft (ta) SIOP (tl) t,-(o

1 003 89-12-31 90-01-02 0 2 2
2 003 90-04-01 90-04-16 91 106 15
3 003 90-04-30 90-05-02 120 P" 2
4 003 90-05-05 90-05-11 125 131 6
5 003 90-05-28 90-05-29 148 149 1

2. Add 7-day "gracc- period to admission date: dtatlm1=dtadm+7; ifdrndm7 >= dlSor, the:n delctc MEO-ECHO record.

Applicalfon or Rule 2 - Hospital dates
Ob, Il 1 ""id 1 dllld". 1 dlSOn 1 Start (fo) 1 Stop (II) 1 tl-Ill

1 1 003
1

90-04-08
1

90-04-16 i 98 1 106
1 8
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• 3. [nsert time inlel'V3ls (to.td with hospital indicator(O=no. l=yes) into multiple subject records shown below taken from illustra
tion in Appendix 3.2_

11 1210

Records for Subject ID 003j----------I..~

4 5 6 7 8 9321
~-----.----- -- -----. -_. - _. -- ----------- ----

Bt Dt MI[ B,O,Mn
B, Dt 1tu: r-

-
BtD, Mn

B: Dl Mu -
-

B, Dt Mil

~
l-
r- -

BI Dt M"

-T ,
o 20 40 50 70 80 90 98 106 115 130 150 t

Final results from application ofRute 3:

•
Record Subj. Drug Type R.~ Drug Dosage Rate

[0 ID Stan Stop LFU Bt B: Bt Bz Hosp

(Dinde:r;) (nDÎd) (sdate) (enddr)

01 003 0 20 a a a 0 0 0
02 003 20 ~O 0 1 0 2Dt 0 0

03 003 40 SO 0 1 1 20, Oz 0
04 003 50 70 0 0 1 0 Oz 0

OS 003 70 80 0 1 1 Dt Oz 0
06 003 80 90 0 1 1 Dt Oz a
07 003 90 98 0 1 0 Dt 0 0

07 003 98 106 a 1 0 Dt 0 1
07 003 106 115 0 1 0 Dt 0 0

08 003 US 130 0 1 0 Dt a 0

09 003 \JO 135 0 0 0 0 0 0

la 003 135 [50 1 1 0 Dt 0 0

An additional record is gencratcd because ofhospitaliz:uion. char:l<:terizcd by iln indicator 1 under hosp. Record index (pinde:c) does
not change value-

•
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Eligible Subjects

~Iultiple

Events

30 DAY RULE

• F'Getllra:
F",1Iipt•••lIt
F'lISupl•••llzf",i"P•••IIS
f",Gllyl•••III

• ..IllY (IIjllry~

IIIjGllyl_ Ils

Definition

Database

Variables

DefiniCion

BENZODIAZEPINE m - Events

Eligible subjects have PlO stored in BENTOT.

BENTOT. Billing. MEO-ECHO

BENTOT:
pid -original alpha·numeric subjcct 10
IIpid -revised numcric: subjcct [0 number

~
End of observ:ation duc to Joss to folJow up (1jU. ljUdr - sec TC covariates or cxpo
sure)
WJ.!inI:

cdin~ - 4-digit ICO·9 diagnosl5 cude
cncre - RAMQ pro<:edure code
clncte - Date ofcacte

MED-EÇHO:
dtadm - Date ofhospitaladmission
dinprin - [CD-9 principal diagnosis code:

The events sc:uçhed during the study pcriod are the following:
a) Fractures.
b) Any Fractures and/or Soil-Tissue Injuries

Appendix J.J.I. sections a) and b). list the variable namcs.. RAMQ pro<:edurc.. 3nd
[CD-9 codes applicable ta the injury intcrest.
Output the dates associatcd to the injuries a patient has sutTcred during the study
period. aceo,din~ to the rules specified in this document.

(n eacb orthe events described below, a Jo-day wfndow rule is applfed from the
Itrst day an injury or an accident is deceeced during the sCudy period. The 30
daywi'ndowruleapplies ta ail v:lriables, including-any.
The study perfod begins 1:10. 1. 1990 and ends on lufdt. ((lfu~ then IjUdt=1826.
cise Ifudt<1826.
Match the tirst injury date (dacte. drndm) of the study pcriod 10 the C3rlicst [CO·9
(cding-. dinprin) or RAMQ pro<:cdure codc:s (cacre) Iisted in Appendi:c J.J.!. sections
a) ilnd b). Apply the tbltowing ru le:
1. If the first event is [CO·9 and date < 90182. then SC3n:h up 106 months belbre

for- the assocfatcd procedure code (Appendiz JJ.l). If found then ignore the
sclcc:ted evcnt and select the ncxt C3rlic:st [CD-9 or- pro<:cdure injury code dur
ing Ihe study pcriod;

Motivation: Thcrc ilppe;lrs to be a clust~ of injuric:s at the beginning of the study
period (during the first 30 days). causing a "dip" in the ratc:s of" first .:vent occur
n:nccs (high C3rly rates folTowed bya drop). Il is possible that sorne orthe detcc:ted
injuries are in filct tbllow-ups which date back: to the washout pcriod. A further- re
striction is imposed but whic:h will atTcc:t only the first injury dctcc:ted in the first 6
monthsoCthestudypcriod (sec: Rule 1).

Sc:e Appendi'C JJ.l.a) ror the list of codes: IC049 (eding. dinprin) :lOd RAMQ
(cacte).

Sec Appendi.'C J.J.l.b) for the list of codes: [C~9 (cding. dinprin) and RAMQ
(cacte)•
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Appendix 3.3.1: Injuries Due to Fractures and Soft-Tissue Injuries
Appendix 3.3.1.a: Fractures•

•

Varfable name

frahïp/ •••llt

frasup/ •••1I1

fraïllfl···IIJ

Calegory oC Injury

FI'l1c:ture-- hip

FI'l1c:ture ·upper e:ttremities

Fl'l1cture - lower extremities

RAJ.\IQ Procedure Code
(cacte)

2675.2695.2715.2716.2714.
2739.2740.2742.

2559.2532.2537.2531.2534.
2536.2590.2605.2630.2591.
2606.2631.2655.2592.2607.
2632.2593.2608.2633.2594.
2609.2640.2634.2641.2610.
2635. 2595. 2612. 2636.2624.
2649.2569.2570.2571.2585.
2586.2587.2588.2589.2599.
2645.2651.2652.2653.2654.
2735.2736.2768.2769.2770.
2604.2618.2642.2611.2620.
2643.2600.2621.2616.2601.
2622.2627.2646.2602.2623.
2647.2603.2626.2648.2896.
2820.2823

2660.2667.2673.9589.
9590.9549.2683.2705.2725.
2681.2694.2696.9591.9592.
2721.2743.2693.2708.2727.
9542.2886.2887.2684.2686.
2687.2710.2730.2734.2744.
2685.2709.2729.2688.2689.
2711.2731.2732.2690.2712•
2733.2848

ICD-9CODE·
(cdia" di.prin)

820

810.811.812.813.
814.815.816.817.
818.
819

821.822.823.824.
825.826.827.828

fralllly/ •••111 Fmcture- {any) Any ofthc:above fmetun:s 800-4.807.808.809.
RAMQ codes plus 2863.28001

• 829
2512.7500.7501.7502.7503.
7504.7505.7506.7507.2505.
2509.2520.2521.2517.2523.
2524.2502.2508.2515.2516.
2518.2506.2511.2507.2513.
2514.2522.7379.2539.2533.
2535.2540.2578.2581.2584.
2579.2583.2771. 2n!. 2n3

Appendi:c: J.J.I.b: Soft-Tissue Iniuries

•

Varf.ble name

ïrrjllllyl•••lts any injury

Calegory orInjury RAJ.'IQ Procedure Code
(cacle)
any orthe: above: Rk\tQ t'hac:ture
codes plus 2745. 2757. 2545.
2548. ZS46. 2549. 2544. 2547.
2824.
2662.2668.2657.2666.2611.
2664.2670.2663.2669.2677.
2678.2679.2737.2738.2749.
2761.2751.2888.2752.2765.
2764.2754. 2766. 2756.2767.
2676.2567.2572.1320.1323.
1322.1325.1326.1327.5327.
5328.
7386.7387.7403

ICD·9CODE
(cdia.. di.prin)
835.831.832.834.
833.836.837.. 838.
839.. 871.0. 871.1.
81l.2. S1l.3. S1lA.
871.9.872.873.874.
875.876.877.. 880.
88 t .. 88!. 883. 884.
890.891 .. 892. 893.
894.
870.0.870.1.870-2.
870.3.
870.8.870.9

First threc digitS ofokiigit ICD9-<:ode..

7 BOlh procedure: codes 2863 and 2800 dc:tine: sorne: form ofimmobiliz:llion_
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AppendixlV

BENZODIAZEPINE EXPOSURE RECORDS FOR A SINGLE SUBJECT

A4-1



• Example ofrecords for a single subjectwho had no periods ofhospitalization >7 days and was foUowed until

the end ofthestudyon December31, 1994 (Day 1826). The beginningofarecordis indicatedby"sdate" and

the end ofa record by"enddt" fordays 0 -1826. The differentbenzodiazepines are numbered nom 1 -13

(bzl-bz13) with the standardized dose for each prescripticn (pbzl-pbz13). The subject's flXed covariates

were stored in separate files.

P
i

n n
o p d
b i e
5 d )C

5

d
a
t
e

e
n h ppp ppp ppp b
d 0 ~ b b b b b b b b b b b b b b b b b b z
d s f z z z z z z z z z z z z z z z z z Z 1
t P u 1 1 a a 3 344 5 566 778 8 9 9 a

ppp P
b b b b b b b

Z z z z z z Z
1111111
a 1 1 a a 3 3

•

•

1 15 97 0 99 a 0 0 0 a a a a 0 a 0 0.0 0 0 0 a 0 0 a 0 a 0.0 0 a a 0 a 0
a 15 98 99 155 0 0 0 a a 0 0 a 0 a 0 0.0 0 a 0 a a a a 0 1 0.5 0 a a 0 a 0
3 15 100 155 256 0 0 0 a 0 a 0 a 0 a 1 0.6 0 a 0 0 a 0 a a a 0.0 a a a 0 a 0
4 15 101 256 370 0 0 0 0 0 a 0 a 0 a 0 0.0 0 a 0 0 a 0 a a a 0.0 0 a a 0 a a
5 15 10a 370 491 0 0 0 0 a a 0 a 0 a 0 0.0 0 a 0 0 a 0 a a 1 0.5 0 a a 0 0 a
6 15 105 491 550 0 0 0 0 0 a 0 a 0 a 0 0.0 0 a a 0 a 0 0 a a 0.0 a a 0 a 0 a
7 15 106 550 611 0 0 0 0 a a 0 a 0 a 0 0.0 0 a a 0 0 0 0 a 1 0.5 0 a 0 a 0 a
8 15 107 611 65a 0 0 0 0 a a 0 a 0 a 0 0.0 0 a a a 0 0 0 a 0 0.0 0 a 0 a 0 a
9 15 108 65a 713 0 0 0 0 0 a 0 a a 0 a 0.0 0 0 0 0 a 0 0 a 1 0.5 0 a 0 0 0 a

10 15 109 713 773 0 0 0 0 0 a 0 0 0 0 0 0.0 0 0 0 0 0 0 0 a a 0.0 0 0 0 0 0 a
11 15 110 773 834 0 0 0 0 0 0 0 0 0 0 a 0.0 0 0 0 0 0 a 0 0 1 0.5 a a 0 a 0 a
12 15 111 834 859 0 0 0 a 0 a 0 0 0 0 0 0.0 0 0 0 0 0 0 0 0 0 0.0 a a 0 0 0 0
13 15 l1a 859 890 0 0 0 a 0 a a 0 0 0 0 0.0 a 0 a a 0 0 0 0 1 0.5 a 0 0 0 0 0
14 15 113 890 926 0 0 0 0 0 0 0 0 0 0 0 0.0 a 0 0 a 0 0 0 a a 0.0 a a 0 0 0 a
lS 15 114 926 1014 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0 a 0 0 0 0 1 0.5 a 0 0 0 a a
16 15 119 1014 1030 0 0 0 a 0 0 a 0 a 0 0 0.0 0 0 0 a 0 0 0 0 a 0.0 0 0 0 0 0 a
17 15 120 1030 1061 0 0 0 a 0 0 a 0 0 0 0 0.0 0 0 0 0 0 0 a 0 1 0.5 0 0 0 0 0 0
18 15 122 1061 1133 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0 0 0 0 0 0 1 0.5 a a a 0 0 0
19 15 125 1133 1158 0 0 0 0 a 0 a 0 0 a 0 0.0 a 0 0 a 0 0 0 0 0 0.0 a 0 0 0 0 0
20 15 126 1158 1189 0 0 0 a a 0 a 0 0 a 0 0.0 a 0 0 0 0 0 0 0 1 0.5 a 0 0 0 0 a
21 15 127 1189 1211 0 0 0 a 0 0 0 a 0 0 0 0.0 0 a 0 a 0 0 0 0 a 0.0 0 0 0 0 a 0
22 15 128 1211 1270 0 0 0 a 0 0 0 0 0 0 0 0.0 0 a 0 0 0 0 0 0 1 0.5 0 0 a 0 a 0
23 15 132 1270 1306 0 0 0 0 0 0 0 0 0 0 0 0.0 0 a 0 0 0 0 0 0 1 0.5 0 a 0 0 0 0
24 15 134 1306 1350 0 0 0 0 0 0 0 0 0 0 0 0.0 0 a 0 0 0 0 0 0 1 0.5 0 a a 0 0 0
25 15 135 1350 1374 0 0 0 0 0 a 0 0 0 a 0 0.0 0 0 0 0 a 0 0 0 0 0.0 0 a a 0 a 0
26 15 136 1374 1405 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0 a 0 0 0 a 1 0.5 0 a a 0 0 a
27 15 137 1405 1421 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0 0 a 0 0 0 0 0.0 0 a a 0 0 a
28 15 138 1421 1826 0 0 a 0 0 0 0 a 0 0 0 0.0 0 0 0 0 0 0 0 a 1 0.5 0 0 0 0 0 a
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AppendixV

ICD-9CODES FOR ILLNESSES, DISABIT,ITIES OR IMPAIRl\'IENTS DUE TO
ILLNESS

AS-l



265.2
4255
535.3
571.0
571.1
571.2
57l.3

•

•

•

Main Therapeutic Categories CLabeled Indications} for Benzodiazepine Use

AnDety:
300.0 Anxiety States including anxietystate. unspecified; panic disorder; generalized an:<iety disorder;

other
300.2 Phobie Disorders including phobia unspecified; agoraphobia with and withour panic attacks;

social phobia; other isolated or simple phobias
308.0 Predominant disturbance ofemotions as acute [eaction to exceptional stress - including an..<iety~

emotionai crisis, panic state
309.0 Briefdepressive reaction
309.2 Adjustment Reaction with predominant disturbance ofother emotions including separation

ameiety disorder; adjustment reaction with anxious mood; adjusnnent reaction wim mi:<ed
emotionaL features; other

Insomnia:
307.4 Specifie disorders ofsleep ofnonorganie origin including transient and persistent disorder of

initiating or maintaining sleep; transient or persistent disorder of initiating or maintaining
wakefulness; phase-sbiit disruption of24hour sleep-wake cycle; somnambulism or nighe terrors;
repetitive intrusions ofsleep; other

780.5 Sleep disturbances including unspecified; insomnia with sleep apnea; other insomnia;
hypersomnia with sleep apnea; other nyprsonmia; disruptions of24hour sleep-wake cycle;
dysfunctions associated wim sleep stages or arousal from sleep; other and unspecified sleep
apnea; other

Seizure Disorders::
345 Epilepsy includes generalized nonconvulsive and convulsive epilepsy; petit mal status; grand mal

status; partial epilepsy, wim or without impairment ofconsciousness; epilepsia partialis continua;
other fonDS ofepilepsy; epilepsy. unspecified

780.3 Convulsions
~[uscleSpasticity:
728.8 Other disorders.ofmuscle,ligament, and fascia including interstitiaL myositis; foreign body

granuloma ofmuscle; rupture ofmuscle. nontroumatic; diastasis of muscle; spasm ofmuscle
781.0 Abnormal involuntary movements including abnonnal head movements; fasciculation; spasms

NOS; tremor NOS
Alcohol AbuseIDependence:
303 Alcohol Dependence Syndrome
305.0 Nondependent Abuse ofAlcohol
291 Alcoholie Psychoses including alcohoI witbdrawal delirium; alcohol amnestic syndrome; other

alcoholie dementia; alcohol withdrawaL hallucinosis; idiosyncratic alcohol intoxication; aIcoholic
jeaIousy; other specified and unspecified alcoholic psychosis
Thiamine and niacin deficiency states - Pellagra (alcoholie)
Alcoholic cardiomyopathy
AlcohoLic: gastritis
Alcoholic: fany liver
Acute alcohoLie bepatitis
AlcohoIic cirrbosis ofliver
Alcoholie liver damage. unspecified

AS-2
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Disabilities or Impairments due to Dlness that mav be Risk Factors for Falls

Alcohol AbuseIDependence: see above

Depression:
31 L Depressive disorder~ not elsewhere classified
296.2 Major depressive disorder~ single episode
296.3 Major depressive disorder~ recurrent episode
298.0 Depressive type psychosis
309.1 Prolong depressive reaction
300.0 AnxietyStates includinganxietystate, unspecified; panie disorder; generalizedan:<ietydisorder;other
300.2 Phobie Disorders ineludingphobia unspecified; agoraphobia with and without panic attacks; social

phobia; other isolated or simple phobias
300.3 Obsessive-compulsive disorders
300.4 Neurotie Depression including anxiety depression; depression with an."(iety; depressive reaction;

neurotie depressive state; reactive depression
Visual Impairment:
360 - 379 Disorders of the Eye and Adnexa
Stroke:
430 Subarachnoid hemorrhage
43 l Intracerebral hemmorrhage
432 Other& unspecified intracranial hemorrhage includingnontraumatie extradurai hemorrhage; subdural

hemorrhage; unspecified intracranial hemorrhage

433 Occlusion &. stenosis of precerebral arteries including occlusion &. stenosis of basilar artery;
occlusion &. stenosis ofcarotid artery; occlusion &. stenosis 0 f vertebral artery; occlusion &. stenosis
ofmultiple &. biIateral precerebral arteries; occlusion & stenosis 0 f otherspecified precerebral artery;
occlusion &. stenosis ofunspecified precerebral artery

434 Occlusion of cerebral arteries including cerebral thrombosis; cerebral embolism; cerebral anery
occlusion, unspecified

435 Transieotcerebral ischemia, includingbasilararterysyndrome; vertebral arterysyndrome; subclavian
steal syndrome; otherspecified traDsieot cerebral ischemias; unspecified transient cerebral ischemia

436 Acute, but îll-defined~cerebrovasculardisease including apoplexy; cerebral seizure; cerebrovascular
accident; stroke

437 Other &. iIl-defmed cerebrovascular disease including cerebral atheroselerosis; other generalized
ischemic cerebrovascular disease; hypertensive encephalopathy; cerebral aneurysm nonruptured;
cerebral arteritis; moyamoyadisease; nonpyogenie thrombosis ofintracraniaLvenous sinus; other îll
defined cerebrovascular disease; unspecified cerebrovascular disease

438 laIe effects ofcerebrovascular disease
NeurologicalDisorders:
290 Senileand presenilcorganic:psychotic:conditions includingsenile dementia. uncomplicated; presenile

dementia; senile dementia with delusional or depressive feaMes; senile dementia wim delirium;
arteriosclerotic: dementia; otherspecified and unspecified senile psychotic condition

294 Otherorganie psychotic conditions (chronic) including amnestic syndrome; dementia in conditions
classified elsewhere; otherspecified and unspecified organic brain syndromes (chronie)

331 Other cerebral degenerations ïncluding Alzheimer's disease; Pick's disease; senile degeneration of
brain; communicating hydrocephalus; obstructive hydrocephalus; cerebral degeneration in diseases
classified elsewhere; other cerebral degeneration; cerebral degeneratioo. unspecified

332 Parkinson's disease including paralysis agitans and secondary parkinsonism
333 Otherextrapyramidaldiseaseandabnonnalmovemeotdisorders includingotherdegenerativediseases

ofthe basal ganglia; essential and otherspecified fonns oftremor; myoclonus; tics oforganic origin;
Huntingtorrs chorea;otherchoreas; idiopathieandsymptomatie torsiondystonia; fragmentsoftorsion
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723

334

336

335

724
725
726.1
726.5
726.6

722

721

720

342
344

dystonia; organic writersr cramp; other and unspecified extrapyramidal diseases and abnormal
movement disorders
SpinoeerebeUardisease includingFriedreich's ataxia; hereditaryspastie paraplegia;primarycerebellar
degeneration; other cerebellar ataxia; cerebellar ataxia in diseases specified elsewhere; other and
unspecified spinoeerebellar diseases
Anterior horn cell disease including Werdnig-Hoftinan disease; spinal muscular atrophy; motor
nueron disease; other and unspeeified anterior horn disease
Other diseases of spinal cord; syringomyelia & syringobulbia; vascular Myelopathies; subaeute
combined degeneration ofspinal cord in diseases c1assified elsewhere; myelopathy in other diseases
classified elsewbere; other myelopathy; unspecified disease ofspinal cord
Disorders ortheautonomie nervous system; idiopathie peripberal autonomie neuropathy; peripheral
autonomic neuropathy in disorders c1assified elsewhere; unspecified disorder ofautonomic nervous
system
Multiple sc1erosis
Other demyelinating diseases of central nervous system; neuromyelitis optica; scbilder's disease;
other demyelinating diseases ofcentral nervous system; demyelinating disease ofcentral nervous
system, unspecified
Hemiplegia; tlaccid hemiplegia; spasnc hemiplegia; hemiplegia. unspecified
Otherparalytic syndromes; quadriplegia; paraplegia; diplegia ofupperlimbs; monoplegia oflower
limb; monoplegia ofupper limb; unspecified monoplegia; cauda equina syndrome; other specified
paralytie syndromes; paralysis. unspecified

Arthritis And Other Rhumatological Disorders:
274 Gout including goutyarthropathy; gouty nephropathy; gour with otherspecified manifestations; gout

unspecified
710-9 Anhropathies and relared disorders including diffuse diseases of connt:ctive tissue; anhropathy

associatedwith infections; crystal arthropathies; arthropathyassociated with otherdisorders classified
elsewhere; rheumatoid arthritis and other inflammatory polyarthropathies; osteoarthrosis and allied
disorders; other and unspecified anhropathies; internal derangement ofknee; other derangement of
joint; otberand unspecified disorders ofjoint
Ankylosing spondylitis Be other inflammatory spondylopathies; ankylosing spondylitis; spinal
enthesopathy; sacroiliitis, notelsewhere classified; otherinflammatoryspondylopathies; unspecified
inflammatoryspondylopathy
Spondylosis & allieddisorders; cervical spondylosis without myelopathy; cervical spondylosis with
myelopathy; thoracic spondylosis withoutmyelopathy; lumbosacral spondylosiswithoutmyelopathy;
thoracic or lumbar spondylosis with myelopathY; kissing spine; ankylosing vertebral hyperostosis;
traurnatic spondylopathy; other allied disorders 0 f spine; spondylosis ofunspecified site
Intervertebral disc disordc:rs; displacement of cervical intervertebral disc without myelopathy;
displacement of thoracic or lumbar Intervertebral disc without myelopathy; displacement of
intervertebral disct site unspecified. withoutmyelopathy; schmorl·s nodes; degenerationofcervical
intervertebral disc; degeneration of thoracic or lumbar intervertebral disc; degc:nc:ration of
intervertebral disc. site unspecified; intervertebral dise disorder with myelopathy; postlaminectomy
syndrome; other & unspecific:d dise disorder
Other disorders of cervical region; spinal stenosis in cervical region; cerviealgia; cervicocranial
syndrome; cervicobrachial syndrome (diffuse); brachial neuritis or radiclllitis nos; torticollist

unspecified; panniculitis specified as affeclÏng neck; ossification ofposterior longitudinal ligament
in cervical region; othersyndromes affecting cervical region; unspeeified muscu10skeletal disorders
Be symptoms referable to neck
ûther and unspecified disorders ofback
Polymyalgia rheumatica,
Ralatorcuffsyndrome ofshoulderand allied disorders
Enthesopathyofhip region
Enthesopathyorthe knee

340
341

337

•

•

•
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726~7 Enthesopathy ofankIe and tarsus
727 Otherdisorders ofsynovium, tendon~& bursa; synovitis &. tenosynovitis; bunion; specifie bursitides

often ofoccupational ongin;other bursitis disorders; ganglion &. cystofsynovi~tendon~& bursa;
rupture ofsynovium; rupture oftendon nontraumatic; otherdisorders ofsynovitun. tendon~ &. bursa;
unspecified disorder ofsynovi~tendon~&. bursa

728 Disorders of muscle~ ligament~& fascia; infective myositis; muscular calcification & ossification;
muscular wasting &. disuse atropb.y~ notelsewhere elassified; otherspecifie muscle disorders; laxity
of Ligament; hypermobility syndrome; contracture ofpalmar fascia; other fibromatoses of muscle,
Ligament. &. fascia; other disorders of muscle, ligament~ &. fascia; unspecified disorder ofmuscle,
ligament~ &. fascia

729 Otherdisordersof50ft tissues;rheumatis~ unspecified &. fibrositis; myalgia&. myositis~ unspecified;
neuralgia~ neuritis~ &. radiculitis, unspecified; panniculitis, unspecified
fasciitis, unspecified; pain in limb; residuaL foreign body in soft tissue; other musculoskeletal
symptoms referable to limbs; other & unspecified disorders ofsoft tissue

730 05teomyelitis, periostitis, &. other infections involving bone; acute osteomyelitis; chrome
osteomyelitis; unspecified osteomyelitis; periostitis without mention of osteomyelitis; osteopathy
resulting from poliomyelitis; other infections involving bone in diseases classified elsewhere;
unspecified infection ofbone

733 Otherdisorders ofbone &. cartilage; pathologicaL fracture; cyst 0 fbone; b.yperostosis ofskuLL; aseptie
necrosis ofbone; osteitis condensans; tietze's disease;
algoneurodystrophy; malunion & nonunion of fracture; other & unspecified disorders ofbone &
cartilage

Osteoporosis:
731.0 Osteitis deformans without mention ofbone tumour
733.0 Osteoporosis
Drug AbuseIDependence:
292 Drug psycb.oses including drug withdrawal syndrome; paranoid and/or hallucinatory states induced

by drugs; pathological drug intoxication; other specified and unspecified drug induced mental
disorders

304 Drug Dependence incLuding opioid type dependence; barbiturate and similarLy acting sedative or
hypnotie dependence; cocaine dependenee; cannabis dependenee; amphetamine and other
psyehostimulant depcndcnce; halluc:inogen dependence; other speeified and unspecified drug
dependence; combination ofdrugs with or without opioid type

305~1-.9Nondependent abuse ofdrugs including tobacco use disorder; cannabis abuse; hallucinogen abuse;
amphetamine or related acting sympatheomimetic abuse; antidepressant type abuse; other; mbced or
unspecified drug abuse

Other Conditions (not iD~luded in definitioDs of Injuries):
737~t Kypb.osis (acquired)
737.2 Lordosis (acquired)
7373 Scoliosis
7379 Kyphosislscoliosis; unspeeified
738.3 Acquired deformity; chesrlnb
738.4 Degenerative spondylolisthesis
739~t Somatie dysfunction; cervical region
739.2 Somatie dysfunction; thoracie region
739J Somatic dysfunction; Lumbarregion
7395 Somatie dysfunction; pelvic region
739.8 Somatic dysfunction; nb cage
805.2 Fracture: dorsal; thoracic; closed
805.4 Fracture: Lumbar; closed
805.8 Fracture: vertebral; closed; unspecified
840~4 Sprainlstrain: shouldcr; rolatorcuff
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840.6 Sprainlstrain: supraspinatus
840.9 Sprainlstrain: shoulder and upper anD; unspecified
842.0- Sprainlstrain: wrist; unspecified
842.0 Sprainlstrain: wrist; carpal
842.1 Sprainlstrain: band; unspecified
844.0 Sprainlstrain: knee; lateral collar.ligament
844.1 Sprainlstrain: knee; medial collat.ligament
844.2 Sprainlstrain: knee; cruciate ligament
844.9 Sprainlstrain: kneel1eg; unspecified
845.0 Sprainlstrain: ankle; unspecified
845.0 Sprainlstrain: ankle; deltoid ligament
845.1 Sprainlstrain: foot; unspecified
846.0 Sprainlstrain: lumbosacralligament
846.1 Sprainlstrain: sacroiliac ligament
847.0 Sprainlstrain: neck
847.2 Sprain: lumbar
847.9 Sprainlstrain: vertebral; unspecified
848.3 Sprainlstrain: nos
848.9 Sprainlstrain: other site; unspecified
87 9.8 Open wound; beadlneckltrunk; unspecified; w/o complication
908.9 Lare effects of injury; unspecified
919.0 Abrasion; unspecified
919.6 Foreign body; skin: superficial; unspecified
921.0 Contusion; black eye
923.1 Contusion; upper limb; elbow
924.1 Contusion; knee
924.4 Contusion; multiple sites; lower limb
924.8 Contusion; multiple sites; no classified
924.9 Contusion; unspecified
927.3 Crushing injwy; fingers
928.3 Crushing injwy; toe
929.9 Crushing injwy; unspecified
948.0 Burns; <10% body surface
949.0 Sum; degree unspecified
959.0 Head injury; NOS
959.9 Other trauma; unspecified
991.9 Cold injury; unspecified
995.2 Medication; adverse effects; unspecified
995.8 Adult physical abuse

<
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ICD-9 CODES FOR CHARLSON COl\'[ORBIDITY INDEX
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• Diagnostic Category ICD-9Codes Description

Myocardial infarction 410410.9 Acute myocardial infarction
412 Old myocardial infarction

Congestive heart failure 428-428.9 Heart failure

Periphera1 vascular 443.9 Periphera1 vascular disease
disease 441.4441.9 Aortic aneurysm

785.4 Gangrene
V43.4 Blood vesseL replaced by prosthesis
38.48 Resection and replacement oflower limb arteries

Cerebrovascular disease 430438 Cerebrovascular disease

Dementia 290-290.9 Senile and presenile dementia

Chromc pulmonary 490-496 Chronie obstructive puLmonary disease
disease 500-505 Pneumoconioses

506.4 Chronic respiratory conditions due to fumes and vapors

Rheumatologic disease 710.0 Systemic lupus erythematosus
710.L Systemie sclerosis
710.4 Po1ymyositis
714.0-714.2 Adult rheumatoid arthritis
714.81 Rheumatoid lung
725 Polymyalgia rheumatica

Peptie ulcer disease 531-534.9 Gastric~ duodenal and gastrojejunal ulcers
531.4-531.7 Chromc forms ofpeptic ulcer disease

• 532.4-532.7
533.4-533.7
534.4-534.7

Mild liver disease 57l.2 Alcoholic cirrhosis
57l.5 Cirrhosis without mention ofalcohol
571.6 Biliary cirrhosis
571.4-571.49 Chrome hepatitis

Diabetes 250-250.3 Diabetes with or without acute metabolic disturbances
250.7 Diabetes with peripheral circulatory disorders

Diabetes with chrome 250.4-250.6 Diabetes with renal~ ophthalmic,. or neurologica1
complications manifestations

Hemiplegia or paraplegia 344.1 Paraplegia
342-342.9 Hemiplegia

Renal disease 582-582.9 Chronic glomerulonephritis
583-583.7 Nephritis and nephropathy
585 Chronic [enal failure
586 Renal failure~ unspecified
588-588.9 Disorders resulting from impaired renal function

Any malignancy,. 140-172.9 Malignant neoplasms
including leukemia and 174-195.8 Malfgnant neoplasms
Lymphoma 200-208.9 Leukemia and lymphoma

Moderate or severe liver 572.2-572.8 Hepaticco~ portal hypertension~omersequella of
disease chrome liver disease

456.0-456.21 Esophageal varices

• Metastatic soUd tumor 196-199.1 Secondary malignant neoplasmofLymph nodes and other
organs

AlOS 042.Q44.9 HlV infection wim related specified conditions
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• Injury
Type

Fnceure • hip

Billiag Claims Procedure Codes

261S"hip fi':lceure (ncek orintenroe:hanœric:) withoutreduction. with immobiliz:lrion.
269S"hip fi':lceure (ncek or intenroe:hanœric:) c10scd reductiOI\
271S-hip fi':lcnare (ncekor intenroe:hanœric:). open reduction. nail only
2716-hip tr.acnare (ncekorintenroe:hancmc).nail :and place
2114-hi1' tr.aceure (ncele or incenroc:hanceric:). Judet·s pedicle gr:afl cœ..
2139-hip tr.acnare (ncele or inlCrtrOChanœric). ncele or peT croc:hancer. open rcduc:tion :and
osccolOmy
274o-hip tr:u:turc (ncele or incenroc:hanccric). prosthetic rcJllacemcntofhe3d
2742-hip tr.acnarc (ncc:1e or incenroehancmc). subcrceh:ance:ric:. open mluerion

ICD-9 Diagnostic
Codes

82o-&.1c:eure of the ncele of
femur

Fnc:eurc· upper FncCUte ofany orthe (ollowing:: the: sc::apulalcbvic:lc:. humertlS. ulna/radius. C:lfl)al. hand
c:.-..cremity

818; iI1 defincd fnccures ofupper
Iimb.
819: multiple lTaCtun:s involvin~

bath upper limbs

8 L4=otncturc o(Qfllal bone(s)
8LS"'fi:aceure ofmetaearl'al

bone(s)
8t6-fi:aceurc: ofane: or mon::

phalanges ofband
811"'111ulciplc: tnccurcs ofhand

bones

•

•

··~p;;L;~ii~:iéië··-ïs3i;ëià~ièiëtfiétüië:simPi~imm;;biiinrio~:·p~ri~~"io~~iïifYQiS·~fig;········_··········"-·8ïo.;·~n;i~·~·r~·I;'riéi~···········'"

2537-c:bviclc: fi:ac:curc.open reduc:rion 8Ll-fnc:curc:ofsc::apula
2S3l-c:lavic:lc: fi:acturc:. sc:allula. whhout reduc:tion. wich immobiliurion
2534-c:lavic:le: fnc:~urc. sc::apuLa. closc:d reduc:ciol\
2536-c:lavic:lc: fi:aceure. sc:apula. open reducrion. ncek
2SS9-c:lavicle: fi:aceure. simple immobiliz:ltion

·····h~;,;~N$·······_·iS90::süriiQij;~k·;ilhoüidiSioari.;n·.;rhë:id:;jiiiô~trëduë·ti;;n:·;iitiinïmc;biiiZirio~:········-·siï:'rr.;én;ië·ô·iii~;ne,;;· .....••••••
shoulder

260S-suflÎal neck wichout disloarion ofhe:ad. closc:d mlucrion. shoulder
263O-surgial neck without disloarion ofhe:ad.open mluction. shoulder
259 L-surgical neck with disloarion ofhead. wilhout reduction. with immobiliulion.

shoulder
2606-surgical neck with disloarion ofhead. closc:d reducrion. shoulder
263 l-surgieal neck with disloatiolt ofhe:ad.opcn rcduc:~ion. shouldc:r
26SS-surgÎal neck wich disloation ofhe:ad. open reduc:tion with pros~hctic: replac:cmenc of"

humenl hc::ad. shollider
2S92-ICSSCT cubcrosity ofhumcrus - gre:acer eubc:rosity ofhumcf'US. wichour mluction.. wiUl

immobiliz:arion
2607-ICSKT cubcrosity ofhumerus - grc:uer eubcrosity ofhumcf'US. c10scd reduction
2632-ICSKT cubcrosity ofhumcrus -grc:uer eubc:rosity ofhumcrus. open reducrion
2S93-diaphysis. wilboUl reducrion. wilb immobiliz:arion. humcrus
2608-diaphysÏ5. closcd reduc:rion. humc:rus
2633-diaphysÏ5. open mluc:rion. humcrus
2594-abovc or throup condyle:-.. without reduction. with immobiliution
2609-above: or through condyle. c:losc:d reduc:rion
264D-abovc or throup condyle. closc:d reduc:rion ilnd ~UClncous lî;urion
2634-abovc or throup condyle. open reduc:tion
2~I-condyle. D'OChlea. c:pic:ondyle.c:pitroehlea. without reduc:tion. with immobiliurion
26lG-c:ondylc. croc:hfca..c:picondyle. c:picroc:hlc::a. c10sed reducrion
263S-condyle. croc:hfca.. c:pieondyle. c:pitroehfca.. open mluc:rion

ëiiiiaiibij,d·······_·ï~üs(;ïnëêi;morëbOiiëS:·œèiit·sëiphoid:Sëmiiünàr):·;iifiouiriciüëtio.;:-wiihimm:· ....·•__..__..··..·..········_..·..
2618-c::upus (one or more boncs. CXc:cptinl SC2phoid and scmilunllr).. c10scd reduc:rion
2641-e:upus (one or more boncs. cxccpringsc:aphoid and scmilunar). open reduc:rion
261 l-scaphoid.. scmilunar. wilhout redUCÜon. with immobiliz:lrion
262G-scaphoid. scmilunar. closcd reduc:rion
2~J-saphoid. scmilunar. open reduc:lÏon
2600-merac:lfl)a1.. without redllCtion one ot"morc.. with immobiliz:alion
2621-metlCU'pal. c:losc:d reducrion. oneor more
2616-metlc::upaLopen reducrion.orc:1oscd. reduction wilbpin fiUrion
260L-Bcnnctt's fi:acnarc.. withoutmluc:rion.. with immobiliz:ltion
2622-8cnnctt."s fi:aceure. c:loscd redllCtion
2621-8cnnctt's~ c:1oscd. reduc:rion wich pin tûtarion
2~6-8cnnett·s tnc:~. open reduction
2602.-proximal andlormiddle phalanx(PI.P2).. without reducrion. with immobilization
262J-proximal andlor middle phaJamt (P[·Pl). c:losed mluc:tion. c::ar:h additionaL samc: hand
1641-proxirnal andfor middle phaJamt (P[.['2).. open mluction
2603-distl1 phaJan.~ (P3). without reduc:tion. widt immobiliz:arion
2626-distll phalaM(Pl). c:loscd reduccion
2648-dist:a1 phabM(Pl). open reduc:riOft
2896-rc:pait"ofdis1a1 inœrphaJangcal :articulation.. reinscrtioll or~dol\ and/or percw:tncous

pinnil\g
282D-immobilizatioll with plaslCrcut,. 5lI1incsortlpinJlO, e:;,crcmiri~ fingcr

__••__......_~!~mm9P.m~n9!l.'!!ttJ!.P.iA@r.~IlCJ.P.t.~RinK..~;\tœtti!i'14hP.'l.4
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• -·;.hiàïriiïÙS-···ms::;;lèëT.aïüm:-;idïoùl"iédüëtiôri:WitiiTriiincibiiiiiéiOii..••••••••••••••••••••••••••..••••..•••••.....·-8ïj-;.·fi:iCiüië·oëridi~âiidüiiii-·
2612-olccnnon. closcd rcduction
26J6-0lecranon. open rcduction
2624-Monrcgia's &.ac:eure..closcd reduetion
2649-MonlCJlill·S mceure..O.,en reduction
2569-<1iallhysis. coronoid allOllhysis. widlout reduction. wim immobitiz:nion. humerus
257o-dillphysis. coronoid apophysis. closcd. reduction. humerus
2571-dillllhysis. coronoid apophysis. open reduction. humerus
258S-mcture·ulna only. without reduetien. wilh immobilizlltion
2586-mcture -ulna only. closed rcduction
2S87-mcture·ulna only. open reduction
2S88-mcrure·r:adius only. without reductien. wilh immobili:ation
2S89-Incture·radius only. closed reduction
2S99-mcture·r:adius only. open reduction
2645-mcture-radius lInclulna. without reduction. with immobilization
2651-tnc:ture·r:adius and ulna. clO5Cf1 reduction
26S2-tncture-r:adius Olnd \llna. open reduction
265J-distal epiphyse:al fiac:ture·r:adius and \llna. witho\lt rcduction. with immobilizarion
26S4-distal epiphyseal Incture·radius and ulna. intr:l- or eAtr:l·anic:ul:lr c:losed reduc:tion
l7U-distal epiphysc:al Incture·r:adius and ulna. closed reduction Olnd fi~tion wilh pin
2736-distal epiphyseal tTacrure·radius and ulna. open reduction
2168-he:ad or neck ofradius. without reduction. with immobili:ation
2169-he:ad or neck ofradius. closed reducrion
277o-he:ad or neck or radius. open reduction

827: clher. mulriple and ill
dcfincd Incrures oflower
limb

8:U-tTactureofother and
unspecified pans orremur

Fracture ohny orthe following: femur. patel/a. n"bialfibula.ankh:. lbot

femoral sh:lft

Fracture-
lower e.'(tremity

2660-femur tTacrure. without reducrion. with immobiliz:nion
2667-femur tTacture (tnnscondyloid or subc:ondyloid diaphysis) p:ltient over 16 years ofage
267J-femur Incture (tnnscondyloid orsubc:ondyloid diaphysis) open reducrion. intem:ll or

eAlemalfixation
9589-femur Incrure. closcd focus osteosynthesis. including proximallocking

......................._.?~2Q:f!m~f!?c:~!!:~~!~!.t~.~!~Jf:.~p.P!!l)t ..e:!~ _ •••_ .
pOlcella 9549-kncc tTactun:. paœlla. open reduction orexen:sis wich repairoftendon wing. f:ascia 822- fr:Icrure ofp:llellll

2683-kncc tTacture. patella. withouc m1uction with immobilizarion
··inkië···············270i~onë:·two:-tiiiêëmàiièôil:·ëio5ëdfëdûéti;;n···················..••••...•••••..•..•••..••••••..•••••..·-S2~·ft:.iêiiirè·Of~nklë·················

2721-opcn ~duction~oncmalleolus
9S"42-opcn mluc:rion~ (wo m:alleoli
2886-opcn reduction. threc malleoli
2881-open reduc:tion. malleolus with ram ligament
2684-wimout reducnon. wilh immobilizlltion

·ïibi.iim;~b·....··..ï7os:ifb;i;ôniY.·êio;;rn;r~ëti;;n······..·....··..·..·...·····..··......····..·..__..·....·...···.......S~n;;.;·;itibr;:;~d·m;~b·····
212S-fibula only. open reduction
2681-fibula only. wilhout ~duction.with immobilization
2694-ribia (with orwithouc fibula).c1osed reducrion
2696-tibia (with or withouc fibula). 01JCIl rcduction. cliaphysis. internai or e.'(lcmal fi~tion

wim or without grati
9591-elosed focus oszeosynthesis. including proximal~ locking
9592-closed focus osteosynthesis. includinl proximal. clistallocking supplement
2721-c!osed focus oszeosynthesis. inc:luding proximal cpiphysis - plale:au ([ or 2)
2143-elosed focus osteosynlhcsis. includinl proximal. discal eAtremity ofribill
2693-without reducrion. with immobiIiz:ation

·foot··..·..····..··ï68~c:;n;;;;,:~;;pi.;:;jëh;'.;~~ti~n:-;;ÎJl-;trtP·~i.;·êà:st:;iihT~~biÏiiiti~~bySiS:.r;..;~-;c;;;e~;;;;· ..···..-
mans other than plasrcrcut wsaland metatllrsal benes

2687-eaIc:aneus or lIStraplus. without reduction. with plasrcr cast 826-Ô'lICture ofone or more
111O-aicaneus oustr:lplus. closed red~tion phalanges offoot
213o-alc:aneus or lIStraplus. open reduction.
2134-aicaneus orastraplus. o.,en redu.ction (primary :uthrodesis)
2144-c:alc:aneus or lIStraplus. c:alc:anan reduction by percutancous pinning (ESsex Ulpresb)
268S-tusus (eAl:!udingllStr:lplus and aJcancus). one ormore. wilhout reduction
2709-carsus (e.-œludinglIScnplus an4 afancus). one ormon:. c:loscd. m1uction
2T'-9-wsus (excluding astr:lplus and c:aJc:ancus). onc ormon:. open m1uc:tien
2688-metllW'Sus. wimouc reduction. onc or mon:. wich immebilization by me:ms othcr th:m

plasrcrast
2689-mecawsus. wimout reduc:tion. one or mon:. wich plasterCllSt
271 [-nletlwsus. c:1oscd. reduetion. one ormore
213 I-mcQwsuso, op:n reducrion. one
2132-mctawsus. epen reduction. t'NO ormore
269O-1Jhalanx. without rcduetion. wim plasrcrast each additional.sam~ foot
2112-phalanx. cIosect rcduction. eacb ôldditionaL sante foot
213~halanx. open reduction
284S-immobiliz:arion wilh plllsterast. splinesor Ell!in!f: foot•

•
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• Fr:aenue (any)

Any ofthe above fT:u:ture RA.\IQ eodes plus skull & faee. thorax. pelvis: and
2863-œmpor:ary immobilinrion ofa tiac!Ure with or widtout œmpor.ary reduerion
2800-c:ast :and splint. upper Qtmnily (arm. elbow. fore:ann) or Iowa Clttmnicy (thigh. knc:e.
leg)

Any of the :abave fractures plus
82S-mulrÎplC fixtures involving
bolll lowerlimbs.lowcrwidt
upper Iimb.:and lower limb(s)
wilh rib{s) and sternum
829-fi':Icture oCunspecificd
banes

•

-dio~··············i539:d;o~fii~n;;;'-rib;.-';ithëo,;;piièiii~~·····"···..······································..·-········107;fi=.in;;·o·i;;ÏJ(S):s;~~~:····
2533-thor:L~ tiacture. sternum. doscd reducnon I:lrynxand lr:Il:hea
253S-dtor.ax. fi':leture. sternum. open reduetion B09-iIl-defincd tilICtuRS oftrunk
2S4Q-thor.ax. fT:u:ture. sternum. open stabiliz:uion ofthor:acic: wall

··~i;fS···········..···ï5;8";;pë1~·&à~ni;;ë~ëQb;;i~mi:;iiho~i·;d·~~tion·········· ..··..·······················-··..····..80i;Fnë;W;ô1~i;i; ..···········..
258 L-pelvis fi':lcture (:aectlbulum). closcd reduetion. ce11l1':1l dislocation
2S84-pclvis fr:aCturc: (;acctabulum). open reduetion
2579-pc:lvis fT:u:ture. closcd reduetion. ineluding bed mt and supervision
258J-pelvis fr:acture. open rc:duerion: pubis
2TIl-pclvis !T3cturc:. Lctoumel·s open reduction by ilioinguinal andenlargc:d iliomu;al

3pproach. with osteosynthesis by :scrcw or plate and sc:rc:w
2TI2-pelvis fi':lcture. open rcducrion byposterionppro:ach. with osteosynthesis by screw or

plate :and scrc:w
2m-pelvis tilIenue (tilICturc: ofone or [WO columns tollether with fr:acture ofposte:rior

wall). open rcduc:rion by posterior :appro3eh with osteosynthesis by sc:rc:w or plate :lnd
screw

··;k~ii:k·f~~;;······-ïsYi:;k~i·&à~w;;(ZYgo;;,·~ri~·~~h):·~j;;;·;d~~rio~·············································..··...8ëO=fr:sç;;;r.;;;;it;;r;k~Jï· ..··~
7S00-skull fr:acture (surgjeal lrc::mnent). dur.a m3ter intact SO 1-fi':leture ofb:ase. ofskulJ
750 l-skult fr:acture (surgieaillabnent). with lacention ofdur:a mater 802-fi':leture offace: bones
7S02-skull fr:aeture (surgiealllabnent). with scrious br:ain damage: 803"olher 3ftd unqUlllified skull
7S03-skul( fT:u:ture (surgie31 tre2bnent). involving mil: sinU5CS fr:aeturcs
7S04-skull fr:acture (surgieallre:lbnenl). dun m:ller pl:lsty with gnft for C.S.F.Ie3k S04-mulriple mClUre5 involving
750S-skull fi':lcnue (surgieal tre2bnent). open fr:acture with dc:pression. dUr:l mater intact skull or face with other
7S06-skull fi':leture (surgieallre:lbnenO. with l:lcCT:ltion ofdul':L mater bancs
7S07-skull fr:acnue (surgieal trC3tment). with scrious br:ain d3ma~ (foreill1l body.

haematomll. ctc.)
250S-m:andible: fr:aeture (surgieal tre:lbnenl). immobiliz:arion with Banon·s b3ncblle orother
2509-m:andible: tilIcture (surgieal tre:lbnent). closcd reduerion. intennandibur:ar·m:axillary

wirinS
2S2O-m:andible: mcnue (surgical tre:lh1lcnt).. open reduetion. simple: or multiple fT:u:ture

unilatenl
2S2l-mandible menue (surgical tre:lh1lent). open reduetion. simple or multiple fr:acture

bilater.ll
!S17-mandiblC' fT:u:ture (surgieal treamtcnl). condyleetomy (for tilIeture ofcondylc)
lS23-m:andible mcturc: (sUflÏeal rrcamtent). meni.sccctomy
2S24-mandible mClure (surgieal treamtcnt). remov;al ofcorcnoid process
2S01-muilla tT:acture (surgic::l1 tre:lbnenl). incemluillary filQrion
2S08-muilla fT:u:ture (surgic:al tn::lbnent). closcd reduetion with iftlennandibuJar·m:axill;ary
251S-muilla fT:u:nue (surgic:al treabnent). open reduc:tion
2S16-muilla fT:u:ture (surgic:al tn::ltmcnl). tT:acture middle 113 offace:
lS 18-maxilla fT:u:ture (surgiClI tn::lbncnt). Ct:lIlofacilil scpar:ltion
lS06-nose fr:acture (surgieal treatmcnt). reduction ofsimple lT3eture
lSll-nose fi':lcture(slUlPeal treatment). reducrion oCcomminute:d ti:acture
2S07-maJar banc lT3eture (surgic::al treatment). closcd reduerion
2S l3-m1i1ar banc fracture (surgic:al treatmcnt). open reducrion. simple
2S l 4-malar bane fracnue (surgic:allfe:ument). open reduction. complic:ate:d
2521-malar bane tncnue (surgic:al aaanenl). open reduction. through sinus
7379-Tcduction offT:u:rures oftheorbit

[njury.:my Any oflhe abave: fr:acture coae:s plus subluxalion ofthe hip. upper and lowcr~tremicy.and
....._ ..!!y.~c:!?~.'!••_........... •__ _ .

Subluuàon - 274S-hip luxation (anterior or posterior). eloscd reduaion 'Mith or widtoutanllCSthcsia S35-disloc::ltion ofhip
hip 27S7-hip IlLUriOR (antcrlororposterior).open reducrion

•
Sublu.urion •
lowcr QtrernÎcy

2737;bi·.;ïuiaiiôr;:~~;;d-;~ri':"o-n---'· -- __ - •••

2738-Im. IlUation. opc1l reduction
2749-Im. IlUation (pate:lla). closcd redUCtiOR
276l-kn. IlLUtion (palClla).open redue:tion.
2751-ankte tu.ulion. dosed. rcduetion
2888-anktc llUation. open rc:duc:non.lncludlns ligament repOlir
27S2-wsus.. wsaI orwsomctar:arsal disloc:ation. c:loscd reduc:tion
276S-wsus.. r:arsal or wsomctatlrS:ll dislocation. cJoscd reduction and pcrc:ucmcous liurion
2764-tarsus. tarsal ortatSOmctatarsal disloc:arion. open reduenon
2754-metaW'5Ophalange:al dislocuion. eloscd rcduction
2766-metatanoph:aIanFll disloc::ation. open rcduction
2756-inrcrphalangal disloc:ation. cbscd redUCriOR
2767-inrcrphalangc:ll disloc::uion. open. reduerion.

836-disloc::loon orlm~-""-··'"
837:disfoQrion ohnlde
838-disloc::llion orroot

-------_.....-..........._--
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•

•

··S~bl;;iio;;::··"·2s45';;h;~iciëri~i{cift(~n;.;r~~~~ï;;:~Ic;;;rrëd;ëii~;;""·"'··....··...···················--8Tl~i;~ri~;·~f-;h;~i&-······
upper- eJuremity 2548-shouldcr luxation (:acromiocIaYicular). 0JlCft reduction 832-disloc:arion ofelbow

2546-shouldcr luxation (glenohumenl). closcd. rcduction 833"dislocalion ofwrist
l549-shouJdcr luxation (glcnohumenl). open rcduction 834-disloc;arion offingcr
2S.....shouldcr luxation (SlCmoclaYicular). closcd mluction
2547-shouldcr-luxation (SlCmocIaYicular). open reduction
2824-tcndon. tendon she:aths. aponewoscs and lipments pluler casts and splinlS. shoulder

spica
2662-elbow luxation. closcd muction
2668-eibow luxation. open reduction
2657-elbow luxation. rreaUltent ofpulled elbow
2666-IUoUrion (Inr.erphalangal). c10sed mlucrion. one
267l-1UoUtion (inlefl'halangeal). open reduction
2664-Iu.urion (metlQrpophalange:aI). closcd mluction
267o-Iuxation (metlQfl'Ophalange:al). open reduction
266J-llLUtion (wrist). closcd reduction
2669-IUoUrion (wriSI). open mluction
26n-luution (cafl'OmetlCarlJal). clo:sccl rcduction
2678-Iu.ucion (carpome~cal'l'al).open reducrion
2679-luurion «carpometlQl'l':aI). closed reduction wilh pcrcutlneous plnnlng

..S·~tjl~üricin::······ï6:;6=Si~roiii;;'i~ri~~·:~i~;;r;;d~ëti~n~~i;;··· ···ïii9~thër:m~itipi;~~~riii:·· ..·_····
other 2567~i1iaC'llLUtion. cfoscd reducrion. lI':Icrion. spica. eu:... dcfincd disl0C3riOns

2Sn-SlIC'I'Oiliae IlLUtion. open reducrion

··Gëër.iti"ôi,{ânyr·ïïïo;;imjjië"iàëëiitio.;·(r-aëé"inaïiëë"r········ s7ëi.;(ip;nwèiü"n~rôfœû·ri'r··· ..•..•
Un-simple Ilacer:uion (othcr :are:as) adncxa.
lJ22-complicalcd lacention (face:and neck) 81l-open wound 10 eycb:all
IJ25-eomplicarcd Iac:crllrion (CAlCnsivC". multiple or complicarcd wounds) 8n-open wound ofeu
lJ26-complicalcd Ilacention. wound.cxplorlltion ofwound undenncsthcsi:a. without repaîr 873-olhcropen wound ofhe:ad
ofcomplicarcd wound requinng refemllO anolher physician 874-0pen wound ofneck:
1J27-eomplicarcd l:acerlltion (debndcmc:nl ofwound only) 81S-open wound ofChCSl (w:a1O
SJ27-conguc. repaire glossoplilSty 876-open wound ofbac:k
S328-conguc. repaire minor Iaccnrion 8n-opcn wound ofbunoclt
7386-1:ac:ention ofcyc:lid. involving ftc:e border 88o-opcn wound ofshoulder:and
7387-laccrlltion ofcyc:1id. involving ftc:e border. fuit lhiclcncss upper ann
7403-laccnrion ofc:yclid. œrsorrh:aphy S81-open wound ofc:lbow.

forann :lnd wrist
882-opcn wound ofh:and c.'\cept
finget(s) alone
883-open wound of ffnlCf{s)
88-&-multiple :and unspcciffcd
open woundofuppcrlimb
890-opcn wound ofhip :and
lhigh
89l-open wound ofkncc.lcg
(cxcept lhigh) :and :anltle
891-opcn wound offoot c.,c:c:pt
toe(s) :alonc
893-open wound oflOC{s)
894-multiple :and unspcc:ified
open wound oflower limb

A7-S




