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Abstract
OBJECTIVES—To identify factors associated with sustained benzodiazepine use in older adults

DESIGN—12-year cohort study

SETTING—Community-based epidemiologic survey.

PARTICIPANTS—1,342 individuals aged 65+ years

MEASUREMENTS—Demographics, medication use, depressive symptoms, sleep complaints,
alcohol use, and smoking, assessed at two-year intervals; descriptive analysis to characterize
benzodiazepine users and identify factors associated with sustained benzodiazepine use (use at two
consecutive waves); longitudinal lag-time analysis to determine characteristics that predicted
sustained use.

RESULTS—Initially, 5.5 % of men and 9.8 % of women were using benzodiazepines. Users
were significantly more likely than non-users to be women, less educated, report more depressive
and anxiety symptoms, use more prescription medications, have lower self-rated health, have
difficulty maintaining sleep, and less likely to consume alcohol. Approximately 50%, 44%, and
25% of these users aged 65-74. 75-84, and 85+ were sustained users at follow-up. Being female,
using two or more non-benzodiazepine prescription medications, and smoking were independently
associated with subsequent sustained benzodiazepine use.
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CONCLUSION—At the population level, women, smokers, and users of at least two prescription
drugs have elevated probabilities of sustaining benzodiazepine use once started. This information
can facilitate risk assessment and counseling of older adults before prescribing benzodiazepines.
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INTRODUCTION
Benzodiazepines are a class of compounds that increase activity at the gamma-aminobutyric
acid-A (GABAA) receptor activity via binding at the site of the benzodiazepine receptor.
Most are absorbed fully from the gastrointestinal tract and are hepatically metabolized.
Therapeutic indications include treatment of insomnia, generalized anxiety disorder, panic
disorder, and social phobia. They are also commonly used for acute agitation and as
adjunctive treatment for mania. Further uses include skeletal muscle relaxation and
adjunctive treatment for seizure disorders. Quickly absorbed benzodiazepines, such as
lorazepam, diazepam, and alprazolam, are often used for episodes of acute anxiety or for
insomnia. The half-life of these drugs vary from less than five hours (triazolam) to more
than 200 hours in the presence of long-acting metabolites (diazepam).1

Older adults are among the largest users of benzodiazepines, typically prescribed for sleep-
related difficulties and anxiety.2 Generally, benzodiazepines are indicated for short-term
symptom relief and have considerable potential efficacy when used in this manner.3
However, the use of benzodiazepines is not without its risks.4 Falls and cognitive
impairment are the most widely reported adverse effects with short-term use.5 Cognitive
decline, an increased risk of falls, and development of dependence have been shown with
longer-term benzodiazepine use.6-8 Although all long-term benzodiazepine use must begin
as short-term use, not all short-term use leads to long-term use. Therefore, clinicians’ ability
to assess older adults for risk of long term benzodiazepine use would be enhanced by
knowledge of patients’ characteristics predictive of sustained and chronic use.

Prior studies, typically cross-sectional, have found older age, female gender, and a larger
overall number of prescription medications to be associated with the prescription of
benzodiazepines.9, 10 However, cross-sectional studies do not allow models to test
covariate effects on long-term outcomes. Other epidemiologic studies have focused on
predictors of benzodiazepines therapy changes, such as dose changes or therapeutic
switching, and factors associated with either short or long term use.11, 12 In the context of a
population-based cohort study, we set out to identify factors that might be associated with
sustained benzodiazepine use.

METHODS
The Monongahela Valley Independent Elders Survey (MoVIES) was a prospective
epidemiologic study amongst older adults conducted from 1987-2002 in southwestern
Pennsylvania. Details of sampling and recruitment have been published previously.13 In
brief, we recruited an original cohort of 1,681 individuals who in 1987 were aged 65 and
older and living in the mid-Monongahela Valley, a largely rural, post-industrial area of
relatively low socioeconomic status. At the recruitment wave (Wave 1), the original cohort
had a mean (SD) age of 72.1 (5.9) years, was approximately 55% female, 97% white
(reflecting the elderly base population of the rural mid-Monongahela Valley), and had a
median educational level of high school graduate. We followed the cohort with repeated
biennial assessments until 2002.
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At each data collection wave, participants provided current prescription drug data including
medication being taken either regularly or only as needed. Data collected regarding over-
the-counter drug use are not reported here, as benzodiazepines are legally available only by
prescription. Drug names were confirmed by direct inspection of the medication bottles in
the home. The total number of prescription drugs that participants reported taking regularly
was used in these analyses as a measure of overall morbidity (including psychiatric
morbidity) at each wave.14 To avoid collinearity between benzodiazepine use and overall
prescription drug use, we excluded benzodiazepines when enumerating prescription drugs.
We did not attempt to ascertain history of previous medication use or duration of use of
current drugs. Alcohol and smoking data were collected starting in Wave 2, ascertaining
both current and lifetime use.

Prescription drugs were classified and sub-classified according to therapeutic category using
a scheme based on the American Hospital Formulary System (AHFS) .15 Among drugs
classified as sedative-hypnotic and anti-anxiety agents, those belonging to the
benzodiazepine class were identified for the current analysis. For these analyses, we
assumed sustained use when individuals reported using benzodiazepines at two consecutive
biennial waves.

Participants were assessed using the modified Center for Epidemiologic Studies-Depression
score (mCES-D) in which scores can range from 0-20 representing the number of depressive
symptoms experienced over most of the preceding week.16 As no separate anxiety scale was
administered, two mCES-D items (“I felt fearful” and “I was bothered by things that don’t
usually bother me”) were selected on the basis of face validity to serve as proxy
measurements for anxiety. To avoid collinearity between the overall mCES-D and the two
anxiety items within the same scale, we removed these two items and entered them as
separate covariates. Scores on the remaining items were summed and treated as a continuous
variable representing number of depression symptoms.

Potential explanatory variables examined included age, sex, education, total number of
prescription medications (categorized at the median as <2 or >=2), self-rated health (fair/
poor vs. good /excellent), ever smoked, current alcohol use, sleeping difficulties, the two
“anxiety” items from the mCES-D each examined separately, and the total of the remaining
mCES-D items.

Descriptive statistics used to characterize benzodiazepine users at Wave 2 included Chi-
square, Fisher’s exact test, or Mann-Whitney U test comparing the above characteristics
between users and non-users.

The outcome variable in the analytic model was “sustained” benzodiazepine use at two
consecutive waves. We combined data from multiple waves to investigate the associations
between the explanatory variables at each wave and sustained benzodiazepine use at the
subsequent two waves, using longitudinal lag-time models with generalized estimating
equations (GEE).17, 18 This method models the outcome variable at multiple time points
subsequent to the time the explanatory variable was measured, and adjusts for within-subject
correlations across measurement points. Thus, we examined variables at Wave 2 as
predictors of sustained benzodiazepine use at Waves 3 and 4, variables at Wave 3 to predict
sustained benzodiazepine use at Waves 4 and 5, etc. The explanatory variables were treated
as time-dependent covariates.

RESULTS
The original cohort consisted of 1,681 individuals. Current analyses begin with Wave 2 data
because several of the key variables were measured for the first time at this wave. At Waves
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2, 3, 4, 5, and 6 there were 1,342, 1,166, 1,017, 846, and 665 participants respectively.
Mortality was the main source of attrition, as would be expected in an aging cohort
(9%-15% between 2-year waves); dropouts, relocation, and other sources of attrition were
an average of 2.8% between waves (i.e., 1.4% per year).

Figure 1 includes both a frequency distribution and a graphic. The frequency of use and
sustained use is tabulated for each wave, overall and subdivided by age and gender. For
example, at Wave 2, there were 109 overall users of benzodiazepines and 50 sustained users
(i.e., individuals who reported using benzodiazepines at both Waves 2 and 3). The graphic
illustrates the various frequency patterns of individuals’ benzodiazepine use over the entire
study. Each column represents a wave (from left to right, Wave 1 through Wave 6); each
row represents a drug use pattern with the shaded cells indicating waves in which a
benzodiazepine was taken. The top row depicts subjects who did not take benzodiazepines at
any wave, totaling 1,215. The second row shows individuals who took benzodiazepines only
at Wave 1, but not at any subsequent wave (n=36). The third row represents individuals who
reported benzodiazepine use at two consecutive waves, Wave 1 and Wave 2 (n=18) but not
at Waves 3 to 6, and so on. Initially, 5.5 % of men and 9.8 % of women were using
benzodiazepines. Approximately 50%, 44%, and 25% of these users aged 65-74. 75-84, and
85+ were sustained users at follow-up.

Across waves, the two most commonly used benzodiazepines were alprazolam (22% - 37%)
and lorazepam (18% - 36%). Longer-acting benzodiazepines, such as clonazepam and
diazepam, were used less frequently (3% - 12%). Also of note, the proportion of individuals
using the sedative-hypnotic temazepam increased over time from 5.9% in 1987-1989 to
36.7% in 1998-2000.

Chi-square tests (Table 1) showed that benzodiazepine users at Wave 2 were significantly
more likely than non-users to be female, less highly educated, have more depressive
symptoms, report both anxiety symptoms, use more non-benzodiazepine prescription
medications, have lower self-rated health, and have more difficulty staying asleep. Users of
benzodiazepines at Wave 2 were also significantly less likely to consume alcohol. Notably,
no individuals taking benzodiazepines were also taking antidepressants.

As would be expected, benzodiazepine use at any wave was highly correlated with sustained
benzodiazepine use at subsequent waves (OR: 32.23; p<0.001). Given this high degree of
collinearity, current benzodiazepine use was not included in the multivariable model
predicting future use.

The longitudinal lag-time models revealed the factors at a given baseline wave X that
predicted sustained benzodiazepine use at the two subsequent waves X+1 and X+2 (Table
2). In the univariable (unadjusted) analyses, only three variables at baseline were
significantly associated with future sustained benzodiazepine use: female gender (p=0.001),
use of two or more prescription medications (p=0.002), and ever smoked (p=0.001). In the
multivariable model, adjusting for covariates using backwards stepwise selection, the same
three variables remained significant after adjustment and were independently associated
with subsequent sustained use: female gender (p=0.049), use of two or more prescription
medications (p=0.001), and ever smoked (p=0.01).

DISCUSSION
In this population-based epidemiologic study, benzodiazepine users at Wave 2 were
significantly more likely to be women, to consume alcohol less frequently, to be less
educated, to use more prescription drugs, and to report more depressive symptoms, anxiety
symptoms, poorer self-rated health, and difficulty staying asleep. In longitudinal lag-time
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analysis, sustained benzodiazepine use over two consecutive waves (four years) was
independently associated with female gender and two other variables at the preceding wave
two years earlier: use of two or more non-benzodiazepine prescription medications, and
smoking.

Our finding that women were significantly more likely than men to be sustained
benzodiazepine users has particular clinical relevance because of the increased falls risk
with benzodiazepine use and the elevated risk of fractures in elderly women.19 Sustained
users were also likely to be taking two or more other prescription medication, reflecting
greater medical (including psychiatric) burden and greater risk for anxiety disorders.20, 21
Those taking a greater number of medications are also at elevated risk of drug-drug
interactions, e.g., additive side effects of medications, such as sedation and confusion, and
also for delirium and agitation which can be mistaken for anxiety and lead to prescription of
benzodiazepines.22

We did not find an association between age and benzodiazepine use, perhaps because of the
age truncation of our cohort (65 and older) as was also the case in an elderly community
dwelling population in France.9 Prior studies which found benzodiazepine use to be
associated with age were conducted in individuals across the life span.23, 24 There also was
no association in our sample between self-reported depression symptoms and sustained
benzodiazepine use, although users were more likely than non-users to report presence of
the two “anxiety” questions in the unadjusted analyses. A previous study found that use of
sedative-hypnotic and anxiolytic medications was correlated with female gender, white race,
depressive symptoms, and poor self-rated health. The odds for using these medications and
being white in that biracial cohort were 4.7.25 Our cohort was almost entirely white.

Not surprisingly since benzodiazepines are commonly prescribed for insomnia, we found
sleep complaints reported more frequently by benzodiazepine users than non-users.
However, the significant difference was in sleep continuity disturbance (difficulty staying
asleep, or intermittent insomnia), rather than with difficulty falling asleep (initial insomnia).
Potentially, benzodiazepines can provide symptom relief for initial insomnia but cause REM
rebound leading to intermittent insomnia.26

Among our participants, a history of cigarette smoking was significantly associated with
sustained use of benzodiazepines. In the French community study, smoking was associated
with baseline benzodiazepine use, but not with sustained use.9 It is possible that smokers are
using cigarettes to self-medicate the same anxiety for which they are taking
benzodiazepines. Alternatively, the activating effects of nicotine could increase arousal and
anxiety levels, prompting benzodiazepine use. A Greek clinic-based study found an
association between benzodiazepine use and cigarette smoking, but it is unclear which began
first.27 We found no other studies suggesting that benzodiazepines were being used to
counter the activating effects of cigarette smoking.

A novel finding was that sustained users of benzodiazepines were less likely to report
alcohol consumption, in the unadjusted analyses. Potentially, alcohol and benzodiazepines
produce comparable effects on baseline anxiety and sleep, leading individuals to feel the
need for one or the other but not both.

Awareness of patients’ characteristics predicting long-term use patterns can inform
providers’ prescribing behavior. However, providers’ own characteristics, not examined in
our study, might also influence their prescription practices. Canadian studies have shown
that physicians who prescribe long-acting benzodiazepines for the elderly are themselves
likely to be older, to be generalists, and to practice in long-term-care settings.28 Further,
older specialist practitioners were more likely to prescribe long-acting benzodiazepines to
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male patients.29 Such information suggests possible physician demographics to target for
continuing medical education around benzodiazepine prescription.

Advantages of our study include the use of a large cohort of community-dwelling elderly
individuals in the United States who were followed at 2-year intervals for a period of up to
12 years. Since recruitment was based on age-stratified random sampling from the electoral
rolls of a stable population, the cohort is representative of the population from which it was
drawn; thus, results are generalizable to other populations of largely white older adults of
relatively low socioeconomic status. Our lag-time analytic models allowed us to identify
factors associated with future sustained use of benzodiazepines, adjusting for one another
and also for within-subject correlations across waves.

As these data were not primarily collected for the purposes of studying drug use as the
outcome, we had no data on drug abuse or dependence which are of growing importance as
the US population ages. Medication data were obtained via self-report and confirmatory
observation of the patient’s prescription bottles, but we were not able to assess adherence.
Further, we did not use an established anxiety measure but rather used two items from the
depression scale as proxies for anxiety. We assumed sustained use when individuals
reported using benzodiazepines at consecutive waves, but could not confirm whether their
use had in fact been continuous.

CONCLUSION
While there are considerable benefits to using benzodiazepines in treating a number of
conditions, practitioners also must maintain an awareness of the potential adverse effects,
especially in the elderly. Additionally, some insurance programs now impose significant
restrictions on the use of benzodiazepines or refuse to cover such medications. This is
particularly true of Medicare Part D, which excludes any coverage for benzodiazepines.30
Therefore, it is important for the prescriber to be aware of factors that may lead to sustained
use. Knowledge of characteristics that are associated with such use can be helpful to the
clinician when making decisions about starting or continuing an older adult on
benzodiazepines.
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Figure 1. Frequency of Baseline and Sustained Benzodiazepine Use at Each Wave
Each column represents a data collection wave (from left to right, Wave 1 through Wave 6);
each row represents a drug use pattern with the shaded cells indicating waves in which a
benzodiazepine was taken. For example: Row 1 indicates that 1215 participants reported no
benzodiazepine use throughout the study. Row 2 shows 36 individuals were taking
benzodiazepines at Wave 1 but not subsequently. Row 3 shows 18 participants were taking
benzodiazepines at both Waves 1 and 2, but not subsequently. Row 4 shows 3 individuals
were taking benzodiazepines at Wave 1 and Wave 3 only.
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