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Background: There is increasing recognition that the
use of certain medications contributes to falls in se-
niors. Our objective was to update a previously com-
pleted meta-analysis looking at the association of medi-
cation use and falling to include relevant drug classes and
new studies that have been completed since a previous
meta-analysis.

Methods: Studies were identified through a systematic
search of English-language articles published from 1996
to 2007. We identified studies that were completed on
patients older than 60 years, looking at the association
between medication use and falling. Bayesian methods
allowed us to combine the results of a previous meta-
analysis with new information to estimate updated
Bayesian odds ratios (ORs) and 95% credible intervals
(95% Crls)

Resvlts: Of 11 118 identified articles, 22 met our inclu-
sion criteria. Meta-analyses were completed on 9 unique
drug classes, including 79 081 participants, with the fol-
lowing Bayesian unadjusted OR estimates: antihyperten-
sive agents, OR, 1.24 (95% Cr1, 1.01-1.50); diuretics, OR,
1.07 (95% Crl, 1.01-1.14); B-blockers, OR, 1.01 (95%
Crl, 0.86-1.17); sedatives and hypnotics, OR, 1.47 (95%
Crl, 1.35-1.62); neuroleptics and antipsychotics, OR, 1.59

(95% Crl, 1.37-1.83); antidepressants, OR, 1.68 (95% Crl,
1.47-1.91); benzodiazepines, OR, 1.57 (95% CrI, 1.43-
1.72); narcotics, OR, 0.96 (95% Crl, 0.78-1.18); and non-
steroidal anti-inflammatory drugs, OR, 1.21 (95% Crl,
1.01-1.44). The updated Bayesian adjusted OR esti-
mates for diuretics, neuroleptics and antipsychotics, an-
tidepressants, and benzodiazepines were 0.99 (95% CrlI,
0.78-1.25), 1.39 (95% Crl1, 0.94-2.00), 1.36 (95% CrI,
1.13-1.76), and 1.41 (95% Crl, 1.20-1.71), respectively.
Stratification of studies had little effect on Bayesian OR
estimates, with only small differences in the stratified ORs
observed across population (for B-blockers and neuro-
leptics and antipsychotics) and study type (for sedatives
and hypnotics, benzodiazepines, and narcotics). An in-
creased likelihood of falling was estimated for the use of
sedatives and hypnotics, neuroleptics and antipsychot-
ics, antidepressants, benzodiazepines, and nonsteroidal
anti-inflammatory drugs in studies considered to have
“good” medication and falls ascertainment.

Conclusion: The use of sedatives and hypnotics, anti-
depressants, and benzodiazepines demonstrated a sig-

nificant association with falls in elderly individuals.
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ALLING IN ELDERLY PERSONS IS
a major, yet underrecog-
nized public health concern.
Falls and fall-related compli-
cations are the fifth leading
cause of death in the developed world, and
more than 30% percent of persons older
than 65 years will fall at least once annu-
ally.’” Furthermore, falls are the primary
reason for 85% of all injury-related admis-
sions to hospital® and for more than 40% of
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nursing home admissions.” The annual costs
associated with falls and fall-related com-
plications have been estimated to be in the
billions of dollars worldwide.®'° As a re-
sult, research examining the contributions

of different risk factors on falls and fall risks
is urgently needed.

Fall risk is multifactorial, with many in-
trinsic and extrinsic risk factors.’ Pre-
scribed medications are an important con-
tributor to falls and the risk of falling in
seniors. Several commonly used medica-
tions have been implicated in the prob-
ability of both falling and sustaining frac-
tures after a fall.'*"> However, determining
which medications contribute to falls and
which do not remains a clinical chal-
lenge. Although a number of studies have
assessed the association between specific
medications and medication classes on the
probability of experiencing 1 or more falls
during the time frame being studied, dif-
ferences in methods of study, setting,
power, and fall definitions have made it
difficult to conclusively state the impact
of the use of various medica tions on fall-
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ing. Also, although there is evi-
dence that certain medications are
associated with falls, the preva-
lence of prescribing of medications
to seniors has increased substan-
tially over the past decade.'

Using articles published be-
tween 1966 and 1996, Leipzig et
al™'® published 2 meta-analyses that
assessed the association between fall-
ing and the use of various medica-
tions in seniors. Subsequent to
Leipzig and colleagues’ meta-
analyses, Hartikainen et al'’ com-
pleted a systematic review describ-
ing studies published after 1996 that
examined the impact of medica-
tion use on falls but conducted no
formal statistical techniques to pool
these data. Our study provides a
quantitative update to the previous
meta-analyses of Leipzig and coau-
thors. We completed a Bayesian
meta-analysis incorporating the re-
sults of Leipzig and colleagues’ work
with new study data for medica-
tions that were previously as-
sessed. Furthermore, we sought to
complete meta-analyses on addi-
tional drug classes that were not
originally assessed by Leipzig and
colleagues.

B vemovs I

DATA SOURCES
AND SEARCHES

We conducted a computerized EBM,
CINAHL, EMBASE, and MEDLINE
search of literature published between
April 1996 and August 2007 to identify
all potentially eligible studies. The MeSH
term therapeutic uses, which encom-
passes all indexed classes of drugs and in-
dividual agents, was combined with the
MeSH terms accidental fall or home acci-
dent. All MeSH terms were expanded to
include all subheadings. Furthermore, the
MeSH terms epidemiology or pharmaco-
epidemiology were combined with acci-
dental fall or home accident to capture
studies in which exposure to drugs was
not the primary objective but may have
been a secondary objective. A similar al-
gorithm was applied in EMBASE. The
MeSH terms analgesic, anti-inflamma-
tory, antirheumatic, and antigout agents;
central nervous system agents; agents in-
teracting with transmitter, hormone, or
drug receptors; or cardiovascular agents
were combined with the MeSH terms ac-
cident, falling, or home accident. All terms
were expanded to capture all relevant ar-

ticles. All potentially eligible studies were
considered regardless of publication type.
All references of retrieved articles were
searched for potentially eligible studies.
Furthermore, leading investigators in the
area of falls in elderly people were con-
tacted to obtain studies that may have not
been captured with our search strategy.

STUDY SELECTION

Studies were considered eligible for in-
clusion if they presented original data of
randomized, controlled trial, case-
control, cohort, or cross-sectional de-
signs assessing the association between
medication use and falls in persons aged
60 years or older.

DATA EXTRACTION AND
QUALITY ASSESSMENT

Studies were assessed independently by
at least 2 authors (J.C.W. and/or M.W.,
B.P.,andJ.M.) for methodological qual-
ity using a published checklist by Downs
and Black,'® and disagreements were re-
solved by a third author (C.A.M.). Inad-
dition to the quality assessment check-
list,'® we also looked at the methods of
fall and medication ascertainment. Using
the criteria of Leipzig et al,”” a study that
ascertained medications at the time of
the fall and documented fall occur-
rence prospectively or from fall reports
was identified as having “good” medi-
cation and falls ascertainment, and a
study using any other method was iden-
tified as having “poor” medication and
falls ascertainment.

Many studies have evaluated out-
comes of several classes of drugs; there-
fore, 1 study could provide the risks for
several exposure types. All exposures
were required to be presented as the odds
ratios (ORs) associated with exposure or
nonexposure or as 2 X 2 tables of report-
ing falls by given exposure relative to
nonexposure along with 95% confi-
dence intervals (Cls). When these val-
ues were not published, the authors were
contacted to provide the necessary data
to calculate them. If the risks could not
be calculated, the exposure was ex-
cluded from final analysis. Additional in-
formation collected from the included
studies consisted of study type, study set-
ting (hospital or long-term care facility
vs community), mean age of the partici-
pants, time of medication ascertain-
ment, and method of fall ascertain-
ment. If provided, adjusted ORs and 95%
Cls and the covariates that were ad-
justed for were also extracted.

We compared the study-specific fall
definition with the Prevention of Falls
Network Europe (ProFaNE) fall defini-

tion. The ProFaNE fall definition of “an
unexpected event in which partici-
pants come to rest on the ground, floor,
or lower level”* is the current criterion
standard for fall definition and is rec-
ommended for use in fall injury preven-
tion trials. We also mirrored the meth-
odology of the meta-analysis by Leipzig
etal® by comparing each study’s fall defi-
nition with the Kellogg Working Group’s
fall definition. The Kellogg fall defini-
tion is different from the ProFaNE fall
definition because it excludes those falls
that are “a consequence of sustaining a
violent blow, loss of consciousness, sud-
den onset of paralysis as in a stroke, or
an epileptic seizure.”*

DATA SYNTHESIS
AND ANALYSIS

Our primary method for the assess-
ment of medication risk was through
pooled OR estimates updated using
Bayesian meta-analysis methodology.
Using Bayesian random-effects models
allowed the integration of prior infor-
mation with newly available informa-
tion to provide a posterior OR estimate
with a 95% credible interval (Crl) (the
Bayesian equivalent to the frequentist
CI). These methods have been identi-
fied as having a number of advantages
over the frequentist methods of meta-
analysis, such as the ability to adjust for
greater uncertainty and complexity of is-
sues, while incorporating pertinent or
prior known information regarding the
association to be assessed.?* The Bayesian
results also allow us to make probabi-
listic statements about the effect size; ie,
we are able to answer the following ques-
tion: “Given the observed data, what is
the probability that medication use in-
creases the chances of falling?”

Using the fixed-effects pooled re-
sults from the previous meta-analyses
completed by Leipzig et al'>'® as prior
unadjusted ORs, we calculated up-
dated Bayesian pooled estimates of the
ORs for the impact of medication use on
the likelihood of falling during the study
period. The reported ORs for each study
were assumed to follow a log-normal dis-
tribution, and the between-study preci-
sion was modeled using a vague prior
with a vy distribution. The prior is suit-
ably vague as it has a large variance to
represent a lack of information about the
possible heterogeneity between studies
and is a commonly chosen prior for the
between-study precision.?? For medica-
tion classes not assessed by Leipzig and
colleagues, we used a noninformative
prior with alog-normal distribution cen-
tered at 0, with a wide variance (1000)
to reflect the lack of previous evidence.
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251 EBM
2511 CINAHL
4261 EMBASE
4087 MEDLINE
8 Cochrane database

11118 References identified from initial search

11065 Studies excluded

« Article did not look at the association
between medication use and risk of falling

« Article with data from before 1996

« Participants younger than 60 years

53 Studies considered and assessed
for meta-analysis

31 Studies excluded
« Insufficient data results
« Inappropriate study design

22 Studies included in the meta-analysis

Figure 1. Flow diagram of study selection process.

Although Leipzig et al'>'° reported the
results of fixed-effects meta-analyses, they
found evidence of heterogeneity in the
medication classes of sedatives and hyp-
notics and neuroleptics and antipsychot-
ics. Ideally, a random-effects meta-
analysis would have been performed for
these classes to make allowance for the be-
tween- and within-study variability and
would have had the effect of reducing the
relative weighting that is given to the more
precise studies. Therefore, as we were
skeptical about the fixed-effects pooled es-
timates for sedatives and hypnotics and
neuroleptics and antipsychotics, we also
performed a sensitivity analysis in which
we inflated the variance of the fixed-
effects estimate to 5 times its original vari-
ance as a prior estimate, thus giving it less
weight in the Bayesian analysis. To pro-
vide a contrast to the Bayesian results and
a comparison to Leipzig and coauthors’
previous findings, we also estimated
pooled frequentist ORs and 95% ClIs for
the newly identified studies using random-
effects models by weighting each study by
the inverse of its variance.

Meta-analyses were performed on
those medication classes with 4 or more
published studies that were completed in
the period 1996 to 2007. Also, pooled re-
sults were estimated by subgroups of
studies defined by residential type (long-
term care, community, or other), falling
frequency (>35% or <35%), age of par-
ticipants (mean age >75 years or <75
years), ascertainment of medications and
falls (good or poor), and study design (co-
hort, case-control, or cross-sectional).
When there were only 1 or 2 new stud-
ies, owing to instability in the Bayesian
models, frequentist random-effects in-
verse-variance models were used to pro-
vide a pooled OR only. Bayesian poste-
rior-adjusted ORs were also estimated for
those medication classes with 4 or more

studies providing adjusted ORs and 95%
Cls. WinBUGS version 1.4 (Medical Re-
search Council Biostatistics Unit, Cam-
bridge, England) was used to perform the
Bayesian analyses with 2 separate chains
with 10 000 Markov chain Monte Carlo
iterations completed for each medica-
tion class.

- BT

As shown in Figure 1, our search
strategy identified 11 118 articles, 22
of which were used in our meta-
analyses. Of the 22 studies that met
our inclusion criteria, none were ran-
domized, controlled trials. Table 1
presents a summary of the medica-
tions that were assessed in each in-
cluded study,”* while Table 2 dis-
plays the specific settings, size, and
characteristics of populations, as well
as the temporal relationships be-
tween medication ascertainment, falls
ascertainment, and index fall.>>* Of
the observational studies assessed, 10
were cohort studies,?>? 5 were case-
control studies,*>*” and 7 were cross-
sectional studies.’®** Of the cohort
studies, 8 were prospective cohort
studies?* with follow-up ranging
from 6 months®? to 37.8 months,*
with all other prospective cohort stud-
ies using a 1-year follow-up interval.
The definition of a fall used in 3 of the
analyses®** was that of the Kel-
logg working group,* while 9 of the
analyses?®303+3039418 yged a fall defi-
nition similar to that of the ProFaNE
group.' Six studies were considered
to have good medication or falls as-
certainment.?>#+37:40

The meta-analyses, which in-
cluded 79081 participants, were
completed on 9 unique drug classes.
For each drug class assessed,
Figure 2 shows the ORs and 95%
Cls for each independent study
alongside the associated frequen-
tist random-effects pooled ORs with
95% Cls and the Bayesian pooled
ORs, with 95% Crls updated from
the prior information.?*3%33* The
use of antidepressants had the stron-
gest association with a fall experi-
ence, with an updated Bayesian OR
of 1.68 (95% Crl,1.47-1.91). The
lowest OR point estimate was for the
narcotics class, with a pooled OR of
0.96 (95% CrI, 0.78-1.18).

In many cases, our updated
Bayesian estimates were similar to
the prior OR estimates by Leipzig et
al.’>!° However, one notable excep-
tion was the B-blocker drug class,
with a previous OR estimate of 0.93
(95% CI1,0.77-1.11), a new frequen-
tist OR estimate of 1.14 (95% ClI,
0.97-1.33), and an updated Bayesian
OR of 1.01 (95% Crl, 0.86-1.17).
The difference between the prior OR
and the new frequentist OR was
close to statistical significance
(P=.05). In many cases, the prior OR
differed from the new frequentist OR
estimates, although the differences
were not statistically significant
(P>.05). Antihypertensives were
not included in the previous meta-
analysis by Leipzig et al,”>'° and the
use of a “noninformative” prior in
the Bayesian update resulted in a
positive association with falling (OR,
1.24:95% Crl1, 1.01-1.50), similar to
the frequentist random-effects re-
sult (OR, 1.26;95% CI, 1.08-1.46).

The use of sedatives and hypnot-
ics and neuroleptics and antipsy-
chotics was associated with falling
(OR, 1.47;95% CrI, 1.35-1.62; and
OR, 1.59; 95% Crl, 1.37-1.83, re-
spectively) when the fixed-effects es-
timate from Leipzig and colleagues
was used as a prior. The conclu-
sions did not differ when the skep-
tical priors (variance inflated by a
factor of 5) of 1.54 (95% CI, 1.24-
1.91) and 1.50 (95% CI, 1.00-2.24)
were used instead, as they resulted
in Bayesian pooled estimates of 1.38
(95% Crl, 1.22-1.60) and 1.68 (95%
Crl, 1.36-2.07), respectively.

The between-study variance es-
timated by the Bayesian models for
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Table 1. Drugs and Studies Included in the Meta-analysis

Source

Antihypertensives Diuretics [B-Blockers

Sedatives/ Neuroleptics/

Hypnotics  Antipsychotics Antidepressants Benzodiazepines Analgesics NSAIDs

Arfken et al,® 2001

Avidan et al,> 2005

Chu et al, 2005 X
de Rekeneire et al,* 2003
Ebly et al,*® 1997

Ensrud et al,® 2002
Fisher et al,** 2003

Frels et al,** 2002
Gerdhem et al,?” 2005
Gluck et al,* 1996
Hanlon et al,*' 2002
Kallin et al,° 2004

Landi et al,*' 2005
Lawlor et al,? 2003

Lee et al,** 2006

Neutel et al,* 2002
Passaro et al,® 2000
Rozenfeld et al,* 2003 X
Tromp et al,® 1998 X
Tromp et al,*° 2001

Walker et al,” 2005

Weiner et al,*? 1998

> X X

>

X > X X

X, A

X, A
X
X
X
X
X X, A
X, A X, A
X, A
X, A
X X
X
X, A
A

X

X, A

X, A

Narcotic
X, A
X X
X, A X, A
X, A
X
A A
X X X
X, A
X, A
X, A
X
X, A
X, A X, A X, A
A

Abbreviations: A, adjusted odds ratio (OR) provided (see Table 2 for list of confounders adjusted for); NSAIDs, nonsteroidal anti-inflammatory drugs; X, crude

OR or data to calculate crude OR provided.

the new studies was 0.29 for nar-
cotics, 0.03 for antidepressants, and
0.01 for nonsteroidal anti-inflam-
matory drugs, and it was less than
0.006 for the remaining 6 drug
classes. The evidence of consider-
able heterogeneity between the new
narcotic studies was mainly attrib-
utable to the study by Walker et al,*
who reported a protective associa-
tion with falling.

Stratification of the studies by par-
ticipants residing in a long-term care
facility or community or other type
of residence, the percentage of fall-
ers greater than 35%, mean age of par-
ticipants older than 75 years, ascer-
tainment of medications and falls
(retrospective or prospective), or
study design had little effect on the
Bayesian OR estimates (Table 3). A
few differences in the stratified ORs
were observed, particularly across
populations (in B-blockers and neu-
roleptics and antipsychotics) and
study types (in sedatives and hyp-
notics, benzodiazepines, and narcot-
ics). An increased likelihood of fall-
ing (ie, the entire 95% Crl >1) was
estimated for the medication classes
of sedatives and hypnotics, neuro-
leptics and antipsychotics, antide-
pressants, benzodiazepines, and non-
steroidal anti-inflammatory drugs for
those studies considered to have good
medication and falls ascertainment.

A subset of studies provided ad-

justed ORs for the drug classes
included in this meta-analysis
(Table 1). Most of these studies ad-
justed for age, sex, and comorbidi-
ties, while disability, cognition, pre-
vious falls, and other medications
were also commonly adjusted for
(Table 2). The updated Bayesian pos-
terior ORs for diuretics, neurolep-
tics and antipsychotics, antidepres-
sants, and benzodiazepines using a
prior estimate of 1.85 (95% CI, 1.20-
2.85) for antidepressants from the
meta-analyses by Leipzig et al'>!® and
a noninformative prior for the rest
were 0.99 (95% Cr1,0.78-1.25),1.39
(95% Cr1,0.94-2.00), 1.36 (95% Cr1,
1.13-1.76),and 1.41 (95% CrI, 1.20-
1 71)’ respectively.2630»32,34,36»38,40—43

- EESIETEE

Using Bayesian methodology, we
completed one of the first meta-
analyses to use informed priors in
our OR calculations. By incorporat-
ing the results of previous meta-
analyses by Leipzig et al,'”'® our OR
estimates provided a needed up-
date of the association between falls
and 9 different medication classes.
We also estimated frequentist pooled
ORs to measure the association be-
tween falls and medication classes
using research completed since 1996
for comparison to the Bayesian es-

timates. Our results extend the cur-
rent knowledge on specific medica-
tion classes’ impact on the risk of
falls, while complementing previ-
ous meta-analyses and systematic re-
views that incorporated research
completed before 1996 and 2004,
respectively.> !

The use of diuretics was associ-
ated with increased fall risk in the
unadjusted meta-analysis but not
when it was adjusted for covari-
ates. For the other cardiac drug
classes, antihypertensives were as-
sociated with falling, and although
the OR point estimate for -
blockers was greater than 1, the pos-
terior probability that their use in-
creased the risk of falling was 55%.
Also of note was the difference be-
tween the prior and the new infor-
mation regarding the B-blocker class,
which led to a combined updated
Bayesian estimate of no association
with falling. We also noticed that the
post-1996 studies had a higher
prevalence of 3-blocker use than that
reported by Leipzig et al.'®

This meta-analysis also showed
that psychotropic drugs were asso-
ciated with increased falls. The over-
all pooled Bayesian OR estimate and
the sensitivity analyses undertaken
on the sedatives and hypnotics, an-
tidepressants, and benzodiazepine
classes revealed that their use sub-
stantially increased the likelihood of
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Table 2. Study Characteristics
Years and Method and
Duration Mean Time of Recall Time
of Data No. of Age, Medication of Fall Study Confounders
Source Setting Collection Participants y Drugs Ascertainment Ascertainment Design Adjusted
Arfkan et al®® Long-term 1995 (mean of 3 mo) 368 81 Ad Baseline Incident report  Cohort NA
care facility
Avidan et al** Long-term 2001 (150-210 d) 34163 84 Se Baseline Recall (180d)  Cohort A,G, Adl, Cp,
care facility Rug, Boi, V,
B, M, Ed,
Altc
Chu et al® Community 1998-1999 (12 mo) 1516 73 Hy, Se Baseline Recall (2 mo)  Cohort NA
de Rekeneire et al*® Community 1997-1998 (12 mo) 3050 70-79 B Interview Recall (12 mo) Cross-sectional A, R, Ss, BMI,
Ui, Wt, B, C,
Lm
Ebly et al*® Community 1991-1992 (not stated) 2035 80  Ad,B,N,Na Interview Recall (not Cross-sectional NA
stated)
Ensrud et al*® Community 1992-1994 (12 mo) 8127 77  Ad, B, Na Interview Recall (4 mo)  Cohort A, G, Sr, Mc,
Fp, Di, F, De,
We, C, 0e?
Fisher et al*®® Long-term Not stated (12 mo) 119 87 Be, D, Hy Baseline Incident report  Case-control NA
care facility
Frels et al** Hospital, acute Not stated (4 mo) 362 73 B, D, Hy At fall Incident report  Case-control A G, S, He, F,
medical Dis, Ma
Gerdhem et al*” Community 1995-1999 (12 mo) 978 75 D, Hy Baseline Recall (12 mo) Cohort NA
Gluck et al* Hospital, acute Not stated 100 84  Ad,D, At fall Incident report  Case-control ~ Matched on A
medical NSAID, and G
Se
Hanlon et al®' Community 1989-1990 (12 mo) 2996 72 B,D Interview Recall (12 mo) Cohort A G, R, E, In,
U, 0, Alc,
Sm, De,
Nag, Art, Di,
Fr, SI, Ui, Sr,
Red, Opsy
Kallin et al* Long-term 2000 (1 wk) 3604 83 Ad, B, Be, D, Atfall Incident report  Cross-sectional A, G, F, G, W, P,
care facility N, Na, Cp
NSAID
Landi et al*! Community 2000-2002 (90 d) 2854 77  Ad,B,N, Se Interview Recall (90 d) Cross-sectional A, G, Mc, De,
Adl, Cp, Fp,
Wa, G, Fof
Lawlor et al*? Community Not stated (12 mo) 4050 69  Ad, Se Interview Recall (12 mo) Cross-sectional A, BMI, Hg,
Cd, Di, Td,
As, De, V,
Art, Alc, Soc
Lee et al*® Community 2001-2003 (12 mo) 4000 72 Be, D, Interview Recall (12 mo) Cross-sectional A, G, V, He,
NSAID Lmp, Di, S,
Sr, SIn, M
Neutel et al*® Long-term 1995-1996 (12 mo) 227  80-90 Ad,B,D At fall Incident report  Case-control A, G, LOS, Pr,
care facility Cp, M
Passaro et al*® Hospital, acute  1991-1993 (8 mo) 7908  65-80 B At fall Incident report  Cohort NA
medical
Rozenfeld et al* Community 1996 (12 mo) 631 69  Be, D, Hy, Se Interview Recall (12 mo) Cross-sectional NA
Tromp et al 19982 Community 1992-1995 (38 mo) 1370 73 Hy, Se Baseline Recall (12 mo) Cohort NA
Tromp et al 2001%°  Community 1995-1996 (12 mo) 1285 7% B Baseline Recall (daily)®  Cohort U FV
Walker et al*’ Hospital, acute 2002 (12 mo) 124 74  Ad,B,D,N, Atfall Incident report  Case-control A, G, Aci, Art,
medical Na, Chf, Cp, Fp,
NSAID Hip, F, V,
Ga, Peri, S,
Sur, U
Weiner et al*? Community Not stated (6 mo) 305 744 B, N, Na Baseline Recall (daily)®  Cohort A, Cp, De, Mo

Drug Abbreviations: Ad, antidepressants; B, benzodiazepines; Be, B-blockers; D, diuretics; Hy, antihypertensives; N, neuroleptics; Na, narcotic analgesics;
NSAID, nonsteroidal anti-inflammatory drugs; Se, sedative hypnotics.

Confounder Abbreviations: A, age; Aci, acute illness or infection; Adl, activities of daily living level of impairment; Alc, heavy alcohol consumption; Altc, admission to
LTC; Art, arthritis; As, asthma or bronchitis; B, balance test score; BMI, body mass index; Boi, burden of iliness; C, difficulty/ability to rise from chair; Cd, circulatory
disease; Chf, congestive heart failure; Cp, cognitive performance or impairment; De, depression; Di, diabetes; Dis, disoriented; E, education; Ed, emergency department
visit; F, previous falls; Fof, reported fear of falling; Fp, foot problems; Fr, broken bones; G, gender; Ga, gait speed or problems; Hc, additional health conditions; He, heart
disease; Hg, hemoglobin concentration; Hip, hip fracture; Hs, health status; In, income; Lm, leg muscle strength; Lmp, lower muscular pain; LOS, length of stay;

M, number of medications/presence of polypharmacy; Ma, requires maximum assistance while in hospital; Mc, medical conditions; Mo, mobility issues; NA, not
applicable; Nag, Nagi disability; O, overweight; Oe, oral estrogen use; Opsy, other psychotropic drug use; P, reports pain; Peri, peripheral neuropathy;

Pr, programs/intensity of care provided to individual; R, race; Red, reduced activities; Rug, resource use group; S, previous stroke; Sl, sleeping problems; Sin, stride
length; Sm, smoking status; Soc, adult social class; Sr, self-rated health; Ss, study site; Sur, surgery or anesthesia; Td, thyroid disease; U, underweight; Ui, urinary
continence issues; V, vision problems; W, walks with helper; Wa, wandering; Wc, weight change; Wt, 6-m walk time.

2Ensrud et al®® used Oe only for the adjusted odds ratio for Ad.

bTromp et al*®® used daily completed falls calendars collected every 3 months for ascertainment of falls.

CWeiner et al*? used daily completed falls calendars collected every 30 days for ascertainment of falls
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Chu et al,?5 2005
Gluck et al,* 1996
Landi et al,*' 2005
Lawlor et al,* 2003
Rozenfeld et al,*4 2003
Tromp et al,%® 1998

Prior evidence
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estimate

Random-effects
pooled estimate
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de Rekeneire et al,*¢ 2003
Ebly et al, 3 1997
Ensrud et al,?® 2002
Frels et al, 3 2002
Kallin et al,*0 2004
Landi et al,*' 2005
Lee et al,* 2006
Neutel et al,%6 2002
Passaro et al,?® 2000
Tromp et al,* 2001
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m 1.54 (1.40-1.70) Prior evidence E 3 1.50 (1.25-1.79)  Prior evidence = 1.66 (1.41-1.95)
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Figure 2. Medications and falls: meta-analysis results.?*#* Odds ratios and 95% credible intervals or 95% confidence intervals on a logarithmic scale for individual
or pooled study data for each class of medication. Qutcome is occurrence of at least 1 fall. NSAIDs indicates nonsteroidal anti-inflammatory drugs.

falls. Although neuroleptics and an-

tipsychotics were

falling in the main unadjusted re-
sults of the meta-analysis, after
adjustment for other confounders
they were not statistically associated
with falling. In contrast to the re-
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An important consideration when
estimating the level of association be-
tween specific medication use and
falling is the impact of and adjust-
ment for confounding, specifically
confounding by indication. In a
study of association between medi-

sults of Leipzig et al,”>'® who sug-
gested that hospitalized patients who
used neuroleptics or antipsychotics
would have fewer falls, we observed
no such association between the use
of neuroleptics and antipsychotics and
falls in that setting.

associated with
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Table 3. Pooled Bayesian Odds Ratios and Subgroup Sensitivity Analysis
Antihypertensives Diuretics B-Blockers Sedatives/Hypnotics
Study Characteristic INo.a OR (95% ClI) b No.? OR (95% Cl) I INo.a OR (95% CI) b No.2 OR (95% ClI) I
No. of subjects 4976 10145 8354 44 684
No. taking drug 1482 2374 1432 1737
All studies 6 1.24(1.01-1.50) 9 1.07 (1.01-1.14) 4 1.01(0.86-1.17) 7 1.47(1.35-1.62)
Population
Community 4 1.29(1.00-1.65) 3 1.08(1.01-1.16) 2 0.98(0.79-1.18)0 5 1.0 (1.36-1.67)
<35% Fallers 3 1.34(0.93-1.91) 2 1.09(1.00-1.17) 1 0.94(0.75-1.16) 3 1.62(1.44-1.84)°
=35% Fallers 1 1.11(0.78-1.58)°¢ 1 1.04(0.87-1.24) 1 1.13(0.72-1.70) 2 1.22(1.00-1.48)P
Long-term care 1 0.80(0.40-1.60)¢ 3 1.02(0.84-1.25) 2 1.18(0.83-1.88)P 1 1.38(1.14-1.74)
Other 1 1.19(0.77-1.83)°¢ 3 1.06 (0.82-1.38) 0 0.43(0.19-0.97)° 1 1.56 (1.19-2.05)
Mean age of study subjects, y
=75 4 1.33(1.03-1.68) 4 1.11(1.03-1.20)° 2 0.93(0.71-1.18) 4 1.54(1.39-1.72)
>75 2 1.04(0.79-1.38)° 5 0.96 (0.84-1.08)P 2 1.02(0.81-1.28) 3 1.37(1.19-1.60)
Medication/falls ascertainment
Good 1 1.19(0.77-1.83)° 5 1.04(0.89-1.23) 1 0.87 (0.69-1.07) 1 1.66 (1.25-2.22)
Poor 5 1.24(0.97-1.54) 4 1.09(1.02-1.16) 3 1.02(0.84-1.21) 6 1.43(1.30-1.58)
Study type
Case-control 2 1.09(0.80-1.50)¢ 5 1.11(0.94-1.32) 1 0.87 (0.55-1.37) 1 1.62(1.31-2.00)0
Cohort 3 1.34(0.93-1.91) 1 1.05(0.97-1.15) 0 1.00(0.78-1.30) 3 1.24(1.05-1 .45)b
Cross-sectional 1 1.11(0.78-1.58)°¢ 3 1.11(1.00-1.24) 3 1.02(0.79-1.24) 3 1.56(1.39-1.76)°

Abbreviations: Cl, confidence interval; OR, odds ratio.

2Refers to new studies only.

bGreater than 95% posterior probability that the difference between ORs is greater than 0.
CAttained by random-effects inverse-variance model (frequentist) owing to unstable Bayesian model.

cation use and falling, confound-
ing by indication can occur when the
medication class assessed is a marker
for a clinical diagnosis that in itself
changes the risk of experiencing a
fall and also requires treatment with
the medication being assessed.” Ad-
justment for confounding by indi-
cation is usually completed by the
use of propensity score methods.
Propensity scores can estimate the
probability of exposure and permit
the matching of individuals across
groups with similar propensity
scores or probabilities of exposure
and are thought to be most appro-
priate when the treatment is fre-
quent, with rare outcomes.*** Mul-
tivariable modeling incorporates
potential confounders into regres-
sion analysis to estimate adjusted
measures of association. However,
the results are dependent on the po-
tential confounders that are in-
cluded in the regression models.*
None of the studies included in the
meta-analysis used propensity score
matching to control for confound-
ing by indication, yet many in-
cluded multivariable modeling and
reported adjusted ORs. However, re-
cent evidence suggests that similar
results are often achieved using con-
ventional multivariable models as
compared with propensity score

methods.*” Reassuringly, we found
that the pooled adjusted ORs were
similar to the unadjusted ORs, lead-
ing us to conclude that the role of
confounding was quite small in this
regard.

During our search for relevant ar-
ticles, we identified 6 studies that re-
ported an unadjusted hazard ratio
(HR) or relative risk (RR)*% and 4
studies that reported an adjusted HR
or RR*¥495%5 for a specific medica-
tion class included in this meta-
analysis and its association with fall-
ing. The high incidence of falling in
elderly persons did not allow us to
compare the reported RRs and HRs
with the OR estimates of the other
identified studies and could not be
included in the main meta-analy-
sis. Furthermore, there were too few
of these studies reporting on the
same medication class to pool their
results. However, the individual
studies’ adjusted and unadjusted HR
estimates and our OR estimates re-
sulted in similar conclusions.

Also, it should be noted that the
number of participants included in
the studies completed after 1996 was
generally greater than that included
in Leipzig and colleagues’’ initial
meta-analysis of psychotropics. This
increase in study sample sizes could
be partly attributed either to a larger

population available for assessment
owing to increased prevalence of dis-
eases requiring psychotropic treat-
ment or to increased prescription of
these types of drugs or to a combina-
tion of both. We observed a slight in-
crease in the percentage of partici-
pants who were taking each
psychotropic in the studies com-
pleted after 1996 when compared
with the studies completed before
1996 and included in the meta-
analysis by Leipzig et al.'> The single
exception to this trend of increased
proportion of psychotropic use in
studies completed after 1996 was in
the sedatives and hypnotics drug class.
However, if the larger sample sizes are
a result of increased prevalence of
conditions for which psychotropics
are indicated, it is possible that the re-
sults are confounded by indication, as
many of these conditions them-
selves are associated with an in-
creased likelihood of falling.

A primary strength of our study
is the use of Bayesian meta-
analyses, which allowed us to incor-
porate information from the previ-
ous meta-analysis with the more
recently completed studies to evalu-
ate the level of association between
drug classes and experiencing a fall.
Bayesian methodology also allows us
to make statements about the prob-
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ability that the ORs are greater than
1 in cases in which the associated 95%
Crlincludes 1. Although using a fre-
quentist random-effects model to pool
all of the new studies and either the
old studies or the Leipzig and col-
leagues’ pooled estimate would give
similar estimates to the Bayesian
methods, the Bayesian methodology
permits the between-study variance
to differ from Leipzig and col-
leagues’ studies and the new studies,
taking into account the fact that dif-
ferent types of evidence are being syn-
thesized.”* The Bayesian methodol-
ogy also allows greater uncertainty
than the frequentist approach, as both
the overall population effect and the
between-study precision in the ran-
dom-effects meta-analyses are esti-
mated by the data.”®

A limitation of our meta-
analysis is that relatively few stud-
ies met our inclusion criteria of using
falls as an outcome. Although the
number of new studies included was
small for every drug class assessed
besides diuretics, the total number
of additional participants included
in the meta-analysis was greater than
that in the previous meta-analyses
by Leipzig et al.">!'® A second limi-
tation is the method of falls and
medication ascertainment in many
of the studies. Using the previously
mentioned methodology of Leipzig
etal, > 16 of the studies were noted
to be of poor quality when the tim-
ing and the reporting method of the
falls and the medications used by
study participants at the time of the
fall were considered.

Medications are identified as a
preventable risk factor for falling, yet
only 1 randomized controlled trial
has looked at the impact of with-
drawing medications from a popu-
lation of users and the impact on
falls.>” Although that study showed
that the removal of psychotropics
canreduce the probability that an in-
dividual would fall,”” to our knowl-
edge no other randomized con-
trolled trials have assessed the impact
of introduction or withdrawal of spe-
cific medication classes on falls in el-
derly persons. Given the divergent
results shown by some observa-
tional assessments within specific
medication classes,'”!¢ the results of
our meta-analysis reiterate the need
for caution when prescribing these

medications to seniors. It is hoped
that future research in this area can
be completed with larger sample
sizes in both community and long-
term care facility settings and thus
improve the quality of information
about fall risks that is available to
physicians and pharmacists when
they are deciding which types of
pharmacotherapy to provide.
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