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ABSTRACT 

The purpose of this systematic review is to summarize infor-
mation about the impact different classes of medications and 
polypharmacy have on recurrent falls, defined as two or more 
falls in a 12-month period, in community-dwelling older adults. 
After adjustment for confounders such as age, gender, weight 
or depression symptoms, the reviewed studies suggested that 
older adults who use antidepressants, sedatives or hypnotics and 
anti-epileptics were more likely to experience recurrent falls 
than non-users. Polypharmacy (use of four or more prescrip-
tion medications daily) caused 1.5–2 times higher possibility 
of recurrent falls in older adults. As a high-risk group, recur-
rent fallers require meaningful intervention. Medications are 
believed to be a modifiable risk factor in falls prevention; hence, 
special consideration should be taken to balance the benefit and 
harm in initiating, continuing or increasing certain classes of 
medications in elderly recurrent fallers. 

Key words: recurrent falls, medications, drugs, polypharmacy, 
older adults

INTRODUCTION 

Falls can be influential occurrences that cause serious con-
sequences to elderly people physically, psychologically, and 
economically. Approximately 28–35% of community-dwell-
ing elderly people, aged 65 years and over, fall each year.(1) 
About 25% of elderly people who are 80 years and older fall 
at least twice annually,(2-4) which imposes substantial cost to 
the public health system and social services. In Canada, the 
physical and mental consequences caused by falls lead to a 
financial cost of about $2 billion a year.(5) More alarmingly, 
the number of fall-related deaths increased by 65% from 
2003 to 2008.(5) 

The American Geriatrics Society and British Geriatrics 
Society have recommended that an investigation on falling 
two or more times in the past 12 months should be a first 

screening step in identifying fallers who are in need of in-
tervention.(2) Compared with non-fallers and those who only 
fall sporadically, recurrent fallers demonstrate less confidence 
in their ability to perform daily activities, claim more loss 
of independence, report greater fear of falling, and have an 
increasing likelihood of admission to a nursing home.(2,6,7) 
However, relatively small numbers of studies focused on 
the mechanism and prevention strategies for recurrent falls. 
Several studies suggested that some classes of medications, 
such as antidepressants, sedatives,(8,9) and polypharmacy,(10,11) 
show significant association with recurrent falls of communi-
ty-dwelling older adults. Since inappropriate prescription is 
common among elderly people,(12) reduction or withdrawal 
of certain classes of medications might be a feasible and ef-
fective way to decrease the risk of recurrent falling. Other 
non-pharmacological treatments, such as acupuncture, psy-
chological or supportive counselling, and exercises, were 
suggested as a substitute for prescription medications known 
to lead to recurrent falls among older adults.(13-15) 

The purpose of this systematic literature review is to 
summarize findings from studies that explored the association 
between different classes of medication and polypharmacy and 
the risk of recurrent falls in people who are 65 years old and 
over and living in community. The goal of this review is to 
enhance the medical physicians’ and pharmacists’ awareness 
of certain medication classes which may lead to an increased 
risk of fall recurrences. Even if a total withdrawal of these 
medications is contradictory in some clinical scenarios, a care-
ful and in-depth consideration on the selection of medications 
could be beneficial to elderly people who might be in high 
risk of recurrent falls.

METHODS

Searching Strategy

This systematic review consists of articles identified by 
searching four online databases, namely CINAHL, EMBASE, 
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PubMed, and Scopus. Three search themes were combined by 
the Boolean operator “AND”. The first theme, “recurrent falls”, 
combined in title/abstract recurrent fall* or frequent fall* or 
multiple fall* or repeated fall*. The second theme, “elderly”, 
combined in title/abstract aged, or older adult*, or geriatric*, or 
elderly, or senior*. The third theme, “medications” combined 
in medication*, or drug*, or polypharmacy, or Medical Subject 
Heading [MeSH] pharmaceutical preparations. 

After extracting articles through the initial search strat-
egy, the authors identified the need to include subgroups 
of medication in the search terms. Papers extracted in the 
first round of searching were used to identify 18 specific 
classes of medications associated with recurrent falls. These 
subclasses of medications were applied during the second 
round of searching using an ‘OR’ Boolean operator. They 
were: ophthalmological*, nasal preparation*, anti-epileptic*, 
analgesic*, anesthetic*, antibacterial*, beta block*, diuretic*, 
anti-anemic, laxative*, antithrombotic*, anti-Parkinsonian, 
antiarrhythmic*, antihypertensive*, sedative*, hypnotic*, 
anxiolytic*, and antidepressant*. Filters were activated to 
focus on studies with human subjects, published in English, 
with no time constraints.

Selection Criteria

After the literature search was completed and duplicates were 
removed, the titles and abstracts were reviewed to select the 
articles that met the following inclusion criteria: (a) used a fall 
or recurrent falls as an outcome; (b) focused on the association 
between recurrent falls and medications; and (c) used sample 
population of older adults age 65 years or older. From the title 
and abstract information, papers which did not meet the above 
criteria were excluded. During full-text review of the remain-
ing papers, detailed eligibility criteria were applied. Studies 
were included if they: 1) provided a definition of recurrent 
falls, 2) applied adjustment or control for confounders, 3) used 
ORs (odds ratio) or IRRs (incident rate ratios) together with 
CIs (confidence intervals) as the outcome measures, and 4) 
focused on community-dwelling older adults.

Finally, 18 papers were deemed appropriate for inclusion 
in this literature review. For information that was not provided 
or was unclear in the selected articles, two authors were con-
tacted by email. One author provided information about the 
mean age and the percentage of the female participants,(16) 
and one author answered the question about the length of their 
follow-up period.(17)  

Quality and Risk of Bias Assessment of Included 
Studies

The 18 articles included in this review were all observational 
studies. Observational studies are ideally designed for the 
assessment of low-incidence events such as falls among the 
general population. Furthermore, the selection of participants 
in observational studies is a better indication of daily medical 

practice. However, assessment of quality and susceptibility 
to bias for observational studies remains a methodological 
problem.(18)  Hence, we used Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE)(19) 
checklist, to capture the key study design features. The ap-
praisal was completed by two raters (YM and UA) for all 18 
observational studies included in this review. The two raters 
reached consensus by discussion (Table 1).

Two raters also independently evaluated the risk of bias 
in the included studies using the refined version of Quality 
in Prognosis Factors (QUIPS) tool.(20) The risk was based on 
six domains: study participation, study attrition, prognostic 
factors measurement, outcome measurement, study confound-
ing, statistical analysis and reporting. Each domain contained 
three to seven components, and these components were used 
to render low, moderate or high risk of bias. The risk evalu-
ation is summarized in Table 2. 

Analysis and Synthesis of the Literature

The location of the study, sample size, percentage of female 
participants, mean age, recurrent fall definition, study de-
sign, characteristics of comparison group, and confounders 
or regression analysis models applied, were extracted from 
each article and tabulated. The ORs or IRRs, together with 
CIs for each medication, were extracted and the medications 
were grouped according to their clinical application. Two 
studies, conducted by Rossat et al. in 2010 and 2011(21,22) 
applied IRR as the outcome measures. The ORs for the 
same class of medications were compared across studies to 
provide a clear picture of the extent to which each medica-
tion class and polypharmacy may influence elderly recurrent 
fallers. PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) was used to report findings of 
this systematic review.(23) To confirm the results of this review, 
sensitivity analysis using meta-analysis was performed for 
well-designed, prospective studies using Revman 5.3. 

RESULTS 

The CINAHL, EMBASE, PubMed, and Scopus search pro-
duced 68, 329, 198, and 248 citations, respectively. Dupli-
cates (N=458) were removed and after review of titles and 
abstracts, 394 papers were removed because they did not meet 
the inclusion criteria. Sixty-four full-text research papers 
were reviewed and 46 were eliminated for not meeting the 
detailed eligibility criteria. The remaining 18 papers, which 
met all eligibility criteria, were included in this literature 
review (Figure 1).

The characteristics of participants and study designs were 
summarized in Table 3. Eight studies were prospective co-
horts, one was a retrospective cohort, and the remaining eleven 
were cross-sectional studies. Nine studies selected non-fallers 
as a comparison to calculate the OR of recurrent fallers, two 
studies used single fallers (one fall during the previous 12 
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months) for comparison, and the other seven studies compared 
recurrent fallers with older adults who experienced no falls or 
one fall in the past 12 months. Participants in 17 studies were 
asked to recall their falls in the past 12 months, while Ensrud 
et al.(24) called their participants for fall information every 4 
months, over the 12-month follow-up period. All studies used 
interviews with the participants to ascertain the medications 
used by participants at the time of the study. 

As is shown in Table 3, 16 out of 18 included studies 
adopted similar criteria of recurrent fallers, which are defined 
as people who experienced two or more falls in a 12-month 
period. Rossat et al.(21) and van Strien et al.(9) defined recurrent 
fallers as people who fall more than twice in a 12-month period. 

Table 4 shows a summary of the ORs or RRs (together 
with CIs) of medications that were evaluated in included 
studies. This literature review classified the medications based 
on the second level of Anatomical Therapeutic Chemical 
(ATC) classification and their clinical application. The classes 
were: 1. Psychotropic medications, such as “antidepressants 
(N06A)”, “sedatives/hypnotics (N05B)”, “anti-epileptics 
(N03A)”, “Narcotics/ analgesics (N02A)” “antipsychotics 
(N05A)”, and “anti-Parkinson drugs (N04A)”; 2. Cardiovas-
cular disease related medications; 3. Other medications, such 
as “laxatives (A06A)”, “anti-diabetic drugs (A10B) ”, “nasal 
preparations (R01A)”, and “ophthalmologicals (S01)”; and 
4. Polypharmacy, defined by four of the included studies as 
using of at least four prescription medications daily.     

Psychotropic Medications 

Psychotropic medications refer to chemicals that affect the 
central nervous system (CNS), which can alter the psychologi-
cal processes such as mood, emotion, perception, and behav-
iour.(25) The drugs were classified into subgroups according 
to their clinical application, for a clear understanding of their 
impact on recurrent falls. The following is a summary of their 
impact, drawn from the conclusions from the included studies. 

Antidepressants

Six studies investigated the association between antidepres-
sants and recurrent falls and five of them applied adjustment on 
age, sex or other health indicators. All the studies(8,9,17,24,26,27) 
found that the use of antidepressants was associated with re-
current falls. Despite of the fact that they used different control 
groups for comparison, the crude ORs ranged from 1.97 to 
3.33 and the adjusted ORs ranged from 1.46 to 3.09, which 
indicated that older adults who took antidepressants were 1.5 
to 3 times more likely to experience multiple falls, compared 
to those who did not take them. Five studies with adjusted 
ORs(8,9,17,24,27) provided the confidence intervals’ lower limits 
above the null value (OR=1.0), which is an indication that the 
results were of statistical importance. Initially, a meta-analysis 
of these five studies showed that the heterogeneity was high 
(I2=100%).  Authors suspected that this was because three 
studies used non-fallers as a control group,(17,24,27) one used 
single fallers,(8) and another used non-recurrent fallers(9) as 
comparisons. Next, a meta-analysis was performed using 
three studies that used only non-fallers as control groups, 
but the I2 was 85%. Therefore, we performed anther analysis 
which only contained prospective cohort studies.(24,27) Figure 
2 shows that a pooled OR of 2.37 (95% CI 1.95–2.88) was 
obtained through a meta-analysis of these two prospective 
studies, with I2=0% p=0.82.  

Of all the antidepressants that are usually prescribed 
to Canadian seniors, selective serotonin reuptake inhibitors 
(SSRIs) and tricyclic antidepressants (TCAs) were the most 
frequently prescribed.(28) Marcum et al.(27) found that both 
SSRIs and TCAs were related to recurrent falls in older adults 
(aOR 1.62 and 1.27, respectively). Ensrud et al.(24) verified 
that SSRI users were 3.45 times more likely than non-users to 
fall frequently, with 95% CI=1.89–6.30. The study of Kerse 
et al.(17) also confirmed this with an adjusted OR of 1.66, and 
95% CI=1.36–2.02. Cumming et al.(26) found that TCAs were 
1.7 times more likely to cause recurrent falls than ‘no falls’ 
or a ‘single fall’. 

Sedatives and Hypnotics

Recent studies conducted by Askari et al.,(8) van Strien 
et al.,(9) and Wu et al.(10) showed that elderly people who 
took sedatives and hypnotics were 1.8 to 4.5 times more 
likely to experience recurrent falls. Even after adjustment for  

FIGURE 1. Flow chart of searching and selection of included papers
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confounders such as age and gender, or running a forward 
entry or backward elimination regression model, the risk of 
falling repeatedly after taking sedatives or hypnotics was 1.4 
to 4.2 times higher than for older adults who were not taking 
these medications. The influence of benzodiazepines (BDZs), 
one of the most commonly used hypnotics in the general 
population(29) on elderly recurrent fallers, is summarized in 
Table 5. BDZs with half-life more than 24 hours, 12 to 24 
hours and less than 12 hours were categorized as long-acting, 
intermediate-acting, and short-acting, respectively. Cumming 
et al.(26) and Ensrud et al.(24) reported respectively that users 
of long-acting BDZs were 2.18 and 1.56 times more likely to 
fall repeatedly, compared to those who did not take long-acting 
BDZs. Although none of included studies explicitly focused 
on immediate-acting BDZs, Rossat et al.(22) reported that two 
specific medications, bromazepam and clobazam, which belong 
to immediate-acting BDZs, were related to recurrent falls. van 
Strien and colleagues(9) demonstrated that older adults who took 
short-acting benzodiazepines were 1.94 times more likely to 
experience repeated falls, even after considering the influence 
of factors like age, gender, cognitive impairment, depression, 
polypharmacy, living situation, and walking distance.

Anti-epileptics

Adjusted or multivariate ORs of three studies(8,24,30) have 
shown that anti-epileptics may increase the risk of falling 
frequently in community-dwelling older adults, compared 
with the risk of no fall or falling just once. Ensrud et al.(24) 
concluded that users of anti-epileptics were 3.15 times more 
likely to experience repeated falls (OR=3.15 95% CI=2.08–
4.77). Another study conducted by Tromp et al.(30) showed 
that elderly people who took anti-epileptics had 4.7 times the 
risk of falling recurrently, in comparison with experiencing no 
fall or single fall. Askari et al.(8) found a moderate relation-
ship (OR=1.22 95% CI=0.98–1.53) between anti-epileptics 
and recurrent falls.

Narcotics or Analgesics

The influence of narcotics or analgesics was not clearly estab-
lished in the included studies. Tromp et al.(30) concluded that 
the use of analgesics was strongly related to recurrent falls, 
with an adjusted OR value of 2.7 and 95% CI of 1.30–5.60. 
Cumming et al.(26) reported that taking no confounders into 
consideration, analgesic users were 1.56 times more likely 
to fall recurrently, but after adjustment for age, age-gender 
interaction, and depression, they failed to find a meaningful 
relationship between analgesics and recurrent falls. Similarly, 
Ensrud et al.(24) revealed that, after controlling for age, health 
status, functional impairment, dizziness, cognitive function, 
and depression as the confounders simultaneously, there was 
no difference in the risk of frequent falls in women whether 
they took narcotics or not. Askari et al.(8) showed that older 
adults who took analgesics were 1.22 times more likely to fall 
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repeatedly than those who did not take analgesics, but they 
admitted that this cannot be regarded as a strong association 
between analgesics and recurrent falls. They also investigated 
antipsychotics and anti-Parkinsonian drugs and found that 
elderly people who took these two classes of drugs were 
2.21 and 1.59 times, respectively, more likely to experience 
multiple falls than those who did not take them.(8) 

Cardiovascular System Medications

Cumming et al.(26) found that Diltiazem, a calcium antagonist, 
was associated with recurrent falls, but after adjustment for 
variables like age, sex, depression, cognitive impairment, the 
confidence intervals of the OR crossed the 1.0 borderline, 
indicating non-significant relationship. Users of vasodila-
tors, such as nitrate, were found to be two times more likely 
to experience recurrent falls.(25,31) But when Cumming and 
colleagues(26) adjusted ORs for confounding factors, they were 
not able to find meaningful association. Diuretics are a group 
of medications which are used extensively among the older 
adults for cardiovascular and renal diseases, but their relation-
ships with recurrent falls has yet to be confirmed. Cumming et 
al.(26) reported that there was a 1.8 times increased likelihood 
of recurrent falls in diuretics users, while Askari et al.(8) and 
Lim et al.(32) did not find association between diuretics and 
recurrent falls. 

Other Medications

Cumming et al.(26) reported that laxatives may cause 2.1 times 
more risks in falling repeatedly. Lee et al.(31) showed that 
anti-diabetics had a moderate association with recurrent falls 
after adjustment for eye diseases or heart diseases. Askari et 
al.(8) focused on the association between nasal preparations 
and ophthalmologicals and recurrent falls, and found that 
after adjustment for age, sex, weight, and depression, older 
adults who used these two classes of drugs were nearly 1.5 
times more likely to fall repeatedly than those who did not 
use them. Marcum et al.(33) recently found that anticholinergic 
medication use in older adults may cause 1.34 times likeli-
hood of recurrent falls.

Polypharmacy 

A number of researchers who focused on recurrent falls 
defined polypharmacy as taking four or more prescription 

medications daily.(10,30,34) They found that polypharmacy was 
positively related to recurrent falls. A multiple logistic regres-
sion model reported by Kabeshova et al.(34) revealed that poly-
pharmacy was associated with recurrent falls (MOR=1.51, 
95% CI=1.15–1.98). Mitchell et al.(16) found similar results: 
OR=1.43, 95 CI=1.10–1.86 after adjustment for age and 
gender. Morris et al.,(35) Tromp et al.,(30) and Wu et al.(10) 
showed that compared with a single fall, polypharmacy was 
a significant predictor of multiple falls before adjustment for 
other confounding factors. But when performing multivariate 
regression models, they failed to report a significant influence 
of polypharmacy. Another concerning fact reported by Hanlon 
et al.(36) was that, when more psychotropic drugs were in the 
regimen, the patients were more likely to fall repeatedly. Older 
adults taking two or more psychotropic agents were almost 
two times (aOR=1.95, 95% CI=1.35–2.81) more likely to fall 
recurrently, compared to those who did not take any psychotic 
agents.(36) Fletcher et al.(37) concluded that every prescription 
medication added to the daily regimen increased the risk of 
falling recurrently 1.21 times (95% CI 1.02–1.43). 

DISCUSSION

Since the early 90’s, several systematic reviews and meta-
analyses concerning the relationship between medications and 
falls have been published.(38-41) That being said, systematic 
reviews and meta-analyses on the medications which are cor-
related to recurrent fallers are scarce. This systematic literature 
review identified 18 studies that reported the association 
between diverse medication classes and recurrent falls, and 
provided a summary of their results. 

Sixteen out of 18 included studies adopted two or more 
falls in a 12-month period as the definition of recurrent falls. 
Fifteen studies provided information on recurrent falls in-
cidence rate or relative data for the authors to calculate the 
recurrent falls incidence rate in population of seniors (Table 
3). The mean recurrent fall incidence rate of the 15 studies 
was 10.16 ± 4.02%, which compares well with other studies 
reporting recurrent falls rates.(42,43,44) 

This systematic review investigated the influence of 
psychotropic drugs, cardiovascular drugs, other drugs such as 
laxatives, anti-diabetic agents, and nasal preparations on recur-
rent falls of older adults who live in the community. Psycho-
tropic drugs are usually administered to community-dwelling 
elderly people to help them cope with psychological problems 
such as anxiety, depression, and insomnia. Ramage-Morin(45) 

FIGURE 2. Use of antidepressants and recurrent falls: meta-analysis of two prospective cohort studies
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investigated the medications that Canadian seniors often used 
and reported that 78% institutionalized and 37% community-
dwelling older adults took medications for nervous system 
disorders. All studies included in this systematic review that 
focused on association between antidepressants, sedatives or 
hypnotics, anti-epileptics and recurrent falls verified that these 
classes of medications could lead to increasing risk of recurrent 
falls. Even after adjustment for confounders, the relationship 
between these psychotropic medications and recurrent falls 
remained significant. These findings showed consistency in 
the direction of the effect, and are biologically and pharmaco-
logically plausible. These results are consistent with findings 
of meta-analyses which focused on the relationship between 
psychotropic agents and falls.(38,39)

Antidepressants are commonly used in older adults to 
treat depression, anxiety disorders, and chronic neuropathic 
pain. Antidepressants are believed to increase the risk of falls 
through mechanisms such as causing sedation or postural 
hypotension, impairing balance, delaying reaction times, and 
deranging sleeping structure resulting in daytime drowsiness 
and nocturia. The sensitivity analysis confirmed the conclusion 
of this review that antidepressants use may double the risk of 
falling recurrently.   

The use of sedatives or hypnotics is frequent in elderly 
people with reported prevalence rate of 16–28.7%.(46,47) The 
indications for use of BZDs are anxiety, adjustment disorders 
and insomnias, but they can cause impaired attention and gait 
and balance disorders. The effects of benzodiazepines on recur-
rent falls have been investigated in four of studies included in 
this literature review. Overall, older adults who took BDZs were 
exposed to a 1.2 to 3.7 times greater risk of falling repeatedly. 

Although a clear and widely accepted definition of poly-
pharmacy does not exist, it is a well-established that polyphar-
macy is related to the onset of unfavourable health outcomes.(48) 
It is reported that, although elderly Americans comprised 13% 
of the population, they consume one-third of the prescription 
medications every year.(49) Falls are one of the serious health 
problems that may be ascribed to adverse drug events of poly-
pharmacy. Findings of this review show that polypharmacy 
might increase the possibility of falling repeatedly 1.5–2 times. 

This review has several strengths. First, all the included 
studies had large sample size, thus increasing the chance of 
identifying a significant difference while avoiding selection 
bias. Second, 16 out of 18 studies adopted the same criterion 
for recurrent falls, which ensured a homogeneous population 
and made the results more comparable. Third, studies which 
did not adjust for confounders, such as age and gender, were 
not included in this review because they only considered the 
effect of one independent variable. However, falls are caused 
by complex interaction between the internal and external risk 
factors, which cannot be explained by a single variable. Studies 
providing adjustment for confounders such as age, sex, depres-
sion, and other health indicators were of higher methodological 
quality and their results were more convincible in real clini-
cal scenarios. Finally, the results of sensitivity analysis were  
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consistent with the overall finding of this review. A meta-
analysis pooled OR can be regarded as a strong evidence of 
the association between antidepressants and recurrent falls.

Several limitations of this review also need to be con-
sidered. At first, setting a language limitation to English 
might have acted as a barrier to the inclusion of more studies 
conducted in Europe and Asia. Second, the retrospective or 
cross-sectional designs posed a threat to the reliability of 
10 included studies. However, studies on recurrent falls are 
mainly cohort or cross-sectional studies because the incidence 
of recurrent falls is low and it would take decades to collect a 
satisfying number of events for randomized trials. Third, falls 
and medications were ascertained by interviews. These self-
reported results carry a risk of recall bias and under-reporting 
of recurrent falls or use of certain classes of medications. 
Fourth, as is common in this type of research, it is possible 
that confounding by indications and residual unmeasured 
confounding factors, not considered in the included studies, 
influenced the results of this review.

CONCLUSIONS

After adjustment for confounders such as age, gender, weight 
or depression symptoms, the reviewed studies suggested that 
community-dwelling older adults who used antidepressants, 
sedatives or hypnotics (especially benzodiazepines) and 
anti-epileptics were more likely to experience recurrent falls 
than older adults not using these medication classes. Poly-
pharmacy was moderately related (1.5–2 times) to repeated 
falls of elderly people. The influence of other medications, 
such as agents for cardiovascular diseases, laxatives, and 
anti-diabetics, remains inconclusive. As recurrent fallers are in 
greater need for falls prevention and medications are believed 
to be modifiable risk factors in falls prevention programs, 
well-designed, large sample size randomized control trials 
are needed to explore a potential for reduction of fall risk by 
changing prescribing practices, and to assist clinicians and 
pharmacists to provide more individualized pharmacotherapy 
to those patients who are at higher risk of falling recurrently. 
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