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Abstract

OBJECTIVES: To examine: (1) prevalence of fall risk–increasing drug (FRID) use among older 

adults with a fall-related injury, (2) which FRIDs were most frequently prescribed, (3) whether 

FRID use was reduced following the fall-related healthcare episode, and (4) which interventions 

have reduced falls or FRID use in older adults with a history of falls.

DESIGN: Systematic review.

PARTICIPANTS: Observational and intervention studies that assessed (or intervened on) FRID 

use in participants aged 60 years or older who had experienced a fall.

MEASUREMENTS: PubMed and EMBASE were searched through June 30, 2019. Two 

reviewers independently extracted data and evaluated studies for bias. Discrepancies were resolved 

by consensus.

RESULTS: Fourteen of 638 articles met selection criteria: 10 observational studies and 4 

intervention studies. FRID use prevalence at time of fall-related injury ranged from 65% to 93%. 

Antidepressants and sedatives-hypnotics were the most commonly prescribed FRIDs. Of the 10 

observational studies, only 2 used a design adequate to capture changes in FRID use after a fall-

related injury, neither finding a reduction in FRID use. Three randomized controlled studies 

conducted in various settings (hospital, emergency department, and community pharmacy) with 

12-month follow-up did not find a reduction in falls with interventions to reduce FRID use, 

although the study conducted in the community pharmacy setting was effective in reducing FRID 
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use. In a nonrandomized (pre-post) intervention study conducted in an outpatient geriatrics clinic, 

falls were reduced in the intervention group.

CONCLUSIONS: Limited evidence indicates high prevalence of FRID use among older adults 

who have experienced a fall-related injury and no reduction in overall FRID use following the fall-

related healthcare encounter. There is a need for well-designed interventions to reduce FRID use 

and falls in older adults with a history of falls. Reducing FRID use as a stand-alone intervention 

may not be effective in reducing recurrent falls.
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Falls and fall-related injuries constitute a critical, and growing, public health problem, as 

evidenced by the Centers for Disease Control and Prevention national initiative, Stopping 

Elderly Accidents, Deaths and Injuries (STEADI).1 One in three community-dwelling adults 

aged 65 years or older, and one in two aged 80 years or older, sustains a fall each year.2,3 

Falls are the leading cause of unintentional injuries and injury-related deaths among adults 

aged 65 years and older.4 Evidence suggests that emergency department (ED) visits and 

hospitalizations for fall-related injury are on the rise.5 Treatment of injurious falls is 

expensive, costing over $50 billion annually in the United States.6

Medications are a key modifiable risk factor for falls7,8 and also important targets as a core 

component of the STEADI tool kit.1 Medications associated with increased fall risk have 

been termed fall risk–increasing drugs (FRIDs).9 Definitions of FRIDs vary, but commonly 

include benzodiazepines and nonbenzodiazepine hypnotics, antipsychotics, antidepressants, 

and opioids.10 Less frequently, certain cardiovascular medications and hypoglycemic agents 

may be included.9 As such, many of these medications are considered potentially 

inappropriate in older adults who have experienced a fall or hip fracture.10 Nonetheless, 

older adults hospitalized for fall-related injury are often discharged on one or more FRIDs—

a potential missed opportunity for intervention to reduce drug-related harm.11 Despite its 

clinical importance, no systematic reviews, to our knowledge, have described prevalence of 

FRID use among older adults who have experienced a fall- or fracture-related hospitalization 

or ED visit (defined as fall-related injury hereafter) or interventions to reduce FRID use 

among older adults who have experienced a fall. We therefore undertook a systematic review 

of the published literature to examine: (1) the prevalence of FRID use among older adults 

with fall-related injury, (2) which FRIDs were most frequently prescribed, (3) whether FRID 

use was reduced following the fall-related healthcare episode, and (4) which interventions 

have reduced falls or FRID use in older adults with a history of falls.

METHODS

Study Eligibility

We included observational or intervention (eg, randomized controlled trials and quasi-

experimental design) studies that assessed (or intervened on) FRID use in participants aged 

60 years or older who had experienced a fall. For observational studies, we included those in 

whom FRID use was evaluated before and after a fall-related injury. For intervention studies, 
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we included those in whom an intervention was undertaken to reduce or discontinue FRIDs 

in older adults presenting with a fall-related injury or a history of falls. Intervention studies 

were excluded if the intervention addressed other fall risk factors along with medications, 

because we were interested in effects of interventions that solely targeted FRID use.

Literature Search

In consultation with a librarian, we searched PubMed and EMBASE for studies published on 

or before June 30, 2019 (which was also the last search date). We limited our searches to 

studies published in English. We did not specify a start date because we wanted to find all 

possible published studies. The following search terms were used: older adults, falls, 
medications, fall risk increasing, central nervous system-active, psychotropic, emergency 
department, and hospitalization. We also included search terms for individual medication 

classes, including antidepressants, antipsychotics, benzodiazepines, hypnotics, and opioids. 

In addition, we manually reviewed the references of identified pertinent studies to identify 

additional studies that met our inclusion criteria. Two reviewers (L.H. and J.Y.) 

independently reviewed abstracts for study inclusion.

Because this review was conducted using existing published data, it is considered to be 

nonhuman subjects research and thus did not require approval from the University of 

Washington Institutional Review Board.

Data Extraction

Two reviewers (S.G. and L.H.) independently extracted data from each study using a 

standardized data abstraction form developed by the authors. Data collected included study 

year, country, setting, study design, participants’ age and sex, FRIDs evaluated, and results. 

For intervention studies, the source of participants, key features of the intervention, primary 

and secondary outcome measures, and timing of data collection were also abstracted. Any 

disagreements during data extraction were resolved by consensus of the reviewer team. The 

original authors were contacted to clarify unclear data.

Study Quality and Bias Assessment

Two reviewers (Z.M. and L.H.) independently reviewed study quality and risk of bias. For 

observational studies, we used relevant items from the Newcastle-Ottawa Scale.12 In 

addition, we assessed whether the method of outcome assessment was able to capture a 

change in FRID use at a specific time point following discharge (rather than looking at 

change in use at discharge or within a period of time following discharge) following a fall-

related injury. For randomized controlled trials, we used the Cochrane Risk of Bias Tool.13 

Any disagreements were resolved by consensus of the reviewer team.

RESULTS

Description of Included Studies

Our search yielded 638 abstracts. After abstract review, a total of 20 full articles were 

reviewed. Ten observational studies14–23 and four intervention studies9,24–26 met inclusion 

criteria and were included in this review. The article selection process is summarized in 
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Figure 1. Study characteristics are summarized in Tables 1 and 2. Studies were conducted in 

Europe,9,15,18–21,23,25,26 North America,16,17,22,24 and Australia.14 Sample sizes ranged 

from 100 to 2043 participants in observational studies14–23 and from 139 to 612 participants 

in intervention studies.9,24–26 Most participants were female. Participants in the 

observational studies tended to be older than those in the intervention studies.

Definition of FRIDs

Two studies focused on single medication classes (ie, benzodiazepines and zopiclone,17 

antipsychotics22). All other studies included more than one central nervous system (CNS)–

active medication class in their definition of FRIDs (Supplementary Table S1).
9,14–16,18–21,23–26 All studies included benzodiazepines or sedatives/hypnotics as FRIDs, and 

all studies except two21,23 included antidepressants. Beyond these two classes, the definition 

of FRIDs varied by study. Some studies included cardiovascular 

medications,9,14,15,18,19,21,23,25,26 hypoglycemics,9,14,25 or α blockers9,15,19,21,25,26 in 

their definition of FRIDs.

Ascertainment of FRID Use and Study Quality

Observational studies ascertained FRID use from a variety of sources, including medical 

records,14–16,19,23 pharmacy claims,17,20,22 or national registries.18,21 Three studies selected 

patients based on FRID use before the fall-related injury.16,17,22 The timing and method of 

FRID measurement in relation to the fall-related injury varied. For studies using pharmacy 

claims or national registries, FRID use was ascertained within time periods before and after 

the fall-related injury (100 days, 6 months, or 12 months), as compared to studies using 

medical records, which captured FRID use at specific time points (hospital admission, 

discharge, and 1-month postdischarge). One study used national registry data to define 

current use at 6 months postdischarge based on timing of the medication fill21 (Figure 2).

We categorized studies according to the timing of FRID ascertainment before and after the 

fall-related injury, ranked in decreasing order of strength of study design to evaluate change 

in FRID use after a fall-related injury: (1) studies that evaluated FRID use at admission, as 

well as time points following discharge (n = 2); (2) studies that evaluated FRID use at 

admission and discharge (n = 3); and (3) studies that evaluated FRID use via pharmacy 

claims during time periods before admission and after discharge (n = 5) (Table 1 and Figure 

2).

Prevalence of FRIDs at Time of Fall-Related Injury

Only studies that ascertained FRIDs from medical records on admission provided 

information about prevalence of use at time of fall-related injury. The prevalence of any 

FRID use at the time of the fall-related injury ranged from 65% to 93%.15,19,21 One study 

did not report overall prevalence but instead reported average number of FRIDs per 

participant at admission,14 and another study selected participants based on FRID use at 

admission.16 Antidepressants were one of the most common FRID classes used at time of 

fall-related injury, with a range in prevalence from 15.0% to 40.0%14,15,21 (Supplementary 

Table S2). The prevalence for opioids ranged from 4.4% to 21.1%,14,15,21 and the prevalence 

for antipsychotics ranged from 3.0% to 14.0%.14,15,21 Anxiolytics, benzodiazepines, and 
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sedatives-hypnotics were operationalized differently among studies, but for studies that 

evaluated sedatives-hypnotics, a range of 8.5% to 51.0%15,21 was found.

Change in FRID Use in Relation to Fall-Related Injury

The results of the observational studies categorized according to the strength of the study 

design to capture changes in FRID use after a fall-related injury are provided in Table 1. In 

the first group of studies, FRID use was measured at admission, as well as time points 

following discharge (1 month15 and 6 months21), and no change in FRID use was found. In 

the second group of studies that compared FRID use at admission and discharge, one study 

found no change in FRID use,14 whereas one found a reduction in FRID use.19 In a study 

that selected patients based on FRID use at hospital admission, 27% of patients had a dosage 

reduction or discontinuation of FRIDs between hospital admission and discharge (P < .001) 

and 16% of patients had an increase in dosage or number of FRIDs (P value not reported).16 

The third group of studies evaluated FRID use over time periods before admission and after 

discharge and found an increase in overall FRID use18 or specific classes,23 or no change.20 

Two studies that evaluated people with prescriptions for specific drug classes 

(benzodiazepines or zolpiclone,17 antipsychotics22) in the 100 days before admission found 

that use continued in roughly 75% of people in the 100 days following discharge.17,22

Interventions to Reduce FRIDs

Of the intervention studies, three were randomized controlled trials,24–26 and one used a 

single-group pre-post assessment.9 Interventions to reduce FRIDs varied and were 

conducted by a range of healthcare professionals in different settings, including a pharmacist 

at a community pharmacy,24 a research physician at an outpatient clinic,25 and a geriatrician 

in a hospital26 (Supplementary Figure S1). In one study conducted at an outpatient geriatrics 

clinic, the healthcare professional performing the intervention was not specified.9 The 

interventions evaluated in these studies consisted of a single interaction with the participant 

and involved an assessment with recommendations (written or verbal) back to the primary 

care provider, without an active role of the assessor/interventionist in implementing the 

recommendations. Three intervention studies (the randomized controlled trials)24–26 had a 

follow-up time of 12 months, and the pre-post intervention study9 had a follow-up time of 2 

months.

The primary outcome measure in three of the intervention studies was falls, ascertained via 

falls calendars.9,24,25 In two of these studies, change in FRID use was evaluated as a 

secondary outcome.24,25 Reduction in FRIDs was the primary outcome and falls were a 

secondary outcome of the fourth intervention study.26

None of the randomized controlled trials found the intervention to be effective for preventing 

subsequent falls.24–26 However, one trial did find an effect on FRID use (CNS-active 

medications only): 14% (13/93) of participants in the intervention group experienced FRID 

discontinuation or dose reduction compared to 5% (5/93) of participants in the control group 

(P < .05).24 The single-group intervention study using a pre-post assessment found that 

withdrawal of FRIDs reduced falls, with the largest effect related to withdrawal of 

cardiovascular drugs.9
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Risk of Bias

The risk of study bias is summarized in Supplementary Tables S3 and S4. For the 

observational studies, three of the eight criteria in the Newcastle-Ottawa Scale were related 

to selection of the nonexposed cohort (ie, control group not experiencing a fall-related 

injury), or comparability of these cohorts. None of the observational studies included a 

control group to evaluate changes in FRID use over time; thus, these criteria were 

considered not applicable and the studies were generally considered to have high risk of 

bias. Among intervention studies, the risk of bias varied; however, most criteria in the 

Cochrane Risk of Bias Tool were rated as low or unclear in the randomized controlled trials.
24–26 In the single-group pre-post intervention study, the risk of bias was high for three of 

the six criteria given its single-group, nonrandomized design.9

DISCUSSION

To our knowledge, this is the first systematic review examining prevalence of and change in 

FRID use in older adults with hospitalization or ED visit for a fall (ie, fall-related injury), as 

well as interventions designed to reduce FRID use in those with a history of falls. Among 

older adults with fall-related injury, prevalence of FRID use at time of ED or hospital 

admission was high, ranging from 65% to 93%,15,19,21 with antidepressants and sedatives-

hypnotics being the most commonly prescribed FRID classes. Of the 10 observational 

studies, only 2 used a design adequate to capture changes in FRID use after a fall-related 

injury. Despite FRIDs being known risk factors for falls and considered potentially 

inappropriate in this high-risk group,1,10,27 FRID use did not decrease at 1 and 6 months15,21 

following the fall-related healthcare episode. Interventions to reduce FRID use (in the 

randomized controlled trials) were not effective in reducing falls,24–26 although one trial 

conducted in the community pharmacy setting was effective in reducing FRID use (CNS-

active medications only).24

Overall, the prevalence of FRID use in older adults with a fall-related injury was high, with a 

considerable range (65%–93%). This may be because FRID definitions varied considerably 

across included studies. Variation in which medication classes were deemed FRIDs may be 

attributable in part to differences in prescribing guidance across organizations or continents. 

For example, the AGS Beers Criteria® were developed in the United States and include only 

CNS-active medications in their list of medications that may be potentially inappropriate in 

older adults with a history of falls or fractures.10 Other available criteria include CNS-active 

medications, as well as various other medication classes, such as vasodilator drugs,27 

antihypertensives,1,28 and anticholinergics.1

While several observational studies have examined changes in FRID use after fall-related 

injury, an important limitation is that most studies did not assess FRID use at clinically 

meaningful time points following the injury to adequately capture discontinuation, because 

either change was measured at discharge only or medication use was assessed over a 

window of time rather than at a discrete time point. Measuring change at discharge is not 

adequate to capture changes in FRID use for several reasons. Several of the medications 

classified as FRIDs (eg, antidepressants, benzodiazepines, and cardiovascular drugs) require 

tapering over time; use of these medications may not easily be replaced with an alternative 
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safer drug or nonpharmacological measures. Further, use of opioids for pain control after 

fracture may be clinically indicated. Therefore, no changes in FRID use or an increase in 

FRID use may be clinically justified. In addition, prescribers may be reluctant to make 

changes to chronic medications (including FRIDs) during the hospitalization or ED visit 

and, therefore, these changes are more likely to occur in the outpatient setting (eg, in 

primary care) by the patient’s prescriber(s) following discharge after the patient has 

stabilized from the acute injury, rather than at time of discharge. However, studies that 

looked out beyond the acute-care hospitalization or ED visit period15,21 where an outpatient 

provider might reasonably be expected to begin to address medication-related factors 

associated with an injurious fall, also found no change in FRID use. In the five studies that 

used pharmacy claims or national registry data to measure FRIDs over periods of time (eg, 

12 months), use could have occurred at any point over the time period. In the preinjury 

period, FRID use assessed over a window of time may not reflect FRID use at the time of 

the injury. Related to this, FRID use assessed over a window of time after discharge (eg, 100 

days, 6 months, or 12 months) is not able to distinguish between a person who filled a FRID 

prescription following discharge, but the medication was discontinued at the next outpatient 

visit (eg, a successful discontinuation outcome), compared with those who had multiple fills 

for a FRID prescription over the window (eg, unsuccessful discontinuation outcome). Other 

limitations of the observational studies included not assessing dose reductions (with the 

exception of one study16) and not including a control group to assess changes in FRID use.

Randomized controlled trials that employed interventions to reduce FRIDs did not result in a 

significant reduction in falls risk. Although these interventions varied with regard to setting 

and healthcare professional performing the intervention, all were low intensity (ie, single 

contact) and consultative in nature (ie, the interventionist was not responsible for making 

any of the recommended changes). This suggests that more intensive and comprehensive 

interventions (eg, spanning longer time periods with multiple points of follow-up and/or 

integrated interventions that directly engage the patient and the prescriber) may be needed. 

For certain CNS-active medications, such as benzodiazepines and opioids, ongoing support 

may be needed for discontinuation given the risk of physiologic withdrawal and tapering 

failure.29 Patient-focused strategies hold promise in this regard: Direct-to-patient education 

about the risks of benzodiazepines has been found to be effective in reducing use.30 Further, 

the sample size for these studies was relatively small; therefore, they may have been under-

powered to detect a difference in fall rates. Last, FRID use represents one of many risk 

factors for falls, and as such, FRID reduction represents one component of a multifactorial 

and comprehensive approach to decreasing fall risk. As such, medication-related 

interventions may work best in conjunction with other interventions, as has been found for 

other combinations of interventions.31

A strength of this review is that it was comprehensive and clinically pertinent in asking 

multiple research questions under the umbrella of FRID use in older adults presenting for 

medical attention for a fall. A limitation of this review was that it included only studies 

published in the English language and thus may have excluded relevant studies published in 

other languages.
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In conclusion, our study finds a high prevalence of FRID use among older adults with 

hospitalization or ED visit for a fall or fall-related injury and a lack of reduction (or even an 

increase) in overall FRID use following the fall-related event. In some cases, this may be 

clinically justified, but in others, these results suggest that additional measures, such as 

increased monitoring and follow-up, may be needed to optimize prescribing following a fall-

related healthcare episode. Given that interventions employing medication review with 

suggestions to the primary care provider as a one-time intervention were not effective in 

preventing falls, interventions that span longer periods of time and involve integration of the 

patient and the healthcare team need to be tested to address FRID use and fall risk in older 

adults with a history of falls. Further, interventions to reduce FRID use represent one part of 

multicomponent interventions that are often needed to reduce fall risk. Resources that 

highlight comprehensive strategies for reducing fall risk are available from the Centers for 

Disease Control and Prevention as part of the STEADI tool kit.1

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Article selection.
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Figure 2. 
Summary of fall risk–increasing drug (FRID) measurement and main results among 

observational studies. ED indicates emergency department.
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