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Abstract

Background:  Psychotropic drugs increase the risk of falls, but they are still frequently prescribed to treat behavioral symptoms associated with 
dementia in the nursing home. We examined whether there is an acute increased risk of falls in the days following a change to an antipsychotic 
or benzodiazepine drug prescription.
Methods:  We collected information on 594 long-stay nursing home residents from two facilities who fell at least once between September 1, 
2010 and May 31, 2013. Psychotropic drug changes were ascertained from the facilities’ computerized medication administration log. We used 
the case-crossover design to compare the frequency of antipsychotic and benzodiazepine drug changes during the days before a fall with the 
frequency of drug changes at more remote times. 
Results:  Mean age was 87.5 years, and 75.1% were female. The risk of falls was higher in the 24 hours following benzodiazepine initiation 
compared with other times (odds ratio [OR] 3.79, 95% confidence interval [CI] 1.10, 13.00). There was no clear difference in risk following 
antipsychotic initiation (OR 2.42, CI 0.58, 10.06), but this could be due to the small sample size. Stopping a benzodiazepine was associated 
with a significantly reduced fall risk (OR 0.26, 95% CI 0.08–0.91).
Conclusions:  Benzodiazepines pose an immediate threat to fall risk, whereas it is less clear if antipsychotics also pose an immediate risk. 
Nursing home staff should be particularly vigilant in the days following the new prescription for a benzodiazepine in an effort to prevent injury.
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In the nursing home setting, falls occur commonly at an average rate 
of 2.6 falls per resident per year (1). Approximately 7% of falls in 
the nursing home result in serious injury, such as fractures, lacera-
tions, or head trauma (2). Injurious falls in the nursing home are 
associated with substantial morbidity and mortality: 36% of long 
stay residents with a hip fracture will die within 6 months of the 
fracture, and among those residents that survive 6 months, 28% will 
become totally disabled (3).

Drug use is one of the most modifiable risk factors for falls and 
fall-related injuries. Prior studies have reported that regular use of 
antipsychotic drugs is associated with an increased risk of falls (4–
6) and hip fracture (7–9) in nursing home residents. New users of 

antipsychotics may have up to an 80% higher risk of hip fracture 
within three months (10). Similarly, regular use of benzodiazepine 
drugs is associated with an increased risk of falls in nursing home 
residents (7,11,12). New users of benzodiazeipines may have upto 
a 300% higher risk of falls within 1 week of starting the drug (11) 
and a 200% higher risk of hip fracture within 1 month of starting 
the drug (13).

Despite warnings to avoid using these medications in older 
adults (14), these drugs are commonly used off label to treat a myr-
iad of psychiatric and behavioral symptoms, many of which may 
themselves be associated with falls, in nursing home residents with 
dementia. It is estimated that 26% of U.S. nursing home residents are 
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prescribed an antipsychotic medication, while 13% are prescribed a 
benzodiazepine medication (15). Prior studies have focused largely 
on the association between current or chronic psychotropic drug use 
and falls. Less is known about whether these drugs increase the risk 
of falls acutely in the days following psychotropic drug initiation 
or increasing the dose of an existing drug, or whether more chronic 
exposure is required to affect risk.

The objective of our study was to determine the association 
between initiating, increasing, or discontinuing an antipsychotic 
or benzodiazepine drug and the acute risk of falls among long-
stay nursing home residents. A traditional cohort design would be 
impractical to answer this research question given the large sample 
size and extensive follow-up required. Further, effect estimates can 
be biased using a cohort study design because treated and untreated 
individuals have different underlying risks of falls independent of 
the drug itself. For these reasons, we selected a self-controlled, case-
crossover study design.

Methods

Participants
We included all long-term care residents from two nursing facili-
ties in Boston, MA (Hebrew Rehabilitation Center and Newbridge 
on the Charles) that experienced one or more falls ≥ 14 days after 
admission to long-term care and between September 1, 2010 and 
May 31, 2013. We excluded residents admitted for short-term 
rehabilitation and residents less than 50  years of age (n  =  2). We 
restricted the analysis to an individual’s first recorded fall from the 
time of admission or study entry. This study was approved by the 
Institutional Review Board of Hebrew SeniorLife.

Case-Crossover Study Design
The case-crossover design was developed to examine the effect of 
a transient exposure on an acute event (16). In this design, the fre-
quency of exposure during a time period immediately preceding the 
event (hazard period) is compared with the frequency of exposure 
at other times (control period) for the same individual. The case-
crossover study design allowed us to take advantage of the precise 
information recorded on the time and dose of all drugs administered 
in the nursing home. In addition, confounding introduced by differ-
ences between individuals in eliminated because each subject serves 
as his or her own control. Within-person confounding can still exist 
as transient changes within an individual (ie, illness severity) or an 
individual’s environment may impact the probability of receiving a 
medication and the risk of falls.

Falls
We defined a fall as accidentally coming to rest on the floor or 
similar lower surface. Fall reporting within nursing homes is fed-
erally mandated. In addition, the participating facilities voluntarily 
and publicly report patient falls and falls with injury on the quality 
and safety website, PatientCareLink. Falls were obtained using an 
electronic incident database (RL Solutions) that is updated daily by 
nursing staff. Staff are trained annually on fall reporting.

Psychotropic Drug Change
Antipsychotic and benzodiazepine drug administration was ascer-
tained using the facilities’ computerized medication administra-
tion log (Meditech™), which includes detailed information on 

the time and dose of all drugs administered in the nursing home. 
Antipsychotics were categorized as typical (chlorpromazine, halop-
eridol, perphenazine, prochlorperazine, and thioridazine) or atypi-
cal (aripiprazole, clozapine, olanzapine, quetiapine, risperidone, 
and ziprasidone). Benzodiazepines were categorized as short acting 
(alprazolam, lorazepam, oxazepam, and temazepam) or long acting 
(clonazepam, diazepam, and flurazepam). For each medication, we 
calculated the drug dose administered in each of the 24-hour periods 
preceding the fall by summing the total amount of drug adminis-
tered whether prescribed regularly or used as needed (pro re nata). 
We calculated the percentiles of drug dose for each drug separately, 
and we then categorized the drug dose administered as none, low 
dose (≤25th percentile) or high dose (>25th percentile). If a resident 
was administered more than one medication within a psychotropic 
class in a 24-hour period, drug dose was categorized according to the 
largest dose category.

Other Characteristics
For the purposes of describing the health characteristics of the resi-
dents who experienced at least one fall, we obtained health infor-
mation using the closest Minimum Data Set (MDS) assessment 
preceding the fall. The MDS is a federally mandated needs assess-
ment tool that is completed on all nursing home residents at the 
time of their admission to the facility, and it is updated quarterly 
thereafter (17). There was a change from MDS version 2.0 to version 
3.0 during the study period. Pain, functional status, and depression 
scales were unchanged between the two versions, whereas the cog-
nitive scale was calibrated to account for subtle differences in data 
collection.

Cognition was ascertained using the validated Cognitive 
Performance Scale (0–6) (18). Cognitive status was then categorized 
as intact or mild impairment (scores 0–2), moderate (scores 3–4), or 
severe impairment (scores 5–6). Functional status was ascertained using 
the modified Katz Activities of daily living (ADL) short scale (19), and 
impairment was categorized as follows: intact or mild (scores 0–4), 
moderate (scores 5–11) and severe (scores 12–16). Reported pain was 
assessed via the validated Visual Analogue Scale (20). Pain was catego-
rized as none (0), mild (1), or moderate to severe (2,3). Depression was 
ascertained using the validated Depression Rating Scale, which is sensi-
tive to detecting depression among cognitively impaired persons (21). 
This scale queries whether seven depressive symptoms were never (0), 
occasionally (1), or always (2) present within the past 30 days. Scores 
from the seven items are summed, and we categorized depressive symp-
toms as none (0), mild (1,2), or moderate to severe (≥3).

Statistical Analysis
In the primary analysis, we compared the drug dose administered 
in the 24 hours before the fall to the drug dose administered in a 
24-hour period exactly 1 week prior (Figure 1). Using conditional 
logistic regression, we compared the dose of antipsychotic and ben-
zodiazepine drugs administered in the 24 hours before the fall to 
the dose administered 1 week prior. Because participants were com-
pared with themselves, the estimates approximate the relative risk 
of a fall occurring following a psychotropic drug change compared 
to other times. We present results for three different types of drug 
changes: drug initiation, dose increase, or drug discontinuation. We 
defined drug initiation as administration of a low or high dose drug 
in the 24 hours prior to the fall but no drug administration 1 week 
prior. We defined dose increase as administration of high dose drug 
in the 24 hours prior to the fall with low dose administration 1 
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week prior. We defined drug discontinuation as administration of 
no drug in the 24 hours prior to the fall but low or high dose 1 
week prior.

In a secondary analysis, we defined a drug dose increase as any 
increase in the drug dose administered in the 24 hours before the fall 
compared with the drug dose administered in any of the preceding 
days (ie, yes increase versus no increase). We first considered drug 
dose increases that occurred within 24 hours of the fall. An increase 
occurred if the drug dose administered in the 24 hours before the fall 
was greater than the dose administered in the 25–48 hours before 
the fall. A drug dose increase was defined identically in the control 
period using time exactly 1 week prior. We used conditional logistic 
regression models to compare the frequency of psychotropic drug 
dose increases in the 24 hours before the fall with the frequency of 
drug dose increases 1 week earlier. Because the dose of drug admin-
istered during the 24 hours preceding the hazard and control peri-
ods could differ within persons, we adjusted for the log transformed 
dose of drug administered in the 24 hours preceding the hazard and 
control period.

In order to determine when the maximal effect of a drug change 
on fall risk occurred, we then lengthened the hazard and control 
periods from 24 to 120 hours. For example, when the hazard period 
was 120 hours, we defined change if the drug dose administered in 
the 24 hours before the fall was greater than the dose administered 
in any of the 24 hour periods during the 25–144 hours before the 
fall. We used SAS version 9.4 for all analyses.

Results

Among 594 long-stay residents who experienced at least one fall, the 
mean age was 87.5 years (± 8.7) and 75.1% were female (Table 1). 
Most residents who fell were categorized as having moderate cogni-
tive impairment (59.0%), and half had moderate functional impair-
ment. Two-thirds of these residents were categorized as having no 
pain and just over half were categorized as having no depressive 
symptoms (54.3%).

Thirty-four percent of the residents who fell during the obser-
vation period were administered one or more antipsychotic drugs 
in the 14  days before the fall (31.5% received an atypical antip-
sychotic and 4.7% received a typical antipsychotic). Twenty six 

percent of these residents were administered one or more benzo-
diazepines in the 14  days before the fall (20.4% received a short 
acting benzodiazepine and 7.7% received a long-acting benzodiaz-
epine). As compared with benzodiazepine users, antipsychotic users 
were more often men (31.2% vs 18.3%), severely impaired in their 
ADLs (20.2% vs 14.2%), and less likely to report any pain (33.0% 
vs 44.5%). Cognition and depressive severity was similar between 
antipsychotic and benzodiazepine users.

There was no statistically significant change in the risk of falling 
in the day after initiating a low dose (odds ratio [OR] 2.42, 95% 
confidence interval [CI] 0.58, 10.06) or high dose antipsychotic 
drug (OR 2.21, 95% CI 0.49, 9.90) as compared with other times 
(Table 2). In contrast, there was a statistically significant greater risk 
of falls in the day after initiating a low dose (OR 3.79, 95% CI 1.10, 
13.00) or high dose benzodiazepine (OR 2.70, 95% CI 1.01, 7.20). 
The risk of falling was not higher in the 24 hours after increasing 
the dose of an antipsychotic (OR 0.91, 95% CI 0.31, 2.70) or ben-
zodiazepine (OR 0.71, 95% CI 0.22, 2.66). It was unclear whether 
discontinuing low dose antipsychotics affected the acute risk of falls 
(OR 0.41, 95% CI 0.10, 1.72), whereas discontinuing benzodiaz-
epines was associated with an immediately lower risk of falls (OR 
0.26, 95% CI 0.08, 0.91).

Eight percent of residents (n  =  48) received both an antipsy-
chotic and benzodiazepine drug in the 24 hours before the fall. Four 
residents took no drug in the control period and both drugs in the 
hazard period, whereas no residents took both drugs in the control 
period and no drugs in the hazard period.

In our secondary analysis, there was no statistically significant 
change in the risk of falls in the 24 hours following an antipsychotic 
drug dose increase compared to 1 week prior (OR 1.36, 95% CI 
0.66, 2.78) (Table 3). Results were similar when the hazard period 
and control periods examined the impact of drug dose increase in 
the 120 hours before the fall (OR 0.93, 95% CI 0.53, 1.64). For 
benzodiazepines, there was a higher risk of falls in the 24 hours fol-
lowing a drug change (OR 2.65, 95% CI 1.29, 5.44) (Table 4). This 
risk remained higher when the hazard period was lengthened to 120 
hours (OR 2.57, 95% CI 1.41, 4.69). Results were similar when 
atypical antipsychotics (OR 1.84, 95% CI 0.82, 4.15) and short act-
ing benzodiazepines (OR 2.67, 95% CI 1.26, 5.66) were considered 
separately.

Figure 1.  Diagram of case-crossover study design used to determine the effect of psychotropic drug changes on the risk of falls. 
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Discussion

We found no statistically significant association between initiation 
of an antipsychotic drug and the acute risk of falls among long-
stay nursing home residents. This could be due to limited statisti-
cal power. Despite observing a large population of nursing home 
residents over a 3-year period, there were few falls among residents 
who recently initiated these medications. In contrast, residents were 
at a 2–4 fold higher risk of falls in the 24 hours following initiat-
ing of a benzodiazepine. Stopping a benzodiazepine was associated 
with an immediately lower risk of falls. Compared to other times, 
the risk of falls was higher in the 1–5  days following benzodiaz-
epine drugs dose increase but not following drug dose increases of 
antipsychotic drugs.

A unique aspect of our study was that we focused on the short-
term association between psychotropic drug changes, rather than 
chronic drug administration, as a risk factor for falls. We found 
the risk of falls was higher in the 24–120 hours following initia-
tion of a benzodiazepine drug, but not following antipsychotic drug 
initiation. Huybrechts and coworkers (22) conducted a propensity 
score analysis to determine the risk of major adverse events fol-
lowing initiation of a psychotropic drug in nursing home residents. 
With an average follow-up of 93 days, there was a suggestion that 

the risk of hip fracture was greater in new users of typical antip-
sychotics as compared to atypical antipsychotics, but this did not 
reach statistical significance [incidence rate ratio (IRR) 1.49, 95% 
CI 0.93, 2.41]. There was no difference in the risk of hip fracture 
in new users of atypical antipsychotics as compared to new users of 
benzodiazepines (IRR 1.13, 95% CI 0.73, 1.75). The differences in 
our results as compared to Huybrechts may be explained by chance 
given our limited number of antipsychotic drug changes: only 
19/556 residents received a dose change of an antipsychotic in the 
hazard or control periods, whereas 32/556 residents received a dose 
change of a benzodiazepine. Alternatively, it is possible that benzo-
diazepines affect falls risk immediately by impairing memory and 
balance, whereas antipsychotic medications need additional time to 
affect falls through their effects on gait and orthostasis. Different 
from the Huybrechts study, we focused on a very short time interval 
(24–120 hours) following a drug change. With more chronic admin-
istration, the effects of benzodiazepine and antipsychotic drugs on 
fall risk appear similar (7,23).

The mechanism whereby benzodiazepine and antipsychotic 
drugs impact fall risk may differ. Benzodiazepines probably contrib-
ute to fall risk through their negative effects on cognition (24) and 
postural control (25). Postural control is particularly impaired with 
higher doses of benzodiazepines in older persons (25). Studies exam-
ining the effects of antipsychotic drug use on postural control have 
yielded mixed results (25). Instead, it is possible that these drugs lead 
to falls through their negative effects on cognition, blood pressure 
regulation, or through their extrapyramidal motor effects including 
tremor, rigidity, and bradykinesia.

Benzodiazepines and antipsychotics are often used to treat simi-
lar neuropsychiatric symptoms in the nursing home setting, but 
they may have different consequences. Our finding of a higher fall 
risk following changes in benzodiazepine use but not antipsychotic 
administration suggests that this risk is, at least in part, due to the 
effects of the drug itself. Further, we found the risk of falls was 
slightly higher following initiation of low dose than a high dose ben-
zodiazepine drug (OR 3.79 vs 2.70), although the confidence inter-
vals were overlapping, making it difficult to draw firm conclusions. 
The suggestion that initiating a low dose benzodiazepine could be 
associated with a greater risk of falls as compared to initiating high 
dose drug could be explained if providers preferentially prescribed 
low dose drugs to the most frail residents at greatest risk for falls. 
However, if the higher risk of falls was entirely due to the under-
lying medical condition, one might expect a greater risk observed 
among residents initiating high dose drug as these residents likely 
have more severe acute symptoms. Treatment with antipsychotic 
drugs may be associated with closer staff supervision, providing less 
opportunity for a patient to fall, as compared to benzodiazepine 
drug changes. Also, providers choose between these drugs based on 
differences in patient characteristics such as insomnia and memory 
impairment; thus, the different risk observed between drug classes 
may relate in part to differences in the underlying neuropsychiatric 
or medical condition.

We found that discontinuing a low dose benzodiazepine was 
associated with an immediately lower risk of falls (OR 0.26, 95% CI 
0.08, 0.91), whereas it was unclear whether discontinuing an antip-
sychotic also had an immediate effect of falls risk (OR 0.41, 95% CI 
0.10, 1.72). It is possible that our noninformative findings for antip-
sychotic discontinuation relate to our small number of residents 
who were observed to discontinue these medications in the 24 hours 
before their fall. Larger studies should examine whether providers 

Table  1.  Characteristics* of 594 Long-Stay Nursing Home Resi-
dents with a Fall in a Case-Crossover Study of Medication Changes 
and Falls

Age (mean ± SD, y) 87.5 (8.7)
Female 75.1 (446)
Cognition† (n = 581)
  Intact/mild impairment 29.1 (169)
  Moderate impairment 59.0 (343)
  Severe impairment 11.9 (69)
Functional status‡ (N=591)
  Mild impairment 32.2 (190)
  Moderate impairment 50.6 (299)
  Severe impairment 17.3 (102)
Pain§ (N = 588)
  None 66.8 (393)
  Mild 22.5 (132)
  Moderate to severe 10.7 (63)
Depressive symptomsǁ (N = 578)
  None 54.3 (314)
  Mild 27.9 (161)
  Moderate to severe 17.8 (103)
Antipsychotic drug use
  Atypical antipsychotic use 31.5 (187)
  Typical antipsychotic use 4.7 (28)
Benzodiazepine drug use
  Long acting 7.7 (46)
  Short acting 20.4 (121)

*Percent (n) unless otherwise specified.
†Cognition was ascertained using the Cognitive Performance Scale (mild 

impairment = scores 0–2, moderate impairment = scores 3–4, severe impair-
ment = scores 5–6).

‡Functional status was ascertained using the modified Katz ADL short 
scale (intact or mild impairment = scores 0–4, moderate impairment = scores 
5–11, severe impairment = scores 12–16).

§Pain was assessed via the Visual Analog Scale (none = 0, mild = 1, moder-
ate to severe = 2–3).

ǁDepression was ascertained using the 7-item Depression Rating Scale (no 
symptoms = 0, mild symptoms = 1–2, moderate to severe symptoms ≥3).
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might expect a more immediate impact on fall risk when tapering a 
benzodiazepine as compared to an antipsychotic.

There are several strengths to our study. We had precise informa-
tion on the dose and timing of drug administration and the timing of 
falls among a large population of nursing home residents. By using 
the case-crossover design, we were able to examine the immediate 
fall risks associated with dose changes, an understudied question 
that has implications for clinical practice. Second, the case-crossover 
design eliminates the concern of confounding due to unmeasured 
differences between users and nonusers of a drug (24).

Our study also has limitations. First, as in all observational 
studies, it is possible that there are transient changes in neuropsy-
chiatric symptoms that simultaneously impact the probability of 
receiving an antipsychotic or benzodiazepine and also impact the 
risk of falls. A  second limitation is that only a small proportion 
of the residents in the two facilities who experienced a fall had 
a change in the drug dose administered between the time periods 
under comparison. Our effect estimates, therefore, have less preci-
sion, and we were unable to separately examine the risk of falls for 
typical antipsychotics or individual drugs. Further, antipsychotic 
users in our study were more functionally impaired than users of 
benzodiazepines, and perhaps then, had less opportunity to fall. 
This may explain why we found relatively few antipsychotic dose 

changes preceding a fall with limited power to detect a statistical 
association with falls.

Finally, with our limited sample size we were unable to fully 
consider the relationship between concomitant drug use, drug 
changes, and falls. Previous work by our group suggests that ini-
tiating a non-selective serotonin reuptake inhibitor antidepressant 
is associated with a higher risk of falls (26) and initiating a non-
benzodiazepine hypnotic is associated with a higher risk of hip 
fracture in the nursing home (27). It is likely that users of multiple 
psychotropic agents are particularly vulnerable to the effects of a 
medication change. 

Etiologically, falls in the nursing home can be attributed to 
the interaction between chronic risk factors for falls, such as 
impaired gait and dementia, with acute precipitating hazards, 
such as a wet floor or a move to an unfamiliar room. Our find-
ings suggest that initiating a benzodiazepine drug is also an 
acute precipitant of falls in the nursing home setting. Providers 
should be very judicious when prescribing a new benzodiazepine 
to nursing home residents. When benzodiazepine prescription 
is necessary, providers should discontinue the drug as soon as 
possible. It may also be prudent to encourage close supervision 
following a new benzodiazepine prescription in an attempt to 
prevent falls in the nursing home. Future studies should consider 

Table 2.  Association Between Initiating a Low Dose or High Dose Psychotropic Drug and the Risk of Falls Among Long-Stay Nursing Home 
Residents Who Experienced At Least One Fall

Dose # Exposed in  
Prior 24 h

# Exposed  
1 Week Earlier

# Exposed Only 
in the Prior 24 h

# Exposed Only  
1 Week Earlier

OR (95% CI)

Antipsychotics Low 59 56 5 1 2.42 (0.58, 10.06)
High 130 129 2 2 2.21 (0.49, 9.90)

Benzodiazepines Low 37 31 8 0 3.79 (1.10, 13.00)
High 83 77 10 6 2.70 (1.01, 7.20)

Table 3.  Association Between New Administration or Dose Increase of an Antipsychotic Drug on the Risk of Falls in Long-Stay Nursing 
Home Residents Who Experienced At Least One Fall, According to Time From the Drug Change

Exposed in  
Hazard  
Period Only

Exposed in  
Control  
Period Only

Exposed in  
Hazard and  
Control Periods

Unexposed in  
Hazard and  
Control Periods

Unadjusted Odds  
Ratio (95% CI)

Adjusted Odds  
Ratio (95% CI)*

Within 24 h 18 16 4 556 1.13 (0.57, 2.21) 1.36 (0.66, 2.78)
Within 48 h 21 21 9 543 1.00 (0.55, 1.83) 1.02 (0.55, 1.86)
Within 72 h 23 27 13 531 0.85 (0.48, 1.49) 0.92 (0.51, 1.64)
Within 96 h 21 27 18 528 0.78 (0.44, 1.38) 0.84 (0.47, 1.49)
Within 120 h 25 27 20 522 0.92 (0.53, 1.61) 0.93 (0.53, 1.64)

*Adjusted for dose administered during the 24 h preceding the hazard and control periods.

Table 4.  Association Between the New Administration or Dose Increase of a Benzodiazepine Drug on the Risk of Falls in Long-Stay Nursing 
Home Residents Who Experienced At Least One Fall, According to Time From the Drug Change

Exposed in 
Hazard  
Period Only

Exposed in 
Control  
Period Only

Exposed in  
Hazard and 
Control Periods

Unexposed in 
Hazard and  
Control Periods

Unadjusted Odds  
Ratio (95% CI)

Adjusted Odds  
Ratio (95% CI)*

Within 24 h 28 14 5 547 2.00 (1.05, 3.80) 2.65 (1.29,5.44)
Within 48 h 32 14 10 538 2.29 (1.22, 4.28) 2.60 (1.32,5.18)
Within 72 h 35 15 12 532 2.33 (1.27, 4.27) 2.61 (1.38,4.94)
Within 96 h 37 14 14 529 2.64 (1.43, 4.89) 2.66 (1.44,4.92)
Within 120 h 38 15 14 527 2.53 (1.39, 4.61) 2.57 (1.41,4.69)

*Adjusted for dose administered during the 24 h preceding the hazard and control periods.
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whether raising staff awareness of medication changes could 
prevent falls in this setting.
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