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ABSTRACT

OBJECTIVE

To evaluate the association between the use of
antipsychotic drugs and cholinesterase inhibitors and
the risk of falls and fractures in elderly patients with
major neurocognitive disorders.

DESIGN
Self-controlled case series.

SETTING
Taiwan’s National Health Insurance Database.

PARTICIPANTS

15278 adults, aged 265, with newly prescribed
antipsychotic drugs and cholinesterase inhibitors,
who had an incident fall or fracture between 2006 and
2017. Prescription records of cholinesterase inhibitors
confirmed the diagnosis of major neurocognitive
disorders; all use of cholinesterase inhibitors was
reviewed by experts.

MAIN OUTCOME MEASURES

Conditional Poisson regression was used to derive
incidence rate ratios and 95% confidence intervals for
evaluating the risk of falls and fractures for different
treatment periods: use of cholinesterase inhibitors
alone, antipsychotic drugs alone, and a combination
of cholinesterase inhibitors and antipsychotic drugs,
compared with the non-treatment period in the same
individual. A 14 day pretreatment period was defined
before starting the study drugs because of concerns
about confounding by indication.

RESULTS

The incidence of falls and fractures per 100 person
years was 8.30 (95% confidence interval 8.14 to
8.46) for the non-treatment period, 52.35 (48.46 to
56.47) for the pretreatment period, and 10.55 (9.98
to 11.14), 10.34 (9.80 to 10.89), and 9.41 (8.98

WHAT IS ALREADY KNOWN ON THIS TOPIC

disorders

Antipsychotic drugs and cholinesterase inhibitors have been reported to increase
the incidence of falls and fractures in patients with major neurocognitive

Confounding by indication should be considered when evaluating the
association between drugs and adverse reactions because cognitive impairment
and neuropsychiatric symptoms of major neurocognitive disorders might lead to
a high risk of falls and fractures

WHAT THIS STUDY ADDS

The risk of falls and fractures was highest before patients started treatment with
cholinesterase inhibitors and antipsychotic drugs, implying that factors other
than the use of drugs might have affected the incidence of falls and fractures
Although the high risk of falls and fractures in the pretreatment period was
reduced after patients received treatment, the results indicated that patients
might not have regained a stable condition of their major neurocognitive disorder
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to 9.86) for use of a combination of cholinesterase
inhibitors and antipsychotic drugs, antipsychotic
drugs alone, and cholinesterase inhibitors alone,
respectively. Compared with the non-treatment period,
the highest risk of falls and fractures was during the
pretreatment period (adjusted incidence rate ratio
6.17, 95% confidence interval 5.69 to 6.69), followed
by treatment with the combination of cholinesterase
inhibitors and antipsychotic drugs (1.35, 1.26 to 1.45),
antipsychotic drugs alone (1.33, 1.24 to 1.43), and
cholinesterase inhibitors alone (1.17, 1.10 to 1.24).

CONCLUSIONS

The incidence of falls and fractures was high in the
pretreatment period, suggesting that factors other
than the study drugs, such as underlying diseases,
should be taken into consideration when evaluating
the association between the risk of falls and fractures
and use of cholinesterase inhibitors and antipsychotic
drugs. The treatment periods were also associated
with a higher risk of falls and fractures compared with
the non-treatment period, although the magnitude
was much lower than during the pretreatment period.
Strategies for prevention and close monitoring of the
risk of falls are still necessary until patients regain a
more stable physical and mental state.

Introduction

Older adults with major neurocognitive disorders
are often considered vulnerable and prone to falls
and related fractures.! Falls and fractures are the
most common causes for admission to hospital in
older adults and are associated with substantial
morbidity and mortality.? Cholinesterase inhibitors
are typically used to improve cognition and might be
linked to the risk of falls and fractures as a result of the
syncope caused by parasympathomimetic effects.’”
Antipsychotic drugs are commonly prescribed to
treat neuropsychiatric symptoms in patients with
major neurocognitive disorders,® and concerns have
been raised about falls and fractures.” Because of
the potential adverse effects of antipsychotic drugs,
including orthostatic hypotension, sedation, blurred
vision, and extrapyramidal symptoms, the United
States Food and Drug Administration has suggested
that a complete assessment of the risk of falls should
be undertaken before the start of treatment.® Beers
criteria’ and other studies'®? have also suggested that
antipsychotic drugs might be associated with the risk
of falls and fractures.

Although several studies and guidelines have
suggested that cholinesterase inhibitors and
antipsychotic drugs might be associated with the risk
of falls and fractures, other studies reached different
conclusions. Jin et al and Kim et al found no association
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between the use of cholinesterase inhibitors and the
incidence of falls and fractures in patients with major
neurocognitive disorders.?®> % One systematic review
and meta-analysis and an observational study also
found that antipsychotic drugs were not associated
with the risk of falls and fractures.** ** Confounding
by indication could partly explain the conflicting
results from these studies. For example, patients with
neuropsychiatric symptoms of major neurocognitive
disorders might manifest depression, irritability,
agitation, and hallucinations that could lead to the
prescription of antipsychotic drugs, and both the
symptoms and the treatments could increase the risk
of subsequent falls and fractures. This confounding
effect is especially likely when the events are seen
within a short period of time before patients with major
neurocognitive disorders begin treatment of their
neuropsychiatric symptoms. But only a few studies
evaluating the association between cholinesterase
inhibitors, antipsychotic drugs, and the risk of falls
and fractures have looked at this issue.'®2°

With an ageing society, the incidence of
major neurocognitive disorders and associated
neuropsychiatric symptoms is increasing.?” Although
the use of antipsychotic drugs might be associated with
falls and fractures, as reported by the FDA and Beers
criteria, antipsychotic drugs can still be prescribed to
control neuropsychiatric symptoms in patients with
major neurocognitive disorders. Therefore, it has
become increasingly important to understand the risk
profiles of patients receiving cholinesterase inhibitors
and antipsychotic drugs to prevent falls and fractures
from occurring. We evaluated the associated risk of falls
and fractures in patients receiving both cholinesterase
inhibitors and antipsychotic drugs. Specifically, we
assessed the risk of falls and fractures during the
period before treatment to understand whether the risk
arose predominantly from the use of the drugs or from
the underlying diseases that required treatment.

Methods

Data sources

We used data from the National Health Insurance
Database, 2003-2017, provided by the Health and
Welfare Data Science Centre, Taiwan. Details of the
database have been described elsewhere.?® Briefly, the
National Health Insurance Database is derived from
the National Health Insurance programme of Taiwan,
and contains the records of about 23 million people
(nearly 99.9% of the total population of Taiwan). The
National Health Insurance Database includes records
of diagnoses, drugs, and procedures from outpatient,
inpatient, and emergency departments, and from
contracted pharmacies. Many major disease diagnoses
in the database have been validated by previous studies,
including ischaemic stroke,” epilepsy,*® hypertension,**
diabetes,** hyperlipidaemia,** coronary artery disease,**
atrial fibrillation,*" heart failure,? Parkinson’s disease,*
major neurocognitive disorders,”®  schizophrenia,**
bipolar disorder,>* and depression.>* The diagnosis codes
for osteoarthritis, > osteoporosis,* cataract,” falls,>® and
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fractures® have not been validated but were selected
based on previous studies and from the expert opinions
of a psychiatrist and a geriatrician. Cholinesterase
inhibitors and antipsychotic drugs are mostly reimbursed
by the National Health Insurance programme in Taiwan,
meaning that most prescription records have been
captured. Also, we linked the National Health Insurance
Database to the Cause of Death registry data to precisely
identify patients who died during the study period.

Study population

The study period was 2006-2017. We selected adults
aged =65 on 1 January 2006 who had received at
least one prescription of both antipsychotic drugs
and cholinesterase inhibitors for neuropsychiatric
symptoms of major neurocognitive disorders, and
who had at least one fall or fracture during the study
period. The prescription records for cholinesterase
inhibitors were used to confirm the diagnoses of
major neurocognitive disorders because experts
from the National Health Insurance Administration
reviewed all use of cholinesterase inhibitors, based
on the Diagnostic and Statistical Manual of Mental
Disorders, fifth edition, and patient scores on the
mini-mental state examination. We did not consider
low dose sulpiride (50 mg/day) as an antipsychotic
drug because of its frequent use for gastroduodenal
ulcers; prochlorperazine is more widely used as an
antiemetic in Taiwan and was also excluded as an
antipsychotic drug. We excluded patients with a record
of an antipsychotic drug or cholinesterase inhibitor, or
with a fall or fracture in 2003-2005 (washout period)
to ensure that only new users of the study drugs
with no history of falls or fractures were included
in the study population. We also excluded patients
with underlying schizophrenia or bipolar disorder to
ensure that antipsychotic drugs were used to treat the
neuropsychiatric symptoms of major neurocognitive
disorders. Figure 1 shows a flowchart of the selection
of the study population.

Study design

We applied the self-controlled case series design in this
study.’’ Self-controlled case series include participants
who have both the outcome and the treatment of
interest during a prespecified study period. These
participants act as their own control, and thus all
time constant covariates varying between individuals
are controlled. Self-controlled case series enable risk
estimates by comparing the incidence rates of the
outcome between the non-treatment and treatment
periods, based on the conditional Poisson regression
model.

Outcome events and treatment periods

The primary outcome was a combination of falls (ICD-9
(international classification of diseases, ninth edition)
codes E880-E888; ICD-10 (international classification
of diseases, 10th edition) codes WO00-W19) and
traumatic fractures (ICD-9 codes 800-829; ICD-10
codesS02,S12,S22,532,S42,552,562,572,582, and
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Concomitant use of antipsychotic drugs and cholinesterase inhibitors, 2006-17

|

Falls or fractures, 2006-17

(i 11443)
Excluded
4005 Aged <65 on 1 January 2006
8 Sex information missing
3209 Used antipsychotic drugs or cholinesterase inhibitors in 2003-05
3708 Had falls or fractues in 2003-05
513 Underlying schizophrenia or bipolar disorder

15278

Study population

Fig 1 | Flowchart of study population selection

S92). We also analysed falls and fractures separately
in secondary analyses. We only considered the first
occurrence of an outcome in the analysis because
recurrences of falls and fractures were not independent.
Also, we included falls and fractures that required
admission to hospital as a more severe outcome for a
secondary analysis, which was defined by the primary
diagnosis from the inpatient claims. We divided the
study into five separate periods: 14 day pretreatment
period before the use of drugs, use of cholinesterase
inhibitors alone, use of antipsychotic drugs alone,
use of a combination of cholinesterase inhibitors and
antipsychotic drugs, and non-treatment period, when
cholinesterase inhibitors and antipsychotic drugs were
not used. The 14 day pretreatment period was designed
to evaluate the increased incidence of falls and
fractures related to the neuropsychiatric symptoms of
major neurocognitive disorders before the start of drug
treatment, and to benchmark the magnitude of the risk
during the treatment periods. Figure 2 describes the
five treatment periods. Continuous use of drugs was
defined as patients refilling their prescriptions within
14 days after the end date of the last prescription (that
is, 14 day grace period).

Statistical analysis and covariates

Means (standard deviations) or medians (interquartile
ranges) are reported for continuous variables and
numbers (percentages) for categorical variables.
Baseline characteristics of the patients were assessed
based on the covariates extracted from one year
before 1 January 2006, including age, sex, subtype
of major neurocognitive disorder, comorbidities,
and co-administered drugs (table 1). Subtypes of
major neurocognitive disorders included Alzheimer’s
disease, Parkinson’s dementia, vascular dementia,
mixed type (those with more than one diagnosis of a
subtype of major neurocognitive disorders), and other,
or unspecified.’® *° Supplementary table 1 lists the
ICD codes for the subtypes of major neurocognitive
disorders and comorbidities included in the study.
Supplementary table 2 lists the ATC codes for the co-
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administered drugs included in the study. We also
evaluated the characteristics of the patients at the time
of the outcome events, including their age on the event
date, where the event was diagnosed (outpatient,
inpatient, or emergency department), mortality after
the event, type of treatment, anticholinergic burden
measured by the anticholinergic drug scale, and the
ratio of prescribed daily dose to defined daily dose
for cholinesterase inhibitors and antipsychotic drugs
(table 2). The anticholinergic drug scale is a widely
used measure developed through the expert opinion
process, with a 4 point scale ranging from 0, for no
known activity, to 3three, for high anticholinergic
activity."® Prescribed daily dose is calculated as the
sum of actual doses of each drug, whereas defined
daily dose is a standard unit widely applied for the
transition of drug doses with different strengths,
developed by the World Health Organization.*! Defined
daily dose is an assumed average maintenance dose
per day for each drug.

We used the conditional Poisson regression model to
calculate the incidence of falls and fractures in different
study periods, and we generated the incidence rate
ratios, with 95% confidence intervals, using the non-
treatment period as the reference group. Self-controlled
case series remove time constant confounders but are
sensitive to time varying factors, such as the progression
of major neurocognitive disorders. Therefore, we
adopted a one year boundary to divide the study period
to take into account possible effects related to age; that
is, we divided the observation period by treatment
status and also by one year intervals (eg, first, second,
third years). This time varying method to adjust for
the effects of age is described in detail elsewhere.’’
Because some potentially important confounders,
such as body weight, activities of daily living, and the
use of walking aids, were not available in the database,
we adopted a quantitative bias assessment tool, the E
value approach, to evaluate the minimum effect from
an unmeasured confounder that would be necessary to
remove the association found between the treatment
and the outcome.”” For example, an E value of 5
indicates that the unmeasured confounder would need
to be associated with both treatment and outcome by
a factor of more than five times to make the observed
association irrelevant. Computation of the E value was
based on Mathur et al.*?

Sensitivity analyses

Toexaminetherobustnessofourfindings, we conducted
sensitivity analyses with different definitions of the
study population, treatments, outcomes, and lengths
of the pretreatment period. We grouped patients by sex
(men or women) and age group (65-74, 75-84, and 285)
to examine any differential effects within these groups
(supplementary tables 3-1 and 3-2). Anticholinergic
burden (that is, the cumulative effect of taking multiple
drugs with anticholinergic activities) is a critical issue
that might also be associated with falls and fractures
in elderly people.*® A high anticholinergic burden
has been reported to adversely affect cognitive and
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Starting date End of study
1 January 2006 31 December 2017
Pretreatment Grace period
Baseline — o —
(1 yean) Combination AP alone
L Pretreatment ; = )
<l L v 'i'
D | ]
L J L J L J | - .
Washout Non- ChEl alone Grace period Non-
(3 years) treatment treatment

Fig 2 | Study scheme and definitions of treatment periods. A three year washout period before the start date was used
to exclude patients with a history of falls and fractures. A one year baseline period was defined to assess patients’
baseline covariates. The study was divided into five separate periods: 14 day pretreatment period before the use of
drugs, use of cholinesterase inhibitors alone, use of antipsychotic drugs alone, use of a combination of cholinesterase
inhibitors and antipsychotic drugs, and non-treatment period, when cholinesterase inhibitors and antipsychotic drugs
were not used. A refill noted within 14 days after the end date of the last prescription (that is, 14 day grace period)
was considered as a continuation of a previous prescription. ChEl=cholinesterase inhibitor; AP=antipsychotic drug

physical functions and might also increase the risk of
falls, admission to hospital, and death.****® To account
for the potential effect, we included the anticholinergic
drug scale to classify patients by their anticholinergic
burden for the sensitivity analyses (supplementary
table 3-3). To examine the effect of dose, we grouped
the study population based on their cumulative doses
of antipsychotic drugs (above or below the median)
with the ratio of prescribed daily dose to defined daily
dose (supplementary table 3-4).

Patients in different care settings might have different
baseline risks of falls and fractures. To understand the
effect of the care setting, we conducted an analysis
with outcomes restricted to those recorded only at
outpatient settings to better reflect the risk in the
community, where interventions to prevent falls and
fractures might not be sufficient (supplementary table
3-5). To examine the effect of excluding schizophrenia
and bipolar disorder, we conducted sensitivity analyses
without exclusion of these conditions. We then further
grouped this population by schizophrenia, bipolar
disorder, and depression to examine the individual
effects of these conditions (supplementary table 3-6).

Because patients who died from an outcome event
would not have a subsequent treatment, potentially
violating the assumption of self-controlled case series,
we performed two sensitivity analyses after removing
patients who died during the study period and
patients who died within three months after the events
(supplementary table 3-7). Moreover, to examine the
validity of the outcomes we carried out a sensitivity
analysis and selected specific diagnostic codes for
falls and fractures (that is, falls from a different level
(ICD-9 codes E880-E884; ICD-10 codes W00.1, W00.2,
and W05-W17), falls from the same level (ICD-9 codes
E885-E886; ICD-10 codes W00.0, WO1-W04, and
W18), and hip fractures (ICD-9 code 820; ICD-10
code S72)). Hip fractures were selected because more
than 95% of such fractures were found to be related to
falls*’ (supplementary table 3-8). In the main analysis,
we included only the first incidence of falls or fractures
because subsequent events might not be independent
of previous falls or fractures. We performed a
sensitivity analysis including all episodes of falls and

fractures, however, to evaluate whether the exclusion
of subsequent outcomes had substantially affected the
results (supplementary table 3-9). We redefined the
pretreatment period as seven, 21, and 28 days to test
the adequacy of a 14 day pretreatment period in the
main analysis (supplementary table 3-10).

Each antipsychotic drug has different affinities
to a adrenergic receptors, histamine receptors, and
dopamine receptors, which can lead to varying
degrees of effects that possibly provoke falls
and fractures, such as a reduction in heart rate,
vasodilation, orthostatic hypotension, blurred vision,
sedation, and extrapyramidal symptoms.® Therefore,
we conducted subgroup analyses to evaluate the
individual antipsychotic drugs separately. We selected
haloperidol, risperidone, olanzapine, and quetiapine
for the subgroup analyses because they were the most
commonly used antipsychotic drugs for elderly patients
in Taiwan (supplementary table 3-11). Some studies
have found strong associations between antipsychotic
drugs and falls and fractures immediately after the start
of treatment or shortly after the end of treatment.'” >
We therefore defined two more study periods of 14
days: one after the start of treatment and the other after
the end of treatment (supplementary table 3-12). We
used SAS version 9.4 for all analyses.

Patient and public involvement

Patients and the public were not involved in this
study because of the constrained situation during the
covid-19 pandemic in Taiwan, as well as restrictions
on funding.

Results

Patient characteristics at baseline

We identified 15278 adults eligible for the self-
controlled case series (fig 1), withamean age atbaseline
of 74.5 (standard deviation 5.5), of whom 66.7% were
women (table 1). Although licensed neurologists
or psychiatrists had reviewed all the diagnoses of
major neurocognitive disorders, most of the study
population had unspecified major neurocognitive
disorders (10570 patients, 69.2%). The most common
comorbidities were hypertension (7776, 50.9%),
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Table 1 | Patient characteristics. Values are numbers (percentages) unless stated

otherwise
Variables Study population (n=15278)
Sex:
Women 10190 (66.7)
Men 5088 (33.3)
Mean (SD) age (years) 74.5 (5.5)
Age group:
65-74 7685 (50.3)
75-84 6966 (45.6)
>85 627 (4.1)
Subtype of major neurocognitive disorders:
Alzheimer's disease 3339 (21.9)
Parkinson’s dementia 990 (6.5)
Vascular dementia 230 (1.5)
Mixed type (more than one subtype) 149 (1.0)

Other or unspecified

10570 (69.2)

Drug sequence:

Cholinesterase inhibitors before antipsychotic 6688 (43.8)
Antipsychotic before cholinesterase inhibitors 8289 (54.2)
Used concomitantly 301 (2.0)
Comorbidities:
Depression 932 (6.1)
Parkinson’s disease 287 (1.9)
Epilepsy 60 (0.4)
Hypertension 7776 (50.9)
Diabetes mellitus 3347 (21.9)
Hyperlipidaemia 3353 (21.9)
Coronary artery disease 3229 (21.1)
Atrial fibrillation 217 (1.4)
Heart failure 589 (3.9)
Ischaemic stroke 1573 (10.3)
Osteoarthritis 4703 (30.8)
Osteoporosis 1553 (10.2)
Cataract 4261 (27.9)
Co-administered drugs:
Antidepressants 1947 (12.7)
Psychostimulants 861 (5.6)
Anxiolytics 7904 (51.7)
Hypnotics and sedatives 3337 (21.8)
Antiparkinsonian agents 651 (4.3)
Anticonvulsants 1178 (7.7)
Muscle relaxants 6730 (44.1)
Vasodilators 4993 (32.7)
Antihypertensive drugs 1651 (10.8)
Diuretics 3461 (22.7)
Renin-angiotensin-aldosterone system inhibitors 4377 (28.6)
B blockers 4841 (31.7)
Calcium channel blockers 5988 (39.2)
Antidiabetes drugs 2801 (18.3)
Lipid modifying agents 2631 (17.2)
Antiarrhythmic agents (classes 1 and 3) 435 (2.8)
Antithrombotic agents 5018 (32.8)
Steroids (systemic use) 4238 (27.7)
Non-steroidal anti-inflammatory drugs 11430 (74.8)
Bisphosphonates 199 (1.3)
Parasympathomimetic drugs 314 (2.1)
Antihistamines 9734 (63.7)

osteoarthritis (4703, 30.8%), and cataract (4261,
27.9%) Non-steroidal anti-inflammatory drugs were
the most commonly prescribed co-administered drugs
(11430, 74.8%), followed by antihistamines (9734,
63.7%), and anxiolytics (7904, 51.7%) (table 1).

Patient characteristics at time of event
Meanageon theeventdatewas 79.7 (standard deviation
6.1) (table 2). About 7421 (48.6%) patients had falls

thebmj | BMJ2021;374:n1925 | doi: 10.1136/bmj.n1925

or fractures that required admission to hospital or a
visit to the emergency department, and 264 (1.7%)
died within three months after the event. The median
anticholinergic drug scale was 1.0 (interquartile range
3.0), and the median ratio of prescribed daily dose
to defined daily dose, representing the cumulative
antipsychotic dose, was 12.3 (49.0). Of the whole study
population, 1960 (12.8%) were taking cholinesterase
inhibitors and 1374 (9.0%) were taking antipsychotic
drugs when the event occurred. The median dose of
cholinesterase inhibitors ranged from 0.7 to 1.0 for the
ratio of prescribed daily dose to defined daily dose, and
the median dose of antipsychotic drugs ranged from
0.1to 0.5, similar to previous studies.’*> Table 1 and
table 2 shows the characteristics of the patients.

Evaluation of the risk of falls and fractures

Compared with the non-treatment period, the risk
of falls and fractures was higher with the use of
cholinesterase inhibitors alone (adjusted incidence rate
ratio 1.17, 95% confidenceinterval 1.10to 1.24; Evalue
1.62), antipsychotic drugs alone (1.33, 1.24 to 1.43;
E value 1.99), and the combination of cholinesterase
inhibitors and antipsychotic drugs (1.35, 1.26 to 1.45;
Evalue: 2.04) (table 3). The risk was even higher during
the pretreatment period (6.17, 5.69 to 6.69; E value
11.82) compared with the non-treatment period. In
the analysis of falls, the adjusted incidence rate ratios
were 0.91 (95% confidence interval 0.71 to 1.18),
1.36 (1.02 to 1.82), 1.55 (1.17 to 2.05), and 10.39
(8.08 to 13.37) for the use of cholinesterase inhibitors
alone, antipsychotic drugs alone, the combination
of cholinesterase inhibitors and antipsychotic drugs,
and the pretreatment period, respectively. In the
analysis of fractures, the adjusted incidence rate ratios
were 1.18 (1.11 to 1.26), 1.34 (1.24 to 1.43), 1.35
(1.25 to 1.45), and 6.11 (5.62, 6.63) for the use of
cholinesterase inhibitors alone, antipsychotic drugs
alone, the combination of cholinesterase inhibitors
and antipsychotic drugs, and the pretreatment period,
respectively. We included 7364 patients who had been
admitted to hospital for falls or fractures, and the
results were consistent with the main analysis (table 3)

Sensitivity analyses

The results from the sensitivity analyses were
generally consistent with the main analysis. The use
of cholinesterase inhibitors and antipsychotic drugs
was associated with higher risks of falls and fractures
compared with the non-treatment period, and the
pretreatment period had a much higher risk of falls and
fractures than any other period (table 4). Specifically,
compared with the non-treatment period, we found that
the adjusted incidence rate ratios for the pretreatment
period were 2.81 (2.03 to 3.90), 6.11 (5.49 to 6.80),
and 8.07 (7.03 to 9.26) for patients aged 65-74, 75-
84, and 285, respectively, and 7.63 (6.73 to 8.65) and
5.35 (4.80 to 5.95) for men and women, respectively.
The adjusted incidence rate ratios of the pretreatment
period were 5.30 (4.74 to 5.94) and 7.41 (6.60 to 8.33)
in patients with an anticholinergic drug scale of 0-1
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Table 2 | Patient characteristics in relation to events. Values are numbers (percentages) unless stated otherwise

Study population

Variables (n=15278)
Mean (SD) age on event date (years) 79.7 (6.1)
Age group on event date:
65-74 3137 (20.5)
75-84 8703 (57.0)
>85 3438 (22.5)
Outcome events:
Falls 766 (5.0)
Falls from a different level 200 (1.3)
Falls from the same level 310 (2.0)
Fractures 14874 (97.4)
Hip fractures 2863 (18.7)
Setting of event being diagnosed:
Outpatient department 7857 (51.4)
Inpatient department 4644 (30.4)
Emergency department 2777 (18.2)
Died during study period 5198 (34.0)
Died within 3 months after event (No) 264 (1.7)
Median (interquartile range) anticholinergic burden (anticholinergic drug scale) 1.0 (3.0)
Median (interquartile range) cumulative dose of antipsychotic drugs (ratio of prescribed daily dose to DDD) 12.3 (49.0)
Type of treatment on event date
Combination of cholinesterase inhibitors and antipsychotic drugs 1270 (8.3)
Cholinesterase inhibitors alone: 1960 (12.8)
Donepezil 1826 (12.0)
Rivastigmine (oral) 974 (6.4)
Rivastigmine (patch) 242 (1.6)
Galantamine 195 (1.3)
Antipsychotic drugs alone: 1374 (9.0)
Haloperidol (oral) 116 (0.8)
Haloperidol (parenteral) 154 (1.0)
Risperidone 401 (2.6)
Olanzapine 110(0.7)
Quetiapine 1901 (12.4)
Median (interquartile range) dose on event date (ratio of prescribed daily dose to DDD)
Cholinesterase inhibitors:
Donepezil 0.9 (0.6)
Rivastigmine (oral) 0.7 (0.4)
Rivastigmine (patch) 0.9 (0.4)
Galantamine 1.0 (0)
Antipsychotic drugs:
Haloperidol (oral) 0.1(0.2)
Haloperidol (parenteral) 0.1(0.2)
Risperidone 0.2 (0.1)
Olanzapine 0.5 (0.3)
Quetiapine 0.1 (0)
Median (interquartile range) time from the closest prescription to event (weeks)
Cholinesterase inhibitors:
Donepezil 64.1(104.3)
Rivastigmine (oral) 59.7 (123.0)
Rivastigmine (patch) 59.4 (83.4)
Galantamine 80.9 (146.5)
Antipsychotic drugs:
Haloperidol (oral) 7.9 (44.0)
Haloperidol (parenteral) 0(2.3)
Risperidone 31.4 (66.0)
Olanzapine 29.2 (51.0)
Quetiapine 45.6 (88.9)

DDD=defined daily dose.

and 22 points, respectively. The adjusted incidence
rate ratios of the pretreatment period were 5.73 (4.54
to 7.24) and 5.45 (4.54 to 6.53) in patients who had
higher and lower cumulative doses of antipsychotic
drugs, respectively.

Only 513 patients were excluded from the main
analysis because of a diagnosis of schizophrenia or

bipolar disorder, and when we re-selected the study
population without excluding schizophrenia and
bipolar disorder, the adjusted incidence rate ratio for
the pretreatment period was 6.07 (5.60 to 6.57). The
adjusted incidence rate ratios for the pretreatment
period were 2.94 (0.70 to 12.37) for patients with
schizophrenia, 3.24 (1.76 to 5.99) for bipolar disorder,
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Table 3 | Risk of falls and fractures in different study periods

Follow-up time

Crude incidence

Adjusted incidence rate ratio (95% Cl)

Median rate ratio (95%
No of  Total person (interquartile Incidence rate (95% Cl) compared with Compared with Compared with
events years range) years  Cl)/100 person years non-treatment non-treatment pretreatment*
All events (n=15278):
Non-treatment 10208 122963.00 8.55(4.01) 8.30 (8.14 t0 8.46) Reference Reference 0.16 (0.15t0 0.18)
Pretreatment 657 1254.90 0.07 (0.03) 52.35 (48.46 t0 56.47) 6.31(5.83106.82) 6.17 (5.69 t0 6.69) Reference
Cholinesterase inhibitor alone 1790 19018.33 0.96 (1.92) 9.41 (8.98 t0 9.86) 1.13 (1.08t0 1.19) 1.17 (1.10to 1.24) 0.19(0.17t0 0.21)
Antipsychotic drug alone 1353 13087.45 0.35(1.21) 10.34 (9.80 t0 10.89) 1.25(1.18 t0 1.32) 1.33 (1.24 t0 1.43) 0.22 (0.20t0 0.24)
Combination 1270 12037.35 0.56 (1.31) 10.55 (9.98to 11.14) 1.27 (1.20to 1.35) 1.35 (1.26 to 1.45) 0.22 (0.20t0 0.24)
Falls (n=766):
Non-treatment 341 6750.84 9.28 (3.32) 5.05 (4.54 t0 5.61) Reference Reference 0.10 (0.07 t0 0.12)
Pretreatment 84 62.84 0.07 (0.03)  134.70 (107.30 to 164.70) 26.46 (20.84 10 33.60) 10.39 (8.08 to 13.37) Reference
Cholinesterase inhibitor alone 120 968.87 1.01 (2.11) 12.39 (10.31t0 14.76) 2.45 (1.99 to 3.02) 0.91(0.71t0 1.18) 0.09 (0.06 t0 0.12)
Antipsychotic drug alone 107 554.99 0.28 (0.93) 19.28 (15.88t0 23.20) 3.82 (3.07 to 4.74) 1.36 (1.021t0 1.82) 0.13(0.09t00.18)
Combination 114 518.55 0.49 (1.16) 21.98 (18.22 t0 26.31) 4.35 (3.52 t0 5.38) 1.55 (1.17 t0 2.05) 0.15 (0.11t0 0.21)
Fractures (n=14 874):
Non-treatment 9998 119543.18 8.53(4.02) 8.36 (8.20 t0 8.53) Reference Reference 0.16 (0.15t0 0.18)
Pretreatment 627 1222.01 0.07 (0.03) 51.31 (47.411t0 55.45) 6.13 (5.66 10 6.65) 6.11 (5.62t0 6.63) Reference
Cholinesterase inhibitoralone 1735  18491.49  0.96 (1.91) 9.16 (8.74 t0 9.60) 1.12 (1.07 t0 1.18) 1.18 (1.11to0 1.26) 0.19 (0.18t0 0.21)
Antipsychotic drug alone 1299 12764.29 0.35(1.21) 10.18 (9.64 10 10.74) 1.22 (1.15t0 1.29) 1.34 (1.24 10 1.43) 0.22 (0.20t0 0.24)
Combination 1215 11759.94 0.56 (1.31) 10.33 (9.76 t0 10.93) 1.24 (1.16 to 1.31) 1.35 (1.25 to 1.45) 0.22 (0.20t0 0.24)
Events in hospital (n=7364):
Non-treatment 4382 58310.22  8.44 (4.15) 7.51(7.30t07.74) Reference Reference 0.10 (0.09t0 0.11)
Pretreatment 516 608.77 0.07 (0.04) 84.76 (77.68t0 92.32) 11.28 (10.30t0 12.36) 10.20(9.28t0 11.21) Reference
Cholinesterase inhibitor alone 909 9005.44 0.94 (1.85) 10.09 (9.45 t0 10.77) 1.34 (1.25t0 1.44) 1.27 (1.17 to 1.39) 0.12(0.11t0 0.14)
Antipsychotic drug alone 782 6584.79 0.36 (1.26) 11.88(11.07t0 12.73) 1.58 (1.46t01.71) 1.55(1.41t01.71) 0.15(0.13t00.17)
Combination 775 5905.85 0.57 (1.34) 13.12 (12.22 to 14.07) 1.75(1.62 to 1.88) 1.73 (1.57 to 1.90) 0.17 (0.15t0 0.19)

Combination=combination of cholinesterase inhibitors and antipsychotic drugs.
*Pretreatment period was considered as reference group and the analysis repeated.

and 4.13 (3.49 to 4.90) for depression. The confidence
interval for the schizophrenia group was large because
of the limited sample size (n=98). When we redefined
the outcome by specific diagnosis codes, the adjusted
incidence rate ratio for the pretreatment period was
10.16 (9.10 to 11.35). When we redefined the length of
the pretreatment period as seven, 21, and 28 days, the
adjusted incidence rate ratios for these pretreatment
periods were 9.49 (8.64 to 10.43), 4.91 (4.56 to 5.30),
and 4.43 (4.14 to 4.75), respectively. In the analyses
focusing on individual antipsychotic drugs, we found
that the adjusted incidence rate ratios were 3.75 (3.15
to 4.47), 1.15 (0.99 to 1.35), 1.35 (1.00 to 1.82),
and 1.16 (1.07 to 1.26) with the use of haloperidol,
risperidone, olanzapine, and quetiapine, respectively.
Finally, the adjusted incidence rate ratios were
3.31 (2.96 to 3.70) within 14 days after the start of
treatment and 1.24 (1.05 to 1.47) within 14 days after
the end of treatment (supplementary table 3-12). Table
4 presents a summary of the results for the adjusted
incidence rate ratios only. Supplementary tables 3-1 to
3-12 show the detailed results.

Discussion

In this population based self-controlled case series,
we found that the use of cholinesterase inhibitors
and antipsychotic drugs were both associated with a
higher risk of falls and fractures compared with the
non-treatment period, but the results should be looked
at carefully. The 14 day pretreatment period showed
a high incidence of falls and fractures, indicating
that patients might have already been at high risk of

thebmj | BMJ2021;374:n1925 | doi: 10.1136/bmj.n1925

outcome events before receiving treatment. The higher
risks during the treatment periods, compared with
the non-treatment period, could be because of the
neuropsychiatric symptoms combined with the effects
of the drugs. This finding implies that patients might
still be in an unstable condition, despite receiving
treatment. This conclusion remained robust throughout
a series of subgroup and sensitivity analyses.

Previous studies have reported that cholinesterase
inhibitors and antipsychotic drugs were associated
with falls and fractures, with the magnitude of risk
increasing from up to 18%° to 63%’ in patients
receiving cholinesterase inhibitors, and from up to
21%" to 54%%* in patients receiving antipsychotic
drugs. Consistent with previous studies, our findings
suggested thatcompared withthenon-treatment period,
use of cholinesterase inhibitors and antipsychotic
drugs increased the risk of falls and fractures by 17%
and 33%, respectively. This increased risk of falls and
fractures with the use of cholinesterase inhibitors and
antipsychotic drugs should be interpreted carefully,
however. Our results showed that patients could have
already been at high risk before receiving treatment,
and the association between the patient’s underlying
conditions, the effects of the drugs in relieving the
neuropsychiatric symptoms, and the side effects of
the cholinesterase inhibitors and antipsychotic drugs
makes it difficult to determine the exact contributing
factors and to quantify the magnitude of the risk of
falls and fractures that each factor poses. Similar
findings have been reported in previous studies.
Brinnstrém et al?® reported that the highest risk of hip
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Table 4 | Summary of sensitivity analyses

Adjusted incidence rate ratio (95% confidence intervals)*

No of Antipsychotic drug  Cholinesterase
patients Pretreatment alone inhibitor alone Combination

Main analysis 15278 6.17 (5.69 10 6.69) 1.33(1.24t01.43) 1.17 (1.10to 1.24) 1.35(1.26 to 1.45)
Grouped by sex and age:

Men 5088 7.63 (6.73 to 8.65) 1.55(1.38t01.75) 1.18(1.06t01.30) 1.48(1.31t0 1.67)

Women 10190 5.35 (4.80t05.95) 1.24(1.13t01.35) 1.16 (1.07t0 1.25) 1.29 (1.18t0 1.41)

Age group 65-74 3137 2.81(2.03 to 3.90) 156 (1.25t01.93) 1.16 (0.95t0 1.40) 1.67 (1.29102.16)

Age group 75-84 8703 6.11 (5.49 t0 6.80) 1.28(1.17t0 1.41) 1.18(1.09t01.28) 1.25(1.14t0 1.37)

Age group =85 3438 8.07 (7.03 t0 9.26) 1.20(1.05t01.37) 1.29(1.15t0 1.45) 1.51(1.33t01.72)
Grouped by anticholinergic burden indicators:

Anticholinergic drug scale =2 6579 7.41 (6.60 to 8.33) 1.76 (1.601t0 1.95) 1.35(1.24t01.48) 1.67 (1.51to0 1.85)

Anticholinergic drug scale 0-1 8699 5.30 (4.74 t0 5.94) 1.02 (0.93t0 1.13) 1.05 (0.96t0 1.13) 1.11 (1.01to 1.23)
Grouped by cumulative dose of antipsychotic drugs:

Higher than median value 3232 5.73 (4.54t0 7.24) 3.80(3.381t04.27) 2.04(1.77t02.35) 5.38 (4.79t0 6.05)

Equal to or lower than median value 3247 5.45 (4.54 t0 6.53) 2.91(2.54t03.33) 1.66(1.481t01.87) 2.12(1.821t02.47)
Restricted to outcomes at outpatient settings only 7914 2.54 (2.14 t0 3.01) 1.12(1.01t0 1.25) 1.09 (1.00to 1.19) 1.02 (0.91to 1.13)
Re-selected patients without excluding schizophrenia and bipolar 15791  6.07 (5.60t0 6.57) 1.32(1.24t01.42) 1.17(1.10to 1.24) 1.33 (1.24to0 1.43)
disorder
Grouped by schizophrenia (yes) 98 2.94(0.70t0 12.37) 1.55(0.80t02.99) 0.66 (0.16t02.72) 1.79 (0.75t0 4.28)
Grouped by schizophrenia (no) 15693 6.08 (5.61106.59) 1.32(1.23t01.42) 1.17(1.10to 1.24) 1.33(1.24t01.43)
Grouped by bipolar disorder (yes) 426 3.24 (1.76 t0 5.99) 1.12(0.80t0 1.58) 1.19(0.79t0 1.81) 0.84 (0.55 to 1.30)
Grouped by bipolar disorder (no) 15365 6.15 (5.67 t0 6.67) 1.33(1.24t01.43) 1.17(1.10to 1.24) 1.35(1.26 t0 1.45)
Grouped by depression (yes) 4743 4.13 (3.49t0 4.90) 1.12(1.00t0 1.27) 1.03(0.91t01.16) 1.06 (0.93 to 1.20)
Grouped by depression (no) 11048 6.95(6.341t07.61) 1.43(1.32t01.56) 1.22(1.14t01.31) 1.48(1.37to 1.61)
Removed patients who died during study period 10080 6.43(5.80t07.12) 1.25 (1.15t0 1.37)  1.10 (1.02t0 1.19)  1.18 (1.08 to 1.30)
Removed patients who died within three months after events 15014 6.12 (5.63 10 6.64) 1.30(1.21t01.40) 1.17 (1.10to 1.24) 1.31(1.22to 1.41)
Redefined outcome by specific codes, all events 5458 10.16 (9.10t0 11.35)  1.52(1.36t01.69) 1.22(1.11t01.35) 1.67 (1.49t0 1.87)
Falls 621 10.77 (8.19 to 14.16) 1.26 (0.91t0 1.74) 0.87 (0.65t0 1.16)  1.49 (1.09 to 2.04)
Fractures 5149 10.41(9.291t0 11.66) 1.57 (1.40t0 1.76) 1.26 (1.13t0 1.39) 1.70(1.51to 1.91)
All episodes of falls and fractures 15278 5.53(5.21105.88) 1.24(1.18t01.31) 1.16(1.11t0 1.21) 1.31(1.25t0 1.38)
Redefined the length of pretreatment period to:

7 days before treatment 15278  9.49 (8.64t0 10.43) 1.30(1.21t01.39) 1.17 (1.10t0 1.25) 1.32 (1.23t0 1.42)

21 days before treatment 15278  4.91 (4.56 to 5.30) 1.34(1.25t0 1.44) 1.17 (1.10to 1.24) 1.37 (1.27 to 1.47)

28 days before treatment 15278  4.43 (4.14t04.75) 1.35(1.26t0 1.45) 1.18 (1.11t0 1.25) 1.39 (1.29t0 1.49)
Focus on individual antipsychotic drugs:

Haloperidol 4745 12.11(10.84t0 13.54) 3.75(3.15t0 4.47) 1.16(1.06t01.27) 4.26 (3.37 t0 5.37)

Risperidone 5119 2.74(2.23 10 3.35) 1.15(0.99t01.35) 1.23(1.13t0 1.35) 1.32(1.13to 1.54)

Olanzapine 1314 3.72(2.57t0 5.37) 1.35(1.00t0 1.82) 1.31 (1.09t0 1.56) 1.77 (1.31t0 2.39)

Quetiapine 12851 5.40 (4.91105.93) 1.16 (1.07t0 1.26) 1.18(1.11t0 1.26) 1.16 (1.07 to 1.26)

Combination=combination of cholinesterase inhibitors and antipsychotic drugs.

*Reference group=non-treatment period.

fractures occurred before the start of treatment with
antipsychotic drugs (odds ratio 9.09, 95% confidence
interval 7.00 to 11.81, for 16-30 days before the
start of treatment; and 5.84, 4.42 to 7.71, for 1-15
days before the start of treatment), rather than after
receiving treatment (4.31, 3.05 to 6.10, within 1-15
days). Pratt et al'® also found that the risk of admission
to hospital for hip fractures was highest in the week
before the start of treatment with antipsychotic drugs
(incidence rate ratio 10.99, 95% confidence interval
7.94 to 15.21), and the risk was reduced within one
week of starting treatment (1.04, 0.40 to 2.70). These
findings suggest that the higher risk of outcomes seen
during the treatment periods might not be attributable
to the drugs alone.

Strengths and weaknesses of this study

We used a large population based database to provide
sufficient statistical power to evaluate the association
between the drugs and potential adverse reactions.
The nature of the self-controlled case series design
allows controlling for time constant confounders by

comparisons within individuals.’” We also adjusted
the incidence rate ratios by a time varying method with
regression models.

Our study had some limitations. Firstly, data on
the severity of major neurocognitive disorders and
valid diagnoses of neuropsychiatric symptoms were
not available from the database, which might have
caused confounding by indication. Also, our method
of confirming the diagnoses of major neurocognitive
disorders by the prescription records of cholinesterase
inhibitors has not been validated. Secondly, we
evaluated the risk of falls and fractures based on
prescription records. We used a 14 day grace period
to look at the residual effects of drugs after they
were stopped, but misclassification bias is possible.
Thirdly, we selected all diagnosis codes related to falls
and fractures to ensure we had captured all possible
outcome events from the database. Some of the
codes, however, such as ICD-9 code E888 and ICD-10
code W19 (that is, unspecified falls), might not have
been specific enough to reflect the relation between
treatments and outcomes in this study. To evaluate
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the potential effect of these non-specific outcomes,
we conducted a sensitivity analysis selecting only
specific codes for falls and fractures. The results were
consistent with those in the main analysis. Fourthly,
some patients might have stopped taking the drugs
because of minor falls or related symptoms, implying
that those who continued with treatment represented a
group of patients who tolerated the drugs well, possibly
affecting the evaluation of the outcomes. Therefore,
we performed a post hoc analysis to understand the
extent of stopping treatment after a fall or a fracture.
We found that only 7.9% of patients stopped their drug
treatment after an event; thus stopping treatment and
its subsequent effect on evaluation of the outcomes
might be limited.

Another limitation of the study was that patients
living in different care settings could have different
baseline risks, which should be considered in the self-
controlled case series. For example, the higher risk
of outcomes during the pretreatment period might be
because patients were living at home, with more trip
hazards from rugs, stairs, and walking. Similarly, the
lower risks during the treatment periods could have
been partly because of the support from healthcare
facilities. To assess the effect of the care setting, we
conducted an additional analysis by including only
outcome events recorded at outpatient settings.
The results showed that the incidence rate ratios
were smaller after limiting outcomes to only those
that occurred in the community, but the risk for the
pretreatment period remained higher than for the
non-treatment period. Unmeasured confounders,
such as patients’ activities of daily living, could be
another limitation of our study. The quantitative bias
assessment (that is, E value) showed that for the
potentially unmeasured confounders, a large effect
size would be needed to refute the high risk of falls
and fractures seen during the pretreatment period.
According to the literature,! potential unmeasured
confounders have not been shown to have such a large
effect size, and we thus concluded that the results were
not affected significantly by these confounders. Not
having the exact outcome dates for those who had falls
or fractures when they were in hospital because the
diagnoses were registered on the discharge date was
also a limitation of our study, and thus the outcome
dates we analysed could have been later than the dates
when the event occurred. Therefore, we might have
underestimated the risk during the treatment periods
for patients who had falls or fractures in hospital and
then stopped taking the drugs. Lastly, our study did
not evaluate the dose-response relation between the
drugs and the risk of falls and fractures. We compared
the doses of antipsychotic drugs from our study
population with those reported in guidelines and
previous studies, however, and the doses were within
the suggested ranges.’>> Also, the group analysis by
the ratio of prescribed daily dose to defined daily dose
indicated that the doses of antipsychotic drugs did
not have a differential effect on the risk of falls and
fractures.
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Implications of the study

Patients with major neurocognitive disorders often
have cognitive impairment and neuropsychiatric
symptoms that might cause substantial morbidity
and mortality.? Cholinesterase inhibitors can improve
cognitive function, and antipsychotic drugs can
control neuropsychiatric symptoms. Therefore, these
drugs are commonly prescribed for patients with
major neurocognitive disorders. Previous studies have
suggested that the use of cholinesterase inhibitors®*
and antipsychotic drugs'®?* could be associated
with the risk of falls and fractures because of some of
the side effects, such as hypotension, syncope, and
extrapyramidal symptoms. Confounding by indication
should be considered, however, because patients might
already have been at high risk of falls and fractures
before the treatment started. In our study, we found
an increase in the risk of falls and fractures during
the pretreatment period, which was reduced after
patients received treatment. The risks during treatment
were higher than during the non-treatment period,
however. These findings suggest that close monitoring
of early signs of falls and strategies for prevention are
necessary during treatment.

From our sensitivity analyses, we identified
subgroups that might have a higher risk of outcomes
at baseline. Older patients and men had a higher
risk of falls and fractures. Consistent with previous
studies on the association of anticholinergic burden
in elderly people and increased likelihood of falls and
cognitive deterioration,’* *>> we found a much higher
risk during the pretreatment period in patients with
a higher anticholinergic burden. A likely explanation
for the higher risk with haloperidol could be that the
associated extrapyramidal symptoms are greater than
those of other antipsychotic drugs. Confounding by
indication could be another explanation because
patients with positive symptoms (eg, agitation) might
be more likely to receive haloperidol. Also, we tested
various pretreatment periods, from seven to 28 days.
The incidence rate ratio was highest when the length
of the pretreatment period was seven days (incidence
rate ratio 9.49), and decreased as the length of the
pretreatment period increased: incidence rate ratio was
6.17 at 14 days, 4.91 at 21 days, and 4.43 at 28 days.
Based on these results, we conclude that a pretreatment
period of seven days probably represents a period of
rapid deterioration. On the other hand, because the
status of patients with major neurocognitive disorders
could be more severe when the pretreatment period is
close to the start of treatment (eg, 0-7 days), defining
a pretreatment period of more than 21 days possibly
captures patients with a relatively more stable
status. Therefore, our decision to use 14 days seems
appropriate. The sensitivity analyses examined the
robustness of the results and identified the effects
of various definitions, and also provided variables
for future studies. Moreover, the incidence rate ratio
within 14 days after the start of treatment was higher
than during other treatment periods, suggesting that
for these people to become stable, a minimum duration
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of treatment might be required. The incidence rate ratio
within 14 days after stopping treatment was higher
than during the non-treatment period, suggesting that
clinical attention is still necessary for the initial stage
after patients stop their treatments.

Unanswered questions and future research

Although the reason for the increased risk of falls
and fractures during the pretreatment period might
be because patients are in an unstable condition,
further studies are needed to confirm this theory.
The risk during the treatment period could reflect
a combination of patients’ unsteadiness because
of their disease, the effects of the drugs in relieving
neuropsychiatric symptoms, and the side effects of the
drugs. For example, some side effects of antipsychotic
drugs, such as orthostatic hypotension, sedation, and
extrapyramidal symptoms, could increase the risk of
falls and fractures, whereas others, such as immobility,
drowsiness, or being bedridden, could reduce the
risk. These explanations are based mainly on clinical
observations, however, and could not be exhaustively
tested in our study. Future studies should consider the
severity of major neurocognitive disorders (eg, mini-
mental state examination or the clinical dementia
rating scale) and patient reported information for a
better understanding of how to deal with these issues.

Conclusion

The incidence of falls and fractures was especially high
in the pretreatment period, suggesting that factors
other than drugs, such as underlying diseases, should
be taken into consideration when evaluating the
association between the risk of falls and fractures and
the use of cholinesterase inhibitors and antipsychotic
drugs. The treatment periods were also associated with
a higher risk of falls and fractures compared with the
non-treatment period although the magnitude was
much lower than during the pretreatment period.
Strategies for prevention and close monitoring of the
risk of falls are still necessary until there is evidence
that patients have regained a more stable physical and
mental state.
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