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Abstract

Background Medication use is a potentially modifiable
risk factor for falling; psychotropic and cardiovascular
drugs have been indicated as main drug groups that
increase fall risk. However, evidence is mainly based on
studies that recorded falls retrospectively and/or did not
determine medication use at the time of the fall. Therefore,
we investigated the associations indicated in the literature
between medication use and falls, using prospectively
recorded falls and medication use determined at the time of
the fall.

Methods Data from the B-PROOF (B-vitamins for the
prevention of osteoporotic fractures) study were used,
concerning community-dwelling elderly aged >65 years.
We included 2,407 participants with pharmacy dispensing
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records. During the 2- to 3-year follow-up, participants
recorded falls using a fall calendar. Cox proportional
hazard models were applied, adjusting for potential con-
founders including age, sex, health status variables and
concomitant medication use.

Results During follow-up, 1,147 participants experienced
at least one fall. Users of anti-arrhythmic medication had
an increased fall risk (hazard ratio [HR] 1.61; 95 % con-
fidence interval [CI] 1.12-2.32) compared with non-users.
Similarly, non-selective beta-blocker use was associated
with an increased fall risk (HR 1.41 [95 % CI 1.12-1.78)),
while statin use was associated with a lower risk (HR 0.81
[95 % CI0.71-0.94]). Benzodiazepine use (HR 1.32 [95 %
CI 1.02-1.71]), and antidepressant use (HR 1.40 [95 % CI
1.07-1.82]) were associated with an increased fall risk. Use
of other cardiovascular and psychotropic medication was
not associated with fall risk.
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Conclusion Our results strengthen the evidence for an
increased fall risk in community-dwelling elderly during
the use of anti-arrhythmics, non-selective beta-blockers,
benzodiazepines, and antidepressant medication. Clinicians
should prescribe these drugs cautiously and if possible
choose safer alternatives for older patients.

Key Points

In a prospective setting, including a community-
dwelling population aged >65 years, the use of anti-
arrhythmic medication, non-selective beta-blockers,
benzodiazepines, and antidepressant medication was
associated with an increased fall risk

Statin use was associated with a decreased fall risk

Clinicians should prescribe the fall risk-increasing
drugs with caution and if possible choose safer
alternatives for older patients

1 Introduction

Fall incidents are a major problem in older individuals, as
one in every three experiences at least one fall per year [1].
Of all falls, 5-12 % [2, 3] result in serious injuries or
fractures requiring medical attention, which leads to
reduced quality of life and substantial healthcare costs [4,
5]. A potentially modifiable risk factor for falls is medi-
cation use [6, 7]. Over the last decade, medication-related
falls have received more and more attention. Psychotropic
[8-10] and cardiovascular [8, 9, 11] medications have been
indicated as the main drug groups contributing to an
increased fall risk. However, evidence for these associa-
tions is mainly based on observational studies, which have
applied varying methods for recording fall incidents and
medication use. The most recent meta-analysis showed that
only 6 of 22 studies included recorded falls prospectively
and ascertained medication use at the time of the fall [8]. In
addition, current evidence is based on studies in commu-
nity-dwelling older individuals as well as in those living in
long-term care facilities, while these populations clearly
differ in clinical characteristics. Therefore, the question
arises whether these results can be validly combined.
Although overall results point in a similar direction, only
psychotropic drug use is consistently associated with an
increased fall risk [8, 9, 12—14]. Therefore, our objective is
to investigate associations previously indicated in literature
between medication use and fall incidents, using prospec-
tively recorded fall incidents and pharmacy dispensing
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records to determine medication use at the time of the fall.
The study setting concerns a large population of commu-
nity-dwelling older individuals, with a follow-up period of
2-3 years.

2 Methods
2.1 Study Population and Setting

Data from the B-PROOF study were used. B-PROOF is an
acronym for ‘B-vitamins for the prevention of osteoporotic
fractures’, a study whose design has been described else-
where in more detail [15]. Briefly, it is a multi-centre,
randomized, placebo-controlled, double-blind trial inves-
tigating the efficacy of vitamin B, and folic acid supple-
mentation on the prevention of fracture incidence in
individuals aged >65 years. In total, 2,919 participants
were included from the area of three Dutch cities: Wa-
geningen, Rotterdam and Amsterdam. All participants had
mildly elevated homocysteine levels (12-50 pmol/L),
sufficient renal function (creatinine <150 pumol/L), and did
not report malignancies in the past 5 years. Participants
were randomly selected to receive daily the intervention
tablet containing 500 pg vitamin B,, 400 pg folic acid and
600 IU vitamin D, or the placebo tablet containing only
600 IU of vitamin D. In total, the intervention period
comprised 2-3 years. The Medical Ethics Committee of
Wageningen University approved the study protocol, and
the Medical Ethics Committees of Erasmus Medical Centre
and VU University Medical Centre gave approval for local
feasibility. Before entering the study, all participants gave
written informed consent.

Previous results indicated that the intervention had no
effect on the time to the first or second fall, and the number
of falls experienced during the study [unpublished data].
Therefore, in the current study, we treated the study pop-
ulation as a cohort, and, to rule out potential residual
confounding that might relate to the intervention, we
adjusted for the intervention status. The intervention status
indicated whether a participant received the intervention or
the placebo tablet during follow-up.

2.2 Outcome

Fall incidents were prospectively recorded during the study
period. Participants reported fall incidents each week on a
fall and fracture calendar, which was returned to the
research team every 3 months. When a calendar was
incomplete or unclear, the participant was contacted by
telephone. A fall incident was defined as an unintentional
change in position resulting in coming to a rest at a lower
level or on the ground [16]. Participants were followed until
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their first fall incident. The Thursday in that particular week
was defined as the index date. Participants who experienced
more than one fall during the follow-up period were cen-
sored after their first fall incident. Drop-outs (of the inter-
vention study) without further calendar information after
drop-out were censored at their drop-out date. Participants
who kept filling out the calendar after their drop-out were
followed until their last calendar. Therefore, a participant’s
follow-up time ended at the date of their first fall incident,
their drop-out date or the date of their last calendar, date of
death, or the end of the study, whichever came first.

2.3 Medication Use

Medication use was determined on the basis of pharmacy
dispensing records. These records contain information
regarding the product name, the anatomical therapeutic
chemical code [17], the administration route, the dispens-
ing date, the total amount of drug units per prescription and
the prescribed daily number of units. Electronic pharmacy
dispensing records were obtained from the Dutch Foun-
dation for Pharmaceutical Statistics (SFK). This foundation
gathers data of all the pharmacies in their panel, which is
approximately 95 % of all Dutch community pharmacies
[18]. Dispensing records were only obtained for partici-
pants who gave written informed consent for gathering
these data. Additionally, the pharmacists approved the use
of the data. The pharmacy dispensing data of a participant
were defined as complete when all participant pharmacies
were in the SFK panel and data could be obtained. Data
were available for the participants throughout their follow-
up period.

Medication usage periods were calculated from the
dispensing date, the number of tablets prescribed, and the
prescribed daily number of tablets. A participant was
considered a current user of a medication group when the
time of the fall (index date) fell within a prescription epi-
sode. The average prescribed daily dose was expressed in
standardized defined daily doses (DDDs) [17].

The medication groups from Table 1, covering previ-
ously suggested fall risk-increasing drugs (FRID) [8-11,
19, 20], were used as potential exposure determinants.
Medication groups with <1 % users at baseline were not
included in the analyses.

2.4 Covariates

Baseline demographic characteristics were ascertained
using a questionnaire that gathered data on age, sex, use of
a walking aid, history of falls and fractures, and health
status variables (which included smoking habits, alcohol
consumption, prevalent cardiovascular disease para-
meters, diabetes and hypercholesterolemia). A history of

cardiovascular disease was defined as having a history of at
least one of the following disorders: myocardial infarction,
angina pectoris, heart failure, percutaneous coronary
intervention, intermittent claudication, transient ischaemic
attack, stroke, thrombosis or embolism. During the baseline
study visit, various characteristics were measured, includ-
ing weight, height, blood pressure, physical performance,
handgrip strength, depressive symptoms and cognitive
status. Weight was measured with a calibrated scale, and
height was measured using a stadiometer. From this, the
body mass index (BMI, kg/m?) was calculated. Blood
pressure was measured twice, using an Omron M1 plus
device (Omron Healthcare Europe, Hoofddorp, The Neth-
erlands), and the lowest diastolic and corresponding sys-
tolic blood pressure reading were included in the analyses.
Hypertension was defined as systolic blood pressur-
e >140 mmHg and/or diastolic blood pressure >90 mmHg
[21]. A physical performance score was calculated from the
results of three physical function tests: walking test, chair
stand test, and the tandem stand test [22]. For every test, a
maximum score of 4 could be obtained, resulting in a
physical performance score ranging from 0 to 12 (low
physical performance-high physical performance) [23].
Handgrip strength (kg) was assessed by performing two
maximum trials per hand using a dynamometer (Takei
TKK 5401, Takei Scientific Instrument CO. Ltd., Tokyo,
Japan). The highest result of the four trials was used as the
maximum handgrip strength. Depressive symptoms were
measured using the 15-item version of the Geriatric
Depression Scale (GDS) [24], and cognitive status was
measured by using the Mini-Mental State Examination
(MMSE) [25].

Blood was drawn when the participants had fasted or
had consumed a light restricted breakfast. Plasma homo-
cysteine levels were assessed from blood collected in a
tube containing EDTA (ethylenediaminetetraacetic acid),
which was stored on ice after blood collection and pro-
cessed within 4 h. To determine homocysteine, Wagenin-
gen  University used  high-performance  liquid
chromatography (intra assay coefficient of variation
[CV] 3.1 %, inter assay CV 5.9 %), Erasmus Medical
Centre used liquid chromatography-mass spectrometry/
mass spectrometry (LC-MS/MS) (intra assay CV 5.5 %,
inter assay CV 1.3 %), and VU Medical Centre used the
Architect 12000 RS analyser (intra assay CV 2 %, inter
assay CV 4 %). Cross calibration of the assays indicated
no significant difference between the outcomes.

Serum creatinine was measured using the enzymatic
colorimetric Roche CREA plus assay (CV 2 %). It was
used to calculate an age- and sex-adjusted estimate of the
glomerular filtration rate (GFR) according to the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation [26]. For men, it was calculated when their
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Table 1 Drug categories of potentially fall risk-increasing drugs [8—
11, 19, 20]

Drug categories Drug sub-categories

Cardiovascular

Anti-arrhythmics Class 1A-anti-arrhythmic, digitalis

glycosides
Vasodilators
Antihypertensives a-Blockers
B-blockers Selective, non-selective, o- and B-blockers
Diuretics Thiazides, loop diuretics

Calcium antagonist

Renin-angiotensin
agents

ACE inhibitors, angiotensin II antagonist

Lipid-lowering drugs  Statins
Nervous system

Analgesics Opioids and others
Anticonvulsants

Anti-Parkinson

Antipsychotics

Sedatives and Benzodiazepines
hypnotics

Antidepressants TCAs, SSRIs, others

Dementia drugs Cholinesterase inhibitors, others

Antivertigo drugs
Respiratory system Sympathomimetics, antihistaminics
Miscellaneous

Diabetic drugs Insulin, oral glucose-lowering

Antacids H2-receptor antagonist, proton pump
inhibitors
Urological Spasmolytic

Muscle relaxants
NSAIDs

Muscular-skeletal

Anti-inflammatory

ACE angiotensin-converting enzyme, NSAIDs non-steroidal anti-
inflammatory drugs, TCA tricyclic antidepressant, SSRIs selective
serotonin reuptake inhibitors

creatinine was <80 pmol/L. using the formula 141 x
[serum creatinine (umol/L)/80] *4!" x [0.993%¢ (ears)
and if their creatinine was >80 umol/L using the
formula 141 x [serum creatinine (umol/L)/SO]*]'209 X
[0.993%¢ Gea] in ml/min/1.73 m?. For women, it was
calculated when their creatinine levels were <62 pmol/L
using the formula 144 x [serum creatinine (pmol/L)/
62]7°%% x [0.993%° O] and if their creatinine
was >62 pmol/L using the formula 144 x [serum creati-
nine (umol/L)/62]7'2% x [0.993%€° O] in  ml/min/
1.73 m%.

Serum 25-hydroxy vitamin D [25(OH)D], was used as
marker for vitamin D status and determined by isotope
dilution—online solid phase extraction liquid chromatog-
raphy—tandem mass spectrometry (ID-XLS-MS/MS),
which is described elsewhere in detail [27].
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2.5 Statistical Analyses

Baseline characteristics were determined for the overall
group and for fallers and non-fallers separately. These
characteristics were also assessed for the whole B-PROOF
population, including those without electronic pharmacy
dispensing records. Differences between groups were tes-
ted using a ¢ test for continuous variables and a Chi-squared
test for categorical variables. If a variable was non-nor-
mally distributed, a Mann—Whitney U test was used.

Cox proportional hazards models were used to calculate
hazard ratios (HR). The model compares the prevalence of
exposure to the medication group in the incident fall cases
on the index date with the exposure prevalence in all other
participants in the cohort on that date [28]. The models
were adjusted for age, sex and intervention status. The
variables that differed at baseline between fallers and non-
fallers (p < 0.2) were added to the model using the forward
selection methods (model 2). Medication groups that
resulted in significant HRs were added to the other sig-
nificant medication groups, thereby adjusting for concom-
itant medication use (model 3). The effect of handgrip
strength and physical performance was investigated sepa-
rately by adding them separately as well as combined to the
model. Physical function parameters are known fall risk
factors, but they might also be affected by medication use
itself, and thereby might act as an intermediate. In addition,
the effect of fall history was examined by adding it to the
model. When the HR was changed >5 %, the parameter
was regarded to influence the association. Interaction with
CKD-EPI was tested for medication groups with renal
clearance, since associations may be different in those with
reduced renal function. When the p value of the interaction
term was <0.1, the results were stratified.

To further investigate the robustness of our findings, we
investigated the dose-response relationship for the medi-
cation groups that were significantly associated with fall
risk. The categories for dose were created based on the
median number of prescribed DDDs. Furthermore, addi-
tional analyses were conducted for non-selective B-block-
ers, diuretics, statins and antidepressants. Non-selective -
blocker use was subdivided in timolol use—administered
as eye drops with potential systemic effects—and other
non-selective B-blocker use, to investigate whether the
association was driven by timolol use. For thiazide and
loop diuretics, duration periods were investigated, since
previous research indicated an increased fall risk on initi-
ation of treatment [29-31]. The duration periods were
defined as the first 21 days of use, 2245 days, and longer
than 45 days of use, taking non-users as the reference [29—
31]. In addition, the association between past use of statins
and antidepressants with fall incidents was assessed. The
reason for this was that the association between statins and
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antidepressants might have been confounded by the indi-
cations for their use. Past use was defined as use prior to
the index date. All statistical analyses were carried out
using the statistical software package SPSS version 21.0
(IBM, Armonk, NY, USA), and p values <0.05 were
considered to be statistically significant.

3 Results
3.1 Study Population Characteristics

The study population with pharmacy dispensing records
consisted of 2,407 participants. Their baseline character-
istics, also subdivided into those who did and did not
experience a fall during follow-up, are presented in
Table 2. Participants who experienced a fall during follow-
up were slightly older, more likely to be women and to
have a positive fall history. Furthermore, fallers were more
likely to use a walking aid, have lower handgrip strength
and lower physical performance score, while their MMSE
and GDS score was slightly higher than those who did not
fall during the follow-up.

Characteristics of the subgroup with pharmacy dis-
pensing data were very similar to the overall B-PROOF
population (n = 2,919, data not shown). The only signifi-
cant difference was a slightly lower percentage of women
(49.1 vs. 50.0, p = 0.026) and participants using a walking
aid (13.6 vs. 14.6, p = 0.001) in the pharmacy dispensing
data group. Furthermore, the representation of study cen-
tres was slightly altered and the physical performance score
was slightly higher in those with pharmacy dispensing data
than the whole B-PROOF study population, although the
difference in physical performance score did not result in
different median and interquartile range (IQR) values: 9
(6-11) vs. 9 (6-11), p = 0.017.

3.2 Fall Risk-Increasing Drugs (FRID)

Of the cardiovascular drugs, the use of anti-arrhythmic
medication was associated with an increased risk for falls
compared with non-users (HR 1.61; 95 % confidence
interval [CI] 1.12-2.32; p = 0.010) (Table 3, model 3).
Similarly, use of non-selective beta-blockers was associ-
ated with an increased fall risk (HR 1.41 [95 % CI
1.12-1.78] p = 0.004), while statin use was associated
with a lower fall risk (HR 0.81 [95 % CI 0.71-0.94]
p = 0.004) (Table 3, model 3). Use of antihypertensive
medication overall or any of the other cardiovascular
medication groups was not significantly associated with
fall incidents (Table 3, model 2). In addition, the use of
‘other’ analgesics was associated with an increased fall risk

(HR 1.45[95 % CI 1.00-2.11] p = 0.049) (Table 3, model
3). This ‘other’ analgesics group included the non-opioid
analgesics, covering the Anatomical Therapeutic Chemical
(ATC) codes N0O2B and NO2C. With regard to psychotropic
drugs, the use of benzodiazepines was associated with an
increased risk (HR 1.32 [95 % CI 1.02-1.71] p = 0.034)
(Table 3, model 3). Likewise, antidepressant use was
associated with an increased risk (HR 1.31 [95 % CI
1.00-1.70] p = 0.046) (Table 3, model 3). No other sig-
nificant associations were observed between the use of
psychotropic mediation or any of the other medication
groups and fall incidents (Table 3, model 2 and 3).

3.3 The Role of Physical Performance, Fall History
and Renal Function Parameters

Adding handgrip strength, physical performance, or both
parameters to the model did not change most of the HRs
substantially; only the association with non-opioid anal-
gesics and antidepressants was affected. After adding the
physical performance score to the model, the association
with non-opioid analgesics lost significance (HR 1.39
[95 % CI 0.95-2.05] p = 0.093). Conversely, when phys-
ical performance was added to the antidepressant model,
the association became stronger (HR 1.40 [95 % CI
1.07-1.82] p = 0.013), indicating a potentially protective
effect of physical performance.

Adding fall history to the model did not substantially
change the HR of any of the medication groups that were
significantly associated with fall risk (Table S1 in the
Electronic Supplementary Material [ESM]).

The interaction term for renal function with a medica-
tion group did not suggest effect modification for any of the
medication groups (data not shown).

3.4 Additional Analyses

No clear dose-response association was observed for any
of the medication groups that were significantly associated
with fall risk (Table S2 in the ESM).

The use of non-selective B-blockers—excluding timo-
lol—was associated with an increased fall risk (HR 1.41
[95 % CI 1.03-1.95] p = 0.034), while timolol use was
borderline significantly associated (HR 1.37 [95 % CI
0.99-1.90] p = 0.060). Both associations were adjusted for
age, sex, intervention status, study centre, MMSE and GDS
score, and the other medication groups that were signifi-
cantly associated with fall risk (data not shown).

The first 21 days of thiazide use (HR 0.89 [95 % CI
0.59-1.35] p = 0.588) and loop diuretic use (HR 1.36
[95 % CI0.74-2.48] p = 0.321) were not associated with
an increased fall risk; both associations were adjusted for
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Table 2 Baseline characteristics of the study population and subdivided into those who did and did not experience a fall during follow-up

Characteristic A. B. C. Comparison B vs. C
Study cohort (n = 2,407)  Fall cases (n = 1,147)  Non-fallers (n = 1,260)  p value

Age, years [mean (SD)] 74.0 (6.4) 74.4 (6.7) 73.7 (6.1) 0.003*
Sex (% women) 49.1 53.8 44.8 <0.001*
Study centre (%) 0.001*

Erasmus MC 47.1 43.8 50.2

VUmc 27.0 30.3 24.1

Wageningen UR 25.8 26.0 25.7
History of falls (% yes) 67.9 55.8 78.6 <0.001*

No falls 204 25.6 15.8

1 fall 11.7 18.6 5.5

>1 fall
Walking aid (% yes) 13.6 15.1 12.2 0.040*
BMI, kg/m* [mean (SD)] 27.1 (4.0) 26.9 (4.0) 27.3 (4.0) 0.400
Smoking (%) 0.112

Never 33.9 353 32.7

Past 56.8 56.6 57.0

Current 9.3 8.1 10.3
Alcohol use (%) 0.887

Light 67.3 67.8 66.9

Moderate 29.0 28.5 29.5

Excessive 33 34 33

Very excessive 0.3 0.3 0.4
MMSE score 28 (27-29) 29 (27-29) 28 (27-29) 0.005*
GDS score 1(0-2) 1(0-2) 1 (0-2) 0.010*
Diabetes (% yes) 10.5 10.3 10.7 0.779
Hypertension (% yes) 63.8 64.0 63.6 0.865
Cardiovascular history (% yes) 38.3 38.9 37.9 0.643
Handgrip strength, kg [mean (SD)]  32.6 (10.7) 31.6 (10.7) 33.6 (10.6) <0.001*
Physical performance (0-12) 9 (6-11) 9 (6-11) 9 (7-11) 0.012*
Homocysteine levels (umol/L) 14 (13-16) 14 (13-17) 14 (13-16) 0.620
Vitamin D, 25(OH)D 53 (37-71) 54 (36-72) 53 (37-70) 0.260
CKD-EPI GFR (ml/min/1.73 m?) 71.4 (61.4-81.7) 70.8 (60.7-80.8) 72.2 (61.7-82.4) 0.024*
Received intervention (%) 50.4 50.0 50.7 0.710

Data are presented as mean (SD) or median (IQR) unless otherwise indicated
BMI body mass index, CKD-EPI Chronic Kidney Disease Epidemiology Collaboration, Erasmus MC Erasmus Medical Centre, GDS Geriatric

Depression Scale, GFR glomerular filtration rate, /QR interquartile range, MMSE Mini-Mental State Examination, SD standard deviation, VUmc
Vrije Universiteit Medical Centre, Wageningen UR Wageningen University and Research centre, 25(OH)D 25-hydroxyvitamin D

* p value < 0.05

age, sex, intervention, study centre, and MMSE and GDS
score.

Past use of statins was not associated with fall risk
(HR 1.07 [95 % CI 0.78-1.46] p = 0.690). Likewise, past
use of antidepressants was not associated with fall risk
(HR 1.37 [95 % CI 0.88-2.14] p = 0.161). Both associa-
tions were adjusted for age, sex, intervention status, study
centre, MMSE and GDS score, and the other medication
groups that were significantly associated with fall risk (data
not shown).
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4 Discussion

Our results indicate an increased fall risk in community-
dwelling older adults during the use of anti-arrhythmic
medication, non-selective beta-blockers, benzodiazepines
and antidepressant medication. Additionally, a decreased
fall risk was observed for statin use, whereas no significant
association was observed for other antihypertensive medi-
cation, including diuretics, and for non-steroidal anti-
inflammatory drugs (NSAIDs).
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Table 3 Associations between the use of fall risk-increasing drugs and fall risk

Users at baseline [N (%)] Model 1? Model 2° Model 3¢ p value

Cardiovascular

Cardiac glycosides
Anti-arrhythmic
Vasodilators
Other cardiac drugs
Antihypertensive overall
a-blockers
B-blockers
Non-selective
Selective
o- and B-blockers
Diuretics
Thiazides
Loop diuretics
Calcium antagonists
Renin-angiotensin agents
ACE inhibitors
Angiotensin II antagonist
Statins
Nervous system
Analgesics
Opioids
Others
Anticonvulsants
Anti-Parkinson
Antipsychotics
Sedatives and hypnotics
Benzodiazepines
Antidepressants
TCAs
SSRIs
Others
Cholinesterase inhibitors
Other dementia
Antivertigo
Respiratory system
Sympathomimetics
Antihistaminics
Miscellaneous
Diabetic
Insulin
Oral glucose lowering
Antacids
H2-receptor antagonists
PPIs
Urologicals
Spasmolytics
Muscle-skeletal

42 (1.7)
36 (1.5)
66 (2.7)

1 (<0.1)

1,224 (50.9)

149 (6.2)
612 (25.5)
130 (5.4)
486 (20.2)
13 (0.5)
574 (23.9)
430 (17.9)
96 (4.0)
300 (12.5)
731 (30.4)
349 (14.5)
393 (16.4)
527 (21.9)

45 (1.9)
38 (1.6)
42 (1.7)
31 (1.3)
13 (0.5)
76 (3.2)

100 (4.2)
95 (4.0)
26 (1.1)
45 (1.9)
25 (1.0)

4(0.2)
6 (0.2)
22 (0.9)

154 (6.4)
52 (2.2)

52 (2.2)
180 (7.5)
488 (20.3)
28 (1.2)
458 (19.1)
185 (1.7)
38 (1.6)

0.68 (0.42-1.09)
1.59 (1.11-2.83)
0.98 (0.70-1.36)
0.93 (0.83-1.04)
0.77 (0.60-0.98)
1.01 (0.88-1.15)
1.37 (1.09-1.72)
0.93(0.80-1.07)
1.02 (0.90-1.17)
0.99 (0.86-1.15)
1.25 (0.96-1.61)
0.94 (0.79-1.10)
0.91 (0.81-1.03)
0.86 (0.73-1.00)
0.86 (0.87-1.18)
0.80 (0.70-0.92)

1.35 (0.97-1.90)
1.65 (1.14-2.38)
1.44 (0.95-2.18)
1.26 (0.81-1.96)
1.47 (1.11-1.94)
1.46 (1.14-1.89)
1.39 (1.07-1.80)
1.56 (0.98-2.49)
1.39 (0.96-1.99)
1.09 (0.63-1.90)

1.20 (0.97-1.49)
1.44 (1.01-2.05)

1.19 (0.83-1.71)
0.94 (0.76-1.16)
1.11 (0.97-1.28)
0.60 (0.31-1.16)
1.15 (1.00-1.32)
0.87 (0.70-1.08)
1.52 (1.00-2.29)

0.62 (0.38-1.00)
1.59 (1.10-2.29)
0.90 (0.64—1.25)
0.92 (0.82-1.04)
0.83 (0.64-1.07)
1.00 (0.88-1.13)
1.36 (1.08-1.71)
0.91 (0.79-1.05)
0.99 (0.87-1.13)
0.99 (0.86-1.15)
1.13 (0.87-1.47)
0.93 (0.87-1.09)
0.93 (0.83-1.06)
0.90 (0.76-1.06)
0.95 (0.86-1.16)
0.83 (0.72-0.95)

1.26 (0.90-1.77)
1.47 (1.01-2.13)
1.31 (0.87-1.98)
1.25 (0.80-1.95)
1.31 (0.99-1.74)
1.30 (1.01-1.69)
1.30 (1.00-1.69)
1.50 (0.94-2.40)
1.28 (0.89-1.85)
1.00 (0.58-1.74)

1.16 (0.93-1.44)
1.39 (0.98-1.98)

1.18 (0.82-1.70)
0.95 (0.77-1.17)
1.07 (0.93-1.22)
0.62 (0.32-1.19)
1.10 (0.96-1.26)
0.94 (0.75-1.17)
1.43 (0.95-2.17)

1.61 (0.12-2.32)

1.41 (1.12-1.78)

0.81 (0.71-0.94)

1.45 (1.00-2.11)

1.32 (1.02-1.71)
1.31 (1.01-1.70)

0.010*

0.004*

0.004*

0.049*

0.034*
0.046*
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Table 3 continued
Users at baseline [N (%)] Model 1* Model 2° Model 3¢ p value
Muscle relaxants 3(0.1) - -
Anti-inflammatory
NSAIDs 70 (2.9) 1.31 (0.97-1.78) 1.26 (0.93-1.71)

Data are presented as HR (95 % CI) unless otherwise indicated

ACE angiotensin-converting enzyme, CI confidence interval, GDS Geriatric Depression Scale, HR hazard ratio, MMSE Mini-Mental State
Examination, NSAIDs non-steroidal anti-inflammatory drugs, PPI proton pump inhibitor, SSRIs selective serotonin reuptake inhibitors, TCAs

tricyclic antidepressants
* p value <0.05
# Model 1: crude model

° Model 2: adjusted for age, sex, intervention status, MMSE, GDS, and study centre

¢ Model 3: confounders model 2, plus the other significantly associated drugs from model 2

In concordance with our results, the meta-analysis by
Leipzig et al. [11] indicated an increased fall risk from anti-
arrhythmic class TA drug use. However, our exposure
category was slightly different because we combined all
classes of anti-arrhythmic medication. Potential adverse
effects of anti-arrhythmics that may contribute to fall risk
are bradycardia, hypotension or torsade de pointes [32].

The meta-analysis by Woolcott et al. [8] did not indicate
an increased fall risk for beta-blocker use, whereas two
recent self-controlled case series studies did observe an
increased risk [29, 30]. Our results indicated an increased
risk for use of non-selective beta-blockers. Previous studies
did not distinguish between different types of beta-block-
ers, and it is unclear whether eye drops such as timolol
were included. Timolol is a non-selective beta-blocker
known to be able to cause systemic adverse effects [33,
34]. Its use has been associated with syncope [35]. Timolol
is regularly used in the elderly population, including our
population, mainly for glaucoma or ocular hypertension
[33, 34]. Although timolol by itself was borderline signif-
icantly associated with an increased fall risk, the HR was
similar to that for non-selective beta-blocker use, excluding
timolol. Furthermore, the combination of non-selective
beta-blocker use and timolol has a higher level of signifi-
cance than when separated. An increased fall risk by beta-
blockers may be a result of bradycardia and hypotension.
However, non-selective beta-blocker use might have
additional adverse effects by which they may increase the
fall risk. For example, sotalol also exhibits class III anti-
arrhythmic properties, which is associated with torsade de
pointes [32], and propranolol use may result in central
nervous system adverse effects, such as dizziness and
insomnia, due to its lipophilic properties [36].

The use of antihypertensive medication overall has been
indicated to increase fall risk [8, 29]. Similarly, diuretic use
overall has been associated with increased fall risk [11],
but not consistently [8]. Recent results indicated that
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initiation of antihypertensives [29] and especially thiazide
diuretics [29-31] increased fall risk, which is potentially
attributed to an initially induced hypotensive effect that
stabilizes over time [29, 31]. Nevertheless, according to our
additional analyses, initiation of thiazides or loop diuretics
was not associated with fall risk. This discrepancy in
findings might be due to our low number of users who
initiated thiazides or loop diuretics.

Remarkably, our results indicated a decreased fall risk
during statin use, while previously an increased risk has
been proposed due to potential negative effects on muscle
strength and balance. Nevertheless, no significant associa-
tions were observed [37]. A beneficial effect on fall risk
might be due to the cardioprotective effects of statin use
[37-39]. An opposite explanation might be confounding by
indication. It is possible that more frail older individuals
may not have received a statin prescription, and therefore
the non-statin users had an increased fall risk. However,
this is speculative, and our additional analyses investigat-
ing the association with past use of statins did not support
this speculation. Because our finding is new and potential
mechanisms are lacking, more research is required before
firm conclusions can be drawn.

Analyses with use of ‘other’ analgesics, covering the
non-opioids, indicated a significant association with fall
risk in the first analysis, but lost significance after including
physical performance. For this particular drug group, a
confounding effect is more likely than a mediating effect.
Use of non-opioid analgesics may reflect an impaired
overall health status, including physical performance state,
and may thereby be related to fall risk. Previously, Leipzig
et al. [11] also did not observe an association between use
of non-opioid analgesics and fall risk.

The use of sedatives and hypnotics, and especially
benzodiazepines, has been consistently shown to increase
fall risk [8, 9, 12—-14]. Benzodiazepine use could influence
fall risk in several ways, by negatively affecting balance,
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gait and cognition [9]. In addition, it may induce hypona-
tremia [40], which is also associated with falls [41, 42].

In line with previous findings [8, 9, 31, 43], we observed
an increased fall risk for antidepressant medication use
overall, while no significant association with its subgroups
were seen. This may be due to low numbers of users in the
subgroups. Antidepressant use has been proposed to affect
fall risk in several ways, including by inducing sedation,
impaired sleep and balance, slower gait speed and reaction
time, and orthostatic hypotension [43—45]. Nevertheless, it
is difficult to separate the effect from depression itself, as
that could result in falls via similar mechanisms [43—45].
However, our additional analyses did not indicate an
increased fall risk for past users of antidepressants. In
addition, two self-controlled case-series studies also
reported an increased risk, and this method is less subject to
confounding by indication [45, 46]. Furthermore, a cohort
study investigating the association with both depression and
antidepressants concluded that both aspects contributed to
fall risk [43]. Thus, our result strengthens the evidence for
an increased fall risk during antidepressant use.

This study has several limitations. First, the studied
population included participants with slightly elevated
homocysteine levels at baseline. Therefore, our results
cannot be extrapolated to the general ambulant older
population. Nevertheless, it is questionable whether the
observed association would be different in populations that
also included participants with lower homocysteine levels,
as there is, to our knowledge, no association between
homocysteine levels and medication-related falls. Second,
half of the participants received folic acid and vitamin B,,
and all participants received vitamin D supplementation
during their follow-up. However, no differences were
observed between the intervention and placebo groups
regarding the time to the first fall or second fall and the
number of falls experienced during follow-up [unpublished
data]. With respect to the vitamin D supplementation, this
has been suggested to reduce fall risk, though evidence is
inconsistent [47]. Because all participants received sup-
plementation, and we do not expect interference with
medication-related falls, we do not think this affected our
results. Third, falls were self-reported in a weekly fashion,
thereby the fall week was known instead of the exact fall
date. However, we do not think that this minimal random
misclassification in timeframe has altered the results.
Fourth, confounding by indication or contra-indication
could not be investigated thoroughly in our study and could
have affected our results. Finally, based on the number of
medication groups investigated, a chance finding could
have occurred. Although there are limitations, our study
has major strengths. It investigated a large community-
dwelling population in which a wide range of health status
determinants were assessed. Furthermore, falls were

recorded prospectively, and medication use was deter-
mined using pharmacy dispensing records, making it pos-
sible to determine medication use at time of the fall.
Thereby, we could more closely approach the true associ-
ation between medication use and fall incidents compared
with cross-sectional studies.

5 Conclusion and Perspective

Overall, our results strengthen the evidence for an
increased fall risk in community-dwelling older individuals
during the use of anti-arrhythmic medication, non-selective
beta-blockers, benzodiazepines and antidepressant medi-
cation. Although medication use is a potentially modifiable
fall risk factor, single interventions targeting reductions in
the number or doses of medications are limited, though
more studies focused on fall prevention using medication
reviews to modify prescription. Fall rate could be reduced
by such interventions, but results regarding fall risk
reduction are modest [47, 48], which is partly attributed to
the complexity of dose reduction or stopping medication
and the possible reintroduction of medication use after
stopping [48]. Nevertheless, clinicians should be aware of
drugs associated with fall risk during prescription, and
consider the risk—benefit balance. If available, safer alter-
natives should be recommended.
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