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Abstract

Background The association between fall risk-increasing drugs (FRIDs, medications known to be associated

with falls) and the number of falls among generally healthy and active community-dwelling older adults is understud-
ied. Prior studies have focused on individual medication classes or have predominantly relied on retrospective assess-

ments of falls. The aim of this study was to investigate the association between FRID use at baseline and the prospec-

tive incidence rates of total, injurious and recurrent falls in community-dwelling older adults.

Methods This is a 3-year observational analysis of DO-HEALTH, a randomized controlled trial, among community-
dwelling adults aged > 70 years without major diseases at baseline. The main exposures were use of at least one

FRID and multiple FRIDs (= 2 FRIDs) at baseline. The number of total falls (including high- and low-trauma falls,

as well as injurious falls) over 3 years of follow-up was defined as the primary outcome, and the number of injurious
and the number of recurrent total falls (> 2 falls), as the two separate secondary outcomes. To examine these associa-
tions, separate negative binomial regression models controlled for the fixed effects of treatment allocation in the DO-
HEALTH trial, study site, fall in the last year, age, sex, BMI, and walking aid were used. Additionally, an offset of the loga-
rithm of each participant’s time in the study was included in the models.

Results A total of 2157 participants were included, with a baseline median age of 74.0 years, 61.7% of whom were
women, and 41.9% having experienced a prior fall in the year preceding enrolment. At baseline, 908 (42.1%) partici-
pants used at least one FRID, and 351 (16.3%) reported multiple FRIDs use. Prospectively, over 3 years of follow-up,
3333 falls were reported by 1311 (60.8%) out of the 2157 participants. Baseline use of at least one FRID was signifi-
cantly associated with increased incidence rates of total falls (incidence rate ratio (IRR) [95% Confidence Interval
(CN1=1.13[1.01-1.27]), injurious falls IRR=1.15 [1.02-1.29]), and recurrent falls (IRR=1.12 [1.01-1.23]) over 3 years.
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of 2012-12-06.

DO-HEALTH, Medications, Adverse events

These associations were most pronounced among users of multiple FRIDs, with increased incidence rates of total falls
(IRR=1.22 [1.05-1.42]), injurious falls IRR=1.33 [1.14-1.54]) and recurrent falls IRR=1.14 [1.02-1.29)).

Conclusion Our results suggest that FRID use is associated with increased prospective incidence rates of total, injuri-
ous, and recurrent falls even among generally healthy older adults.

Trial registration DO-HEALTH is registered as NCT01745263 on clinicaltrials.gov, with a registration date

Keywords Falls, Fall risk-increasing drugs, Prospective study, Longitudinal study, Community-dwelling older adults,

Introduction

Falls occur frequently among older adults and are a
driver for loss of autonomy among older adults, mak-
ing the prevention of falls a public health priority [1,
2]. Notably, one of three community-dwelling adults
aged > 65 years, and every second adult>80 years, sus-
tains at least one fall each year [3-5]. Globally, the rate of
falls increases with the rapidly growing older adult popu-
lation and may cause significant morbidity and mortality
among older adults [6—8].

Falls are multifactorial, with various risk factors known,
including unsteady gait, impaired vision and hear-
ing, and certain medications [2, 4, 5, 9]. Medications
can contribute to falls through sedation, muscle weak-
ness, hypotension, orthostatic reactions, and cognitive
impairment [6, 10, 11]. Additionally, pharmacokinetic
and pharmacodynamic changes associated with older
age can lead to longer half-lives of medications (pharma-
cokinetic changes), altered drug sensitivities (pharma-
codynamic changes) and a higher risk for adverse events
[12]. Medications associated with increased risk of falls
are classified as fall risk-increasing drugs (FRIDs) (3, 11].
Despite the high occurrence of falls in older adults and
the potential negative impact of FRIDs, the link between
FRIDs and falls in generally healthy and active commu-
nity-dwelling older adults remains understudied. Prior
long-term studies (>3 years) focused on individual drugs
or medication classes [13—18]. Further, prior evidence
on FRIDs and falls is predominantly based on retrospec-
tive assessments of falls, primarily using hospital data,
pharmacy claims or prescribed medications, potentially
underestimating the number falls experienced and actual
medication use [4, 13, 19, 20].

Therefore, the primary aim of the present study was
to investigate the association between the use of at least
one FRID at baseline and the prospective incidence of
total falls (including high- and low-trauma falls, as well
as injurious falls) in community-dwelling older adults
with good cognitive function and mobility, and without
major health events (e.g. cancer or major cardiovascular
diseases) in the last 5 years prior enrolment [21]. Our

secondary aims included multiple FRIDs use (>2 FRIDs)
as the exposure, along with two additional outcomes: the
prospective incidence of injurious falls and the prospec-
tive incidence of recurrent falls.

Methods

Study design

This is an observational, prospective analysis of the
DO-HEALTH randomized controlled trial which aims
to support healthy aging in Europe (NCT01745263). In
DO-HEALTH, the effects of vitamin D3, omega-3, and
a home exercise program on change in systolic and dias-
tolic blood pressure, Short Physical Performance Battery,
Montreal Cognitive Assessment, and incidence rates of
nonvertebral fractures and infections were tested over a
3-year follow-up [22]. DO-HEALTH enrolled 2157 gen-
erally healthy community-dwelling adults aged >70 years
in seven study centers located in five European coun-
tries: Switzerland (Zurich, Basel, and Geneva), Austria
(Innsbruck), Germany (Berlin), France (Toulouse), and
Portugal (Coimbra) [21, 22]. Additionally, DO-HEALTH
also tested the effects of vitamin D3, omega-3, and a
home exercise program on fall prevention, which was a
pre-defined secondary endpoint of the trial [23]. Findings
from these studies are published elsewhere [22, 23].

Inclusion criteria were sufficient mobility to come to
the study center and good cognitive function (Mini-Men-
tal State Examination [MMSE] score of at least 24 points)
[21]. Additionally, DO-HEALTH was designed to recruit
40% of participants with at least one fall in the year prior
to enrollment [21].

Exclusion criteria included a history of cancer (except
non-melanoma skin cancer), myocardial infarction,
stroke, transient ischemic attack, angina pectoris, or cor-
onary artery intervention in the past 5 years. Participants
with severe renal impairment (creatinine clearance <15
ml/min), dialysis, or severe liver disease (life-threatening
or affecting participation, such as chronic hepatitis B, cir-
rhosis, sclerosing cholangitis, liver cancer, or metastases)
were also excluded. Other exclusion criteria included
hypercalcaemia (>2.6 mmol/l), hemiplegia, severe gait
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impairment, hypo- or primary hyperparathyroidism,
granulomatous diseases (e.g. tubercolosis, sarcoidosis),
osteodystrophia deformans (Paget’s disease), major visual
or hearing impairment, and serious illness precluding
participation. Living in assisted living or nursing homes,
acute fracture (within 6 weeks), epilepsy or use of anti-
epileptic drugs, and more than three falls in the past
month also led to exclusion [21].

The present study was approved by the Cantonal
Ethical Committee of the Canton of Zurich (BASEC N°
2021-02127). All participants provided written informed
consent.

Outcomes

The primary outcome was the number of total falls
(including high- and low-trauma falls, as well as injuri-
ous falls) experienced over each participant’s time in
the study over 3 years. Secondary outcomes included
the number of injurious and the number of recurrent
falls (regarded as separate conditions) over each partici-
pant’s time in the study over 3 years. Incident falls were
assessed prospectively using a fall diary and detailed
questionnaires for each fall event, captured through
3-monthly phone calls and yearly clinical visits (base-
line, year 1, year 2, and year 3) [23]. A fall was defined
as unintentionally coming to rest at a lower level or on
the ground (excluding falling against furniture or walls)
[21, 23]. Injurious falls encompassed falls resulting in
wounds, significant bruising, or fractures [23]. The num-
ber of recurrent falls was the number of total falls among
participants who experienced two or more falls over the
3-year follow-up. Participants with one or no falls were
not included in analysis for recurrent fall. For example, if
a participant fell twice and another fell five times during
the 3-year follow-up, the number of recurrent falls were
counted as two and five, respectively.

Exposures

Participants were asked to bring their medications to the
baseline visit to minimize recall bias. Details for each
medication, including brand and generic names, dos-
age, unit, interval (as needed or regularly), duration, and
indication, were recorded. Regularly taken FRIDs (both
prescribed and over-the-counter) at baseline, defined as
medications used daily or at regular intervals, were con-
sidered in this study. All medications were coded using
the Anatomical Therapeutic Chemical (ATC) classifica-
tion system [24]. The classification of FRIDs was based
on a recent European consensus, including the follow-
ing medications: benzodiazepines and benzodiazepines-
related drugs, antipsychotics, opioids, antidepressants,
anticholinergics, antiepileptics, diuretics, alpha-blockers

Page 3 of 10

used as antihypertensives and used for prostate hyper-
plasia, centrally-acting antihypertensives, antihistamines,
vasodilators used in cardiac diseases and drugs used
against urinary incontinence and overactive bladder [11].

Use of at least one FRID at baseline was binary and
defined as the main exposure. In a secondary analysis,
multiple FRIDs use, i.e. >2 FRIDs at baseline (binary,
versus no use of multiple FRIDs [use of 0—1 FRID]) was
defined as the exposure.

Demographics and clinical assessment at baseline

Baseline characteristics included sex, age, body mass
index (BMI), history of a fall in the prior year to enroll-
ment, physical activity level per week (none, 1-2 times,
or >3 times; based on the Nurses’ Health Study ques-
tionnaire [25]), use of a walking aid (yes/no), number of
comorbidities (based on the Self-Administered Comor-
bidity Questionnaire, maximum of 12 chronic diseases
[26], smoking status (current smoker vs. no current
smoker), living condition (alone vs. with others), and
study center (Basel, Geneva, Zurich, Berlin, Coimbra,
Innsbruck, Toulouse).

Statistical analyses

Baseline characteristics are described overall and by
FRID use (use of at least one FRID versus no FRID
use). Categorical variables are presented as frequencies
and percentages. Normally and non-normally distrib-
uted continuous variables are presented as means and
standard deviations, and as medians and interquartile
ranges, respectively. Differences in baseline character-
istics between groups were assessed by using the Chi-
square test for categorical variables, t-test for continuous
and normally distributed variables, and Wilcoxon rank
sum test for continuous and non-normally distributed
variables.

The number of incident total falls, injurious falls and
recurrent falls over the 3-year follow-up were mod-
eled using separate negative binomial regression models
to test the association between at least one FRID use at
baseline and the number of total, injurious, and recurrent
falls experienced over 3 years. An offset of the logarithm
of each participant’s time in the study was included in
the models to account for early study withdrawals. Inci-
dence rates (IR) and 95% confidence intervals (CI) for
total, injurious, and recurrent falls are presented for each
group: at least one FRID use and no FRID use. Incidence
rate ratios (IRR) and 95% CI are presented comparing the
two groups. We used the same approach to examine the
association of multiple FRIDs use with the number of
total, injurious, and recurrent falls.

Based on prior studies and on the DO-HEALTH
design variables, all models were adjusted for the
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following relevant confounders at baseline: fixed effects
of treatment allocation in the DO-HEALTH trial (vita-
min D3, omega-3, and a home exercise program), study
site, fall in the last year [4, 13], age [4, 9, 13], sex [4, 13],
BMI [27], and walking aid [13]. In a sensitivity analysis,
we further adjusted for the baseline number of comor-
bidities [4, 28].

Interactions between the use of FRIDs at baseline and
subgroups of sex, age (70-74 and >75 years old), and
fall in the year prior to enrolment were investigated in
the models by adding the respective interaction terms.
Subgroup analyses by sex, age group, and prior fall were
performed when the interaction terms suggested signifi-
cant effect modification (i.e. P value for the interaction
term < 0.05).

All analyses were carried out using SAS version 9.4
(SAS Institute, Cary). Statistical significance was set at P
values of <0.05, and reported P values are 2-sided.

Results
Participants’ characteristics at baseline
This study included all 2157 DO-HEALTH participants,
who were generally healthy, had good cognitive func-
tion and were community-dwelling to qualify for DO-
HEALTH. In fact, at baseline, the mean MMSE score
was 28.5, 82.6% of participants reported regular physical
activity, with 52.3% engaging in physical activity > 3 times
per week, and the median number of medications was
3.0 (findings published elsewhere [22, 29]). Of the 2157
participants, 908 (42.1%) reported at least one FRID use,
and 351 (16.3%) reported multiple FRIDs use at baseline.
Diuretics (23.4%) and antidepressants (9.8%) were the
two most common FRIDs (Supplementary Table 1).
Overall, the median age was 74.0 years (IQR 72.0-
77.0), 61.7% were female, 1.9% used a walking aid, 41.9%
reported a fall in the year prior to enrollment, the median
number of comorbidities was 2.0 (IQR 1.0-3.0), 5.8%
were current smokers, and 41.7% lived alone (Table 1).
At baseline, participants in the at least one FRID
use group were older (median age 74.0 vs. 73.0 years,
P<0.0001), had greater BMI (mean BMI 27.4 vs. 25.6 kg/
m?, P<0.0001), more comorbidities (median number of
comorbidities 2.0 vs. 1.0, P<0.0001), and more likely to
use a walking aid (3.1% vs. 1.1%, P=0.0006) compared
to non-FRID-users. Regarding the study centers, partici-
pants from Coimbra were most likely to report the use
of at least one FRID (24.7%), followed by participants
from Zurich (19.4%), Toulouse (14.6%), Berlin (14.1%),
Innsbruck (10.5%), Basel (8.7%), and Geneva (8.0%)
(Table 1). Notably, the proportion of the intake of diu-
retics (43.9%), antidepressants (22.9%), benzodiazepines
(32.9%) and anticholinergics (9.3%) was the highest in
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Coimbra compared to the other study sites (Supplemen-
tary Table 1).

FRID use and falls over the 3-year follow-up

Over the 3-year follow-up, 3333 falls were reported by
1311 (60.8%) participants, of which 553 (42.2%) used at
least one FRID at baseline. Over the 3-year follow-up,
1526 and 1807 total falls were observed in the at least
one FRID use and no FRID use groups, respectively. After
adjustment for age, sex, prior fall, BMI, study center,
walking aid, participants’ follow-up times, and fixed
effects of treatment allocation in the DO-HEALTH trial,
at least one FRID use at baseline was associated with a
13% increased IR of total falls over the 3-year follow-up
(IRR 1.13, 95% Confidence Interval (CI) [1.01-1.27]),
P=0.03) (Fig. 1A). Similarly, multiple FRIDs use was
associated with a 22% increased IR of total falls (IRR 1.22,
95% CI [1.05-1.42], P=0.008) (Fig. 1B).

Regarding injurious falls, 1118 (51.8%) participants
reported at least one injurious fall, of which 474 (42.4%)
used at least one FRID at baseline. Over the 3-year
follow-up, 958 injurious falls were reported in the at
least one FRID use group and 1183 injurious falls were
reported in the no FRID group. Similar to total falls, the
group using at least one FRID had a 15% increased IR of
injurious falls, compared to the no FRID user group (IRR
1.15, 95% CI [1.02-1.29], P=0.02) (Fig. 1A), after adjust-
ments for age, sex, prior fall, BMI, study center, walking
aid, participants’ follow-up times, and fixed effects of
treatment allocation in the DO-HEALTH trial. Further-
more, multiple FRIDs use was also associated with a 33%
increased IR of injurious falls (IRR 1.33, 95% CI [1.14—
1.54], P=0.0002) (Fig. 1B).

For recurrent falls, participants in the least one FRID
use group reported 1302 recurrent falls, and no FRID
users reported 1464 recurrent falls over the 3-year fol-
low-up. Consistent with total falls and injurious falls, at
least one FRID use at baseline was associated with 12%
increased adjusted IR of recurrent falls compared to
no FRID use at baseline (IRR 1.12, 95% CI [1.01-1.23],
P=0.03) (Fig. 1A). Moreover, multiple FRIDs use was
also associated with a 14% increased adjusted IR of
recurrent falls (IRR 1.14, 95% CI [1.02-1.29], P=0.02)
(Fig. 1B).

Subgroup analysis

No significant effect modifications were found by sex or
prior falls for total, injurious, and recurrent falls. How-
ever, age group (70-74 or >75 years) showed signifi-
cant effect modifications with P<0.05 for interactions
between age group and both at least one FRID use and
multiple FRIDs use for total falls and recurrent falls
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Table 1 Baseline characteristics by the use of at least one FRID® at baseline
No FRID use Use of at least one FRID Pvalue® Overall
(n=1249) (n=908) (n=2157)
Age, years, median (IQR) 73.0(71.0,77.0) 74.0 (72.0,78.0) <0.0001 74.0(72.0,77.0)
Sex, N (%)
Female 773 (61.9) 558 (61.5) 0.84 1331 (61.7)
Male 476 (38.1) 350(38.5) 826 (38.3)
Prior fall, N (%)
Yes 509 (40.8) 394 (43.4) 0.22 903 (41.9)
No 740 (59.2) 514 (56.6) 1254 (58.1)
Use of a walking aid, N (%)
Yes 13(1.1) 28(3.1) 0.0006 41019
No 1223 (99.0) 872 (96.9) 2095 (98.1)
BMI, kg/mz, mean (SD) 25.6 (4.0) 274 (4.5) <0.0001 26.3 (4.3)
Current smokers, N (%)
Yes 67 (5.4) 59 (6.5) 0.27 126 (5.8)
No 1182 (94.6) 849 (93.5) 2031 (94.2)
Living alone, N (%)
Yes 513 (41.1) 387 (42.6) 047 900 (41.7)
No 736 (59.9) 521(57.4) 1257 (58.3)
Number of comorbidities?, median 1.0(0.0,2.0) 2.0(1.0,3.0 <0.0001 2.0(1.0,3.0
(IQR)
Study site
Basel 174 (13.9) 79(8.7) <0.0001 253(11.7)
Zurich 376 (30.1) 176 (19.4) 552 (25.6)
Geneva 128(10.2) 73 (8.0) 201 (9.3)
Coimbra 77 (6.2) 224.(24.7) 301 (13.9)
Innsbruck 105 (8.4) 95 (10.5) 200 (9.3)
Berlin 222 (17.8) 128 (14.1) 350(16.2)
Toulouse 167 (13.4) 133 (14.6)

Abbreviations: BMI body mass index, FRID Fall risk-increasing drug, /QR interquartile range, N absolute number, SD standard deviation

2 FRID use was defined as any FRID use at baseline, based on the European consensus by Seppala et. al. [11]

b Differences between users and non-users of FRIDs were assessed by using the x2 test for categorical variables, t-test for normally distributed continuous variables,
and Wilcoxon rank sum test for non-normally distributed continuous variables. Significant at the 0.05 probability level

€ Prior fall in the last 12 months before study start

4 Comorbidities was measured by the Self-Administered Comorbidity Questionnaire, which assesses the presence of current 12 comorbidities [26]

(Supplementary Table 2). Among participants aged > 75
years, at least one FRID use was associated with an
increased incidence rate of total falls (IRR 1.35, 95% CI
[1.15-1.58]), P=0.0003) and recurrent falls (IRR 1.24,
95% CI [1.08-1.41]), P=0.002) (Table 2). However, no
significant association was found between at least one
FRID use and the incidence rates of total and recurrent
falls among participants aged 70-74 years (Table 2).
Consistently, multiple FRIDs use was associated with
increased incidence rates of total falls (IRR 1.40, 95% CI
[1.16-1.70], P=0.0005) and recurrent falls (IRR 1.28,
95% CI [1.11-1.49]), P=0.001) among participants
aged>75 years. Moreover, there was no significant

association between multiple FRIDs use and the inci-
dence rates of total and recurrent falls among partici-
pants aged 70-74 years (Table 2).

For injurious falls, no significant effect modification by
age group was observed for any of the exposures (at least
one FRID use and multiple FRIDs use) (Supplementary
Table 2).

Sensitivity analysis

In a sensitivity analysis, we further adjusted the mod-
els for the baseline number of comorbidities. With
this adjustment, the significant association between at
least one FRID use at baseline and the number of total,
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a N of participants® N of fallers N of falls Median (IQR) IR per person-year (95% Cl)? Adjusted IR per person-year (95% Cl)® Adjusted IRR (95% Cl)° P value®
Total falls
No FRID-use 1249 758 1807 1.0(0,2.0) 0.52(0.43,0.56) 0.49 (0.45, 0.52) Reference 0.03 ——
At least one FRID-use 908 553 1526 1.0(0,2.0) 0.62(0.57,0.68) 0.55 (0.51, 0.60) 1.13(1.01,1.27)
Injurious falis®
No FRID-use 1249 644 1183 1.0(0,1.0)  0.34(0.31,0.36) 0.32(0.29, 0.34) Reference 0.02 ——
At least one FRID-use 908 474 958 1.0(0,2.0) 0.39(0.35,0.42) 0.36 (0.33, 0.40) 1.15(1.02,1.29)

Recurrent falis"

No FRID-use 1249 415 1464 3.0(2.0,4.0) 1.20(1.13,1.28) 1.19(1.12,1.27) Reference 0.03 ——
At least one FRID-use 908 329 1302 3.0(2.0,5.0) 1.37(1.28,1.47) 1.33(1.24,1.43) 1.12(1.01,1.23)
. 1.0 13
IRR (85% CI), no FRID versus
at least one FRID
b
N of participants® N of fallers N of falls Median (IQR) IR per person-year (95% CI)° Adjusted IR perperson-year (95% Cl)° Adjusted IRR (95% CI)® P value®
Total falls
Zero or one FRID 1806 1089 2660 1.0(0,2.0) 0.53(0.50, 0.56) 0.50 (0.47, 0.53) Reference 0.008 ——
Two or more FRIDs 351 222 673 1.0(0,3.0) 0.73(0.64,0.83) 0.61(0.53, 0.69) 1.22 (1.05, 1.42)

Injurious falis®
Zero or one FRID 1806 922 1705 1.0(0,1.0) 0.34(0.32,0.36) 0.32(0.30, 0.34) Reference 0.0002 ——

Two or more FRIDs 351 196 436 1.0(0,2.0) 0.47 (0.41,0.53) 0.42(0.37, 0.48) 1.33 (1.14, 1.54)

Recurrent falis"

Zero or one FRID 1806 601 2172 3.0(20,4.0) 1.23(1.17,1.30) 1.22(1.16, 1.28) Reference 0.02 ——
Two or more FRIDs 351 143 594 3.0(2.0,5.0) 1.46(1.32,1.61) 1.40 (1.26, 1.55) 1.14 (1.02, 1.29)
|
075 10 175

IRR (95% Cl), zero or one FRID
versus two or more FRIDs

Fig. 1 Incidence rates of falls over 3 years by FRID® use and multiple® FRID use at baseline. A Model comparing participants with no FRID

to participants with at least one FRID. B Model comparing participants with zero or one FRID to participants with two or more FRIDs. Abbreviations:
Cl, confidence intervals; FRID, Fall risk increasing drug; IQR, interquartile range; IR, incidence rate; IRR, incidence rate ratio; N, absolute number. FRID
use was defined as any FRID use at baseline, based on the European consensus by Seppala et. al. [11]. °Multiple FRID use was defined as the use
of 2 or more FRIDs at baseline, also based on the European consensus by Seppala et. al.[11]. “Number of participants at baseline. 9Estimates are
from negative binomial regression models including an offset of the logarithm of participant’s time in the study, but not covariates. *Estimates are
from negative binomial regression models adjusted for age, sex, prior fall, BMI, study center (Berlin, Coimbra, Innsbruck, Toulouse, Basel, Geneva,
and Zurich), walking aid, participant’s follow-up times, and fixed effects of treatment allocation in the DO-HEALTH trial (vitamin D3, omega-3,

and home exercise program). The number of total falls included high- and low-trauma falls, as well as injurious falls experienced over each
participant’s time in the study over 3 years. A fall was defined as unintentionally coming to rest at a lower level or on the ground (excluding falling
against furniture or walls). %Injurious falls encompassed falls resulting in wounds, significant bruising, or fractures. "The number of recurrent falls
was the number of total falls among participants who experienced two or more falls over the 3-year follow-up. Participants with one or no falls were
not included in analysis for recurrent fall. For example, if a participant fell twice and another fell five times during the 3-ear follow-up, the number
of recurrent falls were counted as two and five, respectively
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Table 2 Association between FRID® use and multiple® FRIDs use and falls by age group

Model comparing participants with no FRID to
participants with at least one FRID

Model comparing participants with zero or
one FRID to participants with two or more

FRIDs
No FRID use At least one FRID use Zero or one FRID Two or more FRIDs use
Total falls®
Age 70-74 years
No. of participants at baseline 767 470 1074 163

Adjusted IR? per person-year (95% Cl)
Adjusted IRR? (95% Cl)

0.51(0.46,0.57)
0.98(0.84, 1.14)

0.50(0:43,0.57)

0.51 (046, 0.56)
1.02(0.82,1.27)

0.52(042,0.64)

P valued 076 087

Age > 75 years

No. of participants at baseline 482 438 732 188

Adjusted IRY per person-year (95% Cl) 045 (0.39,0.52) 0.60 (0.52,0.70) 048 (0.42,0.55) 0.68 (0.55,0.83)
Adjusted IRRY (95% Cl) 1.35(1.15,1.58) 140 (1.16, 1.70)

P valued 0.0003 0.0005

Recurrent falls®

Age 70-74 years

No. of participants at baseline 767 470 1074 163

Adjusted IRA per person-year (95% Cl) 1.29(1.16,1.43) 129(1.14,1.47) 1.30(1.18,1.43) 1.25(1.04, 1.50)
Adjusted IRR? (95% Cl) 1.01(0.88, 1.15) 0.96 (0.80, 1.15)

P value® 092 0.65

Age >75 years

No. of participants at baseline 482 438 732 188

Adjusted IRd per person-year (95% Cl) 1.08 (0.96, 1.22) 1.34(1.19,1.51) 1.13(1.02, 1.26) 146 (1.25,1.69)
Adjusted IRRY (95% Cl) 1.24(1.08,141) 1.28(1.11,1.49)

P valued 0.002 0.001

Abbreviations: Cl confidence intervals, FRID Fall-risk increasing drug, IR incidence rate, IRR incidence rate ratio, No absolute number
2 FRID use was defined as any FRID use at baseline, based on the European consensus by Seppala et. al. [11]
b Multiple FRIDs use was defined as the use of 2 or more FRIDs at baseline, also based on the European consensus by Seppala et. al. [11]

“The number of total falls included high- and low-trauma falls, as well as injurious falls experienced over each participant’s time in the study over 3 years. A fall was
defined as unintentionally coming to rest at a lower level or on the ground (excluding falling against furniture or walls)

9 Estimates are from negative binomial regression models adjusted for age, sex, prior fall, BMI, study center (Berlin, Coimbra, Innsbruck, Toulouse, Basel, Geneva, and
Zurich), walking aid, participant’s follow-up times, and fixed effects of treatment allocation in the DO-HEALTH trial (vitamin D3, omega-3, and home exercise program)

€ The number of recurrent falls was the number of total falls among participants who experienced two or more falls over the 3-year follow-up. Participants with one
or no falls were not included in analysis for recurrent fall. For example, if a participant fell twice and another fell five times during the 3-year follow-up, the number of

recurrent falls were counted as two and five, respectively

recurrent, and injurious falls over the 3-year follow-up
was attenuated and lost statistical significance. For mul-
tiple FRIDs use, however, the increased incidence rate
of total and injurious falls remained significant ((IRR
1.17, 95% CI [1.01-1.36], P=0.04) and (IRR 1.29, 95% CI
[1.11-1.50], P=0.001)) or close to statistical significance
for recurrent falls (IRR 1.13, 95% CI [1.00-1.28], P=0.05,
Supplementary Table 3).

Discussion

In this 3-year observational study of 2157 generally
healthy and active community-dwelling adults aged >70
years, four out of ten participants used at least one
FRID and six out of ten participants sustained at least
one fall. Use of at least one FRID was associated with

higher incidence rates of total, injurious, and recurrent
falls, independent of treatment allocation (vitamin D3,
omega-3, and home exercise program), study site, fall in
the last year, age, sex, BMI, walking aid, and participant’s
time in the study. This association was most pronounced
for multiple FRIDs use, even after adjusting for comor-
bidities in a sensitivity analysis. Moreover, older adults
age >75 years may be most affected by FRIDs with regard
to the number of total and recurrent falls experienced.
Our findings align with previous studies on increased
fall risk linked to FRIDs. Short-term studies (<12
months) in community-dwelling older adults have shown
higher odds of falling with FRID use [4, 9, 19]. For exam-
ple, a 12-month population-based cohort study among
156,488 adults aged > 64 years found an increased odds
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of falling among new and continuing FRIDs users, with
the highest odds ratio observed among those taking four
or more FRIDs compared to two [4]. Another 2-month
cohort study among 204 patients with admission to the
emergency department after a fall event found that the
number of FRIDs on discharge was associated with 1.7
higher odds of recurrent falls [19]. Prior long-term stud-
ies (>3 years) which assessed the association between
medications and falls in generally healthy community-
dwelling older adults focused on individual drugs or
medication classes [13-18]. Our study contributes by
showing that both at least one FRID use and multiple
FRIDs use at baseline were associated with increased
incidence rates of total, injurious, and recurrent falls
among generally healthy and active community-dwelling
older adults over 3 years. Therefore, it is important to
include medication reviews to identify and deprescribe
FRID (whenever possible and according to evidence-
based guidelines and algorithms) as part of the fall risk
assessment in older adults. In fact, findings from prior
studies suggest that deprescribing FRIDs may be effective
as a single intervention [30—33] or as part of multifacto-
rial interventions [34—36] for fall prevention.

Regarding the association of baseline FRID intake and
prospective fall rate, we found effect modification by
age for total and recurrent falls. Among adults aged >75
years, at least one FRID use at baseline and multiple
FRIDs use at baseline were associated with a 24% or
greater increase in the incidence rates of total and recur-
rent falls. In contrast, there was no significant association
between at least one FRID use or multiple FRIDs use and
total and recurrent falls among participants aged 70-74
years. These findings suggest that FRIDs at older age are
potentially more harmful and may be best explained by
physiologic changes that occur with older age leading to
altered pharmacokinetics and pharmacodynamics [12].
These changes include altered renal and hepatic functions
such as reduced glomerular filtration rate and a progres-
sive reduction in liver volume and liver blood flow that
influence drug absorption, distribution, metabolism, and
clearance [12, 37-39]. Additionally, body fat increases
and therefore the volume of distribution of lipophilic
drugs increases leading to prolonged half-life times [40,
41]. Finally, aging is associated with an increased sensi-
tivity to several medication classes such as psychotropic
drugs [12].

In our sensitivity analyses, which also adjusted for
number of comorbidities at baseline, we still found
an increased rate of total and injurious falls for mul-
tiple FRIDs use at baseline which suggest that the use
of >2 FRIDs may increase the rate of total and injuri-
ous falls independent of the underlying disease risk
[42—-44]. Consistently, another cohort study among 204
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participants aged >60 years showed that the number of
FRIDs remains significantly associated with an increased
odds ratio of falling after adjustment for comorbidities
[9]. Additionally, a threshold for the number of FRIDs
that predicted falls of 2.5 and 1.5 FRIDs were suggested
for robust and frail patients, respectively, based on a
2-month study among 204 patients aged 60 years and
older admitted to hospital after a fall event [19].

Mechanistically, the link between FRID use and fall risk
may be explained by the well-documented adverse events
related to FRIDs [11, 45—47]. Prior meta-analyses showed
that FRIDs can lead to dizziness, orthostatic hypotension,
anticholinergic activity and hypoglycemia [11, 45-47].
Moreover, sedation and cognitive impairment are well-
known adverse events associated with FRIDs [11, 46].
These adverse events individually and in combination can
lead to increased risk of falling [11, 45-47].

In DO-HEALTH, despite targeting generally healthy
adults aged 70 and older, 60.8% of participants fell over
3 years and 42.1% had at least one FRID at baseline. This
is in-line with a Swedish population-based study where
approximately 60% of community-dwellers aged 65
years and older who sustained a fall reported the use of
at least one FRID [48]. Moreover, a high prevalence of
FRID use (65 to 93%) at the time of a fall-related injury
was reported by a recent systematic review of 14 articles
including 8300 adults aged 60 years and older [3].

This study has several strengths. First, in the 5-coun-
try DO-HEALTH study, falls were assessed prospec-
tively every 3 months with a high-quality fall assessment,
with varying follow-up durations for participants up to
3 years. Second, the detailed medication ascertainment
was a pre-defined work package in DO-HEALTH, includ-
ing all regular medications and not only pharmacy claims
or prescribed medications [4, 13, 19]. Third, the defini-
tion of FRID was based on an evidence-based European
consensus published recently [11]. Fourth, our main
findings show consistency between total, injurious, and
recurrent falls.

Our study has limitations. First, while DO-HEALTH
defined falls as a pre-defined secondary outcome and
aimed to collect medication use in detail, the investiga-
tion of FRID use on falls was not part of the original
protocol [21]. Second, we did not aim to assess FRID
use at the moment of a fall event and therefore other
causes of the fall event cannot be excluded. Third, we
did not assess the indication of FRID intake and there-
fore the results may be biased by conditions that the
medications are used for. Fourth, due to the observa-
tional design of the study, we cannot establish a causal
relationship between FRID use and the different out-
comes. Despite this inherent limitation, we have none-
theless endeavored to minimize potential biases by
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carefully adjusting for several known confounders,
including a history of falls in the 12 months prior to
enrolment in the DO-HEALTH trial, which is the most
comprehensive risk factor for subsequent falls. These
methodological adjustments align with best practices
in observational research, ensuring the robustness of
our findings. Fifth, the definition of FRIDs varies and
the European consensus did not include medications
such as hypoglycaemics. Sixth, given the select sample
with low comorbidities but history of falls, our results
may not be representative of the general older adult
population.

Conclusion

This 3-year observational analysis of the DO-HEALTH
trial, including 2157 generally health community-dwell-
ing older adults, suggests that FRID use is associated with
an increased incidence rate of total, injurious, and recur-
rent falls. The associations were most pronounced among
adults aged 75 and older and among those taking multi-
ple FRIDs. Therefore, medication reviews to identify and
deprescribe FRIDs whenever possible are crucial to sup-
port fall prevention efforts in older adults.
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MMSE  Mini-Mental State Examination
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SD Standard deviation
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