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BACKGROUND: Falls and fall-related injuries are com-
mon in community-dwelling older persons. Longitudinal
data on effective fall prevention programs are rare.
OBJECTIVE: Therefore, we evaluated a 4-months multi-
component exercise fall prevention program in a primary
care setting on long-term effects over 24 months on falls
and concomitant injuries in older community-dwelling
persons with high risk of falling.

DESIGN AND SETTING: In the Prevention of Falls
(PreFalls) study, forty general practitioners in Germany
were cluster-randomized (1:1) into an intervention group
(IG) or control group (CG). Three hundred seventy-eight
independently living people with high risk of falling (78.1
+5.9 years, 75% women) were assigned to IG (n=222) or
CG (n=156).

INTERVENTION AND MEASUREMENTS: Patients in IG
took part in a 4-months multi-component exercise pro-
gram comprising strength and balance exercises (28 ses-
sions); patients in CG received no intervention. Primary
outcome measure was number of falls over 24 months,
analyzed by a patient-level, linear mixed Poisson model.
Secondary endpoints were number of fall-related injuries,
changes in physical function, fear of falling, and mortality.
RESULTS: After 24 months, the IG demonstrated signif-
icantly fewer falls (IRR=0.63, p=0.021), injurious falls
(IRR=0.69, p=0.034), and less fear of falling (p=0.005).
The mortality rate was 5.0% in IG and 10.3% in CG (HR =
0.51, 95% CI: 0.24 to 1.12; p=0.094).

CONCLUSIONS: In older community-dwelling persons
with high risk of falling, a short-term multi-component
exercise intervention reduced falls and injurious falls, as
well as fear of falling over 24 months.

KEY WORDS: falls; prevention; exercise; aged; primary care.

Ellen Freiberger and Monika Siegrist are equally contributed last authors
Received April 20, 2021
Accepted May 20, 2021

Published online: 08 July 2021

J Gen Intern Med
DOI: 10.1007 /s11606-021-06944-w
© The Author(s) 2021

INTRODUCTION

Falls and fall-related injuries are common in community-
dwelling older persons.'” Injurious falls pose an immense
burden on the public health care system,* as they are related
to disability, admission to nursing homes, and even higher
mortality. >

Risk factors for falls can be grouped into intrinsic (related to
the individual, e.g., skills in balance or strength), extrinsic
(related to the environment), and behavioral domains (individ-
ual beliefs, cognition decision-making).®’ Fall-related psy-
chological concerns (FrPCs) are reported up to 83% of
community-dwelling older persons.® Fear of falling (FoF)
has been linked to cautious gait,” reduced physical activity
level due to activity avoidance, and social withdrawal.'®!!

Multi-component exercise interventions are effective in
reducing the risk of falls.*'*'* They have included at least
two of the risk domains (intrinsic, extrinsic, behavioral) and
follow individualized intensity approaches based on risk as-
sessment. Most effective multi-component exercise programs
have included balance and strength exercise,""'? demonstrat-
ing greater effects if the program lasts at least 3 months.'?

However, the long-term effects of these programs are scarce
as most follow-up time-periods have lasted for 6—
12 months.*

General practitioners (GP) are in an ideal position to moti-
vate their patients to participate in fall prevention pro-
grams,'*'® though such opportunities are often missed.'®
Therefore, we conducted a longitudinal, cluster-randomized
controlled study (PreFalls; Prevention of Falls) in primary care
settings. The primary hypothesis of the PreFalls trial was that a
complex multi-component exercise intervention program
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(intervention group =1G) — consisting of a 4-months group
exercise in combination with an individualized home-based
training program — significantly reduces the number of falls
per individual in older patients (=65 years). After 4 months
and 12 months, significant improvements were seen regarding
physical function, reduction in FoF, and lower incidence of
falls and fall-related injuries in older adults in IG compared to
the control group (CG).'718

We present results over a follow-up period of 24 months
compared to those not receiving the intervention (CG). Sec-
ondary endpoints included the incidence of injurious falls,
physical function, fear of falling, and mortality.

METHODS
Trial Design and Participants

The study protocol has been previously published includ-
ing recruitment strategies.' "'’ Briefly, we recruited 40
GPs and practice patients with risk factors for falls. Inclu-
sion criteria were community-dwelling setting, age>
65 years, and >1 fall risk criterion (>1 fall in the past
12 months, Timed-up-and-Go-Test or Chair-Stand-Test
>10 s, subjective or objective balance deficits or fear of
falling). Exclusion criteria included dependence or suffer-
ing from physical or mental restrictions that did not allow
the participation in an exercise program or the assessment
of risk of falling.

Objectives, Outcomes

The primary endpoint of PreFalls was the difference in number
of falls in community-dwelling older people between IG and
CG over a period of 24 months.'” The number of falls over
24 months was documented by a daily falls calendar. Second-
ary outcomes were fall-related injuries, changes in physiolog-
ical risk factors of falling (mainly balance, strength, and mo-
bility), changes in fear of falling, and mortality over the period
of 24 months.

The study protocol was approved by the ethics committee,
School of Medicine, University Hospital “rechts der Isar,”
Technical University of Munich, Munich, Germany (approval
number 2386/09). The study design follows the fundamental
principles of the Helsinki Declaration. Only data from people
with written consent were included in the pseudonymized data
analysis. No changes were made after ethics approval and trial
commencement.

Intervention

Details of our 4-month intervention have been previously
published.'”'® Briefly, participants in the IG were offered a
combination of 28 supervised and unsupervised sessions. Six-
teen sessions, once per week for 60 min, were supervised, and
the participants were advised to add at least one unsupervised
session starting at week five.'” The multi-component exercise

intervention included progressive strength, challenging bal-
ance and gait training, behavioral aspects, self-management
program, and perceptual and functional training conducted by
a trained fall prevention instructor. The participants received
brochures for home training including description of the dif-
ferent exercises and pictures. The CG received no
intervention.

Sample Size Calculation and Randomization

The sample size and power calculation were based on the
proportion of individuals with at least one fall during a 12-
month follow-up period.”® An intra-cluster correlation coeffi-
cient of 0.02 was assumed and a cluster size of 10 was
considered to be realistic. Based on 80% power, a two-sided
significance of 5%, 40 clusters, and 382 individuals were felt
sufficient to demonstrate a clinically meaningful reduction of
about 20% .'*?"%?

After recruitment by the study coordinators, the GPs were
randomized by a biostatistician, not otherwise involved in the
trial, using computer-generated random numbers to interven-
tion or control groups (1:1). Then, the GP recruited patients
according to the defined inclusion and exclusion criteria
(Fig. 1)."” Masking of participants was not feasible as all
patients knew whether or not they participated in an exercise
intervention.

Clinical Assessment

All data were collected by the GP and their trained assistants,
e.g., demographic data, comorbidities, and medication at the
beginning, after the 4 months of active intervention, and after
12- and 24-months follow-up (final examination). Results
were mailed to the regional coordination center.

Assessment of Falls and Fall-Related Injuries

A fall was defined as “an unexpected event, in which the
participant comes to rest on the ground floor, or lower level”.*?
A faller was defined as a person, who reported more than one
fall per year or had at least one fall with a fall-related injury.

Falls were documented by patients in IG and CG into daily
falls calendar over the full study period (24 months).'®!?
Monthly, the falls calendars were sent to the study coordina-
tors by the participants of the IG and CG. If a fall was reported,
further information about fall-related injuries was collected by
structured telephone interviews.

Fall Risk Assessment and Mortality

Physical Fall Risk Assessment. Physical fall risk was
assessed by a standardized protocol. Function and
mobility were measured by the “Timed-Up-and-Go-Test”
(TUG) over the distance of 3 m, as fast but safely at
possible.”*?> According to the “Short Physical Perfor-
mance Battery” (SPPB),?¢ functional strength of the lower
extremity was measured with the five time “Chair-Stand-
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Recruitment of general practices

Number assessed for eligibility:
« 896 general practitioners

« 52 general practitioners

a) via postal service and telephone call
b) vialocal peer groups and quality circles

c) via newspaper and medical journals, homepage

!

Cluster-Randomization of 40 general practices
13 trainings for 40 general practitioners and staff
Computer-based randomization in 20 intervention and 20 control

general practices

Drop out of 3 general practices of the
intervention group

Complex exercise intervention for patients
in 17 general practices

222 patients in 17 general practices
received intervention as assigned

|

Participation in the 16-week exercise
program

12 patients never took part

29 patients took part 1 to 9 times

181 patients participated more than 10 times

(out of 16 x)

Intervention group: 55 patients (24.8%)

Lost to follow-up

Refused further participation (n = 5)
Death (n=11)

Poor health (n=22)

Unknown reason (n=6)

Dementia, mental problems (n=1)
Admissionto a retirement home (n=2)
Orthopedic problems (n= 5)

Familiar reason, change residence (n=3)

y

Drop out of 4 general practices of the
control group

Usual care for patients in 16 general
practices

156 patients in 16 general practices received
usual care as assigned

Lost to follow—up
Control group: 53 patients (34.0%)

Refused further participation (n=9)
Death (n=16)

Poor health (n=14)

Unknown reason (n=4)

Dementia, mental problems (n=3)
Admissionto a retirement home (n=6)
Orthopedic problems (n=0)

Familiar reason, change residence (n=1)

Y

Intervention group after 24 months

Analysis primary endpoint (n=212)*
Participation in the final examination (n=167)
Fall risk assessment after 24 months
(n=158)

Control group after 24 months

Analysis primary endpoint (n=144)*
Participation in the final examination (n=103)
Fall risk assessment after 24 months (n=101)

Fig. 1 Participant Recruitment, Enrolment, and Follow-up.

Test” (CST, sit-to-stand-to-sit). The static balance was
assessed by a modified Romberg test (mRomberg) with
three measurements with feet positioned side by side, in
semi-tandem, and in full tandem position. The participant
was asked to stand in every position for 10 s. The total
balance time in all three tests was used (0 to 30 s) as
described previously.'”

Fear of Falling

Fear of falling was assessed by the German version of the Falls
Efficacy Scale-International (FES-I).?” This questionnaire
contains 16 questions on demanding activities in daily living
inside and outside the home and social activities (“not at all
concerned” (1 point) to “very concerned” (4 points)). To
obtain the total score, points were summed up.>**°

Mortality

The GP has informed the study coordinators about the death of
patient by mail or telephone contact.

Statistical Analysis

The number of falls and fall-related injuries during the observa-
tion period was counted from the daily falls calendar and aver-
aged per subject. Number of falls and fall-related injuries were
compared between IG and CG in a Poisson model. All patients
that returned at least one diary were included in the analysis as
randomized (n(IG)=212, n(CG)=144). To account for the
cluster structure of patients nested in GP and to consider possible
over-dispersion in Poisson models with rare events like falls, a
mixed effects Poisson model was fitted with MCMC (Monte



Hentschlee et al.: Exercise Intervention for Fall Prevention in Primary Care Setting: PreFalls JGIM

Carlo Markov Chain) methods. The model also was adjusted to
different number of returned diaries, included as a covariate.
Additionally, the odds ratio (OR) of IG vs. CG for the number of
patients, who had fallen two times or more often, was calculated
by a generalized mixed linear logistic regression model. The
resulting odds ratio was translated into a relative risk (RR) based
on the estimated marginal distributions of patients.

For each secondary outcome measure (TUG, CST, modified
Romberg, FES-I), the changes in the means over time were
analyzed and compared between IG and CG. We determined a
three-level linear mixed effects model for continuously normal
distributed outcomes to account for the GP cluster structure and
the cluster structure for measurement occasions within patients.
Differences in the mean changes over time are represented by
the group by time-interaction effect, which was the primary
interest. For all considered outcome measures a random inter-
cept and random slope model was deemed appropriate. How-
ever, none of the investigated outcome models for secondary
outcomes showed the third level of GPs as relevant (only the
first level (measurement occasion) and second level (patients))
in either explaining a notable amount of variance or accom-
plishing independent contribution to the residuals. Hence, two-
level models were sufficient to represent the data structure
while preserving parsimony. Mortality was compared between
groups by using a cox proportional hazards model.

Data were analyzed with R environment for statistical com-
puting (R Foundation for Statistical Computing, Vienna,
Austria).

Role of the Funding Source

The funding source had no role in the study design, data
analysis, data interpretation, or manuscript preparation.

RESULTS
Baseline Characteristics

Physicians and staff members of 40 GPs were recruited and
trained. Seven GPs dropped out before recruiting patients for
various reasons (e.g., lack of time). Thirty-three GPs partici-
pated in this study and recruited a total of 378 patients. These
patients ranged in age from 65 to 94 years (mean age 78.1 +
5.9 years). They were mostly women (Table 1). Baseline
characteristics were evenly distributed. The physical perfor-
mance at baseline was higher in IG compared to the CG for the
TUG (13.0 s vs. 16.2 s, p<0.001) and the CST (17.4 s vs.
19.4 s, p=0.024) and comparable for the mRomberg (25.3 s
vs. 24.0 s, p=0.071) (Table 1).

After 24 months, 167 patients (75.2%) in the IG and 103
patients (66%) in the CG were re-assessed (Fig. 1).

Dropouts. The dropout rate in the intervention group was
24.8% with 34% dropping out in the control group. The
reasons for drop out included refused further participation
(n=14), death (n=27), poor health (n=36), dementia (n=
4), orthopedic problems (n = 5), admission to a residential care
home for older persons (n=38), family reasons/change of
residence (n=4), and unknown (n = 10).

24-Months Results

Falls, Fall-Related Injuries, and Fallers. All patients with
at least one monthly falls calendar were included (n =212
in IG and n =144 in CG). On average, 19.1 falls calendar
over the 24-months period were obtained in IG and 18.9
in CG.

Table 1 Baseline Demographic and Health Characteristics

Characteristics

Intervention group

Control group

Demographic data

Sex (male/female)
Age (years) N=222
BMI (kg/m?) N=222
Living alone, N (%) N=222
Physical function, fear of falling
TUG (s) N=222
CST (s) N=214
mRomberg (sum) N=222
FES-I (sum score) N=203
Comorbidities
Fall last year N=218
Dizziness N=218
Body Sway N=213
Neurological deficits N=212
ADL deficits N=214
Walking aid N=216
> 4 medication N=206

50/172 43/113
77.9+5.9 N=156 783459
273+49 N=156 27.0+5.1

98 (44.1) N=156 60 (38.5)
13.0+5.5 N=155 16.2+84

12.0 (5.0-40.8) 14.0 (6.0-45.0)
174493 N=137 19.4+10.1

15.0 (7.0-90.0) 16.7 (7.6-68.0)
253462 N=153 240479

30.0 (2.0-30.0) 30.0 (2.0-30.0)
252482 N=149 274498

23.0 (16.0-58.0) 25.0 (16.0-58.0)
N (%) N (%)

118 (54.1) N=156 80 (51.3)

111 (50.9) N=150 92 (61.3)

91 (42.7) N=148 65 (43.9)

46 (21.7) N=140 22 (15.7)

92 (43.0) N=145 58 (40.0)

73 (33.8) N=150 69 (46.0)

123 (59.7) N=128 87 (68.0)

Data are presented as meantstandard deviation or median (minimum—maximum), ADL, activity of daily living; BMI, body mass index; CST, Chair-

Stand-Test; FES-I, Falls Efficacy Scale-International; mRomberg, modified Romberg Test; TUG, Timed-Up-and-Go-Test
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Falls. During the 24 months of follow-up, 517 falls occurred
in patients in IG compared to 588 falls in patients in CG.
Intervention subjects averaged 1.89 falls per year, compared
to 3.11 falls per year in the control group (IRR: 0.63; 95%
confidence interval (CI): 0.44 to 0.94; p =0.021) (Table 2).

Fall-Related Injuries. Fall-related injuries were reduced by
31% in IG compared to CG (IRR: 0.69; 95% CI: 0.47 to 0.97;
p=0.034) (Table 2).

Faller. Eighty out of 212 patients in IG were fallers compared
to 96 out of 144 patients in CG. The proportion of fallers were
comparable between IG and CG (Table 2).

Fall Risk Assessment

After 24 months, the results in the TUG showed a minor
decline of function and mobility in IG compared to CG (IG:
13.0 to 14.0; CG: 16.2 to 18.8 s, p=0.064) (Table 3).

Strength assessment by CST revealed no group dif-
ference, but only 52% of the older adults in CG were
able to perform the CST after 24 months compared to
64% in 1G. No significant differences were observed in
adjusted mean time needed for the mRomberg test be-
tween both groups (p=0.221). The percentage of older
adults with full test time increased in the IC from 59 to
64%, while in the CG the percentage of participants
with full test time decreased from 58 to 46%.

Fear of Falling

The fear of falling level was unchanged over 24 months in IG
(25.1 vs. 25.2 points) while there was a distinct increase in CG
subjects (27.6 vs. 30.3 points) (p =0.005) (Table 3).

Mortality

In IG, 11 patients out of 222 patients (5.0%) died during
24 months in contrast to 16 out of 156 patients in CG
(10.3%) (HR: 0.51, 95% CI: 0.24 to 1.12; p =0.094).

Side Effects

No side effects in connection with the multimodal exercise
intervention were observed. During the training sessions, no
adverse events occurred.!”

DISCUSSION

We found that our 4-months intervention had sustained im-
provement over 2 years, with a reduction in the number of
falls, fall-related injuries, and death, compared to control
participants. The reduction of injurious falls is particularly
important, as these types of falls pose a significant burden
for the older person, endangering independence and mobility
as well as health.**

Few studies have assessed a long follow-up of 24 months
continuously monitoring falls using daily falls calendars.*®>?
In comparison to our study, Salminen®® and Uusi-Rasi’' used
a different intervention, included only women and involved
younger patients. In the study by Salminen,** no reduction of
incidence of falls could be found (IRR for IG vs. CG 0.92;
95% CI: 0.72 to 1.19). The study by Uusi-Rasi*' also found no
significant difference in the rate of all falls or minor injurious
falls. El-Khoury®? addressed injurious falls, but also only
included women, though had a longer intervention period
(24 months). They found a 19% higher reduction in injurious
falls in the intervention group then in the control group (HR
0.81 for IG vs. CG; 95% CI 0.67-0.99). In addition, the
reduction of all falls was 12% higher in the IG then in the
CG. One recently reported cluster-randomized trial on injuri-
ous fall prevention in the GP setting®® — the STRIDE study
— addressed also injurious falls and mortality but used differ-
ent approaches in the statistical analyses (time-to-event anal-
ysis). Their participants were older and their multifactorial
intervention was provided by a specialized nurse. In contrast
to our study, no daily calendars were used but telephone calls
at a 4-months period. One has to keep in mind that falls are
mostly self-reported and the “golden standard” until now is the
monthly daily falls calendar.

Congruent with the above cited studies, the STRIDE study
also found no significant reduction in injurious falls. Concen-
trating only on injurious falls and not including falls as well
seems challenging. In the STRIDE study, 86 primary care
practices were included with 5451 community-dwelling par-
ticipants but still they did not find a significant reduction in
injurious falls. Nevertheless, injurious falls place a heavy
burden on older persons and their carers as well as on the
public health care system and should be addressed next to falls
without injurious.

Interestingly, the clinical improvements in fall rates we
found were congruent with the mobility measure (TUG) but
did not reflect changes in functional tests, e.g., CST or

Table 2 Incidence of Fall Events during the 24-month period in the Intervention and Control Group

Intervention group (N=212)

Control group (N =144) IRR/RR (95% CI) p value

Falls, n (annual rate) 517 (1.89)
Fall-related injuries, n (annual rate) 188 (0.55)
Faller, n (%) 80 (45.28)

588 (3.11) IRR: 0.63 (0.44 to 0.94) 0.021
197 (0.88) IRR: 0.69 (0.47 to 0.97) 0.034
96 (55.56) RR: 0.80 (0.59 to 1.02) 0.073

Faller (person with more than one fall per year or at least one injurious fall); CI, confidence interval; IRR, incidence rate ratio; RR, risk ratio
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Table 3 Fall Risk Assessment (Physical Function) and Fear of Falling

Intervention Intervention Control group  Control group Difference between groups (95% p value

group group Baseline 24 months CD

Baseline 24 months
TUG (s) 13.0 [12.1; 13.9] 14.0 [12.6; 15.3] 16.2 [15.1; 18.8 [17.1; —1.66 [-3.4; 0.09] 0.064
CST (s) 17.5 [16.2; 18.7] 17.0 [15.5; 18.6] %3:31[18.2; %8:2][18.5; -1.29 [-3.7; 1.1] 0.291
mRomberg 253 [24.4; 26.2] 25.6 [24.6; 26.6] %411:8][22497 ggfg][zz.l; 1.01 [-0.60; 2.62] 0.221
%S]ZZS-I (pts) 25.1 [23.9; 26.6] 25.2 [23.7; 26.6] gz:éi[%l; §§:§1[28.6; —2.72 [-4.61; —0.84] 0.005*

Data are presented as adjusted mean [confidence interval] based on mixed model. Number of patients is different in each visit; no observed values were
excluded. Estimation is corrected for missing at random in mixed model. TUG, Timed-Up-and-Go-Test; CST, Chair-Stand-Test; mRomberg, modified
Romberg Test; FES-I, Falls Efficacy Scale-International; pts, points; unadjusted p-values are presented for secondary outcomes

mRomberg. This may be explained by the fact that in the CG
only 52% of the older adults were able to perform the CST
after 24 months compared to 64% in IG. For balance, the
percentage of older adults with full test time was 28% in CG
and 45% in 1G indicating a larger proportion of older adults
with good balance and better physical function after
24 months. An important behavioral finding was the signifi-
cant difference in fear of falling. There was a significant
increase in FoF among control group participants, compared
to the IG. This is important because FoF can fuel a downward
spiral by causing activity avoidance, resulting in reduced
physical function and quality of life.***> Our findings suggest
that it is important for GPs to address both physical functional
and behavioral risk factors.

While not powered for mortality, we observed a mortality
reduction of 49% in the IG compared to CG. This is greater
than found in a previous trial.>* It may be assumed that an
increase in physical function could act as a prevention against
mortality. This would be congruent with the research by Landi
et al.*> demonstrating that physical limitation are more rele-
vant for mortality then comorbidities.

Limitation and Strengths

There are a number of potential limitations of our study.
Because we randomized GPs, this could pose a bias on the
GP’s recruitment for those to be included into the exercise
intervention. However, using the GPs is more real-world. In
practice, GPs select patients for interventions and have regular
contact with their older patients.

The GPs are uniquely poised to observe fall risk factors and
to intervene. Secondly, the dramatic decrease in mortality may
suggest unmeasured confounders or there could be other fac-
tors that differentially affected our two groups after the inter-
vention period ended.

Strengths of our study are the long follow-up time of
24 months, assessment of daily falls calendars obtaining falls,
and injurious falls with a mean of 19-months return rate.

A short 4-months intervention integrating physical exercise
and behavioral aspects in the multi-component exercise pro-
gram provided significant results in falls and especially in
injurious falls.

CONCLUSIONS

In conclusion, a 4-months multi-component exercise interven-
tion demonstrated a significant reduction in falls and injurious
falls, fear of falling, and mortality over a subsequent period of
24 months. Our study also demonstrated the need for “shared
treatment” in future fall prevention including GPs and exercise
instructors to offer effective fall preventions programs in the
living environment of older adults.
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