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Abstract

Background:  The aim of this study is to investigate whether combined cognitive and physical training provides additional benefits to fall 
prevention when compared with physical training (PT) alone in older adults.
Methods:  This is a prespecified secondary analysis of a single-blind, randomized controlled trial involving community-dwelling men and women 
aged 70–85 years who did not meet the physical activity guidelines. The participants were randomized into combined physical and cognitive 
training (PTCT, n = 155) and PT (n = 159) groups. PT included supervised and home-based physical exercises following the physical activity 
recommendations. PTCT included PT and computer-based cognitive training. The outcome was the rate of falls over the 12-month intervention 
(PTCT, n = 151 and PT, n = 155) and 12-month postintervention follow-up (PTCT, n = 143 and PT, n = 148). Falls were ascertained from monthly 
diaries. Exploratory outcomes included the rate of injurious falls, faller/recurrent faller/fall-related fracture status, and concern about falling.
Results:  Estimated incidence rates of falls per person-year were 0.8 (95% confidence interval [CI] 0.7–1.1) in the PTCT and 1.1 (95% CI 
0.9–1.3) in the PT during the intervention and 0.8 (95% CI 0.7–1.0) versus 1.0 (95% CI 0.8–1.1), respectively, during the postintervention 
follow-up. There was no significant difference in the rate of falls during the intervention (incidence rate ratio [IRR] = 0.78; 95% CI 0.56–1.10, 
p =  .152) or in the follow-up (IRR = 0.83; 95% CI 0.59–1.15, p =  .263). No significant between-group differences were observed in any 
exploratory outcomes.
Conclusion:  A yearlong PTCT intervention did not result in a significantly lower rate of falls or concern about falling than PT alone in older 
community-dwelling adults.
Clinical Trial Registration:  ISRCTN52388040

Keywords:   Executive functions, Exercise, Fall prevention, Follow-up, Intervention
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Background

Falls are major contributors to injuries and death in older adults (1, 
2). Approximately 1 in 4 adults aged older than 65 years living in 
the community will experience a fall each year (3, 4), and 20%–30% 
of falls cause a serious injury, such as a fracture or head injury (5). 
Concern about falling is widely recognized as a related but distinct 
disabling problem, affecting about 2 out of 3 fallers but also up to 
half of older adults without a previous fall history (6, 7).

Physical exercise is the single most effective intervention in 
community-dwelling older people, with up to 34% of falls being 
prevented by well-designed exercise programs that include balance, 
functional, and strength training (8). Moreover, to a limited extent, 
exercise reduces concern about falling immediately after the exer-
cise intervention (9). Despite the strong evidence from efficacy trials, 
the prevention of falls remains suboptimal; consequently, the burden 
related to falls and concern about falling (economic burden for soci-
eties and the human cost, including pain, distress, disability, and loss 
of quality of life) has continued to rise in Western countries (10). 
Therefore, it is crucial to find strategies that can enhance the benefi-
cial effects of physical training (PT).

Few fall prevention programs explicitly address the important risk 
factors for falls and impaired cognition, such as executive functions. 
Executive functions are needed to allow for fall-free gait in dual-task 
situations (eg, talking to a companion during walking, reading a street 
sign, walking on an uneven surface, or planning ahead) and while 
inhibiting the response to potential distractions (eg, traffic) (11–13). 
Executive functions are amenable to training (14) and may be key 
when developing more optimal fall prevention programs. The growing 
number of randomized controlled trials shows that a training program 
targeting both physical and cognitive risk factors for falls can promote 
executive functions (15, 16) and may improve balance control (17) 
when compared with PT alone. However, executive functions and 
balance control are indirect measures related to fall prevention, and 
more research is needed to investigate the direct effects of combined 
training on falls and fall injuries. Hence, the current study investigates 
whether the combination of cognitive and physical training would pro-
vide additional value in terms of fall prevention and a reduction in the 
concern about falling compared with PT alone among older adults.

Method

Study Design
The present study is a prespecified secondary outcome analysis of 
a parallel-group, assessor-blind, randomized clinical trial with a 
12-month follow-up (the “Promoting Safe Walking Among Older 
People: Physical and Cognitive Training Intervention Among 
Older Community-dwelling Sedentary Men and Women,” or the 
PASSWORD study) conducted in the city of Jyväskylä, Finland. 
Details of the trial design, recruitment, interventions (18), and pri-
mary findings (gait speed and executive function) have been reported 
previously (15). The trial was registered before recruitment of the 
participants (http://www.isrctn.com/ISRCTN52388040). Ethical 
approval was obtained from the Ethical Committee of the Central 
Finland Health Care District (14/12/2016, ref: 11/2016). All the par-
ticipants provided written informed consent.

Participants
The participants were community-dwelling adults who were ran-
domly selected from Finland’s Population Information System, 
which is administered by the Population Register Center. A  letter 

containing information about the study was sent, and interviews 
were conducted by phone to screen for inclusion and exclusion cri-
teria related to walking, physical activity, and major chronic dis-
eases. Those older adults who fulfilled the inclusion criteria were 
willing to participate and did not report any exclusion criteria were 
invited into the clinical examinations. The clinical exclusion criteria 
were assessed, and the health status was confirmed before the base-
line assessments. A flow chart is presented in Figure 1.

Eligible participants were community-dwelling adults aged 
70–85  years and living in the city of Jyväskylä, Finland, who did 
not meet the physical activity guidelines (less than 150 minutes of 
moderate-intensity aerobic activity in bouts of at least 10 minutes 
per week and no regular resistance training) (19). Additional inclu-
sion criteria were being able to walk 500 m without assistance and a 
Mini-Mental State Examination (MMSE) test score of 24 or higher. 
We excluded older adults suffering from severe chronic or progressive 
disease, severe musculoskeletal problems, depressive mood (Geriatric 
Depression Scale [GDS]-15 >10 points), and who did not have the 
resources to commit to the study (according to the participants them-
selves or assessments by a physician and the primary investigators), 
risk level use of alcohol (>7 units of alcohol per week for women and 
>14 for men), or any other contraindications for PT (18).

Randomization and Blinding
The participants were randomly assigned in a 1:1 ratio to receive 
either the physical and cognitive training (PTCT) or PT alone interven-
tion. Randomization was stratified by age (70–74, 75–79, 80–85) and 

Figure 1.  Flow chart of the study.
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sex; blocks of varying sizes (2 or 4) were used. A computer-generated 
random number schedule was developed by a statistician, and ran-
domization was performed by a researcher not participating in the 
data collection process. Assessors collecting the data were blinded to 
group allocation, and the participants were asked not to disclose their 
study group to the personnel collecting the data.

Interventions
The interventions have been described in detail previously (15, 18). 
Briefly, the interventions lasted for 12 months and started with intro-
ductory seminars, including a motivational lecture on physical ac-
tivity. The PTCT participants also attended an introductory seminar 
that included detailed information on the cognitive training (CT) 
portion of their intervention. The interventions included super-
vised training sessions and home exercises. The PT intervention was 
adapted from the physical activity guidelines for older adults (19), 
our earlier studies (20, 21), and the LIFE study (22). It included pro-
gressive aerobic, resistance, and balance training. The participants 
attended twice a week in supervised sessions: once for walking 
and dynamic balance training and once for resistance and balance 
training. Walking sessions began with a short walk at a self-selected 
speed, and dynamic balance exercises followed with continuous 
walking for 10–20 minutes at a target intensity of “somewhat hard” 
to “hard.” Resistance training took place in senior gyms equipped 
with resistance training machines utilizing air pressure technology 
and Smart Card/Smart Touch Software. Each session started with 
a 10-minute warm-up and balance exercises, which was followed 
by 8–9 resistance exercises for the lower body, trunk, and upper 
body muscles. Five to six different training periods with variations 
in training specificity, volume, and intensity were used to maintain 
physiological responses to training. In addition, the training load 
was further adjusted according to 6 repetition maximum tests that 
were performed 3 times during the intervention.

The progressive home exercise program included strength-
ening exercises for the lower limb muscles, balance exercises, and 
stretching for major muscle groups and was performed 2–3 times per 
week. In the strengthening exercises, the workload increased with 
resistance bands. In the standing balance exercises, the level of chal-
lenge was increased by reducing hand, base, and vision support. The 
participants were also advised to accumulate moderate aerobic ac-
tivity, totaling 150 minutes per week in bouts of at least 10 minutes.

The CT targeted executive functions (inhibition, shifting, and 
updating of working memory) and was based on the unity/diversity 
model of executive functions by Miyake and Friedman (23). The CT 
utilized a web-based, in-house-developed computer program modified 
from the program used in the FINGER study (24). During the training 
sessions, which each ran for approximately 20 minutes, different cogni-
tive tasks were practiced. The target training frequency was 3–4 times 
a week. Those who lacked access to a computer at home had the pos-
sibility of attending supervised sessions at least once a week, with the 
possibility of training in one of 10 locations, with a peer tutor provided 
by the city of Jyväskylä (in libraries, sheltered accommodation, etc.).

Adherence to the training programs has been reported previously 
(15). Shortly, 65% of the participants in the PT and 72% of those in 
the PTCT group attended the supervised PT sessions weekly. The CT 
was performed on average 1.9 times per week.

Outcomes
The primary outcome of walking speed and one of the secondary 
outcomes, executive function, of the PASSWORD study have been 
reported elsewhere (15). The current paper reports the secondary 

fall-related outcomes: the overall number of falls over the 12-month 
intervention and 12-month postintervention follow-up. A  fall was 
defined according to the internationally accepted definition: an un-
expected event in which the person comes to rest on the ground, 
floor, or lower level without an overwhelming extrinsic cause (25). 
As an exploratory outcome, we report the rate of self-reported in-
jurious falls. Injurious falls were defined as falls that resulted in con-
tact with health care services because of injury. Falls were monitored 
by calendars that were returned monthly. For each fall, detailed in-
formation on its location, injuries, and need for care because of the 
fall was reported. A research coordinator contacted the participants 
if they did not return their monthly calendar. Falls were also exam-
ined using the proportion of fallers (1 or more falls), recurrent fallers 
(2 or more falls), and fall-related fractures.

Concern about falling was measured with the Falls Efficacy Scale 
International (FES-I; 26), which was given to the participants by a 
research assistant. The questionnaire comprises 16 items assessing, 
for example, walking on slippery, uneven, or sloping surfaces, vis-
iting friends or relatives, or going to a social event. Concerns about 
falling when carrying out each activity were assessed on a 4-point 
scale (ranging from 1 = not at all concerned to 4 = very concerned). 
The total FES-I score ranges from 16 to 64. The higher the score, 
the greater the concern about falling. The internal consistency and 
the test–retest reliability for the FES-I have been shown to be high 
(26). Concern about falling was measured at baseline and at 6 and 
12 months.

Background Characteristics
Trained research staff were blinded to group allocation and per-
formed all the measurements at baseline. Body height (m) and 
weight (kg) were measured, and body mass index (kg/m2) was cal-
culated. Highest education was self-reported. Education was cat-
egorized as low (primary school or less), medium (middle school, 
folk high school, vocational school, or secondary school), or high 
(high school diploma or university degree). Self-rated health was 
reported on a 5-point scale from very good to very poor and dichot-
omized (very good/good and average/poor). Cognition was meas-
ured using the Consortium to Establish a Registry for Alzheimer’s 
Disease (CERAD) total score (range 0–100), which involves the 
following subtests: Category Verbal Fluency, Modified Boston 
Naming Test, MMSE, Word List Memory, and Constructional 
Praxis. Higher scores indicate better performance. Executive func-
tions were assessed using the Stroop Color–Word Test, which 
measures response inhibition by deliberate overriding of dominant 
responses (27).

Mood was assessed using the GDS (range 0–15), with higher 
scores indicating increased symptomatology (28). Clinical health 
data were based on self-reports and data collected from the National 
Health Service integrated patient information system and from a clin-
ical examination. The use of psychotropic drugs, including opiates, 
benzodiazepines, anticholinergic agents, dopaminergic agents, and 
antidepressants, was documented according to the anatomical thera-
peutic chemical classification. Systolic blood pressure and diastolic 
blood pressure were measured using an aneroid sphygmomanom-
eter, here by following a standardized protocol. Orthostatic hypoten-
sion was defined by a drop in blood pressure of at least 20 mmHg 
for systolic blood pressure or at least 10 mmHg for diastolic blood 
pressure within 2 minutes of standing up (29). The visual acuity 
test measured the accuracy of distance vision using the E chart or 
C chart, both eyes together (with spectacles if the individual wore 
them), and reported as best-corrected visual acuity (visus).
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Physical activity was measured with a hip-worn tri-axial acceler-
ometer (UKK RM42, UKK, Tampere, Finland) for 7 days and ana-
lyzed, as reported by Savikangas et  al. (30). Physical performance 
was measured using the Short Physical Performance Battery (31). 
Information on falls the year before baseline was collected retro-
spectively by a structured questionnaire. The questions (2 questions 
answered separately) were as follows: “How many times have you 
fallen indoors/outdoors during the previous year?” The response op-
tions were 1 = none, 2 = once, 3 = 2–4 times, 4 = 5–7 times, and 
5 = 8 times or more. For the analyses, the participants who reported 
≥1 falls indoors or outdoors were coded as “fallers”; and those who 
reported ≥2 falls were defined as “recurrent fallers.” In addition, the 
participants were asked whether they were injured and needed care 
because of a fall (yes–no). The participants who responded yes were 
coded as having an injurious fall during the previous year.

Statistical Analysis
The sample size (n = 310) was determined for the primary outcome, 
walking speed, of the PASSWORD (18). For an additional a priori 
power analysis for the falls rate, we were unable to find earlier pub-
lications with similar design and outcome as in our study. Therefore, 
we used information from a previously published study from Finland 
including physical exercise and nonexercise groups (32) to assess the 
fall rate due to the PT intervention. As we knew that among healthy 
older adults, executive functions are associated with falls (33) we 
expected that training executive functions in addition to PT would 
result in greater benefit in terms of falls rate than physical exercise 
alone. Thus, at 80% power favoring the PTCT over PT, an assumed 
drop-out rate of 15%, and 1.2 falls/person-year for participants with 
physical exercise only, it was expected that it would be possible to 
detect a difference of 27% in the fall rate between the groups (ie, 
incidence rate ratio [IRR] 0.73).

All analyses were performed according to the intention-to-treat 
principle. The baseline characteristics were summarized as means 
(standard deviations) or frequencies (percentages). Those partici-
pants with missing fall data were compared with those who pro-
vided at least some prospective fall data using a t-test or chi-square 
test. The incidence rates for falls were calculated in relation to 
person-years using the number of observation days. The main ana-
lysis evaluated the between-group differences in the number of falls 
over the 12-month intervention and over the 12-month follow-up 
using a generalized linear model’s negative binomial regression. 
A  negative binomial regression analysis is an extension to the 
Poisson model that accommodates overdispersion (the variance ex-
ceeds the mean) (34). In addition, the between-group differences 
in the rate of injurious falls during the 12-month intervention and 
subsequent 12-month follow-up were also modeled using a nega-
tive binomial regression. A modified Poisson regression was used to 
calculate the relative risk of faller, recurrent faller, and fall-related 
fracture status.

As explorative analysis, we conducted also subanalyses for 
prespecified groups. They were conducted using the interaction 
terms (Group × Characteristic) in negative binomial regression 
models; these assessed whether the PTCT had a differential effect 
on fall rate in terms of age (70–74, 75–79, and 80–85 years), sex, 
baseline cognition (CERAD total score <69 is low and ≥69 is high), 
and level of compliance to the intervention (the high compliance 
subgroup participated in at least 50% of the supervised walking/dy-
namic balance sessions and in at least 50% of the resistance/balance 
training sessions; in the PTCT group, the high compliance subgroup 
also performed CT at least twice a week).

The effect of the interventions on concern about falling was ana-
lyzed using generalized estimating equation models with a Group × 
Time interaction term. Significance level was set at 0.05. All analyses 
were conducted using IBM SPSS Statistics 26 (SPSS Inc., Armonk, 
NY).

Results

Potential participants (n  = 2 767) were screened between January 
2017 and March 2018. Of these, 314 were randomized to the PTCT 
(n  =  155) and PT (n  =  159) groups. The flow of the participants 
through the study is described in Figure 1. Eight participants (3% 
of total sample, 4 from both groups) did not provide any data re-
lated to falls after randomization. They did not differ statistically 
significantly from those who had prospective fall data in terms of 
age (p = .081), sex (p = .337), history of fall (p = .556), cognition 
(p = .853), mood (p = .375), concern about falling (p = .234), phys-
ical performance (p = .058), self-rated health (p = .226), or presence 
of long-term pain (p = .888).

The demographic and baseline characteristics of the participants 
in the 2 groups were similar at baseline (Table 1). Across the groups, 
the mean age was 74.5  years (SD 3.8), 60% were women, 10% 
(n  = 30) had an injurious fall during the previous year, and 19% 
(n = 61) had 2 or more falls during the previous year.

Fall Outcomes
During the 12-month intervention, with a mean follow-up of 350 
(47) days, 132 falls occurred among 75 fallers in the PTCT group 
versus 172 falls among 79 fallers in the PT alone group. The fall 
rate incidence during the intervention was 0.8 (95% CI 0.7–1.1) 
per person-years in the PTCT group and 1.1 (0.9–1.3) per person-
years in the PT group. The 22% difference in fall rate in the PTCT 
group compared with the PT group was not statistically significant 
(IRR = 0.78; 95% CI 0.56–1.10, p = .152).

During the 12-month postintervention follow-up (a mean 
follow-up of 377  ±  20  days), 117 falls were recorded among 
64 fallers in the PTCT group versus 148 falls among 62 fallers 
in the PT group. There were no significant differences be-
tween groups in the rate of falls (IRR = 0.83; 95% CI 0.59–
1.15, p = .263 and IRR = 1.49; 95% CI 0.72–3.06, p = .279). 
There were no significant differences between the PTCT and 
PT groups in the proportion of fallers, recurrent fallers, or 
fall-related fractures over the 1-year intervention or 1-year 
postintervention follow-up (Table 2).

In the prespecified subgroup analyses for the fall rate, the 
interaction terms (Group × Characteristics) were not significant 
for age, sex, baseline cognition, and compliance with the training 
during the intervention and postintervention follow-up. In other 
words, no statistically significant differences in the intervention 
effects were found based on sex, age, baseline cognition, or com-
pliance to the training. Although not statistically significant, men 
in the PTCT group tended to have a lower fall rate than men in 
PT during the 1-year follow-up (p = .079; Table 3). Table 4 pres-
ents the mean scores of FES-I and statistics over time. No stat-
istically significant difference was observed in changes of FES-I 
between the groups (Group × Time interaction, p =  .688). Both 
the PTCT and PT groups reduced their concern about falling 
over the 1-year intervention (on average −0.78 points; CI −1.36 
to −0.20, p = .007): the average reduction was 3% in the PTCT 
group and 4% in the PT group.
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Discussion

In this randomized controlled trial, a 1-year combined PTCT pro-
gram did not produce additional benefits for fall prevention when 
compared with multicomponent physical exercise alone among 
community-dwelling older adults who did not have cognitive im-
pairments and did not meet the physical activity guidelines prior 
to the intervention. PTCT reduced concern about falling to a 
similar extent as PT alone among these relatively well-functioning 
older people.

The combination of PTCT has attracted attention recently, but 
its effects on falls have not been widely published. Two small studies 
using variate statistical approaches to analyze the effects of inter-
vention on falls among older people without cognitive impairment 
(35) and with mild cognitive impairment (17) have reported that 
physical exercise with simultaneously performed cognitive tasks did 
not produce enhanced value for fall prevention when compared with 
PT alone. In our study, the PTCT exercises were organized separ-
ately. In line with those earlier studies, the incidence of falls was 

Table 1.  Baseline Characteristics of the Participants by Physical and Cognitive Training (PTCT) and Physical Training (PT) Groups

PTCT (n = 155) PT (n = 159)

Age, mean (SD), years 74.4 (3.9) 74.5 (3.7)
Women no. (%) 96 (62) 92 (58)
Body mass index, mean (SD), kg/m2 28.0 (4.9) 27.9 (4.5)
Education, no. (%)
  Low 23 (15) 25 (16)
  Medium 94 (61) 106 (67)
  High 38 (25) 28 (18)
MMSE, mean (SD)* 27.9 (1.4) 27.4 (1.5)
Stroop effect, mean (SD)† 45.2 (20.6) 48.2 (28.7)
SPPB, mean (SD)‡ 10.2 (1.5) 10.1 (1.6)
Physical activity; accelerometer, min/day mean (SD)§

  Sedentary time (<0.0167 g) 604 (86) 601 (80)
  Light-intensity activity (≥0.0167 to <0.091 g) 215 (65) 206 (67)
  Moderate-to-vigorous-intensity activity (≥0.091) 32 (19) 33 (21)
  Moderate-to-vigorous intensity activity in bouts of ≥10 min, min/week, mean (SD) 80 (83) 86 (88)
Self-rated health, no. (%)
  Very good/good 73 (47) 68 (43)
  Average/poor 82 (53) 91 (57)
GDS score‖

  Mean (SD) 1.4 (1.4) 1.8 (1.9)
  ≥5, no. (%) 7 (5) 14 (9)
Chronic conditions, no. (%)
  Musculoskeletal diseases¶ 64 (41) 62 (39)
  Metabolic diseases# 101 (65) 117 (74)
  Cardiovascular diseases** 46 (30) 49 (31)
  Pulmonary diseases†† 26 (17) 17 (11)
  Mental health diseases‡‡ 5 (3) 8 (5)
  Neurologic diseases§§ 8 (5) 6 (4)
Use of psychotropic, no (%) 24 (15) 21 (13)
Blood pressure, mmHg, mean (SD)
  Systolic 148 (19) 153 (20)
  Diastolic 78 (9) 79 (10)
Orthostatic hypotension‖‖, no (%) 13 (8) 13 (8)
Visual acuity¶¶ 0.80 (0.18) 0.70 (0.18)
Recurrent falls in the past year, no (%) 24 (16) 37 (23)

*Mini-Mental State Examination, total score, range 0–30, higher score indicates better performance.
†Stroop incongruent–Stroop neutral in seconds, lower time indicates better performance.
‡Short Physical Performance Battery, total score, range 0–12, higher score indicates better performance.
§Mean amplitude deviation.
‖Geriatric Depression Scale, range 0–15, <5 points indicates normal mood.
¶Including arthrosis, endoprosthesis, osteoporosis, back diseases, joint pain, conditions causing pain in the neck and upper extremities, muscular dystrophy, her-

nia; and inflammatory diseases including rheumatoid diseases, arthritis, psoriatic arthritis, fibromyalgia, polymyalgia, and gout.
#Including type 2 diabetes, hypertension, hypercholesterolemia, and other lipid storage disorders.
**Including myocardial infarction, stroke, intracranial hemorrhage, coronary artery disease, transient ischemic attack, peripheral arterial disease, intermittent 

claudication, arrhythmias, heart defect, heart failure, and pacemaker.
††Including chronic obstructive pulmonary disease, asthma, pulmonary fibrosis, and bronchiectasis.
‡‡Including depression, stress, bipolar disorder, disorientation, and adjustment disorder.
§§Including poliomyelitis, migraine, epilepsy, Parkinson’s disease, peripheral neurological diseases, and polyneuropathy.
‖‖Defined by a drop in blood pressure of at least 20 mmHg for systolic blood pressure or at least 10 mmHg for diastolic blood pressure within 2 minutes of 

standing up.
¶¶Visus, good = visus at least 1.00, clearly diminished = visus ≤0.50.
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comparable in both study groups during the 1-year intervention and 
1-year postintervention follow-up.

Although the PT with separate CT had no additional effects on 
the rate of falls compared with intensive multicomponent PT alone, 
it improved the relevant risk factor for falls and executive functions. 
We have previously shown that both groups improved their execu-
tive functions, but the combined training induced two- to threefold 
greater improvements (15). It has been proposed that executive func-
tions are important cognitive components of walking and are related 
to better performance, in particular under challenging walking con-
ditions (36). Moreover, improved executive functions may promote 
the maintenance of the level of physical activity in the long term 
(37). Through these 2 mechanisms, the beneficial effects on executive 
functions could result in delayed effects in terms of fall prevention. 
Thus, it would be beneficial to follow up on falls even more than 
1 year after the intervention.

Systematic review evidence from 59 trials has indicated that 
physical exercise as a single intervention has a moderate (23%) ef-
fect in preventing falls when compared with the control conditions, 
which are not perceived as reducing falls (8). In the current study, 
we were unable to assess the effects of PT alone on falls because of 
the lack of an untrained control group. However, the rate of falls per 
person-years (IR 1.06, 95% CI 0.85–1.34) among the participants in 
the PT alone group in our study was comparable to that of the other 
trials involving physical exercise groups, and it was lower than that 
in the control groups reported earlier in studies with comparable 
populations (38–40). Thus, our study supports earlier findings that 
exercising according to physical activity recommendations is benefi-
cial for fall prevention.

Among these relatively healthy older adults, the average base-
line level of concern about falling was moderate based on the cutoff 
scores (low 16–19, moderate 20–27, and high concern 28–64) pub-
lished by Delbaere et al. (6). Concern about falling reduced slightly 
but similarly in both groups during the 1-year intervention. This is 
not surprising because the walking and executive functions improved 
significantly in both groups, as previously reported (15). Improved 
walking capacity and executive functions have been shown to 

enhance fall-related self-efficacy (41). Randomized controlled trials 
using FES-I have reported decreases in scores ranging from 0.53 to 
3.7 (9). The results of our study fell within this range. Thus, PT with 
and without the CT component reduced concern about falling to 
a small but comparable degree immediately after the intervention. 
A longer follow-up is warranted because lower concern about falling 
has previously been shown to be associated with less prospective or 
recurrence of falls in older adults (42).

The current study has several strengths but also limitations. 
The study population comprised a representative sample of 
community-dwelling 70- to 85-year-old people who did not meet 
physical activity recommendations prior to the study. Thus, gen-
eralization is restricted to older adults not meeting physical ac-
tivity recommendations. Our results cannot be extrapolated to 
older adults with a high risk of falling because of physical and/
or cognitive impairments. The falls were ascertained monthly 
from diaries, but the participant-reported injurious falls were not 
verified from medical records. The present RCT involved feasible 
long-term training interventions that achieved relatively high ad-
herence. The PT program followed the physical activity guidelines 
of the time, which have proven effective in reducing the number of 
falls in older adults. The attrition rate was low. Sample size calcula-
tion was based on a 27% lower rate of falls in the PTCT compared 
with the PT group, here requiring 155 participants per group. The 
fall rate estimate due to the PT intervention was based on the data 
from Uusi-Rasi et al. (32). It is a limitation that an estimate of the 
effect of a CT was not available to us to be used in our power ana-
lysis at the time of planning this study. We observed a 22% differ-
ence between the PTCT and PT in the fall rate. Thus, the observed 
IRR was somewhat lower than the effect size estimate used in our 
power calculation.

In conclusion, a yearlong PTCT intervention did not result in 
a significantly lower rate of falls or injurious falls than PT alone 
in older community-dwelling men and women who did not meet 
the physical activity guidelines prior to the intervention. In addition, 
combined training reduced concern about falling to a similar extent 
as PT alone among these relatively healthy older adults.

Table 2.  Fall Outcomes (n = 306) Over 12-Month Intervention and 12-Month Postintervention Follow-Up

PTCT (n=151) PT (n=155) Regression Model, PTCT vs PT

During 12-Month Intervention IR 95% CI IR 95% CI IRR 95% CI* p

IR of all falls per person-year 0.83 0.65–1.07 1.06 0.85–1.34 0.78 0.56–1.10 .152
IR of injurious falls per person-year 0.10 0.06–0.17 0.09 0.05–0.15 1.20 0.55–2.60 .652
 n (%) Coefficient 95% CI†  
Faller 75(49.7) 79(51.0) 0.97 0.78–1.22 .813
Recurrent faller 33(21.9) 33(21.3) 1.04 0.68–1.59 .869
Fall-related fracture 3(2.0) 8(5.2) 0.39 0.11–1.41 .152

PTCT (n = 143) PT (n = 148)

During 12-Month Follow-Up IR 95% CI IR 95% CI IRR 95% CI*  

IR of all falls per person-year 0.80 0.66–0.95 0.97 0.82–1.13 0.83 0.59–1.15 .263
IR of injurious falls per person-year 0.14 0.09-0.21 0.09 0.05-0.15 1.49 0.72–3.06 .279
 n (%) Coefficient 95% CI†  
Faller 64(44.8) 62(41.9) 1.08 0.83–1.40 .581
Recurrent faller 26(22.2) 22(17.3) 1.26 0.76–2.10 .366
Fall-related fracture 6(4.2) 4(2.7) 1.56 0.45–4.76 .482

Notes: IR = incidence rate; IRR = incidence rate ratio; PTCT = physical and cognitive training; PT = physical training.
*From negative binomial regression analyses.
†From modified Poisson regression analyses.

6� Journals of Gerontology: MEDICAL SCIENCES, 2022, Vol. XX, No. XX

Copyedited by: VV

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/advance-article/doi/10.1093/gerona/glab375/6463319 by U
niversity of Jyvaskyla user on 04 April 2022



Funding
This work was supported by the Academy of Finland grant number 296843.

Conflict of Interest
None declared.

Acknowledgments
We would like to thank all the PASSWORD participants who contributed 
their time and information. We also would like to thank the staff members 
who helped with the PASSWORD data collection process and supervised the 
training sessions.

Author Contributions
Conception and design: S.S., T.H., M.A., R.A.F., M.K., A.S.N., and T.T. 
Acquisition of data: S.S., A.T., T.S., M.A., and A.S.N. Data analysis or in-
terpretation of data: K.M.T., S.S., T.T. (data analysis); S.S., A.T., T.S., T.H., 

M.A., R.A.F., M.K., A.S.N., and T.T. (interpretation). Drafting the manu-
script: K.M.T., S.S., A.T., and T.S. Critical revision of the manuscript: all 
authors.

References
	1.	 Kannus P, Niemi S, Parkkari J, Mattila VM. Sharp rise in fall-induced cer-

vical spine injuries among older adults between 1970 and 2017. J Gerontol 
A Biol Sci Med Sci. 2020;75(10):2015–2019. doi:10.1093/gerona/glz283

	2.	 Alamgir H, Muazzam S, Nasrullah M. Unintentional falls mortality among 
elderly in the United States: time for action. Injury. 2012;43(12):2065–
2071. doi:10.1016/j.injury.2011.12.001

	3.	 Jia H, Lubetkin EI, DeMichele K, Stark DS, Zack MM, Thompson WW. 
Prevalence, risk factors, and burden of disease for falls and balance 
or walking problems among older adults in the U.S. Prev Med. 
2019;126:105737. doi:10.1016/j.ypmed.2019.05.025

	4.	 Gale CR, Cooper C, Aihie Sayer A. Prevalence and risk factors for falls 
in older men and women: the English Longitudinal Study of Ageing. Age 
Ageing. 2016;45(6):789–794. doi:10.1093/ageing/afw129

	5.	 Gill TM, Pahor M, Guralnik JM, et al.; LIFE Study Investigators. Effect of 
structured physical activity on prevention of serious fall injuries in adults 

Table 3.  Incidence Rates of Falls per Person-Year During 1-Year Intervention and 1-Year Follow-Up According to Subgroups

Subgroup During 12-Month Intervention During 12-Month Follow-Up

 n
≥1 fall  
n (%)* IR Interaction (95% CI)† p n

≥1 fall  
n (%)* IR Interaction (95% CI)† p

Sex
  PTCT men 57 25 (44) 0.98 0.79 (0.41–1.52) .479 53 19 (36) 0.93 0.54 (0.27–1.07) .079
  PT men 67 31 (46) 1.41   64 28 (44) 1.44   
  PTCT women 94 49 (52) 0.89   90 45 (50) 0.73   
  PT women 88 47 (53) 0.97   84 34 (41) 0.61   
Age (years)
  PTCT 70–74 96 50 (52) 0.90 0.56 (0.17–1.88) .350 89 43 (48) 0.87 0.61 (0.15–2.52) .498
  PT 70–74 93 47 (51) 1.18   91 32 (35) 0.87   
  PTCT 75–79 41 16 (39) 0.95 0.51 (0.14–1.84) .305 40 17 (43) 0.71 0.32 (0.74–1.41) .133
  PT 75–79 47 24 (51) 1.27   43 24 (56) 1.36   
  PTCT 80–85 14 8 (57) 1.08   14 4 (29) 0.64   
  PT 80–85 years 15 7 (47) 0.68   14 6 (43) 0.43   
Cognition
  PTCT high 140 65 (47) 0.89 0.88 (0.30–2.55) .808 135 58 (45) 0.81 1.15 (0.35–3.78) .821
  PT high 137 68 (49) 1.14   129 51 (38) 0.97   
  PTCT low 14 9 (64) 1.23   14 6 (43) 0.69   
  PT low 14 9 (64) 1.31   12 10 (83) 0.96   
Compliance
  PTCT high 112 58 (52) 0.95 0.62 (0.30–1.24) .172 106 49 (46) 0.75 1.31 (0.63–2.72) .477
  PT high 103 46 (45) 1.02   101 42 (42) 0.99   
  PTCT low 39 16 (41) 0.81   37 15 (41) 0.93   
  PT low 52 32 (62) 1.43   47 20 (43) 0.92   

Notes: IR = incidence rate; PTCT = physical and cognitive training; PT = physical training.
*Number of participants (proportion) who fell at least once.

†From negative binomial regression analyses.

Table 4.  Concern About Falling (FES-I, Score) at Baseline and After 6 and 12 Months of Physical and Cognitive Training (PTCT) or Physical 
Training Alone (PT)

Outcome PTCT PT
Group ×Time Interaction 
(PTCT–PT)

 Mean (SE) Difference (95% CI) n Mean (SE) Difference (95% CI) n Difference (95% CI) p

Baseline 22.34 (0.39)  153 22.62(0.47)  158   
6 months 21.92 (0.45) −0.42 (−1.22 to 0.37) 147 21.39 (0.44) −1.23 (−1.94 to −0.52) 146 0.80 (−0.26 to 1.87) .139
12 months 21.68 (0.51) −0.66 (−1.61 to 0.30) 142 21.72 (0.47) −0.90 (−1.55 to −0.24) 146 0.24 (−0.92 to 1.40) .688

Journals of Gerontology: MEDICAL SCIENCES, 2022, Vol. XX, No. XX� 7

Copyedited by: VV

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/advance-article/doi/10.1093/gerona/glab375/6463319 by U
niversity of Jyvaskyla user on 04 April 2022

https://doi.org/10.1093/gerona/glz283
https://doi.org/10.1016/j.injury.2011.12.001
https://doi.org/10.1016/j.ypmed.2019.05.025
https://doi.org/10.1093/ageing/afw129


aged 70–89: randomized clinical trial (LIFE Study). BMJ. 2016;352:i245. 
doi:10.1136/bmj.i245

	6.	 Delbaere K, Close JC, Brodaty H, Sachdev P, Lord SR. Determinants of 
disparities between perceived and physiological risk of falling among eld-
erly people: cohort study. BMJ. 2010;341:c4165. doi:10.1136/bmj.c4165

	7.	 Zijlstra GA, van Haastregt JC, van Eijk JT, van Rossum E, Stalenhoef PA, 
Kempen GI. Prevalence and correlates of fear of falling, and associated 
avoidance of activity in the general population of community-living older 
people. Age Ageing. 2007;36(3):304–309. doi:10.1093/ageing/afm021

	8.	 Sherrington C, Fairhall NJ, Wallbank GK, et al. Exercise for preventing 
falls in older people living in the community. Cochrane Database Syst Rev. 
2019;1:CD012424. doi:10.1002/14651858.CD012424.pub2

	9.	 Kumar A, Delbaere K, Zijlstra GA, et al. Exercise for reducing fear of falling in 
older people living in the community: Cochrane systematic review and meta-
analysis. Age Ageing. 2016;45(3):345–352. doi:10.1093/ageing/afw036

	10.	Haagsma  JA, Olij  BF, Majdan  M, et  al. Falls in older aged adults in 
22 European countries: incidence, mortality and burden of disease 
from 1990 to 2017. Inj Prev. 2020;26(supp1 1):i67–i74. doi:10.1136/
injuryprev-2019-043347

	11.	Davis JC, Best JR, Khan KM, et al. Slow processing speed predicts falls 
in older adults with a falls history: 1-year prospective cohort study. J Am 
Geriatr Soc. 2017;65(5):916–923. doi:10.1111/jgs.14830

	12.	Herman T, Mirelman A, Giladi N, Schweiger A, Hausdorff JM. Executive 
control deficits as a prodrome to falls in healthy older adults: a prospective 
study linking thinking, walking, and falling. J Gerontol A Biol Sci Med Sci. 
2010;65(10):1086–1092. doi:10.1093/gerona/glq077

	13.	Anstey  KJ, von  Sanden  C, Luszcz  MA. An 8-year prospective study 
of the relationship between cognitive performance and falling 
in very old adults. J Am Geriatr Soc. 2006;54(8):1169–1176. 
doi:10.1111/j.1532-5415.2006.00813.x

	14.	Chiu HL, Chu H, Tsai JC, et al. The effect of cognitive-based training for 
the healthy older people: a meta-analysis of randomized controlled trials. 
PLoS One. 2017;12(5):e0176742. doi:10.1371/journal.pone.0176742

	15.	Sipilä S, Tirkkonen A, Savikangas T, et al. Effects of physical and cognitive 
training on gait speed and cognition in older adults: a randomized con-
trolled trial. Scand J Med Sci Sports. 2021;31(7):1518–1533. doi:10.1111/
sms.13960

	16.	Ten Brinke LF, Best JR, Chan JLC, et al. The effects of computerized cog-
nitive training with and without physical exercise on cognitive function in 
older adults: an 8-week randomized controlled trial. J Gerontol A Biol Sci 
Med Sci. 2020;75(4):755–763. doi:10.1093/gerona/glz115

	17.	Lipardo  DS, Tsang  WW. Effects of combined physical and cognitive 
training on fall prevention and risk reduction in older persons with mild 
cognitive impairment: a randomized controlled study. Clin Rehabil. 
2020;34(6):773–782. doi:10.1177/0269215520918352

	18.	 Sipilä S, Tirkkonen A, Hänninen T, et al. Promoting safe walking among older 
people: the effects of a physical and cognitive training intervention vs. physical 
training alone on mobility and falls among older community-dwelling men and 
women (the PASSWORD study): design and methods of a randomized con-
trolled trial. BMC Geriatr. 2018;18(1):215. doi:10.1186/s12877-018-0906-0

	19.	Nelson ME, Rejeski WJ, Blair SN, et al. Physical activity and public health 
in older adults: recommendation from the American College of Sports 
Medicine and the American Heart Association. Med Sci Sports Exerc. 
2007;39(8):1435–1445. doi:10.1249/mss.0b013e3180616aa2

	20.	Portegijs E, Kallinen M, Rantanen T, et al. Effects of resistance training on 
lower-extremity impairments in older people with hip fracture. Arch Phys 
Med Rehabil. 2008;89(9):1667–1674. doi:10.1016/j.apmr.2008.01.026

	21.	Sihvonen SE, Sipilä S, Era PA. Changes in postural balance in frail elderly 
women during a 4-week visual feedback training: a randomized controlled 
trial. Gerontology. 2004;50(2):87–95. doi:10.1159/000075559

	22.	 Fielding RA, Rejeski WJ, Blair S, et al.; LIFE Research Group. The lifestyle inter-
ventions and independence for elders study: design and methods. J Gerontol 
A Biol Sci Med Sci. 2011;66(11):1226–1237. doi:10.1093/gerona/glr123

	23.	Miyake A, Friedman NP. The nature and organization of individual differ-
ences in executive functions: four general conclusions. Curr Dir Psychol 
Sci. 2012;21(1):8–14. doi:10.1177/0963721411429458

	24.	Ngandu  T, Lehtisalo  J, Solomon  A, et  al. A 2  year multidomain inter-
vention of diet, exercise, cognitive training, and vascular risk monitoring 

versus control to prevent cognitive decline in at-risk elderly people 
(FINGER): a randomised controlled trial. Lancet. 2015;385(9984):2255–
2263. doi:10.1016/S0140-6736(15)60461-5

	25.	Lamb  SE, Jørstad-Stein  EC, Hauer  K, Becker  C; Prevention of Falls 
Network Europe and Outcomes Consensus Group. Development of a 
common outcome data set for fall injury prevention trials: the Prevention 
of Falls Network Europe consensus. J Am Geriatr Soc. 2005;53(9):1618–
1622. doi:10.1111/j.1532-5415.2005.53455.x

	26.	Yardley  L, Beyer  N, Hauer  K, Kempen  G, Piot-Ziegler  C, Todd  C. 
Development and initial validation of the Falls Efficacy Scale-International 
(FES-I). Age Ageing. 2005;34(6):614–619. doi:10.1093/ageing/afi196

	27.	Graf P, Uttl B, Tuokko H. Color- and picture-word Stroop tests: perform-
ance changes in old age. J Clin Exp Neuropsychol. 1995;17(3):390–415. 
doi:10.1080/01688639508405132

	28.	Yesavage JA, Sheikh JI. Geriatric depression scale (GDS) recent evidence 
and development of a shorter version. Clin Gerontologist. 1986;5:165–
173. doi:10.1300/J018v05n01_09

	29.	Arnold  AC, Raj  SR. Orthostatic Hypotension: a practical approach to 
investigation and management. Can J Cardiol. 2017;33(12):1725–1728. 
doi:10.1016/j.cjca.2017.05.007

	30.	Savikangas T, Tirkkonen A, Alen M, et al. Associations of physical activity 
in detailed intensity ranges with body composition and physical function. 
A cross-sectional study among sedentary older adults. Eur Rev Aging Phys 
Act. 2020;17:4. doi:10.1186/s11556-020-0237-y

	31.	Guralnik  JM, Simonsick  EM, Ferrucci  L, et  al. A short physical per-
formance battery assessing lower extremity function: association with  
self-reported disability and prediction of mortality and nursing 
home admission. J Gerontol. 1994;49(2):M85–M94. doi:10.1093/
geronj/49.2.m85

	32.	Uusi-Rasi K, Patil R, Karinkanta S, et al. Exercise and vitamin D in fall 
prevention among older women: a randomized clinical trial. JAMA Intern 
Med. 2015;175:703–711. doi:10.1001/jamainternmed.2015.0225

	33.	Herman T, Mirelman A, Giladi N, Schweiger A, Hausdorff JM. Executive 
control deficits as a prodrome to falls in healthy older adults: a prospective 
study linking thinking, walking, and falling. J Gerontol A Biol Sci Med Sci. 
2010;65(10):1086–1092. doi:10.1093/gerona/glq077

	34.	Clayton  D. Some approaches to the analysis of recur-
rent event data. Stat Methods Med Res. 1994;3(3):244–262. 
doi:10.1177/096228029400300304

	35.	Eggenberger  P, Theill  N, Holenstein  S, Schumacher  V, de  Bruin  ED. 
Multicomponent physical exercise with simultaneous cognitive training 
to enhance dual-task walking of older adults: a secondary analysis of a 
6-month randomized controlled trial with 1-year follow-up. Clin Interv 
Aging. 2015;10:1711–1732. doi:10.2147/CIA.S91997

	36.	Marusic  U, Verghese  J, Mahoney  JR. Cognitive-based interventions to 
improve mobility: a systematic review and meta-analysis. J Am Med Dir 
Assoc. 2018;19(6):484–491.e3. doi:10.1016/j.jamda.2018.02.002

	37.	Best JR, Nagamatsu LS, Liu-Ambrose T. Improvements to executive func-
tion during exercise training predict maintenance of physical activity 
over the following year. Front Hum Neurosci. 2014;8:353. doi:10.3389/
fnhum.2014.00353

	38.	Siegrist  M, Freiberger  E, Geilhof  B, et  al. Fall prevention in a primary 
care setting. Dtsch Arztebl Int. 2016;113(21):365–372. doi:10.3238/
arztebl.2016.0365

	39.	Taylor D, Hale L, Schluter P, et al. Effectiveness of tai chi as a community-
based falls prevention intervention: a randomized controlled trial. J Am 
Geriatr Soc. 2012;60(5):841–848. doi:10.1111/j.1532-5415.2012.03928.x

	40.	Fitzharris  MP, Day  L, Lord  SR, Gordon  I, Fildes  B. The Whitehorse 
NoFalls trial: effects on fall rates and injurious fall rates. Age Ageing. 
2010;39(6):728–733. doi:10.1093/ageing/afq109

	41.	Wolinsky  FD, Mahncke  HW, Weg  MW, et  al. The ACTIVE cognitive 
training interventions and the onset of and recovery from suspected clin-
ical depression. J Gerontol B Psychol Sci Soc Sci. 2009;64(5):577–585. 
doi:10.1093/geronb/gbp061

	42.	Friedman  SM, Munoz  B, West  SK, Rubin  GS, Fried  LP. Falls and fear 
of falling: which comes first? A  longitudinal prediction model suggests 
strategies for primary and secondary prevention. J Am Geriatr Soc. 
2002;50(8):1329–1335. doi:10.1046/j.1532-5415.2002.50352.x

8� Journals of Gerontology: MEDICAL SCIENCES, 2022, Vol. XX, No. XX

Copyedited by: VV

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/advance-article/doi/10.1093/gerona/glab375/6463319 by U
niversity of Jyvaskyla user on 04 April 2022

https://doi.org/10.1136/bmj.i245
https://doi.org/10.1136/bmj.c4165
https://doi.org/10.1093/ageing/afm021
https://doi.org/10.1002/14651858.CD012424.pub2
https://doi.org/10.1093/ageing/afw036
https://doi.org/10.1136/injuryprev-2019-043347
https://doi.org/10.1136/injuryprev-2019-043347
https://doi.org/10.1111/jgs.14830
https://doi.org/10.1093/gerona/glq077
https://doi.org/10.1111/j.1532-5415.2006.00813.x
https://doi.org/10.1371/journal.pone.0176742
https://doi.org/10.1111/sms.13960
https://doi.org/10.1111/sms.13960
https://doi.org/10.1093/gerona/glz115
https://doi.org/10.1177/0269215520918352
https://doi.org/10.1186/s12877-018-0906-0
https://doi.org/10.1249/mss.0b013e3180616aa2
https://doi.org/10.1016/j.apmr.2008.01.026
https://doi.org/10.1159/000075559
https://doi.org/10.1093/gerona/glr123
https://doi.org/10.1177/0963721411429458
https://doi.org/10.1016/S0140-6736(15)60461-5
https://doi.org/10.1111/j.1532-5415.2005.53455.x
https://doi.org/10.1093/ageing/afi196
https://doi.org/10.1080/01688639508405132
https://doi.org/10.1300/J018v05n01_09
https://doi.org/10.1016/j.cjca.2017.05.007
https://doi.org/10.1186/s11556-020-0237-y
https://doi.org/10.1093/geronj/49.2.m85
https://doi.org/10.1093/geronj/49.2.m85
https://doi.org/10.1001/jamainternmed.2015.0225
https://doi.org/10.1093/gerona/glq077
https://doi.org/10.1177/096228029400300304
https://doi.org/10.2147/CIA.S91997
https://doi.org/10.1016/j.jamda.2018.02.002
https://doi.org/10.3389/fnhum.2014.00353
https://doi.org/10.3389/fnhum.2014.00353
https://doi.org/10.3238/arztebl.2016.0365
https://doi.org/10.3238/arztebl.2016.0365
https://doi.org/10.1111/j.1532-5415.2012.03928.x
https://doi.org/10.1093/ageing/afq109
https://doi.org/10.1093/geronb/gbp061
https://doi.org/10.1046/j.1532-5415.2002.50352.x

	Background
	Method
	Study Design
	Participants
	Randomization and Blinding
	Interventions
	Outcomes
	Background Characteristics
	Statistical Analysis

	Results
	Fall Outcomes

	Discussion

