
Albornos‑Muñoz et al. BMC Nursing          (2024) 23:705  
https://doi.org/10.1186/s12912-024-02310-3

RESEARCH Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

BMC Nursing

Efficacy of the Otago‑Exercise‑Programme 
to reduce falls in community‑dwelling 
adults aged 65‑80 when delivered 
as group or individual training: 
Non‑inferiority‑clinical‑trial
Laura Albornos‑Muñoz1,2, Joan Blanco‑Blanco3, María Ángeles Cidoncha‑Moreno4, Eva Abad‑Corpa5, 
Araceli Rivera‑Álvarez6, Rosa María López‑Pisa7, José Manuel Caperos8, Otago Project Working Group 
Consortium9,10,11,12,13,14,15,16,17,18,19,20,21,22 and María Teresa Moreno‑Casbas9* 

Abstract 

Background  The Otago Exercise Programme is an effective intervention for falls prevention. However, there is limited 
evidence in relation to studies that compare efficacy for falls prevention when delivered Otago Exercise Programme 
in a group or individual format in a primary care context.

Objective  To compare the Otago Exercise Programme delivered as a group vs. individual format for community 
dwelling older adults, over a one year period. The hypothesis was that neither format would be inferior to the other.

Methods  Design:  A four-year multicentre, randomized, non-inferiority clinical trial, with two arms— Otago Exercise 
Programme group training and individual Otago exercise training. Setting(s): 21 primary healthcare centers. Partici‑
pants: A sample size of 728 participants was established. Participants were aged between 65 and 80 years; living 
in the community; able to walk independently; and agreed to take part in the study and provided signed informed 
consent. Intervention: The Otago Exercise Programme was delivered mainly by nurses in primary care, with five face 
to face sessions, and a reinforcement 6 months later. Participants were encouraged to exercise at home between face 
to face sessions. Data collection: at baseline and after 6 and 12 months from October 2017 to 2020. Primary outcome: 
people who reported at least one fall. Secondary outcomes: number of falls, cause of falls, consequences and assis‑
tance, adherence and satisfaction. Group allocation was blinded to the researchers involved in analysis. Reporting: 
Consolidated Standards of Reporting Trials recommendations for the Statement for Randomized Trials of Nonpharma‑
cologic Treatments.

Results  Eight hundred twenty-seven participants were randomized (226 were allocated in group training and 272 
in individual training). The analysis of the proportion of people who reported at least one fall and number of falls 
showed no differences between individual and group training. Assessment of the equivalence between the interven‑
tions at 12 months showed that the confidence interval for the difference of people who reported at least one fall 
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was found to be within the equivalence limit of 10% considered. However, in those participants with a previous his‑
tory of falls, group format showed potentially greater benefit. The participants in individual training presented higher 
scores on the Exercise Adherence Rating Scale test. No differences were found in satisfaction between the groups.

Conclusions  The group Otago Exercise Programme is equivalent to individually delivered Otago Exercise Programme 
in terms of prevention of falls over a 12-month follow up. Adherence was higher in individual training. Implications: 
Healthcare professionals could offer either Otago Exercise Programme format dependent on patient preference 
and be confident that that standardized intervention provides patient benefit.

Trial Registration  ClinicalTrials.gov (NCT03320668). Data registration 31/10/2017.

Keywords  Accidental Falls, Exercise Therapy, Clinical Trial, Primary Care, Otago Exercise Programme

Background
A fall can be defined as an event that results in a per-
son coming to rest inadvertently on the ground or floor 
or another lower level [1]. Globally, falls are considered 
a major problem in public health due to their frequency, 
morbidity, mortality and related costs [2]. In addition, 
they are among the main geriatric syndromes and have 
a great impact on elder adult prognoses, as they are asso-
ciated with frailty and functional decline [3]. Within 
Europe an average of 35,848 adults aged 65 years or over 
die each year due to fall-related injuries, and this figure 
is believed to be an underestimation of the real number 
of fall-related deaths [4]. In the community setting in 
particular, it is estimated that 30% of people aged 65 and 
over suffer falls each year [5, 6] and 15% of these indi-
viduals suffer more than one fall, with increasing rates of 
disability and mortality [7]. These events can have physi-
cal and emotional impacts on older people and worsen 
their quality of life [8].

Falls are not an inevitable result of aging, considering 
that systematic reviews of fall intervention studies have 
established that prevention interventions can reduce 
falls [9]. In 2015, the Centers for Disease Control and 
Prevention (CDC) published the third edition of the 
compendium of effective fall prevention interventions 
[10]. The Otago Exercise Programme was included 
among the exercise interventions shown to be effec-
tive at preventing falls. This intervention was developed 
as a programme of progressive exercise that included 
strength and balance components and other studies 
that have shown to be efficacious at reducing falls in 
community-dwelling older people [9–17]. The Otago 
Exercise Programme was originally based on four clini-
cal trials demonstrating that it was a well-designed, 
effective programme for reducing falls and increasing 
strength and balance in older people living indepen-
dently whether they had suffered a fall or not [13–17]. 
To deliver this exercise program, personnel must be 
trained [11]. Later Life Training deliver a model of cas-
cade training which was implemented in 11 countries 

in Europe during the European Project Prevention of 
Falls Network for Dissemination (ProFouND) [18], and 
used a standardized protocol for group and individual 
delivery [19]. According to this model, Cascade Train-
ers were trained to prepare other heathcare profession-
als as Otago Exercise Programme Leaders, that then 
delivered the Program to the participants selected.

There are several effective fall prevention interventions 
related to exercise programs such as Otago Exercise Pro-
grams, however there are limited evidence in relation to 
its delivery formats. A systematic review of fall preven-
tion interventions in the community concluded that 
group and home exercise programs not only reduced 
falls, relating to rate or number of falls, or number of par-
ticipants sustaining at least one fall during follow up but 
also the risk of falling [5]. A more recent review “Exercise 
for preventing falls in older people living in the commu-
nity” provide aligned conclusions, showing that exercise 
interventions have been found to be effective when deliv-
ered in a group‐based setting or on an individual basis, 
however the optimal features of successful fall preven-
tion exercise programmes are not yet clear [20]. Accord-
ing to more recent secondary research studies, extensive 
further research is necessary regarding the prevention 
of falls in the clinical setting, in group versus individual 
modalities of exercise interventions and in the primary 
care setting.

The aim of this study was to compare people who 
reported at least one fall of group vs individual Otago 
Exercise Programme in community dwelling people aged 
65 to 80 years in primary healthcare context. Secondary 
aims: To compare number of falls, cause of falls, conse-
quences and assistance, adherence and satisfaction of the 
Otago Exercise Programme as a group or individual for-
mats in community dwelling people aged 65 to 80 years 
in primary healthcare context.

The hypothesis is that the delivery of the Otago Exer-
cise Programme in a group is not inferior to the delivery 
of the Programme in an individual format in terms of 
people who reported at least one fall.
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Methods
A multicenter, simply blinded, randomized, noninfe-
riority, one-year follow-up clinical trial with two arms 
(Otago Exercice Programme group and individual) 
was performed. The study took four years. Primary 
outcome:people who reported at least one fall. Secondary 
outcomes: number of falls, cause of falls, consequences 
and assistance, adherence and satisfaction. The protocol 
of the study was published previously [21]. The study has 
been registered at ClinicalTrials.gov (NCT03320668). 
Data collection was completed at baseline and after 6 and 
12 months from October 2017 to 2020, This paper was 
presented using the Consolidated Standards of Reporting 
Trials (CONSORT) recommendations for the Statement 
for Randomized Trials of Nonpharmacologic Treatments 
[22] (see Additional file 1).

Study setting and sampling
Primary healthcare centers (n=21), from 8 regions, and 
belonged to the same basic health zone. Participation 
was offered to all people that visit the primary healthcare 
center during the recruitment period and met the inclu-
sion criteria.

Sample size
For the sample size estimation, we assumed that 40% of 
the participants aged 65 years or older would fall during 
a 1-year period [6, 23]. A sample size of 364 participants 
was calculated for each of the two study groups (group 
vs. individual). This was based on unilateral contrast with 
a type I error equal to 0.025 and a 1-beta power equal to 
0.80 in a unilateral contrast agent, assuming a decrease 
in falls of 15% and setting a non-inferiority limit of 10%. 
Based on the findings of previous studies, a loss of 10% to 
follow-up was assumed.

Inclusion and/or exclusion criteria
Inclusion criteria

People:

(1)	 aged between 65 and 80 years at the time of study 
participation was offered;

(2)	 that were living in the community;
(3)	 that were able to walk independently;
(4)	 and that agreed to take part in the study and pro-

vided signed informed consent.

Exclusion criteria

(1)	 People who had been living on permanent prop-
erty in the area covered by the primary healthcare 
center for <9 months or who had a life expectancy 
of <9 months;

(2)	 Moderate or severe cognitive impairment accord-
ing to Mini Mental State Examination tool (MMSE) 
(these criteria were modified from the protocol);

(3)	 People with sight or hearing impairment that would 
prevent them following the intervention;

(4)	 Absolute contraindications to performing physical 
exercise; and

(5)	 People who were already participating in another 
clinical trial, research study or exercise programme 
where they performed balance and strength activi-
ties similar to the Otago Exercise Programme exer-
cises.

Exclusion criteria (2), (3) and (4) were established 
according to diagnoses in the individual’s medical history.

Study dropout criteria

1)	 Revocation of informed consent
2)	 Change in health area, change to institutionalized 

status or death
3)	 Changes in clinical status that affected the continua-

tion of the exercise program
4)	 The occurrence of muscle pain, joint pain, chest pain, 

shortness of breath or fall while performing the pre-
scribed exercises required a new joint assessment of 
the reference primary healthcare team to determine 
study dropout.

Study Intervention common description for two arms
The clinical trial consisted of two arms. In both, the 
Otago Exercise Programme was delivered in the pri-
mary healthcare center. In one arm, the test was carried 
out individually, and in the other, the test was delivered 
in a group format. Both interventions were carried out 
by a health professional who had received training as an 
Otago Exercise Programme Leader (nurse/physiothera-
pist) [18, 19]. Ankle weights were used for strengthening 
exercises. The progression of both strength and balance 
exercises was established in three levels of difficulty: 
beginners, intermediate and advanced level. Progression 
in strengthening exercises was established by increas-
ing the number of repetitions and weight, and in balance 
exercises by reducing supports. The progression crite-
ria were the same in both groups; the possible progres-
sion from the second week, in addition to the change in 
level, was achieved by adding more weight to the ankles, 
increasing the number of repetitions or reducing sup-
port. The program included five face to face sessions, dis-
tributed according to following information:
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•	 1st week: training and prescription of the Otago 
Exercise Programme exercises – beginners level.

•	 2nd week: training and prescription of the Otago 
Exercise Programme exercises – beginners level, 
with progression if applicable.

•	 4th week: training and prescription of the Otago 
Exercise Programme exercises - intermediate level, 
with progression if applicable.

•	 8th week: training and prescription of the Otago 
Exercise Programme exercises - advanced-level.

•	 Reinforcement session at six months: All-level, 
with progression if applicable.

According to the protocol, the intervention was com-
pleted if the participant carried out all sessions accord-
ing to progression criteria. In addition to the sessions 
delivered and supervised at the primary healthcare 
center, both groups were encouraged to complete 30 
minutes of exercise twice a week, or perform them 
by including them in their daily routine. In case the 
participant did not attend all session, the participant 
dropped out of the study however the treatment/refer-
rals continued.

Each participant received a diary to collect the exer-
cise performance, audiovisual and written support 
material with instructions for each prescribed exer-
cise, along with the necessary equipment to perform 
the muscle-strengthening exercises (ankle weights). 
Reminders were given for appointments, assisted by an 
alert system with messages or telephone calls accord-
ing to a predetermined telephone interview protocol. 
Prompts to continue to exercise at home occurred 
every two weeks during the first three sessions and 
every four weeks from the eighth week whenever the 
call did not coincide with a face to face session. The 
diary and protocol of follow up was used by healthcare 
professionals to verify the quality of the prescribed 
exercises.

Participants were informed that they should continue 
to perform their normal routines with respect to physi-
cal or leisure activities without modification and add 
the Otago Exercise Programme to their schedules, as 
these exercises do not replace any of the activities that 
they previously carried out.

Individual training
The health professional conducted individualized face 
to face exercise sessions with each participant in five 
sessions at the primary healthcare center: in the 1st, 
2nd, 4th and 8th weeks and in a reinforcement ses-
sion at 6 months. The first visit lasted one hour, and the 
remaining sessions were 30 minutes each.

Group training
For the purposes of this study, group training was 
defined as a group consisting of 6 or more participants 
up to a maximum of 12. In terms of viability, this group 
could be formed by participants included in the clinical 
trial and/or people who were not included.

The health professional, supported by another Otago 
Exercise Programme Leader (nurse/physiotherapist), 
both of whom had received Otago Exercise Programme 
Leader training, performed the group training at weeks 
1, 2, 4 and 8 and a reinforcement session at 6 months. 
The first workshop lasted one hour, and the remaining 
sessions were 45 minutes each.

Randomization
The assignment of participants to each of the study 
groups was conducted in a stratified, random, individual  
manner. In each center, the randomized sequence  
comprises hidden swapping blocks of two, four and six. 
Each center received their sequence of randomization 
in closed and opaque envelopes from the trial’s Coordi-
nator Centre.

Blinding
It was not possible to blind the study participants or the 
professionals who carried out the intervention in terms 
of the intervention (group vs. individual). Group alloca-
tion was blinded to the researchers involved in analysis.

Variables
Primary outcome: people who reported at least one fall.

Secondary outcomes: number of falls, cause of falls, con-
sequences and assistance, adherence [24] and satisfaction. 
Adverse events were included in registered consequences.

Explanatory variable: assigned group (group and indi-
vidual training).

The secondary explanatory variables included sociodemo-
graphic (age, sex, education, civil status) and clinical (weight,  
height, BMI, cognitive status, Tinetti (risk of falls assess-
ment), fear of falling, Barthel Index, Lawton Instrumental 
Activities of Daily Living, frailty, comorbidity and poly-
pharmacy) [21].

Recruitment and data collection
Recruitment
Recruitment was actively performed by the health pro-
fessionals selected in each basic health area among 
those who met the inclusion criteria and who were 
treated at their usual consultations. This recruitment 
was carried out consecutively among people with 
scheduled appointments on specific days. According 
to the protocol, these periods of inclusion could be 
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interrupted during the influenza vaccination campaign 
or by the occurrence of any other eventuality, subject to 
the agreement of the researchers.

Data collection
Data registration were effective since 31th October 2017, 
and was reported at baseline and after 6 and 12 months.

Each professional had a field notebook for including 
information about the recruitment process in which the 
details of the excluded people were recorded with respect 
to the reasons for exclusion.

Each professional collected data for all variables in each 
face to face session and documented these in the partici-
pant medical record and in the Data Collection Form for 
the Clinical Trial. Additionally the participants had an 
exercise diary to collect the exercises performed at home, 
to be reviewed by the health professionals and do follow 
up of the intervention.

Data analysis
A descriptive analysis stratified by intervention arm was 
carried out for sociodemographic, sociological and clini-
cal variables and information on falls: frequencies and 
percentages, mean and standard deviation. To analyze 
the differences by group, the Student’s t-test or the Mann-
Whitney U test was used according to the nature of the 
continuous variables after checking their distribution. For 
qualitative variables, the Chi-square test was employed.

The methods proposed by Westlake and Lakens [25–
27] were used to assess the equivalence between the 
interventions in the primary outcome measure (people 
who reported at least one fall), calculating the 90% confi-
dence interval for the difference in the proportion of falls 
between the study groups. The proportions of partici-
pants who experienced falls were compared at 6 and 12 
months. An equivalence margin of 10% in the proportion 
of falls was used to consider the treatments as equivalent.

To evaluate differences in post-intervention in rela-
tion to baseline between the two intervention arms, the 
response variables were analyzed as follows: a mixed 
effect logistic model was used to model the people 
who reported at least one fall, a mixed effect Poisson 
model was used to model the number of falls, mixed 
effect logistic model was used to model the cause of 
falls, consequences and assistance, and mixed linear 
model was used to model the adherence. Interactions 
between intervention arms and follow-up periods, 
baseline, 6 months and 12 months were considered. 
End-of-treatment satisfaction in the two study groups 
was compared through Student’s t test for independent 
measures. A confidence interval of 95% was utilized for 

all comparisons, and analyses were carried out using 
the Jamovi program [28].

Results
A total of 2367 participants were recruited; 827 met 
the inclusion criteria, agreed to participate by signing 
informed consent forms and were randomized. Of the 
827 participants who opted to participate, 747 began 
the interventions. A total of 498 participants completed 
the intervention at 12 months, 226 in the group and 272 
in the individual Otago Exercise Programme (Fig.  1). 
Table 1 shows the analysis of sociodemographic (age, sex, 
education, civil status) and clinical (weight, height, Body 
Mass Index (BMI), cognitive status, Tinetti (risk of falls 
assessment), fear of falling, Barthel Index, Lawton Instru-
mental Activities of Daily Living, frailty, comorbidity and 
polypharmacy) variables for both groups at baseline. No 
statistically significant differences were found between 
the groups at baseline.

A total of 150 falls were recorded among 102 partici-
pants over the study period—59 in the first 6 months and 
43 between months 6 and 12. Of the 102 participants, 29 
had more than one fall.

Primary outcome measure
Assessment of the equivalence between the interven-
tions at 6 months showed that the confidence interval 
for the difference in people who reported at least one 
fall was within the equivalence limit of 10%, ∆ = -1.80 
[-6.60 – 2.99]%. The people who reported at least one fall 
at 6 months was 11.03% for the individual training and 
12.83% for the group training. During the evaluation at 
12 months, we again found that the confidence interval 
for the difference in the people who reported at least one 
fall between treatments was within the equivalence limit 
of 10%, ∆ = -0.58 [-6.54 – 5.39]% (Table 2).

We assessed the equivalence of the interventions 
separately for participants who had fallen or not in the 
previous year. In participants who had not fallen in the 
previous year the confidence interval for the difference 
in people who reported at least one fall was within the 
equivalence limit of 10% (falls at 6 months was 7.73% 
for individual training and 10.26% for group training; ∆ 
= -2.52 [-7.60 – 2.55]%; falls at 12 months was 15.46% 
for individual training and 17.95% for group training; ∆ 
= -2.48 [-9.08 – 4.11]%). However, in participants who 
had fallen in the previous year, the differences in falls 
exceeded the considered equivalence margin of 10% at 6 
and 12 months. (falls at 6 months were 19.23% for indi-
vidual training and 18.75% for group training; ∆ = 0.66 
[-9.91 – 11.23]%; falls at 12 months were 32.05% for indi-
vidual training and 27.14% for group training; ∆ = 4.91 
[-7.38 – 17.20]%).
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Secondary outcome measures
People who reported at least one fall / Number of falls
Analysis of the people who reported at least one fall 
showed no differences between individual and group 
training (p = 0.571), although differences were observed 
between time points (OR= 0.596, 95% CI: 0.391-0.908), 
with a lower risk of suffering a fall after 12 months of 
intervention than in the previous year. No interaction 
was found between group and time (p = 0.786) (Table 2).

Analysis of the number of falls reported by study par-
ticipants using the Poisson model revealed no differences 
between groups (p = 0.672), although differences were 
noted between time points (Incidence rate ratio (IRR) 
0.713; 95% CI: 0.578 - 0.879), with a lower number of falls 
after 12 months of intervention than in the previous year. 

No interaction was found between group and time (p = 
0.088) (Table 2).

Cause of falls
By analyzing the reasons for falls (bearing in mind that 
falls can occur for more than one reason), we found that 
the main cause of falls was the presence of an obstacle 
(32.6% of the reasons for falls at baseline and 34.8% dur-
ing the intervention period) (Table 3).

Consequences & assistance
Only one fall related to performing the Otago Exer-
cise Programme exercises was identified—a minor 
transitory injury that did not require treatment—in 
group training. No differences were found during 

Fig. 1  Modified CONSORT flow diagram for individual randomized controlled trials of nonpharmacologic treatments. An extra box per intervention 
group relating to care providers and centers has been added. IQR = interquartile range; max = maximum; min = minimum
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the intervention phase in terms of the reason for falls 
between the study groups (p = 0.378). There were no 
differences between groups in terms of the proportion 
of falls requiring treatment (p = 0.803) or in the pro-
portion of falls with consequences (p = 0.179) (Table 4).

During the study, although there was a lower total 
number of falls, a greater proportion were treated (p < 
0.001). We found no differences, however, in the num-
ber of falls with consequences, p = 0.264 (Table 4).

Adherence and satisfaction measures
Regarding the analysis of adherence, we found differences 
between the groups; the participants in the individual 
Otago Exercise Programme presented higher scores on 
the Exercise Adherence Rating Scale (EARS) test than did 
those in the group training (B=-1.384, p = 0.004). We also 
found poorer adherence at 12 months than at 6 months 
(B=-1.337, p < 0.001). We found no interaction between 
group and adherence, (p = 0.176). No differences were 

Table 1  Analysis of sociodemographic and clinical variables

SD Standard deviation

Numeric variables Individual training Group Training Student’s t test

Mean SD Mean SD

Age 71.6 4.1 72.1 4.2  p = 0.171

Weight 75.5 13.1 74.4 12.7  p = 0.338

Height 160.2 9.1 159.3 8.3 p = 0.291

BMI 29.4 4.5 29.3 4.5  p = 0.746

Cognitive 28.4 1.8 28.4 1.8  p = 0.956

Tinetti 32.1 3.9 31.7 4.2  p = 0.304

Fear of falling 21.4 6 21.2 5.6  p = 0.794

Barthel 99.2 2.5 98.9 3.3  p = 0.173

Lawton 7.8 0.7 7.8 0.7  p = 0.599

Categorical variables Individual training Group training
N % N % Chi-square test

Sex

  Male 99 36.4 65 28.8 p = 0.071

  Female 173 63.6 161 71.2

Education

  No formal education 26 9.6 17 7.5  p = 0.171

  Incomplete primary 52 19.1 54 23.9

  Complete primary 122 44.9 104 46.0

  Secondary education 43 15.8 39 17.3

  University studies 29 10.7 12 5.3

Civil status

  Single 17 6.3 11 4.9  p = 0.724

  Married 177 65.1 141 62.4

  Widower 65 23.9 63 27.9

  Other type 13 4.8 11 4.9

Frailty

  No 261 96.0 217 96.0  p = 0.972

  Yes 11 4.0 9 4.0

Polypharmacy

  No 117 43.0 100 44.2  p = 0.782

  Yes 155 57.0 126 55.8

Comorbidity

  No 68 25.0 50 22.1  p = 0.452

  Yes 204 75.0 176 77.9
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found in satisfaction between the groups at the end of the 
study (p = 0.585) (Table 5).

Dropouts
Of the total number of participants who completed the 
study (n = 498), study completion was greater among 
participants in individual training (n = 272, 64.9%) 
than among those in group training (n = 226, 55.4%), 
p = .005. The greatest loss of differential participants 
between groups occurred in participants who dropped 
out prior to the baseline assessment and before 6 
months (for individual training, the losses occurred 
in 6.7% of participants prior to baseline, in 22.7% of 
participants before 6 months, in 3.8% of participants 

Table 2  Proportion of falls (number and percentage of 
participants who reported at least one fall) and number of falls 
(mean of falls)

 SD Standard deviation

Individual training
(n = 272)

Group training
(n = 226)

People who reported at 
least one fall

N % N %

Baseline 78 28.7 70 31.0

12 months 55 20.2 47 20.8

Number of falls Mean SD Mean SD
Baseline 0.45 0.88 0.40 0.71

12 months 0.27 0.64 0.34 0.86

Table 3  Cause of falls

IT Individual training, GT Group training

Baseline period Follow up 
period

Group N % N %

Presence of an obstacle

IT 44 35.8 26 33.8

GT 26 28.3 28 35.9

Total 70 32.6 54 34.8

Get up/sit down/lying in bed or on the sofa

IT 4 3.3 7 9.1

GT 4 4.3 1 1.3

Total 8 3.7 8 5.2

Unsteady gait

IT 15 12.2 7 9.1

GT 14 15.2 6 7.7

Total 29 13.5 13 8.4

Poorly illuminated area

IT 7 5.7 3 3.9

GT 6 6.5 4 5.1

Total 13 6.0 7 4.5

Use of inappropriate footwear

IT 9 7.3 4 5.2

GT 8 8.7 6 7.7

Total 17 7.9 10 6.5

Slippery/wet/faulty floor

IT 33 26.8 25 32.5

GT 29 31.5 23 29.5

Total 62 28.8 48 31.0

Presence of clinical symptoms associated with falls

IT 11 8.9 5 6.5

GT 5 5.4 9 11.5

Total 16 7.4 14 9.0

Table 4  Frequency and percentage of falls that received health 
care and falls with consequences

IT Individual training, GT Group training
a Emergency, emergency points or hospitalization

Baseline period Follow up period

N % N %

Falls that required care

  IT 41 33.3 27 37.0

  GT 27 30.0 30 39.0

  Total 68 31.9 57 38.0

Falls that required care in primary healthcare centers

  IT 15 36.6 13 48.1

  GT 12 44.4 14 46.7

  Total 27 39.7 27 47.4

Falls requiring hospital carea

  IT 26 63.4 14 51.9

  GT 15 55.6 16 53.3

  Total 41 60.3 30 52.6

Falls with consequences

  IT 67 54.5 44 60.3

  GT 48 53.3 38 49.4

  Total 115 54.0 82 54.7

Table 5  Mean adherence and satisfaction

IT Individual training, GT Group training, SD Standard deviation

IT
(n = 272)

GT
(n = 226)

Mean SD Mean SD

Adherence

  Baseline 20.1 4.60 19.1 5.71

  12 months 19.2 5.27 17.4 7.54

Satisfaction

  12 months 22.3 2.46 22.2 2.89
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prior to 12 months and in 1.9% of participants due to 
other reasons; for group training, the losses occurred in 
12% of participants prior to baseline, in 29.2% of par-
ticipants before 6 months, in 2.9% of participants prior 
to 12 months and in 0.5% of participants due to other 
reasons). Despite the differential loss of participants, 
no differences were observed between the groups in 
demographic or clinical characteristics among those 
who did not complete the study (Table  6). Differences 
were observed only in the case of polypharmacy, where 

a greater number of people with polypharmacy in the 
individual training group dropped out.

Intention‑to‑treat analysis
To assess the effect of participants who did not complete 
the study, differences in falls were analyzed for all those 
participants who had records of falls (805 at baseline and 
531 at 12 months) independently of whether they had com-
pleted the study. We found no differences in the proportion 
of falls between groups (p = 0.765), although differences 

Table 6  Differences between the groups among those who did not complete the study

SD Standard deviation

Individual training Group training Student’s t test

Mean SD Mean SD

Age 72 4.5 72.3 4.5 p = 0.534

Weight 76.7 12.2 75.5 15  p = 0.498

Height 159.9 8.8 158.6 9.0  p = 0.233

BMI 29.9 4.1 30.0 5.6  p = 0.87

Cognitive 27.6 2.7 27.2 3.2  p = 0.32

Tinetti 31.9 3.1 31.0 3.8  p = 0.051

Fear of falling 21.9 6.1 22.5 7.1  p = 0.493

Barthel 98.6 3.7 98.4 3.4  p = 0.53

Lawton 7.7 0.7 7.5 1.1  p = 0.081

Individual training Group training
N % N % Chi-square test

Sex

  Male 47 32.0 57 31.3  p = 0.899

  Female 100 68.0 125 68.7

Education

  No formal education 17 11.6 20 11.0  p = 0.935

  Incomplete primary 33 22.4 37 20.4

  Complete primary 70 47.6 86 47.5

  Secondary education 18 12.2 28 15.5

  University studies 9 6.1 10 5.5

Civil status

  Single 4 3.0 13 8.4  p = 0.172

  Married 76 57.1 92 59.7

  Widower 39 29.3 35 22.7

  Other type 14 10.5 14 9.1

Frailty

  No 139 94.6 167 91.8  p = 0.322

  Yes 8 5.4 15 8.2

Polypharmacy

  No 62 42.2 102 56.0  p = 0.012

  Yes 85 57.8 80 44.0

Comorbidity

  No 47 32.0 70 38.5  p = 0.222

  Yes 100 68.0 112 61.5
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were found between time points (p < 0.001), with a lower 
proportion of falls after 12 months of intervention than 
in the previous year. We also did not find any interaction 
between group and time point (p = 0.971). In addition, 
analysis of the number of falls suffered by study participants 
showed no differences between the groups (p = 0.946), but 
differences were observed between time points (p < .001), 
with a lower number of falls after 12 months of interven-
tion than in the previous year. We did not find any interac-
tion between group or time point (p = 0.059).

Discussion
This study has confirmed the hypothesis that group 
Otago Exercise Program is equivalent in effectiveness 
at reducing falls as individual format, at 6 and at 12 
month follow up. Differences were not found between 
the proportion of falls in participants assigned to either 
individual or group Otago Exercise Programme or 
between group and time point. The same conclusions 
were reached with regard to the number of falls. The 
same conclusion was reached in the intention-to-treat 
analysis. However, when participant had had a previous 
fall in last year at baseline, group Otago Exercise Pro-
gramme had potential to be more effective as equivalence 
was not within 10%. Evaluation of sample homogeneity 
revealed no statistically significant differences between 
group and individual Otago Exercise Program in terms 
of sociodemographic or clinical variables. In individual 
and group Otago Exercise Programme, 63.6% and 71.2% 
of participants were women and had a mean age of 71.6 
and 72.1 years, respectively. The greater participation of 
women in clinical trials with exercises that assess reduc-
tions in falls is in line with the literature. According to 
the Cochrane Review [20], in terms of study character-
istics in general, 77% of participants were women with a 
mean age of 76 years, which is greater than the mean age 
in our study. Although no studies with a similar design 
have assessed the efficacy of the Otago Exercise Pro-
gramme in either format (group vs. individual) in the 
primary care setting were found, effectiveness data on 
the Otago Exercise Programme and other exercise pro-
grammes have been assessed in the literature. According 
to the Centers for Disease Control and Prevention com-
pendium [10], fifteen exercise programs prevent falls.  
These programs involved, among other components,  
balance, strength endurance, flexibility and gait. Eleven of  
these studies were structured around groups, and four 
were individual interventions. In accordance with our 
study, the Cochrane Review [20] concluded that exercise 
interventions had demonstrated effectiveness whether 
they were carried out in a group or individual format. 
This review included four trials comparing group vs. indi-
vidual exercise [12, 29–31]. The following conclusions  

were drawn from these studies: the rate of falls associated  
with injuries was 64% lower in the pilates group,  
although this difference was not statistically significant.  
In the large ProAct65+ study (three-arm, parallel-design 
cluster controlled trial), group exercise (FaME intervention)  
reduced falls after the intervention and at 12 month  
follow up after the intervention ceased, whereas individual  
exercise (Otago Exercise Programme) only showed a 
reduction in falls immediately post intervention [31]. 
This study, however, was comparing different interven-
tions and the Otago Exercise Programme arm had poor 
adherence [31]. In a study that considered balance and 
functional outcomes (rather than falls), Otago Exer-
cise Programme in a group format, or physical therapy 
delivered in groups, was more effective [30]. This study 
remains the first to consider the effect of Otago Exer-
cise Programme in both formats on falls. Reductions in 
the proportion of fallers and rate of falls was similar to 
reviews of Otago Exercise Programme efficacy [32, 33].

When the proportions of falls in both groups were 
examined, differences were found between baseline 
and the 12-month follow-up, and these results were 
also obtained through analysis of the number of falls. 
This result is in line with findings in the literature. This 
program was initially tested in  four  randomized  con-
trolled  trials  and  one  controlled  multicenter trial and 
showed its effectiveness in reducing falls. Overall, the 
fall rate was 35% lower among program participants 
than among those who did not take part [10]. Accord-
ing to the Cochrane systematic review on exercises for 
the prevention of falls [20], due to the abundance of 
solid evidence, exercise was found to reduce the rate of 
falls by 23%, and when balance and functional exercises 
were compared with controls, the rate was found to be 
reduced by 24%.

Regarding the characteristics of falls, the majority of 
falls resulted from the presence of an obstacle in both 
groups, followed by a slippery/wet/defective floor. This 
was no different to the reasons given at the baseline. One 
fall was recorded while the participants were exercising 
during group training. With respect to the treatment of 
falls, a significantly greater proportion of participants 
were treated but not in terms of consequences, with 
more falls treated in the healthcare center than in the 
hospital care setting from the basal phase to the study 
period, suggesting that the participants were encouraged 
to report all falls and attended the primary healthcare 
setting for follow-up. The Cochrane Review [20] revealed 
27 RCTs of exercise; 14 reported no adverse events, and 
there were only two serious adverse events in one RCT 
(pelvic fracture & hernia surgery); the rest were nonseri-
ous adverse events, and there was a mean of 3 events in 
the group exercises.
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The Otago Exercise Programme was delivered in a 
standardized manner with all deliverers trained and a 
progression protocol followed. The duration of the inter-
vention was 12 months, following prior effective dura-
tions of Otago Exercise Programme [32, 33]. According 
to the Centers for Disease Control and Prevention 
compendium, in addition to the group vs. individual 
modalities, there is variability in the providers, number 
of sessions and duration [10]. The factor in common is 
that providers were certified or underwent standardized 
training, as in the present study. The duration ranged  
from 12 to 78 weeks. In a study that assessed adherence 
to the evidence-based recommendations of exercise  
programs to reduce falls in a community in Canada,  
variability between programs was found, indicating that 
the balance component was not well operationalized in 
practice with respect to challenge, documentation and 
progression [34]. This study did show a reduction in 
falls in both groups, suggesting fidelity to the protocols.  
According to a systematic review of long-term follow-up 
of exercise interventions aimed at preventing falls in older 
people living in the community, exercise interventions 
delivered over a longer duration, lasting from six months to  
a year, could reduce the rate and risk of falling by one-third  
[35]. The present study based its intervention on the  
original program and evidence following the implementation  
manual [19]. The programmed face-to-face training sessions  
were in weeks 1, 2, 4 and 8, with reinforcement at 6 months  
in the primary healthcare center.

Each participant received audiovisual and written sup-
port material with instructions for all the prescribed  
exercises along with the necessary equipment to perform 
the muscle strengthening exercises (weights). To encourage  
adherence to the supervised sessions and the home  
exercise in between, monthly reminders were issued 
when there was no face-to-face follow-up with regard 
to the intervention, and adherence and satisfaction were 
assessed in each of the groups. According to the World 
Health Organization, adherence is the measure in which 
the behavior of a person – taking medication, following a 
diet and/or carrying out lifestyle changes – corresponds 
to the recommendations agreed upon by a healthcare 
provider [36]. However, there are differences in the 
studies on the definition of adherence and inclusion of 
adherence with acceptance and a gap in the literature on 
well-established measures [37]. Many of these refer to 
attendance at sessions, while others refer to acceptance 
of the program. This adherence is measured as a percent-
age of participation, without a clear consensus on what 
percentage represents “good adherence”, and very few 
studies have examined exercise intensity [38]. An appro-
priate, consistent record could facilitate the implemen-
tation of preventive activities [39]. A systematic review 

of long-term follow-up of exercise interventions aimed 
at preventing falls in older people living in the commu-
nity concluded that it was not possible to evaluate finer-
level details, such as the extent of participant attendance,  
adherence to or quality of prescribed exercise individually  
or in group-delivered sessions [35]. In our study, we did 
not consider attendance at sessions, either individually  
or in groups, as a measure of adherence but rather of  
exercise at home at least twice per week. For this pur-
pose, we used the EARS scale, which has been validated 
to measure adherence to the prescription of exercise at 
home [24, 40, 41]. Although not explicitly analyzed in our 
study, we know that peer support, socialization, social 
networks, perceived health benefits and professional  
guidance, among other factors, have been identified as 
key motivators of program adherence [42, 43]. Nonetheless,  
our study revealed that individuals in the training group  
presented higher scores on the EARS test than did 
those in the training group, which indicated greater  
adherence, despite no different in outcomes. Additional 
objective measures are required to determine to what 
extent this occurs. Linking exercise to activities of daily  
living can improve adherence by including the move-
ments learned in training sessions at home and increasing  
awareness of the benefits to one’s autonomy. We also  
found lower adherence at 12 months than at 6 months, 
and this result may be related to the face-to-face rein-
forcement provided up to that month. The reduction in 
adherence over time is in agreement with data reported  
in other studies [44]. In the systematic review by Ashworth  
et  al., brief programs showed greater effectiveness in 
terms of physical variables when delivered in health-
care centers than when carried out at home. However,  
in long-term programs, home training programs have 
shown better adherence [45]. There was no difference in 
satisfaction between the groups. Considering the equiva-
lence seen in this study in terms of outcomes of falls, and 
the dropouts at baseline suggesting preferences for for-
mat delivery, health professionals should offer a choice of 
either group or individual formats for delivery of Otago 
Exercise Programme to increase uptake of this evidence 
based exercise program.

Limitations
The project protocol identified the need to perform analyses  
by both protocol and intention to treat. The number of 
losses was greater than estimated given that any variation  
in the experimental conditions established meant the  
loss of a study participant even though the intervention  
was maintained in clinical practice. Due to the study  
design, the intention-to-treat analysis yielded the same 
results as the per-protocol analysis. There were no sta-
tistically significant differences between the clinical and 
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sociodemographic variables of the groups that dropped  
out of the study, with the exception of polypharmacy,  
which was greater in the individual training group.

Conclusion
The group Otago Exercise Programme is equivalent 
to individually delivered Otago Exercise Programme 
in terms of prevention of falls over a 12-month follow-
up. The Otago Exercise Programme is globally effective 
at reducing falls, irrespective of format. Self-reported 
adherence was greater in the individual training group, 
while there were no statistically significant differences 
in self-reported satisfaction in either group, suggesting 
either format could be offered depending on patient pref-
erence or service abilities.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12912-​024-​02310-3.

Supplementary Material 1.

Acknowledgments
We would like to thank all the participants and healthcare professionals for 
taking part in this study and the Otago Project Working Group. Thank you to 
expert, Alba Ayala from Institute of Health Carlos III for external review.
Otago Project Working Group:
Laura, Albornos, Muñoz,
María Teresa, Moreno, Casbas,
María Pilar, Rodríguez, Baz,
Ana Beatriz, Bays, Moneo,
Laura, Pruneda, González,
Dawn A, Skelton,
Chris, Todd,
Rebecca, Townley,
Eva, Abad, Corpa,
Pedro Luis,Pancorbo, Hidalgo,
Oscar, Caño, Blasco,
María Angeles, Cidoncha, Moreno,
María, Solé, Agusti,
Manuel, Rich, Ruiz,
Ana Covadonga, González, Pisano,
Jerónima, Miralles, Xamena,
María Consuelo, Company, Sancho,
Rosa María, López, Pisa,
Joan, Blanco, Blanco
Araceli, Rivera, Álvarez
Consortium Otago Project Working Group
Laura Albornos-Muñoz1, María Teresa Moreno-Casbas9, María Pilar Rodríguez-
Baz10, Ana Beatriz Bays-Moneo11, Laura Pruneda González12, Dawn A Skelton13, 
Chris Todd14, 15 Rebecca Townley16, Eva Abad-Corpa5, Pedro Luis Pancorbo-
Hidalgo17, Oscar Caño-Blasco10, Mª Ángeles Cidoncha-Moreno4, María 
Cristina Solé-Agusti18, Manuel Rich-Ruiz19, Ana Covadonga González-Pisano20, 
Jerónima Miralles-Xamena21, María Consuelo Company Sancho22, Rosa María 
López-Pisa7, Joan Blanco-Blanco3, Araceli Rivera-Álvarez6

10. Instituto de Salud Carlos III. Madrid, Spain
11. Department of Health Sciences. Public University of Navarra, Navarra, Spain
12. University of Oviedo, Oviedo, Spain
13. Reseach Centre for Health (ReaCH), School of Health & Life Sciences, 
Institute of Applied Health Research, Glasgow Caledonian University, Glasgow, 
United Kingdom

14. School of Health Sciences, Faculty of Biology, Medicine & Health, The 
University of Manchester, Manchester, M13 9PL, United Kingdom
15. Manchester University NHS Foundation Trust, Manchester, M13 9WL, 
United Kingdom
16. Later Life Training Ltd, Northumberland, United Kingdom
17. Department of Nursing, Faculty of Health Science, University of Jaén, Jaén, 
Spain
18. Murcian Health Service, Murcia, Spain
19. Instituto Maimonides de Investigacion Biomédica (IMIBIC). Universidad 
de Córdoba. Hospital Universitario Reina Sofía, Biomedical Research Network 
Center in Frailty and Healthy Aging (CIBERFES), Córdoba, Spain
20. Service of Health of the Principality of Asturias, University of Oviedo, 
Oviedo, Spain
21. Primary Care Research Unit of Mallorca, Baleares Health services-IbSalut, 
Palma, Spain
22. Health Promotion Service. Directorate General for Public Health. Canary 
Islands Health Service, Spain

Authors’ contributions
LAM (principal investigator at national level): Conceptualization, Methodol‑
ogy, Formal analysis, Data curation, Investigation, Writing - Original Draft, 
Writing - Review & Editing, Project administration, Funding acquisition. JBB 
(principal investigator at regional level): Conceptualization, Methodology, 
Investigation, Writing - Original Draft, Writing - Review & Editing, Project 
administration, Funding acquisition. MACM (principal investigator at regional 
level): Conceptualization, Methodology, Investigation, Writing - Original Draft, 
Writing - Review & Editing, Project administration, Funding acquisition. EAC 
(co-principal investigator at regional level): Conceptualization, Methodol‑
ogy, Investigation, Writing - Original Draft, Writing - Review & Editing, Project 
administration, Funding acquisition. ARA (principal investigator at regional 
level): Conceptualization, Methodology, Investigation, Writing - Original Draft, 
Writing - Review & Editing, Project administration, Funding acquisition. RLP 
(principal investigator at regional level): Conceptualization, Methodology, 
Investigation, Writing - Original Draft, Writing - Review & Editing, Project 
administration, Funding acquisition. JMCM (research group at national level): 
Conceptualization, Methodology, Formal analysis, Data curation, Investigation, 
Writing - Original Draft, Writing - Review & Editing. OPWG (research group at 
national/international level): Conceptualization, Methodology, Investigation, 
Writing - Original Draft, Writing - Review & Editing. MTMC (co-principal inves‑
tigator at national level): Conceptualization, Methodology, Formal analysis, 
Data curation, Investigation, Writing - Original Draft, Writing - Review & Editing, 
Project administration, Funding acquisition.

Authors’ information
Not applicable.

Funding
This study was funded by the Spanish National Fund for Health Research 
(grant numbers PI16CIII/00031 - coordinator, PI16/01520, PI16/00821, 
PI16/01316, PI16/01649, PI16/01042, PI16/01159 and PI16/01312) and the 
Regional Fund for Health Research (País Vasco & Murcia) (grant numbers 
2016111005 & FFIS17/AP/02/04).

Availability of data and materials
Patient’s booklets produced during the research project will be available in the 
following repository: https://​repis​alud.​isciii.​es/.
Availability of data is not applicable because request and permission of third 
parties are required.

Declarations

Ethics approval and consent to participate
The present study and its procedures were approved by the Clinical Research 
Ethics Committees at each of the participating centers’ institutions (CEI PI 
39_2016-v2) and followed the guidelines of the Declaration of Helsinki and 
the recommendations of Regulation (UE) 2016/679 covering the protection of 
personal data. Written consent was obtained from all participants.

Consent for publication
Not applicable.

https://doi.org/10.1186/s12912-024-02310-3
https://doi.org/10.1186/s12912-024-02310-3
https://repisalud.isciii.es/


Page 13 of 14Albornos‑Muñoz et al. BMC Nursing          (2024) 23:705 	

Competing interests
DAS - Participation of Director of Later Life Training, a not for profit training 
company based in the UK and who led the Otago Exercise Programme Cas‑
cade Training programme within the ProFouND Consortium. The rest of the 
authors declare that they have no competing interests.
The rest of the authors declare that they have no competing interests.

Author details
1 Nursing and Health Care Research Unit (Investén-isciii), Research Network 
on Chronicity, Primary Care and Prevention and Health Promotion (RICAPPS), 
Instituto de Salud Carlos III, Madrid, Spain. 2 Comprehensive Care and Health 
Services Programme (PhD candidate), Department of Nursing and Physi‑
otherapy, University of Lleida, Lleida, Spain. 3 Department of Nursing and  
Physiotherapy, Group for the Study of Society Health Education and Culture, 
GESEC, University of Lleida; Health Care Research Group, GRECS Biomedical 
Research Institute of Lleida IRB-Lleida; Biomedical Research Network Center 
in Frailty and Healthy Aging (CIBERFES), Lleida, Spain. 4 Bioaraba Health  
Research Institute, Vitoria, Spain, Basque Health Service, General Head  
Office of Osakidetza Subdirection of Nursing, Vitoria, Spain. Primary Care 
and Prevention and Health Promotion (RICAPPS), Academy of Nursing  
Sciences of Bizkaia, Bilbao, Spain. 5 University of Murcia-SMS, Investén-isciii,  
Biomedical Research Network Center in Frailty and Healthy Aging (CIBERFES), 
IMIB-Arrixaca, Murcia, Spain. 6 Abrantes Primary healthcare center, Dirección 
Asistencial Centro, Madrid, Spain. 7 Institut Català de la Salut, Barcelona, Spain. 
8 UNINPSI, Psychology Department, Pontificia Comillas University, Madrid, 
Spain. 9 Nursing and Health Care Research Unit (Investén‑isciii), Biomedical 
Research Network Center in Frailty and Healthy Aging (CIBERFES), Instituto 
de Salud Carlos III, Madrid, Spain. 10 Instituto de Salud Carlos III, Madrid, Spain. 
11 Department of Health Sciences, Public University of Navarra, Navarra, Spain. 
12 University of Oviedo, Oviedo, Spain. 13 Reseach Centre for Health (ReaCH), 
School of Health & Life Sciences, Institute of Applied Health Research, Glasgow 
Caledonian University, Glasgow, UK. 14 School of Health Sciences, Faculty 
of Biology, Medicine & Health, The University of Manchester, Manchester M13 
9PL, UK. 15 Manchester University NHS Foundation Trust, Manchester M13 9WL, 
UK. 16 Later Life Training Ltd, Northumberland, UK. 17 Department of Nursing, 
Faculty of Health Science, University of Jaén, Jaén, Spain. 18 Murcian Health 
Service, Murcia, Spain. 19 Instituto Maimonides de Investigacion Biomédica 
(IMIBIC). Universidad de Córdoba. Hospital Universitario Reina Sofía, Biomedi‑
cal Research Network Center in Frailty and Healthy Aging (CIBERFES), Córdoba, 
Spain. 20 Service of Health of the Principality of Asturias, University of Oviedo, 
Oviedo, Spain. 21 Primary Care Research Unit of Mallorca, Baleares Health 
services-IbSalut, Palma, Spain. 22 Health Promotion Service. Directorate General 
for Public Health. Canary Islands Health Service, Hermigua, Spain. 

Received: 12 April 2024   Accepted: 30 August 2024

References
	1.	 Hauer K, Lamb SE, Jorstad EC, Todd C, Becker C, PROFANE-Group. System‑

atic review of definitions and methods of measuring falls in randomised 
controlled fall prevention trials. Age Ageing. 2006;35(1):5–10. https://​doi.​
org/​10.​1093/​ageing/​afi218.

	2.	 Dionyssiotis Y. Analyzing the problem of falls among older people. Int J 
Gen Med. 2012;5:805–13. https://​doi.​org/​10.​2147/​IJGM.​S32651.

	3.	 Nachreiner NM, Findorff MJ, Wyman JF, McCarthy TC. Circumstances and 
consequences of falls in community-dwelling older women. J Womens 
Health (Larchmt). 2007;16(10):1437–46. https://​doi.​org/​10.​1089/​jwh.​2006.​
0245.

	4.	 Turner, S., Kisser, R., & Rogmans, W. Falls among older adults in the EU-28 : 
Key facts from the available statistics. Swansea University, EuroSafe; 2015. 
Available from: https://​eupha.​org/​repos​itory/​secti​ons/​ipsp/​Facts​heet_​
falls_​in_​older_​adults_​in_​EU.​pdf.

	5.	 Gillespie LD, Robertson MC, Gillespie WJ, Sherrington C, Gates S, Clemson 
LM, Lamb SE. Interventions for preventing falls in older people living in 
the community. Cochrane Database Syst Rev. 2012;2012(9):CD007146. 
https://​doi.​org/​10.​1002/​14651​858.​CD007​146.​pub3.

	6.	 World Health Organization. Global Report on Falls Prevention in Older 
Age.2007. Available from: https://​iris.​who.​int/​bitst​ream/​handle/​10665/​
43811/​97892​41563​536_​eng.​pdf?​seque​nce=1.

	7.	 Veronese N, Bolzetta F, Toffanello ED, Zambon S, De Rui M, Perissinotto E, 
Coin A, Corti MC, Baggio G, Crepaldi G, Sergi G, Manzato E. Association 
between Short Physical Performance Battery and falls in older people: 
the Progetto Veneto Anziani Study. Rejuvenation Res. 2014;17(3):276–84. 
https://​doi.​org/​10.​1089/​rej.​2013.​1491.

	8.	 PellicerGarcía B, Juarez Vela R, Gracia Carrasco E, Guerrero Portillo S, 
GarcíaMoyano LM, AzónBelarre JC. Epidemiología de caídas en la 
población anciana española no institucionalizada: REVISIÓN SISTEMÁTICA 
2014 [EPIDEMIOLOGY OF FALLS IN THE NON-INSTITUTIONALIZED SPAN‑
ISH ELDERLY POPULATION, SYSTEMATIC REVIEW 2014]. Rev Enferm. 
2015;38(11):40–5.

	9.	 Montero-Odasso M, van der Velde N, Martin FC, Petrovic M, Tan MP, Ryg 
J, Aguilar-Navarro S, Alexander NB, Becker C, Blain H, Bourke R, Cameron 
ID, Camicioli R, Clemson L, Close J, Delbaere K, Duan L, Duque G, Dyer 
SM, Freiberger E, Ganz DA, Gómez F, Hausdorff JM, Hogan DB, Hunter 
SMW, Jauregui JR, Kamkar N, Kenny RA, Lamb SE, Latham NK, Lipsitz LA, 
Liu-Ambrose T, Logan P, Lord SR, Mallet L, Marsh D, Milisen K, Moctezuma-
Gallegos R, Morris ME, Nieuwboer A, Perracini MR, Pieruccini-Faria F, 
Pighills A, Said C, Sejdic E, Sherrington C, Skelton DA, Dsouza S, Speechley 
M, Stark S, Todd C, Troen BR, van der Cammen T, Verghese J, Vlaeyen 
E, Watt JA, Masud T; Task Force on Global Guidelines for Falls in Older 
Adults. World guidelines for falls prevention and management for older 
adults: a global initiative. Age Ageing. 2022;51(9):afac205. https://​doi.​org/​
10.​1093/​ageing/​afac2​05. Erratum in: Age Ageing. 2023;52(9):afad188. 
https://​doi.​org/​10.​1093/​ageing/​afad1​88. Erratum in: Age Ageing. 
2023;52(10):afad199. https://​doi.​org/​10.​1093/​ageing/​afad1​99.

	10.	 Stevens, J., & Burns, E. A CDC Compendium of Effective Fall Interventions: 
What Works for Community-Dwelling Older Adults. Centers for Disease 
Control and Prevention; 2015. Available from: https://​www.​cdc.​gov/​falls/​
pdf/​cdc_​falls_​compe​ndium-​2015-a.​pdf.

	11.	 Campbell, A. J., & Robertson, M. C. Otago Exercise Programme to prevent 
falls in older adults: A home-based, individually tailored strength and bal‑
ance retraining programme. Otago Medical School: University of Otago.
Available from: https://​www.​lives​trong​er.​org.​nz/​assets/​Uploa​ds/​acc11​
62-​otago-​exerc​ise-​manual.​pdf.

	12.	 Kyrdalen IL, Moen K, Røysland AS, Helbostad JL. The Otago Exercise 
Program performed as group training versus home training in fall-
prone older people: a randomized controlled Trial. Physiother Res Int. 
2014;19(2):108–16. https://​doi.​org/​10.​1002/​pri.​1571.

	13.	 Campbell AJ, Robertson MC, Gardner MM, Norton RN, Tilyard MW, 
Buchner DM. Randomised controlled trial of a general practice pro‑
gramme of home based exercise to prevent falls in elderly women. BMJ. 
1997;315(7115):1065–9. https://​doi.​org/​10.​1136/​bmj.​315.​7115.​1065.

	14.	 Campbell AJ, Robertson MC, Gardner MM, Norton RN, Buchner DM. Falls 
prevention over 2 years: a randomized controlled trial in women 80 years 
and older. Age Ageing. 1999;28(6):513–8. https://​doi.​org/​10.​1093/​ageing/​
28.6.​513.

	15.	 Campbell AJ, Robertson MC, Gardner MM, Norton RN, Buchner DM. 
Psychotropic medication withdrawal and a home-based exercise 
program to prevent falls: a randomized, controlled trial. J Am Geriatr Soc. 
1999;47(7):850–3. https://​doi.​org/​10.​1111/j.​1532-​5415.​1999.​tb038​43.x.

	16.	 Robertson MC, Devlin N, Gardner MM, Campbell AJ. Effectiveness and 
economic evaluation of a nurse delivered home exercise programme to 
prevent falls 1. : Randomised controlled trial. BMJ. 2001;322(7288):697–
701. https://​doi.​org/​10.​1136/​bmj.​322.​7288.​697.

	17.	 Robertson MC, Gardner MM, Devlin N, McGee R, Campbell AJ. Effective‑
ness and economic evaluation of a nurse delivered home exercise 
programme to prevent falls. 2: Controlled trial in multiple centres. BMJ. 
2001;322(7288):701–4. https://​doi.​org/​10.​1136/​bmj.​322.​7288.​701.

	18.	 Skelton DA. WP5 Best Practice Exercise Regimen Network Development, 
ProFouND Network Deliverables. Updated Protocol for Tutor Training Feb 
2014. Available at https://​profo​und.​eu.​com/​about/​wp5-​best-​pract​ice-​
exerc​ise-​regim​en-​netwo​rk-​devel​opment/.

	19.	 Dinan S, Gawler S. ‘How to Lead the OEP’ Handbook. Later Life Training 
Ltd; 2013.

	20.	 Sherrington C, Fairhall NJ, Wallbank GK, Tiedemann A, Michaleff ZA, 
Howard K, Clemson L, Hopewell S, Lamb SE. Exercise for preventing falls 
in older people living in the community. Cochrane Database Syst Rev. 
2019;1(1):CD012424. https://​doi.​org/​10.​1002/​14651​858.​CD012​424.​pub2.

	21.	 Albornos-Muñoz L, Moreno-Casbas MT, Sánchez-Pablo C, Bays-Moneo A, 
Fernández-Domínguez JC, Rich-Ruiz M, Gea-Sánchez M, Otago Project 

https://doi.org/10.1093/ageing/afi218
https://doi.org/10.1093/ageing/afi218
https://doi.org/10.2147/IJGM.S32651
https://doi.org/10.1089/jwh.2006.0245
https://doi.org/10.1089/jwh.2006.0245
https://eupha.org/repository/sections/ipsp/Factsheet_falls_in_older_adults_in_EU.pdf
https://eupha.org/repository/sections/ipsp/Factsheet_falls_in_older_adults_in_EU.pdf
https://doi.org/10.1002/14651858.CD007146.pub3
https://iris.who.int/bitstream/handle/10665/43811/9789241563536_eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/43811/9789241563536_eng.pdf?sequence=1
https://doi.org/10.1089/rej.2013.1491
https://doi.org/10.1093/ageing/afac205
https://doi.org/10.1093/ageing/afac205
https://doi.org/10.1093/ageing/afad188
https://doi.org/10.1093/ageing/afad199
https://www.cdc.gov/falls/pdf/cdc_falls_compendium-2015-a.pdf
https://www.cdc.gov/falls/pdf/cdc_falls_compendium-2015-a.pdf
https://www.livestronger.org.nz/assets/Uploads/acc1162-otago-exercise-manual.pdf
https://www.livestronger.org.nz/assets/Uploads/acc1162-otago-exercise-manual.pdf
https://doi.org/10.1002/pri.1571
https://doi.org/10.1136/bmj.315.7115.1065
https://doi.org/10.1093/ageing/28.6.513
https://doi.org/10.1093/ageing/28.6.513
https://doi.org/10.1111/j.1532-5415.1999.tb03843.x
https://doi.org/10.1136/bmj.322.7288.697
https://doi.org/10.1136/bmj.322.7288.701
https://profound.eu.com/about/wp5-best-practice-exercise-regimen-network-development/
https://profound.eu.com/about/wp5-best-practice-exercise-regimen-network-development/
https://doi.org/10.1002/14651858.CD012424.pub2


Page 14 of 14Albornos‑Muñoz et al. BMC Nursing          (2024) 23:705 

Working Group. Efficacy of the Otago Exercise Programme to reduce falls 
in community-dwelling adults aged 65–80 years old when delivered as 
group or individual training. J Adv Nurs. 2018;74(7):1700–11. https://​doi.​
org/​10.​1111/​jan.​13583.

	22.	 Boutron I, Moher D, Altman DG, Schulz KF, Ravaud P, CONSORT Group. 
Extending the CONSORT statement to randomized trials of nonphar‑
macologic treatment: explanation and elaboration. Ann Intern Med. 
2008;148(4):295–309. https://​doi.​org/​10.​7326/​0003-​4819-​148-4-​20080​
2190-​00008.

	23.	 Skelton, D., & Todd, C. What are the main risk factors for falls amongst 
older people and what are the most effective interventions to prevent 
these falls? Health Evidence Network. World Health Organization; 2004. 
Available from: http://​www.​euro.​who.​int/__​data/​assets/​pdf_​file/​0018/​
74700/​E82552.​pdf?​ua=1.

	24.	 Newman-Beinart NA, Norton S, Dowling D, Gavriloff D, Vari C, Weinman 
JA, Godfrey EL. The development and initial psychometric evaluation of a 
measure assessing adherence to prescribed exercise: the Exercise Adher‑
ence Rating Scale (EARS). Physiotherapy. 2017;103(2):180–5. https://​doi.​
org/​10.​1016/j.​physio.​2016.​11.​001.

	25.	 Westlake WJ. Use of confidence intervals in analysis of comparative bio‑
availability trials. J Pharm Sci. 1972;61(8):1340–1. https://​doi.​org/​10.​1002/​
jps.​26006​10845.

	26.	 Westlake WJ. Symmetrical confidence intervals for bioequivalence trials. 
Biometrics. 1976;32(4):741–4.

	27.	 Lakens D. Equivalence Tests: A Practical Primer for t Tests, Correlations, 
and Meta-Analyses. Soc Psychol Personal Sci. 2017;8(4):355–62. https://​
doi.​org/​10.​1177/​19485​50617​697177.

	28.	 Jamovi Project. (2019). Jamovi [Computer Software]. Version 1.1.6.0. 2019.
	29.	 Barker AL, Talevski J, Bohensky MA, Brand CA, Cameron PA, Morello RT. 

Feasibility of Pilates exercise to decrease falls risk: a pilot randomized 
controlled trial in community-dwelling older people. Clin Rehabil. 
2016;30(10):984–96. https://​doi.​org/​10.​1177/​02692​15515​606197.

	30.	 Helbostad JL, Sletvold O, Moe-Nilssen R. Effects of home exercises and 
group training on functional abilities in home-dwelling older persons 
with mobility and balance problems. A randomized study. Aging Clin Exp 
Res. 2004;16(2):113-21. https://​doi.​org/​10.​1007/​BF033​24539.

	31.	 Iliffe S, Kendrick D, Morris R, Masud T, Gage H, Skelton D, Dinan S, Bowling 
A, Griffin M, Haworth D, Swanwick G, Carpenter H, Kumar A, Stevens Z, 
Gawler S, Barlow C, Cook J, Belcher C. Multicentre cluster randomised trial 
comparing a community group exercise programme and home-based 
exercise with usual care for people aged 65 years and over in primary 
care. Health Technol Assess. 2014;18(49):vii-xxvii, 1-105. https://​doi.​org/​10.​
3310/​hta18​490.

	32.	 Yang Y, Wang K, Liu H, Qu J, Wang Y, Chen P, Zhang T, Luo J. The impact 
of Otago exercise programme on the prevention of falls in older adult: A 
systematic review. Front Public Health. 2022;10:953593. https://​doi.​org/​
10.​3389/​fpubh.​2022.​953593.

	33.	 Thomas S, Mackintosh S, Halbert J. Does the “Otago exercise programme” 
reduce mortality and falls in older adults?: a systematic review and meta-
analysis. Age Ageing. 2010;39(6):681–7. https://​doi.​org/​10.​1093/​ageing/​
afq102.

	34.	 Touchette AJ, Oates AR, Menec VH, Sibley KM. Design characteristics and 
inclusion of evidence-based exercise recommendation in fall preven‑
tion community exercise programs for older adults in Canada: a national 
descriptive self-report study. BMC Geriatr. 2021;21(1):33. https://​doi.​org/​
10.​1186/​s12877-​020-​01949-2.

	35.	 Finnegan S, Bruce J, Seers K. What enables older people to continue 
with their falls prevention exercises? A qualitative systematic review. BMJ 
Open. 2019;9(4):e026074. https://​doi.​org/​10.​1136/​bmjop​en-​2018-​026074.

	36.	 World Health Organization. Adherence to long-term therapies: evidence 
for action. World Health Organization. 2003. Available from https://​apps.​
who.​int/​iris/​handle/​10665/​42682.

	37.	 Bollen JC, Dean SG, Siegert RJ, Howe TE, Goodwin VA. A systematic review 
of measures of self-reported adherence to unsupervised home-based 
rehabilitation exercise programmes, and their psychometric proper‑
ties. BMJ Open. 2014;4(6):e005044. https://​doi.​org/​10.​1136/​bmjop​
en-​2014-​005044.

	38.	 Hawley-Hague H, Horne M, Skelton DA, Todd C. Review of how we should 
define (and measure) adherence in studies examining older adults’ par‑
ticipation in exercise classes. BMJ Open. 2016;6(6):e011560. https://​doi.​
org/​10.​1136/​bmjop​en-​2016-​011560.

	39.	 Hughes KJ, Salmon N, Galvin R, Casey B, Clifford AM. Interventions to 
improve adherence to exercise therapy for falls prevention in commu‑
nity-dwelling older adults: systematic review and meta-analysis. Age 
Ageing. 2019;48(2):185–95. https://​doi.​org/​10.​1093/​ageing/​afy164.

	40.	 de Lira MR, de Oliveira AS, França RA, Pereira AC, Godfrey EL, Chaves TC. 
The Brazilian Portuguese version of the Exercise Adherence Rating Scale 
(EARS-Br) showed acceptable reliability, validity and responsiveness in 
chronic low back pain. BMC Musculoskelet Disord. 2020;21(1):294. https://​
doi.​org/​10.​1186/​s12891-​020-​03308-z.

	41.	 Adhikari SP, Dev R, Shrestha JN. Cross-cultural adaptation, validity, and 
reliability of the Nepali version of the Exercise Adherence Rating Scale: 
a methodological study. Health Qual Life Outcomes. 2020;18(1):328. 
https://​doi.​org/​10.​1186/​s12955-​020-​01588-6.

	42.	 Yu R, So MC, Tong C, Ho F, Woo J. Older Adults’ Perspective towards Par‑
ticipation in a Multicomponent Frailty Prevention Program: A Qualitative 
Study. J Nutr Health Aging. 2020;24(7):758–64. https://​doi.​org/​10.​1007/​
s12603-​020-​1369-5.

	43.	 Burton E, Farrier K, Hill KD, Codde J, Airey P, Hill AM. Effectiveness of peers 
in delivering programs or motivating older people to increase their 
participation in physical activity: Systematic review and meta-analysis. 
J Sports Sci. 2018;36(6):666–78. https://​doi.​org/​10.​1080/​02640​414.​2017.​
13295​49.

	44.	 Nyman SR, Victor CR. Older people’s participation in and engagement 
with falls prevention interventions in community settings: an augment to 
the Cochrane systematic review. Age Ageing. 2012;41(1):16–23. https://​
doi.​org/​10.​1093/​ageing/​afr103.

	45.	 Ashworth NL, Chad KE, Harrison EL, Reeder BA, Marshall SC. Home versus 
center based physical activity programs in older adults. Cochrane Data‑
base Syst Rev. 2005;2005(1):CD004017. https://​doi.​org/​10.​1002/​14651​858.​
CD004​017.​pub2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1111/jan.13583
https://doi.org/10.1111/jan.13583
https://doi.org/10.7326/0003-4819-148-4-200802190-00008
https://doi.org/10.7326/0003-4819-148-4-200802190-00008
http://www.euro.who.int/__data/assets/pdf_file/0018/74700/E82552.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0018/74700/E82552.pdf?ua=1
https://doi.org/10.1016/j.physio.2016.11.001
https://doi.org/10.1016/j.physio.2016.11.001
https://doi.org/10.1002/jps.2600610845
https://doi.org/10.1002/jps.2600610845
https://doi.org/10.1177/1948550617697177
https://doi.org/10.1177/1948550617697177
https://doi.org/10.1177/0269215515606197
https://doi.org/10.1007/BF03324539
https://doi.org/10.3310/hta18490
https://doi.org/10.3310/hta18490
https://doi.org/10.3389/fpubh.2022.953593
https://doi.org/10.3389/fpubh.2022.953593
https://doi.org/10.1093/ageing/afq102
https://doi.org/10.1093/ageing/afq102
https://doi.org/10.1186/s12877-020-01949-2
https://doi.org/10.1186/s12877-020-01949-2
https://doi.org/10.1136/bmjopen-2018-026074
https://apps.who.int/iris/handle/10665/42682
https://apps.who.int/iris/handle/10665/42682
https://doi.org/10.1136/bmjopen-2014-005044
https://doi.org/10.1136/bmjopen-2014-005044
https://doi.org/10.1136/bmjopen-2016-011560
https://doi.org/10.1136/bmjopen-2016-011560
https://doi.org/10.1093/ageing/afy164
https://doi.org/10.1186/s12891-020-03308-z
https://doi.org/10.1186/s12891-020-03308-z
https://doi.org/10.1186/s12955-020-01588-6
https://doi.org/10.1007/s12603-020-1369-5
https://doi.org/10.1007/s12603-020-1369-5
https://doi.org/10.1080/02640414.2017.1329549
https://doi.org/10.1080/02640414.2017.1329549
https://doi.org/10.1093/ageing/afr103
https://doi.org/10.1093/ageing/afr103
https://doi.org/10.1002/14651858.CD004017.pub2
https://doi.org/10.1002/14651858.CD004017.pub2

	Efficacy of the Otago-Exercise-Programme to reduce falls in community-dwelling adults aged 65-80 when delivered as group or individual training: Non-inferiority-clinical-trial
	Abstract 
	Background 
	Objective 
	Methods 
	Design: 
	Results 
	Conclusions 
	Trial Registration 

	Background
	Methods
	Study setting and sampling
	Sample size
	Inclusion andor exclusion criteria
	Study dropout criteria
	Study Intervention common description for two arms
	Individual training
	Group training
	Randomization
	Blinding
	Variables
	Recruitment and data collection
	Recruitment
	Data collection

	Data analysis

	Results
	Primary outcome measure
	Secondary outcome measures
	People who reported at least one fall  Number of falls
	Cause of falls
	Consequences & assistance
	Adherence and satisfaction measures
	Dropouts
	Intention-to-treat analysis


	Discussion
	Limitations

	Conclusion
	Acknowledgments
	References


