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Abstract: (1) Background: Falls are a significant health problem among older adults, and can result
in severe injuries, disability, and even death. In Spain, the prevalence of falls is lower if the person
lives in the community than if they are institutionalized. Research has shown that exercise is an
effective strategy for reducing the risk of falls among older adults. The objective of this study was
to study the influence of a multicomponent exercise intervention on falls in people between 65 and
80 years of age despite the presence of diseases and drug use that are risk factors for falls; (2) Methods:
This is a quasi-experimental study that focuses on people aged 65–80 who attended 21 primary
healthcare centres. Target: Inclusion criteria were people between 65 and 80 years of age, living in the
community with independent ambulation, and who were served by the healthcare centre of their
region. Variables analysed: The number and characteristics of falls, sociodemographic, drug use,
and previous diseases; (3) Results: The drugs associated with falls are benzodiazepines (OR 2.58),
vasodilators (OR = 2.51), and psychotropics (OR = 1.61). For one of the years, a relationship was
found between the consumption of antidepressants and falls (OR = 1.83). The associated diseases
were mental and behavioural (OR = 2.53); (4) Discussion: The intervention has been related to the
reduction in falls in people who consumed benzodiazepines, vasodilators, and psychotropics and
in people with mental disorders; (5) Conclusion: This research concludes the importance of the
implementation of the Otago Exercise Programme in the prevention of falls in the elderly.

Keywords: prevent falls; exercise; primary healthcare

1. Introduction

Falls are a major health problem due to their frequency and the problems derived
from the impact. The World Health Organization (WHO) defines a fall as “an event which
results in a person coming to rest inadvertently on the ground or floor or other lower level”,
and which is usually sudden and involuntary [1].

Falls are very frequent and increase with age and frailty, as do their consequences, so
much so that an estimated 646,000 people die from falls each year, and 37.3 million require
medical assistance. They account for the loss of millions of disability-adjusted life years
(DALYs) [2]. In Spain, the number of deaths due to falls in 2018 was 3143 [3]. The prevalence
of falls is lower if the person lives in the community than if they are institutionalized.
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Within the associated morbidity and mortality are functional deterioration, loss of
quality of life, increased dependency, visits to emergency services, hospital readmissions,
and risk of institutionalization [3], among others. Meanwhile, falls are considered one of
the most important geriatric syndromes and one of the indicators for identifying the frail
elderly [4].

The population is ageing very quickly, with the WHO estimating that between 2015
and 2050 the population of over 60 s will increase from 900 million to 2 billion, which will
account for 22% of the entire global population [2].

Spain has a rapidly ageing population and, as of 1 January 2020, 19.58% of the total
population was 65 or over [5]. Within Spain, there are three regions that have an ageing
index (number of elders per 100 persons younger than 15 years old in a specific population)
greater than 200, Asturias (235.93), Castilla y León (231.84), and Galicia (212.37), which
makes them the oldest regions in the country [6,7].

In addition to age, there are multiple risk factors associated with the risk of falls, such
as the use of certain medications and the occurrence of diseases.

The use of six or more medications (polypharmacy) is considered one of the most
significant risk factors in the elderly population [8]. In a study on people who suffered
falls, it was shown that the most influential medications were antidepressants, diuretics,
sedatives, and antipsychotics [9]. Other authors highlight antihypertensives, followed by
antidepressants and anxiolytics [10], or others, such as vasodilators, benzodiazepines, and
neuroleptics [11].

A meta-analysis found significant results, the probability of falling being 1.3 times
higher in people who consume diuretics [12] and 0.62 times higher in those who consume
antihypertensives [13]. Another cohort study associates the consumption of psychotropic
drugs with frailty and falls [14]. Consistent with this study, a meta-analysis confirmed that
the consumption of psychotropic drugs was associated with a 1.54 times greater probability
of falls, antidepressants with 1.57, and benzodiazepines with 1.42 [15].

Within the framework of the Health Promotion and Disease Prevention Strategy
of the Spanish National Health System, the consensus document on the Prevention of
Frailty and Falls in the Elderly [16] associates frailty with concomitant diseases such as
neoplasms, autoimmune diseases, endocrine disorders, mental diseases, central nervous
system diseases, heart diseases, digestive disorders, etc. Interventions based on physical
exercise are proposed as part of the same strategy.

Falls, disability, and premature mortality are described as sequelae of musculoskeletal
and mental diseases [17]. Likewise, some treatments for people with endocrine diseases
increase the risk of hypocalcemia, falls, and fractures [18].

Given the strong correlation between mental illness and falls, this study provides
detailed data on their prevalence in Spain. Anxiety disorders affect 6.7% of the population,
followed by depressive disorders at 4.1%, sleep problems affect 5.4% and increase with age.
Psychosis affects 7.2% of the population and dementia affects 3.2% of those over 60 years of
age, as the main mental health problem. These data demonstrate the magnitude of mental
health problems and, consequently, their relationship with falls [19].

Exercise is a subset of physical activity that is planned, structured, and repetitive, and
has as an objective the improvement or maintenance of physical fitness [20]. There is a wide
range of possible types of exercise, such as strengthening exercises, balance, coordination,
and aerobic exercises. Exercise programmes that include one or more types of exercise are
called multi-component exercise programmes. The inclusion of resistance training has been
particularly effective in reversing frailty and preventing falls in older people [21].

Likewise, when relating multi-component exercise programmes with various previ-
ous diseases, a systematic review (SR) concludes that a multi-component exercise pro-
gramme [22] reduces falls among the elderly. Other SRs corroborated the relationship of
exercises to improve balance and reduce falls in cancer patients (Williams et al., 2018), after
a cardiovascular accident [23], in people with rheumatoid arthritis [24] and in people with
multiple sclerosis [25].
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The target population of exercise programmes may exhibit a high use of medica-
tions [26] and may have illnesses [27]; therefore, it whether there may be a relationship
between falls, medication use, and the occurrence of diseases among subjects participating
in exercise programmes must be assessed.

In this study we asked: Can a multicomponent exercise program reduce falls in a
population that consumes medication or has diseases that increase their risk?

2. Materials and Methods

Design: this is a prospective and descriptive correlational multicentre study in non-
institutionalized individuals aged between 65 and 80 years in Spain, randomly assigned,
between September 2017 and December 2019.

Scope: the participants were selected from primary care centres in ten Spanish
provinces: Córdoba, Asturias, Balearic Islands, Las Palmas, Lérida, Barcelona, Madrid,
Vitoria, Bilbao, and Murcia.

Sample: Subjects who met the inclusion criteria and agreed to participate in a study of
the Otago Exercise Programme (OEP). Inclusion criteria: individuals aged between 65 and
80 years, living in the community, with independent ambulation, and who attended to by
the health centre in their region. Exclusion criteria: residency time in the health region less
than 9 months, moderate or severe cognitive impairment, visual or hearing difficulties, or
problems that contraindicated the performance of programme exercises; loss criteria were
revocation of informed consent, change of residence, or changes in clinical status. Study
interruption criteria: adverse effects related to the performance of Otago exercises

The sample size was calculated by estimating the percentage of annual falls among
people over 65 years (40%), a Type I error of 0.025, a 1-βeta power equal to 0.80 in a
unilateral contrast, and considering a 10% loss to follow-up, resulting in a sample of 364
participants. Active recruitment was carried out in health centres between the 10th and
19th (inclusive) of each month, from September 2017 to March 2018.

Recruitment: The study participants were actively recruited by health professionals
from health centres randomly selected from people who met the inclusion criteria. Recruit-
ment was carried out consecutively in patients listed on the agenda between the 10th and
19th (inclusive) of each month. Each professional kept a notebook in which they recorded
which patients had been proposed to, which ones met the criteria, and which ones agreed
to participate.

OPE training: To standardize the intervention, the cascade training proposed by Later
Life Training (Otago-LLT) and the online platform Otago-LLT for training in Spanish were
used. In a first step, a professional from each participating subproject was accredited as
a trainer of trainers (“Cascade Trainer”). In a second step, this accredited trainer trained
health professionals (nurses and physiotherapists) in each participating health centre. The
training and evaluation were standardized throughout Spain. After a positive evaluation,
they were accredited as OPE Leaders.

These leaders also received standardized training on data collection and evaluation
instruments or scales, ensuring validity and replicability.

Intervention: All participants included in this study followed the Otago Exercise
Program (OEP) [28], either individually or in groups. It involves training participants
in 24 strength and balance exercises, so they can continue the program at home. It is
a 5-sessions training programme over 8 weeks, with a reinforcement booster session at
6 months. Each person received instructions for performing each prescribed exercise
at home (in audiovisual and paper format), as well as weights for performing muscle-
strengthening exercises.

Group sessions were only considered complete if the participant had completed all
5 sessions, and those who did not were recorded as lost in the analysis.

Variables:
The main response variable was the number and characteristics of each fall:

• Alone or accompanied;



Healthcare 2023, 11, 998 4 of 14

• Consequences: none, minor or major temporary injury, minor or major
permanent injury;

The secondary variables were:

• Sociodemographic: sex, age, level of education, and types of household;
• Anthropometric: body mass index (BMI);
• Medication use: psychotropics, diuretics, antidepressants, anticoagulants, antihyper-

tensives, anticholinergics, and Vitamin D;
• Diseases: neoplastic, haematological, endocrinal, mental, central nervous system

(CNS), sensory, cardiocirculatory, respiratory, digestive, dermatological, musculoskele-
tal, and/or genito-urinary.

For the data collection, a booklet was prepared, and the recruited subjects measured
the variables at the beginning of the study, at 6 months (after the intervention) and at 1 year.
The data were recorded on the online data platform REDCap.

Statistical processing: The analyses were performed using the RStudio and IBM SPSS
version 25 statistical packages, using descriptive statistics and measures of dispersion for
quantitative variables.

It was verified that age and BMI (Kolmogorov–Smirnov test) did not present a
normal distribution.

Statistical inference: the Mann–Whitney test was used for quantitative variables. The
Pearson’s Chi-square test was used to compare qualitative falls by sociodemographic
characteristics and medications.

The risk was measured at the beginning of the study using odds ratio (at that time
the fall had already happened), and the effect of the exposures was evaluated. For the
follow-up at 6 and 12 months, the relative risk was measured (as the effects of medication
on falls were known).

A statistical significance was established for a p-value < 0.05.
This study was approved by the Research Ethics Committee of the Carlos III Health

Institute with the CEI code PI_39_2016-v2.

3. Results

Out of a total of 2367 people who were interviewed, 827 met the inclusion criteria and
signed the informed consent, and 498 participants of the OEP completed the intervention.

Table 1 shows the demographic and anthropometric data of the participants.

Table 1. Sociodemographic and anthropometric characteristics.

Sociodemographic and Anthropometric Characteristics Results

Age (average (SD)) 1/ years 71.81 (4.15)
Sex (n (%)) 2/

Females 334 (67.07)
Male 164 (32.93)

Educational level (n (%)) 2/

Without studies 43 (8.63)
Primary non-concluded 106 (21.29)

Primary concluded 226 (45.38)
Secondary 82 (16.47)

University studies 41 (8.23)
Living alone (n (%))2/

Yes 122 (24.5)
Not 376 (75.5)

BIM (average (DE)) 1/ 29.36 (4.49)



Healthcare 2023, 11, 998 5 of 14

Table 1. Cont.

Sociodemographic and Anthropometric Characteristics Results

BIM clasification (n (%)) 2/

Under-Weight 1 (0.2)
Normal 108 (21.69)

Over-Weight 186 (37.35)
Obesity 196 (39.36)

Extreme Obesity 7 (1.41)

Note: SD = standard deviation. BIM: body mass index. 2/: based on the Chi-square test

The percentage of falls at baseline was 29.72%, at six months it was 11.85%, and on
Year One it was 12.25%; therefore, the intervention with the OPE has proven to be effective
after one year (p = 0.001).

Regarding the characteristics of the falls at baseline, the proportion of being alone at
the time of the fall was significant (p = 0.011), with the percentage being 65.52% in women
vs. 40.63% in men.

Regarding the need for healthcare after the fall, a significant relationship was observed
(p = 0.039), with the percentage being 42.31% for women vs. 0% for men.

3.1. Use of Medication and Falls

The medications most used at baseline were antihypertensives 66.67% (including
vasodilators and beta-blockers), followed by diuretics 34.14%, psychotropics 27.51% (in-
cluding benzodiazepines, opiates, hypnotics, and neuroleptics), anticoagulants 17.87%,
antidepressants 14.86%, and Vitamin D 12.05%.

On relating the medications to the presence of falls at baseline, the following
was observed.

The use or non-use of psychotropic drugs exhibited significant differences in the
proportion of falls, where the proportion of falls was higher in users of psychotropics
compared to non-users, with patients who used psychotropic drugs being 1.61 times more
likely to experience falls.

The proportion of falls was significantly higher in users of benzodiazepines compared
to non-users, with patients who used benzodiazepines being 2.58 times more likely to
experience falls.

Another significant finding was that the proportion of falls was higher in users of
vasodilators compared to non-users, with patients who used vasodilators being 2.51 times
more likely to experience falls.

The use or non-use of beta-blockers exhibited significant differences, where the pro-
portion of falls was lower in users of beta-blockers compared to non-users, with patients
who used beta-blockers being 0.46 (1–0.54) times less likely to experience falls in relation to
non-users (Table 2).

At the end of the intervention at six months and relating the use of medications to the
proportion of falls, no significant differences were observed, i.e., the risk factors observed
at baseline for psychotropics, benzodiazepines, and vasodilators no longer existed after the
intervention (Table 3).

When comparing the relationship between use of medications and the proportion of
falls at twelve months post-intervention, significant differences were observed for antide-
pressants (p = 0.024), with the proportion of falls being 19.80% for users of this medication
vs. 10.80% for non-users, with users of antidepressants having 1.83 times as many falls.

Table 4 shows the summary of the risks of the medications in terms of falls at the three
points evaluated. At baseline, psychotropics, benzodiazepines, and vasodilators were risk
factors for falls, while beta-blockers were a protective factor. At six months, the medications
did not show a statistically significant relationship with falls, while in the post-intervention
evaluation, it was observed that taking antidepressants was a risk factor.
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Table 2. Relationship between falls at baseline and medications.

Medications (Baseline) General
Fall at Baseline (Last 12 Months)

p-Value OR2 (CI-95%)
Yes No

Psychotropics (n (%))
Yes 137 (27.51) 51 (37.23) 86 (62.77)

0.024 * 1.61 ** (1.06–2.45)No 361 (72.49) 97 (26.87) 264 (73.13)
Benzodiazepines (n (%))

Yes 105 (76.64) 44 (41.9) 61 (58.1)
0.040 * 2.58 ** (1.03–6.49)No 32 (23.36) 7 (21.88) 25 (78.13)

Opiates (n (%))
Yes 24 (17.52) 11 (45.83) 13 (54.17)

0.337 1.54 (0.63–3.76)No 113 (82.48) 40 (35.4) 73 (64.6)
Hypnotics (n (%))

Yes 13 (9.49) 2 (15.38) 11 (84.62)
0.087 0.28 (0.06–1.31)No 124 (90.51) 49 (39.52) 75 (60.48)

Diuretics (n (%))
Yes 170 (34.14) 53 (31.18) 117 (68.82)

0.608 1.11 (0.74–1.66)No 328 (65.86) 95 (28.96) 233 (71.04)
Antidepressants (n (%))

Yes 74 (14.86) 28 (37.84) 46 (62.16)
0.098 1.54 (0.92–2.58)No 424 (85.14) 120 (28.3) 304 (71.7)

Anticoagulants (n (%))
Yes 89 (17.87) 22 (24.72) 67 (75.28)

0.255 0.74 (0.44–1.25)No 409 (82.13) 126 (30.81) 283 (69.19)
Antihypertensives (n (%))

Yes 332 (66.67) 100 (30.12) 232 (69.88)
0.782 1.06 (0.70–1.60)No 166 (33.33) 48 (28.92) 118 (71.08)

Vasodilators (n (%))
Yes 294 (88.55) 94 (31.97) 200 (68.03)

0.041 * 2.51 ** (1.01–6.02)No 38 (11.45) 6 (15.79) 32 (84.21)
Beta-blockers (n (%))

Yes 98 (29.52) 21 (21.43) 77 (78.57)
0.025 * 0.54 *** (0.31–0.93)No 234 (70.48) 79 (33.76) 155 (66.24)

Vitamin D (n (%))
Yes 60 (12.05) 20 (33.33) 40 (66.67)

0.514 1.21 (0.68–2.15)No 438 (87.95) 128 (29.22) 310 (70.78)

Note: * significant differences in the proportion of falls, OR2: based on the Chi-square test; significant odds ratio
(OR) ** risk factor, *** protective factor.

Table 3. Relationship between falls in the six-month follow-up and medications.

Medications (6 Months) General
6-Month Follow-Up after Fall

p-Value RR (CI-95%)
Yes No

Psychotropics (n (%))
Yes 140 (28.11) 18 (12.86) 122 (87.14)

0.663 1.12 (0.67–1.89)No 358 (71.89) 41 (11.45) 317 (88.55)
Benzodiazepines (n (%))

Yes 106 (75.71) 16 (15.09) 90 (84.91)
0.241 2.56 (0.62–10.60)No 34 (24.29) 2 (5.88) 32 (94.12)

Opiates (n (%))
Yes 22 (15.71) 1 (4.55) 21 (95.45)

0.306 0.32 (0.04–2.25)No 118 (84.29) 17 (14.41) 101 (85.59)
Neuroleptics (n (%))

Yes 8 (5.71) 0 (0) 8 (100)
0.596 -

No 132 (94.29) 18 (13.64) 114 (86.36)
Hypnotics (n (%))

Yes 22 (15.71) 1 (4.55) 21 (95.45)
0.306 0.32 (0.04–2.25)No 118 (84.29) 17 (14.41) 101 (85.59)
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Table 3. Cont.

Medications (6 Months) General
6-Month Follow-Up after Fall

p-Value RR (CI-95%)
Yes No

Diuretics (n (%))
Yes 161 (32.33) 19 (11.8) 142 (88.2)

0.982 0.99 (0.60–1.66)No 337 (67.67) 40 (11.87) 297 (88.13)
Antidepressants (n (%))

Yes 80 (16.06) 9 (11.25) 71 (88.75)
0.857 0.93 (0.44–1.98)No 418 (83.94) 50 (11.96) 368 (88.04)

Anticoagulants (n (%))
Yes 92 (18.47) 8 (8.7) 84 (91.3)

0.300 0.69 (0.34–1.41)No 406 (81.53) 51 (12.56) 355 (87.44)
Antihypertensives (n (%))

Yes 340 (68.27) 40 (11.76) 300 (88.24)
0.933 0.98 (0.59–1.63)No 158 (31.73) 19 (12.03) 139 (87.97)

Vasodilators (n (%))
Yes 308 (90.59) 33 (10.71) 275 (89.29)

0.080 0.49 (0.24–1.02)No 32 (9.41) 7 (21.88) 25 (78.13)
Beta-blockers (n (%))

Yes 99 (29.03) 12 (12.12) 87 (87.88)
0.886 1.05 (0.55–1.976)No 242 (70.97) 28 (11.57) 214 (88.43)

Vitamin D (n (%))
Yes 59 (11.85) 7 (11.86) 52 (88.14)

0.997 1.00 (0.48–2.10)No 439 (88.15) 52 (11.85) 387 (88.15)

Note: based on Chi-square test; relative risk (RR).

Table 4. Relationship between falls and use of medications.

Medications

Risk

Baseline
Follow-Up

6 Months 7 to 12 Months

OR (CI-95%) RR (CI-95%) RR (CI-95%)

Psychotropics 1.61 ** (1.06–2.45) 1.12 (0.67–1.89) 1.37 (0.83–2.24)
Benzodiazepines 2.58 ** (1.03–6.49) 2.56 (0.62–10.60) 1.18 (0.46–3.02)

Opiates 1.54 (0.63–3.76) 0.32 (0.04–2.25) 1.73 (0.74–4.07)
Hypnotics 0.28 (0.06–1.31) 0.32 (0.04–2.25) 1.12 (0.41–3.04)
Diuretics 1.11 (0.74–1.66) 0.99 (0.60–1.66) 0.93 (0.56–1.55)

Antidepressants 1.54 (0.92–2.58) 0.93 (0.44–1.98) 1.83 ** (1.10–3.07)
Anticoagulants 0.74 (0.44–1.25) 0.69 (0.34–1.41) 1.13 (0.63–2.03)

Antihypertensives 1.06 (0.70–1.60) 0.98 (0.59–1.63) 0.85 (0.52–1.38)
Vasodilators 2.51 ** (1.01–6.02) 0.49 (0.24–1.02) 0.95 (0.36–2.51)
Beta-blockers 0.54 *** (0.31–0.93) 1.05 (0.55–1.976) 0.97 (0.51–1.87)

Vitamin D 1.21 (0.68–2.15) 1.00 (0.48–2.10) 0.93 (0.44–1.95)

Note: ** risk factor; *** protective factor.

3.2. Diseases and Falls

In the baseline analysis of previous diseases, 69.68% were cardiocirculatory, 51.40%
musculoskeletal, 43.78% endocrinal, 23.49% digestive, 23.29% genito-urinary, 14.06% sen-
sory, 13.86% respiratory, 12.65% dermatological, and 12.45% neoplastic.

On relating them to the presence of falls at baseline, significant differences were
observed for mental and behavioural diseases (p = 0.001), where the proportion of falls
was 49% for patients with these illnesses and 27.50% for patients without these illnesses.
Patients with mental and behavioural disorders were 2.53 times more likely to experience
falls than patients without these diseases.

Musculoskeletal diseases and the presence of falls at baseline exhibited a p-value of
0.052, which is approximately equal to the level of significance (0.05), and obtained clinical
significance given that the proportions of falls were 33.60% for patients with these diseases
vs. 25.60% for patients without these diseases (Table 5).
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Table 5. Relationship between falls at baseline and clinical presentation.

Clinical Presentation
(Baseline) General

Fall at Baseline
(Last 12 Months) p-Value OR2 (CI-95%)

Yes No

Neoplastic (n (%))
Yes 62 (12.45) 21 (33.87) 41 (66.13)

0.445 1.25 (0.71–2.19)No 436 (87.55) 127 (29.13) 309 (70.87)
Immune and haematological (n

(%))
Yes 36 (7.23) 10 (27.78) 26 (72.22)

0.791 0.90 (0.42–1.92)No 462 (92.77) 138 (29.87) 324 (70.13)
Endocrinal (n (%))

Yes 218 (43.78) 59 (27.06) 159 (72.94)
0.253 0.80 (0.54–1.18)No 280 (56.22) 89 (31.79) 191 (68.21)

Mental and behavioural (n (%))
Yes 51 (10.2) 25 (49) 26 (51)

0.001 * 2.53 ** (1.41–4.56)No 447 (89.8) 123 (27.5) 324 (72.5)
CNS and sensory (n (%))

Yes 52 (10.44) 13 (25) 39 (75)
0.431 0.77 (0.40–1.49)No 446 (89.56) 135 (30.27) 311 (69.73)

Cardiocirculatory (n (%))
Yes 347 (69.68) 104 (29.97) 243 (70.03)

0.852 1.04 (0.68–1.58)No 151 (30.32) 44 (29.14) 107 (70.86)
Sensory (n (%))

Yes 70 (14.06) 18 (25.71) 52 (74.29)
0.429 0.79 (0.48–1.41)No 428 (85.94) 130 (30.37) 298 (69.63)

Respiratory (n (%))
Yes 69 (13.86) 21 (30.43) 48 (69.57)

0.889 1.04 (0.60–1.81)No 429 (86.14) 127 (29.6) 302 (70.4)
Digestive (n (%))

Yes 117 (23.49) 35 (29.91) 82 (70.09)
0.958 1.01 (0.64–1.59)No 381 (76.51) 113 (29.66) 268 (70.34)

Dermatological (n (%))
Yes 63 (12.65) 20 (31.75) 43 (68.25)

0.706 1.12 (0.63–1.97)No 435 (87.35) 128 (29.43) 307 (70.57)
Musculoskeletal (n (%))

Yes 256 (51.4) 86 (33.6) 170 (66.4)
0.052 1.47 (0.99–2.17)No 242 (48.6) 62 (25.6) 180 (74.4)

Genito-urinary (n (%))
Yes 116 (23.29) 31 (26.72) 85 (73.28)

0.420 0.83 (0.52–1.32)No 382 (76.71) 117 (30.63) 265 (69.37)

Note: * significant differences in the proportion of falls, OR2: based on the Chi-square test; significant odds ratio
(OR) ** risk factor; CNS: central nervous system.

The relationship between the proportion of falls at 6 months and the clinical presenta-
tion exhibited significance for musculoskeletal disease. On comparing the proportion of
one year post-intervention falls on Year One according to the clinical presentation, signifi-
cance was observed for musculoskeletal disease (p = 0.007), where the proportion of falls
was 15.87% for patients with this disease vs. 7.93% for patients without this disease, with
patients with musculoskeletal disease being twice as likely to experience falls (Table 6).

Table 7 shows the summary of the clinical risks of falls at the three times they were
evaluated; for the baseline, mental and behavioural disorders OR = 2.53 (1.41–4.56) were
a risk factor for falls. The end-of-intervention (6 months) and post-intervention (7 to
12 months) evaluations showed musculoskeletal disease to be a risk factor for falls with OR
1.72 (1.03–2.85) and 2.00 (1.19–3.37), respectively.
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Table 6. Relationship between falls at 12 months and clinical presentation.

Clinical Presentation (12 Months) General

Post-Intervention Fall
12 Months p-Value OR2 (CI-95%)

Yes No

Neoplastic (n (%))
Yes 60 (12.05) 11 (18.33) 49 (81.67)

0.125 1.61 (0.87–2.91)No 438 (87.95) 50 (11.42) 388 (88.58)
Immune and haematological (n (%))

Yes 40 (8.03) 5 (12.5) 35 (87.5)
1.000 1.02 (0.43–2.41)No 458 (91.97) 56 (12.23) 402 (87.77)

Endocrinal (n (%))
Yes 221 (44.38) 26 (11.76) 195 (88.24)

0.768 0.93 (0.58–1.50)No 277 (55.62) 35 (12.64) 242 (87.36)
Mental and behavioural (n (%))

Yes 54 (10.84) 8 (14.81) 46 (85.19)
0.542 1.24 (0.62–2.47)No 444 (89.16) 53 (11.94) 391 (88.06)

CNS and sensory (n (%))
Yes 45 (9.04) 3 (6.67) 42 (93.33)

0.231 0.52 (0.17–1.60)No 453 (90.96) 58 (12.8) 395 (87.2)
Cardiocirculatory (n (%))

Yes 355 (71.29) 41 (11.55) 314 (88.45)
0.453 0.83 (0.50–1.36)No 143 (28.71) 20 (13.99) 123 (86.01)

Sensory (n (%))
Yes 73 (14.66) 9 (12.33) 64 (87.67)

0.982 1.01 (0.52–1.96)No 425 (85.34) 52 (12.24) 373 (87.76)
Respiratory (n (%))

Yes 76 (15.26) 11 (14.47) 65 (85.53)
0.520 1.22 (0.67–2.24)No 422 (84.74) 50 (11.85) 372 (88.15)

Digestive (n (%))
Yes 121 (24.3) 16 (13.22) 105 (86.78)

0.707 1.11 (0.65–1.89)No 377 (75.7) 45 (11.94) 332 (88.06)
Dermatological (n (%))

Yes 72 (14.46) 7 (9.72) 65 (90.28)
0.480 0.77 0.36–1.62)No 426 (85.54) 54 (12.68) 372 (87.32)

Musculoskeletal (n (%))
Yes 271 (54.42) 43 (15.87) 228 (84.13)

0.007 * 2.00 ** (1.19–3.37)No 227 (45.58) 18 (7.93) 209 (92.07)
Genito-urinary (n (%))

Yes 118 (23.69) 11 (9.32) 107 (90.68)
0.267 0.71 (0.38–1.32)No 380 (76.31) 50 (13.16) 330 (86.84)

Note: * significant differences in the proportion of falls, OR2: based on the Chi-square test; significant odds ratio
(OR) ** risk factor. CNS: central nervous system.

Table 7. Relationship between falls and previous diseases.

Clinical Presentation
(Baseline)

Risk

Baseline
Follow-Up

6 Months 7 to 12 Months

OR (CI-95%) RR (CI-95%) RR (CI-95%)

Neoplastic 1.25 (0.71–2.19) 0.69 (0.28–1.62) 1.61 (0.87–2.91)
Immune and haematological 0.90 (0.42–1.92) 0.43 (0.11–1.67) 1.02 (0.43–2.41)

Endocrinal 0.80 (0.54–1.18) 1.07 (0.66–1.72) 0.93 (0.58–1.50)
Mental and behavioural 2.53 ** (1.41–4.56) 0.79 (0.33–1.90) 1.24 (0.62–2.47)

CNS and sensory 0.77 (0.40–1.49) 0.91 (0.38–2.16) 0.52 (0.17–1.60)
Cardiocirculatory 1.04 (0.68–1.58) 0.91 (0.54–1.51) 0.83 (0.50–1.36)

Sensory 0.79 (0.48–1.41) 0.94 (0.47–1.90) 1.01 (0.52–1.96)
Respiratory 1.04 (0.60–1.81) 1.70 (0.97–2.98) 1.22 (0.67–2.24)
Digestive 1.01 (0.64–1.59) 0.86 (0.48–1.54) 1.11 (0.65–1.89)

Dermatological 1.12 (0.63–1.97) 0.99 (0.49–1.99) 0.77 0.36–1.62)
Musculoskeletal 1.47 (0.99–2.17) 1.72 ** (1.03–2.85) 2.00 ** (1.19–3.37)
Genito-urinary 0.83 (0.52–1.32) 0.79 (0.43–1.43) 0.71 (0.38–1.32)

Note: ** risk factor. CNS: central nervous system.
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4. Discussion

This study explored the relationship between an Otago Exercise Programme and the
use of medications and the diseases of the participating subjects.

At baseline, the medications that were associated with falls were, in this order, benzodi-
azepines (highlighted because of their strong association), vasodilators, and psychotropics.
On Year One, an association was found between the use of antidepressants and falls.

At the end of the intervention and on Year One, these risk factors (use of benzodi-
azepines, vasodilators, and psychotropics) observed at the beginning were no longer risk
factors. This may be due to the significant decrease in the proportion of falls from 29.72%
at the beginning to 11.85%.

These three medications have also been identified and associated with falls in numer-
ous studies [9,10,29,30].

It should be mentioned that other studies have found associations with other medica-
tions such as diuretics [9,26] and antihypertensives [8,10]

The association of vasodilators with falls could be explained by the effect they produce
by lowering blood pressure, as could the association with antihypertensives [31]. However,
we have not found the reason why beta-blocking drugs provide a protective effect and
Vitamin D does not, as other studies indicate [32].

Studies confirm the benefits of multi-component exercise programmes to improve
antihypertensive treatment and cardiovascular risk in older adults with comorbidities. [33].

Our results partly agree with another study, where the medications most associated
with the presence of falls were antidepressants, diuretics, sedatives, and antipsychotics [9],
and with the study by Fabra, where it was antihypertensives followed by antidepressants
and anxiolytics [10].

Previous research has shown a significant relationship between antidepressants, di-
uretics, and falls [18], and among antidepressants, psychotropic medication appears to be
the most significant risk factor [34].

Another study found that more women than men who presented for emergency care
after a fall were prescribed benzodiazepines, but men were prescribed significantly higher
doses than women [30]. Another systematic review suggests a relationship between the
use of benzodiazepines, falls, and gender differences [35].

In our study, the prevalence of falls decreased after intervention in people who con-
sumed psychotropic drugs. This is a significant finding. There are studies that show
an improvement in symptoms of mental disorders when a physical exercise program is
combined with pharmacological treatment, which could have an impact on improving
physical condition [36].

There are even studies that suggest that treatments based on exercise change struc-
tures of the central nervous system, with benefits for mental diseases [37]. More studies
have examined the efficacy of regular physical exercise programs in the treatment and
improvement of mental problems [38], which could suggest that the decrease in falls in
people who consumed psychotropics is due to improved physical condition (strengthening
and balance) and the benefits of exercise for their disease.

Other studies found that the use of antihypertensives was related to hip fractures [8];
antidepressants and psychotropics were related with falls and hospitalizations [39], and
hypnotics, sedatives and opiates highlight the impact on women [40].

Regarding previous diseases, this study found that having a mental disorder was
significantly associated with a 2.53 times greater risk of suffering a fall at baseline. This
risk disappeared after the intervention and was maintained over time, so the OEP could
provide a protective effect for people suffering from these disorders.

Our results on the relationship between mental diseases and falls are consistent with
those of other studies [41,42].

In this study, people with musculoskeletal disease had a risk 1.72 times greater at six
months of suffering a fall, and 2 times greater at one year than those without the disease.
This risk is associated with the deterioration of the joints, mainly of the lower extremities,
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which causes problems with instability, balance, coordination, and muscular strength. It is
unknown why the OEP increased the risk of falls among these patients. Moreover, an SR on
balance training in patients with rheumatoid arthritis did not obtain conclusive data [24].

Thanks to current treatments, the survival rates of cancer patients has increased, and
the rates of falls in cancer patients or cancer survivors are higher than in the general
population. A current SR suggests that an exercise programme can improve strength,
flexibility, and balance, although it recommends performing quality studies to gain more
evidence [43]. No significant relationships were found in this study.

Neither were any relationships found between endocrinal diseases and falls, unlike a
study carried out on 1422 patients, which found that diabetes mellitus increased gait and
balance problems by 1.25 [44].

Multiple sclerosis is one of the most prevalent CNS diseases, with rates of falls at
around 56%. Although the evidence on the decrease in falls with exercise programmes is
low, they can improve balance and functionality [25]. In this study, no significant differences
were found with respect to CNS and sensory diseases.

With regard to cardiovascular diseases, the sensory organs, dermatological, and genito-
urinary diseases, our data are inconsistent with other studies, such as those that found
relationships between falls and stroke survivors [23], people with vision and hearing
problems [8], and people who had chronic kidney disease [45].

Multi-component exercises can be beneficial to functional status and cardiovascular
risk in patients with hypertension [46], and in older people who are frail or have multiple
diseases [47].

The practical and theoretical implications of our research suggest that the systematic
implementation of a fall prevention exercise program in health centres could significantly
benefit elderly individuals. We recommend that further studies are conducted in older or
frail groups to determine whether the benefits could be even greater.

In summary, our study highlights the importance of exercise programs as a preventive
measure for falls in the elderly population, particularly those who consume psychotropic
drugs. Implementing exercise programs in health centres could help reduce the prevalence
of falls and improve physical condition, thereby reducing the negative impact of falls on
the elderly.

As a limitation of this study and a proposal for future research could be the fact that
multimorbidity may have a different effect on falls if the associated diseases are studied,
instead of studying each disease in isolation. Perhaps this is the point where we can find
the difference found in this study with respect to others in terms of the relationship of
previous diseases with falls.

5. Conclusions

The OPE program intervention has been proven to be effective in reducing falls in the
community-dwelling population between 65 and 80 years of age. The exercise program’s
greatest benefits were found in women and men over the age of 72 and people who
live alone.

At baseline, medications related to falls included benzodiazepines, vasodilators, and
psychotropics. At the one-year follow-up, only the relationship between antidepressants
and falls remained statistically significant.

Mental and behavioural disorders were significantly associated with falls only at base-
line, with no significant relationship found at the six months post-test and
one-year follow-up.

The intervention was associated with a decrease in falls in people who used benzodi-
azepines, vasodilators, and psychotropics, as well as in people with mental disorders.

Our results suggest that controlling for medications that are potentially related to falls
in older adults may help improve exercise intervention designs and ultimately increase
their treatment effects.
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