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Are functionality and muscle strength associated with risk and fear of falls in the
elderly?
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ABSTRACT

Objective: To investigate whether the level of functionality and muscle strength is associated with the risk of falling and the fear
of falling in the elderly. Methods: Cross-sectional study, carried out with 80 elderly, from March to August 2019, in the municipality
of Maringa, Parana, Brazil. For evaluation, the following were applied: a sociodemographic questionnaire, the WHODAS 2.0, the
International Scale for the Effectiveness of Falls, the test of getting up and sitting on the chair, the forearm flexion test, in addition
to the sitting test, walking of 2.44m and sit back. For data analysis, we used Pearson’s correlation and multiple regression analysis
(p<0.05). Results: The domains of functionality and muscle strength explain 40% of the variance of the fear of falling scores;
however, only the domains of self-care (3=0.409) and ADL (=0.379) showed a significant (p<0.05) and positive association with
the fear of falls. The domains of functionality and muscle strength explain 51% of the variance of the risk scores for falling, with
only the domain of interpersonal relationships (8=-0.340), the muscular strength of upper limbs (8=-0.512), and strength lower
limb muscle ($=-0.192) showed a significant (p<0.05) and negative association with the risk of falls. Conclusion: It is observed
that in the elderly population in question, measures of functionality and muscle strength are associated with the risk of falling
and the fear of falls.

Descriptors: Elderly; Exercise; Postural Balance; International Classification of Functioning, Disability and Health.

RESUMO

Objetivo: Investigar se o nivel de funcionalidade e a forca muscular estdo associados ao risco de queda e ao medo de cair em
idosos. Métodos: Estudo transversal, realizado com 80 idosos, de margo a agosto de 2019, no municipio de Maringa, Parana,
Brasil. Para avaliagdo, aplicaram-se: um questionéario sociodemografico, o WHODAS 2.0, a Escala Internacional de Eficécia de
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Quedas, o teste de levantar e sentar na cadeira, o teste de flexdo de antebrago, além do teste sentado, caminhada de 2,44m
e voltar a sentar. Para analise dos dados, utilizaram-se a correlagdo de Pearson e andlise de regressao multipla (p<0,05).
Resultados: Os dominios de funcionalidade e a forga muscular explicam 40% da variancia nas pontuagbes do medo de quedas,
no entanto apenas os dominios de autocuidado (8=0,409) e AVD (8=0,379) apresentaram associagdo significante (p<0,05) e
positiva com o medo de quedas. Os dominios de funcionalidade e a forca muscular explicam 51% da variadncia das pontuagcbes
do risco de queda, sendo que apenas o dominio de relagbes interpessoais (8=-0,340), a forca muscular de membros superiores
(B=-0,512) e a forga muscular de membros inferiores (8=-0,192) apresentaram associag¢ao significante (p<0,05) e negativa com
o risco de quedas. Conclusao: Observa-se que, na populagdo de idosos em questdo, as medidas de funcionalidade e a forca
muscular estao associadas ao risco de queda e ao medo de cair.

Descritores: Idoso,; Exercicio Fisico; Equilibrio postural; Classificagdo Internacional de Funcionalidade, Incapacidade e Saude.

RESUMEN

Objetivo: Investigar si el nivel de la funcionalidad y la fuerza muscular estan asociados con el riesgo de caida y el miedo de los
mayores en caerse. Métodos: Estudio transversal realizado con 80 mayores entre marzo y agosto de 2019 en el municipio de
Maringa, Parana, Brasil. Se ha aplicado para la evaluacion los instrumentos a continuaciéon: un cuestionario sociodemografico,
el WHODAS 2.0, la Escala Internacional de Eficacia de Caidas, la prueba de sentarse y levantarse de la silla, la prueba de
flexion de antebrazo ademas de la prueba sentada, la caminata de 2,44m y volver a sentarse. Se ha utilizado la correlacién de
Pearson y el andlisis de regresion multiple (p<0,05) para el analisis de datos. Resultados: Los dominios de la funcionalidad y la
fuerza muscular explican el 40% de la variancia de las puntuaciones del miedo de caidas, sin embargo, solamente los dominios
de autocuidado (8=0,409) y AVD (3=0,379) presentaron asociacion significante (p<0,05) y positiva con el miedo de caidas.
Los dominios de funcionalidad y la fuerza muscular explican el 51% de la variancia de las puntuaciones del riesgo de caida y
solamente los dominios de las relaciones interpersonales (3=-0,340), la fuerza muscular de los miembros superiores (f=-0,512)
y la fuerza muscular de los miembros inferiores (B=-0,192) presentaron asociacion significante (p<0,05) y negativa con el riesgo
de caidas. Conclusiéon: Se observa que en esa poblacién de mayores las medidas de funcionalidad y de fuerza muscular se
asocian con el riesgo de caida y el miedo de caerse.

Descriptores: Anciano; Ejercicio Fisico, Equilibrio postural; Clasificacion Internacional del Funcionamiento, de la Discapacidad
y de la Salud.

INTRODUCTION

Aging causes changes in the human organism that especially affect muscle strength, which tends to reduce,
thereby contributing to impairment in balance and functional independence!’. Strength can be understood as the
muscle’s ability to overcome resistance. Balance, on the other hand, is a component of physical fithess related to the
ability to maintain static and dynamic stability®. Functional independence is in turn related to the physical capacity
to perform functional activities which are important for maintaining daily life without depending partially or totally on
the help of third parties®.

These variables are important components of health promotion because when they are preserved, they enable
older adults to carry out their self-care and their daily activities in a safer and more effective way. When these
components are impaired, they can trigger falls, which have been the focus of several studies in recent years®“?®.

Falls are currently considered a serious public health problem and, according to data from the World Health
Organization, approximately 30% of older adults experience falls in a period of one year, which can thereby lead to
an increase in injuries, emotional disorders and death®.

Falls are related to multifactorial, intrinsic or extrinsic circumstances. Intrinsic factors are characterized by
physiological changes inherent to aging, sensory and cognitive disorders, neuromuscular disorders, and diseases that
affect balance and gait('?). As for intrinsic factors, the following should be highlighted: advanced age, comorbidities,
musculoskeletal diseases, depression, low self-efficacy to prevent falls'", and low visual acuity®. Extrinsic factors
are related to the risks offered by the environment, such as uneven surfaces, slippery floors, inadequate lighting,
stairs without handrails('?, loose carpets, and high-rise or narrow steps®.

Extrinsic factors are often related to the occurrence of a single fall as they are modifiable!'?. Intrinsic factors, on
the other hand, are not subject to change or cure (in the case of chronic diseases, for example), so they can result in
fractures, sprains, and injuries, thus leading older adults to be afraid of falling("®), which can be defined as a concern
about having a fall making older adults avoid many activities in their daily lives('¥.
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It is well established in the literature that falls have a significant impact on some aspects of an older adult’s
life as it causes losses in quality of life and high costs®®). It is estimated that approximately 70% of older adults
who have fallen in their lifetime have developed fear of falling, and the older the age, the higher the prevalence of
fear of falling, this being most predominant in women('®). Being afraid of falling affects autonomy, independence,
performance of daily activities and easily exposes older adults to social isolation, insecurity, decreased functionality
and, consequently, decreased muscle strength®.

The literature proposes that the fear of falling leads older adults to reduce the frequency and intensity of their
daily activities, which contributes to decreasing functionality and muscle strength. However, the opposite is also true,
i.e., physically inactive older adults exhibit a decrease in strength and functionality in relation to physically active
older adults. Strength and functionality are highly important for older adults as they provide evidence of their health
status and quality of life®.

Exploring the level of functionality and muscle strength and their relationship to a potential fall and fear of falling
can assist in identifying profiles of older adults who fall and are afraid of falling and designing an evaluation plan and
specific interventions. In view of the considerations outlined above, this study aimed to investigate whether the level
of functionality and muscle strength is associated with the risk of falling and the fear of falling in older adults since
the results obtained will support the development of prophylactic and interventionist measures in order to promote
older adults’ health.

METHODS

This is an analytical observational cross-sectional study that followed the procedures, steps and guidelines outlined
in the STROBE Statement. Data were collected from March to August 2019 in five gyms for seniors (Academias da
Terceira Idaede — ATI) spread across the municipality of Maringa, Parand, Brazil, at different shifts (morning, afternoon
and/or night), according to the availability of the researcher. A total of five of all ATl in the municipality were drawn
based on specific regions (north, south, east, west, and downtown).

After approaching older adults, the researcher explained the research procedures and objectives. The older
adults who agreed to participate signed an informed consent form.

The sample, chosen intentionally and conveniently, consisted of 80 male and female older adults. Older regulars
at gyms for seniors in the city of Maringa, Parana, who do not do physical exercise were included (the ATl in the
municipality do not have full-time physical education professionals available to standardize and prescribe exercises
for older adults; therefore, they are classified as places for physical activity, and not physical exercise).

It was necessary to exclude older adults with potential cognitive deficits measured by the Mini Mental State
Examination (MMSE). The cut-off values for exclusion using the MMSE were: below 17 for illiterates; 22 for older
adults with 1 to 4 years of study; 24 for those with 5 to 8 years of study, and 26 for those with 9 years or more of
study('®. The study also excluded older adults with potential dysfunctions that could interfere with their participation
in the study (understanding and response, for example) and that were flagged by the evaluators. Only two older
adults were excluded.

Data were collected through interviews conducted by the researchers, that is, the questionnaires were read to
the older adults, thereby avoiding interpretation and reading errors by the respondents. The interview with each older
adult lasted, on average, 15 minutes.

The sociodemographic and health profiles of the older adults were determined using an author-developed
questionnaire with questions on age, age range (60-70 years; 71-80 years; 81-90 years; over 90 years), sex (men;
women), marital status (with partner; without partner), monthly income in minimum wages (MW) (1-2 MW; 2.1 to
3 MW; more than 3 MW), retirement (yes; no), self-rated current health (good; fair; poor), history of falls in the last
six months (yes; no — this question asked whether the older adult had fallen in the last six months), and duration of
engagement with ATI activities (less than 3 months; 3 months to 1 year; 1-5 years; more than 5 years).

Fear of falling was assessed using the Falls Efficacy Scale International (FES-I). This questionnaire assesses 16
domains and different ADL with four possible responses and respective scores ranging from one to four (“not at all
concerned” to “extremely concerned”). The total score can range from 16 to 64, from absence of concern to extreme
concern, respectively, in relation to falls during the activities specified in the questionnaire!'”.
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Functionality was assessed using the WHO Disability Assessment Schedule (WHODAS 2.0). This instrument
assesses functionality in six domains of activity, namely cognition, mobility, self-care, interpersonal relationships,
daily activities, and participation, based on 12 questions. Each item assesses the degree of difficulty in carrying out
activities that the older person has faced in the previous month. Each question has a Likert scale of scores ranging
from 0 (no difficulty) to 4 (extreme difficulty). The sum of the two questions from each domain results in a final score
ranging from 0 to 8. Higher scores indicate greater difficulty (inability) in performing activities in the assessed domain(®).

Upper limb muscle strength was also assessed by the elbow flexion test and lower limb muscle strength was
assessed by the sit to stand test. This test consists of sitting and then walking for 2.44 m and then sitting down again
to assess physical mobility — speed, agility and dynamic balance!'?.

Descriptive analysis was performed using measures of central tendency (mean) and dispersion (minimum,
maximum, standard deviation, asymmetry, and kurtosis) to describe the study variables. Pearson’s correlation
was used to check for correlations between functionality, muscle strength, risk of falling and fear of falling. Multiple
regression analysis was used to determine whether muscle strength and functionality predicted fear and risk of falls.
Two models were built to assess how functionality and muscle strength domains (independent variables) predicted
risk of falling (Model 1) and fear of falling (Model 2). All independent variables were included in the model in the
same block and the data were tracked to ensure that the assumptions of normality, linearity, multicollinearity and
variance-covariance homogeneity were met©?. There were no strong correlations between the variables that indicated
multicollinearity problems (variance inflation factors <5.0). All the analyses were performed in SPSS version 22.0.

This study was approved by the research ethics committee of the Maringa Metropolitan University Center (Centro
Universitario Metropolitano de Maringa) (Approval No. 3.632.033/2019).

RESULTS

Among the 80 older adults who participated there was a predominance of women (63.7%), people living with a
partner (69.2%), people aged 60-70 years (62.5%), monthly income of at least two minimum wages (62.5%), and
retirees (65.0%) (Table I). Most of the older adults rated their health as fair/poor (56.3%), had no history of falls
(63.7%), and have been attending ATlIs for more than 1 year (73.3%) 2 times or more per week (76.0%).

The results presented in Table |l depict the descriptive values of the functionality domains, the upper and lower
limb muscle strength, the fear of falling, and the risk of falling among older adults.

As shown in Table Ill, the following significant correlations were found (p<0.05): fear of falling with cognition
(r=0.56), mobility (r=0.50), self-care (r=0.58), ADL (r=0.59), social participation (r=0.51). It was moderately correlated
with total functionality score (r=0.60) and weakly moderated with interpersonal relationships (r=0.42).

As for risk of falling, it was significantly correlated (p<0.05) with mobility (r=0.40), ADL (r=0.33), social participation
(r=0.35), and total functionality score (r=0.31) and moderately correlated with upper limb (r=-0.59) and lower limb
(r=-0.62) muscle strength.

The results obtained (Table 1V) indicate that the domains of functionality and muscle strength explain 40% of
the variance of the fear of falling scores. However only self-care (3=0.409) and ADL (=0.379) were significantly
(p<0.05) and positively associated with fear of falling. It should be noted that that worse functionality scores in the
aforementioned domains is associated with worse fear of falling scores among older adults (Table V).

The results shown in Table V indicate that the domains of functionality and muscle strength variables explain
51% of the variance of the risk of falling scores, but only interpersonal relationships (f=-0.340) and upper limb (3=-
0.512) and lower limb ($=-0.192) muscle strength were significantly (p<0.05) and negatively associated with risk of
falling. It should be noted that the greater the muscular strength, especially of the upper limbs, the lower the risk of
falling among older adults. It is also noted an inversely proportional association between interpersonal relationships
and risk of falling, that is, the increase in the score of this domain (worse functionality) leads to a reduction in the
risk of falling (lower risk).
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Table | - Profile of older adults attending AT in the municipality of Maringa, Parana, Brazil, 2019.

Variables n %
Sex

Men 29 36.3

Women 51 63.7
Marital status®

With a partner 54 69.2

Without a partner 24 30.8
Age range

60-70 years 50 62.5

over 70 years 30 37.5
Monthly income?

1-2 MW 18 37.5

2.1-3 MW 11 22.9

More than 3 MW 19 39.6
Retired?

Yes 52 65.0

No 25 35.0
Self-rated health

Good 35 43.8

Fair/poor 45 56.3
Falls in the past 6 months

Yes 29 36.3

No 51 63.7
Weekely attendance to ATI?

1-2 times 18 24.0

2-3 times 37 49.3

More than 3 times 20 26.7
Duration of enroliment?

Up to 1 year 20 26.7

1.1-5 years 30 40.0

More than 5 years 25 33.3

a: Variables in missing cases; AT|: academias da terceira idade (gyms for seniors); MW: minimum wage

Table Il - Analysis of the research variables. Maringa, Brazil, 2019.

Variables Minimum Maximum x (sd)

Functionality

Cognition 2.00 8.00 2.84 (1.24)
Mobility 2.00 8.00 3.15 (1.49)
Selfcare 2.00 6.00 2.45 (0.87)
Interpersonal relationships 2.00 7.00 2.53 (0.95)
Activities of daily living 2.00 8.00 2.83 (1.30)
Social participation 2.00 6.00 2.70 (1.05)
Total score 12.00 41.00 16.49 (5.99)
Upper limb muscle strength (epetitions) 18.00 27.00 23.07 (1.88)
Lower limb muscle strength (.petitions) 10.00 20.00 15.91 (2.11)
Fear of falling 16.00 56.00 25.55 (8.14)
Risk of falling 4.00 10.00 6.61 (1.45)

X: mean; sd: standard deviation.
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Table Il - Correlation between functionality, muscle strength, fear of falling, and risk of falling in older adults. Maringa,
Parana, Brazil, 2019.

Variables Functionality Muscle strength Falls
1 2 3 4 ) 6 7 8 9 10 11

Functionality

1. Cognition 0.65* 0.74* 0.61* 0.80* 0.78* 0.85* -0.11 -0.10 0.56* 0.17
2. Mobility 0.62* 0.51* 0.76* 0.77* 0.87° -0.33* -0.40* 0.50* 0.40*
3. Selfcare 0.61* 0.73* 0.74* 0.74* 0.03 -0.13 0.58* 0.15
4. Interpersonal relationships 0.55* 0.54* 0.67* -0.05 0.01 0.42* -0.01
5. ADL 0.89* 0.85* -0.17 -0.32* 0.59* 0.33*
6. Social participation 0.85* -0.22* -0.30* 0.51* 0.35*
7. Total score -0.25* -0.23* 0.60* 0.31*
8. UL MS 0.45* -0.11 -0.59*
9.LL MS -0.17  -0.62*
10. Fear of falling 0.19

11. Risk of falling

Significant correlation: *p<0.05; Pearson’s correlation; ADL: activities of daily living; MS: muscle strength; UL: upper limb; LL:
lower limb

Table IV - Multiple regression analysis using functionality domains and muscle strength as predictors of fear of
falling in older adults. Maringa, Parand, Brazil, 2019.

Variables Standardized B Adjusted R? p VIF DW
Cognition 0.072 0.702 4.295

Mobility -0.139 0.392 3.155

Selfcare 0.409 0.005* 2.645
Interpersonal relationships 0.034 0.40 0.794 2.389 1.81
Activities of daily living 0.379 ’ 0.047* 4.495 '
Social participation -0.053 0.785 4.491

UL MS 0.025 0.798 1.824

LL MS 0.112 0.309 2.164

Significant association: *p<0.05; Multiple regression analysis; VIF: Variance Inflation Factors; DW: Durbin-Watson; MS: muscle
strength; UL: upper limb; LL: lower limb

Table V - Multiple regression analysis using functionality domains and muscle strength as predictors of the risk of
falling in older adults. Maringa, Parana, Brazil, 2019.

Variables Standardized B Adjusted R? p VIF DW
Cognition 0.082 0.626 4.384
Mobility 0.075 0.606 3.396
Selfcare 0.161 0.208 2.588
Interpersonal relationships -0.340 0.51 0.004* 2.156 1.86
Activities of daily living 0.239 0.195 4.434
Social participation -0.077 0.662 4,727
UL muscle strength -0.512 0.001* 1.239
LL muscle strength -0.192 0.048* 1.576

Significant association: *p<0.05; Multiple regression analysis; VIF: Variance Inflation Factors; DW: Durbin-Watson; UL: upper
limb; LL: lower limb

DISCUSSION

The main results of the study pointed out that a worsening of functionality, self-care and performance in ADL
predicts fear of falling among older adults. The greater the muscle strength, the lower the risk of falling among older
adults. Additionally, the worse the functionality in interpersonal relationships, the lower the risk of falling.

With regard to the impact of muscle strength on the risk of falling in older adults, researchers®" suggest that the
reduction in muscle strength in upper limbs and lower limbs becomes more pronounced from the sixth decade of
life, with such reduction being more expressive in the lower limbs. Another study concluded that decreased muscle
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strength was associated with the occurrence of falls in the last year in the older adults assessed. Deficit in postural
balance in older adults can hinder rapid recovery in the face of minor postural disturbances, thereby making them
more susceptible to falls®?). The strength of lower limbs is closely related to balance capacity®®, which prevents the
individual from falling.

On the matter, a study that compared balance and maximum strength of the lower limbs in older adults doing
weight training, older adults doing water aerobics and inactive older adults found that maximum strength of the
lower limbs was directly proportional to functional and dynamic balance®. Other researchers found that older adults
who had not fallen had a better level of lower limb strength compared to older adults who had fallen®®. In addition,
a literature review found that lower limb muscle strength reduces the occurrence of falls in older adults, and older
adults with a better level of muscle strength also have a better balance, which is a factor that also contributes to a
reduction in falls®®.

In the present study, it was also observed that worse the functionality of interpersonal relationships, the lower
the risk of falls in older adults. This finding is controversial as older fallers have a tendency to social withdrawal and
depression. Confinement and restriction to the bedroom, for example, end up being a way to avoid further falls and
hence the cycle of reduction of interpersonal relationships ends up being perpetuated. It should be noted that the
occurrence of falls has complex consequences®. These consequences affect the physical, emotional, psychosocial
and family domains and can cause depression, hospitalization and even death®.

In the present study, the worsening of functionality in ADL and, therefore, self-care was able to predict the worsening
of fear of falling in older adults. ADL refer to the tasks necessary for body care or self-preservation, and self-care.
Self-care is an important concept within older adults’ health. It is understood that older adults capable of carrying
out their self-care efficiently have a good general aspect of health and even the preservation of their cognition©”.

Performing ADL suggests a considerable state of preservation of muscle strength and balance. Therefore, it
can be inferred that avoiding ADL or even failing to perform them suggest that the older adults are trying to protect
themselves from a potential fall or that their motor skills are showing deficits that make it impossible to perform some
daily tasks. It is worth mentioning that ADL are used to measure functional capacity. In the present study, in addition to
being associated with fear of falling, they also suggest a negative impact on functions, body structure and cognition®®".

From a health promotion perspective, which spans primary care and also public policies and technical issues
surrounding the health-disease-care process, it is possible to say that falls are a negative outcome of a cascade of
harmful effects on the organism®®. The economic impact of falls generates high costs®**%), Avoiding such deletion
and, therefore, falls will require the articulation of technical, personal, political and community resources®®.

Therefore, it must be pointed out that falls constitute a public health problem that has significant impacts on the
functionality and physical and mental health of older adults. Furthermore, they may also affect their interpersonal
relationships and the environment in which they are inserted.

Some limitations of the present study must be considered, including its cross-sectional design, which does
not allow exploring cause-and-effect relationships between the variables of interest. In addition, some evaluation
measures were collected through questionnaires and not through objective measurement, which may partially affect
the reliability of the collected data. Finally, the presence of morbidities in the older adults was not evaluated, which
can impact the results related to functionality, strength, and falls.

CONCLUSION

Measures of functionality and muscle strength have been found to be associated with the risk of falling and with the
fear of falling in the older population studied.
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