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Abstract

Introduction: Physical exercise is used as a strategy for the prevention of falls because it improves the 
physical fitness of older adults. Objective: To determine which components of physical fitness are 
predictors of falls in elderly female exercise practitioners. Method: Longitudinal, descriptive, comparative 
study. The components of physical fitness (upper and lower limb strength and flexibility, agility, aerobic 
endurance, and hand grip strength) and the occurrence or not of falls in the last 12 months were analyzed 
in 80 older women practitioners of exercise from 2013 to 2016. Descriptive analysis, ROC curve attributing 
cut-off points, and binary logistic regression for the prediction of falls were used. Results: The mean age of 
the participants was 67.46 years (SD=7.65). Over the years, a significant difference between elderly fallers 
and non-fallers was observed for right hand grip strength (2013 and 2015), left hand grip strength (2014 
and 2015), lower limb flexibility (2013, 2014 and 2015), agility (2015), and aerobic endurance (2015). In 
adjusted analysis, older women with poor lower limb flexibility in 2013 had a higher risk of falls in 2016 
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Introduction

The aging of the population is changing the ap-
proach to healthcare for the elderly [1]. In Brazil, the 
population has shown greater longevity, with an in-
crease of the aging index from 19.8% in 2000 to 30.7% 
in 2010 [2]. This increase was also evident in 2016. 
According to data from the Ministry of Health, Brazil 
had the largest elderly population in the world in that 
year and estimates indicate that in 2030 the number 
of older adults will exceed that of children between 0 
and 14 years of age [2].

The physiological changes that occur during aging 
can be accompanied by systemic dysfunctions that in-
terfere with the functional independence of older adults 
[3]. The latter is fundamental for the execution of basic 
and instrumental activities of daily living since changes 
in functional capacities have implications for the pre-
vention and treatment of degenerative diseases that 
increase with age [4]. 

(OR=4.98; 95%CI 1.12 – 22.1). Older women with poor flexibility in 2015 also had a higher risk of falls 
(OR= 6.08; 95%CI 1.06 – 34.67). Conclusion: Poor performance in the lower limb flexibility, right and left 
hand grip strength, agility and aerobic endurance tests was associated with falls and these components are 
predictors of future falls in elderly exercise practitioners.

Keywords: Elderly. Falls. Prognosis. Physical Fitness.

Resumo

Introdução: O exercício físico é utilizado como estratégia para prevenção de quedas, pois melhora a aptidão fí-
sica dos idosos. Objetivo: verificar quais os elementos da aptidão física são preditores de quedas em idosas que 
praticaram exercício físico. Método: Estudo longitudinal descritivo comparativo. Analisou-se os elementos da 
aptidão física (força e flexibilidade de membros superiores e inferiores, agilidade, resistência aeróbia e força de 
preensão manual) e do relato de ocorrência ou não de quedas nos últimos 12 meses, de 80 idosas que pratica-
ram exercícios físicos, no período de 2013 a 2016. Foi realizada análise descritiva, curva ROC atribuindo pontos 
de corte e regressão logística binária para predição de quedas. Resultados: A média de idade das idosas foi de 
67,46 (dp=7,65). Com os anos, as variáveis que apresentaram diferença significativa entre as idosas caidoras 
e não caidoras foram a força de preensão manual direita (2013 e 2015), força de preensão manual esquerda 
(2014 e 2015), flexibilidade de membros inferiores (2013, 2014 e 2015), agilidade (2015) e resistência aeróbia 
(2015). Na análise ajustada, as idosas com flexibilidade de membros inferiores ruim em 2013 apresentaram 
mais chances de terem quedas em 2016 (OR=4,98; 1,12 – 22,1). Em 2015, as idosas com pior flexibilidade 
também apresentaram mais chances de terem quedas (OR= 6,08; IC95% 1,06 – 34,67). Conclusão: Piores de-
sempenhos na flexibilidade de membros inferiores, força de preensão manual direita e esquerda, agilidade e 
resistência aeróbia associaram-se com quedas e são preditores de quedas futuras em idosas que praticaram 
exercícios físicos.
 
Palavras-chave: Idoso. Quedas. Prognóstico. Aptidão Física.
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The loss of functional capacity can increase the risk 
of falls and reduce the quality of life of older adults [4]. 
The main risk factors of falls in the elderly can be di-
vided into intrinsic and extrinsic factors, which include 
advancing age, sex (female), neuromuscular deficit, 
chronic diseases, a history of falls, psychocognitive im-
pairment, use of multiple medications, inadequate envi-
ronment, and functional disability [5]. Falls are caused 
by the loss of postural balance due to the inability to 
recruit neural and musculoskeletal mechanisms neces-
sary to maintain posture [5, 6]. Muscle strengthening 
exercises are one factor that needs to be trained in older 
adults in order to reduce the risk of falls [7]. Physical 
exercise plays an important role in increasing muscle 
mass and strength [8, 9]. Social activities and programs 
involving exercises contribute to the maintenance of 
this capacity and, consequently, of independence [6].
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Some studies have analyzed the relationship be-
tween physical fitness and falls in older adults [7, 10, 
11]. Physical fitness is known to decrease with ad-
vancing age [12] and exercise is used as a strategy to 
prevent falls [13, 14]. However, longitudinal follow-up 
studies of physical fitness components and respec-
tive reference values for the prediction of future falls 
in older women are still lacking. Therefore, the aim 
of this study was to determine which components of 
physical fitness are predictors of falls in elderly female 
exercise practitioners. 

Method

This was a longitudinal, descriptive, compara-
tive study that used data from the database of the 
Laboratory of Gerontology (LAGER), Center for Health 
and Sports Sciences (CEFID), State University of 
Santa Catarina (UDESC), comprising the period from 
2013 to 2016. The use of the data was authorized by 
the coordinator of the laboratory. The study was ap-
proved by the Ethics Committee on Research Involving 

Humans of UDESC (Ethical Clearance Certificate num-
ber 14957313.9.0000.0118 and Approval number 
052406/2015) according to Resolution 466/12 of the 
National Health Council. 

The study that generated the database was started 
in 2013 and involved older women participating in a 
given exercise modality of the Extension Program Study 
Group for the Elderly (GETI) of CEFID/UDESC, such as 
water gymnastics, swimming, dancing, gymnastics, 
Pilates, walking, and weight training. The first four 
modalities were offered twice a week and the last two 
three times per week, with a duration of each session 
of 50 min. The older women were followed up from 
2013 to 2016. 

The age, marital status, education level, self-reported 
disease, and body mass index (BMI) of the older women 
in 2013 were extracted from this database, as well as 
the results of each physical fitness test (exposure) per-
formed and the occurrence or not of falls in the last 12 
months (outcome) corresponding to the period from 
2013 to 2016. Women who did not participate in the 
GETI activities or who were not evaluated in any of the 
years were excluded. Thus, 80 older women partici-
pated in the study as shown in Figure 1.

Figure 1- Flow diagram of the participants through the study. 
Note: GETI – Extension Program Study Group for the Elderly. Source: The authors.
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The fitness components were analyzed using seven 
physical tests. Six of them are part of the Senior Fitness 
Test (SFT) battery [15]: chair stand (lower limbs); fore-
arm flexion (upper limbs); height/weight; sit and reach 
(lower limb flexibility); stand up from a chair, walk 2.44 
m and sit down again (agility/dynamic balance); reach 
behind the back (upper limb flexibility), and 2 minutes of 
step (aerobic endurance) as an alternative to the 6-min-
ute walk test because of time and space limitations. In 
addition, the right and left hand grip strength (kgf) of the 
participants was measured with a Saehan dynamometer 
(model SH5001) according to the recommendations of 
the American Society of Hand Therapists [16]. The tests 
were carried out in a circuit always by the same trained 
and calibrated evaluator to ensure reliability of the results. 

Data treatment consisted of descriptive statistics, cal-
culating measures of position and dispersion (numerical 
variables) or relative and absolute frequencies (categorical 
variables). The Kolmogorov-Smirnov test was applied to 
verify normality of the data. The physical fitness compo-
nents in 2013, 2014 and 2015 and the occurrence of falls 
(yes or no) in 2016 were compared between fallers and 
non-fallers by the independent t-test or Mann-Whitney U 
test depending on the distribution of the data. 

In the case of physical fitness components that differed 
between elderly fallers and non-fallers, a cut-off point with 
sensitivity and specificity was attributed to predict falls in 
2016 using ROC curves. Based on the cut-off points pro-
posed by the ROC curve, the physical fitness components 
were classified (good or poor) and binary logistic regres-
sion was performed to determine the risk of falls in 2016 
using the proposed cut-off.

Results

In 2013, the sample consisted of 80 women with a 
mean age of 67.46 years (SD=7.65). Most women were 
married (50%) and had elementary school (41.3%) and 
excess body weight (83.7%). The most reported diseases 
were arterial hypertension (37.5%) and arthrosis (25%). 
The prevalence of falls was 25% in 2014 (n=20), 17% in 
2015 (n=14), and 15% in 2016 (n=12) (Table 1).

Table 1 - Characteristics of the participants in the study

n %

Marital status (n=76)

Single 7 8.8

Married 40 50.0

Divorced 7 8.8

Widowed 22 27.5

Education level (n=75)

Elementary school 31 41.3

High school 24 32.0

Higher education 20 26.7

Self-reported diseases (n=78)

Arterial hypertension 30 37.5

Arthrosis 20 25.0

Dyslipidemia 13 16.3

Osteoporosis 9 11.3

Diabetes mellitus 6 7.5

BMI (n=79)

Normal 13 16.3

Excess 66 83.7

Prevalence of falls
(last 12 months)

2014 (n=74)

Fallers 20 25.0

Non-fallers 54 67.5

2015 (n=72)

Fallers 14 17.0

Non-fallers 58 72.5

2016 (n=73)

Fallers 12 15.0

Non-fallers 61 76.3
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Table 2 shows the comparison of physical fitness com-
ponents (2013-2015) between women who were fallers 
and non-fallers in 2016. Significant differences between 
fallers and non-fallers were observed for the following 
components: lower limb flexibility in 2013 (p=0.008), 
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2014 (p=0.007) and 2015 (p=0.028), right hand grip 
strength in 2013 (p=0.044) and 2015 (p=0.011), and 
left hand grip strength in 2014 (p=0.030) and 2015 
(p=0.044), as well as upper limb strength (p=0.013), agil-
ity (p=0.047), and aerobic endurance (p=0.032) in 2015. 

Table 2 - Comparison of physical fitness components between elderly fallers and non-fallers in 2016 (n=80)

Variable
Fallers (n=12)

Mean (SD)
Non-fallers (n=61)

Mean (SD)
p-value

Hand grip strengthkgf

Right
2013€ 18.99 (3.67) 21.62 (4.32) 0.044*
2014# 21.00 (4.81) 23.95 (4.81) 0.056
2015# 18.75 (5.82)  22.85 (4.81) 0.011* 

Left
2013€ 17.33 (4.03) 19.70 (4.47) 0.124
2014# 18.67 (3.68) 21.70 (4.44) 0.030*
2015# 18.00 (4.11) 20.92 (4.58) 0.044*

Lower limp strengthrep

2013€ 13.00 (2.70) 14.32 (3.18) 0.180
2014€ 13.33 (3.52) 12.85 (2.93) 0.922
2015€ 12.75 (2.80) 14.42 (2.88) 0.098

Upper limb strengthrep

2013#  14.33 (3.98)  16.52 (3.85)  0.078
2014# 15.58 (2.81) 15.10 (3.56) 0.658
2015# 14.00 (3.05) 16.56 (3.19) 0.013*

Lower limb flexibilitycm

2013€  -3.08 (9.95) 6.87 (9.21)  0.008*
2014€ -4.75 (8.13) 2.18 (7.71) 0.007*
2015€ -2.46 (7.77) 3.43 (8.41) 0.028*

Upper limb flexibilitycm

Right
2013#  -9.45 (9.25)  -7.60 (10.43)  0.569
2014€ -10.00 (10.66) -9.53 (12.72) 0.783
2015€  -10.13 (12.46) -10.42 (12.24) 0.876

Left
2013# -12.28 (9.33) -11.92 (9.39) 0.904
2014# -15.27 (11.15) -12.85 (10.67) 0.478
2015# -12.63 (13.90) -14.30 (11.65) 0.660

Agilitysec

2013€ 7.11 (1.35) 6.35 (1.28) 0.068

2014€ 7.11 (1.72) 6.49 (1.93) 0.164
2015€ 6.47 (1.92) 5.72 (1.82) 0.047*

Aerobic endurancem

2013€ 545.64 (38.20) 508.75 (67.28) 0.196
2014€ 494.00 (106.08) 544.70 (77.81) 0.119

2015€ 482.09 (85.25) 527.59 (59.81) 0.032*

Note: SD=standard deviation; kgf=kilogram-force; m=meter; rep=repetition; cm=centimeter; sec= second. # independent t-test; € Mann-

Whitney U test. * Significant difference at p<0.05.
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The area under the curve, cut-off point attributed, and 
its respective sensitivity (ability to detect fallers) and speci-
ficity (ability to detect non-fallers) are shown in Table 3. As 
can be seen, the cut-off points for right (19.9 kgf in 2013 
and 18 kgf in 2015) and left hand grip strength (21 kgf in 
2014 and 20 kgf in 2015) and lower limb flexibility (3 cm 
in 2013, 1 cm in 2014, and 3 cm in 2015) were similar in 
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Table 3 -  Diagnostic accuracy of physical fitness components for predicting falls in 2016

Variable Cut-off AUC Sensitivity (%) Specificity (%) p-value

Hand grip 
strengthkgf

Right

2013 19.9 0.683 58.3 75.4 0.017

2015  18  0.695  50.0  83.6 0.009

Left

2014 21 0.686 75.0 50.8 0.015

2015 20 0.680 75.0 55.7 0.019
Lower limb 
flexibilitycm

2013 3 0.745 75.0 60.7 <0.001

2014 1 0.747 91.7 49.2 <0.001

2015 3 0.702 83.3 50.8 0.006
Upper limb 
strengthrep  

2015 16 0.720 91.7 55.7 0.002

Agilitysec

2015 6.31 0.682 50.0 85.2 0.045

Aerobic endurancem

2015 485 0.697 75.0 83.6 0.008

Note: kgf=kilogram-force; cm=centimeter; rep=repetition; sec=second; m=meter.

the years analyzed. In addition, right hand grip strength 
(75.4% in 2013 and 83.6% in 2015), agility (85.2% in 
2015), and aerobic endurance (83.6% in 2015) provided 
the best specificity. The best sensitivity was obtained for 
left hand grip strength (75  in 2014 and 2015), lower limb 
flexibility (75% in 2013, 91.7% in 2014, and 83.3% in 
2015), and upper limb strength (91.7% in 2015). 

Adjusted analysis (Table 4) showed that older 
women with poor lower limb flexibility in 2013 
(OR=4.98; 95%CI 1.12 – 22.1) and 2015 (OR=6.08; 
95%CI 1.06 – 34.67) had a higher risk of falls in 

2016 when compared to women with good flex-
ibility. The remaining fitness components were no 
longer associated with the outcome (falls in 2016) 
after adjusted analysis. 

Table 4 - Descriptive, bivariate and adjusted analysis of falls in 2016 among elderly exercise practitioners from Florianópo-
lis, SC (n=80)

Fallers
n (%)

Non-fallers
n (%)

Crude OR
(95%CI)

Adjusted OR¥
(95%CI)

2013
Right hand grip 

strengthkgf

Poor 7 (31.8) 15 (58.2) 4.29 (1.18 – 15.5) 3.27 (0.82 – 13.0)

Good 5 (9.8) 46 (90.2) 1 1

Lower limb flexibilitycm

Poor 9 (27.3) 24 (72.7) 4.62 (1.13 – 18.8) 4.98 (1.12 – 22.1)

Good 3 (7.5) 37 (92.5) 1 1

(to be continued)
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2014
Left hand grip 

strengthkgf

Poor 8 (22.2) 28 (77.8) 2.35 (0.64 – 8.6) 2.29 (0.56 – 9.23)

Good 4 (10.8) 33 (89.2) 1 1

Lower limb flexibilitycm

Poor 10 (26.3) 28 (73.7) 5.89 (1.19 – 29.1) 4.98 (0.96 – 25.7)

Good 2 (5.7) 33 (94.3) 1 1

2015
Left hand grip 
strengthkgf

Poor 9 (25.0) 27 (75.0) 3.77 (0.93 – 15.33) 2.94 (0.69 – 12.43)

Good 3 (8.1) 34 (91.1) 1 1
Right hand grip 
strengthkgf

Poor 6 (37.5) 10 (62.5) 5.10 (1.36 – 19.07) 1.05 (0.96 – 1.14)

Good 6 (10.5) 51 (89.5) 1 1

Lower limb flexibilitycm

Poor 10 (25.0) 30 (75.0) 5.16 (1.04 – 25.56) 6.08 (1.06 – 34.67)

Good 2 (6.1) 31 (93.9) 1 1

Agilitysec

Poor 6 (40.0) 9 (60.0) 5.77 (1.52 – 21.94) 4.54 (0.85 – 24.25)

Good 6 (10.3) 52 (89.7) 1 1

Aerobic endurancem

Poor 9 (47.4) 10 (52.6) 15.30 (3.51 – 66.6) 14.79 (2.84 – 77.04)

Good 3 (5.6) 51 (94.4) 1 1

Note: OR=odds ratio; 95%CI=95% confidence interval; kgf=kilogram-force; cm=centimeter. ¥ Adjusted for self-reported disease, body mass 

index, and age.

Discussion

This study aimed to predict the occurrence of falls 
in older women who exercised in 2016 based on physi-
cal fitness components (hand grip strength, upper and 
lower limb strength, upper and lower limb flexibility, 
agility, and aerobic endurance) in 2013, 2014 and 2015. 
The results showed that hand grip strength (right and 
left), lower limb flexibility, and aerobic endurance exhib-
ited good specificity and sensitivity. However, when the 
cut-off points were used to verify the risk of falls, only 
lower limb flexibility was associated with falls. 

Identification of risk factors and predictors of 
falls in the female elderly population is important as 
the prevalence of falls in community-dwelling older 

woman ranges from 21% to 46% [17, 18]. This preva-
lence is 22.2% among older adults participating in 
physical activities and the recurrence of falls is 30% 
among community-dwelling Latin American older 
adults [9, 11, 18]. Although we did not analyze the 
recurrence of falls, their prevalence decreased from 
2014 (25%) to 2016 (15%). These findings support 
evidence that physical exercise is a useful approach to 
prevent falls in older women [13].

Elderly non-fallers scored better in the physical 
fitness components than fallers, a fact demonstrating 
the importance of creating strategies that reduce risk 
factors for falls [17]. Physical fitness is important and 

(conclusion)
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is linked to risk factors for falls since the loss of some 
physical functions due to aging or disease can predict 
how much the older adult is susceptible to falling [18]. 

The results of this study indicate low hand grip 
strength as a factor to identify older women at risk of 
falls within 2 years. A prospective cohort study involv-
ing older adults from Tasmania also found that hand 
grip strength and BMI can predict the risk of death 
from falls in older adults [19].

The present study shows that older women with 
poor lower limb flexibility are at a higher risk of falling 
than those with good lower limb flexibility. This find-
ing agrees with the observation that there is a loss of 
flexibility with advancing age [12]. This loss is related 
to shortening of the hip flexors, which causes difficul-
ties in daily activities and affects the gait pattern of 
older adults. Within this context, the components of 
physical fitness, including flexibility, influence stride 
length, which is the best indicator of gait variability 
in older adults [20]. 

In this study, only agility and aerobic endurance 
obtained in 2015 predicted falls, suggesting that these 
fitness components are associated with a more latent/
acute type of falls. These two tests measure the abil-
ity to walk faster (agility) and over a longer distance 
(resistance). These variables are influenced by other 
factors such as strength. In the case of older adults, 
the ability to walk declines because of the latency in 
muscle activation for postural adjustments, which de-
creases the ability to maintain postural balance [21, 
22]. This fact suggests that the declines in physical 
fitness components for the prediction of falls are inter-
related, starting with strength and flexibility, followed 
by agility and aerobic endurance. Taken together, the 
findings show that exercise is an important factor for 
improving the physical fitness of older adults. A study 
[14] on Korean older adults with a history of falls 
submitted to a 12-week exercise program focusing 
on flexibility, balance, muscle strength and resistance 
showed improvement in functional capacity and in 
the fear of falling.

The findings of the present study suggest that falls 
can be predicted based on physical fitness variables, 
even in elderly exercise practitioners, since women 
who reported more falls exhibited poor performance 
in the hand grip strength, lower limb flexibility, agility, 
and aerobic endurance tests. Thus, physical exercises 
help reduce the gradual decline of physical fitness 
components, which can change life habits and daily 
routines of older adults [23]. Exercise programs are 

therefore important to improve or maintain physical 
fitness of the female elderly population, with fitness 
components being fundamental for predicting falls in 
older women [9, 10, 13, 24]. In 2001, the American and 
British Geriatrics Societies [25] updated the guidelines 
for the prevention of falls in the elderly population. 
Among the items, numerous exercises can be useful 
to prevent falls, including balance, strength, flexibility, 
Tai Chi and cardiovascular resistance exercises and 
physical training carried out in individual and group 
sessions [26, 27]. 

This study has several strengths, including the 
follow-up of the sample for 4 years and the fact that 
the participants continued in the exercise program, 
which permitted to demonstrate a decrease in the 
long-term prevalence of falls. In addition, this study 
suggests cut-off points of some fitness components 
for this population. However, some limitations must 
be mentioned such as the self-report of falls, which 
may lead to underreporting by the older adults, as well 
as the lack of adjusting for other risk factors such as 
age, environmental factors and cognitive condition, 
which also interfere with falls. In addition, the fact that 
the sample was intentional implies that these findings 
cannot be extrapolated to other populations. On the 
other hand, the sample size was sufficient to reinforce 
the efficacy of the exercise program in improving and 
maintaining physical fitness to predict the risk of falls.

Conclusion

Poor performance in the lower limb flexibility, right 
and left hand grip strength, agility and aerobic endur-
ance tests was associated with falls and these compo-
nents are predictors of future falls in elderly exercise 
practitioners. Considering the relevance of this topic 
and its relationship with the aging process, additional 
studies that include other variables such as body com-
position and cognitive capacity are necessary to accu-
rately predict the physical, biological and behavioral 
characteristics of the individual. We thus suggest that 
future studies use a larger sample size and compare 
the predictive ability of physical fitness components 
between older women practitioners of exercise and 
non-practitioners. In addition, it is necessary to de-
termine the direct and indirect relationship between 
physical fitness components in the prediction of falls 
using structural equations. 
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