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Abstract

Introduction: Falls are multifactorial and are related to the aging process, reduced functional capacity, 
comorbidities, sensory deficits, muscle weakness, postural instability and decreased protective response. 
Objective: To verify the correlation between physiological risk of falls and physical and aerobic capacity 
of the community-dwelling elderly. Method: Participated elderly individuals from the community, aged 
≥65 years, without distinction of sex, race, and/or social class. We excluded cognitive impairments, loco-
motion incapacity, neurological diseases or sequelae, and/or severe pain that prevented the performance 
of the tests. We evaluated risk of falls (Physiological Profile Assessment - PPA), physical capacity (Short 
Physical Performance Battery - SPPB) and aerobic capacity (Shuttle Walk Test - ISWT). Results: Participated 
59 elderly (71.8±5.0 ys). The mean performance in PPA was 0.4±0.4; SPPB was 10.4±1.7 and ISWT was 
281±111.7 meters. PPA presented a moderate and statistically significant correlation (P<0.001) for SPPB 
(r= -0.53) and ISWT (r= -0.46). Conclusion: There is a moderate correlation between the physiological risk 
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of falls (PPA) and functional (SPPB) and aerobic capacity (ISWT). Preventive measures to reduce the risk of 
falls should include strategies to increase functional and aerobic capacity. It is suggested the systematic use 
of SPPB in clinical practice.

Keywords: Accidental Falls. Aged. Physical Functional Performance. 

Resumo

Introdução: Quedas são multifatoriais e estão relacionadas com o processo de envelhecimento, redução da 
capacidade funcional, presença de comorbidades, déficits sensoriais, fraqueza muscular, instabilidade postural 
e redução da resposta protetora. Objetivo: Verificar a correlação entre risco fisiológico de quedas e capaci-
dade física e aeróbica em idosos comunitários. Método: Participaram idosos da comunidade, com 65 anos e 
mais, sem distinção de sexo, raça e/ou classe social. Excluiu-se aqueles com déficit cognitivo, incapacidade de 
locomoção, doenças e sequelas neurológicas e, dor que incapacitasse a realização dos testes. Avaliou-se risco 
de quedas (Physiological Profile Assessment - PPA), capacidade física (Short Physical Performance Battery 
- SPPB) e capacidade aeróbica (Incremental Shuttle Walk Test - ISWT). Resultados: Participaram 59 ido-
sos (71,8±5,0 anos). A performance média no PPA foi 0,4±0,4; no SPPB foi 10,4±1,7 e no ISWT foi 281±111,7 
metros. PPA apresentou uma negativa, moderada e estatisticamente significante correlação (p<0.001) com 
o SPPB (r= -0,53) e ISWT (r= -0,46). Conclusão: Medidas preventivas para reduzir o risco de quedas devem 
incluir estratégias para aumentar capacidade funcional e aeróbica. Sugere-se ainda, o uso do SPPB na prática 
clínica, como medida de rastreio.

Palavras-chave: Acidentes por Quedas. Idoso. Desempenho Físico Funcional.

Introduction
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Falls can be defined as unintended movements 
to a lower level than the level a person was at pre-
viously [1,2]. The World Health Organization states 
that approximately 28-35% of elderly people over 65 
years suffer at least one fall per year [3]. Their causes 
are multifactorial and closely related to the aging 
process, due to reduced functional capacity, pres-
ence of comorbidities, sensorial and visual deficits, 
muscle weakness, postural instability, and increased 
protection response time [3-5].

Thus, falls are considered one of the biggest pub-
lic health problems for the elderly population, being 
responsible for the high social and economic cost for 
the country [1-5]. The elderly who fall are subject 
to deleterious, physical, psychological, and social 
consequences [4,5]. The literature points several 
negative health outcomes as a consequence of falls 
[1-5]. In addition, depression and increased restric-
tion of activities and mobility may occur, as well as 
increased mortality [4].

Similarly, loss of functional and aerobic capacity 
has also been reported in the literature, with the 
aging process. In fact, these phenomena are widely 

studied as it has been shown to be associated with 
various health outcomes [1-5]. However, there is still 
no evidence of single causal factor. Most of the time, 
an association of these outcomes is pointed out and 
this interrelation between functionality and falls can 
help identify important factors for the prevention 
of falls [4,5].

Therefore, changes in functionality may con-
tribute to various health outcomes and may be con-
sidered markers for aging. It is known that elderly 
people with functional loss eventually become more 
dependent and increasing costs with health and care. 
In addition, the greater dependence ends up contrib-
uting to a lower quality of life [4-6].

Besides this, age-related physiological changes in 
the cardio respiratory system associated with physi-
cal inactivity may result in complications, such as 
postural hypotension, cardiac arrhythmias, weak-
ness, and dizziness, causing changes during gait, loss 
of balance, increasing the fall risk and compromising 
the individual’s functionality of the cardio respira-
tory system [7,8]. In this context, previous studies 
have shown that older people with poor performance 
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on the SPPB have more falls [9,10]. However, no stud-
ies evaluated the correlation between SPPB and the 
physiological risk of falls (measured by the PPA) in 
the Brazilian elderly population. Moreover, despite 
the evidence that falls have a great impact on func-
tionality, information regarding the relationship with 
aerobic capacity is still scarce, particularly in the 
Brazilian population, especially when considering 
the physiological risk.

In this context, the aim was to verify the correla-
tion between physiological risk of falls, the physical 
and aerobic capacity in the elderly community.

Method

This is an exploratory cross-sectional observational 
study, part of the multicenter project approved by the 
research ethics committee of the institution under 
the protocol CAAE 14129513.7.1001.5149. The con-
venience sub-sample comprised elderly individuals 
from the community, aged ≥65 years, without distinc-
tion of sex, race, and/or social class. The elderly who 
agreed to participate in the study signed the informed 
consent form.

We excluded the elderly with cognitive impairments 
evaluated through the Mini-Mental State Examination 
according to the level of education [11]. Elderly people 
with locomotion incapacity, neurological diseases or 
sequelae, and/or severe pain that prevented the per-
formance of the tests were also excluded.

Measuring instruments

To characterize the sample population, a struc-
tured questionnaire was used by the researchers 
with sociodemographic data, life habits, and func-
tional information.

Physical capacity

The Short Physical Performance Battery (SPPB) 
is an assessment that can be used to evaluate a per-
son’s physical capacity with a combination of tests 
evaluating domains of balance, lower limb strength, 
and gait speed. The SPPB as being predictive of the 
health status, functional capacity, hospitalization, in-
stitutionalization, and mortality of the individual and 
is also suggestive of fall risk [9,12,13]. This battery of 
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tests is simple, without financial burden, and can be 
performed at clinics, hospitals, or homes. The SPPB 
already validated for the Brazilian population, was 
used [10,12]. The score of each test ranges from 0 
to 4 points and the total score was obtained by add-
ing the scores of each test, ranging from 0 for worst 
performance and 12 for best performance. The SPPB 
scores between 0 and 3 points indicate inability or 
very poor performance; 4 to 6 points indicate poor 
performance; 7 to 9 points indicate moderate per-
formance; and 10 to 12 points indicate good perfor-
mance [10,12].

Aerobic capacity

The Incremental Shuttle Walk Test (ISWT) is a 
test capable of assessing sub maximal efforts of the 
individual, is easy to perform and use in clinical prac-
tice, presents reliable results, and has been validated 
to evaluate aerobic capacity in the Brazilian elderly 
population [14-17]. Their low performance was asso-
ciated with a reduction in balance [18]. The individual 
is instructed to walk a 10-meter flat course containing 
a cone at each end and then is instructed to increase 
his/her speed after the beep. Interruption of the test 
occurs in case of fatigue, limiting pain, heart rate (HR) 
increase of 85% of maximum HR, or in the case in 
which the participant fails to reach two cones con-
secutively. The results are reported by the distance 
traveled and the time spent in performing the test 
[15,16,19].

Fall risk

The Physiological Profile Assessment (PPA) is a 
tool which is considered to be the gold standard for 
measuring and identifying the physiological risk of 
falls in the elderly with 75% accuracy [6]. Previous 
studies have shown good reliability in evaluating 
the physiological risk of falls in the Brazilian elderly 
population [20]. We used the short version of the 
PPA [6] which consists of five tests: sensitivity to vi-
sual contrast as measured by the Melbourne Edge 
Test, proprioception as measured by the alignment 
of the lower limbs on a millimeter acrylic board, 
muscle strength of the knee extensors by means of 
a mechanical dynamometer, and reaction time (in 
milliseconds) of the hand using an electronic timer 
that was triggered by pressure on a mouse when a 
red light came on (Figure 1). Postural oscillation was 
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measured using an oscillometer attached to the waist 
of individuals who were standing on a foam board 
[6,20].

Figure 1 - Tests that make up the Physiological risk of falls 
(PPA) — proprioception as measured by the alignment of the 
lower limbs on a millimeter acrylic board; muscle strength of 
the knee extensors by means of a mechanical dynamometer. 
Note: Adapted from Lord et al. [6].

Results of the five tests were entered into a software 
program (Fall Screen®) and adjusted for the sex and age 
of the participant compared and normalized using data 
from previous large-scale studies. The program calculates 
the fall risk using an algorithm. The tests and their psy-
chometric properties were validated as good psychomet-
ric properties [6]. After the analysis, the results were pre-
sented in graph form indicating the classification of the 
overall physiological risk of falls and their performance 
on each test. The overall score indicating the physiological 
risk of falls is: <0 low; 0–1 mild; 1–2 moderate; and >2, 
high fall risk [6,20]. 

Statistical analysis

The number of participants in the sample was 
based on previous studies with the physiological risk 
of falls of the elderly in the community, where a pilot 
study was carried out with 10 healthy individuals. 
Using the mean and standard deviation of the results, 

the effect size index values (d) were calculated for 
each variable. The significance level 0.05 was used, 
and estimated sample sizes for the Power values were 
equal to 0.80. According to the effect size calculation, 
the domain that presented the smallest magnitude 
and consequently, the largest sample size, was the fall 
risk. Therefore, this domain was used as the reference 
for estimating the study sample size. The number of 
participants (n) for the study was 52 individuals [21]. 
The descriptive analysis was used to characterize 
the sample. The normality of the data was verified 
using the Shapiro Wilk test. The correlation between 
the variables was made by the Pearson correlation 
coefficient for the data with normal distribution and 
Spearman's test for data with non-normal distribu-
tion. The significance level considered for the vari-
ables was 5% with a 95% confidence interval. The 
Statistical Package for the Social Sciences-SPSS (IBM 
SPSS Data Collection) version 19.0 was used.

Results

Fifty-nine community-dwelling elderly (aged 
71.8±5.0 years) participated; mean schooling was 
6.8±4.1 years of study. Mean number of medications 
used was 3.8±2.7. Table 1 shows other sociodemo-
graphic data of the sample and life habits.

Table 1 - Descriptive analysis of the sample of community-
dwelling elderly participants (n=59)

Variable Frequency Percentage 
(%)

Sex

Female 52 88.1

Male 7 11.9

Civil state

Married 22 37.3

Single 14 23.7

Divorced 5 8.5

Widow (er) 18 30.5

Education

illiterate 3 5.1

1 to 4 years 24 40.7

5 to 8 years 17 28.8

9 to 12 years 9 15.3

More than 12 years 6 10.2

Lives with
(to be continued)



Fisioter Mov. 2020;33:e003342                                                                                                                                           

Physiological risk of falls, physical and aerobic capacity in community-dwelling elderly
5

Spouse 22 37.3

Children or stepchildren 19 32.2

Alone 10 16.9

Grandchildren 1 1.7

Other relatives 6 10.2

People outside the family 1 1.7

Smoking

No 57 96.9

Yes 2 3.4

Alcoholism

No 43 72.9

Yes 16 27.1

Physical activity

No 30 50.8

Yes 29 49.2
Subjective well- 
being of health
Good health 38 64.4

Fair, more or less 19 32.2

Bad 2 3.4
History of Falls -  
Last six months
No 48 81.4

Yes 11 18.6

Note: time since stroke in months (T Stroke); body mass index 

(BMI); Barthel’s index (BI); Mini-Mental State Examination (MMSE); 

peak expiratory flow L/min (PEF); maximum inspiratory pressure in 

cmH2O (MIP); maximum expiratory pressure in cmH2O (MEP), IBI 

expiratory peak (E-IBI); IBI inspiratory peak (I-IBI); standard devia-

tion (SD); n: total sample. 

Regarding the classification for the physiological 
risk of falls evaluated by the PPA, 44.1% of the sample 
presented a mild physiological risk of falls, and only 
3.4% of the participants presented a marked fall risk. 
The overall mean score in the PPA scores was 0.4±0.4. 
Table 2 shows performance on the subtests. 

Most of the elderly had a good performance on the 
SPPB (76.3%), with a mean of 10.4±1.7 (range, 6-12 
points). The worst performance presented by the elderly 
in the SPPB was on the chair stand and sit test with an 
average of 2.9±1.1 points. The average distance traveled 
by participants in the ISWT was 281±111.7 meters; mean 
time to perform the test was 5.18±1.31 minutes (Table 3).

After the correlation analysis, it was found that the 
SPPB and ISWT tests had a moderate and significant 
association with PPA (Table 4).
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Table 2 - Classification of the elderly regarding the Physi-
ological Global Falls Risk and the performance in the tests 
evaluated by the PPA (n= 59)

PPA - Final classification

Classification Frequency Percentage (%)

Low 20 33.9

Mild 26 11.9

Moderate 11 18.6

High fall risk 2 3.4

Mean Standard 
deviation 

Score – Global Fall risk 0.4 0.4

Tests assessed by PPA

Vision (dB) 20.3 (19-24)*  2.3

Proprioception (°) 2.0 (0,6-2.8)* 1.0

Postural Sway (mm) 109.7 (68-178)* 50.7

Reaction time (ms) 252.6 (195-265)* 40.8

Quadriceps strength (kg) 22.0 (18-33)* 40.8
Note: * Example of normal range for elderly women aged 69-74 

years. dB: decibels; (degrees; mm: milimeters; ms: milliseconds; 

Kg: kilograms.

Table 3 - Results of the performance of the elderly in SPPB 
and ISWT (n= 59)

SPPB – Short Physical Performance Battery

Subtests SPPB Mean Standard 
deviation 

SPPB – Balance 3.6 0.7

SPPB – Gait speed 3.8 0.5

SPPB – Stand up and sit 2.9 1.1

SPPB – Total 10.4 1.7

ISWT – Incremental Shuttle Walk Test

Mean Standard 
deviation 

Gait distance (m) 281.0 111.7

Total time (min) 5.2 1.3

Note: m: meters; min: minutes.

Table 4 - Correlation analysis between PPA x SPPB and 
PPA x ISWT

Variables
PPA - Total

r P
SPPB – Total 3.6 0.7
SPPB – Balance 3.8 0.5
SPPB – Gait speed 2.9 1.1
SPPB – Stand up and sit 10.4 1.7
ISWT – Gait distance -0.46*** <0.001*
ISWT – Total time -0.46*** <0.001*

Note: * Statistically significant correlation P <0.01; ** Spearman's 

test; *** Pearson's correlation test; PPA: Physiological Profile 

Assessment; SPPB: Short Physical Performance Battery; ISWT: 

Incremental Shuttle Walk Test.

(conclusion)
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Few studies have been conducted to verify the per-
formance of the elderly on SPPB and its association with 
falls. Ward et al. [24] performed a longitudinal prospec-
tive study with a mean follow-up of 2.4 years with 755 
elderly community-dwelling Americans (aged 78.1±5.4 
years) and assessed whether physical performance as-
sessed by the SPPB was predictive of falls. The authors 
concluded that 29% of the studied sample had at least 
one episode of falling and that the low performance on 
the SPPB would not be a predictor of falls, but a score 
over 16.7 seconds, classified as 1 point, for the subtest 
of sitting and getting up from the chair for five repeti-
tions proved to be an independent predictor [24]. In 
our study, the sitting and getting up test was also the 
sub-test of the SPPB on which the elderly exhibited their 
worse performance. It is worth mentioning that the el-
derly who scored less than 3 points performed the sit 
and stand test with times greater than 13.7 seconds. 
These values are close to the predictive fall score pro-
posed by Ward et al. [24].

Similarly, Veronese et al. [25] verified the associa-
tion between SPPB performance (8.4±3.17) and pre-
vious history of falls in 2710 community-dwelling el-
derly (aged 75.5±7.4 years) from Padova, Italy in an 
observational cohort study. The authors concluded that 
lower SPPB scores were associated with a higher rate of 
falls and that the test proved to be a reliable tool in the 
evaluation of falls among the elderly. Mangani et al. [26], 
in a prospective cohort study, evaluated the history of 
falls using the SPPB in 364 elderly communities (aged 
85.9±4.9 years) from Florence, Italy and also concluded 
that the low physical performance was associated with 
the occurrences of falls among the elderly studied. Our 
results are in agreement with these authors in the same 
way as with the results of Singh et al. [14] that also cor-
related the SPPB with the physiological risk of falls as-
sessed by PPA. The authors evaluated 140 Malaysian 
community-dwelling women stratified into groups of 
high (n=18) and low fall risk (n=122) (at age 68.3±4.4 
and 65.7±4.5 years, respectively). They found a signifi-
cant negative correlation between the physiological risk 
of falls with the SPPB (r=-0.33; P>0.01) and that the 
sit-up sub-test of the SPPB showed a higher correla-
tion with the PPA tests [14]. Conversely, the SPPB is a 
multi-domain test, it allows the health professional to 
check and choose which of these domains, gait, balance, 
and muscle strength are deficient, allowing directed 
treatment to reduce the physiological risk of falls in 
the elderly.

Discussion

As a fall is multifactorial in nature, this study aimed 
to verify if any of the tests chosen with different assess-
ments, one of physical capacity (SPPB) and one of aero-
bic capacity (ISWT), had a correlation with the physi-
ological risk of falls (PPA) in the community-dwelling 
elderly. The results showed that both tests had a mod-
erate and significant correlation with PPA. Most of the 
elderly participants were women, with up to four years 
of schooling, did not use tobacco and alcohol, report-
ing good health. The same proportion of elderly people 
was married or widowed. These characteristics are in 
agreement with the literature, when they describe the 
Brazilian elderly [21]. 

Another important result was that most of the el-
derly self-participants reported not having fallen in the 
last six months. The Ministry of Health reports that we 
have a 30% rate of elderly falls in our country, based 
on population studies [3]. However, in our study, the 
rate of the elderly who fell in the last six months was 
18.6%, a lower number than that established by this 
agency [3,4]. However, the present study was not of the 
population epidemiological type but of a small sample 
of convenience, which limits the generalization of the 
results. Additionally, the time for reporting of falls was 
only 6 months. This fact may explain the difference 
found. On the other hand, the choice of using specific 
evaluation devices justifies smaller samples, supported 
by the sample calculation.

Thus, a mild physiological risk for falls was found in 
44.1% of the participants and only 3.4% of the elderly 
presented a marked fall risk. A result that is similar to 
the overall mean of Australian community-based older 
women in another study [22,23], and previous stud-
ies that also used the PPA as an identifier of the physi-
ological risk of falls in elderly patients presenting with 
comorbidities corroborate our results. Rosa et al. [21] 
evaluated 104 Brazilian community-dwelling elderly 
individuals with or without low back pain; the overall 
PPA mean for the group without back pain was 0.5±0.8. 
For those with low back pain, this index increased to 
1.6±0.7, with the conclusion that low back pain influenc-
es the physiological risk of falls. In this case, one might 
think that specific conditions may influence the physi-
ological risk of falls, which was not demonstrated in this 
study. The elderly participants in this study had no spe-
cific conditions reported; only the physiological process 
of aging, controlled, and compensated comorbidities.
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Based on the assumption that falls are multifacto-
rial events and that their physiological risk is also 
multifactorial, it is possible to deduce that the more 
domains are evaluated as proposed by the SPPB, the 
greater the chances of detecting fall risk in the elderly 
[30]. Thus, it is suggested the systematic use of SPPB 
in clinical practice.

Conclusion

Our results demonstrated that there is a moderate 
correlation between the physiological risk of falls (PPA) 
and functional (SPPB) and aerobic capacity (ISWT). 
The worst performance of the elderly in the SPPB and 
ISWT would be an alert for fall risk in the elderly, allow-
ing physical therapists preventive and rehabilitation 
measures. 
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