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Abstract

Introduction: The Timed Up and Go (TUG) is a test widely 

used to assess the risk of falls in older adults. Although it 

is a complex task, only the total TUG time has been used 

for evaluation. The widespread use of smartphones has 

provided the development of applications for monitoring 

diagnostic procedures. Objective:  To analyze the ability 

to predict future falls in older adults. Methods: A cohort 

study (1 year) of 42 participants using the sTUG Doctor. 

Fall events during 1-year follow-up were monitored by 

telephone. The number of days between assessment and 

first fall or last contact was calculated for survival analysis, 

assessed by unadjusted and adjusted Cox proportional 

hazards regression models. Tests with p <5 % were 

considered statistically significant and between 5% and 

10% were indicative of significance (Epi-Info™ 7.2). 

Results: Falls were observed in 22 (52.38%) participants 

(fallers). The results indicated that cognitive impairment, 

depressive symptoms, women, and participants with fear 

of falling (FES-I)  were more likely to fall. Fallers performed 

worse on all sTUG Doctor phases. Hazard ratios for 

predicting falls were significant for total TUG time (1.35; 

p = 0.029) and total number of steps (1.52; p = 0.057). 

Total TUG time remained significant when adjusted for 

sex, age group, FES-I, and depression level. Conclusion: 

The sTUG Doctor was an important tool to predict falls in 

community-dwelling older adults.
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Introduction

The sensory system is responsible for starting the 

process of developing human body balance and is one 

of the first systems to undergo changes with the aging 

process.1 With aging, the human sensory system is 

affected by reduced functional reserve in older people 

and by the diseases that frequently affect this age group. 

Thus, several stages of postural control are altered, 

reducing the compensatory ability to maintain balance 

and, consequently, favoring postural disorders.2

Along with aging, the musculoskeletal system also 

undergoes physiological changes that compromise 

its functioning. These changes are characterized by 

a decline in physical capacity related to decreased 

muscle strength, flexibility, agility, coordination, and joint 

mobility, which lead to increased postural instability and, 

consequently, to an increased risk of falls.3-5 Given this 

context, several instruments are used to assess body 

balance in older people and, consequently, the risk of 

falls. Among them, the Timed Up and Go (TUG) test 

stands out because it is an easy-to-apply, low-cost test 

widely used in clinical and research settings.6

Currently, the widespread use of smartphones, 

devices with sophisticated sensors, has provided the 

development of applications for monitoring diagnostic 

procedures.7 Sensors such as accelerometers, gyro-

scopes, and magnetometers embedded in mobile 

devices are an inexpensive way to conduct studies of 

this magnitude. In addition, they have a high level of 

efficiency and have been used in several studies.8-10  

In this context, Milosevic et al.11 implemented a 

smartphone application (Mobility Suite®) that includes the 

Smart Timed Up and Go (sTUG) Doctor. The sTUG Doctor 

application, in addition to the total test time, also evaluates 

body posture transitions during the TUG test. These 

quantifications allow us to better assess body kinematics 

and dynamics, obtaining parameters not yet explored 

in fall risk prediction.11 The sTUG Doctor provides 

instantaneous feedback with the most relevant para-

meters to the user in the form of a report on the screen.11 

An advantage of the sTUG Doctor over other sensors 

is cost-effectiveness, as it only requires a smartphone, a 

device that is currently inexpensive and used daily by 

more than half of Brazilians, including older adults.12 

However, its study is recent, and it has been used 

basically in the field of research. Therefore, exploring this 

application becomes even more important to support 

the future introduction of this tool in other environmental 

contexts, such as in the home and hospital settings.

As falls are a multifactorial event with a significant 

impact on older adults, mobile technologies combined 

with well-established fall prediction tests present a 

simple and viable option for actions in the context of 

fall prevention. Therefore, this study aimed to analyze 

the ability to predict future falls in older adults through 

the TUG test phases using the sTUG Doctor application 

related to independent variables.

Resumo

Introdução: O Timed Up and Go (TUG) é um teste bastante 

utilizado para avaliar o risco de quedas em idosos. Embora 

seja uma tarefa complexa, apenas o tempo total do TUG 

(TTUGT) tem sido utilizado para avaliação. A propagação dos 

smartphones proporcionou o surgimento de aplicativos para 

monitoramento de procedimentos diagnósticos. Objetivo: 

Analisar a capa-cidade de predição de quedas futuras em 

idosos através das fases do TUG utilizando o teste sTUG Doctor. 

Métodos: Estudo de coorte (1 ano) com 42 participantes 

utilizando o sTUG Doctor. O evento de queda durante um ano 

de seguimento foi monitorado por meio de contato telefônico. 

O número de dias entre a avaliação e a primeira queda ou 

último contato foi calculado para a análise de sobrevida 

avaliada por modelos não ajustados e ajustados através de 

modelos de regressão de risco de Cox. Testes com p < 5% 

foram considerados estatisticamente significantes e entre 5 e 

10% indicativos de significância (Epi-InfoTM 7.2). Resultados: 

As quedas foram observadas em 22 (52,38%) participantes 

(caidores). Os resultados indicaram que nível cognitivo, 

sintomas depressivos, mulheres e participantes com medo de 

cair (FES-I)  são mais propensos a cair. Caidores tiveram pior 

desempenho em todas as fases do sTUG Doctor. As razões 

de chance para previsão de queda foram significativas para 

TTUGT (1,35; p = 0,029) e número total de passos (1,52; p 

= 0,057). O TTUGT permaneceu significativo ajustando-se ao 

sexo, faixa etária, FES-I e nível depressivo. Conclusão: O sTUG 

Doctor foi uma ferramenta importante para prever quedas em 

idosos da comunidade.

Palavras-chave: Acidentes por quedas. Envelhecimento. 

Equilíbrio postural. Saúde pública. Tecnologia.   
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Methods

This observational, analytical cohort study was 

conducted in the city of Porto Alegre, southern Brazil, 

from April 2019 to September 2020. This study was 

approved by the Research Ethics Committees of 

Pontifícia Universidade Católica do Rio Grande do Sul 

(approval no. 3,100,534) and Universidade Federal 

de Ciências da Saúde de Porto Alegre (approval no. 

3,321,411). Written informed consent was obtained from 

each study participant. 

The study population consisted of community-

dwelling older adults (≥ 60 years of age) who participated 

in the study by convenience sampling. The participants 

were recruited through online public advertisements 

and leaflets distributed in group-based programs for 

older people, religious groups, and social media. The 

sample size was calculated based on the findings of the 

secondary analysis of the study by Soldera et al.,13 who 

observed differences in the participants’ performance 

on the Sensory Organization Test (SOT)/sensory analysis 

between the fall risk levels classified by the TUG test. To 

detect this difference, with a significance level of 5% and 

a power of 80%, a sample size of 90 older adults was 

necessary. 

Older adults who were able to walk independently, 

without the use of an assistive device, and to understand 

verbal commands were included. The following variables 

were evaluated using a questionnaire: sociodemographic 

data (sex, age, level of education, and monthly income) 

and clinical and lifestyle data (cognition, depression, 

number of diseases and medications, self-perceived 

general health, physical activity, history of falls, and fear 

of falling). 

Older adults were excluded if they had severe 

sensory deficits (auditory and visual) without proper 

correction (hearing aid or glasses/lenses), had important 

motor sequelae caused by stroke, had a diagnosis of 

Parkinson’s disease, experienced dizziness or vertigo at 

the time of testing, or had severe pain in the lower limbs 

and/or spine at the time of testing, assessed by a visual 

analog scale ranging from 0 to 10 (severe pain ≥ 8).14 

Fear of falling was assessed by the Brazilian version of 

the Falls Efficacy Scale–International (FES-I),15,16 cognitive 

impairment by the Mini-Mental State Examination 

(MMSE),17,18 and depressive symptoms by the 15-item 

Geriatric Depression Scale (GDS-15), a short version of 

the 30-item scale.19,20

The TUG test was used as the main evaluation tool. 

It is a functional mobility test widely used in research 

settings to assess fall risk. It evaluates gait performance, 

body posture transitions, and changes in direction during 

walking by measuring the time in seconds  a person takes 

to complete the test. The test consists of the following 

tasks: rising from an armless chair with a backrest, 

walking a distance of 3 meters, turning around, walking 

back to the chair, and sitting down.21 The time taken to 

complete the test generates a fall risk classification, as 

follows: low risk (< 10 seconds), moderate risk (10 – 20 

seconds), and high risk (> 20 seconds).22 

The TUG test was performed through the sTUG 

Doctor application. Each participant performed the 

test using a smartphone (Android) that was placed on 

an elastic strap with Velcro closure and attached to the 

chest, at the level of the sternum. The sTUG Doctor uses 

the smartphone’s built-in gyroscope and accelerometer 

sensors, recording the total duration of the TUG test, the 

duration of the sit-to-stand and stand-to-sit transitions, 

maximum angle change (°), and maximum angular 

velocity (°/s). In this application, feedback is provided 

instantaneously to the user in the form of a report on the 

smartphone screen (Figure 1).11 The number of steps 

taken to complete the turn was calculated by the lead 

researcher on videotape and used for analysis.

Figure 1 - Demonstration of the sTUG Doctor using the 

Mobility Suite® smartphone application.37
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Table 1 - Distribution of sociodemographic, clinical, and 

lifestyle characteristics of participants according to the 

fall event during follow-up

Variables Non-fallers Fallers p

Sex

Female 14 (41.18%) 20 (58.82%)
0.091*

Male 6 (75.00%) 2 (25.00%)

Age (mean ± SD) 69.10 ± 6.45 70.54 ± 8.30 0.535

Age group

Younger older adult 18 (51.43%) 17 (48.57%)
0.247*

Oldest-old adult 2 (28.57%) 5 (71.43%)

Level of education

≤ 8 years of education 9 (50.00%) 9 (50.00%)
0.517

> 8 years of education 11 (45.83%) 13 (54.17%)

Monthly income (MMW)

Up to 2 4 (33.33%) 8 (66.67%)

0.290From 3 to 4 13 (59.09%) 9 (40.91%)

More than 4 3 (37.50%) 5 (62.50%)

Diseases

With multimorbidity (2+) 12 (46.15%) 14 (53.85%)
0.529

Without multimorbidity 8 (50.00%) 8 (50.00%)

Medication use

With polypharmacy (5+) 4 (30.77%) 9 (69.23%)
0.129

Without polypharmacy 16 (55.17%) 13 (44.83%)

SPH

Poor 3 (27.27%) 8 (72.73%)
0.110*

Good 17 (54.84%) 14 (45.16%)

PA

No 6 (60.00%) 4 (40.00%)
0.296*

Yes 14 (43.75%) 18 (56.25%)

History of falls

No 17 (54.84%) 14 (45.16%)
0.110*

Yes 3 (27.27%) 8 (72.73%)

FES-I (points ± DP) 20.35 ± 4.18 22.90 ± 5.19 0.088

MEEM (points ± DP) 28.40 ± 1.90 26.68 ± 2.98 0.038 

GDS-15 (Sx ± DP) 1.40 ± 1.18 3.95 ± 3.18 0.002

Total 20 (47.62%) 22 (52.38%) -

Note: SD = standard deviation; Younger older adult = 60-79 years old; 

Oldest-old adult = 80 years or older; MMS = minimum monthly wage; 

SPH = self-perceived health; PA = physical activity; FES-I = Falls Efficacy 

Scale-International; MMSE = Mini-Mental State Examination; GDS-15 = 

15-item Geriatric Depression Scale; Sx = symptoms. *Fischer’s exact test. 

Other associations were tested by the chi-square test. Results in bold 

represent significant tests or indicative of significance.

Initially, all participants completed a trial to become 

familiar with the sequence of tasks required by the test. 

To ensure the quality of the assessment protocol, all 

procedures were performed by the lead researcher, who 

was previously trained and deemed competent in the 

TUG test.

The occurrence of future falls was monitored for 

1 year by telephone calls made every 3 months. The 

participants were divided into two groups (fallers and 

non-fallers). The distribution of variables was tested by 

the chi-square test, and parameter means by Student’s 

t test. The number of days between assessment and first 

fall or last contact was calculated for survival analysis, 

assessed by unadjusted and adjusted Cox proportional 

hazards regression models. Variables with a p-value 

less than 0.2 in the statistical tests between the groups 

were included in the survival analysis. Older adults were 

divided into age groups (60-79 years of age = younger 

older adults; ≥ 80 years of age = oldest-old adults), and 

age was included in the analysis even without such a level 

of significance for the fall event.2 P-values less than 5% 

were considered statistically significant and between 5% 

and 10% were indicative of significance.23 According to 

Bos,23 p-values indicative of significance may represent 

significant differences or associations in samples with 

more robust statistical power. This interpretation is also 

supported by Paes,24 who reports p-values less than 

10% as “highly indicative.” Data were analyzed using Epi 

Info™ 7. 2.

Results

A total of 42 older adults participated in the study. 

Table 1 shows the distribution of the sociodemographic, 

clinical, and lifestyle characteristics of the participants 

according to the fall event during follow-up. Of those 

evaluated, 52.38% had a fall event. The rate of falls was 

higher in women (58.82%) than in men (25%). The mean 

age of fallers was higher. Regarding age group, the rate 

of oldest-old fallers was proportionally higher. Fallers 

obtained higher mean FES-I scores, lower mean MMSE 

scores, and higher mean GDS-15 scores.

Table 2 shows the participants’ performance on the 

sTUG Doctor test according to the fall event during 

follow-up. 
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On average, fallers needed more time and took more 

steps to complete the total test. In addition, they had 

higher values for the sit-to-stand transition, stand-to-sit 

transition, and maximum angle change. Conversely, they 

had lower values for maximum angular velocity. In this 

study, no older adult was classified as being at high risk 

of falling. However, of those evaluated, 76.92% of those 

classified as being at moderate risk of falling fell during 

follow-up (Table 2).

Table 3 shows the hazard ratios calculated by Cox 

regression to predict falls at each follow-up month, 

unadjusted and adjusted models for sTUG Doctor 

components. FES-I and MMSE were the variables that 

most influenced fall risk prediction by total TUG duration. 

This finding demonstrates that fall risk prediction by total 

TUG duration is influenced but not dependent on the 

differences between FES-I levels. However, the presence 

of the MMSE in the model reduced this chance. This 

result indicates that fall risk prediction by total TUG 

duration is dependent on the MMSE level. 

According to the variable ‘number of steps,’ GDS-15 

and MMSE were the variables that most influenced fall 

risk prediction. These results demonstrate that fall risk 

prediction by reduced number of steps is dependent on 

the GDS-15 and MMSE levels. 

Table 2 - Performance on the sTUG Doctor test and Timed 

Up and Go (TUG) fall risk classification according to the 

fall event during follow-up

Variables Non-fallers Fallers p

sTUG Doctor

Total TUG duration (s) 8.80 ± 1.55 10.09 ± 1.57 0.010

Sit-to-stand duration (s) 1.21 ± 0.37 1.36 ± 0.33 0.176

Stand-to-sit duration  (s) 1.65 ± 0.59 1.70 ± 0.47 0.754

Maximum angle
change (o)

37.65 ± 19.58 46.43 ± 
14.75

0.107

Maximum angular
velocity (°/s)

120.22 ± 43.45 114.87 ± 
37.71

0.671

Number of steps 11.75 ± 0.55 12.36 ± 1.09 0.039

Number of steps to 
complete the turn*

2.95 ± 0.60 3.00 ± 0.43 0.758

Fall risk n (%)** 

Low 17 (58.62) 12( 41.38)

0.047Moderate 3 (23.08) 10 (76.92)

High 0 (0.00) 0 (0.00)

Note: sTUG Doctor variables = mean ± standard deviation; s = seconds.

 *Assessed on videotape. **Established by Podsiadlo and Richardson.21 

Results in bold represent significant tests or indicative of significance. 

Comparisons between means were tested by unpaired Student’s t test 

and between frequencies by the chi-square test.

Table 3 - Hazard ratios calculated by Cox regression to predict falls at each follow-up month, unadjusted and adjusted 

models for sTUG Doctor test parameters 

Unadjusted analysis Adjusted analysis Independent variable

HR (95% CI) p HR (95% CI) p HR (95% CI) p

TUG Total 1.35 (1.03-1.78) 0.029 - - - -

Sex (Male/Female) 0.14 (0.02-1.09) 0.061 0.15 (0.02-1.22) 0.077 1.29 (0.99-1.69) 0.055

Age group 2.28 (0.81-6.37) 0.117 1.84 (0.64-5.28) 0.257 1.32 (1.00-1.75) 0.049

FES-I (points) 1.06 (0.97-1.15) 0.199 1.01 (0.92-1.11) 0.731 1.32 (0.97-1.80) 0.072

GDS-15 1.15 (1.03-1.30) 0.018 1.16 (1.02-1.33) 0.021 1.37 (1.03-1.84) 0.030

MMSE (points) 0.82 (0.71-0.94) 0.006 0.86 (0.72-1.02) 0.093 1.17 (0.85-1.59) 0.318

Number of steps 1.52 (0.98-2.35) 0.057

Sex (Male/Female) 0.14 (0.02-1.09) 0.061 0.14 (0.01-1.10) 0.062 1.48 (0.97-2.27) 0.067

Age group 2.28 (0.81-6.37) 0.117 1.84 (0.63-5.33) 0.261 1.14 (0.91-2.28) 0.116

FES-I (points) 1.06 (0.97-1.15) 0.199 1.03 (0.95-1.13) 0.403 1.42 (0.91-2.23) 0.117

GDS-15 1.15 (1.03-1.30) 0.018 1.13 (1.00-1.27) 0.041 1.42 (0.89-2.25) 0.132

MMSE (points) 0.82 (0.71-0.94) 0.006 0.84 (0.70-1.00) 0.058 1.11 (0.67-1.84) 0.662

Note: Age group = younger older adult (60-79 years old) and oldest-old adult (≥ 80 years old); HR = hazard ratio; CI = confidence interval; TUG = Timed 

Up and Go; FES-I = Falls Efficacy Scale-International; GDS = Geriatric Depression Scale (number of depressive symptoms); MMSE = Mini-Mental State 

Examination. Results in bold represent significant tests or indicative of significance.
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Discussion

The results of the present study showed that the 

TUG test phases that best predicted falls in community-

dwelling older adults were total TUG duration and the 

number of steps during the TUG test. According to Muir 

et al.,25 in general, the gait in older adults is associated 

with lower speed, shorter step length, and greater 

base of support compared with young adults. These 

gait changes may be a strategy to increase stability or 

a consequence of decreased muscle strength and poor 

physical performance.25 In the present study, these 

changes were not sufficient to prevent falls, as they 

remained significant for fall risk prediction. 

Silva et al.26 analyzed postural control in older people 

with and without a history of falls using 3 tests, including 

the TUG test. The authors observed that fallers needed 

more seconds to complete the test (14.31 ± 3.33; p = 

0.025), corroborating the findings of the present study. 

For  Wamser et al.,27 shorter total TUG time is associated 

with greater muscle power, gait speed, and functional 

capacity. Conversely, longer TUG times are directly 

related to decreased functional mobility and lower limb 

muscle strength, suggesting that individuals are more 

prone to falls.27

Older persons who are afraid of falling end up 

adopting different strategies to maintain balance while 

walking, including a reduction in the number of steps. 

Fewer steps per minute result in an increase in the double 

support phase of gait, decreasing the duration of the 

swing phase to avoid exposure to the postural instability 

more commonly experienced in the single-leg stance. 

In addition, other strategies used to reduce the risk of 

falling include decreased impulse or initial contact, knee 

extension, widening and narrowing the base of support, 

and decreased step length and height, with consequent 

reduction of speed.26 

The present study addressed falls as a post-

assessment event, where more than half of the followed-

up older adults fell at least once during the 1-year 

follow-up. The frequency of falls observed among the 

participants in this study was higher than that estimated 

by Brazilian longitudinal studies (25% to 35%).3,28 

It is worth noting that the present study started in 

April 2019 and ended in September 2020. Most falls 

observed during follow-up occurred after March 2020, 

coincidentally during the COVID-19 pandemic.29 The 

higher frequency of falls in our sample may be related 

to changes in the environment caused by the social 

restrictions imposed by the pandemic. For Souza et 

al.,3 preventing older persons from performing their 

leisure activities and seeing their family and friends 

has led to the development of other health-related 

problems. Social distancing, although it was a critical 

measure, leads to prolonged exposure to inactivity with 

subsequent functional status decline and increased fall 

risk.3 Therefore, reduced physical activity alone may be 

a direct cause of the increase in falls at home during the 

pandemic. 

Falls were more common in women than in men. This 

result is consistent with the study by Moraes et al.,30 who 

reported that women experience proportionally more 

falls than do men possibly because of greater physical 

frailty, smaller amount of lean mass, and lower muscle 

strength, in addition to experiencing more physiological 

changes due to a reduction in hormone levels and bone 

density caused by menopause.

In this study, a greater change in FES-I, MMSE, and 

GDS-15 was observed among fallers. For Oliveira et al.,31 

fear of falling is a common consequence of falls, but it 

can also be a cause of falls. Fear of falling increases the 

risk of falls when it triggers a functional status decline, 

reducing the ability to prevent further events.31 For Cruz 

et al.,32 older persons with cognitive impairment may 

have mobility deficits, slowed movement, behavioral 

changes, and poorer reaction time when experiencing a 

loss of balance, thus predisposing them to falls. For Kao 

et al.,33 however, depression may be associated with low 

levels of physical activity, which would lead to a cycle 

of functional status decline and increased risk of falls. 

In addition, depression may interact with other medical 

conditions in older persons, increasing the risk of falls.33

Among these variables, there was an influence of 

fear of falling on total TUG time. Fear of falling may or 

may not be associated with the fall event, although it is 

believed that persons who have already fallen are more 

likely to express this fear.34 Fear may be protective if it 

motivates older people to be more careful not to expose 

themselves to risk, but it may also be a risk if it leads to 

insecurity and limitations.34 Moreira et al.35 highlighted 

that, in order to reduce the risk of falls, older people 

use different strategies to maintain balance during gait, 

which directly interfere with total walk time. Therefore, 

the findings of the present study allow us to state that the 

results of total TUG time should be evaluated within the 

context of fear of falling. 
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The TUG test phases, evaluated through the sTUG 

Doctor application, can be variables that might contribute 

to the prediction of future falls in community-dwelling 

older adults; however, they should be used with caution. 

Given the multifactorial context of falls in older adults, 

these measures may be used when contextualized with 

other variables. Overall, the application proved to be 

useful in different environments and health settings and 

can be used in future investigations.
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