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ABSTRACT: Objectives: to evaluate 
the relationship between leisure-time 
physical activity and functional capacity 
change among aged people. Methods: we 
analyzed data of an aged cohort looking 
for determinants of functional capacity at 
follow-up. Baseline data were collected 
between 2007 and 2008 - average follow-
up of 3,5 years. A full multivariate linear 
regression model was built to evaluate 

functional capacity at the end of the follow-
up, controlling for functional capacity at 
baseline, sociodemographic, health and 
behavioral characteristics and amount 
of leisure-time physical activity in the 
period. Results: final model showed 
functional capacity independently 
correlated with age (p<0.001), body mass 
(p=0.013) and the number of activities 
of daily living compromised at baseline 
(p<0.001). Functional capacity improved 
with increased physical activity but loss 
statistical significance after adjustments 
(p=0.384). Conclusions: functional 
capacity decreases with increased age, 
increased loss of functional capacity at 
baseline and increased body mass. Albeit 
a non-significant association, leisure-time 
physical activity appears as an important 
modifiable factor.
KEYWORDS: Activities of Daily Living; 
Physical Activity; Cohort Study; Aging; 
Health Determinants.

RELAÇÃO ENTRE ATIVIDADE FÍSICA 
E MUDANÇA NA CAPACIDADE 

FUNCIONAL NUMA COORTE DE 
IDOSOS EM SÃO PAULO, BRASIL

RESUMO: Objetivos: avaliar a relação 
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entre atividade física de lazer e mudança de capacidade funcional entre idosos. Métodos: 
analisamos dados de uma coorte de idosos em busca de determinantes da capacidade 
funcional no seguimento. Dados da linha de base foram coletados entre 2007 e 2008 
- acompanhamento médio de 3,5 anos. Foi construído um modelo de regressão linear 
multivariado completo para avaliar a capacidade funcional ao final do seguimento, controlando 
pela capacidade funcional na linha de base, características sociodemográficas, de saúde e 
comportamentais e quantidade de atividade física no período. Resultados: o modelo final 
mostrou capacidade funcional independentemente correlacionada com a idade (p<0,001), 
massa corporal (p=0,013) e número de atividades de vida diária comprometidas na linha 
de base (p<0,001). Capacidade funcional melhorou com o aumento da atividade física, mas 
perdeu significância estatística após ajustes (p=0,384). Conclusões: capacidade funcional 
diminui com o aumento da idade, o aumento da perda da capacidade funcional na linha de 
base e o aumento da massa corporal. Embora não significativamente associada, a atividade 
física no lazer aparece como um importante fator modificável.
PALAVRAS-CHAVE: Atividades de Vida Diária; Atividade Física; Estudo de Coorte; 
Envelhecimento; Determinantes de Saúde.

RELACIÓN ENTRE EJERCICIO FÍSICO Y CAMBIO EN LA CAPACIDAD 
FUNCIONAL EN UNA COHORTE DE ANCIANOS EN SÃO PAULO, BRASIL

RESUMEN: Objetivos: evaluar la relación entre ejercicio físico de ocio y cambio de 
capacidad funcional entre ancianos. Métodos: analizamos datos de una cohorte de ancianos 
en búsqueda de determinantes de la capacidad funcional en el seguimiento. Datos de la línea 
de base fueron recolectados entre 2007 y 2008 - acompañamiento mediano de 3,5 años. Fue 
construido un modelo de regresión linear multivariado completo para evaluar la capacidad 
funcional al fin del seguimiento, controlando por la capacidad funcional en la línea de base, 
características sociodemográficas, de salud y conductas y cantidad de ejercicio físico en 
el período. Resultados: el modelo final mostró capacidad funcional independientemente 
correlacionada con la edad (p<0,001), masa corporal (p=0,013) y número de actividades 
cotidianas comprometidas en la línea de base (p<0,001). Capacidad funcional mejoró con 
el aumento del ejercicio físico, pero perdió significación estadística después de ajustes 
(p=0,384). Conclusiones: capacidad funcional disminuyó con el aumento de la edad, el 
aumento de la perdida de la capacidad funcional en la línea de base y el aumento de la masa 
corporal. Aunque no significativamente relacionado, el ejercicio físico en el ocio aparece 
como un importante factor cambiable.
PALABRAS CLAVE: Actividades de la Vida Diaria; Actividad Física; Estudio de Cohorte; 
Envejecimiento; Determinantes de Salud.

INTRODUCTION
The world´s aged population is increasing substantially at a fast pace, especially in 

developing countries(1). In 2025, Brazil will have more than 30 million people over the age 
of 60, representing about 16% of the population and the projection is that by 2050 one in 
five people will be 60 years old or more - we will have more aged people than children in 
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the country(2-3).
As the population ages, we observe a change in the health profile characterized 

by the emergence of chronic non-communicable diseases (NCDs), all potentially disabling 
and directly related to age and lifestyle(4). The vast majority of the elderly refer some 
chronic condition that can compromise the ability to perform daily activities, with loss of 
independence and autonomy and consequent decrease in functional capacity (FC)(5). FC 
is, in fact, an important risk factor for mortality and there is evidence that aged people with 
a higher degree of dependence in daily life have a greater risk of dying than independent 
ones(6-7). Several studies have shown that FC, in turn, is associated with sociodemographic, 
health and behavioral factors such as age, gender, education, income, number of diagnosis, 
body mass, smoking, drinking and exercising(8-12).

The WHO(13) identifies physical inactivity as the fourth main risk factor for global 
mortality and points to physical activity (PA) as one of the main determinants of active 
aging with evidence in improving quality of life, reducing disability, maintaining FC and 
promoting longevity. The relationship between PA and the health status of the elderly is well 
established and has been pointed out by countless studies that demonstrate its physical, 
social, psychological and functional benefits(8,14-15). 

Despite the evidences in favor of PA, the majority the aged population is inactive. In 
Brazil, only 22.3% of the elderly meet the recommended levels (≥150min / week) of leisure-
time physical activity (LTPA)(4). High inactivity rates, however, are also found in Sweden 
(71.4%)(14); in Ghana (78%)(16); in the United States (84%)(17); and in the world (72.5%)(18).

LTPA has been considered a good practical indicator of the person`s physical activity 
in daily life, as it indicates a favorable health behavior that can be modified by health 
promotion campaigns and public health policies(19).

It is important for public health to better understand the relation between LTPA and 
changes in FC in old age, controlling for all the social, behavioral and health characteristics 
of the aged population, since the evidences are often cross-sectional(8-10). Such knowledge 
will instruct the planning of public policies for prevention and health promotion for the aged, 
aiming at the Sustainable Development Goals (SDGs) in Brazil, that propose, among others, 
to promote mental health and well-being for everyone, at all ages and to reduce by one third 
the premature mortality from non-communicable diseases via prevention and treatment, by 
2030(20).

OBJECTIVES
To evaluate the relationship between leisure-time physical activity and functional 

capacity change among aged people.
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METHODS

Ethic
This work was analyzed and approved by the Research Ethics Committee (CEP/

UNIFESP/HSP) on 11/14/2017 (0984/2017). 
Study design 

This study, guided by the STROBE tool, used secondary data from the EPIDOSO 
Project(21), a population cohort study with a representative sample of an aged population 
living in an upper-middle class neighborhood in the city of São Paulo, with a high educational 
level. The study was coordinated by the Center for the Study of Aging at the Federal 
University of São Paulo (UNIFESP), and baseline data collected between December 2007 
and April 2008, with an average follow-up period of 3.5 years(21). 
Sample

A census in the area identified 1.498 people aged 60 or more, all invited to 
participate(21). A total of 907 subjects underwent a Comprehensive Geriatric Assessment 
(CGA) at baseline, including an assessment of FC and LTPA. The present study included 
only those who had data on FC and LTPA at follow-up (n = 287).

Protocol

Dependent variable

The outcome variable of this study was FC, measured at follow-up by the number of 
ADL that the aged needed help to perform (ADL2), using a previously validated instrument 
with 15 ADL (BOMFAQ)(22). FC was analyzed as a continuous variable with a score ranging 
from 0 (total independence) to 15 (total dependence).

Independent variables

The main independent variable was LTPA measured by the long form of the 
International Physical Activity Questionnaire IPAQ version 8(23), the instrument most 
often used to quantify and compare the levels of PA in different populations, validated in 
12 countries, including Brazil(24). LTPA was a continuous variable, expressing the time in 
minutes spent per week at different activities and intensities. The evolution of LTPA was 
summarized by the median value obtained between the LTPA result at the baseline and at 
the end of the follow-up (LTPAP50%). In the absence of repeated follow up surveys with LTPA 
measurement, is a recommended practice for longitudinal studies, the variable LTPAP50% 
that captures the expected change in LTPA over time.  A change in LTPA (follow up minus 
baseline measure) was also evaluated in sensitivity analysis(25-26).

Other independent variables known to interfere with FC were obtained from CGA and 
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included in the analysis: gender (male / female); age (in years); marital status (not married 
/ married); schooling (≤ 8 years /> 8 years); income (in minimum wages); body mass index 
(in kg / m2); number of diagnoses (in numbers); drugs used (in numbers); fall (absent / 
present); dysthymia (absent / present – assessed by Geriatric Depression Scale(27)); alcohol 
consumption (yes / no); tobacco consumption (yes / no); baseline FC (baseline ADL, 
hereafter labeled ADL1). 

Statistical analysis

A descriptive analysis was performed where categorical variables were summarized 
by the number (N) and percentage (%) and non-categorical variables as mean ± standard 
deviation or as median (P50%) and interquartile range (P25%; P75%) when the normality 
assumption was not satisfied.

A full multivariate linear regression model was built in two stages to evaluate the 
association of the dependent variable FC at the end of the follow-up (ADL2) with explanatory 
variables in the baseline, including FC at baseline (ADL1) and LTPAP50%. In the first stage, 
a simple linear regression model (bivariate analysis) of the dependent variable, FC at the end 
of the follow-up (ADL2), with each explanatory variable (covariates) at baseline, including 
LTPAP50% and ADL1, were evaluated. From this bivariate analysis, all variables that had a 
p value less than 0.20 (p<0.20) were included in the Multiple Linear Regression model. 
Explanatory variables that were not significant in this multilinear model (p-value>0.05 for 
bilateral statistical test) were removed one by one until the final adjusted model was reached, 
where those that remained statistically correlated with the ADL2 remained. The adjustment 
of the multiple linear regression model allowed the control of possible confounding variables 
that could bias the results. The LTPAP50% and ADL1 variables remained in all modeling steps, 
including the final adjustment, despite their level of statistical significance. This model 
building strategy is epidemiologically recommended(28). 

In addition, the use of baseline outcome measure (ADL1) as an independent factor 
(predictor or adjusting) in the regression model for evaluating outcome (ADL2) change from 
baseline to follow up time, is recommended(29-30). A proportional odds (ordinal) regression 
was also used to evaluate the associations of FC at follow up (ADL2) with predictors, 
especially LTPA, fully adjusted for the same set of covariates in the final linear regression 
model.

Though this study dependent variable (ADL2) is ordinal, it entered all linear regression 
models (bivariate and multivariate) as ordinal approximation of a continuous variable for 
three reasons. First, ordinal variables with five or more categories can often be used as 
continuous without any harm to the analysis, especially if relationship is linear. Second, 
linear regression models can be more stable than ordinal regression models. Finally, linear 
regression models are easier to interpret(30-31).



Ciências do esporte e educação física: Saúde e desempenho 2 Capítulo 5 55

RESULTS
Among the 287 participants, 50% did not reach the recommended levels of LTPA 

(up to 75 minutes/median week) between the evaluations. Most of the elderly were women 
(66%), with a stable union (52%), more than 8 years of study (70%), with a median income 
equal to 4.3 minimum wages, ranging from no income to 43 minimum wages. The average 
age was approximately 72 years (ranging from 60 to 89 years). Among the health-related 
characteristics, it was observed that the mean BMI was 27.3 ± 4.7 Kg/m2, indicating that the 
majority of the elderly were eutrophic; on average, the elderly consumed 5 drugs per day 
with a range from none to twelve, and presented approximately 8 medical diagnoses with 
a range from none to twenty. It was found that 23% and 24% had dysthymia and a history 
of falls, respectively. Among the behavioral variables, 95% did not smoke and 61% did not 
consume alcohol.

Table 1 shows the result of the bivariate analysis, where it is observed that, except 
for alcohol and tobacco consumption, all variables showed a significant relationship with the 
ADL2. The LTPAP50% showed an inverse and significant relationship with the FC, indicating 
that, for each additional minute per week of LTPA, the ADL2 score decreases 0.003.

Independent variables Coefficient (β) Standard error 95% CI p-value
Gender, feminine 0.958 0.392 0.187; 1.729 0.015
Age, years 0.175 0.025 0.126; 0.224 <0.001
Marital status, not married 0.843 0.370 0.114; 1.572 0.024
Education, < 8 years 1.091 0.402 0.299; 1.883 0.007
Income, minimum wage -0.058 0.023 -0.104;-0.012 0.013
Diagnostics, number 0.212 0.044 0.125; 0.299 <0.001
Medicines, number 0.263 0.061 0.141; 0.384 <0.001
Fall, present 1.358 0.432 0.509; 2.208 0.002
Dysthymia, number 0.207 0.059 0.090; 0.324 <0.001
BMI, kg/m2 0.180 0.039 0.102; 0.258 <0.001
Tobacco, yes -0.423 0.420 -1.251; 0.404 0.315
Alcohol, yes -0.450 0.384 -1.207; 0.307 0.243
LTPAP50%, minutes -0.003 0.001 -0.005;-0.001 0.003
ADL1, number 0.542 0.062 0.420; 0.664 <0.001

BMI – body mass index; ADL – activity of daily living; LTPA – leisure-time physical activity.

Table 1 – Result of the simple linear regression model for the dependent variable number of limitations 
in the activities of daily living, São Paulo, São Paulo, Brazil, 2019

Table 2 shows the initial adjustment of the multiple linear regression of the ADLs 
at the end of the follow-up with the selected variables, to examine which of them were 
independently associated with the outcome. The results indicate that the variables gender, 
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marital status, education, income, number of diagnoses, number of medications, fall, 
dysthymia and LTPAP50% lost their significance when analyzed together, that is, they were not 
independently correlated with AVD2 (p>0.05). The variables age, BMI and ADL1 remained 
significant.

Independent variables Coefficient (β) Standard error 95% CI p-value
Age, years 0.130 0.026 0.078;0,181 <0.001
Gender, feminine 0.128 0.403 -0.665; 0.922 0.750
Marital status, not married 0.306 0.356 -0.394; 1,007 0.390
Education, < 8 years 0.186 0.384 -0.570; 0.942 0.628
Income, minimum wage -0.020 0.020 -0.063; 0.022 0.348
Diagnostics, number 0.041 0.046 -0.050; 0,124 0.133
Medicines, number 0.064 0.066 -0.065; 0.194 0.329
Fall, present 0.440 0.390 -0.327; 1.208 0.260
Dysthymia, number 0.088 0.058 -0.027; 0.204 0.136
BMI, kg/m2 0.094 0.391 0.017; 0.171 0.016
LTPAP50%, minutes -0.0005 0.0010 -0.002; 0.001 0.624
ADL1, number 0.296 0.076 0.146; 0.446 <0.001

BMI – body mass index; ADL – activity of daily living; LTPA – leisure-time physical activity.

Table 2 – Result of the initial adjustment of the multiple linear regression model for the dependent 
variable number of limitations in the activities of daily living, São Paulo, São Paulo, Brazil, 2019

Table 3 shows the final model with the variables that showed being independently 
correlated with the ADL2. Even though it is not statistically significant, the variable LTPAP50% 
remained in the final adjustment because it is the main variable in the study. Table 3 shows 
that:

• When age increases by 1 year, ADL2 increases by, on average, 0.14 ADLs (p 
<0.001), that is, in 10 years an average increase of 1.4 in ADL limitations is 
expected;

• When the BMI increases by 1 Kg/m2, the number of limitations increases by 
0.93;

• When adding a difficulty in the ADLs in the first assessment, the number of dif-
ficulties increases by 0.4.

• The relationship between LTPAP50% and FC remains inverse, but it becomes 
weaker (β = -0.0009) and statistically not significant.

An ordinal regression of ADL2 on the same set of independent model predictors 
of the final linear regression produced results like those presented in Tables 2-3 (data not 
shown).
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Independent variables Coefficient (β) Standard error 95% CI p-value
Age, years 0.140 0.024 0.091; 0,188 <0.001
BMI, kg/m2 0.937 0.037 0.019; 0.167 0.013
LTPAP50%, minutes -0.0009 0.0010 -0.003; 0.001 0.384
ADL1, numbers 0.398 0.066 0.268; 0.529 <0.001

BMI – body mass index; ADL – activity of daily living; LTPA – leisure-time physical activity.

Table 3 – Result of the final adjustment of the multiple linear regression model for the dependent 
variable number of limitations in the activities of daily living, São Paulo, São Paulo, Brazil, 2019

DISCUSSION
The relationship between LTPA and FC showed significance only when LTPA was 

examined as the only independent variable. After adjusting for other confounding variables, 
this relationship became weaker and not significant, similar to results reported by Cordeiro et 
al (2014) and Lopez et al (2014)(32-33). Although they do not indicate a significant relationship, 
the results point to a relationship in the expected direction. When the minutes per week of 
LTPA increase, the number of difficulties in ADLs decreases. The lack of significance found 
in this study can perhaps be explained by the fact that some of the explanatory variables 
selected as influencing FC are also potentially influential in LTPA. Studies carried out by 
several authors demonstrate that LTPA is related to the same factors that influence FC, that 
may act either interactive or confounding factor in this type of analysis(15,34-36).

This work, instead of using the median energy expenditure (METs) as suggested by 
IPAQ(23), used the median time spent in minutes per week, as was done by other studies(37-38). 
These authors justify that movement and energy patterns differ between age groups and 
that the weighting factors indicated by the IPAQ correspond to adult metabolic values that 
are probably not appropriate for the aged. In addition, they point to the fact that the time in 
minute presents an immediate idea of the PA described and that it is the unit of measurement 
most commonly used by other instruments.

Similar to LTPA, most independent variables significantly associated with ADL2 in 
the bivariate analysis, lost their significance after adjustments, with the exception of BMI 
and ADL1.

The knowledge from multiple reported studies of the relation between ADL and 
BMI(39-41), including an extensive review(39), reinforce our interpretation that treating ADL2 
as approximately continuous did not harm or bias analysis. The results of this work indicate 
a significant relationship between BMI and FC, reinforcing the results of other studies(39-41) 

and disagreeing with the results found by Ballesteros, Moreno-Montoya (2018)(9) and Matos 
(2018)(42). This relationship can be explained because obesity is related to low PA on the part 
of the aged(36,43-44) and by the association between excess body fat and the development 
of chronic diseases(40), most of the times disabling. The bibliographic review carried out by 
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Jensen and Hsiao (2010)(39) found that, in addition to being strongly related to BMI, FC is 
also related to involuntary changes in body weight, up or down. 

The reduction in FC with advancing age, as pointed out in this study, is consistently 
reported in the literature(8,11,14,16,40,42,45-46). This relationship is explained by the discrete and 
constant biological and functional losses characteristic of the aging process that, even if not 
linear, are associated with age(47).

Studies relating LTPA and FC in aged people have in general a cross-sectional 
design(8,10,12,36). Our longitudinal design enabled to explore the effect of LTPA on FC over a 
period of 3,5 years, controlling for all the other risk factors, providing estimates of the risk 
of changing FC due to the amount of LTPA. Albeit, a non-significant association, statistically 
speaking.

It is important to consider the uniqueness of the sample. It is a population with a 
high level of education and income, living in a region with a very high Human Development 
Index (HDI) (0.970)(48), even higher than the HDI of Norway, which leads the UN Human 
Development ranking (0.949)(49). Despite living in a region with such high social and 
economic data, the elderly in Vila Mariana District (VMD) showed rates of physical inactivity 
similar to the rest of the country and the world(50-51). Thus, the present study allowed for a 
better understanding of the potential determinants of FC in an aged population living in a 
region with high social, economic, urban and environmental indicators. The VMD is, in fact, 
considered an age-friendly neighborhood well supplied with social services, good public 
transport and a vast network of healthcare, culture and leisure services, that can reduce 
the risk of functional limitations(52-53). We believe that the results presented may serve as 
indicators of comparison for other regions with similar characteristics.

Study limitations
The present study has some limitations. One concerns the instruments used. Both 

the IPAQ and the BOMFAQ evaluate information obtained through self-reports that can 
be influenced by cognitive and emotional changes or depend on the individual’s ability to 
remember the activities performed in a certain period of time. Another limitation refers to 
the small number of evaluations (two) in a relatively long time (average of three and a half 
years) of variables that change over time such as LTPA, BMI and FC.  

As for the small number of participants with longitudinal data (n = 287), secondary 
analyzes show that, except for the higher education level in the sample studied, the socio-
demographic profile (mean age and sex ratio) of the participants was quite similar to that of 
the community in which they live(53) (data not shown).
Contributions to the area of Health or Public Policy 

Our results indicate that an increase in LTPA might lead to an improvement in FC, 
mediated by age and body mass. Considering that scientific evidences point to the benefits 
of LTPA for maintaining the health of the elderly it is worth investing in public policies that 
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aim to increase the time of LTPA. As a behavioral factor it can be changed and eventually 
contribute to an active and healthy aging. 

CONCLUSIONS
This work reinforces the multidimensional construct of FC that is related to different 

variables that, in turn, form a network of factors that relate to each other. It shows that 
functional capacity in old age decreases with increased age, increased loss of functional 
capacity at an earlier age and increased BMI.

Despite not being a significant predictive factor of FC in this study, LTPA may be an 
important factor in this network, since there is strong scientific evidence of its benefits for the 
promotion and maintenance of the health of the aged. This study raises unique questions 
regarding the influence of LTPA in the health of aged people that deserve more studies. 
Besides being confounded by other socio-behavioral and demographic factors, the effect 
of LTPA on FC in this age group may be mediated interactively by age, BMI, and FC at 
baseline. The small number of participants and the lack of inter-period measures precluded 
a detailed analysis of these phenomena with hypothesis testing.
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