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Objective: To investigate the association between physical activity (eg, energy expenditure) 

and survival over 11 years of follow-up in a large representative community sample of older 

Brazilian adults with a low level of education. Furthermore, we assessed sex as a potential 

effect modifier of this association.

Materials and methods: A population-based prospective cohort study was conducted on 

all the 60-year-old residents in Bambuí city (Brazil). A total of 1,606 subjects (92.2% of the 

population) enrolled, and 1,378 (85.8%) were included in this study. Type, frequency, and dura-

tion of physical activity were assessed in the baseline survey questionnaire, and the metabolic 

equivalent task tertiles were estimated. The follow-up time was 11 years (1997–2007), and 

the end point was mortality. Deaths were reported by next of kin during the annual follow-up 

interview and ascertained through the Brazilian System of Information on Mortality, Brazilian 

Ministry of Health. Hazard ratios (95% confidence intervals [CIs]) were estimated by Cox 

proportional-hazard models, and potential confounders were considered.

Results: A statistically significant interaction (P0.03) was found between sex and energy 

expenditure. Among older men, increases in levels of physical activity were associated with 

reduced mortality risk. The hazard ratios were 0.59 (95% CI 0.43–0.81) and 0.47 (95%  

CI 0.34–0.66) for the second and third tertiles, respectively. Among older women, there was 

no significant association between physical activity and mortality.

Conclusion: It was possible to observe the effect of physical activity in reducing mortality 

risk, and there was a significant interaction between sex and energy expenditure, which should 

be considered in the analysis of this association in different populations.
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Introduction
The quickly aging population and consequent increases of noncommunicable chronic 

diseases make physical inactivity a major risk factor among older adults. Worldwide 

figures show that physical inactivity is responsible for 6% of cardiovascular diseases, 

7% of type II diabetes mellitus, 10% of breast cancers, and 10% of bowel cancers, 

which all contribute to 9% of premature deaths.1 Global strategies by the World 

Health Organization to promote increases in levels of physical activity2 have been 

incorporated into the Strategic Action Plan to Combat Noncommunicable Diseases 

in Brazil.3 Evidence shows that the practice of regular physical activity could reduce 

the physiological process of aging and increase the survival rate by limiting both the 

development and progress of chronic diseases and by preserving physical functioning, 

in addition to psychological and cognitive benefits.4
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Some studies have already investigated the association 

between physical activity and mortality risk among older 

adults.5,6 However, this association was not consistent in 

different populations, and it showed sex differences. Despite 

research showing associations of similar magnitude among 

men and women,6–8 other studies have shown a reduction 

in the mortality risk only in older women,9,10 whereas other 

studies have found a significant association only in men.11,12 

Therefore, sex could be a potential effect modifier of this 

association in older adults.

The prevalence of sedentary behavior increases with 

age,13–15 and health policies to promote physical activity 

among older adults are needed. In Brazil, information from 

the VIGITEL (Telephone-Based Surveillance of Risk and 

Protective Factors for Chronic Diseases), using a repre-

sentative sample of adults from 26 state capitals and the 

Federal District, showed that 32.3% of older adults (aged  

65 years and older) were physically inactive considering 

the following domains: leisure, work, transportation, and  

household.14 Additional studies conducted in older Brazilian 

adults found that the prevalence of sedentary behavior related 

to leisure varied from 71% to 78%.16,17 After all physical 

activity domains were analyzed, the variation was even 

greater (26%–69%).13,18,19 Previous findings from the baseline 

of the Bambuí cohort indicated that the sedentary behavior, 

considering all physical activities, was approximately 31.2%, 

and was higher in women (34.4%) than men (26.4%).15

In regard to the effect of physical activity on mortality 

risk in older adults, it is important to consider that most evi-

dence results from studies conducted in developed countries. 

There is no similar study that has been conducted in Latin 

America. Therefore, the present study aimed to investigate 

the association between energy expenditure, which is an 

estimate of physical activity level, and survival over 11 years 

of follow-up in a large representative community sample of 

older Brazilian adults with a low level of education. Further-

more, we aimed to assess sex as a potential effect modifier 

of this association.

Materials and methods
Data
Data were collected from the baseline interview (1997) of 

the Bambuí Cohort Study of Aging, which comprised 1,606 

(92% of the total population) people aged 60 years and older 

in Bambuí (approximately 15,000 inhabitants), Minas Gerais 

State, southeastern Brazil. This cohort study was designed 

and developed to investigate the incidence and predictors of 

adverse health outcomes in an elderly Brazilian population 

with low education and income levels and in epidemiological 

transition (that is, with a high prevalence of noncommuni-

cable chronic diseases, but also widespread Trypanosoma 

cruzi infection, a protozoan that causes Chagas disease, 

whose main feature is heart involvement). The Bambuí 

cohort members had a face-to-face interview each year, and 

there was an additional health examination at baseline and 

in selected years of follow-up. The Bambuí cohort method-

ology has been described elsewhere.20 The Bambuí cohort 

study was approved by the ethics board of the Fundação 

Oswaldo Cruz, Rio de Janeiro, Brazil. Participants gave full 

informed consent to participate in this study and authorized 

death-certificate verification.

Mortality data source
Deaths that occurred from January 1, 1997 to December 31, 

2007 were included in this analysis. Deaths were reported 

by next of kin during the annual follow-up interview and 

ascertained through the Brazilian System of Information 

on Mortality, Ministry of Health; death certificates were 

obtained for 98.9% of individuals. Deaths assigned to any 

cause were considered in this analysis.

Physical activity assessment
Information regarding physical activity was collected at 

baseline using a questionnaire with 23 closed questions and 

two open questions about physical activities performed by the 

participants in the past 3 months. The questionnaire included 

type, frequency, and average duration (in minutes) for each 

physical activity. The following physical activities were 

included: walking leisurely (2.5 mph [4 km/h]), going up 

stairs at a normal speed, going up stairs fast or carrying a load, 

mopping or scrubbing floors, cleaning windows, swimming 

(leisurely), dancing, rhythmic dancing, cycling (10 mph, for 

leisure or to work), home repairs (painting), volleyball, tennis, 

basketball, football, walking fast (3.5 mph, brisk level, on a 

firm surface, walking for exercise), aerobics/gym workout, 

running/jogging, gardening (digging with a spade), sawing 

wood, horse riding (racing, galloping, trotting), shuttlecock 

(volleyball), cycling quickly, and cycling a steep hill. The 

physical activity data were carefully coded by a qualified 

physiotherapist, who is an author of this manuscript.

The level of physical activity was calculated based on the 

level of oxygen consumed for each physical activity. This 

method allowed the research team to quantify the energy 

expenditure in MET (metabolic equivalent task) according 

to the Compendium of Physical Activity.21 One MET repre-

sents the energy expenditure by a resting individual with an 
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oxygen consumption of 3.5 mL/kg of body weight per minute  

(3.5 mL⋅O
2
⋅kg-1⋅min-1). Therefore, the intensity of the physi-

cal activities was classified into three groups (light, moderate, 

and vigorous) according to the MET values.22

The assessment of energy expenditure was calculated 

by multiplying the MET (intensity of the physical activity 

performed) by time (duration in minutes) and by frequency 

(how many times a week), considering only moderate and 

vigorous activities and a duration of 10 minutes or longer.22,23 

The outcome variable of this study was the energy expendi-

ture measured in MET-minute/week. In this study, tertiles 

of the MET variable at baseline were used. Further details 

about the physical activity assessment used in the Bambuí 

cohort have been described elsewhere.15

Confounders
The potential confounding variables were selected based on 

previous research on the association between physical activity 

and mortality risk.6–8 The confounders included sociodemo-

graphics (age, sex, and years of education), health behaviors 

(smoking, alcohol consumption, and body mass index [BMI], 

kg/m2), and health status measures: systolic blood pressure 

(mmHg), total cholesterol (mg/dL), fasting glucose (mg/dL), 

B-type natriuretic peptide (BNP) (pg/dL), stroke, angina, 

infarct, and the Mini-Mental State Examination (MMSE).

Current smokers were those who had smoked at least  

100 cigarettes during their lifetime and were currently smok-

ing. Alcohol consumption was measured by the amount of 

alcohol consumed in the past 12 months before the interview. 

BMI was calculated using the standard formula (kg/m2), 

and was used as a continuous variable. The plasma levels 

of BNP, which is an important predictor of mortality risk 

among older adults infected by T. cruzi,24 were measured 

by an immunoassay using microparticles (MEIA/AxSYM; 

Abbott Laboratories, Chicago, IL, USA). A medical history 

of infarct was assessed by a single question and a history of 

stroke,25 and angina26 by standardized instruments. Cognitive 

function was evaluated by the MMSE.

The interviews were conducted at participants’ homes and 

answered by the older adult him/herself or by a proxy (4.8%) 

for those with a cognitive deficit or a very serious health con-

dition. Blood pressure and anthropometric measures together 

with collection of blood samples were performed at the proj-

ect’s health clinic, except if the participants were not able to 

leave their homes. For the blood samples, participants were 

asked to fast for at least 12 hours. All research procedures 

were conducted by trained interviewers and well-qualified 

technicians. Further details can be found elsewhere.20

Statistical analysis
The univariate analyses of the variables associated with 

energy expenditure at baseline were based on Pearson’s 

χ2 test and analysis of variance with multiple Bonferroni 

comparisons. The mortality rates were calculated using 

person-years at risk (pyrs) as the denominator for each sex 

and tertile of energy expenditure.

Adjusted hazard ratios (HRs) and 95% confidence inter-

vals (CIs) for the association between energy expenditure and 

all-cause mortality risk during the 11-year follow-up period 

were estimated by Cox proportional-hazard models, after 

confirming that the assumption of proportionality among the 

hazards was met based on Schoenfeld residuals.

Three models were built in this analysis with progressive 

inclusion of confounders. The first model included tertiles of 

energy expenditure, age, sex, and years of education. At this 

stage, there was a significant interaction (P0.02) between 

sex and energy expenditure, and the results are presented 

for each sex. It was decided to keep the interaction term in 

the following models. There was no significant interaction 

between physical activity and age (P0.30). Smoking, 

alcohol consumption, and BMI were included in the second 

model. In the final model, the variables related to health 

status were added.

Survival curves were computed to show the interaction 

between sex and energy expenditure in both sexes. These 

curves were stratified by the physical activity level (tertiles of 

energy expenditure), and adjusted for all potential confound-

ing variables selected in this study. The continuous variables 

were centralized around their mean values, and the categori-

cal variables were fixed in the reference category.

Two sensitivity analyses were conducted: 1) exclud-

ing deaths that occurred in the first 2 years of follow-up, 

assuming that this group could have already been seriously 

ill, which would compromise the participant’s ability to do 

any physical activity,6,9,27 and 2) excluding those participants 

who reported having at least one chronic disease at baseline 

(stroke, angina, infarct, diabetes, and hypertension) that 

would compromise the participant’s ability to do any physical 

activity and increase mortality risk.9 Statistical analyses were 

conducted using version 13.0 of Stata statistical software 

(StataCorp, College Station, TX, USA).

Results
Of the 1,606 eligible participants at baseline, 1,378 (85.8%) 

had available data for all study variables that were included 

in the analyses. During an average period of 8.9 years,  

498 participants died (36.1%), and 90 (6.5%) were lost (that is, 
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their vital status could not be assessed), yielding 12,255 pyrs  

of observation. The lost participants were slightly younger 

(mean age 67.3 years, standard deviation [SD] 5.9) compared 

to those included in the analyses (mean age 68.9, SD 7.0) 

(P=0.025), and both groups had similar numbers of men and 

women (P=0.592).

Table 1 shows the sample characteristics at baseline by 

tertiles of energy expenditure. The highest tertile of energy 

expenditure was younger, with fewer women and fewer older 

adults with a lower level of education. This group also con-

sumed more alcohol in the last year, had a lower prevalence 

of stroke, had higher MMSE scores, and had lower plasma 

levels of BNP.

The all-cause mortality rate was 40.6 per 1,000 pyrs, 

and it was higher in men (49.5 per 1,000 pyrs) compared to 

women (35.2 per 1,000 pyrs). The mortality rates decreased 

with increases in energy expenditure. This tendency was 

observed in both sexes (Table 2).

Table 3 presents the HRs and 95% CIs for 11-year 

survival by each energy-expenditure tertile. In men, all 

models showed that an increase in physical activity was 

associated with reductions in mortality risk. The HRs for 

the fully adjusted model were 0.59 (95% CI 0.43–0.81) and 

0.47 (95% CI 0.34–0.66) for the second and third tertiles, 

respectively. In women, there was no association between 

physical activity and mortality risk. In the final adjusted 

analysis, HRs were 0.99 (95% CI 0.75–1.31) and 0.86 (95% 

CI 0.62–1.19) for the second and third tertiles, respectively. 

A significant interaction (P0.03) was found between 

sex and tertiles of energy expenditure in all three models, 

showing that the effect of physical activity on survival over  

11 years differed by sex.

Fully adjusted survival curves for 11 years of follow-up 

by sex and energy-expenditure tertiles are shown in Figure 1. 

Survival decreased with time and was higher among women 

than men in the first and second tertiles of energy expenditure. 

Table 1 Selected baseline characteristics of participants by physical activity level

Characteristics Total Energy expenditure in MET-minute/week P-value

Tertile 1 Tertile 2 Tertile 3

Age in years, mean (SD) 68.8 (7.0) 70.9 (7.4)a 68.8 (7.0)b 67.2 (6.0)c 0.001
Women, n (%) 833 (60.5) 274 (68.2) 307 (63.4) 252 (51.2) 0.001
4 education years, n (%) 872 (63.3) 255 (63.4) 329 (68.0) 288 (58.5) 0.009
Current smoking, n (%) 244 (17.7) 70 (17.4) 88 (18.2) 86 (17.5) 0.944
Alcohol consumption in the last year, n (%) 302 (21.9) 58 (14.4) 93 (19.2) 151 (30.7) 0.001
Body mass index, kg/m2, mean (SD) 25.1 (4.9) 25.1 (5.6) 25.2 (4.7) 25.1 (4.5) 0.929
Systolic blood pressure, mmHg, mean (SD) 137.4 (22.4) 139.1 (24.9) 137.6 (21.1) 135.8 (21.2) 0.088
Total cholesterol, mg/dL, mean (SD) 233.9 (48.7) 232.5 (49.3) 236.3 (49.4) 232.6 (47.7) 0.385
Fasting glucose in mg/dL, mean (SD) 108.9 (42.9) 109.7 (37.0) 110.2 (45.3) 106.9 (44.8) 0.443
Stroke, n (%) 45 (3.3) 24 (6.0) 9 (1.9) 12 (2.4) 0.001
Angina, n (%) 125 (9.1) 38 (9.5) 42 (8.7) 45 (9.2) 0.921
Infarct, n (%) 66 (4.8) 25 (6.2) 26 (5.4) 15 (3.1) 0.066
Mini-Mental State Examination (MMSE)  
score, mean (SD)

24.7 (4.5) 23.7 (5.2)a 24.7 (4.3)b 25.4 (3.8)c 0.001

B-type natriuretic peptide (BNP), pg/dL,  
mean (SD)

125.4 (166.0) 141.1 (214.7)a 131.3 (156.6)a,b 106.6 (122.3)b 0.005

Notes: Tertile 1: 0 to 515.0 MET-minute/week; Tertile 2: 515.1 to 1,529.9 MET-minute/week; Tertile 3: 1,530.0 to 16,765.5 MET-minute/week. Pearson chi-square test for 
comparisons between proportion and analysis of variance (with Bonferroni adjustment) for comparison between means; the letters a, b, c refer to the statistic differences in 
the analysis of variance; different letters show significant differences. 
Abbreviations: MET, metabolic equivalent task; n, number enrolled in group; SD, Standard Deviation.

Table 2 Number of deaths and mortality rates over 11 years, by tertiles of energy expenditure at baseline

Energy expenditure  
in MET-minute/week

Total Men Women

Number  
of deaths

Mortality rate  
per 1,000 pyrs

Number  
of deaths

Mortality rates  
per 1,000 pyrs

Number  
of deaths

Mortality rates  
per 1,000 pyrs

Tertile 1 195 58.6 86 92.7 109 45.4
Tertile 2 175 40.5 76 50.4 99 35.1
Tertile 3 128 27.8 68 30.8 60 25.1
Total 498 40.6 230 49.5 268 35.2

Notes: Tertile 1: 0 to 515.0 MET-minute/week; Tertile 2: 515.1 to 1,529.9 MET-minute/week; Tertile 3: 1,530.0 to 16,765.5 MET-minute/week. 
Abbreviations: MET, metabolic equivalent task; pyrs, person-year at risk.
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Table 3 Hazard ratio for 11-year mortality, by tertiles of energy expenditure at baseline

Energy expenditure  
in MET-minute/week

Model 1 Model 2 Model 3

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

Men
Tertile 1 1.0 1.0 1.0
Tertile 2 0.54 (0.40–0.74) 0.57 (0.42–0.77) 0.59 (0.43–0.81)
Tertile 3 0.37 (0.27–0.52) 0.41 (0.30–0.57) 0.47 (0.34–0.66)

Women
Tertile 1 1.0 1.0 1.0
Tertile 2 0.93 (0.71–1.23) 0.92 (0.70–1.21) 0.99 (0.75–1.31)
Tertile 3 0.74 (0.54–1.02) 0.74 (0.53–1.02) 0.86 (0.62–1.19)

P-value for the interaction between  
sex and energy expenditure

0.02 0.03 0.02

Notes: Model 1 (n=1,378): adjusted by age, sex, education years and interaction term between tertiles of energy expenditure and sex. Model 2 (n=1,378): model 1 plus 
current smoking, alcohol consumption, and body mass index. Model 3 (n=1,378): model 2 plus systolic blood pressure, total cholesterol, fasting glucose, stroke, angina, infarct, 
Mini-Mental State Examination score, and levels of B-type natriuretic peptide. Tertile 1: 0 to 515.0 MET-minute/week; Tertile 2: 515.1 to 1,529.9 MET-minute/week; Tertile 3:  
1,530.0 to 16,765.5 MET-minute/week.
Abbreviations: HR (95%CI), Hazard ratio and 95% confidence intervals; MET, metabolic equivalent task.

Figure 1 Cumulative survival probability estimates, adjusted for all confounders, by sex and tertiles of energy expenditure.
Notes: n=1,378; Curves adjusted by age, sex, years of education, interaction term between tertiles of energy expenditure and sex, current smoking, alcohol consumption, 
body mass index, systolic blood pressure, total cholesterol, fasting glucose, stroke, angina, infarct, Mini-Mental State Examination score and levels of B-type natriuretic 
peptide. First tertile: 0 to 515.0 MET-minute/week; Second tertile: 515.1 to 1,529.9 MET-minute/week; Third tertile: 1,530.0 to 16,765.5 MET-minute/week. 
Abbreviation: MET, metabolic equivalent task.
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Sex differences in mortality were not observed among older 

adults in the highest level of physical activity.

There was no significant interaction between energy 

expenditure and age, even after full adjustment (P0.30). 

The sensitivity analysis showed that excluding deaths that 

occurred in the first 2 years of follow-up did not change the 

significance levels of the associations observed in the three 

models. However, the effect of physical activity on mortal-

ity was stronger after excluding participants who had at 

least one chronic disease (stroke, angina, infarct, diabetes, 

and hypertension) at baseline, with a significant association 

in men (HR 0.41, 95% CI 0.22–0.77 and HR 0.30, 95%  

CI 0.16–0.58 for the second and third tertiles, respectively). 

In women, however, this association was not significant  

(HR 0.81, 95% CI 0.43–1.53 and HR 0.68, 95% CI 0.34–1.39 

for the second and third tertiles, respectively).

Discussion
The findings in this study showed an important interaction 

between sex and energy expenditure due to physical activity 

on the survival of older Brazilian adults. Higher levels of 

physical activity were associated with a greater reduction 

of all-cause mortality risk in men. However, there were no 

significant associations among older women. It was also 

found that among the participants in the highest tertile of 

energy expenditure, the survival rates of men and women 

were similar. This finding indicates that higher physical 

activity levels in older men increase their survival rate to a 

similar rate observed in older women.

The literature on the relationship between physical 

activity and the reduction of mortality risk in older adults 

shows conflicting findings, both in terms of the existence of 

an association11,12,28 and its strength.9,10,29 These differences 

highlight the importance of investigating sex as a potential 

effect modifier of the relationship between physical activity 

and all-cause mortality in older adults. Studies have found 

similar findings to the results from the Bambuí cohort, which 

show a protective effect of physical activity only in older 

men.11,12 However, a German study showed a significant 

association only in women.28

According to our knowledge, few studies have investigated 

the interaction between sex and physical activity to predict 

the risk of mortality in older adults, highlighting the impor-

tance of exploring this interaction in various populations.30 

Only one study conducted in diabetic participants aged 

35 years and older (with a mean age between 56.6 and  

58.5 years across categories of physical activity) from 

ten European countries showed a significant interaction 

between physical activity and sex in relation to the risk of 

mortality,31 whereas other studies have not shown a significant 

interaction.6–8,12 It is important to note that the findings from the 

Framingham study were similar to those observed in Bambuí, 

which showed that physical activity did not affect the risk of 

mortality in women, despite a nonsignificant interaction.12

Regarding the type of physical activity, some studies 

showed that both leisure physical activities29,30 and household 

activities29,32 contributed to a reduction in mortality risk in 

older adults. However, these findings were not replicated by 

additional studies. For example, a German study found that 

household activities were associated with mortality risk, but 

it failed to show a dose response,33 whereas Scottish data 

showed that household activities did not reduce the risk of 

cardiovascular events in older adults.34 A study using data 

from the US Health and Retirement Study found a reduction 

in mortality risk only in women who practiced leisure physical 

activity, but not in those who did household or work-related 

physical activities.30 Among older Chinese adults, household 

activities had a protective effect in men, but not in women, in 

relation to all-cause mortality.35 Overall, in Bambuí, walking 

was the most frequent type of physical activity (72.4%), and 

among women, household activities were also very common.15 

Therefore, it is very important to consider the type of physical 

activity as a potential explanation for the observed sex dif-

ferences reported by various studies. The instrument used to 

assess physical activity in the present study did not allow us 

to perform separate analyses for each type of activity, which 

is a limitation of this research.

Sex appears to be a potential effect modifier of the asso-

ciation between physical activity and survival among older 

adults, and this interaction was also found in Bambuí. The 

differences in survival rates among men and women disap-

peared in the highest energy-expenditure group, indicating 

a significant reduction in mortality risk among men who 

practiced physical activities. Overall, the observed difference 

in mortality risk among men and women could be partially 

attributed to the uneven prevalence of risk factors related to 

socioeconomic conditions, social networks, health behaviors, 

and biomarkers.36,37 The findings in the present study high-

light the importance of physical activity in maintaining the 

mortality-risk differences among men and women.

The association between physical activity and mortality 

could be interpreted as a result of reverse causation, because 

older adults who report lower levels of physical activity 

could be in this group because they also presented poorer 

general health status and therefore higher mortality risk.38 

However, sensitivity analyses conducted in this study did not 
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alter the findings, suggesting that the observed effect could 

be attributed to the physical activity level.

A strength of this study is the fact that it was conducted 

in an older adult population from Bambuí, with a long 

follow-up period and a high response rate. Furthermore, the 

data collected at baseline were obtained by trained profes-

sionals using standard techniques with regular quality-control 

checks. The physical activity data were measured in detail, 

considering the main physical activities practiced in this 

local community, and allowed the researchers to calculate 

energy expenditure. A possible limitation could be that 

physical activity information was self-reported.38 A study that 

objectively measured energy expenditure found a stronger 

association with mortality risk compared to self-reported 

physical activity measures.39 Another limitation was mea-

suring energy expenditure only at baseline (ie, not assessing 

physical activity over time). However, these potential limita-

tions could have been partially attenuated by the strength of 

the associations found in the present study.38

In conclusion, the findings in this study showed that sex 

is an important effect modifier in the association between 

energy expenditure and mortality risk among older Brazilian 

adults. This protective effect of physical activity was only 

found in men. This study was the first to investigate older 

adults in Latin America at the population level with a long 

follow-up period and a very low attrition rate. Finally, it was 

possible to observe the effect of physical activity on reducing 

mortality risk, and there was a significant interaction between 

sex and energy expenditure, which should be considered in 

the analysis of this association in various populations.
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