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ABSTRACT

Introduction: Worldwide, elderly people
fail to meet minimum physical activity re-
guirements for their age group, increasing
the risks of cardiovascular disease, meta-
bolic disorders, osteoporosis, obesity, and
muscle weakness. Age-related decline and
comorbidities further compromise aerobic
capacity. Purpose: To assess aerobic capac-
ity and physical activity levels in older
adults participating in a physical activity
program, to analyse the relationship be-
tween aerobic capacity and physical activ-
ity levels, and to examine the association
between these measures and individual
characteristics. Methods: A cross-sectional
analytical study was carried out (Ethics ap-
proval no. CE/IPSN/CESPU-27/22) in a sam-
ple of 60 older adults (mean age 71.7 (3.87)
years) enrolled in a physical activity pro-
gram. Participants characteristics were col-
lected by questionnaire; physical activity
level were evaluated with the Brief Physical
Activity Assessment Tool (n=27) and aero-
bic capacity by the Six Minute Walk Test
(n=60). Data was analysed using Mann-
Whitney U, Spearman correlation, inde-
pendent t-test and chi-square tests, with a
95% confidence interval. Results: Partici-
pants had an aerobic capacity lower than
predicted values (476.3m vs 514.1m). Four-
teen participants were insufficiently active.
No association was found between aerobic
capacity and physical activity levels
(p=0.752). Younger age and earlier retire-
ment were independently associated with
higher aerobic capacity (p=0.001 and
p=0.003, respectively), with younger age
also linked to greater physical activity level
(p=0.048). Conclusion: Participants had be-
low-predicted aerobic capacity, with most
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being insufficiently active. No association
was found between physical activity levels
and aerobic capacity. Younger age corre-
lated with both higher aerobic capacity and
physical activity levels, and earlier retire-
ment with higher aerobic capacity.

Keywords: active elderly people; aging;
cardiorespiratory fitness; health promo-
tion.

INTRODUCTION

In recent years, Portugal has experi-
enced a pronounced dual demographic
ageing, characterised by a rising proportion
of older adults (> 65 years) alongside a de-
cline in younger cohorts, thereby increas-
ing the national ageing index. The working-
age population has also become progres-
sively older (Barrios et al., 2020). This de-
mographic shift presents substantial chal-
lenges for public health, particularly in
maintaining functional independence and
quality of life among older adults.

Ageing induces functional alterations
across all organs and systems, particularly
within the immune system, which is further
modulated by concomitant changes in the
endocrine, nervous, digestive, cardiovascu-
lar, and musculoskeletal systems. In con-
trast, adherence to a healthy lifestyle, en-
compassing balanced nutrition, regular
physical activity (PA), and other favourable
behaviours, promotes healthy ageing
(Weyh et al., 2020), defined as the sus-
tained absence or delay of disease and dis-
ability, particularly among individuals who
exercise regularly (McPhee et al.,, 2016).
One of the most affected systems with ad-
vancing age is the pulmonary system. Pul-
monary function progressively declines
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due to remodelling of the lung parenchyma
and alterations in chest-wall mechanics.
These changes compromise respiratory ef-
ficiency, leading to reduced expiratory flow
rates and lung volumes (Skloot, 2017; So-
rino et al., 2012). Moreover, pulmonary im-
pairment may exacerbate age-related de-
clines in muscle strength and power, while
reduced muscle strength can further com-
promise lung function and exercise capac-
ity (Buchman et al., 2008).

Physical exercise is a structured subset
of PA, undertaken systematically with de-
fined frequency, intensity, duration, and
type, aiming to maintain or improve spe-
cific fitness components (e.g., muscular
strength, flexibility, balance, and endur-
ance) (Angulo et al., 2020). Aerobic capac-
ity (AC), reflecting the integrated cardiovas-
cular and pulmonary response to oxygen
uptake, transport, and utilization during ex-
ercise (Duke & Lovering, 2020), is a strong
predictor of mortality and is inversely asso-
ciated with disability (Angulo et al., 2020).
AC may be assessed through maximal or
submaximal protocols. Among maximal
evaluations, the Incremental Shuttle Walk
Test (ISWT) is frequently used (Parreira et
al., 2014), although laboratory-based cardi-
opulmonary exercise testing remains the
gold standard (Herdy et al., 2016; Lollgen &
Leyk, 2018). Submaximal evaluations in-
clude the Chester Step Test (Sykes & Rob-
erts, 2004), the Endurance Shuttle Walk
Test (ESWT), and the Six-Minute Walk Test
(6MWT) (Holland et al., 2014). These sub-
maximal tests allow monitoring of physio-
logical responses, estimation of VO,max,
and evaluation of functional capacity, while
exposing participants to lower levels of risk
(Holland et al., 2014; Almeida, 2019).
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PA is recognised as one of the main
strategies to counteract sedentary behav-
iour in older adults (Sanchez-Sanchez et al.,
2019). Evidence indicates that increasing
PA intensity, from sedentary to moderate,
or from moderate to vigorous levels, is as-
sociated with improved muscle function, a
reduced prevalence of sarcopenia, en-
hanced functional status, and decreased
disability (Legrand et al., 2014). Moreover,
regular PA reduces the risk of cardiovascu-
lar disease, obesity, osteoporosis, muscle
weakness, and falls in older individuals
(McPhee et al., 2016). PA can be assessed
objectively through accelerometry, which
is considered the criterion standard (Karas
et al., 2022), or subjectively using self-re-
port instruments, such as the International
Physical Activity Questionnaire (IPAQ) (Cle-
land et al.,, 2018), the Baecke Question-
naire (Tebar et al.,, 2022), and the Brief
Physical Activity Assessment Tool (BPAAT)
(Mendes, et al. 2020, Cruz, et al. 2021).

Considering the converging trends of
population ageing, declining birth rates,
and functional decline among older adults,
assessing both AC and PA levels in this pop-
ulation is essential to guide the develop-
ment of effective preventive strategies. Ac-
cordingly, this study aimed to: (1) Evaluate
AC and PA levels in independent, active
older adults enrolled in a PA promotion
programme; (2) Investigate the association
between AC and PA level; and (3) Examine
how AC and PA level relate to individual
characteristics and lifestyle behaviours
(sex, age, height, weight, years of retire-
ment, diagnosed medical conditions, his-
tory of SARS-CoV-2 infection, caregiver sta-
tus and the specific program activities in
which were enrolled).

RIAGE, 8 - pp. 636-651 - Julho — Dezembro 2025

METHODS

This cross-sectional analytical study was
conducted in five sports complexes within
the Municipality of Valongo, Porto district,
and designed to include all participants en-
rolled in the community health-promotion
program “Acreditamos em Séniores Ativos”
(ASA), organised by Valongo City Council.
Participants were recruited through con-
venience sampling, provided they met the
eligibility criteria. Inclusion criteria con-
sisted of being age > 60 years. Exclusion cri-
teria were incomplete or incorrectly com-
pleted questionnaires, inability to perform
the six-minute walk test (6MWT), or lack of
signed informed consent. The initial sam-
ple included 66 participants, of whom six
were excluded based on the predefined cri-
teria, specifically due to incomplete or in-
correctly completed questionnaires). Both
verbal and written informed consent were
obtained from all participants. The study
was approved by the Ethics Committee of
the Instituto Politécnico de Saude do Norte
(CE/IPSN/CESPU-27/22) and conducted in
accordance with the principles of the Dec-
laration of Helsinki.
Data collection was carried out using: a
self-administered questionnaire, com-
pleted with researcher assistance, collect-
ing information on sex, age, height, weight,
years of retirement, diagnosed medical
conditions, history of SARS-CoV-2 infection,
caregiver status (for either an adult or a
child), and the specific ASA program activi-
ties in which participants were enrolled;
and the Brief Physical Activity Assessment
Tool (BPAAT), a self-administered question-
naire that provides a valid and reliable ap-
proach for monitoring physical activity
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levels in the general population (Vilarinho
et al. 2025). It comprises two items: one
addressing the frequency and duration of
vigorous-intensity physical activity, and an-
other covering the frequency and duration
of moderate-intensity activity or walking
over the past week. Based on responses,
individuals are classified as "insufficiently
active" (score 0-3) or "sufficiently active"
(score 4-8) (Cruz et al., 2021). Its brevity al-
lows rapid administration and immediate
appraisal of an individual’s activity level
(Mendes et al., 2020).

The Six-minute Walk Test (6MWT) used
to evaluate functional capacity, exercise
tolerance, and cardiorespiratory fitness in
both healthy and clinical populations
(Biswas et al., 2013) was performed to all
participants to assess aerobic capacity. Par-
ticipants were instructed to walk, at a self-
paced submaximal effort, for six minutes
along a flat 30-m corridor demarcated with
cones and 3-m intervals (Oliveira et al.,
2019). Pre and post-test measures include
dyspnoea and fatigue ratings at rest (modi-
fied Borg Scale) and heart rate (HR). Stand-
ardized encouragement is given at fixed in-
tervals (Holland et al., 2014). Each partici-
pant performed two trials under identical
conditions, separated by a minimum of 30-
minute of seated rest (Casano & Anjum,
2023).

The primary outcome of the 6MWT was
the observed six-minute walk distance
(6MWD), expressed in meters. In addition,
the predicted 6MWD was calculated using
the reference equations proposed for Por-
tuguese adults, which account for age, sex,
body mass index (BMI), and heart rate re-
sponse (MWD = 721.7 — 1.6 x Age — 4.0 x
BMI + 0.9 x AHR + 58.4 x Sex (where Sex =
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0 for females, 1 for males) (Oliveira et al.,
2019; Britto et al., 2013). The percentage of
predicted 6MWD was subsequently de-
rived as the ratio of the observed to the
predicted value, expressed as a percent-
age. These measures were used to account
for individual differences related to age,
sex and anthropometric characteristics,
and to standardise the assessment of func-
tional capacity across participants. The use
of the modified BORG Scale allowed real
time assessment of fatigue and dyspnoea.
It was designed to increase linearly with ex-
ercise intensity and heart rate and is con-
sidered a reliable method to quantify per-
ceived exertion in relations to physical in-
tensity. Scores range from 0 (no feeling of
fatigue/dyspnoea) to 10 (the most severe
fatigue/dyspnoea imaginable) (Borg, 1982,
1990).
Procedures

Following definition of the study design
and approval by the ethics committee, all
eligible participants were informed in de-
tail about the study aims and procedures
and provided both verbal and written con-
sent for voluntary participation. Data col-
lection sessions followed a standardised
sequence: first, participants completed the
characterisation questionnaire and the
BPAAT, after which they undertook the
6MWT. Baseline physiological parameters
(dyspnoea and fatigue scores, heart rate
(HR), respiratory rate (RR), peripheral oxy-
gen saturation (Sp0,), and systolic (SBP)
and diastolic (DBP) blood pressures were
recorded while seated at rest. Participants
were then instructed to walk as far as pos-
sible at a self-paced, submaximal effort, for
six minutes, receiving standardized verbal
encouragement. After the first trial, they
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rested seated for at least 30 minutes, dur-
ing which all physiological parameters were
reassessed, before performing the second
trial. The test with the longest distance was
retained for analysis. The BPAAT was ad-
ministered on a different day. However,
only 27 of the 60 participants attended this
session.

Statistical analysis

All statistical analyses were conducted
using SPSS version 29. Descriptive statistics
were calculated to summarise sample char-
acteristics, with means and standard devi-
ations (SD) reported for normally distrib-
uted continuous variables, and medians
with interquartile ranges (IQR) reported for
skewed data, as determined by visual in-
spection of histograms and the Shapiro-
Wilk test. Categorical variables were pre-
sented as frequencies and percentages.

Between-group comparisons were per-
formed to examine differences in demo-
graphic and functional measures between
insufficiently and sufficiently active partici-
pants. Independent samples t-tests were
employed for normally distributed varia-
bles, whereas the Mann—-Whitney U test
was used for non-normally distributed
data. Associations between categorical var-
iables were assessed using Pearson’s Chi-
square test, or Fisher’s exact test as appro-
priate.

To explore associations between partici-
pant characteristics and functional capacity
(six-minute walk distance, 6MWD), Spear-
man’s rank-order correlation coefficients
were computed. Statistical significance was
set at p < 0.05 for all analyses. No correc-
tions for multiple comparisons were ap-
plied, given the exploratory nature of the
study.
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RESULTS

The final sample comprised 60 older
adults, mean age 71.7 (3.87) years. Most
participants were women (66.7%) and
71.7% reported at least one diagnosed
medical condition. The sample was pre-
dominantly classified as overweight based
on BMI (80%). A low proportion of partici-
pants reported a history of SARS-CoV-2 in-
fection (26,7%), while an even smaller pro-
portion were currently serving as caregiv-
ers for family members or others (20%).
Participants demonstrated modest engage-
ment with the community intervention, at-
tending fewer than two sessions per week
on average. Time elapsed since retirement
varied considerably across the sample,
ranging from less than one year to more
than ten years (Table 1).

Table 1. Participants characteristics.

Mean (SD)
Age (years) 71.7 (3.87)
Years of retirement* 11.00 (8.00)
Number of ASA activities (per
1.6 (0.65)
week)
N (%)
Sex
Male 20(33.3)
Female 40 (66.7)
Diagnosed medical conditions
43 (71.7)
(ves)
History of SARS-CoV-2 infec-
) 16 (26.7)
tion (yes)
Caregiver status (yes) 12 (20.0)
BMI (kg/m?)
Normal weight 12 (20)
Overweight 48 (80)

BMI, Body Mass index; kg/m?, Kilogram per meter squared; *Me-
dian (Inter quartile Range).

Table 2 presents the results of the
6MWT, including the observed and
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predicted distances, the percentage of the
predicted 6MWD and heart rate variation,
alongside the physical activity levels of par-
ticipants.

Table 2. Six-minute Walk distance, predicted values,
percentage of predicted distance, heart rate varia-
tion, and physical activity level.

Table 3. Comparison of aerobic capacity between
insufficiently and sufficiently activity level (n=27).

. Sufficiently
Insufficiently .
. active
active
(n=13;
(n=14; 52%)
48%)
Median (Inter quartile Range) p
6MWD .
493.50 (144) 472.00 (90)  0.752

(m)

6MWD (N=60) Mean (SD)
Observed 6MWD (meters) 476.33 (88.77)
Predicted 6MWD (meters) 514.14 (34.55)
Percentage of predicted 6MWD 92.6 (15.9)
Physical activity level (N=23) N (%)
Insufficiently active 14 (52)
Sufficiently active 13 (48)

6MWD, Six-minute Walk Distance; SD: Standard deviation.

On average, participants completed
nearly 93 % of their age- and sex-predicted
6MWD, indicating a mild reduction in func-
tional exercise capacity. The mean ob-
served 6MWD (476 m) was below the pre-
dicted norm (mean = 514 m), while a slight
rise in HR around 8 bpm suggests a sub-
maximal cardiovascular response to the
test. The results of PA assessment indicate
a relatively balanced distribution between
participants classified as sufficiently active
and those deemed insufficiently active (Ta-
ble 2).

Table 3 and 4 presents the association
between AC and PA descriptive character-
istics of the study participants, including
age, years of retirement, number of activi-
ties attended within the ASA programme,
and 6MWD, reported according to PA level
(sufficiently active vs insufficiently active).

Aerobic capacity, as measured by the
six-minute walk test, did not differ between
insufficiently and sufficiently active older
adults (Table 3).
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6MWD, Six-minute Walk Distance; "Mann-Whitney U test.

Median six-minute walk distances were
similar across subgroups defined by sex,
comorbidity status, history of SARS-CoV-2
infection, caregiver role and BMI category.
Likewise, the proportions of sufficiently
versus insufficiently active participants did
not differ meaningfully within any charac-
teristic. No statistically significant associa-
tions were detected between these demo-
graphic or health factors and either func-
tional capacity or activity classification.
Spearman’s correlation analysis showed a
moderate, significant positive association
between age and six-minute walk distance
and a moderate, significant inverse associ-
ation with years since retirement. No signif-
icant association emerged between weekly
ASA participation and walk distance. These
findings suggest that older participants
tended to walk farther, whereas a longer
time since retirement was linked to shorter
distances, and program attendance fre-
guency did not predict functional capacity
(Table 4).

Table 4. Aerobic capacity and physical activity level,
according to participants characteristics.

Physical Activity Level

(N=27)
Observed 6MWD .
Insuf- Suffi-
(n=60) . . .
ficiently ciently
active active
Median
* N (%
(IQR) p (%) p

Sex
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513.00 6 5
Male) e7) (545)  (45.5)
0.076 ~ ' 0.816"
Fe- 480.50
8 (50)
male (72) (50)
Diag-
nosed
medical
condi-
tions
482.00 10 9
yes
84 52.6 47.4
(84) 0.329( ) ( ) 1.000*
516.00 4 4
no
(92) (50.0)  (50.0)
His-
tory off
SARS-
CoV-2 in-|
fection
483.50 3 4
yes
67 42.9 57.1
(67) 0.795( ) ( ) 0.678*
483.00 11 9
no
(89) (55) (45)
Care-
giver sta-|
tus
481.50 2(25)
es
Ve li82) (75)
0.912 0.103*
483.50 12 7
no
(88) (63.2)  (36.8)
BMI
(kg/m?)
Nor-
| 502.50 3 (60)
ma
) (83) (40)
weight 0.255 1.000
Over- 482.50 11 11
weight  |(81) (50) (50)
r Mean (SD)
73.64 71.00
Age 0,409 0,001! 0.048°%
(3.65)  (2.89)
Years
. 11.00 10.27
of retire- -0,397 0,003! 0.7458%
(5.92)  (4.89)
ment
Num-
ber of 1.57 1.62
-0,036 0,785 0.850*
ASA ac- (0.65)  (0.65)
tivities

BMI: Body Mass Index; IQR: Interquartile range; 6MWD, six-mi-
nute walk distance, *Mann-Whitney U test; *Chi-Square inde-
pendence test; *Fisher exact test; Stwo independent samples T
test; ISpearman correlation test.

DISCUSSION

Ageing is accompanied by a marked de-
cline in PA, rendering sedentary behaviour
a major risk factor for morbidity and mor-
tality. The purpose of the present study
was to assess aerobic capacity and physical
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activity level in older adults, to analyse the
relationship between aerobic capacity and
physical activity level, and to examine the
association between these measures and
individual characteristics. The population
under consideration in the present study
comprises independent and physically ac-
tive older adults participating in a PA pro-
motion programme. This focus allows for
targeted exploration of physical capacity in
a subgroup more likely to benefit from pre-
ventive strategies and maintain autonomy.

In our sample of 60 community-dwelling
seniors enrolled in a PA-promotion pro-
gramme, mean AC as measured by the
6MWT was 476.3 m or 92.6 % of the pre-
dicted (Duncan et al., 2015). This perfor-
mance falls well below distances reported
in healthy older cohorts (659 m in Camarri
etal.,, 2006; 631 min Troosters et al., 1999),
suggesting persistent functional limitations
despite programme participation.

PA levels, assessed by the Baecke ques-
tionnaire in 27 participants, were nearly
balanced between sufficiently active (48%)
and insufficiently active (52%) individuals.
Such activity levels corroborate systematic-
review evidence that PA declines exponen-
tially with lifestyle changes (Allender et al.,
2008) and that sedentary behaviours, such
prolonged sitting, screen time and passive
leisure, exert independent deleterious ef-
fects (Mielke, 2012). Relatively balanced
distribution between activity level within
the cohort, although the slightly higher
proportion of insufficiently active individu-
als suggests that there may still be scope
for targeted intervention, even among a
population engaged in a physical activity
promotion programme.
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Contrary to expectations, no significant
difference in 6MWD emerged between ac-
tive and inactive groups; “insufficiently ac-
tive” participants walked farther (493.5 m
vs. 472.0 m), echoing mixed literature on
the AC—PA relationship (Biswas et al., 2013;
Akinci et al., 2018; Bellia et al., 2017; Brun
et al., 2008; Tan et al., 2012). These results
reinforce the inconsistency of the literature
on the relationship between PA and func-
tional capacity, highlighting the need for re-
search that explores additional determi-
nants beyond self-reported activity.

Age and years since retirement were the
only variables significantly inversely corre-
lated with 6MWD (p = 0.001 and p = 0.003,
respectively), mirroring findings that ad-
vancing age shortens walking distance (Zou
et al., 2020) and that functional capacity
deteriorates with prolonged retirement
(Evenson et al.,, 2002; Zhou et al., 2023;
Wang et al.,2024). Although men, healthier
individuals, and those with normal BMI
tended to walk farther, consistent with
Oliveira et al. (2019), Bautmans et al.
(2004), and Pitanga & Lessa (2005), these
findings did not prove to be statistically sig-
nificant.

Older age also predicted lower PA
(mean difference 2.6 years; p <0.05), in line
with McPhee et al. (2016), whereas retire-
ment duration, number of daily activities,
comorbidity burden, COVID-19 history,
caregiver status, and BMI showed no signif-
icant associations with PA, despite non-sig-
nificant tendencies for lower activity after
SARS-CoV-2 infection (Delbressine et al.,
2021; Jimeno-Almazan et al., 2021; Oliveira
et al., 2022), higher activity among caregiv-
ers (Zhou et al., 2017; Di Gessa et al., 2016),
and greater inactivity in overweight
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participants (Vagetti et al., 2017; Silveira et
al., 2022). Notably, disease presence did
not reliably predict PA level, nor did high PA
guarantee absence of health problems
(Healy et al., 2008). These findings high-
light age as the predictor variable for lower
PA levels, reinforcing aging as a key deter-
mining factor. In contrast, clinical and soci-
odemographic variables did not show sig-
nificant associations, underscoring that the
relationship between health, social con-
text, and physical activity is more complex
than traditionally assumed.

Unmeasured factors, such socioeco-
nomic status, nutrition, housing conditions
and pre-retirement occupation, may influ-
ence both AC and activity patterns as well
as reliance on self-reported PA may intro-
duce recall and social-desirability bias (Cruz
et al., 2021). Future research should em-
ploy larger, more diverse cohorts; integrate
objective PA monitoring (e.g., accelerome-
try); include additional physiological mark-
ers (blood pressure, respiratory rate, hand-
grip strength); and consider contextual de-
terminants to elucidate the dynamic inter-
play between physical activity, aerobic ca-
pacity, and healthy ageing.

CONCLUSION

Aerobic capacity among participants
was below predicted values for their age
group, and despite engagement in the
community program, over half were classi-
fied as insufficiently active. Physical activity
level did not influence aerobic capacity.
Younger seniors and those with fewer years
since retirement showed higher aerobic ca-
pacity and activity levels, while other de-
mographic and health variables revealed
no meaningful relationships. These
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findings underscore the need to refine and
intensify community-based interventions
to effectively boost both activity participa-
tion and functional capacity in older adults.
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