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Abstract

Background/objectives: Moderate-to-vigorous physical activity (MVPA) and

breaks in sedentary time (BST) have been proposed as viable solutions to

improve an older adult's physical independence, whereas sedentary time

(ST) has been associated with detrimental effects. We sought to assess the joint

effects of ST, BST, and MVPA on the physical independence of older adults

and determine whether and to what extent the ST relationship with physical

independence is moderated by MVPA and/or BST.

Design: Cross-sectional.

Setting: Laboratory of Exercise and Health, Faculty of Human Kinetics.

Participants: Older adults (≥65 years old) from the national surveillance sys-

tem in Portugal (n = 821).

Measurements: Physical activity and ST were assessed by accelerometry. Physi-

cal independence was assessed using a 12-item composite physical function (CPF)

questionnaire. Multiple linear regression was used to model the outcomes.

Results: Higher ST was related to lower CPF score (β = −0.01, p < 0.0001),

whereas higher MVPA was related to better CPF score (β = 0.02, p < 0.0001).

BST was not related to physical independence after accounting for MVPA and

ST (β = 0.03, p = 0.074). MVPA had a moderating effect on the relationship of

ST with CPF score (p < 0.0001), where MVPA ≥36.30 min/day ameliorated the

significant inverse relationship between ST and CPF. Engaging in ≥107.78 of

MVPA resulted in ST having a significant positive relationship with CPF score.

No moderation effect was found for BST (p > 0.05).

Conclusion: Regardless of the time spent in MVPA and BST, ST was inversely

related to CPF. However, MVPA was found to be a moderator of the relation-

ship between ST and physical independence, such that engaging in at least

36 min/day of MVPA may blunt the negative effects of ST. At high levels of

MVPA (≥108 min/day), having some ST may actually provide some benefit to

an older adult's ability to maintain physical independence.
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INTRODUCTION

Having a physically active lifestyle is considered a key strat-
egy to prevent the loss of physical independence and pro-
mote a healthy aging process in older adults.1,2 Beyond
physical activity, epidemiological and experimental evidence
have also identified sedentary time (ST) as a predisposing
risk factor for health outcomes related to functional disabil-
ity, reduced functional capacity, and frailty in older
adults,3,4 independent of time spent in moderate-to-vigorous
PA (MVPA). In fact, several investigations have highlighted
the importance of interrupting the time spent in sedentary
behavior by performing regular breaks of PA5-9 to improve
the physical independence and function of older adults.

Much of the prior literature has not examined the joint
and interacting effects of MVPA and breaks in sedentary
time (BST) with ST. Thus, the question of whether individ-
uals can overcome the detrimental effects of ST if they
undertake higher amounts of MVPA or BST remains to be
fully answered. It has recently been reported that 27 min/
day of MVPA were needed to offset the harmful effects of
ST on frailty in older adults,10 and between 30 and 40 min/
day of MVPA were needed to eliminate the increased risk
of premature death associated with ST in middle to older
aged adults.11 Currently, the extent to which MVPA and/or
BST may influence the effect of ST on the risk of physical
dependence in older adults has not been investigated.

The aims of this investigation were twofold: (1) assess
the joint effects of objectively measured ST, BST, and
MVPA on the physical independence of older adults; and
(2) to determine if the relationship of ST with physical
independence is moderated by MVPA and/or BST.

METHODS

Participants

This cross-sectional investigation included a total of 2666
older adults (≥65 years old) who took part in a national
survey examining a representative sample of the Portu-
guese population collected between March 2017 and
November 2018. All of the participants were required to
have the ability to perform activities of daily living inde-
pendently. The study was implemented in full compli-
ance with the Helsinki Declaration and approved by the
University ethics committee (ID number: 25/2020). Writ-
ten informed consent was obtained from all participants.

Anthropometric assessments

Weight and height were measured according to standard-
ized procedures.12

Socioeconomic demographics

Socioeconomic variables included were age, sex, educa-
tion level, monthly income, and marital status.

Physical independence assessment

Physical independence was assessed through self-report
using the 12-item composite physical function (CPF)
scale,13 where a higher CPF score indicated a greater
degree of physical independence.

Physical activity and sedentary time
assessments

Physical activity was assessed using an accelerometer
(ActiGraph, GT3X+ model; Fort Walton Beach, FL). Par-
ticipants were asked to wear the accelerometer on the
right hip, close to the iliac crest, for seven consecutive
days. Data were recorded at a 100 Hz frequency, and
downloaded into 60 s epochs. Troiano et al. cutpoints
and validation criteria were used to analyze the data.14 A
BST was considered as an interruption of ST with ≥1-min
duration, in which the counts registered by the acceler-
ometer rose above the threshold of 99 counts/min.

Key Points

• The negative association between sedentary
time (ST) and an older adult's physical inde-
pendence was not significant when moderate-
to-vigorous physical activity (MVPA) was
>36 min/day.

• A positive association between ST on physical
independence was found at an MVPA
level > 108 min/day.

• The number of breaks in ST (BST) was not a
moderator of the relationship between ST and
an older adult's physical independence.

Why Does this Paper Matter?

This study shows that performing ≥36 min of
MVPA per day can offset the detrimental effects
of ST on an older adult's physical independence.
Thus, public health policies should primarily tar-
get strategies to improve levels of MVPA and,
secondly, reduce ST, to promote a healthy aging
process.
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Statistical analysis

All statistical analyses were performed using SPSS
25 (SPSS Inc., an IBM Company, Chicago, IL) and
STATA 13.1 (StataCorp LLC, College Station, TX) using a
significance level of p < 0.05.

Sample characteristics were described using mean ±
SD and median (interquartile range) for normally distrib-
uted and skewed variables, respectively. Multiple linear
regression was used to assess the associations between ST,
MVPA, and BST with CPF score, while controlling for
total accelerometer wear time, age, sex, and body mass
index (BMI). Moderation of the relationship between ST
and CPF score by BST and MVPA was assessed using sep-
arate regression models with the inclusion of an interac-
tion term (ST*BST or ST*MVPA). When a significant
interaction was observed, the Johnson-Neyman technique
was used to assess at what values of the moderator
(MVPA or BST) the effect of ST on CPF score transitioned
from being significant to non-significant. A hetero-
scedastic consistent standard error estimator (Davidson-
Mackinnon) was applied to all models given the observed
heteroscedasticity of the model residuals.

RESULTS

Out of the 2666 older adults assessed, 821 (aged 75.5
± 7.4 years-old) had complete data on PA, ST, and CPF
score and were included in the analyses (Table 1). Older
adults excluded from the analysis were slightly older and
were of lower socioeconomic status compared to the
included sample, but did not differ in terms of sex distri-
bution or BMI. The median MVPA was 9.3 min/day, with
70% of the sample not meeting the PA guidelines of at
least 21.4 min/day of moderate PA.15

Higher ST was related with lower CPF values
(β=−0.01, p < 0.001), such that spending 60 min/day
more in ST translated to a 0.6 unit lower CPF score
(Table 2). On the contrary, greater levels of MVPA were
related to better CPF score (MVPA β = 0.02, p < 0.008),
such that having 60 min/day more MVPA was associated
with a 1.2 unit higher CPF score. BST was not related to
CPF score independent of MVPA and ST (β = 0.02,
p < 0.074). There was an interaction effect of MVPA on
the relationship between ST and CPF score (ST*MVPA
β = 0.0004, p < 0.001), indicating that the relationship
between ST and CPF score was moderated by MVPA. At
values of <36.30 min/day of MVPA, the relationship
between ST and CPF score was negative (Figure 1).
Between an MVPA of ≥36.30 and < 107.78 min/day, ST
was not significantly related to CPF score. At an MVPA
≥107.78 min/day, ST had a positive relationship with

CPF score. No significant interaction effect of BST on the
relationship between ST and CPF score was
observed (p > 0.05).

DISCUSSION

Our investigation suggests that higher amounts of ST
were related to lower values of physical independence,
regardless of time spent in MVPA and BST. However, the
nature of the relationship between ST and physical inde-
pendence became non-significant when older adults
engaged in ≥36 min/day of MVPA. No moderation effect
was observed for BST on the relationship between ST and
physical independence.

Our finding that the negative relationship between ST
and physical independence was independent of MVPA is
similar to findings reported in the literature for other
health related outcomes in older adults.3,4,16 These find-
ings, however, do not answer the question as to whether
higher amounts of MVPA can eliminate these negative
relationships. Indeed, the new World Health Organiza-
tion PA guidelines noted the emerging evidence on the
interaction between MVPA and ST and emphasized the
benefits of performing more than the recommended
levels of MVPA to help reduce the detrimental effects of
high amounts of sedentary behavior.15

In this investigation, we have shown that performing
36 min/day of MVPA can offset the negative effects of ST
on an older adult's physical independence. Other studies
in older adults have also come to similar conclusions
regarding the moderating effect of MVPA on the relation-
ship of ST with frailty10 and mortality.11,17-19 Mañas
et al.10 found that 27 min/day of MVPA eliminated the
negative association between ST and frailty in older
adults. Although we used a similar statistical approach
and our samples had similar characteristics in terms of
age, sedentary time (491.4 min/day from our study
vs. 538.7 min/day from Mañas et al.10), and levels of
MVPA (median: 9.3 min/day or mean: 17.1 min/day
vs. mean: 19.7 min/day from Mañas et al.10), Mañas
et al.10 found a lower cutpoint compared to ours which
may be related to the different outcomes assessed. Con-
sidering the outcome of all-cause mortality, Ekelund
et al. reported that 60 min/day of moderate PA17 or
30–40 min/day of MVPA11 were needed to attenuate the
adverse association of sedentary behavior using subjec-
tive and objective PA data, respectively. Overall, based on
our results and those of Mañas et al.10 and Ekelund
et al.,11,17 it seems that the amount of MVPA needed to
offset the harmful effects of ST depends highly on the
health measure examined, as well as on the assessment
method for acquiring PA information.
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Interestingly, we observed that beyond ~108 min/day
of MVPA, ST was positively related with an older adult's

ability to be physically independent. This finding is
potentially related with certain benefits specific domains

TABLE 1 Descriptive characteristics of the sample of Portuguese older adults (≥65 years old) from a national survey examining a

representative sample of the Portuguese population collected between March 2017 and November 2018

Characteristic n = 821

Age, y 75.5 ± 7.4

Sex, n (%)

Male 254 (30.9)

Female 567 (69.1)

Education, n (%)a

<4th grade education 139 (17.6)

Up to 4th grade education 398 (50.3)

Up to 12th grade education 192 (24.2)

Higher level education (bachelors, masters, doctorate) 63 (7.7)

Income, n (%)b

Low (<800 euros) 403 (64.0)

Medium (800–1499 euros) 137 (21.7)

High (≥1500 euros) 90 (14.3)

Marital status, n (%)c

Married 308 (41.7)

Separated/divorced 71 (9.6)

Widowed 304 (41.2)

De facto union 53 (7.2)

Single 2 (0.3)

History of chronic disease, n (%)d

Diabetes mellitus 149 (21.1)

Cancer 67 (9.5)

Cardiac Infarction 67 (9.5)

Hypertension 379 (53.8)

BMI 28.1 ± 4.3

CPF score, integer value ranging from 3 to 24 21 (7)e

Sedentary time, min/day 491.7 ± 103.2

Breaks of sedentary time, number/day 78.4 ± 16.1

Light-intensity physical activity, min/day 274.2 ± 105.0

Moderate physical activity, min/day 9.3 (22)e

Vigorous physical activity, min/day 0 (0)e

Moderate-to-vigorous physical activity, min/day 9.3 (22.2)e

Total accelerometry wear time, min/day 771.1 ± 77.9

Note: total accelerometry wear time refers to the total amount of valid time the participant wore the accelerometer per valid day, with periods of at least 60
consecutive minutes of 0 counts being considered as non-wear time and a valid day consisting of daily wear time > 600 min. Data from a national survey
examining a representative sample of the Portuguese population collected between March 2017 and November 2018.

Abbreviation: CPF, composite physical fitness score.
an = 792.
bn = 630.
cn = 738.
dn = 705.
eMedian (IQR).
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of sedentary behavior may provide in terms of rest and
recovery. In fact, a prospective cohort study observed that
women who met the PA guidelines (≥450 MET × min/
week) and reported sitting the most (≥11 h/day) actually
had a reduced mortality risk compared to the other
women who met the guidelines and had less sitting
time.18 However, it is important to note that only a small
portion of our sample had MVPA levels >108 min/day.
More studies including a greater number of individuals
falling within the upper end of the MVPA spectrum are

needed to verify if ST can be beneficial for older adults
who perform high levels of activity throughout the day.

Although BST has been found to be positively related
with aspects of an older adult's functional capacity inde-
pendent of MVPA,5-8 we did not observe a similar rela-
tionship between BST and an older adult's physical
independence. We also observed no moderation effect of
BST on the ST and physical independence relationship.
Thus, although promoting increases in BST may be bene-
ficial for certain functional abilities of older adults,5-8

results from our investigation indicate that this action
does not prove to be strong enough to fully eliminate the
negative effects of ST on an older adult's physical inde-
pendence. Nevertheless, for the many older adults who
struggle to reach the 36 min/day cutpoint for MVPA, and
as suggested by the new PA guidelines, 15 a more feasible
approach to maximize the healthy aging process may be
to limit the amount of time in sedentary pursuits and
incorporate any incremental increase in MVPA, as these
actions may still prove to be beneficial and more likely
attainable for the majority of the older adult population.

A major limitation of this study is the cross-sectional
nature of the analysis, which does not allow for the estab-
lishment of causality, and, therefore, we cannot exclude
the existence of reverse causality in the relationships. Fur-
ther studies using longitudinal approaches are warranted.
Although we had a large sample of Portuguese older
adults from different regions of Portugal, the majority of
our sample was Caucasian (99.2%), thus limiting the gen-
eralizability of our results to other ethnicities. Despite lim-
itations, our use of objectively measured PA and ST from
accelerometers improves upon the self-reported measure-
ments used in previous studies. It is important to note,
however, that PA outcomes can be highly influenced by
how the raw accelerometer data is processed and the
intensity threshold for PA intensity classification used.20

For instance, lowering the moderate PA intensity thresh-
old to one that has been suggested to be more acceptable
for older adults (i.e., 1013 counts/min),21 greatly increases
the MVPA requirement (i.e., 77 min/day) needed to over-
come the negative effects of ST on CPF. Given that for

TABLE 2 Results of multiple linear regression showing the joint associations of sedentary time (min/day), breaks in sedentary time

(number/day), and moderate-to-vigorous physical activity (min/day) with CPF score adjusted for age, sex, BMI, and total accelerometer valid

wear time

CPF score β (SE) 95% CI p value

Sedentary time −0.012 (0.002) −0.016, −0.009 <0.001

Moderate-to-vigorous physical activity 0.021 (0.008) 0.005, 0.037 <0.008

Breaks in sedentary time 0.024 (0.013) −0.002, 0.049 0.074

Note: β = unstandardized beta adjusted for age, sex (0 = female, 1 = male), BMI, and total accelerometer wear time (min/day).
Abbreviation: CPF, composite physical function score.

FIGURE 1 Conditional effect of ST on CPF as a function of

MVPA with regions of significance determined using the Johnson-

Neyman technique. The dashed red vertical line

(MVPA = 36.30 min/day) represents the point where the

relationship between CPF and ST transitions from being significant

and inversely related to being non-significant. The green dashed

vertical line represents the point where the relationship between

CPF and ST transitions from being non-significant to significantly

positive (MVPA = 107.78 min/day). The gray area in between the

red and green dashed lines represents the range for MVPA where

ST is not significantly related to CPF (MVPA ≥ 36.30 day

and < 107.78 min/day). The thick horizontal black line at y = 0

indicates the range of observed values within the sample. CPF,

composite physical function score; ST, sedentary time; MVPA,

moderate-to-vigorous physical activity
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older adults there is no clear guideline discriminating the
best PA thresholds to use, we chose the same one used by
other studies10,11 assessing the moderating effects of
MVPA on the relationship between ST and health related
outcomes in older adults to facilitate result comparisons. It
is important for researchers to take the thresholds chosen
into consideration when interpreting and comparing study
results.

In conclusion, MVPA moderated the relationship
between ST and an older adult's physical independence,
such that performing >36 min/day of MVPA eliminated
the negative association of ST. Moreover, performing
>108 min/day of MVPA promoted a positive association
between ST and physical independence, indicating that
for highly active older adults, ST may be beneficial for
one's ability to maintain physical independence. For
older adults who struggle to perform sufficient amounts
of any type of PA, decreasing ST and increasing MVPA
by any incremental amount should not be overlooked as
a viable strategy to improve healthy aging.
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