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Abstract
Background The associations between free-living physical activity (PA) and sedentary behaviour (SB) and sarcopenia in older
people and its determinants are controversial. Self-reporting, the use of one-size-ﬁts-all cut-points for intensity categorization
when using accelerometers and the absence of a clear sarcopenia deﬁnition hampered explorations. The aim of this study is to
describe the associations between objectively measured PA patterns and sarcopenia and its determinants.
Methods Subjects aged >65 with valid accelerometry and sarcopenia-related measures from Toledo Study of Healthy Aging
(TSHA) were included. Muscle mass (MM) was estimated by dual-energy X-ray absorptiometry. Handgrip strength (HS) was
measured by dynamometry. Physical performance assessment relied on gait speed (GS). Sarcopenia presence was ascertained
using Foundation for the National Institutes of Health (FNIH) criteria. PA and SB were estimated by ActiTrainer worn for 1 week
and classiﬁed into time spent in SB and different PA intensity bands [light PA (LPA) and moderate-to-vigorous PA (MVPA)]
using age-speciﬁc cut-points. Different multivariate linear and logistic regression models [(i) single-parameter, (ii) partition,
and (iii) isotemporal substitution models] were used for estimating associations between PA, SB, and sarcopenia determinants
and sarcopenia rates, respectively. All models adjusted for age, sex, co-morbidities (Charlson index), and functional ability (Katz
and Lawton indexes).
Results Five hundred twelve subjects from the TSHA had available data (78.08 ± 5.71 years of age; 54.3% women). FNIH
sarcopenia assessment was performed in 497 subjects (23.3% were sarcopenic). In the linear regression, the singleparameter model showed an association between MVPA and all sarcopenia determinants. In the partition model, MVPA
was associated with greater MM and GS. The isotemporal substitution showed that reallocating 1 h/day of MVPA displacing
SB was associated with greater values in MM [β = 0.014; 95% conﬁdence interval (CI) = 0.004, 0.024; P < 0.01], GS
(β = 0.082; 95% CI = 0.054, 0.110; P < 0.001), and HS (β = 0.888; 95% CI = 0.145, 1.631; P < 0.05). In the logistic regression,
the single-parameter model yielded a signiﬁcant association between 1 h/day increase in MVPA and sarcopenia reduction
[odds ratio (OR) = 0.522; 95% CI = 0.367, 0.726; P < 0.001], as did the partition model (OR = 0.555; 95% CI = 0.376, 0.799;
P < 0.01). The reallocation of 1 h/day SB only yielded a signiﬁcant lower sarcopenia risk by almost 50% when it was substituted
with MVPA, whereas the substitution of 15 min/day yielded a signiﬁcant lower sarcopenia risk by 15% (P < 0.001) but did not
show any association when it was substituted with LPA.
Conclusions An increase in MVPA replacing SB and LPA was associated with a reduction in sarcopenia prevalence and better
performance across its determinants (MM, GS, and HS). LPA did not show any signiﬁcant effect.
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Introduction
Sarcopenia is an age-associated syndrome that comprises loss
of muscle mass (MM) plus a loss of muscle function (strength
and power) and/or physical performance.1 Sarcopenia is a
core contributor to frailty, physical limitations, and disability
at advanced ages.2 Although primary ageing contributes to
sarcopenia, the rate of MM and function loss appears to be
modiﬁable relying upon lifestyle habits, mainly diet and
physical activity (PA).3
Structured physical exercise, speciﬁcally strength training,
has shown to be effective in sarcopenia prevention and reversal.3–5 However, the associations between walking-related
daily PA and sarcopenia remain to be elucidated. Moreover,
the majority of the studies have assessed PA and sedentary
behaviour (SB) by either self-report or using questionnaires,
raising potential biases related to failures in subjective recall
of past events associated with activities eliciting energy
expenditure and social desirability, yielding daily-living PA
overreporting and/or SB underestimation.6,7
The use of accelerometers has allowed the objective
daily living-related PA estimation through motions derived
from ambulation. Studies that aimed to improve the insight
into the preventive role of objectively measured PA and
health-related conditions at older ages have applied thresholds validated in healthy young adults for PA intensity categorization.8,9 This could have led to inaccuracy and
misclassiﬁcation of actual PA behaviours, generating an
overestimation of SB10 and underestimation of actual
PA,11 due to differences in energy cost of a given activity
in older adults, when compared with younger cohorts.12 It
has already been demonstrated that using classical younger
adults’ cut-points when exploring older adults’ PA patterns
can artiﬁcially decrease PA adherence rates among older
adults12,13 and that PA estimates vary notably depending
upon the cut-points used.14
Recently, isotemporal substitution models were introduced to the analysis of PA data. They take account for the
ﬁniteness of the time in which a subject can partake in
activities in the different intensity categories of PA. Engaging
in activities in a speciﬁc level of intensity necessarily involves
reducing time in another. Although previous research
suggests a beneﬁcial effect of PA on sarcopenia, the analytic
methods overlooked the possibility of different effects
elicited by the reallocation of time in a given intensity, relying
upon the nature of the intensity it displaces. For example, an
increase of time in light PA (LPA) is likely to induce different
effects on sarcopenia and its determinants whether it
displaces SB or moderate-to-vigorous PA (MVPA).15
The aim of the current study is to assess the associations
between objectively measured PA levels and different
sarcopenia-related variables [MM, gait speed (GS), and
handgrip strength (HS)] and sarcopenia prevalence, by using
accelerometers that can objectively assess ambulation-

related PA and SB16 and classifying the intensity of activities
using age-speciﬁc cut-off points for older adults in order to
classify time into different PA intensity bands and SB.
Our hypothesis is that increasing time spent in SB is inversely associated with MM, GS, and HS and with a higher
sarcopenia prevalence whereas greater time spent in LPA
and MVPA are associated with higher MM and HS, faster
GS, and a lower sarcopenia prevalence. Furthermore, we hypothesize differential effects of increasing time spent in a
speciﬁc intensity category depending on the intensity nature
of the time displaced in the isotemporal substitution model.

Methods
This work describes a cross-sectional analysis of the data
from the Toledo Study of Healthy Aging, a Spanish longitudinal population-based study, designed for evaluating
frailty determinants in individuals older than 65 years.17
The study protocol was approved by the Clinical Research
Ethics Committee of the Toledo Hospital, Spain.
Participants signed informed consent forms prior to their
inclusion in the cohort.

Measurements
Identiﬁcation of sarcopenia
Muscle mass was measured using dual-energy X-ray absorptiometry (DEXA) scan (Hologic, Serie Discovery QDR, Bedford,
MA, USA). All DEXA scan tests were analysed using the
software Physician’s Viewer, APEX System Software Version
3.1.2. (Bedford, USA). Whole-body scans were made in a
supine position, in which the participants were scanned
wearing light clothing with no metal and no shoes or jewellery. Body mass index-adjusted appendicular lean mass
(ALM/BMI) was used as marker. Low muscle strength in
kilograms was assessed with HG measurement using a JAMAR
hydraulic hand dynamometer (J. A. Preston Corporation,
Clifton, NJ, USA); three attempts were performed in the dominant hand with the elbow extended while sitting, and the
best record was registered. Low physical performance was
deﬁned as a low GS, computed by measuring the time
(seconds) needed to cover a 3 m path at a usual GS. The best
of two measurements was recorded.
Sarcopenia was identiﬁed using the Foundation for the
National Institutes of Health (FNIH) diagnosis algorithm.
According to this algorithm, sarcopenia is present in older
adults with a GS < 0.8 m/s in both genders18 plus clinically
relevant low MM and weakness. As stated by FNIH report,
cut-points for low MM and HG were an ALM/BMI below
0.789 in men and 0.512 in women and an HS lower than
26 kg for men and lower than 16 kg for women.
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Physical activity assessment
Physical activity and SB were estimated using an ActiTrainer
accelerometer (ActiGraph, LLC, Fort Walton Beach, FL, USA).
All participants were asked to wear a device on the left hip
during waking hours for 7 consecutive days and remove them
during any bathing or swimming activities. The delivery and
reception, as well as the explanation of use, were made in
person by trained staff.19 Data were processed using
standard methods; Raw ActiTrainer data were converted to
counts per minute (CPM), which reﬂects the acceleration
and hence the intensity of PA. The higher the CPM, the higher
intensity of movement measured. Data collected from movement were integrated into 60 s increment periods (epochs).
PA intensity is typically categorized based on metabolic equivalents (METs), being the unit of the resting metabolic rate
(RMR). Each valid wearing-time minute was classiﬁed using
CPM-based thresholds matched to the classical MET-based
transitions between intensity categories: SB (<1.5 METs in
lying or sitting position), LPA (1.5–2.99 METs), and MVPA
(≥3 METs). In this study, cut-off points speciﬁc to the older
adult population were applied to classify minutes per day
spent in each intensity band based on the conversion of accelerometer vector magnitude (that integrates the three axes
of movement) CPM to MET10,20 (Table S1). Moderate intensity and vigorous intensity were merged together in an MVPA
category.
Non-wear time was deﬁned as periods of at least 60
consecutive minutes of zero counts, with allowance for
2 min of counts from the accelerometer-vertical axis between
0 and 100.21 The study included the results from participants
with at least four valid days recorded. A valid day was deﬁned
as at least 480 min (8 h) of wearing without excessive counts
(>20 000 vertical-axis counts). Minutes spent in each of these
activity intensity bands were computed and used as the
number of 1 hr intervals per day in the analysis. Also, total
activity counts (TAC) was taken as a composite measure of
PA, independent of intensity, frequency, and patterns.
Covariates
Age, gender, functional status, and co-morbidities were
registered. Presence of co-morbidities was ascertained by
self-report and checking the medical history in order to
compute the Charlson index score.22 The Katz index and the
Lawton index were used to assess the dependence in basic
and instrumental activities of daily living, respectively.

Statistical analysis
All analyses were adjusted for age residuals obtained from
the linear regression of chronological age on the three levels
of PA.23 Student’s t-test was used for between-groups comparison. Three different linear regression models were used
for the associations between PA and SB and sarcopenia
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determinants: (i) single PA parameter model, (ii) a partition
model, and (iii) an isotemporal substitution. For the analysis
of the association between PAL levels and sarcopenia, we
used logistic regression. All models are adjusted for age residuals, sex, the presence of co-morbidities (Charlson index),
and functional ability (Katz and Lawton indexes). Statistical
signiﬁcance was set at P < 0.05. All analyses were performed
in R 3.4.1 (R Core Team, Vienna, Austria).

Results
Five hundred twelve subjects with DEXA and valid accelerometer measures available were included in this analysis. Among
them, 497 subjects had available data for sarcopenia diagnosis, and 116 (23.3%) were classiﬁed as sarcopenic according
to FNIH criteria. Mean age of the whole sample was 78.08
(5.71) years, and 54.3% of subjects were women. Mean
MM, GS, and HS were 0.72 (0.1) kg/(kg/h2), 0.77 (0.26) m/s,
and 28.01 (7.65) kg for men and 0.51 (0.07), 0.69 (0.25),
and 17.53 (5.02) for women, respectively. Participants spent
53.6% of the wearing time in SB, 38.6% in LPA, and 7.8% in
MVPA.
In the bivariate comparisons, subjects classiﬁed as
sarcopenic showed differences with regard to those classiﬁed
as non-sarcopenic in the variables related to the criteria of
sarcopenia and in those related to PA: longer time in SB
(P < 0.01) and shorter time in both LPA (P < 0.01) and MVPA
(P < 0.001) (Table 1).
In the single PA parameter model (Table 2, model A),
each 1 h/day increase in MVPA showed a signiﬁcant association with greater values in MM, GS, and HS, whereas each
1 h/day increase in LPA did so with a higher HS; 1 SD
increase in TAC was signiﬁcantly associated with MM, GS,
and HS. In the partition model (Table 2, model B), adding
1 h/day of MVPA to the actual PA and SB patterns was associated with greater MM and GS, whereas adding 1 h/day
of LPA was associated with a reduction in GS [β = 0.022;
95% conﬁdence interval (CI) = 0.040, 0.004; P = 0.017].
Isotemporal substitution showed that reallocating 1 h/day
of SB by MVPA was signiﬁcantly associated with greater
values in MM, GS, and HS. When this volume of MVPA
substituted the same volume of LPA, we found signiﬁcant
associations with greater MM and GS but not with HS
(P = 0.312) (Table 2, model C).
In the partition model, we found deviations from linearity
when including the second polynomial of time spent in MVPA
for GS and HS. Figures 1 and 2 illustrate the associations between MVPA and GS and HS for an average study participant
and suggest a saturation of the beneﬁcial effect of increasing
MVPA beyond 1.5 h per day.
Regarding the relationship between PA, SB, and sarcopenia
prevalence when we used the single-parameter model (Table 3,
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Table 1 Demographic characteristics stratiﬁed by the sarcopenia status according to Foundation for the National Institutes of Health

N
Age (mean/SD)
Women (n, %)
Total wearing time (h, mean/SD)
SB, h/day (mean/SD)
LPA, h/day (mean/SD)
MVPA, h/day (mean/SD)
TAC/day (mean/SD)
ALM/BMI (mean/SD)
Gait speed (m/s, mean/SD)
Handgrip strength (kg, mean/SD)
Type 2 diabetes mellitus (n, %)
Hypertension (n, %)
Myocardial infarction (n, %)
Heart failure (n, %)
Charlson index score (mean, SD)
Dependency for ADL, Katz index (n, %)
Dependency for IADL, Lawton index (n, %)

Whole sample

Non-sarcopenic by FNIH

Sarcopenic by FNIH

512a
78.08 (5.71)
278 (54.3%)
84.39 (16.03)
6.98 (1.62)
5.01 (1.5)
1.02 (0.78)
409 365.62 (180 677.01)
0.6 (0.13)
0.73 (0.26)
22.26 (8.21)
117 (22.9%)
335 (65.4%)
23 (4.5%)
11 (2.1%)
1.97 (1.75)
96 (18.8%)
278 (54.3%)

381
77.4 (5.83)
218 (57.2%)
85.15 (15.86)
6.82 (1.57)
5.15 (1.47)
1.09 (0.79)
428 558.64 (179 575.42)
0.62 (0.14)
0.79 (0.25)
24.1 (8.04)
79 (20.7%)
242 (63.5%)
18 (4.7%)
8 (2.1%)
1.77 (1.54)
64 (16.8%)
187 (49.1%)

116 (23.3%)
80.21 (4.8)***
54 (46.6%)
82.66 (15.82)
7.53 (1.63)***
4.63 (1.53)**
0.76 (0.69)***
343 391.76 (167 575.43)***
0.56 (0.12)***
0.52 (0.14)***
16.45 (5.2)***
33 (28.4%)*
82 (70.7%)
5 (4.3%)
3 (2.6%)
2.64 (2.21)***
29 (25%)
81 (69.8%)***

ADL, activities of daily living; ALM, appendicular lean mass; BMI, body mass index; IADL, instrumental activities of daily living; LPA, light
physical activity; MVPA, moderate-to-vigorous physical activity; SB, sedentary behaviour; SD, standard deviation; TAC, total activity
counts.
a
Missing data for at least one FNIH sarcopenia determinant in 15 subjects (2.9%).
*P < 0.05.
**P < 0.01.
***P < 0.001.

Table 2 Regression coefﬁcients expressing associations between time engaged in physical activity in the different intensity bands and sarcopenia
determinants using distinct analysis methods

(A) Single PA parameter model, examining the association of each intensity category (SB, LPA, and MVPA) individually (one regression
model for each one) with the values of sarcopenia determinants. (B) Partition model, displaying the association of a 1 h increase in
each activity, adjusted by time engaged in the rest of activity categories, with the values of sarcopenia determinants. (C) Isotemporal
substitution model, considering a ﬁnite timeframe, examining the effect replacing 1 h engagement in a given activity with 1 h in a
distinct intensity band on sarcopenia determinant values. All models are adjusted by age, sex, the presence of co-morbidities
(Charlson index), and functional ability (Katz and Lawton indexes). β, beta coefﬁcient; CI, conﬁdence interval; LPA, light physical
activity; MVPA, moderate-to-vigorous physical activity; PA, physical activity; SB, sedentary behaviour; SD, standard deviation;
TAC, total activity counts.
*P < 0.05.
**P < 0.01.
***P < 0.001.

model A), a 1 h/day increase of SB showed an association with
higher sarcopenia prevalence and 1 h/day increase of MVPA
with lower sarcopenia prevalence, respectively. Additionally,

an increase of 1 SD in TAC was signiﬁcantly associated with
lower rate of sarcopenia. In the partition model (Table 3, model
B), the inclusion of the time spent in other intensity categories
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Figure 1 Predicted values for gait speed for an average male participant obtained from ﬁtting a natural cubic spline with 5 degrees of freedom.
Created with R 3.4.1 (R Core Team, Vienna, Austria). MVPA, moderate-to-vigorous physical activity.

suppressed the association between SB and higher sarcopenia
risk, whereas MVPA–sarcopenia rate association remained
signiﬁcant [odds ratio (OR) = 0.555; 95% CI = 0.376, 0.799;
P = 0.002]. In the isotemporal substitution model, the
reallocation of SB only yielded a signiﬁcant lower sarcopenia
risk when it was substituted with MVPA (OR = 0.520; 95%
CI = 0.361, 0.750; P < 0.001). Likewise, a signiﬁcant risk
reduction was observed when displacing LPA with MVPA
(OR = 0.557; 95% CI = 0.356, 0.871; P = 0.01). The effect of
reducing SB at expenses of increasing LPA on sarcopenia risk
pointed into the expected direction but did not reach statistical
signiﬁcance (OR = 0.935; 95% CI = 0.766, 1.141; P = 0.507).
As behavioural changes entailing 1 h increments in MVPA
are rather unattainable in our population,24 we calculated
the effects from the isotemporal substitution model of
shorter periods of time at different PA intensities, emulating
more feasible modiﬁcations in PAL patterns (Table 4).

Discussion
This analysis of data from a community-based cohort of older
people revealed that more time engaged in PA is congruently
positively associated with better performance of sarcopenia-

related measures (MM, GS, and HS) and with a lower prevalence of sarcopenia, independent of the analytic method and
adjustment for age, sex, the presence of co-morbidities, and
the functional ability. Being engaged in MVPA accounts for
the major part of this beneﬁt, while engagement in LPA only
shows a marginal effect on some of the components related
to sarcopenia, without any signiﬁcant effect on the
sarcopenia prevalence. These observations suggest the presence of an intensity threshold under which little beneﬁt is obtained. In this regard, it must be underscored that even little
increases in the levels of MVPA could be enough to reduce
signiﬁcantly the prevalence of sarcopenia, replacing either
SB or LPA. Although our main analysis is focused in the substitution of 1 h MVPA, of note is the reduction in sarcopenia
prevalence associated with only a 15 min/day increase in
MVPA at expenses of reducing either SB or LPA (15% or
14%, respectively) (Table 4). This suggests that even little
changes in PA patterns, embracing intensity and volume,
might have positive effects on sarcopenia.
Focusing on sarcopenia determinants, it appears to be that
higher PA engagement improves performance across all
sarcopenia determinants. In accordance with our results,
previous literature supports the positive association of
greater PA levels and MM at old ages,23,25–29 but there have
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Figure 2 Predicted values for handgrip strength for an average male participant obtained from ﬁtting a natural cubic spline with 5 degrees of freedom.
Created with R 3.4.1 (R Core Team, Vienna, Austria). MVPA, moderate-to-vigorous physical activity.

been some contradictory ﬁndings in this regard.30–32 With respect to the relationship between PA and performance measures (GS and HS), existing evidence points towards a positive
effect of greater levels of PA on performance and maintenance of physical function.26,30,33,34 Our study reinforces
these observations. Of note is the trajectory of the association between the amount of PA and HS and GS with increasing MVPA, displaying a probable ceiling effect with values
greater than 1.5 h/day of MVPA eliciting modest improvements in HS and GS (Figures 1 and 2). The partition model
showed an absence of association between MVPA and HG
in our sample. This might be due to the activity registered
by the accelerometer (mainly ambulation) having little effect
on upper limbs strength. In this sense, it could be interesting
to study the relationship between accelerometer-derived PA
and lower limb strength, to explore a possible stronger effect
of ambulation-related activities on strength. Although SB was
not signiﬁcantly associated with any sarcopenia determinants, the direction of the effect was in the expected direction of SB producing worse performance across all of them
(MM,35 HS,23,30 and GS25).
Our results support the accumulating evidence of an
inverse association between PA and sarcopenia prevalence,
reinforcing the unique role of MVPA on sarcopenia reduction.
LPA seems to be insufﬁcient to reduce sarcopenia rates.
Mijnarends et al.26 and Tyrovolas et al.31 showed a protective

effect of greater accumulation of self-reported PA on
sarcopenia. In contrast, in the study by Hai et al. in
community-dwelling Chinese people aged 60 years and older
(mean age 68 years old), no association was found using
questionnaires-based PA assessment.36 Controversy might
be caused by differential PA assessment tools and sarcopenia
deﬁnitions. In fact, the three studies previously cited used
self-reported activity, showing striking differences both in
the amount and intensity of PA and their association to
sarcopenia. They also used different sarcopenia deﬁnitions
(European Working Group on Sarcopenia in Older People definition, a body weight-adjusted Appendicular Skeletal Muscle
Index of 2 SDs with respect to a healthy young cohort, Asian
Working Group for Sarcopenia criteria). But even if a deﬁnition of sarcopenia can be agreed on, different sarcopenia
assessment tools for MM [DEXA, bioelectrical impedance
analysis (BIA), anthropometry-based measures], strength
(HS, lower extremity strength), and gait performance (GS, up
and go test) and the absence of population-speciﬁc cut-points
may lead to discrepancies in the conclusions. Importantly, it
should be recognized that the sarcopenia criteria employed
may arguably condition the associations. Recent research suggests the need for MM, GS, and HS cut-points harmonization
following the characteristics of the population.37–39
The role of LPA for MM and function preservation remains
controversial. Some previous work has showed an association
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Table 3 Associations between different physical activity parameters (time in sedentary behaviour, light physical activity and moderate-to-vigorous
physical activity, and total activity counts) and sarcopenia prevalence, using different analysis approaches

(A) Single PA parameter model, examining the association of each intensity category (SB, LPA, and MVPA) individually (one regression
model for each one) with sarcopenia risk. (B) Partition model, displaying the association of a 1 h increase in each activity, adjusted by time
engaged in the rest of activity categories, with sarcopenia risk. (C) Isotemporal substitution model, considering a ﬁnite timeframe,
examining the effect of substituting 1 h engagement in an activity category with 1 h in a distinct intensity band on sarcopenia risk.
All models are adjusted by age, sex, the presence of co-morbidities (Charlson index), and functional ability (Katz and Lawton indexes).
CI, conﬁdence interval; LPA, light physical activity; MVPA, moderate-to-vigorous physical activity; OR, odds ratio; PA, physical activity;
SB, sedentary behaviour; SD, standard deviation; TAC, total activity counts.
*P < 0.05.
**P < 0.01.
***P < 0.001.

Table 4 OR of the isotemporal substitution of different volumes of sedentary behaviour and light physical activity with moderate-to-vigorous physical
activity

CI, conﬁdence interval; LPA, light physical activity; MVPA, moderate-to-vigorous physical activity; OR, odds ratio; SB, sedentary behaviour.

between light activity (assessed objectively) and HS in men
but not women.33 The link between LPA and HS might be
explained by the effects of myokines released by the muscle
after muscle contraction,40,41 among other potential explanations.42 In our study, such LPA–HS association was only significant in the single-parameter approach and faded in both the
partition and isotemporal substitution models.
Parameters such as mode, intensity, duration, and volume
of and the type of muscle contraction (i.e. aerobic, resistive,

concentric, and eccentric) determine the induced homeostasis disruption PA generates and consequently the adaptations
obtained through muscle activation. Aerobic and resistance
exercise represent extremes on a continuum and elicit markedly different metabolic and structural responses. Whereas
aerobic PA (i.e. low-intensity repetitive contractions) mainly
induces adaptations that lead to improved oxygen uptake,
transportation, and utilization, resistance exercise (i.e. lowfrequency and high-resistance demand) is believed to play a
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role in proteostasis and neuromuscular function.43 The beneﬁcial effect of high-intensity, explosive resistance training on
MM and output, and physical function, maintenance at older
ages is clear.44–46 The LPA captured in our study might be
classiﬁed as aerobic, having little effect on these outcomes.
Conversely, we suggest that activities classiﬁed as MVPA (energy expenditure ≥ 3 MET) according to the Compendium of
Physical Activities by Ainsworth and colleagues47 and
correcting MET values to the mean age of our populations48
constitute a sufﬁcient stimulus to trigger responses that
stimulate MM, strength, and physical function. Walking for
pleasure (4.375 MET), Tai Chi (5 MET), and recreational swimming (6 MET) are among that type of activities. Considering
sarcopenia as one of the biologic substrates of frailty, our
group showed similar results when exploring the associations
between PA, SB, and frailty status in the same cohort.49

Strengths and limitations
The present study has several strengths. First, this study used
an objective tool for SB and PA assessment and involves a population with advanced age (mean age, 78 years). Self-reported
surveillance data overestimate time-performing PA and underestimate SB50 and are only weakly correlated with objectively
assessed PA patterns in older adults.51 Consequently, objective
measures are assumed to solve limitations of self-reported
estimation. However, there are important issues to consider
when classifying PA behaviours through accelerometry. As
stated in the section, ActiGraph monitors typically categorize
activities intensity classifying each valid wearing-time minute
into one of the classical intensity bands using count-based
(CPM) thresholds, usually those deﬁned in calibration studies
among healthy young cohorts.9,52 With a lower RMR, the relative energy expenditure (MET value) associated with these
CPM thresholds would be greater in older adults in relation
to younger counterparts. For instance, the LPA–MVPA transition (3 METs) in a young person (V = 10.5 mL O2/kg/min, assuming an RMR of 3.5 mL O2/kg/min) would imply an
exertion of 3.75 METs in an older adult (with an RMR = 2.8 mL
O2/kg).53,54
Despite this limitation, most previous studies objectively
measuring PA and SB patterns considered thresholds validated in healthy young adults, systematically assuming similar
energy costs across different age groups. In an attempt to
solve these problems, Koster et al. calculated a threshold for
the SB–LPA transition against a measure deemed a gold standard (ActivPAL accelerometers) among elders. Additionally,
they demonstrated an overestimation of time spent in SB by
almost 2 h/day among older adults when using the classical
cut-points in the Aging Research Evaluating Accelerometry
study.10 Similarly, Barnett et al. determined an age-speciﬁc
LPA–MVPA transition threshold in a population of older adults
(mean age 70.2), in a calibration study against indirect
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calorimetry.20 The use of these age-speciﬁc thresholds in our
study partially overcomes the previously described shortcomings. Nevertheless, and very importantly, we acknowledge
that there could still be bias because of variability in several
factors that might inﬂuence energy cost, such as sex, ﬁtness,
body weight, disability, movement impairment, and illnesses.55
In addition, subjects in our study wore a triaxial
accelerometer (ActiTrainer). Triaxial accelerometer data capture motions in all three axes resulting from more complex
movements56,57 and have shown better performance in
terms of intensity prediction in laboratory-based validation
studies in relation to uniaxial accelerometry.55
Second, as the time in a day in which a person can partake
in PA is ﬁnite, engaging in one intensity category inevitably
means reducing the time engaged in another. The beneﬁts
of different PA intensities depend not only on the speciﬁc
PA intensity but also on the type of intensity it displaces. This
fact has been systematically overlooked in previous research
using different statistical models. For example, the single PA
parameter model separately examines the associations between an amount of time in each intensity category and its
effect on a dependent variable, disregarding the amounts of
time spent in other intensities. The partition model accounts
for the role of the amount of time in distinct intensity categories but analyses the effect of adding time in the intended PA
intensity category to the actual distribution of time in all the
intensity bands, instead of accounting for the limited time
available. Thus, it is not a realistic approach. Conversely, the
use isotemporal substitution might mirror feasible changes
in PA patterns by accounting for the ﬁniteness of the time
in which a subject can engage in different intensity activities
in a given period and captures disparate effects of lifestyle
changes in one dominion that affects other behaviours.15 This
fact reinforces the external validity of our observations and
its suitability for formulating public health recommendations.
Finally, in contrast to the majority of the studies published to
date assessing the relationships between PA and sarcopenia,
we have used DEXA scans to assess MM, a more reliable
and accurate method than the estimations of MM derived
from anthropometric measures or bioelectrical impedance
analysis.58 Moreover, we used an internationally recognized
sarcopenia deﬁnition based on MM, HS, and GS (FNIH criteria).
Nevertheless, our work presents some limitations. The
cross-sectional nature of this study hampers exploration of
directionality between PA and SB and sarcopenia and its
determinants, and reverse causality cannot be ascertained:
although we hypothesized that higher PA and lower SB would
lead to lower sarcopenia prevalence, lower MM, HS, and GS
might also diminish PA and increase SB. In addition, although
ActiGraph accelerometers can accurately estimate PA derived
from walking, the most popular activity among older
people,14 they are unable to capture non-ambulatory PA like
resistance training, swimming, or cycling, activities that have
shown a strong association with MM and function.59,60 In
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any case, this kind of activities are rather unusual in our
population. Furthermore, we could not capture vigorous intensity (corresponding to energy expenditures over 6 METs)
because of the absence of cut-points for this the transition
between moderate and vigorous PA intensity categories. Notwithstanding, a very low proportion of older adults regularly
reaches vigorous intensities.
Current PA recommendations suggest a minimum MVPA
bout duration of 10 min to gain health beneﬁts61 but
acknowledge the inconclusive nature of previous evidence62
and the possibility that shorter periods might be valid in sedentary individuals, as those in our cohort.63 Taking this into
account, in our analysis, we computed the SB, LPA, and MVPA
variables by summing all the minutes within each category, irrespective of the duration of the bout in which they were
contained. Hence, we could not evaluate how differences in
PA-bout length contribute to overall PA effect on sarcopenia
and its determinants. Considering our observations (as few as
15 min/day of MVPA is good enough to produce some beneﬁt
on sarcopenia), this ﬁnding does not look to support the need
of bouts of a minimum of 10 min to get beneﬁts in terms of
MM and muscle function.
Finally, we recognize that although isotemporal substitution might be a more realistic approach, it is not more than
a mathematical method for replacing time in one intensity
with another and in no case could substitute experimental
evidence. Research is guaranteed to explore the potential
effects of reducing SB and increasing LPA and MVPA on
MM and function through properly designed randomized
clinical trials.
To our knowledge, this is the ﬁrst study in exploring the associations of sarcopenia and objectively estimated PA classiﬁed
using age-speciﬁc thresholds. In addition, we explored the
associations through different analytic methods, among which
the isotemporal substitution, that yields more directly interpretable and meaningful results to public health evidence.
In conclusion, our ﬁndings, stemming from a study with an
accurate assessment of both PA and the presence of
sarcopenia, strongly support the hypothesis of the association between higher PA levels, in the form of increments in
MVPA and SB reduction, lower sarcopenia rates, and better
performance across sarcopenia determinants in older people.
LPA appears to have marginal effects on sarcopenia determinants and any on the risk because the substitution of SB by
LPA is not signiﬁcantly associated.

Considering the growing older population in Western
countries and the functional and economic burden of
sarcopenia,64 improving insight into its aetiology, contributing
factors and possible interventions should be a priority for
researchers. Appropriately designed longitudinal studies
assessing the causal relationships and which of the components of the PA are involved in that association with
sarcopenia are needed to design targeted interventions in
the older population at risk or suffering sarcopenia.
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