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Abstract: The general population, but especially older adults, were forced or encouraged to stay
home during the recent COVID-19 pandemic. In this context, indoor mobility (IM, the number of
steps performed daily at home) may be informative about the general health status of older adults.
The present study aimed at evaluating the relationship between IM, frailty (loss of functional reserve
including both physical and psychosocial domains), and disability (loss of autonomy measured as
activities of daily life, ADLs) in a sample of community-dwelling Italian older adults. Specifically,
the primary objective was to investigate IM and disability differences between robust and frail older
adults. The secondary objective was to test if frailty is in the causal sequence between IM and disa-
bility, i.e., as a mediator in their relationship. Thirty-two participants (mean age = 70 + 6 years; 56.2%
women) were recruited. Frailty and disability were evaluated using the Tilburg Frailty Indicator
and the Groningen Activity Restriction Scale, respectively. IM at home was measured via an Adamo
wristwatch (a connected accelerometer). One-way analyses of covariance, controlling for age and
gender, showed that robust participants, classified according to a score higher than five points in
the Tilburg Frailty Indicator, performed significantly more IM (F1.28 = 4.639; p = 0.04) and presented
lower disability grade than frail ones (F12s = 4.342; p =0.046). Only physical frailty was a mediator in
the relationship between IM and disability (F229 = 8.538, p <0.001), with a fully mediated model (z =
-2.073, p <0.04). Conversely, the total frailty score was not a mediator in the same relationship, but
with IM accounted for the variance in disability (F220 = 8.538, p < 0.001; R? = 33.7%). Our results
suggested that frail older adults restricted their IM more and presented a higher level of disability
compared to robust older adults. Moreover, data suggest that IM reduction may have a negative
impact on physical frailty and indirectly increase disability.

Keywords: physical activity; walking; Adamo; physical frailty; ADL; active living; aged population

1. Introduction

Elderly people aged 60 years and older are increasing in number and make up an
increasing portion of the global population [1], implying severe consequences for
healthcare and social services. With aging, a higher proportion of individuals is estimated
to become frail [2,3]. The frailty status brings a higher risk for falls [4], cognitive decline
[5,6], loss of autonomy [4], institutionalization [2,3], and hospitalization [4].

Regular physical activity is a key factor for healthy aging [7] and may reduce both
mortality and common age-related diseases such as cardiovascular ones [7-9], type 2
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diabetes [7-9], cancer [7-9], and depression [9]. Reducing physical inactivity during the
aging process may help to preserve autonomy in activities of daily living (ADLs), prevent
frailty onset [10], and improve health-related quality of life [10,11].

The American College of Sports Medicine, in collaboration with the American Heart
Association [12], recommends 150 min/week of moderate-intensity physical activity in
older adults for health benefits. More recently, a comment about the WHO 2020 Guide-
lines on Physical Activity and Sedentary Behaviour emphasized that inactive individuals
should perform any amount of physical activity to reap their benefits, even when the rec-
ommended target range is perceived to be out of reach, and that overall, physical activity
guidelines have shifted from exercise training to active living [13]. Nevertheless, most
older adults do not meet the recommended physical activity level [14]. To encourage ad-
herence to physical activity targets, Spiteri et al. [15] suggested acting on the main moti-
vators of physical activity in older adults, such as social influences, reinforcement, and
assistance in managing change. In Italy, older adults generally spend most of their daily
time at home (more than 80%), and this trend increases with age [14]. For instance, an 85-
year-old woman spends about 22 h and 27 min (94% of the day) at home. Similar data are
found analyzing other European countries (e.g., Germany) [16]. Furthermore, frail older
adults spend most of the day alone and inactive [17]. Therefore, in such a context, indoor
mobility (IM) results in a more accessible form of physical activity and becomes the major
contributor to physical activity [18].

In this regard, in recent years, Information and Communication Technologies (ICTs)
have increased in popularity as a potential support to monitor older adults during every-
day ADLs [19]. By using wearable or environment sensors, it is possible to quantify IM
(e.g., number of steps), which is considered an important predictor of all-cause mortality
and morbidity [20-22], cognition [23,24], risk of falling [25], frailty [26-29] and disability
[30].

Therefore, assessing physical activity patterns in everyday life activity at home may
allow us to characterize the relationship between activity level and age-related conditions,
such as frailty. Even though the present study was conducted prior to the COVID-19 pan-
demic, the topic is of particular interest and has practical implications for the COVID-19
public health emergency. Indeed, it is worth pointing out that during the COVID-19 pan-
demic (representing an unprecedented challenge for the whole world), national authori-
ties imposed restrictive measures to safeguard people’s health and the free movement of
people was limited. As a result, older adults who are more vulnerable to COVID-19 were
encouraged to stay at home throughout the day for many weeks or months. In this context,
it becomes of interest to clarify if IM (i.e., the number of steps performed at home) can be
informative about the general health status of older adults. While ICT tools have been
applied to monitor physical activity levels in older adults, further research is needed to
investigate how ICTs are used in frail older persons [19].

The present study aimed to evaluate the relationship between IM, frailty, and disa-
bility in a sample of community-dwelling Italian older adults. The main objective was to
investigate IM and disability differences between robust and frail older adults. The sec-
ondary objective was to assess the role of frailty, as a mediator, in the relationship between
IM and disability. Both components of frailty related to physical and psychosocial do-
mains of human functioning were considered. We tested the hypothesis that robust and
frail older adults have different patterns in terms of IM and ADLs. Specifically, we ex-
pected that robust older adults show a higher level of IM and score higher ADLs com-
pared to frail ones. Specifically, we expected to observe a relationship between IV, frailty
indexes (i.e., total, physical and psychosocial domains), and ADLs. Overall, we tested if
older adults with a high level of IM are more prone to reporting fewer ADL limitations
and less severe frailty, and finally if frailty mediates these effects.
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2. Materials and Methods
2.1. Participants

Originally, thirty-five older adults agreed to participate in this observational study.
The participants were recruited in two areas of Italy (Turin and Rome) from the local com-
munity via advertisements in University Centers. The data collection was performed from
May to June 2017. Participants were eligible for the study if they were aged 65 years or
over, living independently, and could understand the information provided during the
testing. Participants were excluded if they were unable to walk independently with or
without a walking aid or suffered from specific medical conditions, including acute dis-
eases (e.g., recent fractures or surgical operation) and/or disabling illnesses that severely
affect mobility (e.g., dialysis, respiratory insufficiency, coronary disease, known myocar-
diopathy, severe osteoarthritis). Participants were included if they presented chronic dis-
eases that do not affect mobility (e.g., diabetes, hypertension). Three subjects were ex-
cluded because they did not meet the inclusion criteria.

Finally, thirty-two older adults (age 65-84 years; mean age =70 + 6 years), including
14 men (43.8%) and 18 women (56.2%), were enrolled in the study. Subjects were informed
that their participation in the study was voluntary and confidential, and all participants
provided written informed consent to participate in the study in accordance with the eth-
ical standards of the Declaration of Helsinki (2016 update). The study protocol was ap-
proved by IMI (Innovative Medicine Initiative) in the grant agreement No 115,621 Sarco-
penia and Physical fRailty IN older people: multi-componenT Treatment strategies—
SPRINTT—and Amendment No 2, 22 May 2015. Caretek, a small and medium-sized en-
terprises company, was part of the project as the ICT provider.

2.2. Measures

Sociodemographic data were recorded, including age, gender, years of education
(i.e., primary school, secondary school, high school diploma, university degree), family
status (i.e., married, unmarried, widowed), chronic diseases (e.g., diabetes, hypertension,
etc.), and pharmacotherapy using a self-report questionnaire. Frailty and disability were
investigated through the Tilburg Frailty Index (TFI) and Groningen Activity Restriction
Scale (GARS), respectively. To investigate IM at home, the participants wore a wristwatch
accelerometer (Adamo) for a 7-day window of observation.

The TFI [31,32] was a self-report questionnaire composed of 15 items about the com-
ponents of frailty related to physical, psychological, and social domains of human func-
tioning. The physical domain consisted of eight questions on physical activity, unex-
plained weight loss, difficulty in walking, balance, vision problems, hearing problems,
hand strength, and physical tiredness. The psychological domain comprised four ques-
tions about cognition, depressive symptoms, anxiety, and coping. The last three items be-
longed to the social domain and were related to living alone, social relations, and social
support. The physical domain score (Physical TFI) ranged from 0 to 8 points, the sum of
the psychological and social domains (Psychosocial TFI) ranged from 0 to 7 points, and
the total TFI score ranged from 0 to 15 points given for each participant, with a higher
score indicating greater frailty. Moreover, the sample was divided into frail and robust
individuals using the cut-off of 5 points at the total TFI score.

The GARS [33] is a self-reporting questionnaire evaluating the disability both in basic
ADLs (e.g., washing or dressing oneself) and in instrumental ADLs (e.g., shopping, pre-
paring meals). It is composed of 18 items (11 items for basic ADLs, score range from 0 to
44 points; 7 items for instrumental ADLs, score range from 0 to 28 points) with a range
from 18 to 72 points. A higher score indicates a higher likelihood of disability in ADLs.
Using this cut-off, the sensitivity was good and specificity acceptable for most adverse
outcomes, including disability, hospital admission, and receiving personal care, nursing,
and informal care [34].
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The Adamo system (designed by Caretek S.r.1,, Torino, Italy) is a remote monitoring
device for older adults, including a base station at the user’s home and a wristwatch ac-
celerometer worn by the same user. The algorithm exploits the features of a 3-axis accel-
erometer (ADX346, Analog Devices, Norwood, MA, USA) sampling at 50 Hz [35]. The
accelerometer is mounted on the watch so that when the arm is alongside the body, the x,
y, and z axes are in the vertical, anterior-posterior, and mediolateral directions. The raw
data were filtered and processed in real time via a dedicated firmware routine. For more
explanation about the device, please see [35]. Every 10 min, a radio signal sent a data
package to the base station.

The Adamo device accurately measured the number of steps at low walking speeds
[35] typical of elderly participants and in a home environment, providing wider infor-
mation about older adults’ health status [27]. Participants were instructed to wear the
wristwatch for a 7-day period. The IM (i.e., number of steps performed at home) was cal-
culated from data extracted from the Adamo web service.

2.3. Statistical Analysis

Descriptive analyses were carried out for every study variable. One-way analyses of
covariance, with age and gender as covariates, were conducted to compare IM and GARS
between robust and frail older adults. The thresholds for Partial eta squared were: >0.01,
small effect size; >0.06 medium; >0.14 large effect size.

Pearson’s correlations were computed to assess the hypothesized relationships be-
tween the individual study variables: predictors (IM), mediators (TFI, Physical TFI, and
Psychosocial TFI), and outcome (GARS). Threshold values for effect size statistics were:
>0.1, small; >0.3, medium; >0.5, large effect size [36].

To prove our hypothesis, we performed a separate mediation analysis for the TFI or
the Physical TFI To test the relationship between IM and GARS through Physical TFI, a
mediation analysis was performed according to the approach described by Baron and
Kenny [37]. The mediation analysis was carried out by using multivariate regression anal-
ysis [38]. First, the direct effects of the IM on the GARS were determined by using regres-
sion analyses. Second, if the relationship was significant, the mediator was included in the
model, and the main effect between the independent variable (IM) and the mediator (TFI
or Physical TFI) was verified. Third, the mediation effect of the TFI or Physical TFI on the
relationship between the independent variable (IM) and the outcome (GARS) was
checked. Finally, the mediation model of the dependent variable was verified. The Sobel
test was used to verify the mediation models. As the relationship among the IM, Psycho-
social TFI, and GARS was not significant, no mediation analysis was performed. The Sta-
tistical Package for Social Sciences (SPSS 26.0 for Windows) and statistical package R (ver-
sion 4.0.3; Foundation for Statistical Computing, 2018) were used for all statistical anal-
yses. Significance levels were set at p < 0.05 for all tests.

3. Results

Table 1 shows the details of the sociodemographic data of all participants. Most of
the participants were married (59.4%) with a level of education corresponding to a high
school diploma (43.8%). A relevant proportion of participants reported one or more
chronic diseases (59.4%) and taking medicines regularly (68.8%). On average, participants
presented an IM of 26,735 + 12,752 steps per week, a TFI total score of 4 + 2 points, a phys-
ical TFI score of 2 + 2 points, a psychosocial TFI score of 2 + 1 points, and a GARS score of
22 + 5 points. Fifteen (46.9%) participants were categorized as frail (TFI score > 5 points)
and 17 (53.1%) as robust older adults. For more details, see Table 1.
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Table 1. Sociodemographic data of the sample.

Variables n (%) Mean (SD)
Age, years - 70 (6)
Gender, n (%) of female 18 (56.2) -
BMI (kg/m?) - 30 (7)
Marital status

Married 19 (59.4)

Unmarried 3(9.4) i

Widowed 10 (31.2)
Level of education

Primary school, 5 years 5(15.6)

Secondary school, 8 years 9(28.1) -

High school diploma, 13 years 14 (43.8)

University degree, 18 years 4 (12.5)
Chronic disease, n (%) of Yes 19 (59.4) -
Pharmacotherapy, n (%) of Yes 22 (68.8) -
TFI, points - 4(2)
Physical TFI, points - 2(2)
Psychosocial TFI, points - 2(1)
GARS, points - 22 (5)
IM, steps per week - 26,735 (12,752)

Notes: SD, standard deviation; BMI, Body Mass Index; TFI, Tilburg Frailty Index; GARS, Groningen
Activity Restriction Scale; IM, Indoor Mobility.

Table 2 provides the results of IM and GARS scores separately for robust and frail
older adults and the relevant analyses of covariance. Using the age and gender as covari-
ates, the analyses of covariance showed significant differences for the robust and frail
older adults both in IM (F1,.2s = 4.639; p = 0.040; partial 2 =0.142) and in GARS (F1.2s = 4.342;
p = 0.046; partial n2=0.134). Specifically, IM was statistically significantly greater in robust
compared to frail older adults (mean difference of 9921 (95%Cl) (486, 19,356) steps). The
GARS was lower in robust older adults than frail older adults (mean difference of —4 (-8,
-0.1) points).

Table 2. ANCOVA outcomes.

Robust People Frail People
Mean (SD) Mean (SD) ANCOVA
F=4.639, p=0.040
I 1,466 (10,42 21,374 (1 7
M (steps) 31,466 (10,426) ,374 (13,337) partial 12 = 0142
F=4.342, p=0.04
GARS (points) 21 (3) 25 (7) 342,p =0.046

partial n2=0.134
Notes: SD, standard deviation; GARS, Groningen Activity Restriction Scale; IM, Indoor Mobility.

Moderate inverse correlations were observed between IM and GARS (r=-0.353, p =
0.047) and between IM and the TFI (r = -0.358, p = 0.044). IM negative correlated with the
physical TFI (r = —0.429, p = 0.014) with a moderate effect size. A significantly larger direct
correlation was observed between GARS and the TFI (r = 0.557, p = 0.001) and between
GARS and the physical TFI (r =0.599, p < 0.001). Differently, no significant correlation was
observed between psychosocial TFI and IM (r = -0.151, p = 0.409) and GARS (r =-0.307, p
=0.087). For more details, see Table 3.
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Table 3. Correlation matrix (95% CI).

IM GARS TFI Physical TFI  Psychosocial TFI
™ 1 - - ) ;
~0.353 *
AR 1 ] ) ]
CARS (<0.625,-0.005)
0.358 * 0.557 **
TFI 1 ] ]
(-0.628,-0.011) (0.259, 0.758)
~0.429 * 0.599 ** 0.832 **
Physical TFI 1 ;
ysiea (-0.467,-0.218) (0.317,0.758)  (-0.681, 0.995)
— *%
Peychosocial TFI 0.151 0.307 0.810 0.349 :

(-0.475,0.209) (-0.046,0.593)  (0.642, 0.903) (~0.000, 0.622)

Notes: * denotes p < 0.05; ** denotes p <0.01.

Considering the TFI as a mediator, the main effect of the mediator on the outcome
(GARS) was statistically significant (B =0.557, p = 0.001), as the main effect of the predictor
(IM) on the outcome (GARS; 3 =-0.353, p = 0.047). Nevertheless, no mediation effect was
observed (Sobel test: z=-1.725, p <0.08). Despite this, TFI and IM account all together the
33.7% of the variance of GARS (F229 =7.386, p = 0.003).

Conversely, the mediation model results were significant when the Physical TFI was
considered as a mediator of the relationship between IM and GARS. Specifically, before
the introduction in the model of the mediator (i.e., Physical TFI), a negative relationship
was observed between IM and GARS (3 = -0.353, p = 0.047), and a positive one between
the mediator and GARS (3 = 0.599, p < 0.001). When Physical TFI was entered into the
model as a mediator, the direct relationship between IM and GARS decreased (3 =-0.118,
p = 0.476). Nevertheless, mediation analysis revealed that there was a significant indirect
effect of IM through the physical TFI on the changes in GARS. The goodness of fit (i.e., R?)
explained 37.1% of the variance (F229 = 8.538, p < 0.001). The Sobel test indicated that the
mediation model was fully mediated (z = -2.073, p < 0.04). For more details about the re-
gression outcomes, please refer to Figure 1 and Supplement Materials.

p=-0118
(A=-0.353%)
IM | msesimeaimimim i o > GARS
— *
== B=0.549*%
Physical TFI

Figure 1. Mediation model among GARS (outcome), IM (predictor), and Physical TFI (mediator).
Notes: Sobel test: z=-2.073, p < 0.04; * denotes p < 0.05.

4. Discussion

The present study has examined three important variables acting on individual
health (i.e., IM, frailty, and disability) and their relationships in a sample of Italian com-
munity-dwelling older adults. Firstly, we aimed to understand if frail and robust older
adults showed different levels of IM measured using a connected accelerometer as the
number of steps performed at home and if they differed for disability. Secondly, we tested
if frailty, considering total frailty (first model) and the physical domain (second model),
can mediate the relationship between IM and disability. If in the past, studies analyzing
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IM involved mainly older adults suffering from severe limitations contraindicating out-
door activities, our study focused on a sample of relatively healthy older adults who pre-
serves the ability to walk independently and partial/total autonomy in the execution of
ADLs.

Concerning the primary objective, as expected, the study revealed lower IM at home
for frail compared to robust individuals. In frail older adults, a lower number of steps at
home was performed weekly (~32%). This finding is consistent with other results showing
a reduction of about 7% hourly physical activity for each frailty point measured using an
adapted 4-item version of the frailty phenotype in a sample of US older adults from the
National Social Life, Health and Aging Project [39] and a decrease of about 35% of light
physical activity between most frail and robust people using a frailty index based on the
deficit accumulation approach in a sample of people aged 50 and older from the National
Health and Nutrition Examination Survey [40]. Yuki et al. [29] identified 5000 steps/day
as the predictive cut-off for frailty development in Japanese older adults. Similarly, we
found a different IM pattern between robust and frailty individuals. Indeed, using the TFI
to discriminate between robust and frail we found that, on average, frail older adults per-
formed about 3000 steps/day while robust ones took about 4500 steps/day. Evidence
demonstrates that frail older adults are less likely to achieve the amount of physical activ-
ity suggested by the international guidelines than robust ones [40] and spend more time
in sedentary activities [40-43]. Furthermore, breaks in sedentary time resulted negatively
associated with frailty [41]. Our results assume even greater significance in the context of
the COVID-19 pandemic, strengthening possibilities to effectively respond to potential
persistent COVID-19 pandemic and/or to new public health emergencies characterized by
social restrictions, i.e., lockdowns. In fact, it is acknowledged that older adults reported a
substantial decrease of physical activity during the COVID-19 pandemic [44]. It was sug-
gested that frailty can be reduced by replacing 30 min/day of sedentary behavior with
moderate-vigorous physical activity [45]. Overall, the present study objectively con-
firmed that frail people are more disabled (~19%) than robust ones, as previously high-
lighted by other researchers both according the frailty phenotype [4] and the TFI [31].

Regarding the secondary objective, partially supporting our hypothesis, our study
demonstrated that IM, frailty (total TFI score and physical TFI score), and disability are
all related to each other with a moderate to large effect size. Furthermore, the social and
phycological frailty domain appears unrelated to IM or disability. Even if we assessed
disability by considering both basic and instrumental activities of daily living (i.e., GARS
questionnaire) [46], it is worth pointing out that this scale primarily focused on physical
health [47]. Indeed, in our results, physical frailty (i.e., physical TFI score) is a mediator
between IM and disability. This means that IM influences physical frailty, which in turn
influences autonomy. In other words, older adults with higher IM tended to be more au-
tonomous in ADLs and the mediating role of physical frailty explains this effect. Addi-
tionally, we found that physical TFI score and IM account altogether about 37% of the
variance in disability. Practically, our data underlined that specific physical interventions
aimed to improve IM and mobility, might positively affect frailty and indirectly decrease
disability. However, when we consider the total frailty score, the influence as a mediator
was no longer found. Nevertheless, it is necessary to point out that the total TFI score and
IM account altogether about 34% of the variance in disability. Close to our findings, a
previous systematic review [45] showed a strong relationship between physical activity
and disability; specifically, the risk of disability is reduced in physically active older adults
(considering all types and intensity of physical activity) with an odds ratio of approxi-
mately 0.5. However, our study shows that just considering IM in independent older
adults can be highly informative regarding disability. In line with the study of Miller et
al. [48] on a sample of US older adults aged 70 and older, it is possible to suppose that
physical activity can act on disability progression and possibly slow it. Furthermore, from
a physiological point of view, a worsening of mobility status [44], frailty [49], and disabil-
ity [50] are closely related to each other and associated with increased inflammatory
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activity. Specifically, high levels of IL-6, TNF-a, and CRP negatively influence mobility
status and muscle strength [51], and, consequently, frailty. Frail and pre-frail people
showed significantly higher levels of IL-6 and CRP compared to robust people [49]. The
same inflammatory markers (i.e., IL-6 and CRP) that resulted are also associated with a
loss of autonomy in ADLs [50].

Concerning potential mediators, it is interesting to note that Perrig-Chiello et al. [52]
found that physical factors such as mobility can be strong predictors of autonomy in a
large sample of older adults in the area of Basle. At the same time, the psychological re-
sources contributed to the prediction of instrumental ADLs. In our study, functional au-
tonomy was detected using the GARS questionnaire that comprises a significant number
of basic ADLs items compared to instrumental ADLs ones (11 versus 7 items). This ex-
plains that frailty considered from a physical point of view influences the GARS as a me-
diator, while the total frailty (i.e., physical, and psychosocial domains) does not impact
GARS as a mediator. Similarly, Gill et al. [53] found that physical frailty, measured ac-
cording to the Fried phenotype, is a strong risk factor for disability onset, considering both
progressive and catastrophic disability, in people aged 70 or older.

Some limitations should be considered in this study. First, the sample consisted of
people motivated and interested in participating in the study. Thus, caution is needed to
generalize these findings to other sets of older adults. Moreover, it is necessary to point
out that the study was conducted in a specific cultural context (i.e., Italy); thus, this feature
could have partially affected the study results. Indeed, it is possible that in other countries
and cultures, the results could be different. Additionally, the nature of the study (i.e.,
cross-sectional design) does not allow us to discuss the relationship between the variables
considered in the study and any possible causal inference. Finally, another limitation
could be related to the seasonal variation that might have influenced our results. For ex-
ample, environmental factors, such as weather or daylight hours, should be considered in
interpreting the data.

5. Conclusions

It is possible to underline some practical implications deriving from our results: (i)
monitoring IM levels in older adults may enable providing indirect information related to
broader health parameters in autonomous older adults, such as frailty and autonomy,
strictly linked to individual health status-related quality of life; and (ii) the need to pro-
mote health interventions supporting an active lifestyle (e.g., achievement of physical ac-
tivity targets suggested by international guidelines) acting also on IM; (iii) the importance
to differentiate and adapt health promotion interventions according to frailty status of
older adults in a way that they become as effective and applicable as possible.

In summary, robust older adults presented higher levels of IM (i.e., number of steps
performed at their home) than frail ones. Furthermore, IM can be a helpful parameter able
to provide wider information on individual health status and is strictly related to frailty
and disability in the aged population. The mediator role of physical frailty between IM
and disability within this context is evident. Since the recent COVID-19 pandemic contin-
ues to impose social restrictions on the general population, and particularly in the case of
frail older adults, to stay at home, it is worth considering the meaningful role that indoor
activity may assume.
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https://www.mdpi.com/article/10.3390/ijerph191811386/s1.

Author Contributions: Conceptualization, P.R.B. and A.M.; methodology, P.R.B.,, A M. and AR;
formal analysis, P.R.B. and A.M.; investigation, P.R.B. A M. and S.D.; resources, G.Z., L.F.and S.D.S,;
data curation, P.R.B., A.M. and S.D.; writing—original draft preparation P.R.B. and A.M.; writing—
review and editing, P.R.B.,, AM,, S.D,, G.Z, LF, SD.S. and A.R,; supervision, A.R.; funding acqui-
sition, P.R.B., A.M. and A.R. All authors have read and agreed to the published version of the man-
uscript.



Int. . Environ. Res. Public Health 2022, 19, 11386 9 of 11

Funding: This work was supported by the Innovative Medicine Initiative (IMI; 9th Call, 2013) with
the SPRINTT (Sarcopenia & physical frailty in older people: multi-component treatment strategies)
project [grant number 115621]. There was no additional external funding received for this study.

Institutional Review Board Statement: the study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Institutional Review Board of IMI (Innovative Medicine Initi-
ative) in the grant agreement No 115621 Sarcopenia and Physical fRailty IN older people: multi-
componenT Treatment strategies —SPRINTT —and Amendment No 2, 22 May 2015.

Informed Consent Statement: All subjects gave their informed consent for inclusion before they
participated in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors would like to thank Denis Giacone of University of Torino (Torino,
Italy) and Eleonora Poggiogalle, Federica Luisi, Lorenzo Maria Donini Valeria Galfano, Alice Tassi
and Kseniya Tretyakova of Sapienza University (Rome, Italy) who collaborated in the recruitment
of participants and in the data collection, and Jean-Yves Deslandes of Bluecompanion, who revised
the manuscript.

Conflicts of Interest: The authors declare no conflict of interest. At the time the study was con-
ducted L.F. and G.Z. were respectively employee and consultant of Caretek s.r.l.. The company had
no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing
of the manuscript, or in the decision to publish the results.

References

1.  Lutz, W.; Sanderson, W.; Scherbov, S. The coming acceleration of global population ageing. Nature 2008, 451, 716-719.

2. Cesari, M,; Prince, M.; Thiyagarajan, J.A.; De Carvalho, I.A.; Bernabei, R.; Chan, P.; Gutierrez-Robledo, L.M.; Michel, ].P.; Mor-
ley, ].E.; Ong, P.; et al. Frailty: An Emerging Public Health Priority. J. Am. Med. Dir. Assoc. 2016, 17, 188-192.

3. Clegg, A.; Young, |J; lliffe, S.; Rikkert, M.O.; Rockwood, K. Frailty in elderly people. Lancet 2013, 381, 752-762.

4.  Fried, L.P,; Tangen, C.M.; Walston, J.; Newman, A.B.; Hirsch, C.; Gottdiener, J.; Seeman, T.; Tracy, R.; Kop, W.]J.; Burke, G.; et
al. Frailty in older adults: Evidence for a phenotype. ]. Gerontol. Ser. A Biol. Sci. Med. Sci. 2001, 56, M146-M156.

5. Canevelli, M.; Cesari, M.; van Kan, G.A. Frailty and cognitive decline: How do they relate? Curr. Opin. Clin. Nutr. Metab. Care
2015, 18, 43-50.

6.  Robertson, D.A ; Savva, G.M.; Kenny, R.A. Frailty and cognitive impairment— A review of the evidence and causal mechanisms.
Ageing Res. Rev. 2013, 12, 840-851.

7.  Langhammer, B.; Bergland, A.; Rydwik, E. The Importance of Physical Activity Exercise among Older People. BioMed Res. Int.
2018, 2018, 7856823.

8.  Gregg, E-W.; Cauley, J.A,; Stone, K.; Thompson, T J.; Bauer, D.C.; Cummings, S.R.; Ensrud, K.E.; Study of Osteoporotic Fractures
Research Group. Relationship of changes in physical activity and mortality among older women. JAMA 2003, 289, 2379-2386.

9. Lee, LM.; Shiroma, E.J.; Lobelo, F.; Puska, P.; Blair, S.N.; Katzmarzyk, P.T.; Lancet Physical Activity Series Working Group.
Effect of physical inactivity on major non-communicable diseases worldwide: An analysis of burden of disease and life expec-
tancy. Lancet 2012, 380, 219-229.

10. Rejeski, W.J.; Mihalko, S.L. Physical activity and quality of life in older adults. ]. Gerontol. Ser. A Biol. Sci. Med. Sci. 2001, 56
(Suppl. 2), 23-35.

11. Bull, F.C,; Al-Ansari, S.S.; Biddle, S.; Borodulin, K.; Buman, M.P.; Cardon, G.; Carty, C.; Chaput, J.-P.; Chastin, S.; Chou, R,; et
al. World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br. |. Sports Med. 2020, 54, 1451—
1462.

12.  Nelson, M.E; Rejeski, W.]; Blair, S.N.; Duncan, P.W.; Judge, ].O.; King, A.C.; Macera, C.A.; Castaneda-Sceppa, C. Physical ac-
tivity and public health in older adults: Recommendation from the American College of Sports Medicine and the American
Heart Association. Circulation 2007, 116, 1094-1105.

13. Ding, D.; Mutrie, N.; Bauman, A.; Pratt, M.; Hallal, P.R.C.; Powell, K.E. Physical activity guidelines 2020: Comprehensive and
inclusive recommendations to activate populations. Lancet 2020, 396, 1780-1782.

14. ISTAT I Tempi Della Quotidianita, Anno 2014. Available online: https://www.istat.it/it/files/2016/11/Report_Tempidi-
vita_2014.pdf (accessed on 1 May 2021).

15. Spiteri, K,; Broom, D.; Bekhet, A.H.; de Caro, ].X.; Laventure, B.; Grafton, K. Barriers and motivators of physical activity partic-
ipation in middle-aged and older adults— A systematic review. J. Aging Phys. Act. 2019, 27, 929-944.

16. Klimek, M.; Peter, R.S.; Denkinger, M.; Dallmeier, D.; Rapp, K.; Rothenbacher, D.; Klenk, J. The relationship of weather with

daily physical activity and the time spent out of home in older adults from Germany-the ActiFE study. Eur. Rev. Aging Phys.
Act. 2022, 19, 6.



Int. . Environ. Res. Public Health 2022, 19, 11386 10 of 11

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

Hashidate, H.; Shimada, H.; Shiomi, T.; Shibata, M.; Sawada, K.; Sasamoto, N. Measuring indoor life-space mobility at home in
older adults with difficulty to perform outdoor activities. |. Geriatr. Phys. Ther. 2013, 36, 109-114.

Feskanich, D.; Willett, W.; Colditz, G. Walking and leisure-time activity and risk of hip fracture in postmenopausal women.
JAMA 2002, 288, 2300-2306.

Gallucci, A.; Trimarchi, P.D.; Abbate, C.; Tuena, C.; Pedroli, E.; Lattanzio, F.; Stramba-Badiale, M.; Cesari, M.; Giunco, F. ICT
technologies as new promising tools for the managing of frailty: A systematic review. Aging Clin. Exp. Res. 2020, 33, 1453-1464.
Dwyer, T.; Pezic, A.; Sun, C.; Cochrane, ].; Venn, A.; Srikanth, V.; Jones, G.; Shook, R.; Sui, X.; Ortaglia, A. Objectively measured
daily steps and subsequent long term all-cause mortality: The tasped prospective cohort study. PLoS ONE 2015, 10, e0141274.
Hansen, B.H.; Dalene, K.E.; Ekelund, U.; Wang Fagerland, M.; Kolle, E.; Steene-Johannessen, J.; Tarp, J.; Alfred Anderssen, S.
Step by step: Association of device-measured daily steps with all-cause mortality —A prospective cohort Study. Scand. |. Med.
Sci. Sports 2020, 30, 1705-1711.

Harris, T.; Limb, E.S.; Hosking, F.; Carey, I.; DeWilde, S.; Furness, C.; Wahlich, C.; Ahmad, S.; Kerry, S.; Whincup, P.; et al. Effect
of pedometer-based walking interventions on long-term health outcomes: Prospective 4-year follow-up of two randomised
controlled trials using routine primary care data. PLOS Med. 2019, 16, e1002836.

Calamia, M.; De Vito, A.; Bernstein, J.P.; Weitzner, D.S.; Carmichael, O.T.; Keller, ].N. Pedometer-assessed steps per day as a
predictor of cognitive performance in older adults. Neuropsychology 2018, 32, 941-949.

De Silva, N.A; Gregory, M.A.; Venkateshan, S.S.; Verschoor, C.P.; Kuspinar, A. Examining the Association between Life-Space
Mobility and Cognitive Function in Older Adults: A Systematic Review. |. Aging Res. 2019, 2019, 3923574.

Aranyavalai, T.; Jalayondeja, C.; Jalayondeja, W.; Pichaiyongwongdee, S.; Kaewkungwal, J.; Laskin, J. Association between
walking 5000 step/day and fall incidence over six months in urban community-dwelling older people. BMC Geriatr. 2020, 20,
194.

Chen, S.; Chen, T.; Kishimoto, H.; Yatsugi, H.; Kumagai, S. Associations of objectively measured patterns of sedentary behavior
and physical activity with frailty status screened by the frail scale in Japanese community-dwelling older adults. J. Sci. Med.
Sport 2020, 19, 166-174.

Mulasso, A.; Brustio, P.R.; Rainoldi, A.; Zia, G.; Feletti, L.; N'dja, A.; Del Signore, S.; Poggiogalle, E.; Luisi, F.; Donini, LM. A
comparison between an ICT tool and a traditional physical measure for frailty evaluation in older adults. BMC Geriatr. 2019, 19,
88.

Watanabe, D.; Yoshida, T.; Watanabe, Y.; Yamada, Y.; Kimura, M.; Kyoto-Kameoka Study Group. Objectively Measured Daily
Step Counts and Prevalence of Frailty in 3,616 Older Adults. |. Am. Geriatr. Soc. 2020, 68, 2310-2318.

Yuki, A.; Otsuka, R.; Tange, C.; Nishita, Y.; Tomida, M.; Ando, F.; Shimokata, H.; Arai, H. Daily physical activity predicts frailty
development among community-dwelling older Japanese adults. . Am. Med. Dir. Assoc. 2019, 20, 1032-1036.

Mankowski, R.T.; Anton, S.D.; Axtell, R.; Chen, S.H.; Fielding, R.A.; Glynn, N.W.; Hsu, F.C.; King, A.C,; Layne, A.S.; Leeuwen-
burgh, C,; et al. Device-measured physical activity as a predictor of disability in mobility-limited older adults. J. Am. Geriatr.
Soc. 2017, 65, 2251-2256.

Gobbens, R.J.; van Assen, M.A.L.M.; Luijkx, K.G.; Schols, ] M.G.A. The Predictive Validity of the Tilburg Frailty Indicator: Dis-
ability, Health Care Utilization, and Quality of Life in a Population at Risk. Gerontologist 2012, 52, 619-631.

Mulasso, A.; Roppolo, M.; Gobbens, R.J.; Rabaglietti, E. The Italian Version of the Tilburg Frailty Indicator: Analysis of Psycho-
metric Properties. Res. Aging 2016, 38, 842-863.

Kempen, G.I; Miedema, I.; Ormel, J.; Molenaar, W. The assessment of disability with the Groningen Activity Restriction Scale.
Conceptual framework and psychometric properties. Soc. Sci. Med. 1996, 43, 1601-1610.

Gobbens, R.J.; van Assen, M.A.L.M.; Luijkx, K.G.; Wijnen-Sponselee, M.T.; Schols, ].M.G.A. The Tilburg Frailty Indicator: Psy-
chometric properties. J. Am. Med. Dir. Assoc. 2010, 11, 344-355.

Magistro, D.; Brustio, P.R.; Ivaldi, M.; Esliger, D.W.; Zecca, M.; Rainoldi, A.; Boccia, G. Validation of the ADAMO Care Watch
for step counting in older adults. PLoS ONE 2018, 13, e0190753.

Cohen, ]. Statistical Power Analysis for the Behavioral Sciences; Routledge: London, UK, 2013.

Baron, R.M.; Kenny, D.A. The moderator-mediator variable distinction in social psychological research: Conceptual, strategic,
and statistical considerations. J. Pers. Soc. Psychol. 1986, 51, 1173-1182.

Brustio, P.R.; Magistro, D.; Zecca, M.; Liubicich, M.E.; Rabaglietti, E. Fear of falling and activities of daily living function: Me-
diation effect of dual-task ability. Aging Ment. Health 2018, 22, 856-861.

Huisingh-Scheetz, M.; Wroblewski, K.; Kocherginsky, M.; Huang, E.; Dale, W.; Waite, L.; Schumm, L.P. The relationship be-
tween physical activity and frailty among US older adults based on hourly accelerometry data. J. Gerontol. Ser. A Biol. Sci. Med.
Sci. 2018, 73, 622-629.

Blodgett, J.; Theou, O.; Kirkland, S.; Andreou, P.; Rockwood, K. The association between sedentary behaviour, moderate-vig-
orous physical activity and frailty in NHANES cohorts. Maturitas 2015, 80, 187-191.

Del Pozo-Cruz, B.; Mafas, A.; Martin-Garcia, M.; Marin-Puyalto, J.; Garcia-Garcia, F.J.; Rodriguez-Manas, L.; Guadalupe-Grau,
A.; Ara, 1. Frailty is associated with objectively assessed sedentary behaviour patterns in older adults: Evidence from the Toledo
Study for Healthy Aging (TSHA). PLoS ONE 2017, 12, e0183911.

Kehler, D.S.; Hay, J.L.; Stammers, A.N.; Hamm, N.C.; Kimber, D.E.; Schultz, A.S.H.; Szwajcer, A.; Arora, R.C.; Tangri, N.; Du-
hamel, T.A. A systematic review of the association between sedentary behaviors with frailty. Exp. Gerontol. 2018, 114, 1-12.



Int. . Environ. Res. Public Health 2022, 19, 11386 11 of 11

43.

44.

45.

46.

47.
48.

49.

50.

51.

52.

53.

Kehler, D.S.; Theou, O. The impact of physical activity and sedentary behaviors on frailty levels. Mech. Ageing Dev. 2019, 180,
29-41.

Ammar, A.; Brach, M,; Trabelsi, K.; Chtourou, H.; Boukhris, O.; Masmoudji, L.; Bouaziz, B.; Bentlage, E.; How, D.; Ahmed, M.;
et al. Effects of COVID-19 Home Confinement on Eating Behaviour and Physical Activity: Results of the ECLB-COVID19 Inter-
national Online Survey. Nutrients 2020, 12, 1583.

Paterson, D.H.; Warburton, D.E. Physical activity and functional limitations in older adults: A systematic review related to
Canada’s Physical Activity Guidelines. Int. J. Behav. Nutr. Phys. Act. 2010, 7, 38.

Steen, G.; Sonn, U.; Borjesson Hanson, A.; Steen, B. Cognitive function and functional ability. A cross-sectional and longitudinal
study at ages 85 and 95 in a non-demented population. Aging Clin. Exp. Res. 2001, 13, 68-77.

Baltes, M.M.; Carstensen, L.L. The process of successful ageing. Ageing Soc. 1996, 16, 397-422.

Miller, M.E.; Rejeski, W.].; Reboussin, B.A.; Ten Have, T.R.; Ettinger, W.H. Physical activity, functional limitations, and disability
in older adults. |. Am. Geriatr. Soc. 2000, 48, 1264-1272.

Soysal, P.; Stubbs, B.; Lucato, P.; Luchini, C.; Solmi, M.; Peluso, R.; Sergi, G.; Isik, A.T.; Manzato, E.; Maggi, S.; et al. Inflammation
and frailty in the elderly: A systematic review and meta-analysis. Ageing Res. Rev. 2016, 31, 1-8.

Adriaensen, W.; Mathei, C.; van Pottelbergh, G.; Vaes, B.; Legrand, D.; Wallemacq, P.; Degryse, ].M. Significance of serum
immune markers in identification of global functional impairment in the oldest old: Cross-sectional results from the BELFRAIL
study. Age 2014, 36, 457-467.

Verghese, J.; Holtzer, R.; Oh-Park, M.; Derby, C.A.; Lipton, R.B.; Wang, C. Inflammatory markers and gait speed decline in older
adults. J. Gerontol. Ser. A Biol. Sci. Med. 2011, 66, 1083-1089.

Perrig-Chiello, P.; Perrig, W.J.; Uebelbacher, A.; Stahelin, H.B. Impact of physical and psychological resources on functional
autonomy in old age. Psychol. Health Med. 2006, 11, 470-482.

Gill, TM.; Han, L.; Gahbauer, E.A.; Leo-Summers, L.; Murphy, T.E. Risk Factors and Precipitants of Severe Disability Among
Community-Living Older Persons. JAMA 2020, 3, e206021.



