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Abstract

Frailty is associated with poor bone health and osteoporosis, and physical activity (PA) is one
of the best treatments for both pathologies in older adults. Nonetheless, because daily time is
limited, how the time is distributed during the waking hours is critical. The waking hours are
spent according to different movement behaviors: sedentary behaviors (SB), light physical
activity (LPA) and moderate-to-vigorous physical activity (MVVPA). The aim of this study was
to use compositional data analyses to examine the effects of the change in movement behaviors
on bone health during aging in older people, related to the changes in their frailty levels. We
analyzed 227 older people aged 65 to 94 [125 women and 102 men] over a 4-year period.
Movement behaviors were assessed using accelerometry. Both bone mineral density (BMD)
and content (BMC) were determined using bone densitometry. The Frailty Trait Scale was used
to divide the sample by frailty level evolution during aging. The statistical system-R was used
for the compositional data analysis and, in addition, all models were adjusted for several
covariates. The changes in the distribution of all movement behaviors within a waking hours
period were significantly associated with spine and femoral neck BMD changes in the
subgroup with a positive change in frailty level and spine BMC in the subgroup with no change

in frailty level (p<0.05). Likewise, MVPA relative to the change in other movement behaviors
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was also associated in both subgroups with higher BMD and BMC, respectively, in the same
body areas (p<0.05). No significant associations were found in the negative change in frailty
level subgroup. Older people who achieved a positive change in frailty level during a 4-year
period showed higher BMD changes compared to those with no changes or increases in their
frailty level. Therefore, increasing MVPA relative to the change in the other movement
behaviors during a 4 year-period could perhaps produce bone health improvements in elderly
that do not worsen their frailty level.

Keywords: Bone mineral density — light physical activity - moderate-to-vigorous physical

activity — sedentary time — elderly

Introduction

Frailty is a well-recognized geriatric syndrome (1), which is characterized by a loss of reserves
(energy, physical ability, cognition, health) that gives rise to vulnerability (2). Moreover, frailty
is closely associated with body composition changes, poor bone health and osteoporosis (3-5).
Similarly, osteoporosis and frailty share many common risk factors, such as malnutrition,
sarcopenia, physical inactivity, and low vitamin D levels (6, 7), which would decrease quality
of life, and increase disability, institutionalization, and mortality, making osteoporosis an
important contributor to the public health burden (8). The age-related increase in frailty
prevalence, that has been clearly shown in different studies (9-11), together with the bone mass
deterioration produced by the aging process, increases the relevance of this syndrome in this
population. However, previous cross-sectional studies have investigated the relationship

between frailty and bone mineral density (BMD) and content (BMC) with contrasting results
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(3, 5, 14). The reason for these inconsistencies could be the different frailty levels. The
mechanisms linking frailty and bone health are likely to be multifactorial, which makes it more
difficult to ascertain the effects of different treatments, like physical activity (PA), if subjects
are mixed in the same group without frailty level differentiation (15). Likewise, previous
studies have demonstrated that the risk of osteoporosis and bone fractures is higher in pre-frail
and frail individuals (16, 17); thus, the importance of studying each frailty level change
independently. Based on previous studies, we used The Frailty Trait Scale (FTS) to stratify the
sample depending on frailty level changes as the FTS is a continuous scale that indicates any

change in the frailty level during aging (18).

PA and an active lifestyle have been suggested as fundamental strategies to prevent frailty
onset, perpetuation, and progression, as well as other determining factors in the aging process
and bone mass reduction (12, 13). Furthermore, this relationship between PA and health is also
dependent on the fact that time within a 24-h period is finite, and more time spent in one
behavior necessarily decreases the time spent in another behavior; factors that should guide the
planning of interventions and public health policy (19). Particularly, the waking hours are made
up of a sequence of periods of sedentary behavior (SB), light PA (LPA) and moderate-to-
vigorous PA (MVPA), which makes it essential to use a different model such as compositional
data analysis (CODA) that allows us to deal directly with the fundamental nature of movement
behavior data (20, 21) and moreover, avoids perfect multi-collinearity problems and deals with
the co-dependence between time spent in different movement behaviors (19, 22). CODA uses

multiple linear regression modeling the influence on bone mass of the whole distribution of the
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waking hours and has thus recently received attention in different studies on SB and PA (19,
22-25). Moreover, previous studies have determined that it is necessary to examine all changes
in movement behaviors as a whole with a longitudinal perspective in this population to obtain
accurate information about the benefits of the positive changes in MVVPA, given that it has been
previously acknowledged that BMD in older adults may not be easily influenced by daily PA
alone (19, 20, 25, 26). Similarly, in the last Copenhagen Consensus statement 2019: physical
activity and aging, it was concluded that interventions with older adults that are based on

established behavior change theory produce more consistent results (27).

Therefore, the aim of this study was to identify whether changes in the distribution of
movement behaviors during the waking hours have a beneficial association with bone mass
related to each frailty level variation. The hypothesis was that less SB, more LPA and more
MVPA during aging might have a positive association with bone health, regardless of the frailty

level changes.

Methodology

Study sample and design

The Toledo Study for Healthy Aging (TSHA) is a longitudinal Spanish aging study on
institutionalized and community-dwelling individuals of over 65 years living in the province
of Toledo, Spain. The full methodology has been described previously (11). In this specific

longitudinal study, a subsample of 581 older people over 65 years of age (322 women and 259
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men 77.8+4.6 years) was assessed for wave 1 (i.e. baseline) (26 subjects —4%— were excluded
for lack of accelerometry). Participants with dual energy X-ray absorptiometry (DXA) and
accelerometry data were invited to participate in wave 2 (i.e. follow-up). A total of 227
participants (76.7£4.0 years) agreed to participate in wave 2 (125 women and 102 men). No
differences were found in any of the variables between this final sample and those that dropped
out of the study, with the exception of the age (76.7 vs. 78.5 years, respectively). A flow
diagram with information related to the sample is presented in Figure 1. Data were collected
from July 2012 to June 2014 in wave 1 and, from May 2015 to June 2017 in wave 2; thus, the
mean time between both waves was 4 years. The study was approved by the clinical research
ethical committee of the Toledo Hospital Complex and all the subjects signed an informed
consent to be included in the study.

Briefly, in both waves the same three stages were followed for the data collection. In the first
stage, socio-demographic variables, lifestyle determinants (alcohol and tobacco), health
variables and comorbidity (frailty), including blood tests, were collected by trained
psychologists and nurses. Moreover, an extensive neuropsychological evaluation was
performed for each subject, and all of them completed the Mini-Nutritional Assessment
questionnaire to screen for malnutrition risk (28) and a brief 14-item tool to check adherence
to the Mediterranean diet (29). Then, in the second stage, information was gathered regarding
anthropometrics, physical performance and clinical tests. Finally, in the third stage, data related
to body composition, bone health and PA and SB were obtained. All variables were normalized

to the individual time gap between waves.
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Frailty level

FTS was used to assess frailty (18). The FTS is one of the most useful tools for monitoring
differences in frailty among individuals and also changes over time in order to better evaluate
their risk for adverse outcomes, showing some advantages over other scales for measuring
frailty (18). Thus, it was possible to detect changes in frailty level, which could be ignored
using the classical stratification of frailty status, since a change in frailty level does not
necessarily imply changes in frailty status. Furthermore, although the scale proposed by Fried
et al. (10) has been the most commonly used classification, the FTS has a higher predictive
value that is slightly better for mortality in individuals of over 80 years and for hospitalizations
in individuals younger than 80 years (18). The FTS includes 7 different dimensions: energy
balance and nutrition, PA, nervous system, vascular system, weakness, endurance, and
slowness. These domains become operational through 12 items, and each item score represents
a biological trait, which ranges from 0 (the best status) to 4 (the worst status) except in the
“chair test”, which ranges from 0 (the worst status) to 5 (the best status). When appropriate,
items are analyzed according to the item’s quintile distribution in the population. Furthermore,
the variance inflation factor (VIF), tolerance and Durbin-Watson test were calculated to ensure
the severity of multicollinearity and the autocorrelation in the analyses between FTS and PA.
In the manner of previous studies (26, 30), only the participants who had passed at least 75%
of the items in the FTS were included in this study. The total score was calculated by adding
all the scores in each item divided by the total score for each individual and multiplying by

100, standardizing the measure to a range from 0 (best score) to 100 (worst score), according

Y items score

to the formula: Total score [ ] x 100

total score possible by individual
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Changes of 5 points in the FTS have been clinically significant according to the mortality
database (data not yet published). Thus, frailty level change was used to categorize patients
according to whether they had a “positive change in the level”, “no change in the level”, or a
“negative change in the level” during the period between the baseline and the follow-up.
“Positive change in frailty level” described people who reduced their FTS score by at least 5
points (n=45); “no change in frailty level” described people with similar FTS scores (i.e.
changes lower than 5 points on the FTS) (n=99) and; “negative change in frailty level”

described people who increased their FTS scores by at least 5 points (n=42).

Anthropometrics

Body mass was obtained in the upright position, in underwear and barefoot using a balance-
stadiometer with a precision of 100 g (Seca 711, 120 Hamburg, Germany). Height was
determined using a balance-stadiometer with a precision of 1 mm (Seca 711, 120 Hamburg,
Germany) in the Frankfort plane and maintaining the same condition previously used for body
mass evaluation. Body mass index (BMI) was also calculated from the anthropometric data as

body mass divided by height squared (kg-m~2).

Bone health, lean and fat mass

For all subjects, BMD and BMC were measured using DXA (Hologic, Serie Discovery QDR
densitometer, Bedford, USA). DXA scan tests were performed with subjects in a supine
position, wearing light clothing with no metal, shoes or jewelry and analyzed using Physician's

Viewer, APEX System Software Version 3.1.2. (Bedford, USA). DXA equipment accuracy
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was checked on a daily basis before each scanning session following the Hologic guidelines.
BMC (g) and BMD (g-cm2) were obtained for each subject from whole body scans (trunk,
pelvis, arms, legs and whole body), lumbar spine (L1-L4), and proximal region of the femur
(total hip, greater trochanter, inter trochanter, Ward’s triangle and femoral neck). The arm
region included the hand, forearm, and arm and was separated from the trunk by an inclined
line crossing the scapulohumeral joint, such that the humeral head was located in the arm
region. The leg region included the foot, the lower leg, and the upper leg. It was separated from
the trunk by an inclined line passing just below the pelvis, which crossed the femoral neck. The
trunk region included the rest of the body excluding the arms, legs, and head regions. We used

the rate of longitudinal changes of these variables for the CODA analyses

(i e follow—up femoral neck BMD—baseline femoral neck BMD])

time gap between waves

Fat mass (g), lean mass (bone free) (g) and total percentage body fat mass, were also calculated

from whole body scans.

Physical activity and sedentary behaviors

Movement behaviors (PA and SB) were assessed using accelerometry (ActiTrainer and
ActiGraph wGT3X-BT; ActiGraph, Pensacola, FL, USA). The customized software program
(ActiLife Pro 6) was used to analyze all data. The full methodology has been previously
described (24, 25). Briefly, all participants included were asked to wear an accelerometer on
their left hip during waking hours for 7 consecutive days (it collected data using 1-minute
epochs), except during any bathing or swimming activities. Similarly, non-wear time was

defined as periods of at least 60 consecutive minutes of zero counts, with allowance for 2 min
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of counts between zero and 100 (31). The explanation of accelerometer use, delivery and
reception were made personally (32). Only the results from participants with at least four valid
days including at least 480 min (8 h/day) of wear without excessive counts (i.e., >20,000
counts) were included in this study (30). Each valid wearing-time minute was classified into
one of the classical intensity bands using count-based threshold: SB (<1.5 METS), LPA (1.5-
2.99 METs) and MVPA (> 3 METs). Older adult-specific cut-off points for vector magnitude

counts per minute were used in this analysis (33, 34).

Covariates

The following information was recorded during the interview and measurement sessions:
socio-demographic variables: age, sex, education (no studies, primary school completed,
secondary school completed or more), marital status (single, married/living together, widowed,
divorced/separated), and income (coded into 10 categories ranging from no income to
>5000€/month); anthropometric and body composition variables: BMI, fat mass, lean mass;
lifestyle factors considered were alcohol intake, smoking and nutritional status; health
variables: thyroid disease, arthritis and calcium. These were entered in the model as covariates
and retained by backward elimination if the predictor was p<0.2 as in previous studies (24, 25,

35).

Data analysis

R statistical system version 3.1.1. was used to conduct the statistical analyses. We used a

multiple linear regression to evaluate differences in BMD and BMC as related to changes in
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the distribution of the time spent in activities during waking hours, and a compositional method
following the guide to CODA for PA, SB, and sleep research published by Chastin and
colleagues (19). We used the compositional changes of the movement behaviors
[ASB, ALPA, AMVPA], which were det5ermined by Aitchison‘s perturbation method (36, 37).
Similarly, the ratios of each component in the distribution or sub- distribution of the movement
behaviors within a waking hours period for follow-up changes from baseline, were calculated
and then divided by the sum total of these ratios. Compositional descriptive statistics, including
compositional geometric means for central tendency were used as standard descriptive statistics
(mean = SD). Compositional geometric mean bar plots of the changes in the proportions of
time were also generated to display the changes in the movement behavior profiles for frailty
level changes (“positive change in frailty level”, “no change in frailty level” and “negative
change in frailty level”). CODA based on an isometric log-ratio (ilr) data transformation was
conducted to determine the overall effect of PA distribution within average 24 hour periods
(combination of the computed ilr-variables) and the relationship between the changes in
movement behaviors and the rate of BMD and BMC decay, adjusting the models for the change
in the time spent in the other behaviors. These ilr transformations were required to adequately
adjust the models for time spent in the other behaviors. The p-values were identical across all
the CODA analyses with cutoff for statistical significance set at p<0.05; likewise, covariates
were considered in the statistical analysis and the “normal” correction was also used for the
complete models. All statistical analyses were conducted separately in the three subgroups.
G*Power 3.1 (Franz Faul, University of Kiel, Kiel, Germany) (38) was used for power

calculations. Different sample sizes were calculated using the variable of interest with more
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variability (BMD) for multiple regressions (o = 0.05, 1-B: 0.80, £2 =0.15, 3 covariates). Thus,

a minimum of 85 subjects per group was needed to detect significant associations.

Data availability

We are unable to provide the minimal dataset because of legal restrictions, i.e. the Spanish Data
Protection Policy. However, there is an established infrastructure, including a website
(http://nttp://www.ciberfes.es/) and a review committee, through which data requests are
handled. The Hospital reviews and determines the purposes of the data requests and what data
can be released. Data requests can be sent to: Research and teaching unit, Virgen del Valle

Hospital Ctra. Cobisa S/N, 45071 Toledo — Spain, info@estudiotoledo.com.

Results

Descriptive

Of the 227 participants who finished all the stages in the follow-up, only 186 subjects in the
whole sample (101 women and 85 men) were included in all analyses. From these participants,
41 subjects were excluded due to incomplete or invalid accelerometer data or the existence of
metal prostheses in the body composition analysis (22% of the subjects excluded were due to
accelerometry problems) (Figure 1). Nevertheless, no differences were found between the
included and excluded participants in the analysis (p>0.05). The characteristics of the
participants in both evaluations are shown in Table 1. Body mass, height, whole body BMD

and femoral neck BMD were significantly lower in the follow-up than at baseline in all
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subgroups (p<0.05). Moreover, BMI and femoral neck BMC were also lower in the follow-up
in the subgroup with no changes in the frailty level and, whole body BMC in the subgroups
with positive and negative changes in the frailty level (p=0.01-0.04). Finally, the frailty score
was also significantly different in the follow-up than compared to baseline in older people with

a positive change in frailty level, which was lower in the follow-up (p=0.03).

Changes in the distribution of the day by groups

The changes in the distribution of the day for each subgroup are presented as compositional
mean bar plots. The changes for the whole sample grouped by frailty level change are
represented in Figure 2. Older people with a positive change in frailty level decreased the time
spent in SB relative to the other movement behaviors and increased the time in LPA and MVPA
compared to the entire sample; conversely, older people with no change and a negative change
in frailty level increased the time spent in SB relative to the other movement behaviors. Relative
to LPA and MVPA, older people with no change in frailty level decreased the time spent in
LPA relative to the other movement behaviors and increased the time in MVVPA compared to
the entire sample. The opposite trend was observed in the subgroup with a negative change in

frailty level.

Compositional data
The CODA models, which show the distribution of the change in movement behaviors within
a waking hours period on each bone variable, are reported in Table 2 for the subgroup with a

positive change in frailty level, Table 3 for the subgroup with no change in frailty level, and
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Table 4 for the subgroup with a negative change in frailty level. In the subgroup with a positive
change in frailty level, the change in the distribution of movement behaviors within a waking
hours period as a whole was significantly associated with spine and femoral neck BMD
changes (p=0.05 and p=0.02, respectively). An increase in the time spent in LPA relative to the
change in other movement behaviors was associated with lower femoral neck BMD changes
(p=0.02) and, an increase in the time spent in MVPA relative to the change in other movement
behaviors was associated with higher leg and spine BMC and BMD (p=0.02-0.03) and femoral
neck BMD (p=0.01). In the no change in frailty level subgroup, change in the distribution of
movement behaviors as a whole within a waking hours period was significantly associated with
spine BMC changes (p=0.04). An increase in the time spent in MVPA relative to the change in
other movement behaviors was associated with higher changes in spine BMC (p=0.05). No

significant associations were found in the negative change in frailty level subgroup.

Discussion

To our knowledge, the present study is the first to use a CODA to longitudinally examine the
associations between the change in the distribution of time spent in SB, LPA and MVPA and
both BMD and BMC changes in older people related to the frailty level changes that occurred
during a 4-year period. In this way a more appropriate model for assessing bone health in each
group of frailty level change was able to be determined. Our results showed that the change in
the distribution of movement behaviors, decrease or maintenance in SB and LPA and an

increase in MVPA, was significantly associated with spine BMD changes and also a decrease
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or maintenance in LPA and SB and an increase in MVVPA with femoral neck BMD changes in
older people with a positive change in frailty level. Likewise, the change in the distribution of
movement behaviors, a decrease or maintenance in SB and LPA and an increase in MVPA,
was significantly associated with spine BMC changes in those older people with no change in
frailty level. Additionally, a positive effect of the change in MVPA related to the change in
other movement behaviors, was also present in the leg region both for BMC and BMD

variables.

Normally frailty increases steadily with age (9, 10, 39), although in our study, some older
people had beneficial changes in their frailty level over 4 years. This group with a positive
change in frailty level showed some changes in their movement behavior profile which reflect
that they had increased time spent in MVPA and decreased time spent in SB, when compared
to the entire sample. Therefore, just like other previous studies (12, 13, 26, 30, 40), we have
also demonstrated that increasing MVPA and decreasing SB could improve frailty level. In
fact, the older people with a positive change in frailty level during these 4 years showed a
significant effect on their leg and spine BMC and BMD and femoral neck BMD, by increasing
time spent in MVPA related to the change in the other movement behaviors. Similarly, other
meta-analyses and longitudinal studies in men and women have also reported positive
associations with bone variables (41), especially in those individuals who engaged in MVPA
regularly (42). Thus, due to the fact that it is the change in MVPA that is associated with the
bone health benefits, our sample increased engagement concerning PA and an active lifestyle.

This significant association of the MVVPA changes related to the changes in the other behaviors
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could be explained because of the magnitude of gravitational impact forces experienced with
both muscle force generation and body weight at this intensity (43, 44). Some intervention
studies demonstrated that older men and women, who practiced high-impact exercise or high-
intensity resistance training, managed to gain or maintain BMD compared to a control group
(45-47). Regarding the non-significant effect of the change in LPA related to the changes in
the other movement behaviors, The Healthy Ageing Initiative recently showed that the effect
of this movement behavior did not seem to be relevant and clear in older men and women (48).
These associations could also be explained by the multifactorial relation between PA, body
composition and frailty. An improvement in frailty level also generates health improvements
and the reduction of the different associated pathologies (49-51). Therefore, the benefits of PA
on BMD and BMC could be seen more clearly when older people manage to improve their
frailty level. 1t would be important to highlight those significant improvements in BMD and
BMC that were found in both spine and femoral neck, which are the most appropriate body
sites to diagnose osteoporosis and its relationship with bone fracture incidence (52, 53).
Furthermore, for years, femoral neck fractures have been considered to be the most important
osteoporotic fracture from a public health viewpoint (54); increasing in this way the importance

that the changes in MVVPA could have on bone health in this particular population.

Minor consequences of the change in PA or SB on BMD and BMC have been found in the
group with no change in frailty level. In fact, only significant results were found in relation to
the spine BMC changes. Their change in the movement behavior profile showed particularly

an increase of SB and decrease of LPA related to the entire sample, which did not produce
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frailty level changes probably because of the little increase of time spent in MVVPA. Indeed, in
a recent longitudinal study, Gajic-Veljanoski et al. (55) demonstrated that for improving the
frailty level it would be necessary to achieve a recommended weekly amount of PA of at least
1000 kilocalories, which is approximately equal to 30 min of walking per day (56, 57).
Probably for these reasons, the general health of these subjects did not improve, which would
increase the difficulty of showing the benefits of BMD and BMC of the changes in the
movement behaviors. However, this small increment of MVPA related to the other behaviors
could be responsible for the relationship between the complete model and spine BMC changes.
The associations with the spine BMC could be due to the important influence that PA exerts
on weight bearing skeletal areas (58), as is the case of the spine. Thus, the influence of the
changes in the movement behaviors could have an impact on this bone area, which is of great
relevance both for bone health and public health policies, as described above. For these reasons,
when older people maintain their frailty level, to increase time spent in MVPA related to the
changes in the other movement behaviors could still be beneficial regarding osteoporosis and

the risk of bone fractures; helping to improve quality of life and avoid physical dependence.

Finally, in the older people group with a negative change in frailty level, no effects of the
distribution of movement behaviors within a waking hours period or significant associations
were found. The reason could be the general deterioration in health and the increase of
comorbidities that are linked with the increase in frailty. Furthermore, with frailty, PA impact
might not be considered clinically meaningful, given that it is much smaller than the effect of

fractures and obesity (55). The negative consequences of obesity on frailty have been
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previously suggested, just like the multifactorial relationship between bone health and frailty,
making it more difficult to differentiate the PA effect (15). Thus, it could be necessary to
consider other factors when bone health is studied (15, 55). In the same way, a controlled
exercise intervention trial found no effect on BMD over 4 years (59). A cross-sectional study
about the same associations demonstrated that PA was not related to bone health in frail older
people when the whole sample was analyzed, although MVPA could be a good strategy to
improve bone health before reaching frailty level (35). Similarly, previous studies also found a

small beneficial relationship between walking and decreased BMD loss (60, 61).

Despite the fact that changes in the distribution of movement behaviors within a waking hours
period showed a beneficial change in BMC and BMD during a period of 4 years, related to the
frailty changes, the most relevant aspect from a public health perspective would be that
significant improvements in both bone variables were found in both spine and femoral neck.
Therefore, increasing MVPA and maintaining or reducing SB and LPA may be a good
approach for reducing osteoporosis and the risk of bone fractures, which have a strong
association with the increase of morbidity and mortality. Additionally, given that the
prevalence of older people is continuously increasing, improving the quality of life of this
population acquires a higher relevance (25). Thus, this study also confirms previous statements
as being physically active is a key factor in maintaining health and in the normal functioning
of physiological systems across the life-course (27). Furthermore, the movement behavior

profile of the older people with a positive change in frailty level after 4 years of follow-up
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showed that to decrease time in SB and increase time in LPA and MVPA would be a distinctive
characteristic of this specific population.

Our study is not without limitations. SB could have been overestimated because the
accelerometers may not detect differences between sitting and standing positions (62).
However, this instrument has been widely validated and moreover, specific cut-off points for
older adults were used in order to determine their movement behaviors (33, 34). Similarly,
sleep was not recorded in our study, although we had objectively measured all the waking
hours. Related to the data, the probability that some results might be attributed to chance due
to multiple comparisons cannot be excluded; however, the complete models were corrected
and compositional data analyses deals with the co-dependence between time spent in different
movement behaviors (22). Finally, in spite of the high validity of our measurements, with the
use of the gold standard DXA method for assessing body composition and accelerometry to
measure movement behaviors objectively, the sample size was limited, especially in the
subgroups with positive and negative changes in frailty level. Therefore, caution should be
applied when interpreting the results. Future research should increase the sample and explore
whether the benefits of PA changes in older people are the most suitable method to enhance
and maintain bone health depending on frailty level changes. On the other hand, the main
strength of our study was related to the use of a longitudinal perspective to assess BMD and
BMC decay according to the changes in frailty level. Thus, it is the first longitudinal research
to include this novel analytical approach to deal with all waking hour data with objectively
assessed PA, SB, body composition and bone health according to the frailty changes.

Furthermore, longitudinal data provide better estimates of the rate of bone loss compared to
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the rate of change estimated from cross-sectional data that could be overestimated (63).
Additionally, some potential confounding factors were introduced in all models as covariates

in order to eliminate the possible influence on bone.

Conclusion

The present longitudinal study showed that the changes in the distribution of movement
behaviors within a waking hours period seem to be beneficial for bone health according to the
frailty changes. We observed in our study that reducing or maintaining time spent in sedentary
behaviors and light physical activity and increasing moderate-to-vigorous physical activity
produce improvements in bone mineral density and bone mineral content when older people
improve their frailty level; however, these associations are reduced if older people just maintain
their frailty level and even disappear when their frailty level deteriorates. Therefore, and
particularly, the benefits of the increase of moderate-to-vigorous physical activity relative to
the changes in the other movement behaviors on bone mineral density could be highlighted if
older people manage to improve their frailty level during aging. Furthermore, due to the fact
that these benefits favor the spine and femoral neck bone mineral density and bone mineral
content, it is important to emphasize the possible effect of this strategy from the public health
perspective through osteoporosis and bone fracture risk reduction. Future research might
explore which changes come first and what is happening between frailty and the distribution

of the movements in this population.
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Figure legends

Figure 1. Flow diagram of the Toledo Study of Healthy Ageing (TSHA).

Figure 2. Compositional geometric mean bar plots for the whole sample comparing the
changes in the proportions of time of the entire sample (value O in the plot), with the changes
of the subgroups with a positive change in frailty level, no change in frailty level and a negative
change in frailty level for sedentary behavior (SB), light physical activity (LPA) and moderate-

to-vigorous physical activity (MVPA).
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