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Abstract

BACKGROUND: The study investigates the correlation between
muscle mass and physical activity level measured objectively and
subjectively in older adults who fall or are at high risk of falling.
METHODS: FITNESS (Fall Interest to Target Newly Sarcopenic
Society) is a multi-center (French university hospitals of Angers, Lille,
Limoges and Orléans), cross-sectional, observational study of routine
care within a French multidisciplinary hospital consultation. Inclusion
criteria were = 75 years old, living at home and consulting for fall or gait
disorder. A standardized geriatric assessment, muscle mass evaluation
by impedancemetry, physical activity by continuous actimetry (5
days) and Incidental and Planned Exercise Questionnaire (IPEQ) were
performed at patient inclusion.

RESULTS: 170 people aged 75 and over were included in the FITNESS
study (mean age 82.9 + 4.7 years, women 72.9%). Muscle mass (whole
body and lower limbs) correlated with active energy expenditure (AEE,
p whole body = 0.32, p-value < 0.001; p lower limbs = 0.25, p-value
= 0.003), but not with number of daily steps, nor with IPEQ score.
Multivariate analysis of whole-body muscle mass showed a positive and
significant association with AEE and albumin levels and for lower limb
muscle mass, a positive association with AEE and Charlson.
CONCLUSION: This study suggests that in the particular population
of older adults who fall and/or are at high risk of falling, loss of muscle
mass correlates with reduced physical activity. So subjects who fall or at
high risk of falling constitute a special group for whom the fight against
sedentary lifestyles and the maintenance of physical activity should be
a dual priority.

Key words: Frailty, muscle mass, physical activity, active energy
expenditure, multidisciplinary fall consultation.

Introduction

s we age, the likelihood of experiencing a fall

increases. In fact, 30% of adults aged over 65 years

fall annually, with this figure rising to 50% for those
over 80 years old (1). It is also worth noting that half of all
fallers will fall again within a year. Falls are one of the main
reasons why hospital emergency services are called. Falls can
cause loss of functional independence, which in turn can lead
to institutionalisation (2). This public health issue demands
a systematic approach to identifying at-risk subjects during
any consultation with older people (OP) (2), since fallers
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or their family trivialize past falls. The latest international
recommendations pragmatically propose a stratification
according to the risk level of falling (low, intermediate, high).
This proposed assessment offers the advantage of suggesting an
adapted etiological and strategic approach for the three groups
of subjects identified (2). The multifactorial nature of falls has
led to the implementation of multidimensional assessments
for patients at high risk of falling, either in consultation or
at day hospitals. The first such assessments were conducted
approximately thirty years ago in France (3). In a community
setting, a multifactorial approach tailored to each individual has
been demonstrated to enable secondary prevention, resulting in
a significant 24% reduction in the risk of falls (4). Furthermore,
there is a strong correlation between the risk of falling and
reduced walking speed, as well as frailty syndrome. This
syndrome is also linked to repeated falls and severe falls.
Conversely, a fall can serve as a marker of frailty (5). So the
reversible nature of frailty justifies an active, personalized
approach aimed at reversing it (6).

Conversely, sarcopenia is an essential component of the
concept of frailty (6). Consistent data suggest that sarcopenia
is a risk factor for falls (7). Sarcopenia is a condition
characterized by age-related loss of skeletal muscle mass,
strength and function (8). In 2019, a consensus of European
experts proposed a definition for sarcopenia in the older adults
(9). A reduction in muscle strength is a prerequisite for the
diagnosis of probable sarcopenia. A reduction in mass serves
to confirm this diagnosis, while a disturbance in a physical
performance test allows for the assessment of the severity of the
condition (walking speed < 0.8 m.sec”, Time Up and Go = 20
sec, SPPB < 8 points). In non-dependent OP, a multi-domain
assessment can be employed to stratify the level of vulnerability
and anticipate events such as falls or institutionalization (10).

In OP, physical performance is closely associated with
muscle mass, and even more so with muscle strength (11).
However, data from the general population, particularly in
France, suggest that the majority of OP have a level of physical
activity below that recommended and a high level of sedentary
time (12). Nevertheless, without reaching recommended levels,
a slight increase in physical activity could have beneficial
effects on the ability to carry out the gestures of daily life,
thus preserving functional independence (10). This is of major

240



JFA - Volume 13, Number 3, 2024

importance for older patients suffering from falls, most of
whom are frail and have a low level of physical activity (6).

It is also well established that adapted physical exercise
can reduce the risk of falls (13). However, in the real world,
long-term adherence to these recommendations is low and,
for many OP, illusory (14). What’s more, especially in frail
older patients, it’s important to bear in mind that physical
activity includes not just adapted exercise, but any bodily
movement produced by skeletal muscles and resulting
in energy expenditure (occupational, sports, conditioning,
household, or other activities) (2). In a recent article, Ramsey
et al. (15) remind us that every step counts and that the number
of daily steps is the objective parameter most consistently
associated with clinical outcomes. However, physical activity
recommendations for the OP are not defined based on step
count but rather on energy expenditure (16).

Consequently, falls, low levels of physical activity,
sarcopenia and frailty syndromes interact in a mutually
reinforcing manner. Paradoxically, in the older population with
falls, there is a paucity of data to confirm that sarcopenia and
physical activity level remain significantly associated (15).
The rationale for conducting this study in an older population
who are at high risk of falling is to investigate the relationship
between objectively and subjectively measured physical activity
and muscle mass.

Methods

Study population

The «Fall Interest to Target Newly Older Sarcopenic
Society» (FITNESS) cohort is the result of collective work
carried out in 4 French university hospitals (Angers, Lille,
Limoges and Orléans). These hospitals are equipped with a
multidisciplinary falls consultation service. Participants were
referred by their general practitioner (GP), a specialist, or an
emergency physician, and all underwent a Comprehensive
Geriatric Assessment (CGA). The study was observational,
descriptive, cross-sectional and multicenter. Subjects were
included between October 2016 and July 2021 in routine
ambulatory care during a multidisciplinary consultation for a
fall or gait disorder.

To be eligible for inclusion, patients had to be at least 75
years old, living at home and consulting for a fall or gait
disorder. Criteria for non-inclusion were opposition to study
participation, a Mini-Mental State Examination (MMSE)
score (17) < 14/30, significant loss of inde-pendence with an
Activities of Daily Living (ADL, Katz Index) score (18) < 4/6
or a medically unstable state.

Patients eligible for FITNESS were informed, in
comprehensible terms, of the study’s objectives, their right
to refuse to participate and the possibility of withdrawing at
any time. If they had not expressed any opposition, a letter of
information was given to the participant and their carer before
they signed a non-opposition form, which was recorded in
the patient’s medi-cal file. The protocol was approved by the
independent ethics committee at Orleans University Hospital

(Orléans, France; reference: 2016-02, dated April 26, 2001) and
the French National Consultative Committee on Information
Processing in Medical Research at the French Ministry of
Research (CCTIRS, Paris, France; reference: 16.522, dated July
12,2016).

Data collection and processing

* Physical activity assessment: Physical activity was measured
objectively by wearing an activity tracker (Armband,
SenseWear®) for 5 consecutive days. The armband was
fitted by the nurse, who, in the presence of the primary
caregiver, explained the monitoring instructions and the
need to return it 5 days later. It was worn on the left arm
behind the triceps. The nurse checked that the cuff did
not slip down the arm and that the strap was not too tight.
The patient was instructed to wear the cuff day and night,
removing it only for hygiene purposes (a maximum of
1 hour per day was recommended). This recording was
used to measure the number of daily steps over 5 days and
active energy expenditure (kcal.day'), (AEE) which is the
modifiable component of total energy expenditure (TEE)
derived from all activities, both volitional and non-volitional
(19). Sedentary time includes all physical activities with low
energy expenditure (< 1.6 MET). In practice, in our study,
the Armband measurement recorded all activity above 1.6
METs, including moderate activity time. Physical activity
assessment was also measured using the IPEQ questionnaire
(activity score in hours/week) (20).

e Geriatric assessment: It was carried out by a geriatric
physician, assisted by the consultation nurse and the main
caregiver, who was present most of the time. Data was
collected in two stages. The first phase took place in the
geriatric consultation. The assessment focused on socio-
demographic and clinical variables related to the risk of
falling. The second consultation, organized remotely by
appointment, enabled the assessment of the risk of falling
to be completed on the basis of the risk points identified
during the first visit. At the end of the consultation, patients
received a summary of the recommendations, prioritized and
adapted to their state of health.

* Measurement of muscle mass and strength: Suspicion of
sarcopenia was identified by measuring muscle strength
(handgrip < 27 Kg in men, < 16 Kg in women) and the chair
lift test 5 times (> 15 sec). Whole-body muscle mass and
lower-limb muscle mass were measured by impedancemetry
(MC-780MA S, Tanita, The Netherlands) and expressed as a
percentage of total body weight.

e Other variables collected: Assessment of functional
independence for basal activities of daily living was
performed via the Activity of Daily Living (ADL) scale
(18). Health status was assessed by looking for cognitive
disorders (MMSE score < 27/30) (17) measurement of a
comorbidity index Charlson score (21), serum albumin and
vitamin D deficiency (25(OHD) < 30 ng.ml!), as well as
the presence or absence of polymedication (= 5 drugs/day).
A correspondence list between patient order number and
patient name was kept in the office of the research manager
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Table 1. Clinical characteristics of participants (n=144)

MUSCLE MASS AND ACTIVITY IN AT-RISK SENIORS: FITNESS STUDY

Total Cohort (n =144) Min-Max

Age, years, mean = SD 829+4.7 75-93
Female, n (%) 105 (72.9)
Polymedication*, n (%) 116 (80.6)
Neurocognitive disorderst , n (%) 58 (40.3)
History of falls in the last 6 months, n (%) 89 (61.8)
ADL, med[IQ] 5.5 [5-6] 4-6
Albuminemia, ng/L, med [IQR] 41 [38.0-42.2] 29-50
25(0OH)D < 30 ng/ml, n (%) 80 (55.6)
Charlson, n (%)

Low index, score=0 14 (9.7)

Moderate index, score [1-2] 73 (50.7)
High index, score = 3 57 (39.6)
IPEQ, hrs, med [IQR] 3.0 [0.8-6.8] 0-17
Grip Strength, kg, med [IQR] 16.3 [13.3-20.70] 6.7-42.7
Sedentary activity time, hours, mean + SD 133+25 7.7-24.0
Extended idle time, hours, med [IQR] 8.8 [7.7-9.9] 1.5-153
Average number of steps over 5 days, med [IQR]. 1313 [507-2795] 15-12704
Active energy expenditure, kcal/day, med [IQR]) 201 [96-408] 2-2045
Whole body muscle mass, %, mean + SD 655+79 32.0-85.0
Lower limb muscle mass, %, mean + SD 208 +30 6-26

ADL: Activities of Daily Living; IPEQ: Incidental and Planned Exercise Questionnaire; IQR: Interquartile Range; med: median; MMSE: Mini Mental State Examination; SD: Standard

Deviation; * = 5 medications/day;T MMSE Score <27/30 ;

at each center. For each participant, the variables collected
were transcribed in coded form in a personal, anonymized
online observation notebook.

e Statistical analysis: Participants’ clinical characteristics
were described as numbers and percentages in the case of
qualitative variables, and as means + standard deviation,
or as medians (Quartiles 25-75) according to distribution
in the case of quantitative variables. To meet the main
objective of the study, Spearman correlation coefficients
were calculated to measure correlations between muscle
mass (whole body and lower limbs) and physical activity
level (energy expenditure, number of steps and IPEQ score).
These non-parametric tests were chosen because of the non-
Gaussian distribution of the variables.

Univariate and then multivariate linear regression models
were run to determine the association between whole-body
muscle mass and clinical characteristics, including physical
activity level, and subsequently between lower limb muscle
mass and these same clinical characteristics.

P-values < 0.05 were considered significant. All analyses
were performed using SAS software® Version 9.4 (SAS
Institute Inc.). The initial calculation of the number of subjects
required was 200 patients.

Results

Between October 2016 and July 2021, 170 patients were
included in the study, of whom 144 could be analyzed (Figure

1). Indeed, 26 patients had to be excluded due to incomplete
data. Their clinical characteristics are reported in Table 1. The
average age of the participants was 82.9 + 4.7 years and 105
were women (72.9%).

Figure 1.Flow chart of the FITNESS cohort used in the analysis

170 geriatric
consulation subjects

26 excluded

| 17 incomplete muscle mass

7 incomplete physical activity

2 incomplete polymediction and 25 OH

144 analyzed
subjects

In our study, 38.2% of the population had not fallen but
were at high risk of falling. Eighty-nine patients (61.8%) had
experienced at least one fall in the previous six months, and
49 (34.0%) had experienced at least two. Loss of at least one
ADL point was found at the time of inclusion in 27.8% of cases
(n= 40). The majority of patients, 84.6% of men (n= 33) and
79.0% of women (n= 83), had grip-test muscle strength below
the threshold value for suspected sarcopenia (handgrip < 27 Kg
in men, < 16 Kg in women). The time taken to perform the 5
chair lifts was abnormal (> 15 sec) in 66.7% of men (n= 26) and
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67.6% of women (n= 71). Mean whole-body muscle mass was
65.5 £7.9% and 20.1 + 3.0% for the lower limbs.

The median number of daily steps over 5 days was 1313
(507 - 2795). Active energy expenditure was less than 201
kcal.day-1 for half the population (201 (96 - 408)), and mean
sedentary time was 13.3 + 2.5 hours. Fifty percent of the
population had a sedentary time of less than 8.8 hours (7.7 -
9.9). The median number of hours of physical activity/week
(IPEQ score) was 3 hours (0.8 - 6.8).

Muscle mass (whole body and lower limbs) correlated with
physical activity level measured by active energy expenditure
(AEE) (p= 0.32, p-value < 0.001 and p= 0.25, p= 0.003,
respectively), (table 2). No significant correlation was found
between muscle mass (whole body and lower limbs) and
number of steps, or between muscle mass (whole body and
lower limbs) and IPEQ score (Table 2).

Table 2. Correlations between muscle mass and level of
physical activity assessed by different measures (number of
steps, active energy expenditure and IPEQ) (n=144)

Spearman correlation
coefficient (P-value)
Muscle mass Whole body X Number of steps 0.03 (0.736)
Muscle mass Lower limbs X Number of steps -0.06 (0.461)
Muscle mass Whole body X Active energy expenditure 0.32 (<0.001)
Muscle mass Lower limbs X Active energy expenditure 0.25 (0.003)
Muscle mass Whole body X IPEQ 0.07 (0.386)
Muscle mass Lower limbs X IPEQ 0.02 (0.844)
Muscle mass Whole body X Grip Strength 0.31 (<0.001)
Muscle mass Lower limbs X Grip Strength 0.20 (0.018)

Multivariate analyses, presented in Table 3, reveal
an association between whole-body muscle mass and AEE
(B= 0.56; CI 95%= (0.20; 0.92)). The association between
lower limb muscle mass (Table 4) and AEE also emerged
significantly ($=0.16; CI 95% = (0.01; 0.31)). Female gender,
albumin level, serum vitamin D level and level of comorbidities
were also associated with lower limb muscle mass.

Discussion

In a population of 144 OP consulting for falls or gait
disorders, whole-body and lower-limb muscle mass correlated
with AEE, but not with the number of daily steps measured
by actimetry, nor with the IPEQ score. Multivariate analysis
of whole-body muscle mass showed a positive and significant
association with AEE and albumin levels, and a negative
association with female gender and vitamin D deficiency.
Multivariate analysis of lower limb muscle mass showed a
positive association with AEE and Charlson, and a negative
association with female gender and vitamin D deficiency. To
our knowledge, these data, which concern an older population
at high risk of falling, are original. They suggest that even
in this frail population with low physical activity and at risk
of loss of mobility and functional dependence, maintaining
daily physical activity is associated with better preservation of
muscle mass.

In our study, 38.2% of subjects had not experienced a fall
in the previous six months. These individuals were referred to
the multidisciplinary fall consultation due to gait and balance
disorders, which are significant risk factors for falls and often
serve as predictors of future falls (2). Our study population is
comparable to other geriatric populations exposed to falls (22)
particularly for the prevalence of neurological disorders (40.3%
in our population) (23), polymedication (80.6%) (24), loss of
functional independence (from at least one ADL) (25) found
in 27.8% of cases in our series, and the level of comorbidities
with a high Charlson score, which was associated with the
risk of no longer being able to stay at home in patients with
falls (2). The proportion of women in our study may appear
elevated at 73%, with an average age of 83, even though they
constitute a slightly smaller portion, around 65%, of individuals
aged 80 and above in France. However, it is well-documented
that women at advanced ages face a heightened risk of falls
compared to men, which explains the higher representation
of women in our study compared to the general population.
This observation aligns with findings from other studies, such
as one involving a population of 454 individuals referred
for clinic assessment in thirteen outpatient falls clinics in
Victoria, Australia, where the female proportion was 73% (26).
Additionally, a review involving 3.580 subjects investigating
the relationship between muscle mass and physical performance
showed a female proportion of 70%, which is close to our own
findings (11).

In a Taiwanese cross-sectional study of 280 subjects (aged
65-91) (27), 68.9% were women, and as in our study, there
was no significant difference between the muscle mass of
the two legs of fallers and non-fallers. In a prospective study
(28) with a 10-year follow-up of 1041 subjects (50% women
aged 63+/-7.5 years), low grip strength was associated with an
increased risk of falls and fractures, whereas low muscle mass
(appendicular mass adjusted for BMI) seems more appropriate
for judging 10-years mortality risk. Our study confirmed that
there is indeed a relationship between lower limb muscle mass
and grip strength, but this relationship does not appear to be
proportional. Several authors have recently insisted on the
need to think about the quality of the muscle more than the
muscle mass itself (29). Maintaining muscle strength appears
to have a more positive impact on functional independence than
maintaining muscle mass (11).

In our study, possible sarcopenia existed in 67% and
80% of the patients included in our study, according to the
chair lift test and grip test respectively (9). The absence of
data on appendicular mass does not allow us to know the
exact prevalence of sarcopenia (if we refer to the most recent
definition criteria), but the high proportion of subjects with
a sedentary lifestyle (89.6% with more than 10 hours/day)
suggest that it must be particularly high, more so than in non-
dropout OP. In a cross-sectional study of 1.165 subjects living
at home, the cut-off point for determining a sedentary lifestyle
predictive of sarcopenia was > 120 min/d (TV program) - and
< 20 min.day-1 use of digital tools (30). These results are
reinforced by a meta-analysis involving over a million people,
in which Ku et al found a sedentary lifestyle cut-off at 9 h
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Table 3. Linear regressions concerning the association between whole body mass (dependent variable) and clinical characteristics
including physical activity level (independent variables) (n=144)

Univariate models Fully adjusted multivariate model
B [95% CI] P-value B [95% CI] P-value
Active energy expendi-ture, per 100 Kcal/day 0.62[0.21 ; 1.03] 0.004 0.55[0.19; 0.91] 0.003
Age 0.07 [-0.21 ; 0.35] 0.628 0.10 [-0.13 ; 0.34] 0.387
Female gender -8.87 [-11.43 ; -6.31] <0.001 -9.87 [-12.32 ; -7.43] <0.001
Polymedication* -2.30 [-5.60 ; 0.99] 0.170 -2.07 [-4.87 ;0.73] 0.147
Neurocognitive disorders f -1.15[-3.82;1.52] 0.397 040 [-1.82;2.63] 0.721
History of falls in the last 6 months 3.14[0.49 ; 5.79] 0.021 2.27[0.05 ; 4.49] 0.045
ADL score 0.72 [-1.70 ; 3.13] 0.557 -0.52 [-2.54 ; 1.50] 0.613
Albuminemia, ng/L 0.29 [-0.08 ; 0.66] 0.128 0.33[0.01 ; 0.66] 0.046
25(OH)D < 30 ng/ml -0.80 [-3.43 ; 1.84] 0.552 -2.99 [-5.23 ; -0.75] 0.009
Charlson 0.274 0.187
Low index, score = 0 ref. ref.
Moderate index, score [1-2] -2.13 [-6.70 ; 2.43] -0.43[-4.27 ;3.42]
High index, score > 3 -3.58 [-8.23 ; 1.09] 243 [-6.40 ; 1.54]

ADL: Activities of Daily Living; * = 5 medications/day; MMSE (Mini Mental State Examination) score <27/30

Table 4. Linear regressions concerning the association between lower limb mass (dependent variable) and clinical characteristics
including physical activity level (independent variables) (n=144)

Univariate models Fully adjusted multivariate model
B [95% CI] P-value B [95% CI] P-value
Active energy expenditure, per 100 Kcal/day 0.11 [-0.05 ; 0.27] 0.166 0.16 [0.01 ;5 0.31] 0.038
Age -0.01 [-0.12 ; 0.09] 0.789 0.00 [-0.10 ; 0.09] 0.931
Female gender -2.50 [-3.51 ; -1.48] <0.001 -2.78 [-3.80 ; -1.75] <0.001
Polymedication* 0.96 [-0.27 ; 2.18] 0.125 0.74 [-044 ; 1.91] 0.216
Neurocognitive disorders -0.14 [-1.13;0.86] 0.782 0.02 [-0.92; 0.95] 0.969
History of falls in the last 6 months 0.60 [-0.40 ; 1.60] 0.239 0.19[-0.74 ; 1.12] 0.688
ADL score -0.51 [-1.41;0.38] 0.261 -0.61 [-1.46 ;0.24] 0.156
Albuminemia, ng/L -0.02 [-0.16 ; 0.12] 0.765 0.03[-0.10;0.17] 0.632
25(0OH)D <30 ng/ml -0.35 [-1.33;0.63] 0478 -0.93 [-1.87;0.01] 0.052
Charlson 0.084 0.025
Low index, score = 0 ref. ref.
Moderate index, score [1-2] 1.79 [0.11 ; 3.47] 1.86 [0.25 ; 3.47]
High index, score > 3 1.10 [-0.63 ; 2.82] 0.87 [-0.79 ; 2.53]

ADL: Activities of Daily Living; * = 5 medications/day; MMSE (Mini Mental State Examination) score <27/30

predictive of all-cause mortality (31). Within this vulnerable
population, individuals with reduced muscle strength can be
identified, even if they exhibit minimal or no loss of muscle
mass. The European criteria for sarcopenia might lead to
under-diagnosis in these cases, whereas Asian guidelines (27),
which prioritize muscle strength, could facilitate more effective
treatment strategies for such individuals (11)

Our study found no correlation between muscle mass and
the level of physical activity measured by the number of steps.
The literature does not report any data on this subject in OP
suffering from falls. The majority of patients had a very low
level of physical activity, as evidenced by the average number

of steps over 5 days (1313 (507 - 2795)) and sedentary activity
time (13.3 + 2.5 hours). This finding was expected. In a meta-
analysis of objectively measured physical activity, sedentary
behavior in OP subjects living at home was associated with
falls and fear of falling (32). In a prospective longitudinal study,
global energy expenditure was measured by actimetry in 870
participants (mean age: 82) for 9 days, and 584 people were
followed for an average of 3.4 years (33). The data suggested
that physical activities of daily living could contribute to the
prevention of disability, even if this activity remained moderate
in frail subjects. This lack of correlation between muscle mass
and number of steps could be explained in two ways. Firstly,
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with age, the distribution of muscle fibres changes, with an
increase in type I fibres partially compensating for the decrease
in type II fibres. This modification may explain a loss of
power resulting in a reduction in the number of steps without a
parallel reduction in muscle mass (34). Secondly, the use of a
sensor enables count recording.These devices have their limits
of precision. This depends on the sensor technology (IMU or
triaxial accelerometer), the sensitivity of the measurement,
and the location of the equipment. In fact, the sensor would be
more sensitive if positioned at the hip for slow gaits (35). The
armband (SenseWear®) used in this study has been validated
for use on the arm (36). It is possible that the number of steps
may have been underestimated when recording in slow walking
mode, associated with step shortening.

In addition, the wearable sensor quantifies physical activity
in terms of energy expenditure. More precisely, this device
provides an estimate of total energy expenditure (including
basal energy expenditure in the waking state), including
voluntary activities such as walking, as well as spontaneous
activities of daily living (household chores, DIY, static
positions, transitions, locomotion....) (37). In our study,
although muscle mass was not correlated with the number of
steps, it was correlated with AEE, which therefore seems to be
a more interesting parameter to take into account in the frail OP
patient.

In some studies, other muscular parameters were taken into
account by the authors. Other parameters in OP living at home
were assessed : In a cross-sectional study utilizing baseline data
from the Health, Aging, and Body Composition study (1997/98)
involving 365 well-functioning men and women aged 70 to 79,
we observed a correlation between muscle mass and function
(walking speed, chair raising) on one hand, and muscle fat
infiltration on the other hand (38). In a cross-sectional study
(39) in an OP population aged 65-95 with no serious pathology
or medication that could have an impact on physical activity,
it was found that walking performance (distance covered over
6 min) was linked to fat mass index and muscle mass index in
the slowest group, while in the fastest group, it was linked to
the chair lift test and, in the intermediate group, to muscle mass
index. More recently, Stoever et al (40) showed in men living
at home that walking speed and grip test were associated with
sarcopenia in subjects over 65.

In our study, other interesting associations were observed.
For example, an association was found between lower limb
muscle mass and Charlson index, indicating that a high level
of comorbidities in a patient with a fall should raise strong
suspicions of sarcopenia. Concordantly, in a cross-sectional
survey of 168 OP, an association between high Charlson
index and sarcopenia was observed (41). Our results show that
albumin level (ambulatory patients) was associated with total
muscle mass; in a prospective study of 84-year-old middle-
aged patients in follow-up rehabilitation care, albumin was
not associated with appendicular mass (42). However, it was
associated with a risk of infections and pressure sores, which
should draw attention to the patient’s nutritional status. Protein
and calorie intake recommendations for OP suffering from
falls must be increased in the presence of undernutrition, with
explanations of the methods of administration and their synergy

with physical exercise (2).

In addition, hypovitaminosis D (i.e. a serum 25(OHD) level
< 30 ng.ml!) was found in one out of two patients in our study,
and was associated with reduced muscle mass throughout
the body and in the lower limbs. Vitamin D receptors are
ubiquitously present in body tissues. In various studies,
hypovitaminosis D has been associated with multiple chronic
diseases and their severity (43) frailty (44) and risk of repeated
falls (45). This association has already been reported in
previous studies. Visser et al (46) found an association between
vitamin D levels < 10 ng.ml" and reduced muscle mass using
DEXA in a 3-year prospective study. In OP patients who
have suffered a fall, vitamin D levels should be measured
to identify any deficiency and correct it if it exists (47). The
aim is to prevent the consequences of such a deficit on bone
and lower limb muscular strength (48) and balance (49).
Correcting vitamin D deficiency could therefore help to limit
falls, fractures, sarcopenia and loss of functional independence
in OP (50).

Our results, like those in the literature, encourage us to take
a close look at the physical activity levels of our older patients
who fall or are at high risk of falling (2). Resistance training
programs, even for subjects with a sedentary profile, have
positive effects on muscular strength and motor performance
(51). However, to achieve a significant reduction in the
incidence of falls, the FICSIT study showed that resistance
training must be systematically accompanied by balance
training in OP subjects who fall (52). This factor, which is
classically modifiable in younger subjects (53) becomes
potentially more difficult to enhance in older subjects. For
example, it is easier to explain the benefits of physical activity
in limiting cardiovascular pathologies than the insidious nature
of sarcopenia. A sedentary lifestyle, on the other hand, exposes
older people to an increased risk of falls (13) fracture (54) often
associated with fear of falling (55). The resulting negative
psychological impact contributes to unconscious avoidance
attitudes (7) which increase the reduction in physical activity,
including the routine activities of daily living (shopping,
socializing with neighbors). More recently, Ramsey et al.
(56), in a meta-analysis of 27.629 OP who had fallen at home,
showed the importance of the fear of falling factor, which is
associated with less enthusiasm for physical activity (inverse
correlation) and a propensity for a sedentary lifestyle.

Through a personalized approach with the OP, it is important
to identify with them the obstacles to physical activity that
contribute to their sedentary lifestyle, and to find the facilitators
that make it easier for them to get involved.

Within the limits of this study, we retain appendicular
muscle mass, which was not measured (our study was
designed prior to publication of the EWGSOP definition)
(9). This makes it impossible to determine the prevalence of
sarcopenia in our population. Other limitations are related to
the participant count; initially planned for 200, we recruited 170
individuals. Additionally, technical constraints of measurement
tools in older adults during slow walking may lead to
an underestimation of step counts by the armband devices.
Lastly, there may be a need to reassess outcome thresholds to
accommodate the oldest and most vulnerable subjects in our

245



study population, with an average age of 83 years and ranging
up to 93 years.

Conclusion

In this study OP seeking consultation for falls or gait
disorders, AEE was associated with whole-body and lower-
limb muscle mass. Multivariate analyses revealed associations
between muscle mass and various factors, including AEE,
albumin levels, Charlson index, gender, and vitamin D
deficiency. The study sheds light on the original findings in a
high-risk older people, emphasizing that despite their frailty
and low physical activity, maintaining daily physical activity
is linked to better preservation of muscle mass. The study also
underscores the prevalence of possible sarcopenia and the
importance of assessing factors like hypovitaminosis D and
comorbidities in this population. Notably, the study suggests
that AEE may be a more meaningful parameter than the number
of steps in evaluating physical activity in frail older adults. The
findings advocate for a nuanced approach to understanding the
complex interplay between muscle mass, physical activity, and
various health indicators in this vulnerable demographic.

Key Points

e Loss of muscle mass is correlated with reduced energy
expenditure in a population of older adults who experience
falls and/or are at high risk of fall.

e Muscle mass was not correlated with the number of
daily steps. The potential underestimation of step counts
by motion sensors during slow walking, attributed to
shortened steps, underscores the importance of standardized
quantification of physical activity. This consideration should
encompass technical limitations and interpretation biases to
ensure accurate comparisons.

e Even within this frail population with low physical activity
and at risk of loss of mobility and functional dependence,
maintaining regular daily physical activity is associated with
better preservation of muscle mass.

e The personalized care in this population who fall and/or at
high risk of falling, should aim to provide tailored daily or
twice-weekly physical activity.
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