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Abstract

Background/Objectives: The study aimed to describe the effect of muscle-targeted oral nutritional
supplementation (MT-ONS) on enhancing physical performance and nutritional status in frail adults
at risk of falls. Methods: A prospective, open-label, single-centre, descriptive study was conducted.
Patients >70 years attending an outpatient fall clinic were recruited, assessed at baseline and after at
least 90 days with MT-ONS 100% whey protein enriched with leucine and vitamin D.
Sociodemographic, physical performance [Short Physical Performance Battery (SPPB)], nutritional
status [Mini Nutritional Assessment-Short Form, (MNA®-SF)], walking ability [Functional
Ambulation Categories (FAC)], number of falls, muscle strength (dynamometry), body composition
(Tanita), health-related quality-of-life (SF-12), functional capacity (Barthel Index) and adherence data
were collected. Descriptive and inferential statistics were performed. Results: Twenty-six patients
were assessed (58% women age: 82.1 +5.4 years). Mean SPPB score increased from 7.3 (+3.6) to 8.0
(+4.0). At baseline, 35% were malnourished, 42% at risk of malnutrition, and 23% well-nourished.
After 290 days of muscle-targeted ONS, 4% were malnourished; 54% at risk and 42% well-nourished.
The number of falls decreased from 1.2 falls/month (+0.9) to 0.2 falls/month (+0.3, p<0.0001). Change
to better physical performance correlated positively with better nutritional status (p=0.03) after MT-
ONS. 92% of patients nearly always followed the ONS recommendations due to pleasant taste (71%)
and smell (58%) and good health perception (58%). Conclusions: Frail adults at risk of falls who
received MT-ONS, 100% whey protein enriched with leucine and vitamin D for >90 days improved
their physical performance and nutritional status and reduced the number of falls.

Keywords: frailty; muscle-targeted oral nutritional supplementation; risk of fall; nutritional status;
physical performance

1. Introduction

Frailty is a common condition among the elderly, characterized by declines in physical
performance, strength, endurance, and overall physiological function [1]. It not only worsens health
but also significantly raises the risk of falls, a major concern for older adults. Studies estimate that
frailty affects up to 26% of older individuals [2], increasing their vulnerability and both frailty and
prefrailty have been linked to higher mortality rates in this population [3].
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Frailty arises from various physiological changes, particularly the loss of muscle mass and
function, which are central to the aging process [4,5]. Sarcopenia, the progressive loss of skeletal
muscle mass and strength, is a key contributor to frailty [6]. This condition weakens the
musculoskeletal system, making daily activities more difficult and heightening the risk of falls.
Sarcopenia is also strongly associated with an increased risk of falls and fractures in older adults [7].

The prevalence of falls in older adults ranges from 32% to 45%, with recurrent falls occurring in
36% to 51% of cases [8,9]. Beyond physical injuries, such as bone fractures and other traumatic injuries
[10], falls can also result in psychological consequences, including long-term fear, which may be
equally detrimental [11]. Combined, these effects can lead to disability, increased care needs and to
loss of independence, significantly impacting quality of life (QoL) and healthcare costs [12] [13].

Malnutrition is another major risk factor that worsens frailty and sarcopenia in older adults [14].
Poor nutritional status accelerates muscle wasting, reduces strength, and impairs mobility, increasing
the likelihood of falls and related complications [7]. Thus, adequate nutrition is critical for preventing
and managing frailty. Maintaining muscle mass and function is essential for preserving physical
independence in elderly individuals, and nutritional interventions, such as oral nutritional
supplementation (ONS), offer a targeted approach to addressing these deficiencies [15,16].

Muscle-targeted (MT)-ONS typically contains a blend of high-quality proteins and essential
nutrients, such as vitamins [17]. These proteins are crucial for maintaining and repairing muscle
tissue, while vitamin D supports bone health and muscle function. Whey protein is a complete
protein that includes all nine essential amino acids, including leucine, which plays a key role in
muscle protein synthesis. Consequently, whey protein is highly effective in promoting muscle
growth, repair, and recovery, helping to prevent muscle loss [18]. Also, MT-ONS has positive effects
on bone mineral density in sarcopenic older adults [19].

Several studies have shown that MT-ONS improves both nutritional status and physical
performance in frail individuals, especially in cases of weight loss or undernutrition [20-22].
Additionally, MT-ONS decreases the number of older adults who fall and fall incidents [13].
Adequate protein and caloric intake through ONS helps prevent or reverse sarcopenia and frailty,
preserving muscle mass, enhancing strength, and improving overall physical function [15].

Incorporating ONS into routine clinical practice may offer a practical solution for addressing
frailty, particularly in the elderly at risk of falls. This study aims to assess the effects of MT-ONS on
improving physical performance and nutritional status in frail adults attending an outpatient fall
clinic. By assessing the effectiveness of MT-ONS in this population, the research seeks to provide
evidence supporting its broader use as a practical intervention for managing frailty and reducing fall
risk in aged adults in general medicine and geriatric care settings.

2. Materials and Methods
Design

This prospective, open-label, descriptive, single-arm study involved a cohort of frail elderly
adults at risk of falls who attended the outpatient fall clinic at the Cantoblanco Geriatric Daycare Unit
at La Paz University Hospital in Madrid, Spain. As part of their physical recovery and fall prevention
plan, these patients received muscle-targeted ONS to optimize the quality of their caloric and protein
intake, with the aim of improving physical performance, nutritional status, muscle health, and overall
quality of life.

The primary objective of the study was to assess changes in physical performance after a
minimum of 90 days of muscle-targeted ONS, compared to baseline. Additionally, the study
evaluated changes in nutritional status, number of falls, muscle strength, weight, quality of life, and
functional capacity, as well as adherence to the ONS regimen.

Study Population
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Patients satisfying the following inclusion criteria were eligible to enter the study: age 270 years,
presence of 3 or more criteria from the Fried frailty score [23,24], history of three or more falls in the
last six months, referred to and actively attending the Cantoblanco Geriatric Daycare Unit, and ability
to provide written consent for study participation. Detailed selection and exclusion criteria are
provided in Supplementary Table S1.

Recruitment and Assessment

All patients fulfilling the selection criteria were consecutively recruited in accordance with usual
clinical practice. Patients were assessed at baseline (visit 1, V1) and at least 90 days after the initiation
of muscle-targeted ONS (visit 2, V2) (Figure 1).

June 15, 2022 March 19t%, 2024

Study commencement Prospective, follow up Study end
1

Visit 1 (baseline assessment):

* Sociodemographic and clinical
characteristics

Labaratory

Physical performance: SPPB
Nutritional status: MNA-SF
Number of falls

Ambulation ability: FAC
Muscle strength: dynamometry
Body composition: Tanita
Physical functionality: Barthel
Index

Visit 2 (290 days after starting

ONS):

* Laboratory

+ Physical performance: SPPB

* Nutritional status: MNA-SF

* Number of falls

* Ambulation ability: FAC

* Muscle strength: dynamometry

* Body composition: Tanita

* Physical functionality: Barthel
Index

+ Adherence

Figure 1. Study schedule. FAC: Functional Ambulation Categories; MNA®-SF: Mini Nutritional Assessment -
Short Form; ONS: oral nutritional supplementation; SPPB: Short Physical Performance Battery.

At baseline, demographic data (age, gender, marital status, place of residence) and clinical data
(laboratory tests, pharmaceutical treatment, physical performance, nutritional status, number of falls,
ambulation ability, muscle strength, weight, body composition, and physical functionality) were
collected. Physical performance was evaluated using the Short Physical Performance Battery (SPPB)
[25]. Nutritional status was assessed with the Mini Nutritional Assessment - Short Form (MNA®-SF)
[26,27]. Walking ability was analysed using the Functional Ambulation Categories (FAC) [28]. Body
composition was measured using a Tanita device [29], muscle strength was assessed with a handheld
dynamometer [30], and quality of life was documented using the 12-item short form health survey
(SF-12) questionnaire [31]. Patients” ability to perform basic activities of daily living was evaluated
with the Barthel Index [32,33]. Adherence to the ONS was assessed at V2. Adherence was measured
using a 5-point Likert scale (always, almost always, sometimes, almost never, never). Patients
adhering always or almost always were asked to indicate the reason for adhering to the ONS
(pleasant taste, pleasant smell, impression of improving overall health, ability to walk, pleasant
appearance and texture, provides an extra and necessary amount of proteins, and provides an extra
and necessary amount of calories).

Intervention

The muscle-targeted ONS was hypercaloric and hyperproteic 100% serum lactoprotein enriched
with leucine and vitamin D [34] (Supplementary Table S2). Patients were recommended to take two
bottles (200 ml/ bottle) daily for at least 90 days. Patients were also advised to follow other general
dietary recommendations, the Vivifrail physical exercise program [35] and to consider structural
adaptation at home (Supplementary Table S3).

The Vivifrail project is an international program for the Promotion of Physical Exercise for the
prevention of frailty and falls in the older adults part of the Strategy for the promotion of health and
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Quality of Life in the European Union [35]. The objective is to maintain a level of functionality that
ensures the highest possible degree of autonomy for everyone.

Additionally, medication was reconciled to resolve prescription discrepancies, simplify
therapies, and personalize the therapeutic plan [36].

Statistical Analysis

Descriptive statistics were applied, including the calculation of percentages, means, standard
deviations, medians, interquartile ranges, and minimum and maximum values. Comparisons
between two dependent variables were performed using Student’s t-test for normally distributed
data; otherwise, the non-parametric Wilcoxon-Mann-Whitney test was used. Spearman’s correlation
was employed to assess the relationships between changes in physical performance and changes in
other outcomes, such as MNA®-SF, number of falls, walking ability, weight, body mass index (BMI),
and Barthel Index.

A subgroup analysis was conducted to evaluate predisposing factors in participants who
showed improvements in the SPPB score and MNA®-SE. From the total study population (N=26),
participants who demonstrated an increase in SPPB score (N=16) and those with improved nutritional
status (N=15) were compared to the overall population based on baseline weight, BMI, walking
stability, number of falls per month, MNA®-SF, and SPPB scores, and hand muscle strength. Finally,
an inferential regression model was calculated to determine the relationship between participants’
nutritional status and physical performance [37].

Ethical Considerations

Patients were provided with an information sheet detailing the study’s name, objectives,
sponsors, data protection and processing procedures, and the voluntary nature of participation. All
participants signed a written consent form. The study received approval from the Clinical Research
Ethics Committee at La Paz University Hospital in Madrid, Spain (Number 07/2022, approved on
April 05, 2022). Clinical trial number: not applicable.

3. Results
Study Population

A total of 43 patients were recruited between 1st June 2022 and 19th January 2024. 26 (60%)
completed the study (Supplementary Table S3). The mean age was 82 years (+Standard Deviation,
SD) (£5.4), 58% were women, 54% were in a relationship and 69% lived accompanied (Table 1).

Table 1. Baseline demographic characteristics.

Characteristic Title 2
Age, years (xSD) 82 (¢5.4)
Gender
Female, n (%) 15 (58%)
Male, n (%) 11 (42%)
Marital status
Single, n (%) 1 (4%)
In a relationship, n (%) 14 (54%)
Married, n (%) 2 (8%)
Divorced, n (%) 0 (0%)
Widow, n (%) 9 (34%)
Household living conditions
Alone, n (%) 8 (31%)
Accompanied, n (%) 18 (69%)
Institution 0 (0%)
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SD: standard deviation.

Regarding their clinical characteristics at baseline (visit 1), comorbidities that could contribute
to an increased risk of falls were present in less than 20% of participants. Specifically, 19% had visual
impairments, 15% had cognitive impairments and 11% had hearing impairments or Parkinson’s
disease. In contrast, more than 70% of patients were on pharmacological treatments, such as
antihypertensives or diuretics, which could potentially compromise balance and increase the risk of
falls in frail individuals (Supplementary Table S4).

At baseline, the mean SPPB score was 7.3 (+3.6). The mean number of falls per month was 1.2
(#0.9). Eighty-one percent of participants experienced at least one fall per month and 16% experienced
2 or more falls per month. According to the FAC, 58% walked independently, while 42% required
supervision or assistance.

Nutritional assessment using the MNA®-SF score showed that 35% of participants were
malnourished, and 42% were at risk of malnutrition, with a mean MNA®-SF score of 9.31 (+2.41) for
the entire cohort. The median weight was 66.6 kg (+11.88), and the median body mass index (BMI)
was 25.9 (+4.41). Muscle strength was 15.6 kg (+8.65) for the right hand and 12.6 kg (+5.48) for the left
hand.

Ninety-two percent of participants had a Barthel Index score of 260 at baseline. More than 80%
of patients perceived their general health as moderate or good (Table 2).

Table 2. Nutritional and functional characteristics, at baseline (visit 1) and follow up (visit 2).

Characteristics Visit 1 Visit 2
Nutritional status: MNA®-SF score
12-14 points, well- nourished, n (%) 6 (23%) 11 (42%)
8-11 points, at risk of malnutrition, n (%) 11 (42%) 14 (54%)
0-7 points, malnourished, n (%) 9 (35%) 1 (4%%)
Laboratory (nutritional) parameters
Serum albumin levels (g/dl) mean (+SD) 4.0 (x0.5) 4.3 (+0.59)
Cholesterol levels (md/dl) mean (+SD) 156.0 (£38.9) 156.0 (+34.67)
Lymphocyte count (x1000/ul) mean (+SD) 1.5 (x0.6) 1.5 (x0.59)
Weight, kg (SD) 66.6 (+11.88) 68.4 (+12.54)
BMI 25.9 (6.61) 26.7 (+4.33)
Body composition: Tanita
Muscle mass (%) 42% 42%
Total body water /%) 48% 47%
Body fat (%) 34% 34%
Bone mass, kg (SD) 3.1 (x4.09) 3.1 (x4.16)
Visceral fat 17.1 (x17.71) 16.2 (+7.20)
Metabolic age 73.6 (+9.55) 74.9 (+9.48)
Lower body physical function: SPPB score, 7.3 (£3.56) 8.0 (x4.03)
mean (SD)
Good physical function (SPPB scores 10-12), n 7 (27%) 14 (54%)
(%)
Mild limitations (SPPB scores 7-9), n (%) 9 (35%) 3 (12%)
Moderate limitations (SPPB scores 4-6), n (%) 5 (19%) 3 (12%)
Severe physical limitations (SPPB scores 0-3), n 5 (19%) 6 (22%)
(%)
Number of falls/month, mean (SD) 1.2 (x0.9) 0.2 (+0.3)
Number of falls/month, n (%)
0 5 (19%) 19 (73%)
1 17 (65%) 7 (27%)
2 1 (4%) 0 (0%)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3 2 (8%) 0 (0%)
4 1 (4%) 0 (0%)
Walking ability: FAC score

5: normal deambulation, n (%) 6 (22%) 9 (35%)
4: able to walk anywhere but with obvious 8 (31%) 6 (22%)
limp or need of technical assistance, n (%)

3: able to walk inside and outside of home but 9 (35%) 9 (35%)
limited distances, n (%)

2: only able to walk on flat surfaces and known 3 (12%) 1 (4%)
spaces like home, n (%)

1: requires external help to be able to walk, n 0 (0%) 1 (4%)
(%)

Dynamometry

Muscle strength right hand, kg (SD) 15.6 (+8.65) 15.7 (¢9.19)
Muscle strength left hand, kg (SD) 12.6 (£5.48) 13.9 (6.61)
Independence to perform basic activities of daily living: Barthel Index score

2 60 points (independent), n (%) 24 (92%) 25 (96%)
< 60 points (dependant), n (%) 2 (8%) 1 (4%)
SF-12, score general health perception

Excellent, n (%) 1 (4%) 1 (4%)
Very good, n (%) 2 (8%) 0 (0%)
Good, n (%) 11 (42%) 14 (54%)
Moderate, n (%) 11 (42%) 9 (35%)
Bad, n (%) 1 (4%) 2 (8%)

BMI: body mass index, FAC: Functional Ambulation Category, MNA®-SF: Mini Nutritional Assessment Short
Form SD: standard deviation, SPPB: Short Physical Performance Battery.

Clinical and Functional Characteristics at Follow Up (Visit 2)

The average duration between V1 and V2 during MT-ONS was 141 days (+36.5). The mean SPPB
score increased by 0.7 points at follow-up (V2) (Figure 2). Sixteen out of 26 patients (61.5%) showed
improvement in physical performance. Item analysis of the SPPB revealed the greatest gains in the
tandem stand balance test (mean change: 0.46 [+0.95]) and in the ability to complete five chair stands
without using arms (mean change: 0.27 [+1.12]). The number of falls per month decreased to 0.2 (+0.3).
At follow-up, 73% of participants reported no falls, while 27% experienced one fall per month
(Supplementary Table S5).

Mean total SPPB score (£SD)

-
o
|

8.0 (x4.0)

. 7.3 (£3.6)

SPPB score
(%] (%] =9 o ()] ~J [s] w

Visit 1 Visit 2
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Figure 2. Comparison of mean total SPPB scores between Visit 1 and Visit 2, total study population. SPPB: Short
Physical Performance Battery.

Nutritional status improved in 15 out of 26 patients (57.7%) according to the MNA®-SF. The
proportion of patients classified as malnourished decreased from 35% to 4%, while the proportion of
well-nourished individuals increased from 23% to 42%, with 54% remaining at risk of malnutrition
(Figure 3). The mean MNA®-SF score increased by 1.7 points at follow-up (V2) (Table 2).

23%

Well-nourished

w
rafl
=
2 42%
pod
o
g W Visit 1
T
= Riskof malnutrition Visit2
| o
o 549%
=]
=]
=)
z
Malnourished
4%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of patients

Figure 3. Comparison of nutritional status between Visit 1 and Visit 2, in percentage of patients in each MNA®-
SF group. MNA®-SF: Mini Nutritional Assessment Short Form.

Seventy-three percent of participants (19/26) either gained or maintained their weight, with a
mean weight gain of 2 kg (+2.82). Muscle strength increased by an average of 1.2 kg (+4.90) in the left
hand and by an average of 0.1 kg (+2.64) in the right hand. Walking ability remained stable, with 92%
of participants maintaining their mobility.

Patient-reported health status also improved, with 42% rating their health as good at V1, rising
to 54% at V2 (Table 2). The percentage of participants reporting limitations in achieving their desired
activities due to emotional problems decreased from 46% at V1 to 15% at V2. Similarly, the impact of
physical or emotional health problems on social activities decreased from 31% at V1 to 15% at V2
(Supplementary Table S6).

Ninety- two percent of patients always or almost always followed the MT-ONS
recommendations due to pleasant taste (71%) and smell (58%) and good health perception (58%)
(Supplementary Figure S1).

Physical Performance, Muscle Strength and Nutritional Status

Improvements in physical performance (SPPB) at V2 were positively correlated with greater
muscle strength (rho = 0.415, p = 0.02) and enhanced nutritional status according to MNA®-SF scores
(rho = 0.498, p = 0.01) (Supplementary Table S7). The inferential regression model demonstrated a
positive linear relation between changes in MNA®-SF and SPPB scores, suggesting that
improvements in nutritional status (higher MNA®-SF scores) were associated with corresponding
increases in physical performance (higher SPPB scores) (Figure 4).
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Figure 4. Scatter plot correlation between changes in MNA®-SF and SPPB scores. MNA®-SF: Mini Nutritional
Assessment Short Form; SPPB: Short Physical Performance Battery.

Physical Performance and Health Related Quality of Life

The analysis of SPPB components in relation to health-related quality of life items from the SF-
12 (physical functioning, role-physical and social functioning) revealed a strong positive correlation
between improvements in the ability to perform five chair stands without using arms and
accomplishing more in daily activities despite physical health limitations (rho = 0.686, p <0.001). This
suggests that individuals with increased lower limb strength at V2 felt less restricted in performing
their regular daily activities and experienced a better physical functioning.

BMI, Muscle Strength, and Gait Stability as Predictors of SPPB Improvement

Participants with improved SPPB scores showed a statistically significant increase in BMI (p =
0.007) and muscle strength (p =0.017), unlike the overall study population, where these changes were
not significant (p = 0.182 and p = 0.106, respectively). Gait stability also improved significantly in the
SPPB improvement group (p = 0.024), but this was not observed in the total population (p = 0.446).
MNA®-SF scores improved significantly in both groups (Supplementary Table S8).

BMI, Muscle Strength, Physical Performance and Improved MNA®-SF

Participants with improved MNA®-SF scores demonstrated a significant improvement in
physical performance, as measured by SPPB (p = 0.012), which was not observed in the overall study
population (p = 0.11). Additionally, those with better nutritional status showed a significant increase
in BMI (p = 0.008) and muscle strength (p = 0.049), unlike the overall population (Supplementary
Table S9).

4. Discussion

In this study, frail community-dwelling adults who met at least three criteria of Fried’s Frailty
Phenotype and were at increased risk of falls received MT-ONS 100% whey protein enriched with
leucine and vitamin D as part of their care plan. This intervention aimed to enhance physical
performance, walking stability, and overall nutritional status, and to reduce the number of falls. The
cohort shared similar demographic and clinical characteristics with frail octogenarians described in
other Spanish studies [38—40].
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Despite common risk factors for falls, such as visual, hearing, or cognitive impairments, fewer
than 20% of participants were affected by these conditions. This suggests that, although these
comorbidities were present, they likely were not the primary contributors to fall risk in this
population. Instead, medication use, particularly those medications that can impair balance, may
have been a more relevant risk factor, highlighting the importance of careful monitoring of
pharmacological treatments [41,42].

A recent meta-analysis comparing various interventions for fall prevention in older adults found
that multicomponent interventions, typically combining nutritional support and physical exercise,
are associated with a significant reduction in fall incidence [43]. This was also evident in the present
study, where patients received recommendations for both nutrition and physical exercise as part of
a comprehensive approach to fall prevention. In line with these findings, the Global Guideline for
Falls in Older Adults (2022) recommends nutritional optimization (grade of recommendation: 1, level
of evidence: B) and the inclusion of exercise training (grade of recommendation: 1, level of evidence:
C) as part of a multidomain strategy for fall prevention [44].

Physical performance was assessed using the SPPB, a validated tool for evaluating lower body
function in older adults [45]. At baseline, participants exhibited a range of physical abilities, from
moderate limitations to good function. The follow-up data revealed modest but meaningful
improvements in SPPB scores, particularly in balance and lower body strength. Although these
improvements might seem minor, they are significant for this frail population, as they can lead to
increased walking stability and improved ability to perform daily tasks that require strength,
mobility, and precision.[45]. In this study, increased lower body strength may have significantly
reduced falls, improved physical independence, and enhanced overall health-related quality of life,
largely explained by perceived improvements in physical functioning and role-related physical
activities. Other studies have also reported that individualized multicomponent interventions,
including nutritional support aimed at enhancing physical performance, reduced mobility disability,
and prevented a decline in QoL and basic activities of daily living (ADLs) in older adults with frailty
and sarcopenia [20,46].

Nutritional status also improved significantly, with 57.7% of participants showing better
outcomes at follow-up. The decrease in malnourished individuals and increase in those classified as
well-nourished highlight the positive impact of the ONS intervention. An average increase of 1.7
points in the MNA®-SF score reinforces these nutritional gains. However, over half of the cohort
remained at risk of malnutrition, emphasizing the need for ongoing nutritional support to prevent
disability, as highlighted in previous studies [39,47].

In this cohort, improved nutritional status was linked to gains in physical performance,
suggesting a positive relationship between better nutrition and physical function. However, not all
participants who experienced an improvement in nutrition also showed enhanced physical
performance. While some improved in both domains, others only saw improvements in nutritional
status without corresponding physical gains, indicating that other factors beyond nutritional status
likely influence physical performance in this population [48].

Likewise, increases in BMI, muscle strength, and gait stability were predictive of improved
physical performance, suggesting a potential causal link between these factors and enhanced
functional outcomes. A meta-analysis found that low muscle mass, strength, and physical
performance were positively associated with dependency in ADL and IADL [49].

This study has several limitations. Its descriptive design, limited to a single hospital without a
control group, prevents definitive conclusions. The small, conveniently recruited sample size may
have biased the results, making the findings preliminary and suggesting potential relationships that
require further testing in more robust studies. Additionally, the small sample size and limited follow-
up may have underestimated the true impact of nutritional recovery and functional performance
after MT-ONS. Despite these limitations, the study highlights the potential benefits of nutritional
support on the physical performance of frail older patients at risk of falls.
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5. Conclusions

This study shows that MT-ONS 100% whey protein enriched with leucine and vitamin D, as part
of a comprehensive care plan, can lead to meaningful improvements in physical performance and
nutritional status, contributing to falls reduction in frail older adults at risk of falls. While the overall
improvements in physical function and nutrition are modest, the decrease in the number of falls is
significant. Continued nutritional support and individualized interventions targeting physical
performance, muscle strength, and walking stability are essential for preventing further decline and
promoting functional independence in frail older adults. This preliminary evidence needs to be
confirmed through more robust clinical studies.
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participants who improved SPPB; Table S9. Subgroup analysis of participants who improved MNA-SF
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The following abbreviations are used in this manuscript:

ADL Activities of Daily Living

BMI Body Mass Index

FAC Functional Ambulation Categories
IADL Instrumental Activities of Daily Living

MNAZ®-SF Mini Nutritional Assessment — Short Form
MT-ONS Muscle-Targeted Oral Nutritional Supplementation

ONS Oral Nutritional Supplementation
QoL Quality of Life

SD Standard Deviation

SF-12 12-item Short Form Health Survey
SPPB Short Physical Performance Battery
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