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The purpose of this research: Population aging is one of the most significant demographic phenomena of the
21st century. It has led to a growing number of older adults requiring long-term care (LTC), which poses sig-
nificant challenges for healthcare systems worldwide. Lifestyle medicine is a promising strategy for improv-
ing health outcomes and quality of life among institutionalised older adults. Principal results: This
systematic review aimed to evaluate the effects of combined lifestyle interventions, including physical exer-
cise and nutrition, implemented in LTC facilities. Based on PRISMA guidelines, the PubMed and Scopus data-
bases were searched up to December 2024. Studies including adults aged >65 years living in LTC facilities
and receiving multidomain lifestyle interventions were selected. Out of 3,093 records, seven studies met the
inclusion criteria. The interventions typically combined resistance, balance or multicomponent exercise pro-
grammes with nutritional supplementation or education and lasted from seven to 26 weeks. Most studies
demonstrated improvements in physical functionality (e.g. gait speed, strength and balance), while results
regarding quality of life were inconsistent. Nutritional status improved when protein- and energy-enriched
supplements were included. Despite the overall positive findings, heterogeneity in study design, intervention
duration and outcome assessment limits comparability. Major conclusion: While evidence suggests that
combined lifestyle interventions are feasible and beneficial in long-term care (LTC) settings, further high-

quality, standardised and long-term studies are needed to confirm their effectiveness and sustainability.
© 2026 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Introduction elderly population, often exacerbated by sedentary lifestyles and

medication dependency. This trend leads to a greater demand for

Population aging is one of the most significant demographic phe-
nomena of the 21°" century, with profound implications for health-
care systems worldwide. According to the World Health
Organization (WHO), the proportion of the global population aged
over 60 is expected to nearly double, between 2015 and 2050.! In
detail, as of January 1, 2023, more than one-fifth (21.3%) of the Euro-
pean population was aged 65 years or older (Eurostat-Population
structure and ageing).” Life expectancy now averages 72.3 years
worldwide and exceeds 80 years in countries with advanced health-
care systems.?

While increased longevity represents a public health success, it
comes with a rise in the prevalence of chronic diseases among the
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long-term care (LTC) services.* Studies conducted in high-income
countries highlight a wide variety of approaches to LTC, differing in
the mix between formal and informal services, the extent of govern-
ment involvement, and the overall scale of care provided.® This
demographic shift presents significant challenges for healthcare pro-
viders and policymakers, requiring the adaptation of healthcare serv-
ices to meet the evolving needs of the aging population.
Socioeconomically, older adults face rising demands for social wel-
fare, greater demand for institutional care, and changes in pension
systems, all of which can strain financial resources and limit access to
necessary support as they age.® However, the organization and
financing of LTC are heterogeneous across countries. In many Euro-
pean countries, long-term care is primarily supported through public
or mixed public—private systems.”® In contrast, in the United States,
LTC including assisted living, nursing homes, and Continuing Care
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Retirement Communities are largely financed through private resour-
ces and patient payments, with limited public coverage restricted
mainly to means-tested programs such as Medicaid.’

Long term care facilities, already burdened by limited resources
and decreasing public funding, struggle to provide optimal care. As a
result, people residing in these facilities often experience a subopti-
mal quality of life, characterized by accelerated functional and cogni-
tive decline.'® As underlined by the European Commission, LTC for
elder subjects should be structured under a person-centered
approach and focused on the prevention of health deterioration,
rather than simply providing supportive care.'! Lifestyle medicine
focused on a holistic approach to patient care through evidence-
based lifestyle interventions. Unlike conventional medicine, lifestyle
medicine aims not only to manage chronic conditions but also to pre-
vent complications, particularly in LTC settings, while promoting
health equity through cost-effective strategies.!? Despite its rapid
global growth, the field still faces significant barriers, including lim-
ited awareness and education, institutional resistance, lack of inte-
gration into traditional healthcare systems, insufficient resources and
time, and cultural or socioeconomic challenges.'*

Lifestyle medicine provides a valuable approach to addressing
these challenges by emphasising the prevention and treatment,
through evidence-based lifestyle interventions, such as a healthy diet
and regular physical activity.'* By promoting healthy diet and correct
life styles, lifestyle medicine can help older adults to maintain their
physical and cognitive functions, to prevent or delay the onset of
chronic diseases, and to reduce the strain on healthcare systems.'®
Furthermore, adopting lifestyle medicine strategies can significantly
reduce health-related costs and support the transition to more sus-
tainable healthcare models.'®'” A recent study published in The Lan-
cet Public Health'® confirms that adopting a healthy lifestyle is
associated with a significantly reduced risk of developing chronic dis-
eases as well as lower overall mortality. This translates not only into
longer life expectancy but also a greater number of years lived in
good health, free from the impact of these disabling conditions.

However, this knowledge base is almost referred to the general
older population. Although it has been pointed out that lifestyle med-
icine interventions could be beneficial also for older people living in
LTC facilities,'® this population present differences in terms of needs,
capabilities, and available resources.'®?° Despite it is widely recog-
nized that physical activity or adequate nutrition are effective inter-
ventions for improving the quality of life in frail, institutionalized
older adults,>'?? most of the studies focuses on single-component
interventions. In contrast, an approach in line with lifestyle medicine
principles (i.e., combining different interventions and strategies) has
been found effective also for this population in improving various
aspects of health.'? These interventions have been shown to enhance
body composition, cognitive function,>®> mobility,>* and quality of
life?® among older adults living in community settings. However, evi-
dence-based studies evaluating the effectiveness of such approaches
in LTC settings are limited. An additional limitation of studies on LTC
is the insufficient analysis of the characteristics and components of
the interventions themselves. Specifically, there is a lack of clarity
regarding the scales and tools employed to measure the effectiveness
of the interventions, as well as the specific features of the interven-
tion components.'°

To the best of the authors’ knowledge, no systematic review has
yet summarized the evidence on lifestyle medicine interventions that
combine physical activity and a healthy diet in long-term care set-
tings. To address this gap, through the analysis of existing literature,
we conducted a systematic review aimed at providing a comprehen-
sive overview of the characteristics of combined interventions and
the outcomes measured, with a particular focus on the tools and
scales used. Our systematic review tries to answer to the following
research questions: What is the effectiveness of combined nutrition-

physical exercise (I; Intervention) interventions for older subjects liv-
ing in long term care facilities (P; population) in improving quality of
life and functionality (O; outcome).

Materials and Methods
Search strategy

We conducted a systematic review of literature according to the
Recommendations of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement (PRISMA).>® The search was
performed on PubMed, Embase and Scopus databases on 30/12/2024.
The review protocol is registered on PROSPERO (ID
CRD42023389235). The full search strings are available in the Supple-
mentary Material. We included studies published in English or Italian
describing programs including at least physical exercise and nutri-
tional intervention. Furthermore, we considered only interventions
performed on people aged 65 years and older living in long-term
care facilities. Moreover, we included published peer-reviewed origi-
nal research studies, quasi-experimental study, RCT, observational,
and qualitative studies while we excluded secondary research (e.g.,
reviews), as well as opinion papers. Our PICO criteria were as follow:
Population older people (namely, people aged 65 years or older) liv-
ing in long-term care or nursing home facilities, Intervention/Expo-
sure: lifestyle medicine intervention combining (at least) one
nutritional and one physical exercise interventions, Comparison:
care-as-usual, placebo, or another intervention, Outcome: Improve-
ments in quality of life and functionality (e.g., autonomy) in subjects
exposed to the intervention.

Data extraction, analysis, and synthesis

Extracted information was entered on a Microsoft Excel database;
two researchers (GO, QF) independently screened the articles to
assess studies’ eligibility for inclusion starting from titles and
abstracts. In the second stage, two reviewers (A.C. and B.T) indepen-
dently reviewed full texts of studies, excluding records not relevant
to our research question, and then they extracted the data. Inconsis-
tencies were resolved after a discussion involving the whole research
team. In case of disagreements, a third reviewer (A.M.) cast the decid-
ing vote. Gathered information was organized, and subsequently ana-
lyzed. The following data was extracted: author, year of publication,
study design, county of the study, sample characteristics (includes,
age, gender, and number of participants), type of exercise and nutri-
tion intervention, outcomes and main results.

Given the heterogeneity of study designs (quantitative, qualita-
tive, and mixed-methods), a narrative synthesis approach was used.
We summarized the qualitative findings in both table and narrative
texts, complemented by a description to illustrate key observations.
Where available, quantitative data (such as means, ranges, and per-
centages) were also reported. Data from qualitative studies were
extracted using predefined categories based on key themes and cate-
gories that aligned with our research question. If necessary we con-
tacted investigators and relevant study authors, seeking information
about unpublished or incomplete studies.

Quality appraisal

The quality appraisal was performed using the Joanna Briggs Insti-
tute (JBI) Critical Appraisal Checklists®’ based on different study
designs. The JBI checklist score was as follows: “Yes” with 1 point,
“No” and “Unclear” with 0 points. Decisions regarding methodologi-
cal quality of the studies included were made, independently, by two
reviewers, and any disagreement was resolved by research team dis-
cussion. The sum of the points was classified as the percentage of the
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items present, considering the recommendations of the authors Camp
and Legge.?® Thus, a score lower than 70% was classified as low quality,
between 70 and 79% of the checklist criteria was classified as medium
high quality, between 80 and 90% was assigned high quality, and a score
greater than 90% of the criteria was classified as excellent quality.

Results

A total of 3093 records were retrieved. After duplicates removal,
2937 titles and abstracts were screened, and 2740 excluded. There-
fore, 197 full-texts were assessed, and a total of 7 studies were
included in our review.'%??9-33 The PRISMA flowchart is shown in
Fig. 1. Details of the included studies are available in Table 1.

Of the included studies, four were randomized controlled tri-
als'®?°31 and three adopted a quasi-experimental design.?’*?>* Six
studies were conducted in Europe (two in Spain and one in Portugal,
Austria, Sweden, Poland, respectively) and one in South Korea. Two
studies included participants from assisted living residences belong-
ing to both the public or the private sector.?’*> One study was con-
ducted in low-intensity care facilities, such as a residential home in
South Korea*? and five senior residences spread across Vienna’s met-
ropolitan area, Austria.>® The last study investigated the population
residing in nursing homes in Poland.?’ Interventions lasted from
seven to 26 weeks, and were described as generally well tolerated by
participants. Interventions’ components are shown in Table 2.

Participants
Study samples ranged from 54 to 101 subjects, with a median of 91.

Two studies restricted their sample to frail or pre-frail individuals aged
70 years and older, capable of performing the up and go test in less than

50 seconds or capable of walking for at least 50m.?'** All the partici-
pants were also selected depending on their ability to perform any
degree of physical exercise voluntarily and or to be mentally and physi-
cally able to participate in the lifestyle intervention program.?'>? Inter-
vention populations also included a residential home hosting
cognitively aware elderly women aged 65 years and older, and a nursing
home with overweight patients aged 60-95 years old.>***

Physical exercise

The total frequency of physical activity across studies ranged from
two up to seven times per week. The mean session duration was
45 minutes. The type of the physical activity implemented in the
included studies was structured exercises session and included resis-
tance training,’® balance and flexibility programs,”! multicomponent
exercise,'>*? and dance.*® One study only specified the type of exercise
(i.e. sit to stand exercises), despite it did not disclose the exercise fre-
quency.®! In the study conducted by Zak et*® all three different exercise
modalities were compared: structured exercise sessions, standard exer-
cise and progressive resistance exercise. In the majority of the included
studies the exercise session was managed by a professional. Franzke et
al involved a sport scientist while'%?"*° and Gronstedt et al.*" involved
a physiotherapist. The dance intervention conducted by Kim et al.
involved an expert in this discipline. Finally,*> mentioned a supervised
exercises plan without specifying the professionist involved.

Nutritional intervention

Nutritional interventions ranged from dietary awareness and edu-
cation initiative®® to oral supplementation with liquid preparation of
macronutrients or calorie-dense beverages.?!?9—3?

3093 records identified from:
hd PubMed (n = 164,
g Scopus (,(7 _ 1535) » 156 duplicate records removed
fﬁf EMBASE (n= 1399)
"g’.
Y
2937 records screened > 2740 records excluded
Y
¢
g_ 197 reports sought for retrieval > 0 reports not retrieved
=]
«Q
\ 4
190 reports excluded for:
197 reports assessed for eligibility Different setting (n = 55)
| Different population (n = 15)
Different topic (n = 111)
Study design (n =7)
5 Y Excluded language (n = 2)
g 7 reports included

Fig. 1. PRISMA Flowchart.
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Table 1
Characteristics of the included studies.

Study Study design Country Sample size (N) Participants’ characteristics (mean age, % females) Duration (weeks)

21 QE Spain 91 85.645.6, 70.3% 12

32 QE Portugal 35 EG1 (N=8): 80+6.1, N/A 16
EG2 (N=7): 86.7+4, N/A
EG3 (N=7): 84.245.8, N/A
CG (N=13): 83.1+£5.4,N/A

10 RCT Italy 54 EG (N=27): 84.9+7.9,81.5 13
CG (N=27): 83.26+ 9.10, 63.0

30 RCT Austria 97 Age 83.0+6.1, Female 86.6% 26
RTG:35, Age 82.845.7
RTSG:29, Age 82.5+7.5
CTG:33, Age 83.5+5.4

3 RCT Sweden 120 EG (N=52): 85.845.0, 65.0 12
CG (N=50): 85.9+£5.4,58.0

33 QE South Korea 64 N:64, 10
Age 76.446.2, Female 100%

29 RCT Poland 91 N:80 7

G1:19, Age 78.1+7.6, 84% Female
G2:21, Age 79.24+9.2, 81/ Female
G3:19, Age 78.316.8, 74% female
G4:21, Age 81.1+£6.4. 81% female

QE: quasi-experimental; RCT: randomized controlled trial; EG: experimental group; CG: control group.

Only the study conducted by Conti et al.'® structured a supervised
nutritional program with specific grams of each macronutrients dur-
ing meals. To ensure a controlled food intake, both participants and
their families were asked to avoid any food supplementation. In addi-
tion, as a routine procedure of the facility, relatives are asked to
report to healthcare workers any additional food brought from out-
side, and the workers must report such events in the individual
patient report.

Interventions that focused on dietary supplementation by using
nutritional drinks all ranged between 300-600 kCal*!?°—3! per day
distributed across different macronutrients categories. Most of these
liquid supplements had a composition that included proteins, carbo-
hydrates, polyunsaturated fatty acids, and fibers in different but
somewhat similar proportions, as well as different micronutrients
including vitamins and minerals. Only Cado-Silva et al. study
explored the administration of exclusively branched-chain aminoa-
cids (BCAAs) associated with physical exercise, specifically a mixture
composed of L-leucine, L-isoleucine, and L-valine in the proportion of
2:1:1. 200mL was administered to each subject before exercise.*”
Only one study did not actively supplemented the diet of the partici-
pants but implemented a nutritional education with food diaries,
portion control, teaching participants about food labels and calories,
meal planning, increasing intake of fruits, vegetables, and water
while decreasing consumption of calorie dense foods.**

Among the included studies, only Kim et al.>* involved a dietician
and Caldo-Silva et al designed the nutritional intervention with a
nutritionist; the other study did not mention a specific supervision
for the nutritional intervention.

Measured outcomes

Measured outcomes are shown in Table 3. Among the seven
included studies, six considered physical functionality out-
comes.'%?1?9=32 In terms of physical performance assessment, most
studies employed standardized and validated tools. The 30-Second
Chair Stand Test®>* was used to evaluate lower body strength and
endurance,>! while the Short Physical Performance Battery (SPPB)*®
served as a multidimensional measure of functional capacity, captur-
ing balance, gait speed, and repeated chair stands.?! Fitness assess-
ments scale, although not always fully detailed, were employed to
track improvements in muscle strength and general physical capac-
ity.?23° Only Caldo-Silva et al.>* evaluated enhancement in muscle

strength, with no clear information of specific functional tests. Two
studies were focused on quality of life?!*! using EUROQOL question-
naire).>® Gronstedt et al. reported no significant changes after the
combined intervention while Abizanda et al. reported a general
improvement in the points of the EUROQOL.?'*! Finally, three studies
considered other outcomes. The nutritional status was assessed
through the Mini-Nutritional Assessment — Short Form (MNA-SF)*’
which revealed significant improvements following intervention.?!*!
Additionally, body weight gains and improvements in vitamin D sta-
tus were documented as positive outcomes linked to nutritional
supplementation?%>°

Risk of bias

Table 4 summarises the quality of the included studies assessed
using appropriate ]BI checklists, while the complete quality appraisal
is available in the Supplementary Materials. Four out of five RCT were
scored as excellent quality, with only one study>' scored as medium
quality. Indeed, despite the Authors publishing separately an exten-
sive and detailed study protocol,®® the allocation concealment proce-
dure was not extensively described. Moreover, outcome assessors
were not blinded, and the performed statistical analyses were not
adjusted considering the cluster-based design. All of the three quasi-
experimental studies were scored as high quality. Specifically, two of
them did not have a control group?'*> and one®? did not measure all
the outcomes in a reliable way, as frailty, dietary assessment, and
cognitive levels were self-reported by participants.

Discussion

The present systematic review identified seven studies evaluating
combined physical activity and nutrition interventions in LTC
settings.'®?!2°~33 The findings of this systematic review highlight
that nutritional interventions, when combined with physical activity
programs, have the potential to provide significant benefits for insti-
tutionalized older adults. Specifically, the available evidence showed
a positive effect primarily on physical function parameters, such as
increased limb strength and mobility. However, the effects on quality
of life are less consistent, with conflicting results among the included
studies.

The improvement in physical outcomes are in line with consoli-
dated evidence on older populations in community settings, where
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Characteristics of interventions.

Study

Physical exercise intervention

Nutritional intervention

21

Type:ActiPlan exercises program focused on balance, flexibility and strength
Frequency: 5 days/week
Professionist: Physiotherapist and Nurses

Type: Multicomponent exercise. The exercise protocol respected the guidelines of exercise pre-
scription for older persons and the guidelines of exercise periodization by the American College
of Sports Medicine

Exercise was supervised

Frequency: twice a week

Type:Exercise sessions were structured in requiring moderate-to-high effort to subjects (level
7-8/ 10 on a visual analog scale). Each session was designed to burn about 190 Kcals, calcu-
lated on an average weight of 60 kg.

Frequency: bi-weekly 45-minutes groups

Professionist: physiotherapist

Type

Resistance training: Ten exercises for the main muscle groups arms). One training session
started with 10 min of warm-up, continued with 30—40 min of strength training and ended
with a 10 minute cool-down. In the initial phase (4 weeks) one set of 15 repetitions was per-
formed in order to learn the correct form of each exercise. From the fifth week on the intensity
and volume has progressively been increased from two sets of light exercises to two sets of
heavy resistance. If the participants could easily perform two sets of 15 repetitions they were
told to either take more.

Frequency: two weekly session

Professionist: sport scientist

Type

Sito-to-stand exercises 12 weeks repeatedly for 1-10 times at each session depending on the
participant’s ability, at least four times per day.

Professionist: physiotherapist, occupational therapist and nurse

Frequency: 7 days a week

Duration: 7 weeks

Type

Korean dance low intencity exercise.

warm-up exercise (5 min), main dance movements (30 min), and a cool-down exercise (10 min).

The movements provide aerobic exercise with a target heart rate of 50% of the maximum, and the
entire 45-min routine involved 1500—2000 movement steps requiring 80—100 kcal of energy
for an average-sized individual.

Frequency

4 times per weekx

Professionists

Exercise leaders were trained research assistants who were taught the Korean dance movements
by a Korean dance expert prior to the commence-ment of the study.

Type

Structured exercise sessions

45 minutes sessions: 5 min. general warm-up exercises of the upper and lower limbs and the
trunk (initially in an recumbent position, and in a sitting down position on a chair afterwards),
20 min. of func-tionally-oriented exercises (FOE), 20 min. long standard exercises (SE), or pro-
gressive resistance exercises (PRE), depending on a specific group allocation. Every session was
then rounded off with a series of simple breathing and relaxation exercises. All exercise inter-
ventions were pursued at the subjects’ actual place of residence and individually supervised by
a physi-otherapist to ensure full (100%) compliance with the study regimen.

Standard exercises (SE)

10 simple exercises (implemented in an upright sitting position on a standardised chair), fol-
lowed by another series pursued on a pedal exerciser, designed to activate the lower limbs
(duration: ca.10 min. with three 30 sec. intervals).

Progressive resistance exercises (PRE)

four series of proper resistance exercises pursued with the aid of a standardised elastic resistive
exercise band. 3 x 10 stretches of a band per each discrete muscle group spaced out with 1 min
long rest periods.

Frequency: 5 days a week

Duration: 7 weeks

Professionist: physiotherapist

Type: Daily intake of 2 bottles of 200 mL. Each bottle contains
300 kcal, 20 g protein, 24.2 g carbohydrate, 13 g fat (poly-
unsaturated fatty acids 18.5%; u6/u3 /4 2.8:1), 3 g fiber (30%
inulin, 70% fructooligosaccharides), 500 IU vitamin D, and
480 mg calcium

Type: The BCAAs power mixture was composed of L-leucine
(Leu), L-isoleucine (Ile), and L-valine (Val) in the proportion
of 2:1:1. 200mL before exercise.

Professionist: Nutritionist

Type: The diet offered four different meals (breakfast, lunch,
afternoon snack, and dinner), and was designed to provide
at least 30 g of proteins with high content of leucine. Daily
calcium intake was managed to reach the minimum quan-
tity suggested by the recommended daily intake levels and
phytate- and oxalate-rich food (e.g., spinach) were limited,
to increase intestinal calcium absorption.

Type:Liquid supplement every morning, and after each train-
ing session.

20.7 g protein (56 energy (En)%, 19.7 g whey protein, 3 g leu-
cine, N10 g essential amino acids)

9.3 g carbohydrates (25 En%, 0.8 BE)

3.0 g fat (18 En%), 1.2 g roughage (2 En%)

800 IU (20 ug) of vitamin D, 250 mg calcium, vitamins C, E, B6
and B12, folic acid and magnesium (1 portion FortiFit,
Nutricia).

Type

Oral supplementation (600kcal, 46g protein, 2 bottles/die)

The participants will also be offered an oral protein-rich sup-
plement (125 ml, 18 g protein which is 24% of Recom-
mended Dietary Intake, 300 kcal) twice a day (between
breakfast and lunch and in the afternoon) during 12 weeks
(7 days/week).

Type

Nutrition education classes

Professionist: dietitian with teaching experience

Type: The nutritional supplement — a 200 ml liquid supplying
300 kcal in the form of carbohydrate (49%), lipids (35%) and
protein (16%) mixture was designed to augment individual
caloric intake by ca. 20%, as well as top up their recom-
mended daily allowances of vitamins and minerals (by ca.
25%).

Compliance was assured by the trained nursing stuff

Professionist: Nurses

multidimensional interventions have demonstrated significant bene-
fits on mobility, body composition, and reduced risk of frailty.
Multidomain exercise prescriptions can enhance the functional
strength of older individuals, contributing to fall prevention and
increased independence.*® Overall, the experimental groups showed
statistically significant improvements in these tests compared to

22,39

control groups, suggesting that structured, progressive resistance
training is effective in mitigating functional decline in older adults.®
Although different tests were used among the included studies,
physical functionality improved in all of them. This confirms that
exercise has tangible and measurable effects on physical function in
the elderly, with the delivering characteristics (i.e., supervised and
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Table 3
Measured outcomes.

Study Physical functionality outcomes Quality of life Other measured outcomes
outcomes
21 Daily adherence to physical exercise and ONS. Quality of life Diet
Excellent adherence higher than 80% good adherence higher than 60%. Improvement inquality Improvement in
Mean improvement in SPPB at week 6 was 0.8 points, and in SF-LLFDI 3.1 points. of life measured with  their nutritional status (weight gain, BMI increase,
There was no significant improvement in function at week 12, mean values were the EQ5DVAS by 6% and higher MNA-SF scores at 6- and 12-week fol-
higher at that point than at baseline (95% confidence inter- low up). igher in participants with more frailty cri-
val (CI) 3%e10%) at teria, lower functional level, lower vitamin D levels,
week 6, and by 5% and poorer nutritional status.
(95% CI 0%e10%) at
week 12.
32 Improvement of cognitive profile and muscle strength-related albumin levels, reduc- N/A N/A
tion in the TNF-« levels were found particularly in ME plus BCAAs group. No signifi-
cant variations were observed over time for TNF-«/IL-10 ratio or MPO activity.
The study showed that MIP triggered slight alterations in the inflammatory and physi-
cal function of the frail older participants,
10 EG showed a significant improvement in the total scores of all the measured scales. N/A N/A

A significant improvement was observed for the functional dimension of the

Bartel Index and for both Tinetti scale dimensions (walk and balance). None of

the participants reported adverse effects.
Fitness test N/A
The participants of the RT and the RTS groups demonstrated signifi-cant improve-

ments in the chair rise and the 6 minute walking tests (chair rise: RT: +23%,

p =0.002, RTS: +24%, p = 0.001; 6 minute walking: RT: +13%, p = 0.021, RTS +11%,

p =0.015). The CT group did not improve in functional parameters and none of

the three groups improved significantly at the handgrip strength test.

30

3 Fitness test Quality of Life
The 30-second Chair Stand Test (30sCST) no significant differences between No statistically signifi-
groups cant differences for
Berg Balance Scale (BBS) no significant differences between groups the self-reported
Body weight increased by approximately 2 kg in the EG, which was signifi- EQ5D-5L between
cantly different from the CG. Fat mass and Fat free mass increased significantly groups

within the EG at follow-up, and the participants in the High adherence EG signif-
icantly improved THE Fat mass and Fat free mass compared to the CG.

N/A

29

Muscle strengh N/A

Progressive resistance exercise (PRE) regimen is clearly instrumental in appreci-
ably improving individual muscle strength, irrespective of nutritional supple-
mentation, at least in the volume actually offered to the present study subjects.

Individual mobility Tinetti scale improvements in Group Il which pursued the
regimen combining SE with nutritional supplementation, although, admittedly,
appreciable gains in individual muscle strength (Group I) clearly did not appear
to trans-late directly into perceptible improvement in individual mobility.

6 minute walking test

In the standard exercise (SE) regimen statistically significant improvement was
noted with regard to the distance covered by over 35 metres on completion of a
7- week study, whereas in the groups following progressive resistance exercise
(PRE) regimen muscle strength in both legs reached statistically significant
improvement by 3.5 — 6.6 N/m over the same period.

Vitamin D status changed significantly only in the
RTS group (plasma B12: +130%, p = 0.006; red blood
cell folate: +43%, p = 0.018) after six months. nly in
the RTS group, a significant negative correlation
between the six month change of the B12 plasma
level and the MN frequency was observed (RTS:
r=-0.584, p=0.009; RT: r=0.081, p=0.715; CT:
r=-0.259, p = 0.284), which indicates decreased
chromosomal damage with increased B12 plasma
status

Diet

Mini-Nutritional Assessment-Short Form (MNA-SF)

No significant difference between the EG and the CG
in MNA-SF baseline to follow-up, but there was a
significant improvement among the participants in
the high adherence EG group compared with the
CG. There were no differences in blood chemistry
between or within groups at baseline or at follow-
up

Blood sample

Vitamin C, thiamin, and iron improved significantly
by the interventions.

Calcium was not improved.

Patterns of nutrient intake were significantly lower
than the baseline data for most nutri-ents and for
energy intake; even those nutrients for which
intake improved after the intervention program
had decreased to baseline levels

The mean INQ of values calculated for weeks 10 and
24 were significantly higher than the baseline data.
The mean INQ of week 24 was also significantly
higher than that calculated for week 10 (t = —9.63,
p <.001).

Dietary behaviors of the program participants were
significantly better after the program than before it.
Dietary behaviors were improved during the first

10 weeks after the intervention, but declined to base-
line levels up to week 24.

Lipid profiling

Significantly increased after the intervention, in par-
ticular mean LDL-C, HDL-C, and ratio of LDL-C to
HDL-C scores, and the atherogenic index were sig-
nificantly improved after the intervention.

Body weight

The tandard exercise (SE) regimen (Group III), as well
as received nutritional sup-plement were found to
have appreciably gained in body weight by ca.

1.72 kg on average over 7 weeks (p = 0.01),
whereas no such gains were observed in the group
pursu-ing the progressive resistance exercise (PRE)
regimen(Group I); the difference possibly attribut-
able to the per-ceptibly less strenuous character of
the former regimen.
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Table 4
Risk of bias assessment.
Study Study design Quality assessment tool Overall quality
21 QE JBI Checklist for QE High
32 QE JBI Checklist for QE High
10 RCT JBI Checklist for RCT Excellent
30 RCT JBI Checklist for RCT Excellent
31 RCT JBI Checklist for RCT Medium
33 QE JBI Checklist for QE High
29 RCT JBI Checklist for RCT Excellent

QE: quasi experimental; RCT: randomized controlled trial.

structured sessions) more important than the specific intervention
content.*!

With regards to the nutritional component, the majority of the
included studies adopted calorie and/or protein nutritional supple-
mentation drinks, typically providing between 300 and 600 kcal per
day, often enriched with fibers, polyunsaturated fatty acids, and
essential micronutrients. This strategy showed a positive impact on
nutritional status, with significant improvements in Mini Nutritional
Assessment — Short Form (MNA-SF) scores and, in some cases,
increases in body weight and muscle mass. These results are in line
with a well-established body of evidence supporting the role of ade-
quate protein intake in preventing sarcopenia and supporting func-
tional outcomes in older adults.*>4>44

It is well known that sufficient protein intake, evenly distributed
throughout the day, promotes muscle protein synthesis and enhan-
ces functional outcomes, especially when combined with resistance
training. However, it is worth mentioning that only some of the stud-
ies included in this review provided detailed descriptions of the qual-
itative composition of the supplements or the level of
personalization of the nutritional support. Moreover, the involve-
ment of nutritional professionals in included studies is limited.
Indeed, only two studies reported the direct engagement of dietitians
or nutritionists in the design, delivery and monitoring of the inter-
ventions. Moreover, in most cases nutritional support was provided
without adequate individualized assessment. This represents a signif-
icant limitation, considering that older adults in LTC facilities often
present multiple comorbidities, dysphagia, reduced appetite, and
metabolic alterations, all of which require individualized dietary
planning to maximize safety and effectiveness.'® Moreover, adhering
to an oral supplementation routine is harder than following a
diet.*>*6

Particular attention should be given to sustainability and cost-
effectiveness of the proposed interventions. In LTC settings, which
are often characterized by limited resources, implementing nutri-
tional strategies that are both effective and economically sustainable
remains a key challenge.'® In this regard, it is particularly concerning
that none of the included studies performed an at least economic
evaluation of the cost and benefits of the proposed interventions. As
the scientific community has been stressed the growing importance
of producing evidence that can be effectively translated in the real
world, this aspect seems underexplored and should be considered in
future studies. On the same line, the feasibility of intervention imple-
mentation has been discussed only in few of such studies, with only
one adopting a study design which prioritized evidence emerging
from real world practice.'®

Overall, the impact of combined lifestyle interventions on QoL
among institutionalized older adults appears promising but remains
inconclusive due to limited and heterogeneous evidence. Among the
included studies, only two specifically assessed QoL using standard-
ized tools, (i.e., the EUROQOL questionnaire), with heterogeneous
results. Factors such as cognitive impairment, social isolation, and
comorbidities may limit the extent to which improvements in physi-
cal or nutritional status translate into perceived well-being.

Moreover, the lack of standardized and sensitive assessment tools for
QoL in LTC populations reduces the comparability of findings across
studies. The self-reported EQ5D-5L is widely used however may not
fully capture relevant psychosocial domains, such as emotional well-
being or social connectedness and it may not be the most appropriate
method for older NH residents or for people with dementia®’ while
the DEMQOL instrument has been developed that might be more sen-
sitive to detect meaningful changes.*®

Future studies should prioritize the integration of comprehensive
and multidimensional QoL measures, alongside physical and nutri-
tional outcomes, to better evaluate the holistic impact of combined
interventions. Longer follow-up periods and personalized approaches
that incorporate meaningful activities and social engagement may
also enhance the effectiveness of lifestyle interventions in improving
overall well-being. Future study should consider multicomponent
intervention including also the cognitive engagement due to the fact
that recent literature suggest that an effective combined intervention
should utilize a combination form of cognitive, exercise, and nutri-
tional interventions. The Finnish Geriatric Intervention Study to Pre-
vent Cognitive Impairment and Disability (FINGER) included older
adults at risk of cognitive decline, indicating that multidomain inter-
vention could reduce the occurrence of cognitive impairment and
cardiovascular events**°° and also the Frailty Intervention Trial (FIT)
in Singapore evaluated a 6-month multidomain intervention signifi-
cantly decreased the severity of frailty and sarcopenia in pre-frail and
frail older adults.>? Looking forward, there is a clear need to
develop more standardized and personalized lifestyle medicine pro-
tocols that consider individual protein-energy requirements, clinical
conditions, and patient preference.!”>>* Integrating systematic nutri-
tional assessments with regular, multidisciplinary follow-up could
improve adherence and amplify the benefits of combined interven-
tions. Future studies should focus on the implementation of com-
bined intervention as a preventive pathway®” in a preventive context
and not just in LCTs setting.

Limitations

Despite the promising results, there are several limitations in our
review. Despite all the included studies, with the exception of one,
were classified of high or excellent quality, the lack of detailed inter-
vention components descriptions (i.e., exercise intensity/frequency
and dietary supplements), complicates comparisons between trials.
This highlights the need for more rigorous and standardised report-
ing in future research to improve the generalisability and replicability
of findings.

It is important to state that due to the nature of the interventions
it is very difficult, if not impossible, to make the participants blind
about the group to which they are assigned. This leads to the inability
to create blind operators and participants. In order to avoid an overall
low/average grade we considered this criteria not applicable in this
specific studies.

In addition, the heterogeneity of LTC populations - ranging from
frail individuals to those with cognitive impairment - poses a chal-
lenge for researchers seeking to design interventions that can accom-
modate a wide range of physical and cognitive abilities. Many of the
studies included in this review focused on frail or pre-frail individu-
als, but future research should explore the effectiveness of lifestyle
medicine interventions in broader LTC populations, including those
with severe cognitive decline or other comorbidities. Finally, the lack
of long-term follow-up data is a significant gap in the current litera-
ture. While several studies have reported short-term improvements,
there is limited evidence on the sustainability of these effects after
the interventions have stopped. Longitudinal studies tracking the
long-term benefits and potential risks of combined physical and
nutritional interventions in long-term care settings are fundamental.
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Conclusions

The present study highlighted the limited yet emerging evidence
supporting the use of combined physical activity and nutritional
interventions for older adults in LTC settings. Despite the heterogene-
ity of the available studies in terms of design, intervention compo-
nents and outcome measures, the majority of interventions
demonstrated positive effects, particularly with regard to physical
function. These findings reinforce the importance of supervised exer-
cise programmes as a key component of lifestyle interventions for
institutionalised populations. However, the evidence regarding nutri-
tional strategies remains inconsistent. Most interventions relied on
oral nutritional supplements, which, while beneficial for improving
nutritional status, raise questions about adherence, long-term feasi-
bility and true impact on quality of life. Additionally, the limited
involvement of nutrition professionals and the absence of personal-
ised dietary planning in the included studies emphasise a significant
shortcoming that must be addressed in future research. Overall,
while the current evidence suggests that multimodal interventions
are feasible and beneficial, more high-quality, well-designed rando-
mised controlled trials with standardised protocols, individualised
approaches and longer follow-up periods are needed.

Funding sources

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Declaration of generative Al use

Any use of artificial intelligence in the preparation of this manu-
script was exclusively for final linguistic editing, supported by a
native English-speaking author of the study. The content of this arti-
cle is entirely the result of the original intellectual effort and research
of the authors.

Data Availability Statement

Data is contained within the article or supplementary material.

Declaration of competing interest

All the Authors declare that they have no conflicts of interest.

CRediT authorship contribution statement

Andrea Conti: Writing — original draft, Methodology, Investiga-
tion, Data curation, Conceptualization. Martina Porretto: Writing —
review & editing, Data curation. Alice Masini: Writing — original
draft, Supervision, Methodology, Investigation, Data curation. Qudra-
tullah Fikrat: Writing — review & editing, Investigation. Gaia Ogliari:
Writing — review & editing, Investigation. Bruno Tamburini: Investi-
gation, Data curation. Massimiliano Panella: Writing — review &
editing, Supervision, Project administration, Methodology,
Conceptualization.

Acknowledgements

The study was conducted in the framework of the Doctoral Pro-
gram in Food, Health, and Longevity organized by Universita ~ del Pie-
monte Orientale

This research was supported by the AGING PROJECT—Department
of Excellence, Universita del Piemonte Orientale.

Supplementary materials

Supplementary material associated with this article can be found,
in the online version, at doi:10.1016/j.gerinurse.2026.104203.

References

1. World Health Organization, W.H.O Ageing and health. 1 October 2024; Available from:
https://[www.who.int/news-room/fact-sheets/detail/ageing-and-health (Accessed on
21 oxctober).

2. Eurostat- Population structure and ageing. 2024, Available from: https://ec.europa.
eu/eurostat/statistics-explained/index.php?title=Population_structure_and_a
geing#Highlights. Accessed on 21 October 2025.

3. Veale EL. Pharmacy-Led Management of Atrial Fibrillation: Improving Treatment Adher-
ence and Patient Outcomes. Integr Pharm Res Pract.. 2024 Jul 29;13:101-114. https://doi.
org/10.2147/IPRP.S397844..  PMID: 39101005; PMCID: PMC11297543; https://joint-
research-centre.ec.europa.eu/jrc-news-and-updates/long-term-care-needs-eu-rise-due-
demographic-change-2024-02-02_en. (Accessed on 21 October 2025).

4. Casanova G, Martarelli R, Belletti F, Moreno-Castro C, Lamura G. The impact of
long-term care needs on the socioeconomic deprivation of older people and their
families: results from mixed-methods scoping review. Healthcare (Basel).. 2023;11
(18):2593. https://doi.org/10.3390/healthcare11182593.

5. Llena-Nozal A, Barszczewski ], Rauet-Tejeda J. OECD Health Working Papers No.
182. How do countries compare in their design of long-term care provision? A typol-
ogy of long-term care systems. Paris: OECD Publishing; 2025. https://doi.org/
10.1787/44f5453a-en.

6. Khodadad Kashi S, Mirzazadeh ZS, Saatchian V. A Systematic Review and Meta-
Analysis of Resistance Training on Quality of Life, Depression, Muscle Strength, and
Functional Exercise Capacity in Older Adults Aged 60 Years or More. Biol Res Nurs..
2023 Jan;25(1):88-106. https://doi.org/10.1177/10998004221120945.

7. Organisation for Economic Co-operation and Development. Who Cares? Attracting
and Retaining Care Workers for the Elderly. OECD Publishing; 2020.

8. European Commission Long-term care report: Trends, challenges and opportunities in
an ageing society. Brussels. 2021.

9. Centers for Medicare & Medicaid Services (2024). Medicaid and long-term services
and supports (LTSS) data.

10. Conti A, Concina D, Opizzi A, Sanguedolce A, Rinaldi C, Russotto S, Grossini E, Gramaglia
CM, Zeppegno P, Panella M. Effectiveness of a combined lifestyle intervention for older
people in long-term care: A randomized controlled trial. Arch Gerontol Geriatr.. 2024
May;120:105340. https://doi.org/10.1016/j.archger.2024.105340.

11. Council of the European Union. Council Recommendation of 8 December 2022 on
access to affordable high-quality long-term care (2022/C 476/01). Official Journal of
the European Union. 2022;C476:1-11.

12. Lippman D, Stump M, Veazey E, Guimaraes ST, Rosenfeld R, Kelly JH, Ornish D, Katz DL.
Foundations of Lifestyle Medicine and its Evolution. Mayo Clin Proc Innov Qual Out-
comes. 2024 Jan 20;8(1):97-111. https://doi.org/10.1016/j.mayocpiqo.2023.11.004.

13. Pearl R. Lifestyle Medicine: Overcoming Systemic and Cultural Barriers to Better,
More Affordable Care. American Journal of Lifestyle Medicine.. 2023;17(5):626-631.
https://doi.org/10.1177/15598276231166321.

14. Caprara G. Mediterranean-Type Dietary Pattern and Physical Activity: The Winning
Combination to Counteract the Rising Burden of Non-Communicable Diseases
(NCDs). Nutrients. 2021;13:429. https://doi.org/10.3390/nu13020429.

15. Mancinella A, Mancinella M, Marigliano B, Marigliano V. Benessere ed attivita fisica
nell’anziano fragile [Well-being and physical activity in the frail elderly]. Recenti
Prog Med.. 2013 Apr;104(4):163-167. https://doi.org/10.1701/1271.14028. Italian.

16. Livingston KA, Freeman K], Friedman SM, Stout RW, Lianov LS, Drozek D, Shallow J,
Shurney D, Patel PM, Campbell TM, Pauly KR, Pollard K], Karlsen MC. Lifestyle Med-
icine and Economics: A Proposal for Research Priorities Informed by a Case Series
of Disease Reversal. Int | Environ Res Public Health. 2021 Oct 29;18(21):11364.
https://doi.org/10.3390/ijerph182111364.

17. Beard JR, Officer A, de Carvalho IA, Sadana R, Pot AM, Michel JP, Lloyd-Sherlock P,
Epping-Jordan JE, Peeters GMEEG, Mahanani WR, Thiyagarajan JA, Chatterji S. The
World report on ageing and health: a policy framework for healthy ageing. Lancet..
2016 May 21;387(10033):2145-2154. https://doi.org/10.1016/S0140-6736(15)
00516-4.

18. Li Y, Schoufour ], Wang DD, Dhana K, Pan A, Liu X, Song M, Liu G, Shin HJ, Sun Q, Al-
Shaar L, Wang M, Rimm EB, Hertzmark E, Stampfer MJ, Willett WC, Franco OH, Hu
FB. Healthy lifestyle and life expectancy free of cancer, cardiovascular disease, and
type 2 diabetes: prospective cohort study. BMJ.. 2020 Jan 8;368:16669. https://doi.
org/10.1136/bm;j.16669.

19. Santini S, Finco M, Galassi F. Factors Worsening and Mitigating the Consequences
of the COVID-19 Outbreak on the Overall Health of Informal Caregivers of Older
People with Long-Term Care Needs Living in Germany and in Italy. International
Journal of Environmental Research and Public Health.. 2022;19(3):1694. https://doi.
org/10.3390/ijerph19031694.

20. Klingshirn H, Gerken L, Hofmann K, Heuschmann PU, Haas K, Schutzmeier M,
Brandstetter L, Wurmb T, Kippnich M, Reuschenbach B. Comparing the quality of
care for long-term ventilated individuals at home versus in shared living commu-
nities: a convergent parallel mixed-methods study. BMC Nurs.. 2022 Aug 11;21
(1):224. https://doi.org/10.1186/s12912-022-00986-z.

21. Abizanda P, Lépez MD, Garcia VP, Estrella Jde D, da Silva Gonzdlez A, Vilardell NB,
Torres KA. Effects of an Oral Nutritional Supplementation Plus Physical Exercise
Intervention on the Physical Function, Nutritional Status, and Quality of Life in Frail


https://doi.org/10.1016/j.gerinurse.2026.104203
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Population_structure_and_ageing#Highlights
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Population_structure_and_ageing#Highlights
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Population_structure_and_ageing#Highlights
https://doi.org/10.2147/IPRP.S397844
https://doi.org/10.2147/IPRP.S397844
https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/long-term-care-needs-eu-rise-due-demographic-change-2024-02-02_en
https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/long-term-care-needs-eu-rise-due-demographic-change-2024-02-02_en
https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/long-term-care-needs-eu-rise-due-demographic-change-2024-02-02_en
https://doi.org/10.3390/healthcare11182593
https://doi.org/10.1787/44f5453a-en
https://doi.org/10.1787/44f5453a-en
https://doi.org/10.1177/10998004221120945
http://refhub.elsevier.com/S0197-4572(26)00408-8/sbref0043
http://refhub.elsevier.com/S0197-4572(26)00408-8/sbref0043
https://doi.org/10.1016/j.archger.2024.105340
http://refhub.elsevier.com/S0197-4572(26)00408-8/sbref0012
http://refhub.elsevier.com/S0197-4572(26)00408-8/sbref0012
http://refhub.elsevier.com/S0197-4572(26)00408-8/sbref0012
https://doi.org/10.1016/j.mayocpiqo.2023.11.004
https://doi.org/10.1177/15598276231166321
https://doi.org/10.3390/nu13020429
https://doi.org/10.1701/1271.14028
https://doi.org/10.3390/ijerph182111364
https://doi.org/10.1016/S0140-6736(15)00516-4
https://doi.org/10.1016/S0140-6736(15)00516-4
https://doi.org/10.1136/bmj.l6669
https://doi.org/10.1136/bmj.l6669
https://doi.org/10.3390/ijerph19031694
https://doi.org/10.3390/ijerph19031694
https://doi.org/10.1186/s12912-022-00986-z

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

—_

32.

33.

34.

35.

36.

37.

38.

A. Conti et al. / Geriatric Nursing 73 (2026) 104203 9

Institutionalized Older Adults: The ACTIVNES Study. ] Am Med Dir Assoc.. 2015 May
1;16(5). https://doi.org/10.1016/j.jamda.2015.02.005. 439.e9-439.e16.

Baldelli G, DeSanti M, Masini A, Ridolfi E, Parenti A, Gobbi E, De Felice F, Dallolio L,
Brandi G. Health-Related Quality of Life Improvement in Residential Care Facilities’
Elders through a Physical Activity Program. Health & Social Care in the Community.
2023:8. https://doi.org/10.1155/2023/5584050. 5584050pages2023.

Sampaio J, Carvalho ], Pizarro A, Pinto ], Moreira A, Padrao P, Guedes de Pinho P,
Moreira P, Barros R. Multidimensional Health Impact of Multicomponent Exercise
and Sustainable Healthy Diet Interventions in the Elderly (MED-E): Study Protocol.
Nutrients.. 2023 Jan 25;15(3):624. https://doi.org/10.3390/nu15030624.

Santos IKD, Cobucci RN, Medeiros JA, Assis GG, Medeiros RCDSC, Knackfuss MI,
Cabral BGAT, Santos RVTD, Dantas PMS. Home-Based Indoor Physical Activity Pro-
grams for Community-Dwelling Older Adults: A Systematic Review. Sports Health..
2024  May-Jun;16(3):377-382.  https://doi.org/10.1177/19417381231175665.
Epub 2023 Jun 16.

Bocquier A, Jacquemot AF, Dubois C, et al. Study protocol for a pragmatic cluster
randomized controlled trial to improve dietary diversity and physical fitness
among older people who live at home (the “ALAPAGE study”). BMC Geriatr.
2022;22:643. https://doi.org/10.1186/s12877-022-03260-8.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The
PRISMA 2020 statement: An updated guideline for reporting systematic reviews.
BM]J. 2021;372:n71. https://doi.org/10.1136/bmj.n71.

JBI Critical Appraisal Tools available at https://jbi.global/critical-appraisal-tools.
Camp AB, Legge S. Sample size and quality assessment in systematic reviews: Rec-
ommendations for authors. Journal of Advanced Nursing. 2018;74(6):1235-1236.
Zak M, Swine C, Grodzicki T. Combined effects of functionally-oriented exercise
regimens and nutritional supplementation on both the institutionalised and free-
living frail elderly (double-blind, randomised clinical trial). BMC Public Health.
2009 Jan 28;9:39. https://doi.org/10.1186/1471-2458-9-39.

Franzke B, Halper B, Hofmann M, Oesen S, Pierson B, Cremer A, Bacher E, Fuchs B,
Baierl A, Tosevska A, Strasser EM, Wessner B, Wagner KH, Vienna Active Ageing
Study Group (VAAS). The effect of six months of elastic band resistance training,
nutritional supplementation or cognitive training on chromosomal damage in
institutionalized elderly. Exp Gerontol. 2015 May;65:16-22. https://doi.org/
10.1016/j.exger.2015.03.001.

Gronstedt H, Vikstrém S, Cederholm T, Franzén E, Luiking YC, Seiger A, Wimo A,
Faxén-Irving G, Bostrom AM. Effect of Sit-to-Stand Exercises Combined With Pro-
tein-Rich Oral Supplementation in Older Persons: The Older Person’s Exercise and
Nutrition Study. ] Am Med Dir Assoc.. 2020 Sep;21(9):1229-1237. https://doi.org/
10.1016/j.jamda.2020.03.030.

Caldo-Silva A, Furtado GE, Chupel MU, Bachi ALL, de Barros MP, Neves R, Marzetti
E, Massart A, Teixeira AM. Effect of Training-Detraining Phases of Multicomponent
Exercises and BCAA Supplementation on Inflammatory Markers and Albumin Lev-
els in Frail Older Persons. Nutrients.. 2021 Mar 28;13(4):1106. https://doi.org/
10.3390/nu13041106.

Kim HS, June K], Song R. Effects of nutrition education and exercise programs on
perceived dietary behaviors, food intake and serum lipid profiles in elderly korean
women living in residential homes. Asian Nurs Res (Korean Soc Nurs Sci).. 2007
Jun;1(1):35-47. https://doi.org/10.1016/S1976-1317(08)60007-9.

Jones (], Rikli RE, Beam WC. A 30-s chair-stand test as a measure of lower body
strength in community-residing older adults. Res Q Exerc Sport.. 1999 Jun;70
(2):113-119. https://doi.org/10.1080/02701367.1999.10608028. PMID: 10380242.
Guralnik JM, Simonsick EM, Ferrucci L, et al. A short physical performance battery
assessing lower extremity function: Association with self-reported disability and pre-
diction of mortality and nursing home admission. J Gerontol. 1994;49:M85eM94.

The EuroQol Group. EuroQol, a new facility for the measurement of health related
quality of life. Health Policy. 1990;16:199e208.

Kaiser MJ, Bauer JM, Ramsch C, Uter W, Guigoz Y, Cederholm T, Thomas DR,
Anthony P, Charlton KE, Maggio M, Tsai AC, Grathwohl D, Vellas B, Sieber CC,
MNA-International Group. Validation of the Mini Nutritional Assessment short-
form (MNA-SF): a practical tool for identification of nutritional status. J Nutr Health
Aging.. 2009 Nov;13(9):782-788. https://doi.org/10.1007/s12603-009-0214-7.
Gronstedt H, Vikstrom S, Cederholm T, Franzén E, Seiger A, Wimo A, Faxén-Irving
G, Bostrom AM. A study protocol of Older Person’s Exercise and Nutrition Study
(OPEN) - a sit-to-stand activity combined with oral protein supplement - effects
on physical function and independence: a cluster randomized clinical trial. BMC
Geriatr.. 2018 Jun 7;18(1):138. https://doi.org/10.1186/s12877-018-0824-1.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Baldelli G, De Santi M, De Felice F, Brandi G. Physical activity interventions to
improve the quality of life of older adults living in residential care facilities: a sys-
tematic review. Geriatric Nursing. 2021;42(4):806-815. https://doi.org/10.1016/j.
gerinurse.2021.04.011.

Garcia-Llorente AM, Casimiro-Andujar AJ, Linhares DG, De Souza Vale RG, Marcos-
Pardo PJ. Multidomain interventions for sarcopenia and cognitive flexibility in
older adults for promoting healthy aging: a systematic review and meta-analysis
of randomized controlled trials. Aging Clin Exp Res.. 2024 Feb 22;36(1):47. https://
doi.org/10.1007/s40520-024-02700-2.

Di Lorito C, Long A, Byrne A, Harwood RH, Gladman JRF, Schneider S, Logan P, Bosco
A, van der Wardt V. Exercise interventions for older adults: A systematic review of
meta-analyses. | Sport Health Sci.. 2021 Jan;10(1):29-47. https://doi.org/10.1016/].
jshs.2020.06.003.

Karlsson ES, Grénstedt HK, Faxén-Irving G, Franzén E, Luiking YC, Seiger A,
Vikstrom S, Wimo A, Cederholm TE, Bostrom AM. Response and Adherence of
Nursing Home Residents to a Nutrition/Exercise Intervention. ] Am Med Dir
Assoc.. 2021 Sep;22(9). https://doi.org/10.1016/j.jamda.2021.04.001. 1939-
1945.e3.

Kwon HE, Ko N, Yuk D, Choi SW, Koh SE. Improved muscle mass and function with
protein supplementation in older adults with sarcopenia: a meta-analysis. Ann
Rehabil Med.. 2023;47(5):358-366. https://doi.org/10.5535/arm.23076.

Li ML, Zhang F, Luo HY, Quan ZW, Wang YF, Huang LT, Wang JH. Improving sarco-
penia in older adults: a systematic review and meta-analysis of randomized con-
trolled trials of whey protein supplementation with or without resistance training.
J Nutr  Health  Aging. 2024;28(4):100184.  https://doi.org/10.1016/].
jnha.2024.100184.

Yoshimura Y, Matsumoto A, Inoue T, Okamura M, Kuzuya M. Protein supplementa-
tion alone or combined with exercise for sarcopenia and physical frailty: a system-
atic review and meta-analysis of randomized controlled trials. Arch Gerontol
Geriatr.. 2025;131:105783. https://doi.org/10.1016/j.archger.2025.105783.

Liao CD, Tsauo JY, Wu YT, Cheng CP, Chen HC, Huang YC, Chen HC, Liou TH. The role
of muscle mass gain following protein supplementation plus exercise therapy in
older adults with sarcopenia and frailty risks: a systematic review and meta-
regression analysis of randomized trials. Nutrients.. 2019;11(8):1713. https://doi.
org/10.3390/nu11081713.

Reed C, Barrett A, Lebrec ], et al. How useful is the EQ-5D in assessing the impact of
caring for people with Alzheimer’s disease? Health Qual Life Outcomes. 2017;15:16.
Mulhern B, Rowen D, Brazier ], et al. Development of DEMQOL-U and DEMQOL-
PROXY-U: Generation of preference-based indices from DEMQOL and DEMQOL-
PROXY for use in economic evaluation. Health Technol Assess. 2013;17(vexv):1e140.
Noutsias M, Hauptmann M, Voller H. Pointing a FINGER at the contribution of life-
style to cardiovascular events and dementia. Eur Heart J.. 2022;43(21):2062-2064.
https://doi.org/10.1093/eurheartj/ehac186.

Ngandu T, Lehtisalo J, Solomon A, et al. A 2 year multidomain intervention of diet,
exercise, cognitive training, and vascular risk monitoring versus control to prevent
cognitive decline in at-risk elderly people (FINGER): a randomised controlled trial.
Lancet. 2015;385(9984):2255-2263.  https://doi.org/10.1016/S0140-6736(15)
60461-5.

Lu Y, Niti M, Yap KB, et al. Assessment of sarcopenia among community-dwelling
at-risk frail adults aged 65 years and older who received multidomain lifestyle
interventions: a secondary analysis of a randomized clinical trial. JAMA Netw
Open.. 2019;2(10):e1913346. https://doi.org/10.1001/jamanetworko-
pen.2019.13346.

Ng TP, Feng L, Nyunt MS, et al. Nutritional, physical, cognitive, and combination
interventions and frailty reversal among older adults: a randomized controlled
tria. Am J Med.. 2015;128(11):1225-1236.e1. https://doi.org/10.1016/j.amj-
med.2015.06.017.

World Health Organization; 2024. Integrated care for older people (ICOPE): guid-
ance for person-centred assessment and pathways in primary care, second edition.
Geneva:. Licence: CC BY-NC-SA 3.0 IGO.

World Health Organization; 2017. Integrated care for older people: guidelines on
community-level interventions to manage declines in intrinsic capacity. Geneva:.
Licence: CC BY-NC-SA 3.0 IGO.

Masini A, Cherasco N, Conti A, Pighini I, Barone-Adesi F, Panella M. Preventive
Pathways for Healthy Ageing: A Systematic Literature Review. Geriatrics (Basel).
2025 Feb 18;10(1):31. https://doi.org/10.3390/geriatrics10010031. PMID:
39997530.


https://doi.org/10.1016/j.jamda.2015.02.005
https://doi.org/10.1155/2023/5584050
https://doi.org/10.3390/nu15030624
https://doi.org/10.1177/19417381231175665
https://doi.org/10.1186/s12877-022-03260-8
https://doi.org/10.1136/bmj.n71
https://jbi.global/critical-appraisal-tools
http://refhub.elsevier.com/S0197-4572(26)00408-8/sbref0007
http://refhub.elsevier.com/S0197-4572(26)00408-8/sbref0007
https://doi.org/10.1186/1471-2458-9-39
https://doi.org/10.1016/j.exger.2015.03.001
https://doi.org/10.1016/j.exger.2015.03.001
https://doi.org/10.1016/j.jamda.2020.03.030
https://doi.org/10.1016/j.jamda.2020.03.030
https://doi.org/10.3390/nu13041106
https://doi.org/10.3390/nu13041106
https://doi.org/10.1016/S1976-1317(08)60007-9
https://doi.org/10.1080/02701367.1999.10608028
http://refhub.elsevier.com/S0197-4572(26)00408-8/sbref0020
http://refhub.elsevier.com/S0197-4572(26)00408-8/sbref0020
http://refhub.elsevier.com/S0197-4572(26)00408-8/sbref0020
http://refhub.elsevier.com/S0197-4572(26)00408-8/sbref0050
http://refhub.elsevier.com/S0197-4572(26)00408-8/sbref0050
https://doi.org/10.1007/s12603-009-0214-7
https://doi.org/10.1186/s12877-018-0824-1
https://doi.org/10.1016/j.gerinurse.2021.04.011
https://doi.org/10.1016/j.gerinurse.2021.04.011
https://doi.org/10.1007/s40520-024-02700-2
https://doi.org/10.1007/s40520-024-02700-2
https://doi.org/10.1016/j.jshs.2020.06.003
https://doi.org/10.1016/j.jshs.2020.06.003
https://doi.org/10.1016/j.jamda.2021.04.001
https://doi.org/10.5535/arm.23076
https://doi.org/10.1016/j.jnha.2024.100184
https://doi.org/10.1016/j.jnha.2024.100184
https://doi.org/10.1016/j.archger.2025.105783
https://doi.org/10.3390/nu11081713
https://doi.org/10.3390/nu11081713
http://refhub.elsevier.com/S0197-4572(26)00408-8/sbref0046
http://refhub.elsevier.com/S0197-4572(26)00408-8/sbref0046
http://refhub.elsevier.com/S0197-4572(26)00408-8/sbref0039
http://refhub.elsevier.com/S0197-4572(26)00408-8/sbref0039
http://refhub.elsevier.com/S0197-4572(26)00408-8/sbref0039
https://doi.org/10.1093/eurheartj/ehac186
https://doi.org/10.1016/S0140-6736(15)60461-5
https://doi.org/10.1016/S0140-6736(15)60461-5
https://doi.org/10.1001/jamanetworkopen.2019.13346
https://doi.org/10.1001/jamanetworkopen.2019.13346
https://doi.org/10.1016/j.amjmed.2015.06.017
https://doi.org/10.1016/j.amjmed.2015.06.017
https://doi.org/10.3390/geriatrics10010031

	The effect of combined lifestyle intervention among long term care facilities: A systematic review
	Introduction
	Materials and Methods
	Search strategy
	Data extraction, analysis, and synthesis
	Quality appraisal

	Results
	Participants
	Physical exercise
	Nutritional intervention
	Measured outcomes
	Risk of bias

	Discussion
	Limitations

	Conclusions
	Funding sources
	Declaration of generative AI use
	Data Availability Statement
	Declaration of competing interest
	CRediT authorship contribution statement

	Acknowledgements
	Supplementary materials
	References



