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Abstract 

Background Mobility limitation—the loss of exercise capacity or independent living ability—is a common geriatric 
syndrome in older adults. As a potentially reversible precursor to disability, mobility limitation is influenced by vari-
ous factors. Moreover, its complex physiological mechanism hinders good therapeutic outcomes with a single-factor 
intervention. Most hospitals have not incorporated the diagnosis and evaluation of mobility limitation into medical 
routines nor developed a multidisciplinary team (MDT) treatment plan. We aim to conduct a clinical trial titled “A 
Multidisciplinary-team approach for management of Mobility Limitation in Elderly (M-MobiLE)” to explore the effect 
of the MDT decision-making intervention for mobility limitation.

Methods The M-MobiLE study will be a multicenter, randomized, and controlled trial. We will recruit a minimum 
of 66 older inpatients with mobility limitation from at least five hospitals. Older patients with mobility limitation 
admitted to the geriatrics department will be included. Short-Physical Performance Battery (SPPB), Activities of Daily 
Living (ADL), Function Impairment Screening Tool (FIST), Geriatric Depression Scale (GDS-15), Short Form − 12 (SF-
12), Fried frailty phenotype, social frailty, Morse Fall Risk Scale, SARC-CalF, Mini-Mental State Examination (MMSE), 
Mini-Nutritional Assessment Short-Form (MNA-SF), and intrinsic capacity will be assessed. The intervention group 
will receive an exercise-centered individualized MDT treatment, including exercise, educational, nutritional, medi-
cal, and comorbidity interventions; the control group will receive standard medical treatment. The primary outcome 
is the change in the SPPB score, and the secondary outcomes include increased SF-12, ADL, FIST, MMSE, MNA-SF, 
and intrinsic capacity scores and decreased GDS-15 and SARC-CalF scores.

Conclusion Our results will help develop a multidisciplinary decision-making clinical pathway for inpatients 
with mobility limitation, which can be used to identify patients with mobility limitation more effectively, improve 
mobility, and reduce the risk of falls, frailty, and death in older inpatients. The implementation of this MDT strategy 
may standardize the treatment of mobility limitation, reduce adverse prognosis, and improve quality of life.
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Introduction
The proportion of older adults is increasing in society. 
Safeguarding healthy aging in older adults has signifi-
cant implications for individuals and society. Mobility 
limitation—a type of geriatric syndrome —refers to the 
loss of exercise capacity or independent living ability [1]. 
It is often the first noticeable sign of functional decline 
[2, 3] and is diagnosed by assessing a person’s ability to 
move from a bed or chair, walk a quarter of a mile, or 
climb stairs independently, or by assessing distance 
walked from the home [1, 3–6]. Studies have shown that 
approximately one-third of geriatric patients experience 
mobility limitation [7]. Notably, hospitalized patients are 
particularly affected, with the incidence of loss of move-
ment being as high as 17% due to the limitation of move-
ment space and the presence of diseases [8]. Additionally, 
weekly bed rest may result in losing 5–10% of muscle 
strength in older adults during hospitalization [9, 10].

The effect of mobility limitation on older adults is 
multi-dimensional. Mobility limitation was significantly 
associated with depressive symptoms [11], decreased 
quality of life [12], increased disability [13], falls [14], and 
mortality [15]. Signs of mobility limitation can be used 
as indicators to predict physical health impairment, loss 
of independent living ability, hospitalization, and death. 
Additionally, mobility limitation is a huge hidden dan-
ger affecting the health and safety of older adults. It is 
affected by different factors, including nutrition [16, 17], 
psychology [11], obesity [18, 19], sedentary lifestyle [14, 
20], muscle dysfunction, joint damage [21, 22], and car-
diovascular [23, 24], respiratory [24, 25], and endocrine 
diseases [26–28].

Mobility limitation has received widespread attention 
due to increased awareness of healthy aging. Some stud-
ies have achieved remarkable results with the interven-
tion of single factor, such as testosterone [26, 29], protein 
[17], blood pressure [30], and resistance exercise [31, 32]. 
Therefore, the feasibility and necessity of mobility limita-
tion intervention have been clarified.

However, since mobility limitation indicates a decline 
in the body’s comprehensive reserve capacity [3], many 
influencing factors co-exist; it is difficult to use a sin-
gle indicator for its intervention. Additionally, treat-
ment with a single factor cannot remove the root cause 
in all patients. Mobility limitation is often accompa-
nied by comorbidities or functional decline; therefore, 
older adults’ physical, psychological, and social func-
tions should be evaluated from multiple dimensions. It 
is crucial to comprehensively assess the influencing fac-
tors of mobility limitation and administer individualized 
multidisciplinary team (MDT) treatment. However, the 
diagnosis and treatment of mobility limitation are not 
currently integrated into routine medical care, and there 

are no studies on using the MDT approach for treating 
mobility limitation in a hospital setting [1, 14].

This study aims to conduct a clinical trial called " A 
Multidisciplinary-team approach for management of 
Mobility Limitation in Elderly (M-MobiLE)” in a hos-
pital setting to determine the effect of MDT in manag-
ing mobility limitation. We hypothesize that MDT can 
improve mobility (Short-Physical Performance Battery 
[SPPB]) in older adults with mobility limitation. Addi-
tionally, we hypothesize that MDT can improve intrin-
sic capacity, quality of life, depression, cognition, frailty, 
and nutritional status, reduce the incidence of frailty, 
falls, and other adverse events, shorten hospital stay, and 
reduce mortality.

Method and design
Study design and setting
We will conduct a prospective, multicenter, randomized, 
parallel, and controlled trial in the geriatric departments 
of at least five hospitals. A two-arm follow-up cohort 
will be established in this study. The control group will 
be placed on routine treatments, and the interven-
tion group will be treated with an MDT approach, 
including exercise, educational, nutritional, medical, 
comorbidity, and environmental interventions. The mul-
tidisciplinary consultation team will include geriatricians, 
rehabilitation physicians, nutritionists, nurses, pharma-
cists, ophthalmologists, otolaryngologists, neurologists, 
cardiologist, rheumatologists, endocrinologists, psychol-
ogists, and pain management physicians. Furthermore, 
we will develop an individualized exercise prescription 
based on the “International Exercise Recommendations 
in Adults (ICFSR): Expert consensus guidelines” and the 
recommendations of the rehabilitation physician. The 
assessment for mobility limitation will be completed 
within 48h after admission, followed by MDT. Guidance 
recommendations for comprehensive interventions will 
be extended to 2 years after discharge, and follow-up 
assessments will be performed at 3, 6, 12, and 24 months 
after discharge (Fig. 1).

Inclusion criteria
Mobility limitation will be screened by asking the patient 
to answer subjective questions or through a simple physi-
cal fitness test [1, 3, 33, 34]. We have integrated both 
methods to ensure the accuracy. The following condi-
tions will be used for screening: (1) compared with the 
past, it is now more difficult to climb 10 steps in a row or 
walk 400  m (including changes in style or speed reduc-
tion), (2) five time-chair sit-to-stand ≥ 14 s, and (3) timed 
Up and Go ≥ 10 s.

Inpatients who meet the following criteria will be 
included in the study: (1) age ≥ 60 years, (2) meet the 



Page 3 of 10Wang et al. BMC Geriatrics          (2023) 23:476  

criteria for mobility limitation, (3) hospital stay ≥ 6 
days, (4) SPPB ranges from 4 to 9 (Mobility limitation 
is defined as SPPB≤9 points [33, 35]. However, in order 
to ensure the safety of exercise in the hospital, we will 
exclude patients with a score of 4 or less.), and (5) con-
scious and able to communicate with the researcher.

Exclusion criteria
Patients who meet the following criteria will be excluded: 
(1) Mini-Mental State Examination (MMSE) < 10 points, (2) 
moderate to severe disability, (3) exercise  contraindications*, 
(4) end-stage diseases, and (5) refusal to participate. Addi-
tionally, participants will be considered lost to follow-up if 
they miss any follow-up or if necessary clinical data cannot 
be obtained during the follow-up period.

*Exercise contraindications [36, 37]: acute uncompen-
sated diabetes or poorly controlled hypoglycemia; dis-
secting aortic aneurysm; acute myocardial infarction 
or recent unstable angina; acute or severe heart failure; 
poorly controlled atrial or ventricular arrhythmias; 
severe aortic stenosis; endocarditis or acute pericardi-
tis; poorly controlled high blood pressure; poorly con-
trolled postural hypotension; acute thromboembolism; 
acute or severe respiratory failure; and fracture within 
the past 1 month.

Randomization
Older adults who meet the inclusion criteria in the 
geriatric department will be numbered according to the 
time of admission. Moreover, we will use R and adopt 

Fig. 1 Flow chart of the M-MobiLE study. SPPB, Short-Physical Performance Battery; MDT, multidisciplinary team; ADL, Activities of Daily Living; 
GDS-15, Geriatric Depression Scale; MMSE, Mini-Mental State Examination; MNA-SF, Mini Nutritional Assessment short-form; IC, Intrinsic Capacity
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a block randomization method to randomly assign 
patients to the control and intervention groups in a 1:1 
ratio. This study will be open-label.

Measurements
Assessment
The initial assessment will be completed within 48 h of 
admission. Subsequently, follow-up by telephone will 

Fig. 2 Schedule of enrollment, measurement, allocation, intervention, and follow-up. SPPB, Short-Physical Performance Battery; ADL, Activities 
of daily living; GDS-15, Geriatric Depression Scale; SF-12, The Short Form-12; MMSE, Mini-Mental State Examination; MNA-SF, Mini Nutritional 
Assessment short-form; IC, Intrinsic Capacity
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be performed at 3, 6, and 24 months after discharge. 
Additionally, a face-to-face follow-up will be conducted 
at 12 months after discharge (Fig. 2). SPPB will be used 
to assess mobility. SPPB is a well-established tool for 
assessing lower extremity physical performance status. 
It includes balance, pace, and standing-sitting tests, 
with a total score of 0–12, with lower scores indicat-
ing poorer exercise capacity [38]. The activities of daily 
living (ADL) and the functional impairment screening 
tool (FIST) scales will be used to assess physical func-
tion. The FIST assessment entails 16 questions with a 
total score of 16. The higher the score, the better the 
performance [39]. We will use Geriatric Depression 
Scale (GDS) -15 to assess depression. It has a total 
score of 15 points, with 5–9 indicating that the patient 
may be prone to depression and ≥ 10 indicating depres-
sion [40, 41]. The Short Form-12 will be used to assess 
the quality of life [42]. Fried frailty phenotype includes 
unintentional weight loss, exhaustion, weakness, slow-
ness, and low physical activity. A score of 0 indicates 
robustness, 1–2 indicates pre-frail, and ≥ 3 indicates 
frailty [43]. Moreover, we will evaluate social frailty 
using the Help, Participation, Loneliness, Financial, 
and Talk (HALFT) scale, and those who score ≥ 3 will 
be classified as socially frailty, 1–2 as pre-social frailty, 
and 0 will be considered normal [44]. Additionally, 
the Morse Fall Risk Scale will be used to assess falls. 
Scores ≤ 23, 24–44, and ≥ 45 are classified as low inter-
mediate and high risks, respectively [45].

Furthermore, we will assess sarcopenia using SARC-
CalF, which includes six questions: lifting 10 pounds, 
walking from one end of the room to the other, mov-
ing from a chair to a bed, climbing one flight (10 steps) 
of stairs, number of falls in the past 1 year, and calf cir-
cumference. Patients with a score ≥ 11 will be considered 
to have a high risk of sarcopenia [46, 47]. MMSE will be 
used to assess cognition. Its scores range from 0 to 30, 
with 21–26, 10–20, and 0–9 indicating mild, moderate, 
and severe cognitive impairments, respectively [48, 49]. 
Nutritional status will be assessed using the Mini Nutri-
tional Assessment Short-Form (MNA-SF) [50–52]. A 
score of 0–7 means the patient is malnourished, 8–11 
means risk of malnutrition, and 12–14 indicates normal 
nutritional status. Intrinsic capacity includes five aspects: 
cognitive decline, limited mobility, malnutrition, sensory 
loss, and depressive symptoms [53].

Bone mineral density
We will use an X-ray osteodensitometer (LUNAR iDXA, 
GE Healthcare, Madison, WI, USA) to measure bone 
mineral density, T-score, and Z-score of the lumbar spine 
and femoral bone in older adults.

Body composition
We will use a body composition meter (JAWON-IOI353, 
Jawon Medical, Gyeongsan, Korea) to measure the body 
fat mass, soft lean mass, and basal metabolic rate of older 
adults through bioelectrical impedance analysis.

Laboratory data
We will measure the following parameters: leukocyte 
counts, hemoglobin concentration, blood biochemistry, 
coagulation, glycated hemoglobin, brain natriuretic pep-
tide, C-reactive protein, interleukin-6, vitamin D, and 
ferritin.

Intervention scheme
Patients with mobility limitation will be randomly 
divided into control (routine standard clinical proce-
dures) and intervention groups (MDT + routine standard 
clinical procedures) (Fig. 3).

Exercise intervention
The exercise intervention plan will be based on the ICFSR 
(2021) recommendation [54], using the M-MobiLE exer-
cise program and adjusting the exercise program and 
frequency guided by a rehabilitation physician. The 
M-Mobile exercise intervention plan includes aerobic, 
resistance, balance, and stretching exercises (Fig. 4).

Aerobic exercises will be conducted for 30–60 min 
daily, and the exercise duration can be gradually 
increased. Patients will be asked to complete at 
least 150  min of aerobic exercise per week, at least 
5 days a week, at an intensity such that the patient 
has mild dyspnea when active but can still talk easily. 
Resistance exercises will be performed progressively, 
gradually increasing the amount of exercise. Patients 
will perform muscle-strengthening activities at least 
two days a week. Balance  exercise will be based on 
the actual situation of older adults to choose a suit-
able method and prevent injury. Patients can borrow 
a  stable chair for assistance at the beginning of the 
exercise or exercise accompanied by others. Stretch-
ing exercises will be performed at least twice a week. 
The specific amount of exercise will be determined 
during the training by a rehabilitation physician 
to ensure exercise safety. During hospitalization, 
patients in the intervention group will be trained 3–5 
times weekly. After the exercise, patients will record 
their experienceit in the exercise manual: easy, dif-
ficult, or very difficult. Additionally, patients will be 
instructed to keep recording in their exercise diaries 
after discharge, filling in the number of completed 
weekly sessions and training experience until the last 
follow-up.
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Educational interventions
The nursing team will distribute mobility limitation treat-
ment brochures to patients and instruct patients who 
can get out of bed to avoid prolonged bed rest during 
hospitalization.

Nutritional interventions
Nutritional interventions will be determined based on 
the MNA-SF scores and nutritionist’s recommendations.

Pharmacological interventions
If a medication significantly increases the risk of mobility 
limitation, the pharmacist will help geriatrician consider 
whether to discontinue, switch, or reduce the dose.

Comorbidity management
Geriatricians will cooperate with other multidiscipli-
nary consultation teams to diagnose and intervene in 
the risk factors associated with mobility limitation. 
The multidisciplinary consultation team will include 
ophthalmologists, otolaryngologists, neurologists, 
cardiologists, rheumatologists and immunologists, 
endocrinologists, and pain management physicians. 
Additionally, patients with psychological diseases will 

be transferred to the psychology department for further 
treatment.

Environmental interventions
Geriatricians, rehabilitation physicians, and nursing 
teams will educate patients and their families on reason-
ably optimizing the home environment to avoid adverse 
events, such as falls.

Study outcomes
The core of this study is to explore the effect of MDT 
on mobility in older adults with mobility limitation. The 
primary outcome is a change in the SPPB score, and sec-
ondary outcomes include changes in ADL, FIST, GDS-
15, SARC-CalF, MMSE, MNA-SF, and intrinsic capacity 
scores.

Sample size
This will be a parallel randomized-controlled study, 
and the ratio of the intervention to the control group 
will be 1:1. A randomized-controlled trial (RCT) in 
2021 [55] reported an SPPB of 6.1 points in the control 
group, and the mean difference between both groups 

Fig. 3 Multidisciplinary team (MDT) intervention program. MDT is based on routine medical procedures with exercise intervention as the core. The 
multidisciplinary consultation team includes ophthalmologists, otolaryngologists, neurologists, cardiologists, rheumatologists and immunologists, 
endocrinologists, psychologists, and pain management physicians
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after exercise intervention was 2.4 [56]. Our sample esti-
mate is a one-sided test with a first-class error of 0.025 
and a power of 90%. The sample size N1 = N2 = 26 was 
calculated using PASS 15. Assuming that the rate of 
loss to follow-up is 20%, the minimum sample size will 
be N1 = N2 = 26/0.8 = 33. Therefore, a minimum of 66 
patients will be recruited for this study.

Data collection, validation, and management
The medical data will be collected using the Hospital 
Information System. Additionally, data input will be 
done by trained staff using Epidata. The database will be 
checked by the data administrator, who will desensitize, 
structure, standardize, and control the data, design the 
corresponding database system project according to the 
research plan, and set logical check conditions for entry.

Statistical analysis
Baseline characteristics will be described using statis-
tics, such as mean ± SD, mean rank, or number and per-
centage. Differences in the characteristics between both 
groups of outcomes will be assessed using chi-square/
Fisher’s exact test for categorical variables and t-test/Wil-
coxon-rank sum test for continuous variables. Potential 
confounding factors will be analyzed using univariate and 

multivariate logistic regression analyses. The statistical 
significance will be set at p < 0.05 (two-tailed), and statis-
tical analyses will be performed using R.

Discussion
As a geriatric syndrome with an extremely high prev-
alence, the diagnosis, evaluation, and treatment of 
mobility limitation are critical. Besides influencing 
various diseases, such as heart disease, respiratory dis-
ease, depression, and cognitive impairment [11, 23–25], 
mobility limitation increases the risk of falls, fractures, 
and death [14, 15]. As research on mobility limitation 
increases, so has the discovery of its influencing fac-
tors. These risk factors, including obesity, malnutrition, 
and low physical activity, can be intervened to prevent, 
alleviate, and treat mobility limitation [16–20]. There-
fore, the complex factors that influence mobility limi-
tation should be identified, and a comprehensive and 
individualized MDT program to reduce its prevalence 
should be formulated.

Many patients with mobility limitation have other 
comorbid diseases or functional impairments, and 
these factors are often mutually causal with mobility 
limitation [1]. Furthermore, although treating mobil-
ity limitation from a single angle may be effective, this 

Fig. 4 The M-MobiLE exercise intervention program includes aerobic, resistance, balance, and stretching exercises. An individualized exercise 
program will be developed for the patient based on SPPB scores
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approach is not comprehensive, limiting the treatment 
effect. Similar to the barrel effect, it may manifest as 
a mobility limitation if comorbidity is not addressed. 
Therefore, effectively managing or alleviating mobility 
limitation presents a challenge for geriatric doctors and 
nurses.

Comprehensive geriatric assessment can identify 
the risk factors associated with mobility limitation 
and reveal functional impairment in patients with 
mobility limitation [57, 58]. Based on this assess-
ment, individualized routine exercise and educational, 
nutritional, medical, and comorbidity interventions 
can comprehensively eliminate or alleviate the causes 
of mobility limitation and treat or prevent complica-
tions. Therefore, MDT may be an important approach 
to effectively treat mobility limitation, and it is crucial 
to initiate treatment of mobility limitation in a hospital 
setting.

Many studies have assessed univariate interventions 
for treating patients with mobility limitation in the com-
munity or hospitals, identifying positive effects, such as 
reduced fall rates and mortality. However, no research 
has examined the effects of the MDT approach in treat-
ing mobility limitation using RCTs in the hospital setting. 
Therefore, this study aims to evaluate the effectiveness 
of MDT in patients with mobility limitation in a hospi-
tal setting. This study will provide novel ideas for treating 
mobility limitation, consequently reducing adverse prog-
nosis, shortening the length of hospital stay, decreasing 
hospitalization costs, and improving the quality of life of 
older adults.

Abbreviations
ADL  Activities of Daily Living
FIST  Function Impairment Screening Tool
GDS-15  Geriatric Depression Scale
MDT  Multidisciplinary Team
MMSE  Mini-Mental State Examination
MNA-SF  Mini Nutritional Assessment short-form
RCT   Randomized Controlled Trial
SF-12  Short Form − 12
SPPB  Short-Physical Performance Battery

Acknowledgements
We acknowledge everyone who participated in the M-MobiLE Study.

Authors’ contributions
LM and YL designed the study. GW drafted the manuscript with LZ. TJ, WZ, LP, 
SS, XL, YS, XC, and QC will collect and analyze the data. All authors read and 
approved the final manuscript.

Funding
This work was supported by the National Key R&D Program of China 
(2020YFC2008604 and 2020YFC2008600).

Availability of data and materials
The data will be used under license for the current study, and further inquiries 
can be directed to the corresponding author/s.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Review Committee of Xuanwu Hos-
pital, Capital Medical University (2021-060), and all patients will sign written 
informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no potential conflicts of interest regarding the research, 
authorship, and/or publication of this article.

Author details
1 Department of Geriatrics, National Clinical Research Center for Geriatric Disor-
ders, Xuanwu Hospital Capital Medical University, Beijing, China. 2 Department 
of Geriatrics, Xiangya Hospital Central South University, Changsha, China. 
3 National Clinical Research Center for Geriatric Disorders, Xiangya Hospital, 
Central South University, Changsha, China. 4 Department of Geriatrics, Zheji-
ang hospital, Hangzhou, China. 5 Department of Geriatrics, West China Hospital 
Sichuan University, Chengdu, China. 6 Department of Geriatrics, Fujian Medical 
University Union Hospital, Fuzhou, China. 

Received: 7 November 2022   Accepted: 16 June 2023

References
 1. Wald HL, Ramaswamy R, Perskin MH, Roberts L, Bogaisky M, Suen W, 

et al. Quality Performance Measurement Committee of the American 
Geriatrics S. The Case for Mobility Assessment in hospitalized older adults: 
American Geriatrics Society White Paper Executive Summary. J Am Geri-
atr Soc. 2019;67(1):11–6.

 2. Marko M, Neville CG, Prince MA, Ploutz-Snyder LL. Lower-extremity force 
decrements identify early mobility decline among community-dwelling 
older adults. Phys Ther. 2012;92(9):1148–59. https:// doi. org/ 10. 2522/ ptj. 
20110 239.

 3. Brown CJ, Flood KL. Mobility limitation in the older patient: a clinical 
review. JAMA. 2013;310(11):1168–77. https:// doi. org/ 10. 1001/ jama. 2013. 
276566.

 4. Hardy SE, Kang Y, Studenski SA, Degenholtz HB. Ability to walk 
1/4 mile predicts subsequent disability, mortality, and health care 
costs. J Gen Intern Med. 2011;26(2):130–5. https:// doi. org/ 10. 1007/ 
s11606- 010- 1543-2.

 5. Peel C, Sawyer Baker P, Roth DL, Brown CJ, Brodner EV, Allman RM. Assess-
ing mobility in older adults: the UAB Study of Aging Life-Space Assess-
ment. Phys Ther. 2005;85(10):1008–119.

 6. Baker PS, Bodner EV, Allman RM. Measuring life-space mobility in 
community-dwelling older adults. J Am Geriatr Soc. 2003;51(11):1610–4.

 7. Centers for Disease Control and Prevention (CDC). Prevalence and most 
common causes of disability among adults–United States, 2005. MMWR 
Morb Mortal Wkly Rep. 2009;58(16):421–6.

 8. Stineman MG, Jette A, Fiedler R, Granger C. Impairment-specific dimen-
sions within the functional independence measure. Arch Phys Med Reha-
bil. 1997;78(6):636–43. https:// doi. org/ 10. 1016/ S0003- 9993(97) 90430-5.

 9. Liu B, Almaawiy U, Moore JE, Chan WH, Straus SE. Evaluation of a multisite 
educational intervention to improve mobilization of older patients in 
hospital: protocol for mobilization of vulnerable elders in Ontario (MOVE 
ON). Implement Sci. 2013;8:76.

 10. Brown CJ, Roth DL, Allman RM, Sawyer P, Ritchie CS, Roseman JM. 
Trajectories of life-space mobility after hospitalization. Ann Intern Med. 
2009;150(6):372–8.

 11. Weinberger MI, Raue PJ, Meyers BS, Bruce ML. Predictors of new onset 
depression in medically ill, disabled older adults at 1 year follow-up. 
Am J geriatric psychiatry: official J Am Association Geriatric Psychiatry. 
2009;17(9):802–9.

 12. Groessl EJ, Kaplan RM, Rejeski WJ, Katula JA, King AC, Frierson G, Glynn 
NW, Hsu FC, Walkup M, Pahor M. Health-related quality of life in older 

https://doi.org/10.2522/ptj.20110239
https://doi.org/10.2522/ptj.20110239
https://doi.org/10.1001/jama.2013.276566
https://doi.org/10.1001/jama.2013.276566
https://doi.org/10.1007/s11606-010-1543-2
https://doi.org/10.1007/s11606-010-1543-2
https://doi.org/10.1016/S0003-9993(97)90430-5


Page 9 of 10Wang et al. BMC Geriatrics          (2023) 23:476  

adults at risk for disability. Am J Prev Med. 2007;33(3):214–8. https:// doi. 
org/ 10. 1016/j. amepre. 2007. 04. 031.

 13. James BD, Boyle PA, Buchman AS, Bennett DA. Relation of late-life social 
activity with incident disability among community-dwelling older adults. 
J Gerontol A Biol Sci Med Sci. 2011;66(4):467–73.

 14. Lorgunpai SJ, Finke B, Burrows I, Brown CJ, Rubin FH, Wierman HR, 
Heisey SJ, Gartaganis S, Ling SM, Press M, Lorgunpai SJ, Finke B, Burrows 
I, Brown CJ, Rubin FH, Wierman HR, Heisey SJ, Gartaganis S, Ling SM, 
Press M, Inouye SK. Mobility Action Group: using Quality Improvement 
Methods to create a culture of Hospital mobility. J Am Geriatr Soc. 
2020;68(10):2373–81. https:// doi. org/ 10. 1111/ jgs. 16699.

 15. Fried LP, Guralnik JM. Disability in older adults: evidence regarding signifi-
cance, etiology, and risk. J Am Geriatr Soc. 1997;45(1):92–100. https:// doi. 
org/ 10. 1111/j. 1532- 5415. 1997. tb009 86.x.

 16. Brown CJ, Redden DT, Flood KL, Allman RM. The underrecognized epi-
demic of low mobility during hospitalization of older adults. J Am Geriatr 
Soc. 2009;57(9):1660–5.

 17. Houston DK, Tooze JA, Garcia K, Visser M, Rubin S, Harris TB, et al. Protein 
intake and mobility limitation in community-dwelling older adults: the 
Health ABC study. J Am Geriatr Soc. 2017;65(8):1705–11.

 18. Gill TM, Gahbauer EA, Murphy TE, Han L, Allore HG. Risk factors and pre-
cipitants of long-term disability in community mobility: a cohort study 
of older persons. Ann Intern Med. 2012;156(2):131–40. https:// doi. org/ 10. 
7326/ 0003- 4819- 156-2- 20120 1170- 00009.

 19. Lipina C, Hundal HS. Lipid modulation of skeletal muscle mass and func-
tion. J Cachexia Sarcopenia Muscle. 2017;8(2):190–201.

 20. Gleeson M. Immune function in sport and exercise. J Appl Physiol (1985). 
2007;103(2):693–9. https:// doi. org/ 10. 1152/ jappl physi ol. 00008. 2007.

 21. Tezze C, Romanello V, Desbats MA, Fadini GP, Albiero M, Favaro G, et al. 
Age-associated loss of OPA1 in muscle impacts muscle mass, metabolic 
homeostasis, systemic inflammation, and epithelial senescence. Cell 
Metab. 2017;25(6):1374-1389e1376.

 22. Cohen S, Nathan JA, Goldberg AL. Muscle wasting in disease: molecu-
lar mechanisms and promising therapies. Nat Rev Drug Discov. 
2015;14(1):58–74. https:// doi. org/ 10. 1038/ nrd44 67.

 23. Pepe S, Lakatta EG. Aging hearts and vessels: masters of adaptation and 
survival. Cardiovascular Res. 2005;66(2):190–3.

 24. Ochi M, Kohara K, Tabara Y, Kido T, Uetani E, Ochi N, Igase M, Miki T. Arte-
rial stiffness is associated with low thigh muscle mass in middle-aged 
to elderly men. Atherosclerosis. 2010;212(1):327–32. https:// doi. org/ 10. 
1016/j. ather oscle rosis. 2010. 05. 026.

 25. Aliverti A, Macklem PT. The major limitation to exercise performance in 
COPD is inadequate energy supply to the respiratory and locomotor 
muscles. J Appl Physiol (1985). 2008;105(2):749–51. https:// doi. org/ 10. 
1152/ jappl physi ol. 90336. 2008. (discussion 755 – 747).

 26. Bhasin S, Ellenberg SS, Storer TW, Basaria S, Pahor M, Stephens-Shields AJ, 
Cauley JA, Ensrud KE, Farrar JT, Cella D, Bhasin S, Ellenberg SS, Storer TW, 
Basaria S, Pahor M, Stephens-Shields AJ, Cauley JA, Ensrud KE, Farrar JT, 
Cella D, Matsumoto AM, Cunningham GR, Swerdloff RS, Wang C, Lewis 
CE, Molitch ME, Barrett-Connor E, Crandall JP, Hou X, Preston P, Cifelli D, 
Snyder PJ, Gill TM. Effect of testosterone replacement on measures of 
mobility in older men with mobility limitation and low testosterone con-
centrations: secondary analyses of the testosterone trials. Lancet Diabetes 
Endocrinol. 2018;6(11):879–90. https:// doi. org/ 10. 1016/ S2213- 8587(18) 
30171-2.

 27. Kalyani RR, Tian J, Xue QL, Walston J, Cappola AR, Fried LP, Brancati FL, 
Blaum CS. Hyperglycemia and incidence of frailty and lower extremity 
mobility limitations in older women. J Am Geriatr Soc. 2012;60(9):1701–7. 
https:// doi. org/ 10. 1111/j. 1532- 5415. 2012. 04099.x.

 28. Virgini VS, Rodondi N, Cawthon PM, Harrison SL, Hoffman AR, Orwoll ES, 
Ensrud KE, Bauer DC. Subclinical thyroid dysfunction and frailty among 
older men. J Clin Endocrinol Metab. 2015;100(12):4524–32. https:// doi. 
org/ 10. 1210/ jc. 2015- 3191.

 29. Sinha-Hikim I, Cornford M, Gaytan H, Lee ML, Bhasin S. Effects of tes-
tosterone supplementation on skeletal muscle fiber hypertrophy and 
satellite cells in community-dwelling older men. J Clin Endocrinol Metab. 
2006;91(8):3024–33. https:// doi. org/ 10. 1210/ jc. 2006- 0357.

 30. Fortinsky RH, Covinsky KE, Palmer RM, Landefeld CS. Effects of func-
tional status changes before and during hospitalization on nurs-
ing home admission of older adults. J Gerontol A Biol Sci Med Sci. 
1999;54(10):M521–526.

 31. Granacher U, Gruber M, Gollhofer A. Resistance training and neuromus-
cular performance in seniors. Int J Sports Med. 2009;30(9):652–7.

 32. Papa EV, Dong X, Hassan M. Resistance training for activity limitations in 
older adults with skeletal muscle function deficits: a systematic review. 
Clin Interv Aging. 2017;12:955–61.

 33. WHO. Integrated care for older people. In: Geneva: WHO; 2017.
 34. Podsiadlo D, Richardson S. The timed “Up & Go”: a test of basic functional 

mobility for frail elderly persons. J Am Geriatr Soc. 1991;39(2):142–8. 
https:// doi. org/ 10. 1111/j. 1532- 5415. 1991. tb016 16.x.

 35. Reid KF, Callahan DM, Carabello RJ, Phillips EM, Frontera WR, Fielding RA. 
Lower extremity power training in elderly subjects with mobility limita-
tions: a randomized controlled trial. Aging Clin Exp Res. 2008;20(4):337–
43. https:// doi. org/ 10. 1007/ BF033 24865.

 36. Izquierdo M, Rodriguez-Mañas L, Sinclair AJ. Editorial: what is New in 
Exercise Regimes for Frail Older People - how does the Erasmus Vivifrail 
Project take us Forward? J Nutr Health Aging. 2016;20(7):736–7.

 37. Izquierdo M. [Multicomponent physical exercise program: Vivifrail]. Nutr 
Hosp. 2019;36(Spec No2):50–6.

 38. Pavasini R, Guralnik J, Brown JC, di Bari M, Cesari M, Landi F, Vaes B, 
Legrand D, Verghese J, Wang C, Pavasini R, Guralnik J, Brown JC, di Bari 
M, Cesari M, Landi F, Vaes B, Legrand D, Verghese J, Wang C, Stenholm 
S, Ferrucci L, Lai JC, Bartes AA, Espaulella J, Ferrer M, Lim J-Y, Ensrud KE, 
Cawthon P, Turusheva A, Frolova E, Rolland Y, Lauwers V, Corsonello A, Kirk 
GD, Ferrari R, Volpato S, Campo G. Short physical performance battery 
and all-cause mortality: systematic review and meta-analysis. BMC Med. 
2016;14(1):215. https:// doi. org/ 10. 1186/ s12916- 016- 0763-7.

 39. Zhang Y, Liu P, Pan Y, Li Y, Zhang L, Li Y, Ma L. Reliability and validity of the 
function impairment Screening Tool in Chinese older adults. Front Med 
(Lausanne). 2021;8:720607.

 40. Shin C, Park MH, Lee SH, Ko YH, Kim YK, Han KM, Jeong HG, Han C. Useful-
ness of the 15-item geriatric depression scale (GDS-15) for classifying 
minor and major depressive disorders among community-dwelling 
elders. J Affect Disord. 2019;259:370–5. https:// doi. org/ 10. 1016/j. jad. 2019. 
08. 053.

 41. Wancata J, Alexandrowicz R, Marquart B, Weiss M, Friedrich F. The criterion 
validity of the geriatric Depression Scale: a systematic review. Acta Psychi-
atr Scand. 2006;114(6):398–410. https:// doi. org/ 10. 1111/j. 1600- 0447. 2006. 
00888.x.

 42. Gandek B, Ware JE, Aaronson NK, Apolone G, Bjorner JB, Brazier JE, et al. 
Cross-validation of item selection and scoring for the SF-12 Health Survey 
in nine countries: results from the IQOLA Project. International Quality of 
Life Assessment. J Clin Epidemiol. 1998;51(11):1171–8.

 43. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. 
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci 
Med Sci. 2001;56(3):M146-156.

 44. Ma L, Sun F, Tang Z. Social Frailty is Associated with Physical Functioning, 
Cognition, and Depression, and predicts mortality. J Nutr Health Aging. 
2018;22(8):989–95. https:// doi. org/ 10. 1007/ s12603- 018- 1054-0.

 45. Lohse KR, Dummer DR, Hayes HA, Carson RJ, Marcus RL. Combining the 
AM-PAC “6-Clicks” and the Morse fall scale to Predict individuals at risk 
for falls in an Inpatient Rehabilitation Hospital. Arch Phys Med Rehabil. 
2021;102(12):2309–15. https:// doi. org/ 10. 1016/j. apmr. 2021. 07. 800.

 46. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, Iijima K, et al. Asian 
Working Group for Sarcopenia: 2019 Consensus Update on Sarcopenia 
diagnosis and treatment. J Am Med Dir Assoc. 2020;21(3):300–307e302.

 47. Fu X, Tian Z, Thapa S, Sun H, Wen S, Xiong H, Yu S. Comparing SARC-F 
with SARC-CalF for screening sarcopenia in advanced cancer patients. 
Clin Nutr. 2020;39(11):3337–45.

 48. Khaw J, Subramaniam P, Abd Aziz NA, Ali Raymond A, Wan Zaidi WA, 
Ghazali SE. Current update on the clinical utility of MMSE and MoCA 
for Stroke Patients in Asia: a systematic review. Int J Environ Res Public 
Health. 2021;18(17): 8962. https:// doi. org/ 10. 3390/ ijerp h1817 8962.

 49. Arvanitakis Z, Bennett DA. What is dementia? JAMA. 2019;322(17):1728.
 50. Kaluzniak-Szymanowska A, Krzyminska-Siemaszko R, Lewandowicz M, 

Deskur-Smielecka E, Stachnik K, Wieczorowska-Tobis K. Diagnostic perfor-
mance and accuracy of the MNA-SF against GLIM Criteria in Community-
Dwelling older adults from Poland. Nutrients. 2021;13(7):2183.

 51. Rubenstein LZ, Harker JO, Salva A, Guigoz Y, Vellas B. Screening for 
undernutrition in geriatric practice: developing the short-form 
mini-nutritional assessment (MNA-SF). J Gerontol A Biol Sci Med Sci. 
2001;56(6):M366–372.

https://doi.org/10.1016/j.amepre.2007.04.031
https://doi.org/10.1016/j.amepre.2007.04.031
https://doi.org/10.1111/jgs.16699
https://doi.org/10.1111/j.1532-5415.1997.tb00986.x
https://doi.org/10.1111/j.1532-5415.1997.tb00986.x
https://doi.org/10.7326/0003-4819-156-2-201201170-00009
https://doi.org/10.7326/0003-4819-156-2-201201170-00009
https://doi.org/10.1152/japplphysiol.00008.2007
https://doi.org/10.1038/nrd4467
https://doi.org/10.1016/j.atherosclerosis.2010.05.026
https://doi.org/10.1016/j.atherosclerosis.2010.05.026
https://doi.org/10.1152/japplphysiol.90336.2008
https://doi.org/10.1152/japplphysiol.90336.2008
https://doi.org/10.1016/S2213-8587(18)30171-2
https://doi.org/10.1016/S2213-8587(18)30171-2
https://doi.org/10.1111/j.1532-5415.2012.04099.x
https://doi.org/10.1210/jc.2015-3191
https://doi.org/10.1210/jc.2015-3191
https://doi.org/10.1210/jc.2006-0357
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1007/BF03324865
https://doi.org/10.1186/s12916-016-0763-7
https://doi.org/10.1016/j.jad.2019.08.053
https://doi.org/10.1016/j.jad.2019.08.053
https://doi.org/10.1111/j.1600-0447.2006.00888.x
https://doi.org/10.1111/j.1600-0447.2006.00888.x
https://doi.org/10.1007/s12603-018-1054-0
https://doi.org/10.1016/j.apmr.2021.07.800
https://doi.org/10.3390/ijerph18178962


Page 10 of 10Wang et al. BMC Geriatrics          (2023) 23:476 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 52. Kaiser MJ, Bauer JM, Ramsch C, Uter W, Guigoz Y, Cederholm T, et al. 
Validation of the Mini Nutritional Assessment short-form (MNA-SF): a 
practical tool for identification of nutritional status. J Nutr Health Aging. 
2009;13(9):782–8.

 53. Ma L, Chhetri JK, Zhang Y, Liu P, Chen Y, Li Y, et al. Integrated Care for Older 
People Screening Tool for measuring intrinsic capacity: preliminary find-
ings from ICOPE pilot in China. Front Med (Lausanne). 2020;7:576079.

 54. Izquierdo M, Merchant RA, Morley JE, Anker SD, Aprahamian I, Arai H, 
et al. International Exercise Recommendations in older adults (ICFSR): 
expert consensus guidelines. J Nutr Health Aging. 2021;25(7):824–53. 
https:// doi. org/ 10. 1007/ s12603- 021- 1665-8.

 55. Kitzman DW, Whellan DJ, Duncan P, Pastva AM, Mentz RJ, Reeves GR, 
Nelson MB, Chen H, Upadhya B, Reed SD, Kitzman DW, Whellan DJ, 
Duncan P, Pastva AM, Mentz RJ, Reeves GR, Nelson MB, Chen H, Upadhya 
B, Reed SD, Espeland MA, Hewston LeighAnn, O’Connor CM. Physical 
Rehabilitation for older patients hospitalized for heart failure. N Engl J 
Med. 2021;385(3):203–16. https:// doi. org/ 10. 1056/ NEJMo a2026 141.

 56. Martínez-Velilla N, Casas-Herrero A, Zambom-Ferraresi F, Sáez de Asteasu 
ML, Lucia A, Galbete A, et al. Effect of exercise intervention on functional 
decline in very elderly patients during acute hospitalization: a rand-
omized clinical trial. JAMA Intern Med. 2019;179(1):28–36. https:// doi. org/ 
10. 1001/ jamai ntern med. 2018. 4869.

 57. Palmer K, Onder G. Comprehensive geriatric assessment: benefits and 
limitations. Eur J Intern Med. 2018;54:e8–9. https:// doi. org/ 10. 1016/j. ejim. 
2018. 02. 016.

 58. Ellis G, Whitehead MA, O’Neill D, Langhorne P, Robinson D. Comprehen-
sive geriatric assessment for older adults admitted to hospital. Cochrane 
Database Syst Rev. 2011;7:CD006211.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s12603-021-1665-8
https://doi.org/10.1056/NEJMoa2026141
https://doi.org/10.1001/jamainternmed.2018.4869
https://doi.org/10.1001/jamainternmed.2018.4869
https://doi.org/10.1016/j.ejim.2018.02.016
https://doi.org/10.1016/j.ejim.2018.02.016

	A protocol for randomized controlled trial on multidisciplinary interventions for mobility limitation in the older adults (M-MobiLE)
	Abstract 
	Background 
	Methods 
	Conclusion 
	Trial registration 

	Introduction
	Method and design
	Study design and setting
	Inclusion criteria
	Exclusion criteria

	Randomization
	Measurements
	Assessment
	Bone mineral density
	Body composition
	Laboratory data

	Intervention scheme
	Exercise intervention
	Educational interventions
	Nutritional interventions
	Pharmacological interventions
	Comorbidity management
	Environmental interventions

	Study outcomes
	Sample size
	Data collection, validation, and management
	Statistical analysis

	Discussion
	Acknowledgements
	References


