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Abstract

Background

People experiencing homelessness are more likely to experience poor health with physical

functioning deficits and frailty commonly reported. It is not well known how strategies to tar-

get physical functioning deficits and frailty work in practice in this group. The primary aim of

this study was to explore the feasibility of an exercise intervention with protein supplementa-

tion to target physical functioning and frailty in people experiencing homelessness evaluated

by recruitment and retention rates, adherence to the exercise sessions and protein supple-

ment, adverse effects, programme feedback and characteristics of non-returners, sporadic

and frequent attenders. The secondary aim was to evaluate changes in effectiveness out-

comes of grip strength, muscle mass, lower extremity physical function, pain, frailty, and risk

of malnutrition.

Method

This prospective single-arm study evaluated the feasibility of a 16-week rolling, low-thresh-

old, ‘drop-in’ once weekly exercise programme with protein supplementation. The main

recruitment site was a day-service centre for people who are homeless. Feasibility was

assessed by the recruitment and retention rates, adherence to the exercise sessions and

protein supplement as well as adverse effects, programme feedback and evaluation of char-

acteristics of non-returners, sporadic (�50% of available sessions) and frequent attenders

(�50% of available sessions). Effectiveness outcomes included pain (Visual Analogue

Scale), physical functioning and performance (hand-grip dynamometry, limb circumference,
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the Short Physical Performance Battery), frailty (SHARE-FI and Clinical Frailty Scale) and

nutritional status (Mini Nutritional Assessment).

Results

Thirty-one participants were recruited mean (SD) age 45(16) years. There was a recruitment

rate of a median (IQR) of 2(1–3) new participants per week. The retention rate was 45% (n =

14) to the main recruitment site. Adherence to the exercise sessions and nutritional interven-

tion was 90% and 100% respectively. Three adverse events were recorded during 74 inter-

ventions over the 16-week programme. The acceptability of the programme was highlighted

in participant feedback. Characteristics of frequent returners (�50%) were older age,

female, more stably housed and more stable in addiction. The programme did not induce

any changes in effectiveness outcomes.

Conclusion

The feasibility of this programme was demonstrated. Overall, the programme was well

received with higher retention rates in older participants, females, those more stably housed

and those stable in addiction. A higher powered, more intense programme is needed to

demonstrate programme effectiveness.

Introduction

Inclusion health is an approach, which aims to prevent and address health and social inequali-

ties of vulnerable people such as people experiencing homelessness [1, 2]. The collision of dis-

ease risk factors with poverty, constant stressors and social exclusion results in a markedly

elevated rate of non-communicable diseases in this population [3] and a mortality rate that is

almost eight times higher than the average for men, and nearly 12 times higher for women [4].

Accelerated ageing and earlier geriatric conditions such as falls, poor strength and mobility

problems are common in people experiencing homelessness [5, 6]. A single centre, cross-sec-

tional study, which applied a broad test battery of physical functioning tests to people

experiencing homelessness admitted for inpatient care, demonstrated that despite a low

median age of 45 years, 83% of participants had mobility problems and 70% were frail or pre-

frail [5].

Frailty, a concept normally associated with geriatric populations has been identified in

younger populations across a number of settings [7] and it is recognised that those living in

areas of greater deprivation experience the earlier onset of illness and associated disability [8,

9]. A high prevalence of frailty has been identified in this group [5, 10–14]. Poorer physical

health and frailty means people who are homeless have less options for moving to independent

housing due to accessibility issues. This reinforces the cycle of entrenched homelessness,

rough sleeping, and dependence on long-term hostel accommodation [15].

Key drivers of physical frailty are poor nutritional intake and sedentary behaviour. Food

insecurity is extremely prevalent among people experiencing homelessness [16] and may con-

tribute to frailty. It is possible that protein supplementation after exercise may optimise protein

synthesis rates [17] and help stabilise frailty and physical de-conditioning [18]. This has been

successfully demonstrated in frail older people [19]. It has been shown that exercise, in people

with substance use disorder, can increase abstinence rates and can reduce withdrawal and anx-

iety symptoms [20].
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It is known that people experiencing homelessness, despite often having complex healthcare

needs, have difficulties accessing mainstream primary healthcare services [21, 22]. Many are

not registered with a GP or dentist [21] and few access physiotherapy services [22], resulting in

a high rate of unscheduled and emergency care [23]. This is due to reasons such as the absence

of a fixed address, difficulty keeping appointments and a lack of understanding of why the ser-

vice is required and what it entails [21, 22]. People experiencing homelessness are therefore

hard to reach, and healthcare systems are not designed to meet their needs. A patient-centred,

flexible and low-threshold approach is advocated [24] which embodies awareness of the con-

cerns and complex needs of people who are homeless in order to provide appropriate and

timely care. Structural changes in service delivery have been proposed in the form of easy

access, drop-in services [25]. However, is not clear how a flexible exercise programme with

nutritional programme would work in practice for this group.

The primary aim of this study was to explore the feasibility of a low-threshold, drop-in

physical rehabilitation programme with protein supplementation to target frailty and poor

physical functioning in people experiencing homelessness by evaluating the recruitment and

retention rates, adherence to the exercise sessions and protein supplement, evaluation of char-

acteristics of non-returners, sporadic and frequent attenders, any adverse effects, and pro-

gramme feedback. The secondary aim was to assess programme effectiveness by evaluating

outcomes of grip strength, muscle mass, lower extremity physical function, pain, frailty, and

risk of malnutrition.

Materials and methods

The main recruitment site for this 16-week prospective single-arm cohort study was Mer-

chants Quay Ireland (MQI), in the Riverbank centre, a day-service for people who are home-

less and have addiction issues which is located in Dublin city centre. This setting offers

services such as daily meals, medical and nursing care, needle exchange and accommodation

advice. A dedicated exercise room was allocated for the intervention, which took place from

February- June 2022. Following expression of interest from service users in a recently opened

satellite female-only centre, an additional one-day programme was delivered in this site. Ethi-

cal approval was granted by the Faculty of Health Sciences Research Ethics Committee at Trin-

ity College Dublin (Ethical Approval Reference Number: 211202). Data was pseudo-

anonymised, with the key code kept in a separate secure location. Inclusion criteria were all cli-

ents (>18 years) accessing services in MQI who consented to participation. Any participants

with acute, problematic behavioural issues or confusion, those in an agitated state or with

major physical impairments (medical or orthopaedic) which precluded ability to safely partici-

pate in in the exercise class as well as those with a confirmed pregnancy were excluded from

study participation.

Procedure

Information about the study was widely distributed in MQI. Clients who were interested in

finding out further information about the study were directed to ‘drop into’ the designated

exercise room. All questions about the study were answered and if interested, and eligibility

criteria were fulfilled, written consent was provided prior to commencement of the pro-

gramme. The ‘low threshold’ features of the intervention were the rolling aspect and the ‘drop

in’ nature of the programme. The rolling aspect meant that participants could join at time-

point during the programme. ‘Drop’ in meant participants could ‘drop in’ at any time of the

day from 10am - 4pm. In some cases, if there was no space, the client was accommodated as

soon as possible. Using a psychologically and Trauma Informed approach to care [26] and
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based on experience from a previous Inclusion Health undergraduate clinical placement [27],

the approach to participants embodied the following; empathy, building trust, open minded-

ness and flexibility.

The intervention was supervised and delivered by a Research Physiotherapist (FK) with 1–2

Assistants. The frequency of the programme was once-weekly over 16 weeks. The intensity of

the workout was gauged visually and Borg Ratings of Perceived Exertion scale was applied

[28]. Participants were advised to complete core exercises at a rate of between 11 and 13 on the

Ratings of Perceived Exertion scale (RPE) scale, at a subjective level of ‘fairly light’ to ‘some-

what hard’, where they find it hard to have a conversation but can comfortably continue to

exercise. This applied to both the aerobic and resistance exercises. If the participant attended

regularly and was responding well to the exercise regimen, the exercise intensity was increased

incrementally, so the participant then exercised at a level of 13–15 (somewhat hard to hard).

The exercise level was adapted based on the results of the initial assessment, ability of partici-

pants, response to exercises and reported BORG scale as well as the clinical judgement of the

Research Physiotherapist. Each exercise session commenced with a warm-up and ended with a

cool-down and stretches. The exercise type consisted of eight ‘core’ resistance, aerobic and

functional exercises, which were individually adapted (Table 1). The exercise programme took

20 to 30 minutes. Music was self-selected by participants. Participants were educated about

physical activity recommendations and encouraged to return weekly to progress the exercise

intervention. Repeat assessments were undertaken at each visit.

To promote post-exercise muscle protein synthesis, a ready-to-drink 200ml commercial nutri-

tional supplement which consisted of 20g of protein and 400kcal was offered to all participants

immediately post exercise (fresubin1, Fresenius Kabi Deutschland GmbH, Germany). The

choice of a supplement rather than a “food first” approach was pragmatic and based on shelf life,

the lack of preparation/equipment required, and the likelihood of acceptability to participants.

Primary outcomes

Primary outcomes of recruitment rate, retention rate, adherence to the exercise intervention,

adherence to the protein supplement, adverse events and programme feedback were measured

Table 1. Core intervention exercises.

Core exercise Adaptations*
Sit to stand Bilateral support, unilateral support, no support, use of weights, squats with UL

(extensions) weights

Elbow Bends With weights/dumbbells

Trunk mobility (1)trunk rotations (2) sit on chair-punch air (R)1 hand to (L) foot and then reach

to sky to the1(R) side (diagonal movement)

Progression-speed/precision/repetitions/weights/ from sitting or standing position

Aerobic activity Walk/jog on spot, increase knee height/step length/speed; use of ladders, jumping

jacks, mountain climbers

Side steps Abduction-step1to (R), at same time abduct arms with theraband, back to centre,

repeat to (L).

Arm raises +/or scapular

strengthening

Weights/dumbbells/theraband

Step ups Progression-low/mid/high step, bilateral, unilateral, no support/use of hand

weights

Ball throws Progression-underarm, overarm, greater force/distance thrown/single leg stance

UL; upper limb, r; right, l; left, *adaptations individualised and progressed for each participant by research

physiotherapist

https://doi.org/10.1371/journal.pone.0301926.t001
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as outlined in Table 2. Feedback was transcribed by FK and repeated back to each participant

to verify accuracy.

Secondary outcomes

Secondary outcomes outlined in Table 3 were measured at each interaction where possible.

Upper limb muscle strength and circumference girth were measured [29]. Mid-calf circumference

girth was measured as it correlates with appendicular muscular mass [30]. Mid-arm muscle cir-

cumference, reflecting both muscle mass and caloric and protein adequacy, has been recom-

mended for use in physical testing of people experiencing homelessness [31] due to the high

prevalence of lower limb swelling in people with substance use disorder [32]. The Short Physical

Performance Battery [33] was used to assess physical performance. Nutritional status was assessed

by using the Mini-nutritional assessment (MNA) score [34, 35]. As this test has not been validated

for this population, the terminology of two of the questions of the MNA (regarding acuity of ill-

ness and the presence of a neuropsychological problem) were slightly modified for the purposes

of this study, i.e. “Have you recently been sick or in hospital?” and “Have you problems with con-

centration or memory?”. Frailty was assessed in two ways; using the Clinical Frailty Scale (CFS)

[36] and the SHARE-FI [37]. Participants were also asked about the existence, location, and dura-

tion of pain. Severity of pain was assessed using the Numerical Rating Scale (0 to 10).

Statistical analyses

The difficulties of generating accurate sample size calculation for feasibility studies are

acknowledged, and a minimum sample size of 24 is recommended [42], therefore the aim was

to recruit a minimum of 29 participants, allowing for a 20% potential drop-out rate. Descrip-

tive statistics were used to summarise participant demographics and feasibility measures.

Nominal or ordinal variables were reported as frequencies and percentages. Continuous vari-

ables were summarised as mean and standard deviation if normally distributed and median

and inter-quartile range if non-normally distributed. Data was tested for normality using the

Kolmogorov–Smirnov test. Results were compared to evaluate change over time from initial to

final intervention. Normally distributed data were compared from initial to final recorded

Table 2. Description of primary outcome measures.

Recruitment rate Median number of new service users who joined the programme each

week

Retention rate Rate of return visits, which was calculated from the total number of

sessions which a participant could potentially attend

Adherence to the exercise intervention Percentage of participants who completed all classes (depending on

start date)

Adherence to the protein supplement Percentage of participants who took and finished the protein

supplement drink

Characteristics of non-returners, sporadic

and frequent returners

Non-returners- did not return after initial evaluation,

Sporadic attenders–attended�50% of available sessions,

Frequent attenders–attended�50% of available sessions

Adverse events Any accidents/injuries/or other adverse consequences of the

programme

Programme feedback Authentic feedback was sought to seek participant responses to the

programme. Open text responses to the following questions were

sought (1) “What are your views on your own health, (2) ’’What are

your views on any unmet physical health needs”and (3) ’’What are

your thoughts about the programme’’, were sought verbally and

transcribed.

https://doi.org/10.1371/journal.pone.0301926.t002
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time-points using paired t-tests and non-normally distributed data via the Wilcoxin-sign rank

test. A complete case analysis was undertaken due to the feasibility focus of the study. Baseline

results and final outcomes of participants who returned and completed >1 intervention were

recorded and compared. Data was analysed using IBM SPSS V28 and p< 0.05 was considered

significant. As text responses did not meet criteria for qualitative analyses in terms of richness

and exploration of context [43], text responses were grouped and categorised meaningfully.

Results

Thirty-two participants were recruited (Fig 1). Thirty-one participants completed the initial

assessment and participated in at least one exercise session. The demographic characteristics

of participants are shown in Table 4.

Table 3. Description of secondary outcomes, derived from [31].

Test Construct

Measured

Performance-

Based Measure/

Assessed by

Tester

Test Description Scoring/Unit of

Measurement

Interpretation Reference/Comparative Values

Digital Hand

Dynamometer

[38]

Grip strength Performance-

based measure

Performed in a sitting position

while the hand was unsupported

with the elbow at 90˚ flexion

and the underarm and wrist in

neutral positions. Three

measurements performed with

each hand. An average of

highest value for right and left

sides is used for analysis.

Dynamometer

score (kg)

Higher scores

indicate better

strength

Reference average handgrip

strength values [39] for men aged

30–49 are 54 kg and women are

34.5 kg, and for 65–69 years of

age, average handgrip strength are

44 kg for men and 28 kg for

women

Lower limb

circumference

measurement

Muscular

mass

Assessed by tester Girth of mid-point calf

circumference measured

Width (cm) Higher score

indicates higher

levels of muscular

mass

The cut-off for decreased muscle

mass in the elderly has been

identified as 34 cm for men and

33 cm for women [30]

Upper arm

circumference

measurement

Muscular

mass

Assessed by tester Girth of mid-point upper arm

circumference measured

Width (cm) Higher score

indicates higher

levels of muscular

mass

Cut-offs in the range of �23�5 to

�25�0 cm could serve as a

screening indicator for

underweight in men and non-

pregnant women [29]

Short Physical

Performance

Battery (SPPB)

[33]

Lower

extremity

physical

function

Performance-

based measure

Consists of 3 tasks: (i) a balance

task, (ii) 5 timed chair stands,

(iii) a short, timed walk

0–12 Higher scores

indicated better

performance

<10: indicates one or more

mobility limitations [33], �8:

indicates sarcopenia [40]

Numerical Rating

Scale

Pain Self-report Tester asks participant if they

are experiencing any pain which

is rated on a numerical scale

0 (no pain) to 10

(worst pain

imaginable)

Higher score

indicates more

pain

In chronic musculoskeletal pain,

<3.4 indicates mild pain, 3.5–7.4:

moderate pain, �7.5: severe pain

[41]

Clinical Frailty

Scale (CFS) [36]

Frailty Assessed by tester Each point on the scale is

correlated with a description of

frailty along with a visual chart

to aid the tester in classifying

frailty

1 (very fit) to 9

(terminally ill)

Higher scores

indicate higher

levels of frailty

Not applicable

SHARE-FI Frailty

Instrument [37]

Frailty Assessed by tester Consists of questions about

exhaustion, loss of appetite,

walking difficulties and low

physical activity

Frailty category of

non-frail, pre-frail

and frail generated

Category indicates

level of frailty

Not applicable

Mini-nutritional

assessment [34,

35]

Risk for mal-

nutrition

Assessed by tester 6 questions on food intake,

weight loss, mobility,

psychological stress, or acute

disease, the presence of

dementia or depression, and

body mass index

Score � 12

indicates

acceptable

nutritional status

Not applicable

https://doi.org/10.1371/journal.pone.0301926.t003
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Primary outcomes

Seventy-four exercise sessions were delivered in total. Twenty-six participants, mean (SD) age

45(16) years, were recruited from the main day-service centre. Five females participated from

the satellite female-only centre.

Recruitment rate. The median (IQR) recruitment rate was 2(1 to 3) per week, varying

from week to week with a minimum of 0 to a maximum of 5 new participants recruited.

Retention rate. Fourteen participants returned for at least one further visit demonstrating

an overall retention rate of 45%. Of participants >50 years (n = 15/31), there was a 91%

(n = 10) retention rate in the main recruitment site, with at least one repeat visit to the exercise

intervention. Of participants <50 years (n = 16/31), there was a 30.7% retention rate to the

main recruitment site, with at least one repeat visit to the exercise intervention. Eleven partici-

pants were female, and the retention rate was 83% in comparison to a rate of 42% in the male

participants (8/19). There was one transgender participant who returned once.

Fig 1. Flow diagram of participants through the study.

https://doi.org/10.1371/journal.pone.0301926.g001
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Adherence to the exercise session. Twenty-eight (90%) participants fully adhered to the

initial exercise intervention, engaging in the majority of the exercise sessions. The mean (SD)

time spent in active exercise was 19.4 (5.8) minutes, (minimum 10 minutes, maximum 30 min-

utes). Participant time commitments as well as initial assessment results influenced the deliv-

ery of a shorter session (� 15 minutes) in some cases (n = 6).

Adherence to the protein supplement. All participants (100%) consumed the Fresubin1

protein supplement immediately following the exercise intervention.

Characteristics of participants who had the opportunity to return stratified into non-

returners, sporadic returners and frequent returners. Forty three percent (6/14) were spo-

radic returners, returning for�50% of exercise classes which they could attend, which was cal-

culated based on week started. The majority (8/14 or 57%) returned for�50% of exercise

classes, which again was calculated based on the commencement date. Individual return rates

of participants to the programme are shown in S1 Table. Due to the rolling nature of the pro-

gramme, seven participants did not have the opportunity to return as they attended the one-

day only intervention in the women’s centre or they attended on the last day of the pro-

gramme. A remaining 10 (32%) participants, who could return, never returned after their ini-

tial assessment.

The characteristics of the sporadic returners, frequent returners and non-returners are

shown in Table 5. The mean (SD) age varied between groups (p = 0.01). The mean (SD) age of

frequent returners [58.4(11.9) years] was older than sporadic returners [48.7 (16) years]

(p = 0.046) and those who did not return [32.1(9.6) years] (p = 0.001). Females adhered better

with an 80% retention rate (5/6) where return visits were possible, (ie. excluding those who

attended the one-day only service or attended on the final day) with at least one repeat visit to

the exercise intervention. The corresponding figure for males was 42%(n = 8). There was one

transgender participant who returned once.

Those who regularly attended (n = 8) were more stable in addiction. Eighty percent (8/10)

who did not return were in active addition, while the corresponding figure for sporadic return-

ers was 50% (3/6) and for frequent returners this was 14.3% (1/7). Those who attended more

frequently had the highest number of participants who were stably housed.

Table 4. Demographic characteristics of participants (n = 31).

Variable N %

Sex

Male 20 64.5

Female 11 35.48

Transgender 1 3.2

Living arrangements

Hostel accommodation 15 48.38

Rough sleeping 3 9.6

With family/friends 2 6.45

Hotel /B&B 2 6.45

Council apartment/house 9 29

History of substance use

*Substance abuse disorder 14 45

Alcohol abuse disorder 6 19.35

No reported history of substance use 12 38.7

Self-reported mental health issues 19 61

*Substance abuse disorder; includes drug/alcohol abuse

https://doi.org/10.1371/journal.pone.0301926.t004
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Adverse events. Three adverse events (benzodiazepine withdrawal effects, hypertension,

and fatigue due to long-Covid) occurred during the assessment prior to the exercise compo-

nent of the intervention. No other adverse events were recorded.

Participant feedback

To gain an understanding of acceptability of the programme, participants were asked about

their views of their own health, unmet physical health needs, and thoughts about the pro-

gramme. A summary of participant feedback text responses are included in S2 Table. Overall

programme feedback was overwhelmingly positive.

Secondary outcomes

Baseline, final and change scores of participants are shown in Table 6. When compared to nor-

mative values, baseline grip strength values were below mean values for the majority (90.9%,

10/11) of female participants. Baseline grip strength was below expected values for age in

Table 5. Demographic characteristics of participants who had an opportunity to return stratified into those who did not return, sporadic returners (attended

�50% of available sessions) and frequent returners (attended�50% of available sessions).

Did not return (n = 10) Sporadic returners (n = 6) Frequent returners (n = 8)

Age, years,

Mean (SD), 32.1 (9.6) 48.7 (16) 58.4 (11.9)

range 22–53 30–71 50–77

Gender 9 males, 4 males, 4 males,

1 female 1 female, 4 females

1 transgender

Living arrangements Hostel (n = 7) Hostel (n = 3) Hostel (n = 4)

Hidden homeless (n = 1) Hidden homeless (n = 1) Stably housed* (n = 4)

Rough sleeping (n = 2) Stably housed* (n = 2)

Active addiction issues Yes (n = 8) Yes (n = 3) Yes (n = 1)

No/stable (n = 2) No/stable (n = 3) No/stable (n = 7)

*stably housed at the time of intervention

https://doi.org/10.1371/journal.pone.0301926.t005

Table 6. Change scores of secondary outcomes.

N Baseline score Final score Mean/median of difference with 95% confidence interval P value of difference

Pain

Visual Analogue scale, median (IQR) 9* 5 (0–8) 6 (0–9.5) 0 (0–4.0) 0.498a

Grip Strength

Hand dynamometry, kg, mean (SD) 13 36.32 (9.9) 35.84 (10.2) -0.48 (-2.9–1.94) 0.671b

Physical Functioning

Short physical performance battery 13 9.54 (2.22) 10.23 (1.74) 0.69 (-0.47–1.86) 0.221b

Nutritional Status

Mini-Nutritional Status (NMA) 13 13 (8.5–13) 13 (11–13.5) 1 (0–3) 0.082b

Frailty

SHARE-FI, median (IQR) 13 1 (0–2) 0 (0–1) 0 (0–0) 0.098a

Clinical Frailty Scale, median (IQR) 13 4 (2.5–5.0) 4 (2.5–5.0) 0 (0–0) 0.564a

*missing data for pain as some participants felt unable to score their pain, missing data for all outcomes for 1 participant as unable to measure final data due to urgency

of other commitment, aWilcoxin sign-rank test, bpaired t-test

https://doi.org/10.1371/journal.pone.0301926.t006
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(52.6%, 10/19) of the male participants. Comparing initial to the final results, there were no

differences in grip strength (p = 0.671). When measuring mid-arm and calf circumference,

participants were not always asked to undress if it was deemed intrusive. In these cases, mea-

sures were recorded through clothing. Five participants (16.1%) demonstrated moderately low

and three (9.6%) participants severely low calf circumference measures [29]. All of these par-

ticipants were male. Six (19.6%) participants were at or below the cut-off point for upper limb

circumference measurement [30]. These participants were also male. Twenty-two (70.9%) par-

ticipants scored 10 or above on their initial SPPB assessment, while sixteen (51.6%) partici-

pants scored the maximum score of twelve. The possible presence of sarcopenia (� 8 on the

Short Physical Performance Battery) was noted in 3/15 (20%) of older participants (> 50

years). There were no changes to SPPB scores between baseline and final scores (p = 0.221).

Baseline MNA scores demonstrated that 15 (48.4%) participants had a normal nutritional sta-

tus, 15 (48.4%) were at risk of malnutrition and one (3.2%) participant was malnourished.

There were no overall changes between MNA at baseline and final scores (p = 0.082). Observ-

ing baseline frailty measures, sixteen (51.6%) participants were deemed as non-frail (ie. ‘v fit’,

‘well’ and ‘managing well’ categories in CFS), eight (25.8%) pre-frail (‘vulnerable’) and seven

(22.6%) frail (‘mildly frail’) using the CFS. In contrast, when utilising the SHARE-FI, 20

(64.5%) participants were deemed as non-frail, six (19.4%) pre-frail and five (16.1%) frail. The

majority of the older participants (>50 years) presented as frail (6/15 or 40%) or pre-frail (4/15

or 27%), with 5/15 (33%) non-frail. The majority of the younger participants presented as

non-frail (14/16 or 88%). Overall, there were no differences in frailty scores using either

method (p>0.05). The majority (19/31, 61.3%) of participants reported chronic pain, while

three (9.6%) reported acute pain. Overall, there were no significant differences in pain levels

between the first and final assessment of participants (p = 0.498)

Discussion

To our knowledge this was the first study to evaluate a frailty-focussed intervention in a real-

world practice setting of a day services centre for people experiencing homelessness. This

study included a ‘hard to reach’ vulnerable population with the majority experiencing home-

lessness and acute addiction issues. The main findings indicate the feasibility of this pro-

gramme demonstrated by a moderate and steady recruitment rate, high retention rates among

certain sub-groups and a low rate of adverse events. Physical outcomes did not change signifi-

cantly, which likely needs to be evaluated with a more intensive, higher-powered study,

although findings in smaller uncontrolled studies such as this still make an important contri-

bution in this under-researched group.

Uniquely, this intervention was designed to target poor physical functioning and frailty in

people experiencing homelessness. Many physical activity interventions targeted to people

experiencing homelessness have been soccer focussed [44–47], which necessitates a certain

level of fitness to participate. Other lower impact interventions for in people experiencing

homelessness such as gardening therapy [48] or dance [49] have been shown to be beneficial

but do not specifically have a physical rehabilitation focus to address variables such as strength

or fitness. Many other interventions included physical activity as a component of a larger

multi-modal programme [50–52], which may have diluted its effect.

This intervention was safe, and recruitment progressed at a moderate but steady rate.

Uncontrollable external factors which appeared to influence recruitment were addiction

issues, urgent housing issues, medical and dental needs, and inclement weather. Despite

Wednesdays being selected as an optimal recruitment day due to usual high attendance rates

to the centre, it coincided with welfare benefit payment day, which may have influenced
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footfall to the centre, due to competing priorities. This may have been exacerbated on bank

holiday weeks. High recruitment and retention rates were found in female participants.

Almost half of the study’s participants were over 50 years and this group yielded the highest

retention rate (90%). Younger participants, as well as those in an acute phase of substance use

disorder, and sleeping rough did not return following the initial interventions or attended less

frequently. Generally, stability in addiction and some level of stability in housing appeared to

drive better programme engagement. We observed a high level of interest and enjoyment as a

direct result of exercising and an intention to return from most participants. Some quotes

from participants which highlighted the positive impact of the programme were as follows; . . .

“it’s like a free drug” (P8), “it helps to fill up me week” (P10). “You feel you have done something
with your day” . . . “it was an aim for the day” (P19) and “I feel safe here” (P20).

No studies which evaluated physical activity interventions in in people experiencing home-

lessness [25, 44, 47–59] focussed on feasibility outcomes, so the data from this study highlight-

ing overall high feasibility makes an important contribution.

Baseline values indicated a need for the intervention, for example, measurements of lower

limb circumference highlighted low muscle mass in over 40% of the male participants. Twenty

nine percent of participants scored less than ten on the SPPB, indicative of one or more mobil-

ity limitations [33]. The presence of possible sarcopenia [40] was observed in five (16.1%) par-

ticipants. This low baseline ability is not surprising given the poor physical ability previously

noted in previous studies which included people who are homeless, regardless of age [5, 13].

The protein supplement was very well received by participants, and taking the supplement

started a conversation around taking protein through food sources where possible. It is possi-

ble that protein supplementation after exercise may optimise protein synthesis rates [17] and

help stabilise frailty and physical de-conditioning [18]. This has been successfully demon-

strated in frail older people [19], although we found no change in the present study. Food inse-

curity is extremely prevalent among people experiencing homelessness [16] and may

contribute to frailty. Levels of frailty were high among participants, although we noted differ-

ences when comparing outcomes of the two frailty tools. Using the CFS, we identified 25.8%

participants who were pre-frail and 22.6% who were frail. Using the SHARE-FI, six (19.4%)

were identified as pre-frail and five (16.1%) frail. This is lower than levels of frailty (55%) iden-

tified in residents of a London hostel. The differences are likely due to the participants residing

in a hostel for relatively high needs, a higher mean age of 55.7 (10.0) years and measurement

using the Fried Frailty criteria [13]. Similarly in a US based study which recruited participants

from emergency, day and transitional shelters, also with a higher mean age of 52.4 years, using

the Fried criteria, 53.3% of the sample was considered frail [10]. Using the Comprehensive

Frailty Assessment Instrument, frailty was identified in 60% of people utilizing a free clinic

[12]. Our differences in frailty are likely due to this being a walk in, facility which provided a

full spectrum of services such as meals, accommodation, and drug services.

In addition, the difficulty of comparing difference frailty instruments is challenging. The

SHARE-FI assumes a more objective and/or binary scoring system, looking at five specific

physical variables, namely exhaustion, weight loss, weakness (measured by grip strength),

slowness and low activity levels. It offers a composite score of frailty as well as a frail, pre-frail

or non-frail status. This tool is considered useful in identifying the presence of physical frailty.

The CFS, however, offers a multi-dimensional insight into frailty, enabling the functional, cog-

nitive, and psycho-social well-being of participants to be also considered. As a result, despite

some participants having high physical functioning levels, a ‘vulnerable’ or ‘mildly frail’ status

was judged as the appropriate frailty category when addiction was unstable or uncontrolled

and psychosocial vulnerability was present. This highlights the usefulness of different frailty

tools for different purposes.
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This programme did not change physical outcomes. This was not surprising due to the small

sample size and low frequency of the intervention which was offered once per week and the return

rate of 45%. Due to the rolling design, some participants had limited opportunity to return an ade-

quate number of times to potentially make physiological changes. Other combined exercise/edu-

cational programmes which showed significant improvements in frailty levels in older people

were conducted three times per week for up to three months, many with longer term follow-up

[31, 36–38]. Our study was conducted once weekly for a maximum of 16 weeks. It is also possible

that some of the outcome measures used may not have been sensitive enough to detect change ini-

tial physical functioning deficits and post-intervention changes. Comparability to other studies is

limited as no studies evaluated the effect of an exercise intervention using the outcomes of

strength, physical functioning and frailty underlining the uniqueness of this study.

Overall, it appeared feasible to integrate a combined exercise/nutritional programme in a

day services centre for people experiencing homelessness. The complex presentation of the par-

ticipants, the challenges of homelessness and addiction compete strongly with an intervention

of this scale to influence change. We found a tension between a low threshold design and a pro-

gramme of sufficient volume to effect physiological change. While the rolling nature of that pro-

gramme built in flexibility–those starting later had limited opportunity to make changes.

Limitations of this study were the lack of a control group and small sample size. A post-fac-

tum sample size calculation was conducted on the statistical package R, based on an expected

adherence of 60%, a minimal acceptable adherence of 45% and a power of 80%. This indicated

that a sample size of 68 would be required, suggesting this study was underpowered, so it was

not surprising that physical outcomes did not change. Although this study may potentially

have been underpowered, the challenges of recruiting and retaining this ‘hard to reach’ popu-

lation of people who are homeless, many with acute addiction issues, in this setting of a day

care/needle exchange centre, mean even small uncontrolled studies add value within this novel

research terrain. Also, a minimum sample size of 24 participants, has been proposed for feasi-

bility studies [42], so therefore our sample size of 31 exceeded this value, and the limitations of

conducting a post-factum sample size calculation must be considered.

Strengths were the low threshold programme design with inbuilt flexibility in scheduling to

accommodate this ‘hard to reach’ population who have traditionally been excluded from main-

stream research and delivery in situ in the real world setting of a day care facility for people

with acute housing and addiction needs.

Clinical implications are that day care and other outreach services for people experiencing

homelessness should consider the possible inclusion of a physical rehabilitation programme

into their offering, although further studies need to be conducted to elucidate optimum pro-

gramming variables. Those with acute addictions challenges and those sleeping rough require

their immediate needs to be looked after before they can commit to an exercise programme,

although should still not be excluded from this type of programme.

Future research should evaluate the effect of a more intensive programme, offering more

exercise opportunities to promote physiological changes. The low threshold features should be

maintained as they worked well in practice. Targeted programmes, focussing on recruitment

of older people and females should be more closely evaluated. Future studies should be fully

powered and employ a randomised controlled study to extensively evaluate effectiveness,

although this may be challenging to implement in practice.

Conclusion

This study was the first of its kind to focus on exercise and nutrition to target physical func-

tioning and frailty in people experiencing homelessness. This study showed that a targeted
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exercise intervention with nutritional intervention in this cohort was safe, feasible, acceptable,

and positively received. Data will provide a basis on which to design and optimise rehabilita-

tion interventions for people experiencing homelessness and will be useful to drive evidence-

based policy in this field.

Supporting information

S1 Table. Individual return rate of participants to programme.

(DOCX)

S2 Table. Participant feedback—Text responses.

(DOCX)

Acknowledgments

We would firstly like to thank the study participants. We would also like to thank the staff of

Merchants Quay Ireland, Riverbank and Jane’s Place, in particular Marguerite Kilduff, Car-

men Iordache and Paula Byrne. We would also like to thank Prof. Simon Wilson, School of

Computer Science and Statistics, Trinity College Dublin, for his statistical advice.

Author Contributions

Conceptualization: Fiona Kennedy, Clı́ona Nı́ Cheallaigh, Roman Romero-Ortuno, Julie

Broderick.

Data curation: Julie Broderick.

Formal analysis: Julie Broderick.

Funding acquisition: Julie Broderick.

Investigation: Julie Broderick.

Methodology: Clı́ona Nı́ Cheallaigh, Roman Romero-Ortuno, Suzanne L. Doyle, Julie

Broderick.

Project administration: Fiona Kennedy, Julie Broderick.

Resources: Clı́ona Nı́ Cheallaigh, Roman Romero-Ortuno, Julie Broderick.

Supervision: Julie Broderick.

Writing – original draft: Fiona Kennedy, Julie Broderick.

Writing – review & editing: Fiona Kennedy, Clı́ona Nı́ Cheallaigh, Roman Romero-Ortuno,

Suzanne L. Doyle, Julie Broderick.

References
1. Luchenski S, Dawes J, Aldridge R, Tariq S, Stevenson F, Hayward A. Hospital-based preventative

health services for people experiencing homelessness: Systematic Review and Narrative Synthesis.

Journal of Epidemiology and Community Health. 2021; 75:A36. https://doi.org/10.1016/j.eclinm.2022.

101657 PMID: 36311895

2. Luchenski S, Maguire N, Aldridge RW, Hayward A, Story A, Perri P, et al. What works in inclusion

health: overview of effective interventions for marginalised and excluded populations. Lancet. 2018;

391(10117):266–80. https://doi.org/10.1016/S0140-6736(17)31959-1 PMID: 29137868

3. Fazel S, Geddes JR, Kushel M. The health of homeless people in high-income countries: descriptive

epidemiology, health consequences, and clinical and policy recommendations. Lancet. 2014; 384

(9953):1529–40. https://doi.org/10.1016/S0140-6736(14)61132-6 PMID: 25390578

PLOS ONE Exercise programme with nutritional supplementation to target frailty in people experiencing homelessness

PLOS ONE | https://doi.org/10.1371/journal.pone.0301926 May 31, 2024 13 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0301926.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0301926.s002
https://doi.org/10.1016/j.eclinm.2022.101657
https://doi.org/10.1016/j.eclinm.2022.101657
http://www.ncbi.nlm.nih.gov/pubmed/36311895
https://doi.org/10.1016/S0140-6736%2817%2931959-1
http://www.ncbi.nlm.nih.gov/pubmed/29137868
https://doi.org/10.1016/S0140-6736%2814%2961132-6
http://www.ncbi.nlm.nih.gov/pubmed/25390578
https://doi.org/10.1371/journal.pone.0301926


4. Aldridge RW, Story A, Hwang SW, Nordentoft M, Luchenski SA, Hartwell G, et al. Morbidity and mortal-

ity in homeless individuals, prisoners, sex workers, and individuals with substance use disorders in

high-income countries: a systematic review and meta-analysis. Lancet. 2018; 391(10117):241–50.

https://doi.org/10.1016/S0140-6736(17)31869-X PMID: 29137869

5. Kiernan S, Nı́ Cheallaigh C, Murphy N, Dowds J, Broderick J. Markedly poor physical functioning status

of people experiencing homelessness admitted to an acute hospital setting. Scientific Reports. 2021; 11

(1):9911. https://doi.org/10.1038/s41598-021-88590-0 PMID: 33972563

6. Dickson K, Rodriguez A, Freeman R, Gupta E, Walkden C. A qualitative study of the Scottish homeless

service provisions through the production of reflexive mapping exercises. The Lancet. 2021; 398:S41.

https://doi.org/10.1016/S0140-6736(21)02584-8

7. Loecker C, Schmaderer M, Zimmerman L. Frailty in Young and Middle-Aged Adults: An Integrative

Review. Journal of Frailty and Aging. 2021; 10(4):327–33. https://doi.org/10.14283/jfa.2021.14 PMID:

34549246

8. Chamberlain AM, Finney Rutten LJ, Wilson PM, Fan C, Boyd CM, Jacobson DJ, et al. Neighborhood

socioeconomic disadvantage is associated with multimorbidity in a geographically-defined community.

BMC Public Health. 2020; 20(1):13. https://doi.org/10.1186/s12889-019-8123-0 PMID: 31906992

9. van Groenou MIB, Deeg DJH, Penninx BWJH. Income differentials in functional disability in old age:

Relative risks of onset, recovery, decline, attrition and mortality. Aging Clinical and Experimental

Research. 2003; 15(2):174–83. https://doi.org/10.1007/BF03324497 PMID: 12889850

10. Salem BE, Nyamathi AM, Brecht ML, Phillips LR, Mentes JC, Sarkisian C, et al. Correlates of frailty

among homeless adults. Western Journal of Nursing Research. 2013; 35(9):1128–52. https://doi.org/

10.1177/0193945913487608 PMID: 23676627

11. Salem BE, Nyamathi A, Phillips LR, Mentes JC, Sarkisian C, Brecht ML. Development of a frailty frame-

work among vulnerable populations. ANS. Advances in Nursing Science. 2014; 37(1):70–81. https://

doi.org/10.1097/ANS.0000000000000013 PMID: 24469090

12. Hadenfeldt CJ, Darabaris M, Aufdenkamp M. Frailty Assessment in Patients Utilizing a Free Clinic.

Journal of Health Care for the Poor and Underserved. 2017; 28(4):1423–35. https://doi.org/10.1353/

hpu.2017.0124 PMID: 29176105

13. Rogans-Watson RS C. Lewer D. Armstrong M. Hudson B. Premature frailty, geriatric conditions and

multimorbidity among people experiencing homelessness: a cross-sectional observational study in a

London hostel. Housing, Care and Support. 2020; 3(77):91. https://doi.org/10.1108/HCS-05-2020-0007

14. Kiernan S, Mockler D, C NC, Broderick J. Physical functioning limitations and physical activity of people

experiencing homelessness: A scoping review. HRB Open Research. 2020; 3:14. https://doi.org/10.

12688/hrbopenres.13011.2 PMID: 33728397

15. Salem BE, Brecht ML, Ekstrand ML, Faucette M, Nyamathi AM. Correlates of physical, psychological,

and social frailty among formerly incarcerated, homeless women. Health Care for Women Interna-

tional.2019; 40(7–9):788–812. https://doi.org/10.1080/07399332.2019.1566333 PMID: 30901288

16. Tong M, Tieu L, Lee CT, Ponath C, Guzman D, Kushel M. Factors associated with food insecurity

among older homeless adults: results from the HOPE HOME study. Journal of Public Health. 2019; 41

(2):240–9. https://doi.org/10.1093/pubmed/fdy063 PMID: 29617886

17. Reidy PT, Rasmussen BB. Role of Ingested Amino Acids and Protein in the Promotion of Resistance

Exercise-Induced Muscle Protein Anabolism. The Journal of Nutrition. 2016; 146(2):155–83. https://doi.

org/10.3945/jn.114.203208 PMID: 26764320

18. Travers J, Romero-Ortuno R, Bailey J, Cooney MT. Delaying and reversing frailty: a systematic review

of primary care interventions. British Journal of General Practice. 2019; 69(678):e61–e9. https://doi.org/

10.3399/bjgp18X700241 PMID: 30510094

19. Liao CD, Lee PH, Hsiao DJ, Huang SW, Tsauo JY, Chen HC, et al. Effects of Protein Supplementation

Combined with Exercise Intervention on Frailty Indices, Body Composition, and Physical Function in

Frail Older Adults. Nutrients. 2018; 10(12). https://doi.org/10.3390/nu10121916 PMID: 30518122

20. Wang I, Dopheide JA, Gregerson P. Role of a Psychiatric Pharmacist in a Los Angeles "Skid-Row"

safety-net clinic. Journal of Urban Health-Bulletin of the New York Academy of Medicine. 2011; 88

(4):718–23. https://doi.org/10.1007/s11524-011-9573-6 PMID: 21512832

21. Elwell-Sutton T, Fok J, Albanese F, Mathie H, Holland R. Factors associated with access to care and

healthcare utilization in the homeless population of England. Journal of Public Health. 2017; 39(1):26–

33. https://doi.org/10.1093/pubmed/fdw008 PMID: 26896508

22. Dawes J, Deaton S, Greenwood N. Homeless people’s access to primary care physiotherapy services:

an exploratory, mixed-method investigation using a follow-up qualitative extension to core quantitative

research. BMJ Open. 2017; 7(6):e012957. https://doi.org/10.1136/bmjopen-2016-012957 PMID:

28667195

PLOS ONE Exercise programme with nutritional supplementation to target frailty in people experiencing homelessness

PLOS ONE | https://doi.org/10.1371/journal.pone.0301926 May 31, 2024 14 / 16

https://doi.org/10.1016/S0140-6736%2817%2931869-X
http://www.ncbi.nlm.nih.gov/pubmed/29137869
https://doi.org/10.1038/s41598-021-88590-0
http://www.ncbi.nlm.nih.gov/pubmed/33972563
https://doi.org/10.1016/S0140-6736%2821%2902584-8
https://doi.org/10.14283/jfa.2021.14
http://www.ncbi.nlm.nih.gov/pubmed/34549246
https://doi.org/10.1186/s12889-019-8123-0
http://www.ncbi.nlm.nih.gov/pubmed/31906992
https://doi.org/10.1007/BF03324497
http://www.ncbi.nlm.nih.gov/pubmed/12889850
https://doi.org/10.1177/0193945913487608
https://doi.org/10.1177/0193945913487608
http://www.ncbi.nlm.nih.gov/pubmed/23676627
https://doi.org/10.1097/ANS.0000000000000013
https://doi.org/10.1097/ANS.0000000000000013
http://www.ncbi.nlm.nih.gov/pubmed/24469090
https://doi.org/10.1353/hpu.2017.0124
https://doi.org/10.1353/hpu.2017.0124
http://www.ncbi.nlm.nih.gov/pubmed/29176105
https://doi.org/10.1108/HCS-05-2020-0007
https://doi.org/10.12688/hrbopenres.13011.2
https://doi.org/10.12688/hrbopenres.13011.2
http://www.ncbi.nlm.nih.gov/pubmed/33728397
https://doi.org/10.1080/07399332.2019.1566333
http://www.ncbi.nlm.nih.gov/pubmed/30901288
https://doi.org/10.1093/pubmed/fdy063
http://www.ncbi.nlm.nih.gov/pubmed/29617886
https://doi.org/10.3945/jn.114.203208
https://doi.org/10.3945/jn.114.203208
http://www.ncbi.nlm.nih.gov/pubmed/26764320
https://doi.org/10.3399/bjgp18X700241
https://doi.org/10.3399/bjgp18X700241
http://www.ncbi.nlm.nih.gov/pubmed/30510094
https://doi.org/10.3390/nu10121916
http://www.ncbi.nlm.nih.gov/pubmed/30518122
https://doi.org/10.1007/s11524-011-9573-6
http://www.ncbi.nlm.nih.gov/pubmed/21512832
https://doi.org/10.1093/pubmed/fdw008
http://www.ncbi.nlm.nih.gov/pubmed/26896508
https://doi.org/10.1136/bmjopen-2016-012957
http://www.ncbi.nlm.nih.gov/pubmed/28667195
https://doi.org/10.1371/journal.pone.0301926


23. Nı́ Cheallaigh C, Cullivan S, Sears J, Lawlee AM, Browne J, Kieran J, et al. Usage of unscheduled hos-

pital care by homeless individuals in Dublin, Ireland: a cross-sectional study. BMJ Open. 2017; 7(11):

e016420. https://doi.org/10.1136/bmjopen-2017-016420 PMID: 29196477

24. Mofizul Islam M, Topp L, Conigrave KM, Day CA. Defining a service for people who use drugs as ’low-

threshold’: what should be the criteria? International Journal of Drug Policy. 2013; 24(3):220–2. https://

doi.org/10.1016/j.drugpo.2013.03.005 PMID: 23567101

25. Dawes J, Allen R, Sanders C. Impact of volunteer-led running groups for women affected by homeless-

ness: A qualitative study of the charity, A Mile in Her Shoes. The Lancet. 2017; 390(SPEC.ISS 1):S35.

https://doi.org/10.1016/S0140-6736(17)32970-7

26. Haigh R, Harrison T, Johnson R, Paget S, Williams S. Psychologically informed environments and the

“Enabling Environments” initiative. Housing, Care and Support. 2012; 15(1):34–42. https://doi.org/10.

1108/14608791211238412

27. Broderick J, Waugh A, Mc Govern M, Alpine L, Kiernan S, Murphy N, et al. Addressing complex societal

challenges in health education—A physiotherapy-led initiative embedding inclusion health in an under-

graduate curriculum. HRB Open Research. 2019; 2:22. https://doi.org/10.12688/hrbopenres.12939.2

PMID: 32002515

28. Borg GA. Psychophysical bases of perceived exertion. Medicine and Science in Sports and Exercise.

1982; 14(5):377–81. PMID: 7154893

29. Tang AM, Chung M, Dong KR, Bahwere P, Bose K, Chakraborty R, et al. Determining a global mid-

upper arm circumference cut-off to assess underweight in adults (men and non-pregnant women).Pub-

lic Health Nutrition. 2020; 23(17):3104–3113. https://doi.org/10.1017/S1368980020000397 PMID:

32799964

30. Gonzalez MC, Mehrnezhad A, Razaviarab N, Barbosa-Silva TG, Heymsfield SB. Calf circumference:

cutoff values from the NHANES 1999–2006. American Journal of Clinical Nutrition. 2021; 113(6):1679–

87. https://doi.org/10.1093/ajcn/nqab029 PMID: 33742191

31. Broderick J, Kiernan S, Murphy N, Dowds J, Nı́ Cheallaigh C. Feasibility of a Broad Test Battery to

Assess Physical Functioning Limitations of People Experiencing Homelessness. International Journal

of Environmental Research and Public Health. 2021; 18(3):1035. https://doi.org/10.3390/

ijerph18031035 PMID: 33503869

32. Chen B, Mitchell A, Tran D. "Step up for foot care": addressing podiatric care needs in a sample home-

less population. Journal of the American Podiatric Medical Association. 2014; 104(3):269–76. https://

doi.org/10.7547/0003-0538-104.3.269 PMID: 24901586

33. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, et al. A short physical per-

formance battery assessing lower extremity function: association with self-reported disability and pre-

diction of mortality and nursing home admission. Journal of Gerontology. 1994; 49(2):M85–94. https://

doi.org/10.1093/geronj/49.2.m85 PMID: 8126356

34. Guigoz Y, Vellas B, Garry PJ. Assessing the nutritional status of the elderly: The Mini Nutritional

Assessment as part of the geriatric evaluation. Nutrition Reviews.1996; 54(1 Pt 2):S59–65. https://doi.

org/10.1111/j.1753-4887.1996.tb03793.x PMID: 8919685

35. Kaiser MJ, Bauer JM, Ramsch C, Uter W, Guigoz Y, Cederholm T, et al. Validation of the Mini Nutri-

tional Assessment short-form (MNA-SF): a practical tool for identification of nutritional status. The Jour-

nal of Nutrition, Health and Aging. 2009; 13(9):782–7888. https://doi.org/10.1007/s12603-009-0214-7

PMID: 19812868

36. Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell I, et al. A global clinical measure

of fitness and frailty in elderly people. Canadian Medical Association Journal. 2005; 173(5):489–95.

https://doi.org/10.1503/cmaj.050051 PMID: 16129869

37. Romero-Ortuno R, Walsh CD, Lawlor BA, Kenny RA. A frailty instrument for primary care: findings from

the Survey of Health, Ageing and Retirement in Europe (SHARE). BMC Geriatrics. 2010; 10:57. https://

doi.org/10.1186/1471-2318-10-57 PMID: 20731877

38. Leong DP, Teo KK, Rangarajan S, Lopez-Jaramillo P, Avezum A Jr., Orlandini A, et al. Prognostic

value of grip strength: findings from the Prospective Urban Rural Epidemiology (PURE) study. Lancet.

2015; 386(9990):266–73. https://doi.org/10.1016/S0140-6736(14)62000-6 PMID: 25982160

39. Steiber N. Strong or Weak Handgrip? Normative Reference Values for the German Population across

the Life Course Stratified by Sex, Age, and Body Height. PLoS One. 11(10): e0163917. https://doi.org/

10.1371/journal.pone.0163917 PMID: 27701433

40. Phu S, Kirk B, Bani Hassan E, Vogrin S, Zanker J, Bernardo S, et al. The diagnostic value of the Short

Physical Performance Battery for sarcopenia. BMC Geriatrics. 2020; 20(1):242. https://doi.org/10.1186/

s12877-020-01642-4 PMID: 32660438

PLOS ONE Exercise programme with nutritional supplementation to target frailty in people experiencing homelessness

PLOS ONE | https://doi.org/10.1371/journal.pone.0301926 May 31, 2024 15 / 16

https://doi.org/10.1136/bmjopen-2017-016420
http://www.ncbi.nlm.nih.gov/pubmed/29196477
https://doi.org/10.1016/j.drugpo.2013.03.005
https://doi.org/10.1016/j.drugpo.2013.03.005
http://www.ncbi.nlm.nih.gov/pubmed/23567101
https://doi.org/10.1016/S0140-6736%2817%2932970-7
https://doi.org/10.1108/14608791211238412
https://doi.org/10.1108/14608791211238412
https://doi.org/10.12688/hrbopenres.12939.2
http://www.ncbi.nlm.nih.gov/pubmed/32002515
http://www.ncbi.nlm.nih.gov/pubmed/7154893
https://doi.org/10.1017/S1368980020000397
http://www.ncbi.nlm.nih.gov/pubmed/32799964
https://doi.org/10.1093/ajcn/nqab029
http://www.ncbi.nlm.nih.gov/pubmed/33742191
https://doi.org/10.3390/ijerph18031035
https://doi.org/10.3390/ijerph18031035
http://www.ncbi.nlm.nih.gov/pubmed/33503869
https://doi.org/10.7547/0003-0538-104.3.269
https://doi.org/10.7547/0003-0538-104.3.269
http://www.ncbi.nlm.nih.gov/pubmed/24901586
https://doi.org/10.1093/geronj/49.2.m85
https://doi.org/10.1093/geronj/49.2.m85
http://www.ncbi.nlm.nih.gov/pubmed/8126356
https://doi.org/10.1111/j.1753-4887.1996.tb03793.x
https://doi.org/10.1111/j.1753-4887.1996.tb03793.x
http://www.ncbi.nlm.nih.gov/pubmed/8919685
https://doi.org/10.1007/s12603-009-0214-7
http://www.ncbi.nlm.nih.gov/pubmed/19812868
https://doi.org/10.1503/cmaj.050051
http://www.ncbi.nlm.nih.gov/pubmed/16129869
https://doi.org/10.1186/1471-2318-10-57
https://doi.org/10.1186/1471-2318-10-57
http://www.ncbi.nlm.nih.gov/pubmed/20731877
https://doi.org/10.1016/S0140-6736%2814%2962000-6
http://www.ncbi.nlm.nih.gov/pubmed/25982160
https://doi.org/10.1371/journal.pone.0163917
https://doi.org/10.1371/journal.pone.0163917
http://www.ncbi.nlm.nih.gov/pubmed/27701433
https://doi.org/10.1186/s12877-020-01642-4
https://doi.org/10.1186/s12877-020-01642-4
http://www.ncbi.nlm.nih.gov/pubmed/32660438
https://doi.org/10.1371/journal.pone.0301926


41. Boonstra AM, Schiphorst Preuper HR, Balk GA, Stewart RE. Cut-off points for mild, moderate, and

severe pain on the visual analogue scale for pain in patients with chronic musculoskeletal pain. Pain.

2014; 155(12):2545–50. https://doi.org/10.1016/j.pain.2014.09.014 PMID: 25239073

42. Sim J, Lewis M. The size of a pilot study for a clinical trial should be calculated in relation to consider-

ations of precision and efficiency. Journal of Clinical Epidemiology. 2012; 65(3):301–8. https://doi.org/

10.1016/j.jclinepi.2011.07.011 PMID: 22169081

43. Nowell LS, Norris JM, White DE, Moules NJ. Thematic Analysis: Striving to Meet the Trustworthiness

Criteria. International Journal of Qualitative Methods. 2017; 16:1–13. https://doi.org/10.1177/

1609406917733847

44. Helge EW, Randers MB, Hornstrup T, Nielsen JJ, Blackwell J, Jackman SR, et al. Street football is a

feasible health-enhancing activity for homeless men: biochemical bone marker profile and balance

improved. Scandinavian Journal of Medicine & Science in Sports. 2014; 24:122–9. https://doi.org/10.

1111/sms.12244 PMID: 24944136

45. Helge EW, Randers MB, Hornstrup T, Nielsen JJ, Krustrup P. Recreational Football (soccer) Improves

Bone Mineral Density And Postural balance In Homeless Males. Medicine and Science in Sports and

Exercise. 2011; 43(5):350.

46. Randers MB, Andersen LJ, Petersen J, Westh K, Orntoft C, Krustrup B, et al. Small-sided Soccer

Games are an Effective Health Promoting Activity for Homeless Men. Medicine and Science in Sports

and Exercise. 2011; 43(Suppl 1):346. https://doi.org/10.1249/01.MSS.0000400952.13077.35

47. Sherry E, Strybosch V. A kick in the right direction: longitudinal outcomes of the Australian Community

Street Soccer Program. Soccar and Society. 2012; 13(4):495–509. https://doi.org/10.1080/14660970.

2012.677225

48. Grabbe L, Ball J, Goldstein A. Gardening for the mental well-being of homeless women. Journal of holis-

tic nursing. 2013; 31:258–66. https://doi.org/10.1177/0898010113488244 PMID: 23660157

49. Knestaur M, Devine MA, Verlezza B. ’It Gives Me Purpose’: The Use of Dance with People Experienc-

ing Homelessness. Therapeutic Recreation Journal. 2010; 44(4):289–301.

50. Parry BJ, Quinton ML, Holland MJG, Thompson JL, Cumming J. Improving outcomes in young people

experiencing homelessness with My Strengths Training for Life (TM) (MST4Life (TM): A qualitative real-

ist evaluation. Children and Youth Services Review. 2021; 121. https://doi.org/10.1016/j.childyouth.

2020.105793

51. Parry BJ, Thompson JL, Holland MJG, Cumming J. Promoting Personal Growth in Young People

Experiencing Homelessness Through an Outdoors-Based Program. Journal of Youth Development.

2021; 16(5):157–92. https://doi.org/10.5195/jyd.2021.1061

52. Kendzor DE, Allicock M, Businelle MS, Sandon LF, Gabriel KP, Frank SG. Evaluation of a Shelter-

Based Diet and Physical Activity Intervention for Homeless Adults. Journal of Physical Activity & Health.

2017; 14(2):88–97. https://doi.org/10.1123/jpah.2016-0343 PMID: 27775471

53. Magee J, Jeanes R. Football’s coming home: A critical evaluation of the Homeless World Cup as an

intervention to combat social exclusion. International Review for the Sociology of Sport. 2013; 48(1):3–

19. https://doi.org/10.1177/1012690211428391

54. Sherry E. (Re)engaging marginalized groups through sport: The Homeless World Cup. International

Review for the Sociology of Sport. 2010; 45(1):59–71. https://doi.org/10.1177/1012690209356988

55. Welty Peachey J. Street Soccer USA Cup: Preliminary findings of a sport-for-homeless intervention.

The ICHPER-SD Journal of Research. Journal of Research. 2013; 8:3–11.

56. Randers MB, Petersen J, Andersen LJ, Krustrup BR, Hornstrup T, Nielsen JJ, et al. Short-term street

soccer improves fitness and cardiovascular health status of homeless men. European Journal of

Applied Physiology. 2012; 112(6):2097–106. https://doi.org/10.1007/s00421-011-2171-1 PMID:

21956486

57. Randers MB, Nybo L, Petersen J, Nielsen JJ, Christiansen L, Bendiksen M, et al. Activity profile and

physiological response to football training for untrained males and females, elderly and youngsters:

influence of the number of players. Scandinavian Journal of Medicine & Science in Sports. 2010; 20

Suppl 1:14–23. https://doi.org/10.1111/j.1600-0838.2010.01069.x PMID: 20149143

58. Norton CL, Tucker A, Pelletier A, VanKanegan C, Bogs K, Foerster E. Utilizing Outdoor Adventure

Therapy to Increase Hope and Well-Being Among Women at a Homeless Shelter. Journal of Outdoor

Recreation Education and Leadership. 2020; 12:87–101. https://doi.org/10.18666/JOREL-2020-V12-

I1-9928

59. Malden S, Jepson R, Laird Y, McAteer J. An evaluation of a physical activity and peer-support interven-

tion for people experiencing homelessness: Street Fit Scotland. Journal of Physical Activity & Health.

2018; 15(10):S66–S.

PLOS ONE Exercise programme with nutritional supplementation to target frailty in people experiencing homelessness

PLOS ONE | https://doi.org/10.1371/journal.pone.0301926 May 31, 2024 16 / 16

https://doi.org/10.1016/j.pain.2014.09.014
http://www.ncbi.nlm.nih.gov/pubmed/25239073
https://doi.org/10.1016/j.jclinepi.2011.07.011
https://doi.org/10.1016/j.jclinepi.2011.07.011
http://www.ncbi.nlm.nih.gov/pubmed/22169081
https://doi.org/10.1177/1609406917733847
https://doi.org/10.1177/1609406917733847
https://doi.org/10.1111/sms.12244
https://doi.org/10.1111/sms.12244
http://www.ncbi.nlm.nih.gov/pubmed/24944136
https://doi.org/10.1249/01.MSS.0000400952.13077.35
https://doi.org/10.1080/14660970.2012.677225
https://doi.org/10.1080/14660970.2012.677225
https://doi.org/10.1177/0898010113488244
http://www.ncbi.nlm.nih.gov/pubmed/23660157
https://doi.org/10.1016/j.childyouth.2020.105793
https://doi.org/10.1016/j.childyouth.2020.105793
https://doi.org/10.5195/jyd.2021.1061
https://doi.org/10.1123/jpah.2016-0343
http://www.ncbi.nlm.nih.gov/pubmed/27775471
https://doi.org/10.1177/1012690211428391
https://doi.org/10.1177/1012690209356988
https://doi.org/10.1007/s00421-011-2171-1
http://www.ncbi.nlm.nih.gov/pubmed/21956486
https://doi.org/10.1111/j.1600-0838.2010.01069.x
http://www.ncbi.nlm.nih.gov/pubmed/20149143
https://doi.org/10.18666/JOREL-2020-V12-I1-9928
https://doi.org/10.18666/JOREL-2020-V12-I1-9928
https://doi.org/10.1371/journal.pone.0301926

