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Abstract

A randomized controlled trial was performed to compare the effects of a home-based physi-

cal and nutritional intervention program carried out by lay-volunteers to home visits with

social support alone. Buddies visited 80 prefrail or frail older persons at home twice a week

for 12 weeks. The physical training and nutrition group (PTN, n = 39) performed two sets of

six strength exercises, discussed nutritional topics and received social support. The social

support group (SoSu, n = 41) received home visits with social support only. In the PTN

group, handgrip strength increased significantly by 2.4 kg (95% CI: 1.0–3.8). In the SoSu

group we did not see a significant improvement. However, no significant between-group dif-

ference was found. Physical performance increased in both groups, although with a higher

increase of 1.0 point (95% CI: 0.1–2.0) in the PTN group. In none of the groups muscle

mass changed. Further results showed that frail individuals benefit more from the interven-

tion than prefrail individuals (OR: 2.78; 95% CI: 1.01–7.66). Handgrip strength in the inter-

vention group increased by a clinically relevant value and this effect is comparable to that

obtained by health-care professionals. Therefore, home visits with a physical training and

nutritional program could offer a new perspective in the care of community-dwelling prefrail

and frail older persons.

Introduction

Frailty, a geriatric syndrome, is characterized by a decrease in biological functions [1] and a

high susceptibility for adverse health outcomes [2]. As sarcopenia and malnutrition contribute

to the frailty syndrome [3], strength training, in combination with a nutritional intervention

program, is an effective way to tackle frailty [4–6]. It has therefore been recommended that
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prefrail and frail adults perform 6−10 strength exercises with 1−3 sets and 18−20 repetitions in

circuit form at least twice a week [7]. As nutritional status is a mediating factor of frailty [8],

and a balanced diet is an important requirement to minimize the age-related decline of muscle

strength and muscle mass, a sufficient energy, protein, and micronutrient intake is required

[9, 10].

In prefrail and frail persons, the effects of strength training supervised by health-care pro-

fessionals have already been extensively studied. In these trials muscle strength was mainly

measured by handgrip strength or by strength in the knee extensor. Depending on the protocol

(e.g. frequency, duration, number of exercises, sets, intensity, repetitions), some of the inter-

ventions were successful in improving muscle strength, whereas others were not [11–15]. Cur-

rent evidence suggests that also peer-delivered training interventions can help to increase

physical activity behavior in older subjects [16, 17]. In the systematic review of Ginis et al. [18],

it has even been postulated that these interventions are as effective as interventions conducted

by health-care professionals.

In several publications the impact of nutritional supplementation has been investigated.

However, the majority of these studies failed to increase muscle strength [4, 13, 19, 20]. Fur-

thermore, findings from previously published studies showed that nutritional supplementation

in combination with strength training did not increase muscle strength more than strength

training alone [13, 14, 21, 22]. The effect of nutritional consultation on muscle strength has

rarely been studied. In malnourished individuals, however, it was found that nutritional con-

sultation alone did not improve handgrip strength [23]. To your knowledge, studies examining

the combination of nutritional consultation and physical training are broadly missing.

As in the upcoming years the number of prefrail and frail individuals will further increase

and frailty will become a huge public health issue [24], we were interested in the effects of

home visits provided by volunteers. To that end, we compared the effects of a home-based

physical and nutritional intervention program provided by trained lay-volunteers to home vis-

its with social support alone on our primary outcome variable handgrip strength. Additionally,

physical performance and muscle mass were investigated as secondary outcome variables.

Materials and Methods

Study design

The study protocol of this randomized controlled trial, which was carried out from September

2013 to July 2015 in Vienna, Austria, has already been published [25]. Based on a sample size

calculation (two-sided t-test, significance level: 0.05, power: 80%, drop-out: 20%) with a clini-

cally relevant difference in handgrip strength between the two study groups of�2 kg and a

standard deviation (SD) of 3 kg, in total 80 prefrail and frail older adults were included. The

randomization, which was stratified by handgrip strength, was done with the randomizer

called “Randomizer for Clinical Trials 1.8.1” [26]. For this purpose, sex-specific cut-off values

(male: 22 kg; female: 15 kg), which were based on the median value of our pre-study [27], were

used.

The research complied with the Declaration of Helsinki [28]. Ethical clearance was given by

the local ethical committee of the Medical University of Vienna (Ref: 1416/2013), and written

informed consent were obtained from all included study participants. The protocol was regis-

tered at clinicaltrials.gov (identifier: NCT01991639).

Study participants

Prefrail and frail individuals. Individuals fulfilling the following inclusion criteria were

recruited [25]: Subjects had to be older than 65 years and they had to live in their own homes.

A Lifestyle Program Provided by Volunteers
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In addition, subjects had to be at least prefrail according to the “Frailty Instrument of the Sur-

vey of Health, Ageing and Retirement in Europe” (SHARE-FI) [29] or they had to be at least at

risk of malnutrition according to the “Mini Nutritional Assessment Short-Form” (MNA1-SF

�11 points) [30]. The SHARE-FI is an age- and sex-specific calculator including five items

(exhaustion, loss of appetite, weakness, slowness, and low physical activity). Based on a discrete

factor score (DFS), this calculator divides persons into robust, prefrail, and frail. In addition,

individuals with impaired cognitive function according to the “Mini Mental State Examina-

tion” (MMSE�17 points) [31], insufficient German language skills, chemo- or radio-therapy

at the moment or planned, insulin-treated diabetes mellitus, chronic obstructive pulmonary

disease stage III or IV, or chronic kidney insufficiencies with protein restriction were excluded.

Persons with a medical contraindication for performing strength training were also excluded.

At the beginning of the study, the recruitment was done in three hospitals, in wards for

internal medicine. Over the course of the study, interested persons responded to one editorial

feature in the local newspaper “Kurier” and to one television report, presenting the content of

the study.

Lay volunteers. The following inclusion criteria were applied for the lay volunteers, called

‘buddies’: Persons had to be older than 50 years and willing to conduct two home visits weekly.

These volunteers were recruited in cooperation with the “Wiener Hilfswerk”, a well-known

social organization in Austria, having experience with volunteers. Before the buddies were

included in the study they got detailed information about the study and the associated obliga-

tions in a one-hour meeting. Additionally, the buddies underwent a structured interview with

a psychologist, checking for motivation and their intention for participation. Moreover, inter-

ested persons had to bring a certificate of good conduct.

Intervention

At the beginning, the included buddies were trained four times for approximately three hours

each session. In these lessons, the issues of aging, frailty, and malnutrition were discussed and

strategies how to motivate older people were presented. Moreover, the buddies were trained in

the implementation of the physical and nutritional intervention program. In addition, the doc-

umentation form, in which the details of each home visit had to be recorded, was explained. A

detailed description of these training sessions has been previously published [25]. After these

training sessions, each buddy was allocated to one prefrail or frail individual, dependent on the

place of residence. The study groups differed in the following ways:

• Physical training and nutrition (PTN) group: Individuals belonging to the PTN group per-

formed physical training in addition to a nutritional intervention program. Accordingly,

each home visit comprised a warm-up with mobilization exercises followed by six standard-

ized strength exercises performed in circuit form [25]. The included strength exercises were:

mini squats in front of a chair; chest presses against elastic resistance; an exercise for the

abdominal muscles, performed sitting on a chair; hip extensions in standing position; and

reverse butterfly and shoulder presses against elastic resistance. To conduct these exercises,

study participants were issued with an elastic resistance band and a guidebook describing

the exercises. These exercises were performed in two sets of 15 repetitions until muscular

exhaustion. If an exercise was not possible (e.g. due to physical limitations), this exercise was

skipped. If less than 15 repetitions were possible at the beginning, first of all the numbers of

repetitions was increased. Afterwards, exercise intensity was progressively increased by

adapting the resistance of the elastic band. Buddies were also asked to encourage the prefrail

and frail individuals to conduct the strength exercises once a week alone. As described in the

study protocol [25], it was planned that the buddies train simultaneously with prefrail and
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frail subjects.

Additionally, a nutritional intervention program was conducted. This intervention consisted

of eight nutritional issues, focusing mainly on fluid, protein, and energy intake. During each

home visit, one nutritional issue was discussed. As an assistive device for the implementa-

tion, participants were provided with a handbook covering all eight nutritional themes. In

addition, participants were provided with the “Healthy for Life Plate”, which is a modifica-

tion of the “Health Eating Plate of the Harvard University” [32], and they were also issued

with a recipe book, which includes protein-rich dishes [25].

Within these home visits prefrail and frail individuals also received social support.

• Social support (SoSu) group: Individuals in the SoSu group only received social support,

without conducting the physical training and nutritional intervention program. Instead, par-

ticipants of this group were engaged in conversation or performed cognitive training with

the help of a guidebook.

During the whole trial, buddies, irrespective of their group assignment, were able to call

health-care professionals (sports and nutrition scientists, physiotherapist, dietician or psychol-

ogist). Additionally, to exchange experiences, to discuss open issues and, to seek for support

buddies could also attend one so-called ‘buddy meeting’.

Measurements

In order to assess the effects of the intervention, the study team performed the following mea-

surements at the participants’ home environment at baseline and after 12 weeks [25].

• Personal data, including sex, age, and living arrangement (living alone, living with others),

and individuals’ medications were recorded at baseline. Additionally, comorbidities were

assessed by self-reports and the “Charlson comorbidity index” was calculated by summing

the weighted comorbidities [33].

• Handgrip strength was assessed using a hydraulic hand dynamometer from Jamar1 (Lafa-

yette, Louisiana), with the individual in a sitting position [34]. The strength of each hand

was alternately tested two times, with a break of 1 minute in between. The highest of all four

values in kg was taken for the calculation. Handgrip strength was also categorized based on

the mean values of frail individuals reached in the SHARE-study (female:�17.9 kg and

<17.9 kg; male:�26.5 kg and<26.5 kg) [29].

• Physical performance was measured with the “Short Physical Performance Battery” (SPPB)

[35]. The SPPB assesses physical performance in three sub-categories: balance, gait speed,

and lower limb muscle strength. Accordingly, balance is measured with a side-by-side, semi-

tandem, and tandem stand, gait speed with a 4-m walk (static start, no deceleration at the

end), and lower limb muscle strength with the time taken to stand up and return five times.

Finally, a performance score, summing all three categories, was calculated. The range of pos-

sible scores was from 0 (lowest) to 12 (highest).

• Lean body mass and appendicular skeletal muscle mass were assessed with a bioelectrical

impedance analysis “BIA 2000-S device” from Data Input1 (Darmstadt, Germany). Individ-

uals had to lie on their back, with hands and feet 45˚ apart. Four electrodes were then stuck

on the dominant hand and the dominant foot. With the help of an alternating current, body

resistance and reactance were assessed [36]. Lean body mass (kg) was calculated with the for-

mula ‘total body water/0.73’ [37]. Appendicular skeletal muscle mass (kg) was assessed with

the validated formula of Sergi and colleagues. [38]. Body height was measured with a tape,

A Lifestyle Program Provided by Volunteers

PLOS ONE | DOI:10.1371/journal.pone.0169613 January 13, 2017 4 / 15



and body weight with the Marsden MS-42031 (Rotherham, UK) calibrated scale. Addition-

ally, relative values of lean body mass and appendicular skeletal muscle mass (kg/m2) were

calculated by dividing the results by the body height squared.

• The drop-out rate was analyzed discriminating between ‘lost to follow-up’ (death and medi-

cal reason) and ‘discontinued intervention’ (no time, no interest).

• Every adverse event was documented by the study team. The following standardized proce-

dure was used: Whenever the health status of prefrail or frail individual changed massively,

making the intervention impossible for more than one week, buddies called the study team.

They gather more information (e.g. medical findings). If the continuation of the intervention

was not possible anymore, the study team divided the adverse events into ‘caused by the

intervention’ and ‘not caused by the intervention’.

• Adherence was evaluated with the following parameters, which were recorded by the buddies

on the documentation forms: frequency and duration of each home visits, number of sets

per home visit, number of conducted strength exercises per home visit, number of repeti-

tions, and number of circuits completed between the home visits. In these analyses, only per-

sons who had not dropped out were included.

Statistical methods

Differences at baseline between the PTN and SoSu groups in continuous variables were tested

with unpaired t-tests or Mann-Whitney U-tests. Chi-square tests or Fisher’s exact tests were

used to test the differences in the categorical variables.

The effects of the intervention on the outcome values were analyzed according to the inten-

tion-to-treat principle, meaning that all randomized patients were included irrespective of

whether the intervention was completed or not. In cases where data were not available after 12

weeks (e.g. lost to follow-up, discontinued intervention), the last observation carried forward

(LOCF) method was used, imputing the last observed values [39]. Before doing the analyses

over time, the distribution of the data was checked visually with histograms and box plots. As

the data were normally distributed, within-group differences (from baseline to 12 weeks) were

assessed with paired t-tests. Between-group differences (PTN compared to SoSu group) were

determined using analysis of covariance (ANCOVA) for repeated measurements, adjusted for

sex, age, and baseline values. Sex and age were chosen as control variables, since they influence

handgrip strength [40]. To ensure unbiased results the outcome parameters were also adjusted

for the corresponding baseline values (e.g. change in handgrip strength was adjusted for base-

line value in handgrip strength) [41]. In addition, the percentage change of the main outcome

parameter—handgrip strength—was calculated using the formula (12 weeks−baseline value)/

baseline value�100. We also conducted a post-hoc power-analysis of handgrip strength to

assess if the calculated sample size of 80 persons was actually adequate to show a difference

between the PTN and the SoSu group. In order to evaluate if there were baseline characteristics

(e.g. sex, age, living arrangement, frailty and nutritional status, handgrip strength, physical

performance, BMI, lean body mass, appendicular muscle mass, and Charlson comorbidity

index) associated with an improvement in handgrip strength, we applied univariate logistic

regression analyses. For this purpose, we classified the participants in persons showing an

improvement in handgrip strength and persons not showing an improvement and showing a

decrease in handgrip strength, respectively. Since we had defined an improvement of�2 kg as

clinically relevant in the study protocol [25], we have chosen 2 kg as a cut-off point (dependent

variable). In this analysis, handgrip strength was categorized based on the mean values of frail
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individuals reached in the SHARE-study, (female:�17.9 kg and<17.9 kg; male:�26.5 kg and

<26.5 kg).[29]. Baseline characteristics were included as the independent variables. For all the

statistical analyses, IBM1 SPSS1 Version 20 software (IBM Corp., Armonk, NY, U.S.) was

used. All the tests were two-sided, and a p-value of<0.05 was considered to be statistically

significant.

Results

Study participants and work flow

As shown in Fig 1, 285 hospitalized patients were checked for eligibility. Of this total, 73.0%

did not fulfill the inclusion criteria, 70.1% of the people fulfilling the inclusion criteria declined

participation, and 24.7% were excluded for other reasons. Finally, four patients from hospitals,

amounting to 1.5%, participated in the study. The remaining 76 individuals (95.0%) were

recruited via the media with two editorial features.

Baseline characteristics of the included participants are shown in Table 1. In total, 67

(83.8%) persons were female and the participants had a mean age of 82.8 (SD: 8.0) years, rang-

ing from 65 to 97 years. According to the SHARE-FI, 52 (65.0%) adults were frail, 27 (33.8%)

were prefrail, and one (1.2%) participant was robust. In addition, 38 (47.5%) individuals were

at risk of malnutrition or malnourished. Mean handgrip strength was 16.3 kg (SD: 7.0). The

included participants obtained a physical performance score of 5.0 points (SD: 2.9) and had an

appendicular skeletal muscle mass of 17.0 kg (SD: 3.3). No significant difference was observed

between the PTN and SoSu groups.

Changes associated with the intervention

In the PTN group, we found a significant improvement in handgrip strength by 2.4 kg (95% CI:

1.0–3.8) amounting to 21.6% of the baseline value. There was also an increase in physical perfor-

mance, more precisely in balance skills and in the rate of the five timed chair stands (Table 2).

Gait speed, lean body mass and appendicular muscle mass did not change significantly.

In the SoSu group, we saw a significant improvement in physical performance, more pre-

cisely in the balance skills, whereas all other variables did not change. When comparing the

changes of the PTN group to the changes of the SoSu group, we detected a significant

between-group difference in physical performance and the lower limb muscle strength. No

between-group difference was seen in the primary outcome handgrip strength. This analysis

had a statistical power of beta = 0.928, according to a post-hoc power-analysis. Furthermore,

no between-group difference was found in balance score, lean body mass and appendicular

skeletal muscle mass.

Further results showed that 35 (43.8%) of all individuals, and 21 (53.8%) participants of the

PTN group, were able to improve handgrip strength�2 kg. As Table 3 shows, frail individuals

had a higher chance of improvement than prefrail persons. Results also show that baseline val-

ues of sex, age, living arrangement, nutritional status, physical performance, BMI, lean body

mass, appendicular skeletal muscle mass and Charlson comorbidity index were not associated

with an improvement in handgrip strength.

Drop-out rate, adverse events, and adherence

The drop-out rate is presented in Fig 1. Accordingly, 14 persons dropped out, amounting to

18% of the baseline population. In total, four adverse events (0.5%) ‘not caused by the interven-

tion’ occurred: two older adults died and two persons interrupted the study for medical rea-

sons. In addition, 10 individuals (1.3%) discontinued the intervention in the first two weeks.

A Lifestyle Program Provided by Volunteers
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Moreover, seven (8.8%) prefrail or frail subjects replaced their buddies for the following rea-

sons: illness of the buddy (n = 3; 3.8%); buddies and frail did not harmonize (n = 4; 5.0%).

Documentation forms describing the content of each home visit were obtained from 65

participants. Frequency and duration of the home visits did not differ between the PTN and

Fig 1. Flow chart of the participants.

doi:10.1371/journal.pone.0169613.g001
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the SoSu group. During each home visit, the PTN group performed 1.3 circuits (SD: 0.5) with

approximately 5.5 exercises (SD: 0.8) and 12.2 repetitions (SD: 3.9). In addition, seven partici-

pants (17%) of the PTN group performed strength circuits between home visits. Although par-

ticipants of the SoSu group should not have conducted strength exercise or discussed nutritional

aspects, three participants (1%) did in fact perform the circuits and talk about nutrition. When

asked why, the buddies replied that they were not able to prevent the intervention.

Table 1. Baseline characteristics of study participants in each group.

Physical training and nutrition group Social support group p-value a

n = 39 n = 41

Sex

Female, n (%) 33 (84.6) 34 (82.9) 0.838

Age (years) 83.0 (8.0) 82.5 (8.0) 0.775

Living arrangement

Living alone, n (%) 27 (69.2) 33 (80.5) 0.305

Frailty status (SHARE-FI score) 2.9 (1.1) 2.8 (0.9) 0.497

Robust, n (%) 1 (2.6) 0 (0.0) 0.728

Prefrail, n (%) 14 (35.9) 13 (31.7)

Frail, n (%) 24 (61.5) 28 (68.3)

Nutritional status (MNA®-SF score) 10.9 (2.7) 11.1 (2.5) 0.729

Normal nourished, n (%) 21 (53.8) 21 (51.2) 0.778

Risk of malnutrition, n (%) 14 (35.9) 17 (41.5)

Malnourished, n (%) 4 (10.3) 3 (7.3)

Handgrip strength (kg) 15.6 (7.0) 17.0 (7.0) 0.960

�17.9 kg in female,�26.5 kg in men, n (%) b 13 (33.3) 14 (34.1) 0.939

<17.9 kg in female, <26.5 kg in men, n (%) b 26 (66.6) 27 (65.8)

Physical performance (SPPB score) 5.2 (2.9) 4.8 (2.8) 0.559

Balance (score) 2.1 (1.4) 2.1 (1.2) 0.784

Gait speed (score) 1.9 (1.0) 1.9 (1.0) 0.849

Lower limb muscle strength (score) 1.0 (0.0–4.0) 0.0 (0.0–4.0) 0.115

BMI (kg/m2) 27.1 (4.6) 27.6 (4.3) 0.637

Lean body mass absolute (kg) 50.53 (8.67) 48.40 (6.92) 0.248

Lean body mass relative (kg/m2) 19.10 (2.25) 18.32 (1.92) 0.117

Appendicular muscle mass (kg) 17.26 (3.62) c 16.73 (3.05) d 0.498

Appendicular muscle mass relative (kg/m2) 6.51 (0.98) c 6.31 (0.79) d 0.346

Comorbidities

Cardiac insufficiency, n (%) 8 (20.5) 10 (24.4) 0.678

Hypertension, n (%) 29 (74.4) 30 (73.2) 1.000

Diabetes mellitus type 2, n (%) 5 (12.8) 8 (19.5) 0.594

Chronic rheumatism, n (%) 5 (12.8) 2 (4.9) 0.258

Morbus Parkinson, n (%) 3 (7.7) 3 (7.3) 1.000

Charlson comorbidity index 5.2 (1.5) 5.3 (1.5) 0.794

Data are presented in mean (standard deviation), median (minimum–maximum), or frequencies (percentages).

MMSE = Mini Mental State Examination, SHARE-FI = Frailty Instrument of the Survey of Health, Ageing and Retirement in Europe, MNA®-SF = Mini

nutritional assessment-Short form, SPPB = Short Physical Performance Battery
a Continuous data: t-tests or Mann-Whitney U-tests; categorical data: Chi-square tests or Fisher’s exact tests
b Based on the mean values of frail individuals in the SHARE-study [29].
c n = 38, due to missing bioelectrical impedance analyses
d n = 35, due to missing bioelectrical impedance analyses

doi:10.1371/journal.pone.0169613.t001
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Discussion

Our findings demonstrate that a home-based physical and nutritional intervention program

carried out by trained lay volunteers significantly improves handgrip strength and physical

performance of prefrail and frail community-dwelling older adults. However, it is not signifi-

cantly superior to home visits with social support alone.

The increase in handgrip strength in the PTN group is comparable to changes obtained by

health-care professionals conducting strength training [14, 15, 21, 22]. However, by comparing

our findings to other studies it should be considered that the training protocols of our inter-

vention and the cited interventions differed in some points. For example, in the study of Kwon

et al. [14], the training was conducted only once a week and they selected different strength

exercises, starting with one set and five repetitions. Our results are also comparable to changes

obtained by a training program performed with a videotape [42], and it was found to be more

effective than a home-based training program conducted with a booklet [43]. However, it

should again be kept in mind that the intervention protocols were different.

Nevertheless, although the PTN group showed significantly increased handgrip strength,

we did not find a significant difference between the PTN and SoSu group. Given this non-sig-

nificant finding, the study failed to demonstrate that home visits with a physical and nutri-

tional intervention program affect handgrip strength more than social support alone. This

might be explained by the fact that the SoSu group also had a tendency towards improvement,

however, with no significant increase. As we assumed that social support has comparable

effects with health education or no intervention [14, 21, 43], we did not expect that high ten-

dency, which might be traced back to the fact that the prefrail and frail community-dwelling

individuals were looking forward to and prepared for the visit.

Table 2. Changes of the physical training and nutrition (PTN) and the social support (SoSu) groups from baseline to 12-week assessment.

Within-group differences a Between-group differences b

Group Mean change (95% CI) p-value ß (95% CI) p-value

Handgrip strength (kg) PTN 2.4 (1.0–3.8) 0.001 1.3 (−0.3–2.9) 0.105

SoSu 0.8 (−0.4–2.0) 0.189 0

Physical performance (score) PTN 1.2 (0.3–2.1) 0.009 1.0 (0.0–2.0) 0.044

SoSu 0.5 (0.1–0.9) 0.011 0

Balance (score) PTN 0.4 (0.0–0.8) <0.001 0.0 (−0.5–0.4) 0.934

SoSu 0.5 (0.2–0.8) 0.002 0

Gait speed (score) PTN 0.2 (−0.2–0.6) 0.316 0.2 (−0.2–0.7) 0.231

SoSu −0.1 (−0.3–0.2) 0.688 0

Lower limb muscle strength (score) PTN 0.6 (0.2–1.0) 0.003 0.6 (0.2–1.1) 0.007

SoSu 0.1 (−0.2–0.3) 0.464 0

Lean body mass (kg) PTN c 0.4 (−0.8 to 1.5) 0.546 −0.4 (−1.7–1.0) 0.606

SoSu d 0.5 (−0.3–1.3) 0.235 0

Appendicular skeletal muscle mass (kg) PTN c 0.3 (−0.2–0.7) 0.200 0.1 (−0.5–0.6) 0.814

SoSu d 0.2 (−0.1–0.5) 0.184 0

Appendicular skeletal muscle mass (kg/m2) PTN c 0.1 (−0.1−0.3) 0.259 0.0 (−0.2−0.2) 0.964

SoSu d 0.1 (0.0–0.2) 0.161 0

PTN: physical training and nutrition group (n = 39); SoSu: social support group (n = 41)
a Differences from baseline to 12 weeks were calculated using paired t-tests.
b Differences between the PTN and the SoSu groups were calculated using ANCOVA for repeated measurements, adjusted for sex, age, and the

corresponding baseline value, with SoSu as the reference group.
c n = 38, due to missing bioelectrical impedance analyses
d n = 35, due to missing bioelectrical impedance analyses

doi:10.1371/journal.pone.0169613.t002
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The results also showed that frail subjects were more likely to improve handgrip strength

than prefrail individuals. The lower starting levels and the fact that these individuals needed

lower stimuli to see an improvement might be a reason. As low handgrip strength and

advanced frailty status were factors associated with an improvement, it would be obvious that

also physical performance was a factor associated with an increase in handgrip strength. How-

ever, this was refuted by our data. Even though, our results indicate that both weak persons

and individuals with an advanced frailty status should be encouraged to conduct strength exer-

cises in combination with a nutritional intervention.

Our intervention also affected the physical performance of the PTN and SoSu groups signif-

icantly. In turn, the increase of the PTN group was comparable to effects obtained by strength

training guided by health-care professionals, both with (12,19) and without nutritional supple-

mentation [11]. Apart from that it is remarkable that home-visits with social support alone

Table 3. Baseline characteristics associated with an improvement in handgrip strength.

Baseline characteristics Improvement in handgrip of�2.0 kg a p-value

OR (95% CI)

Sex

Female 1

Male 1.12 (0.34–3.70) 0.849

Age (years) 0.96 (0.91–1.02) 0.239

Living arrangements

Living alone 1

Living with others 0.82 (0.29–2.28) 0.696

Frailty status (SHARE-FI score)

Robust or prefrail 1

Frail 2.70 (1.01–7.22) 0.048

Nutritional status (MNA®-SF score)

Normal nourished 1

Risk of malnutrition or malnourished 1.32 (0.55–3.21) 0.535

Handgrip strength (kg)

�17.9 kg in female,�26.5 kg in menb 1

<17.9 kg in female, <26.5 kg in menb 0.41 (0.15–1.09) 0.073

Physical performance (SPPB score) 1.07 (0.91–1.25) 0.429

Balance (score) 1.17 (0.82–1.66) 0.385

Gait speed (score) 1.36 (0.88–2.10) 0.165

Lower limb muscle strength (score) 0.95 (0.65–1.38) 0.785

BMI (kg/m2) 1.02 (0.92–1.13) 0.734

Lean body mass (kg) 1.00 (0.94–1.06) 0.887

Appendicular skeletal muscle mass (kg) 0.99 (0.87–1.15) 0.989

Appendicular skeletal muscle mass (kg/m2) 1.01 (0.60–1.71) 0.961

Charlson comorbidity index 1.37 (0.99–1.89) 0.058

MMSE = Mini Mental State Examination, SHARE-FI = Frailty Instrument of the Survey of Health, Ageing and

Retirement in Europe, MNA®-SF = Mini nutritional assessment-Short form, SPPB = Short Physical

Performance Battery.
a The data are based on univariate logistic regression analyses with the dependent variable ‘improvement in

handgrip strength’ (�2.0 kg, as defined in the study protocol) [25]. Values are presented in odds ratio (OR)

and 95% confidence interval (95% CI).
b Based on the mean values of frail individuals in the SHARE-study [29].

doi:10.1371/journal.pone.0169613.t003
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also significantly improved physical performance. A possible explanation for this might be that

the intervention of the SoSu group affected the instrumental activities of daily living and con-

sequently improved physical performance. This explanation is in line with recently published

literature [4, 44]. Another explanation, already mentioned by Lee and colleagues [45], might

be that social support influence the ability to handle frailty, as regular visits might alter per-

sonal belief, attitudes, or coping skills.

Despite these effects, no change was seen in lean body mass and appendicular skeletal mus-

cle mass. As an increase in appendicular muscle mass is not a mandatory requirement for

improving muscle strength or physical performance [46], the improvements in handgrip

strength and physical performance might be explained by improved motor unit recruitment

capacity and motor unit firing rate of existing skeletal muscle [1, 13]. This improvement was

shown to be an early adaption to strength training, already detectable after the first week of train-

ing [47]. In that regard, our findings are comparable to those of other strength training studies

which were combined with nutritional supplementation [48–50]. Only one of these other stud-

ies, with the same observational period, reported an increase in lean body mass of 1.2 kg [21].

However, this sample had higher handgrip strength and physical performance at baseline.

Considering the number of adverse events, the intervention can be considered to be safe

under the given conditions (e.g. inclusion and exclusion criteria, buddies could phone health-

care professionals). Moreover, our results confirm the assumption of Bonnefoy et al. [49], who

postulated that the drop-out rate in interventions supervised by trained lay-volunteers is not

lower than in interventions conducted by health-care professionals.

The major strength of this study was that the intervention was carried out by trained lay-

volunteers and not by health-care professionals. As the volunteers were middle-aged, con-

ducted the home visits voluntarily, and were responsible for only one older person, a social

relationship could be built up. A further strength was that the intervention was carried out at

the older persons’ homes. Thus, the older adults did not have to leave their home, which can

be the first obstacle to attending an exercise program.

The study also has some limitations. Firstly, we did not have a control group without any

home visits at all. However, this was impracticable for ethical reasons. Secondly, the interven-

tion was a standardized program, not allowing tailoring to the particular needs of each sub-

jects. However, tailoring would exceed the knowledge of our trained-volunteers and should be

reserved to health-care professionals. Thirdly, due to organizational matters, blinding was not

realizable (e.g. study participants called the study team whenever questions arose). Fourthly,

the effects on nutritional aspects are not shown in the present publication. However, a further

manuscript published as part of this study showed that the MNA1-LF score increased signifi-

cantly by 8% in the PTN and by 5% in the SoSu group [51]. Finally, the compliance to the

intervention was slightly different to the study protocol (e.g. fewer than two circuits with six

exercises were performed, and it was found that the prefrail and frail persons did not conduct

strength exercises alone between the home visits).

Further research will show, if the achieved effects can be maintained after 12 weeks. Addi-

tionally, another paper will examine if these home visits also affect the health status of the bud-

dies. For similar future studies, we consider hospitals to be the wrong setting for recruiting

participants, as the majority of these individuals did not fulfill the applied inclusion criteria,

and many of the eligible individuals declined participation.

Conclusion

Handgrip strength in the intervention group increased, by a clinically relevant value, and this

effect is comparable to that obtained by health-care professionals. Therefore, home visits with
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a physical and nutritional intervention program provided by volunteers could offer a new per-

spective in the care of community-dwelling older persons. Notably, in this sample social sup-

port also plays an important role. Due to this fact, we did not find a significant difference

between home visits with a physical and nutritional intervention program and home visits

with social support only. Further results indicate that also individuals with an advanced frailty

status should be encouraged to do strength exercises in combination with a nutritional

intervention.
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