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Abstract

Background: Increased physical activity and dietary protein intake are promising interventions to prevent or treat
the age-related decline in physical performance in older adults. There are well-controlled exercise as well as dietary
intervention studies that show beneficial effects on physical performance in older adults. In practice, however,
weekly group based exercise or nutritional programs may not be as effective. To optimise these exercise programs
for community dwelling older adults, a digitally supported and personalised home-based exercise training program
has been designed aiming to improve physical performance in older adults. In addition, a protein intervention in
combination with the training program may further improve physical performance in older adults.

Methods: The VITAMIN study will be a cluster randomised controlled trial with three parallel arms. In total, 240
community dwelling older adults (≥ 55 years) participating in weekly group exercise are randomly allocated into:
1) regular weekly exercise program (Control group, n = 80), 2) digitally supported personalised home-based exercise
training program group (VITA group, n = 80) and 3) digitally supported personalised home-based exercise training
program group plus dietary protein counselling (VITA-Pro group, n = 80). The VITAMIN study aims to evaluate
effectiveness of the digitally supported personalised home-based exercise training program as well as the additional
value of dietary protein on physical performance after 6 months. In addition, a 12 month follow-up measurement
will assess the retaining effect of the interventions. Primary outcome is physical performance measured by the
Modified Physical Performance Test (M-PPT) and relevant secondary and observational outcomes include habitual
physical activity and dietary intake, body composition, cognitive performance, quality of life, compliance and tablet
usage. Data will be analysed by Linear Mixed Models.

Discussion: To our knowledge, the VITAMIN study is the first study that investigates the impact of home-based
exercise, protein intake as well as use of persuasive technology in the population of community dwelling older adults.

Trial registration: NL56094.029.16 / NTR (TC = 5888; registered 03–06-2016).
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Background
The world population is ageing rapidly [1]. As
society ages, the decline in physical performance
among older adults dramatically increases. The de-
cline in physical performance is associated with in-
creased risk of falling, sarcopenia, frailty, reduction
of quality of life, institutionalisation, co-morbidity,
premature death and increased health care costs [2, 3]. A
major cause of decline in physical performance is seden-
tary behaviour and a lack of physical activity [4], resulting
in a strong association with the prevalence of chronic dis-
eases [5, 6]. Interventions that stimulate physical activity,
such as exercise training, seem to improve muscle mass,
muscle strength and physical performance, which have a
major impact on quality of life and prevention of chronic
health conditions [7–10].
In the community, several group based weekly exer-

cise programs aimed to improve physical activity in
older adults. These programs, however, were not effect-
ive to improve physical performance and quality of life
[11]. These outcomes may be caused by the low inten-
sity of the exercise, the low frequency (once a week),
and a lack of focus on functional exercise such as activ-
ities of daily living [ADL] [11, 12]. To optimise these
exercise programs, a personalised home-based exercise
training program with a higher intensity, at least twice
weekly [13], and functional ADL focused exercises may
be more effective to improve physical performance. This
program may be further optimised by the support of
technology such as a tablet computer. The latter tablet
computer with application (i.e. m-health) may improve
compliance, execution of the exercises and monitoring
progression [14–17].
In addition to this home-based exercise training pro-

gram, adequate dietary protein intake may further im-
prove physical performance in older adults [18–20].
However, no data is available on the impact of protein
intake (counselling) during personalised and digitalised
home-based training programs in older adults.
Therefore, the present VITAMIN (VITal AMsterdam

older adults IN the city) study aims to improve physical
performance of community dwelling older adults by a
modular approach:

1. A personalised home-based exercise training pro-
gram to improve frequency and intensity of func-
tional activities of daily living;

2. Digital support of the training program by a tablet
computer for compliance and execution of the
exercises as well as personalised coaching and
monitoring;

3. Personalised dietary protein counselling to support
optimal nutritional status to optimise the impact of
the training program;

The objective of the VITAMIN intervention is to
evaluate the 6 months effectiveness as well as 12 months
follow-up retaining effect of the digitally supported
home-based exercise training program as well as the
additional value of dietary protein on physical perform-
ance in community dwelling older adults.

Methods
Study design and setting
The VITAMIN study will be a cluster randomised con-
trolled trial with 3 parallel arms. Participants are re-
cruited from existing weekly community based exercise
groups, which will be randomly assigned (with use of
computer-generated randomisation lists) as clusters to
one of the following groups:

1) Regular weekly exercise program (Control group,
n = 80),

2) Digitally supported home-based personalised exer-
cise training program group (VITA group, n = 80),

3) Digitally supported home-based personalised exer-
cise training program group plus dietary protein
counselling (VITA-Pro group, n = 80).

The full study duration is 12 months. The study
comprises four visits: a screening visit (V1), a
post-randomisation baseline visit (V2), 6 months out-
come visit (V3) and 12 month follow-up visit (V4). For
the intervention groups the 12 months period includes a
6 month intervention period with personalised coaching,
and a 6 month follow-up evaluation. Figure 1 provides
an overview of the study.

Subjects
We aim to recruit 240 community dwelling older adults
(≥ 55 years of age). Participants from the Amsterdam re-
gion are recruited through: 1. community based weekly
exercise programs provided by health care and sports or-
ganisations. 2. a mailing to 10.000 addresses of commu-
nity dwelling inhabitants. All interested older adults
participating in community based exercise programs are
provided with an additional information package and are
asked to visit the study team at their nearby community
centre (V1).
The following inclusion criteria apply:
1) older than 55 years of age, 2) willingness of the

general practitioner to be notified on study participa-
tion, 3) willingness to comply with the protocol in the
opinion of the study physician(s), who ensures safety
for the participants by screening especially for any
condition, medication, or circumstance that might
interfere with the study protocol, 4) ability to under-
stand the Dutch language, 5) absence of current alco-
hol or drug abuse in the opinion of the investigator, 6)
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absence of cognitive impairment (MMSE ≤15) or 7)
absence of knee or hip surgery in the last 6 months.

Procedures
Subsequently, after obtaining a written consent, the par-
ticipants will be screened (V1) at their community
centre or exercise location (20–30 min). The Physical
Activity Readiness Questionnaire (PAR-Q) [21],
Mini-Mental State Examination (MMSE) [22] and med-
ical and demographical data will be obtained. After-
wards, the study physicians determine the eligibility of
the participants and if indicated consult the general
practitioner or specialist. The eligible participants from
one regular weekly exercise group will be randomised as
a cluster in one of the three study groups.
Table 1 provides an overview of the location, content of

assessment and duration of data collection per time point.
All measurement visits (V2 - V4) take place at the
Amsterdam Nutritional Assessment Center (ANAC) at the
Amsterdam University of Applied Sciences (AUAS),
Amsterdam, The Netherlands. For transport to the study
location the participants receive a travel fee.
Before each measurement visit the participant will

receive a 3-day dietary record and physical activity
diary to complete at home, as well as an accelerometer
to complement the physical activity diary. Subjects are
instructed to be fasted prior to each measurement.
All procedures of screening, measurements and interven-

tions are performed by an intensively trained team of stu-
dents from the AUAS courses: Nutrition and dietetics,
Physiotherapy, and Exercise Therapy. This multidisciplinary
study team is supervised and trained according to the
Dutch Medical Research Involving Human Subjects Act,
ICH-GCP guidelines and coordinated by teachers/re-
searchers: a blinded study coordinator (JH), an unblinded
study assistant (CD) and two blinded teachers/researchers
(SM/TD). In addition, two study physicians are responsible
for the medical aspects during the study.

Interventions
Table 2 provides an overview of the three research
groups, intervention details and necessary time.

Control group
In the control program, participants follow their regular
weekly exercise routine without any additional intervention.

VITA and VITA-PRO group
Participants engage into their weekly exercise groups,
and additionally they will train at least twice a week at
home. This results in physical activity for three or more
times a week, in order to meet the frequency of training
required for effectiveness.

Functional exercise training
The home-based personalised exercise training program
(VITAMIN-program) is a functional training program
with an additional general physical activity plan. The
functional exercises focus on daily activities such as
climbing stairs, getting out of a chair and lifting grocer-
ies that are meaningful for participants and especially
designed to improve physical performance. This
VITAMIN-program is developed by the AUAS based on
the Functional Training for older adults by TNO Re-
search (The Netherlands), expertise on physiotherapy
and exercise therapy, expertise on exercise training for
elderly and focus group discussions with older adults
and their trainers [23]. Participants formulate their own
goals to get them motivated to exercise with their perso-
nalised program.
Furthermore, the recommendations for physical activ-

ity will be incorporated [24]: Physical activity > 5 days a
week (at least 3), accumulate at least 30 or up to 60 min
in bouts of at least 10 min each to total 150–300 min/
wk., at least 20–30 min/day, on a scale of 0 to 10 for
level of physical exertion, between moderate- (5–6) and
vigorous- (7–8) intensity, at least 2 days a week resist-
ance and flexibility exercises, balance exercise for indi-
viduals with mobility problems.

Digital support
The VITAMIN-program is supported by an application
that runs on a tablet computer, designed by the AUAS
and contains content to safely carry out the exercises at
home. The insights from the focus group study [23] are

Coaching

Screening
V1

Recruitment Baseline 
V2

6 months measurements
V3

12 months measurements
V4

Regular weekly group exercise
Home-based exercise training program with tablet computer

Home-based protein intervention with counselling

Follow-up

Fig. 1 Schematic overview of study

van den Helder et al. BMC Geriatrics  (2018) 18:183 Page 3 of 10



Table 1 Time, location, content, duration of the VITAMIN study

Time Location Content
Duration
(minutes)

Recruitment Community centre or exercise location Informing interested participants 
Distribution of informed consent
Available for questions

15

Screening (V1)
Community centre or exercise location

Obtain written informed consent
Medical & demographical data

Socio-dem characteristics
MMSE
PAR-Q
Medical status and history

20-30

Inclusion / randomisation By telephone Informing about inclusion, 
randomisation and upcoming 
study procedures

10

V2 - Assessments at home Home 3-day activity diary - with PAM 
3-day food record

60-90

V2 - Baseline measurement
Nutritional Assessment Center (ANAC)

Body composition
Breakfast
Cognitive performance
Physical performance tests
Questionnaires
Take in 3-day diaries and PAM

180

Control group continues lifestyle; VITA and VITA-Pro start their interventions

V3 - Assessments at home Home 3-day activity diary - with PAM 
3-day food record

60-90

V3 - 6 months measurement
Nutritional Assessment Center (ANAC)

Body composition
Breakfast
Cognitive performance
Physical performance tests
Questionnaires
Take in 3-day diaries and PAM

180

Follow-up starts; coaching stops for VITA and VITA-Pro 

V4 - Assessments at home Home 3-day activity diary - with PAM 
3-day food record

60-90

V4 - Follow-up measurement
Nutritional Assessment Center (ANAC)

Body composition
Breakfast
Cognitive performance
Physical performance tests
Questionnaires
Take in 3-day diaries and PAM

180

Note: ANAC Amsterdam Nutritional Assessment Center, PAM physical activity monitor; Socio-dem Socio demographic
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taken into account in the user centred approach for the
application development and the expertise on persuasive
technology and applied psychology is used to develop
the application.

App design and functions
The application has 5 interfaces with different functions.

1. Today: today’s program of personal exercises with
video instructions and alterations of the exercises.
After the exercise the participants ranks the
exercise on intensity, difficulty and pleasantness.

2. Week planning; overview of the exercise training
program for a week.

3. Exercises: an interface containing all exercises in the
18 categories of activities of daily living.
Instructions and information about every exercise
including safety aspects, necessary equipment and
exercise purposes are present.

4. Coach: communication options to contact the
coach (Skype, email or call).

5. Profile: A ‘wizard’ to help participants set their own
program by their personal goals.

Dietary protein counselling
In the VITA-Pro group participants will additionally
receive dietary counselling to improve their protein in-
take. A supervised nutritionist coaches the participant to
ingest the optimal amount (1.2–1.5 g per kg body weight
per day), timing (breakfast, lunch, dinner, snacks) and

source of protein (high quality protein sources, e.g. dairy
protein) to improve body composition and physical per-
formance [25–27]. Participants will be advised to con-
sume food products available in food stores that are per
definition considered safe. No protein supplements will
be used.

Coaching
The coaches will contact the participants on a weekly
basis in the first 2 months for both the exercise and diet-
ary intervention. Coaching intensity will be tailored to
individual needs and will decrease over time. All coun-
selling and coaching instructions are based on the
coaching manuals, developed for the VITAMIN project.

Handling and storage of data and documents
Data will be collected through: 1) medical and
demographical data (e.g., socio-demographic characteris-
tics, current medicine and medical history); 2)
home-assessments (e.g., diaries); 3) measurement visits
(including anthropometry, cognitive function and phys-
ical performance); 4) coaching registration (reports of
intervention contacts; 5) tablet data (online storage of
exercise behaviour data of participants). During the as-
sessments paper Case Report Forms (CRFs) are used as
source documents. Afterwards all data is handled into
online-data system Research Manager (Cloud9 Health
Solutions) by double data-entry. This allows secure con-
fidential data, protection and privacy of participants. All
paper CRFs and electronic CRFs will be coded and

Table 2 Cluster randomisation / Interventions

Cluster randomisation (240p) Interventions Extra time

Control (80p)
No intervention

VITA (80p) Participating in home-based 
exercise training
Personalised training program
Coaching by AUAC students 
Coaching gradually decreases
After 6 months coaching stops

2,5 hours /week
(min 2x /week 45 minutes exercise)

VITA-Pro (80p) Participating in home-based 
exercise training
Dietary protein counselling
Personalised training program 
and counselling
Coaching by AUAC students 
Coaching gradually decreases
After 6 months coaching stops

2,5 hours /week
(min 2x /week 45 minutes exercise)
+ time for food behaviour adaptation

Note: p participants; AUAC Amsterdam University of Applied Sciences

van den Helder et al. BMC Geriatrics  (2018) 18:183 Page 5 of 10



therefore privacy of the participants will be protected.
Data from the tablet computer of intervention groups is
stored on an Internet server in agreement with research
regulations.

Assessments
Table 3 provides a detailed overview of the primary and
secondary outcomes as well as explorative outcomes at
each time point.

Primary outcome
The primary outcome is the change in physical perform-
ance measured with the Modified Physical Performance
Test (M-PPT), between baseline and 6 months [28, 29].
The M-PPT will be performed as an assessment of mul-
tiple dimensions of physical function (basic and complex
activities of daily living) with different levels of difficulty.

The test is well-known in elderly research [30, 31]. The
test consists of 9 items [28, 32]; 1. Book lift; 2. Put on
and take off a coat; 3. Pick up a coin; 4. Chair rise; 5.
Turn 360°; 6. 15.2 m walk; 7. One flight of stairs; 8. Four
flights of stairs; 9. Progressive Romberg test. The
maximum score is 36; 4 points per item. The test takes
approximately 10 to 15 min.

All other assessment methods

Physical performance tests 6 Minute Walk Test (6
MWT). The 6 MWT will be used as a performance-
based measure and is often used for populations of
healthy older adults [33]. The 6 MWT measures the dis-
tance an individual is able to walk over a total of 6 min
on a hard, flat surface.

Table 3 Summary of outcome measures during study visits

Screening
V1

Baseline (T0)
V2

6 months (T6)
V3

12 months (T12)
V4

Physical performance measurements

Modified Physical Performance Test (M-PPT) [28] X X X

6 Minute Walk Test (6MWT) [33] X X X

Timed Up and Go Test (TUG) [34] X X X

Short Physical Performance Battery (SPPB) [36] X X X

Accelerometry with activity diary X X X

Hand Grip Strength (HGS) [37] X X X

Cognitive performance measurements

Trail Making, Stroop Color Word test, Letter Fluency [38] X X X

Questionnaires

Physical Activity Readiness Questionnaire (PAR-Q) [21] X

Mini-Mental State Examination (MMSE) [22] X

3 day food record [39] X X X

RAND-36 item Health Survey (SF-36) [40] X X X

Geriatric Depression Scale (GDS) [41] X X X

Behavioural Regulation In Exercise Questionnaire (BREQ-2) [42] X X X

Body Composition

Dual-energy X-ray absorptiometry (DXA) [45, 47] X X X

Air displacement plethysmography (ADP) BodPod [44] X X X

Bioelectrical impedance analysis (BIA) [48] X X X

Mid upper arm muscle circumference (MUAMC) [51, 52] X X X

Height / Weight / BMI [51] X

Explorative outcome measures

Medical and demographical data X X X X

Tablet usage and satisfaction X X X

Compliance X X

Sustainability X

Note: T0 = post-randomisation baseline visit (V2), T1 = 6 months outcome visit (V3), T2 = 12 month follow-up visit (V4). BMI Body Mass Index
X: data will be obtained
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Timed Up and Go-test (TUG test). The TUG test will
be performed as a measure of physical performance. The
TUG test is a well-known test which requires walking
speed, strength and balance and is often used in a frail
elderly population [34, 35].
Short physical performance battery (SPPB). The SPPB

will be performed to assess lower extremity function
using measures of gait speed, standing balance, and
lower extremity strength [36]. A summary performance
score of 0 to 12 will be calculated by summing the
scores of the tests.
Accelerometry with activity diary. Physical activity will

be estimated with a 2 dimensional accelerometer (PAM;
PE320 Digital Pedometer, Oregon Scientific, USA) and a
3-day record. Participants are requested to wear the ac-
celerometer for 3 days (2 week days and one weekend
day) and fill out their major daily physical activities for
these 3 days.
Handgrip strength (HGS). Three consecutive mea-

sures of handgrip strength (kg) at both hands will be re-
corded using a hand dynamometer (Jamar, USA). The
mean and maximum strength effort of the dominant
hand will be collected and used as parameters of muscle
functioning [37].

Cognitive performance tests Trail Making Test (TMT).
The TMT is a standardised test to assess a subject’s in-
formation processing speed and executive functioning.
The score is based on the time needed to complete the
test [38].
The Stroop Color Word Test. This test is a cognitive

task to assess a subject’s information processing speed
and executive functioning. The test consists out of three
parts. The score is based on the time needed to
complete part III [38].
Letter Fluency Test. The Letter Fluency test is a cogni-

tive test in which executive function is measured. The
participants are asked to generate as many words start-
ing with specific letters within 1 min of time. The score
is the total number of the correct words [38].

Questionnaires 3-day food record. The habitual food in-
take will be measured using a 3-day food record. This
record is designed to estimate the total energy, carbohy-
drate, fat, protein (including timing and source) as well
as micronutrients from foods which are usually con-
sumed [39]. Food intake will be recorded on 2 week days
and 1 weekend day.
RAND-36. Quality of life will be measured with the

RAND-36. The Dutch translation of the 36-Item Short
Form Health Survey (SF-36v2) is used. This question-
naire includes a set of generic, coherent, and easily ad-
ministered quality-of-life measures [40].

Geriatric Depression Scale (GDS). This 30-item
self-report assessment is used to identify depression in
the population of older adults [41].
Behavioural Regulation In Exercise (BREQ-2) Ques-

tionnaire. This 19-item self-report assessment gains
insight into motivation for exercise and regulation in
this motivation. The BREQ-2 is the most widely used
measure of the continuum of behavioural regulation in
exercise psychology research [42].

Body composition Height, weight and BMI. Height (m)
will be measured and reported to the nearest 0.01 m
using a stadiometer. Body weight (kg) will be measured
and reported to the nearest 0.1 kg using the calibrated
weighing scale of the BodPod without shoes or heavy
clothing. Body weight and height are used to calculate
BMI (kg/m2).
Air Displacement Plethysmography technology (ADP) -

BodPod. The BodPod (Cosmed, USA) Gold Standard
Body Composition Tracking System is an air displace-
ment plethysmograph which uses whole-body densitom-
etry to determine body composition (fat and fat-free
mass), and can accommodate a wide range of popula-
tions [43, 44].
Dual Energy X-ray Absorptiometry (DXA). Body com-

position will be assessed by DXA. Fat free mass, fat mass
and bone mineral density as well as regional measures
(appendicular lean and fat mass) will be determined. Ap-
pendicular lean mass is a measure of skeletal muscle
mass [45]. A DXA scan is a non-invasive procedure with
very low radiation dose [46, 47].
Bioelectrical impedance analysis (BIA). The Tanita

MC-780 MA (2015, Tanita Corporation, Japan) is used
to measure Total Body Water (TBW). BIA determines
the electrical impedance, or opposition to the flow of an
electric current through body tissues which can be used
to calculate an estimate of TBW [48]. This BIA is an 8
electrode multi-frequency segmental body composition
analyser and besides TBW, visceral fat and muscle mass
can be estimated.
Waist and hip circumference. Waist an hip circumfer-

ence will be measured following the World Health
Organization (WHO) protocol [49]. With both measures
the waist/hip ratio can be derived [50].
Mid upper arm circumference and triceps skinfold. A

reduction in mid upper arm muscle circumference
(MUAMC) is interpreted as a loss of muscle mass. Mid
upper arm circumference (MUAC) and the triceps skin-
fold (TSF) will be measured according to International
Society for the Advancement of Kinanthropometry
(ISAK) guidelines and with use of adequate equipment
[51]. MUAMC and the mid upper arm muscle area
(MUAMA) are calculated [52].
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Explorative outcomes Socio-demographic characteris-
tics. (self-report data) During screening (V1) the partici-
pants report in the presence of a study team member:
Age, sex, marital status, educational level, ethnicity, ex-
ercise group participation, dependency (alcohol con-
sumption and smoking).
Medical status and history. Medical history and

current status on illness, disabilities and diagnoses is re-
ported by the participant during screening (V1). Also
previous and current treatments and/or medications and
nutritional supplements are reported. Besides this, infor-
mation about current specialists or therapists is needed
for the eligibility check by the study physician. This is
reported in guidance of a study team member. If medical
status or medication are changed during the study, this
will be reported adequately. (E.g. Adverse Event or Ser-
ious Adverse Event).
Evaluation tablet usage. At V2 the participant fills out

a short questionnaire with questions about earlier expe-
riences with electronical devices. At V3 and V4 the new
developed tablet computer behaviour will be assessed by
questionnaire. Only intervention groups will receive this.
Compliance. Participants will be defined as compliant

when ≥80% of the personalised home-based exercise
training program is completed during the intervention
period. This will be derived from the tablet generated
database.
Sustainability. The home-based exercise training pro-

gram will be considered sustainable when at least 80% of
the participants in groups VITA and/or VITA-Pro still
follow 80% of the training program as planned at base-
line after 6 month follow up.
The dietary protein counselling intervention will be

considered sustainable when at least 80% of the partici-
pants in VITA-Pro still ingest 80% of at least 1.2 g/kg
body weight. This is measured at 12 months by evalu-
ation with the coach and previous described
measurements.

Planned statistical analyses
The sample size calculation for the primary outcome
parameter is based on the modified Physical Perform-
ance Test (M-PPT) of Villareal et al. [29] using the fol-
lowing estimates: Effect size: 1.7 points mean difference
in physical performance (M-PPT), a standard deviation
(SD) of difference of 1.75, an average cluster size of 10,
with an ICC of 2.5. Using the above-mentioned esti-
mates, a significance level (α) of 0.05 and a power of
80%, a sample size of 56 per group is estimated to be
sufficient to detect a statistically significant difference in
physical performance after 6 months between groups.
Assuming 40% drop-out, a total number of 78 subjects
is needed per group. Therefore we aim to include 80
subjects per group and in total 240 subjects.

Summary statistics (mean, median, standard deviation,
and frequency distribution) will be generated for base-
line characteristics. To compare the baseline characteris-
tics between the 3 groups, one-way ANOVA or
Kruskal-Wallis test will be used for continuous variables,
and Chi-square or Fisher’s exact tests, for categorical
variables. Changes in M-PPT, secondary and explorative
outcomes will be visualised over the entire time course
using mean and standard error of the mean (SEM) per
treatment group.
Data will be analysed in accordance with the research

questions outlined in the introduction, applying appro-
priate Linear Mixed Models. Differences within and be-
tween treatment groups in the outcome parameter will
be analysed. Time, treatment and their interaction will
be defined as fixed factors. Subject and group will be in-
cluded as random factor. If imbalances occur between
groups despite randomisation, the baseline values will be
treated as covariates.
Detailed analyses will be stated in the Statistical Ana-

lysis Plan, which will be finalised before unblinding of
the study. All statistical analyses will be performed using
SPSS Statistics v22 (IBM, USA). An α of 0.05 will be
used to determine statistical significance.

Discussion
As the society ages, there is a demand for practical and
innovative interventions to reduce the decline in phys-
ical performance and maintenance of muscle mass,
strength and physical performance in the ageing popula-
tion. Because earlier research on weekly group exercise
remained ineffective on physical performance, we have
developed an innovative modular approach based on a
new home-based personalised training program with
functional ADL based exercises. Furthermore, the diet-
ary counselling and the overall coaching is personalised.
Especially, the persuasive technology underlying our
digital support improves personalisation. Besides person-
alisation, our digital support improves insight in the
compliance and provides the opportunity to monitor
progression in the training of the participant. We are in-
terested in both the effect at 6 months coached interven-
tion as well as 12 months follow-up retention of
intervention effect.
A factor that may be considered a threat to this inter-

vention is the inclusion of participants of regular weekly
exercise groups. This approach is an easy to implement
choice, since the presently existing structure and partici-
pation in the Netherlands could be updated with a more
effective form of weekly exercise with added digitally
supported home based exercise. However, this also re-
quires the cooperation and time of trainers as well as
consent of some involved organisations. Also, the regular
exercise groups are usually indicated for older adults
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with some decline in physical performance however, be-
cause of the important social component of these groups
also a fitter group of older adults might participate.
Since, we aimed for a broad national implementation we
did not exclude the more fit and able, while we intend a
per protocol analysis for those older adults with declined
physical functioning.
Since the digital application is developed and a small

pilot study has been conducted before start of the trial,
potential issues with the interventions need to be taken
into account. Therefore, suboptimal performance of the
digital application might contribute to a smaller effect of
the intervention on physical performance.
The findings of this study are relevant for future devel-

opments in health and community care and professional
education. Also the designed technology provides new
opportunities for application designers. The VITAMIN
study will provide novel insights in the impact of
home-based exercise, protein intake and use of technol-
ogy in the population of community dwelling older
adults.

Abbreviations
6 MWT: 6 Minute Walk Test; ADL: Activities of daily living; ADP: Air
displacement plethysmography; ANAC: Amsterdam Nutritional Assessment
Center; AUAS: Amsterdam University of Applied Sciences; BIA: Bioelectrical
impedance analysis; BMI: Body mass index; BREQ-2: Behavioural regulation in
exercise questionnaire; CRF: Case report form; DXA: Dual-energy X-ray Ab-
sorptiometry; GDS: Geriatric depression scale; HGS: Hand grip strength;
ICC: Intraclass correlation coefficient; ICH-GCP: International Conference on
Harmonisation’s (ICH) Guideline for Good Clinical Practice (GCP);
METC: Medical ethics committee; MMSE: Mini-mental state examination; M-
PPT: Modified physical performance test; MUAMA: Mid upper arm muscle
area; MUAMC: Mid upper arm muscle circumference; PAM: Physical activity
accelerometer; PAR-Q: Physical activity readiness questionnaire; RAND-
36: RAND-36 item Health Survey (SF-36); SD: Standard deviation; SPPB: Short
physical performance battery; SPSS: Statistical package for the social sciences;
TBW: Total body water; TSF: Triceps skin fold; TUG: Timed up and go test;
VITAMIN: VITal AMsterdam older adults IN the city; VUmc: VU University
Medical Center; WHO: World Health Organization

Acknowledgements
We would like to express our gratitude to all students of het AUAS who are
working on the trial.

Funding
This work is part of the research projects VITAMIN (funded by the AUAS
program Urban Vitality), by Fonds NutsOhra (grant number 101323) and
MOTO-B (funded by NWO, the Netherlands Organisation for Scientific Re-
search, grant number 023.006.013).

Availability of data and materials
Not applicable. Data collection continues until July 2018.

Authors’ contributions
PW serves as study Principal Investigator (PI), and designed this RCT with BV,
RE and BK, and helped draft the manuscript. PW, RE, BV and BK wrote and
reviewed the research proposal that was sent to the funding organisation.
PW, RE, BV and BK wrote the protocol for the Medical Ethics Committee. JH,
RE and PW drafted the manuscript, supported by CD and MT. BK and SM
coordinated the development of the digital support (with persuasive
technology) and tablet questionnaire. All authors are responsible for study
management and conduct of the trial. JH, CD, TD and SM are responsible for
the data collection. JH, CD and SM will contribute to the storage and

processing of data sources. All authors approved the final manuscript and
critically revised the manuscript.

Ethics approval and consent to participate
The study is approved by the Medical Ethics Committee (METC) of the VU
University Medical Center (VUmc) in The Netherlands. (Protocol ID:
VUMC2016_025, submitted protocol version 4.0). The METC has identified
the VITAMIN-application as a class I Medical Device, used for clinical trial pur-
poses. Written informed consent is obtained from all participants before in-
clusion. The research is performed according to the Dutch Medical Research
Involving Human Subjects Act and principles of the Declaration of Helsinki
(64th W MA General Assembly, Fortaleza, Brazil, October 2013).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

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

Author details
1Faculty of Sports and Nutrition, Amsterdam University of Applied Sciences,
Amsterdam, The Netherlands. 2Amsterdam Center for Innovative Health
Practice (ACHIEVE), Faculty of Health, Amsterdam University of Applied
Sciences, Amsterdam, The Netherlands. 3CREATE-IT Applied Research, Faculty
of Digital Media and Creative Industries, Amsterdam University of Applied
Sciences, Amsterdam, The Netherlands. 4Applied Psychology, Faculty of
Applied Social Sciences and Law, Amsterdam University of Applied Sciences,
Amsterdam, The Netherlands. 5Informatics Institute, University of Amsterdam,
Amsterdam, The Netherlands. 6Department of Rehabilitation, Academic
Medical Center, Amsterdam, The Netherlands. 7Department of Nutrition and
Dietetics, Internal Medicine, VU University Medical Center, Amsterdam, The
Netherlands. 8Amsterdam Public Health research institute, VU University
Medical Center, Amsterdam, the Netherlands.

Received: 9 October 2017 Accepted: 19 July 2018

References
1. United Nations, Department of Economic and Social Affairs, Population

Division. World population prospects: the 2015 revision, key findings and
advance tables. 2015, ESA/P/WP.241.

2. Stenholm S, Westerlund H, Head J, Hyde M, Kawachi I, Pentti J, Kivimaki M,
Vahtera J. Comorbidity and functional trajectories from midlife to old
age: the health and retirement study. J Gerontol A Biol Sci Med Sci.
2015;70(3):332–8.

3. Taekema DG, Gussekloo J, Westendorp RG, de Craen AJ, Maier AB.
Predicting survival in oldest old people. Am J Med. 2012;125(12):1194.e1.

4. Blair SN. Physical inactivity: the biggest public health problem of the 21st
century. Br J Sports Med. 2009;43(1):1.

5. Wittink H, Engelbert R, Takken T. The dangers of inactivity; exercise and
inactivity physiology for the manual therapist. Man Ther. 2011;16(3):209–16.

6. Thorp AA, Healy GN, Owen N, Salmon J, Ball K, Shaw JE, Zimmet PZ,
Dunstan DW. Deleterious associations of sitting time and television viewing
time with cardiometabolic risk biomarkers: Australian diabetes, obesity and
lifestyle (AusDiab) study 2004-2005. Diabetes Care. 2010;33(2):327–34.

7. Sherrington C, Whitney JC, Lord SR, Herbert RD, Cumming RG, Close JC.
Effective exercise for the prevention of falls: a systematic review and meta-
analysis. J Am Geriatr Soc. 2008;56(12):2234–43.

8. de Vries NM, van Ravensberg CD, Hobbelen JS, Olde Rikkert MG, Staal JB,
Nijhuis-van der Sanden MW. Effects of physical exercise therapy on mobility,
physical functioning, physical activity and quality of life in community-
dwelling older adults with impaired mobility, physical disability and/or
multi-morbidity: a meta-analysis. Ageing Res Rev. 2012;11(1):136–49.

9. Pedersen BK, Saltin B. Evidence for prescribing exercise as therapy in
chronic disease. Scand J Med Sci Sports. 2006;16(S1):3–63.

10. Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: the
evidence. CMAJ. 2006;174(6):801–9.

van den Helder et al. BMC Geriatrics  (2018) 18:183 Page 9 of 10



11. Stiggelbout M, Popkema DY, Hopman-Rock M, de Greef M, van Mechelen
W. Once a week is not enough: effects of a widely implemented group
based exercise Programme for older adults; a randomised controlled trial. J
Epidemiol Community Health. 2004;58(2):83–8.

12. Chiung-ju L, Deepika MS, Leah YJ, Daniel OC. Systematic review of
functional training on muscle strength, physical functioning, and activities
of daily living in older adults. Eur Rev Aging Phys Act. 2014;11(2):95–106.

13. Nelson ME, Rejeski WJ, Blair SN, Duncan PW, Judge JO, King AC, Macera C,
Castaneda-Sceppa C. Physical activity and public health in older adults:
recommendation from the American College of Sports Medicine and the
American Heart Association. Med Sci Sports Exerc. 2007;39(8):45.

14. Middelweerd A, Mollee JS, van der Wal CN, Brug J, Te Velde SJ. Apps to
promote physical activity among adults: a review and content analysis. Int J
Behav Nutr Phys Act. 2014;11:9.

15. Geraedts HA, Zijlstra W, Zhang W, Bulstra S, Stevens M. Adherence to and
effectiveness of an individually tailored home-based exercise program for
frail older adults, driven by mobility monitoring: design of a prospective
cohort study. BMC Public Health. 2014;14:570.

16. Dasgupta D, Chaudhry B, Koh E, Chawla NV. A survey of tablet applications
for promoting successful aging in older adults. Access. 2016;4:9005–17.

17. Culos-Reed SN, Rejeski WJ, McAuley E, Ockene JK, Roter DL. Predictors of
adherence to behavior change interventions in the elderly. Control Clin
Trials. 2000;21(Suppl):5S.

18. Tieland CAB, Dirks ML, van der Zwaluw N, Verdijk L, van de Rest O, de Groot
LC, C.P.G.M, van Loon LJ. Protein supplementation increases muscle mass
gain during prolonged resistance-type exercise training in frail elderly
people: a randomized double-blind, placebo-controlled trial. J Am Med Dir
Assoc. 2012;13(8):713–9.

19. Deutz NE, Bauer JM, Barazzoni R, Biolo G, Boirie Y, Bosy-Westphal A,
Cederholm T, Cruz-Jentoft A, Krznaric Z, Nair KS, Singer P, Teta D, Tipton K,
Calder PC. Protein intake and exercise for optimal muscle function with
aging: recommendations from the ESPEN expert group. Clin Nutr. 2014;
33(6):929–36.

20. Bauer J, Biolo G, Cederholm T, Cesari M, Cruz-Jentoft AJ, Morley JE, Phillips
S, Sieber C, Stehle P, Teta D, Visvanathan R, Volpi E, Boirie Y. Evidence-based
recommendations for optimal dietary protein intake in older people: a
position paper from the PROT-AGE study group. J Am Med Dir Assoc. 2013;
14(8):542–59.

21. Cardinal BJ, Esters J, Cardinal MK. Evaluation of the revised physical activity
readiness questionnaire in older adults. Med Sci Sports Exerc. 1996;28(4):
468–72.

22. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical
method for grading the cognitive state of patients for the clinician. J
Psychiatr Res. 1975;12(3):189–98.

23. Mehra S, Dadema T, Kröse BJA, Visser B, Engelbert RHH, Van Den Helder J,
Weijs PJM. Attitudes of older adults in a group-based exercise program toward
a blended intervention; a focus-group study. Front Psychol. 2016;7:1827.

24. Chodzko-Zajko WJ. Exercise and physical activity for older adults. Kinesiolo
Rev. 2014;3(1):101–6.

25. Cermak NM, Res PT, de Groot LC, Saris WH, van Loon LJ. Protein
supplementation augments the adaptive response of skeletal muscle to
resistance-type exercise training: a meta-analysis. Am J Clin Nutr. 2012;96(6):
1454–64.

26. Deer RR, Volpi E. Protein intake and muscle function in older adults. Curr
Opin Clin Nutr Metab Care. 2015;18(3):248–53.

27. Tieland CAB, Borgonjen-van den Berg KJ, van Loon LJ, de Groot LC, C.P.G.M.
Dietary protein intake in community-dwelling, frail, and institutionalized
elderly people: scope for improvement. Eur J Nutr. 2012;51(2):173–9.

28. Brown M, Sinacore DR, Binder EF, Kohrt WM. Physical and performance
measures for the identification of mild to moderate frailty. J Gerontol A Biol
Sci Med Sci. 2000;55(6):350.

29. Villareal DT, Chode S, Parimi N, Sinacore DR, Hilton T, Armamento-Villareal R,
Napoli N, Qualls C, Shah K. Weight loss, exercise, or both and physical
function in obese older adults. N Engl J Med. 2011;364(13):1218–29.

30. Mangione KK, Craik RL, Palombaro KM, Tomlinson SS, Hofmann MT. Home-
based leg-strengthening exercise improves function 1 year after hip
fracture: a randomized controlled study. J Am Geriatr Soc. 2010;58(10):
1911–7.

31. Waters DL, Vawter R, Qualls C, Chode S, Armamento-Villareal R, Villareal DT.
Long-term maintenance of weight loss after lifestyle intervention in frail,
obese older adults. J Nutr Health Aging. 2013;17(1):3–7.

32. Reuben DB, Siu AL. An objective measure of physical function of elderly
outpatients. The physical performance test. J Am Geriatr Soc. 1990;38(10):
1105–12.

33. Troosters T, Gosselink R, Decramer M. Six minute walking distance in
healthy elderly subjects. Eur Respir J. 1999;14(2):270–4.

34. Podsiadlo D, Richardson S. The timed “up & go”: a test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc. 1991;39(2):142–8.

35. Bohannon RW. Reference values for the timed up and go test: a descriptive
meta-analysis. J Geriatr Phys Ther. 2006;29(2):64–8.

36. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG,
Scherr PA, Wallace RB. A short physical performance battery assessing lower
extremity function: association with self-reported disability and prediction of
mortality and nursing home admission. J Gerontol. 1994;49(2):85.

37. Bassey EJ, Harries UJ. Normal values for handgrip strength in 920 men and
women aged over 65 years, and longitudinal changes over 4 years in 620
survivors. Clin Sci (Lond). 1993;84(3):331–7.

38. Delis DC, Kramer JH, Kaplan E, Holdnack J. Reliability and validity of the
delis-Kaplan executive function system: an update. J Int Neuropsychol Soc.
2004;10(2):301–3.

39. Luhrmann PM, Herbert BM, Gaster C, Neuhauser-Berthold M. Validation of a
self-administered 3-day estimated dietary record for use in the elderly. Eur J
Nutr. 1999;38(5):235–40.

40. Hays RD, Morales LS. The RAND-36 measure of health-related quality of life.
Ann Med. 2001;33(5):350–7.

41. Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, Leirer VO.
Development and validation of a geriatric depression screening scale: a
preliminary report. J Psychiatr Res. 1982;17(1):37–49.

42. Markland D, Tobin V. A modification to the Behavioural regulation in
exercise questionnaire to include an assessment of Amotivation. J Sport
Exerc Psychol. 2004;26(2):191–6.

43. Noreen EE, Lemon PW. Reliability of air displacement plethysmography in a
large, heterogeneous sample. Med Sci Sports Exerc. 2006;38(8):1505–9.

44. McCrory MA, Gomez TD, Bernauer EM, Mole PA. Evaluation of a new air
displacement plethysmograph for measuring human body composition.
Med Sci Sports Exerc. 1995;27(12):1686–91.

45. Visser M, Fuerst T, Lang T, Salamone L, Harris TB. Validity of fan-beam dual-
energy X-ray absorptiometry for measuring fat-free mass and leg muscle
mass. Health, aging, and body composition study--dual-energy X-ray
absorptiometry and body composition working group. J Appl Physiol
(1985). 1999;87(4):1513.

46. Njeh CF, Fuerst T, Hans D, Blake GM, Genant HK. Radiation exposure in
bone mineral density assessment. Appl Radiat Isot. 1999;50(1):215–36.

47. Burkhart TA, Arthurs KL, Andrews DM. Manual segmentation of DXA scan
images results in reliable upper and lower extremity soft and rigid tissue
mass estimates. J Biomech. 2009;42(8):1138–42.

48. Kushner RF, Schoeller DA. Estimation of total body water by bioelectrical
impedance analysis. Am J Clin Nutr. 1986;44(3):417–24.

49. World Health Organization. Waist circumference and waist-hip ratio: report
of a WHO expert consultation. Geneva; 2011.

50. Mizrahi-Lehrer E, Cepeda-Valery B, Romero-Corral A. Anthropometry of body
fat: how anthropometric measures predict mortality and especially
cardiovascular mortality. In: Handbook of anthropometry. New York:
Springer New York; 2012. p. 385–95.

51. Marfell-Jones M. Handbook: international standards for anthropometric
assessment: International Society for the Advancement of
Kinanthropometry; 2014.

52. Falciglia G, O'Connor J, Gedling E. Upper arm anthropometric norms in
elderly white subjects. J Am Diet Assoc. 1988;88(5):569–74.

van den Helder et al. BMC Geriatrics  (2018) 18:183 Page 10 of 10


	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Background
	Methods
	Study design and setting
	Subjects
	Procedures
	Interventions
	Control group
	VITA and VITA-PRO group
	Functional exercise training
	Digital support
	App design and functions
	Dietary protein counselling
	Coaching
	Handling and storage of data and documents

	Assessments
	Primary outcome
	All other assessment methods

	Planned statistical analyses

	Discussion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

