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The effect of small-sided ball games with dietary protein on muscle mass,
health markers, functional work capacity, and quality of life of senior
citizens in municipal activity centers

Study description

Study aim

The overall aim is to examine the effect of small-sided ball games combined with protein
intake on muscle and bone mass, changes in general health profile and the functional work
capacity in with senior citizens over 65 years in municipal activity centers. In addition, to
examine how small-sided ball games affects the inflammatory profile and how this relates to

changes in muscle and bone mass, functional work capacity and health markers.

Furthermore, the participants' social and sports backgrounds, their intention to participate,
their experiences of participation and their evaluation after the intervention is examined.
There will be a specific focus on how team play can help to improve participants' quality of
life, self-perceived physical and mental health, and if it can strengthen the cohesion of the

group and prevent dropouts in sports participation among older adults.



Hypothesis

The project's main hypotheses is that regular participation in small-sided ball games with
protein intake in older adults aged 65 years or older will lead to, (I) favorable changes in body
composition, including loss of body fat and visceral fat, and maintained or increased muscle
mass, (ii) a more favorable lipid profile shown as a decrease in blood triglycerides and
increased HDL / LDL cholesterol ratio, (III), increased bone density, (IV) improved functional
work capacity (muscle strength, mobility, time endurance, balance and sit to stand capacity),
(V) a reduced level of systemic inflammation. In addition, it is hypothesized that small-sided
ball game training will lead to increased (VI) continuation in physical activity, (VII)
improvement in self-perceived health and mental health, (VIII) enjoyment of the activity, (IX)

group connectedness and (X) higher motivation to participate in the activities.

Introduction

Loss of muscle mass is age-related and accelerates from about 65 years of age (Lexell et al.
1988; Frontera et al. 2000b), which is accompanied by a significant decrease in muscle
strength (Rosenberg 1997). With increasing muscle atrophy, the maximum muscular force as
well as the ability to develop quick force is reduced (Frontera et al. 2000a; Jespersen et al.
2003), and this is associated with a substantial loss of functional ability, such as loss of
balance, to go up the stairs, stand up from a chair and falls (Bean et al. 2002; Cuoco et al. 2004;
Foldvari et al. 2000; Holviala et al. 2006; Pijnappels et al. 2005; Skelton et al. 2002; Whipple et
al. 1987). Furthermore, loss of muscle mass leads to a substantial decline in the ability to
perform activities of daily living as well as an increased risk of falls and fractures, which
undermines the independence of the older adults (Faulkner et al. 2007). Loss of bone mass is
also age-related and accelerates especially after menopause in both men and women (Kanis &
Adami 1994; Beck & Snow 2003), which is shown to be related to the number of bone
fractures and falls in older people. Taken together, these factors lead to an increased risk of
cardiovascular and musculoskeletal disease that may manifest in an increased incidence of

type Il diabetes, hypertension, bone loss and impaired postural balance.



Loss of muscle mass and function in older adults is also a socio-economic challenge. Thus, it is
estimated that exercise and rehabilitation interventions with a duration of 6 to 8 weeks can
reduce a Danish municipality with health expenditures equivalent to 13 million kr. annually
(DSI2011) and in the US alone, the annual health care costs related to loss of muscle mass and
function amounts to $ 20 billion (Janssen et al. 2004). In 2004, approximately 41.000 inquiries
to the Danish emergency rooms was related to falls in older adults (65+ years), of which about
12.000 led to hospitalization (NIPH 2005). Thus, interventions to reduce impaired motor
function will not only be of great personal value for the individual older but also have high

economic value for the society.

In older people who exercise regularly, a preventive effect against age-related loss of muscle
mass is observed (Bickel et al. 2011), but the precise mechanisms for this is unknown. It is
also observed that regular physical activity partly prevents a loss of muscle strength, which
may lead to a maintained or improved functional capacity in older adults, and this effect exists
despite the presence of other health problems (Greig et al., 1993; Rantanen et al. 1997). The
effect has been shown to be greatest in those older adults, who regularly performed exercise
at a high intensity compared with everyday activities at lower intensities (Brach et al. 2004).
It is unclear how regular physical activity contributes to counteract age-related loss of muscle
mass in the elderly. In recent years, however, there has been more focus on the possible role
of inflammatory mediators in the development of age-related muscle loss (Beyer et al. 20123;
Roubenoff 2003; Beyer et al. 2012a; Meng & Yu 2010a). Thus, increasing levels of plasma TNF
alpha (Tumor Necrosis Factor a), other pro-inflammatory cytokines (IL-6, IL-1) and markers
of inflammation (CRP, C-Reactive Protein) has been associated with increasing age (Beyer et
al. 2012b; Meng & Yu 2010b) and, in particular, have been shown an association between high
serum level of pro-inflammatory cytokines and low muscle strength (Visser et al. 2002).
However, it is not yet clear whether the increased TNF-alpha levels observed in older adults is
a result of aging, chronic illness or inactivity. By contrast, it seems certain that TNF-alpha has
a catabolic effect on skeletal muscle (Schaap et al. 2006) and chronic inflammation has also
been associated with metabolic syndrome, type II diabetes and arteriosclerosis (Petersen &

Pedersen 2005; He et al. 2002 ; Freeman et al. 2002; Barzilay et al.,, 2001; Duncan et al. 2003).



A suboptimal protein intake in older adults is associated with increased risk of sarcopenia
(Houston et al. 2008). At the same time, studies point out an increased protein intake in older
adults, or a specific supplement of essential amino acids, including the branched-chain amino
acid leucine, is capable of inducing an anabolic response in muscle protein synthesis after
exercise, which is comparable to that obtained in younger people (Moore 2014). Studies
among untrained older adults also points out that it is important to consume the protein-rich
meal shortly after training, to achieve the greatest effect on lean body mass (Esmarck et al.

2001).

To date, research related to health and physical capacity have mainly been focused on
traditional exercise types, like running and cycling (Cornelissen & Fagard 2005; Pedersen &
Saltin 2006) and the focus has been largely on resistance training in the treatment of age-
related loss of muscle mass (Johnston et al . 2008). Recent studies, however, indicate that
exercise forms with an individual touch, such as resistance training and running, do not
maintain the individual in the activities compared to social forms of activities such as team
play (Krustrup et al. 2010b). In addition, a general loss of quality of life and self-perceived
physical and psychological well-being appear to exist with increased age (Bjgrner et al. 1997).
Therefore, it is necessary to examine whether a social exercise type, such as small-sided ball
games, may help to counteract the above described age-related effects throughout life. In this
context, it is shown that soccer and small-sided ball games can lead to a number of positive
mental (Elbe et al. 2010) and social effects (Ottesen et al. 2010), including greater social
cohesion (Carron et al. 2002), greater immersion in the activities (19) and higher motivation
to participate in the activities (Pelletier et al. 1995). In a study of inactive Danes, key
motivators for participation in physical activity were linked to positive social experiences and

previous sports experiences (Ottesen and Skjerk 2006).

Recently, Danish research has shown that soccer can improve the health and physical capacity
(Krustrup et al. 2010a; Helge et al. 2010; Krustrup et al. 2010c). It is interesting that a group
of older untrained men aged 63-74 years showed the same positive improvements in

functional capacity as a resistance training group after 16 weeks of recreational soccer on



small pitches (Andersen et al. 2014). Furthermore, it is shown that small-sided soccer can
improve postural balance (Jakobsen et al. 2011). However, the is a lack of information
regarding the effects and feasibility of (I) other small-sided ball games than soccer, (II) small-
sided ball games in frail or older adults with low physical capacity, including women, and (III)

small-sided ball game training on quality of life, including social and mental well-being.

Overall, there is a need to study small-sided ball game training as an activity to promote
muscle mass, functional work capacity and quality of life. The study may also contribute with
important knowledge about the influence of systemic inflammation on health and physical
function of older citizens. This study also differs from previous small-sided ball game studies
by being conducted at a real-life platform, allowing synergy between local municipal activity

centers and the established free sport associations.

Study design

The study is a randomized exercise trial in municipal activity centers with small-sided ball
games as an intervention for 12 months in 80 untrained men and women aged 65+ years. 40
participants will be randomized to a small-sided ball game group and 40 to a control activity
group performed as resistance training, which is already offered in the activity centers. The
participants are recruited via the Copenhagen Municipality activity centers (elaborated in the
recruitment of participants section). The small-sided ball game group exercise 2-3 times a’
week of 16 to 24 minutes during the intervention period and training will be performed
indoors or outdoors via small-sided ball games, consisting of various customized team games.
The training takes place at selected local activity centers in Copenhagen, where the recruited
members of the centers already are affiliated, which ensures that the participants are not
burdened with additional transport to the site of intervention. Tests are conducted before the
intervention period and after 3, 6 and 12 months. Blood samples and DXA scanning will be
performed only before and after 12 weeks. Thus, the test at 6 and 12 months will only be non-
invasive tests, that is, interviews, questionnaire filling and the determination of functional

work capacity.



Participants
80 untrained men and women aged 65+ years will be recruited.
Exclusion criteria:

(I) Participants with serious disease complications, including significant polyneuropathy,
cancer, known ischemic heart disease or musculoskeletal disorders that hinder participation
in team games. However, well-controlled hypertension, dyslipidemia, and obesity and other

age-related chronic symptoms are not contraindicative.

(IT) The participants are expected to have a reasonable degree of mobility, i.e., the participants

should be able to go without essential use of aids like wheelchair or walker.

(IIT) The participants must not be in abuse of any kind, including alcohol (maximum 21 drinks

per week) and drugs (smoking is not an exclusion criterion).
Methods

A total of 4 test rounds (before the intervention period and after 3, 6 and 12 months) will be
conducted. Blood samples and DEXA scanning is carried out only in test round 0 and 3
months. Thus, the test round 6 and 12 months only include the questionnaires, interviews,
and measurement of the functional work capacity. The test rounds are described in detail

below.

Description of test round 0 and 3 months

The participants participate in two test days, which are separated by at least 48 hours.
Participants must not have performed strenuous physical work as well as drinking alcohol the
day before the test day, and is not allowed to drink alcohol, tea, coffee, or smoke before the

investigations on the test day.

Testday 1:



At the Department of Exercise and Nutrition, University of Copenhagen, University Park, 13,
2nd floor, a health investigation is performed including a resting blood sample and
determination of body composition by DEXA scanning. On test day 1, the participants reports
in during morning in the fasting state and is after the tests offered a light lunch. The duration

of the test day 1 is about 3 hours.

During the blood samples, a venous catheter is placed in the elbow for removal of a total of 50
ml of blood to be able to evaluate the temporal development of cholesterol, triglycerides,
blood glucose, insulin, HbAlc, highly sensitive CRP, TNF-alpha, IL-6, IL -1beta and IL-10.
Blood samples are only taken during test round 0 and 3 months, which means that a total of

100 ml of blood is taken through the entire project period for a participant.

A full body DEXA scan is performed, which is a scanning that uses weak X-rays, to determine
body composition of the different tissue types measured (body fat percentage, muscle mass
and bone density). A DEXA scan does not hurt and is not associated with any kind of

discomfort.

Test day 2:

In the subject's local municipal activity center, the "Senior fitness test" and questionnaires as

well as interviews are conducted. Duration of test day 2 is approximately 3 hours.

The Senior Fitness Test is a simple battery of tests designed to measure functional fitness (i.e.
the functional characteristics that are important for functional capacity in the older years).
The tests measures the muscular strength (below + upper body), aerobic endurance,
flexibility, agility and dynamic balance at all levels of healthy elderly. The test shows the
results on a continuous scale, and thus, can demonstrate changes over time in connection
with, for example, an exercise intervention. The test battery can be carried out in the "field"
and does not require special laboratory facilities. The test battery is used in a number of
scientific studies (Toto et al. 2012; Santos et al. 2012; Purath et al. 2009; Lobo et al. 2011) and

can be considered a kind of standard for the assessment of older adults physical capacity



outside laboratory settings. Below is a brief description of the selected parts of the senior

fitness test, which are expected to be used:

Sit-to stand (strength in the lower body)

The number of times a person repeatedly can sit to stand on a chair within 30 seconds with

arms folded against the chest.

Arm curls (strength in the upper body)

The number of arm curls that can be performed within 30 seconds with a dumbbell (3,63

kg).

6-minute walk test (aerobic endurance)

Distance which can be covered in 6 minutes on a 46 meter track.

2.45 m up and go test (agility and dynamic balance)

Number of seconds it takes to get up from a sitting position (in the chair), walking 2.45

meters, turn and return to a sitting position.

Lower body flexibility

Sitting on a chair, the participant tries to reach the toes with outstretched legs. Number of
centimeters plus or minus between the fingertips and toes are measured. The result is the

best of two attempts.

Upper body flexibility



One hand is placed over the shoulder and is moved as far as possible down the back, while the
other hand is moved as high as possible up the back from below. The distance in centimeters

between the third finger of the two hands is measured. The result is the best of two attempts.

Walking speed grip strength

Hand grip strength is measured in kg with the dominant hand using a handgrip dynamometer
(Takei Scientific Instruments Co. Ltd., Tokyo, Japan). Standing with the wrist in a neutral
position and the elbow stretched, 3 trials is performed separated by 1 minute between each

try. The best of three attempts is registered.

Flamingo test

The subject should stand on one leg over a period of 60 seconds with the aim of measuring
postural balance. The number of times the participant loses balance during the 60 seconds is

registered.

Tests during the intervention period

Heart rate measurements using Polar heart rate monitors is conducted during selected

training sessions.

Validated Danish translations of two standardized questionnaires will be used to measure
flow (Flow Short Scale: Rheinberg et al., 2003) and the extent to which participants have
enjoyed the activities they participated in (Physical Activity Enjoyment Scale: Kendzierski &
DeCarlo, 1991), three times during the intervention period. Participants will be informed in
advance as a part of the recruitment process, and the responses are anonymous and

confidential.

Information about questionnaires



Two surveys of each group in the intervention will be carried out - a baseline study, which
maps the participants' socioeconomic status, level of activity and experience with sports, as
well as an evaluative study at the end of the experiment. In addition, validated Danish
translation of standardized questionnaires is used to measure self-perceived physical and
mental health (SF-12: Bjgrner et al., 1997), anxiety and depression levels (Hospital Anxiety
and Depression Scale: Snaith & Zigmond, 1994) , quality of life (Older People's Quality of Life
Questionnaire: Bowling, 2009), level of daily activity (International Physical activity
Questionnaire: Craig et al. 2003), and motivation (Sport motivation Scale: Pelletier et al,,

1995), at test round 0, 3, 6 and 12 months.

Information about interviews

A number of individual interviews and focus group interviews with participants and staff
from the activity centers in the project will be conducted. The interviews are performed on a
voluntary basis and will be anonymous. Recordings of the interviews will be kept confidential,
and any statements from them will be pseudonymized. The purpose of these interviews is to
uncover participants' experiences of the activities, their social cohesion and motivation, and

the activities' impact on the participants' life situation.
Test round 6 and 12 months

Tests at 6 and 12 months are performed as described above in the description of the test round
0 and 3 months with the exception of the test day 1. That is, only test day 2 is performed, thus,

the blood samples as well as DEXA scanning are not performed at 6 and 12 months.

The small-sided ball game training

The small-sided ball game training is performed outdoors or indoors in gyms or
corresponding areas in or around the activity centers. The small-sided ball game training is
offered three times a week, but it is not a requirement that you attend all three times, but at
least two times per week is preferred. The small-sided ball game training varies between

three different team games: "Hulahopbold" “Floorball”, and "Granny Volley".



1) Floorball, which is played 3 on 3 small areas (e.g. 10x15 meter) with intervals of four

minutes separated by a 4-minute recovery period.

2) "Hulahop-ball”, where the objective is to throw the ball through a hoop by passing the ball
to one of the teammates. The game is played 3 on 3 small areas (e.g. 10x15 meter) with

intervals of four minutes separated by a 4-minute recovery period.

3) "Granny volley", a kind of age-adjusted volleyball, wherein a soft ball is passed over a net
(or any other obstacle lead), and the ball should be intercepted by an opponent team. The
game is played 4 against 4 on small areas (e.g. 10x15 meters) and the participants rotate their

playing positions on a regular basis.

All small-sided ball games are dosed carefully (starting with 16 minutes of effective playing
the first 4 weeks, 20 minutes the following 4 weeks, and 24 min the remaining 4 weeks). Body
contact in the small-sided ball games is not allowed, and any injuries are followed up on
before training commences. The small-sided ball games are supervised by the activity center's

training staff.

Protein intake

Immediately after, and 3 hours after the training team games, half of the participants ingest a
0.2 L milk based protein beverage containing 20 g of protein. This means that participants will
consume 40 grams of protein on training days, and a training frequency of 2-3 times a week
will result in an extra protein intake of 80 to 120 g per week. The other half of the participants
from the small-sided ball games will ingest a 0.5 L isocaloric placebo drink consisting of juice

immediately after exercise and 3 hours after.



Resistance training

In the resistance training group, participants participate in the resistance training provided by
the local activity center and the resistance training is offered three times a week. It is not a
requirement that you attend all three times a week, but at least 2 times. Three exercises are
performed every session. 1) Leg press, 2) shoulder press, and 3) Arm curls. Each exercise is
performed 3x8 RM (Maximum reiteration; indicates that the load is adjusted such that a
maximum of 8 repetitions can be lifted) and the load is adjusted continuously throughout the
program. A recovery of 2-3 minutes between each set is carried out. The resistance training is

supervised by the activity center's training staff.

Biobank, handling of biological material and personal data

The purpose of the research biobank is to collect and store biological material. The blood
samples are used for a wide range of analysis and there will probably not be any excess
biological material left after the planned analysis. Any excess biological material will be
destroyed within 6 months after the study period. Participant data are protected under the
law of personal data and health. Each volunteer will after study be able to access their own
data as well as average data for the whole study group. In the written information for
participants, the participants are asked if they want access to their own experimental data no

later than 2 months after study has ended. All data will be anonymised.

Statistical considerations and power calculations

Changes in the endpoints before the intervention is determined by using a two-tailed
unpaired t-test. Changes between and within groups is determined by a two-way ANOVA and
linear regression analysis. When detecting an overall significant interaction (time versus
Group) or time-effect, a Student-Newman-Keuls post hoc analysis is used to isolate the group

to which the change took place.

The number of subjects is chosen based on the expectation that 75% of the participants will

complete the intervention, or at least 30 participants per experimental group, and the



standard deviations of the change in the power calculations are based on observed changes in

the research group from similar studies (Krustrup et al., 2009; Krustrup a al. 2010D).

Estimated detection limit for changes in selected main outputs between independent groups

(n = 30). ANOVA.

Variable SD of changes 2 groups
Fat mass (kg) 6.1 4.4
Muscle mass (kg) 2.8 2.1
6-min walking test (m) 110 80

Power is 0.8 and P is 0.05
Side effects, risks and disadvantages for the subjects

DEXA scanning emits weak X-rays, in which the body composition of different tissue types is
measured. 0.0006 mSv is emitted by whole body DEXA scan. This is equivalent to a radiation
dose that provides an increased cancer risk of 0.001%, which is considered to be a minimal
risk. The radiation dose that is imposed to the subjects is smaller than most X-ray
examinations and equivalent to 7 days of background radiation. DEXA scans do not hurt and is

not associated with any kind of discomfort.

Blood samples are taken from an arm vein via a catheter in the elbow vein. During removal of
the catheters, a slight bleeding may lead to discoloration of the skin may occur. To minimize
this inconvenience, a compression will be undertaken (light pressure on the site of blood
sampling). A total of 100 mL blood is taken (50 ml when tested in round 0 and 50 ml when
tested after 3 months) during the entire test period of 12 months. To comparison, 500 ml is
taken during a single blood donation. Using catheters are used routinely at the Institute of
Sports Science and Nutrition, University of Copenhagen, and has been used without significant

complications in more than 30 years.

Risk of performing functional tests in the activity centers is considered minimal. All tests are
previously performed in older adults, including Parkinson's patients. Sometimes muscle

soreness can occur, corresponding to regular exercise soreness.



Performance of team game activities are considered, as in soccer on small-sided pitches, as a
health-promoting activity. By organizing the team games as special customized small-sided
games (no body contact, small pitches, few participants on each team, recovery periods etc.),
it is well-known that the risk of injuries is minimized considerably compared to e.g.
traditional football matches (Krustrup et al. 2010a). The small-sided ball games are
supervised by the activity center’s training professionals. It is well known that untrained
individuals can experience muscle soreness after the start of a training program. This is a
natural process, and typically decreases after 2-4 weeks. Muscle strain (including posterior
and anterior thigh), overload of tendons and injuries (e.g. in ankles and knees) may occur in
rare cases during team play training on small areas. Lessons from previous team play studies
show, however, that small-sided recreational soccer (which is considered a comparable
activity to small-sided ball game training) is a relatively safe form of exercise for untrained

individuals, including the elderly, and only few injuries are typically reported.

Performing resistance training is considered to have minimal risk, and is considered a health-
promoting and physical function promoting activity of older individuals, why resistance
training also is a part of the exercise recommendations from the Danish authorities of national
health. Resistance training takes place under controlled conditions using machines, reducing
the risk of injuries to a minimal. Strength training is supervised by the activity center’s

training professionals.

The study initiators and the staff behind the study

The study origins from the department of Nutrition, Exercise and Sports as well as
Copenhagen Center for team sports and Health, University of Copenhagen. Initiator of the
study is Professor Jens Bangsbo and the municipality of Copenhagen in collaboration with

Danish Gymnastics and Sports Associations (DGI). The scientific study staff consists of



Professor Jens Bangsbo, Professor Gertrud Pfister, Associate Professor Mogens Theisen
Pedersen, Ph.D. stud. Jacob Vorup, AC Pia Sandfeld Melcher, research assistant Johan Michael
Wikman and research assistant Anne Nistrup, all from the Department of Nutrition, Exercise
and Sports, University of Copenhagen. The project is conducted in cooperation with the

municipality of Copenhagen and DGI.

Funding

The study is fully funded, of which two thirds of the study is funded by the municipality of
Copenhagen, while the last third is financed by the Copenhagen Center for team play and
Health, University of Copenhagen. Study funds are paid to a research account at the
department of Nutrition, Exercise and Sports, University of Copenhagen and used partly for
the purchase of equipment for blood analysis, and salary for a research assistant. There are

also allocated for overhead. No one in the project have conflicts of interest.

Participants and study fees

There will be no financial fees for trial participants. However, the project covers the necessary
equipment and materials for performing the team game training (e.g. balls, floorball sticks and
goals etc.). Also, any transportation expenses to the department of Nutrition, Exercise and

Sports, University of Copenhagen will be covered.

Dissemination of test results

The study results will be widely disseminated and can already from spring 2016 be
continuously incorporated into the political debate through a series of lectures, conferences
and other events in municipalities and sport associations. The results should be
communicated both externally, e.g. via press conferences or other media based publication, as
well as internally in the Danish municipalities and sports associations, e.g. through DGI.

Results of the study is also expected to be published in a number of popular articles, e.g. in



DGI's magazine UDSPIL and other relevant journals. It is also planned that the results should
be public through a series of health conferences where future municipal-based health
promotion is up for debate. Both the positive, negative and inconclusive results will be

published.

Insurance

All participants in the study are covered by the patient injury insurance in H:S.

Ethical considerations and respect for the subjects’' physical and mental integrity

The experiment will be approved by the ethical committee. Team play activities and
resistance training are considered to be beneficial for health and physical fitness. Blood
samples (maximum 50 ml blood, respectively, in each test round at 0 and 3 months,
corresponding to approximately 1% of total blood volume) is used to investigating the
hypothesis of the study and are not considered an ethical problem for a group of older

individuals 65+ years.

The experiment is performed in accordance with the Declaration of Helsinki and the
experiment is reported to the Data Protection Agency. Subject data is protected under the law

of personal data and health. Any excess biological material will be destroyed.

Participant information and obtaining consent

After having shown interest the study, potential subjects will receive the written material. The
following week, the volunteers are invited to an interview at their local activity center where
the project team staff will provide verbal information about the background to the study, the
purpose and the study protocol. Then, an investigator from the project will provide oral

information at a personal level regarding the methods applied and the possible risks and side



effects of the study. The subjects are reminded that they can bring a companion to this
meeting. The final commitments and signature on the consent form is obtained after a
minimum of 2-3 days of reflection and is collected during the second contact with the
investigator, and before the trial is initiated. It is emphasized that a subject can withdraw

from the trial at any time.
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