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1. Theoretical background and the benefits of research 

Risk for many chronic diseases, such as diabetes, obesity, breast cancer and cardiovascular diseases might 
be thorough impacted by an unhealthy maternal metabolic state (Murphy et al. 2006, Hilakivi-Clarke et al. 

2006). A high birth weight of newborn has a harmful effect to next generation furthering a vicious 

transgenerational cycle of obesity and cardio-metabolic disorders (Cnattingius et al. 2012, Figure 1.). In 

randomized controlled study NELLI (Lifestyle, counselling and exercise in maternity care -project) inserted 

lifestyle counselling produced positive changes both in diet and physical activity (Kinnunen et al. 2007, Ait-

tasalo et al. 2008). For women who have a risk for gestational diabetes mellitus, lifestyle counselling is ef-

fective in decreasing birth weight of the newborn (Luoto et al. 2011). There were also differences in one-

year follow-up study between offspring of the women who were in intervention group and those who had 

got standard maternity care.  Data from that study shows that offspring of the mothers who had received 

intensive dietary and physical activity counselling were less obese than offspring in the control group 

(Mustila et al. 2012). 

Figure 1. Vicious cycle of transgenerational obesity – NELLI main cohort and current study Moving Sound. Adopted 

from Luoto, research proposal of NELLI 5-years follow-up study. 

 

Transgenerational cycle of obesity and cardio-metabolic disorders should be restudied and prevented by 
decreasing sedentariness among both mother and offspring. There is a need to establish a two-part project, 

which is described in the Figure 1 above. A follow-up study for lifestyle intervention participants will aim to 

determine prevalence of diabetes, metabolic syndrome and obesity among mothers.  

A sub-study entitled Moving sound will aim to cut the vicious cycle of transgenerational obesity and seden-

tariness by introducing motivating movement-to-music video programs for mother-child pairs. Participants 

to the Moving sound -study will be recruited from the cohort of the randomized controlled trial NELLI, 
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which was collected during the years 2007-2009. The protocol and methods of NELLI -study have been re-

ported in detail previously (Luoto et al. 2010). 

Music and exercise. Listening to music might have an ergogenic effects during aerobic exercise. The use of 

music decreases ratings of perceived exertion during exercise (Potteiger et al. 2000, Karageorghis et al. 

2006, Yamasita et al. 2006) and it motivates to exercise at higher power (Atkinson et al. 2004). Music en-

courages participation in exercises and activities, and it helps in keeping the beat (Mathews et al. 2001, 

Murrock 2002, Hamburg & Clair 2003). Music may ease pain and help on adherence to a physical training 

program (Murrock 2002, Siedliecki & Good 2006). The use of music is able to reduce anxiety and stress, and 

it improves efficiency of relaxation techniques (Cevasco et al. 2005, Siedliecki & Good 2006). The conceptu-
al framework for benefits of music is shown below in Figure 2. 

Figure 2. Conceptual framework for benefits of music in sport and exercise contexts. Adapted from Terry & Kara-

georghis 2006 and Karageorhis & Priest 2012. 

 

 

 

 

 

 

 

 

 

Musical elements (i.e. rhythm, tempo, beat, musical shape and form, melody, harmony, sound, dynamics, 

lyrics, and style) have an effect on an individual’s impression of music (Karageorghis et al. 2006). Personal 

factors like gender, age, and engagement to exercise and situational factors like context of music and exer-

cise appears to have an influence to a personal experiences (Karageorghis et al. 2012). It seems that the 

most important elements of the motivational qualities of music are fast tempo and rhythmic elements (At-

kinson et al. 2004, Karageorghis et al. 2006). Not only tempo or rhythm but a musical ensemble (rhythmic 
and melodic elements, the listener's musical talent and extra-musical associations) motivates to exercise 

better than tempo and rhythm alone (Potteiger et al. 2000, Crust & Clough 2006, Karageorghis et al. 2006). 

Listening to music might influence to an intensity of physical activity, it might have an effect on the rate of 

perceived exertion and general mood, and it might help to extend workouts (Karageorghis et al. 2012). In 

this way, music may improve exercise adherence by increasing motivation. In addition to the above de-

scribed psychological benefits, also ergogenic i.e. work-enhancing effects such as increase of work capacity 

have been shown (Karageorghis 2008).  

Overall, the benefits of music have been studied for therapeutic purposes and athlete’s studies. There are 

no studies available using mother-child -pairs and/or motivational music in decreasing sedentariness. Only 

a few studies have examined in combination of the ergogenic effect of motivational music and video inter-
ventions. Such as music, video watching has a potential effect to shift attention from internal stimuli to 

external cues and motivational music with video enlarge the positive effects of audiovisual interventions 

(Barwood et al. 2009). Increasing physical activity and decreasing sedentary behavior it’s possible to pre-

vent and improve the following health problems caused by inactivity and achieve long term health benefits. 

From this perspective, the use of music and video together can give an added benefit. 

Physical activity and sedentary behavior. Plenty of observational evidence shows that sedentary behavior 

is a distinct risk factor, independent of physical activity, for multiple health outcomes (Thorp et al. 2011, 

Lee et al. 2012) and mortality (Lee et al. 2012, Katzmarzyk et al. 2009, Patel et al. 2010). It may even be 

more strongly associated with cardio-metabolic risk factors than physical activity (Celis-Morales et al. 
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2012). In this study ‘sedentary behavior’ means sitting or reclining posture (very low energy expenditure) 

while waking hours and ‘inactivity’ means the lack of physical activity compared with physical activity 

guidelines (Sedentary Behavior Research Network 2012).  

Self-reporting have been the most widely used methods to assess both sedentary behavior and physical 

activity. However they require participants to memorize and continuously record their activities. Addition-

ally, validity and reliability of these self-reports is quite poor (van Poppel et al. 2010, Hagstromer et al. 

2010, Clark et al. 2009). Moderate-to-vigorous physical activity is reported more reliably and validly than 

less intensive activities. The least reliably reported are low intensity activities, often performed in several 

short bouts within a day (Matthews et al. 2012). 

During the last ten years technological development has produced new aspects for measurement of both 

physical activity and sedentariness. Tri-axial (3D) accelerometer, collecting information on raw mode in-

stead of proprietary units, is becoming the method-of-choice in studies where accurate measurement is of 

primary importance (Freedson et al. 2012, Intille et al. 2012, Bassett et al. 2012). 

 

2. Objectives and hypotheses 

Quite many people use music during exercise for example while jogging or in the gym. Anyhow some 

mothers might have difficulties to go to move when they have small children and thereby importance of 

physical activity at home increases. In summary, there is a need to perform an experimental study which 

combines the understanding of the benefits of music, objective physical activity measurement in decreas-

ing sedentariness and thereafter transgenerational obesity.  

Main objective of the current study is to decrease sedentary behavior and increase physical activity among 

mothers and their offspring by using music-to-movement video program.  

Primary outcomes of the study are objectively assessed sedentary behavior and physical activity of mothers 

and their children aged 4–7 years. Measurements will be done during the first, second and eighth weeks of 

the intervention. Sedentary behavior and physical activity time will be analyzed both in minutes and as a 

proportion of measurement time.  

Secondary outcomes of the study are quantity and quality of self-reported screen time among mothers and 

children and motivational quality of music and music-to-movement video. Additional secondary outcomes 

are mother’s weight, workability, mental health and mood. 

Specific aim is to study effectiveness of intervention with accelerometer use only or with a combination of 

accelerometer plus music-to-movement video program for mother-child pairs.  

Specific hypotheses 

I. Movement-to-music video program developed for mother-child pairs decrease sedentary time 

more than wearing accelerometer only. There are no changes in moderate-to-vigorous physical ac-

tivity, although amount of light intensity physical activity increases. 

II. Movement-to-music video motivates mother-child pairs increase physical activity and decrease 

sedentary behavior. 

III. Mothers’ musicality motivates them exercise more with video program than mothers’ without mu-

sical background.  

 

3. Research methods and materials 

Accelerometer measures and pretest. Main aim of the project is to reduce sedentariness among women 

and their children. Accelerometer measures continuously tri-axial acceleration caused by any movement 

and permits accurate individual assessment of both physical activity and sedentary behavior. Data on phys-

ical activity and sedentary behavior will be collected with tri-axial accelerometer (Hookie AM 20, Traxmeet 



Ltd, Espoo, Finland). The data will be collected in raw mode and analyzed as the mean signal amplitude 

deviation (MAD) of acceleration (Vähä-Ypyä et al. 2014), which permits accurate individual assessment of 

both physical activity and sedentariness. The algorithms used in the present study are based on pilot stud-

ies conducted at the UKK Institute.  

Accelerometers are attached to a flexible belt and all women and their children will be instructed to wear 

the belt around their hip for 14 consecutive days (two weeks) during waking hours at the beginning of the 

study and 7 days (one week) at the last week of intervention time. The accelerometers should be removed 

before going to bed and during showers, bathing, swimming or other water activities.  

Accelerometers were pretested with eleven 2–9 years old children. Children did different kind of free 
movements, play, and games in test track field during one hour. That was done to find out how scurry-like 

movements appear in accelerometers. Another test in running track tested different speeds from the slow 

walking to the maximum rate of running. In addition accelerometers piloted with ten 4–7 years children 

during one week. On the basis of these tests acceleration signal acted as expected. 

Movement-to-music DVD production and pretest.  .  There will be two separate movement-to-music video 

programs prepared by the Sibelius-Academy music education students in the specific course for children’s 

music programs during spring 2014. Directors, Soili Perkiö and Eeva-Leena Pokela are children’s music pro-

fessionals. The student group is called Mutaveijarit (The Mud Mates). The Mud Mates “live in puddles, 

ditches, ponds, creeks, and on the shores of oceans and lakes. They are hard to find, but by singing and play-

ing, each of us, child and adult, can dive into their hilarious world. These are songs by the water—splashing, 

dipping, playing, and chattering.”
1  

Video programs were produced for this study. Both videos last about 10 minutes including two songs and 

their movement preparation. There are three songs altogether, because the title song Mutaveijarit is in 

both tracks (Table 1.). 

Table 1. Details of music used in movement-to-music DVD  

 

Name of the song             Compose, lyrics  

           and arrangement 

Musical 

genre 

Tempo 

(beats 

per 

minute) 

Motivational quality 

video vs. music group 

(BMRI-2, max. 42 points) 

Video 1: Mutaveijarit ja karibialainen kala    

   Mutaveijarit Eeva-Leena Pokela and Mutaveijarit Rock’n’roll 94 34,6 vs. 33,7 

   Karibialainen kala Aili Järvelä Swing’n’Boogie 128 34,0 vs. 31,9 

Video 2: Kuraa ja mutaa    

   Kuravelli Miia Reko and Mutaveijarit Schottische 124 32,5 vs. 31,4 

   Mutaveijarit Eeva-Leena Pokela and Mutaveijarit Rock’n’roll 94  

 

To rate the motivational qualities of these three songs, a panel of 8 physiotherapists (all female) assessed 

each song by using Brunel Music Rating Inventory-2 (BMRI-2: Karageorghis, Priest et al. 2006; BMRI-3: 

Karageorghis 2008). Another reason for pretest was to find out the influence of visual stimuli on the re-

sponses to the music. BMRI-2 was translated in Finnish by investigators of this study. 

Each song was rated by indicating one number between 1 (strongly disagree) and 7 (strongly agree) for six 

statements about how much the song would motivate a person during exercise. The possible range of 
scores is 6–42, wherein scores below 24 mean low/oudeterous, middle range 24–35 moderately and scores 

over 36 mean highly motivating ratings (Karageorghis 2008).  

Video group (n=4, mean age 41 years, SD 16,2 years) was first watching DVD and assessed all three songs 

separately using BMRI-2. Then they listened only music (without illustration) and rated the motivational 

qualities of each song. Music group (n=4, mean age 42,8 years, SD 15,8 years) assessed first only the moti-

vational qualities of the songs. After that music group was watching DVD and appraised the music and illus-

                                                           
1
 Citation from event description http://www.musiikkitalo.fi/en/event/mutaveijarit-0 



tration together. In addition both groups moved to DVD and rated the motivational qualities of music dur-

ing movement. 

The rhythm, style, melody, tempo and beat motivated movement more in video group than in music group. 

Music group assessed sound motivated them more than sound did in video group. During movement 

rhythm, style, and beat motivated video group more while melody, tempo, and sound motivated music 

group. As expected in both groups music and picture together motivated movement more than music 

alone. 

Data collection. Objective measurements of sedentary behavior and physical activity of the mothers and 

their children will be collected at first, second and eighth weeks of the intervention by using accelerometer. 
Body weight of the mothers will be measured at baseline. Information on current physical activity, screen 

time, diet, and self-reported weight, as well as information on quality of life will be collected at the baseline 

by using same questionnaires as in the NELLI 5-years follow-up study (based on one-year follow-up ques-

tionnaires of the NELLI cohort). At 2 and 8 weeks after baseline information on physical activity, screen 

time, self-reported weight and motivation to exercise by using movement-to-music video program will be 

collected by questionnaires (Table 2). Information of the children’s physical activity and screen time will be 

collected at baseline, 2nd and 8th weeks after baseline by questionnaires. 

Table 2. Moving sound data collection and measurements at baseline, 2 weeks and 8 weeks after baseline. 

Data collection Baseline 2 weeks 8 weeks 

Accelerometer measures X X X 

Physical activity questionnaire X X X 

Sedentary/screen time questionnaire X X X 

Weight X X X 

Motivation to exercise with video program  X X 

Mother’s musical background (intervention group)  X  

 

Participants of the Moving Sound -study will be recruited from the cohort of the original NELLI-RTC. Mother 

and child -pairs (n=837) will be invited to NELLI 5-years follow-up study and to Moving Sound -study from 

14 municipalities of Pirkanmaa area. We expect to get involved 30–40 % of the original cohort, which will 

be 251–335 mother and child -pairs, altogether. Possible reasons for drop out at this stage will be that a 

person can’t be invited, because it’s not possible to get contact for her, a person has moved away from the 

area or a person doesn’t want to take part to study. Estimation for sample size and randomization of the 

study are shown in Figure 3. 

Figure 3. Estimation for sample size and randomization of the study. 
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Mothers and children will be eligible for inclusion if they meet the following criteria: child age between 4 

and 7 years, have a possibility to use DVD player or YouTube-link, and both of them will be able to perform 

physical activity and use accelerometer as instructed. Mothers and children who are unable to perform 

physical activity for medical reasons will be excluded.  

Randomization will be done for 2:2 ratios, which means two mother-child pairs to intervention group per 

two pairs of control participants. For allocation of the participants an appointment order list for NELLI 5-

years follow-up study will be used. Mothers will be randomized to intervention or control group by using 

sealed envelopes in contact of sampling for NELLI-study. 

Power calculations for the study (Table 3.) show that approximately 91 mother and child -pairs are needed, 

if there are 80 % sedentary women at baseline and the anticipated difference in sedentariness is 25 % be-
tween the ACC (accelerometer) and ACC + DVD (accelerometer plus movement-to-music video program) 

groups after intervention. If the anticipated difference between groups is smaller (than 25 %), the number 

of pairs needed is 135 per group. In this study sedentary women are defined as being sitting or in reclining 

posture more than 76 % of waking hours (Husu et al. 2014). 

Table 3. Power calculations for primary outcome of the study. 

Primary aim: decrease sedentariness of participants by using DVD musical video 

Proportion of sedentary 

women 80 % 

Accelerometer and DVD 

group (ACC+DVD) 

Accelerometer group 

(ACC) 

Number of participants 

(mother + child pair) 

needed 

α= 0.05, β=0.80, differ-

ence between the 

groups 20 % 

60 % 80 % 135/group 

difference between the 

groups 25 % 

55 % 80 % 91/group 

   α= significance level, β=power of the test 

 

Interventions. Mothers and children randomized to accelerometer group (ACC group) will wear to accel-

erometer belt for first 14 days (two weeks) and last 7 days (during week 8, Figure 4.). Mothers and children 

randomized to movement-to-music -group (ACC + DVD group) will do the same. Both groups will have 
questionnaires at baseline, after 2 and 8 weeks and both groups will fill exercise diary during weeks 1, 2 and 

8.  

In addition movement-to-music -group get either DVD or YouTube-link by e-mail or mobile phone according 

their own choice at the end of the first week. Mothers in movement-to-music -group will be expected to 

spend time every second day watching program from DVD player or internet together with their 4–7 years 

old child. Participants in movement-to-music group will use the BMRI-2 to assess motivational quality of 

music used in music-to-movement video. 

Figure 4. Intervention for 8 weeks.  
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Statistical methods. Effect of the intervention will be analyzed following the intention-to-treat principle by 

comparing the changes in the main outcomes between intervention and control group participants. Multi-

variate methods corresponding to analysis of covariance and logistic regression will be used. Non-paramet-

ric methods will also be utilized if needed. In the analysis physical activity, sedentary time and body weight 

of the intervention and control group will be compared. Subgroup analysis in intervention group will be 

conducted for mother’s motivation to exercise with movement-to-music video program and effects of mu-

sical background. 

 

4. Ethical permission and trial registration 

Ethical permission will be requested from Pirkanmaa ethics committee in September 2014. This research 

project will be accomplished according to good scientific practice, including ethical issues.  

Trial registration will be done for ClinicalTrial.gov (National Institutes of Health) in August 2014 before the 

study begins in September 2014. 

 

5. Project risks and their management 

The main risks in new data collection for NELLI 5-years follow-up study and Moving Sound -sub-study are 
related to response rate, which was approximately 50 % in the NELLI one-year follow-up data collection. 

Therefore, extra efforts will be performed to increase the participation to the 5-year data collection. These 

efforts include utilization of social media (Facebook closed group), with motivating quizzes, provision of 

feedback on the results of the earlier studies, and also the possibility to pose questions to the study team.  

Another effort is related to the possibility of using electronic questionnaires, in case the women are not 

willing to participate in the tests of NELLI 5-years follow-up study. 

Another risk in data collection will be the use of hip-worn accelerometer and its ability to measure move-

ment during movement-to-music video use. There are lots of movements shaking and jiggling hands and/or 

legs in video program and it is unsure how these kinds of movements can be detected by Hookie-

accelerometer. However, Hookie-accelerometer is able to detect overall physical activity and sedentary 
behavior. 

 

6. Implementation and funding 

The preliminary study timetable is shown in table 4.  Estimated time for starting the Moving Sound inter-

vention is autumn 2014 after the pilot experiences, permission of Pirkanmaa Ethics Committee and trial 
registration for ClinicalTrial.com (National Institutes of Health). 

 

Table 4. Moving Sound milestones. 

 
2014 

4-5 

2014 

6-8 

2014 

9-12 

2015 2016 2017 

Initial research proposal       

Video finishing, BMRI-2 tests and DVD production       

Pretests of accelerometers, exercising diary and questionnaires       

Pilot study       

Analysis of the pilot study       

Updating research proposal       

Writing out the first publication (pilot results, protocol)       



Trial Registration AND permission of Pirkanmaa Ethics Committee       

NELLI 5-years follow-up study including Moving Sound -data collection       

Analysis and publication of the research results       

 

 

The budget of the proposal (Table 5.) includes salaries for one postdoctoral and one researcher, one statis-

tician and other costs. Funding for this trial originates from Academy of Finland research grant and Compet-

itive Research Funding from Pirkanmaa Hospital District for Riitta Luoto and the research group for 4 years’ 

time (2014-2017). The trial is linked to larger cohort study (Pregnancy as a window to future health of 

mothers and children, NELLI 5-years follow-up). Additional funding for doctoral researcher (Pipsa Tuomi-

nen) will be applied from Juho Vainio Foundation, Finnish Cultural Foundation, and Yrjö Jahnsson Founda-

tion during autumn 2014. 

 

 Table 5. Personnel and justifications of the funding 

 2014, € 2015, € 2016, € 2017, € Total, € 

Postdoctoral researcher  38400 38400 38400 38400 153600 

Researcher NN (part-time in 2014) 20000 30000 30000 30000 110000 

Statistician  11200 11200 11200 11200 44800 

Indirect employee cost (30 %) 20880 23880 23880 23880 92520 

Employment cost total, without indirect costs 69600 79600 79600 79600 308400 

 

Other costs: 

     

Accelerometers (90€/each, 100) 3000 3000 3000    --- 9000 

Video (2000€) and DVD production (3,50€/each, 350) 2700 525    ---    --- 3225 

Services: language check-ups (1000 €/each) 1000 1000 1000 1000 4000 

Travel expenses (Train Helsinki-Tampere 70 €/trip, 5 

trips/year) 

1050 1050 1050 1050 4200 

Congress trips 1000 1000 1000 1000 4000 

 

Total (employee + other costs) 96530 109530 109530 106530 

 

422120 

Overheads share (15%) 14480 16430 16430 15980 63318 

Total cost of the project 113710 126485 125960 122510 488663 

 

 

7. Researchers and research environment 

The project is multidisciplinary and the collaborating organizations are UKK Institute, Finnish Institute for 

Occupational Health and Sibelius-Academy. The members of the research teams are shown below (Table 
6.). All co-workers will participate in planning the analyses and reporting the results in scientific papers. The 

UKK Institute for Health Promotion Research, Tampere, owns the data and is responsible for its storage and 

use. The personal data will be stored for 20 years.  

Table 6. Collaborators/researchers and their roles in the study proposal. 

Collaborating research organizations and persons Role/ expertise areas in the study 

UKK Institute for Health Promotion 

Riitta Luoto, MD, PhD, research director Principal investigator of the NELLI study 

Jani Raitanen, MSc (statistics) Statistics 

Pauliina Husu, PhD, postdoctoral researcher Physical activity and sedentary behavior, objective measure-

ment 

Pipsa Tuominen, MSc (music education), MSc (sports and 

exercise medicine), researcher 

Moving Sound -study, connection between music and physical 

activity 

Finnish Institute of Occupational Health 



Minna Huotilainen, PhD, research professor Cognitive science, consulting role  

Laura Sokka, MSc (psychology), researcher Psychology, consulting role 

Sibelius-Academy, dpt of music education  

Eeva-Leena Pokela, vice head  in Music Education, lecturer Music Education, Movement-to-music video 

Soili Perkiö, lecturer Music Education, Movement-to-music video 

 

8. Expected research results 

The NELLI study was effective in reducing the number of new-born with large birth weight for their gesta-

tional age (Luoto et al 2011). Since the NELLI study was one of the first trials aiming to prevent gestational 
diabetes and having adequate sample size to show effects of the lifestyle intervention cardio-metabolic 

consequences, also the follow-up results will be important both scientifically and from clinical point of view. 

The follow-up of mothers and children in the NELLI study will bring unique information concerning chil-

dren’s obesity, which is one of the key public health questions in the future.   

Moving sound -intervention will aim to evaluate the practical implementation of physical activity measure-

ment and motivational music programs together. Given the well-known positive effects of music on mood 

improvement, positive results are expected also with respect to exercise adherence. For example, if chil-

dren’s programs in TV included more musical elements or other features known to decrease sedentariness 

among children, the results of this intervention study could have larger potentials and effectiveness in Fin-

land. 

Additionally, as mentioned earlier the use of music and video together can give an added benefit to in-

crease physical activity for those mothers, who has difficulties to exercise out of home with small children. 

This study gives a possibility to achieve long term health benefits by moving at home. In this way this study 

will show one way to prevent and improve the forthcoming health problems. 
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