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Accderometers: Devicesthat contributetohealthy aging
Acdermetros L osdispostivosgquecontribuyen al enveg ecimientosaludable
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Abstract. In this paper accelerometers were used as a persuasive technology to monitor exercise training and to promote hedlthy habits in senior
citizens. The sample was composed by 100 users of a nursing home. Subjects were randomly assigned to an experimentd and a control group. The
intervention program lasted four months. Both groups carried accelerometers on a daily bases during one month, with no prior indication about
exercise practice. The procedure was repeated two months later, but the experimental group was encouraged to increase the amount of time devoted
to physica activity. Results showed a statistically significant increase in the amount and intensity of physica activity, regardless of whether subjects
received the incentive to do it. These findings support the efficiency of using accelerometers as persuasive technology, as well as for generating new
opportunities for active and healthy aging.
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Resumen. En este trabgjo se utilizé un acelerdmetro como una tecnologia persuasiva para supervisar la préctica de gercicio y promover habitos
saludables en las personas de edad avanzada. La muestra fue compuesta por 100 usuarios de un hogar de ancianos. Los sujetos fueron asignados
deatoriamente a un grupo experimenta y un grupo control. El programa de intervencion durd cuatro meses. Ambos grupos llevaron € acelerémetro
durante un mes diariamente, Sin ninguna indicacion previa sobre la préctica de gercicio. Dos meses después, se repitio € procedimiento, pero € grupo
experimental fue dentado a incrementar la cantidad de tiempo dedicada a la actividad fisica Los resultados mostraron un aumento estadisticamente
sgnificativo en la cantidad e intensdad de la actividad fisica, independientemente de s 10s sujetos recibieron e incentivo para hacerlo. Estos halazgos
gpoyan la eficacia de la utilizacion de acelerdmetros como la tecnologia persuasiva, que la generacion de nuevas oportunidades para € envejecimiento

activo y sdudable.

Palabras clave: Accelerdmetro; Envejecimiento; Salud Plblica; Cinemética; Desarrallo fisico y su evaluacion.

Introduction

Itisadocumented fact thet asettled lifestyleismodtly linked toan
increased risk of morbidity and mortdity in developed populaions.
Thelack of physicd activity (PA) hasbeen identified asthefourthrisk
factor for desthsglobaly (Brown& Food, 2013; Sardinhaet d., 2012).
However, despite evidence of the protective factor of PA (Baptista et
d., 2012; Colley et d., 2011; Paterson & Warburton, 2010), it hasbeen
shown that PA levels are particularly low in the age group of 60 years
and older (Bobillier Chaumon, Michdl, Tarpin Bernard, & Croisile,
2014; Lisowska, 2011).

The use of Information and Communication Technologies (ICT)
increasesthe sedentary way of life. Nowadays, most daily taskscanbe
donewithout evenleaving home (Lisowska, 2011). Whilel CTshavea
negativeimpact on people'slifestyle, they dso can beused asatool for
the promotion of hedthy lifestyle habits thet fadilitate the longevity
throughanactiveageing (Bobillier Chaumonetd., 2014). Technological
gadgetsfor measuring activity and the applicationsfor mobile phones
arethe technologica products most commonly used fot this purpose.
Thesedevicesareknownas'’ persuasivetechnology’ or «technology for
motivation». These technologies are defined as devices for data
processors, or applications designed with the aim of revamping the
attitudesand behavior of peopleinorder toimprovetheir quality of life.
Within this group of instruments; it stands out the accelerometers.

Accd erometers can be defined as e ectronic devicesthat measure
the acceleration of a body when it moves. In other words, they are
portablesensorsfor thestudy of kinemeticsof thehuman body. Despite
thefact of being awearabletechnol ogy, somelimitations could appear
during the PA). It isaninstrument of assessment which, in addition to
provideagrest sengtivity for meesuring accd erometry, greetly facilitates
ardliablestudy of the patient(Garcia-Hermoso, Esca ante, Dominguez,
& Saavedra, 2013; Michagla, Sastny, Jarodav, & Mirodav, 2016).
Furthermore, it brings us important information of his environment
due, mainly, toitsportability and low cost. Asaresult, abig quantity of
goplicationsfor accd erometers has sprung as posturd assessment and
biomechanicsfor patientsin traumaand Neurology, aswell asthePAin
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gports and Geriatrics (Hartmann, Murer, de Bie, & de Bruin, 2009;
Latt, Menz, Fung, & Lord, 2009; Mizuike, Ohgi, & Morita, 2009)
monitoring and supervision. In addition, and previoudy noted, the
accelerometers are useful for different areas of the socio-sanitary
environment such as medicine, physiotherapy or sports, since they
provide reliable and vaid information obtained through the common
behaviour of the subjectsin their everyday environment. Unlike other
cinematic devices, accderometersare not exclusiveto laboratory use.
They aredsovdidfor dinica andambulatory use(Bischoff etd., 2003;
Lohne-Saller, Hansen, Kolle, & Anderssen, 2014; Moe-Nilssen &
Helbostad, 2004).

According to this, it should be noted thet accelerometry is atool
thet shows itsdlf adequete for monitoring human movements in an
objectiveand rdigbleway, gpplicableinthedally lifeof subjectswithout
implying large costs(Vespalec, Pavlik, Zvonag, & Zeman, 2016). The
accderometersarebeing usadinthesupervisionof different movements
You can get a wide range of measures such as: classification of
movements, assessment of theleve of PA, etimation of themetabolic
energy expenditure, balance, pace of marching and control measure of
getting up - Stting. These measures can be consulted by the hedth
professona who keeps track of a patient, and dso by an individua
who wants to monitor hisher daily PA in order to establish hedthy
habitg(Carrilloet d., 2017; Leirés-Rodriguez, Arce, & Garcia-Soidan,
2015).

Asareault of theeffortsfocused onthisfield, it hasbeen concluded
that it is essentid for elderly people to maintain the highest possible
leve of functiondity over the years, and therefore the most effective
formulaistheredlization of PA. Through exercise, adultskeep agood
functiondity and body composition (with gppropriate percentages of
lean, fet and visceral matter) (Dunsky & Netz, 2012; Fretiglioni, Paillard-
Borg, & Winblad, 2004; Haight, Teger, Sernfeld, Satariano, & vander
Laan, 2005). By thisway, risk factors for the development of cardio-
vascular and degenerative diseasesarereduced, asitisa reedy evidentin
many scientific udies (Da, Wang, & Morrison, 2014; Lampinen,
Heikkinen, Kauppinen, & Helkkinen, 2006; Mamberg, Miilunpao,
Pasanen, Vuori, & Oja, 2006). Inaddition, exercisedso actsasashield
againg thedevelopment of psychologica and mental disorders. Older
peoplewith most accused functiond declineare morelikely to reduce
their socid activitiesand go out lessfromhome, duetothered limitation
imposed by physicd deterioration, and the indirect limitation which
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makesthat theelder confineintheir activitiesfor fear of not being able,
fdlingor gettinginjured. Withregard tointroducing such devicesinthe
daily lives of dderly peoplelease note thet success dependsto alarge
extent on the usability of technology (Sewyn, Gorard, Furlong, &
Madden, 2003). These ingruments can be applied with a double
objective: to put in touch older adults with the use of technology and
promote hedlthy lifestyles. Inthisline, the promotion of quality of life
in dderly people nead the understanding of their lifestyle and of their
levdsof PA (Peterset d., 2010). Sinceit is necessary to consder that
ng PA levelsthrough interviews and surveys may beinaccurate
for use in adults above 60 years old, since on many occasions the
activity datareported by theindividud isinaccurateor islimited dueto
theexistenceof cognitiveor memory problems, or becauseof thesocid
desirability of the participants. Plus, the insgruments thet are used are
often salf-administered, which can lead to alack of rdighility of the
results dueto the subjectivity of the answers. Linked to thisfact, most
of theinstrumentsthat measure PA, rardly meesurethe sdif efficacy and
the gtate of changein behavior (Fauth, Schaefer, Zarit, Ernsth-Bravell,
& Johansson, 2016), so if you want to know and promote changesin
life habitsis not enough to gpply questionnaires and scaes. Themain
advantage of theuse of acceerometers, versusquestionnairesor scales
of assessment and promotion of PA, is that they alow to obtain an
impartiad assessment of most behaviors(Tara dsen, Chastin, Riphagen,
Vereijken, & Hebostad, 2012).

All this makes the accelerometers to be positioned as one of the
fundamenta tools for Public Health. Therefore, ederly people with
instrumentsof control of PA (i.e accderometers, pedometers, heartrate
monitors, GPS) could spontaneoudy increase the amount of PA ona
regular basis aswdl astheintensity of it.

The aim of this study was to analyze the aplicability of
accderometersasatechnology that promotesthe PA inasampleof 100
adults. The hypothesis of thisstudy wasthat the use of accel erometers
encouragesthe practice of physicd activity.

Methods

Participants

The intervention program was carried out over a period of four
monthswith adultsfrom acenter of elderly home of thecity of Orense
(Spain). 100 subjects, 52 women and 48 men (52% and 48%,
respectively) completed the program (Figure 1). The control group
(CG) was composed of 50 adults, 26 women and 24 men (52% and
48%). Theexperimenta group (EG) condsted of 24 menand 26women
(52% and 48%). The ages of the participantsinthe EG ranged from 56
to 76 years (M = 67.67; D = 6.03) and in the CG between 55 and 80
(M =66, 56; SD =5.65). The physicd characterigtics of both groups
werehomogeneous(Table 1). They had no past or present neurological
disorder, no musculoskeleta disease that could interfere with daily
activities, and no Sgnificant auditory impairments, and they were not
taking drugsthat could haveinfluenced theresultsof thisstudy. Ethical
gpprova was obtained from the Judgement of Investigations of the

Table 1.
Descriptive statistics
Weight (kg) Height (m) BMI (kg-m2)
M SD M D M SD
Experimental Group 68,94 5,68 1,61 0,06 24,79 2,17
Control Group 68,85 591 1,63 0,07 24,65 2,17

Assessed for eligibility (n=137)

Excluded (n=37)

+ Not meeting inclusion criteria
(n=29)

+ Declined io participate (n=8)

Randomized (n=100)

Allocated o intervention (n=50) ‘ Allocated to control group (n=50} ‘

Figure 1. CONSORT Flow Diagram
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Faculty of Educationand Sport Sciencesfrom Universty of Vigo (Spain).
TheJudement'sreferenceis3-0406-14. All subjectssigned aninformed
consent form prior to their participation.

Variablesand Ingruments

Todothis, weandyzed thevariabledaily caloric expenditure, total
seps, aswdl asthe PA intengity low and medium intensity, measured
bothlevelsinMETS (metabolic rate measurement unit). Theemployed
accderometer providesall these variablesdirectly, without calculation
by the user. The MET Sare used to reflect energy expenditure. Thus, 1
MET equalsenough power to kesp anindividua & rest, beingitsvaue
according totheconsumption of oxygen (VO,) of 35mi/kg/min. |.e, an
effort thet equals2 MET meansthat theindividua consumestwicethe
metabolism & rest. It is conddered that less than 3 MET efforts are
mild, between 4 and 6 moderatesMET, from 9to 10 MET intenseand
more than 10 very intense MET.

Acceleration measurement was performed using a triaxial
accelerometer ActiGraph GT3X+® (ActiGraph, EstadosUnidos). This
device dlows you to store time series of acceleration detain a non-
volatile flash memory. The autonomy of the accderometer was forty
daysof continuous measurement, so it was not necessary to make any
charge for as long as the participants wore the devices. The small
dimensions of the modules (4.6x3. 3x1.5 cm), together with its low
weight (19 g), makethisdevice one of thebest optionsto asesslevels
of PA.

Participantswereingructed to placethemsdvesthedevicewithan
adjugtablebdt a thelow back (closeto body’s center of mass). For the
purposeof enabling subjectstouseaccd erometersat dl times regardless
of theactivity they weredoing, thosewereused combinedwithwatertight
covers. Thus, usersof thistechnology could carry thedevicesinaguetic
activities wichareusud activity in senior centers. Another advantageof
the small size of the accdl erometer isthat does not prevent to perform
any activity, or forcesto use aparticular type of dothing.

Regarding to reports of PA that participants can generate by
connecting the device viaa data cable to the computer, we must note
that thevariablesthat participantsconsult through Actilife6® (Actigraph,
Pensacola, FL) software areessentially two: Periodsof degpand daily
PA levels (Table 4 and Figure 2, respectively). The Teble 4 showsthe
variables about deep scoring: deep/wake hours and deep datistics
suchasonset, degplatency, amount of deep, and deep efficiency usng
validated scoring agorithms. The Figure 2 shows the sedentary and
activity bouts: identify boutsof low and high activity and detailsabout
asubject sedentary behavior.

Althoughthepossibilitiesoffered in thesoftwarearemuch broader,
ranging fromtheca culation of accd erationsin each oneof theaxesuntil
tilt angles of inclination of the subject, for this study andyss was
limited to PA levels.

Table 4.
Data analysis of periods of sleep that the user can consult through Actilife 6% (software
accelerometer).

Total Total Wake

Timein Sleep After Number of AVG

InBed Out Bed Latency Efficiency

(min) Bgd Time Sleep Awakenings Aw(amkie:)ing
(min) (min) Onset
1721(?22/316 l%l;J:ZSI(SJLB 3 95,72% 747 715 0 5 6,4
182l§231é.6 l%léJZlI;LB 4 83,49% 521 435 0 10 8,6
lilé]%lé.ﬁ 2(;/((]]23/]2}.6 3 69,85% 325 227 0 9 10,89
2(;/;]251916 211{;25/816 2 97,38% 839 817 0 2 11
21212251916 2?3%4{;'6 4 93,32% 764 713 0 3 17
00 0600 10 " L] L2 2o g

17/02/2016 M il i [ ﬁ ‘l
18/02/2016 | |“ Jl ‘Iﬁﬁi “' ‘

Figure 2. Daily activity charts for the user consult through Actilife 6° (software accel erometer)
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Thereason of giving accessto smd| software modulesisto make
the environment friendlier for the users, especidly taking into account
the age range of the participants.

Procedure

The basic operation of ICT, such as the accdlerometer and the
necessary computer for daily activity monitoring, was secured when
selecting participants. All of them were trained in this ghility through
workshops a the elderly Centre, which had aduration of oneweek (2
hours/day, Monday-Friday). These workshops were held the week
prior to the initiation of the investigation.

Thelntervention programlasted four months, between November
of 2015 and February of 2016. Indl cases, the guiddinesgivento the
subjectswho participated in the study were very similar. Both groups
of senior adultswere asked to measurethe PA day performed, wearing
an accel erometer during two periodsof time. For theboth groups, each
of the periodslasted amonth. Thefirst period of 30 days, took placeat
November and the sacond period during the February.

Duringthefirgt period, both groupscarried the devicesfor amonth
without any other indication. Thet is, both were asked to follow their
usud PA. The subjects belonging to experimentd group (EC) were
informed, &t the begining of the second period, thet they must increase
their level of PA. The contral group (CG) did not receive any other
ingtruction &t the beginning of the second period. It means that they
were not recommended to increase ther daily PA, or even walks or
travels. They should only carry the accel erometer and monitor inthelr
dally activity. Inaddition, thisgroup was unaware of theexigtenceof a
EG

All of them would use a computer to generate reports and teke
control of the daily deep/rest hours.

Satidtical Analysis

For the deta processing the stetistical package SPSS (version 22)
was used. Ddtais presented as mean + Sandard deviation. Thevaria-
blesshowed anormd distribution accordingtotheK olgomorov-Smirnov
test (p > 0.05) and existed homogendity of variances, by applying the
Levene test (p = 0.12). We used the 2 sample t-tet, to make the
comparison between the CG and the EG (test using d-Cohen, to measure
the effect Sze) to compare the effect of factor use accelerometer (men
vs. women) at thelevelsof PA. Furthermore, we used the paired t-test
to make the comparisons pre and pogt internvention in both groups.
Theleve of significancewasp < 0.05.

Results

Theresultsindicated that the CG regardlessthat theresearcher not
provideingtructions, had higher levelsof PA thanthe EG (Table2). The
CG had higher vaues of daily caoric expenditure, totd steps, steps
during mediumleve of PA (p<.01) and duringmedium leve of PA (p
<.001).

Table 2.
Daily caloric expenditure and daily total steps at the beginning and end of program.
DCE (kcal) DTS SLA SMA
Period M SD M SD M SD M SD

Experimen Nov.’15 2915.07 270.86 2846.89 507.07 1887.07 33531 959.82 196.68
tal Group Feb.’16 291545 270.47 2896.04 522.69 1887.23 336.42 959.05 197.17
Control  Nov.’15 2920.33 269.63 2852.80 513.84 1901.87 34256 950.93 171.28
Group  Feb.16 2974.19* 271.65 3408.55* 636.17 2092.12* 365.68 1024.43** 174.27
DCE: Daily Cdoric Expenditure; DTS: Daily Total Steps; SLA: Steps during Low level of
Physica Activity (<3 METS); SMA: Steps during Medium level of Physica Activity (3-6
METS). p value< .01, p value< .001

Table 3.
Comparison of the effects of use of accelerometer (pre-post test) on the levels of PA, daily
caloric expenditure and total daily steps.

Variable t (gl)
DCE (kcal) -34(51)
Experimenta Group g:f ‘;1((5511))
SMA .822(51)
DCE (kcal) -19.51(47)*
DTS -13.818(47)*
Control Group A -17_66(51 7';)*
SMA -34.75(47)**

DCE: Daily Cdoric Expenditure; DTS: Daily Totd Steps; SLA: Steps during Low level of
Physica Activity (<3 METS); SMA: Steps during Medium level of Physica Activity (3-6
METS). *p< .01, **p< .001
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When you compare caoric expenditure, total steps and the PA
leve intengty under (3 METS) and medium (6 METS) pre and post-
tests of the subjects who were indructed (EG) and those who not
(CG), theresult shows us differences only in the CG (Table 3).

Discussion

Principal findings

The aim of this study was to analyze the aplicability of
accderometers as atechnology that facilitates the longevity and life
qudlity in older adults. Having in consideration the results, we can see
that the introduction of accderometersin the daily life of the elderly
peopleproducesvisiblechangesinther behavior. Such changes, at leest
in the short and medium term, are due to a change of attitude of the
participantsagaingt thepracticeof PA. Thischangein attitudehasbeen,
for years, oneof thechdlengesto achieve by managersand plannersof
PA programsfor older adults(Beswick, Gooberman-Hill, Smith, Wyl de,
& Ebrahim, 2010; Lampinen et d., 2006; Sdlliset d., 2006; Zatune,
MariaPauladoAmard et d., 2010). It isimportant to point out that, it
has been found that the fact of carrying an accelerometer longer, was
moreinfluentid that theinstruction to useit asamonitor of changesin
leveds of PA in two ditinct periods. Therefore, the Smple routine of
using awearabledevicesuch asaccd erometers, contributestoincrease
PAlevesinolder people. Inaddition, devicesemployed by thesubjects
have not brought any kind of dterationinther daily routinetasks. The
small dimensions of the accelerometers allow any kind of body
movement and because of its great autonomy was not necessary to
carry out any batery charge during the period in which the sudy was
conducted.

Pardld to the increase in time spent on exercise, there was an
incresseintheintensity of it. Thisfindingisvery important regarding to
the impact on life qudity in older adults. The PA practiced by the
ddelyisfrommoderatetohighintendty inorder toreducethegppearance
of functiond limitations (direct effects on mohility and dexterity) and
improve body composition (indirect effect on the percentages of fat
and musclemass) (Haight et ., 2005; Mamberg et d., 2006; Seidd,
Brayne, & Jagger, 2011).

On the other hand, the feedback provided by the accel erometer
couldbelinkedtotheincresseof PA. Being ableto carry out continuous
monitoring of the activity reinforces the consolidation of petterns.
Monitor everyday tasksand andyze performance hel psthat thesubject
will set new gods. In addition, unlike gpplications for smartphones,
tablets and wearable technology, caculations provided by the
accderometer arered, Since it takes into account factors such asthe
intengity of theexerdise, theanthropometric characteristicsof thesubject
andvariablessuchasageand sex.

Envisaging the promotion of hedithy lifestyle habitsin the ederly
fromanecologicd or overal gppearance, dl theseimprovementsdetected
on parameters pertaining to the sphere must consider them not only as
apart of the various factors that determine the qudlity of life of the
people, but dso as an indicator of how the PA works as a protective
factor against cognitiveimpairment (Fretiglioni etd., 2004; Sdlisetd.,
2006). Inaddition, it has been shown how maintaining agood level of
PA, inhibits the tendency to the home seclusion that often occursin
older people, leadingthemtoaviciouscirdeof socid isolation, physical
inactivity, absencein adtivitiesin publicenvironments, socid invisibility
(Lampinen et d., 2006).

The persuasive technologies, such as accelerometers, are
increasingly integratedintothepeopledaily life, contributingtohighlight
the gapsin levels of activity, which contributesto improve the way of
life and to ensure a good qudity of life in the adult Stage. However,
despitetheincresseintheavail ability of technological resourcesdirected
to the group of older adults, the use of them does not the usudly focus
on the promotion of the qudlity of life.

Limitationsandfutureresearch
Themain limitation of thisstudy wasthelow level of knowledgein
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the use of ICT by the participants. This, mogt likely, indicates that
Centerswheresubjectshad agreater degreeof | CT competence, program
results could be better and dso the avail ability toincreasethe PA levd,
controlled by accel erometers. Theuseof theacod erometer would have
lesseffect inthelevesof PA inagroup with lower level of knowledge
inthe use of ICT. Another important limitation was the ssmple itsdf,
thet, although important, it is not representative of the entire total
population of seniorsin Ourense. Another limitationwasnot recording
the PA chosen by the subjects. Above al in the CG that showed a
sgnificant increeseof their PA leves, it would have beeninteregting to
know what activities were those that represented thisincrease. For dl
of theabove, theresultsof thisstudy should beinterpreted with caution;
however, it can provide us information about the potentia use of
accelerometersto andyze and promotethe hedthy PA in older people.

In addition to do new studiesthat overcomethe limitetions of the
present paper, in the future, the study of ICT for promote the PA
should bedespened in different populations. Ontheother hand, it must
becheckedwhether theincentiveeffect of theacod erometersisprol onged
inthelong term.

Conclusions

Theimplementation of programssuch asthisone, which combines
the use of ICT with toolsthat help to Simulate hedithy lifestyle habits
and to contribute to active ageing, could be included in the format of
courseswithintheactivitiesthat offer ederly centers. Atthesametime,
morestudiesareneeded to assesstheeffectivenessof thesetechnologies
intheincreasing ratesof PA, obtaining datatrandferability tolong term
and the influence of sex and the socio-economic environment. At the
same time, we must consider the influence of the participantsin the
degreeof useof ICT.

Inconclusion, wehopethiswork will encourageother scientiststo
investigate the promotion of healthy aging through persuasive
technologies, in a way that contributes to the development of new
focused toolsto incresse therate of PA in older adults.
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