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Abstract

Background:

Very little is known about physical activity (PA) and PA patterns measured
with objective methods among children with intellectual disability (ID) or
their reasons to take part in PA and sport. Moreover, even less is known
about their fitness and metabolic health. Of the few studies published,
most suggest that PA levels are well below recommended guidelines and
overweight and obesity are common. Furthermore, compared with typically
developed individuals (TDI) at same age, children with ID are worse off in
most health-related variables.

Aims:

To investigate PA, PA patterns and sedentary time during the whole week
as well as specifically during school hours and after school on regular
workdays among Icelandic children with mild-to-severe ID. Further, to
investigate metabolic health and risk factors for metabolic syndrome as
well as body composition and compare all these variables to an age- and-
sex-matched TDI cohort.

Methods and Procedures:

Ninety-one children with ID and an age- and sex-matched group of 93 TDI
children took part. PA was assessed with Actigraph accelerometers for 7-10
consecutive days and a questionnaire was used to collect data on PA
behaviour. Anthropometric data were obtained, and adiposity was
measured via dual energy X-ray absorptiometry (DXA). Maximal oxygen
uptake (VO,may), as an indicator of Aerobic fitness was measured using a
Parvomedics Trumax2400 metabolic cart during a graded maximal test
performed on a stationary bike (Monark 828E). For those children who did
not want to be connected to the metabolic cart and those who were unable
to reach VO,..,, the physical work capacity (in W) at a heart rate of 170
bpm (PWC170) was recorded. Blood pressure (BP) was measured with an
automatic device (ADC Advantage 6013). A fasting blood sample was
acquired from those children who were able to give blood and high-density
lipoprotein (HDL), glucose, triglycerides and insulin were measured and
low-density lipoprotein LDL) was calculated. Data on Tanner stage,
commuting mode to and from school, and several aspects of PA were
collected using a questionnaire consisting of closed questions.



Results:

A significantly higher proportion (p<0.006) of children with ID were
categorized as having elevated percentage of body fat (41%) than TDI
children (19%). Similarly, children with ID were smaller (8.6 cm, p<0.001)
had higher sum of skinfold (22.7 mm, p<0.001), diastolic blood pressure
(3.8 mmHG, p=0.006) and percentage of body fat (4.0 percent points,
p=0.008). Over 20% of children with ID had elevated waist circumference,
34% had elevated BP, between 13 and 21% were found to have
unfavourable blood lipid profile and 7% were diagnosed with metabolic
syndrome. Although the PA levels of children with ID were 40% lower and
they spent 9% more time sedentary than their TDI peers, there was an
interaction between group and sex (p<0.05). TDI boys were more active and
less sedentary than TDI girls (p<0.05) but no sex differences were found
among children with ID on any PA variable. Also, there was no difference
between workday PA and weekend PA among children with ID. Only 16% of
children with ID walked or biked to school, whereas the proportion was
74% among TDI children (p<0.001). Both sexes with ID were more active
and less sedentary during school than after school (p<0.003) but no such
difference was found among TDI children. Similarly, a lower fraction (33%)
of children with ID participated 2 hours a week or more in sports compared
to TDI children (76%, p<0.001). No children with ID met the
recommendation of 60 minutes of daily moderate-to-vigorous PA, whereas
40% of the TDI children met the recommendation. Children with ID (60%)
were more likely to name weight loss as a reason to participate in PA than
TDI children (34%, p=0.002) but a higher proportion (96%) of TDI children
than children with ID (50%) participated in PA to improve skills (p<0.001).
Only 25% of children with ID reached recommended levels of aerobic
fitness whereas 75% of TDI children met those levels (p<0.001).

Conclusion:

PA of children with ID is considerably lower than among their TDI peers and
there appears to be no sex differences in PA and PA patterns among
children with ID. Furthermore, children with ID depend more on schools to
accumulate their PA but the fact that no children with ID met the
recommended daily MVPA calls for special PA measures in this group.
Children with ID have different reasons for PA- and sport- participation than
TDI children. These differences need to be considered when designing and
implementing PA promotion campaigns for children with ID.



Agrip

Bakgrunnur:

Litid er vitad um hreyfingu og hreyfimynstur, sem maeld eru & hlutlaegan
hatt, hja bérnum med proskahdmlun (PH) eda asteedur pess ad pessi born
taki patt i iprottum eda almennri hreyfingu. Jafnframt er jafnvel minna
vitad um ol og efnaskiptaheilsu pessara barna. baer fau rannsdknir sem
birtar hafa verid benda til pess ad hreyfing barna med bH sé langt undir
radlogdum viomidum og ofpyngd og offita séu algeng. Ennfremur eru born
med PH ver a sig komin hvad vardar flesta heilsutengda paetti en almenn
skolaborn.

Markmio:

Ad kanna hreyfingu, hreyfimynstur og tima eytt i kyrrsetu yfir alla vikuna,
sem og sérstaklega a skélatima og utan skélatima, hja islenskum bérnum 3
grunnskélaaldri med milda til mikla PH. Jafnframt ad meta efnaskiptaheilsu
og dhaettupeetti fyrir efnaskiptavillu sem og likamssamsetingu og bera pessa
paetti saman vid Urtak almennra skélabarna & sama aldri og af sama kyni.

Adferdir og framkveemd:

Niutiu og eitt barn med PH og aldurs og kynjajafnad urtak almennra
skolabarna téku patt i rannsékninni. Hreyfing var metin med Actigraph
hrodunarmaelum i 7-10 daga samfleytt og spurningalisti var notadur til ad
safna gognum um hreyfimynstur. Likamsmalingar voru gerfar og
likamssamsetning var meeld med tviorku-rontgengeislagleypnimaelingu
(dual energy X-ray absorptiometry, DXA). Hamarkssurefnisupptaka (VO;max)
var mald med Parvomedics Trumax2400 surefnisupptokutaekjum med
stigvaxandi hamarksareynslupréfi @ prekhjoli (Monark 828E). Fyrir pau bérn
sem ekki vildu vera tengd surefnisupptokutaekinu og pau sem ekki ad nadu
ad uppfylla skilyrdi fyrir VOymay, var alagid (i wottum) vid 170 slég @ minutu
jafnframt skrad. Blodprystingur (BP) var meaeldur med sjalfvirku taeki (ADC
Advantage 6013). Tekin var fastandi blédprufa hja peim bornum par sem
blédtaka var moguleg og heildarkdlesterdl, hdapéttnifituprotein (high-
density lipoprotein, (HDL), priglyserid, blédsykur og insulin meeld og
lagpéttnifituprétein (low-density lipoprotein, LDL) var svo reiknud ut.
Gognum um Tanner stig, ferdamata til og fra skéla og ymsa peetti hreyfingar
var safnad med spurningalista sem samanstéd af lokudum spurningum.



Nidurstodur:

Markteekt haerra hlutfall (p <0,006) barna med bH voru flokkud med of hatt
hlutfall likamsfitu (41%) en hja almennum skélabérnum (19%). Bérn med bH
voru einnig lzegri (8,6 cm, p<0,001) med heerri heildarsummu hudfellinga
(22,7 mm, p<0,001), hzerri panprysting (3,8 mmHg, p=0.006) og hzerra
hlutfall likamsfitu (4,0 présentustig, p=0.008). Yfir 20% barna med bH hofdu
haekkad mittismal, 34% hofdu haekkadan BP, & milli 13 og 21% greindust
med daeskilegar blddfitur og teeplega 7% med efnaskiptavillu. bratt fyrir ad
hreyfing barna med PH vaeri 40% minni og kyrrsetutimi 9% lengri en hja
almennum skdélabérnum kom fram vixlverkun a milli héps og kyns (p<0,05).
Strakar i hdpi almennra skélabarna hreyfdu sig meira en stelpur i sama hépi
og eyddu minni tima i kyrrsetu (p<0,05) en enginn kynjamunur fannst & milli
barna med PH a neinum hreyfibreytum. Ekki fannst heldur munur & milli
hreyfingar & virkum dégum og um helgar hja bornum med bH. Adeins 16%
barna med PH gengu eda hjéladu i skélann, en hlutfallid var 74% hja
almennum skélabérnum (p <0,001). Badi kynin med bH hreyféu sig meira
og voru minna i kyrrsetu a skélatima en eftir skéla (p<0,003) en enginn
slikur munur fannst hja almennum skélabérnum. A sama hatt stundadi
leegra hlutfall (33%) barna med bH ipréttir tvo tima a viku eda meira midad
vid almenn skélaborn (76%, p<0,001). Ekkert barn med PH nadi radlogdum
vidmidum um 60 minutur af daglegri hreyfingu 4 medal- til kroftugu alagi en
40% almennra skoélabarna nddu somu vidmidum. Bérn med PH voru liklegri
(60%) til ad nefna pyngdartap sem astaedu fyrir patttoku i hreyfingu en
almenn skélaborn (34%, p=0,002) en harra hlutfall (96%) almennra
skélabarna heldur en barna med PH (50%) ték patt i hreyfingu til ad auka
faerni (p <0,001). Adeins 25% barna med PH nadu radlégdum vidmidum um
lofthad pol en 75% almennra skélabarna nadu sému vidmidum (p <0,001).

Alyktun:

Hreyfing barna med PH er téluvert minni en hja almennum skdlabérnum og
pad virdist ekki vera kynjamunur a hreyfingu og hreyfimynstri medal barna
med PH. Born med PH reida sig ennfremur meira a skola til ad fa hreyfingu
en almenn skdélabérn. Su stadreynd ad ekkert barn med bH nadi radlagdri
daglegri hreyfingu kallar & sérstakar radstafanir til ad auka hreyfingu hja
pessum hépi barna. Born med PH hofdu adrar dsteedur fyrir pvi ad taka patt
i hreyfingu og ipréttum en almenn skdélabérn, sem parf ad hafa i huga pegar
verid er ad hanna og innleida hreyfingaratak fyrir born med pH.
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1 Introduction:

This study is the first to examine simultaneously physical activity (PA),
fitness, and adiposity using state of the art methodology in children with
intellectual disability (ID) and pioneer research in the interactions of these
factors on metabolic health in this population. Previously no published data
existed on the body composition, PA, physical fitness, metabolic risk factors
or reasons why children with ID take part in PA or sport in Iceland.
Therefore, it was unknown whether they meet Icelandic and international
guidelines for acceptable levels of adiposity, PA, and fitness. It was also not
known how much children with ID differ on these factors from typically
developed individuals (TDI).

Detection of health risk factors in children with ID can lead to potentially
cost-effective intervention strategies in this population, which is important
from a public health perspective because physical inactivity and unhealthy
lifestyle along with the development of obesity are the leading health
indicators of the 21st century in the Western world (Promotion., 2000).
Many children with mild to moderate ID display developmental motor
delays (Rintala & Loovis, 2013) but they are often more limited when it
comes to attention and comprehension than to physiological defects
(Krebs, 2005) and differ very little from TDI children in their physical and
motor characteristics (Krebs, 2005).

The adverse effects of obesity and unhealthy lifestyle on health begin
early in life and physical inactivity, sedentary behavior and adiposity are
associated with metabolic diseases and cancers (Ebbeling, Pawlak, &
Ludwig, 2002; Freedman et al., 1987; Kasa-Vubu, Lee, Rosenthal, Singer, &
Halter, 2005; Lytle & Kubik, 2003; Pinhas-Hamiel et al., 1996; Sinha et al.,
2002; Thorsdottir, Gunnarsdottir, Palsson, & Johannsson, 2006; Whitaker,
Wright, Pepe, Seidel, & Dietz, 1997). In contrast, higher levels of PA and
fitness have been associated with lower risk for metabolic diseases
(Andersen et al., 2006; Gutin et al., 2004; Johannsson, Arngrimsson,
Thorsdottir, & Sveinsson, 2006; Kasa-Vubu et al., 2005; Mitchell et al., 2009;
Schmitz et al., 2002) as well as improved cognitive performance in children
(Castelli, Hillman, Buck, & Erwin, 2007; Coe, Pivarnik, Womack, Reeves, &
Malina, 2006). Although it is anticipated that children with ID experience
the same adverse effects of health from obesity and lack of PA and physical

13



fitness, it has not been comprehensively studied. In addition, the interactive
effects of body composition, physical fitness, and PA on metabolic health
are not characterized in this population.

14



2 Theoretical background

2.1 Adiposity in children with intellectual disability:

The prevalence of overweight and obesity in all age groups continues to
rise in most parts of the world (Canning, Courage, & Frizzell, 2004; Chinn &
Rona, 2001; Ekblom, Engstrom, & Ekblom, 2007; Flegal, Ogden, Wei,
Kuczmarski, & Johnson, 2001; French, Story, & Jeffery, 2001; Heude et al.,
2003; Johannsson et al., 2006; Kautiainen, Rimpela, Vikat, & Virtanen, 2002;
Lee, Jackson, & Blair, 1998; Lissau, 2004; Lumeng, Gannon, Appugliese,
Cabral, & Zuckerman, 2005; Luo & Hu, 2002; Schroder et al., 2007;
Tremblay, Katzmarzyk, & Willms, 2002; Valdez, Greenlund, Wattigney, Bao,
& Berenson, 1996; Vaska & Volkmer, 2004). The same development has
been observed in Iceland where the prevalence of overweight and obesity
among 6-15 vyear-olds ranges from 12-24% (Johannsson et al., 2006;
Jéhannsson, Arngrimsson, Sveinsson, Briem, & podrlindsson, 2003;
Thorsdottir et al., 2006) although one study showed that the increase in
prevalence has somewhat dropped in last few years (Jonsson, Hédinsdadttir,
Erlendsdéttir, & Gudlaugsson, Reykjavik 2011). Children who enter the
primary schools overweight are 10.4 times more likely to graduate from
secondary schools overweight (Johannsson et al., 2006). Specifically,
childhood overweight is a primary risk factor for adult obesity (Whitaker et
al., 1997) and is implicated in multiple serious health consequences such as
cardiovascular disease, impaired glucose tolerance, insulin resistance, and
type 2 diabetes mellitus (Freedman et al., 1987; Olshansky et al., 2005;
Pinhas-Hamiel et al., 1996; Sinha et al., 2002; Thorsdottir et al., 2006).

Despite this alarming prevalence in TDI individuals, it has been
demonstrated in several studies that children of all ages with ID and/or
physical disability may present a higher risk of developing obesity (Bandini,
Curtin, Hamad, Tybor, & Must, 2005; De, Small, & Baur, 2008; Ells et al.,
2006; Emerson, 2005; Hsieh, Rimmer, & Heller, 2014; Lobstein, Baur, &
Uauy, 2004; Marshall, McConkey, & Moore, 2003; Melville, Hamilton,
Hankey, Miller, & Boyle, 2007; Reinehr, Dobe, Winkel, Schaefer, &
Hoffmann, 2010; Rimmer, Rowland, & Yamaki, 2007; Rimmer & Yamaki,
2006). In the UK this increased risk of overweight and obesity has lead the
Royal College of Physicians to recommend that children with ID and/or
physical disability should be a health priority (Ells et al., 2006).
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Nevertheless, very few studies on children with ID have specifically
investigated the prevalence of obesity in this group. Children with ID have
been found to have ~ 40% prevalence of overweight and obesity, and some
studies report that they have twice the prevalence of their TDI peers
(Bandini et al., 2005; De et al., 2008; Marshall et al., 2003; Reinehr et al.,
2010). Among individuals with 1D, adults with mild-to-moderate ID disability
tend to have higher rates of overweight/obesity than adults with severe ID
problems (Fox & Rotatori, 1982; Rimmer et al., 2007; Rimmer & Yamaki,
2006), probably due to increased independent living of people with mild to
moderate ID in recent years (Rimmer & Yamaki, 2006). This trend towards
independent living leads to an unhealthy lifestyle, whereas those with
severe ID live under constant supervision and, therefore, often live
healthier lives (Foley & McCubbin, 2009). On the other hand, among
students attending schools for children with ID, a direct relation between
decreased fundamental motor skill and increased adiposity were observed
(Foley & McCubbin, 2009; Frey & Chow, 2006). This development is also
prominent in Iceland since more and more families who have children with
disability choose to send them to integrated schools, and not special
schools for children with ID. It is, therefore, important to monitor children
with ID closely from a young age concerning their lifestyle.

2.2 Physical Activity and sedentary time among children with
intellectual disability:

Physical activity among children has gradually declined over the last
decades (Dollman, Norton, & Norton, 2005; Ekeland et al., 1999; Rippe &
Hess, 1998), and vigorous PA has declined the most (Dollman et al., 2005).
Fewer and fewer young people meet the recommended guidelines of 60
minutes/day of moderate-to-vigorous physical activity (MVPA) (Ortega et
al., 2013; Riddoch et al., 2004) needed to maintain good health (Nader,
Bradley, Houts, McRitchie, & O'Brien, 2008; Riddoch et al.,, 2004).
Furthermore, various studies have shown that PA declines with age
(Magnusson, Arngrimsson, Sveinsson, & Johannsson, 2011; Nader et al.,,
2008), boys are more physically active than girls, (Nader et al., 2008;
Riddoch et al., 2004) and PA is greater during workdays (wPA) than on the
weekend (wePA) among children (Nader et al., 2008). In Iceland, almost a
third of 15-year-old boys and approximately half of 15-year-old girls do not
meet the Nordic guidelines for PA (Magnusson et al., 2011), and overweight
nine year old children are less physically active than their peers of normal
weight (J6hannsson et al., 2003). Correspondingly, sedentary behaviour has
increased during the past few decades (Ekeland et al., 1999; Pate, Mitchell,
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Byun, & Dowda, 2011) and today children spend 4-8 hours every day
sedentary (Pate et al., 2011) or around 40%- 60% of their waking time (C. E.
Matthews et al., 2008; Syvaoja et al., 2013) and children who spend an
inordinate amount of time sedentary have the highest risk of becoming
overweight or obese with associated health problems (Levin, Lowry, Brown,
& Dietz, 2003).

Very little is known about PA and PA patterns of children and
adolescents with ID. Studies on PA in persons with ID generally agree that
this population is less physically active than the TDI population (Foley &
McCubbin, 2009; Hinckson, Dickinson, Water, Sands, & Penman, 2013;
Peterson, Janz, & Lowe, 2008; Reinehr et al., 2010; Rimmer & Yamaki, 2006)
and that PA also declines with increased level of ID (Hinckson & Curtis,
2013). Similarly, sedentary time is greater among adults with ID (Dixon-
Ibarra, Lee, & Dugala, 2013; Hsieh et al., 2014; Lotan, Henderson, &
Merrick, 2006; L. Matthews et al., 2011; Melville et al., 2011; Melville et al.,
2015).

Those few studies who have used objective methods to investigate PA
among children with ID agree that they are much less physically active and
very few or no children meet the recommendation of 60 min/day of
(MVPA) (Eiholzer et al., 2003; Foley, 2006; Horvat & Franklin, 2001; Kim,
2006; Kozub, 2003; Lorenzi, Horvat, & Pellegrini, 2000; Peterson et al.,
2008; Whitt-Glover, O'Neill, & Stettler, 2006). Studies using questionnaires
to estimate PA and time spent in MVPA confirm these findings (Lin et al.,
2010; Rimmer & Yamaki, 2006). However, a study using heart rate monitors
to assess PA found that with increased PA classes in school, children with ID
could achieve the recommended daily 60 minutes of MVPA (Pitetti, Beets,
& Combs, 2009). A study using accelerometers showed that nine children
with ID were only 50% as active as their TDI peers although no differences
were found in their total self-reported sedentary behaviour a different
pattern was observed between Children with ID and TDI children (Foley &
McCubbin, 2009). Differences in PA between boys and girls with ID are also
not clear, but a study on 150 individuals with ID aged 12 — 70 years found
men to be more active than women and a trend for a decline in PA with age
(Phillips & Holland, 2011).

Children and adolescent 6-16 years old spend a large amount of their
waking time at school. Due to differences in total school time and different
cut-offs used for MVPA and sedentary behaviour, a direct comparison
between studies on the ratio of PA, MVPA and sedentary time during school
is difficult (Arundell et al., 2013). Studies have found that children spend 65
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-71% of their day sedentary and accumulate 5 - 61% of their MVPA during
school hours (Bailey et al., 2012; Taylor et al., 2011). Studies also agree on
boys being more physically active and less sedentary than girls during
school hours as well as after school (Bailey et al., 2012; Guinhouya et al.,
2009; Taylor et al., 2011).

2.3 Reasons to do sport and PA among children with
intellectual disability:

In general, participation in sport and PA seems to be less common among
children with ID than among children without ID (Simeonsson, Carlson,
Huntington, McMillen, & Brent, 2001). Nevertheless, very little is known
about organized sports participation among children with ID (Frey, Stanish,
& Temple, 2008). Furthermore, little is known about the reasons for PA or
sports participation or the frequency and type in which children with ID
take part. However, one study on young teens with ID reported: “meeting
friends,” “having fun” and “learning new skills” as the main reasons for
taking part in every-day PA (Pozerine, Adomaitiene, Ostaseviciene,
Reklaitiene, & Kragniene, 2008). On the other hand, it is well documented
that TDI children and adolescents take part in sports “to be with friends”
and “have fun” as well as “to improve skills” and, among adolescents, “for
weight control” (Allender, Cowburn, & Foster, 2006). No firm conclusion
can, therefore, be drawn about PA opportunities for children with ID, but at
least some reports claim that they are more limited among adolescents
than children (Frey et al., 2008).

2.4 Aerobic fitness in children intellectual disability:

Similar to the decrease in PA, the physical fitness of children has been
declining over the last few decades. After analysing fitness data from 25.5
million children worldwide, Tomkinson and Olds (Tomkinson & Olds, 2007)
reported that since 1958, physical fitness of children had declined 0.36%
per year. The decline in fitness is supported by the results of other studies
on children measuring maximal oxygen uptake (VO,n.x) directly (Fredriksen,
Thaulow, Nystad, & Ingjer, 1998). Regardless of this decline, the physical
fitness of Icelandic children seems to be as good as, or better than the
fitness of their peers residing in Western Europe or the US (Arngrimsson,
Sveinsson, & Johannsson, 2008). Nevertheless, overweight Icelandic
children have poorer fitness than their normal weight counterparts
(Johannsson et al., 2003).
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Most studies on physical fitness in the general population of youth with
ID consistently demonstrate lower levels of aerobic fitness, muscular
strength, and higher level of obesity than among TDI children (Baynard,
Pitetti, Guerra, Unnithan, & Fernhall, 2008; Fernhall et al., 1998; Foley &
McCubbin, 2009; Gillespie, 2003; Golubovic, Maksimovic, Golubovic, &
Glumbic, 2012; Hartman, Smith, Westendorp, & Visscher, 2015;
MacDonncha, Watson, McSweeney, & O'Donovan, 1999; Salaun &
Berthouze-Aranda, 2012; Wallen et al., 2009). The age-related changes in
physical fitness during growth and development are similar among the ID
and TDI children, however (Lahtinen, Rintala, & Malin, 2007). Nevertheless,
studies on high-performance athletes have demonstrated that people with
ID can reach a high level of physical fitness (Chia, Lee, & Teo-Koh, 2002;
Pitetti, 2000; Van de Vliet et al., 2006).

Most studies to date in children with ID have used indirect
measurements of cardiovascular fitness, which have mostly been validated
in TDI children (Frey et al.,, 2008). Performance tests predicting VO,max
validated in individuals with Down syndrome do exist, however (Fernhall et
al.,, 1998). One recent study estimated aerobic fitness from submaximal
cycle ergometer test in more than 60 ID students aged 16-21 and compared
them with a non-ID control group of similar age (Wallen et al., 2009). The
ID students had lower absolute and relative estimated VO,,,., (Wallen et al.,
2009). Finally, studies done among mobile students varying in level of ID
which all had similar opportunities to participate in PA have shown that the
participants with highest degree of ID (most disabled) had lowest physical
fitness, after correcting for age and sex and vice versa, the students with
the lowest level of ID had the highest physical fitness. (Foley, 2006;
Golubovic et al., 2012).

2.5 Physical Activity, Physical fitness, adiposity, and
metabolic risk factors in children with intellectual
disability:

Body fatness negatively impacts risk factors for cardiovascular disease and
insulin resistance in adults whereas high level of PA or physical fitness have
the opposite effect (Christou, Gentile, DeSouza, Seals, & Gates, 2005;
Clevenger, Parker Jones, Tanaka, Seals, & DeSouza, 2002; Racette, Evans,
Weiss, Hagberg, & Holloszy, 2006; Thorsdottir et al., 2006) mediated
primarily through its beneficial effects on insulin sensitivity or resistance
(Helmrich, Ragland, Leung, & Paffenbarger, 1991; Mayer-Davis et al., 1998;
Nassis et al., 2005) and blood lipids (Eisenmann et al., 2005). Fitness can
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even counteract the negative effects that fatness has on health (i.e., people
who are fit and fat often do not have the same metabolic disease risk as
people who are unfit and fat) (Church et al., 2002; Wei et al.,, 1999).
Although this same positive effect of PA and physical fitness on metabolic
disease risk has been determined in children (Andersen et al., 2006;
Anderssen et al., 2007; Ekelund et al., 2009; Kriemler et al., 2008; Ku,
Gower, Hunter, & Goran, 2000; Rizzo, Ruiz, Hurtig-Wennlof, Ortega, &
Sjostrom, 2007; Schmitz et al., 2002), the interactive impact of physical
fitness and adiposity is not well characterized. Studies in children have
reported that fitness does not impact cardiovascular risk factors and insulin
resistance independent of fatness (Ball et al.,, 2004; Gutin et al., 1994;
Shaibi et al., 2005). In contrast, more recent studies suggest that fitness can
independently of fatness attenuate metabolic disease risk (Andersen et al.,
2008; Eisenmann, DuBose, & Donnelly, 2007; Eisenmann, Welk, Ihmels, &
Dollman, 2007; Ekelund et al., 2007) and its importance escalates with
increasing level of fatness among children (Allen et al., 2007; DuBose,
Eisenmann, & Donnelly, 2007; Ruiz, Rizzo, et al., 2007). Also, it seems as fit,
and fat children have similar insulin resistance as fit and thin children
(Arngrimsson, Sveinsson, Gunnarsdottir, et al., 2008).

Although it is established that a larger percentage of adults with ID
suffer from cardiovascular diseases and high blood pressure (BP) than the
general population (Beange, McElduff, & Baker, 1995; Draheim, 2006;
Rimmer & Yamaki, 2006; Stanish, Temple, & Frey, 2006; Walsh, Kerr, & van
Schrojenstein Lantman-de Valk, 2003), very little is known about the
metabolic health of children or adolescents with ID. Contemporary Swedish
data (Wallen et al., 2009) on 16-21 year-olds with ID suggest that this group
has a higher prevalence of obesity and metabolic health risk factors as well
as lower aerobic fitness levels than their non-ID peers. Sixty-four percent of
ID participants had at least one metabolic risk factor compared to 11%
among the non-ID subjects (Wallen et al.,, 2009). No studies have
investigated the interactive effects of PA/physical fitness and adiposity on
metabolic risk factor in the ID population, thus it is unknown whether these
effects are the same as among non-ID individuals.

2.6 Summary of literature review:

Children with ID have been found to have ~ 40% prevalence of overweight
and obesity, and some studies report that they have twice the prevalence
of their TDI peers (Bandini et al., 2005; De et al., 2008; Marshall et al., 2003;
Reinehr et al.,, 2010). Among individuals with ID, adults with mild-to-
moderate ID disability tend to have higher rates of overweight/obesity than

20



adults with severe ID problems (Fox & Rotatori, 1982; Rimmer et al., 2007;
Rimmer & Yamaki, 2006), probably due to increased independent living of
people with mild to moderate ID in recent years (Rimmer & Yamaki, 2006).
These findings are important for Iceland since increasingly more parents of
children with disability choose not to send their children to special schools
but to send them to integrated schools, where they possibly have less
health monitoring and individual attention than in the special schools.

Individuals with ID are less physically active than the TDI population
(Foley & McCubbin, 2009; Hinckson et al., 2013; Peterson et al., 2008;
Reinehr et al., 2010; Rimmer & Yamaki, 2006) and PA also declines with
increased level of ID (Hinckson & Curtis, 2013). Very few or no children
meet the recommendation of 60 min/day of (MVPA) (Eiholzer et al., 2003;
Foley, 2006; Horvat & Franklin, 2001; Kim, 2006; Kozub, 2003; Lorenzi et al.,
2000; Peterson et al., 2008; Whitt-Glover et al., 2006), and sedentary time
is greater among adults with ID (Dixon-lbarra et al., 2013; Hsieh et al., 2014;
Lotan et al., 2006; L. Matthews et al., 2011; Melville et al., 2011; Melville et
al., 2015). Differences in PA between boys and girls with ID are, however,
not clear, but men with ID seem to be more active than women with ID
(Phillips & Holland, 2011).

People with ID have lower levels of aerobic fitness and muscular
strength than the TDI population (Baynard et al., 2008; Fernhall et al., 1998;
Foley & McCubbin, 2009; Gillespie, 2003; Golubovic et al., 2012; Hartman et
al., 2015; MacDonncha et al., 1999; Salaun & Berthouze-Aranda, 2012;
Wallen et al.,, 2009). Nevertheless, studies on high-performance athletes
have demonstrated that people with ID can reach a high level of physical
fitness (Chia et al., 2002; Pitetti, 2000; Van de Vliet et al., 2006).

Larger percentage of adults with ID suffer from cardiovascular diseases
and high blood pressure than the general population (Beange et al., 1995;
Draheim, 2006; Rimmer & Yamaki, 2006; Stanish et al., 2006; Walsh et al.,
2003). In addition, 16-21 year-olds with ID had a higher prevalence of
obesity and metabolic health risk factors as well as lower aerobic fitness
levels than their non-ID peers (Wallen et al., 2009).

In general, participation in sport and PA seems to be less common
among children with ID than among children without ID (Simeonsson et al.,
2001). Nevertheless, very little is known about organized sports
participation among children with ID (Frey et al., 2008). Furthermore, little
is known about the reasons for PA or sports participation or the frequency
and type in which children with ID take part. However, one study on young
teens with ID reported: “meeting friends,” “having fun” and “learning new
skills” as the main reasons for taking part in every-day PA (Pozerine et al.,
2008). On the other hand, it is well documented that TDI children and
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adolescents take part in sports “to be with friends” and “have fun” as well
as “to improve skills” and, among adolescents, “for weight control”
(Allender et al., 2006). No firm conclusion can, therefore, be drawn about
PA opportunities for children with ID, but at least some reports claim that
they are more limited among adolescents than children (Frey et al., 2008).

2.7 Aims and hypotheses

2.7.1 Overall aims of the study:

Aim I: To study the prevalence of overweight and obesity in Icelandic
primary and secondary school children with ID as well as to determine the
levels of PA, aerobic fitness, and other risk factors for metabolic diseases in
this population.

Aim II: To compare body composition, aerobic fitness, PA, other risk
factors for metabolic diseases with that of children without ID of the same
age and gender.

Aim lll: To compare School and after school PA and sedentary time
behaviour among children with ID and with that of children without ID of
the same age and gender.

Aim IV: To study reasons for sport partitions and PA among children with
ID.
2.7.2 Overall hypotheses
We hypothesized:

That children with ID would have higher prevalence of obesity, be less
physically active and be more sedentary than their TDI peers.

That the children with ID would not meet recommended levels of daily
MVPA, and that boys with ID would be more active than girls with ID.

That children with ID would have a higher risk of developing
cardiovascular and metabolic diseases than TDI children.

That children with ID would depend more on schools for PA than TDI
children but there would be no differences between these two groups in
the reasons for taking part in sports and PA.
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3 Methods

3.1 Study design and sampling

For this study, data were obtained from Icelandic primary and secondary
school children (aged 6-16 years) with and without ID. All (n=120) children
with ID from one special school and four inclusion schools were offered
participation, and 94 children agreed to take part (78%). Sixty-two percent
of the children with ID came from the special school, which only accepts
children with moderate-to-severe ID, and 38% came from inclusion schools,
which accept children with mild-to-moderate ID. All children lived at home
with their parents or legal guardians (none was institutionalized), and none
of the participants had Down syndrome. All children with ID had been
diagnosed with mild-to-severe ID from the State Diagnostic and Counselling
Centre in Iceland. All participants were able to walk unassisted and did not
exhibit motor disabilities except three children with ID who had mild
Cerebral Palsy. In addition, four children with ID had epilepsy and took
medication (Lamotrin, Abilfy) to control their conditions, which potentially
could have affected their willingness to be physically active.

Age- and sex-matched TDI group (n=124) was randomly selected from
the class registers from the four inclusion schools and offered to participate
with 93 children accepting (75%). Prior to participation in the study, which
was approved by the National Bioethics Committee in Iceland (VSNB
2010120007/03.7), a written informed consent was obtained from the
children’s parents and/or legal guardians along with concurrence from the
children themselves. The written consent form was in two parts; the first
part was for all the measurements that took part in the schools and the
second part was for more invasive measurements namely blood sampling
and adiposity measurements that took place in the Icelandic Heart
Association. In the group of children with ID, 76 participants signed (81%)
the second part of the informed consent form whereas 81 participants
(86%) did the same in the TDI group. Three children with ID dropped out
during the study, seven were too small to ride the bicycle ergometer and
three could not complete the aerobic fitness test, but all TDI children
completed the study as depicted in Figure 1.
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finished finished
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Figure 1: Participation and dropout. ID = children with intellectual disability, TDI
= typically developed individuals, DXA = dual-energy X-ray
absorptiometry, PWC170 = physical work capacity at heart rate 170
beats/min, VO,,., = maximal oxygen uptake, samp. = sampling, PA=
physical activity and BP = blood pressure.

3.2 Anthropometric- and adiposity measures

Standing height was measured three times to the nearest mm with a
stadiometer (Seca 220, Seca Ltd., Birmingham UK) and the mean was used
for analysis. Body weight was determined to the nearest 0.1 kg using a
calibrated scale (Seca 708, Seca Ltd., Birmingham UK) with participants in
light clothing. Body mass index (BMI) was calculated (kg/m?), and
participants were categorized as normal weight, overweight, or obese using
international standards (Cole, Bellizzi, Flegal, & Dietz, 2000). Skinfold
thickness was measured three to four times at four sites (triceps, biceps,
subscapular and suprailiac) on the right side of the body (Durnin &
Womersley, 1974) using a skinfold caliper (Lange, Beta, Technology
Incorporated, Cambridge, Maryland). The mean of the three closest
measurements was used, and the sum (mm) of the four skinfolds (2SKF)
was taken for analysis. Waist circumference was measured two times in a
horizontal plane at the narrowest section between the hips and the bottom
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of the rib cage and the mean used for analysis. All anthropometric
measurements were taken by the same trained person. For those children
who accepted and were able to lay still for 5 minutes (see Figure 1),
adiposity was measured via dual energy X-ray absorptiometry, DXA. Based
on percentage body fat, the children were classified into fatness categories;
low, average, high, or obese using validated norms from Lohman et al.
(1997).

3.3 Physical activity measurements

PA and sedentary time were assessed with Actigraph accelerometers
(Manufacturing Technologies Inc.), model GT1M. Participants wore the
monitor on their hips for 7-10 consecutive days from the time they woke up
until they went to sleep. Only data from monitors worn minimum 10
hours/day, for at least two weekdays and one weekend day were included
in the analysis (Magnusson et al., 2011). If no activity was registered on a
monitor for 30 consecutive minutes, it was assumed that the participant
had taken it off, and the time was subtracted from the total wear time.
Participants who returned monitors with insufficient valid days were given
a new period to wear the monitors. All participants or their parents or legal
guardians received a text message each morning reminding them to wear
the monitors. Actilife 5 software was used to analyze the data, and MVPA
was defined as >2296 counts/min and sedentary activity as < 100
counts/min. These thresholds were first established by Evenson et al.
(2008) and later independently validated by Trost et al. (2011). The
objectively measured sedentary time was standardized as the percentage of
the daily wear time, which allows for comparisons regardless of wear time
(Melville et al., 2011). The class timetable was used to determine school
time separately for every individual. All minutes registered before and after
formal school hours was classified as after school time.

3.4 Aerobic fitness measures

To evaluate aerobic fitness, maximal oxygen uptake, (VO,m.x) Was measured
with Parvomedics Trumax2400 unit during a graded maximal test
performed on the stationary bike (Monark 828E). Participants pedaled at a
constant rate during the test and the load (in watts (W)) was increased
every three minutes by the same amount as the initial load. The initial load
for children under 30 kg was 20W. Otherwise, the initial load for children
younger than 11 years of both sexes was 25W and 30W for 11-12 years old
children. Boys 13-14-year-old started the test at 40W whereas girls at the
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same age began at 35W. Finally, the initial load for 15-16-year-olds was
50W and 40W for boys and girls, respectively (Arngrimsson, Sveinsson, &
Johannsson, 2008). During the test participant’s heart rate was measured
continuously with heart rate monitor (Polar FT7) and their general well-
being was monitored as well. The children were encouraged to keep on
pedalling as long as they possibly could but also reminded that they could
stop whenever they wanted during the test. A protocol described by
Arngrimsson et al. (2008) was used to evaluate whether VO,..x had been
reached. For those children who did not want to be connected to the
Parvomedics Trumax2400 unit and those who were unable to reach the
VO,max Criteria, the physical work capacity (in W) at a heart rate of 170 bpm
(PWC170) was recorded during the graded bicycle test and used to estimate
aerobic fitness using the equation from Boreham et al. (1990). The VO;max
values (measured and estimated) were used to categorize the children into
fitness categories according to established standards (Ruiz, Ortega, et al.,
2007; Shvartz & Reibold, 1990).

3.5 Metabolic risk factors

Blood pressure was measured three times with an automatic (ADC
Advantage 6013) device after participants had been sitting down for a
minimum of 10 minutes and established standards (Jolliffe & Janssen, 2007;
NIH, 2004) used to determine the presence/absence of elevated BP. Fasting
blood sample was acquired from those children who were able to give
blood (Figure 1) and high-density lipoprotein (HDL), glucose, triglycerides,
insulin were measured and low-density lipoprotein LDL) was calculated
from the Friedewald equation (Friedewald, Levy, & Fredrickson, 1972). The
number of participants outside recommended levels was determined for
total Cholesterol (Chan et al., 2009), HDL (Jolliffe & Janssen, 2007), LDL
(Soldin, Bierbower, Choi, Thompson-Hoffman, & Soldin, 2004), Triglycerides
(Ghoshal & Soldin, 2003; Jolliffe & Janssen, 2007), insulin (Soldin, Dahlin,
Gresham, King, & Soldin, 2008) and Glucose (Jolliffe & Janssen, 2007).
Metabolic syndrome was defined as being at risk on any three variables of
the following five: Waist circumference, BP, HDL, HDL, Triglycerides and/or
Glucose (Jolliffe & Janssen, 2007).

3.6 Self-reported physical activity behavior

Data on Tanner stage, commuting to and from school, and several aspects
of PA were collected using a questionnaire consisting of closed questions
(Magnusson, Sveinsson, Arngrimsson, & Johannsson, 2008). The children
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took the questionnaire home and filled it in with the help of their parents or
legal guardian, and returned it to the school within 1-5 days in a sealed
envelope. Due to limited number of participants in both groups, the many
response options for each question were generally collapsed into fewer
options for analytical purposes. For questions about frequency and setting
of PA and sport participation (e.g. “how often do you take part in organised
sports practice with a club every week”), the six response options (“never”,
“less than once per week”, “once per week”, “2-3 times per week”, “4-5
times per week”, “almost every day”) were transformed into three
categories (<1 times per week, 1-3 times per week, >3 times per week). For
guestions of the type of PA and sports participations (e.g. “How often do
you participate in soccer outside of school”), those who marked
participation of at least 1-2 times per week were considered participants in
a given sport. For questions about reasons for PA and sports participations,
the four response options (“strongly disagree”, “disagree”, “agree”,
“strongly agree”) were converted into dichotomous variable (agree,
disagree) prior to analysis. For questions regarding the self-evaluation of
the quantity of PA (e.g. “I feel that my PA is sufficient”) and own ability in
sports, (e.g. “I feel that | am good at sports compared to my peers”) the five
response (“strongly disagree”, “disagree”, “neutral”, “agree”, “strongly
agree”) options were transformed into three categories (disagree, neutral,
agree) during data reduction. Finally, the eight response options (“almost
no time”, “0.5-1 hour/day”, “about 1 hour/day”, “about 2 hours/day”,
“about 3 hours/day”, “about 4 hours/day”, “about 5 hours/day”, “6 hours
or more per day”) for questions concerning time spent in different
sedentary activities (e.g. “how many hours, on average, do you spend
watching TV/VCR/DVD every weekday”), were converted into the three
categories (<1 hour/day, 1-3 hours/day, >3 hours/day) prior to analysis.

3.7 Statistical analysis

SPSS 22.0.0 (Chicago, IL) was used for the statistical analyses. All variables
were inspected for normality. BMI, triglycerides, and LDL were positively
skewed and were loglO transformed to ensure normality. Similarly, for
normalization, the square root was taken off weight, insulin, HDL, and all
objectively measured PA variables, except sedentary time. Untransformed
values are presented in tables and figures for more meaningful
comparisons. All statistical analyses were corrected for Tanner stage. Two-
way ANOVA was used for all continuous variables to test for main effects
and interactions between group and sex and a three-way ANOVA in cases
with repeated factor (group X sex X repeated PA or sedentary time). In the
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case of interactions, the data were split on the grouping variable. In cases of
interactions after such splits, the data were further split on sex. Chi-square
was used for categorical variables to investigate proportional differences
between groups. The data are presented as means and standard deviation
(SD) in tables and as means and SE in figures. Significance was accepted at a
level of 0.05.
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4 Results

4.1 Prevelance of health risk factors in children with ID in
comparison with TDI children

4.1.1 General characteristics and body composition

General characteristics of the participants are given in Table 1. The TDI
children were taller (p<0.001) and had lower ZSKF (p<0.001) than children
with ID, and boys had lower ISKF than girls (p=0.006). A group by sex
interaction was found for waist circumference (p=0.024), where boys with
ID had significantly larger (p=0.029) waist circumference than girls with ID
but no sex difference (p=0.569) was found in the TDI group.

Table 1: Characteristics of the participants.

ID boys TDI boys 1D girls TDI girls All'D All TDI

n=62 n=58 n=29 n=35 n=91 n=93
Age (yr) 11.8 (2.8) 11.9 (2.9) 11.9 (2.6) 12.0(2.3) 11.9 (2.9) 11.9 (2.7)
Tanner stage 2.3(1.3) 2.5(1.5) 2.6(1.3) 2.9(1.1) 2.4(1.3) 2.6 (1.3)
Weight (kg) 47.7 (21.0) 47.1(16.5) 43.1(14.3) 49.9 (12.0) 46.2 (19.2) 48.2 (15.0)
Height (cm) 149.1 (18.4) 155.7 (20.7) 144.1 (14.6) 156.7 (13.9) 147.5 (17.4) 156.1 (18.3)*
BMI (kg/m?) 20.6 (5.6) 18.7(2.8) 20.3 (4.3) 20.1(2.9) 20.5(5.2) 19.2 (2.9)
Waist c. (cm) 71.1(16.1) 64.8 (8.3)° 66.1(9.9) 67.3 (8.3) 69.5 (14.6) 65.7 (8.4) *f
$SKF (mm) 75.6 (45.1) 45.9 (29.7) 83.7 (31.5) 71.2 (25.7) 78.2 (41.3) 55.5(30.7) *t
SBP. (mmHG) 116.0 (9.5) 112.2 (7.8) 114.5 (7.0) 115.1(5.3) 115.5 (8.8) 113.3 (7.1)
DBP. (mmHG) 75.7 (7.6) 71.6 (8.2) 71.8 (6.8) 69.3(7.2) 74.5 (7.6) 70.7 (7.9)*t

n=48 n=49 n=23 n=32 n=71 n=81
Body fat (%) 28.5(10.4) 22.7 (5.8) 31.5(8.1) 29.7 (5.8) 29.5(9.8) 25.5 (7.5)*t

ID=Intellectually disabled. TDI=Typically developed individuals. BMI=Body
mass index. Waist c.=Waist circumference. 2SKF=Sum of 4 skinfolds, SBP = systolic
blood pressure, DBP = diastolic blood pressure. * = Difference between groups (ID
vs. TDI across sex) p<0.05, T = difference between sexes (males vs. females across
group) p<0.05, ¥ = interaction between sex and group p<0.05, a = difference
between boys with intellectual disability and typically developed boys p<0.05.
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Children with ID had higher DBP than TDI children (p=0.006) and boys
higher DBP than girls (p=0.007) across groups. Children with ID also had
higher percentage body fat (p=0.008) than TDI children and girls higher
percentage body fat than boys across groups (p<0.0001). There was no
statistical difference in BMI between the groups (p=0.102), but the range in
BMI was much larger for children with ID, 13.1 kg/m2 — 40.4 kg/m?2
compared to 13.7 kg/m2 — 28.6 kg/m2 for TDI children. Similarly, the range
of waist circumference was much larger in the group of children with ID;
46.1 cm —116.0 cm compared to 50.6 cm — 87.8 cm in the TDI group.

Using BMI cut-offs from Cole et al. (2000), 13% of children with ID were
classified as obese, whereas only 2% of TDI children were categorized as
such, and a lower proportion of ID children were classified with normal BMI
than among TDI children, (p=0.0017, figure 2A). Similarly, a much higher
proportion of children with ID were classified as obese (41%) based on body
fat percentage (Lohman et al., 1997) than among TDI children (19%) and
much lower proportion of children with ID were found with average body
fat percentage than among TDI children (p<0.006).
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Figure 2: Classification of participants using BMI (A) and percentages of body fat
(B)The values in the bars indicate the number of participants. ID =
children with intellectual disability, TDI = typically developed individuals,
* = Statistical difference between groups p<0.05.
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4.1.2 Aerobic fitness

Aerobic fitness of participants is presented in Table 2. There was a great
difference between the groups, regardless of the method used to
estimate/measure the fitness. TDI children had higher VO, (p<0.001),
PWC170 (p<0.001) and estimated VO, (p<0.001) than children with ID.
Furthermore, boys had higher VO,,., (p=0.005), PWC170 (p=0.001) and
estimated VO,n.x (p=0.001) than girls across groups. Only 26% of children
with ID reached recommended level of aerobic fitness (Ruiz, Ortega, et al.,
2007; Shvartz & Reibold, 1990), whereas 75% of TDI children do reach the
recommended level (p<0.001).

Table 2: Aerobic fitness of participants.

ID boys TDI boys 1D girls TDI girls AllID Al TDI
n=26 n=45 n=12 n=31 n=38 n=76
VOyma (MI/min/kg)  36.3(6.2) 44.82 (5.85) 35.39 (3.74) 39.55 (4.01) 36.02 (5.34) 42.67 (5.77)*t
n=55 n=58 n=26 n=35 n=81 n=93
1.46
PWC170 (w/kg) 1.93(0.37) 1.38 (0.40) 1.66 (0.32) 1.43 (0.42) 1.83 (0.38)*t
(0.43)
Est VOymax
(ml/min/kg) 35.28
42.06 (5.35) 34.07 (5.77) 38.13 (4.60) 34.89 (6.03) 40.58 (5.41)*t
(Boreham et al., (6.2)

1990)

ID = children with intellectual disability, TDI = typically developed individuals,
Est. = estimated, * = Difference between groups (ID vs. TDI across sex) p<0.05, T =
difference between sexes (males vs females across group) p<0.05.

4.1.3 Metabolic risk factors

There was little difference in blood lipids and glycemic control of the
participants (Table 3). Only in insulin was interaction detected where boys
with ID had higher values (p=0.026) than TDI boys but no difference
(p=0.457) was found among the girls.
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Table 3: Blood lipids and glycemic control of the participants.

1D boys TDI boys 1D girls TDI girls AllD Al TDI
n=43 n=45 n=20 n=30 n=63 n=75
Total Cholesterol
4.24(0.81) 4.21(0.63) 4.38(1.09) 4.31(0.20) 4.29 (0.90) 4.25 (0.63)
(mmol/L)
HDL (mmol/L) 1.49 (0.42) 1.66 (0.32) 1.56 (0.34) 1.56 (0.29) 1.51(0.39) 1.62 (0.31)
LDL (mmol/L) 2.47 (0.81) 2.30(0.56) 2.53(1.01) 2.41(0.64) 2.49 (0.87) 2.35(0.59)
Triglycerides (mmol/L) 0.64 (0.23) 0.56 (0.22) 0.67 (0.31) 0.74 (0.20) 0.65 (0.26) 0.63 (0.23)
Glucose (mmol/L) 5.10 (0.46) 5.07 (0.39) 5.12 (0.48) 4.95 (0.33) 5.10 (0.47) 5.02 (0.37)
Insulin(uU/mL) 9.57 (5.95) 7.13 (3.99)° 9.07 (4.44) 10.29 (5.15) 9.42 (5.49) 8.39 (4.72)%

ID = children with intellectual disability, TDI = typically developed individuals, HDL
= high-density lipoproteins, LDL = low-density lipoproteins, ¥ = interaction
between group and sex p<0.05, a = difference between boys with intellectual
disability and typically developed boys p<0.05.

Figure 3 depicts the proportion of participants outside recommended
levels for various metabolic risk factors. With the exception of triglycerides
(Ghoshal & Soldin, 2003; Jolliffe & Janssen, 2007) and insulin (Soldin et al.,
2008) where no participants were found outside recommended levels, (not
depicted in figure 3) more children with ID were found to be outside the
recommended levels. Over 20% of children with ID had elevated waist
circumference (Fernandez, Redden, Pietrobelli, & Allison, 2004; Jolliffe &
Janssen, 2007), whereas only 8% of TDI children were outside the norms
(p<0.019) and 34% of children with ID had elevated BP (either SDP or DBP)
(Jolliffe & Janssen, 2007; NIH, 2004), whereas 16% of TDI children were
classified as such. Twenty-one percent of children with ID had HDL below
recommended levels (Jolliffe & Janssen, 2007) compared to 6% of TDI
children (p=0.015) and 16% of children with ID had raised LDL (Soldin et al.,
2004) but only 4% of the TDI children (p=0.021). Although a few children
had raised blood glucose (Jolliffe & Janssen, 2007), there was no statistical
difference between the groups (p=0.227). One child with ID had elevated
total cholesterol but none of the TDI children showed this. Finally, 7% of the
children with ID were diagnosed with metabolic syndrome (Jolliffe &
Janssen, 2007) but no TDI children were diagnosed as such (p<0.001).
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Overall PA and sedentary time
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Figure 3: The proportion of participants outside recommended levels for
various metabolic risk factors. The values in the bars indicate the
number of participants. ID = children with intellectual disability, TDI =
typically developed individuals, Waist c. = waist circumference, HDL =
high-density lipoproteins, LDL = low-density lipoproteins, MBS =
metabolic syndrome, * = Statistical difference between groups p<0.05.

Figure 4 demonstrates mean daily PA and time spent sedentary for the
entire measurement period. Interaction in PA was observed between sex
and group (p=0.004), where TDI boys were significantly more physically
active than TDI girls (p<0.001) but no statistical difference between the
sexes was found in the ID group (p=0.776, Figure 4A). Similarly, an
interaction in sedentary time was observed between sex and group

(p=0.019), where TDI girls were more sedentary than TDI boys (p=0.034)

but no statistical difference between the sexes was found in the ID group

(p=0.278, Figure 4B).
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Figure 4: Physical activity (A) and time spent sedentary (B) among all participants
for the entire measurement period. ID=Intellectually disabled,
TDI=Typically developed individuals. * = Statistical difference between
sex within groups p<0.05.

4.2 Weekday and weekend PA, MVPA and sedentary time

In Figure 5, weekday physical activity (wPA) and weekend physical activity
(wePA) are demonstrated. No three-way interaction was found between
group, sex, and repeated PA (wPA vs. wePA, p=0.187). Nevertheless, two-
way interactions between group and repeated PA (p=0.002) and between
group and sex (p=0.007) were observed. In the ID group, no statistical
differences were found between the sexes (p=0.982) or between wPA and
wePA (p=0.573, Figure 5A). In the TDI group, boys were significantly more
active than girls (p<0.001) and PA was higher during weekdays (p<0.001,
Figure 5B).
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Figure 5: Physical activity during weekdays and weekends among (A) intellectually disabled
children and (B) typically developed children. PA=Physical activity. Triangles =

boys, circles = girls. Interaction effect (group X sex X repeated PA) p=0.187,
interaction effect (group X repeated PA) p=0.002, interaction effect (sex X
repeated PA) p=0.248, interaction effect (group X sex) p=0.007.
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Time spent in MVPA during weekdays and weekends is presented in
Figure 6. No three-way interaction (p=0.982) was found between group, sex
and time spent in MVPA during weekdays and weekends (repeated MVPA).
However, two-way interactions were detected between group and
repeated MVPA (p<0.001), between sex and repeated MVPA (p=0.001), and
between group and sex (p=0.001). For the ID group (Figure 6A), there was
an interaction (p=0.002) between sex and repeated MVPA. Once the data
had been split on sex, no statistical differences between time spent in
MVPA during weekdays vs. weekends were found among boys (p=0.13) or
girls (p=0.077), probably due to the low number of girl participants with ID.
Likewise, there was an interaction (p=0.042) between sex and repeated
MVPA in the TDI group (Figure 6B). TDI boys spent more time in MVPA
during weekdays than weekends (p<0.001), and although a similar trend
was observed among the girls, the difference was not significant (p=0.052).
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Figure 6: Time spent in moderate-to-vigorous physical activity during weekdays
and weekends among (A) intellectually disabled children and (B)
typically developed children. MVPA= Moderate-to-vigorous physical
activity. Triangles = boys, circles = girls. Interaction effect (group X sex X
repeated PA) p=0.982, interaction effect (group X repeated PA) p<0.001,
interaction effect (sex X repeated PA) p=0.001, interaction effect (group
X sex) p=0.001. * = Statistical difference between weekday and weekend
within sex p<0.05.

None of the children with ID met the recommendation of 60 minutes of
daily MVPA (Riddoch et al., 2004) on average over an entire week, whereas
40% of the TDI children met the recommendation (p<0.001). During
weekdays, 49% of TDI boys and 29% of TDI girls met the recommendations
for MVPA, whereas only 7% and 0% of children with ID did so, respectively
(p<0.001). During the weekend, no children with ID met the MVPA
recommendation but 33% of the TDI boys did so and 3% of TDI girls
(p<0.001).
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Objectively measured time spent sedentary during weekdays and
weekends is displayed in Figure 7. No three-way interaction (p=0.159) was
found between group, sex and time spent sedentary during weekdays and
weekends (repeated sedentary time). However, two-way interactions were
detected between sex and repeated sedentary time (p=0.022). For the ID
group (Figure 7A), there was an interaction (p=0.047) between sex and
repeated sedentary time. Splitting the data on sex revealed that boys with
ID were more sedentary on the weekends than weekdays (p=0.018) but no
difference was found among girls (p=0.190). No such interaction of sex and
repeated sedentary time (p=0.742) was found in the TDI group (Figure 7B),
but girls were more sedentary than boys (p=0.023) and more time was
spent sedentary on the weekends (p<0.001).
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Figure 7: Time spent sedentary during weekdays and weekends among (A)
intellectually disabled children and (B) typically developed children.
Triangles = boys, circles = girls. Interaction effect (group X sex X repeated
sedentary time) p=0.159, interaction effect (group X repeated sedentary
time) p=0.919, interaction effect (sex X repeated sedentary time)
p=0.390, interaction effect (group X sex) p=0.022. * = Statistical
difference between weekday and weekend within sex p<0.05.
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4.3 School and after school PA, MVPA and sedentary time

Figure 8 demonstrates PA during and after school hours. No three-way
interaction was found between the group, sex, and repeated PA (school PA
vs. after school PA, p=0.312). Nevertheless, two-way interactions between
group and repeated PA (p=0.004) and between group and sex (p=0.004)
were found. In the ID group, no statistical differences were found between
the sexes (p=0.566) but children with ID were more active during school
than after school (p=0.002, Figure 8A). In the TDI group, boys were
significantly more active than girls (p<0.001) but there was no statistical
difference in PA during school vs. after school (p=0.914, Figure 8B).
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Figure 8: Physical activity during and after school hours among (A) children with
intellectual disability and (B) typically developed children. PA=Physical
activity. Triangles = boys, circles = girls. Interaction effect (group X sex X
repeated PA) p=0.312, interaction effect (group X repeated PA) p=0.004,
interaction effect (sex X repeated PA) p=0.238, interaction effect (group
X sex) p=0.004.

Time spent in MVPA during and after school hours is presented in Figure
9. No three-way interaction (p=0.899) was found between group, sex and
time spent in MVPA during school and after school (repeated MVPA).
However, two-way interactions were detected between the group and
repeated MVPA (p<0.001), and between group and sex (p=0.005) but not
between sex and repeated MVPA (p=0.336). For the ID group (Figure 9A),
children with ID accumulated more minutes of MVPA during school than
after school (p<0.001) but no statistical difference was found between boys
and girls (p=0.324). In the TDI group (Figure 9B), boys accumulated more
minutes in MVPA over the whole weekday than girls (p<0.008), but no
difference was found between time spent in MVPA during school compared
to after school (p=0.312).
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Figure 9: Time spent in moderate-to-vigorous physical activity during and after
school hours among (A) intellectually disabled children and (B) typically
developed children. MVPA= Moderate-to-vigorous physical activity.
Triangles = boys, circles = girls. Interaction effect (group X sex X repeated
MVPA) p=0.899, interaction effect (group X repeated MVPA) p<0.001,
interaction effect (sex X repeated MVPA) p=0.336, interaction effect
(group X sex) p=0.005.

Objectively measured time spent sedentary during school hours and
after school hours is displayed in Figure 10. No three-way interaction
(p=0.314) was found between group, sex and time spent sedentary during
school vs. after school (repeated sedentary time). However, a two-way
interaction was detected between the group and repeated sedentary time
during- and after-school (p<0.001). In the ID group (Figure 10A), children
were more sedentary after school than during school time (p=0.001), but
no statistical difference was found between the sexes (p=0.424). Among the
TDI children, girls were more sedentary than boys (p=0.002), and children
were more sedentary during school than after school (p<0.001, Figure 10B).

38



[3]

o
()]
o

A B
o~ ~
& 45 & 45
= ? > \
3 3
@© 40 © 40t
£ % £ ;
=] =
=) 35+ e 35 i
i) Main effect sedentary time p=0.001 £
5 Main effect sex p=0.424 % Main effect sedentary time p<0.001
8 30| Interaction effect p=0.355 g 30| Main effect sex p=0.002
n n Interaction effect p=0.960
0t 0L

school hours after school hours school hours after school hours

Figure 10: Time spent sedentary during school and after school hours among (A)
intellectually disabled children and (B) typically developed children.
Triangles = boys, circles = girls. Interaction effect (group X sex X repeated
sedentary time) p=0.314, interaction effect (group X repeated sedentary
time) p<0.001, interaction effect (sex X repeated sedentary time)
p=0.380, interaction effect (group X sex) p=0.063.

4.4 Reasons for participations in sport and PA

More (~95%) of TDI children took part in sports or PA “to stay fit” and “to
improve their performance” or “skill level” in the sport compared with ~50
— 70% of children with ID (p<0.001). Children with ID were more likely to
name “weight loss” or “weight control” (~60 — 70%) as a reason to be
physically active compared to ~35 - 50% of TDI children (p<0.001) (Table 4).
There was no statistical difference between the groups when it came to
social factors such as “being with friends” (p=0.627) or “having fun”
(p=0.077) as a reason for participation in sports or PA.
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Table 4: Participants’ reasons for participation in sports or physical activity and
self-perception of their physical activity level.

ID TDI

n=90 n=93
To stay fit (%) 71 95*
To improve in sport (%) 50 96*
To not gain weight (%) 72 52*
To lose weight (%) 60 34%*
To be with friends (%) 90 87
To have fun (%) 88 97

* = Statistical difference between groups p<0.05.

A significantly lower proportion of children with ID used active
commuting (walking or biking) to school compared to TDI children (p<0.001,
Table 5). There was also a statistical difference between the groups in
organized sports participation where 33% of children with ID participated in
sports for 2 hours per week or more, whereas 76% of the TDI children spent
that time in sports (p<0.001). Sports like Boccia and swimming were most
popular for persons with ID, but team handball and soccer were most often
played by TDI children. There was no statistical difference between the
groups (p=0.885) during school recess, where approximately half of all
children were physically active (i.e. run, walk, take part in games). Fifty-five
percent of children with ID took part in low-intensity activities like Boccia,
walking or dancing once or more times per week, whereas 67% of TDI
children reportedly did the same (p=0.119). Only 15% of children with ID
took part in high-intensity sports like soccer, team handball or athletics
once or more a week compared to 72% of the TDI children (p<0.001). Only
66% of children with ID reported “to be out of breath” or “to sweat” more
than once per week, whereas all of TDI children did so (p<0.001). However,
there was no statistical difference between the groups in their perception
of being sufficiently physically active (children with ID = 55.7%, TDI children
=71.3, p=0.083).
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Table 5: Self-reported PA patterns and recess behavior of the participants

All'ID All TDI

n=90 n=93
Active commute to school 16% 74%*
PA during recess in school 53% 52%
Sports practice <1 hr/week 67% 24%*
Sports practice 2-3 hr/week 24% 38%*
Sports practice >3 hr/week 9% 38%*
Low intensity PA > once/week 55% 67%*
High intensity PA > once/week 15% 72%*
Sweat < 1 once/week 33% 0%*
Sweat (1 —3)/week 52% 38%*
Sweat > 3/week 14% 62%*
| feel my PA is sufficient 55% 71%

ID=Intellectually disabled, TDI=Typically developed individuals, PA=Physical
activity. * = Statistical difference between groups p<0.05.

No statistical difference was found between the groups in any self-
reported time spent during the entire weekday or the whole week in a
computer or TV-based activities (p=0.092 — 0.667). Both groups spent the
most time playing computer games, watching TV and surfing the internet,
but much less time in word processing. More children with ID (46%)
listened to music between 1 and 3 hours/day than TDI children (21%,
p=0.005), who on the other hand, were more likely (23%) to read books
between 1 — 3 hours/day compared with 7% of children with ID (p=0.004).
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5 Discussion

The main findings of this research project were that children with ID were
in many ways different from TDI children in the physical characteristic. By
definition, the cognitive functions of children with ID are considerably lower
than that of TDI children as well as having significant limitations in
both intellectual functioning and adaptive behaviour in many everyday
social and practical skills. There were very few comorbidities among the
participants in this study, and therefore, children with ID should not have
had any physical impairments that could potentially have increased the
difference between the two groups. Thus any difference found in the
physical variables is likely to stem from the difference in lifestyle and
understanding of the environment rather than being of biological reasons.

5.1 Physical health and condition

We have confirmed the findings of previous studies for the general
population of individuals with ID (Beange et al., 1995; Draheim, 2006;
Rimmer & Yamaki, 2006; Stanish et al., 2006; Walsh et al.,, 2003), that
children with ID are in many aspects worse off than their TDI peers
regarding their aerobic fitness and body composition. We also
demonstrated that more children with ID fall outside recommended
international levels for blood pressure and metabolic markers.

5.1.1 Aerobic fitness

The children with ID in this study had much lower aerobic fitness than TDI
children, similar to what other studies have reported (Fernhall, Millar,
Tymeson, & Burkett, 1990; Foley & McCubbin, 2009; Gillespie, 2003;
MacDonncha et al., 1999; Wallen et al., 2009). The TDI children also had
considerably lower aerobic fitness than demonstrated in an Icelandic study
conducted among 9 and 15-year-old children 10 years ago that found
Icelandic TDI children to have unusually high VO,,.x compared to their
peers in other countries (Arngrimsson, Sveinsson, & Johannsson, 2008).

Children with ID were less willing or able to use the nose clip, mouthpiece,
and headgear needed to connect to the metabolic cart used to measure
VO,max (Figure 1). That inability was more common among children with a
higher level of disability. Those children without direct measures of VO;ax
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had statistically lower estimated aerobic fitness (p=0.013) by the PWC170
test than those who had direct measures. Therefore, a negative correlation
between the level of disability and aerobic fitness among children with ID is
likely, similar to the findings of Lotan et al. (2004). Only 25% of the children
with ID reached recommended level of aerobic fitness compared with 75%
of the TDI children. Not much is generally known about aerobic fitness
levels in children with ID other than that it is lower than among their TDI
peers (Baynard et al., 2008; Fernhall et al., 1998; Foley & McCubbin, 2009;
Gillespie, 2003; Golubovic et al., 2012; Hartman et al., 2015; MacDonncha
et al, 1999; Salaun & Berthouze-Aranda, 2012; Wallen et al., 2009).
However, studies done on athletes with ID have demonstrated that trained
individuals with ID can reach high levels of aerobic fitness (Van de Vliet et
al., 2006). Another study conducted among individuals with ID also
demonstrated that, by taking part in a moderate-to-vigorous PA, like
walking, for two months, participants were able to increase their physical
fitness considerably (Lotan et al., 2004), demonstrating again that children
with ID should be able to have adequate aerobic fitness level to maintain
good health.

5.1.2 Body composition

We confirmed results from other studies that children with ID have a higher
prevalence of overweight and obesity than TDI children (Reinehr et al.,
2010; Rimmer et al., 2007; Rimmer & Yamaki, 2006) using age- and sex-
specific cut-offs (Cole et al., 2000). In our study, 33% of the children with ID
were classified as overweight or obese compared with 22% in the group of
TDI children. The greatest difference between groups was in the obese
category, where 13% of the children with ID fell within that category
compared with only 3% of the TDI children. Using percentage body fat as a
classification for body composition, 50% of the children with ID were
overweight or obese compared with 27% among the TDI children. Thus, as
previously reported (Bandini et al., 2005; De et al., 2008; Marshall et al.,
2003; Reinehr et al., 2010), we found children with ID to be approximately
twice as likely to be overweight or obese than TDI children.

Similar results were found for waist circumference, where the
proportion (15%) of children with an ID with elevated waist circumference
(Fernandez et al., 2004; Jolliffe & Janssen, 2007) was three times greater
than in the TDI group. The difference in ZSKF (40%) was the largest
anthropometric difference found between the groups, although the range
was similar. The mean differences between the groups in BMI on one hand
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and percentage body fat on the other indicate that the children with ID
have less fat-free mass and more fat mass than TDI children. However,
athletes with ID who take part in competitive sports do not differ in body
composition from their TDI peers (Van de Vliet et al., 2006), suggesting that
the differences observed in this study are not necessarily of biological
nature.

5.1.3 Blood pressure, blood lipids, glycemic control, and
metabolic syndrome

We were able to confirm what others have found among older individuals
with an ID that children with ID have a poorer profile when it comes to
metabolic syndrome markers. Children with ID had considerably higher DBP
than TDI children, and most children who were diagnosed with elevated BP
had increased DBP. The mean values for BP in this study were lower than
the mean value among 18-year-old Icelandic (Arngrimsson, Richardsson,
Jonsson, & Olafsdottir, 2012) and Swedish teenagers (Wallen et al., 2009),
but blood pressure is known to increase with age (Jolliffe & Janssen, 2007).
However, a much higher ratio of children in this study were found to have
elevated BP (34% of children with and ID and 16% of the TDI children)
compared with 15% of the children in the Swedish study (Wallen et al.,
2009) and 10% in the Icelandic study (Arngrimsson et al., 2012). It needs to
be considered that even though this study used age-specific cut-offs for
elevated BP, some of the younger children in both groups did not find it
comfortable to have their BP measured. This discomfort may have
prevented full relaxation, especially among the children with ID, possibly
increasing their resting BP.

There does not appear to be much difference between the two groups
in blood metabolic markers. Only in insulin was a statistical difference
detected between boys with ID and TDI boys, where boys with ID had 34%
higher levels than their TDI peers. However, no participants were found
outside recommended levels (Soldin et al., 2008) for insulin nor the levels of
triglycerides (Ghoshal & Soldin, 2003; Jolliffe & Janssen, 2007). In contrast,
21% of children with ID had HDL below recommended levels, 16% had
elevated LDL, 13% increased glucose, 2% elevated cholesterol, and 7% had
a total of three or more metabolic markers outside recommended levels
and could, therefore, be classified with the metabolic syndrome. None of
the TDI children were classified with metabolic syndrome, and much fewer
were outside recommended levels.
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Direct comparison with other studies on children with ID at this age is
difficult as, to our knowledge, such data do not exist. Wallen et al. (2009)
found 55% of Swedish teenager with ID (average age 18) to have at least
one of the following variables (waist circumference, BP, triglyceride or total
cholesterol) outside the recommended levels, whereas this study finds 47%
of children with ID outside the recommendations on the same variables.
The TDI participants in this study were considerably younger than in an
Icelandic study on 18 year- old teenagers, where 9% of participants were
found to have values of HDL and LDL outside recommended levels
(Arngrimsson et al., 2012) compared to 4-6% among the TDI children in the
present study.

5.2 Physical activity

None of the children with ID in this study met the recommendations for
MVPA, thus confirming the findings of previous studies (Eiholzer et al.,
2003; Foley, 2006; Horvat & Franklin, 2001; Kim, 2006; Kozub, 2003;
Lorenzi, Horvat, & Pellegrini, 2000; Peterson et al., 2008; Whitt-Glover,
O'Neill, & Stettler, 2006). Their PA and sedentary time patterns were also in
many ways different from TDI children.

5.2.1 Overall PA and sedentary time

We confirmed that what others have reported that children with ID are less
physically active than their TDI peers (Lin et al., 2010; Phillips & Holland,
2011; Sit, McManus, McKenzie, & Lian, 2007), although direct comparison
with other studies is difficult due to differences in methodology. The
amount of difference between the groups varied from 25% to 40%
depending on the time of the week (weekday vs. weekend) or the time of
the day (school hours vs. after school hours). We also found children with
ID to be more sedentary over the whole week, but the difference between
the groups varied from +5% to -23%, again depending on the time of the
week or the time of the day. The large fluctuations in the difference
between the groups demonstrate that the two groups have very different
patterns of PA and sedentary time.

5.2.2 Physical activity and sedentary time patterns

In our study, we found no difference between wPA and wePA among the
children with ID, but like others (Magnusson et al., 2011; Nader et al.,,
2008), we found wPA to be greater (34%) than wePA in the group of TDI
children. Also, children with ID accumulated a much higher percentage of
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their PA during school hours than their TDI peers. We suspect that a large
portion of the PA differences between the groups, as well as the different
patterns in PA, can be explained by centralization of the schools, lack of
understanding of the environment, and safety reasons among the children
with ID, all factors known to affect PA among children (Kerr et al., 2006;
Merom, Tudor-Locke, Bauman, & Rissel, 2006; Veitch, Salmon, & Ball, 2008;
Zhu & Lee, 2008). Schools in Reykjavik, like most other metropolitan cities
in the world, are distributed as evenly as possible within the city so that
children do not have to commute long distances to and from the schools.
Over half of the participants with ID in this study attended the only special
school in Reykjavik and commuted, therefore, from all over the city every
day to attend the school. Most of the children attending the special school
were transported with a special shuttle bus provided by Reykjavik city.
Further, the inclusion schools also accepted children with ID from a much
larger area than they accepted TDI children. The average walking time to
and from school was 10 min for TDI children, and 74% of them walked or
biked most days to and from the school. On the contrary, only 16% of the
children with ID regularly walked to school, but those who did so also had,
on average, 10 min of active commuting. Environmental factors such as
distance to school are known to deter PA (Hutzler & Korsensky, 2010).

A similar trend was observed regarding participation in organized
sports after school hours. In metropolitan Reykjavik, three centralized
sports clubs offer programs for children with disability nearly free of charge.
Of these, only one focuses specifically on children with ID. Centralization of
sports clubs, again, means much longer travel time for the participants with
ID to and from practice (Hutzler & Korsensky, 2010), and most of these
children depend on their parents for transportation. Such centralization and
dependence on parents for commuting are known barriers to sport
participation (Hutzler & Korsensky, 2010). This centralization of sport clubs
can, therefore, partly explain the considerably lower participation in sports
after school among children with ID.

During school hours, the PA level of TDI children was 25% higher than
that of the children with ID, but during after school hours the difference
was 73%. This much greater difference in PA between the groups during
after school hours compared with school hours underscores that a safe and
secure environment is a major promotor for PA (Kerr et al., 2006; Merom,
Tudor-Locke, Bauman, & Rissel, 2006; Veitch, Salmon, & Ball, 2008; Zhu &
Lee, 2008). Schools offer a safe and secure environment to all children. It is
apparent from our results that children with ID are more dependent on the
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schools for their overall PA, and given the opportunity and means, they can
they can reach higher levels of PA than in environments less suited for their
needs.

Likewise, children with ID spent 23% more time sedentary during after
school hours but 5% less time during school hours than TDI children.
Children with ID spent 37-39% of their time sedentary during school hours
and 44-46% during after school hours. This pattern of less sedentary time
among children with ID during school hours can partly be explained by the
typical classroom practices in their schools. Both the special school and the
inclusion schools allow students with ID to move during academic lessons,
whereas the tolerance for such movement is much lower for TDI students.

5.2.3 Moderate-to-vigorous physical activity

As hypothesized, none of the children with ID met, on average, the
recommendation of 60 minutes of daily MVPA over an entire week
although 5% did so over the weekdays, whereas almost half of the TDI
children met the recommendation. Furthermore, children with ID
accumulated 59% of their total minutes in MVPA during school hours vs.
47% among TDI children. Given this difference between the groups in
MVPA, it is not surprising that sport participation differed between the
groups. Children with ID were much more likely to name low-intensity
sports like Boccia, swimming and organized walks as their preferred sport,
whereas TDI children were more likely to take part in high-intensity
activities like soccer, team handball, and athletics that are activities likely to
contribute to time spent in MVPA. For the TDI children, the local sports
clubs are always situated near their schools and are, therefore, easily
accessible to them. There are sports clubs in Reykjavik that offer soccer and
athletics to children with ID but they are centralized, and according to their
registration, very few or no children or adolescent participate. This lack of
participation from younger children and adolescents with ID implies that
these individuals cannot bring themselves to and from practices,
demonstrating once again that the distance to and from facilities is a barrier
to participation (Hutzler & Korsensky, 2010; Veitch et al., 2008).

The two groups also differ in reasons for participating in sports, which
in return affects their accumulated MVPA. Similar to most previous studies
(Allender et al., 2006), both groups named socialization, for example,
“meeting- and making new friends” and “having fun and enjoying
themselves” as major reasons for taking part in PA and sports. However,
most of the TDI children in this study also named “improving skills” and
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“staying fit” as reasons, whereas children with ID were rarely interested in
performance. The performance emphasis in the regular sport clubs can also
explain the low participation among children with ID since they are less
motivated by these performance-driven factors (Hutzler & Korsensky,
2010).

Despite very low PA and no children with ID meeting the
recommendations for MVPA over the whole week, 55% of the children (and
their families) felt that their PA was sufficient. Somewhat similar results
have been reported before, where self-reported subjective evaluation of PA
did not differ between children with ID and TDI children, but objective data
demonstrated that the TDI groups had a higher level of PA (Foley &
McCubbin, 2009). This lack of knowledge and understanding of PA among
the children with ID (and their families), especially about the importance of
time spent in MVPA, may also play a large role in the low PA and MVPA
among the children with ID. Collectively our findings suggest that the
differences between the ID and TDI groups in MVPA are much more likely
to be of cultural and environmental origin than biological one.

However, it is important to remember that certain daily activities like
walking or doing normal household chores are normally considered of mild
intensity and are classified as such when analyzing data from the
accelerometers. Such classification originates from studies like Evenson et
al. (2008) or Treuth et al. (2004) who simultaneously measured oxygen
consumption and accelerometers counts while the participating children
performed various daily activities. Children in these studies did not have
any disability and had an average VO,max. It is, therefore, fair to assume that
many of the tasks that the children in these studies found to be of mild
intensity could be of moderate or higher intensity for children with ID who
have much lowerVO,,.x.. Consequently, the MVPA of children with ID might
be underestimated.

5.2.4 Sex difference

Previously, males with ID have been shown to be more active than females
with ID in a group of mostly adults, and older individuals (Phillips & Holland,
2011). Similarly, most studies on TDI children, agree on boys being more
physically active and less sedentary than girls (Magnusson et al., 2011;
Nader et al., 2008; Riddoch et al., 2004). Contrary to these reports, we
found no sex differences in the group of ID children on any PA or sedentary
time variable. The reasons for the lack of sex differences in PA among the ID
population in this study are not readily apparent. According to Vu et al.
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(2006), TDI boys are more socially accepted by peers if they are aggressive
and athletic, whereas TDI girls often perceive more PA as socially
unacceptable. Children with an ID may be less aware of sex-related social
distinctions in PA and sex identity may be less important for children with
ID than TDI children, especially among those with moderate-to-severe ID
(Bjornsdottir & Traustadottir, 2010). The PA of many children with ID was
extremely low, and it can be speculated that in some cases we did not
measure much more than the activities of daily living in this group of
children, which makes it difficult to differentiate between the sexes.
Furthermore, more boys with ID were diagnosed with moderate-to-severe
ID than girls with ID and PA is known to decline with an increased level of ID
(Hinckson & Curtis, 2013), also explaining the lack of sex difference in PA.

5.3 Challenges in retrieving data from children with ID

Retrieving the data from children with ID was not without challenges and
proofed to be more troublesome and time-consuming than obtaining data
from the TDI children. They needed much more familiarization and personal
attention from the data collectors than their TDI peers. However, if given
time and with patience, there is hardly a reason to exclude an ambulatory
child with ID from participating in measurements such as were conducted in
this study.

5.3.1 Anthropometric data collection

The anthropometric measurements proved challenging for children with ID
most of the time. Measuring weight and waist circumference were simple,
and no differences were noticed in measuring those variables between the
two groups. It took some children with ID a few trials to stand upright with
their spine and neck in good alignment when measuring their height, and
the researcher had to look carefully at their posture while conducting the
measurement because they seemed in many cases to have much less body
awareness. The skinfold caliper initially scared some of the children with ID.
To overcome that fear, the children were allowed to examine it for as long
as they wanted and try on themselves and others around them before
actually allowing the researcher to conduct the measurement. In fact, all
children in both groups were offered to play with the caliper before the
measurements took place, but only the children with ID were interested in
it or needed this time. Although some of the children with ID had attention
deficit hyperactivity disorder, ADHD, on top of their ID and looked very
restless, all of them were able to lay still long enough during the DXA scan
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to yield usable data. A few times the scan had to be stopped and repeated,
but by offering the children to listen to a story while the scanner was
scanning, all of them were able to lay still long enough to complete the
scan. In the more difficult cases, the children were allowed to use
headphones after the scanner had passed the head.

5.3.2 Physical activity data collection

It was not without difficulty to use accelerometers in children with ID. The
children and their families were reminded to put the accelerometer on
every morning with a text message. Such reminders were not enough to
fulfill the minimum wear time in all cases, so many children, mostly children
with ID got additional days to wear the accelerometer. Furthermore, some
children with ID saw no reason to wear the small device on their hip and
simply disposed of them in the school bus or at the school where they saw
fit. To stop the children to disposing of the meters, some parents, who all
were very positive and helpful in this study, simply sewed the
accelerometer into a small pocket of the trousers right below the
waistband, so participants did not really see the accelerometer nor could
they in a simple way dispose of it.

5.3.3 Blood sampling and blood pressure data collection

Collecting blood samples from children is always challenging. In this study,
78% of the children with ID (and their parents) agreed to blood sampling,
and 89% of these participated successfully. Among the TDI children, 91%
agreed to give a blood sample with 93% being able to do so. The biggest
difference is, therefore, in the proportion of signed agreement to try to give
a blood sample. We did not inquire about the reasons for not agreeing to
blood sampling, but many parents told us that they did not think that their
child could endure such sampling, so they did not want to try and have the
child fail. In fact, the success rate was almost the same in the both groups
among those who consented to blood sampling.

It is also noteworthy that the measurement of PB turned out to be one
of the most difficult for many of the children with ID. To sit still, without
standing up or starting to fiddle with something for 10 minutes before the
measurements, proved hard for many participants. Further, especially
those who had autism along with their ID, the pressure from the cuff was
very uncomfortable, and in some cases, the BP was measured many times
on many different occasions to familiarise participants with the protocol to
get as reliable reading as possible.
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5.3.4 Aerobic fitness data collection

Retrieving data on aerobic fitness from young children can be problematic,
especially when using gas analysis equipment, where the participants have
to wear a headgear and a nose clip. Some young TDI children were not
willing to use the headgear, but it was significantly harder for many of the
children with ID to use the mouthpiece and the nose clip because they
found these to be too invasive. To try to overcome this discomfort among
the participants, all children were allowed to play with and try out all the
items before using them. Many children were able to overcome their
discomfort in that way and then felt comfortable enough to perform the
test using the headgear and nose clip. It was also clear that many of the
children with ID were not used to giving their maximal physical effort.
Therefore the rate of perceived exertion (RPE) scale was color-coded and
made more visual to ease its use for the children. All the children in the
study received similar encouragement to do their best, but often that
encouragement had to be implemented much sooner for the children with
ID. Other studies have also reported difficulty measuring aerobic fitness in
individuals with ID (Wallen et al.,, 2009) and claiming RPE scales to be
inadequate among many individuals with ID.

5.4 Strength and limitations

This study is not without limitations. First, the low number of girl
participants with ID reduced the statistical power of the study. This low
number was due to the fact that fewer girls are diagnosed with ID than boys
(Gilloerg & Soderstrom, 2003), resulting in fewer potential participants,
making it hard to overcome this limitation. Further, fewer children with ID
were able to finish the VO,., and fewer children with ID accepted to give
blood and undergo DXA measurements. Secondly, since the ID group is
more dependent on the social structure and —support than the TDI group,
the results may not be directly applicable to children with ID in other
societies. We also have little information on parents or legal guardians of
the participants and it is possible that the parents of the children with ID
are less encouraging of PA, and thereby, increase the PA difference
between groups.

We believe that the strengths of the study overcome its limitations. We
were able to measure a large number of children with ID compared to most
previous studies on this population, and the dropout was less than 5%.
Furthermore, we objectively measured PA and PA patterns with
accelerometers among children with ID in the same way as in a comparison
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group of TDI children. To our knowledge, we are the first to publish
objective measurements on PA and sedentary time comparing school hours
and after school hours between the two groups. Finally, our sample
consisted of almost all ambulatory children with ID in the metropolitan area
of Reykjavik, which includes more than 70% of the Icelandic population.
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6 Conclusion

The first two aims of this dissertation were to study the prevalence of
overweight and obesity children with ID as well as to determine the levels
of PA, aerobic fithess, and other risk factors for metabolic diseases in this
population and to compare them TDI peers. This study has demonstrated
that children with ID, who all are able to be physically active are generally in
much worse physical condition that their TDI peers. Children with ID have
unusually high level of obesity, waist circumference, ¥SKF and very low
aerobic fitness compared with their TDI peers. Many children with ID also
have elevated BP and blood lipid markers outside of the recommended
levels and are therefore, at risk of developing metabolic syndrome despite
young age. The PA of children with ID is considerably lower than among
their TDI peers and the fact that no children with ID met the
recommendation of daily MVPA calls for special PA measures in this group.
Furthermore, there appear to be no sex differences in PA and PA patterns
among children with ID thus disproving the hypothesis.

Aim IIl was to compare school and after school PA and sedentary time
behaviour among children with ID and with that of children without ID of
the same age and sex. The PA level of children with ID is considerably lower
than that among their TDI peers and they also depend much more on the
school system to accumulate their PA and MVPA. Children with ID are also
less sedentary during school hours than after school hours, whereas the
vice versa is true for TDI children.

Aim IV was to study reasons for sport participation and PA among
children with ID. Children with ID are more likely to participate in low-
intensity PA and sport for reasons of losing weight or preventing weight
gain demonstrating a negative body image. In contrast, TDI children are
more likely to participate in high-intensity PA and sport in order to stay fit
or improve their skill level. Furthermore, the children with ID seem to be
less aware of their PA level than TDI children.
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7 Future perspectives

This dissertation has, if nothing else, demonstrated that the vulnerable
group of children with ID needs our attention regarding general health and
well being. Many studies have demonstrated the importance of a healthy
life style, including reasonable amounts of PA and good aerobic fitness,
especially at young age. In general, it is known that PA and fitness have
been declining and obesity rising among TDI children in Iceland as well in
the western world. This is the first large study focusing on children with ID
in Iceland and it is, therefore, difficult to speculate whether the health and
PA profile is improving or worsening in this population. It would be wise to
repeat this study in a few years and to do a follow-up study on the same
cohort of children with ID. That way the trend can be investigated and
better measures implemented to counteract the unfavourable findings of
this study. Studies have demonstrated that direct interventions work well
to improve many aspect of people’s lifestyle. Much less is known about
what works best for children with ID, so a well-planned intervention study is
needed. The biggest foreseen challenge with such study is the selection of
the reference group of ID children that would not receive the intervention.

It can easily be concluded from the dissertation that a traditional
campaign for healthier lifestyle and improved PA might not reach children
with ID and their families. It is clear that intensity is not well understood
and importance of MVPA is not well known among children with ID and
their families. A campaign should be designed, targeting PA with a special
emphasis on the importance of MVPA aiming at children with ID and their
families. An emphasis should be put on weekends and perhaps to prolong
the school time with some kind of extra curricula organised physical activity
or recreation.

It is a known fact that the trend in many countries, including Iceland, is
to close as many special schools as possible and integrate as many children
with ID as possible in the mainstream schools. About half of the children
with ID in this study came from the largest special school in Iceland, where
there is no shortage of specially trained teachers who are well aware of the
importance of PA and health promotion among children with ID. However,
more integration creates some new challenges for the elementary school
teachers in the mainstream schools, both the physical education (PE)
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teachers as well as teachers working in typical classroom settings. The
teachers’ training, especially the PE teachers” training and education, needs
to be adjusted to allow them to rise to these new challenges. All teachers
need to be educated about the important role of the schools for the
children with ID in collecting their PA and MVPA.

The greatest difference in PA between the children with ID and the TDI
children occurs after school, especially regarding amount of MVPA. The
local sport clubs play a major role in the accumulation of time spent in
MVPA among the TDI children. It is known that distance to and from sport
opportunities is a major barrier for participations for children in general. It
is, therefore, important that as many as possible of the local sport clubs
make it easier for children with ID (and all disabilities) to participate in their
programs. This can be done either with integration or full inclusion of the
children with ID. Such inclusion again requires training for coaches of the
sport clubs as well as informing the board members in charge about what is
possible to accomplish with rather simple changes. For the children with ID
a small change can mean a huge difference.
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ABSTRACT

EINARSSON, L b., A. OLAFSSON, G. HINRIKSDOTTIR, E. JOHANNSSON, D. DALY, and S. A. ARNGRIMSSON. Differences in
Physical Activity among Youth with and without Intellectual Disability. Med. Sci. Sports Exerc., Vol. 47, No. 2, pp. 411-418, 2015.
Introduction: Very little is known about physical activity (PA) and PA patterns measured with objective methods among children with
intellectual disability (ID). Purpose: This study aimed to investigate PA and PA patterns among Icelandic school children with mild-to-
severe ID. Methods: A sample of 91 children with ID and a randomly selected age- and sex-matched group of 93 typically developed
individuals (TDI) took part in the study. Basic anthropometric measurements were attained, and PA was assessed with ActiGraph
accelerometers for 710 consecutive days. A questionnaire was used to collect data on PA behavior. Results: Although children with ID
were 40% less physically active and spent 9% more time sedentary than their TDI peers, there was interaction between group and sex
(P < 0.05). TDI boys were more active and less sedentary than TDI girls (P < 0.05), but no sex differences were found among children
with ID on any PA variable. In addition, there was no difference between workday PA and weekend PA among children with ID. Only
16% of children with ID walked or biked to school, whereas the proportion was 74% among TDI children (P < 0.001). Similarly, a lower
fraction (33%) of children with ID took part in 2 h-wk ' or more in sports compared with TDI children (76%, P < 0.001). No children
with ID met the recommendation of 60 min of daily moderate-to-vigorous PA, whereas 40% of the TDI children met the recommen-
dation. Conclusions: PA of children with ID is considerably lower than that among their TDI peers, and there seem to be no sex
differences in PA and PA patterns among children with ID. The fact that no children with ID met the recommended daily MVPA calls for
special PA measures in this group. Key Words: ACCELEROMETER, CHILDREN, ADOLESCENT, SEX, SPORT PARTICIPATION,

ANTHROPOMETRY

he prevalence of childhood overweight and obesity has

risen in the Western world over the past two decades

(15). This rise can have serious consequences for
health and general well-being (40). Physical activity (PA) has
shown negative relationship with obesity, and positive rela-
tionship with health and vice versa has been demonstrated for
sedentary behavior (21). Fewer and fewer young people
meet the recommended guidelines of 60 min-d ' of moderate-
to-vigorous PA (MVPA) (30) needed to maintain good health
(22,30). Correspondingly, sedentary behavior has increased
during the past few decades (24), and today children spend
4-8 h-d™!' sedentary (24) or approximately 40% of their
waking time (35). Furthermore, various studies have shown
that PA declines with age (18,22,30), boys are more physically
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active than girls (22,30), and PA is greater during workdays
(WPA) than that on the weekend (wePA) among children (22).
This situation seems to be more dramatic in persons with
intellectual disability (ID) than among typically developed
individuals (TDI) (4,20,29,31). Children with ID have ap-
proximately 40% prevalence of overweight and obesity, and
some studies report that they have twice the prevalence of
their TDI peers (4,29). In addition, incidence of overweight
and obesity has negative relationship with the level of ID
(20,25,32). Athletes with ID, on the other hand, have an-
thropometric measures similar to their TDI peers (37).
Studies of PA in persons with ID generally agree that this
population is less physically active than the TDI population
(9,13,25) and that PA also declines with increased level of
ID (12). Similarly, sedentary time is greater among adults
with ID (5). Very few studies on PA and all with low
numbers of participants have been conducted on children
with ID. Nevertheless, a study using accelerometers showed
that nine children with ID were only 50% as active as their
TDI peers, although no differences were found in their self-
reported sedentary behavior (9). Furthermore, very few or
no children with ID reached recommended levels of MVPA
estimated via questionnaires (17,32) or accelerometers (25).
However, a study using HR monitors to assess PA found
that with increased PA classes in school, children with ID
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could achieve the recommended daily 60 min of MVPA
(27). Differences in PA between boys and girls with ID are
also not clear, but a study on 150 individuals with ID age
12-70 yr found men to be more active than women and a
trend for decline in PA with age (26). In addition, little is
known on the rate and type of participation in organized
sport among children with ID, although the positive benefits
of sport participation and increased PA in persons with ID
for both health and general well-being have been demon-
strated (1,14).

There is incomplete knowledge about PA and PA patterns
among the vulnerable group of children with ID. Large
quantitative studies on PA and PA patterns of children with
ID, with a TDI comparison group, using objective method-
ology are particularly missing. The purpose of this study
was, therefore, to investigate PA and PA patterns with ac-
celerometers among Icelandic school children with ID and
to compare them with an age- and sex-matched group of
TDI children. A secondary purpose was to investigate po-
tential sex differences in PA and PA patterns among chil-
dren with ID. We hypothesized that children with ID would
be less physically active than their TDI peers, that they
would not meet recommended levels of daily MVPA, and
that boys with ID would be more active than girls with ID.

METHODS

Study design and sampling. For this study, data were
obtained on PA and anthropometric variables from Icelandic
primary and secondary schoolchildren (age 6—16 yr) with
and without ID. All (n = 120) children with ID from one
special school and four inclusion schools were offered par-
ticipation, and 94 children agreed to take part (78%). Sixty-
two percent of the children with ID came from the special
school, which only accepts children with moderate-to-severe
ID, and 38% came from inclusion schools, which accept
children with mild-to-moderate ID. None of the participants
had Down syndrome. All the children lived at home with
their parents or legal guardians (none were institutionalized).
An age- and sex-matched TDI group (n = 124) was ran-
domly selected from the class register from the four inclu-
sion schools and was asked to participate, with 93 children
accepting (75%). Before participation in the study, which
was approved by the National Bioethics Committee in
Iceland (VSNB 2010120007/03.7), a written informed con-
sent was obtained from the children’s parents and/or legal
guardians along with an assent from the children themselves.
Three children with ID dropped out during the study, but all
TDI children finished. All children with ID had a diagnosed
mild-to-severe ID from the State Diagnostic and Counseling
Centre in Iceland, and all participants were able to walk
without assistance and did not exhibit motor disabilities,
with the exception of three children with ID who had mild
cerebral palsy. In addition, four children with ID had epi-
lepsy and took medication (Lamotrin, Abilfy) to control

their conditions, which potentially could affect their will-
ingness to be physically active.

Anthropometric measures. Standing height was mea-
sured three times to the nearest millimeter with a stadiometer
(Seca 220; Seca Ltd., Birmingham, United Kingdom), and the
mean was used. Body weight was determined to the near-
est 0.1 kg using a calibrated scale (Seca 708; Seca Ltd.,
Birmingham, United Kingdom), with participants in light
clothing. Body mass index (BMI) was calculated (kg-mfz),
and participants were categorized into normal weight, over-
weight, and obesity using international standards (3).
Skinfold thickness was measured three to four times at four
sites (triceps, biceps, subscapular, and suprailiac) on the right
side of the body (6) using a skinfold caliber (Lange; Beta
Technology Incorporated, Cambridge, MD). The mean of the
three closest measurements was used, and the sum (mm) of
the four skinfolds (XSKF) was used for analysis. Waist cir-
cumference was measured two times in a horizontal plane at
the narrowest section between the hips and the bottom of the
rib cage, and the mean was used for analysis. All measure-
ments were taken by the same trained person.

PA measurement. PA was assessed with ActiGraph
accelerometers (Manufacturing Technologies, Inc.) model
GTI1M, which were programmed to record PA every 5 s (5-s
epochs). Participants wore the monitor on their hip for 7-10
consecutive days from the time they woke up until they went
to sleep. Only data from monitors worn for a minimum of
10 h-d™" for at least two workdays and one weekend day
were included in the analysis (18,30). If no activity was
registered on the monitor for 30 consecutive minutes, it was
assumed that the participants had taken the monitor off and
the time was subtracted from the total wear time. Partici-
pants who handed in monitors with insufficient valid days
were given a new period to wear the monitors. All partici-
pants or their parents or legal guardians received a text mes-
sage each morning, reminding them to wear the monitor. The
ActiLife 5 software was used to analyze the data, and MVPA
was defined as >2296 counts per minute, and sedentary ac-
tivity, as <100 counts per minute. These thresholds were first
established by Evenson et al. (7) and later independently
validated by Trost et al. (36). Objectively measured sedentary
time was standardized as the percentage of daily wear time,
which allows for comparisons regardless of wear time.

Self-reported sexual maturation and PA. Data on
several aspects of PA and Tanner stage were collected with a
questionnaire that was completed at home by the partici-
pants together with their parents or legal guardian (19). The
questionnaire consisted of closed questions about the time
the children spent in PA in school (excluding physical edu-
cation classes), in sport clubs, out of school (excluding sport
clubs), and how often they took part in PA that causes them
to be out of breath or to start to sweat. They were also asked
how they commuted to and from school.

Statistical analysis. SPSS 22.0.0 (Chicago, IL) was
used for the statistical analyzes. All variables were
inspected for normality. BMI was positively skewed and
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TABLE 1. Characteristics of the participants.

Boys with ID, n = 62 TDI Boys, n =58 Girls with ID, n =29 TDI Girls, n =35 All with ID, n=91 AL TDI, n=93

Age (yr) 11.8 (2.8) 11.9 (2.9) 11.9 (2.6) 12.0 (2.3) 11.9 (2.9) 11.9 (2.7)
Weight (kg) 47.7 (21.0) 47.1 (16.5) 43.1 (14.3) 49.9 (12.0) 46.2 (19.2) 48.2 (15.0)
Height (cm) 149.1 (18.4) 155.7 (20 7) 144.1 (14.6) 156.7 (13.9) 147.5 (17.4) 156.1 (18.3)*
BMI (kg-m~2) 20.6 (5.6) 18.7 (2.8 20.3 (4.3) 20.1 (2.9) 205 (5.2) 19.2 (2.9)

Normal weight (%) 67.7 84.5 69.0 7.4 68.1 79.6

Overweight (%) 17.7 13.8 20.7 25.7 18.7 18.3

Obese (%) 145 17 103 29 13.2 22
Waist c. (cm) 71.1 (16.1) 64.8 (8.3) 66.1 (9.9) 67.3 (8.3) 69.5 (14.6) 65.7 (8.4)**

Normal (%) 83.9 98.3 86.2 88.6 84.6 94.6

Elevated (%) 16.1 17 13.8 114 154 54
S SKF (mm) 75.6 (45.1) 45.9 (29.7) 83.7 (31.5) 71.2 (25.7) 78.2 (41.3) 55.5 (30.7)****
Tanner stage 23(1.3) 25 (1.5) 26 (1.3) 29 (1.1) 24 (1.3) 26 (1.3)

*Difference between groups (ID vs TDI across sex) (P < 0.05).
*nteraction between sex and group (P < 0.05).

***Difference between sex (males vs females across groups) (P < 0.05).
Waist c., waist circumference.

was logl0-transformed to ensure normality. Similarly, the
square root was taken of weight and all PA variables, except
sedentary time, for normalization. Untransformed values are
presented in tables and figures for more meaningful compar-
isons. All statistical analyses were corrected for Tanner stage.
Two-way ANOVA was used to test for main effects and in-
teractions between group and sex, and a three-way ANOVA,
in cases with repeated factor (group—sex—repeated PA or
sedentary time). In case of interactions, the data were split on
the grouping variable. In cases of interactions after such splits,
the data were further split on sex. Chi-square test was used to
investigate proportional differences between groups. The data
are presented as means and SD in tables and as means and SE
in figures. Significance was accepted at « level of 0.05.

RESULTS

The general characteristics of the participants are given in
Table 1. The TDI children were taller (P < 0.001) and had
lower SSKF (P < 0.001) than that of children with ID, and
boys had lower %SKF than girls (P = 0.006). A group—sex
interaction was found for waist circumference (P = 0.024),
where boys with ID had significantly larger (P = 0.029)
waist circumference than girls with ID, but no sex difference
(P = 0.569) was found in the TDI group. There was no
statistical difference in BMI between the groups (P =0.102),
but the range in BMI was much larger for children with ID at

values, whereas the proportion was only 5% among the TDI
children (P = 0.026) (8,16).

A significantly lower proportion of children with ID used
active commuting (walking or biking) to school compared
with TDI children (P < 0.001) (Table 2). There was also a
statistical difference between the groups in organized sport
participation where 33% of children with ID participated in
sports for 2 h-wk ™' or more, whereas 76% of the TDI chil-
dren spent that time in sports (P < 0.001). Sports like Boccia
and swimming were most popular for persons with ID, but
team handball and soccer were most often played by TDI
children. There was no statistical difference between the
groups (P = 0.885) during school recess, where approxi-
mately half of all children were physically active (i.e., run,
walk, and take part in games).

Figure 1 depicts mean daily PA and time spent sedentary
for the entire measurement period. Interaction in PA was
observed between sex and group (P = 0.004), where TDI
boys were significantly more physically active than TDI
girls (P < 0.001), but no statistical difference between the
sexes was found in the ID group (P = 0.776) (Fig. 1A).
Similarly, interaction in sedentary time was observed be-
tween sex and group (P = 0.019), where TDI girls were
more sedentary than TDI boys (P = 0.034), but no statistical
difference between the sexes was found in the ID group
(P =0.278) (Fig. 1B).

In Figure 2, wPA and wePA are demonstrated. No three-

13.1-40.4 kg'm % compared with 13.7-28.6 kg'm 2 for TDI way interaction was found among group, sex, and repeated
children. However, there were more (13%) children with ID PA (WPA vs wePA, P = 0.187). Nevertheless, two-way in-
(3) than TDI children (2%, P = 0.017) in the obese category. teractions between group and repeated PA (P = 0.002) and >
Similarly, the range for waist circumference was much between group and sex (P = 0.007) were observed. In the ID %
larger in the group of children with ID at 46.1-116.0 cm group, no statistical differences were found between the —
compared with 50.6-87.8 cm in the TDI group. In the group sexes (P = 0.982) or between wPA and wePA (P = 0.573) m
of children with ID, 15% had elevated waist circumference (Fig. 2A). In the TDI group, boys were significantly more 8
@)
TABLE 2. Self-reported PA patterns and recess behavior of the participants. m
Boys with ID, n = 62 Girls with ID, n=28 TDI Boys, n =58 TDI Girls, n= 35 All with ID, n=90 AL TDI, n=93 %
Active commute to school (%) 1 25 72 77 16 74 m
PA during recess in school (%) 52 55 60 38 53 52 wn
Sport practice <1 hwk " (%) 74 52 26 21 67 24
Sport practice 2-3 h-wk ' (%) 21 31 38 38 24 38
Sport practice >3 h-wk ™" (%) 5 17 36 4 9 38
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FIGURE 1—PA (A) and time spent sedentary (B) among all participants
for the entire measurement period. Values are adjusted for Tanner stage.
*Statistical difference between sex within groups, P < 0.05.

active than girls (P < 0.001) and PA was higher during
workdays (P < 0.001) (Fig. 2B).

Time spent in MVPA is presented in Figure 3. No three-
way interaction (P = 0.982) was found among group, sex,
and time spent in MVPA during workdays and weekends
(repeated MVPA). However, two-way interactions were
detected between group and repeated MVPA (P < 0.001),
between sex and repeated MVPA (P = 0.001), and between
group and sex (P = 0.001). For the ID group (Fig. 3A), there
was interaction (P = 0.002) between sex and repeated MVPA.
Once the data had been split on sex, no statistical differ-
ences between time spent in MVPA during workdays versus
weekends were found among boys (P = 0.13) or among girls
(P = 0.077) probably because of the low number of girl par-
ticipants with ID. Likewise, there was interaction (P = 0.042)
between sex and repeated MVPA in the TDI group (Fig. 3B).
TDI boys spent more time in MVPA during workdays than
that during weekends (P < 0.001), and although a similar
trend was observed among the girls, the difference was not
significant (P = 0.052).

None of the children with ID met the recommendation of
60 min of daily MVPA on average over an entire week,
whereas 40% of the TDI children met the recommendation
(P < 0.001). During workdays, 49% of TDI boys and 29%
of TDI girls met the recommendations for MVPA, whereas
only 7% and 0% of children with ID did so, respectively
(P < 0.001). During the weekend, no children with ID met
the MVPA recommendation but 33% of the TDI boys and
3% of TDI girls did so (P < 0.001).

Objectively measured time spent sedentary is displayed in
Figure 4. No three-way interaction (P = 0.159) was found
among group, sex, and time spent sedentary during work-
days and weekends (repeated sedentary time). However, two-
way interactions were detected between sex and repeated
sedentary time (P = 0.022). For the ID group (Fig. 4A), there
was interaction (P = 0.047) between sex and repeated sed-
entary time. Splitting the data on sex revealed that boys
with ID were more sedentary on the weekends than on
workdays (P = 0.018), but no difference was found among
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FIGURE 2—PA during workdays and weekends among children with
ID (A) and TDI children (B). Values are adjusted for Tanner stage.
Triangles, boys; circles, girls. Interaction effect (group—sex—repeated PA),
P = 0.187; interaction effect (group-repeated PA), P = 0.002; interac-
tion effect (sex-repeated PA), P = 0.248; interaction effect (group-sex),
P=10.007.
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FIGURE 3—Time spent in MVPA during workdays and weekends
among children with ID (A) and TDI children (B). Values are adjusted
for Tanner stage. Triangles, boys; circles, girls. Interaction effect (group—
sex-repeated PA), P = 0.982; interaction effect (group-repeated PA),
P < 0.001; interaction effect (sex-repeated PA), P = 0.001; interaction
effect (group—sex), P = 0.001. *Statistical difference between workday
and weekend within sex, P < 0.05.

girls (P = 0.190). No such interaction of sex and repeated sed-
entary time (P = 0.742) was found in the TDI group (Fig. 4B),
but girls were more sedentary than boys (P = 0.023) and more
time was spent sedentary on the weekends (P < 0.001).

DISCUSSION

The main finding of this study was that children with ID
are considerably less physically active than TDI children. In
addition, no difference between wPA and wePA was ob-
served among the children with ID, but like others (18,22),
we found wPA to be greater (34%) than wePA in the group
of TDI children. As hypothesized, none of the children with
ID met the recommendations for daily MVPA whereas 40%
of the TDI children did so. However, contrary to our hy-
pothesis, no sex differences were found in the group of

children with ID on any PA variable, whereas most studies
(18,22,30) on TDI children agree on boys being 15%-30%
more physically active than girls. Compared with that in
other studies on similar groups, a larger sample of children
with ID was included here, and almost all children with ID
that met the inclusion criteria in the metropolitan area of
Reykjavik took part.

With objective measurements on PA, we confirmed that
children with ID are less physically active than their TDI
peers (17,26,33), although direct comparison with other
studies is difficult because of differences in methodology.
Most studies on children with ID have used more subjective
measures of PA (13,17,32), and studies using accelerometers
or HR monitors have been limited by very small sample
sizes (9,26). We found TDI children to be 40% more active
over the entire week, 44% are more active during workdays,
and 25% are more active during weekends, and their activity
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FIGURE 4—Time spent sedentary during workdays and weekends
among children with ID (A) and TDI children (B). Values are adjusted for
Tanner stage. Triangles, boys; circles, girls. Interaction effect (group—sex—
repeated sedentary time), P = 0.159; interaction effect (group-repeated
sedentary time), P = 0.919; interaction effect (sex—repeated sedentary time),
P = 0.390; interaction effect (group—sex), P = 0.022. *Statistical difference
between workday and weekend within sex, P < 0.05.
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level was similar to previous reports on Icelandic children
(18). None of the children with ID met the recommendation
of 60 min of daily MVPA on average over an entire week. In
contrast, 40% of TDI children met the recommendation on
average over the entire week, which is a much higher propor-
tion than that previously reported in this age group in Iceland
(18). The present study used 2296 activity counts per minute
to define MVPA (7,35,36), whereas the previous Icelandic
study of TDI children used 3400 counts per minute (18). The
differences between the studies are, thus, not surprising.
There are several probable explanations for the difference
in PA between ID and TDI children. Inactive commuting to
school, possibly because of safety reasons and their lack of
understanding of the environment as well as longer travel
distance to the centralized special school, plays a role in the
low PA among the children with ID. Environmental factors
such as distance to school are known to deter PA (14). In
addition, fewer children with ID took part in organized
sports after school than TDI children, and most of those
doing so participated in low-intensity sport like Boccia. In
metropolitan Reykjavik, there are three centralized sports
clubs that offer programs for children with disability, which
are nearly free of charge. Of these, only one focuses spe-
cifically on children with ID. Centralization means much
longer travel time for the participants with ID to and from
practice (14), and most of these children depend on their
parents for commuting. Such centralization and dependence
on parents for commuting are known barriers for sports
participation (14). All these reasons play a role in the low
PA among the children with ID, and although the same
portion of children with ID and TDI children claim via self-
reporting to be physically active during recess, it is apparent
that when measured directly, the activity of children with ID
is of much lower intensity. The differences in PA between
the ID and TDI groups are much more likely to be of cultural
and environmental origin than biological origin because
athletes with ID, who have the opportunity to take part in
sports, can reach the same fitness levels as TDI athletes (37).
Longer travel distance to centralized school and sport
clubs could result in more time spent sedentary among the
children with ID. Our findings indeed indicate that children
with ID were more sedentary than their TDI peers, although
the difference between the groups is lower (9%) than the
difference in PA. Few studies have objectively assessed
sedentary time in persons with ID, but our results support the
findings of Dixon-Ibarra et al. (5), showing that adults with
ID were 16%—-20% more sedentary than TDI adults. We are
not aware of any study comparing objectively measured
sedentary time between children with and without ID;
however, Foley and McCubbin (9) found, in contrast with
our findings, no difference in subjectively reported seden-
tary time in their sample of nine children with ID compared
with their TDI peers. To our knowledge, no studies have
been published that compare time spent sedentary on
workdays versus that on weekends among children with ID,
and studies on TDI children find the sedentary time to be

the same (28) or slightly less during the weekend (23),
again in contrast with our findings. Although the differ-
ences were small, both groups of children in our study
increased their sedentary time on the weekends compared
with that on the workday.

Previously, males with ID have been shown to be more
active than females with ID in a group of mostly adult and
older individuals (26), but studies on sex differences in the
ID population are scarce, especially among children. Our
findings suggest that the patterns of PA and sex differences
in PA are not the same among children with ID, as typically
observed among their TDI peers. The reasons for the lack of
sex differences in PA among the ID population are not
readily apparent. According to Vu et al. (38), TDI boys are
more socially accepted by peers if they are aggressive and
athletic whereas TDI girls often perceive more PA as so-
cially unacceptable. Children with ID may be less aware of
sex-related social distinctions in PA, and sex identity may be
less important among children with ID than among TDI
children, especially among those with moderate-to-severe
ID (2). The PA of children with ID was extremely low, and
it can be speculated that we did not measure much more than
the activities of daily living in this group of children, which
makes it difficult to differentiate between the sexes. Indeed,
far fewer bursts of high-intensity PA were observed in the
ID group than that observed in the TDI group. Furthermore,
more boys with ID were diagnosed with moderate-to-severe
ID than girls with ID and PA is known to decline with in-
creased level of ID (12), also explaining the lack of sex
difference in PA.

This study also verifies that children with ID have higher
prevalence of overweight and obesity (9,29,31) using age-
and sex-specific cutoffs (3). The difference in BMI between
the ID and TDI groups was not significant, which can be
explained by much higher variability among children with
ID. Similar results were found for waist circumference,
where there was a small difference in the mean value, but
more extreme values were observed for children with ID at
both ends of the spectrum. In fact, the proportion (15%) of
children with ID with elevated waist circumference (8,16)
was three times greater than that in the TDI group. None-
theless, much greater prevalence (48%) of elevated waist
circumference was reported among 16- to 21-yr-old adoles-
cents with ID (39). This higher prevalence can be explained
partly by inclusion of participants with Down syndrome who
experience greater levels of adiposity (11) and older partici-
pants because the prevalence of elevated waist circumference
is known to increase with age (34). The differences in XSKF
were the largest anthropometric differences found between
the groups, although the range was similar. The group dif-
ferences in BMI and 3 SKF indicate that the children with ID
have less lean mass and more fat mass than TDI children. In
contrast, athletes with ID who take part in competitive sports
do not differ in body composition from their TDI peers (37),
again suggesting that the differences are not necessarily biologi-
cal. Such potential lack of biological difference demonstrates
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the need to promote PA and healthy lifestyle for this popula-
tion among the children themselves, parents, schools, and
sport clubs. Children with ID need to have the opportunity to
participate in PA (that fulfils their own potential) regardless of
the level of their disability.

This study is not without limitations. First, the low num-
ber of girl participants with ID reduced the statistical power
of the study. This low number was due to the fact that fewer
girls are diagnosed with ID than boys (10), resulting in much
fewer potential participants among girls with ID, making it
hard to overcome this limitation. Secondly, because the ID
group is more dependent on the social structure and support
than the TDI group, the results may not be directly appli-
cable to children with ID in other societies. We also have
little information about parents or legal guardians of the par-
ticipants, and it is possible that the parents of the children with
ID are less encouraging of PA and thereby increase the PA
difference between groups. We believe that the strengths of
the study overcome its limitations. We were able to measure a
much larger number of children with ID compared with pre-
vious studies on this population, and the dropout was less
than 5%. Furthermore, we objectively measured PA and PA
patterns including sedentary time with accelerometers among
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Hreyfing og likamlegt astand islenskra
grunnskolabarna med proskahomlun

Ingi Poér Einarsson' iprétta- og heilsufraedingur, Erlingur Jéhannsson' lifedlisfraedingur, Daniel Daly? hreyfingarfreedingur,

Sigurbjérn Arni Arngrimsson’ pjélfunarlifedlisfraedingur

Inngangur: Litid er vitad um hreyfingu, holdafar og dhaettupaetti fyrir
ymsum hjarta-, zda- og efnaskiptasjukdémum & medal barna med
proskahdmlun. Tilgangur pessarar rannséknar var ad kanna likamlegt
astand grunnskélabarna med proskahémlun.

Efnividur og adferdir: Urtak barna med proskahémlun (n=91) og aldurs-
og kynjajafnadur samanburdarhépur almennra skélabarna (n=93) voru
meeld & hlutleegan hatt & hreyfingu, Gthaldi, likamssamsetningu, bl6d-
prystingi, blédfitum og blédsykurstjérnun.

Nidurst68ur: Bérn med proskahémlun voru lagvaxnari (-8,6 cm, p<0,001)
en med haerri summu hudfellinga (22,7 mm, p<0,001), panprysting (3,8
mmHG, p=0,006) og hlutfall likamsfitu (4,0 présentustig, p=0,008) en
almenn skélabérn. Drengir med proskahémlun voru med meira mittismal
en almennir skéladrengir (6,3 cm, p=0,009) en enginn munur fannst &
stulknahépunum. Samkvaemt hlutfalli likamsfitu greindist haerra hlutfall

(41%) barna med proskahémlun med offitu en almennra skélabarna (19%,
p=0,006). Born med proskahémlun hreyfou sig adeins 24 minutur & dag af
midlungs- til erfidri akefd en almenn skélabdrn taeplega 60 minutur. Ekkert
barn med proskahémlun nadi radlagdri daglegri hreyfingu, & méti 40% hja
almennum skélabornum. Einungis 25% barna med proskahdmlun nadu
uthaldsvidmidum, & méti 75% (p<0,001) almennra skdlabarna. Rumlega
20% barna med proskahdmlun voru med of hatt mittismal, 34% med of
haan blédprysting, @ milli 13 og 21% greindust med ahaettupeetti i bl6di
og teeplega 7% med efnaskiptavillu, sem var i 6llum tilvikum mun hzerra
algengi en hja almennum skélabérnum.

Alyktanir: Likamlegt astand barna med proskahémiun er alls ekki gott

og koma pau oftast verr Gt en jafnaldrar peirra an proskahémlunar. Pad
parf ad kanna vel hvada astaedur liggja ad baki pessari sleemu tutkomu hja
pessum hépi og hvad er haegt ad gera til ad baeta astandio.
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Inngangur

Minnkandi hreyfing er eitt helsta heilbrigdisvanda-
mal idnrikja i dag, pvi heegt er ad tengja hana vid ymsa
ahaettupeetti fyrir hjarta-, da- og efnaskiptasjukdoma,
svo sem sykursyki 2 og kransaedavandamal.' Samhlida
minnkandi hreyfingu eru ofpyngd og offita vaxandi
alheimsvandamal og hafa Islendingar ekki farid var-
hluta af pessari miklu aukningu undanfarna aratugi
b6 vissulega hafi dregid tir aukningunni allra sidustu
ar2 A milli 17 og 23% 9 og 15 4ra islenskra barna voru
yfir kjorpyngd 4 arunum 2003 og 2004’ og hafa rann-
soknir auk pess synt ad offita 4 unglingsarum eykur
déanartioni meira en ofpyngd a fullordinsarum.*

A sama tima og gdgnum er skipulega safnad um
lydheilsu hja almennu pydi, hefur hingad til ekki verid
unnid sérstaklega med gogn um born med proska-
hémlun. Peer fau erlendu rannsoknir sem gerdar hafa
verid hafa synt ad medal pessa hops einstaklinga er
stadan mun verri hvad vardar hreyfingu, holdafar og
almennt heilsufar.’® A3 sama skapi hafa faar rann-
soknir verid gerdar a hreyfingu medal barna og ung-
linga med proskahémlun med hlutleegum maelingum.
Flestar peirra hafa verid med litil urtok (n<20) og
syna fram a allt ad helmingi minni hreyfingu en hja
almennum skélabérnum.’ fslensk rannsékn & stéru
artaki (n=91) barna med proskahdomlun syndi fram a
ad pau hreyfa sig um 33% minna en almenn skélaborn
og ad hinn hefdbundni hreyfingarmunur a milli kynja
og a milli virkra daga og helga fannst ekki hja bornum

med proskahémlun.® Mjog f& born med proskahomlun
virdast na radlogdum vidmidum um lagmarkstima
hreyfingar a midlungs- til erfidri dkefd (moderate-to-
vigorous physical activity, MVPA).591* b6 hefur verid synt
fram & a0 med pvi ad auka iprottakennslu og virkni i
friminttum hjd bornum med proskahdmlun 4 skolatima
nadu allir patttakendur radlogdum vidmidum um
MVPA a virkum dégum."

Ungmenni med proskahdmlun hafa meelst med tvo-
falt heerri tidni ofpyngdar/offitu en almenn skélaborn™
° og hefur tionin farid yfir 40%. Minna er vitad um
alra ahaettupeetti hjarta-, @0a- og efnaskiptasjukdéma
hja pessum hopi en sensk rannsokn & 16-21 ars ein-
staklingum med proskahémlun syndi ad s& hépur hafdi
mun heerri ti0ni dheettupatta fyrir hjarta-, da- og efna-
skiptasjuikdoma og var med leegra tithald en almenning-
ur a sama aldri.”? Pad er einnig nokkud vel pekkt ad hatt
hlutfall fullordinna einstaklinga med proskahomlun
pjaist af hjarta-, a@da- og efnaskiptasjukdémum.”

Tilgangur pessarar rannsoknar var ad kanna likam-
lega heilsu grunnskdlabarna med proskahomlun med
pvi ad meela beint helstu ahattupeetti hjarta-, eeda- og
efnaskiptasjukdéma. Holdafar, athald, hreyfing, bl6d-
prystingur, blédfita og blodsykur voru meeld hja born-
unum og a sama tima var aldurs- og kynjajafnadur
samanburdarhopur almennra skélabarna maeldur med
sému adferdum. Tilgata okkar var su ad bérn med
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Mynd 1. Dbitttaka og brottfall. PH = born med proskahomlun, ASB = almenn skéla-
born, DXA = tviorku-rontgengeislagleypnimeling, PWC170 = dreynsluprdf nedan
hdamarks, VO, hdmarkssiirefnisupptaka. * = almennar likamsmelingar, hreyfing og
blooprystingur.

proskahémlun 4 fslandi hefdu meiri dhettu & ad préa med sér
hjarta-, @da- og efnaskiptasjukdéma en almenn skoélaborn.

Efnividur og adferdir

Ollum bérnum med proskahdmlun, sem uppfylltu skilyrdi til pétt-
toku, fra einum sérskola fyrir born med proskahamlanir og fjérum
grunnskolum par sem ymist voru blandadir bekkir og/eda sér-
deildir var bodin patttaka (mynd 1). Patttokuskilyrdi voru pau ad
bornin veeru med greiningu um proskahémlun fra Greiningarst6d
rikisins og veeru feer um ad hjola a prekhjoli. Sextiu og tvo présent
barnanna komu fra sérskdla par sem einungis born med medal-
mikla til mikla proskahémlun f4 inngéngu og 38% fra almennum
grunnskolum og voru med milda til medalmikla proskahémlun.
Prji barnanna med proskahomlun voru med milda heilalomun
(cerebral palsy) en gatu vel hjolad & prekhjoli og ad auki téku fjogur
born lyf, (Lamotrin, Abilfy) til ad vinna gegn flogaveiki, sem
hugsanlega gétu haft 4hrif a vilja peirra til almennrar hreyfingar.
Handahoéfsvoldum aldurs- og kynjajofnudum vidmidunarhépi af
almennum skélabornum var einnig bodin patttaka (mynd 1). Allir
patttakendur og/eda forrddamenn skrifudu undir upplyst sam-
pykki. Rannsoknin var tilkynnt til Personuverndar og sampykkt
af Visindasidanefnd (VSNB 2010120007/03.7)

Meelingarnar féru fram i skélunum sjalfum, nema meeling 4
likamssamsetningu (body composition) sem for fram i Hjartavernd,
sem og blodtaka. Haed var meeld privegis med nakvemni upp 4
einn millimetra med haedarmeeli (Seca206) og pyngd var einnig
meld privegis med vog (Seca703) med 100g nakveemni. Likams-
pbyngdarstudull (body mass index, BMI) var reiknadur tt og born-
unum svo skipt 1 holdafarsflokka eftir alpjodlegum viomidum.*
Bornin voru 1éttkleedd og skdlaus vid holdafarsmeelingarnar. Mitt-
ismal var meelt prisvar i laréttu plani med 6teygjanlegu malbandi
(Gulick) med nakvemni upp a einn millimetra par sem mittid
er grennst 4 milli nedstu rifja og mjadmarkambs og peim skipt i
aheettuflokka eftir alpjodlegum vidmidum.>¢ Hudfellingar voru
meeldar prisvar sinnum ad naesta mm a fjérum stédum (prihofda,
tvihofda, nedan herdablads og ofan mjadmarkambs) haegra megin
a likamanum og medaltal hvers meelistadar reiknad og pau svo
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16g0 saman til ad finna ut heildarsummu hudfellinganna. Likams-
samsetning var meld med tviorku-rontgengeislagleypnimeelingu
(dual energy X-ray absorptiometry, DXA) med Lunar beinpéttnimaeli.
Ut fra hlutfalli likamsfitu var bérnunum einnig skipt i holdafars-
flokka.”

Til ad meta athald var hamarkssurefnisupptaka (maximal ox-
ygen uptake, VO, ) meld (Parvomedics Trumax2400) med stig-
vaxandi hamarksareynsluproéfi a prekhjoli. Bérnin hjéludu a st60-

2max

ugum pedalasniningshrada og var alagio i wottum (W) aukid um
byrjunaralagid 4 priggja minttna fresti. Born undir 30 kg fengu
20W i byrjunaralag en annars fengu 10 ara og yngri 25W i byrjun
og 11-12 4ra 30W. Drengir 13-14 ara fengu 40W i byrjun 4 medan
stlkur a sama aldri fengu 35W og 15-16 ara drengir fengu 50W
en stalkur 4 sama aldri 40W i byrjun. A medan & préfinu stod var
hjartslattur barnanna meeldur med hjartslattarmeeli (Polar FT7) og
fylgst med lidan barnanna, pau hvétt til ad gera sitt besta en jafn-
framt minnt 4 ad pau geetu heett hvenaer sem var. Til ad akvarda
hvort VO, veeri nad var beitt adferd sem adur hefur verid lyst.”
Til a0 tryggja ad haegt veeri ad bera saman tthald allra (lika peirra
sem ekki vildu tengjast surefnisupptokutaekinu eda uppfylltu ekki
skilyréium VO, _,
framt skrad og notad sem areynsluprof nedan hamarks (Physical
Work Capacity at heart rate 170 beats/min, PWC170). Nidurstodur
ar PWC170 voru svo notadar til ad aeetla VO, = samkvemt pekktri
jofnu® og bérnunum var skipt i flokka eftir alpjéodlegum vidmio-
um.*?' Vid flokkunina var meeld VO,
nadu en azetlud VO, " notud fyrir pau bérn sem einungis nadu
a0 ljuka PWC170 proéfinu.

Hreyfing var meld med Actigraph hrédunarmeelum (GT1M) i

(mynd 1)) var alagid vid 170 slog a4 mintitu jafn-

notud hja peim sem henni

7-10 daga allan daginn, nema pegar patttakendur svafu eda foru i
sturtu/bad eda i sund og purftu ad minnsta kosti ad vera prir virkir
dagar og einn helgardagur med ad minnsta kosti 8 klukkustundir
af gognum a maelunum til ad gognin yrdu notud vid tolfraedilega
arvinnslu. Til ad meta nedri mérk MVPA var notast vid 2296 slog/
min.? Allar mintatur sem bornin voru yfir pessum moérkum voru
svo lagdar saman fyrir hvern dag og ad lokum var medaltal allra
daganna reiknad. Pannig var metid hvort bornin uppfylltu hreyfi-
radleggingar Embeettis landleeknis sem midast vid klukkustund a
dag af MVPA.

Blédprystingur var meeldur privegis med blédprystingsmaeli
(ADC Advantage 6013) eftir ad patttakandi hafdi setid rélegur i
10 minttur og bornunum var skipt i flokka eftir alpjédlegum
vidmioum.* Tekin var fastandi blédprufa og heildarkolesterdl,
hapéttnifituprotein (high-density lipoprotein (HDL), priglyserio,
blédsykur og instulin meeld og lagpéttnifituprotein (low-density
lipoprotein LDL) voru svo reiknud ut samkveemt jofnu Friede-
wald.? Bornunum var sidan skipt i dheettuflokka eftir alpjodlegum
vidmidum um heildarkdlesterél,”® HDL," LDL,* priglyserid'> % og
blodsykur.”® Patttakendur toldust vera med efnaskiptavillu (metabo-
lic syndrome) ef prjar af eftirtdldum fimm breytum voru utan vid-
mida: mittismal, blodprystingur, HDL, priglyserid og blédsykur.”®

Unnid var ar gognunum med tolfreediforritinu SPSS (Statistical
Package for the Social Sciences, ttgafa 15.0). Fyrst voru gognin
skodud med tilliti til normaldreifingar og breytunum pyngd,
MVPA, insulini og HDL var kvadratvarpad en légaritminn tekinn
af BMI, priglyseridum og LDL til ad uppfylla skilyrdi um normal-
dreifingu. Tvibreytudreifigreining (Two-Way ANOVA) var notud



Tafla I. Likamlegir eiginleikar patttakenda.

PH drengir n=62 ASB drengir n=58 PH stalkur n=29 ASB stulkur n=35 Allir PH n=91 Oll ASB n=93
Aldur (ar) 11,8 (2,8) 11,9 (2,9) 11,9 (2,6) 12,0 2,3) 11,9 (2,9) 11,9 (2,7)
pyngd (kg) 47,7(21,0) 47,1 (16,5) 43,1 (14,3) 49,9 (12,0) 46,2 (19,2) 48,2 (15,0)
Haed (cm) 149,1 (18,4) 155,7 (20,7) 144,1 (14,6) 156,7 (13,9) 147,5(17,4) 156,1 (18,3)*
BMI (kg/m?) 20,6 (5,6) 18,7(2,8) 20,3 (4,3) 20,1 (2,9) 20,5 (5,2) 19,2 (2,9)
HUsf. (mm) 75,6 (45,1) 45,9 (29,7) 83,7 (31,5) 71,2 (25,7) 78,2 (41.3) 55.5 (30.7)"t
Mittismal (cm) 71,1 (16,1) 64,8 (8,3)a 66,1 (9,9) 67,3 (8,3) 69,5 (14,6) 65,7 (8,4)'t
Slagpr. (mmHG) 116,0 (9,5) 112,2(7,8) 114,5(7,0) 115,1 (5,3) 115,5 (8,8) 113,3(7,1)
Panpr. (MmHG) 75,7 (7,6) 71,6 (8,2) 71,8 (6,8) 69,3 (7,2) 74,5 (7,6) 70,7 (7,91

n=48 n=49 n=23 n=32 n=71 n=81

Likamsfita (%) 28,5(10,4) 22,7 (5,8) 31,5(8,1) 29,7 (5,8) 29,5 (9,8) 25,5 (7,5)1

PH = bdrn med proskahdmlun, ASB = almenn skolabdrn, BMI = likamspyngdarstudull, Hudf. = summa hadfellinga, Slagpr. = efri mork blodprystings,
Panpr. = nedri mork blédprystings, * = Munur & milli hépa p<0,05, T = munur & milli kynja p<0,05, £ = vixlverkun milli hépa og kynja p<0,05, a = munur & drengjum med proskahémlun og

almennum skoéladrengjum p<0,05.

til ad bera saman hépa og kyn og til ad meta vixlverkun (interac-
tion) &4 milli pessara breyta. Pegar vixlverkun fannst var munur a
hépum innan kyns skodadur. Krosstoflur (crosstabs) voru notadar
til ad skoda dreifingu hépanna i flokka vidmidunargildanna og
ki-kvadrat (chi-square) notad til a® meta hvort markteekur munur
veeri a milli hdpanna. Gégnin eru birt sem évérpud medaltol og
stadalfravik og tolfreedileg marktaekni var sett vid p<0,05.

Nidurstodur

Nidurstodur almennra likamsmeelinga, blodprystings og hlut-
falls likamsfitu ma sja i toflu I. Almenn skélaborn voru havaxnari
(8,6 cm, p<0,001) en hofdu leegri summu hudfellinga (22,7 mm,
p<0,001), nedri mork blédprystings (-6,3 mmHG, p=0,006) og hlut-
fall af likamsfitu (-4,0 prosentustig, p=0,008) en bérn med proska-
homlun. Pvert & hdpa hofou drengir laegri summu hudfellinga
(-15,7 mm, p=0,006), heerri nedri mork blodprystings (3,3 mmHG,
p=0,007) og leegra hlutfall likamsfitu (-4,9 présentustig, p<0,001) en
stalkur. Vixlverkun fannst 4 mittismali (p=0,024) par sem drengir
med proskahomlun voru med heerra mittismal en almennir skéla-
drengir (6,3 cm, p=0,009) en enginn markteekur munur fannst hja
stalkunum (p=0,601). Samkveemt BMI flokkudust markteekt fleiri
boérn med proskahémlun of feit, eda 13% & moti 2% hja almennum
skélabdrnum, og ferri i kjorpyngd (p=0,017, mynd 2A). A mynd 2B
sést flokkun barnanna eftir hlutfalli likamsfitu (meelt med DXA)
en mun fleiri bérn med proskahémlun flokkudust of feit (41% a
moti 19% hja almennum skélabérnum) og mun feerri flokkudust 1
medallagi (43% a moti 69% hja almennum skdlabérnum, p=0,006).

Tafla Il. Hreyfing og uthald patttakenda.
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Mynd 2. Holdafarsflokkun pdtttakenda samkvaemt likamspyngdarstudli (A) og
hlutfalli likamsfitu (B). Télurnar i stilunum syna fjolda einstaklinga. PH = born med
proskahomlun, ASB = almenn skélaborn, * = munur d milli hopa p<0,05.

[ t6flu 11 mé sja melda hreyfingu og tthald patttakenda.
Vixlverkun kom fram { MVPA (p=0,002) sem fdlst i ad munurinn

PH drengir n=62 ASB drengir n=58 PH stulkur n=29 ASB stulkur n=35 Allir PH n=91 Oll ASB n=93

MVPA (min) 24,3 (15,9) 65,9 (28,6)a 24,7 (12,8) 44,9 (22,9)b 24,4 (14,9) 57,9 (28,4)"tt
n=26 n=45 n=12 n=31 n=38 n=76

VO, .. (ml/min/kg) 36,3 (6,2) 44,82 (5,85) 35,39 (3,74) 39,55 (4,01) 36,02 (5,34) 42,67 (65,77)"t
n=55 n=58 n=26 n=35 n=81 n=93

PWC170 (w/kg) 1,46 (0,43) 1,93 (0,37) 1,38 (0,40) 1,66 (0,32) 1,43 (0,42) 1,83 (0,38)*t

Azetlas™ VO, .. (ml/min/kg) 35,28 (6,2) 42,06 (5,35) 34,07 (5,77) 38,13 (4,60) 34,89 (6,03) 40,58 (5,41)t

PH = born med proskahémlun, ASB = almenn skolabérn, MVPA = hreyfing af midlungs- til erfidri akefd * = Munur & milli hépa p<0,05, 1 = munur & milli kynja p<0,05,
F = vixlverkun milli hépa og kynja p<0,05, a = munur & drengjum med proskahémlun og almennum skoéladrengjum p<0,05, b = munur & stilkum med proskahdmlun og almennum

skolastilkum p<0,05.
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Mynd 3. Hlutfall pitttakenda sem nddu radlagori hreyfingu MVPA og vidmidum um
tithald. Tolurnar i siillunum syna fjolda einstaklinga.

DPH = born med proskahomlun, ASB = almenn skolaborn, * = munur d milli hopa
p<0,05.

a drengjahépunum var tvofalt meiri (42 mintatur) en munurinn
a stulknahépunum (20 minatur). Mikill munur var a uthaldi
patttakenda eftir pvi hvorum hépnum peir tilheyrdu, sama hvada
meeliadferd var notud. Almenn skélaborn voru med markteekt
betra Gthald samkvemt VO, (6,65 ml/min/kg, p<0,001), PWC170
(0,40 W/kg, p<0,001) og aaetladri VO,__ (5,69 ml/min/kg, p<0,001)
en born med proskahémlun. Eins voru drengir med betra tthald
en stulkur samkvemt VO, (3,31 ml/min/kg, p=0,005), PWC170
(0,16 w/kg, p=0,001) og 4eetladri VO, __ (2,36 ml/min/kg, p=0,001)
pvert & hopa.

A mynd 3 mé4 sja hve hatt hlutfall patttakenda fra hvorum hépi

2max

2max

fyrir sig nadi radlagdri hreyfingu dag hvern og viomidi um ut-
hald. Ekkert barn med proskahomlun nadi radlagdri hreyfingu ad
medaltali yfir alla vikuna 4 medan um 40% almennra skélabarna
gerdi pad (p<0,001) og einungis teplega 26% barna med proska-
homlun nadi viomidi um tthald 4 medan um 75% almennra skéla-
barna nadi pvi viomidi (p<0,001).

Litill munur var a bl6dsynum patttakenda (tafla III). Adeins &
insulini fannst vixlverkun par sem drengir med proskahomlun
voru markteekt heerri (2,44 wU/mL, p=0,026) en almennir skodla-
drengir en enginn munur var a milli hépanna hja stalkunum
(p=0,457).

Hlutfall patttakenda sem voru yfir/undir radlogdum morkum
ymissa aheettupatta hjarta-, ada- og efnaskiptasjukdéma ma sja
4 mynd 4. Fyrir utan priglyserid og instlin par sem engir patt-
takendur greindust med of ha gildi, greindust oftast mun fleiri
born med proskahomlun med of ha/lag gildi en almenn skola-
born. Rumlega 20% proskahamladra barna maeldist med of mikid

Tafla Ill. Blédfitur og blédsykurstiornun patttakenda.
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Mynd 4. Hlutfall pitttakenda yfirfundir radlogdum morkum fyrir ymsa dhattupaetti
hjarta, a2da- og efnaskiptasjiikdoma. Tolurnar i siilunum syna fjolda einstaklinga.

DH = born med proskahomlun, ASB = almenn skélaborn, HDL = hapéttnifituprotein,
LDL = lagpéttnifituprotein, *= munur d milli hopa p<0,05.

mittismal en einungis um 8% almennra skoélabarna (p=0,019),
34% barna med proskahomlun voru med of haan blédprysting a
moti 16% almennra skolabarna (p=0,004), 21% barna med proska-
hémlun var med of lagt HDL a4 moti 6% almennra skélabarna
(p=0,015) og 16% barna med proskahomlun meeldust med of hatt
LDL en 4% almennra skélabarna (p=0,021) en ekki reyndist mark-
teekur munur (p=0,227) a bl6dsykri a milli hépanna. Eitt barn med
proskahomlun greindist svo med of hatt gildi heildarkolesterols
en ekkert almennu skélabarnanna. Ad sama skapi greindist ekkert
almennu skoélabarnanna med efnaskiptavillu en teeplega 7% barna
med proskahdmlun (p<0,001).

Umraedur

Helstu nidurstodur pessarar rannsoknar voru peer ad islensk
grunnskolabérn med proskahdmlun komu mun verr ut en almenn
skolaborn hvad holdafar, hreyfingu og tthald vardar og nokkud
verr hvad blédsyni vardar. Teeplega 33% barna med proskahémlun
voru of pung eda of feit samkveemt BMI en um 55% somu barna
voru med of hatt hlutfall likamsfitu eda of feit samkveemt DXA.
Ekkert barn med proskahomlun nadi radlagdri hreyfingu ad
medaltali yfir vikuna og einungis um 25% nadu vidmidum fyrir
uthald. Rumlega 20% barna med proskahomlun voru med of mik-
i0 mittismal, 34% med of haan blédprysting, 21% med of lagt HDL,
16% med of hatt LDL, 13% med of haan blodsykur, 2% med of hatt
kolesterdl og teeplega 7% barna greindist svo med efnaskiptavillu.

PH drengir n=43 ASB drengir n=45 PH stulkur n=20 ASB stulkur n=30 Allir PH n=63 Ol ASB n=75
Kolesterol (mmol/L) 4,24 (0,81) 4,21 (0,63) 4,38 (1,09) 4,31 (0,20) 4,29 (0,90) 4,25 (0,63)
HDL (mmol/L) 1,49 (0,42) 1,66 (0,32) 1,56 (0,34) 1,56 (0,29) 1,51 (0,39) 1,62 (0,31)
LDL (mmol/L) 2,47 (0,81) 2,30 (0,56) 2,53 (1,01) 2,41 (0,64) 2,49 (0,87) 2,35 (0,59)
Priglyserid (mmol/L) 0,64 (0,23) 0,56 (0,22) 0,67 (0,31) 0,74 (0,20) 0,65 (0,26) 0,63 (0,23)
Blodsykur (mmol/L) 5,10 (0,46) 5,07 (0,39) 5,12 (0,48) 4,95 (0,33) 5,10 (0,47) 5,02 (0,37)
Insdlin (wU/mL) 9,57 (5,95) 7,13 (3,99) 9,07 (4,44) 10,29 (5,15) 9,42 (5,49) 8,39 (4,72)t

PH = born proskahémlun, ASB = almenn skélaborn, Kélesterol = heildarkolesterol, HDL = hapéttnifituprétein, LDL = lagpéttnifituprétein, 1 = vixlverkun milli hépa og kynja p<0,05,

a = munur & drengjum med proskahémlun og almennum skéladrengjum p<0,05.
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Mikill munur var & holdafari milli hépanna. Bérn med proska-
hémlun voru med 20% heerra hlutfall af likamsfitu og um 40%
heerri summu huidfellinga. Neerri helmingi fleiri born med proska-
hémlun greindust med offitu en almenn skoélaborn, sé midad vio
hlutfall likamsfitu og ef BMI-studullinn var notadur voru pridjungi
fleiri born med proskahémlun flokkud { of pyngd eda offitu. Ovenju
lagt hlutfall almennra skélabarna greindist med offitu samkvaemt
BMI og eru tolur i pessari rannsokn dpekkar pvi sem meeldust
hja bérnum a pessum aldri fyrir 10-30 &rum sidan.>® Ekki er ljost
hvort pessar nidurstodur gefa til kynna ad tidni offitu fari leekk-
andi eda hvort petta trtak hafi verid 6venju grannt en munurinn &
hépunum veeri samt mikill pétt um 5% samanburdarhdpsins hefoi
flokkast of feitur eins og nyjustu tidnitolur 4 hofudborgarsveedinu
gefa til kynna.? Nidurstodurnar hja bérnum med proskahomlun
eru sambeerilegar peim sem fundist hafa i erlendum rannséknum
en par voru 40% barna med proskahomlun flokkud 1 ofpyngd eda
offitu og voru allt ad helmingi liklegri til ad vera i pessum flokk-
um en almenn skélab6rn.>® Litid er vitad um préun pessara mala
4 medal proskahamladra 4 fslandi undanfarin &r, en nyjar rann-
soknir a4 almennum skélabornum benda til ad nokkud sé ad draga
ar fjolgun barna med offitu eftir mikla aukningu sidustu aratugi.?

Hreyfiradleggingar Embeettis landleeknis segja til um 60
minatur 4 dag af MVPA, en bérn med proskahémlun na adeins
um 24 minGtum & dag & medan almenn skolaborn na teeplega
60 mintatum. Pad er erfitt ad bera pessar tolur saman vid adrar
rannsoknir par sem vidmidin um hvernig skuli meta MVPA eru
nokkud breytileg & milli landa og timaskeida en pessi rannsokn
stadfestir pad sem margar adrar rannsoknir a minni pydum hafa
synt, ad sa timi sem born med proskahomlun na af MVPA er oftast
minni en hjé almennum skélabérnum.” Adur birtar nidurstodur &
sama urtaki proskahamladra barna syndi ad hreyfing peirra var
almennt mjog litil, 1itid var um lotur af miklu alagi og alyktanir
dregnar um ad hreyfingin hafi ad mestu verid til ad sinna dag-
legum porfum.® Ekkert barn nadi radlagdri hreyfingu ad medaltali
a dag, midad vid ramlega 40% almennra skoélabarna, sem er i
samreemi vid rannsoknir Foley og McCubbin.” A hluta til ma
skyra minni hreyfingu barna med proskahémlun med pvi ad pau
eru mun oftar keyrd til og fra skéla medan algengara er ad almenn
skolaborn gangi eda hjoli { skolann.®

Bérn med proskahomlun meldust med mun minna uthald en
almenn skolaborn. Almennu skélabornin meeldust p6é med tolu-
vert minna uthald en { islenskri rannsoékn sem gerd var fyrir 10
arum sidan a 9 og 15 ara bérnum.” Bérnin med proskahémlun
vildu einnig sidur tengjast vid surefnisupptokutekido og voru
pad oftar bérn med synilega meiri fétlun en hin. Pau bérn sem
ekki nadu ad uppfylla skilyrdin fyrir VO, voru markteekt verri
(p=0,013) & PWC170 en pau sem nadu ad uppfylla skilyrdin. Pvi
er liklegt ad neikvaed tengsl séu a milli stigs proskahomlunar og
athalds a svipadan hatt og Lotan og félagar * fundu i sinni rann-
sokn. Einungis 25% barna med proskahdmlun nadu svo viomidum
um eeskilegt ithald a medan 75% almennra skélabarna nadu pvi.
Pad hefur adur verid synt fram 4 ad islensk ungmenni séu almennt
med gott ithald? og ekki verra en gengur og gerist hja nagranna-
pjéodunum®™ en miklu minna hefur verid vitad um tuthald barna

med proskahomlun. Arangur {préttamanna med proskahémlun i
keppnisipréttum synir samt ad peir virdast geta nad goédu uthaldi.
Jafnframt hefur verid synt ad einstaklingar med proskahomlun
sem byrja ad stunda medalerfida likamsreekt eins og gongu, beeta
tthald sitt markteekt & tveim manudum.?

Panprystingur barna med proskahomlun meeldist herri en
hja almennum skélabérnum og flest bornin med proskahdmlun
sem flokkudust med bl6dprysting yfir viomidum greindust a pan-
prystingi. Medalgildin fyrir blodprysting i pessari rannsokn voru
nokkru laegri en i saenskri rannsékn a unglingum med proska-
hémlun'? og 1 islenskri rannsékn 4 ungmennum?® en einstakling-
arnir { peim rannséknum voru talsvert eldri, eda um 18 ara gamlir.
Hins vegar greindist mun heerra hlutfall patttakenda i pessari
rannsokn med heekkadan blodprysting (34% barna med proska-
hémlun og 16% almennra skdlabarna). Innan vid 15% saenskra
unglinga med proskahdmlun greindust med haekkadan blodpryst-
ing'? og um 10% islenskra ungmenna.” Hafa verdur i huga ad pratt
fyrir ad viomidin sem notud voru fyrir haeekkadan blodprysting
hafi verid kynja- og aldursst6dlud, potti sumum bérnunum med
proskahomlun ekki peegilegt ad lata meela blodprystinginn. Pad
geeti hugsanlega hafa valdio pvi ad pau slokudu ekki naegjanlega
vel & og pess vegna hafi blodprystingur meelst heerri en ella.

Pott ekki hafi meelst markteekur munur 4 medalgildum barna
med proskahdomlun og almennra skélabarna & neinni af blodbreyt-
unum, voru mun fleiri born med proskahémlun greind med gildi
utan viomida en gerdist hja almennu skélabérnunum. Almenn
skolabdrn 1 pessari rannsékn voru mun yngri en i rannsékn par
sem um 9% greindust med HDL og LDL utan vidmida® sem er
heldur heerra en i pessari rannsékn. Hins vegar greindust 16 og
21% barna med proskahomlun i pessari rannsékn med HDL og
LDL utan vidmida sem medal annars eykur likurnar a eedakolkun.?”
Seensk rannsokn'? & unglingum med proskahomlun greindi 64%
einstaklinga med ad minnsta kosti eitt af peim gildum sem skil-
greina efnaskiptavillu utan marka en pessi rannsékn greinir 57%
barna med proskahomlun a sama hatt og 7% barna med proska-
hémlun i pessari rannsokn greindust med efnaskiptavillu.

Pessi rannsokn er ekki an veikleika. Faar stalkur voru i hépi
proskahamladra, sem skyra ma med almennt ferri greiningum
a proskahomlun medal sttlkna,® og gerdi pad ad verkum ad
stundum vantadi afl { tolfreedina. Einnig luku ferri bérn med
proskahémlun VO, og blédtokunni en almenn skdlabdrn, sok-
um fotlunar peirra. Born med proskahdmlun eru lika oft mun hao-
ari umhverfi sinu en almenn skoélaborn, svo ekki er vist ad pessar
nidurstodur séu yfirferanlegar a proskahomlud born sem lifa vio
annarskonar samfélagsgerd. Vid teljum p6 ad styrkleikarnir vegi
pyngra. Urtak barna med proskahémlun var stért samanborid vid
adrar rannsoknir, allar meelingar voru gerdar & hlutleegan hatt &
sama tima og a sama hatt fyrir bada hépana og mjog litid brottfall
var ur rannsokninni.

Alyktanir

Nidurstodur pessarar rannsoéknar benda til pess ad likamlegt
astand, svo sem holdafar, uthald, hreyfing og flestir ahaettupaettir
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hjarta-, eeda- og efnaskiptasjikddma hja bornum med proskahoml-
un sé alls ekki gott pratt fyrir ungan aldur. Born med proskahéml-
un hafa fleiri dhaettupeetti hjarta-, eeda- og efnaskiptasjikdéma en
jafnaldrar peirra an proskahomlunar, sem getur leitt til sleemrar
heilsu sidar 4 lifsleidinni. Pad parf ad kanna betur orsakirnar sem

liggja ad baki pessari sleemu titkomu hja pessum hépi svo heaegt sé

ad veita radgjof og medfero til ad fyrirbyggja 6hagsteeda aheettu-
peetti, til deemis med markvissum fhlutunum. Pad ma pvi alykta
a0 skola- og heilbrigdiskerfid purfi ad taka hondum saman til ad
auka hreyfingu og beeta tthald, holdafar og almennt likamlegt
astand hja pessum bérnum med proskahémlun.
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Physical activity and physical condition of Icelandic primary and
secondary school children with intellectual disability

Ingi Por Einarsson', Erlingur Johannsson', Daniel Daly?, Sigurbjérn Arni Arngrimsson'

Introduction: Little is known about physical activity, body composition

and metabolic risk factors among children with intellectual disability (ID).

The purpose of this study was to investigate their physical condition.
Material and methods: Children with ID (n=91) and a randomly
selected age-and-gender matched group of 93 typically developed indi-
viduals (TDI) participated and the groups were compared on physical
activity, fitness, body composition, blood pressure, blood lipids, and
glycemic control.

Results: Children with ID were shorter (-8.6 cm, p<0.001), had greater
skinfolds (p<0.001), diastolic blood pressure (22.7 mm, p=0,006), and
body fat percentage (4.0 percentage points, p=0.008) than TDI children.
Boys with ID had larger waist circumference than TDI boys (6.3 cm,
p=0.009) but no difference was found among the girls. Higher propor-
tion (41%) of children with ID than TDI children (19%) were categorized

as obese (p=0.006) based on body fat percentage. No children with ID
reached the recommended daily 60 minutes of moderate- to vigorous
physical activity compared to 40% of the TDI children. Only 25% of
children with ID achieved the recommended levels for fitness, whereas
the same proportion was 75% among TDI children. Over 20% of the
children with ID had elevated waist circumference, 34% elevated blood
pressure, 13-21% elevated metabolic risk factors in the blood, and 7%
were diagnosed with metabolic syndrome. These prevalences were
lower among the TDI children.

Conclusion: Physical condition of children with ID is poor and inferior
to their TDI peers. Further studies are needed to investigate the reasons
underlying the poor physical health among children with ID and how it
can most effectively be enhanced.
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Background: Little is known about physical activity (PA) among children with intellectual
disability (ID) or their reasons to take part in PA and sport.

Aims: To investigate PA and PA patterns during school and after school among Icelandic
children with mild-to-severe ID.

Methods and procedures: Ninety-one children with ID and a matched group of 93 typi-
cally developed individuals (TDI) took part. PA was assessed with accelerometers and a
questionnaire was used to collect data on PA behavior.

Results and outcomes: TDI children were more active and less sedentary than children with
ID (p<0.001). Both sexes with ID were more active and less sedentary during school than
after school (p <0.003) but no difference was found among TDI children. Children with ID
(60%) were more likely to name weight loss as a reason to participate in PA than TDI children
(34%, p=0.002) but a higher proportion (96%) of TDI children than children with ID (50%)
participated in PA to improve skills (p <0.001).

Conclusion and implications: Children with ID depend more on schools to accumulate their
PA and their reasons for PA participation differ from TDI children. This needs to be con-
sidered when designing and implementing PA promotion campaigns for children with ID.

© 2016 Elsevier Ltd. All rights reserved.

What this paper adds

This paper includes a large sample of children with intellectual disability (ID) and a randomly selected age- and sex-
matched comparison group of typically developed individuals (TDI). All participants were objectively assessed at the same
time with the same protocols by the same persons. The different patterns observed between the two groups during- and after
school hours have to our knowledge not been reported before. Children with ID depend more on the schools to accumulate
their physical activity (PA) and moderate-to-vigorous PA (MVPA) than their TDI peers. Further, children with ID are less
sedentary during school hours than after school hours but the opposite is observed among TDI children. Children with ID
were more likely to name factors related to negative body image such as losing- or not gaining weight as reasons for PA and
sport participation, whereas a much higher proportion of TDI children named sport performance or improvement-related
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factors. Despite a large difference in measured PA, no statistical difference was found between the two groups in self-assessed
PA. These findings indicate that children with ID and their families are less aware of their level of PA and its importance,
especially MVPA and thus overestimate their PA. Our results need to be considered when PA promotion campaigns are
designed and implemented for this vulnerable group of children.

1. Introduction

Physical activity (PA) has shown a positive relationship with health, and a negative relationship with obesity and the
opposite has been found for sedentary behavior (Mitchell et al., 2009). Fewer and fewer typically developed individuals
(TDI) meet the recommended guidelines of 60 min/day of moderate to vigorous PA (MVPA) (Ortega et al., 2013; Riddoch
et al., 2004) needed to maintain good health (Nader, Bradley, Houts, McRitchie, & O’Brien, 2008; Riddoch et al., 2004).
Correspondingly, sedentary behavior has increased during the past few decades (Pate, Mitchell, Byun, & Dowda, 2011) and
today children spend 4-8 h every day sedentary (Pate et al., 2011) or around 40% of their waking time (Syvaoja et al., 2013).
Children and adolescents 6-16 years old spend a large amount of their waking time on weekdays at school, and although
they accumulate 5-61% of their MVPA during school hours, they spend 65-71% of their day sedentary (Bailey et al., 2012;
Guinhouya et al., 2009; Taylor et al., 2011; Li et al., 2013).

Studies of PA among persons with intellectual disability (ID) generally concur that this population is less physically
active (Foley & McCubbin, 2009; Hinckson, Dickinson, Water, Sands, & Penman, 2013; Peterson, Janz, & Lowe, 2008) and
is more obese (De, Small, & Baur, 2008; Einarsson, Olafsson et al., 2015; Melville, Hamilton, Hankey, Miller, & Boyle, 2007;
Reinehr, Dobe, Winkel, Schaefer, & Hoffmann, 2010) than the TDI population and that PA declines with increased level of ID
(Hinckson & Curtis, 2013). Similarly, sedentary time is greater among adults with ID than TDI adults (Dixon-Ibarra, Lee, &
Dugala, 2013). Recently, in a sample of ~90 children with ID and ~90 TDI children, we found that objectively measured PA of
TDI children was 40% greater than that of children with ID and none of the latter reached the recommended 60 min of MVPA
per day whereas 40% of the TDI children met the recommendations. Studies with smaller samples have found children
with ID to be 50% less active than their TDI peers although no differences were found in their self-reported sedentary
behavior (Foley & McCubbin, 2009). Very few or no children with ID reached recommended levels of MVPA estimated via
self-reported questionnaires (Rimmer & Yamaki, 2006; Lin et al., 2010) or accelerometers (Peterson et al., 2008). This low
PA and MVPA frequently found in studies among children and adolescents with ID has partly been explained with a lack of
safe environment in their residential area and potentially unsafe routs for active commuting to and from schools (Einarsson,
Olafsson et al., 2015), as safety is an important factor for PA for all children (Hutzler & Korsensky, 2010; Kerr et al., 2006;
Merom, Tudor-Locke, Bauman, & Rissel, 2006; Veitch, Salmon, & Ball, 2008; Zhu & Lee, 2008).

Furthermore, little is known about the reasons for PA or sport participation, or the frequency and type in which children
with ID take part. Nevertheless, one study on young teens with ID reported “meeting friends”, “having fun” and “learning new
skills” as the main reasons for taking part in every-day PA (Pozerine, Adomaitiene, Ostaseviciene, Reklaitiene, & Kragniene,
2008). Similarly, it is well documented that TDI children and adolescents take part in sports “to be with friends” and “have
fun” as well as “to improve skills” and, among adolescents, “for weight control” (Allender, Cowburn, & Foster, 2006). The
positive benefits of sports participation and increased PA in persons with ID for both health and general well-being have
been demonstrated in many studies (Bartlo & Klein, 2011; Hutzler & Korsensky, 2010).

Finally, sex differences in PA among individuals with ID have not been well examined. A study on 150 individuals with
ID aged 12-70 years found men to be more active than women with a trend for a decline in PA with age (Phillips & Holland,
2011), whereas we found no sex difference in PA or sedentary behavior among 6-16 year old children and adolescents
(Einarsson, Olafsson et al., 2015).

There is a particular lack of knowledge about the role of schools in determining PA and sedentary time among children
with ID as this is a place where all children spend a large part of their day. The purpose of this study was, therefore, to
investigate PA and sedentary time during school hours vs. after school hours among Icelandic school children with ID and
to compare them to an age- and sex-matched group of TDI children, as well as to investigate any potential sex differences
in PA and sedentary time. A secondary purpose was to investigate the reasons for PA and sport participation in both groups.
We hypothesized that children with ID would depend more on schools for PA than TDI children, but there would be no
differences in the reasons for taking part in sports and PA. We also hypothesized that there would be no sex differences in
PA and sedentary time among children with ID, whereas among TDI children, boys would be more active and spend less
time sedentary than girls.

2. Materials and methods
2.1. Subjects

For this study, data were obtained on PA and PA behavior as well as basic anthropometric variables in Icelandic primary
and secondary school children (aged 6-16 years) with and without ID. All (n=120) children with ID from one special school
and four inclusion schools were offered participation, and 94 children agreed to take part (78%). Sixty-two percent of the
children with ID came from the special school, which only accepts children with moderate-to-severe ID, and 38% came from
inclusion schools, which accept children with mild-to-moderate ID. All children lived at home with their parents or legal
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guardians (none was institutionalized), and none of the participants had Down syndrome. An age- and sex-matched TDI
group (n=124)was randomly selected from the class registers from the four inclusion schools and offered to participate with
93 children accepting (75%). Prior to participation in the study, which was approved by the National Bioethics Committee
in Iceland (VSNB 2010120007/03.7), a written informed consent was obtained from the children’s parents and/or legal
guardians along with an assent from the children themselves. Three children with ID dropped out during the study but
all TDI children finished. All children with ID had a diagnosed mild-to-severe ID from the State Diagnostic and Counseling
Centre in Iceland. All participants were able to walk unassisted and did not exhibit motor disabilities with the exception of
three children with ID who had mild Cerebral Palsy. In addition, four children with ID had epilepsy and took medication to
control their conditions, which potentially could have affected their willingness to be physically active.

2.2. Anthropometric measurements

Standing height was measured three times to the nearest mm with a stadiometer (Seca 220, Seca Ltd., Birmingham UK),
and the mean was used. Body weight was determined to the nearest 0.1 kg using a calibrated scale (Seca 708, Seca Ltd.,
Birmingham UK) with participants in light clothing. Body mass index (BMI) was calculated (kg/m?2), and participants were
categorized into normal weight, overweight and obesity using international standards (Cole, Bellizzi, Flegal, & Dietz, 2000).
The same trained person took all measurements.

2.3. Physical activity measurements

PA and sedentary time were assessed with Actigraph accelerometers (Manufacturing Technologies Inc.), model GT1 M.
Participants wore the monitor on their hips for 7-10 consecutive days from the time they woke up until they went to sleep.
Only data from monitors worn minimum 10 hday~!, for at least two weekdays were included in the analysis. If no activity
was registered on a monitor for 30 consecutive minutes, it was assumed that the participant had taken it off, and the time was
subtracted from the total wear time. Participants who returned monitors with insufficient valid days were given a new period
to wear the monitors. All participants or their parents or legal guardians received a text message each morning reminding
them to wear the monitors. Actilife 5 software was used to analyze the data, and MVPA was defined as >2296 counts/min
and sedentary activity as <100 counts/min. These thresholds were first established by Evenson, Catellier, Gill, Ondrak, and
McMurray (2008) and later independently validated by Trost, Loprinzi, Moore, and Pfeiffer (2011). The objectively measured
sedentary time was standardized as the percentage of the daily wear time, which allows for comparisons regardless of wear
time (Einarsson, Olafsson et al., 2015). The class timetable was used to determine school time separately for every individual.
All minutes registered before and after formal school hours was classified as after school time.

2.4. Self-reported physical activity behavior

Data on Tanner stage, commuting to and from school, and several aspects of PA were collected using a questionnaire
consisting of closed questions (Magnusson, Sveinsson, Arngrimsson, & Johannsson, 2008). The children took the question-
naire home and filled it in with the help their parents or legal guardian, and returned it to the school within 1-5days in a
sealed envelope. For questions of frequency and setting of PA and sport participation (e.g. “how often do you take part in

” o«

organized sports practice with a club every week”), the six response options (“never”, “less than once per week”, “once per
week”, “2-3 times per week”, “4-5 times per week”, “almost every day”) were transformed into three categories (<1 times
per week, 1-3 times per week, >3 times per week) for analytical purposes. For questions of type of PA and sport participa-
tions (e.g. “How often do you participate in soccer outside of school”), those who marked participation of at least 1-2 times
per week were considered particpants in a given sport. For questions about reasons for PA and sports participations, the
four response options (“strongly disagree”, “disagree”, “agree”, “strongly agree”) were converted into dichotomous variable
(agree, disagree) prior to analysis. For questions regarding the self-evaluation of the quantity of PA (e.g. “I feel that my PA is
sufficient”) and own ability in sports, (e.g. “I feel that [ am good in sports compared to my peers”) the five response (“strongly
disagree”, “disagree”, “neutral”, “agree”, “strongly agree”) options were transformed into three categories (disagree, neutral,
agree) during data reduction. Finally, the eight response options (“almost no time”, “0.5-1 h/day”, “about 1 h/day”, “about
2 h/day”, “about 3 h/day”, “about 4 h/day”, “about 5h/day”, “6 h or more per day”) for questions concerning time spent in
different sedentary activities (e.g. “how many hours, on average, do you spend watching TV/VCR/DVD every weekday”),

were converted into the three categories (<1 h/day, 1-3 h/day, >3 h/day) prior to analysis.
3. Calculation

SPSS 22.0.0 (Chicago, IL) was used for the statistical analyzes. All variables were inspected for normality. BMI was positively
skewed and was log10 transformed to ensure normality. Similarly, for normalization, square root was taken of weight, and all
objectively measured PA variables, with the exception of sedentary time. Untransformed values are presented in tables and
tables and figures for more meaningful comparisons. All statistical analyzes were corrected for Tanner stage. For objectively
measured PA variables, two-way ANOVA was used to test for main effects and interactions between group and sex, and
a three-way ANOVA in cases with repeated factor (group X sex X repeated PA or sedentary time). When interaction was
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Table 1
Characteristics of the participants.
AllIDn=91 All TDIn=93 P-value Effect size®
Age (yr) 11.9(2.9) 11.9(2.7) 0.190 >0.001
Weight (kg) 46.2 (19.2) 48.2 (15.0) 0.383 0.116
Height (cm) 147.5(17.4) 156.1(18.3) >0.001 0.482
BMI (kg/m?) 20.5(5.2) 19.2(2.9) 0.102 0.309
Normal weight (%) 68 32
Overweight/obese (%) 82 18 0.033 0.157
Tanner stage 24(1.3) 2.6(1.3) 0.273 0.021

ID = Intellectual disability. TDI = Typically developed individuals. BMI = Body mass index. Numbers are mean and (standard deviation).
2 Cohen'’s d for continuous variables and Cramer’s v for categorical variables.

significant, the data were split on sex. Chi-square was used to investigate proportional differences between groups for all
questionnaire variables with the exception of travel distance to-and-from school where two-way ANOVA was used. Cohen'’s
D was used to calculate effect sizes for continuous variables and Cramer’s V (C'V) for categorical variables. The data are
presented as means and SD in tables and as means and SE in figures. Significance was accepted at « level of 0.050.

4. Results

General characteristics of the participants are presented in Table 1 and have been reported elsewhere (Einarsson, Olafsson
et al,, 2015) but are given here for descriptive purposes. Briefly, the TDI children were taller but there were no statistical
differences in age, weight, or BMI between the groups. However higher proportion of children with ID were classified as
overweight or obese than TDI children.

Fig. 1 depicts mean PA and time spent sedentary during a regular weekday. We found TDI children to be 44% more
active and 24% less sedentary than children with ID during the entire weekday. However, an interaction in PA was observed
between sex and group (p = 0.003), where TDI boys were significantly more active than TDI girls (p <0.001), but no statistical
difference for sex was found in the ID group (p=0.583, Fig. 1A). Similarly, interaction was found between sex and group for
sedentary time (p=0.029), where TDI girls were more sedentary than TDI boys (p <0.006), but no statistical difference was
found in the ID group (p=0.683, Fig. 1B).

Fig. 2 demonstrates PA during and after school hours. We found the TDI children to be 25% more active during school
hours and 73% more active after school than children with ID. Even though no three-way interaction was found between the
group, sex, and repeated PA (school PA vs. after school PA, p=0.312), two-way interactions between group and repeated PA
(p=0.004) and between group and sex (p = 0.004) were found. In the ID group, no statistical differences were found between
the sexes (p=0.566) but children with ID were more active during school than after school (p=0.002, Fig. 2A). In the TDI
group, boys were significantly more active than girls (p <0.001) but there was no statistical difference in PA during school
vs. after school (p=0.914, Fig. 2B).

Time spent in MVPA during and after school hours is presented in Fig. 3. TDI children accumulated 15.1 more minutes
of MVPA during school hours and 22.3 more minutes after school than children with ID. Despite no three-way interaction
(p=0.899) between group, sex and time spentin MVPA during school and after school (repeated MVPA), two-way interactions
were detected between group and repeated MVPA (p <0.001) and between group and sex (p =0.005), but not between sex
and repeated MVPA (p=0.336). For the ID group (Fig. 3A), children with ID accumulated more minutes of MVPA during
school than after school (p<0.001) but no statistical difference was found between boys and girls (p=0.324). In the TDI
group (Fig. 3B), boys accumulated more minutes than girls in MVPA over the entire weekday (p <0.008), but no difference
was found between time spent in MVPA during school compared to after school (p=0.312). Over the entire weekday, only
5% of children with ID reached the recommended 60 min of MVPA, whereas 42% of TDI children did so.

Objectively measured time spent sedentary during school hours and after school hours is displayed in Fig. 4. Children
with ID were found to be 6% less sedentary during school hours but 24% more sedentary after school. Even though no three-
way interaction (p = 0.314) was found between group, sex and time spent sedentary during school vs. after school (repeated
sedentary time), a two-way interaction was detected between the group and repeated sedentary time during- and after
school (p<0.001). In the ID group (Fig. 4A), children were more sedentary after school than during school time (p=0.001)
but no statistical difference was found between the sexes (p=0.424). Among the TDI children, girls were more sedentary
than boys (p=0.002), and these children were more sedentary during school than after school (p <0.001, Fig. 4B).

No statistical difference was found between the groups in any self-reported time spent during the entire weekday in front
of computers (p=0.092, C'V=0.141) or TV based activities (p=0.667, C'V=0.071). Both groups spent the most time playing
computer games, watching TV and surfing the internet, but much less time in word processing. More children with ID (46%)
listened to music between 1 and 3 h/day than TDI children (21%, p =0.005, C'V =0.244), who on the other hand, were more
likely (23%) to read books between 1 and 3 h/day compared with only 7% among children with ID (p=0.004, C'V=0.223).

Eight percent of children with ID participated in sport or PA, more than three times per week during school hours, whereas
32% of the TDI children did the same (p<0.001, C'V=0.429). Similar values were found for sports or PA participation more
than three times per week during after school hours (7% and 37%, p<0.001, C'V=0.471). Forty-four percent of children
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Fig. 1. (A) Average PA and (B) time spent sedentary among all participants during a regular weekday. * = Statistical difference between sex within groups
(p<0.050).

Table 2
Participants’ reasons for participation in sports or physical activity and self-perception of their physical activity level.
IDn=90 TDIn=93 P-value Cramer’s v
To stay fit (%) 71 95 >0.001 0.313
To improve in sport (%) 50 96 >0.001 0.516
To not gain weight (%) 72 52 0.015 0.202
To lose weight (%) 60 34 0.002 0.256
To be with friends (%) 90 87 0.627 0.046
To have fun (%) 88 97 0.057 0.169
I feel my PA is sufficient (%) 55 71 0.083 0.160

ID = Intellectual disability TDI=Typically developed individuals, PA = physical activity.

with ID never took part in organized PA or sport during after school hours, whereas only 15% of the TDI children never
participated (p<0.001, C'V=0.419). Fifty-five percent of children with ID took part in low-intensity activities like Boccia,
walking or dancing one or more times per week, whereas 67% of TDI children reportedly did the same (p=0.119, C'V=0.203).
Only 15% of children with ID took part in high-intensity sports such as soccer, team handball or athletics more than once a
week compared to 72% of the TDI children (p<0.001, C'V=0.549). Only half of the children with ID reported “to be out of
breath” or “to sweat” more than once per week, whereas 91% of TDI children did so (p<0.001, C'V =0.448).

More (~95%) of TDI children took part in sports or PA “to stay fit” and “to improve their performance” or “skill level” in
the sport compared with ~50-70% of children with ID, whereas children with ID were more likely to name “weight loss”
or “weight control” (~60-70%) as a reason to be physically active compared with ~35-50% of TDI children (Table 2). There
was no statistical difference between the groups in social factors such as “being with friends” as a reason for participation
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Fig. 2. Physical activity during and after school hours among (A) children with intellectual disability and (B) typically developed children. PA = Physical
activity. Triangles = boys, circles = girls. Interaction effect (group X sex X repeated PA) p = 0.312, interaction effect (group X repeated PA) p = 0.004, interaction
effect (sex X repeated PA) p=0.238, interaction effect (group X sex) p=0.004.

in sports or PA. There was no statistical difference between the groups in their perception of being sufficiently physically
active (children with ID =55.7%, TDI children = 71.3%).

5. Discussion

The main findings of this study were that the children with ID had considerably lower PA and were more sedentary during
weekdays than TDI children. However, interactions were detected where no sex difference was found among children with
ID but in the group of TDI children, boys were significantly more physically active and less sedentary than girls. In addition,
different patterns were observed between school hours and after school hours among the groups. Children with ID were
much more dependent on their schools for their PA compared to TDI children. This confirmed our hypothesis. We also found
no difference between the sexes among children with ID on any PA variable or in sedentary time during school hours or after
school hours. Compared to other studies on similar groups, a much larger sample of children with ID was included here, and
almost all children with ID that met the inclusion criteria in the metropolitan area of Reykjavik took part.

Using objective measurements of PA, we confirmed that children with ID are less physically active than their TDI peers
(Einarsson, Olafsson et al., 2015; Phillips & Holland, 2011; Sit, McManus, McKenzie, & Lian, 2007; Lin et al., 2010) and
extended these findings to the weekday, both during and after school hours. Furthermore, the time spent in MVPA among
children with ID was only 41%, 50%, and 32% of that of TDI children during entire weekday, school hours, and after school
hours, respectively. Children with ID accumulated 59% of their total minutes in MVPA during school hours vs. 47% among
TDI children. Overall, only 5% of the children with ID met the recommendation of 60 min of daily MVPA on average over the
weekday whereas 43% of TDI children met the recommendation. Similarly, children with ID spent 9% more time sedentary
over the whole weekday, 23% more time after school hours, but 5% less time during school hours than TDI children. Few
studies have objectively assessed sedentary time in persons with ID, but our results support the findings of Dixon-Ibarra et al.
(2013) showing that adults with ID were 16-20% more sedentary than TDI adults. The children with ID spent 37-39% of their
time sedentary during school hours and 44-46% during after school hours. To our knowledge, no studies have been published
comparing time spent sedentary during school hours vs. after school hours among children with ID. The TDI children spent
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Fig. 3. Time spentin moderate-to-vigorous physical activity during and after school hours among (A) intellectually disabled children and (B) typically devel-
oped children. MVPA = Moderate-to-vigorous physical activity. Triangles = boys, circles = girls. Interaction effect (group X sex X repeated MVPA) p=0.899,
interaction effect (group X repeated MVPA) p <0.001, interaction effect (sex X repeated MVPA) p = 0.336, interaction effect (group X sex) p=0.005.

between 40 and 43% of their time sedentary during school hours and 35-37% during after school hours, which are similar
or slightly lower findings than other studies have reported previously but direct comparison is difficult due to different
methodology (Bailey et al., 2012; Guinhouya et al., 2009; Taylor et al., 2011). A large proportion (62%) of the children with
ID in this study, came from a special school that only accept children with moderate- to severe ID. Incresed level of ID is
known to contrubute to low PA (Hinckson & Curtis, 2013), which can partly explain the relativetly large difference between
the groups in this study. It also needs to be considered that the cut-offs used in this study (and in most studies) for sedentary
behavior and MVPA were established and validated on TDI children and adolescents (Evenson et al., 2008; Trost et al., 2011).
These cut-offs are based on oxygen consumption and since children, adolescents and adults with ID have lower aerobic
fitness than their TDI peers (Einarsson, Johannsson, Daly, & Arngrimsson, 2015; Wallen et al., 2009), it can be argued that
the cut-off for MVPA should be lower for children with ID. Therefore the difference in MVPA between children with ID and
TDI children could potentially be smaller than depicted here.

The much greater difference in PA between the groups during after school hours as compared to during school hours
underscores that a safe and secure environment is a major promotor for PA (Kerr et al., 2006; Merom et al., 2006; Veitch et al.,
2008; Zhu & Lee, 2008). Over half of the children with ID in this study attended the only special school for this population
in the Reykjavik metropolitan area and the inclusion schools accepted children with ID from a much larger area than TDI
children. The larger area leads to longer travel distances for the ID children, which in turn results in inactive commuting
to school, possibly because of safety reasons and/or their lack of understanding of the environment in addition to the time
factor (Hutzler & Korsensky, 2010). Travel time to and from schools was categorized as after school hours in this study, which
again plays a role in the very low PA among the children with ID during this period of the day. Similarly, even though there
are specialized sport and activity clubs for children with ID in Reykjavik, they are also centralized. Thus, the travel distances
to sports practices are in general much longer for children with ID, which is a known barrier for participation in PA (Hutzler &
Korsensky, 2010; Veitch et al., 2008). Fewer safe opportunities to be physically active close to home can accordingly explain
part of the difference in after school hours PA participation between the groups. Furthermore, most children with ID who
took part in organized sports after school participated in low-intensity sports such as Boccia, walking or dancing. This all
plays a role in the very low PA during after school hours among children with ID.
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Fig. 4. Time spent sedentary during school and after school hours among (A) intellectually disabled children and (B) typically developed children. Trian-
gles =boys, circles = girls. Interaction effect (group X sex X repeated sedentary time) p =0.314, interaction effect (group X repeated sedentary time) p<0.001,
interaction effect (sex X repeated sedentary time) p =0.380, interaction effect (group X sex) p=0.063.

During school hours the difference between children with ID and TDI children in PA and MVPA was much smaller than
during after school hours and, if anything, children with ID were actually less sedentary than TDI children during school hours.
Schools provide a safe environment where children are secure to be physically active if they are allowed and encouraged to
be. We found children with ID to be less sedentary, despite being less physically active and with many fewer minutes in MVPA
during school hours, demonstrating that their activity is at a very low intensity. This pattern of lower PA and sedentary time
among children with ID can partly be explained by the typical classroom practices. Both the special school and the inclusion
schools allow students with ID to move during academic lessons, whereas the tolerance for such movement is much lower
for TDI students. The apparent lack of sex difference in the ID group has been previously discussed for this cohort (Einarsson,
Olafsson et al., 2015). In contrast, TDI children were more active and less-sedentary during after school hours than during
school hours. There is more emphasis on academic subjects during school hours for this group, resulting in more sedentary
time, and this group has many more opportunities to participate in organized sport and PA close to their home during after
school hours.

The main difference between the two groups in self-reported PA and sports activities is participation in high-intensity
activities like soccer, team handball and athletics that are activities likely to contribute to time spent in MVPA. Low partici-
pation in high-intensity activities was also confirmed by the fact that only half of the children with ID reported to be out of
breath or to sweat more than once a week. This proportion was considerably lower than that of the TDI children (91%), which
is similar to previously reported values for Icelandic children (Magnusson, Arngrimsson, Sveinsson, & Johannsson, 2011).
There are in fact centralized sports clubs in Reykjavik that offer soccer and athletics to children with ID, but according to their
registration, very few or no children in this age group participated. The average age of the individuals taking part in these
sports is around 30 years. This implies that these individuals can bring themselves to and from practices, demonstrating
once again that the distance to and from facilities is a barrier for participation (Hutzler & Korsensky, 2010; Veitch et al.,
2008).

The only difference observed in self-reported sedentary behavior is in reading books and listening to music. The difference
in reading is not surprising since some of the children with ID cannot read and many of them are very slow readers. However,
both groups spent similar time in front of a screen. Most of the screen time for both groups was allocated to computer games,
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watching TV, and browsing the net. Foley and McCubbin (2009) also reported that there was no or little difference between
the children with ID and TDI children in sedentary behavior. The screen time findings in our study are also consistent
with results from a large nationwide questionnaire survey conducted among TDI children in the same age group in Iceland
(Palsdéttir et al., 2014).

Our hypothesis was that children in both groups would have similar reasons for taking part in PA and sports as suggested
in the literature (Allender et al., 2006; Pozerine et al., 2008). Similar to most previous studies (Allender et al., 2006), both
groups designated socialization, for example “meeting- and making new friends” and “having fun and enjoying themselves”
as major reasons for taking part in PA. However, the two groups deviated when it came to goals and performance as reasons
for PA and sport participation. Most of the TDI children in this study named “improving skills” and “staying fit” as reasons for
taking part in PA and sport. This high percentage differs from what most other studies have reported (Allender et al., 2006;
Pozerine et al., 2008), and is much higher than among children with ID. Such high goal and performance reasons among
the TDI children can partly be due to the fact that most after school PA and sport programs are run and organized by local
sports clubs. Often competition is introduced early and the children learn to perform at a young age in informal competition
against other local sports clubs. This performance emphasis can also explain the low participation among children with ID
in regular sport clubs since they are less motivated by these performance-driven factors (Hutzler & Korsensky, 2010). More
children with ID than TDI children in this study participated in PA or sport either “to lose-" or “-not gain weight”. Children
with ID are known to have more negative body image than TDI children (Hutzler & Korsensky, 2010) and the children with
ID in this study (Einarsson, Olafsson et al., 2015) like most other studies (Melville et al., 2007; Reinehr et al., 2010) are more
likely to be overweight or obese. Such increased prevalence of overweight/obesity can also explain the differences between
the groups in reasons regarding body image for PA and sport participation.

Despite very low PA and few children with ID (5%) reaching recommended time in MVPA, 55% of the children felt that
their PA was sufficient. This large difference between objectively- and subjectively measured PA indicates that children with
ID (and their families) overestimate their PA. This lack of knowledge and understanding of PA among the children with ID,
especially about the importance of time spent in MVPA, may also play a large role in the low PA among the children with
ID. Our findings suggest that at least part of the low PA among the children with ID was due to lack of knowledge about the
importance of PA and what type of PA leads to MVPA. Children and adolescents with mild-to-moderate ID who have the
opportunity to fully participate in sports either with special clubs for ID or integrated sport clubs, can reach high level of
fitness (van de Vliet et al., 2006). The differences in PA between the ID and TDI groups are, therefore, much more likely to
be of social and environmental than biological origin.

This study is not without limitations. First, the low number of girl participants with ID reduced the statistical power of
the study. This low number was due to the fact that fewer girls are diagnosed with ID than boys (Gillberg & Soderstrom,
2003), resulting in fewer potential participants, making it hard to overcome this limitation. Second, as mentioned, the cut-
off used for MVPA was established and validated on TDI children and adolescents, which may exaggerate the differences
between the groups, but to the best of our knowledge, no cut-offs have been established or validated for individuals with
ID. Third, since the ID group is more dependent on social structure and —support than the TDI group, the results may not be
directly applicable to children with ID in other societies. We also have little information on parents or legal guardians of the
participants. It is possible that parents of children with ID are less encouraging of physical activity, and thereby, increase the
PA difference between groups.

We believe that the strengths of the study outweigh its limitations. We were able to measure a large number of children
with ID compared to most previous studies on this population, and the dropout was less than 5%. Furthermore, we objectively
measured PA and PA patterns with accelerometers among children with ID in the same way as in a comparison group of TDI
children. To our knowledge, we are the first to publish objective measurements on PA and sedentary time comparing school
hours and after school hours between the two groups. Finally, our sample consisted of almost all ambulatory children with
ID in the metropolitan area of Reykjavik, which includes more than 70% of the Icelandic population.

6. Conclusions

Not only is the PA level of children considerably lower than that among their TDI peers, but they also depend much
more on the school system to accumulate their PA and MVPA. Children with ID are also less sedentary during school hours
than after school hours, whereas the opposite was found for TDI children. Children with ID are more likely to participate
in low-intensity PA and sport for reasons of losing weight or preventing weight gain. In contrast, TDI children are more
likely to participate in high-intensity PA and sport in order to stay fit or improve their skill level, which results in more
MVPA. Furthermore, the children with ID seem to be less aware of their PA level than TDI children. During the design and
implementation of PA promotion campaigns, children with ID and their families need to be specifically targeted with a
special emphasis on the description and importance of MVPA.
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Hreyfing og heilsa islenskra
grunnskoélabarna med proskafravik

E=ru foreldrar forradamenn

Undanfarin & hafs venid gerdar rapnsaknir vid Haskéla Islands 3 bémum, hreyfingn
mataredl, lkamssamsetmngn og lifsstlssjukdomum tengdum pessum battom. Mu er
komud ad pvi ad skoda grumnskolabdm med sérbarfir. Rannsoknin er unmin vd
rammsoknarstofi 1 1hrotta- oghﬂi]suﬁaa&mvi-i}liskﬁlajslands og ad henm mum koma
sérfredingur § bjalfimarlifedlisfradi Dr. Sizurbjém Arm Argrimeson, doktorsnemi hans
Ingz Por Einarsson auk meistaranemanna Sigurlimar GaI&arsd.éfﬁ:,Mﬁrhjélaﬁdﬁm:r,
Barbom Drafnar Fischer og Agists Olafssonar.

ibﬁsﬁm&kﬂaﬂmﬁa&aﬁb&iﬁ okkur ad langstarsta bopmm sem mmmast innan
petrrar skilgremingar 28 teljast vera med sérharfir en bad em bom med ymis
vitsmmmaleg proskafravik (IDV). Erlendar monsoknir syna ad pessi hopur se oft 1 vermra
likamlepn asighomulag en ofatladir jafnaldrer beira, beim er hattara w8 offitu o
kyrrsetu og bar af leifand) ymsum lifsstlstengdum sjiukdonum tengdum pessum pathum,
emns og sykursykl, hjartasjukdonmm og fleimu. Bad er bo nylega bind ad syna fram a pad
ber a landi sem annars stadar ad ofitlud bim a gronnskolzaldn ern alls ekks 1 godu
likamlegn astandi o astandid for siversandi. Pad getur bent 1l bess b bim med
sérparfir 4 Tslands sén i talsvert mise mikilli hattn bvad pessa hattubatt vardar.

med serparfir frst og fremest noun romm o Jafnvel engin brevfing oF vem peEnng.
Erlendar rannsoknir syma ad oft virdest liid vera lagt upp or hreviingu og heilsusamlegn
liferma, b innan skolakerfisins og 3 beimmbommm. Pad ern samf hitlar sem engar
lifedhsfrafilegar astadur fimr pvi ad ID bém burfi a8 vera 1 verra likamlegu
asigkommlag en Goour bém, pad barf bara 28 skapa peim rétt umhverfi og a8stadur bar
zem hau eiga méguletka 3 ad brevfa sz, borda vel og hifa helbngdu lifi

Markmit rannzolnarinnar era pri:

Markmid I: A8 rannsaka algeng offrvngdar og offitu a medal bana of unglinga
med brockahémbom dsamt i ad akvarda bol, magn hrevfingar og styik ah=ttubatta
efnaskiptasiikdoma hja beszum hyodfelagshop.

] rett kandi { vesindarannsokn eda vilt heetta
Eﬂlu gflir Spurningar um ﬁma:mjﬂﬂ'ﬂr v v

; getur pi smisid per (il Visindasidanefndar, Vegmula 3, 108 Revkpavik. m‘ i m-"m,
_m: S51-144d
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Markmid II: A3 bera saman likamssamsetmngu, pol, breyfingu og adm
ahzttupath efmaskiptasjukdoma bama og unghnga med proskahémbom w8 sémm path
bja bomum og unglingum an proskabamhmnar.

Markmid III: Ad bera saman bugsanlegan mun 3 likamssamsetmngu, poh,
breyfinzu og 6frum ah=ttubattum efnaskiptasjikdoma a mlh bama og wglinga med
broskahémbom sem ganga 1 sérstaka skola fymr bom og unglinga med slika broskahdmbom
og bamma og unglinga med proskahémbom sem ganga 1 blandada (venjulesa) skola. Vid

Markmid IV: Ad rannszka vixhrerkand: teng=] a mullh likamssamsetmngar, bols
og hrevfingar annars vegar vifd dhattubath efnaskiptasjokdoma hins vegar 3 medal bama
og unglinga med proskahémbon.

BPeim bérmum sem bodin er batttaka 1 rannsokninni vy baedi bam sem burfa serstaka
adsted § skalakerfinu vegna einfrvers konar proskgfrdvika og bim sem 4 engan hart
Jurfia neing adstod. Badir hdparmir gefa mikivesar upplizingar um stédu mala 1
vidkomandi skolum og verfimm.

Gert er rad fmr b ad undirimingur rannseknanmmar fan fram vor og haust 2011 og
gagnadflun fan fram a vormanedum 2012 begar skolar befjast eftr jolalevfi oz klanst a
bavstmanudum 201 1. Fyrstu nidurstodur atte ad Ligga Himr 3 vermanedum 2012,

Veotanlegur svinningur oz nmstu skref:

Pad er von ckkar ad geta varpad jos1 a bver stadan hja bérmum mmed serparfir eri dag og
ut fra pvi sett fram leidbeiningar handa perm sem koma almennt 28 hreyfingn, matarzin
og lifssti] pessara barna. Bjalfim throttakermara er 1 mérgum tilvikom abotavant begar ad
kemur a8 pvi ad vinna med breyfingu hya pessuwm hop bama og viljum w8 undumtzdo
sem kennarar vid [prottafradasetur HI bata fir pri sérstaklega of i s kenmr 38 bessi
bopur bama er 1 sérstakn hatta.

Pad er einskzr von okkar ad pau béim sem 3 boll um ad m=ta sja sér fart ad taka patt 1
alhum L'H'kbaﬂlm:mnnsokﬂazmar Panmg vridi best studilad 28 marktakum méorstedum
ramnsoknannnar. Ahmrhvegnabaﬁtokuﬁzkhmﬂnmnﬁhﬁﬁhmchalahnsskoﬁlm,

areynshu 1 ihrottatima o blodsynatoku
Visindasidanefnd, Persommvernd, Geislavarmr rkisins og Menntasvid Revkjavikur hafa
sampvkkt framkvemd monscknanmnar. Pid getid sambpvkkt battiokn an bess ad barnid

fari 1 alla ver tii_rannsoknarinnar, FBid getid akvedid hvenmr szem er og
frrirvaralaust ad hetta vid patttéln 1 rannsokninn, a0 hluta eda dlla leva.

dierher sprn rétr battrakandi { vivindoronnsdkn eda vilr hoera i §
Emhﬂlmu F‘T:#{gamm::ﬂhrj;nl’:hﬂ;ﬂmﬂmml : Fegmuln 3, J‘El-ll.Eu':'.gla:ucli‘.lL Smi: 551-7109,
i
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Ef ad hafid einhvenar spurmngar eda athugasemde er vidor velkommd a8 hafa samband
118 embvern undimtadra. Pan bam sem ekl skila mn sampykkisyfirlysingn verda ekki
mad) 1 rannsokninm Undimntado vilja eimmiz bifdja foreldra ad hafa i lmga ad sambkvemt
albjoda vidmmdum er talid ad bém geh 5alf 1atd 1 [jos valja fil batttdkn wm 10 ara aldur.
Mat Visindasidanefndar er ad ber er wm widkvaman hop ab r=da og e foreldrar bvattr
il ad fara varlega 1 ad samprvkdk)a batttdku bama undr 10 &3 an pess ad r=da Hiost wd
pau um fmrimgzada battioku og kamma vel bvort raunverulegur vl er il bess ad taka patt.

Pattitaka 1 rennsoknimm felst 1 efirfarandi 536 pattum:

L

Spurningabiztmn: Filast verdur ful a8 foreldrar og béim svan honum saman
hemmnz bya ser begar peim henfar. Spurmingahistamm er 2tlad ad vaipa o a
ymislegt sem vidkemur matared, hrevfingn og iprottabatttéku batttakenda
Prozkaprofid: Til ad geta 53 hvort shg broskafiavika hefior alnf a adrar
mdurstidur o ef svo er 28 hversu mukha lerh svo 58 verdur broskaprof (cogmitive
test) lagt fimr bérmmn Petta er nylegt prof hammad 1 Englandi er notad af Alhjoda
Glympnmeﬁ]dfaﬂa.&nh]a&mmaﬁhvusunnﬂulm roskaskerdingar hamla
iprottagetu bama.

Prebprofid: Til ad meta brek verda béimin bedin wm hjola 3 prakhjoli med
shpvaxand: skefd op fylgst verfur med hyjartsleth og strefsapptiln hyja pemm.
Profid er hamarksprof bar sem batitakendur hyjola bar til bear geta ekki (eda wilja
ekkr) meira. Bémin burfa i ad vera 1 throttakl=dnadn vid bad og helst ad
komast 1 sturtu 3 eftwr.

Likam:ziamzetningarmelingar, blodpristngur: Unmal hodbykkt,
blodpryshnzur, h=d og byngd verda meld lya dlhom. Bérmin purfa bara 28 vera 1
lattum kladnad.

Hreviim=zlngarnar: Hrevingameelamr eru hithir kubbar a sterd wd
aldspyimastokk. Mahkubbarmr em haffar 1 belfy w18 hepn mddm 1 sex daga
samfellf nema begar fand er 1 sund eda bad eda begar sofid er.

Blodtakan: Bormin verda kevrd midur 1 Hjartzvernd (eda meta pangzd) par sem
h;uhmmﬁzémgmhﬂ:mhh&ﬂo&ﬂmlmeh@mdhloﬁpmﬁuﬂaﬁrbaﬂmga&
stungd er 1 bli=d einm stungu 1 clnbogabot og tekmur samtals 10 mli 3 glas
Fymr stungn verdur bind ad devfa hiod med kremi (emla). Blodfita, kolesteral,
msilin og blobsykur verda meld. Ef blodprufir eru ekla edhlegar verdur haft
samband v1d forradamenn. Strax ad lokinm bladprufu £3 bau nenmgn (avaxtzsafa
og braud) edz nesh sem pau taka med sér ef bau wilja bad fiekar. Bémin £
serstaka filkymmingn daginn fymr blobprufuna og ban minnt a ad meta fastand 1
skolarn (eda 1 Hjartavernd).

Beinpétmim=ling: Verdur emmg framkvamd 1 bisnzi Hjartzverndar. DA -
m=ling segir bad til wn bembetin o fitndreafingy 1 likamanum Gera ma rad

j;r_llu heftir spuErREgar um rm'j.nn :mjnmhm‘il visimdaranms ke mmﬂrmmﬁnf

; getur pii sniid per il Vivindavidanefhdar, Vegmula 3, 108 Reykiavik. Stmi: 551-7100,

_ﬂx S51-1444
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fiymr ad melingin taka whb. 5 mimitur 3 bamn og barmd hgzur a bekk a medan
rannsokmm fer fram og likanmm er skannadur. Vid benbstnimslinguna er
notathr réntgengeisli, en geishm vegna batttdk 1 reonsokninn er sambanleg

wid 2-3 daga natharlega bakgnnmsgmshmaﬁlmdl Mathmuleg baksmumnsgeision
er i &llu ckkar umbrverfi. Him kenmr £3 iningeimoum, jardskorpurmi og

gelslavirkum efimm 1 likama okkar. Pesm g:alslunu'm_lughhla]'j]andl Og mmm
minm en annarsstadar a Nordwlondum, Midad vid ba geishn sem ber um radir
er bad mat Geislavama rikisms a3 ahetta vegna patttdku 1 rannsokmnm e
bverfandi, sbr. bad sem a8 ofan segir.

"erkhettir 6 og 7 verda frambkovzmdir 1 Husned Hjartaverndar 1 s0mu
ferdinm

Virbingarfyllst,

Dr. Sigmbjom Armi Amgrimsson professor HI , Abyrgdarmasar rannséknarinnar
t-péstur: samerimi@hi is Simi 525-5308

Ingi Mr Einarsson, Dioktorsnemi Hi

t-postur: jssi@hi js Simi 525- 5583

hefhur spurningar um ree attiakand § vismdaranresskn eda vilt Rt pdrtdkn §
E% b E:E:ﬂﬁf;n?;nrbmmqhi:; Fegmula 3, JNRr:tbmi Ermi: 551-7100,
- 551
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Sampykkisyfirlysing um patitéku | rannsékninni

Hreyfing og Heilza islenskra grunnskélabarna med
proskafravik

MNafn barns:

Kennitala barns:

Athugid ad undimita parf baedi atridin ef sampykkt er patttaka i ollum pattum
rannsoknarinnar!

Eg, forradamadur ofangreinds bams, sambykki battidku pess | fyrstu 5 battum
ofangreindrar rannsoknar.

Sampykki forradamanns:

Dags:

Sambykki barns:

Dags:

Eg, forrédamadur ofangreinds barms, sampykki ad pad far i DXA-meslingu og
blodmaslinguna sem er 6 og 7 hiuti ofangreindrar rannsoknar.

Sampykki forradamanns:

Dags:

Sampykki barns:

Dags:

Hefur bamid einhvem tima leitad leekninga eda verid a yfjum vegna
heilsufarsvandamala er tengjast lungum, hjaria, blodrasarkerfi eda efnaskiptum
eda ddrum sjukdomum sem gastu haft ahrf & prek pess?

Ja 1 Mei LI (Efja, vinsamlega gefid upplysingar a bakhliad bladsins)
Unidirskrift rannsakanda sem leggur yiidysinguna fyrir:
Diags.: Mafn:

Eff put hefur spurningar um reif pinn sem padaokand ¢ visindorannsokn eda vilr heede paiiokn ¢
rannsokninni gear bu Eﬂﬂiij'drj; Visimdasidanefhdar, Vegmula 3, 108 Reykinvik. Smi: 551-7100,
S 551-1444
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Appendix 2

Questionnaire
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Hreyfing og heilsa islenskra grunnskaélabarna med proskafravik

spurningalisti

Trunadarmal

Spurningar til barnsins sem pao svarar meo hjalp forradamanna

heima hja sér

Ef i hefur spurningar um reétt pinn sem parmakandi : visindarannsoin eda viis herta hamoku 1 rannsokninni genr bu smiid
Dber til Vsmdasidangfhdar, Vegmuia 3, 108 Reyigavek. Somi- 551-7100, faxc: 551-1444
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T1l nemends oz forradamanna

ibﬁmlhefﬁ&mnnkhar*‘plmuiﬂgﬁrmbiﬂ-enﬂh&&iﬂaﬁﬁmm Pzr flalla um brevfingu os
kymrsetu bamuns, mataredi og skodanr I:E_» ymsum felags-, tomstunda-, iprofta- og bedlsufaregum
pattum sem tengjast hdheilsu asamt spummzum op fiélskyldohag. Svor ykkar skipta miklu mah og w18
vonum ad d svarr af sammaskusern. Flestum spurmngum er bemt 61l bams=ins og par sem pad er kostur
=t svinn 20 endurspegla widhorf bamems sem allra mest. Petta er ekla prof oz vl er ekkert svar
réftara en armad. Pad eina zem skiptr mah er 33 skodanr oz Iifsmunstur bamanna ko frzm.

Vi flestum spurmingum em mokknr svamméguleikar og pid bufid adems ad velja eion pema.  Setnd
kross 1 reition v1d pad svar sem pid hafid vahd. Vid djum vkkur um 28 svara 8llum spummingum eftir
bestu getu. Ef ad ykdowr finnst enginn svarmégulek: 1 embvern spumingn eiza nakvamlega wd um
vkkur merkid ba v1d pann svarmioguleika sem ad vkl finnst komast neest sannletkammm.

Pegar pid hafid lokid v1d ad svara 6llum spwningunum, setjid ba Listann 1 fromerkia wmslagd sem
horm frlzir og konmd honwm 1 post. Nafn bansms kemmr hverm fram a hstarmm svo enginn mm vtz
bvermig b svand.

Ef [nd hafid embverar spumingar vardandi spurmingalistann hikad ekl vid 28 hafs samband Inga Por
Einzrzsom (issifhi iz, §94-7323).

Med fyrirfram bakk frir batttkuna,
Adstandendur verkefusins

Ef bu hglr spurmingar um rait himn sem barmakand § vemdarannsekn efa vilt heta haiftadn | rannseimimn geny b 2
i pér ] Tisindaridangfndar, Fegmuily 3, 105 Reykiavik, Simi- 331-T100, ficc 551-1444
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1. Ertu strakur eda stelpa
| Strakar | Stelpa

1. Hvada ar ertu faddiur)?

3. Hvernig byrd pi nuna?
(Merktu adeins 1 ETNN reit)
a) Hya badum foreldnm
b) Hya modur
¢) Hya fodur
d) Hya modur o sambylismanm henmar
&) Hja fobur og sambrrhskonu hans
f) Hya afa ogleda fmmm
g) Hya 6drum =ttingyum
b) Annad fynrkonmlag
4. Hversu gott teljid pid fjolskyldu ykdkar hafa pad fjarhagslega?
3) Myog gott
b) Gott
<) Madlmgs
d) Sl=mt
e) Mjog slemt

Ef i heflr spurmingar wom rait pinn sem parrakadi §vismdoranrsokn eda vilt heta harokn § rowsoinime genr iy 3
sratid pédr ol Visindasidangfndar, Fegmila 3, 105 Reyigavik. Somi- 551-7100, floc 551-1444
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5. Er fadir binn med vinnu?
a) Ja
b) Mei
) Eg 4 ekkithef ekki samband vid fodur

Ef JA, vifi bvad vinnur hann? {merktu i pann reit sem li=ir bvi best)

) Ofaglerd stérf =5, verkamadur, fiskvirmsla, resting, o ph

b) Einfold bjénustustarf s 5. afgreidshustérf o p.h

) Ofaglerd uménmumarstarf s s. dagforeldri, heimilishjalp, skolalidi o ph.

d) Sjémennsku, sjémabur

&) Bémennsku, béndi

£} Faglerd idnadarstorf s.s. rafvirki, hiisasmidur, pipani

g) bjémstustérf s 5. skrifstofustorf, bankamadur, séhumadur, fllini obh

b) Menningartengd stérf s s. listamadur, falmidlamadur, ibrotiabjalfari o b h

i) Faglerd stérf i opimberri bjémustn s 5 kenmari, sjikralidi, hjtkrmarfr | lagreghmadur o bh
§) Sérfredistérfi sinkageira 5.5 16gf | vidckiptafr | verkfi | fluzmaduroph

k) Sérfrmdistorf i rikisgeira 5.5. hiskolakennari, Lsknir lazfradingur o.b.h

1} Edstu stjormmarstérf s.z. kjsrinn fulltri, embattismadur, framkvamdastjon, forstjér obh
m)Onmur stjérmmarstérf s s. deildarstjon, séhistjén, vershmarstjén o ph.

n) Eigin atvinnurekstur

Ef NEL bversvesna hefur hanm eldd vinnu? {merktu 1 pann reit sem lysir pa best)
a) Hann hefir ekki hetlzu
b} Hann er 3 eftulauwmom
<) Hann er 1 namu
d) Hann er 23 leit ad vinou
&) Hann zér um hemmlid
) Egveit bad ekki

Ef bui helr spurmingar um rait hinn sem bartakandi § vsmdarensekn eda vilf hea hattiodn | rannsoinimn genr u
suid far 81 Frsindasidangfdar, Fegmiile 3, 108 Rdganvak, Soni- 551-7100, floc 351-1444
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6. Er modir pin med vinoun?
a) Ja
b) Nei
&) Eg 3 ekki'hef ekki samband vid médur

Ef JA, vi# hvad vinnor in? (merktn i pann reit sem lsir pvi best)

) Ofaglerd storf 5.5 verkakona, fiskvinnsla, resting, o ph

b) Emnfold bjénustustérf s 5. afereidslustirf o b b

<) Ofaglerd uménmunarstérf s 5. dagforeldri, heimilishjilp, skélalidi obh

d) Sjémennsku, 5jématur

e) Bimennsku, béndi

f) Faglerd idnadarstarf s.s. rafvirki, hisasmidur, pipari

£) Biémstustérf s 5. sknfstofustérf, bankakona, séhikena, fullirii obh

b) Menningartengd stérfs s listakena, fialmidlakona, ibrattabjalfar o bh

1) Faglerd stérf i opinberri bjénustu 5 5. kennari, sjikralidi, hjikrunarfr | légreglukona o p b
i) Serfrmdistarfi einkageira s 5. logf., vidskiptafi | verkfr | flugmadur o b h

k) Sérfrmdistirfi rikisgeira 5.5. hiskolakennari, l=knir l6gfr=dingur o.bh

I) Ebstu stjérmunarstérf z.5. kjsrinn fulltri, embattismadur, framkvemdastién, forstjor oph
m)Onmr stjérmmnarstérf s 5. deldarstyon, séhustjén, vershmarstion o.bh

1) Eigin atvinmmekstur

Ef NEL hversvegna hefur hin ekki vinnu? (merkiu i pann reit sem lysir pvi best)
a) Him hefir ekki heilsu
b) Him er 3 eftirlaumum
¢} Him er 1 mamm
d) Him er 2 leit 28 vinm
e) Him sér um heimilid
f) Egveit bad ekki

Ef i helr spurmingar wm rent bine sem parmakandi | vEmdorannsckn eda vilt hena harnddn | rannseinimn gene i
smuid per o Fisindasidangfadar, Fegmuile 3, 105 Reyigovik. Somi- 551-7100, foc 351-1444
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7. Hver er menmitun foreldra pinna (ef pu ert abin'n upp hja fosturfodur eda fosturmodur svarid

aa fyrir hann'hana). Merksd adeins 1 einn reit 1 hverri linu

Lauk Hofnami Lauk nam 1

grunnzkola  framhalds-  framhalds-
edammna  kala skola

a) Mennbtun fadur

b) Alenntun modur

8. Eftrfarandi spurningar eru wm ihrottir og hlkamsraelkt?
(Merkiu adeins 1 ETNN reit 1 HVERJUM L)

Aldves  Sjaldnaren 1 sinm
1 smm ivikn  1viku

a) Hversu oft tekur

b batt 1 fhrothom

og likamshyalfun 1 skolanum,

fymr utan skyldutima (leikfinatima)?
b} Hve oft shindar pa

throthr (=fingar efa keppor) med
¢} Hve oft shindar pa

iprothr eda ®fingar, sem ekki er

a vegum skolans eda fhrottafelaga?
d) Hve oft reymr pa

a sig likamlega panmg 23

b madist verulega eda sviton?

Hofpam Lauk Vet
ihaskola nammi eklki

LE>

haskola

13 onmim 4-5 snmmm Svefla

1viku

iviku hverum degi

Ef i bl spurningar wm rat binn sem parmakandi | visidarannsokn eda vilt ke parnddu | rowsoinine genr i 6
sruid par ol Fisindasidangfdar, Fegmula 3, 108 Reylyavit, Smic 351-7100, foc 351-1444
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EF BU STUNDAR FEKKI IPROTTIR SLEPPTU BA SPURNINGUM NE. 9 OC 10 OC
SVARADTU NEST SPURNINGU NR. 11.

9. Ef pu stundar ihrottir hversu sammala eda osammala ertu eftirfarand: fullyréimgu? Eg stunda
ithrotiir fil ad...
Merkiu adeins 1 EINN reit i HVERJUMI Lia)

a) halda meér i zodu formi

b) beeta form mina § iprotimm
¢} hafa had skemmblagt

d) baetz heilnma

2) il ad fitna ekln

f) gefa mér kraft og crku

g} tl ad elgnast vim

b} tl 23 vera med vimom mimom

i) til 23 létta mig

10. Hjs hverjum stundardu ibréttina (merktu i ein: marga reiti og vid 4)
a) Sjalfisjalfur
b) Skélamum
&) Thvsttafélagt fyvir fxtlada
d) Odru fhréttafélag

Ef i heflr spurmingar um réit binn sem barmakandi § visihdiorannsckn eda vilt hana harrddu [ raunseininn penr i 7
sruid par & Fisindasidangfndar, Fegmilia 3, 108 Reyljavik. Somi- 551-7100, foc 351-1444
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11. Hverzu zammala eda ésammala ertu eftirfarandi fullyréingum?
(Merktu adeinz i EININ reit i HVERJUM la)
Mjag Fremmor Hwvorkh  Freomo Mjag
. A 1 e 1 )

a) Mer finnst ég hrevfa mig mosu
mkid

b} Mer finnst eg hetlsuhranst{ur)

o) Mer Lidur 1lla 1 skalammm

d) Ez er géb(uwr) i ibrothum midad
113 jafnaldra mina

&) Mer finnst skipta muklo mah a3
borda hollan mat

12, Hvad byréu langt fra skolanumT
(Merktu § ANNAN eda BADA reitina)
_ km 5 kolammm
_ mimima gingufjarlegd fra skalanmm
13, Hvernig ferdu vanalega i skolann?
(Merkin adeins 1 EINIV reit)

Feyd(ur) i einkabil  Med fardabjonustunmi Med st Ahjohi  Geng eda bleyp

Ef bu helr spurmingar wm redt binn sem haritakandi § vismdarannsekn eda vilt heetta hattiodn | rannsoinimn penr fu B
wuid par &) Frsindasidangthdar, Fegmula 3, J0F Reyljavik Soni- 551-7100, foc 551-1444
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14.

Hversu margar Kukkunstundir notar pa, ad jafnadi, 1 eftirtalid um helgar?
{(Merkiu adein: 1 EINN reit 1 HVEEJUM Lia)
MNerenpum -] Tml]l Um? Um3 Umd Um5 6klst
tima  klst klst kst klst  kist kst edaflam

a) Spila télletki (5.5, 3 hetmulbis-
téhva, Gameboy, motendo ofl )

b) Horfa a sjenvarp eda video/dvd

) Vera 3 petiom (Veraldarvef efa
spjallrasum)

d) Sknifa eda lesa téhnapaost

&) Mota t8hvur 1 aomad en vera a
petimn eda spila tohmuleik

f) Hiusta a tonlist

g} Lesa bk (advar en skolabaskur)

£, Hverzu margar Klukkustundir notar pa, ad jafnadi, 1 eftirtalid a virkom dégum?

{(Merkiu adeins 1 EINN rest 1 HVEERJUM Lia)
Merenpum -1 TUml Um?2 Um3 Umd Umd &klst
tima  klst  klst  klst.  klst.  kist  kist edaflan

a) Spila télvuleiki {s.5. 3 heimulis-
télvu, Gameboy, mntendo ofl )

b) Horfa a sjenvarp eda video/dvd

) Vera 3 petiom (Veraldarvef efa
zpjallrasum)

d) Sknifa eda lesa télvapost

e} Mota talvur 1 aonad en vera a
petimn eda spila tohmuleik

fi Hiusta i tomlist

g} Lesa bk (advar en skolabadkur)

Ef bui haflr spurningar um réit i sem paritakand; { vismdorannsekn efa viit et battidt § nmnsoinin genr i 9

smiid par i) Fisindasidangindar, Fegmiiia 3, 108 Reygavik Simi- 551-7100, foc 551-1444
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16. Hversu oft stundar pa eitthvad af eftirtolda (utan skolatima)?
{(Merkiu adeins 1 ETNN reit 1 HVERJUM Lo

Mar Mokkrom MWeokknm sinn- 1-2 siomm 3 smoum 1
aldres SInTIIm 3 an um 1 manedi iviku  vikmeda offar
a) Felagsstarfi skola 28 undan-
skildum bélhum og diskoum
(t.d namskeid eda kluobbur)
b) Tonlistarnding
<) Listnam (leakhst, mmyndhst, o.f1)
d) Dians (jassballett, ballett,
samkvamsdansar)
e) Falagsstarfutan zkola (zkatar,
Eskmlydsstarf mifelaga, E F 1T M
eda EFUE efa annall)

f) Hestzmennsku eda géngzur
£) Handbolta

k) Fétbolta

i) Korfubolta

i) Fimleika

k) Frjdlsar iprottir edia hlaup

1} Tenmis, badmumion,
borftenms eda veggtermis

) Sumd

o) Skidy, ginpuskibi smyobreth
eda skauta

o) Sjalfsvarnariprottir (jiads,
karate, pajitsu, glinm eba annad)

p) Golf

q) Hyolabrett eda linuskawta
(hjelaskamtz)

1} Annad

Ef i byl spurmingar wm ret bine sem hanmakandi § vismdorannsekn eda vile heena barmdd | ransokmin genr i 10
smuid par 0 Fisindasidangfadar, Fegmuile 3, 105 Reyigovik. Somi- 551-7100, foc 351-1444
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byvad?
17, Hve oft getur pu fengid pér hvad zem pua vilt 28 borda ar eldhozinn heima hja per?
(MMerkitn adein: 1 EINN reit)
Aldres Stundum Ot Alliaf

15, Hverzu oft bordar pa pessar maltidir ad jafnadt a viku 7
(Aderkin i EINN reit i HVERJUM La)

Har 1-2 sipmomey. 34 sinmome. 56 siomom. Manasta
aldres 1 viku 1 viku 1viku bverpum deg
a) Morgummat
b} Hadegizmat
¢) Mestispakka 1 skolanum
d) Evialdmat
&) Bita 2 owlh maltda

19. Hvar bordar pu ad jafnad eftirtaldar maltidir a virkum degum (ef pa bordar peer)?
I skolamom Hemma — Awmmars stadar
a) Morgummat
b} Hadegizmat
d) Evialdmat

0. Hverzu oft 1 vikun, ad jafoadi, bordar fjol:kylda pin maltis saman?
(Merktu 1 ETNN reit 1t HVERJUM Lia)
Manast 1-2 sinmomey. 3-4 sinmomay. 546 sinmmom Manast a
aldrar 1 viku 1 viku iviku bveryum degy
a) Morgummat
b}y Hadegizmat
&) Exdldmat

Ef bu hefir spurmingar wm ratt pinn sem pertakandi §vimdorannsokn eda vili heetia hattidd [ ronsokmis genr a1
snuid par ol Frsindasidangfuder, Fegmude 3, 108 Reyigavik. Smi- 351-7100, floc 551-7444
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I1. Hverzu oft bordar pa eitthvad af eftirtslda?
(Merktn adeins i EINN reit i HVERJUM Lia)
MNar  Sjaldnaren lsmmi  Mokkmon Eiom sinm Oftar en emu
aldret lsmmiviku ivikn smoumivikn adag  siomoa dag
3) Avexti efia ranmeti
b) S=lg=h
) Kjotmaltid
d) Fiskmaltid
) Pastamaltid
f) Eex kokur eda kartafluflagu
g) Skyndibitamat (pizmu, pylsu
bamborgara, franskar kartafhor)
k) Braudsned, samlokn efa
langloku

23, Hvad dreldour b mérg gz’ bolla of eftirtéldum dryldjnm 3 dag?
(Merktu i EINN reit i HVERIJUM ki)

Drekkur nzr  Sjaldnar en 1-2a i4a 5 efa flem
aldren daglega dzg dag adag

a) Syvkordansum gosdrvkkjum

b} S=thm drykknom
{zosdrykkr eda odmdrykkir,
adnr en sykourlausir)

¢) Mjolkurdryvkkjum

d) S&fum/dyie (appelsima-,
epla- o.s.fiv)

&) Vatmi

Ef bu hailr spurmingar wm reit inn sem bearftakand] § vEmdaorannsokn eda vilf hena haniok [ rounseknimn gear pu 12
sretid par ol Fisindasidangfadar, Fegmuiia 3, 108 Reyigovik, Somic 551-7100, floc 551-1444

128



13, Ef pu dreklkur mjolk hvada tezgund er pad helst?
{(Merkiu i EINN eda FLETRT reiii)

nymislk létmjelk  Hormjelk  kékémjelk  undanvenna  duvekk skki mjslk

24, Hvad gerir pu vanalega (oftazf) 1 frmmatom 1 skolamum?
(Merkiu adeins 1 ETNIN reit)
O Sit (spjallales/spila)
0 Hreyfi mug (hleyp um eda tek patt i leskjum)
O Grenl anmad

1%, Hvad notar pu mikion tima 1 heimavinnn, heima hja pér a daz7
(Merktu adeins 1 EININ reit)
O Frja klukkutima eda meira
Ubb. tvo klukkutima
U b b. khnkkutima
Vinn zldrei hermavinnn heima hja mer

Oooo

26, Hvernig likar bér 1 skolanum?

(Merktu adeins i EININ reif)
O Mjag vel
O Frekar vel
O Hvorki vel né illa
O Frekar illa
O Miag illa

Athugadu nn hvort pu hefur glevint noklkorum
spurningum &f svo er elda

pikkum vid pér karlega fyrir patttikuna

ﬁmwmmgm'mrm_bmu.mmm:mmirmmhnﬁaﬁ#hﬁaﬁm‘ﬂ-i‘u:mmﬁhmmgmjw 13
snutid par & Fisindasidangfndar, Fegmitla 3, 108 Reyigavit. Somi- 531-7100, floc 551-1444
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Appendix 3

Tanner scale for boys
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Hreyfing og heilsa islenskra
grunnskolabarna meo proskafravik

Ezru foreldrar/ forradamenn

Pegar bérn og unglingar ganga 1 gegmom kvnbroskann verda margvislegar brevimgar a likama
pewrra. Exft af bvi sem breviist verulega er hormonaseyh o hommonm hafs abnf 3 margvizlegar
mzhmgzar (5.5. blodfitu, msulin o f.) sem notadar em @il ad meta hellsfarsahettn barmarma. Pvi
parf 1 rannsoknum 3 ahettubatiom beilsu ad meta kynbroska bamanna sve hegt sé ad meta
bversu kynbroska bérmimn séu og ledretta firr sk kyvnbroskans 3 ahetiupeth heilsunmar. Sa
lesd sem 18 hafiom kosid ad fara ol meta kyonproskamn 1 bessan ranmsokn er ad nota swvokdlhd
Tamner shg. Him felst 1 pvi 28 bém og foreldrar meta 1 samemingn kyvnproskann med studmng
mynda. Pessi lead er farin vl him er odyr, emfald oz krefst ekla mukilla mogripa.

Amﬁﬁﬁrl.andj blad1 e § tertknadar myndir af kynfernm drengja a mismumandi broskastig og
5§ teiknadar myndir af harvexh a kynfenmum 3 mispumand: proskastiz. Vid viljom bedja vhkar 1
sanmvnon vid bamn vkkar ad mets annars vegar broska kynferanna oz hins vegar barvaxtarstzd
{proska harvaxtanns). Vinsamlegast dragid hring utan um pa toha sem best samsavarar
broskastig bams yhkar. Athuzid ad bab barf 28 zefa eina tohn fymr broska kynfera op afra tolu
fynr harvoxcimn. Athuzd einmg 28 tolumam fmr broska kynfera og harviet barf akki 28 bera
samman (b.e. misymmandi t6lur geta att vid hvorn 1id wm sig).

Pegar mating er lokid vihom vid badja ykkur um ad shnga bessu blad asamt spuwrmimgzalistammom 1
frimerkta umslazd fylgir og koma umslagiom 1 past. Efbid hafid embverjar spumingar, hilkad
ekl ad hafa samband wib Slgmbjumﬂmaﬁmgnmsunahj'rgﬁmmam rannsoknarinnar

{sammenmmthi 15, 525-5308) eda Inga Por Emarsson doktorsnema (s is, 535-5898).

Ef bl bl spurmingar wm rént binn sem harakomdi §viindarannsoin ada vilr hera bamidtn | rannsokninng genrw
i smadid b 4 Fisindazidangfndar, Fegmilla 3, 105 Reylgovik. Simi- 551-7100, floc 551-1444
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Kynferaproski Harvixtur i
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Bl Fefur spumiigar um A S sem dnmakennei § visineararedke eda viln heersr fdmiibu § rosed il geaar o sdid e o8 B ok doefdar, Fegaoiby
3, 108 Replavik, Sty 5517 1o, firx: 3510444
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Appendix 4

Tanner scale for girls
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Hreyfing og heilsa islenskra
grunnskolabarna meo proskafravik

E=ru foreldrar forradamenn

Pegar bom og unglingar ganga 1 gegmm kvonbroskann verda margvislegar brevimgar 3 likamnz
pewrra. Exft af pvi sem brevhist veruleza er hormonaszeyh of hormomm hafa abnf i margvizlegar
mehngar (5. blodfitn, menalin o.fl.) sem notadar em o1l ad meta hedlsfarsaheettn bamanna. Pv
parf 1 rannsoknum a shattupatiom beil=u ad meta kynbroska barmanna svo hegt 5é ad meta
bversu kynbroska bérmin séu og lerdreétta fyr almf kynbroskans a ahettubaeth heilsunnar. Sa
lead sem w18 hofum kosid 23 fara tl meta kynproskann 1 bessan rann=okn er ad nota svokolod
Tammer stg. Him felst 1 pvi ad birm og foreldrar meta 1 sameiningn kynbroskann med studmng
mvnda. Pessi lead er farin bl him er odyr, emnfald og krefst ekla mikalla mngripa.

Amﬁﬂlﬁrl.andl bladi eru 5 tetknzdar myndir af brjostum a mismumand) proskashig oz 5
teiknadar myndir af harvexh a kynfernm a mismunand proskastig. Vid viljom bidga vklar 1
sapvinnn vid bam vkkar 38 mefa annars vegar brozka brjostarma og hins vegar rvaxtarshiznd
{proska harvaxtanns). Vinsamlegast dramd hnng utan wm pa téh sem best samsavarar
broskastiz barns vikar. Athmzid ad bab parf 28 gefa eina toln fymr proska bijesta og afra tolu
fymr harviximn, Athugd einmg 28 el fmr broska brjosta og harvied barf ekki 23 bera
saman (b e, mistmmandi t5lur geta att vid o 1id wm sig).

Pegar matinn er lokid vihom w18 bidja vkkur um ad stinga pessu blad asamit spwrmimgzalistanom 1

frimerkta umslamd fvlgir og koma wmslagim i past. Efpid hafié embrerjar spumingar, hikad
ekla ad hafa samband w18 Slguﬂzjumﬂmaﬁmgnuﬁsunahﬁg&mmmmhumm

(samenmhi 15, 525-5308) eda Inga Por Emarsson doktorsnema (ssiigh.is. 525-5583).

Ef bt hefior spurmingar um rént pinn sem harntalandi | visindarannsolkn eda vilr heerta hamidiu | rannsekninng semr
i i par 8 Fisindasidamgfhder, Fegmiia 3, JO8 Reylgavi Simi: S51-7100, floc 551-1444
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Brjostaproski Harvoxtur
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