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Abstract

The data from this paper was gathered from a larger cross-sectional study examining children’s
physical activity participation in the Northwest and the Southwest of England. The purpose of this
study was to carry out a battery of health and fitness tests with children in both areas to examine
possible differences in various aspects of fitness or health by area. Heart rate recovery, flexibility,
body fat, hand grip strength, upper body strength, explosive strength and agility were all mea-
sured using youth fitness tests endorsed by EUROFIT and YMCA with 59 boys and 57 girls across
both areas. There were no statistically significant differences in both groups of children in hand
grip strength, flexibility and agility. Statistically significant differences were noted between both
groups of children in explosive strength, upper body strength and measured body fat percentage.
Overall the study showed mixed results that may indicate area of residence influences aspects of
fitness or activity. Further study is recommended to assess whether physical activity could play a
role in the associated fitness characteristics.
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1. Introduction

Fitnesgesting has been commonly used as an assessment of young pemgiesshfbth in schools and in public
health(Cale & Harris, 2009)The health related components of one’s fitness (caraBoular (CV), body cuo-
position, flexibility, muscle endurance, or strength) are tested because of their relatiealttddisease tu
comes in later liféCale & Harris, 2005)It could be argued that among other factors, a young person’s fitness
may determine how much physdlieativity (PA) they actually participate in. Howeythis is a contentious issue

at present; in adults this positive relationshipeUS Dept. Health and Human Services Physical Agtiand
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Health, 1996) In a pediatric populatn Cale & Harris (2005point out that circumstances such as biological,
maturity, hereditary amongst others contribute to fitness level. Some diffibelties of finding a relationship
between fitness and PA lie in the sporaditune of children’s physical activity behavig@ailey et al, 1995)
Nevertheless, a weak but positive association was found betweeresilderobic fithness and their PA levels
by Dercker et al.(2007)in their study of 248 children from 8 to y#&ars Although at present evidence seems
fragile that components of fitness or activity giot overweight in young peopl&auner, Mess& Wolf, 2013)
more data regarding the influencefitfiess on a healthy cardimscular disease (CVD) risk profile and future
health is emergingT{visk et al, 2002;Borehamet al, 2002;Janzet al, 2002;Bakeret al, 2007;0rtegaet al,
2008;Jagoet al, 2011;Walkeret al, 2013). Furthermore it has been noted that youth fitness trackdinte a
hoodEisenmann, Wickel, Welk & Blair (200@ndFroberg & Anderson(2005) and there is a strong evidence
base of fitness having“@rotective effectto health on overweight status in adusriow, Kohl, Gibbons&
Blair, 1995;Riddochet al., 2009;Thorp, Owen, Nuehua& Dunstan, 2011)Although many factors contribute
to a young person’s physical fithe§smreham & Riddoch (2001have concluded that probability suggetiat
the ultimate benefit to adult health would be tauguntee sufficient fitness and activity in youngmple.

There is evidence in the existing literature that would inipdyhealth and life expectancy differ according to
the geographical location in England one resi@@ack, Morris, Smith& Townsend, 1980Davey Smith, Bart
ley, & Blane, 1990 Davey Smith & Egger, 199®ffice for National Statistics, 20).3lt is also well document
ed that PA anditness in adults have a positive effect on health thereforeasirg life expectandyBlair & La-
Monte, 2005Duncanet al, 2005) While it has been noted that children’s fitness coulédédccording to ge
graphical area and is worthy of further investigatipollman, Norton, & Tucker2002) few data are available
that examine whether fitness levels differ by location in the UK in adulkthildren. Thus, the main aim of this
study was to explore whether children in tRerthwestof England (NW) displayed any different characteristics,
in the aspects of fitness tested, compared with children of the agengroup in thBouthwesbf England (SWY.

2. Methods
2.1. Participants

Four comprehensive secondary schools were matched according to chéicactbeicribed in the Office for
Standards in Education (Ofsted) reports tare in theNorthwestof England, two in th&outhwes{seeT able

1 andTable 2). The schools were selected on the basis of a close match in: examieatilts, percentage of
children on free school meals and percentage of children witfebpdacational needs (SEN).

2.2. Measures

The tests used were taken from theropean Fitness (EUROFIT) battery of fitadssts(Adam, Klissouras,

Table 1. Demographic characteristics of children in fitness test study by areay(arézables)

Area/Region
Characteristic Northwest (n=57) Southwest (= 59)
Absolute difference  Oddsratio (95% Cl) P-value
n % n %
Gender (male) 27 47.40% 32 54.20% —6.80% 1.3 (0.64 to 2.7) 0.46

Note: P-value from chi squared test

Table 2. Demographic characteristics of children in fitness test study by arein(emrg variables)

Area/Region
Characteristic Northwest (= 57) Southwest (¥ 57)
Un-adjusted mean differenc (95% ClI) P-value
n Mean SD n Mean SD
Mean age 57 11.6 0.5 57 11.7 0.5 -0.12 (-0.30t0-0.05) 0.17

Note: P-value from independeisample #est ~ of 59, two children failed to record their age
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Ravazzolo, Renson, & Tuxworth988)and the Young Men’s Christian Association (YMCA) yotitness tests
(Franks, 1989)An animated record sheet was provided for the children to record thegdiscores on and the
children were given a tutorial immediately prior to testing on how to recoidsttares. It was thought (insdi
cussions with PE teachers and the author) that this would give the childrenofma sense of involvement
solely in relation to recording their results. The fithess measuweshsen described more fullgoyle, 2009)
however a brief description follows:

Harvard step test: submaximal fithess test which predicts cardiascular fithess (endurance) from the rise
of heart rate during moderate exercise, rather than exercise to ex8rtioha, Health, & Grayhbiell943) Al-
though only a proxy measure ftaerobic fitnesy it has been reported to have a correlation to VO2 tds6of
to 0.8(Montoye, Willis, Cunningham, & Kellerl969) Participants stepped on and off a bench for five minutes
and then measured and recorded their beart rate at one mite intervals for three minutes after the exercise
(for 30 seconds, multiplied by 2 by the researcher on collection)thFee pulse readings were combined using
the following equation:

Heart rate group score 30000 pulse 1 pulse 2 py (@)

This gave a score which could be compared to a level from peacédent (1).

Sit and reach test: to measure flexibility in the lower bau hips. Participants sat on the floor with straight
legs, leant forward and the distance they could reachthmstoes in cm was recorded.

Skin fold thickness: to assess body fat. The thickness of skin in mm was takenHetpemden skin fold
caliper on the back of the upper arm (tricep) and back of the samewiglelég (calf).Slaugtier et al. (1988)
equation was used to determine body fat as follows;

boys, % body fat 0.735 triceps cqf )
girls, % body fat= 0.610 triceps cai * (3)

Hand grip strength: to measure overall strength. Paatitipwere asked wrip a hand dynamometer which
gave a measure of their strength in kg.

Modified pull-up: to measure upper body strength. Participants performed as maopgal possible on a
bar positioned on a special stand so that the’sHiet never left the flao

Standing broad jump: to measure explosive strength. Participants wedetagimp as great a distance as
they could (measured in cm) taking off from two feet and landinggvo feet.

Speed bounce test: to measure agility, muscular endurance and spee@dgs.tRalticipants jumped over a
small barrier as many times as possible in 15 seconds.

2.3. Procedures

The participating schools were part of a cresstional study examining PA, diet and quality of life (QOL)
(Boyle et al.,2010a) University of Sheffield research ethics committee approval was obtainec:fstuidly and
the Local Education Authority was consulted in order tio gatial contact with the state secondary schoels i
volved. Consuhtion with the head teachers thie secondary schools followed this. Initially the stuldyails
were circulated in a school newspaper, which every pageaived, at each school. After this process the whole
schools population were given an information letter to take home with antatipeto be returned by a parent
or guardian. The parents of year 7 children received a modified. [Ehis letter explained that their child, &s
lected on the day the fitness tests were taking placéd potentially (with their consent) particigatThe letter
gave the option for parents and children to opt out of the physical fitestss However, due to the ethics of
keeping the anonymity of the pupils, a limitation of the measured fitness teststher results could not be
linked to the selfeported PA from the main survey.

As the fitness testing involved seven tests and the children had a limited amannet within their Physical
education (PE) lesson, several qualified PE teachers helped withgtr@satiorand recording of test ressi
Before the testing took place the teachers involved were briefedio&s PE teachers are familiar with the
equipment that was used this briefing was straightforward. The ehiidvolved in the fithess tests were told of
their result at the conclusioof each test and supervised to record their result onprgpared result sheet. A
brief procedure of how children were managlenling the fitness testing has been provided elsewlizrge,
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2009)

The original study populatiom (= 2858) was drawn from four schools across year groudyages 11 15
years(Boyle et al, 2010b) From this population a random selection of year 7 pupils (aged 11 and 12 years)
(boys and girls) was taken within each schtoatomplete seven basic fithess tests. In total there @/ pupils
(n =27 boys, 30 girls) who were tested in the NW and 59 pupits32 boys, 27 girls) who were tested in the
SW (seeTable 1 andTable 2). Testing was arranged to coincide with a time in all four schools whan #@u-
pils were scheduled for a PE lesson. The sample was randomly chosgmtbeerchild on the boys’ register
and every other child on the girls’ register. These pupils completedribesf tests while the rest of their class
took part in their normal PE lesson. The same sampling procedure wastblidwll four schools involved. At
this stage the children selected were again given the option of withdraitia results of these meass were
compared crossectional within the NW and SW schools and also against results gained istatlies using
the same aged children and test measures.

2.4. Data Analyses

Statistical methods were usedaoalysethe fitness testing outcomes. Continuous fitness testitgpmes (skin
fold thickness, sit and reach score, hand grip strength, modifiedigmlistanding broad jump, speed bounce
hurdles) were compared between areas using a two independent dategiled 95% confidence interval for
the mean difference in outcomes between the areas was also calculatedpk tmétr regression model was
used to adjust the between area comparison of fithess testras, for the potential confounding factors of ag
and gender.

Binary fitness testing outcomes (optimal body fat for gend@ngislaughteret al, 1989 and above average
heart rate score) were compared between the areas with a chi squared tesls Aatiocd associated 95%
confidence interval for the contrast between areas was also calculatadtiflerogistic regression model was
used to adjust the between area comparison of the binary fitness test outcortes pfiiential confounding
factors of age and gender.

3. Results

The demographic characteristics tablésije 1 and Table 2) showed just over half the participants in the SW
were boys (54.2%) and just under half (47.4%) in the NW wers.Adye mean age of the participants was 11.6
years and 11.7 years (SD 0.5) in the NW and SW, respectively. There wégeificasit differences in theer
spondents for each area by age or gender.

Table 3 shows there were no statistically significant diffeenbetweerhe two groups of children in the sit
and reach test, the hand grip strength test and the speed bounce htrdldeesa multiple linear regression
model was applied, to adjust the comparison between the groups for age andtgerelevas also no sigiif
cant difference between the children in the NW and those in the SW. The mesnisdbie sum of skin fold
measured, number of modified pulbs and length of standing broad jump all showed significant differences
between the NW children and the SW, wtitle NW group reporting a better standing broad jump score-jum
ing a mean of 0.8 further (95% CI 0.2 to 0.8 <0.0001). The SW group reported a greater number of-mod
fied pullups, a mean of 1.01 modified pulbs more (95% C+1.3 t0—0.57;P <0.0001) and a lower body fat,
a mean of 5.Inm less the NW children (95% CI 2.7 to 7.4). These differences remaieeaddjfisting for c-
variates.

Table 4 showsthe proprtion of boys and girls with an optimal body fat scéte.optimal body fat by sum of

tricep and calf skin fold for boys of this age would be- 26 mm and girls 1730 mm(Slaughter et al 1988)
In the NW 49.1% had an optimal body fat score compared with 75.4% in the Sywjfecant difference of
—26.3% with an OR of 0.3 (95% CI 0.1 to OF7= 0.004). When a multiple logistic regression was appkbdd,
justing analysis for area (NW/SW), age ayghder, area (SW) was found to have a significant positiviéorela
ship on proportion of children with an optimal body fat; OR 0.3 (€9%.1 to 0.7 = 0.004).

The proportion of pupils who achieved above an average heart rate groupvas@@é.7% intte NW can-
pared with 91.5% in the SW, a neaignificant difference (seéable 4). When a multiple logistic regression was
applied, adjusting analysis for area (NW/SW), age and gender no signittatignship was found on therpe
centa@ of pupils who achieved at least above average heart rategpangpand area (séeble 4).

The results of the eight outcomes of fithess testing caedr inTable 3 and Table 4.
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Table 3. Main outcomes of Southwest and Northwest fitness testing (continuous data)

Area/Region
Characteristic Northwest (r=1219) Southwest (= 650) - o
d.ﬁ""ea” (95% Cl)  P-value d.ﬁMea” (95% Cl)  P-value
n Mean SD n Mean SpD diference ifference

Skin fold sum mm (sum
of calf and tricep)

57 278 6.2 57 227 6.2 5.2 (29t07.5) <0.0001 5.1 (2.7t0 7.4) <0.0001
Sitand reach test(cm) 57 374 6.6 58 381 6.6 072 (32tol7) 0.56 -0.79 (-3.3to-1.7) 0.53
Hand grip strength (kg) 57 181 4.7 59 16,5 5.1 1.6 (-0.22t0 3.4) 0.09 1.6 (0.18t03.4) 0.08

Modified pull-up (hnumbe

completed without rest 57 12 094 59 217 12 -101 (-1410-0.6) <0.0001 -0.94 (-1310-057) <0.0001

Standing broad jump (m) 57 14 026 59 1.1 0.26 0.3 (0.2t00.4) <0.0001 0.3 (0.2t00.4) <0.0001
Speed bounce hurdle

(number completed in 57 277 58 59 26 4.8 1.07 (-0.9t03.05) 0.29 15 (-0.38t03.5) 0.11
15 seconds)

Note “Un-adjusted simple analysistest);Adjusted analysis for age, gender, area (NW/SW)

Table 4. Main outcomes of Southwest and Northwiisiess test (binary data)

Area/Region
Characteristic Northwest (r=1219) Southwest (= 650) Oddsratio Adjusted
Difference 7 P-value difference (95% CIl) P-value
0 o (95% ClI) (
n % n % odds atio
Heartrate group SCOre 5oy 877006  54/50  91.50% -3.80% 0.7(0.2t02.2) 0.5 06 (02102.2) 0.46

(achieving above average)

“Boy or girl optiaml body
fat (skin fold, boys 1125 28/57  49.10% 43/57 75.40% -26.30% 0.3(0.1t00.7) 0.004 0.3 (0.1t0 0.7) 0.004
mm, girls 17- 30 mm)

. .
G'”?l‘;p_“gg)arifr’]%dy fat 17530  56.70% 23/26 88.50% -31.80% 0.2 (0.04100.69) 0.009 0.2  (0.04t00.7) 0.017
“Boys optimal body fat

(11- 25 mm body fat) 11 out of 27 40.70% 20/31  64.50% -23.80% 0.4 (0.1to1.1) 0.07 0.4 (0.1to1.1) 0.08

Note: Simple analysis (chi squaredpdjusted analysis for age, genpiékdjusted for age only in regression madel

4. Discussion

The main findings of this study indicate significantly mohddren in the SW had optimal body fat than children
in the NW. The NW children had a significantly longer standing broad jumpthie&aSW. However, the SW
children demonstrated greater upper body strength in the mogifledp test than the NW children. The fin
ings of the study also show no relationship between area in which theeoHildy and tests for heart rae r
covery, hand grip strength, flexibility (lower back and hamstjiags speed and agility.

The difference irbody fat, standing broad jump and modiffadl-up scores between these NW and SW-chi
dren provides perhaps some initial evidence of differences in dimensions s fitnehildren in different areas
of England.

The difference in body fat was attainedrfr a two site skin fold measure. $stacknowledged that the nsea
urement of skin fold at only two sites is much less accurate than a fivefoldilméesilina, Bouchard, &
Bar-Or, 2004)and this must be considered as a limitatidowever, the results of the skin fold test showed the
children in the NW had significantly more body fat than thosthé SW by a mean of 5.1 mm (Sesble 3). As
girls would be expected to have a higher body fat percentagedgagvnlinaet al, 2004) thenumber of boys
or girls tested in each area could have accounted for this; however, the loixsodind girls in each area were
not significantly different. Gender examined separatetychildren in the optimabody fat category, revealed
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that significantly more girls in the SW achieved -130 mm body fat than those in the NW. In the SW there
were also more boys with an optimal bddy score (11- 25 mm) 64.5% compared to the NW’s 40.7%, a
though this was nasignificant, a trend towards significance could be seenTse& 4). As a whole group
75.4% of children in the SW had optimal body fat scores compared to 49.1%Nk\h&he score for the NW
children reflects the body fat resultsthre Sportslinx (2003study. This Liverpool based study used a similar
skin fold test, in the same age group of childrer 8500) across Liverpool and found less than half of girls and
boys were in the optimal body fat categ¢Bportslinx, 2003)This suggests that a child from the NW area has
less chance of having an optimal body fat. The reasons for this can spedtidated on as the fitness data in
the present study cannot be linked to the questionsaineey data on physical activity gathered in the same
schools inBoyle et al.(2010a)due to ethical and anonymity concerns.

Although there is no direct evidence, it could be hypothesized that the chitithehigher body fat in the
NW are less fit or participate in less activity than the#t@ lower body fat in the SW. Research suggests that
less activity is linked to more incidence of oveigte; and children with less fat are likely to lieefr (Boreham
& Riddoch, 2001;Twisk 2001;Dumith et al, 2010;GonzalezSuarez & GrimmeSomers2011) Furthermore,
Tremblay and Willms (2003Canadian study of 711 yeas old found those indulging in sedentasghaviours
(TV watching, computer use) were linked to being overweight and anothestsugtiParson, Power & Manor
(2005) supports the notion that in adolescents less time watchinggliated to Igs frequency of being oxe
weight. Interestingly survey data ipyle et al.(2010b)did show children in the NW indulged in more sede
tary behaviourthan the SW, perhaps reflecting the higher fatness also fouhd NW children. Howver, once
more these fitness results cannot be directly tintketheBoyle et al.(2010a)survey outcomes.

In the modifiedpull-up test (an upper body strength test), the SW children aldeeto complete almost one
extrapull-up (0.94) a significant difference compared to the NW. Overall althcuglsW children are deme
strably stronger than the NW, compared to standard reference tableser Institute for Aerobic Research,
2010)and the LiverpooEportslinx (2003study, the mean scores look low. The American standards $aetti
are 5 pulups for boys and 4 for girls at this ag&ooper Institute for Aerobic Research, 2Q1Although a @
rect comparisorio an American population would be inappropriate, boys in the Liverppottslinx (2003)
study were all achieving the standard, and the girls yusteshort of completing gull-ups (Sportslinx, 2003)

As data inthis study has not been collected on type of physicatigctindertaken (either habitually or during
structured PE lessons) by the participants it would gexidating to associate these performances to their
method of activity. Nevertheless, preadolesdmoys and girls in other studies have been shown to have-signif
cant increases in local muscle endurance and tpmbr strength dependent on training method employed
(Faigenbaurret al, 2001) This result and the hand grip strengéisult, which showed over8% difference
compared with European childrémiam et al.(1988)could suggest children in both areas of England were not
meeting the Department of Health recommendation ofggzating in strength or load bearing activities at least
twice per weeKDH, 2011) In terms of skeletal health more imetadolescents have been shown to have denser
bones than less actiyBailey & Martin, 1994) Arguably this could have adverse implications for this sawiple
pupils’ future health in avoiding osteoporosis which, amongst other $adtoinfluenced by an individual's
peak bone mass accrued during late adolesg¢&adies & Owen, 1999)

The length of standing broad jump achieved gives a marker of explosive stratigtugh the SW had
scored higher in other bodyrength tests the NW proved to have significantly longer jumps, 1dnmpared
with the SW’s 1.1 m. This result compared to the other tests of strength couldrghchildren in the NW take
part in more activities that require explosive strengtpatentially warmup activities in PE or PA they unde
take.Faigenbaunet al.(2005)study showed jumping performance [vertical and long] in boys aged 1hetecli
dependent on warup methods used. Conversely the present result could possibly be anyartdonatver,
based on the European standards the NW and SW scores are lower than the shudigelsiime recent meta
analysis(Tomkinson, Olds& Borms, 2007)

The study has several limitations. It shoulddo&nowledged that fitness testing with children does litave
limits and the assumption that those who score highly on fitness tests arphmysically active is an incorrect
one as a host of other factors (including hereditary and biological) accoumd® fitnessCale & Harris,
2005) IndeedCale& Harris (2005)argue it is contentious whether fitness tests even provide a measure of chi
dren’s fithess. This considered, past reviews fEamuet, van Praagh Berthoin (2003)andJanser& LeBlanc
(2010) have used fithness as a proxy measure for recent physical activitigaditoin. For the purposes of this
study the tests were used as a crude measure of asp#wscbildren’s physical attributes bee compared to
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the other schools involved, as this was the case any differeimoekl be viewed with caution. All children were
tested under the same conditions using the same procedures and testingragthgnefoe a fair test between
the two regions was as far as possible assured. All the children involvedtesthevere randomly selected,
without bias, off registers and are representative of pupils ittasibomprehensive secondary schools igEn
land. However, the study took place in four schools in two regions and is noti@mraample of pupils or
schools. Therefore results must be interpreted cautiouslyaammbicbe wholly representative of other schools in
the NW and SW or even England.

Age and gendeof the children were not significantly different. At this age (boys = Y&ads, girls = 11.6
yeass) both girls and boys would be at different stages of maturitis t8ind to mature earlier, and stop growing
earlier; having their adolescent growth s@pproximaely 12 years old (early maturing girls may have had it by
this age) compared to boys who have it around 14 year$/elcha et al, 2004) Strength, motor performance
and other physical tests would be influenced by body composition and phyigigjuea et al, 2004) From the
test measures used there is no way of knowimg physically mature the children taking partreyeor if there
was a mix of more physically mature children in one area compared to arthez boys and girls go on
growing into their early twenties and motivation, habitual physical activity, @mvient, or attitude could all
add to the resulting p@rmance(Malina et al, 2004) Nevertheless, the maturity of the participants’ coutd a
guably have had some implication on the test results. The only demogrdphiaaition collected from the
children was their gender and age. Hfiere, the influence of socioeconomic status or ethniwhjich both
have an effect on activity, if not fitness could not be taken into account imahssia(Khunti et al, 2007;Van
Sluijs, McMinn, & Griffin, 2007. Comparison ofhese fitness test study results to other research in the UK or
across Europe should be viewed with caution; although the same testssegri@ other research studied; di
ferences in measuring equipment and environment or conditions of tests may kg éxieed the results of
some of the test measures may have been influenced by lack of/motofatienpupils on thelay of the tests.
Slight human errors could have been recorded in the measurements of eacfitudésbdests, as some of the
testswere supervised and recorded by the experienced PE teaclileesday of the tests.

5. Conclusion

In this sample children in the SW of England had less body fat percentagbcaved sgreater upper body
strength than children in the NW, while children in the NW demonstratetegelosive strength than those
in the SW. Overall the results of thesetsewere somewhat mixed. However, if we are to assume that fitness
levels could be a factor to account for the inequalities in health in diffareas of the country (Black et,al.
1980; Davey Smithet al, 1990;Davey Smith & Egger, 1993)NS, 2013 the varidion found in these fitness
test markers could indicate a difference on a broader scale. Altheaghdary school national curricular PE is
compulsory across the country there caulifferences in sprts or activities employed in its delivery per sch
There may even be the possibility of variations in habiplysical activity or théavouredgames and physical
activitiespractisedby children in different area. These tentative results could be an indicaticarehaof reis
dence should be accounted for when implementing physical activity intemw&n#urther investigation is
needed to examine potential differences in fitness test data and th@nstlg to other importanattors (le-
reditary, physical activity level, socieconomic status, ethnicity and motivation, for example) across seseral r
gions in England.
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