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Abstract

Background: Previous research into the association between aerobic fithess and physical
activity in children is equivocal. However, previous research has always assumed that such
an association was linear. This study sought to characterize the dose-response association
between physical activity and aerobic fithness and to assess whether this association is linear

or curvilinear and varies by sex, age and weight status.

Methods: Physical activity (assess using the Physical Activity Questionnaire), aerobic
fitness (20 m shuttle-run), BMI, screen-time and socio-demographic data were collected at
ages 12, 14 and 16-years in (n=1422) volunteers from 9 English schools. Multilevel-

regression modelling was used to analyse the longitudinal data.

Results: The analysis identified a significant inverted ‘u-shaped’ association between
VOzmax and PAQ. This relationship remained havingcontrolling for the influences ofsex, age
and weight status. Daily screen time >4 hours and deprivation was also associated with

being less fit (P<0.01).

Conclusions: This longitudinal study suggests that the dose-response relationship between
PA and aerobic fitness in children is curvilinear. The health benefits of PA are greater in less
active children and that sedentary and less active children should be encouraged to engage

in PA rather than more active children to increase existing levels of PA.



Introduction

Cross-sectional studies in adults show physical activity (PA) and aerobic fithess share a
positive, dose-responserelationship (1,2).When adjusted for anthropometric and
sociodemographic factors, PA explainsas much as 20% of the variance in aerobic fithess
(3).Studies in youthare less consistent (4)showing only low-to-moderate associations (r=.10-
.45) between PA and fitness (5)Weight status explains a significant proportion of the
variance in fitness (1,6); moderating and mediating its association with PA (4,7,8).Onecross-
sectional study by Nevill et al (9)has recently reported the association between children’s PA
and aerobic fitness. Nevill et al (9)found the association of PA with fithess to be
curvilinear(inverted u-shaped) withgreater/steeperincrements in fitnessper unit difference in

activity at lowerPA levels with the authors suggesting a dose-response relationship.

However, it could be argued that a true dose-response relationship can only be
determined using a longitudinal approachwith repeated assessments. Studies of this nature
are rare although,in the Amsterdam Growth and Health Study a 30% increase in PA over a
15-year period was associated with a 2-5% increase in VOgpeak (10). The authors of the
Amsterdam Growth and Health Study concluded, ‘no clear relation can be proved between
PA and VOgpeax in free living males and females’ (10). Likewise, in a longitudinal study of
over 200 children Armstrong et al. (11)used multilevel modelling to examine change in PA,
from the ages of 11-13 years. When adjusted for age, gender and maturitythere was no
evidence for an association with fitness (11). Other research using multilevel modelling of
longitudinal pooled data (12) confirmed the findings of cross-sectional studies showing
effects of body size and body composition on VO2geak but found no association withPA (12).
However, the lack of evidence that a dose-response association exists between aerobic
fitness and PA in previous studies (10,11,12) may well be due to the authors not allowing for
the strong possibility that the association between aerobic fitness and PA is curvilinear rather
than linear (see 9).The extant literature in regard to dose-response relationships between PA

and aerobic fitness in children remains equivocal but it is important to also note that



fewstudies examining the association between PA and aerobic fithess consider other
important confounders; in particular deprivation and correlates of low PA in childhood such
as screen-time (13). Deprivation in particular is a key confounder as more deprived children

in the UK are likely to have lower levels of aerobic fitness (14) and PA (15,16).

This study sought to address this gap in the literature by exploring the dose-response
rate (i.e., associations) between fitness and PA to be curvilinear rather than linear using a
longitudinal study design and accounting for known confounders (age, sex, and weight

status) as well as other possible influences such as deprivation and screen time.

Methods

Participants

We drew data from the East of England Healthy Hearts (EOEHHS) study, a large (n=8800)
school-based health and fithess survey of 11-16 year-olds (overall consent: 96%). The
longitudinal arm of the EOEHHS comprised a subsample of students from n=9 public schools
all of whom were in grade 7 at baseline (summer months of 2007; n=1503, 46% female).
Parents gave written informed consent prior to data collection. Trained researchers
conducted all measurements during regularly scheduled physical education classes. We
replicated two season-matched follow up assessments in grade 9 and grade 11. The present
longitudinal analysis includes n=1422 participants who had complete data for cardio-
respiratory fitness, self-reported physical activity and screen time at all time points after

wave 1.

***Table 1 here***

Measures of Weight Status



Body mass and stature were measured (to the nearest 0.1 kg and 0.1 cm, respectively) with
light clothing (T-shirts and shorts) and without shoes. Body mass index (BMI) of each
participant was calculated in kilograms per square metre. BMI was categorized as
underweight, normal weight, overweight and obese according to the International Obesity

Task Force (IOTF) criteria (17).

Measures of Physical Activity

Each participant completed the Physical Activity Questionnaire (PAQ)(18)a self-administered
seven day recall instrument comprising 9-items scored on a 5 point Likert scale (1-5. A
sample item: ‘In the last 7 days, what did you do most of the time at break?’ the full scale is
freely available as is the scoring method (18). PAQ were anglicized (e.g., recess became

break; soccer became football) as described previously (19).

Measures of Deprivation

An area-level measure of deprivation was employed for each participant using their
individual home postcode. The English Index of Multiple Deprivation 2007 is measured
based on the small-area geographical units known as lower super output areas (LSOAS);
each LSOA containing 1,000-3,000 inhabitants (20). There are 32,482 LSOAs in England
and these are ranked from 1, the most deprived to 32,482, the least deprived based on
multicomponent score ranging from 0.4 (least deprived) to 85.5 (most deprived). A lower
score indicates low area-level deprivation, with a high score indicating higher deprivation.
Within the present data, this resulted in 32,394 IMD units/ranks ranging from low (very

deprived) to high (less deprived).

Screen time



Self-reported daily screen-time was assessedby asking: ‘How much time do you spend on
average each day watching television, watching DVDs or videos, using a computer or games
console’. Participants chose one of six responses: none, 0-30 min, 30—-60 min, 1-2 hours,
2-4 hours and >4 hours. Responses were then collapsed to create groups based on
international recommendations(21) which represented low (<2 hours), high (2-4 hours), and

very high (>4 hours), screen-time.

Estimation of Aerobic Fitness

Fitness was assessed using the 20m shuttle-run test (20mSRT), an incremental running test
to maximal exertion (22). Testing was carried out by researchers accompanied by school
physical education staff. Testing was conducted in groups of up to 30 with a ratio of five
participants to one researcher. All participants had undertaken the 20mSRT before as part of
their school physical education. Recorded instructions on the informed participants to “run
for as long as possible” and a researcher at the beginning of each test reiterated this.
Researchers acted as “spotters” during the test and recorded the participants’ final shuttle
count at either the point of volitional exhaustion, or when they failed to maintain the given
pace for the second time. Running speedat final completed level wasused to

predictVOzpea(Ml-kg-mint) using the equation of Leger et al (22).

Statistical Methods

Descriptive statistics including the number of children (N) plus mean and standard
deviations (SD) of age, height, weight cardiorespiratory fitness (mlkgt.min) and PAQ
scores by sex, visit occasions (wave) and year group are given in Table 1.To determine
whether analyses required adjustment for possible school-level clustering, an unconditional
multilevel model with school as a Level-3 predictor was fitted. As Level 3 (between-school)

variances for latent intercept and slope were non-significant subsequent models were not



adjusted by school.An appropriate way of analysing longitudinal (repeated-measures) data
can be multilevel modelling approach, using the program Multilevel Models Project MLwiN
(23). Multilevel modelling is an extension of ordinary multiple regression where the data
have a hierarchical or clustered structure. A hierarchy consist of units or measurements
grouped at different levels. One example is repeated measure data where individuals are
measured on more than one occasion. Here, the children, assumed to be a random sample,
represent the Level 2 units andtheir repeated measurements recorded at each visit

occasions were consideredLevel 1 units.

In the present study, multilevel regression analyses were performed using the MLwiN
software to identify those factors associated with the development of VOgzpeak, having
adjusting for differences in physical activity and age. The two levels of hierarchical or nested
observational units were the visit occasions at level 1 (within-individuals), and the sample of

children (between-individuals) at level 2. The model adopted is shown in Equation 1.
VOZpeak (ml'kg_l'min_l) =at b -PAQ+c- PAQ2 +d- age + &jj (Eq 1)

All parameters were fixed with the exception of the ‘constant’ parameter ‘a;’ that was allowed to
vary randomly from child to child (level 2), and &j, that was assumed to have a constant error
variance between visit occasions (level 1). The subscripts i and j are used to indicate random

variation at levels 2 and 1 respectively.

Potentialpredictors (sex, weight status and screen time)were incorporated into the
analysis by introducing them as indicator variables. Sex was introduced as a (boys=0,
girls=1) indicator variable, since, by doing so, the boys’ constant term would be incorporated
within a baseline parameter a;, from which the girls’ constant term would deviate. Similarly,
the weight statusgroup of “obese”was used as the baseline parameter (the constant ‘ai’) from
which other weight status groups (underweight, normal and overweight) were compared, i.e.
allowed to deviate from the constant baseline ‘ai'. To allow the rate (slope) of fitness to vary

with PA(either PAQ, PAQ?), age-by-groups(sex and weight status), the product between



age, PAQ and PAQ?and the group indicator variable was included in the analysis as

interaction terms.

Model 1 (Eqg. 1) is the simplest model fitted that introduced sex as the sole categorical
predictor together with sex-by-PAQ and sex-by-age interactions. Model 2 incorporated
weight status and screen time as a further categorical variablesplus the Index of Multiple

Deprivation (recorded as ranks) as a further continuous covariate.

In order to provide a measure of goodness-of-fit “deviance” (-2 Log Likelihood) or more
specifically the change in deviancewas employed. The deviance statistic is a generalization
of the sum of squares of residualsused in ordinary least squaresbut where model-fitting is
achieved by maximum likelihood. It plays an important role in assessing the quality of fit in
generalized linear models especially multilevel analyses. The difference between the
deviances for competing models follows an approximate y? distribution with k-degrees of

freedom (24)

Results

The multilevel-regression analysis of aerobic fitness (VOgzpeain ml-kgl-:min'))
incorporating terms fromthe simplest Model 1(Eq. 1) revealed estimated parameters given in
Table 2a. Theanalysis identified a significant quadratic polynomial association
betweenfitness andPA whereby the linear PAQ term was steeper for boys (b=3.83) than girls
(= 3.83-1.01=2.82) but the quadratic PAQ? term (c) was found to be common for both sexes,
see Table 2a (Model 1). The PAQ values at which VOzeapeaks can be estimated using
differential calculus, estimated for boys as 5.8 and for girls as 4.3. Figures 1 illustrates the

nature of the curvilinear associations between VOzpeakand PAQ for boys and girls.


https://en.wikipedia.org/wiki/Errors_and_residuals_in_statistics
https://en.wikipedia.org/wiki/Ordinary_least_squares
https://en.wikipedia.org/wiki/Maximum_likelihood
https://en.wikipedia.org/wiki/Generalized_linear_model
https://en.wikipedia.org/wiki/Chi-squared_distribution
https://en.wikipedia.org/wiki/Chi-squared_distribution

The regression analysisalso revealed significant declines in fithess with age in both
boys (d=-0.20) and girls, but with the age decline in girls being significantly steeper (d=-0.20-

0.61=-0.81) (see Model 1).

***Table 2 Here***

*** Figure 1. Here ***

The multilevel-regression analysis of VOgzpea(mMl-kg:min't) incorporating terms in
model 2 revealed the estimated parameters as reported in Table 2b. LikeModel 1, the more
complexModel 2 alsorevealed a quadratic polynomial association between aerobicfitness
and PA (both linear PAQ and PAQ? terms, P<0.001). The slope of the decline in fitness with

age, which varied for boys and girls, also remained as in model 1.

Model 2 identified differences in fitnessby weight status. Comparedwith obese
participants, those who were underweight,normal weight and overweightwere all fitter:3.0,

2.9and 1.3 ml-kg*-min-irespectively.

Model 2 also indicates that youth reporting >4 hours daily screen time were less fit (-
1.17ml-kg*-min-t)than children who <2 hours per day. Note that children who spent between
2-4 hours screen time were marginally fitter than the baseline group who spent less than 2

hours on screen time per day.

Finally, deprivation was also found to be significantly associated with VO,max having
controlled for differences in PA, sex and age. The rate of increase in
VO;maxfitnesswaspredicted to be 0.8 (ml-kg**min-t) per 10,000 IMD ranks(P<0.001) (rank 1

being most deprived area and rank 32,844 being the least deprived area).
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From Model 1 to 2, i.e., with increasing model complexity, the change in deviance (-2
Log Likelihood) went from 25445.4 (df=7) to 24717.7 (df=13). This change in deviance was

727.6 with df=6 (P<0.001).

Discussion

This is the first longitudinal study in English schoolchildren to identify the dose-
response relationshipbetweenaerobic fitness and PA to be curvilinear rather than linear
whilst at the same time, allowingfor potential confounding effects of weight status,
deprivation andscreen-time. No prior longitudinal study has allowed for the possibility that
the dose-response relationship is curvilinear, potentially explaining the lack of association in
some of the earlier studies examining this topic (10,11). The current study therefore presents

new knowledgeon the nature of the dose-response between aerobic fithess and PA in youth.

Only two cross-sectional studies and two longitudinal studies, reviewed by Rauner et
al (4). assessed the interactions among physical activity, fithess and weight status (25,26).
Like the present study both used the 20mSRT to provide estimates of aerobic fithess and
both used BMI to categorize weight status. The authors of these studies chose weight status
as the outcome measure in their analyses with fitness and PAused as predictorsof change in

BMI or weight status at follow-up.

The findings of the present studyalign withrecent cross-sectionalfindings in British
children (27). However, the approach employed in the current study, which is based on
longitudinal data, provides a more robust assessment as compared to studies using cross
sectional designs (25,26,27). Longitudinally assessment of children across three different
occasions (repeated measures) showed thatincreases in PA resulted in a positive dose-
response associationwith aerobic fithess.In agreement with recent cross-sectional findings
(9)the association of PA with fitness in the current studywas curvilinear rather than linearin
both boys and girls, see Table 2 (Model 1) and Figure 1.The nature of these curves suggest

that initially (for low levels of PA) these dose-response rates or slopes were steeper for
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boys(8=3.8)*compared with girls (8=2.8) and that the curves peaked at PAQ score means of
5.8 for boys and 4.3 for girls when no further benefit in VOgpeawith increasing PAis

anticipated/predicted.(*ml-kg*-min-tper unit of PAQ)

The fact that the boys’ slope parameter (B) is steeper than the girls’ (for the same level
of PA),can be explained simply by the fact that boys report more games activities (football,
rugby etc.) thought to be more “vigorous” PA when completing their PAQ questionnaire. In
contrast, girls report more activities such as walking and horse riding (thought to be more
moderate PA), but when the total PAQ score is summed, these activities are given equal

weights.

Fitness declined with age at an annual rate 8=0.20 ml-kg*-min-tin boys and 8=-0.81 (-
.20-0.61=-0.81)in girls. Incorporating additional factors such as introducing weight status as
a categorical variable(Model 2) revealed better fitness in underweight,(+3.0 ml-kg
L-min),normal-weight (+2.9 ml-kg*-min) and overweight (+1.3 ml-kg-*-min) groups compared
withthe reference group ofobese children (all P<0.001). However, the effects (and their
estimated parameters) associated with sex, age and PA remained almost unchanged in the

revised Model 2.

Even after adjusting for sex, age, weight status and PA, children reporting>4 hours
daily screen time were -1.17(95ClI; -0.71 to -1.63 ml-kg*-min-t)lower thanthose reporting<2
hours per day. Screen time is a known correlate of children’s health generally and PA (7,24).
Systematic review evidence shows significant, but weak, inverse associations between
children’s daily screen time and aerobic fitness (14).The screen-time findings presented here
agree with cross-sectional research in English youth which found that ownership and access

to electronic devices to benegatively associated with aerobic fitness (27).

Deprivationwas a predictor of aerobic fitnessindependent of sex, age, PA and weight
status. The rate of increase in VOgzpeakper 10,000 ranks of IMD was estimated as 0.8 (ml-kg

L-min). England comprised 32,000 lower super output areas (28);10,000 ranks represents
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approximatelya third of the variance for deprivation. Consequently, Model 2predicts that
fitness of youth from the most deprived areas of England was 2.4 ml-kg*-min-tlower than
thoseliving in the least deprived areas. Such a finding is not unexpected as low aerobic
fithess is more prevalent in youth from moredeprived areas (14,29); who tend to be less
physically active (30). Deprived children are also less likely at access facilities and sports
clubs for PA, a recognized barrier to physical activity for deprived youthand a predictor of low

fitness (14).

The Muscatine (31) and Amsterdam (10)longitudinal studies and pooled data from
the UK (6, 12) have previously reported associations between indices of aerobic fithess and
PA. However, the longitudinal design, repeated measurement points in a sample of this size
(n=1422) is astrength of the present study. To our knowledgeonly He et al (26). have
reportedlongitudinaldata of a comparable sample size (n=1795).Similarly, few studies
previously conducted that have examined the relationships between PA and aerobic fitness
variables have also considered key confounders of weight status, deprivation and screen
time, as is the case in the current study. The current study is also the first to present a true
examination of the dose-response between PA and aerobic fitness in children by virtue of
tracking data at three time points.

There are some limitations of the present study. The 20m shuttle-run test is widely
used estimate of aerobic fitness in pediatric populations. However, test familiarization and
day-to-day performance variation may influence results particularly when repeated
measurements are made. The use of the Leger prediction (22) is also a limitation. Leger’s
equation is valid it may underestimateVOazpeak, and while this is a criticism leveled at other
similar prediction equations (32) this should be considered by researchers in future studies.
Likewise, age is a component within the Leger equation and was also considered in the
multilevel models used in the current study it is possible this could increase collinearity in the

data. In addition, during the 20m shuttle-run test motivation to perform and understating of



13

instruction might also differ because of age and maturity level, meaning aerobic fithess may

be underestimated (33).

PA wasself-reported and while the PAQ has acceptable convergent validity recall
error and biasareboth likely (18). The PAQ, is one of the most reliable and valid tools used to
assess PA in youth, however, the same review (4,34)also noted that children’s self-report of
activity does not provide the fidelity of PA measurement that objective methods, such as
accelerometry, may provide (34). The limitations are however consistent with other large-
scale epidemiological studies which necessitate such approaches. Direct measurement of
VO,max was not possible in the current study due to the time and labour intensive nature of
such assessment techniques in large numbers of participants. This is also the case for using
objective measures such as accelerometry to capture PA

In summary, the results of thislongitudinal study suggest the dose response between
aerobic fitness and PA in children aged 10-15 years is curvilinear rather than linear. The
nature of the dose response curve depends on a number of factors including sex and activity
level.In the current study the association betweenaerobic fitnessand PAis greater/steeper in
magnitude when children are less active demonstrating that the benefit of increasing PA on
aerobic fitness is greater in low active children, compared to high active children. The
steeper dose-response rate or slope found with boys compared with girls can be explained
by the fact that boys report more vigorous PA such as games. Girls, on the other hand,
report more moderate PA such as walking and horse riding, but allsuch activities are given

eqgual weight when summed in the final PAQ score.

Competing interests:The authors declare that they have no competing interests.

References



14

Wientzek A, Tormo Diaz MJ, Castano JM, Amiano P, Arriola L, Overvad K, et al.
Cross-sectional associations of objectively measured physical activity,
cardiorespiratory fithess and anthropometry in European adults. Obesity (Silver
Spring). 2014;22(5):E127-34.

de Carvalho Souza Vieira M, Boing L, Leitao AE, Vieira G, Coutinho de Azevedo
Guimaraes A. Effect of physical exercise on the cardiorespiratory fitness of men-A
systematic review and meta-analysis. Maturitas. 2018;115:23-30.

Ceaser TG, Fitzhugh EC, Thompson DL, Bassett DR, Jr. Association of physical
activity, fitness, and race: NHANES 1999-2004. Medicine and Science in Sports and
Exercise. 2013;45(2):286-93.

Rauner A, Mess F, Woll A. The relationship between physical activity, physical
fitness and overweight in adolescents: a systematic review of studies published in or
after 2000. BMC Pediatrics. 2013;13.

Dencker M, Andersen LB. Accelerometer-measured daily physical activity related to
aerobic fitness in children and adolescents. Journal of Sports Science.
2011;29(9):887-95.

Armstrong N, Welsman J. Sex-Specific Longitudinal Modeling of Youth Peak Oxygen
Uptake. Pediatric Exercise Science. 2019;31(2):204-12.

Gutin B, Yin Z, Humphries MC, Barbeau P. Relations of moderate and vigorous
physical activity to fitness and fatness in adolescents. American Journal of Clinical
Nutrition. 2005;81(4):746-50.

Dencker M, Bugge A, Hermansen B, Andersen LB. Objectively measured daily
physical activity related to aerobic fithess in young children. Journal of Sports
Science. 2010;28(2):139-45.

9. Nevill A, Duncan M, Sandercock G. Modeling the dose-response rate &
associations between VO2max and self-reported physical activity questionnaire in
children and adolescents. Journal of Sport and Health Science. 2019;

https://doi.org/10.1016/}.jshs.2019.05.001



https://doi.org/10.1016/j.jshs.2019.05.001

10.

11.

12.

13.

14.

15.

16.

17.

15

Twisk JWR, Kemper HCG, van Mechelen W. The relationship between physical
fitness and physical activity during adolescence and cardiovascular disease risk
factors at adult age. The Amsterdam Growth and Health Longitudinal Study.
International Journal of Sports Medicine. 2002;23:58-S14.

Armstrong N, Welsman JR, Kirby BJ. Longitudinal changes in 11-13-year-olds'
physical activity. Acta Paediatrica. 2000;89(7):775-80.

Armstrong N, Welsman J. Development of peak oxygen uptake from 11-16 years
determined using both treadmill and cycle ergometry. European Journal of Applied
Physiology. 2019;119(3):801-12.

Cliff DP,Hesketh KD, Vella SA, Hinkley T, Tsiros MD, Ridgers ND, Carver A, Veitch
J, Parrish AM, Hardy LL, Plontikoff RC, Okely AD, Salmon J, Lubans DR. Objectively
measured sedentary behaviour and health and development in children and
adoelscentsd: systemtic review and meta-analysis. Obesity Reviews.
2016;17(4):330-44.

Charlton R, Gravenor MB, Rees A, Knox G, Hill R, Rahman MA, et al. Factors
associated with low fitness in adolescents--a mixed methods study. BMC Public
Health. 2014;14:764

Nevill AM, Duncan MJ, Lahart |, and Sandercock G. Modelling the Association
between Weight Status and Social Deprivation in English School Children: Can
Physical Activity and Fitness Affect the Relationship? Annals of Human Biology
2016h: 43: 497-504

Nevill AM, Duncan MJ, Lahart IM, Sandercock G. Cardiorespiratory fithess and
activity explains the obesity-deprivation relationship in children. Health Promotion
International 2017 daw106. doi: 10.1093/heapro/daw106

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing a standard definition for
child overweight and obesity worldwide: international survey. British Medical Journal.

2000;320(7244):1240-3.



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

16

Kowalski KC, Crocker P, Kowalski NP. Convergent validity of the Physical Activitiy
Questionnaire for Adolescents. Pediatric Exercise Science. 1997;9:342-52

Voss C, Ogunleye AA, Sandercock GR. Physical Activity Questionnaire for children
and adolescents: English norms and cut-off points. Pediatrics International.
2013;55(4):498-507.

Department for Communities and Local Government. English indices of deprivation
2015. London: Department for Communities and Local Government. 2015

American Academy of Pediatrics. Media-use in school-aged children and
adolescents. 2016. 138: e20162592.

Leger LA, Mercier D, Gadoury C, Lambert J. The multistage 20 metre shuttle run test
for aerobic fitness. Journal of Sports Science. 1988;6(2):93-101.

Rasbash J. Statistical software review. British Journal of Mathematical and Statistical
Psychology. 2004;57(Pt 1):189-90

McCullagh P, Nelder J. Generalized Linear Models, Second Edition. Chapman &
Hall/CRC; 1989.

Aires L, Mendonca D, Silva G, Gaya AR, Santos MP, Ribeiro JC, et al. A 3-Year
Longitudinal Analysis of Changes in Body Mass Index. International Journal of Sports
Medicine. 2010;31(2):133-7.

He QQ, Wong TW, Du L, Jiang ZQ, Yu TSI, Qiu H, et al. Physical activity,
cardiorespiratory fitness, and obesity among Chinese children. Preventive Medicine.
2011;52(2):109-13.

Sandercock GR, Alibrahim M, Bellamy M. Media device ownership and media use:
Associations with sedentary time, physical activity and fithess in English youth.
Preventive Medicine Reports. 2016;4:162-8.

ONS. National Statistics Postcode Directory (NSPD). London: Office for National

Statistics; 2007.



29.

30.

31.

32.

33.

34.

17

Nevill AM, Duncan MJ, Lahart I, Sandercock G. Modelling the association between
weight status and social deprivation in English school children: Can physical activity
and fitness affect the relationship? Annals of Human Biology. 2015:1-8.

Noonan RJ, Boddy LM, Knowles ZR, Fairclough SJ. Cross-sectional associations
between high-deprivation home and neighbourhood environments, and health-related
variables among Liverpool children. BMJ Open. 2016;6(1):e008693.

Janz KF, Dawson JD, Mahoney LT. Tracking physical fithess and physical activity
from childhood to adolescence: the muscatine study. Medicine and Science in Sports
and Exercise. 2000;32(7):1250-7.

Mayorga-Vega D, Aguilar-Soto P, Viciana J. Criterion-related validity of the 20-M
shuttle run test for estimating cardiorespiratory fitness: A meta-analysis. Journal of

Sports Science and Medicine. 2015;11:536-547.

Castro-Pinero J, Artero EG, Espana-Romero V, Ortega FB, Sjostrom M, Suni J, et al.
Criterion-related validity of field-based fithess tests in youth: a systematic review.
British Journal of Sports Medicine. 2010;44(13):934-43.

Hidding LM, Chinapaw MJM, van Poppel MNM, Mokkink LB, Altenburg TM. An
Updated Systematic Review of Childhood Physical Activity Questionnaires. Sports

Medicine. 2018;48(12):2797-842.



18

Figure Captions

Figure 1. The curvilinear association between VOz,max and PAQ for boys and girls

Table Captions

Table 1. Number of children (N) plus mean * standard deviation (SD) of age, height, weight
cardiorespiratory fithess (ml.kgt.min') and PAQ scores by sex, visit occasions (wave) and
year group.

Tables 2a and 2b. The estimated parameters (means + SE) from the multilevel regression

analyses of predicted VO.max (ml-kg*-min't) using Models 1 and 2.
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Figure 1. The curvilinear association between VO,max and PAQ for boys and girls



20

Table 1. Number of children (N) plus mean * standard deviation (SD) of age, height, weight cardiorespiratory fitness (ml.kg-1.min-1) and PAQ
scores hy sex, visit occasions (wave) and year group.

Male Female
Variables Year Wave 1 Wave 2 Wave 3 Wave 1 Wave 2 Wave 3
N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD

Age (yrs) 11.00 419 11.6 3 334 11.6 3

12.00 352 124 3 315 124 2

13.00 419 136 3 1 134 2 134 2 339 13.7 3

14.00 352 14.4 2 4 14.7 4 310 143 2 4 14.6 3

15.00 459 15.6 2 2 153 2 351 15.6 2

16.00 307 16.3 2 296 16.3 2
Height (cm) 11.00 419 1487 78 334 150.6 7.9

12.00 352 152.0 8.0 315 152.8 71

13.00 419 162.0 9.1 1 165.2 2 163.3 95 339 161.2 73

14.00 352 164.8 8.6 4 163.3 6.3 310 162.4 6.7 4 1747 7.2

15.00 459 172.2 77 2 175.2 40 351 169.1 8.0

16.00 307 172.8 7.9 296 170.4 77
Weight (kg) 11.00 419 426 10.1 334 444 103

12.00 352 453 10.4 315 46.7 10.0

13.00 419 54.3 116 1 739 2 64.0 56 339 53.8 105

14.00 352 56.2 11.6 4 51.6 6.9 310 55.7 9.9 4 62.0 11.7

15.00 459 62.6 11.6 2 741 16.2 351 59.9 105

16.00 307 62.6 11.0 296 61.3 104
(Fr';rizs 11.00 419 462 55 334 433 3.9
L.min-1) 12.00 352 44.8 5.7 315 412 4.7

13.00 419 45.7 6.2 1 38.9 2 411 37 339 4.3 45

14.00 352 445 6.6 4 496 6.1 310 396 50 4 39.9 75
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15.00 459 442 71 2 425 1.9 351 385 57
16.00 307 439 7.2 296 38.8 6.4
PAQ (scale 11.00 419 3.0 334 2.7
Lo 12.00 352 3.0 315 28
13.00 2 26 339 24 5
14.00 352 2.8 4 2.9 5 310 25 6 4 2.1 7
15.00 771 2.8 459 26 6 2 31 14 351 24 6
16.00 307 27 6 296 25 6
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Tables 2a and 2b. The estimated parameters (means + SE) from the multilevel regression analyses of predicted VO,max (ml-kg*-min-1) using

Models 1 and 2.

Fixed effects Fixed factors 2a Model 1 95%ClI 2b Model 2 95%ClI
Parameter Estimate SE Lower Upper Estimate SE Lower Upper
Constant (a) 36.91 1.19 3458 39.24  32.69 1.28 30.18 35.20
Sex Girls (Aa) -1.38 0.76 -2.87 0.11 -1.59 0.76 -3.08 -0.10
PAQ PAQ (b) 3.83 0.80 226 5.39 3.95 0.81 2.37 5.52
Girls*PAQ (Ab) -1.01 0.27 -0.60 -0.06 -0.97 0.27 -0.62 -0.08
PAQ?(c) -0.33 0.14 -154 -0.48 -0.35 0.14 -1.50 -0.44
Age Age-13.96 years (d) -0.20 0.05 -0.30 -0.11 -0.16 0.05 -0.27 -0.06
Girls*(Age-13.96) (Ad)  -0.61 0.07 -0.75 -0.47 -0.60 0.07 -0.75 -0.46
Weight status Underweight (Aa) 2.97 0.47 2.06 3.88
Normal (Aa) 2.92 0.31 2.31 3.52
Overweight (Aa) 1.33 0.32 0.71 1.94
Screen Time 2-4h (Aa) 0.26 0.16 -0.05 0.57
>4h (Aa) -1.17 0.23 -1.63 -0.72

Deprivation IMD rank 0.00008 0.00002 0.00004 0.00012
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Deviance -2 Log Likelihood 25445.4  (df=7) 24717.7  (df=13)

Random variation Variances

Level 2 (between participant)  18.39 0.86 15.41 0.76

Level 1 (within participant) 13.17 0.35 13.27 0.36

Values are means =+ standard errors of estimate (SE) plus 95% Confidence Intervals (Cl). VO.max was expressed in ml.kgt.mint. The reference
or baseline group were boys (‘a’ in Model1), and obese boys who spend less than 2 hours per day on screen time (‘a’ in Model 2) and other groups
compared with it, indicated by (Aa). Age was centred about the mean age=13.96 years. IMD rank was incorporated into model 2 with rank 1 being

most deprived area and rank 32,844 being the least deprived area.
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