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sa  ABSTRACT

85 Background: It is unclear if cardiorespiratory fitness (CRF) can be used as a screening tool for
86  premature changes in carotid intima-media thickness (cIMT) in paediatric populations.
87  Aim: The purpose of this cross-sectional study was three-fold: 1) to determine if CRF can be used to
88  screen increased cIMT; 2) to determine an optimal CRF cut-off to predict increased cIMT; 3) to
89  evaluate its ability to predict increased cIMT among children in comparison with existent CRF cut-offs.
90 Methods: cIMT was assessed with high-resolution ultrasonography and CRF was determined using a
91  maximal cycle test. Receiver operating characteristic (ROC) analyses were conducted in boys (n=211)
92  and girls (n=202) aged 11-12 years-old to define the optimal sex-specific CRF cut-off to classify
93  increased cIMT (=P75). Logistic regression was used to examine the association between the CRF cut-
94  offs with the risk of having an increased cIMT.
95  Results: The optimal CRF cut-offs to predict increased cIMT were 45.81 and 34.46 ml.kg™.min™ for
96  boys and girls, respectively. The odds-ratios (OR) for having increased cIMT among children who were
97 unfit was up to 2.8 times the odds among those who were fit (95%Cl: 1.40-5.53). Considering the
98  existent CRF cut-offs, only those suggested by Adegboye et al. 2011 and Boddy et al. 2012 were
99  significant in predicting increased cIMT.
100  Conclusion: CRF cut-offs (boys: <45.8; girls: <34.5 ml.kg™.min™) are associated with thickening of
101  the arterial wall in 11-12 years-old children. Low CRF is an important cardiovascular risk factor in

102  children and our data highlight the importance of obtaining an adequate CRF.
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107 INTRODUCTION

108 There are many simple anthropometric and physiological measures that may predict the onset and
109  progression of cardiovascular and metabolic disease. Body mass index (BMI) and waist circumference
110  are accepted measures for this purpose and are associated with carotid intima-media thickness (cIMT)
111  in children (Lamotte et al. 2010), an intermediate phenotype for early atherosclerosis (Ferreira et al.
112 2002; Pahkala et al. 2013) and a solid predictor of future vascular events (Lorenz et al. 2007).
113 Although an inverse association between cardiorespiratory fitness (CRF) and metabolic risk in children
114 has been shown (Andersen et al. 2008; Anderssen et al. 2007), and adolescent levels of CRF were
115 inversely and independently associated with premature changes in cIMT in adults (Ferreira et al.
116  2002), the use of CRF as a screening tool for early subclinical atherosclerosis is not established in
117  paediatric populations. This is potentially important because by assessing CRF, simple risk
118  stratification can be performed in the school setting, and a strategy for detecting individuals at risk in

119  public health settings for potential further investigation can then be created (Adegboye et al. 2011).

120  The purpose of this study was three-fold: 1) to determine if CRF can be used to screen increased cIMT
121 in children; 2) to determine an optimal CRF cut-off to predict increased cIMT in children; and 2) to
122  evaluate its ability to predict increased cIMT among children in comparison with existent CRF cut-offs

123  for cardiometabolic health.
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METHODS

Study population

Participants were 413 children (202 girls) aged 11 to 12 years-old, enrolled in 2012 from 6 schools of
Portugal. This cross-sectional study was approved by the ethics committee of the Faculty of Human
Kinetics - University of Lisbon, Portugal. Children provided assent for their participation and informed
consent was obtained from their parents or legal tutors. The study population was sequentially
studied without specific exclusion criteria, hence the investigation did not specifically target children

who were overweight/obese, or of any particular fitness level.

Anthropometrics

Height and sitting height were measured to the nearest 0.1 cm and body mass was measured to the
nearest 0.1 kg on a scale with an attached stadiometer (model 770, Seca, Deutschland), wearing
minimal clothing and no shoes. Leg length was calculated by subtracting sitting height from height.
Body mass index (BMI) was calculated and categorized according to the established criteria (Cole and

Lobstein 2012).

Dual-energy X-ray absorptiometry (DXA)

Total-body scans were performed by DXA and analysed using an extended analysis program for body
composition (Hologic Explorer-W, fan-beam densitometer, software QDR 12.4, USA) to determine
total body fat and trunk fat. The coefficients of variation for repeated measurements in our

laboratory for total and regional DXA measurements are reported elsewhere (Santos et al. 2014).
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Maturity
Maturity offset, that is, time before or after peak height velocity, was predicted with the equation of

Mirwald et al. 2002 using the following variables: leg length, sitting height, age, weight, and height.

Cardiorespiratory Fitness

CRF was indirectly determined by a cycle test with progressively increasing workload using an
electronically braked cycle ergometer (Monark 828 E Ergomedic; Monark, Sweden). Initial and
incremental workloads were 20 W for children weighing <30 kg and 25 W for children >30 kg
(Klasson-Heggebg et al. 2006). The workload was increased every 3-min until the peak effort of the
participants was reached. Heart rate was recorded continuously (Polar Electro Oy, Finland)
throughout the test. Criteria defined for a peak effort were heart rate >185 bpm or the subjective
judgment by the observer that the participant could no longer continue, even after encouragement.
Peak power output and peak oxygen consumption (ml.min™) were calculated according to the
formulas by Hansen et al. 1989. Peak oxygen consumption was normalized by weight (ml.kg™*.min™")
and termed CRF from here on. The test has been previously validated against direct measurement of

peak oxygen consumption (Klasson-Heggebg et al. 2006).

Hemodynamics

The heart rate at rest, brachial systolic and diastolic blood pressure were measured after 10 min with
the participants in the supine position using an automated oscillometric cuff (HEM-907-E, Omron,
Japan). Two measurements were obtained and if these values deviated by >5 mmHg, a third

measurement was performed. The average of the closest 2 values was used. The pulse pressure was
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11
calculated for adjustment purposes since pulse pressure was positively correlated with mean cIMT

(Stabouli et al. 2012).

Intima-Media Thickness

cIMT was defined as the distance between the leading edge of the lumen—intima interface to the
leading edge of the media—adventitia interface of the far wall of the right carotid artery using an
ultrasound scanner equipped with a linear 13 MHz probe (MyLab One, Esaote, Italy) and implemented
with a previously validated radiofrequency-based tracking of arterial wall that allows a real-time
determination of common carotid far-wall thickness (QIMT®) with high spatial and temporal
resolution (Hoeks et al. 1997). cIMT was automatically measured, and distension curves were
acquired within a segment of the carotid artery about 1 cm before the flow divider, where the
operator places the region of interest. The coefficients of variation for repeated measurements in our

laboratory for carotid IMT and diameter are reported elsewhere (Melo et al. 2014).

Statistical analyses

Data are presented as means and standard deviation unless stated otherwise. All variables were
checked for normality. Receiver operating characteristic (ROC) analysis were used to determine the
efficacy of CRF for correctly identifying children with increased IMT for each sex group. Early
subclinical atherosclerosis was defined as cIMT>75" percentile (P75) for age, and sex (Howard et al.
1993) as defined by Doyon et al. 2013 in a study aimed to establish a cIMT international reference
data set for the childhood and adolescence period. The decision for the optimal cut-off was the cut-
off value with the highest accuracy that maximized the sum of the sensitivity and specificity.

Participants from this study were then classified as fit or unfit using the generated cut-offs and those
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12
listed in Table 1. Student's t-test was used to assess the statistical significance of the difference in
cIMT and other physiologically relevant variables among CRF groups. Differences were tested
controlling for other covariates (e.g. age and maturity offset) using the Bonferroni adjustment. Chi-

square tests were performed for the comparison of proportions expressed as a percentage.

Odds-ratio (OR) with 95% confidence intervals (95%Cls) for having increased cIMT were calculated via
multiple logistic regression entering sex and age as confounding variables. The statistical analyses

were computed and analysed using the SPSS Statistics 19.0 and MedCalc 10.1.2.0.
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RESULTS

The descriptive characteristics of the participants are displayed in Table 2. Boys had lower BMI, total
body fat, trunk fat, maturity offset, chronotropic responses, CRF and diastolic blood pressure than
girls (p<0.05). No significant differences were found for cIMT (p>0.05). Overall prevalence of

overweight and obesity in this study was 28.8% (boys: 24.6%; girls: 33.1%).

The potential of CRF to discriminate increased cIMT was higher than would be expected by chance.
The diagnostic accuracy of the ROC generated thresholds was 0.60 (95% Cl 0.53-0.66; p=0.07) in boys
and 0.55 (95% Cl 0.48-0.62; p=0.43) in girls. Sex dependent ROC curves analyses with generated and
existent cut points, plus sensitivity and specificity values are shown in Table 3. In both boys and girls,
the highest sensitivity was found with the criteria by Boddy et al. 2012 whereas the highest specificity

was found with the criteria by Bell et al. 1986 in boys and by the generated criteria in girls.

Figure 1 displays the prevalence of children who miss the recommended CRF according to the cut-offs
generated in this study and those from Table 1. Significant differences were found between the
prevalence of unfit boys (Bell et al. 1986, The Cooper Institute for Aerobics Research 1994 and Ruiz et
al. 2007) and girls (The Cooper Institute for Aerobics Research 1994, Ruiz et al. 2007, Adegboye et al.
2011, Boddy et al. 2012) from the cut-offs generated in the present study and those determined by
the cut-offs in Table 1 (p<0.05). The highest prevalence of unfit boys and girls resulted from the cut-
offs by Boddy et al. 2012 whereas the lowest prevalence was set by the cut-offs of The Cooper

Institute for Aerobics Research 1994 in boys and those of the present study in girls.

Unfit children had higher BMI, total body fat, trunk fat, systolic blood pressure, diastolic blood

pressure, diameter and lower CRF (p<0.05) (Table 4). Participants classed as unfit by the generated
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CRF cut-offs in this study and those by Bell et al. 1986, Lobelo et al. 2009, Adegboye et al. 2011 and
Boddy et al. 2012 had also significantly increased cIMT independently of pulse pressure in comparison

to those classed as fit.

The OR for having increased cIMT among children who were unfit was up to 2.8 times the odds
among those who were fit (Table 5). In addition to the CRF cut-offs generated in the present study,
only those suggested by Adegboye et al. 2011 and Boddy et al. 2012 were significant in predicting

increased cIMT.
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DISCUSSION

The results of the present study suggest that children failing to meet CRF standards have significantly
increased cIMT compared with those who meet them. To our knowledge, this is the first study to
show that low CRF in children is associated with a higher risk of increased cIMT while simultaneously
strengthening the clinical validity of CRF thresholds for children in relation to their cardiovascular risk
profile. Although there are no universally accepted recommendations for health-related levels of fitness in
children, using the thresholds in Table 1, 64.40+10.66% of boys and 61.11+13.27 of girls in the present study
apparently have healthy CRF. These prevalence rates are lower than those reported for children in Australia
(boys: 71.00%; girls: 77.00%) (Catley and Tomkinson 2013), USA (boys: 71.00%,; girls: 69.00%) (Lobelo et al.
2009) and England (boys: 82.50%; girls: 84.15%) (Sandercock et al. 2012), and are in line with the prevalence
rates for children from 10 European countries (boys: 61.00%; girls: 57.00%) (Ortega et al. 2011). The
percentage of children failing to meet the required standards of CRF is of concern as associations exist
between adolescent CRF and total body fat (Eisenmann et al. 2005), serum lipids (Boreham et al.
2002), subclinical atherosclerosis (Ferreira et al. 2002), large artery stiffness (Ferreira et al. 2003), and
blood pressure (Hasselstrem et al. 2002), later in adulthood. Using cross-sectional designs, the
present study and others (Anderssen et al. 2007; Melo et al. 2014; Ruiz et al. 2006) have also shown
differences in physiologically relevant variables of body composition, hemodynamics and cIMT,
according to CRF level in children. Several studies failed to establish CRF and physical activity as
predictors of vascular structure in children and adolescents (Morrison et al. 2010; Ried-Larsen et al.
2013; Trigona et al. 2010). Conversely, others have shown an inverse association between physical
activity and aortic IMT (Pahkala et al. 2011) and a favourable effect of CRF on aortic IMT but not cIMT

in adolescents (Pahkala et al. 2013). Interventional studies have also provided mixed results on the
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children’s cIMT, the P75 of 11-12 years old boys and girls varies between 0.405 mm and 0.413 mm. In
our study, the P75 varies between 0.55-0.56 mm in boys and 0.53-0.55 mm in girls. These variances

may partly be explained by differences in the site of measure and analysis technic.

The area under the curve values are similar (Adegboye et al. 2011; Lobelo et al. 2009) or slightly lower
than those of other studies (Boddy et al. 2012; Ruiz et al. 2008) aimed to define optimal cut-offs for
CRF and to evaluate its ability to predict clustering of cardiovascular risk factors among children and
adolescents. Unsurprisingly, cut-offs proposed by the previous works were relatively similar to those
generated in this study in boys (Adegboye et al. 2011; Boddy et al. 2012; Lobelo et al. 2009) and girls
(Bell et al. 1986; Lobelo et al. 2009). Resemblances among the cut-offs truly support the existence of a
theoretical health-related standard value for CRF in children linked to a more favourable
cardiovascular disease risk profile, even when accessed by a subclinical measure of atherosclerosis

such as cIMT.
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LIMITATIONS

This study did not have the ambition to create a standard classification system for CRF. Rather, the
findings presented were intended to serve as a hypothetical basis and stimulus to consider
international healthy ranges of CRF based on cIMT in a paediatric perspective. These cut-off values
ought to be evaluated in a wider separate test group in whom outcomes could be verified

independently, thereby allowing the definition of groups with and without increased cIMT.

CRF was indirectly determined by a cycle test with progressively increasing workload using an
electronically braked cycle ergometer. A recognized limitation on the use of cycle ergometers in
Portuguese children is that they are not used to cycling (Andersen et al. 2008; Anderssen et al. 2007).
Therefore, the cycle ergometer test used may be less suitable for Portuguese children, and this might
explain their lower CRF level and peak power output (Adegboye et al. 2011; Andersen et al. 2008).
However, we did use a maximal test requiring a peak effort, which is a better indicator of CRF than
submaximal tests (Rowland et al. 1993). Some children did not reach the maximal heart rate threshold, but
these children did not have a different cIMT. Thus this was unlikely to affect our findings. Although the method
by Hansen et al. 1989 was designed to provide gross peak oxygen consumption values, a high correlation was
also demonstrated between the directly measured value and the calculated value relative to body weight

(r=0.84-0.96), indicating that this method of predicting peak oxygen consumption could be used as an accurate

and valid method of establishing CRF levels when scaled to body weight.

The sex adjusted areas under the curve for the generated cut-offs were not significant, mostly likely
due to sample size as a strong trend towards significance was found in boys, an important step
conferring utility of the prediction. Still, the observed area under the curve and the sensitivity,

especially in girls, was low which may indicate a low discriminatory ability. However, sensitivity and
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19
specificity of a test may have different consequences depending on the clinical and public health
settings of interest. In view of the benefits that regular aerobic exercise has in children, increasing CRF
level (Ortega et al. 2008) and reducing cardiovascular disease risk (Ruiz et al. 2009), false-positive
cases (failing to identify children as high risk who really are at high risk) are of greater concern than

false-negative cases (increasing CRF level of low-risk children) (Adegboye et al. 2011).
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CONCLUSION

CRF was associated with early subclinical atherosclerosis in 11-12 years-old children. In addition,
results suggest a theoretical CRF cut-off (boys: <45.8; girls: <34.5 ml.kg™.min™) to predict increased
cIMT in children. Low CRF is an important predictor of a potent cardiovascular risk factor in children
and our data highlight the importance of obtaining an adequate CRF to refer unfit children onto

intervention programs/services.
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TABLES
Table 1: Health-related cut-offs for CRF in children and adolescents
Author Sex Sample Age Cut-offs Method
(n) (years) (ml.Kg. min™)
Bell et al. 1986
Boys --- Adolescents 40.0 Expert judgement
Girls --- Adolescents 35.0
The Cooper Institute for Boys NHANES 11 37.3 Criterion
Aerobics Research 1994° data referenced
12 37.6 standards
Girls 11 37.3
12 37.0
Ruiz et al. 2007 Boys 429 9-10 42.1 ROC analysis
Girls 444 37.0
Lobelo et al. 2009 Boys 677 12-15 44.1 ROC analysis
Girls 570 40.3
Adegboye et al. 2011 Boys 1219 9 43.6 ROC analysis
Girls 1181 374
Boddy et al. 2012 Boys 8382 9-11 46.6 ROC analysis
Girls 8237 41.9

“Updated data released in 2010 (http://cooperinstitute.org/healthyfitnesszone)
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465 Table 3: Receiver operating characteristic curves analysis with cIMT=P75% as
466 classification variable in boys and girls according to different cut-offs*
467
Boys Girls
CRF Cut-offs Sensitivity Specificity CRF Cut-offs Sensitivity Specificity
Bell et al. 1986 40.0 30.2 81.3 35.0 25.0 76.9
The Cooper Institute for 37.3 22.9 81.2 373 36.9 69.2
Aerobics Research 1994°
37.6 24.0 81.2 37.0 35.2 69.2
Ruiz et al. 2007 42.1 36.3 78.1 37.0 36.9 69.2
Lobelo et al. 2009 44.1 45.8 75.0 403 53.4 53.9
Adegboye et al. 2011 43.6 45.8 78.1 37.4 36.9 65.4
Boddy et al. 2012 46.6 57.0 65.6 41.9 63.6 423
Present Study 45.8 52.0 75.0 345 24.4 88.5

B
()]
(0]

D
[e)]
Yol

B
~
o

>
~
[EY

Abbreviations: CRF: cardiorespiratory fitness (mI.kg"l.min'l)

* Coordinates of the ROC curve for approximate criterion values (0.1);

H
~
N
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481 Table 5: Logistic regression analyses on associations between CRF cut-offs for children and increased cIMT.

4

o= 482

S

2 Authors OR (sex adjusted) Lower 95%ClI Higher 95% ClI
o}

E Bell et al. 1986 1.60 0.80 3.21
% The Cooper Institute for Aerobics

- . 1.50 0.81 2.76
— Research 1994

|_

E Ruiz et al. 2007 1.58 0.84 2.95
IEIDJ Lobelo et al. 2009 1.79 0.95 3.37
|

-

6' Adegboye et al. 2011 1.92 1.03 3.58
(@)

8 Boddy et al. 2012 1.82 1.04 3.20
% Present study 2.78 1.40 5.53
-

O

Oc 483

oy

£

893 484 “Updated data released in 2010 (http://cooperinstitute.org/healthyfitnesszone).
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FIGURES

Figure 1: Prevalence of children attaining the recommended CRF according to the
different cut-offs from Table 1 and the generated CRF standards from the present
study.

? Updated data released in (2010)

* Prevalence is significantly different from that of the present study using the generated cut-offs

(p<0.05)
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