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ABSTRACT 

In adults, fatness and low cardiorespiratory fitness are associated with a higher prevalence of chronic disease 
risk and mortality. The association between measures of physical fitness and fatness upon cardiovascular risk 
in youth, however, is less clear. The effects of adiposity and physical fitness upon cardiovascular disease risk 
factors in youth are receiving increasing attention but studies that have examined their independent 
associations are sparse. The purpose of this study thus was to investigate relationships among cardiovascular 
disease risk factors, four indicators of physical fitness and three indicators of fatness in a healthy adolescent 
cohort. Forty-eight boys and ten girls, 16.4±0.7 years, volunteered to participate in this cross-sectional study. 
Measurements included Blood Pressure (BP), three indicators of fatness and fat distribution Body Mass Index 
(BMI), waist-to-hip ratio, waist circumference), four measures of physical fitness (aerobic fitness, muscular 
fitness, sprinting speed, agility), weekly food intake and Physical Activity (PA) levels. Metabolic CVD risk 
factors included Total Cholesterol (TC), insulin, High-Density Lipoprotein (HDL), Low-Density Lipoprotein 
(LDL), high-sensitivity C-Reactive Protein (CRP), glucose, fibrinogen, interleukin-6, adiponectin, triglyceride 
and Plasminogen Activator Inhibitor-1 (PAI-1). Relationships between cardiorespiratory fitness and 
adiponectin (r = 0.443) and between muscular power and glucose (r = 0.430) were significant and moderate. 
Significant inverse correlations were also noted between adiponectin, sprint (r = -0.456) and agility (r = -
0.399) performance. Adiponectin was also significantly and inversely correlated with waist circumference (r = 
- 0.514) and BMI (r = -0.434). From the regression models, a significant percentage of the variance in 
cardiorespiratory fitness, muscular fitness, agility and sprint performance (about 74, 53, 46 and 59%) was 
explained by traditional covariates. The results indicate that adiponectin is independently associated with 
different indicators of physical fitness and adiposity. Future studies may need to consider implementing 
interventions that improve all measures of physical fitness to ensure enhanced CVD risk profiles of youth. 
 
Keywords: Youth, Physical Fitness, Metabolic Profile, C-Reactive Protein (CRP), High-Density 

Lipoprotein (HDL), Blood Pressure (BP), Body Mass Index (BMI) 

1. INTRODUCTION 

 Findings from the recent Scottish Health Survey noted 

that 15% of the adult population and 4% of those 16-24 

years of age had one or more Cardiovascular Disease 

(CVD) risk factors (TSG, 2008). Though CVD events are 

more likely to occur from middle age onwards (Raitakari et 

al., 2003), risk factors are increasingly prevalent in 
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childhood (Eisenmann, 2007). CVD risk factors such as 

obesity, poor lipid status and hypertension also tend to track 

from childhood and adolescence into adulthood and are 

significant contributors to mortality in the Western world 

(Raitakari et al., 2003; Tam et al., 2010). Hence, prevention 

of unfavourable health profiles at an early age is warranted. 
 Participation in Physical Activity (PA) tends to decline 
during adolescence (Lubans et al., 2008). The general 
leaving age from secondary school in Scotland is 16 years. 
Of relevance, leaving secondary school is one factor that 
negatively affects PA levels and sport participation in both 
sexes (Lubans et al., 2008). Yet, relatively little is known 
about the health status of adolescents as they approach the 
age where they can opt to leave formal education. In adults, 
physical inactivity, weight status and low cardiorespiratory 
fitness are associated with higher prevalence of chronic 
disease risk and mortality (Raitakari et al., 2003). The 
association between fitness, fatness and CVD risk in 
adolescents, however, is less clear. Though obesity and 
overweight are associated with increased CVD risk in 
adolescents (Eisenmann, 2007), moderate to high levels of 
cardiorespiratory fitness is also associated with reduced 
clustering of CVD risk factors (Artero et al., 2011). Though 
poor cardiorespiratory fitness levels and excess adiposity 
often occur together (Eisenmann, 2007), the relative 
importance of each to health status requires further study. 
 Potential independent effects of adiposity and 
cardiorespiratory fitness on CVD risk factors are receiving 
increasing attention (Artero et al., 2011; Martinez-
Gomez et al., 2012). At present, the available literature that 
has examined associations between physical fitness and 
CVD risk in youth has largely focused on cardiorespiratory 
fitness. Studies that have examined the independent 
associations between other indicators of physical fitness and 
CVD risk factors are sparse. Increasing evidence, however, 
suggests the potential importance of monitoring several 
indicators of physical fitness in evaluating the health status 
of youth populations (Artero et al., 2011; Martinez-Gomez 
et al., 2011). Physical fitness is not a unitary concept; it 
includes muscular, cardiorespiratory, motor, metabolic and 
morphological components (Ortega et al., 2008).  
 Understanding the relative importance of relationships 
between fatness and components of physical fitness and 
CVD risk factors is potentially important in the design of 
public health strategies aimed at improving unfavourable 
CVD risk profiles. Four health-related components of 
physical fitness have been suggested: cardiorespiratory, 
muscular, speed and agility (Ortega et al., 2008).  
 The aim of this study was to examine relationships 
among CVD risk factors and four components of 
physical fitness (aerobic [cardiorespiratory], muscular 
[power], speed and agility) and three indicators of 
fatness (waist circumference, Body Mass Index (BMI) 
and waist-to-hip ratio) in a cross-sectional sample of 

Scottish adolescents. The study also examined whether 
the relationships were independent or if they were related 
to blood markers associated with CVD risk. To our 
knowledge, this is the first study to analyze the 
independent effects of covariates on measures of 
physical fitness and fatness.  

2. MATERIALS AND METHODS 

 A total of 58 participants (48 boys and 10 girls, 
16.4±0.7 years of age) volunteered for the study. Both the 
school and the parents approved the study protocol prior to 
the study and informed consent and assent was received 
from parents and participants. Ethical approval was 
received from the University of the West of Scotland 
Ethics committee. All participants were assured of 
anonymity and were free to withdraw from the study at 
any time. The participants attended a public High School 
of which, 16.5% of the catchment area was eligible for 
free school meals (TSG, 2010). According to the Scottish 
Index of Multiple Deprivation 2009, a rank of 1 is most 
deprived and 6,505 is least deprived. The school’s 
catchment area had a rank of 1,153 (TSG, 2009). As such, 
participants were designated as low socio-economic status. 

2.1. Physical and Physiological Measures 

 Body mass was measured to the nearest 0.1 kg using 
calibrated electronic weighing scales (Seca 880, Digital 
Scales, Seca Ltd, Birmingham, UK). Height was 
measured to the nearest 0.001m (Seca Stadiometer, Seca 
Ltd, Birmingham, UK) with participants standing upright 
either in barefoot or stockings and light indoor clothing. 
The Body Mass Index (BMI) was calculated. Waist 
circumference was measured at the level midway 
between the lower ribs and the iliac crest. Hip 
circumference was measured at the widest point between 
the buttocks and the iliac crest as described previously 
(Buchan et al., 2011a). The waist-to-hip ratio was 
calculated as an index of relative fat distribution 
(Ledoux et al., 1997). A self-report questionnaire for 
stage of Pubic Hair (PH) development based on the criteria 
of (Tanner, 1963) was used to estimate sexual maturation 
status. Systolic Blood Pressure (SBP) and Diastolic Blood 
Pressure (DBP) were measured with an automated monitor 
(Omron M10-IT Blood Pressure Monitor HEM-7080IT-E, 
Omron Healthcare UK Ltd, Milton Keynes, UK) after each 
participant sat quietly for 10 min. 
 Full details of procedures used to measure 
cardiorespiratory fitness, muscular fitness, sprinting speed 
and agility have been discussed previously (Buchan et al., 
2010; 2011b). Cardiorespiratory fitness was estimated 
using the 20m Multistage Shuttle run Fitness Test 
(20MSFT) (Leger et al., 1988). The Counter Movement 
Jump (CMJ) was used to measure muscular fitness 
(power); height of the jump was measured using the 
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Optojump system (Microgate, Bolzano, Italy) after a 
standardized warm-up. Sprint (running) speed over 10 m 
was measured using an electronic sprint timer with 
photoelectric sensors (Polifemo Radio Light- Microgate, 
Italy). Agility was measured using the 505-agility test 
(Draper and Lancaster, 1985) using two photoelectric 
sensors (Polifemo Radio Light- Microgate, Italy) placed 5 
m from the starting line and 5 m from a designated turning 
point. All fitness measures were randomly assigned and 
data was recorded following familiarization periods; data 
collection time was standardised (morning testing) to 
control for diurnal variation. All measures were taken 
following 48 h of no physical activity. 
 Daily food intake was monitored using a validated, 
self-reported seven-day food diary (McCance, 2002) and 
food frequency questionnaire. Participants were instructed 
to complete the food diary and record everything that they 
ate and drank over a specified seven-day period. Returned 
food diaries and questionnaires were inspected and when 
necessary, clarification of responses was confirmed by 
interview with participants. During this time, participants 
were instructed to continue their normal eating and 
drinking behaviours. Collated data were analyzed using 
nutritional analysis software by Health Options Ltd (Nutri 
Check, Health Options Ltd, Cirencester, Gloucester, UK). 
Average daily kilocalories (kcal/d), percentage of total fat 
(total fat %) and saturated fat (sat fat %) were calculated. 
 All participants completed a validated Physical 
Activity Questionnaire for Adolescents (PAQ-A) 
(Kowalski et al., 1997) which required them to recall 
their PA behaviours from the previous 7 days. The 
questionnaire was completed during scheduled class time 
and required no longer than 30 min. 

2.2. Biochemical Measures 

 Blood samples were collected between 9:00 am and 
11:00 am after an overnight fast. Prior to sampling, 
participants were instructed to sit quietly for a period of 
at least 30 min to control for plasma volume shifts. A 
team of qualified phlebotomists, experienced in 
paediatric sampling techniques, collected blood samples 
from the participants. Blood samples were obtained from 
an antecubital vein and collected in a BD Vacutainer 
plasma tube. Plasma was isolated by centrifugation at 3 
500 rpm for 10 min and then frozen at-80°C within two h 
of collection. Samples were analyzed for Total 
Cholesterol (TC), insulin, HDL, LDL, CRP, glucose, 
fibrinogen, IL-6, adiponectin, triglyceride and PAI-1. All 
blood analyses were performed using standard 
procedures. Total cholesterol and triglyceride were 
measured by enzymatic methods (Randox, Co. Antrim, 
UK) and a Camspec M107 spectrophotometer (Camspec, 
Leeds, UK). Concentration of HDL was determined after 
precipitation of very low density and low-density 

lipoproteins by the addition of phosphotungstic acid in 
the presence of magnesium ions. The Friedewald et al. 
(1972) formula was used to calculate LDL concentration. 
Glucose was measured with the glucose oxidase method 
(Randox, Co. Antrim, UK) and analyzed using a 
Camspec M107 spectrophotometer (Camspec, Leeds, 
UK). Insulin was analyzed with commercially available 
immunoassay kits (ALPCO, Salem, NH, USA) and a 
Camspec M107 spectrophotometer (Camspec, Leeds, 
UK). Fibrinogen concentration was analyzed using 
commercially available immunoassay kits (ALPCO, 
Salem, NH, USA) and a MRX microplate reader 
(Dynatech Laboratories, MA, USA). Concentrations of 
IL-6, CRP, adiponectin and PAI-1 were measured with 
specific ELISA kits (R and D Systems, Abingdon, UK) 
and a MRX microplate reader (Dynatech Laboratories, 
MA, USA). All samples were measured in duplicate. 

2.3. Statistical Analysis 

 Participant characteristics are presented as mean±SD. 
Partial correlations were calculated between seven 
Dependent Variables (DV) and thirteen Independent 
Variables (IV). Covariates included gender, maturity 
status (PH), PA level, total dietary fat, total dietary 
saturated fat and kcal/d. The DV consisted of indices of 
physical fitness and adiposity while the IV consisted of 
SBP and DBP and 11 metabolic risk factors of CVD.  
 Multiple linear regression analysis was used to 
determine the combined and independent, associations 
between the DV and gender, maturity status, PA level, total 
dietary fat, total dietary saturated fat and kcal/d. In order to 
analyse the relative contribution of each of the variables to 
the DV, all the variables were standardized (z-scores). 
Multiple regression analysis was applied using the 
standardised variables to identify how much variance in the 
DV identified was accounted for by the IV. As we were not 
using regression methods to model these scores in terms of 
prediction, we included the results for both genders 
collectively. As this was likely to increase the heterogeneity 
of the variables of interest, we suspected this would produce 
larger correlations from our data given the sensitivity of 
correlation and regression methods to subject heterogeneity. 
The b-values from the coefficients table were used to 
determine the individual contribution of each IV to the DV. 
As such modelling is dependent upon residuals being both 
random and normally distributed, residuals were saved 
while running the regression analyses and normality was 
subsequently confirmed. All statistical analyses was 
performed using the Statistical Package for the Social 
Sciences (version 19; SPSS Inc., Chicago, IL, USA) and 
values of  p<0.05 were considered statistically significant. 

3. RESULTS 

 Statistical summaries for all subject characteristics are 
summarized in Table 1 and 2. Pubertal status was as 
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follows: boys-PH3, 10; ≥ PH4, 38; girls-PH2, 2; ≥ 
PH4, 8. Overall, 25% of the sample was overweight 
and 2%was underweight, the remainder was normal or 
healthy weight. Partial correlations for measures of 
physical fitness and fatness with individual CVD risk 
factors after adjustments for gender, pubertal status, 
PA level and dietary indices are summarized in Table 

3. Cardiorespiratory fitness was positively associated 
with adiponectin (r = 0.443, p = 0.027) whereas CMJ 
performance was positively associated with fasting 
glucose concentration (r = 0.430, p = 0.032). Agility 
and 10 m sprint performance were both positively 
associated with adiponectin (r = 0.486, p = 0.014; r = 
0.399, p = 0.048).

 
Table 1. Means ± SD for anthropometric, dietary and physiological characteristics of all participants (N = 58) 

Variables (units) Mean ± SD 95% CI 

Age (years) 16.4±0.70 16.2-16.6 
Gender, Boys/Girls 48/10000 
Stature (cm) 171.4±8.50 169.2to 173.60 
Body mass (kg) 65.5±9.2 0 63.1 to 67.900 
BMI (kg m-2) 22.3±2.90 21.5 to 23.100 
Waist circumference (cm) 75.1±5.95 73.5 to 76.700 
Waist-to-hip ratio 0.8±0.10 0.77 to 0.830 
PAQ-A 2.1±0.6 1.9 to 2.3000 
Total fat (%) 35.8±4.5 (n = 54)* 34.6 to 37.000 
Sat fat (%) 14.2±2.5 (n = 54)* 13.5 to 14.900 
kCal/d 1637.7±417.8 (n = 54)* 1523.7 to 1751.7 
SBP (mm Hg) 112±10 109 to 1150000 
DBP (mm Hg) 67±7 65 to 6900000 
Cardiorespiratory fitness (shuttles) 79±24 73 to 8500000 
CMJ (cm) 32.2±5.8  30.7 to 33.700 
Agility (s) 2.5±0.3  2.4 to 2.6000 
10 m sprint (s) 1.9±0.2  1.8 to 2.0000 

where, n ≠ denoted number, actual sample number is presented in parenthesis 
 
Table 2. Means ± SD for CVD risk factors for all participants 

CVD risk factor Mean ± SD 95% CI 

Adiponectin (ng/mL) 7915±376 (n = 53)* 7811 to 8019 
CRP (mg/L) 1.7±2.7 (n = 53)* 1.0 to 2.4 
Fibrinogen (mg/dL) 154.8±11.7 (n = 45)* 151.3 to 158.3 
IL-6 (pg/mL) 6.3±18.2 (n = 49)* 1.1 to 11.5 
LDL (mmol/L) 1.9±0.1 (n = 42)* 1.67 to 1.73 
HDL (mmol/L) 1.6±0.1 (n = 52)* 1.57 to 1.63 
Total Cholesterol (mmol/L) 3.9±0.2 (n = 52)* 3.8 to 4.0 
PAI-1 (ng/mL) 22.3±1.8 (n = 52)* 21.8 to 22.8 
Glucose (mmol/L) 4.7±1.2 (n = 52)* 4.4 to 5.0 
Insulin (µIU/mL)  6.1±0.7 (n = 46)* 5.9 to 6.3 
Triglyceride (mmol/L) 0.8±0.04 (n = 52)* 0.79 to 0.81 

*n = sample number available for each variable 
 
Table 3. Partial correlations (r, adjusted for sex, pubertal stage, physical activity levels and dietary indices) for measures of physical 

fitness and fatness 
   Total          Systolic Diastolic 
 Glucose Triglycerides cholesterol HDL-C LDL-C Adiponectin Fibrinogen IL-6 Insulin PAI-1 CRP BP BP 
Cardiorespiratory 0.057 -0.201 -0.060 -0.033 0.008 0.443 0.129 0.217 -0.323 0.216 -0.130 0.136 -0.620 
Fitness -0.788 -0.334 -0.775 -0.874 -0.969 (0.027)* -0.539 -0.297 -0.115 -0.299 -0.950 -0.516 -0.770 
CMJ 0.430 0.030 0.590 0.251 -0.53 0.197 0.033 0.136 -0.260 0.032 -0.026 0.151 0.212 
 (0.032)* -0.888 -0.779 -0.227 -0.801 -0.345 -0.875 -0.518 -0.902 -0.881 -0.903 -0.472 -0.309 
Agility a 0.100 -0.082 0.099 0.074 0.092 0.486 0.044 0.345 -0.284 0.301 0.950 0.181 0.140 
 -0.636 -0.695 -0.639 -0.727 -0.66 (0.014)* -0.834 -0.091 -0.169 -0.144 -0.653 -0.385 -0.505 
10 m sprint a 0.253 -0.299 0.290 0.194 0.16 0.399 0.077 0.156 -0.340 0.348 -0.220 0.133 -0.087 
 -0.222 0.147) -0.889 -0.352 -0.941 (0.048)* -0.715 -0.455 -0.096 -0.088 -0.291 -0.526 -0.679 
Waist -0.076 0.203 0.014 -0.081 -0.014 -0.514 -0.351 -0.160 0.385 -0.158 -0.014 -0.047 0.081 
Circumference -0.718 -0.332 -0.946 -0.699 -0.947 (0.009)** -0.085 -0.446 -0.057 -0.450 -0.946 -0.825 -0.702 
Waist--to-hip 0.104 -0.033 0.011 0.067 -0.005 -0.272 -0.217 0.154 0.162 -0.110 -0.123 -0.008 0.220 
Ratio -0.620 -0.876 -0.959 -0.751 -0.982 -0.188 -0.297 -0.490 -0.438 -0.600 -0.558 -0.970 -0.290 
BMI -0.128 0.173 0.136 -0.108 0.128 -0.434 -0.288 -0.116 0.302 -0.056 0.092 -0.018 0.142 
 -0.542 -0.407 -0.516 -0.606 -0.541 (0.030)* -0.162  - 0.581  -0.142  -0.791  -0.662  -0.934  -0.499 
a For the Agility and 10m sprint test, correlations were inverted since a lower time indicates a better performance. CMJ = Counter movement jump; 

BMI = body mass index. *p≤0.05, ** p≤0.01 
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Table 4. Summary statistics for the multiple-regression 

analysis of measures of physical fitness, fatness, 

gender, maturation, physical activity levels and 

dietary indices (N = 38) 

 β R2 Adjusted R2 P value 

Cardiorespiratory 0.889 0.79 0.737 0.000 

Fitness 

CMJ 0.791 0.626 0.533 0.000 

Agility 0.751 0.565 0.456 0.002 

10 m Sprint 0.818 0.669 0.586 0.000 

Waist Circumference 0.365 0.133 -0.083 0.716 

Waist-to-hip ratio 0.413 0.170 -0.037 0.564 

BMI 0.362 0.131 -0.086 0.725 

CMJ = Counter Movement Jump; BMI = Body Mass Index 

Note that correlations were inverted since lower times 

indicate better sprint and agility performances. Waist 

circumference and BMI were negatively associated with 

adiponectin (r = - 0.514, p = 0.009; r = -0.434, p<0.030). 
 Summary statistics of the regression models with 
indicators of physical fitness and fatness as the DV are 
shown in Table 4. The adjusted R

2
 was used as a measure 

of the relationship between the DV and the IV’s. About 
74% of the variance in cardiorespiratory fitness was 
explained. Significant variables were kcal/d (b = 0.313, P 
= 0.018) and gender (b = 1.532, p = 0.010). About 53% of 
the variance in CMJ performance was explained, but only 
gender was significant associated (b = 1.781, p = 0.022). 
Although significant percentages of the variance in agility 
(46%) and sprint (59%) performances were explained, no  
specific   variables  were  significantly  associated. There 
were no significant associations of the three indicators of 
adiposity BMI, waist-to-hip ratio or waist circumference.  

4. DISCUSSION 

 The purpose of this study was twofold. First, we 
aimed to investigate the independent relationships among 
several indicators of physical fitness and fatness and 
CVD risk factors. Secondly, we used multiple regression 
models to evaluate the independent, effects of traditional 
covariates on the variance of each fitness and fatness 
indicator. To our knowledge, this is the first study of its 
kind involving healthy Scottish adolescents. There is a 
dearth of information relating to the independent 
associations between measures of both physical fitness 
and adiposity with both traditional and novel CVD risk 
factors. It is intended that results of this investigation 
would suggest associated risks that can inform the design 
and implementation of future preventative interventions. 
 An important observation was the independent 
associations between different measures of physical 
fitness and adiponectin Table 3. A significant, moderate 
association was noted between cardiorespiratory fitness, 
10m sprint and agility performance and adiponectin in this 

sample. Though some have noted a significant 
association between cardiorespiratory fitness and 
adiponectin (Nemet et al., 2003), the authors failed to 
consider the effects of adiposity within their analysis and 
involved younger participants. Others have found no 
significant associations between cardiorespiratory fitness 
and adiponectin (McVean et al., 2009) or have found an 
inverse association that was not in the expected direction 
for health (Martinez-Gomez et al., 2010). 
 Adiponectin is exclusively secreted by adipokines 
and circulates at relatively high levels in the bloodstream 
unlike other adipocytiknes such as IL-6 and PAI-1. In 
adults, low levels of adiponectin are predictive of CVD 
related events and type 2 diabetes (Tjonna et al., 2008). 
Previous studies have also reported lower adiponectin 
levels in obese and overweight children (Tam et al., 
2010; Valle et al., 2005) which would seem to imply that 
the incidence in childhood may exacerbate the 
prevalence of these disorders in adulthood. 
 Whether improvements in cardiorespiratory fitness 
can reduce circulating adiponectin levels is unclear in 
this cross-sectional study of adolescents. Significant 
improvements in resting adiponectin levels after 6 weeks 
(Kim et al., 2007) and 3 months (Balagopal et al., 2005) 
of physical activity interventions have been reported, but 
cardiorespiratory fitness of participants was not 
measured. Intuitively nonetheless, as both cohorts 
experienced significant reductions in measures of fatness 
(BMI, waist circumference), it is feasible that 
improvements in cardiorespiratory fitness would have 
occurred if they were evaluated, as has been 
demonstrated elsewhere (Kondo et al., 2006; Tjonna et al., 
2008). Although these two studies (Kondo et al., 2006; 
Tjonna et al., 2008) involved older cohorts and longer 
interventions (4 to 7 months), both demonstrated 
significant improvements in measures of fatness. The 
inverse correlations between WC and BMI and 
adiponectin (Table 3) are consistent with the 
experimental studies and also with a cross-sectional 
study involving adolescents (Valle et al., 2005).  
 Results from this study found a significant moderate 
relationship between 10 m sprint and agility 
performances and adiponectin Table 3. Apparently only 
one previous study has examined associations between 
speed and agility with CVD risk in Dutch adolescents 
(Twisk et al., 2000). Unfortunately, an index of 
neuromotor fitness based on measures of muscular 
strength, flexibility, speed of movement and co-
ordination was used so that a potentially independent 
effect of speed could not be partitioned. The authors did 
find an inverse association between a measure of fatness 
(sum of four skinfolds) and neuromotor fitness, but no 
associations were identified between neuromotor fitness 
and several metabolic CVD risk factors measured (TC, 
HDL-C, TC:HDL ratio). 
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 CMJ performance was also positively associated 
with glucose levels in the sample of Scottish adolescents. 
Jump tests are an indicator of muscular power among 
youth (Ortega et al., 2008). Other studies have either not 
considered or not observed an association between 
muscular power and glucose in healthy adolescents.  
 Collectively, the IV’s used in the regression models 
predicted significant proportions of the variance in 
measures of physical fitness. The observation that gender 
was a significant predictor of cardiorespiratory fitness 
and CMJ performance is consistent with the literature 
(Mota et al., 2002; Quatman et al., 2006). Girls tend to 
have a higher percentage body fat than boys which can 
impact both cardiorespiratory fitness and jumping 
performances; similarly, performances of girls on many 
fitness tests tends to reach a plateau or perhaps decline, 
on average, in later adolescence (Malina et al., 2004). 
Previous study of the 20 m MSFT has shown that 
performances increase with age in boys more so than in 
girls and that performances are inversely associated with 
percentage body fat in both genders (Mota et al., 2002). 
With regards to CMJ, boys demonstrate significant 
increases in performance during adolescence whereas 
girls do not (Malina et al., 2004).  
 It was somewhat surprising that kCal/d was 
significantly associated with cardiorespiratory fitness. It is 
well known that in order to promote optimal growth and 
development in adolescents, energy intake must be of a 
sufficient quantity and quality during these informative 
years. However, excess unhealthy nutrient intake can be 
detrimental to health. Previous studies have demonstrated 
that the dietary habits of Scottish youth are high in total 
and saturated fat and indeed, poor in comparison with 
other European countries (Lang et al., 2006). Our findings 
support this assumption as 94% of our subjects consumed 
a diet that exceeded recommended levels of total fat intake 
while 98% exceeded recommended levels of saturated fat 
intake (data not shown). Though no relationships were 
noted regarding the quality of energy intake, our data 
seem to imply that participants are not consuming enough 
of the healthy and nutrient rich foods needed to promote 
optimal growth and development. Nonetheless, the 
inherent limitations of self-reported dietary measures are 
well established. Whether this finding reflects these 
limitations or indeed suggests that this cohort is 
undernourished is unclear. 

5. CONCLUSION 

 Our results suggest that adiponectin was 
independently associated with several indicators of 
fitness and fatness. It may be that future physical activity 
interventions should focus not only on improving weight 
status but also on multiple components of physical 
fitness to ensure the greatest protection against 

unfavourable cardiometabolic risk profiles. Nonetheless, 
further studies are required to confirm these findings and 
determine the effects of physical fitness upon 
adipocytokines during adolescence. 
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