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Abstract 

 
Introduction 

 
Evidence suggests that moderate-vigorous physical activity (MVPA) and sedentary behavior 

(SB) independently affect various health parameters. However, children are commonly classified 

as physically active or inactive without considering time spent in SB. The aim of this study was 

to determine the association between an integrative classification of physical activity including 

both MVPA and SB with a clustered cardiometabolic risk score in European adolescents. Methods 

A cross-sectional study was conducted in adolescents (n= 548; boys 47.3%; 14.7 ± 1.2y) from 10 

 
European cities. MVPA and SB were measured using accelerometry. Adolescents were divided 

into  4  categories  according  to  MVPA  (meeting  or  not  meeting  the  international 

recommendations) and the median of SB time (high and low) (“High-SB & Inactive”, “Low-SB 

& Inactive”, High-SB & Active”, and “Low-SB & Active”). A clustered cardiometabolic risk 

score was computed using the HOMA index, systolic blood pressure, triglycerides, total 

cholesterol/HDL-c, sum 4  skinfolds, and cardiorespiratory fitness (CRF).  Univariate general 

linear models were performed to assess the effects of each category and cardiometabolic risk 

score. 

Results 

 
The cardiometabolic risk score was lower in adolescents meeting the MVPA recommendation, 



and it decreased with lower sedentary time. Intermediate categories (“Low-SB & Inactive” and 



 

“High-SB & Active”) did not show significant association in comparison with the higher or lower 

categories. It is important to note that CRF was the only variable that showed a significant 

modification (higher) when children were compared from the category of “physically inactive” to 

“active”, but not from “high to low-SB”. 

Conclusion 

 
Being physically active has shown to be the most significant and protective outcome in 

adolescents in order to reduce cardiometabolic risk. Reducing SB does not exhibit a large effect. 

Thus, future physical activity guidelines for children should focus mainly on increasing the 

MVPA recommendations. 

Keywords: Sedentary behavior, physical activity, exercise, cardiometabolic health, children, 

accelerometry. 



 

Introduction 
 
 
 
 
Evidence indicates that regular physical activity is associated with numerous health benefits in 

adolescents such as body composition (Moliner-Urdiales et al., 2009; Jiménez-Pavón et al., 

2013a), cardiorespiratory fitness (Ruiz et al., 2015; Santos et al., 2014,), markers of insulin 

resistance (Jiménez-Pavón et al., 2013b), and cardiovascular disease risk factors (Ruiz et al., 

2009; Rendo-Urteaga et al., 2015; Marques et al., 2015; Herman et al., 2015). Despite these 

benefits, a large percentage of adolescents (43.2% boys and 72.5% girls) do not currently meet 

the established recommendation of at least 60 minutes of moderate-vigorous physical activity 

(MVPA) every day (Ruiz et al., 2011). Further, they spend much of their time (around 71%) in 

sedentary behaviors (SB) (Ruiz et al., 2011). 

 
 
 

Total daily physical activity is composed of a broad spectrum of movement behaviors in a 24- 

hour period: i) SB, ii) light-intensity physical activity (LIPA), and iii) MVPA. While both LIPA 

and MVPA promote a healthy profile (Pedersen & Saltin, 2015; Tremblay et al., 2016), spending 

large amounts of time in sedentary activities (<1.5 metabolic equivalents: METs, e.g., sitting or 

reclining posture) and being physically inactive (i.e., not achieving the established 

recommendations for physical activity) have shown a strong association with morbidity and 

mortality (Koster et al., 2012; Booth et al., 2012). 

 
 
 

The independent associations of total daily physical activity, MVPA, LIPA, and SB time have 

been  exhibited  for  several  health  markers  (Bakrania  et  al.,  2016;  Tremblay  et  al.,  2016). 

Therefore, reallocating all movement behaviors during a day appears to be a new approach for 



 
studies have begun to explore different combinations of patterns among SB, LIPA/SB ratio, and 

 
MVPA in order to categorize children and adolescents in a more integrative way (Spittaels et al., 

 
2012; Santos et al., 2014; Marques et al., 2015; Herman et al., 2015; Loprinzi et al., 2015; Rendo- 

Urteaga et al., 2015). 

 
 
 

Studies investigating the associations between clustered cardiometabolic risk score and the 

combined effect of physical activity and SB using an objective method are lacking. Indeed, few 

studies have used this methodology, and they have mainly focused on fitness and adiposity in 

children and adolescents (Santos et al., 2014; Marques et al., 2015; Martinez-Gomez et al., 2011; 

Hernan et al., 2015; Loprinzi et al., 2015).  This information could be essential to establish future 

public health strategies, thus improving trends in childhood physical activity so as to reduce the 

prevalence of coronary and metabolic diseases in adulthood (Tremblay et al., 2016; Lätt et al., 

2015; Azevedo et al., 2016; WHO, 2010). 
 
 
 
 
The aim of this study was to determine the association between a clustered cardiometabolic risk 

score and an integrative classification of physical activity, which involves the combination of: i) 

high vs. low-SB time and ii) physically inactive vs. active, both objectively measured using 

accelerometry. 

 
 
 

Method 



improving global health status (Tremblay et al., 2016; Loprinzi et al., 2015). In this regard, some  
 

The Healthy Lifestyle in Europe by Nutrition in Adolescence Cross-Sectional Study (HELENA- 

CSS) is a multicenter study performed in 10 European cities belonging to nine countries. The 

HELENA-CSS was designed to obtain reliable and comparable data on nutrition and health- 

related parameters from a sample of European adolescents aged 12.5 – 17.5 yr. Data collection 

took place between 2006 and 2008. A sample of 3,528 adolescents met the HELENA general 

inclusion criteria. However, only 1089 of these were randomly selected in each city for blood 

collection. In the present study, 548 adolescents with valid data on cardiometabolic risk factors 

[homeostasis model assessment (HOMA) index, systolic blood pressure (SBP), triglycerides 

(TG), total cholesterol by high density lipoprotein cholesterol (TC/HDL), Sum 4 skinfolds and 

cardiorespiratory fitness (CRF)] and accelerometry were included in the analysis. The study was 

performed following the ethical guidelines of the 1964 Declaration of Helsinki (revision of 

Edinburgh  2000),  the  Good  Clinical Practice, and  the  legislation about clinical research in 

humans  in  each  of  the  participating  countries.  The  protocol  was  approved  by  the  Human 

Research Review Committees of the involved centers. Furthermore, all parents/guardians signed 

an informed consent form, and the adolescents agreed to participate in the study (Moreno et al., 

2008). 
 
 
 
 
Physical examination 

 
 
 
 
Body weight was measured to the nearest 0.1 kg with an electronic scale (SECA 861; SECA, 

Hamburg, Germany). Body height was measured barefoot with a telescopic stadiometer (SECA 

225) to the nearest 0.1 cm (Nagy et al., 2008). Adolescents were barefoot and in light clothing 

during anthropometric measurements. Body mass index (BMI) was calculated as body weight 



 

 
(biceps, triceps, subscapular, and suprailiac) on the left side of the body were measured three 

consecutive times with a non-elastic tape (SECA 200) to the nearest 0.1 cm and with a Holtain 

caliper, to the nearest 0.2 mm, respectively. Pubertal stage was assessed by a physician according 

to Tanner and Whitehouse (Tanner et al., 1976). SBP was measured twice by OMRON®M6 

(HEM 70001). Participants were seated in a separate quiet room for 10 min with their backs sup- 

ported and feet on the ground. Two SPB readings were taken at 10 min intervals, and the lowest 

measure was used. 

 
 
 

Blood samples 
 
 
 
 
Blood samples were collected by venipuncture at school between 8:00 am and 10:00 am after a 

 
10-h overnight fast. Blood was collected in heparinized tubes and then immediately placed on dry 

ice and centrifuged within 30 min (3500 r.p.m. for 15 min) to avoid hemolysis. Immediately after 

centrifugation, the samples were stored and transported at 4–7 °C (for a maximum of 14 h) to the 

central laboratory in Bonn (Germany) and stored there at −80 °C until assayed [29]. TG, TC, and 

HDL were measured using enzymatic methods (Dade Behring, Schwalbach, Germany). HOMA 

index calculation was used as a measure of insulin resistance (Matthews et al., 1985). 

 
 
 

Cardiorespiratory fitness 
 
 
 
 
CRF was measured by the progressive 20-m shuttle run test. Adolescents were required to run 

between two lines that were located 20 m apart, while keeping the pace with audio signals 



divided by the square of height (kg/m
2
). Waist circumference and a set of skinfold thicknesses  

 

emitted from a pre-recorded CD with an initial speed of 8.5 km/h that increased by 0.5 km/h 

every minute (1 min equals 1 stage). The test ended either when the adolescent failed to reach the 

end line concurrent with the audio signals on two consecutive occasions or when he or she 

stopped due to fatigue. The last stage completed (precision of 0.5 stages) was used to calculate 

the VO2max from the equation developed by Leger et al. (Léger et al., 1988). 

 
 
 

Cardiometabolic Risk Score 
 
 
 
 
A clustered cardiometabolic risk score was created from the sum of SBP, TG, TC/HDL ratio, 

HOMA index, sum of four skinfolds, and CRF. Previously, these 6 health parameters were 

positively skewed and were transformed (natural log). The standardized value (Z-scores) of each 

variable was calculated as follows: (value - mean)/SD, separately for boys and girls, and for each 

1-yr age group. Lower values are indicative of a better profile (Andersen et al., 2006). The CRF 

Z-score was multiplied by -1 (cardiometabolic beneficial effect). 

 
 
 

Physical activity levels 
 
 
 
 
Levels of PA and sedentary time were measured with the GT1M ActiGraph accelerometer 

(Actigraph MTI, model GT1M, Manufacturing, Pensacola, FL, USA). The ActiGraph has been 

widely validated in youth (Freedson et al., 2005). Adolescents were asked to wear the 

accelerometer during the daytime for 7 consecutive days and were also instructed to wear the 

accelerometer attached tightly on the hip by an elastic belt on the right side. They were only 

permitted to remove it when bathing or doing other water-based activities. The criterion for 



 

 
Urdiales et al., 2009). Each epoch (time sampling interval) was set at 15 s in accordance with 

consensus recommendations for children and adolescents (Wards et al., 2005), and bouts of 20 

continuous minutes of zero counts were considered as non-wearing time periods and were 

removed from the analysis. At least 3 days of recording with a minimum of 480-min wear time 

was required for inclusion of a day in analysis. Moreover, recordings of more than 20,000 

counts/minute were considered potential malfunctions of the accelerometer, and these values 

were excluded from the analyses. 

 
Sedentary time, moderate and vigorous PA was defined as <100, 2000–3999 and ≥4000 

counts/minute, respectively (Ruiz et al., 2011). A measure of average volume of physical activity 

was expressed as the sum of recorded counts divided by total daily registered time expressed in 

minutes (counts/min). Adolescents were classified as low or high sedentary according to the 

median value by age and sex, as has previously been done in the literature (Santos et al., 2013; 

Marques et al., 2015). Furthermore, adolescents were dichotomized into those who met (Active: 

≥60 min/day in MVPA) or did not meet (Inactive: <60 min/day in MVPA) the current physical 

activity recommendations for youth (WHO, 2010). This allowed us to create four categories 

according  to  high  vs.  low-SB  time  and  physically  inactive  vs.  active  as  a  proposal  of  an 

integrative classification of physical activity (i.e., “High-SB & Inactive”, “Low-SB & Inactive”, 

High-SB & Active” and “Low-SB & Active”). 

 
Statistical analysis 



inclusion was to record at least 8 h/day for a minimum of 3 days (Ruiz et al., 2011, Moliner-  
 

Descriptive statistics are presented as percentages or means and standard deviation (SD). T- 

student, U Mann–Whitney, or Pearson chi-square tests were performed to assess differences by 

sex for adolescent characteristics (age, height, weight, BMI, tanner stage), physical activity level 

(sedentary time, MVPA, accelerometer wearing time, % meeting PA guidelines, and % high 

sedentary time), and health parameters (CRF, sum 4 skinfolds, TC/HDL ratio, TG, SBP, and 

HOMA) (table 1). 

 
 
 

Two  univariate  general  linear  analyses  (univariate  GLM)  were  performed  to  assess:  i) 

comparisons between physically inactive vs. active and low vs. high-SB groups separately with 

the health parameters and cardiometabolic risk score and ii) comparison between the four 

categories of integrative classification of physical activity (“High-SB & Inactive”, “Low-SB & 

Inactive”, High-SB & Active” and “Low-SB & Active”) with the health parameters and 

cardiometabolic risk score. 

 
 
 

Three different models were performed that were adjusted to several covariates in the following 

manner: Model 1 (adjusted for age, sex, BMI, accelerometer wear time, and study center as a 

random factor); Model 2 (model 1 + time spent at moderate-vigorous physical activity) and 

finally Model 3 (Model 1 + sedentary time). A Bonferroni post-hoc test comparison between 

groups  was used in the second GLM analysis. The main analyses were performed with boys and 

girls combined due to the fact that no significant interaction was found between sex and 

PA/sedentary time groups. The level of significance was set at p<0.05. Data were analyzed using 

the IBM SPSS Statistics V.21 (SPSS, Inc. IBM, New York, USA). 



 

 

 
 
 

Results 
 
 
 
 

Adolescent characteristics are shown in Table 1. On average, adolescents spent 542.8 min/day
-1

 

 
(69.7%) in SB and 60.2 min/day

-1 
in MVPA (7.7%). Boys were significantly more active (~20 

MVPA min/day
-1

) than girls. 43.0% of the study adolescents achieved the recommended levels of 

PA (>60 min/day
-1 

of MVPA), and there was a large and significant difference between boys and 

girls, 61.7% vs. 26.2% respectively (p<0.001). Girls had higher levels of Sum 4 skinfolds (40%) 

and TG (20.7%) than boys, but they exhibited lower levels of SBP (7.5%) and CRF (25.1%) (all 

p<0.005). 
 

 
 

Table 2 shows the comparison between high vs. low-SB time and physically inactive vs. active 

adolescents for various health parameters and cardiometabolic risk score. On the one hand, when 

active and inactive groups are compared, only two parameters (CRF and cardiometabolic risk 

score) exhibited significant differences (p<0.05) with both models 1 and 3 (model 3: adjusted for 

age, sex, BMI, accelerometer wear time, and additionally by sedentary time). The remaining 

health parameters are equal for all models. On the other hand, when comparing low and high-SB 

groups, TC/HDL, TG, and cardiometabolic risk score showed significant differences with model 

1 (p<0.05). Nonetheless, when the analysis was adjusted for age, sex, BMI, accelerometers wear 

time, and additionally by MVPA time (model 2), this statistical difference disappears except for 

the cardiometabolic risk score. Overall, being physically active exhibited high cardiometabolic 

protection independent of sedentary level. 



 

 

Figure 1 depicts multiple comparisons across the four categories of the six health parameters 

composing the cardiometabolic risk score. CRF (F=6.46; p<0.0001) and TC/HDL (F=3.69; 

p<0.01) present a significant overall effect among groups. Both “High-SB & Inactive” and “Low- 

SB & Inactive” groups showed significant differences in comparison with the “High-SB & 

Active” group in CRF (p<0.001 and p<0.049, respectively). In addition, significant differences 

are observed between “High-SB & Inactive” and “High-SB & Active” in TC/HDL (p<0.030). 

There were no significant differences for the remaining 4 health parameters: TG (F=2.14; 

p=0.094), Sum 4 skinfolds (F=1.99; p=0.114), HOMA (F=1.02; p=0.380), and SBP (F=1.64; 

p=0.177). 

 
 
 

Figure 2 shows the comparisons across the four categories of the integrative classification of 

physical activity on cardiometabolic risk. A significant reduction in cardiometabolic risk score is 

observed when adolescents meet the physical activity recommendation and at the same time 

reduce sedentary time (overall effect F=6.55; p<0.0001). In particular, the most significant 

differences were found between the “High-SB & Inactive” group and both the “High-SB & 

Active” and the “Low-SB & Active” groups (p<0.010 and p<0.001, respectively). 

 

 
 
 
 
 

Discussion 
 
 
 
 
The main findings of our study exhibit a significant lower cardiometabolic risk score when 

 
European adolescents meet the MVPA recommendation and a non-significant difference when 



 

 

sedentary time is reduced. These results suggest prioritizing attention to meeting the MVPA 

 
recommendations in early ages in order to reduce cardiometabolic risk. 

 
 
 
 
Currently, there is widespread consensus on the fact that meeting the guideline level of MVPA 

protects against chronic diseases in children and adolescents (Ruiz et al., 2009; WHO, 2010). At 

the same time, emerging evidence indicates the deleterious effects of prolonged sitting on health 

indicators in school-aged children (Carson et al., 2016). Therefore, there is a real need to change 

physical activity behaviors at an early age. 

 
 
 

Our results show that adolescents who are physically active have higher levels of CRF and a 

healthier cardiometabolic risk score, even when adjusting the data by sedentary time. Previous 

evidence confirms these results (Carson et al., 2016; Ruiz et al., 2009; WHO, 2010; Ruiz et al., 

2015; Jiménez-Pavón et al., 2013a; Jiménez-Pavón et al., 2013b; Peterson et al., 2014; Marques 

et al., 2015). This outcome was corroborated in a recently published meta-analysis, concluding 

that evidence about objectively measured total sedentary time adjusted for MVPA associated 

with CRF in children and adolescents is limited (Cliff et al., 2016). 

 
 
 

Regarding the proposal of the integrative classification of physical activity, recent and diverse 

studies have used a combination between MVPA and the time spent in SB in children and 

adolescents. The main variables that have been analyzed are CRF (Santos et al., 2014; Marques et 

al., 2015; Martinez-Gomez et al., 2011) and indices of adiposity (Hernan et al., 2015; Loprinzi et 

al., 2015). Nonetheless, to the best of our knowledge, only one study has previously analyzed a 

clustered cardiometabolic risk score in adolescents (Rendo-Urteaga et al., 2015). This study used 



 

 
assessed using a questionnaire. Thus, children were divided into 2 groups based on the total time 

spent on SB per day (<2h or >2h) according to the American Academy of Pediatrics guidelines, 

limiting a more holistic approach on total daily physical activity (Tremblay et al., 2016). The 

results of the abovementioned study were less statistically significant on each variable (HOMA, 

TC/HDL, SBP, TG, Sum 4 skinfolds and CRF) than ours. 

 
 
 

In our study, regarding each individual metabolic risk factor, the only metabolic risk factor that 

was significantly associated with physical activity levels (using the 4 categories) was the CRF. A 

significant association was not found among the 4 categories and TG, TC/HDL, HOMA, Sum of 

4 skinfolds, and SBP. Our results are consistent with other studies using a similar approach to 

physical activity classification in both adults (Peterson et al., 2014), children and adolescents 

(Rendo-Urteaga et al., 2015; Marques et al., 2015; Herman et al., 2015). In line with what we 

previously mentioned, CRF showed a significant improvement when adolescents pass from the 

most inactive and sedentary category to another more active category, indicating its relevance 

once again as part of cardiometabolic health (Boddy et al., 2014). CRF is considered a useful 

diagnostic and prognostic health indicator in children and adolescents (Ruiz et al., 2015; Santos 

et al., 2014). Exercise has been positively associated with an increased CRF (Santos et al., 2014, 

García-Hermoso et al., 2016), but excessive sedentary time has been related with low CRF in 

adolescents (Santos et al., 2014, Martinez-Gomez et al., 2011; Rey-López, 2013). In adults, an 

additional hour of sedentary time was associated with a -0.12 and a -0.24 MET (metabolic 

equivalent) difference in CRF for men and women, respectively (Kulinski et al, 2014), while in 

youth, time in  MVPA  has been associated with  better CRF  independent of  sedentary time 



a mixed methodology where MVPA was assessed using an accelerometer; however, SB was  
 

(Marques et al., 2015; Santos et al., 2014). This evidence may indicate the importance of 

increasing total daily physical activity level either through increasing the LIPA/SB ratio or by 

increasing MVPA, because CRF seems to be more sensitive than the other health parameters in 

detecting any beneficial physiological changes. 

 
 
 

We found that cardiometabolic risk score was notably lower when physical activity was higher 

and sedentary time lower. However, the most significant result was observed when adolescents 

were more active than the median of MVPA and not when they were less sedentary. This result is 

consistent the study by Rendo-Urteaga et al., 2015  in adolescents. They employed an integrative 

classification of physical activity using an accelerometer to assess MVPA as well as a 

questionnaire to determine SB (Rendo-Urteaga et al., 2015). It was concluded that the 

cardiometabolic risk score was lower in the most physically active adolescents. However, there 

were no statistically significant differences observed between the groups. 

 
 
 

Intervention studies on SB have shown a significant, although very small, effectiveness on 

reducing BMI in children and adolescents (Azevedo et al., 2016). Statistically, when SB data are 

adjusted by MVPA the level of association appears to decrease on adiposity, cardiometabolic, or 

CRF (Cliff et al., 2016). Thus, this may explain not having found a significant association in both 

intermediate categories (“Low-SB & Inactive” and “High-SB & Active”) in comparison with the 

higher or lower categories. As a result, it could be suggested that intensity plays an important role 

in achieving the health benefits of exercise in youth (García-Hermoso et al., 2016), but a minimal 

intensity  is  required.  Physical  activity  exceeding  2  METs  has  been  associated  with  lower 



LIPA/SB ratio (Loprinzi et al., 2015; Spittaels et al., 2012), making inter-studies comparisons  

 
2016). 

 
 
 
 
In this regard, reallocating or substituting sedentary time with LIPA is maybe not the best 

solution for this population as opposed to the case of adults who are much more sedentary 

(Tremblay et al., 2016; Loprinzi et al., 2015). In this sense, an interesting study (2-year follow-up 

study) found that vigorous physical activity rather than SB was a better predictor of overweight 

and obesity in pubertal boys (Lätt et al., 2015). Furthermore, this may explain why CRF is so 

relevant in reducing cardiometabolic risk score (García-Hermoso et al., 2016). 

 
 
 

It may be of interest to carry out longitudinal studies in order to understand how childhood 

influences adolescence and adulthood with regards to changes in physical activity and SB and 

their effect on cardiometabolic health. Moreover, an objective measurement to evaluate a 

continuum of physical activity (sedentary to vigorous physical activity intensity) is a highly 

recommended methodology as well as a parallel qualitative analysis describing how time is spent 

in children and adolescents. Finally, future physical activity guidelines for children should mainly 

prioritize meeting the MVPA recommendations, and in second place reducing SB. 

 
 
 

This study presents some limitations that are important to note. The most relevant limitation is 

the methodological approach used to establish the sedentary categories. Sedentary time has 

typically been categorized by tertiles (Herman et al., 2015; Peterson et al., 2014), quartile 

(Bakrania et al., 2016), median (Santos et al., 2014; Marques et al., 2015), cut-offs obtained in 

the ROC curve (Martinez-Gomez et al., 2011), <2h or >2h (Rendo-Urteaga et al., 2015), and 



adiposity in mid-childhood, whereas exceeding 3 METs in needed to benefit CRF (Collings et al.,  

 
difficult. Furthermore, it is important to bear in mind that a cross-sectional study does not allow 

the analysis of causal relationships. Besides these limitations, our study presents some strength 

such as the diverse geographic origin of the samples and its standardized methodology to assess 

PA and SB using an accelerometer. Additionally, to the best of our knowledge, this is the first 

study to use objective measurement and integrative classification of physical activity to evaluate 

the association between MVPA and SB with cardiometabolic risk in a large sample of European 

adolescents. 

 
 
 

Conclusion 
 
 
 
 
Our study suggests that increasing MVPA and reducing sedentary level is associated with a better 

cardiometabolic risk score in an integrative physical activity classification. However, the most 

significant and protective outcome in adolescents in order to reduce cardiometabolic risk is meet 

MVPA recommendation. 
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clustered cardiometabolic risk in 10- to 12-year-old school children: the REACH Y6  
 
 
 
 

All (n=548)  Boys (n=259)  Girls (n=289) 

 P-value by sex 

 mean SD  mean SD  mean SD   

Age (years) 14.7 1.2  14.8 1.2  14.7 1.1  0.296 

 

Height (cm) 
 

165.1 
 

9.8  
 

169.5 
 

10.2  
 

161.2 
 

7.5  
 

<0.001 

 

Weight (kg) 
 

57.3 
 

12.4  
 

59.6 
 

13.2  
 

55.3 
 

11.2  
 

<0.001 

BMI (kg/m
2
) 

 

20.9 
 

3.4 
  

20.6 
 

3.3 
  

21.2 
 

3.5 
  

0.041 
 

Tanner stage I 3.5% 3.0% 3.8%  

 
 

stage II-IV 
 

66.2% 
 

65.3% 
 

67.1% 
 

0,048 

 
 

stage V 
 

30.3% 
 

31.7% 
 

29.1%  

 

 
 

Sedentary time (min/day) 542.8 86.8 535.8 92.7 549.0 80.8 0.077 

 

MVPA (min/day) 
 

60.2 
 

24.9 
 

70.5 
 

26.5 
 

51.1 
 

19.2 
 

<0.001 

 

Accelerometer wearing time (min/day) 
 

777.9 
 

98.3 
 

784.4 
 

103.0 
 

772.0 
 

93.6 
 

0.092 
 

Meeting PA guidelines % (n) 43.0 (236) 61.7 (160) 26.2 (76) <0.001 

 

High sedentary % (n) 
 

49.6 (272) 
 

51.7 (134) 
 

47.7 (138) 
 

0.392 
 

CRF (ml/kg/min-
1
) 

 

41.4 
 

7.9 
 

46.3 
 

7.2 
 

37.0 
 

5.7 
 

0.002 

 

Sum 4 skinfolds (mm) 
 

50.8 
 

25.2 
 

41.9 
 

23.7 
 

58.7 
 

23.9 
 

<0.001 

 

TC/HDL 
 

3.0 
 

0.6 
 

2.9 
 

0.6 
 

3.0 
 

0.7 
 

0.121 

 

TG (mg/dL) 
 

68.9 
 

35.4 
 

62.1 
 

29.5 
 

75.0 
 

39.0 
 

<0.001 

 

SBP (mmHG) 
 

120.7 
 

14.7 
 

125.3 
 

15.2 
 

116.5 
 

13.0 
 

0.001 

 

HOMA 
 

2.4 
 

2.0 
 

2.4 
 

2.4 
 

2.5 
 

1.6 
 

0.543 

 

Cardiometabolic risk score 
 

0.123 
 

3.6 
 

-0.121 
 

3.5 
 

0.342 
 

3.7 
 

0.138 



Table 1. Descriptive characteristics of adolescents.  
 

Values are mean and SD. Bold indicates statistical significance (P-values < 0.05) using t-student, 

U Mann–Whitney, or Pearson chi-square tests. PA: physical activity; MVPA: moderate to 

vigorous physical activity; BMI: body mass index; TG: triglycerides; TC/HDL: ratio between 

total cholesterol and high density lipoprotein; HOMA: homeostasis model assessment; Sum 4 

skinfolds: biceps, triceps, subcapsular and suprailiac; SBP: systolic blood pressure; CRF: 

cardiorespiratory fitness. Meeting PA guidelines %: Percentage of children meeting the physical 

activity recommendation. High sedentary %: Percentage of sedentary children according to the 

median value by age and sex. 



 

 
Table  2.  Comparisons  between  inactive  vs.  active  and  low  vs.  high-SB  groups  for  various  health  parameters  and 

 
Cardiometabolic Risk Score. 

 
 
 
 

Physical activity level  Sedentary 

 

Inactive (n=312)  Active (n=236)  Model 1   Model 3  Low (n=276)  High (n=272)  Model 1   Model 2 
 

 Mean SEM Mean SEM P-value P-value Mean SEM Mean SEM P-value P-value 

CRF 40.6 0.36 42.7 0.45 <0.001 0.001 42.2 0.43 41.2 0.46 0.155 0.814 

 

Sum 4 skinfolds 
 

51.8 
 

0.81 
 

50.9 
 

1.01 
 

0.490 
 

0.265 
 

50.1 
 

0.94 
 

52.8 
 

1.01 
 

0.087 
 

0.209 

 

TC/HDL 
 

3.0 
 

0.04 
 

2.8 
 

0.05 
 

0.060 
 

0.265 
 

2.8 
 

0.05 
 

3.0 
 

0.05 
 

0.019 
 

0.099 

 

TG (mg/dL) 
 

70.4 
 

2.38 
 

63.0 
 

2.98 
 

0.060 
 

0.225 
 

62.4 
 

2.74 
 

72.7 
 

2.94 
 

0.022 
 

0.225 

 

SBP (mmHG) 
 

121.2 
 

0.87 
 

120.2 
 

1.09 
 

0.497 
 

0.899 
 

119.0 
 

1.00 
 

121.5 
 

1.08 
 

0.128 
 

0.261 

 

HOMA 
 

2.52 
 

0.13 
 

2.15 
 

0.16 
 

0.094 
 

0.105 
 

2.1 
 

0.15 
 

2.3 
 

0.16 
 

0.392 
 

0.888 

 

Cardiometabolic risk score 
 

0.52 
 

0.18 
 

-0.52 
 

0.23 
 

0.001 
 

0.020 
 

-0.66 
 

0.22 
 

0.55 
 

0.23 
 

0.001 
 

0.045 

 

 
 

Univariate general linear model, all values are mean and SEM. Non-transformed data are presented, but statistical analyses were 

performed on Log-transformed data. Bold indicates statistical significance (p<0.05). 

Model 1. Adjusted for age, sex, body mass index, accelerometer wear time, and study center (random factor). 

Model 2. Model 1 + time spent at moderate-vigorous physical activity. 

Model 3. Model 1 + sedentary time. 



 

 

 
 
 

 
Figure 1. Comparison among four categories for the six health parameters composing 

cardiometabolic risk score. Univariate general linear models, all values are mean and SEM. Non- 

transformed data are presented, but statistical analyses were performed on Log-transformed data. 

Common symbols indicate statistical significance (p<0.05) between groups. Analysis adjusted for 



 

 
Bonferroni post hoc analysis was used. 



age,  sex,  body  mass  index,  accelerometer  wear  time,  and  study  center  (random  factor).  
 

 
 
 

Figure 2. Differences in cardiometabolic risk score among four categories. Univariate general 

linear models, all values are mean and SEM. Non-transformed data are presented, but statistical 

analyses were performed on Log-transformed data. Analysis adjusted for age, sex, body mass 

index, accelerometer wear time, and study (random factor). Common symbols indicate statistical 

significance (p<0.05) between groups. Bonferroni post hoc analysis was used. 


