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Abstract
We aimed to analyse the longitudinal association between physical fitness (PF) and body composition (BC) with a meta-
bolic risk score (Met4) in children and adolescents and to elucidate whether the association between PF and Met4 differs 
when using relativized or absolute fitness variables. A total of 188 children (86 females) and 195 adolescents (97 females) 
were included. Cardiorespiratory fitness (CRF) was determined by the 20-m shuttle run test, and muscular fitness (MF) was 
determined by hand grip and standing long jump tests. Height and weight were measured, and the body mass index (Kg/
m2) was calculated. Triceps and subscapular skinfolds were assessed to compute body fat percentage. Met4 was computed 
from systolic blood pressure, triglycerides, high-density lipoprotein cholesterol, and glucose levels. Relative CRF was 
longitudinally and negatively associated with Met4 in female children (β =  −0.031, p = 0.025), while absolute CRF was 
positively associated with Met4 in male children and adolescents (β = 0.000, p < 0.05). Relative upper and lower-body MF 
were longitudinally and negatively associated with Met4 in female adolescents (β =  −1.347, β =  −0.005, p < 0.05), while 
absolute lower-body MF was positively associated with Met4 in male children (β = 0.000, p = 0.019). BC was longitudinally 
and positively associated with Met4 in male children (β-ranging from 0.011 to 0.055, all p < 0.05) and male adolescents 
(β-ranging from 0.011 to 0.046, all p < 0.05).

Conclusion: BC is more strongly associated with Met4 than PF in children and adolescents. An optimal body weight 
status should be considered the main objective of health-promoting programs at childhood and adolescence. Furthermore, 
the way of expressing the fitness variables determines the direction of the association with Met4.

What is Known:
• Physical fitness is an important health indicator in children and adolescents, with great amount of previous evidence supporting the preven-

tive role of maintaining optimal levels of both cardiorespiratory and muscular fitness for future cardiometabolic issues.
What is New:
• The way of reporting physical fitness variables can affect the associations between physical fitness features and cardiometabolic outcomes. 

Since body composition variables have a great impact on both physical fitness and cardiometabolic health, relativizing physical fitness per-
formance by body composition could lead to erroneous conclusions.
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Abbreviations
BC  Body composition
%BF  Body fat percentage
BMI  Body mass index
CRF  Cardiorespiratory fitness
CVD  Cardiovascular disease
MetS  Metabolic syndrome score
Met4  Metabolic risk score excluding waist 

circumference
MF  Muscular fitness
PF  Physical fitness
SBP  Systolic blood pressure
SLJ  Standing long jump test
HDL-c  High-density lipoprotein cholesterol
HG  Handgrip strength
WC  Waist circumference
VO2max  Relative maximal oxygen uptake

Introduction

Cardiovascular diseases (CVD) are one of the leading causes 
of global mortality [1]. In 2015, CVD was responsible for 
17.9 million deaths, and unfortunately, an increase in CVD 
mortality has been projected due to population aging and 
growth [1]. Although CVD occurs mainly after the 5th dec-
ade of life [2], its precursors are already present at early ages 
[3]. Interestingly, the cluster of CVD risk factor levels in 
childhood and adolescence track into adulthood [4, 5]. The 
well-known metabolic syndrome score (MetS), which is the 
clustering of abdominal obesity, elevated systolic blood pres-
sure (SBP), elevated triglycerides, decreased high-density 
lipoprotein cholesterol (HDL-C), and elevated fasting plasma 
glucose, remains a major public health burden with the preva-
lence of the syndrome increasing in concert with obesity and 
sedentary lifestyles [6]. MetS affects both youths and adults 
and has been linked with clinical manifestations in CVD and 
type 2 diabetes [7, 8].

Physical fitness (PF) is an important health marker in 
youth [9, 10]. Specifically, having higher levels of cardi-
orespiratory fitness (CRF) [11, 12] and muscular fitness 
(MF) [9, 13] at an early age is associated with lower levels 
of mortality and lower levels of CVD risk factors. On the 
other hand, adiposity is another fundamental aspect that has 
been strongly related with cardiovascular health, so that high 
levels of adiposity in youth are accompanied by a worse 
CVD profile [14, 15], and this outcome persists later in life 
[10, 16].

An essential aspect is that PF and adiposity are closely 
related [17], what makes it difficult to elucidate from longi-
tudinal observational studies whether PF, adiposity, or both 
are predictive of CVD risk. This problem is derived from the 
causal relationship between these both features, since this 

relationship becomes more difficult to solve when it treats 
with PF measures in absolute terms and/or relativized by 
anthropometric measures as equals [18]. In terms of MF, 
a recent systematic review and meta-analysis showed how 
the association between MF and several health outcomes 
can change and even reverse if relative MF (i.e., divided by 
body mass) or absolute MF are used [19].

Recent systematic reviews showed that most of the stud-
ies including PF measures use their relativized form [18, 
19], which could lead to misconceptions of the independ-
ent effect that PF exerts on the outcome, given the interfer-
ences produced by adiposity. However, to our knowledge, 
few studies included PF with in its absolute form [20, 21]. 
Furthermore, most of the previous evidence comes from 
cross-sectional studies [18], being more longitudinal designs 
needed, not only to assess the longitudinal association but 
also to analyse how the progression of the exposures of 
interest affect the progression of the MetS through the years. 
This knowledge would help clarify the role of PF and body 
composition (BC), as well as their interaction, on MetS in 
children and adolescents. This in practice would bring to 
greater knowledge on how to evaluate and express PF vari-
ables at both, the school setting and in future research where 
current and future MetS is considered the outcome in chil-
dren and adolescents. Given this, we aimed to analyse the 
longitudinal association between PF (i.e., MF and CRF) and 
BC with MetS in children and adolescents and to elucidate 
whether the association between PF and MetS differs when 
using relativized or absolute PF variables.

Materials and methods

Study design and population

Participants took part of the UP&DOWN study [22]. In 
brief, this 2-year longitudinal study aimed to assess the 
impact on health indicators of physical activity, sedentary 
behaviours, and health-related PF in apparently healthy pri-
mary and secondary schoolchildren from Spain. The total 
UP&DOWN study sample consisted of 2264 healthy chil-
dren (6–11.9 years) and adolescents (12–17.9 years) enrolled 
from schools in Cádiz and Madrid, respectively, of whom 
1226 were children (580 females) and 1038 adolescents (502 
females). According to the Spanish Institute of National Sta-
tistics, the UP&DOWN sample size represents 50% and 5% 
of the total population of schoolchildren and adolescents, 
respectively. After selecting a random one-fourth for blood 
sampling, the resulting sample with complete data of PF, 
BC, SBP, and blood sampling at baseline was 461 children 
and adolescents, being 231 children (108 females) and 230 
adolescents (111 females). In the follow-up, some partici-
pants dropped out of the study (18.6% of children and 15.2% 
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of adolescents), and the final sample with complete data was 
383 participants, of which 188 were children (86 females) 
and 195 adolescents (97 females). We collected baseline data 
from September 2011 to June 2012, and the follow-up was 
performed from September 2013 to June 2014. Participants’ 
parents were informed about the purposes of the study, and 
written informed consents were provided. The study proto-
col was accepted by the Ethics Committee of the Hospital 
Puerta del Hierro (Madrid, Spain), the Bioethics Committee 
of the National Research Council (Madrid, Spain), and the 
Committee for Research Involving Human Subjects of the 
University of Cádiz (Cádiz, Spain).

Tanner stage

Explicative drawings of breast and genial development for 
females and males, respectively, were given to participants 
for self-classification in one of the five stages of pubertal 
development according to Tanner and Whitehouse [23].

Systolic blood pressure

Systolic blood pressure was measured with a validated 
digital automatic blood pressure monitor (OMRON M6; 
OMRON HEALTH CARE Co., Ltd., Kyoto, Japan) accord-
ing to the standardized and valid International Protocol of 
the European Society of Hypertension [24]. Two measure-
ments were taken 1 to 2 min apart. If the first two read-
ings differed in > 5 mm Hg, an additional measurement was 
taken, and the farthest value was removed. The average value 
of the two measurements was selected.

Blood sampling

After an overnight fast, 13.5 mL of blood was extracted from 
the cubital vein of each participant. Once the blood was col-
lected, it was immediately transported to standard laborato-
ries in each city, using the same protocols. About 3.5 mL 
of the blood sample was collected in ethylenediaminetet-
raacetic acid (EDTA) and analysed to acquire hemogram 
data. The remaining blood was collected in dried gel and 
sodium citrate and centrifuged to remove serum and plasma. 
Finally, the serum was frozen at −80 °C for future analy-
ses. In the current study, enzymatic colourimetric methods 
(Olympus AU2700 Analyzer; Olympus UK Ltd., Watford, 
UK) were used to analyse serum lipid triglycerides, high-
density lipoprotein cholesterol (HDL-c), and glucose.

Body composition

All BC variables were obtained in the morning between 9:00 
a.m. and 12:00 p.m., just before performing PF tests. Weight 
and height were measured with an electronic scale (type 

SECA 861; range, 0.05–130 kg; precision, 0.05 kg; Ham-
burg, Germany) and a telescopic stature-measuring instru-
ment (type SECA 225; range, 60–200 cm; precision, 1 mm; 
Hamburg, Germany), respectively. These measurements 
were conducted with participants dressed in lightweight 
clothing and without shoes. Body mass index (BMI) was 
calculated as weight/height squared (kg/m2). Waist circum-
ference (WC) was measured at the level of the narrowest 
part of the torso, using a non-elastic tape (SECA 200; range, 
from 0 to 150 cm; precision, 1 mm; Hamburg, Germany). 
Triceps and subscapular skinfolds were assessed according 
to Lohman’s anthropometric standardization reference man-
ual [25] by trained professionals. Skinfolds were taken on 
the non-dominant side of the body using a Holtain skinfold 
calliper (range, from 0 to 40 mm; precision, 0.2 mm), and 
body fat percentage (%BF) was estimated with Slaughter 
equations [26]. Two non-consecutive measurements of all 
BC variables were carried out, and the average was recorded.

Cardiorespiratory fitness

The 20-m shuttle run test was used to assess CRF [27]. Par-
ticipants were asked to run between two lines 20 m apart at a 
pace marked by a prerecorded sound signal. The initial speed 
was 8.5 km/h, with 0.5 km/h increments each stage. The test 
finished when the participant could not reach the line twice 
in a row. The last half-stage attained was recorded and used 
to estimate relative maximal oxygen uptake  (VO2max [mL/
kg/min]) through Léger’s equation [27]. This test has shown 
to be valid and reliable in children and adolescents [28, 29]. 
Finally, we obtained absolute  VO2max was obtained by mul-
tiplying relative  VO2max by body weight.

Muscular fitness

Upper and lower body strength was assessed by the hand-
grip strength (HG) and standing long jump tests, respec-
tively. The HG test was conducted using a validated hand 
dynamometer with an adjustable grip (TKK 5101 Grip D; 
Takey, Tokyo, Japan) [30]. After adjusting the grip span to 
the hand size according to the equations specifically devel-
oped for children [31] and adolescents [32], participants 
were asked to squeeze gradually and continuously for at 
least 2 s. The test was performed twice, and the maximum 
score for each hand was recorded in kilograms. The average 
score of the left and right hands was used as the absolute 
upper MF. Furthermore, to obtain relative upper MF, abso-
lute upper MF was divided by body weight (HG/weight) to 
preclude body size influences [33]. The standing long jump 
test (SLJ) was performed with participants standing behind 
a line with feet approximately shoulder’s width apart. From 
this position, participants jumped as far forwards as pos-
sible. The test was performed twice, and the best score was 
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recorded in centimetres. This score was used as a relative 
lower MF, and the product of centimetres obtained per body 
weight was used as an absolute lower MF. A single muscular 
fitness score (i.e., global MF) was calculated as a standard-
ized score by age groups (i.e., children and adolescents) and 
sex (i.e., male and female) composed of relative MF of the 
upper and lower body [34].

Overall fitness

An overall fitness score was computed as the mean of the 
global MF and the relative CRF values (paliers) standardized 
by age groups and by sex.

Metabolic risk scores

A MetS was created from the mean of the standardized 
values of each individual CVD risk factor (i.e., WC, SBP, 
triglycerides, HDL-c, and glucose) by age groups (children 
and adolescents) and sex (males and females). This index 
has been previously used by the International Diabetes Fed-
eration to assess cardiovascular health in children and ado-
lescents [35].

The standardized value for HDL-c was multiplied by 
(−1) since higher HDL-c levels represent lower CVD risk. 
Given the close relationship between BC variables and WC. 
Additionally, a different metabolic risk score was computed 
excluding WC (i.e., Met4), given the close relationships 
between WC and the rest of the BC measures used as inde-
pendent variables [36–38].

Data analyses

Significant interactions by sex (males and females) and age 
groups (children and adolescents) in the studied associations 
were observed. Consequently, all analyses were performed 
by sex and age groups. Descriptive statistics are presented as 
mean ± standard deviation. T-tests were used to check differ-
ences in variables of interest between sex for both age groups 
at both time points. All variables were checked for normality.

To examine the cross-sectional association of PF and BC 
variables with MetS scores, we used linear regression mod-
els, where PF variables (i.e., 20-m shuttle run test, relative 
 VO2max (ml/kg/min), absolute  VO2max (ml/min), absolute 
upper MF, relative upper MF, absolute lower MF, relative 
lower MF, global MF, overall fitness), and BC variables (i.e., 
body weight, BMI, fat mass percentage, and WC) at baseline 
were individually introduced as independent variables, and 
MetS and Met4 scores at baseline were individually intro-
duced as dependent variables. All analyses were controlled 
for age, educational centre, and the mother’s education level 
at baseline.

To study the longitudinal association between PF vari-
ables and Met4, we used linear regression models where 
PF variables at baseline were individually introduced as 
independent variables and Met4 at 2-years follow-up as the 
dependent variable. In model 1, we adjusted by age, educa-
tional centre, mother’s education level, and Met4 at baseline; 
model 2 was model 1 + WC at baseline; and model 3 was 
model 1 + %BF at baseline.

To examine the longitudinal association between BC vari-
ables and Met4, linear regression models were used, where 
BC variables (i.e., weight, BMI, %BF, and WC) at base-
line were individually introduced as independent variables 
and Met4 at 2-years follow-up as the dependent variable. In 
model 1, we adjusted by age, educational centre, mother’s 
education level and Met4 at baseline, model 2 was model 
1 + relative CRF (paliers) at baseline, model 3 was model 
1 + global MF at baseline and model 4 was model 1 + overall 
fitness score at baseline.

To analyse whether changes in PF variables are associ-
ated with future Met4, linear regression models were used, 
where the change (follow-up value—baseline value) of 20-m 
shuttle run test, relative VO2max, absolute  VO2max, abso-
lute upper MF, relative upper MF, absolute lower MF, rela-
tive lower MF, global MF, and overall fitness score were 
individually introduced as independent variables, and Met4 
at 2-years follow-up were individually introduced as the 
dependent variable. All models were adjusted by age, edu-
cational centre, mother’s education level, and Met4 at base-
line. In addition, changes in PF variables were adjusted by 
changes in WC, while changes in PF variables were adjusted 
by changes in %BF. The same analyses were performed but 
introducing the changes in Met4 as the dependent variable in 
order to test whether changes in PF variables were associated 
with changes in Met4. Analyses were controlled for the same 
variables except for Met4 at baseline.

To study whether changes in BC variables are associated 
with future Met4, linear regression models were used, where 
the change of weight, BMI, %BF, and WC were individu-
ally introduced as independent variables and Met4 at 2-years 
follow-up was individually introduced as the dependent vari-
able. All models were adjusted by age, educational centre, 
mother’s education level, and Met4 at baseline. Moreover, 
changes in PF variables (CRF, MF, and overall fitness) were 
used individually as adjustment variables. The same analy-
ses were performed but introducing the changes in Met4 as 
the dependent variable in order to test whether changes in 
BC variables were associated with changes in Met4. Analy-
ses were controlled for the same variables mentioned above 
except Met4 at baseline.

Finally, to evaluate how changes in BC variables are asso-
ciated with Met4 at follow-up, cut points for WC [39], %BF 
[40], and BMI were used to create the different BC groups 
at baseline and follow-up. WC and %BF groups were created 
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as dichotomic variables (0 without risk, 1 with risk) in the 
function of sex and age, and BMI was created as a dichoto-
mic variable, where 0 (without risk) was assigned to under-
weight and normal weight and 1 (with risk) was assigned 
to overweight and obesity. Residuals of the model in which 
Met4 at follow-up was a dependent variable, changes in 
overall fitness were considered the independent variable 
and age, educational centre, mother’s education level, and 
Met4 at baseline were adjustment variables, were used as 
dependent variable and changes in BC groups were used as 
independent variable. Analyses were performed using the 
environment for statistical computing R [41], version 4.0.3 
(R Foundation for Statistical Computing, Vienna, Austria). 
The significance was set at P < 0.05.

Results

Participant characteristics are shown in Table 1. Overall, at 
baseline, female children and adolescents displayed higher 
levels in the sum of skinfolds and %BF, and lower levels 
of CRF and MF variables (all p < 0.05) compared to male 
children and adolescents, except in absolute upper- and 
lower-body MF in children. At follow-up, female children 
had higher levels of %BF and lower levels of CRF and rela-
tive lower-body MF (all p < 0.05) than males. In adolescents, 
females presented lower SBP, glucose levels, CRF and MF, 
higher HDL-c, and higher body fatness indicators levels 
compared to males (all p < 0.05).

Cross-sectional associations between PF and BC vari-
ables with MetS scores at baseline are depicted in Table 2. 
Relative CRF (i.e., paliers and relative  VO2max) was nega-
tively associated with Met4 in male children and in adoles-
cents of both sexes (β ranging from −0.024 to −0.082, all 
p < 0.05). Besides, absolute CRF (i.e., absolute  VO2max) 
was positively associated with MetS scores in children and 
adolescents of both sexes, although the effect size was small 
(β ranging from 0.0 to 0.001, all p < 0.05). Absolute upper- 
and lower-body MF were positively associated with Met4 
in female children (β = 0.072 and β = 0.000, respectively, 
both p < 0.001). In male adolescents, relative upper-body 
MF was negatively associated with Met4 (β =  −1.784, 
p = 0.001), while absolute lower-body MF was positively 
associated with Met4 (β = 0.000, p = 0.001). Global MF and 
overall fitness score were negatively associated with MetS 
in both sexes and all age groups (β ranging from −0.195 
to −0.419, all p < 0.05). These scores were negatively associ-
ated with Met4 in male children and adolescents (β ranging 
from −0.173 to −0.279, all p < 0.05). All BC variables were 
positively associated with Met4 in both sexes and all age 
groups (β ranging from 0.012 to 0.112, all p < 0.05). The 
same results were found when controlled by the tanner stage 
at baseline instead of age.

Table 3 shows longitudinal associations between PF 
variables at baseline and Met4 at a 2-years follow-up. Rela-
tive CRF expressed in paliers and  VO2max were negatively 
associated with Met4 in female children (β =  −0.073, 
β =  −0.031, p = 0.025, respectively). Contrary, absolute 
CRF was positively associated with Met4 in male children 
and adolescents. Similar results were observed when %BF at 
baseline was included in the model (Model 3) (β =  −0.106, 
β =  −0.046, p = 0.008, respectively). Overall, PF was nega-
tively associated with Met4 when analyses were adjusted 
by %BF (model 3) (β =  −0.283, p = 0.025). In female, ado-
lescents’ relative upper- and lower-body MF, the global 
MF, and overall PF were negatively associated with Met4 
(β ranging from −0.005 to −1.347, all p < 0.05). Moreo-
ver, the global MF was negatively associated with Met4 in 
model 2 and 3 (β =  −0.216, p = 0.03, β =  −0.23, p = 0.035, 
respectively), and absolute upper-body MF was negatively 
associated with Met4 (β =  −0.029, p = 0.036), and abso-
lute lower-body MF was positively associated with Met4 
(β = 0.000, p = 0.016) in model 2. Finally, in male children 
and adolescents not associations were found between PF 
variables and Met4 score (p > 0.05), except in male children 
where absolute lower-body MF was positively associated 
with Met4 in model 1 (β = 0.000, p = 0.019).

The longitudinal associations between BC variables at 
baseline and Met4 are depicted in Table 4. In male children, 
all BC variables (weight, BMI, %BF, and WC) were posi-
tively associated with Met4 (β = 0.017, β = 0.047, β = 0.011, 
β = 0.018, p < 0.020, respectively). Similar results were 
found in model 2 (β = 0.017, β = 0.047, β = 0.011, β = 0.017, 
p < 0.035, respectively), in model 3 (β = 0.018, β = 0.055, 
β = 0.014, β = 0.019, p < 0.035, respectively) and in model 
4 (β = 0.017, β = 0.051, β = 0.013, β = 0.018, p < 0.038, 
respectively). In male adolescents, weight and BMI were 
positively associated with Met4 in model 1 (β = 0.011, 
β = 0.037, p = 0.04, p = 0.026, respectively), in model 2 
(β = 0.013, β = 0.046, p = 0.025, p = 0.011, respectively), 
and in model 4 (β = 0.012, β = 0.045, p = 0.049, p = 0.024, 
respectively). Moreover, %BF was positively associated 
with Met4 in model 2 and model 4 (β = 0.013, p = 0.019, 
p = 0.044, respectively). Finally, in female children and ado-
lescents not associations were found between BC variables 
and Met4 score (p > 0.05).

Table 5 shows the association between changes in PF 
variables and Met4 at follow-up and its changes. Changes 
in absolute CRF were longitudinally positively associated 
with Met4 only when %BF was included as a covariable in 
the model. This association was also observed when changes 
in Met4 levels were used as the dependent variable. Changes 
in absolute lower-body MF were positively associated with 
follow-up Met4 in male children when adjusted by WC and 
%BF (β = 0.000, p = 0.037, p = 0.031, respectively). In addi-
tion, changes in absolute upper-body MF were positively 
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Table 1  Baseline and 2-y follow-up characteristics of the study sample by age and sex

Values are presented as mean (standard deviation). Statistically significant differences between sexes in variables are highlighted in bold
HDL high density lipoprotein, VO2max maximum oxygen consumption

Baseline

Male children Female children P value Male adolescents Female adolescents P value

(n = 123) (n = 108) (n = 119) (n = 111)

Tanner stage 1.60 (0.63) 1.44 (0.64) 0.096 3.52 (0.91) 3.41 (0.76) 0.370
Age (years) 8.12 (1.51) 8.17 (1.49) 0.812 13.98 (1.60) 13.84 (1.44) 0.536
Systolic blood pressure (mmHg) 101.85 (11.14) 99.95 (10.70) 0.238 109.79 (13.13) 106.71 (9.46) 0.062
Triglycerides (mg/dL) 40.07 (19.07) 44.98 (16.68) 0.064 48.45 (20.25) 52.26 (20.66) 0.195
HDL Cholesterol (mg/dL) 39.71 (16.46) 40.88 (16.43) 0.625 48.48 (15.04) 50.16 (14.73) 0.430
Glucose (mg/dL) 60.91 (17.96) 62.02 (16.86) 0.664 79.63 (16.29) 77.80 (15.39) 0.421
Body composition
   Weight (kg) 30.72 (8.23) 31.38 (10.30) 0.624 53.43 (12.02) 51.90 (8.99) 0.315
   Height (cm) 129.33 (10.06) 130.29 (11.58) 0.544 161.62 (11.67) 157.88 (6.32) 0.006
   Body mass index (kg/m2) 18.08 (2.81) 18.05 (3.55) 0.949 20.24 (2.88) 20.76 (2.96) 0.223
   Waist circumference (cm) 59.30 (6.94) 58.15 (8.01) 0.293 68.64 (6.94) 65.83 (5.65) 0.002
   Sum of two skinfolds (mm) 21.72 (9.69) 25.04 (12.59) 0.043 22.25 (11.89) 28.78 (10.59)  < 0.001
   Body fat (%) 22.13 (9.05) 25.77 (8.92) 0.006 21.10 (10.47) 29.92 (7.17)  < 0.001

Cardiorespiratory fitness
   20-m shuttle run test (paliers) 3.28 (1.74) 2.48 (1.73) 0.002 7.03 (2.55) 4.41 (1.87)  < 0.001
   Relative  VO2max (ml/kg/min) 47.96 (3.93) 46.05 (4.08) 0.001 47.81 (5.73) 40.89 (4.72)  < 0.001
   Absolute  VO2max (ml/min) 1456.60 (330.48) 1424.28 (406.26) 0.548 2554.45 (656.50) 2114.80 (412.24)  < 0.001

Muscular fitness (MF)
   Absolute upper-body MF (kg) 12.46 (3.62) 11.65 (3.29) 0.112 26.63 (8.54) 22.54 (4.82)  < 0.001
   Relative upper-body MF (kg/weight) 0.41 (0.07) 0.38 (0.08) 0.029 0.50 (0.10) 0.44 (0.08)  < 0.001
   Relative lower-body MF (cm) 115.68 (21.03) 109.14 (22.67) 0.042 174.62 (33.80) 142.55 (20.95)  < 0.001
   Absolute lower-body MF (cm*weight) 3557.92 (1127.79) 3415.93 (1238.50) 0.412 9497.27 (3377.14) 7425.93 (1788.94)  < 0.001

Follow-up
Male children Female children P value Male adolescents Female adolescents P value
(n = 102) (n = 86) (n = 98) (n = 97)

Tanner stage 2.31 (0.61) 2.17 (1.04) 0.257 4.44 (0.63) 3.98 (0.61)  < 0.001
Age (years) 10.16 (1.49) 10.22 (1.50) 0.764 15.98 (1.59) 15.84 (1.44) 0.518
Systolic blood pressure (mmHg) 105.29 (9.17) 105.28 (10.72) 0.995 113.18 (12.21) 103.54 (9.50)  < 0.001
Triglycerides (mg/dL) 41.83 (19.61) 46.50 (25.18) 0.155 63.49 (25.88) 62.23 (22.99) 0.719
HDL Cholesterol (mg/dL) 39.49 (14.93) 40.55 (16.78) 0.648 52.59 (12.48) 59.39 (11.84)  < 0.001
Glucose (mg/dL) 71.24 (16.68) 73.16 (17.35) 0.439 87.04 (7.93) 84.73 (8.21) 0.047
Body composition
   Weight (kg) 38.79 (10.59) 40.00 (13.06) 0.484 62.47 (10.88) 56.28 (8.80)  < 0.001
   Height (cm) 140.79 (10.15) 143.25 (12.13) 0.132 171.69 (7.87) 162.19 (5.18)  < 0.001
   Body mass index (kg/m2) 19.28 (3.39) 19.04 (3.98) 0.662 21.11 (2.93) 21.40 (3.23) 0.510
   Waist circumference (cm) 63.51 (8.50) 61.23 (9.07) 0.077 71.78 (6.67) 67.11 (6.58)  < 0.001
   Sum of two skinfolds (mm) 26.81 (13.72) 28.46 (14.59) 0.424 19.96 (9.56) 29.50 (12.71)  < 0.001
   Body fat (%) 24.87 (10.65) 27.84 (8.85) 0.041 18.40 (9.06) 30.18 (7.59)  < 0.001

Cardiorespiratory fitness
   20-m shuttle run test (paliers) 4.45 (1.81) 3.36 (1.99)  < 0.001 8.19 (2.19) 4.65 (1.87)  < 0.001
   Relative  VO2max (ml/kg/min) 47.12 (4.65) 44.46 (4.46)  < 0.001 48.03 (6.25) 38.14 (5.82)  < 0.001
   Absolute  VO2max (ml/min) 1797.63 (391.28) 1754.90 (503.30) 0.514 2985.39 (572.84) 2134.77 (411.20)  < 0.001

Muscular fitness (MF)
   Absolute upper-body MF (kg) 15.55 (3.81) 15.77 (4.67) 0.716 34.85 (7.44) 26.06 (3.93)  < 0.001
   Relative upper-body MF (kg/weight) 0.41 (0.08) 0.41 (0.09) 0.738 0.56 (0.09) 0.47 (0.08)  < 0.001
   Relative lower-body MF (cm) 131.65 (22.93) 124.72 (24.68) 0.048 194.50 (29.83) 146.78 (21.56)  < 0.001
   Absolute lower-body MF (cm*weight) 5094.80 (1596.12) 4983.33 (1812.90) 0.654 12,213.52 (2994.01) 8244.00 (1676.72)  < 0.001
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associated with follow-up Met4 in female children (β = 0.06, 
p = 0.003). No associations were found between changes in 
PF variables and follow-up Met4 in male and female ado-
lescents as well as between changes in PF variables and 
changes in Met4 in both sexes and age groups (p > 0.05).

The associations between changes in BC variables and 
Met4 at follow-up and its changes are depicted in Table 6. 
Changes in body weight and BMI were positively associ-
ated with follow-up Met4 in male children when adjusted by 
CRF (β = 0.045 and β = 0.114, respectively, both p < 0.01); 
by MF (β = 0.044 and β = 0.104, respectively, both p < 0.01); 
and by overall fitness (β = 0.045 and β = 0.116, respectively, 
both p < 0.01) at follow-up. Moreover, changes in BMI were 
positively associated with changes in Met4 when adjusted by 
CRF, MF and overall fitness (β = 0.104, β = 0.093, β = 0.109, 
p = 0.016, p = 0.032, p = 0.017, respectively). All changes in 
BC variables were positively associated with Met4 at follow-
up and changes in Met4 in female children, even when analy-
ses were adjusted by changes in PF variables (all, p < 0.008). 
Changes in body weight were positively associated with 
changes in Met4 when adjusted by CRF and overall fitness 
in male adolescents (β = 0.023, p = 0.038, p = 0.044, respec-
tively). All changes in BC variables were positively associ-
ated with Met4 at follow-up and changes in Met4 in female 
adolescents (except for %BF), even when we adjusted by 
changes in PF variables (all, p < 0.018).

Differences in Met4 between changes in BC groups 
are displayed in Fig. 1. Significant differences were found 
between participants groups who were persistent high %BF 
and those who were persistent low %BF (mean = 0.09, 
mean =  −0.08, respectively, p = 0.014). Finally, significant 
differences were found between participants groups who 
were persistent high BMI and those who were persistent 
low BMI (mean = 0.14, mean =  −0.06, p = 0.002), and there 
were significant differences between participants groups 
who were persistent high BMI and those who were decreas-
ing BMI (mean = 0.14, mean =  −0.09, p = 0.012).

Discussion

Our results showed that most BC variables were longitudi-
nally and positively associated with the Met4 in males chil-
dren and adolescents. In contrast, some PF variables were 
negatively associated with Met4 mainly in females children 
and adolescents. Specifically, relative CRF was negatively 
associated in female children, and MF was negatively associ-
ated in female adolescents. In contrast, absolute CRF showed 
a positive association with Met4 in male children and ado-
lescents. However, these associations were stronger for BC 
variables than for PF variables, even when the changes pro-
duced after 2 years were included as exposures. The lack 
of association between BC variables and Met4 in females A
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could be explained by the few changes that occurred in these 
variables after a 2-year follow-up period. On the contrary, 
males suffered greater changes in BC variables than women. 
Therefore, from a statistical point of view, it is more likely to 
find a significant association when the independent variable 
has a greater range of values.

Regarding the association between PF and MetS, it is 
important to note that its direction and strength differ when 
using relativized or absolute PF variables. In regards to CRF, 
some authors have observed that when the VO2max is cor-
rected by body size (i.e., body weight), the associations were 
negative, so that the greater the relative VO2max the lower 
the MetS. On the contrary, it would appear that this way 
of standardization coverts the positive correlation between 
the physiological performance variable and the body size 

variable into a negative one [42]. Our statistical analyses 
also showed differences in the direction of the association 
between CRF and Met4 when using absolute or relative 
CRF. In this sense, some authors suggest that the associa-
tion between VO2 relativized by body weight (ml/kg/min) 
could be highly influenced by the association between body 
weight and health parameters, reflecting their level of fat 
more than their level of PF [43]. Besides, in terms of MF, 
previous evidence shows that when MF is relativized by 
body weight, there was a negatively association between MF 
and MetS [13, 20, 44–54]. On the contrary, when MF was 
considered in absolute terms, a positive association between 
MF and MetS has been observed in other studies [20, 21]. 
In this sense, we found different methods to evaluate MF. 
Most studies use the HG to assess upper body strength [20, 

Table 4  Longitudinal association between body composition with Met4 in children and adolescents

Model 1: Analyses were controlled by age, educational centre and mother´s education level at follow-up, metabolic risk score 4 at baseline. 
Model 2: model 1 plus cardiorespiratory fitness (paliers) at baseline. Model 3: model 1 plus global muscular fitness at baseline. Model 4: model 
1 plus overall fitness score. Statistically significant values are highlighted in bold
Met4 metabolic risk score excluding waist circumference, β standardized coefficient

Children (n = 188) Adolescents (n = 195)

Male (n = 102) Female (n = 86) Male (n = 98) Female (n = 97)

Adjusted  R2 β p Adjusted  R2 β p Adjusted  R2 β p Adjusted  R2 β p

Model 1
   Weight 0.318 0.017 0.018 0.359 0.008 0.222 0.387 0.011 0.040 0.342 0.003 0.575
   Body mass index 0.334 0.047 0.006 0.365 0.025 0.141 0.393 0.037 0.026 0.345 0.013 0.443
   Body fat percent-

age
0.317 0.011 0.019 0.344 0.001 0.895 0.382 0.009 0.057 0.354 0.009 0.187

   Waist circumfer-
ence

0.321 0.018 0.015 0.362 0.011 0.173 0.375 0.012 0.103 0.355 0.012 0.182

Model 2
   Weight 0.311 0.017 0.031 0.383 0.002 0.763 0.387 0.013 0.025 0.346 0.003 0.658
   Body mass index 0.326 0.047 0.011 0.384 0.009 0.657 0.397 0.046 0.011 0.348 0.010 0.548
   Body fat percent-

age
0.309 0.011 0.034 0.402 −0.011 0.142 0.390 0.013 0.019 0.353 0.007 0.317

   Waist circumfer-
ence

0.313 0.017 0.026 0.385 0.004 0.599 0.374 0.015 0.063 0.357 0.011 0.218

Model 3
   Weight 0.310 0.018 0.033 0.351 0.007 0.402 0.383 0.010 0.094 0.384 −0.001 0.810
   Body mass index 0.330 0.055 0.008 0.356 0.023 0.268 0.386 0.035 0.077 0.384 −0.003 0.862
   Body fat percent-

age
0.314 0.014 0.025 0.347 −0.004 0.581 0.375 0.008 0.180 0.383 0.001 0.925

   Waist circumfer-
ence

0.314 0.019 0.026 0.354 0.009 0.310 0.371 0.010 0.254 0.386 0.005 0.579

Model 4
   Weight 0.310 0.017 0.038 0.366 0.003 0.727 0.380 0.012 0.049 0.367 0.001 0.914
   Body mass index 0.327 0.051 0.011 0.368 0.011 0.587 0.390 0.045 0.024 0.367 0.004 0.835
   Body fat percent-

age
0.311 0.013 0.036 0.383 −0.012 0.166 0.381 0.013 0.044 0.369 0.004 0.637

   Waist circumfer-
ence

0.313 0.018 0.032 0.368 0.005 0.565 0.367 0.013 0.128 0.374 0.008 0.363
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21, 44, 47–54] and the SLJ for lower body strength [21, 
44, 49, 50, 54], and others used isometric dynamometers 
to assess different muscle groups [13, 45, 46]. To express 
the results of the HG, most divide the result by body weight 
[44, 48–51] or adjust the result by body weight [13, 20, 45, 
46, 52–54], while few studies analysed absolute MF [20, 
21]. Regarding the SLJ, most used the result obtained in 
centimetres [21, 44, 49, 54] while others multiplied it by 
body weight [50]. In the current study, we found opposite 
associations depending on whether we used MF in absolute 
or relative terms, observing a negative association when we 
used MF relativized by BC and a positive association when 
its absolute form was employed. The reason for this differ-
ence can be explained by the association between MF and 
some BC variables as adiposity [17]. For instance, in our 
sample, those children and adolescents who had higher body 
weight and higher BMI also had higher levels of absolute 
MF in the handgrip test and less distance in SLJ, being the 
latest a weight-bearing test (data not shown), in agreement 
with the results obtained by Artero et al. [55]. One possible 
explanation could be that participants with a higher weight 
level followed a diet that promoted a caloric surplus diet. A 
positive energy balance is associated with an increased body 
weight [56] but also with an increase in absolute muscle 
mass [57], which is a clear determinant of MF [14, 58]. For 
this reason, those children and adolescents with higher body 
weight had more muscle mass and obtained better results 
in the handgrip test. On the contrary, these young people 
obtained worse results in the SLJ since they had to mobilize 
all their body weight to perform this test. In this sense, our 
cross-sectional results showed how the different indicators of 
relative or absolute MF were negatively or positively asso-
ciated with MetS 4, respectively. This may be because the 
relative variables include BC in the measure; therefore, this 
association between the relative PF and metabolic risk may 
be affected by the association between BC and metabolic 
risk factors [20].

In fact, we observed that BC measures were strongly and 
negatively associated with MetS, this result being explained 
because a substantial part of the pathophysiology of MetS 
is driven by the resistance to the metabolic effects of insu-
lin. The major cause of insulin resistance in childhood is a 
typical lipid partitioning pattern characterized by increased 
deposition of lipids within insulin-responsive tissues, such 
as the liver and skeletal muscle and within the viscera [59]. 
This lipid deposition pattern is also associated with the infil-
tration of intra-abdominal tissues with cells of the immune 
system, inducing systemic, low-grade inflammation typically 
observed in insulin-resistant obese children and adolescents 
[59]. All these physiological processes lead to a deteriora-
tion of the cardiovascular system, which increases the prob-
ability of future cardiovascular events [60].

A previous review suggests that BC is more strongly asso-
ciated with MetS than PF [61]. Furthermore, it is not only 
excess body weight at a given time point that is important, 
but also the progression or changes in this body weight sta-
tus [62]. In this sense, a decrease in body weight produces a 
decrease in cardiometabolic risk [62], which may be because 
weight loss is associated with a decrease in inflammatory 
cytokines and insulin concentration and an increase in insu-
lin sensitivity, improving metabolic health [63]. Conversely, 
an increase in weight leads to an increase in the incidence of 
cardiovascular events [63]. Additionally, given the relation-
ship between PF and BC, both variables should be the focus 
of preventive strategies to reduce the incidence of MetS in 
children and adolescents. On the one hand, evidence indi-
cates that increments in CRF will ameliorate the level of 
adiposity and, ultimately, the MetS risk [64, 65]. On the 
other hand, increased MF through resistance training pro-
motes increased insulin sensitivity, which also affects the 
risk of MetS [19], a possible mechanism through which high 
MF may influence insulin resistance is by stimulating pro-
teins in the insulin-signalling cascade [66]. Based on these 
results and considering the strong association between the 
BC variables and MetS, we consider that the CRF and MF 
variables related to BC are a better way to express the PF 
variables when the objective is to predict MetS. It is impor-
tant to make a distinction between CRF and MF variables in 
absolute and relative terms in order to avoid terminological 
confusion and attribute benefits to MF that may come from 
the influence of body weight.

Limitations and strengths

Several limitations should be mentioned. First, %BF was 
derived from an indirect measure of BC: skinfold thicknesses. 
The main disadvantage of using this technique is the need 
of expertise to carry out the measurements. Nonetheless, 
skinfold thicknesses were taken by trained professionals, and 
their validity has been previously established in the pediatric 
population [29]. Second, in the case of the 20-m shuttle run 
test, participants have to carry their weight over a series of 
20-m shuttle runs, which adversely affects performance in the 
heavier participants [67]. Nonetheless, we used an equation 
to estimate CRF that was validated without correcting the test 
performance by any anthropometric measure [27]. Thus, the 
current results should be interpreted with caution, since no 
direct measure of absolute VO2 was available in our study. 
Third, since we used a longitudinal design, the causation of 
the associations could not be properly determined. Finally, 
the generalizability of these results should be cautiously con-
sidered cautiously because we could not determine the influ-
ence of ethnicity and country’s economic development on 
these associations, given that only urban, Caucasian Spanish 
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Fig. 1  Differences in metabolic 
risk score 4 between changes 
in body compositions groups 
(A: body fat (%); B: waist 
circumference (cm); C: body 
mass index (kg/m2)). Dots 
indicated residuals mean of the 
lineal model were metabolic 
risk score 4 was dependent 
variable and age, educational 
centre, mother´s education level 
at follow-up and changes in 
fitness score were independent 
variables. The residuals median 
is indicated as horizontal bar 
included in the box plot. Only 
significant differences are 
shown at level P < 0.05 after 
Bonferroni´s correction
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children and adolescents participated in this study. Otherwise, 
the current research presents some strengths. The longitudinal 
design and the relatively large sample, which allows us to 
conduct the analyses differentiating by sex and age groups, 
are major strengths of the present study. Moreover, the use 
of clustered MetS risk factors has been suggested as a good 
indicator of cardiovascular health, compared with individual 
MetS risk factors [5].

Conclusion

In conclusion, it seems that BC is more strongly associated with 
MetS and Met4 than PF in children and adolescents. Attain-
ing/maintaining an optimal body weight status should be con-
sidered an important objective of health-promoting programs 
at both, childhood and adolescence, not forgetting to achieve 
appropriate PF levels. Furthermore, the way of expressing PF 
variables (absolute or relative) determines the direction of the 
association with MetS and Met4, and the existing negative asso-
ciation between these features when relative PF is employed. 
Taking all this information together, the relativized form of PF 
by BC seems a better screening tool as it appears to more fully 
represent the cardiometabolic health framework of young peo-
ple than just including the absolute form of the PF.
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