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Abstract: The “fat but fit paradox” states that people who are fit have a lower cluster cardiometabolic
risk (CCMR), even if they are overweight or obese. Therefore, the objective was to investigate
the CCMR between four categories based on the “fat but fit paradox” variable, in different fitness
categories—cardiorespiratory fitness, muscular fitness, and physical fitness—in adolescents. Body
composition, cardiorespiratory fitness, muscle fitness, blood samples, and blood pressure were
assessed in 230 adolescents, and cardiometabolic risk and three different “fat but fit paradox” variables
were calculated. Participants with a higher CRF exhibited a lower CCMR within their body mass
index (BMI) category (p < 0.05). Participants with a high BMI and high muscular fitness showed a
lower CCMR than participants with a low muscular fitness and a similar BMI, or low BMI and low
muscular fitness (p < 0.05). When both variables, CRF and muscular fitness, were combined, their
effectabove CCMR increased (p < 0.05). Across all fitness categories, the fat and unfit group, whether
considered individually or combined, exhibited the highest risk of CCMR (p < 0.05). This study
confirms the “fat but fit paradox” in different physical fitness categories, showing the importance
of both CRF and muscular fitness as predictors of CCMR, with the combination of both variables
showing a greater agreement.

Keywords: overweight; obesity; fitness; cardiorespiratory; children; school; blood pressure;
diabetes; cholesterol

1. Introduction

Childhood obesity has become a global epidemic, making it one of the biggest public
health challenges in the 21st century. The World Health Organization states that the rate of
childhood obesity has increased significantly in recent decades. This gradual increase in
the prevalence of childhood obesity is not only a concern on its own, but it also has serious
consequences for the long-term health of those affected [1,2]. Numerous epidemiological
studies have established a direct relationship between excess weight in childhood and the
early onset of cardiovascular diseases, insulin resistance, type 2 diabetes, dyslipidemia,
and other cardiometabolic risk factors [3–5]. On the other hand, the autonomic nervous
system also plays a crucial role in regulating eating behavior. Taking into account the ther-
moregulatory function of food intake, the regulation of body temperature is strictly related
to the control of body weight. Peptides and hormones, such as orexins and adiponectin,
which are involved in temperature control, the regulation of locomotor activity, and food
intake, influence obesity-related diseases [6]. Childhood obesity has been identified as a
significant risk factor for the development of cardiometabolic disorders at an early age, and
their persistence into adulthood [7].

This contributes towards an increase in disease and the likelihood of premature
mortality in adult life [8]. Obesity, defined as excess fatty tissue, is widespread around the
world and affects all age groups [3]. Obesity, among other factors, is a well-known risk
factor for metabolic syndrome, which comprises cardiovascular diseases, diabetes mellitus,
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hypertension, and atherosclerosis, as well as other complications. In this sense, different
researchers have focused on the analysis of the cluster cardiometabolic risk (CCMR) [9,10].

The “fat but fit paradox” is a theoretical paradigm based on evidence that emerged
in the late 1990s, which suggested that moderate-to-high levels of physical fitness, mainly
cardiorespiratory fitness (CRF), could counteract the adverse influence of obesity on car-
diometabolic risk [11,12]. This phenomenon implies that individuals who are overweight
or obese but maintain good levels of CRF, could show better health outcomes as com-
pared to sedentary overweight or obese individuals. This paradox is observed in children,
adolescents, adults, and older adults [12].

Some research studies have demonstrated the combined association between weight
and CRF and mortality. Individuals with a worse CRF, regardless of their weight, showed
higher risks of death [13]. Other studies indicate that CRF shows a higher mortality
predictive role than obesity, and that physical fitness levels significantly reduce the risk
of mortality regardless of the individual’s body mass [14]. It has been shown that greater
physical activity for maintaining better levels of CRF has proven to be an effective and safe
method for the primary and secondary prevention of diseases in all weight groups [15].

Several studies [11,15–17] have established that with body mass index (BMI) as a
mediating variable, the relationship between CRF and cardiometabolic risk completely
disappears in the case of girls and is significantly attenuated in boys. These results do not
fully support the “fat but fit” paradigm, which postulates that a person with excess body fat
but with a high level of CRF (the fat–fit phenotype) has a more favorable cardiometabolic
profile than a person with excess body fat but a low level of CRF. Other studies have demon-
strated an inverse relationship between physical fitness and cardiometabolic risk factors in
children, suggesting that higher levels of physical fitness correlate with a reduction in the
prevalence of obesity and an improvement in cardiometabolic markers [18]. In addition,
other scientific evidence suggests that moderate-to-high CRF could counteract the negative
effects of obesity, especially in children and adolescents [19].

Another fitness variable that has been widely and independently investigated is
strength. Numerous studies classify strength as a cardiovascular risk factor, and indicate
that it is linked to mortality [12,20,21]. However, some studies that investigated the
“fat but fit paradox” did not usually include this parameter [5,22]. Therefore, it is not
known whether this parameter for physical condition affects this paradox, or whether other
variables should be considered.

For this reason, it is deemed necessary to elucidate the effect of the different physical
condition variables relevant to health, CRF and strength, both individually and in combina-
tion. Therefore, the objective of the present research is to investigate CCMR and different
individual risk factors for cardiometabolic risk scores between four categories based on
the “fat but fit paradox” variable for different fitness categories—CRF, muscular fitness,
and physical fitness—in adolescents. The present research posits the hypothesis that the
“fat but fit paradox” variable in different fitness categories—CRF, muscular fitness, and
physical fitness—in adolescents, will be confirmed regarding its influence on CCMR and
the individual risk factor of a cardiometabolic risk score between four categories according
to the variable. Sedentary subjects will showa greater cardiometabolic risk within their
weight category both for CRF and for muscular fitness and physical fitness (CRF and
muscular fitness).

2. Materials and Methods
2.1. Study Design

This multicenter cross-sectional study was carried out in a secondary school in Murcia,
Spain. The participants were aged between 12 and 13 years old. The inclusion criteria
were (a) being physically active in physical education sessions; (b) agreeing to participate
in the study and having the parent/guardian and adolescent sign the consent form; and
(c) being present at the time of the assessments. The exclusion criteria were presenting
any musculoskeletal, neurological, cardiological, metabolic, or rheumatic pathologies. A
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total of 230 adolescents were recruited, who had a mean age of 12.19 ± 0.49. Of these,
104 participants were male (45.2%), while 126 were female (54.8%). The participants
showed a mean height of 152.71 ± 8.29 cm, a mean weight of 48.72 ± 12.56 kg, and a mean
BMI of 20.69 ± 3.98 kg/m2. The trial design was registered at ClinicalTrial.gov (Code:
NCT05544370) and followed the STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) Statement. The ethical approval for this study was obtained from
the Universidad Católica de Murcia (CE061914) and was implemented according to the
guidelines for human research from the Helsinki Declaration.

2.2. Assessment

The same trained researchers used standardized conditions to measure the variables.
Blood samples, blood pressure, anthropometry, and body composition, in that order, were
assessed in the laboratory set at a standardized temperature of 24 ◦C. The participants were
instructed to wear light clothing, shorts, and a t-shirt.

Subsequently, the physical condition tests were randomly evaluated. The participants
wore comfortable sports clothing and sports shoes. Before the measurements, the partici-
pants did not perform any warm-up or stretching exercises, and a 5-min rest period was
provided between tests. Each test is explained below.

Anthropometry and body composition assessments were performed. Body mass was
determined using a portable digital scale (TANITA BF-522 W, Tokyo, Japan), while height
was measured using a SECA 217 stadiometer (SECA, Hamburg, Germany) with an accuracy
of 0.1 cm. BMI was calculated using the following formula: body mass (kg)/squared stretch
stature (m2). Fat mass (FM) percentage was gauged using the same portable digital scale
(TANITA BF-522 W, Tokyo, Japan) with an accuracy of 0.1 cm. Waist circumference (WC)
was measured with a kinanthropometry tape with an accuracy of 0.1 cm. The WC and the
anthropometric measurements were taken in accordance with the guidelines set by the
International Society for Advancement of Kinanthropometry [23].

CRF was evaluated using a progressive running test, “the 20-Shuttle run test” [20].
In this test, the participants run back and forth across a 20 m course, synchronizing their
crossing of the line with a sound signal from a pre-recorded tape. The initial speed was set
at 8.5 km/h, increasing by 0.5 km/h every minute. The test concluded when a participant
could no longer maintain the specified speed according to the pre-recorded tape. The last
stage number announced was recorded, and the corresponding running speed was deter-
mined from reference tables. The maximum oxygen consumption (Vo2max, mL/kg/min)
was estimated based on the number of laps completed by the participants, using the equa-
tion devised by Leger et al. (Vo2 max = 31.025 + 3.238 X − 3.248 A + 0.1536 A X; where
X = running speed and A = age) [24].

Muscular fitness was assessed through two different tests: the handgrip test and the
standing long jump test. The handgrip test involved participants standing with arms at their
sides. To familiarize themselves with the device and the test, each participant executed one
repetition with each hand. Subsequently, they were instructed to exert maximal strength
for a duration of 3 s with their right hand. The highest peak strength (kg) observed between
the three attempts was selected for the analysis. A digital grip strength dynamometer (TKK
5401; Takei Scientific Instruments Co., Ltd., Tokyo, Japan) with an accuracy of 0.1 kg was
utilized for this measurement. To account for variations in body size, handgrip strength
was normalized by body weight (kg) [25]. Lower body strength was evaluated from a
standing position with the feet positioned roughly shoulder-width apart. The adolescent
executed a forward jump, aiming to cover as much distance as possible. The test was
conducted twice, and the longest distance attained during the jumps was documented
in centimeters [26] with a tape with an accuracy of 0.1 cm. The values of the handgrip
and standing long jump tests were converted into z-scores. The muscular fitness score
was calculated using the following formula: handgrip strength/body weight (z-score) +
standing long jump (z-score) [22].
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Physical fitness was calculated with the following: Course Navette test (z-score) +
handgrip/body weight (z-score) + standing long jump (z-score). Physical fitness values,
individual and combined with CRF, muscular fitness, or physical fitness, were categorized
into four groups using the mean of the data: high physical fitness (z-score) (>50th percentile)
and low physical fitness (z-score) (≤50th percentile) [27].

The “fat but fit paradox” variable was calculated by utilizing the categories of high
and low BMI and high and low physical fitness (both individually and combined). Four
distinct groups were established: unfat + fit (UF), unfat + unfit (UU), fat + fit (FF), fat +unfit
(FU) [22].

Blood samples were obtained through finger punctures between 8:00 and 9:00 a.m.
The Afinion™ Analyzer (Alere, Ltd., Stockport, UK) was employed for the lipid panel test.
This test measured various lipid components such as low-density lipoprotein cholesterol
(LDL), high-density lipoprotein cholesterol (HDL), non-HDL lipids (LipidNonHDL), and
triglycerides (Trig) in whole blood, serum, and plasma. These measurements were utilized
for the diagnosis and treatment of lipid disorders. The glucose test was performed using
the Accutrend sensor (Roche Diagnostics, Mannheim, Germany). This machine measures
with an accuracy of 1 mg/dL.

A Colin BP 880 automatic device from Critikron, Inc. in Tampa, FL, USA, with an
accuracy of 1 mm Hg was used to gauge systolic blood pressure (SBP) and diastolic blood
pressure (DBP). The measurements were performed on the left arm, repeated twice at 5-min
intervals, while the participant was seated. Mean blood pressure (MBP) was determined
using the following formula: 1/3 (SBP-DBP) + DBP. MBP is commonly utilized in clinical
settings and evaluation protocols, and in a prior study as a mediating variable, as it enables
blood pressure to be represented as a single variable [28].

CCMR was determined by computing a sex and age-specific z-score for WC, triglycerides-
to-HDL ratio (TGs/HDL), fasting glucose (FG), and mean blood pressure (MBP). The CCMR
index was presented as a continuous variable, representing the average z-score across the four
cardiometabolic risk measurements. Additionally, adolescents were classified as having an
elevated CCMR if their CCMR index exceeded one standard deviation above the mean [12].

2.3. Statistical Analysis

The normal distribution of the data was assessed through the Kolmogorov–Smirnov
test, and Mauchly’s W-test was used to evaluate the sphericity of the data. A descriptive
analysis was conducted for the quantitative variables, with the results shown as means
and standard deviations, while the qualitative variables were summarized with sums and
percentages. ANCOVAs were performed to assess the mean differences in cardiometabolic
risk (z-score) and the individual cardiometabolic risk factors associated with the combined
“fat but fit paradox” variable. Similarly, post hoc analyses were used to examine the
mean differences between groups with adjustments of confidence intervals using the
Bonferroni test. The likelihood of having a high cardiometabolic risk in relation to various
classifications of the “fat but fit paradox” variable (both individual and combined) was
examined through binary logistic regression analyses.

The statistical analysis was carried out using IBM SPSS Statistics (version 24.0) with a
significance level set at p < 0.05.

3. Results
3.1. “Fat but Fit Paradox” and Cardiometabolic Risk

Figure 1 depicts different cardiometabolic risk scores in relation to the “fat but fit paradox”
variable, BMI, and various fitness categories (CRF, muscular fitness, and physical fitness).
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BMI being more influential than CRF, the latter acts as a protective factor against 
cardiometabolic risk. 

Considering the muscular fitness categories, a non-significant increase in 
cardiometabolic risk was observed. The UF group displayed the lowest risk, with 
participants in the UU and FF groups showing similar risk levels, while those in the FU 
group exhibited a higher cardiometabolic risk than the FF group (Figure 1b). 

When combining CRF and muscular fitness into the physical fitness category, the 
results indicated that the participants in the UF group have a significantly lower 
cardiometabolic risk as compared to those in the UU and FU groups. This suggests that a 
low physical fitness is associated with an increased cardiovascular risk independent of 
BMI. Conversely, FF group participants did not show significant differences from the UF 
or UU group participants, although a significant difference was observed with the FU 
group. This indicates that despite having a high BMI, if physical fitness is high, the 

Figure 1. Differences of cardiometabolic risk score between different fitness categories: (a) CRF,
(b) muscular fitness, and (c) physical fitness. * = p < 0.05.

Participants with a higher CRF exhibited a significantly lower cardiometabolic risk within
their BMI category (UF vs. UU; FF vs. FU) (Figure 1a). This suggests that despite BMI being
more influential than CRF, the latter acts as a protective factor against cardiometabolic risk.

Considering the muscular fitness categories, a non-significant increase in cardiometabolic
risk was observed. The UF group displayed the lowest risk, with participants in the UU
and FF groups showing similar risk levels, while those in the FU group exhibited a higher
cardiometabolic risk than the FF group (Figure 1b).

When combining CRF and muscular fitness into the physical fitness category, the
results indicated that the participants in the UF group have a significantly lower car-
diometabolic risk as compared to those in the UU and FU groups. This suggests that a low
physical fitness is associated with an increased cardiovascular risk independent of BMI.
Conversely, FF group participants did not show significant differences from the UF or UU
group participants, although a significant difference was observed with the FU group. This
indicates that despite having a high BMI, if physical fitness is high, the cardiometabolic
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risk is similar to that of an individual with a normal BMI but not fit, and lower than an
individual with a high BMI and lower physical fitness (Figure 1c).

3.2. Odds of Cardiometabolic Risk and “Fat but Fit Paradox” and Odds Ratio of
Cardiometabolic Risk

Table 1 displays the odds ratio analysis of cardiovascular risk between different physi-
cal fitness categories and BMI. Across all fitness categories (CRF, muscular fitness, and phys-
ical fitness), the FU group, whether considered individually or in combination, exhibited
the highest risk of cardiometabolic risk, significantly. Conversely, the UF group, whether
considered individually or in combination, showed the lowest risk of cardiometabolic
risk, with a 96.75% (CRF), 95.2% (muscular fitness), and 99.9% (physical fitness) lower
risk than the FU group. Similarly, the FF group, whether considered individually or in
combination, showed a 57.3% (CRF), 93.9% (muscular fitness), and 95% (physical fitness)
lower cardiovascular risk than the FU group.

Table 1. Odds ratio of cardiometabolic risk between different physical fitness categories and BMI.

CRF Muscular Fitness Physical Fitness

OR p-Value OR p-Value OR p-Value

UF 0.0325 <0.001 0.048 <0.001 0.001 <0.001

UU 0.096 <0.001 0.051 <0.001 0.083 <0.001

FF 0.427 0.048 0.061 <0.001 0.05 0.049

FU 1 1 1
Legend: FU = fat unfit; UU = unfat unfit; FF = fat fit; UF = unfat fit.

3.3. Individual Metabolic Risk and “Fat but Fit Paradox”

Table 2 presents the means and standard deviations of the unfat/fit (UF), unfat/unfit
(UU), fat/fit (FF), and fat/unfit (FU) groups. In the CRF category, the FF and FU groups
exhibited significantly higher BMI, WC, and fat mass (FM) values than the UF and UU
groups. Additionally, the FU group showed significantly lower BMI, WC, and FM values
than the FF group. The FF group had a significant lower HDL as compared to the UF and
UU groups, with no difference between the FF group and the unfat groups.

Table 2. ANCOVA model of cardiometabolic risk factor by “fat but fit paradox” categories.

UF UU FF FU F p Value Pairwise Comparisons

1–2 1–3 1–4 2–3 2–4 3–4

Cardiorespiratory fitness

BMI
(kg/m2) 17.97 ± 1.55 18.18 ± 1.55 23.88 ± 2.37 25.34 ± 3.75 149.25 <0.001 <0.001 <0.001 <0.001 <0.001 0.016

WC (cm) 63.91 ± 5.10 64.45 ± 6.02 78.33 ± 7.21 83.90 ± 10.40 107.19 <0.001 <0.001 <0.001 <0.001 <0.001 0.002

FM (%) 16.68 ± 4.65 19.35 ± 5.53 28.41 ± 5.67 31.65 ± 7.29 103.70 <0.001 <0.001 <0.001 <0.001 <0.001 0.009

LDL
(mg/dL) 80.18 ± 20.31 86.31 ± 25.30 82.77 ± 22.96 96.88 ± 23.69 2.98 0.033

HDL
(mg/dL) 53.11 ± 17.74 53.04 ± 13.16 47.66 ± 16.89 43.02 ± 17.86 4.75 0.001 0.010 0.004

NonHDL
(mg/dL) 91.84 ± 18.40 101.69 ± 24.92 99.79 ± 22.91 110.70 ± 25.22 5.69 0.001 <0.001

Trig
(mg/dL) 58.78 ± 22.09 72.05 ± 35.73 69.26 ± 30.03 84.23 ± 48.00 6.47 <0.001 0.002 0.001

MBP
(mmHg) 75.88 ± 9.40 80.19 ± 10.97 86.05 ± 9.27 86.47 ± 11.14 12.54 <0.001 <0.001 <0.001 0.016 0.006

Muscular fitness
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Table 2. Cont.

UF UU FF FU F p Value Pairwise Comparisons

BMI
(kg/m2) 18.06 ± 1.20 19.65 ± 0.07 21.65 ± 0.31 25.83 ± 2.75 23.46 <0.001 0.011 <0.001 0.002 0.011

WC (cm) 62.84 ± 3.48 75.25 ± 6.72 70.43 ± 4.28 82.28 ± 7.10 14.82 <0.001 0.038 <0.001 0.025

FM (%) 19.45 ± 6.30 28.70 ± 2.55 23.95 ± 3.52 30.48 ± 5.73 2.17 0.137

LDL
(mg/dL) 55.00 ± 15.82 84.50 ± 12.02 67.00 ± 15.56 85.25 ± 36.58 2.16 0.139

HDL
(mg/dL) 80.25 ± 14.08 71.00 ± 8.49 66.75 ± 25.84 39.25 ± 4.99 2.39 0.112

NonHDL
(mg/dL) 72.88 ± 19.32 102.50 ± 16.26 88.50 ± 15.80 111.75 ± 36.83 2.66 0.089

Trig
(mg/dL) 88.88 ± 24.54 89.50 ± 21.92 106.75 ± 40.14 162.75 ± 72.26 0.808 0.510

BMP
(mmHg) 90.00 ± 19.94 87.50 ± 6.36 86.50 ± 11.62 92.00 ± 8.16 0.10 0.961

Physical fitness

BMI
(kg/m2) 17.80 ± 1.24 18.96 ± 1.06 21.65 ± 0.31 25.83 ± 2.75 22.99 <0.001 0.013 <0.001 <0.001 0.012

WC (cm) 64.36 ± 3.34 66.28 ± 8.98 70.43 ± 4.28 82.28 ± 7.10 6.76 0.005 0.006 0.014

FM (%) 19.16 ± 3.84 23.44 ± 8.90 23.95 ± 3.52 30.48 ± 5.73 1.67 0.218

LDL
(mg/dL) 58.60 ± 17.78 63.20 ± 22.20 67.00 ± 15.56 85.25 ± 36.58 1.04 0.404

HDL
(mg/dL) 86.60 ± 10.97 70.20 ± 10.52 66.75 ± 25.84 39.25 ± 4.99 3.43 0.047 0.040

NonHDL
(mg/dL) 77.20 ± 21.21 80.40 ± 24.79 88.50 ± 15.80 111.75 ± 36.83 1.57 0.240

Trig
(mg/dL) 92.60 ± 24.81 85.40 ± 22.95 106.75 ± 40.14 162.75 ± 72.26 0.81 0.510

BMP
(mmHg) 78.60 ± 11.70 100.40 ± 16.58 86.50 ± 11.62 92.00 ± 8.16 2.59 0.094

Legend: FU = fat unfit; UU = unfat unfit; FF = fat fit; UF = unfat fit, BMI = body mass index; WC = waist circumfer-
ence; MBP = median blood pressure; FM: fat mass; LDL: low-density lipoprotein; HDL: high-density lipoprotein;
Trig: triglycerides; Symbols: >, < indicate statistical significance (p < 0.05) in pairwise mean comparisons using
Bonferroni post hoc test.

Regarding the muscular fitness category, no differences were observed in BMI between
the UF and FF groups, while the FU group had a higher BMI than the FF group. With respect
to WC, within the unfat group, those with a higher muscular fitness showed a lower WC than
those with a lower muscular fitness. The same association was observed in the fat groups.

For the physical fitness category, there was no difference in BMI between the UF and
FF groups, while the FU group had a higher BMI than the FF group. Regarding WC, the FU
group had a significantly larger waist circumference than the unfat groups; however, this
difference was not present between the FF group and the unfat groups. Lastly, for HDL,
only the UF group showed a higher HDL compared to the FU group with no differences
among the other groups.

4. Discussion

The main finding of the study was that the FU group showed a significantly higher
cardiometabolic risk regardless of the variable considered (CRF, muscular fitness, and
physical fitness). Likewise, it was shown that within the group considered fat, those
with a higher cardiorespiratory fitness, muscular fitness, or physical fitness presented a
significantly lower cardiometabolic risk than those with a low CRF, muscular fitness, or
physical fitness. This aspect highlights the relevance of BMI, CRF, and muscular fitness,
as it has been shown that overweight and obesity in children is associated with metabolic
syndrome in adults [29]. For this reason, preventing overweight and obesity at an early age
is necessary [30]. Furthermore, overweight and obesity are the main cardiometabolic risk
factors in children and adolescents [31].
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Obesity has traditionally been related to cardiorespiratory capacity [12,28,32–35]. In
addition, both variables are individually associated with waist circumference and fat
mass, and with LDL [12,32,34]; HDL [1,32,36], triglycerides [12,32,36]; MBP [15,28,32], and
CCMR [12,32,34].

On the other hand, muscular strength has also been shown to be related to cardiovas-
cular diseases in young adults [12,20,21], and it has been associated with a greater risk of
metabolic syndrome [19,37].

When considering the “fat but fit paradox” in the cardiovascular fitness variable,
the participants considered to have a low BMI and low cardiovascular fitness showed
a significantly lower cardiometabolic risk than participants with a high BMI and high
cardiovascular fitness. Similar results have also been described in previous research [22].
However, the present study included a risk analysis that indicated a significantly and
increasing risk of presenting cardiovascular risk when comparing the FF, UU, and UF
groups with the FU one, respectively. In this sense, some researchers have indicated that
the “fat but fit paradox” is true for children and adolescents who are overweight and
obese, although not in children who have a normal weight [38]. Another study did not find
significant differences between the UU and FF groups, assuming cardiovascular fitness as a
protective variable against cardiovascular risk [27,39].

When the muscular fitness variable is taken into account in the “fat but fit paradox”
variable, the results changed only slightly. Children and adolescents with a low weight and
low muscular fitness showed the same cardiovascular risk as children and adolescents with
a high weight and high muscular fitness; and a difference in risk was observed between
overweight and obese participants according to their muscular fitness. Likewise, after the
risk analysis, a significantly and increasingly greater risk was observed when comparing
FF, UU, and UF with FU, respectively. This highlights the relevance of muscular fitness
on cardiovascular risk. In this sense, previous research has shown a significantly lower
risk in the high BMI and high muscular fitness group compared to the high BMI and
low muscular fitness group, as well as an increased risk of developing cardiovascular
risk [22]. Likewise, a greater fat mass and lower muscular strength have been associated
with a greater cardiometabolic risk in young adults, indicating that both variables are
independently and jointly associated with a greater cardiometabolic risk. [5].

Muscular strength has been described as an emerging risk factor for cardiovascular
disease, as well as a cause of death, in young adults [12,20,21]. Thus, muscular fitness has
been associated with metabolic syndrome and lipid metabolism in young people [37,40],
promoting insulin sensitivity and glycemic control [41,42] and reducing adipose tissue [5].
In a longitudinal study, it was shown that strength in childhood was linked to metabolic
syndrome in adults. In this sense, in the present study, the variable handgrip strength test
and the standing long jump were used to determine the muscular fitness variable, which
is normalized in relation with the body weight; these variables are described as having a
greater power to discriminate cardiometabolic risk within the different muscular fitness
tests [43].

The last analysis of the present study combined cardiovascular fitness and muscular
fitness, which is described as physical fitness in the “fat but fit paradox” variable. In this
case, it is shown that this paradox is true in both low weight and high weight groups,
with the low physical fitness group showing a greater cardiovascular risk than the high
physical fitness group. Likewise, there was no difference in cardiovascular risk between
the UU and FF groups in addition to showing, as in the previous cases, a significantly and
increasingly greater risk when comparing FF, UU, and UF, with FU, respectively. These
data point out the relevance of both variables as protectors of cardiovascular risk, and
that the combination of both will have a greater protective effect against cardiovascular
risk. This suggests that not only should cardiovascular work programs be prescribed for
overweight and obese children and adolescents, but they should also include strength work
activities that could be more attractive for this population [22,43,44]. In this sense, the
present study supports global recommendations for the practice of physical activity, which
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includes performing 60 min of moderate to vigorous physical activity daily in addition
to incorporating strength work activities in children at least three times a week [45]. On
the other hand, some authors highlight that strength-endurance activity work seems to be
more relevant than maximum muscular strength when associated with cardiometabolic
risk [46].

The present study presents an innovative approach, as it includes strength as a fitness
variable in addition to cardiovascular capacity. Traditionally, the variable cardiovascular
fitness has been used in the “fat but fit paradox”, and only a few studies have included
strength as an individual variable or together with cardiorespiratory capacity, shaping a new
category of physical fitness [11]. On the other hand, another strength of the present study is
the analysis of cardiovascular risk through continuous variables instead of expressing the
prevalence according to a MetS dichotomous variable. A continuous score provides more
information about health status and risk factors and is easily calculable. [47]. In this sense,
the use of cluster cardiometabolic risk, instead of the sum of each of the cardiometabolic
risks, is more useful for the early detection of cardioembolic risk [32,38]. Another strength
of the present study was the calculation of the BMI z-score, CRF z-score, handgrip z-score,
standing long jump z-score, and cardiometabolic risk, according to age and sex, as in
previous studies [11,19,32].

The present study is not without limitations. One of the limitations is the use of BMI
as a variable for defining overweight and obesity. Although all studies that analyze the “fat
but fit” paradox have used this variable, it does not differentiate body composition and does
not discriminate between fat mass and muscle mass. Therefore, its use may not be valid for
part of the population that has muscle mass values above or below the average, and it may
overestimate or underestimate overweight or obesity. The use of fat mass for the analysis
of this paradox could be more suitable [32]. On the other hand, in the present study, the
maturational state of children and adolescents was not taken into account. The maturational
state could influence body composition, CRF, and muscular fitness [48,49], and although the
sample that participated in this study showed mean values of BMI, CRF, and muscular fitness
similar to the average for their age, as shown in previous studies [50], the present research
cannot be extrapolated to other groups. On the other hand, the analysis of psychological
well-being should also be considered in this type of research [51]. In this sense, the analysis
of the “fat but fit paradox”, taking into account variables such as fat mass, as well as the
maturational state of children and adolescents, is considered for future studies.

5. Conclusions

This study confirms the “fit but fat paradox” of different physical fitness categories,
showing the importance of both CRF and muscular fitness as predictors of cardiovascular
risk with the combination of both variables showing a greater agreement.

The present results are considered relevant from a clinical and public health point of
view. These findings highlight the relevance of not exclusively focusing on maintaining
a weight below that of overweight and obesity but also improving or maintaining good
cardiorespiratory capacity and muscular fitness as a protection against developing a car-
diometabolic risk in childhood as well as the relevance of increasing the number of hours
of physical education at school [52].
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