85200 Auto Edited.docx



Association between cardiorespiratory fitness level and insulin resistance in

adolescents with various obesity categories
La Grasta Sabolic L et al. CRF and insulin resistance in obese adolescents

Lavinia La Grasta Sabolic, Marija Pozgaj Sepec, Bernardica Valent Moric, Maja Cigrovski
Berkovic

Abstract

BACKGROUND

Association between cardiorespiratory fitness (CRF) and insulin resistgnce in obese
adolescents, especially in those with various obesity categories, Eas not been

systematically studied. There is a lack of knowledge about the effects of CRF on insulin

resistance in severely obese adolescents, despite their continuous rise.

AIM
To investigate the association between CRF and insulin resistance in obese adolescents,

with special emphasis on severely obese adolescents.

METHODS

Prospective, cross-sectional study included 200 pubertal adolescents, 10-18 years of age,
who were referred to a tertiary care center due to obesity. Accordingto body mass index
(BMI), adolescents were classified as mildly obese (BMI 100% to 120% of the 95t
percentile for age and sex) or severely obese (BMI = 120% of the 95" percentile for age
and sex or = 35 kg/m?, whichever was lower). Participants’ body composition was
assessed by bioelectrical impedance analysis. Homeostatic model assessment of insulin
resistance (HOMA-IR) was calculated. Maximal oxygen uptake (VO:max) was
determined from submaximal treadmill exercise test. CRF was expressed as VOxmax
scaled by total body weight (mL/min/kg TBW) or by fat free mass (mL/min/kg FFM),

and then categorised as poor, intermediate or good, according to VO:2max terciles. Data
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were analysed by statistical software package SPSS (IBM SPSS Statistics for Windows,

Version 24.0). P value < 0.05 was considered statistically significant.

RESULTS

A weak negative correlation between CRF and HOMA-IR was found (Spearman’s rank
correlation coefficient (rs) = -0.28, P < 0.01 for CRF1pw; (rs) = -0.21, P < 0.01 for CRFrrm).
One-way analysis of variance (ANOVA) revealed a significant main effect of CRF on
HOMA-IR [F200) = 6.840, P = 0.001 for CRFrsw; F200) = 3.883, P = 0.022 for CRFrpu].
Subsequent analyzes showed that obese adolescents with poor CRF had higher HOMA -
IR than obese adolescents with good CRF (P = 0.001 for CRFrgw; P = 0.018 for CRFrrm).
Two-way ANOVA with Bonferroni correction confirmed significant effect of interaction
of CRF level and obesity category on HOMA-IR [F 200 = 3.292, P = 0.039 for CRFrpw].
Severely obese adolesgents had higher HOMA-IR than mildly obese, with either good or
poor CRF. However, HOMA-IR did not differ between severely obese adolescents with
good and mildly obese adolescents with poor CRF.

CONCLUSION
CRF is important determinant of insulin resistance in obese adolescents, regardless of
obesity category. Therefore, CRF assessment should be a part of diagnostic procedure,

and its” improvement should be a therapeutic goal.
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Core Tip: The association between obesity and insulin resistance is well established.
However, data concerning the relationship between cardiorespiratory fitness (CRF) and
insulin resistance in obese adolescents, especially in those with varying obesity
categories, are quite limited. The results of present study show that obese adolescents
with good CRF have lower homeostatic model assessment of insulin resistance (HOMA-
IR) than obese adolescents with poor CRF. Moreover, there is no difference in HOMA-IR
between severely obese adolescents with good CRF and mildly obese adolescents with
poor CRF. Thus, the improvement of CRF in obese adolescents, including those with

severe obesity, should be a therapeutic goal.

INTRODUCTION

The global obesity epidemic is accompanied by rapid increase in the prevalence of
cardiometabolic disorders. The association between obesity and insulin resistance is well
established, along with the fact that insulin resistance represents a pivotal step in the
progression towards prediabetes and type 2 diabetes!!2l. The phenomenon of pubertal
insulin resistance has been confirmed in cross-sectional and longitudinal studiesl3l.
Therefore, obese adolescents who are in puberty should be regarded as a particularly
vulnera&le group for glucose metabolism dysregulation. Growing evidence supports the
notion that young-onset type 2 diabetes has a more aggressive disease phenotype,
leading to early development of complications, adversely affecting quality of life and
long-term outcomes. As more than half of the world’s population is expected to be
overweight or obese within the next twelve years, expanding the options to manage
adglescent obesity is essential to treat the epidemic.

Cardiorespiratory fitness (CRF) refers to ability of the circulatory and respiratory
systems to supply oxygen to skeletal muscle mitochondria for energy production during
sustained physical activity. In adults, poor CRF is associated with the risk of insulin
resistance, irrespective of body weightl4l. Moreover, health benefits are most apparent at
the low end of the CRF continuum, providing the evidence that interventions aimed at

CRF improvement of the least fit individuals should be encouraged(®l. In children and
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adolescents, CRF is an important marker of health which shows an inverse relationship
with obesity, insulin resistance and cardiometabolic riskl*$l. Available data confirm that
association between fatness and cardiometabolic risk scores could be partially decreased
with improvements in fitness levelsl®l. It seems that early intervention and prevention
strategies targeting youth CRF may be associated with reduced risk for obesity and
cardiometabolic disease later in lifel10],

However, the relationship between obesity, CRF and insulin resistance in adolescent
population is still insufficiently explored. According to recently published study, high
CRF was associated with lower total and regional fat, and higher insulin sensitivity in
overweight and obese adolescents[!!l. Also, obese adolescents with low CRF had higher
insulin resistance indices and insulin secretion response than adolescents with normal
CRE, irrespective of body mass index (BMI) z-scorel2l. According to another study which
included children aged 8-11 years, as BMI categories rose, CRF attenuated the metabolic
risk score, with the biggest differences observed in the most obese children, although the
attenuation was significant only in mild obesity[13l.

The aim of our study was to investigate the association between CRF and insulin
resistance in obese adolescents, with special emphasis on those with severe obesity, for

whom the data about this topic are scarce.

MATERIALS AND METHODS

Study population
Two hundred adolescents who had been referred to the Department of Pediatric
Endocrinology and Diabetology at the University Hospital Center “Sestre milosrdnice”
due to obesity from Februar&ﬂlg to July 2022 participated in this cross-sectional study.
Prior to enrolment, all the participants and their parents provided written informed
consent. Study was approved by the University Hospital Ethics Committee and complied
with the Declaration of Helsinki.

The inclusion criteria were: 10-18 years of age, presence of puberty and BMI > ofﬁe

95t percentile for age and sex according to the Centers for Disease Control, and
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Prevention BMI-for-age growth charts'*l. The exclusion criteria were: Chronic diseases
which prevent CRF assessment or affect either body mass or body composition
(hypothyroidism, hypercortisolism, and syndromes associated with obesity), already
diagnosed disorders in glucose metabolism, and the use of drugs affecting glucose
metabolism or body composition.

According to obesity category, adplescents were classified into groups with mild (class
I obesity, BMI 100% to 120% of the 95th percentile for age and sex) or severe obesity (class
II obesity, BMI 120% to 140% of the 95% percentile for age and sex or = 35 kg/m?,
whichever was lower; class III obesity, BMI more than 140% of the 95t percentile for age
and sex or BMI = 40 kg/m?2, whichever was lower), and according to the terciles of CRF

into groups with poor, intermediate or good CRF.

Anthropometric measurements

During anthropometric measurements, adolescents were wearing minimal clothing and
no shoes. Height was measured using a wall stadiometer (Harpenden, Holtain Ltd.,
United Kingdom) with a precision of 0.1 cm. Weight was determined using an electronic
scale (Seca 704 BIS, Germany) with a precision of 0.1 kg. BMI (kg/m?) was calculated as
weight (kg) divided by height (m) squared. Waist circumference was measured in a
standing position, with a flexible, non-elastic measuring tape, midway between the most
inferior rib and the top of the iliac crest, with a precision of 0.1 cm. Body composition was
assessed by bioelectrical impedance analysis (BIA) (analyzer MC-780, Tanita). The
pubertal stages were determined using Tanner’s criteria, based on breast size and contour

in girls and testicular volume in boys.

Laboratory tests

Plasma glucose (mmol/L; Abbott Architect c8000, Abbott Laboratories) and insulin
concentrations (mU/L; ECLIA, Cobagsg e601, Roche Diagnostics) were measured after a
10-12 h overnight fast. Homeostatic Model assessment of insulin resistance (HOMA-IR)

was calculated as fasting insulin (mU /L) x fasting glucose (mmol/L)/22.5.
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CRF assessment

CRF was assessed using a submaximal treadmill walking test, according to a validated
protocol for overweight and obese adolescents!'. After a 4-min warm-up at a self-
selected comfortable walking speed (treadmill incline 0%), the participants were asked to
maintain this speed for 4 min while the treadmill incline increased to 5%. Heart rate was
recorded at rest (HR 0') and at the end of the 4 minutes on a 5% incline (HR 4'), as well as
the self-selected speed. Based on these two variables, maximal oxygen uptake (VO2max)
was estimated from the equation that also included sex (female-F, male-M), weight and
height.

VOzmax (mL/min) =-1772.81 + 318.64 x sex (F =0, M =1) + 18.34 x weight (kg) + 24.45
x height (cm) - 8.74 x HR 4’-0.15 x weight (kg) x (HR 4" - HR (') + 4.41 x speed (km/h) x
0.6213711922 x (HR 4-HR 0").

To facilitate comparison among adolescents of different sizes, VO2max was scaled by
total body weight (mL/min/kg TBW) and by fat free mass (mL/min/kg FFM).
Statistical analysis
All statistical analyses were conducted using SPSS version 24.0 (IBM, Armonk, NY,
United States). Descriptive statistics were employed to summarize the demographic
characteristics of the study population, and the variables being investigated. The
normality of data distribution was tested with Shapiro-Wilk test. For data deviating from
normal distribution, Levene’s test of homogeneity of variances was used. For
comparisons, a f-test for independent samples was employed, and if Levene’s test was
statistically significant, the corrected value of the t-test and the associated P were used.
Spearman’s correlation coefficient was calculated as a measure of association between
continuous variables. Chi-square test was employed for cathegorical variables. A one-
way analysis of variance (ANOVA) was used to test the influence of CRF on HOMA-IR,

while the differences between the groups of adolescents with mild and severe obesity
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were analyzed using two-way ANOVA with Bonferroni correction. All analyses were

adjusted for age and sex. P values < 0.05 were considered statistically significant.

RESULTS

Characteristics of the study population

Two hundred obese, pubertal adolescents (average age 14.54 years + 1.90 years) were
included in the study. There were more girls (60.5%) than boys. The majority of
adolescents were in advanced puberty (72.5% Tanner stages IV and V), and were severely
obese (64.5% class II and class III obesity) (Figure 1). More adolescent girls were in

advanced puberty, while more adolescent boys were severely obese (Table 1).

Differences in anthropometric, CRF and insulin resistance parameters among groups
with various obesity categories

Groups of adolescents with various obesity categories differed according to majority of
the measured variables (Table 2). All three groups differed with respect to BMI, BMI z-
score and CRFrsw (expressed as VO:max in ml/min/kg TBW) in a way that BMI and BMI
z-score increased and CRFrsw decreased from class I to class I1I obesity group (P < 0.001).
Subjects with class I and class II obesity had lower fasting insulin and HOMA-IR than
subjects with class III obesity (P < 0.001 for fasting insulin, P = 0.001 for HOMA-IR).
Finally, class I obesity group had lower waist circumference and waist to height ratio,
and higher CRFrry (expressed as VOzmax in mL/min/kg FFM) than class III obesity
group (P =0.017 for waist circumference, P = 0.019 for waist to height ratio, P = 0.003 for
CRFrrm).

Correlation between CRF and homeostatic model assessment of insulin resistance in

obese adolescents .
26

In obese adolescents, a weak negative Spearman’s correlation between CRFrsw and

HOMA-IR (rs =-0.28, P < 0.01), and CRFrrm and HOMA-IR (rs =-0,21, P < 0.01) was found.
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Association between CRF level and homeostatic model assessment of insulin resistance
in obese adolescents

A statistically significant main effect of CRFsw on HOMA-IR was detected [F200) = 6.840,
P = 0.001]. Subsequent comparisons revealed that HOMA-IR was higher in the group of
adolescents with poor than in the groups of adolescents with intermediate (P = 0.021) or
good CRFrsw (P = 0.001) (Figure 2A).

As well, a statistically significant main effect of CRFrrvi on HOMA-IR was determined
[F2200) = 3.883, P = 0.022]. Subsequent comparisons revealed that HOMA-IR was higher
in the group of adolescents with poor compared to the group with good CRFrm (P =
0.018) (Figure 2A).

Association of CRF level and obesity category with homeostatic model assessment of
insulin resistance

Separate main effects of CRFrpw level and obesity category (class I-mild obesity, class II
and Ill-severe obesity) on HOMA-IR were not statistically significant, but their
interaction was [F(2200) = 3.292, P = 0.039] (Table 3).

Adolescents with mild obesity had lower HOMA-IR than severely obese adolescents,
regardless of their poor or good CRFrew, while adolescents with intermediate CRFrew
did not differ significantly with regard to HOMA-IR (Figure 2B). In severely obese
adolescents, HOMA-IR was the highest in subjects with poor CRFrew. HOMA-IR of
mildly obese adolescents with poor CRFrsw did not differ significantly from HOMA-IR
of severely obese adolescents with good CRFrpw (Figure 2B).

Separate main effect of CRFrrm level on HOMA-IR was not statistically significant,
while the influence of obesity category was of borderline statistical significance [F(2200 =
3.846, P = 0.051] (Table 4). HOMA-IR of mildly obese adolescents with poor CRFrrv was
not significantly different from HOMA-IR of severely obese adolescents with good
CRFrrm (Figure 2C).

DISCUSSION
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In people living with obesity, current widely accepted management strategies are based
on diet and lifestyle modifications. However, the therapeutic emphasis is most often on
calorie restriction and weight reduction, while the importance of regular physical activity
ﬁd CRF improvement is insufficiently stressed. Moreover, physical activity is perceived
primarily as a means to create a negative energy balance. Such an approach overlooks the
important health benefits of CRF improvement, independent of weight loss!®l.

Rates of obesity among children and adolescents are high and the prevalence of severe
obesity in pediatric population is increasingl'”l. Obese young people tend to participate
in less physical activity than youths of healthier weight(18],

In this study, among 200 adolescents, 129 (64.5%) met the criteria for severe obesity.
This should not come as a surprise, given that adolescents were referred for obesity
evaluation to a tertiary care center. The proportion of participants with severe obesity
was higher in adolescent boys than in adolescent girls, which is in line with literature
datali7.19],

The hyperinsulinemic-euglycemic clamp is the gold standard for insulin sensitivity
assessment, but it is expensive and labor intensive. Alternative tests, including the
frequently sampled intravenous glucose tolerance test, insulin tolerance test, insulin
sensitivity test and continuous infusion of glucose with model assessment are also quite
impractical for routine use. The oral glucose tolerance test is easier to perform, but still
time consuming. Fasting methods for assessment of insulin resistance like fasting insulin,
glucose/insulin ratio, quantitative insulin sensitivity check index and HOMA-IR are
inexpensive and less difficult to apply in clinical practice, although each of them has its
merits and deficiencies!®l. In this study HOMA-IR was used as a surrogate marker of
insulin resistance, due to its correlation with clamp techniques and wide employment in
clinical research.

Previous research revealed positive association between BMI and HOMA-IR in adults
and in childrenl2.22l. In this study, adolescents with class I and class II obesity had lower

HOMA-IR than adolescents with class III obesity, which is in line with already published
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data showing that HOMA-IR rose linearly throughout the whole spectrum of BMI from
underweight to severely obese childrenl3l.

Although obesity and increased proportion of body fat are strongly associated with
cardiometabolic risk, some individuals with excess body fat have HOMA-IR in the
normal range and no metabolic abnormalities/?]. Factors responsible for preserved
insulin sensitivity are not clear, but could be related to their lifestyle and alterations in
adipose tissue biology. The results from a meta-analysis with pooled data from 15 studies
found that CRF, assessed as VOxmax, was higher in obese people without than in obese
people with metabolic abnormalities!24].

Scaling of VO2max by TBW leads to a considerable underestimation of CRF in obese
individualsP’l. Some authors suggest lean body mass to be the strongest determinant of
VO:max, while fat mass does not significantly affect VOmax after adjustment for lean
massl?). To eliminate the confounding factor of adiposity, it is recommended to express
CRF in relation to FFMI[27l. However, body composition analysis is not routinely available
nor performed in everyday practice. Therefore, in this research, CRF was expressed in
both ways, scaled by TBW and FFM.

When otherwise healthy obese children and adolescents and their peers with
appropriate BMI were compared, despite being expressed in relation to lean mass, CRF
was still significantly lower in the obese group!?’l. According to our knowledge, there are
no published data regarding the comparison of CRF between the groups of adolescents
with different obesity categories. In this study adolescents from class I obesity group had,
in comparison with subjects from class Il obesity group, significantly higher values of
both, CRFrsw and CRFrrv.

Also, in the entire study population, a weak negative correlation of HOMA-IR with
CRFrsw and CRFrrm was found. Similar results were obtained in several studies. In a
cross-sectional, multi-ethnic study, which included 1445 children aged 9-10 years, a
negative association between CRF and HOMA-IR was established. After adjustment for
fat mass index the association still remained statistically significant. The adjustment for

fat free mass index did not further reduce the negative association between CRF and
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HOMA-IR[2], Tn 1710 children with an average age of 11.4 years + 2.4 years, VOz;max
expressed in relation to lean and total body mass were correlated with HOMA-IR as
follows: r=-0.076, P <0.002; r = -0.264, P < 0.00127], However, somewhat different results
were obtained from a study including 452 children aged 6 years to §years. CRF expressed
in relation to total body weight was negatively associated with HOMA-IR, while CRF
appropriately controlled for body size and composition using lean mass was not related
to HOMA-IRBL It is worth mentioning that participants included in our study were, in
comparison with subjects from all the aforementioned studies, older and exclusively
pubertal.

Although the association between CRF and insulin resistance is weak, it is not
negligible. Prospective, longitudinal studies indicate a negative association of CRF in
childhood with fasting insulin levels and HOMA-IR in adulthood, suggesting that CRF
during adolescence is important for preserving insulin sensitivity in later life. A
prospective study, which followed 317 adolescents from the age of 15 for up to a
maximum of 12 years, showed that CRF and isometric muscle strength in adolescence are
negatively related to fasting insulin and HOMA-IR in young adulthood, regardless of
obesity[ll. In a study with more than 2000 involved subjects, CRF and muscle fitness in
children aged 7-15 years were negatively associated with fasting insulin and HOMA-IR
20 years later. The association remained statistically significant after adjustment for
childhood abdominal circumferencel32l.

To examine in more detail the association of CRF with HOMA-IR, participants were
divided according to terciles of VO2max into groups with poor, intermediate and good
CRFrew and CRFrrm.

The group of adolescents with poor CRF had a significantly higher HOMA-IR than the
group of adolescents with good CRF, both for CRFrew and CRFrru. Also, HOMA-IR was
higher in the group with poor, compared to the group with intermediate CRFraw. Other
researchers came to similar results after the analysis of data collected for overweight or
obese children (n = 115, average age 10.6 years + 1.1 years, 54% girls), although they used

a different protocol for CRF assessment. Namely, children with good CRF assessed by
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the beep test had lower HOMA-IR than children with poor CRFP3. The results of our
study are to the greatest extent comparable with the results of a large study which
included 1710 children (mean age 11.4 years + 2.4 years; 920 normal-weight, 340
overweight and 450 obese). A progressive increase in HOMA-IR was found with
decreasing CRFrsw, while HOMA-IR scores remained similar between the groups with
moderate and low CRFrrml?l. The stronger association between CRFrgw and HOMA-IR
is partially due to the significant association of obesity with HOMA-IR. The influence of
obesity on HOMA-IR is however reduced if CRF is scaled by FFM, but still remains
significant as shown in this study.

Although the number of severely obese youth continues to grow, studies that explore
modifying factors for cardiometabolic risk and insulin resistance in such a group of
adolescents are lacking. Therefore, the secondary goal of our study was to examine the
association of CRF level with HOMA-IR in adolescents with different obesity categories,
including those with severe obesity.

In this study, mildly obese participants had lower HOMA-IR than severely obese, both
in the groups with good and poor CRF, regardless of scaling. HOMA-IR was the highest
in severely obese adolescents with poor CRF. Interestingly, HOMA-IR of severely obese
participants with good CRF did not differ significantly from HOMA-IR of mildly obese
subjects with poor CRF. Therefore, it seems that CRF attenuates the adverse effects of
obesity on insulin resistance. This is in line with findings of a pooled study suggesting
that CRF may play an important role in lowering the risk of cardiometabolic diseases in
obese childrenl'3l.

One of the main limitations of our study is its” cross-sectional design, which makes it
impossible to establish a causal relationship between CRF and insulin resistance. Also,
body composition including FFM was assessed by BIA, but the hydration status could

not be fully controlled for all the participants.

CONCLUSION
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In obese adolescents, independent of obesity category, poor CRF is associated with the
highest HOMA-IR. This highlights the need to include the assessment of CRF in routine
diagnostic algorithm and to encourage lifestyle-based strategies, with special emphasis
on CRF improvement in obese adolescents, including those with severe obesity. Further
research is needed to determine which interventions should be implemented in obese
youth with low CRF in order to achieve optimal cardiometabolic effects. Current
recommendations include combined aerobic and resistance training, as well as high-

intensity interval training.

ARTICLE HIGHLIGHTS

Research background

The global obesity epidemic, not sparing children and adolescents, is accompanied by
rapid increase in the prevalence of cardiometabolic disorders. The association between
obesity and insulin resistance is well established, along with the fact that insulin
resistance represents a pivotal step in the progression towards prediabetes and type 2
diabetes. Obese adolescents who are in puberty should be regarded as a particularly
vulnerable group for glucose metabolism dysregulation. Growing evidence supports the
notion that young-onset type 2 diabetes has a more aggressive disease phenotype,
leading to early development of complications, and adversely affecting quality of life and
long-term outcomes. As more than half of the world’s population is expected to be
overweight or obese within the next decade, expanding the options to manage adolescent

obesity is essential to treat the epidemic.

Research motivation @

Cardiorespiratory fitness (CRF), referring to ability of the circulatory and respiratory
systems to supply oxygen to skeletal muscle mitochondria for energy production during
sustained physical activity has been associated with the insulin resistance, irrespective of

body weight. In children and adolescents, CRF is an important marker of health which

shows an inverse relationship with obesity, insulin resistance and cardiometabolic risk.

13/25




Available data confirm that association between fatness and cardiometabolic risk scores
could be partially decreased with improvements in fitness levels. It seems that early
intervention and prevention strategies targeting youth CRF may be associated with

reduced risk for obesity and cardiometabolic disease later in life.

Research objectives
To investigate the association between CRF and insulin resistance in obese adolescents,

with special emphasis on severely obese adolescents.

Research methods

This was a prospective, cross-sectional study including 200 pubertal adolescents, 10-18
years of age. Accqrding to body mass index (BMI), adolescents were classified as mildly
obese (BMI 100% to 120% of the 95th percentile for age and sex) or severely obese (BMI =
120% of the 95t percentile for age and sex or = 35 kg/m?, whichever was lower).
Participants’ body composition was assessed by bioelectrical impedance analysis (BIA).
Homeostatic model assessment of insulin resistance (HOMA-IR) was calculated.
Maximal oxygen uptake (VO.max) was determined from submaximal treadmill exercise
test. CRF was expressed as VO>max scaled by total body weight (mL/min/kg TBW) or
by fat free mass (mL/min/kg FFM), and then categorised as poor, intermediate or good,
according to VOxmax terciles. Data were analysed by statistical software package SPSS
(IBM SPSS Statistics for Windows, Version 24.0). P value < 0.05 was considered

statistically significant.

Research results

We observed a weak negative correlation between CRF and HOMA-IR (Spearman’s rank
correlation coefficient (rs) = -0.28, P < 0.01 for CRFrsw; (1s) =-0.21, P < 0.01 for CRFrrm).
One-way analysis of variance (ANOVA) revealed a significant main effect of CRF on
HOMA-IR [F200) = 6.840, P = 0.001 for CRFrpw; Fp200) = 3.883, P = 0.022 for CRFrpu].
Subsequent analyzes showed that obese adolescents with poor CRF had higher HOMA-
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IR than obese adolescents with good CRF (P = 0.001 for CRFrpw; P = 0.018 for CRFrrv).
Two-way ANOVA with Bonferroni correction confirmed significant effect of interaction
of CRF level and obesity category on HOMA-IR [F (2200 = 3.292, P = 0.039 for CRFrpw].
Severely obese adolesgents had higher HOMA-IR than mildly obese, with either good or
poor CRF. However, HOMA-IR did not differ between severely obese adolescents with
good and mildly obese adolescents with poor CRF.

Research conclusions
CREF is important determinant of insulin resistance in obese adolescents, regardless of
obesity category. Therefore, CRF assessment should be a part of diagnostic procedure,

and its” improvement should be a therapeutic goal.

Research perspectives

Large scale prospective studies are needed to expand the knowledge of CRF, IR, and
cardiometabolic health. Also, determination of participants’ body composition by using
different methods (such as abdominal MR scans) would offer more precise insight into

type and distribution of body fat.
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Figure Legends

Figure 1 Distribution of participants according to gender, stage of puberty, and obesity

category. A: Gender; B: Stage of puberty; C: Obesity category.

Figure 2 Association of cardiorespiratory fitness level. A: Association of
cardiorespiratory fitness level with homeostatic model assessment of insulin resistance
in obese adolescents; B: Association of cardiorespiratory fitness level scaled by total body
weight and obesity category with homeostatic model assessment of insulin resistance; C:
Association of cardiorespiratory fitness level scaled by fat free mass and obesity category
with homeostatic model assessment of insulin resistance. HOM A-IR: Homeostatic model
assessment of insulin resistance; CRF: Cardiorespiratory fitness; CRFrew:
Cardiorespiratory fitness scaled by total body weight; CRFrrv: Cardiorespiratory fitness
scaled by fat free mass;; TBW: Total body weight; FFM: Fat free mass.
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Table 1 Distribution of adolescents according to puberty stage and obesity category,

1 (%)

Variable All Females Males 1P value
Tanner stage <0.001
il 33(165)  7(5.8) 26 (32.9)

I 2(110)  9(74) 13 (16.5)

v 41 (20.5) 21 (17.4) 20 (25.3)

v 104 (52.0) 84 (694) 20 (25.3)

Obesity category 0.004
ClassI 71 (35.5) 54 (44.6) 17 (21.5)

ClassII 79 (39.5) 42 (34.7) 37 (46.8)

Class 1T 50 (25.0) 25 (20.7) 25 (31.6)

1y2 test.
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Table 2 Anthropometric characteristics, maximal oxygen uptake, fasting glucose,
fasting insulin and homeostatic model assessment of insulin resistance in

adolescents with different obesity classes, mean £ SD

Variable Class I obesity, Class II obesity, Class III obesity, !P
n="71(355%) n=79(39.5%) n =50 (25.0%)

Height (m) 166.65 +9.49 168.11+£10.10 167.32 + 8.64 0.646

Weight (kg) 88.51 +15.29 99.38 +18.59 106.52 £ 16.64 <0.001

WC (cm) 10242 +10.05  107.00+ 16.82 110.39 £18.37 0.017

WC/height 0.61+0.05 0.64 £0.10 0.66 +0.11 0.019

BMI (kg/m?) 30.65 +2.29 34.34 +2.54 41.02+4.44 <0.001

BMI z-score 1.97+0.19 2.35+£0.15 268 +0.24 <0.001

VO2max 255+044 2.66 +20.54 277+ 0.53 0.064

(L/min)

VO2max 29.68 +3.53 27.69 +3.83 23.95+ 3.60 <0.001

(mL/min/kg

TBW)

VO>max 46.48 +4.46 45.38 +5.90 43.63+6.71 0.003

(mL/min/kg

FFM)

Fasting glucose 4.99 +0.41 499 +047 5.05+0.38 0.708

(mmol /L)

Fasting insulin 25.00 £12.80 28.45+16.22 37.31+21.11 <0.001

(mU/L)

HOMA-IR 5.78 £3.09 6.31 £3.68 8.49+5.23 0.001

TANOVA /Kruskal Wallis, Scheffe post hoc test.
WC: Waist circumference; BMI: Body mass index; VO;max: Maximal oxygen uptake;
TBW: Total body weight; FFM: Fat free mass; HOMA-IR: Homeostatic model

assessment of insulin resistance.
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Table 3 Association of cardiorespiratory fitness level scaled by total body weight

and obesity category with homeostatic model assessment of insulin resistance

Mildly obese Severely obese F P

Mean SD =n Mean SD =n

Poor 6.12 297 8 851 536 58 Main effect 0.289
CRFrew CRFrew, F (2200) =
1.249

Intermediat 7.18 367 26 582 304 42 Maineffectobesity, 0.188

e CRFmw F (2200) =1.746
Good 472 223 37 637 341 29 Interaction CRFmw 0.039
CRF1ew and obesity, F

(2200) = 3.292

CRFrpw: Cardiorespiratory fitness scaled by total body weight.
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Table 4 Association of cardiorespiratory fitness level scaled by fat free mass and
obesity category with homeostatic model assessment of insulin resistance

Mildly obese Severely obese F P

Mean SD =n Mean SD =
Poor CRFrrm  7.35 320 13 791 565 54 Main effect 0.135

CRFrrv, F (2200) =
2.027
Intermediate 6.12 3.77 30 7.04 323 37 Maineffectobesity, 0.051

CRFrrm F (2200) = 3.846
Good 4.68 158 28 619 333 38 Interaction CRFrpv 0.846
CRFrrm and obesity, F

(2200) =0.167

CRFrrm: Cardiorespiratory fitness scaled by fat free mass.
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