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ABSTRACT
Background: Leptin and adiponectin interact with each other in the modulation of obesity and insulin
resistance (IR) and it is also important to consider the role of cardiorespiratory and muscular fitness in
these relationships.
Aim: To analyse the relationship between IR with adipocytokines in children, and to test the mediation
effect of %BF (percentage of body fat) in the association of IR with leptin, adiponectin, and L/A ratio.
Subjects and methods: This cross-sectional study comprised a sample of 150 schoolchildren, aged
6–11 years, from school in Porto Alegre, Brazil. The following variables were evaluated: cardiorespira-
tory fitness (CRF), muscular fitness (MF), percentage of body fat (%BF), and biochemical variables (lep-
tin, adiponectin, glucose, and insulin).
Results: IR was associated with leptin and L/A ratio, after adjustments for age, sex, sexual maturation,
and CRF. When adjusted for age, sex, sexual maturation, and MF, an association was found between
IR with leptin and L/A ratio. Moreover, %BF was a mediator in the association between IR and leptin,
as well as IR and L/A ratio, explaining 54% and 57% of these associations, respectively.
Conclusion: Leptin and L/A ratio are positively associated with IR after adjustments. Also, %BF is a
mediator in the associations between IR and leptin and L/A ratio.
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Introduction

Insulin resistance (IR) is considered as a major pathophysio-
logical factor in the development and progression of type 2
diabetes mellitus; and it has been associated with low-grade
inflammation and several metabolic complications (Friend
et al. 2013; Esser et al. 2014). Moreover, studies have been
suggesting that children with IR have a higher predisposition
to future development of type 2 diabetes mellitus and car-
diovascular disease (Medeiros et al. 2011; Skoczen et al.
2015). The mechanisms by which IR occurs are not com-
pletely understood, it is essentially characterised by the
decreased capacity of insulin to act on target tissues (muscle,
liver, and adipose tissue), leading to hyperglycaemia and
increased chronic inflammatory process (Van Greevenbroek
et al. 2013).

IR is also known to be associated with obesity in children
and adolescents (Romualdo et al. 2014). Adipose tissue is
currently known to secrete a large number of factors with
diverse functions. These factors include proteins, termed adi-
pocytokines, that act in an autocrine, paracrine, or endocrine
fashion to control various metabolic functions (Pittas et al.
2004). Adipocytokines are adipose tissue-derived molecules,

also associated with impaired vascular function, acute cardio-
vascular events, and obesity (Esser et al. 2014).

Adiponectin is an important adipocytokine and it is
involved in improving lipid metabolism, regulating energy
balance, inhibiting vascular inflammation, and increasing
insulin sensitivity (Ghadge et al. 2018). Otherwise, leptin has
key roles in the regulation of energy balance, body weight,
metabolism, and endocrine function, presenting higher blood
concentration in obesity (Allison and Myers 2014). Indeed,
these adipocytokines act in different ways on subclinical
inflammation, while leptin upregulates proinflammatory cyto-
kines, adiponectin has anti-inflammatory properties (Yadav
et al. 2013). More recently, it has been suggested that leptin
and adiponectin interact with each other in the modulation
of obesity and IR, thus the leptin/adiponectin ratio (L/A ratio)
has been investigated as a possible predictor of metabolic
disorders (L�opez-Jaramillo et al. 2014).

Some studies in children and adolescents have shown
associations of leptin, and adiponectin with IR, after adjust-
ments for age, body mass index, sex, and pubertal stage
(Huang et al. 2004; Aycan et al. 2005; Panagopoulou et al.
2008). However, previous studies have overlooked potential
confounders, such as cardiorespiratory fitness (CRF) and mus-
cular fitness (MF). Thus, we highlight that CRF and MF should
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also be considered, since both are important health indica-
tors inversely associated with a proinflammation status in
children and adolescents (Ruiz et al. 2009; Agostinis-Sobrinho
et al. 2016; 2018; Agostinis-Sobrinho, Moreira, et al. 2017).
Also, we intend to add new information regarding the rela-
tionship between IR and adipocytokines, by determining
quantitatively how much adiposity influences this associ-
ation. We hypothesise that percentage of body fat (%BF) is a
mediator in the relationship between IR with leptin, adipo-
nectin, and L/A ratio. Therefore, the purpose of the present
study was twofold: to analyse the relationship between IR
with adipocytokines in children; and to test the mediation
effect of %BF in the association of IR with leptin, adiponec-
tin, and L/A ratio.

Subjects and methods

Study design

This is a cross-sectional study, using a quantitative approach,
developed in a public school from Porto Alegre, Brazil. This
study is part of the “Sport and Health Project at School” (it is
an intervention programme with physical activity and nutri-
tional education, to promote physical fitness and cardiometa-
bolic risk factors in children). The population of the study
comprises 380 children in the first to fifth grade of elemen-
tary school. All parents of children were fully informed about
the study goals, and those who agreed signed the consent
form. Thus, the study was carried out with 150 schoolchil-
dren (78 boys), aged 6–11 years. The exclusion criterion was
did not attend the blood evaluation after three consecutive
appointments. The Ethics and Research Committee of the
Federal University of Rio Grande do Sul approved this study
(2014997) according to the Helsinki Declaration.

The minimum number of subjects of the sample was cal-
culated through the software G�Power version 3.1.9.2
(D€usseldorf, Germany). For sample calculation, an effect size
F of 0.15 (medium effect) was used, as well as a level of sig-
nificance of .05 and statistical power of 0.95. Linear regres-
sion models were used with approximately five predictors
and a 5% increase to cover for possible losses and refusals.
Based on these criteria, the minimum sample size was
143 children.

Measures

Physical fitness variables were measured at school by trained
researchers. Nurses collected blood samples and physical
education professionals measured %BF at the laboratory of
physiology of the Federal University of Rio Grande do Sul.

Muscular fitness
The described procedures of MF evaluation followed the
“Projeto Esporte Brasil” (PROESP-Br) protocols (Gaya and
Gaya 2016). Lower limb strength test was carried out with a
measuring tape fixed on the floor. The starting line was sig-
nalled using a frame chalk at the zero point of the measur-
ing tape. The student stood immediately behind the starting

line, with feet parallel and knees semi-flexed. At the signal,
the children jumped as far as possible with both feet
together. Abdominal strength test was performed with the
children in the supine position with knees flexed, arms
crossed over the thorax, and ankles fixed to the floor by the
evaluator. The children had to flex the trunk until he/she
touched the thighs with the elbows, returning to the starting
position, as many times as possible in one minute.

The results of the lower limb strength and abdominal
strength test were transformed to standardised values (Z-
scores) by age and sex. Then the sum of Z-scores was per-
formed to create the MF score.

Cardiorespiratory fitness
CRF was assessed using a running and walking test in six
minutes (Bergmann et al. 2014), following the protocol of
PROESP-Br (Gaya and Gaya 2016). Children were instructed
to accomplish the greatest number of turns, running, or
walking, in a sports court with the perimeter marked with
cones and the floor with indications of metres. The measure-
ment of the test was noted from the number of laps per-
formed, plus the metres in the case of those who at the end
of the time did not complete a lap, so after multiplying the
number of laps by the perimeter of metres covered, the esti-
mate of CRF was obtained and expressed in metres.

Sexual maturation
Sexual maturation was evaluated according Mirwald et al.
(2002). Through this method it is possible to set the distance,
in years, that the child is from peak height velocity. The fol-
lowing measures were considered: height, body mass,
chronological age, length of lower limb, and height in the
sitting position. These variables were used in a specific equa-
tion for sex.

Blood sampling
Venous blood samples were drawn by a specialised profes-
sional using disposable materials. Blood sampling was per-
formed early in the morning following 10–12 h fasting. Blood
samples were routinely centrifuged and then plasma and
serum were aliquoted and frozen at �80 �C until analysis.
Leptin and adiponectin levels were determined by enzyme-
linked immunosorbent assay (ELISA), following the specifica-
tions of the manufacturer (Abcam, Cambridge, UK). Thus, the
leptin/adiponectin ratio was calculated. Glucose levels were
determined using an automated analyser (Cobas C111,
Roche Diagnostics, Basel, Switzerland). Insulin concentrations
were determined by ELISA using commercial kits (DRG
International, Springfield, USA). As an index of IR, HOMA-IR
was calculated as the product of fasting glucose (mmol/L)
and insulin (llU/mL) levels divided by 22.5 (Matthews et al.
1985). The result of HOMA-IR was transformed to standar-
dised values (Z-scores) by age and sex.
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Percentage body fat
Percentage body fat was measured by dual-energy X-ray
absorptiometry (DEXA) (Lunar Prodigy Primo, General Electric
Healthcare; Madison, WI), by the same well-trained professio-
nals. Children were positioned on the DEXA table in the
supine position with the members properly separated from
the trunk and had to remain in that position throughout the
procedure. The children were lightly dressed.

Statistical analysis

All the statistical analyses were carried out using IBM SPSS
21 (SPSS, Inc., Chicago, Illinois, USA). The level of statistical
significance was established as p� .05. All variables were
checked for normality. Means and standard deviation were
used to describe sample characteristics. Independent two-
tailed T-tests were used to examine the sex differences. The
associations between IR with leptin, adiponectin, and L/A
ratio were verified through linear regression, using different
models: model 1 (crude model); model 2 (adjusted for age,
sex, and sexual maturation), model 3 (adjusted for age, sex,
sexual maturation, and CRF); and model 4 (adjusted for age,
sex, sexual maturation, and MF).

To examine whether the associations between IR and lep-
tin, adiponectin and L/A ratio were mediated by %BF, linear
regression models were fitted using the PROCESS macro for
the Statistical Package for Social Sciences (SPSS) version 24.0
(IBM Corp, Armonk, NY, USA). The goal of this model was to
investigate the total (c) and direct effects (a, b, c0), reflected
by the unstandardised regression coefficient and significance
between the independent and dependent variables in each
model. The model also investigated the indirect effect
obtained from the product of coefficients (a� b), which indi-
cates the change in the leptin, adiponectin or L/A ratio for
every unit change in the IR that is mediated by the proposed
mediator (i.e. %BF). The PROCESS macro used bootstrapping
methods recommended by Preacher and Hayes (2008) for
testing mediation hypotheses, using a resampling procedure
of 10,000 bootstrap samples. Point estimates and confidence
intervals (95%) were estimated for the indirect effect. The

point estimate was considered significant when the confi-
dence interval did not contain zero. Thus, the following crite-
ria were assumed to establish mediation: (1) the
independent variable (IR) is significantly related to the medi-
ator (%BF); (2) the independent variable (IR) is significantly
related to the dependent variables (leptin, adiponectin, and
L/A ratio); (3) the mediator (%BF) is significantly related to
the dependent variable (leptin, adiponectin, and L/A ratio);
and (4) the association between the independent and
dependent variable is attenuated when the mediator is
included in the regression model (Baron and Kenny 1986).
The analyses were adjusted by age and sex.

Results

Table 1 presents the participants’ descriptive characteristics.
Girls showed higher levels of percentage of body fat, insulin,
IR, and leptin than boys. While boys presented higher levels
of CRF, lower limb strength, abdominal strength, and adipo-
nectin than girls.

Table 2 shows the relationship between IR with leptin,
adiponectin, and L/A ratio in children. Results indicate that IR
is positively associated with leptin and L/A ratio after adjust-
ments for sex, age, sexual maturation, CRF, and MF, and also
for the unadjusted model. The highest correlation values
were observed for the unadjusted model and adjusted for
sex, age, and sexual maturation in both leptin and L/A ratio.
Regarding adiponectin, there was no association found
with IR.

The analysis of the mediation effect of %BF in the associ-
ation of IR with leptin (Figure 1) and L/A ratio (Figure 2) indi-
cated that in the first regression equation (a), the
relationship between IR and %BF was positive (p¼ .01). In
the second equation (c), IR was also positively associated
with leptin (p< .001) and L/A ratio (p< .001). The third equa-
tion (b) showed a positive relationship between %BF and
leptin (p< .001). Finally, in the fourth equation (c0), when IR
and %BF were included simultaneously in the model, %BF
was associated with leptin (p< .001). For L/A ratio, the third
equation (b) showed a positive relationship between %BF

Table 1. Participant characteristics.

Characteristics n
Total

Mean (SD)
Boys

Mean (SD)
Girls

Mean (SD)

Age (years) 150 8.63 (1.49) 8.53 (1.50) 8.72 (1.50)
Height (m) 143 1.34 (0.10) 1.33 (0.10) 1.35 (0.10)
Weight (kg) 142 34.05 (10.95) 32.62 (10.17) 35.60 (11.61)
Sexual maturation 138 �2.77 (1.80) �3.95 (1.04) �1.56 (1.61)�
Body mass index (kg/m2) 142 18.32 (3.84) 17.94 (3.61) 18.75 (4.09)
Cardiorespiratory fitness (m) 145 751.16 (130.27) 785.33 (136.21) 712.47 (112.10)�
Lower limb strength (cm) 145 110.08 (23.74) 117.29 (23.59) 104.04 (22.04)�
Abdominal strength (rep) 145 25.57 (10.84) 27.45 (10.76) 23.44 (10.61)�
Muscular fitness 145 �0.001 (0.85) 0.23 (0.82) �0.24 (0.82)
Percentage of body fat (%) 118 33.52 (8.55) 31.50 (8.54) 36.17 (7.72)�
Insulin (uU/mL) 148 15.85 (11.98) 13.46 (10.57) 18.10 (12.81)�
Glucose (mg/dL) 149 89.35 (9.10) 88.33 (7.52) 90.43 (10.62)
Insulin resistance (HOMA-IR) 148 3.50 (2.10) 2.97 (2.37) 3.99 (2.71)�
Adiponectin (mg/ml) 150 10.92 (6.49) 12.07 (6.97) 9.54 (5.65)�
Leptin (ng/mL) 150 4.12 (6.21) 3.04 (4.90) 5.32 (7.26)�
Leptin/adiponectin ratio 150 1.25 (4.84) 0.72 (2.25) 1.85 (6.61)

SD: standard deviation.�Independent t-test for differences between boys and girls (p< .05).
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and L/A ratio, while in the fourth equation (c0) when IR and
%BF were included simultaneously in the model, %BF was
associated with L/A ratio (p< .001). Besides, the relationship
between IR and leptin was attenuated when %BF was
included in the model, indicating that %BF is a mediator of
this relationship (indirect effect ¼ 0.1444; IC: 0.0293/0.2787),
explaining 54% of this association. Likewise, the relationship
between IR and L/A ratio was attenuated when %BF was
included in the model, indicating that %BF is a mediator of
this relationship (indirect effect ¼ 0.1002; IC: 0.0219/0.2133),
explaining 57% of this association. Given the fact that adipo-
nectin was not associated with IR, mediation analysis was
not applied.

Discussion

The main findings of this study showed that IR was positively
associated with leptin and L/A ratio after adjustment for vari-
ables of interest such as age, sex, sexual maturation, CRF,
and MF. Moreover, the mediation analysis showed that the
relationship of IR with leptin and IR with L/A ratio, are medi-
ated for %BF, explaining 54% and 57% of these associations,
respectively.

Since adipose tissue secretes several adipokines with both
positive and negative effects on insulin sensitivity and
metabolism, adipokine signalling has emerged as a potential
area for identifying and developing new therapies (Esser
et al. 2014; Ghadge et al. 2018). To the best of our know-
ledge, this is the first study to report the mediation effect of

%BF in the association of IR with leptin and L/A ratio in early
ages. Our findings underscore the potential effect of adipocy-
tokines levels on IR as well the key role of adiposity on this
association. These results have public health and clinical
implications since adiposity has been widely associated with
several cardiometabolic diseases from childhood.

It is currently well accepted that obesity promotes a state
of chronic low-grade inflammation, with both being strongly
associated with IR (Al-Daghri et al. 2014). Although some
studies have reported that plasma leptin is associated with
IR independently of body fatness (Huang et al. 2004), we
found that adiposity explains 54% of the association
between IR and leptin, which agrees with other studies
(Ropelle et al. 2010; Falc~ao-Pires et al. 2012). It is also import-
ant to take into consideration that age, body mass index,
sex, and pubertal stage are the most important variables
influencing serum leptin concentration (Mantovani et al.
2016; Zhu et al. 2016). Some studies have shown a positive
association between IR and leptin in children and adoles-
cents, even after controlling for potential confounding fac-
tors (Huang et al. 2004; Antunes et al. 2009; Agostinis-
Sobrinho, Lacerda, et al. 2017), however, none of the above-
mentioned studies have adjusted their analysis for fitness.
Thus, we highlight that leptin and L/A ratio are associated
with IR, even after adjustments for age, sex, sexual matur-
ation, CRF, and MF. Indeed, recently, some studies have
reported that MF and CRF may play a key role in levels of IR
from childhood to adulthood (Grøntved et al. 2013; Fraser

Table 2. Regression coefficients examining the association of insulin resistance with leptin, adiponectin, and leptin/adiponectin ratio.

Leptin Adiponectin Leptin/adiponectin ratio

b 95% CI p B 95% CI p b 95% CI p

Model 1 (n ¼ 147)
HOMA-IR 0.38 (0.23, 0.53) <.001 �0.02 (�0.19, 0.13) 0.74 0.36 (0.21, 0.51) <.001

Model 2 (n ¼ 135)
HOMA-IR 0.36 (0.21, 0.51) <.001 �0.02 (�0.18, 0.14) 0.81 0.33 (0.19, 0.48) <.001

Model 3 (n ¼ 135)
HOMA-IR 0.30 (0.15, 0.45) <.001 �0.05 (�0.11, 0.23) 0.51 0.25 (0.10, 0.40) .001

Model 4 (n ¼ 127)
HOMA-IR 0.33 (0.18, 0.47) <.001 �0.007 (�0.17, 0.16) 0.93 0.30 (0.15, 0.44) <.001

Model 1: unadjusted model; Model 2: adjusted for sex, age, and sexual maturation; Model 3: Model 2 with the addition of cardiorespiratory fitness; Model 4:
Model 2 with the addition of muscular fitness; for HOMA-IR, cardiorespiratory fitness, muscular fitness, leptin, adiponectin, and leptin/adiponectin ratio standar-
dised values (Z-scores) by age and sex were constructed.

Figure 1. Mediation analysis of percentage of body fat in the association of
insulin resistance with leptin (adjusted for sex, age, and sexual matur-
ation). �p< .05.

Figure 2. Mediation analysis of percentage of body fat in the association of
insulin resistance with L/A ratio (adjusted for sex, age, and sexual matur-
ation). �p< .05.
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et al. 2018). Therefore, the findings of the present study indi-
cate that intervention studies should be focussed on main-
taining physical fitness, as well as a healthy weight,
considering its additive health benefits concerning IR and
adipocytokines.

In addition, several studies have also shown that L/A ratio
is a potential parameter to assess IR, although most of the
knowledge on this topic comes from adolescents and adults
(Finucane et al. 2009; L�opez-Jaramillo et al. 2014; Agostinis-
Sobrinho, Lacerda, et al. 2017). In our study, we found that
that adiposity explains 57% of the association between IR
and L/A ratio. Thus, given the rising prevalence of cardiome-
tabolic dysfunctions in early ages and the linkage of this con-
dition to inflammation, our study adds new insights showing
this strong association in children of 6–11 years old.
Therefore, it seems that the interaction between both adipo-
kines (leptin and adiponectin), may have a strong association
with cardiometabolic risk factors (L�opez-Jaramillo et al. 2014;
Agostinis-Sobrinho, Lacerda, et al. 2017).

Although leptin and L/A ratio are considered good
markers of IR (L�opez-Jaramillo et al. 2014), its measures are
expensive and not easily accessible for the general popula-
tion. Thus, our mediation analysis reinforces the relevance of
adiposity as an important indicator of IR and diabetes risks.
We also highlight that some measures of adiposity are con-
sidered simple, non-invasive, and low-cost methods that can
be used to classify children, adolescents, and adults at risk of
developing metabolic disorders, including IR and diabetes
(Aristizabal et al. 2015; Gonz�alez-Jim�enez et al. 2016).

Regarding adiponectin, we did not find a significant asso-
ciation with IR, as previously found (Aguilar et al. 2013). This
result could be due to the age range considered in the pre-
sent study, since children may not present high levels of adi-
ponectin, also most studies are developed with adolescents
and adults (Kajikawa et al. 2011; Aguilar et al. 2013). On the
other hand, studies with children and adolescents indicated
an inverse association between adiponectin and HOMA-IR
(Panagopoulou et al. 2008; Aguilar et al. 2013). However, all
these results should be interpreted with caution, considering
that some evidence has pointed to a paradoxical role of adi-
ponectin levels on health status (Esmaili et al. 2014). Initially,
low levels of adiponectin were considered an independent
risk factor for cardiovascular disease (Ai et al. 2011), but,
recently and curiously, some evidence has suggested that
high serum adiponectin concentration is associated with an
increased risk of cardiovascular disease in the elderly (Choi
et al. 2015).

Strengths of this study include new information regarding
the associations between IR, adiposity, leptin, adiponectin,
and L/A ratio in children. Indeed, most studies regarding this
topic were developed with adolescents or adults. Further, we
used the gold standard to measure body fat. In our study,
we considered important confounding variables such as CRF
and MF. Finally, although a growing number of studies have
examined the association between IR with L/A ratio and
mainly leptin, none of them have evaluated the mediation
role of adiposity in this relationship.

Some limitations of our study should also be pointed out.
Firstly, the cross-sectional nature of the study did not allow
for causal inferences. Secondly, we did not include any meas-
ure of diet, which may influence the analysed variables.
Thirdly, a single fasting baseline measurement of adipocyto-
kines was used. Finally, the HOMA model is not the gold
standard for assessing IR, although it provides good diagno-
sis value compared to the gold standard clamp techniques
in validation studies of adolescents.

In conclusion, leptin and L/A ratio are positively associ-
ated with IR after adjustments for age, sex, sexual matur-
ation, CRF, and MF. In addition, %BF is a mediator on the
associations between IR and leptin as well IR and L/A ratio.
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