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Abstract: Background: Recently, the leptin/adiponectin (L/A) ratio has been suggested as a novel
predictor of cardio-metabolic and other chronic diseases. Aim: To evaluate the ability of leptin (L),
adiponectin (A), and the L/A ratio in identifying high risk of insulin resistance IR in adolescents,
adjusted by cardiorespiratory fitness, adherence to the Mediterranean diet, and body fat percentage.
Subjects and methods: This is a cross-sectional analysis with 529 adolescents aged 12–18 years-old.
Blood samples were taken to analyze glucose, insulin, leptin, and adiponectin levels. IR (homeostasis
model assessment of insulin resistance (HOMA-IR) was estimated from fasting serum insulin and
glucose). Results: Adiponectin, leptin, and L/A ratio were accurate to predict IR among adolescents.
The optimal L/A cut-off value to indicate risk of IR development was >0.35 in boys and >0.97 in girls.
Logistic analyses showed that the suggested cut-off points for adiponectin (girls: OR: 2.87 (1.26–6.53);
p = 0.012); leptin (boys: OR: 5.23 (1.16–7.14) p = 0.006; girls: OR: 2.99 (1.10–8.09) p = 0.031), and the
L/A ratio (boys: OR: 8.38 (2.6–26.8) p < 0.001; girls: OR: 6.1 (2.1–17.0) p < 0.001), were significant
predictors of IR, after adjustments for age, pubertal stage, adherence to the Mediterranean diet,
cardiorespiratory fitness, and body fat percentage. Conclusion: Leptin and L/A ratio were associated
with IR risk, after adjustments for confounders in both sexes and adiponectin in girls. The L/A
ratio seems to have a higher diagnostic accuracy to identify IR risk than adiponectin or leptin, in
both sexes.

Keywords: leptin; adiponectin; fatness; youth

1. Introduction

Adipocytokines, such as leptin and adiponectin, are adipose-tissue-derived molecules
and have been associated with insulin resistance (IR), obesity, metabolic syndrome, athero-
genesis, and acute cardiovascular events, leading to several metabolic outcomes [1].

Leptin is a multifunctional metabolic regulator implicated in food intake, energy expen-
diture, and neuroendocrine function. Leptin has been found to be an important mediator
of the obesity-related pro-inflammatory state that contributes to metabolic disorders [2,3].
However, hyperleptinemia, a common condition among the obese, has been associated with
IR and endothelial dysfunction disorders, which suggests an overall decrease in sensitivity
to leptin [4]. Indeed, a recent meta-analysis (5) reported a significant association between
leptin and the risk of cardiovascular diseases (CVD) and strokes. On the other hand, hy-
poadiponectinemia has been proposed to be an independent CVD risk factor [5], associated
with increased cardiovascular events and mortality rates [5]. Therefore, the mechanisms
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associated with the role of adiponectin as an anti-inflammatory adipokine includes its key
action on insulin-sensitizing, anti-inflammatory, and anti-atherogenic effects [6].

Recently, the interest in the leptin/adiponectin (L/A) ratio as a novel predictor of
cardio-metabolic and other chronic disease outcomes has increased [7]. This ratio has been
associated with IR [8], carotid intima-media thickness [9], and metabolic syndrome [7,10],
among others. Conversely, the assessment of the L/A ratio has been proposed as a useful
parameter to assess IR predisposition and as a possible atherosclerotic index for patients
with type 2 diabetes [10].

Interestingly, most of the knowledge about the relationship between adipocytokines
and IR is derived from studies focusing on adult obese subjects or adults with metabolic
syndrome [11]. However, it is known that childhood diabetes carries a higher risk of several
adult metabolic diseases [12]. Therefore, these risks make childhood diabetes an important
avenue of investigation, especially considering the rising number of obese children and
adolescents in not only developed, but also developing countries [13].

For instance, some studies have shown that leptin and adiponectin are associated with
IR [14,15]. However, these associations were not always independent of other potential
confounders, such as dietary intake, body fatness, and cardiorespiratory fitness. For
example, cardiorespiratory fitness [16], body fatness [17], and adherence to a Mediterranean
diet [18,19] have been shown to have key roles in insulin resistance. Additionally, none of
the previous studies in children and adolescents have analyzed the L/A ratio’s ability to
predict IR.

In this context, the present study aimed, (i) to evaluate the ability of leptin, adiponectin,
and the L/A ratio to predict IR, (ii) and the association between these hormones with
IR, independently of adherence to a Mediterranean dietary pattern, body fatness, and
cardiorespiratory fitness in adolescents.

2. Materials and Methods
2.1. Study Design and Sample

The adolescents included in this analysis were part of the Longitudinal Analysis
of Biomarkers and Environmental Determinants of Physical activity (LabMed Physical
Activity Study), which is a school-based prospective cohort study carried out in four cities
in northern Portugal. We selected 5 secondary schools, which had already collaboration
agreements established with our research center and, therefore, they were selected primarily
for pragmatic, budgetary, and logistical reasons. Participants’ recruitment was conducted at
the selected schools, and all pupils belonging to the 7th and 10th grade classes were invited
to participate in the study (n = 1678). The LabMed Physical Activity Study methodologies
have been presented elsewhere [20]. From that initial sample, 534 adolescents agreed to
undergo blood sampling. However, 5 of them were later excluded from the analysis due
to C-reactive protein values >10 mg/L, which may be indicative of acute inflammation or
illness, leaving 529 adolescents (267 girls, mean age 14.3 ± 1.7 years) as the final sample
for the present study. For the present study, power analysis was calculated post hoc (for
α = 0.05), and it was higher than 0.8 for ROC curves and Logistic Regression Analysis
sample size calculation in both sexes.

2.2. Ethical and Legal Requirements

The study was conducted in accordance with the World Medical Association’s Helsinki
Declaration for Human Studies. The Portuguese Data Protection Authority (#1112434/2011),
the Portuguese Ministry of Science and Education (0246200001/2011), and the Ethics Com-
mittee of the Faculty of Sport, University of Porto, approved the study. All participants in
this study were informed of the study’s goals, and written informed consent was obtained
from participating adolescents and their parents or guardians. Considering potential re-
fusals to participate in the study due to blood analysis, a “layered consent” was permitted,
allowing the participants to consent to some parts of the study protocol and not others. For
example, an adolescent could perform physical fitness assessments and refuse to undergo
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blood sampling. Throughout the study, no exclusion criteria were applied to avoid dis-
crimination. However, for the present analysis, only apparently healthy adolescents were
considered, i.e., without any medical diagnosis of physical or mental impairment.

2.3. Measures
2.3.1. Anthropometrics

Body height was measured to the nearest 0.1 cm in bare or stockinged feet, with the
adolescent standing upright against a portable stadiometer (Seca 213, Hamburg, Germany).
Body weight was measured to the nearest 0.10 kg, with the participant lightly dressed
using a portable electronic weight scale (Tanita Inner Scan BC 532, Tokyo, Japan). BMI
was calculated as weight divided to height squared (kg/m2), and the participants were
classified as underweight, normal weight, overweight or obese using the age and sex-
specific cut-off values proposed by the International Obesity Task Force. To assess the body
fat percentage, a frequency current of 50 kHz (Tanita Inner Scan BC 532, Tokyo, Japan) was
used to measure leg-to-leg Bio impedance. After manual introduction of the sex, age and
height into the scale system, participants were asked to come up and remain still on the
scale until measurement was completed, fulfilling the manufacturer’s instructions.

2.3.2. Pubertal Stage

Participants self-assessed their pubertal stage of secondary sex characteristics (breast
and pubic hair development for girls, genital and pubic hair development for boys; ranging
from stage I to V), according to the criteria of Tanner and Whitehouse [21].

2.3.3. Blood Sampling

Blood samples were obtained from each subject early in the morning, following a 10 h
overnight fast by venipuncture from the antecubital vein. The samples were stored in sterile
blood collection tubes in refrigerated conditions (4◦C to 8 ◦C) for no longer than 4 h during
the morning of collection and then sent to an analytical laboratory for testing according to
standardized procedures, as follows: (i) serum leptin and serum adiponectin by plate reader
method (ELISA analyzer); (ii) glucose by hexokinase method (Siemens Advia 1600/1800
Erlangen, Germany); (iii) insulin by chemiluminescence immunoassay (Siemens ACS
Centaur System, Erlangen, Germany. All assays were performed in duplicate according to
the manufacturers’ instructions. Insulin resistance homeostatic model assessment (HOMA-
IR) was calculated as the product of basal glucose (mmol/L) and insulin (µL U/mL) levels
divided by 22.5, and was used as a proxy measure of insulin resistance (23). HOMA-IR
were transformed to standardized values (Z-score = (participant’s value—mean value of
the sample)/standard deviation)) by age and sex. High risk (at risk) was considered when
the individual had ≥1 SD (standard deviation) of this Z-score, as previously suggested [22].

2.3.4. Adherence to the Mediterranean Diet

To assess the degree of adherence to the Mediterranean diet, the KIDMED index
(Mediterranean Diet Quality Index for children and adolescents) was used [23] (25). The
index is based on 16-questions, self-administered, which sustain the principles of the
Mediterranean dietary patterns, as well as those that undermine it. The results of the index
varied between 0 and 12 points. The questions that have one negative connotation in rela-
tion to Mediterranean diet were equal to (−1); the questions that constitute positive aspects
were equal to (+1). A continuum variable was computed to perform the statistical analyses.

2.3.5. Cardiorespiratory Fitness

Cardiorespiratory fitness was measured using the 20-metre shuttle run test. This test
requires participants to run back and forth between two lines set 20 m apart. Running
speed started at 8.5 km/h and increased by 0.5 km/h each minute, reaching 18.0 km/h at
minute 20. Each level was announced on a tape player. The participants were instructed to
keep up with the pace until exhausted. The test was finished when the participant failed
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to reach the end lines concurrent with the audio signals on two consecutive occasions.
Otherwise, the test ended when the subject stopped because of fatigue. The participants
received verbal encouragements from the investigators to achieve maximum performance,
to keep running as long as possible. The number of laps performed by each participant
was recorded [24].

2.3.6. Statistical Analysis

Measurement data mean and standard deviations were evaluated for normality by the
Kolmogorov–Smirnov test and compared using the t-test to examine sex differences.

A receiver-operating-characteristic curve (ROC) was drawn to calculate area under
the curve (AUC), and the best cut-off value of the leptin, adiponectin, and L/A ratio to
discriminate between low/high values of IR were determined using the maximum Youden’s
index. Youden’s index is defined as: J = (sensitivity + specificity – 1); the critical threshold
value is the point at which the sensitivity and specificity is maximized. The positive
likelihood ratio LR (+) and the negative likelihood ratio LR (−) were used to analyze the
potential diagnostic accuracy. The prognostic accuracy of serum leptin, adiponectin, and
L/A ratio for predicting insulin resistance was performed by comparison of area under
curve (AUC) of ROC curves. The AUC of ROC curves was derived by the Hanley and
McNeil method [25].

Based on the cut-off values suggested by the ROC curves, logistic regression analyses
were performed to further study the relationships between adiponectin, leptin, and L/A
ratio and HOMA-IR, adjusted for the following potential confounders: age, pubertal stage,
cardiorespiratory fitness, adherence to a Mediterranean diet, and body fat percentage.

Data analysis was performed using the Statistical Package for the Social Sciences
for Windows (Version 21.0 SPSS Inc., Chicago, IL, USA) and MedCalc (Version 11.1.1.0
MedCalc, Mariakerke, Belgium). A p value < 0.05 denoted statistical significance.

3. Results

Participant characteristics are presented in Table 1. Girls presented higher levels of
adiponectin, leptin, and body fat percentage (p < 0.001 for all), whereas boys presented
high cardiorespiratory fitness levels (p < 0.001).

Table 1. Participants’ characteristics.

Characteristics

Mean (SD)

All
(n = 529)

Girls
(n = 267)

Boys
(n = 262)

Age (year) 14.33 (±1.73) 14.27 (±1.71) 14.39 (±1.74)
Weight (kg) 55.15 (±12.81) 53.44 (±11.18) 56.89 (±14.10) *
Height (cm) 160.27 (±9.59) 157.7 (±6.68) 162.9 (±11.3) *

BMI (kg/m2) IOTF 21.31 ± 3.84 21.41 ± 3.96 21.20 ± 3.73
UW/NW/OW/OB (n) 24/357/111/37 10/181/54/22 14/176/57/15
UW/NW/OW/OB (%) 4.5%/67.5%/21%/7% 3.7%/67.8%/20.3%/8.2% 5.3%/67.2%/21.8%/5.7%

Leptin (ng/mL) 4.12 (± 4.93) 6.21 (± 5.6) 1.98 (± 2.85) *
Ratio Leptin/Adiponectin 0.43 (±0.67) 0.62 (± 0.81) 0.23 (± 0.39)

Insulin resistance (HOMA-IR) 3.45 (±5.38) 3.51 (±1.83) 3.39 (±7.41)
KIDMED Index 7.11 (±2.05) 7.19 (±1.98) 7.02 (±2.13)

20 m shuttle run test (Nr. of laps) 44.90 (±1.12) 31.87 (±15.25) 58.15 (±26.63) *

* Significantly different from girls, p < 0.001, Independent Two-tailed t-Tests. Abbreviations: BMI, body mass
index (according to the age and sex-specific cut-off values of the International Obesity Task Force (IOTF)): UW,
underweight; NW, normal weight; OW, overweight; OB, obese; SD, standard deviation.

Table 2 shows the parameters of the ROC curves analysis for the diagnostic perfor-
mance of adiponectin, leptin, and L/A ratio in predicting high IR risk in girls and boys.
ROC curve analyses revealed that adiponectin, leptin, and the L/A ratio were accurate
(p < 0001) to predict high IR risk, with the highest AUC values achieved by L/A ratio in both
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girls (0.736 CI–95% 0.679–0.788 p < 0.001) and boys (0.823 CI 95% 0.771–0.867 p < 0.001). For
boys, the L/A ratio and leptin ROC curves were significantly different from adiponectin
(p < 0.05), whereas for girls, the L/A ratio ROC curve was significantly different from
adiponectin and leptin (p < 0.05).

Table 2. Parameters of the ROC curves analysis for the diagnostic performance of adiponectin, leptin
and L/A ratio in predicting high risk of insulin resistance in girls and boys.

AUC 95% CI p Value Cut-Off Sensitivity (%) Specificity (%)

Girls (n = 267)
Adiponectin (mg/L) 0.670 0.640–0.753 0.0005 ≤8.9 54.3 76.3

Leptin (ng/mL) 0.700 0.640–0.753 0.0001 >5.4 77.1 63.4
L/A ratio * 0.736 0.679–0.788 0.0001 >0.97 54.3 89.2

Boys (n = 262)
Adiponectin (mg/L) 0.603 0.541–0.663 0.0640 ≤9.0 67.6 52.6

Leptin (mg/L) ** 0.806 0.753–0.852 0.0001 >1.16 85.3 62.7
L/A ratio ** 0.823 0.771–0.867 0.0001 >0.35 67.6 86.8

AUC, Area under the curve; CI, Confidence intervals; Positive likelihood ratio LR (+); Negative likelihood ratio
LR (−); L/A, leptin/adiponectin ratio. * Significantly different from AUC for adiponectin and leptin in girls
(p < 0.05), ** Significantly different from AUC for adiponectin in Boys (p < 0.05).

Logistic analyses showed that adiponectin in girls (Table 3) (OR: 2.87 (1.26–6.53
95% CI); p = 0.012), leptin in boys (Table 4) (OR: 5.23 (1.16–17.14) p < 0.001) and in girls:
(OR: 2.99 (1.10–8.09) p = 0.031)), and the L/A ratio in boys (OR: 8.38 (2.62–26.81) p < 0.001)
and in girls (OR: 6.11 (2.18–17.05) p < 0.001), were significant predictors of IR in adoles-
cents, after adjustments for age, pubertal stage, adherence to the Mediterranean Diet, and
cardiorespiratory fitness and body fat percentage.

Table 3. Number and percentage of girls below and above the cut-off value and associations between
leptin, adiponectin and LA ratio, and risk group of insulin resistance.

H
O

M
A

-I
R

Cut-Off n (%) OR 95% CI p

Adiponectin
≥8.9 mg/L 193 (72.3) 1
<8.9 mg/L 74 (27.7) Model 1 3.92 (1.86–8.27) <0.001

Model 2 2.87 (1.26–6.53) 0.012

Leptin
<5.4 ng/mL 155 (58.1) 1
≥5.4 ng/mL 112 (41.9) Model 1 6.18 (2.61–14.66) <0.001

Model 2 2.99 (1.10–8.09) 0.031

Ratio LA
>0.97 222 (83.1) 1
≥0.97 45 (16.9) Model 1 10.71 (4.62–24.82) <0.001

Model 2 6.11 (2.18–17.05) <0.001
Model 1: adjusted for age, pubertal stage; Model 2: Model 1 additionally adjusted for adherence to the Mediter-
ranean diet, cardiorespiratory fitness, and body fat percentage.
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Table 4. Number and percentage of boys below and above the cut-off value and associations between
leptin, adiponectin and LA ratio, and risk group of insulin resistance.

H
O

M
A

-I
R

Cut-Off n (%) OR 95% CI p

Adiponectin
≥9.0 mg/L 131(50.0) 1
<9.0 mg/L 131(50.0) Model 1 2.40 (1.10–5.17) 0.026

Model 2 2.08 (0.88–4.89) 0.092

Leptin
<1.16 ng/mL 148(56.5) 1
≥1.16 ng/mL 114(43.5) Model 1 10.11 (3.73–27.41) <0.001

Model 2 5.23 (1.16–17.14) 0.006

Ratio LA
<−0.35 207(79.1) 1
≥−0.35 55(21.0) Model 1 13.61 (5.93–31.24) <0.001

Model 2 8.38 (2.62–26.81) <0.001
OR, odds ratios; Model 1: Adjusted for age, pubertal stage; Model 2: Model 1 additionally adjusted for adherence
to the Kidmed cardiorespiratory fitness and body fat percentage.

4. Discussion

The main findings of this study suggest that (i) adiponectin, leptin, and the L/A ratio
present a good discriminatory ability in identifying a high IR risk in adolescents; (ii) the
L/A ratio seems to have a higher diagnostic accuracy in identifying a greater IR risk than
adiponectin in both sexes; and (iii) leptin and the L/A ratio are associated with high IR risk
independent of potential confounders (age, pubertal stage, adherence to the Mediterranean
diet, cardiorespiratory fitness, and body fat percentage) in both sexes and adiponectin only
in girls.

ROC curves predicting high IR were analyzed by sex, resulting in better sensitivity
for boys and higher specificity for girls. Additionally, the adiponectin AUC of ROC curve
was statistically different from leptin and the L/A ratio for boys. Because of physiological
differences, girls present higher circulating levels of leptin and fatness than boys [26].
In our study, adiponectin is not statistically different between sexes (girls 8.9 vs. boys
9.0 mg/L); however, leptin levels present a large difference between them (boys 1.16 vs.
girls 5.4 ng/mL). In our current line of thinking, these results may partially explain the
difference between sexes in the AUC of ROC curves.

Previously, it was suggested that the L/A ratio was an important pro-inflammatory
biomarker and a powerful independent predictor of intima-media thickness in healthy
subjects, and a better predictor than leptin or adiponectin alone [9]. Once the L/A ratio
had been proposed as a useful indicator for adipocyte dysfunction [27], in a recent study,
we suggested that the L/A ratio may be a clinically significant indicator for predicting a
clustering of metabolic risk factors in adolescents [28]. Along the same line, another study
found that levels of L/A had a stronger association with metabolic syndrome than either
adiponectin or leptin separately, especially when controlled for BMI in Chinese youth [29].
In our study, the L/A ratio, as well as leptin, shows the higher diagnostic accuracy in
identifying a greater IR risk. However, when we assess the association of the suggested
cut point, the L/A ratio has the highest odds ratio to detect a greater IR risk. Together,
these findings have public health and clinical implications, as childhood and adolescence
are propitious periods of life to identify those at risk for CVD and to develop strategies to
improve their metabolic health status.

It is important to note that this is the first study that compared the ability of the
adiponectin, leptin, and L/A ratio in determining IR among adolescents. Although leptin
(for boys and girls) and adiponectin (for girls) had statistically significant ROC curves,
the best AUCs were presented by the L/A ratio in both sexes (Table 2). In fact, Finucane
et al. [30] reported in two large population-based samples, the hypothesis that L/A is
strongly associated with the IR and that this ratio was more effective as a diagnostic
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parameter of IR than leptin and adiponectin analyzed separately. Additionally, other
studies that evaluated the L/A ratio considered it a useful parameter for predicting IR
in patients with and without diabetes [8,10]. However, a pediatric study, comparing the
diagnostic value of the L/A ratio to leptin or adiponectin, is still lacking.

Another important result observed in the present study was that leptin is a positive
predictor of IR in adolescents. Corroborating this finding, Aldhoon-Hainerová et al.,
showed recently that leptin was a significant predictor of HOMA-IR [31]. It is known that
leptin has insulin-sensitizing effects [3]. However, high leptin levels may also upregulate
proinflammatory cytokines such as TNF-α and IL-6 that contribute to IR, besides inducing
the expression of vascular adhesion molecules and the pro-thrombotic tissue factor [32].

According to our findings, we were able to identify a significant relationship between
adiponectin and IR risk in girls. Indeed, lower adiponectin concentrations have been found
in patients with IR, obesity, type 2 diabetes, and coronary artery disease, compared with
control subjects [33,34]. Interestingly, in a study by Vicente et al. [35] that analyzed the
adiponectin pathway, it was shown that the adiponectin behavior was partially mediated
by a negative correlation with the L/A ratio, HOMA-Adiponectin and HOMA-IR; and
by a positive correlation with HDL-cholesterol in the highest tertile of the adiponectin.
Adiponectin may be related with atherosclerosis, either directly or indirectly, through im-
provements in IR. Adiponectin suppresses most of the processes involved in atherosclerotic
vascular changes, including the expression of adhesion molecules in vascular endothelial
cells, the proliferation of vascular smooth muscle cells, and the formation of foam cells [36].

The strengths of our study include the consideration of important confounding vari-
ables in our analysis, such as cardiorespiratory fitness, body fatness, and dietary intake. In
fact, food consumption can be a predictor of metabolic health. Previous studies reported
that the adherence to a Mediterranean dietary pattern might have a dual effect on the
prevention of IR as well as metabolic syndrome, CVD, by improving classical risk factors
and by having an intense anti-inflammatory effect [19]. In addition, adolescence is a pe-
riod of natural changes in several metabolic systems such as body composition and sex
hormones [37]. However, in our study, the analyses were controlled for age, pubertal stage,
body fatness, and stratified by sexes.

Limitations of this study include its cross-sectional design, which precludes causal
attributions; in addition, we gathered dietary intake through the Kidmed questionnaire. Al-
though it is the most widely instrument used to score MedDiet in children and adolescents,
further validations regarding the Mediterranean diet are needed.

In conclusion, we showed that adiponectin, leptin, and the L/A ratio presented
discriminatory ability in identifying a high IR risk in adolescents. Moreover, the use of
the L/A ratio seems to have a higher diagnostic accuracy in identifying an unfavorable IR
profile than adiponectin or leptin, independent of potential confounds.

Author Contributions: Conceptualization, C.A.-S.; Funding acquisition, A.R.; Methodology, C.A.-S.,
V.P.D., L.L. and R.S.; Project administration, R.S.; Supervision, A.R.-M. and A.R.; Writing—original
draft, C.A.-S.; Writing—review and editing, A.R.-M., J.K., V.P.D., A.R., S.N., S.E.d.C.F.V., L.L. and R.S.
All authors have read and agreed to the published version of the manuscript.

Funding: Portuguese foundation for Science and Technology grants: Research Centre in Physical Ac-
tivity, Health and Leisure (FCT/UIDB/00617/2020) and Laboratory or Integrative and Translational
Research in Population Health (LA/P/0064/2020); Rute Santos (CEECIND/01069/2017); Luis Lopes
(CEECIND/01089/2017).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, The Portuguese Data Protection Authority (#1112434/2011), the Portuguese Ministry
of Science and Education and the Ethics Committee of the Faculty of Sport, University of Porto,
(0246200001/2011) approved the study.

Informed Consent Statement: All participants in this study were informed of the study’s goals, and
written informed consent was obtained from participating adolescents and their parents or guardians.



Children 2022, 9, 1193 8 of 9

Data Availability Statement: Not applicable.

Acknowledgments: The authors gratefully acknowledged the participation of all adolescents and
their parents, teachers and schools of the LabMed Study. They also acknowledge the cooperation of
volunteer’s subjects and the Research Centre in Physical Activity, Health and Leisure (University of
Porto) for the sponsoring the LabMed Study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Hansson, G.K. Mechanisms of disease: Inflammation, atherosclerosis, and coronary artery disease. N. Engl. J. Med. 2005, 352,

1685–1695. [CrossRef] [PubMed]
2. Koh, K.K.; Park, S.M.; Quon, M. Leptin and Cardiovascular Disease response to therapeutic interventions. Circulation 2008, 117,

3238–3249. [CrossRef] [PubMed]
3. Sáinz, N.; Barrenetxe, J.; Moreno-Aliaga, M.J.; Martínez, J.A. Leptin resistance and diet-induced obesity: Central and peripheral

actions of leptin. Metabolism 2014, 64, 35–46. [CrossRef]
4. Dâmaso, A.R.; de Piano, A.; Sanches, P.L.; Corgosinho, F.; Tock, L.; Oyama, L.M.; Tock, L.; Nascimento, C.M.O.D.; Tufik, S.; de

Mello, M.T. Hyperleptinemia in obese adolescents deregulates neuropeptides during weight loss. Peptides 2011, 32, 1384–1391.
[CrossRef] [PubMed]

5. Ai, M.; Otokozawa, S.; Asztalos, B.F.; White, C.C.; Cupples, L.A.; Nakajima, K.; Lamon-Fava, S.; Wilson, P.W.; Matsuzawa, Y.;
Schaefer, E.J. Adiponectin: An independent risk factor for coronary heart disease in men in the Framingham offspring Study.
Atherosclerosis 2011, 217, 543–548. [CrossRef] [PubMed]

6. Liu, Y.-L.; Liang, H.-R.; Liu, H.-T.; Li, S.-Y.; Zhou, Y.-Y.; Cheng, H.-L.; Zhou, L.-S. Association of serum adiponectin levels with
artherosclerosis and the metabolic syndrome in obese children. J. Pediatr. Endocrinol. Metab. 2010, 23, 743–751. [CrossRef]
[PubMed]

7. López-Jaramillo, P.; Gómez-Arbeláez, D.; López-López, J.; López-López, C.; Martínez-Ortega, J.; Gómez-Rodríguez, A.;
Triana-Cubillos, S. The role of leptin/adiponectin ratio in metabolic syndrome and diabetes. Horm. Mol. Biol. Clin. Investig.
2014, 18, 37–45. [CrossRef]

8. Oda, N.; Imamura, S.; Fujita, T.; Uchida, Y.; Inagaki, K.; Kakizawa, H.; Hayakawa, N.; Suzuki, A.; Takeda, J.; Horikawa, Y.; et al.
The ratio of leptin to adiponectin can be used as an index of insulin resistance. Metabolism 2008, 57, 268–273. [CrossRef]

9. Norata, G.D.; Raselli, S.; Grigore, L.; Garlaschelli, K.; Dozio, E.; Magni, P.; Catapano, A.L. Leptin:Adiponectin Ratio Is an
Independent Predictor of Intima Media Thickness of the Common Carotid Artery. Stroke 2007, 38, 2844–2846. [CrossRef]

10. Zaletel, J.; Barlovic, D.P.; Prezelj, J. Adiponectin-leptin ratio: A useful estimate of insulin resistance in patients with Type 2
diabetes. J. Endocrinol. Investig. 2010, 33, 514–518. [CrossRef]

11. Falahi, E.; Rad, A.H.K.; Roosta, S. What is the best biomarker for metabolic syndrome diagnosis? Diabetes Metab. Syndr. Clin. Res.
Rev. 2015, 9, 366–372. [CrossRef] [PubMed]

12. Calero, M.L.B.; Varela, J.M.A. Infant-juvenile type 2 diabetes. Rev. Clin. Esp. 2018, 218, 372–381. [CrossRef] [PubMed]
13. Smolen, J.S.; Burmester, G.R.; Combeet, B.; NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in diabetes since 1980:

A pooled analysis of 751 population-based studies with 4· 4 million participants. Lancet 2016, 387, 1513–1530.
14. Frankenberg, A.D.v.; Reis, A.F.; Gerchman, F. Relationships between adiponectin levels, the metabolic syndrome, and type 2

diabetes: A literature review. Arch. Endocrinol. Metab. 2017, 61, 614–622. [CrossRef]
15. Yoon, J.H.; Park, J.K.; Oh, S.S.; Lee, K.H.; Kim, S.K.; Cho, I.J.; Kim, J.K.; Kang, H.T.; Ahn, S.G.; Lee, J.W.; et al. The ratio of

serum leptin to adiponectin provides adjunctive information to the risk of metabolic syndrome beyond the homeostasis model
assessment insulin resistance: The Korean Genomic Rural Cohort Study. Clin. Chim. Acta 2011, 412, 2199–2205. [CrossRef]

16. Ortega, F.B.; Ruiz, J.R.; Castillo, M.J.; Sjöström, M. Physical fitness in childhood and adolescence: A powerful marker of health.
Int. J. Obes. 2008, 32, 1–11. [CrossRef]

17. Huang, K.-C.; Lin, R.; Kormas, N.; Lee, L.-T.; Chen, C.-Y.; Gill, T.P.; Caterson, I.D. Plasma leptin is associated with insulin
resistance independent of age, body mass index, fat mass, lipids, and pubertal development in nondiabetic adolescents. Int. J.
Obes. 2004, 28, 470–475. [CrossRef]

18. Schwingshackl, L.; Hoffmann, G. Mediterranean dietary pattern, inflammation and endothelial function: A systematic review
and meta-analysis of intervention trials. Nutr. Metab. Cardiovasc. Dis. 2014, 24, 929–939. [CrossRef]

19. Casas, R.; Sacanella, E.; Estruch, R. The immune protective effect of the Mediterranean diet against chronic low-grade inflam-
matory diseases. Endocr. Metab Immune Disord. Drug Targets 2014, 14, 245–254. [CrossRef]

20. Agostinis-Sobrinho, C.; Santos, R.; Moreira, C.; Abreu, S.; Lopes, L.; Oliveira-Santos, J.; Rosário, R.; Póvoas, S.; Mota, J. Association
between serum adiponectin levels and muscular fitness in Portuguese adolescents: LabMed Physical Activity Study. Nutr. Metab.
Cardiovasc. Dis. 2016, 26, 517–524. [CrossRef]

21. Tanner, J.M.; Whitehouse, R.H. Clinical longitudinal standards for height, weight, height velocity, weight velocity, and stages of
puberty. Arch. Dis. Child. 1976, 51, 170–179. [CrossRef] [PubMed]

http://doi.org/10.1056/NEJMra043430
http://www.ncbi.nlm.nih.gov/pubmed/15843671
http://doi.org/10.1161/CIRCULATIONAHA.107.741645
http://www.ncbi.nlm.nih.gov/pubmed/18574061
http://doi.org/10.1016/j.metabol.2014.10.015
http://doi.org/10.1016/j.peptides.2011.04.025
http://www.ncbi.nlm.nih.gov/pubmed/21641948
http://doi.org/10.1016/j.atherosclerosis.2011.05.035
http://www.ncbi.nlm.nih.gov/pubmed/21741045
http://doi.org/10.1515/jpem.2010.122
http://www.ncbi.nlm.nih.gov/pubmed/21073115
http://doi.org/10.1515/hmbci-2013-0053
http://doi.org/10.1016/j.metabol.2007.09.011
http://doi.org/10.1161/STROKEAHA.107.485540
http://doi.org/10.1007/BF03346639
http://doi.org/10.1016/j.dsx.2013.06.014
http://www.ncbi.nlm.nih.gov/pubmed/25470629
http://doi.org/10.1016/j.rce.2018.03.020
http://www.ncbi.nlm.nih.gov/pubmed/29748149
http://doi.org/10.1590/2359-3997000000316
http://doi.org/10.1016/j.cca.2011.08.003
http://doi.org/10.1038/sj.ijo.0803774
http://doi.org/10.1038/sj.ijo.0802531
http://doi.org/10.1016/j.numecd.2014.03.003
http://doi.org/10.2174/1871530314666140922153350
http://doi.org/10.1016/j.numecd.2016.02.011
http://doi.org/10.1136/adc.51.3.170
http://www.ncbi.nlm.nih.gov/pubmed/952550


Children 2022, 9, 1193 9 of 9

22. A Agostinis-Sobrinho, C.; Ramírez-Vélez, R.; García-Hermoso, A.; Moreira, C.; Lopes, L.; Oliveira-Santos, J.; Abreu, S.; Mota, J.;
Santos, R. Low-grade inflammation and muscular fitness on insulin resistance in adolescents: Results from LabMed Physical
Activity Study. Pediatr. Diabetes 2017, 19, 429–435. [CrossRef] [PubMed]

23. Serra-Majem, L.; Ribas, L.; Ngo, J.; Ortega, R.M.; García, A.; Pérez-Rodrigo, C.; Aranceta, J. Food, youth and the Mediterranean
diet in Spain. Development of KIDMED, Mediterranean Diet Quality Index in children and adolescents. Public Heal. Nutr.
2004, 7, 931–935. [CrossRef] [PubMed]

24. Léger, L.A.; Mercier, D.; Gadoury, C.; Lambert, J. The multistage 20 metre shuttle run test for aerobic fitness. J. Sports Sci. 1988, 6, 93–101.
[CrossRef]

25. Hanley, J.A.; McNeil, B.J. The meaning and use of the area under a receiver operating characteristic (ROC) curve. Radiology
1982, 143, 29–36. [CrossRef] [PubMed]

26. Bundy, V.; Johnson, M.; Gutin, B.; Zhu, H.; Stallmann-Jorgensen, I.; Dong, Y. Adiponectin moderates the relationship between
adiposity and leptin in adolescents regardless of gender or race. J. Pediatr. Endocrinol. Metab. 2011, 24, 119–124. [CrossRef]
[PubMed]

27. Li, S.; Liu, R.; Arguelles, L.; Wang, G.; Zhang, J.; Shen, X.; Wang, X. Adiposity trajectory and its associations with plasma
adipokine levels in children and adolescents-A prospective cohort study. Obesity 2016, 24, 408–416. [CrossRef]

28. Sobrinho, C.A.A.; Mendes, E.; Moreira, C.; Abreu, S.; Lopes, L.; Oliveira-Santos, J.; Skurvydas, A.; Mota, J.; Santos, R. Association
between Leptin, Adiponectin, and Leptin/Adiponectin Ratio with Clustered Metabolic Risk Factors in Portuguese Adolescents:
The LabMed Physical Activity Study. Ann. Nutr. Metab. 2017, 70, 321–328. [CrossRef]

29. Li, G.; Xu, L.; Zhao, Y.; Li, L.; Fu, J.; Zhang, Q.; Li, N.; Xiao, X.; Li, C.; Mi, J.; et al. Leptin-adiponectin imbalance as a marker of
metabolic syndrome among Chinese children and adolescents: The BCAMS study. PLoS ONE 2017, 12, e0186222. [CrossRef]

30. Finucane, F.M.; Luan, J.; Wareham, N.J.; Sharp, S.J.; O’Rahilly, S.; Balkau, B.; Flyvbjerg, A.; Walker, M.; Højlund, K.; Nolan, J.J.;
et al. Correlation of the leptin:adiponectin ratio with measures of insulin resistance in non-diabetic individuals. Diabetologia
2009, 52, 2345–2349. [CrossRef]

31. Aldhoon-Hainerová, I.; Zamrazilová, H.; Hill, M.; Hainer, V. Insulin sensitivity and its relation to hormones in adolescent boys
and girls. Metabolism 2016, 67, 90–98. [CrossRef] [PubMed]

32. Paz-Filho, G.; Mastronardi, C.; Wong, M.-L.; Licinio, J. Leptin therapy, insulin sensitivity, and glucose homeostasis. Indian J.
Endocrinol. Metab. 2012, 16, S549–S555. [CrossRef] [PubMed]

33. Yadav, A.A.; Kataria, M.A.; Saini, V.; Yadav, A.A. Role of leptin and adiponectin in insulin resistance. Clin. Chim. Acta 2013, 417, 80–84.
[CrossRef] [PubMed]

34. Ukkola, O.; Santaniemi, M. Adiponectin: A link between excess adiposity and associated comorbidities? J. Mol. Med. 2002, 80, 696–702.
[CrossRef] [PubMed]

35. De Castro Ferreira Vicente, S.E.; Corgosinho, F.C.; da Silveira Campos, R.M.; Masquio, D.C.L.; e Silva, L.O.; Kravchychyn, A.C.P.;
de Lima Sanches, P.; de Piano Ganen, A.; Oyama, L.M.; Tock, L.; et al. The impact of adiponectin levels on biomarkers of
inflammation among adolescents with obesity. Obes. Med. 2017, 5, 4–10. [CrossRef]

36. Sargolzaei, J.; Chamani, E.; Kazemi, T.; Fallah, S.; Soori, H. The role of adiponectin and adipolin as anti-inflammatory adipokines
in the formation of macrophage foam cells and their association with cardiovascular diseases. Clin. Biochem. 2018, 54, 1–10.
[CrossRef]

37. Thomas, N.E.; Williams, D.R.R. Inflammatory factors, physical activity, and physical fitness in young people. Scand. J. Med. Sci.
Sports 2008, 18, 543–556. [CrossRef]

http://doi.org/10.1111/pedi.12607
http://www.ncbi.nlm.nih.gov/pubmed/29171185
http://doi.org/10.1079/PHN2004556
http://www.ncbi.nlm.nih.gov/pubmed/15482620
http://doi.org/10.1080/02640418808729800
http://doi.org/10.1148/radiology.143.1.7063747
http://www.ncbi.nlm.nih.gov/pubmed/7063747
http://doi.org/10.1515/jpem.2011.036
http://www.ncbi.nlm.nih.gov/pubmed/21648277
http://doi.org/10.1002/oby.21378
http://doi.org/10.1159/000477328
http://doi.org/10.1371/journal.pone.0186222
http://doi.org/10.1007/s00125-009-1508-3
http://doi.org/10.1016/j.metabol.2016.10.005
http://www.ncbi.nlm.nih.gov/pubmed/28081782
http://doi.org/10.4103/2230-8210.105571
http://www.ncbi.nlm.nih.gov/pubmed/23565489
http://doi.org/10.1016/j.cca.2012.12.007
http://www.ncbi.nlm.nih.gov/pubmed/23266767
http://doi.org/10.1007/s00109-002-0378-7
http://www.ncbi.nlm.nih.gov/pubmed/12436346
http://doi.org/10.1016/j.obmed.2016.12.002
http://doi.org/10.1016/j.clinbiochem.2018.02.008
http://doi.org/10.1111/j.1600-0838.2008.00824.x

	Introduction 
	Materials and Methods 
	Study Design and Sample 
	Ethical and Legal Requirements 
	Measures 
	Anthropometrics 
	Pubertal Stage 
	Blood Sampling 
	Adherence to the Mediterranean Diet 
	Cardiorespiratory Fitness 
	Statistical Analysis 


	Results 
	Discussion 
	References

