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Abstract: Overweight and obesity in childhood and adolescence represent major public health
problems of our century, and account for increased morbidity and mortality in adult life. Irisin
and Fibroblast Growth Factor 21 (FGF-21) have been proposed as prognostic and/or diagnostic
biomarkers in subjects with obesity and metabolic syndrome, because they increase earlier than
other traditional biomarkers. We determined the concentrations of Irisin and FGF-21 in children
and adolescents with overweight and obesity before and after one year of a life-style intervention
program of diet and physical exercise and explored the impact of body mass index (BMI) reduction
on the concentrations of Irisin, FGF-21 and other cardiometabolic risk factors. Three hundred and
ten (n = 310) children and adolescents (mean age ± SD: 10.5 ± 2.9 years) were studied prospectively.
Following one year of the life-style intervention program, there was a significant decrease in BMI
(p = 0.001), waist-to-hip ratio (p = 0.024), waist-to-height ratio (p = 0.024), and Irisin concentrations
(p = 0.001), and an improvement in cardiometabolic risk factors. There was no alteration in FGF-21
concentrations. These findings indicate that Irisin concentrations decreased significantly as a result of
BMI reduction in children and adolescents with overweight and obesity. Further studies are required
to investigate the potential role of Irisin as a biomarker for monitoring the response to lifestyle
interventions and for predicting the development of cardiometabolic risk factors.

Keywords: irisin; FGF-21; overweight; obesity; childhood; adolescence

1. Introduction

Overweight and obesity in childhood and adolescence represent major public health
problems of our century owing to their increased prevalence during the last four decades
and their association with increased morbidity and mortality in adult life [1]. The World
Health Organization (WHO) has reported that 41 million children younger than 5 years
and 340 million children and adolescents aged 5–19 years have overweight or obesity, while
124 million children and adolescents have obesity worldwide [2,3]. Obesity accounts for
approximately 5% of all deaths worldwide, as well as for a significant increase in public
health costs [4]. The global economic impact from obesity is approximately $2.0 trillion
USD or 2.8% of the global gross domestic product (GDP), which is almost equivalent to
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the global impact from smoking or armed violence, war, and terrorism [4]. In Greece, the
prevalence of overweight and obesity is one of the highest among European countries [5].

Obesity is defined by the body mass index (BMI) and is characterized by an increase
in the adipose tissue [6], and the release of pro-inflammatory, atherogenic cytokines,
which predispose to the development of cardiometabolic risk factors and atherosclerotic
cardiovascular decease later in life [7].

In order to address the epidemic of childhood obesity, to predict the risk of devel-
opment of cardiometabolic abnormalities, and to evaluate the response to lifestyle and
therapeutic interventions, novel biomarkers, such as Irisin and Fibroblast Growth Factor 21
(FGF-21), have been proposed as prognostic and diagnostic markers in adults and children
with overweight and obesity [8–20].

Irisin is a myokine discovered by Bostrom et al. as the cleavage of the N-terminal of
fibronectin type III domain-containing protein 5 (FNDC5) [8]. The protein took its name
from the Greek goddess Iris, who transferred messages from gods to people. Similarly,
Irisin facilitates the communication between muscle and adipose tissue [8]. Irisin is released
from the muscle mass during physical activity and fasting, as well as from the adipose
tissue and liver [8,9]. The expression of Irisin is regulated by the coactivator a_1 (PGC-a1),
a protein produced by muscle tissue during exercise, which promotes the expression of
uncoupling protein 1 (UCP1) from the brown adipose tissue (BAT) [8]. Interestingly, it is
transcriptionally identical in humans and mice, suggesting that it plays a pivotal role in the
evolution of species [8]. Irisin has endocrine and autocrine functions, and its main role is the
conversion of white adipose tissue (WAT) to brown adipose tissue (BAT) [8,9]. In addition, it
improves glucose homeostasis and lipid profile [10], although elevated Irisin concentrations
have been associated with decreased insulin sensitivity [11,12], atherosclerosis [13,14], and
increased risk of metabolic syndrome [15] in children and adults. On the other hand,
children who are underweight demonstrate lower Irisin concentrations [16]. Irisin has been
proposed as a potential biomarker in adults with metabolic syndrome, because it increases
much earlier than any other alterations are noted in the traditional biomarkers [17]. In
children with obesity, Irisin may also serve as an early biomarker of metabolic syndrome,
with a cut-off point of 44.75 ng/mL having 70.0% sensitivity and 60.0% selectivity [11].

FGF-21 belongs to the human Fibroblast Growth Factor (FGF) family. It was first
described by Nishimura et al. in 2000 as a protein that belongs to FGF-19 subfamily and
is expressed in the liver [18,19]. In order to function as a hormone, FGF-21 needs the
transmembrane co-receptor Klotho to activate FGF receptors [20,21]. Except for the liver,
FGF-21 is also secreted from the skeletal muscle, pancreas, WAT, and BAT [15,18], and
has endocrine, paracrine, and autocrine actions [22,23]. It regulates glucose and lipid
metabolism [24,25], and activates thermogenesis in response to exposure to cold [23].
Similar to Irisin, FGF-21 increases the expression of UCP1 in order to activate the BAT and
the browning of WAT, and to increase the thermogenic capacity of the organism [23,26].
Moreover, FGF-21 protects against non-alcoholic fatty liver disease (NAFLD) and the stress
caused by the metabolic disorders in the liver [19,25]. In children with obesity, FGF-21
decreases after the implementation of an intervention program of weight loss [27], while in
adolescents with diabetes mellitus type 2 (DM2), FGF-21 concentrations are higher than
in those without DM2 [28]. Finally, administration of recombinant FGF-21 in rodents and
humans improves the lipid profile and insulin sensitivity, indicating that this analogue
may be useful in the pharmaceutical management of the complications of obesity [29,30]
and insulin resistance [31]. FGF-21 concentrations are increased in metabolic syndrome
and are independently related to homeostasis model assessment of insulin resistance
(HOMA-IR) [31,32]. Furthermore, in rats fed with high-fat diet, FGF-21 increases prior to
the development of insulin resistance. As a result, FGF-21 may also serve as a biomarker
indicating increased risk for the development of metabolic syndrome [33]. However,
available studies investigating the effect of diet and/or exercise on Irisin and FGF-21
concentrations in childhood and adolescence are few [27,34–39].



Nutrients 2021, 13, 1274 3 of 14

The aim of our study was to determine the concentrations of Irisin and FGF-21 in
children and adolescents with overweight and obesity before and after one year of a
life-style intervention program of diet and physical exercise, and to explore the impact
of BMI reduction on the concentrations of Irisin, FGF-21, and other cardiometabolic risk
factors in these subjects. The novelty of our study consists mainly in (i) the larger sample of
children and adolescents studied prospectively; (ii) the implementation of a comprehensive,
multidisciplinary, and personalized intervention program, which was well-designed and
executed by experienced professionals; and (iii) the longer duration of the follow-up period.

2. Materials and Methods
2.1. Patients

Three hundred and ten (n = 310) children and adolescents (mean age ± SD:
10.5 ± 2.9 years; 162 males, 148 females; 152 prepubertal, 158 pubertal), aged 2–18 years
old, attending our Out-patient Clinic for the Prevention and Management of Overweight
and Obesity in Childhood and Adolescence, "Aghia Sophia" Children’s Hospital, Athens,
Greece, were studied prospectively for 1 year. Subjects were classified as having obesity
(n = 211, 68%), if their BMI was above the 95th percentile for age and gender, or as having
overweight (n = 99, 32%) if their BMI was between the 85th and 95th percentile for age and
gender, according to the International Obesity Task Force (IOTF) criteria [40,41]. Patients
were included in the study if they were 2–18 years old and had increased BMI for their age
and gender, according to the IOTF criteria [40]. They were excluded from the study if they
had syndromic obesity, i.e., obesity that is inherited through mendelian patterns and is
associated with other clinical manifestations [42]. The clinical characteristics of all subjects
are summarized in Table 1.

Table 1. Clinical characteristics of all subjects at baseline.

Obese
N = 211

Overweight
N = 99 p-Value

Age (years) 10.7 (8.4–12.6) 10.3 (8.9–12.1) 0.934
Height (cm) 148.7 (135–159) 143.5 (137.2–157) 0.423
WC (cm) 86 (77–97.5) 77 (72–82) 0.001
HC (cm) 94 (83–104) 84 (77–91.5) 0.001
WHR 0.94 (0.89–0.99) 0.90 (0.85–0.97) 0.014
WHtR 0.59 (0.56–0.63) 0.53 (0.50–0.57) 0.001
SBP (mmHg) 112 (105–120) 110 (104–115) 0.035
DBP (mmHg) 65 (56–73) 60 (55–69) 0.045
Pubertal status 0.654

Prepubertal 102 (67.1) 50 (32.9)
Pubertal 109 (69.0) 49 (31.0)

Gender 0.033
Male 119 (73.5) 43 (26.4)
Female 92 (62.2) 56 (37.8)

Abbreviations: DBP, diastolic blood pressure; HC, hip circumference; SBP, systolic blood pressure; WC, waist
circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; continuous variables are presented as medi-
ans (interquartile range, IQR) and categorical as frequencies (percentages); p values were derived by comparisons
between the three categories of BMI using t-test or Mann–Whitney; statistically significant associations are shown
in bold.

2.1.1. Methods

All subjects were admitted to our Out-patient Clinic for the Prevention and Manage-
ment of Overweight and Obesity in Childhood and Adolescence early in the morning
on the day of the study. A single trained observer obtained a detailed medical history
and all standard anthropometric measurements (weight, height, waist circumference, hip
circumference), and performed a thorough clinical examination, including pubertal assess-
ment. Body weight and standing height were measured in light clothing and without shoes
using, respectively, the same scale (Seca GmbH and Co. KG., Hamburg, Germany) and
the same Harpenden’s stadiometer (Holtain Limited, Crymych-Dyfed, UK) in all subjects.
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Waist and hip circumferences were measured according to WHO STEPS protocol using the
same stretch-resistant tape (Seca GmbH and Co. KG., Hamburg, Germany) [43]. Systolic
(SBP) and diastolic blood pressure (DBP) was determined twice (sphygmomanometer
Comfort 20/40, Visomat, Parapharm, Metamorphosi, Attiki, Greece) and the mean value
was calculated. Moreover, all subjects underwent bioelectrical impedance analysis (BIA)
(TANITA MC-780U Multi Frequency Segmental Body Composition Analyzer, Amsterdam,
The Netherlands). Baseline hematologic, biochemical and endocrinologic investigations
were performed at 08:00 h after a 12 h overnight fast.

All subjects were evaluated by a Pediatrician, Pediatric Endocrinologist, Pediatric
Dietician, and a professional fitness Personal Trainer, and entered a personalized, compre-
hensive, multidisciplinary management intervention program that provided personalized
advice and guidance on diet and physical exercise to patients and their families for one
year [44]. Subjects with obesity were followed up every month and subjects with over-
weight every two months. Upon each follow-up visit, all anthropometric measurements
were determined, and the goals set in previous sessions were discussed in detail with
the Pediatric Dietitian and Personal Trainer. Detailed hematologic, biochemical, and en-
docrinologic investigations were performed one year later, at the end of the study, at 08:00 h
following a 12 h overnight fast. All subjects included in the study complied with the advice
given on diet and exercise. The compliance was ascertained by the Pediatrician according
to the achieved goals set in the previous session, as well as the decreased in BMI (at least
0.6 kg/m2) or BMI z-score [45] at the end of the study.

The Pediatric Dietician evaluated the daily nutritional habits of all subjects, performed
a 24 h recall according to the USDA method [46,47], and recommended a personalized plan
of healthy diet, taking into account both the child’s preferences and the food availability at
school or at home. The Personal Trainer recommended a personalized physical exercise
plan, which was considered enjoyable and entertaining.

2.1.2. Assays

Standard hematologic, biochemical [glucose, HbA1C, total cholesterol, HDL, LDL,
triglycerides, apolipoprotein A1 (ApoA1), apolipoprotein B (ApoB), Lipoprotein (a) (Lp(a)),
high sensitivity C-reactive protein (hsCRP)] and endocrinologic [TSH, T3, Free T4, anti-TPO,
anti-TG, insulin, ferritin, total 25-hydroxyvitamin D (25-OH Vitamin D)] investigations
were determined as previously described [44].

Irisin concentrations were determined using a commercially available enzyme-linked
immunoassay (ELISA) kit (Phoenix Pharmaceuticals, Burlingame, CA, USA; Cat. no.
EK-067-52). The sensitivity of the assay was 4.15 ng/mL, and the assay range was
0.328–204.8 ng/mL. The intra-assay CV was <10% and the inter-assay CV was <15%.

FGF-21 concentrations were determined using a commercially available ELISA kit
(Cat. No. DF2100; R and D Systems, Minneapolis, MN, USA). The sensitivity of the assay
was 8.69 pg/mL, and the assay range was 31.3–2000 pg/mL. The intra-assay CV was 3.4%
and the inter-assay CV was 7.5%.

Leptin concentrations were determined using an ELISA kit (Cat No. RD191001100;
BioVendor R and D, Oxford Biosystems Ltd., Abington, UK). The sensitivity of the assay
was 0.2 ng/mL. The intra-assay CV was 5.9% and the inter-assay CV was 5.5%.

Adiponectin concentrations were determined using an ELISA kit (Cat. No. BMS2032;
eBioscience, Thermo Fisher Scientific, San Diego, CA, USA). The sensitivity of the assay
was 0.01 ng/mL. The intra-assay CV was 4.2% and the inter-assay CV: 3.1%.

Insulin resistance (IR) was determined according to the homeostasis model assessment
(HOMA) as follows: HOMA-IR = (fasting glucose (mg/dL) × fasting insulin (mU/L))/405.
Tri-ponderal mass index (TMI) was calculated using the formula: TMI = mass divided by
height cubed.
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2.1.3. Statistical Analysis

Nominal variables are presented with absolute and relative frequencies (%), while
continuous variables with mean, standard deviation (SD), median, and interquartile range.
Normality of continuous variables was performed graphically with histograms. Differences
between BMI categories and patients’ baseline characteristics were evaluated with X2 test
of independence and t-test or Mann–Whitney test. In order to detect any changes in
anthropometric and body composition parameters, as well as hematologic, biochemical
and endocrinologic measurements after the 12-month intervention, we used either the
Paired Samples t-test, or the Wilcoxon-sign rank test based on the normality of the data.
The McNemar test was also performed to detect changes in qualitative measurements (e.g.,
BMI categories). The Mann–Whitney U test was used to detect differences in Irisin and
FGF-21 concentrations according to gender and pubertal stage. Pearson’s r and Spearman’s
rho correlation coefficients were used to check for associations between the changes in the
measurements, depending on whether the data followed the normal distribution or not
(e.g., association of the changes in Irisin and FGF-21 and change in cardiometabolic risk
factors, such as BMI, SBP, DBP, HDL, etc.).

Multiple linear regression analysis was performed to assess the effect of changes in
cardiometabolic risk factors on the changes in Irisin and FGF-21 concentrations. The factors
introduced in the model as independent variables were those found to be statistically
significantly associated with changes in hormone concentrations at a univariate level.
Results are presented with β regression coefficients and 95% Confidence Intervals. Linear
mixed models were performed to detect any differences in the changes over time between
gender and pubertal stage.

The statistical significance level was set at α = 5%. Bonferroni adjustment for multiple
testing was taken into consideration. All analyses were performed with the SPSS statistical
package version 25.0 (SPSS Inc., Chicago, IL, USA).

3. Results

The study sample consisted of 310 subjects aged 2–18 years (mean age ± SD:
10.5 ± 2.9 years; 162 males, 148 females; 152 prepubertal; and 158 pubertal). The clini-
cal characteristics of all subjects at baseline are presented in Tables 1 and 2. Children and
adolescents with obesity had significantly higher SBP (p = 0.035) and DBP (p = 0.045), waist
circumference (p = 0.001), hip circumference (p = 0.001), waist-to-hip (WHR) (p = 0.014),
and waist-to-height ratio (WHtR) (p = 0.001) than subjects with overweight, and these
differences were all clinically significant (Table 1).

Table 2. Clinical characteristics and biochemical, endocrinologic and body composition parameters in all subjects at initial
and annual assessment.

Initial Assessment
N (%)

Annual Assessment
N (%) p-Value

Gender
Male 162 (52.3)
Female 148 (47.7)

Pubertal status
Prepubertal 152 (49.7) 97 (31.3)
Pubertal 158 (50.3) 213 (68.7)

BMI-percentile 0.001
Normal BMI 33 (10.6)
Overweight 99 (31.9) 159 (51.3)
Obesity 84 (27.1) 56 (18.1)
>97th 127 (41.0) 61 (19.7)

Mean (±SD)/
Median (IQR)

Mean (±SD)/
Median (IQR)

Age (years) 10.5 ± 2.9 11.6 ± 2.9
Weight (kg) 59.8 ± 21.4 61.5 ± 20.9
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Table 2. Cont.

Initial Assessment
N (%)

Annual Assessment
N (%) p-Value

Height (cm) 146.4 ± 16.7 152.6 ± 16.1
BMI (kg/m2) 25.9 (23.4–29.0) 24.6 (22.5–27.1) 0.001
WHtR 0.389 (0.318–0.457) 0.375 (0.322–0.448) 0.024 *
WC (cm) 82.0 (74.0–94.0) 82.0 (75.0–91.3) 0.897
HC (cm) 90.8 ± 15.1 92.6 ± 13.9 0.002
WHR 0.9 ± 0.1 0.9 ± 0.1 0.024 *
SBP (mmHg) 111.0 ± 12.4 112.5 ± 11.9 0.300
DBP (mmHg) 63.9 ± 11.2 67.1 ± 9.2 0.006
Glucose (mmol/L) 79.0 ± 8.7 80.6 ± 7.2 0.006
Insulin (mUI/mL) 14.1 (9.4–19.7) 13.2 (9.4–18.9) 0.435
HbA1C (%) 6.3 (5.1–5.4) 5.3 (5.1–5.4) 0.039 *
HOMA-IR 2.7 (1.8–3.9) 2.6 (1.8–3.9) 0.613
Urea (mmol/L) 29.3 ± 6.3 27.8 ± 6.1 0.001
Creatinine (µmol/L) 0.47 ± 0.1 0.53 ± 0.1 0.001
SGOT (IU/L) 23.0 (20.0–27.0) 21.0 (18.0–25.0) 0.001
SGPT (IU/L) 19.0 (15.0–24.0) 17.0 (14.0–21.0) 0.001
γ-GT (IU/L) 14.0 (11.0–18.0) 12.0 (10.0–16.0) 0.001
Cholesterol (nmol/L) 160.3 ± 28.3 151.2 ± 38.6 0.001
Triglycerides (mg/dL) 71.0 (53.0–105.0) 70.0 (50.0–97.0) 0.175
HDL (mmol/L) 49.7 ± 11.0 53.8 ± 13.5 0.001
LDL (mmol/L) 94.5 ± 22.7 87.1 ± 22.7 0.001
ApoA1 (g/L) 143.2 ± 22.1 142.3 ± 22.6 0.455
ApoB (g/L) 75.7 ± 18.6 71.1 ± 16.4 0.001
Lp(a) (g/L) 6.9 (2.5–14.1) 7.5 (2.9–15.0) 0.036 *
FT4 (pmol/L) 1.1 (1.0–1.2) 1.1 (1.0–1.2) 0.310
T3 (nmol/L) 147.0 (129.0–164.0) 140.0 (122.0–157.0) 0.001
TSH (mUI/L) 2.6 (2.0–3.6) 2.4 (1.9–3.3) 0.504
Anti-TG (IU/mL) 20.0 (20.0–20.0) 20.0 (20.0–20.0) 0.375
Anti-TPO (IU/mL) 10.0 (10.0–14.3) 10.0 (10.0–10.0) 0.507
IGF-I (µg/L) 264.0 (184.0–404.0) 367.0 (221.0–539.0) 0.001
IGFBP-3 (mg/L) 5.1 ± 1.1 5.4 ± 1.2 0.001
Total 25-OH-vitamin D (nmol/L) 22.2 ± 9.6 24.5 ± 9.6 0.001
ACTH (ng/L) 24.0 (16.5–35.1) 24.0 (16.6–32.6) 0.153
Cortisol (nmol/L) 14.1 (10.5–19.3) 12.7 (8.9–17.2) 0.001
SHBG (nmol/L) 40.2 (25.3–57.2) 40.9 (25.8–64.3) 0.173
hsCRP (mg/L) 0.36 ± 0.09 0.15 ± 0.01 0.040 *
Adiponectin (ng/mL) 16,408.5 (10,188.0–28,606.5) 20,585.5 (12,107.5–37,433.5) 0.001
Irisin (ng/mL) 391.4 (297.9–534.3) 212.6 (156.6–306.3) 0.001
FGF-21 (pg/mL) 23.9 (4.1–58.2) 27.7 (10.3–60.8) 0.087
FATP (%) 33.6 (30.9–38.1) 32.0 (28.8–35.7) 0.001
FATM (kg) 19.0 (14.3–24.8) 18.3 (14.4–23.6) 0.057
PMM (%) 36.6 ± 11.5 39.2 ± 11.7 0.001
BONEM (kg) 2.0 ± 0.6 2.1 ± 0.6 0.001
FFM (kg) 38.6 ± 12.0 41.3 ± 12.3 0.001

Abbreviations: ACTH, adrenocorticotropic hormone; Anti-TG, antibodies against thyroglobulin; Anti-TPO, thyroid peroxidase antibodies;
ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; BMI, body mass index; BONEM, bone mass; DBP, diastolic blood pressure; DHEA-s,
dehydroepiandrosterone sulfate; T3, triiodothyronine; FT4, free thyroxine; FATM, fat mass; FATP, fat percentage; FFM, free-fat mass;
FGF-21, Fibroblast growth factor 21; FSH, follicle stimulating hormone; γ-GT, serum gamma-glutamyltransferase; HbA1C, hemoglobin
A1C; HbA1, hemoglobin A1; HC, hip circumference; HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment-insulin
resistance; hsCRP, high sensitivity C-reactive protein; IGF1, insulin-like growth factor 1; IGF-BP3: IGF-binding protein 3 LDL, low-density
lipoprotein; LH, luteinizing hormone; Lp(a), lipoprotein a; PMM, muscle mass percentage; PTH, parathormone; SGOT, serum glutamic
oxaloacetic transaminase; SGPT: serum glutamic pyruvic transaminase; SBP, systolic blood pressure; SHBG, sex hormone-binding globulin;
TAS, total oxidative status; TNF-α, tumor necrosis factor- alpha; TOS, total antioxidative status; TSH, thyroid stimulating hormone; WC,
waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; continuous variables are presented as means ±SD or with
medians (interquartile range, IQR) and categorical ones as frequencies (percentages); p values were derived by paired samples t-test for
normally distributed variables and Wilcoxon signed rank test for skewed variables; statistically significant associations are shown in bold;
* not significant after Bonferroni adjustment for multiple testing.
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Table 2 illustrates the anthropometric, clinical, biochemical, endocrinologic, and body
composition parameters in all subjects at initial and annual assessment. Following one
year of life-style interventions, there was a significant decrease in BMI (p = 0.001) and in
BMI percentile (p = 0.001). More specifically, the percentage of children and adolescents
with obesity decreased from 27.1% to 18.1%, while the percentage of those with BMI
above the 97th percentile decreased from 41% to 19.7%. The percentage of children and
adolescents with overweight increased from 31.9% to 51.3% (Table 2). With respect to the
body composition parameters, there was a significant decrease in fat mass (p = 0.001) and
an increase in muscle mass (p = 0.001), bone mass (p = 0.001), and free-fat mass (p = 0.001)
(Table 2).

In addition, following one year of the multidisciplinary management interventions,
all subjects demonstrated a significant decrease in hepatic enzymes (SGOT (p = 0.001),
SGPT (p = 0.001), γGT (p = 0.001)), total cholesterol (p = 0.001), LDL (p = 0.001) and
Apo-B (p = 0.001) concentrations, and a significant increase in HDL (p = 0.001) and total
25-OH-vitamin D (p = 0.001) concentrations. There was also a significant reduction in Irisin
(p = 0.001) and Leptin (p = 0.001) concentrations, and a significant increase in Adiponectin
(p = 0.001) concentrations. No statistically significant changes in FGF-21 concentrations
were noted (Table 2). Furthermore, there was a significant increase in glucose (p = 0.006),
creatinine (p = 0.001) and IGF-1 (p = 0.001) concentrations, and a significant decrease in
urea (p = 0.001) and T3 (p = 0.001) concentrations; however, these parameters remained
within the normal range and their changes were not clinically relevant.

FGF-21 concentrations correlated positively with BMI (p = 0.001), WC (p = 0.001),
triglycerides (p = 0.001), HOMA-IR (p = 0.001), fat mass percentage (p = 0.043), muscle
mass (p = 0.002) and bone mass (p = 0.003) (Table S1).

The change in Irisin concentrations correlated negatively with the change in BMI
(r = −0.217, p = 0.01), BMI z-score (r = −0.201, p = 0.001), waist circumference (r = −0.423,
p = 0.001), WHR (r =−0.234, p = 0.007), PTH (r =−0.151, p = 0.012), Adiponectin (r =−0.161,
p = 0.007) and TMI (r = −0.192, p = 0.001) and positively with the change in HDL (r = 0.232,
p = 0.001). The change in FGF-21 concentrations correlated negatively with the change in
HDL (r = −0.167, p = 0.007) and positively with the change in muscle mass percentage
(r = 0.207, p = 0.003) and bone mass (r = 0.209, p = 0.003). However, most of these relations
were weak, as indicated by the small rho correlation coefficients (Table 3).

The change in BMI was negatively correlated with the change in Irisin in boys
(r = −0.302, p = 0.001) and in girls (r = −0.302, p = 0.001). Moreover, the change in BMI
was negatively correlated with the change in Irisin concentrations in pubertal (r = −0.265,
p = 0.001) but not in prepubertal subjects. Finally, the change in BMI correlated negatively
with the change in Irisin concentrations only in subjects with obesity (r = −0.407, p = 0.001)
but not in subjects with overweight. No correlation was found between the change in BMI
and the change in FGF-21 concentrations (Table 4).

Multivariate linear regression analysis indicated that the change in WHR was the
only independent variable affecting Irisin change (β = −465.55 (95% CI: −918.40 to 12.70),
p = 0.044). As a result, a 0.1 increase in the change of WHR causes a 46.5 points decrease
in the change of Irisin (Table 5). No independent variable was found to affect the change
of FGF-21 concentrations. All variables listed in Table 5 were included in the multivariate
linear regression analysis, and the model was adjusted for age, gender, and pubertal status.

Table 3. Correlation coefficients of Irisin and FGF-21 changes.

Irisin Change FGF-21 Change

BMI change −0.217 (0.001) 0.077 (0.212)
BMI z-score change −0.201 (0.001) 0.074 (0.228)
SBP change −0.157 (0.131) 0.078 (0.477)
DBP change −0.171 (0.100) −0.072 (0.510)
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Table 3. Cont.

Irisin Change FGF-21 Change

WC change −0.423 (0.001) 0.006 (0.944)
WHR change −0.234 (0.007) −0.119 (0.196)
CHOL change −0.053 (0.382) −0.061 (0.333)
HDL change 0.232 (0.001) −0.167 (0.007)
TGL change −0.039 (0.516) 0.056 (0.378)
Apo1 change 0.020 (0.743) −0.039 (0.534)
ApoB change −0.022 (0.716) 0.090 (0.152)
Lp(a) change 0.005 (0.936) −0.088 (0.162)
HOMA-IR change −0.111 (0.055) −0.048 (0.452)
FATP change −0.061 (0.369) −0.062 (0.385)
PMM change −0.069 (0.308) 0.207 (0.003)
BONEM change −0.029 (0.673) 0.209 (0.003)
VitD change 0.013 (0.828) −0.042 (0.504)
PTH change −0.151 (0.012) 0.035 (0.575)
Leptin change 0.021 (0.727) −0.039 (0.528)
Adiponectin change −0.161 (0.007) 0.043 (0.488)
TMI change −0.192 (0.001) 0.050 (0.420)

Abbreviations: Apo1, apolipoprotein 1; ApoB, apolipoprotein B; BMI, body mass index; BONEM, bone mass;
CHOL, cholesterol; DBP, diastolic blood pressure; FATP, fat percentage; FGF-21, fibroblast growth factor 21; HDL,
high-density lipoprotein; HOMA-IR, homeostatic model assessment-insulin resistance; Lp(a), lipoprotein-a; PTH,
parathormone; PMM, muscle mass percentage; SBP, systolic blood pressure; TGL, triglycerides; TMI, tri-ponderal
mass index; VitD, total 25-OH Vitamin D; WC, waist circumference; WHR, waist-to-hip ratio; variables are
presented as Pearson’s r and spearman’s rho correlation coefficients (p value); statistically significant associations
are shown in bold.

Table 4. Stratified correlations of Irisin and FGF-21 changes and BMI changes according to gender,
pubertal status, and BMI percentiles.

Irisin Change FGF-21 Change

Male
BMI change −0.302 (0.001) 0.109 (0.205)
BMI z-score change −0.277 (0.001) 0.097 (0.258)

Female
BMI change −0.302 (0.001) 0.109 (0.205)
BMI z-score change −0.277 (0.001) 0.097 (0.258)

Prepubertal subjects (baseline)
BMI change −0.139 (0.100) 0.084 (0.339)
BMI z-score change −0.102 (0.229) 0.050 (0.569)

Pubertal subjects (baseline)
BMI change −0.265 (0.001) 0.068 (0.446)
BMI z-score change −0.264 (0.001) 0.085 (0.337)

Same pubertal stage
BMI change −0.275 (0.001) 0.122 (0.095)
BMI z-score change −0.231 (0.001) 0.133 (0.067)

Enter puberty
BMI change −0.172 (0.294) −0.060 (0.720)
BMI z-score change −0.182 (0.266) 0.023 (0.893)

Overweight (baseline)
BMI change −0.192 (0.069) 0.042 (0.703)
BMI z-score change −0.262 (0.012) 0.005 (0.961)

Obese (baseline)
BMI change −0.407 (0.001) 0.105 (0.368)
BMI z-score change −0.388 (0.001) 0.061 (0.602)

>97th percentile (baseline)
BMI change −0.140 (0.130) 0.027 (0.786)
BMI z-score change −0.068 (0.465) 0.053 (0.592)

Abbreviations: BMI, body mass index; FGF-21, fibroblast growth factor 2; variables are presented as Pearson’s r
and spearman’s rho correlation coefficients (p value); statistically significant associations are shown in bold.
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Table 5. β regression coefficients for the Irisin change.

Irisin Change
β (95% CI) p-Value

BMI Z-score change 92.78 (−100.05 to 285.61) 0.342
WHR change −465.55 (−918.40 to 12.70) 0.044
HDL change 1.66 (−3.05 to 6.38) 0.486
PTH change −2.28 (−6.18 to 1.61) 0.248
Adiponectin change −0.002 (−0.004 to 0.001) 0.199
TMI change −39.26 (−132.23 to 53.72) 0.405
Age −3.16 (−27.81 to 21.48) 0.800
Gender (girls vs. boys) −29.84 (−145.76 to 86.08) 0.611
Pubertal Stage (Pubertal vs. pre-pubertal 17.28 (−114.34 to 148.89) 0.795

Abbreviations: BMI Z-score, Body mass index Z-score; HDL, high-density lipoprotein; PTH, parathormone; TMI,
tri-ponderal mass index; WHR, waist-to-hip ratio; variables are presented as β-values, 95% confidence intervals
(CI); statistically significant associations are shown in bold.

4. Discussion

In our study, we determined the Irisin and FGF-21 concentrations in children and
adolescents with overweight and obesity before and one year after the implementation of a
personalized, comprehensive, and multi-disciplinary life-style intervention program of diet
and physical exercise. We demonstrated that the decrease in BMI resulted in a reduction
in Irisin concentrations, as well as an improvement in cardiometabolic risk factors, as
indicated by the decrease in percentage of fat and total cholesterol, LDL, ApoB, SGOT,
SGPT, and γ-GT concentrations, and an increase in HDL concentrations, percentage of
muscle mass, and free-fat mass. There was no alteration in FGF-21 concentrations. To the
best of our knowledge, this is the first study implementing a one-year life-style intervention
program of diet and exercise, which has investigated the relation between Irisin, FGF-21,
BMI, and cardiometabolic risk factors in such a large number of children and adolescents
with overweight and obesity, and for such a long period of monitoring and follow-up. To
further determine whether Irisin may be used as a potential biomarker, future studies are
required that would include children and adolescents with obesity, overweight and normal
BMI, as well as patients with and without metabolic syndrome.

The recently discovered proteins Irisin and FGF-21 are known to be associated with
obesity in adulthood; however, little is known about their role in childhood and adolescence.
In our study, we demonstrated that there is a negative correlation between Irisin and
adiponectin concentrations. These findings concur with those of previous studies that
demonstrated an association between adiponectin with obesity, chronic inflammation, and
cardiovascular risk factors, and indicate that Irisin and adiponectin may have a common
regulatory mechanism with inverse actions [15,48].

We also noted a relation of Irisin concentrations with measures of adiposity and
cardiometabolic risk factors. More specifically, the change of Irisin concentrations correlated
negatively with the change in waist circumference, WHR and TMI, and positively with the
change in HDL concentrations. Interestingly, the multivariate linear regression analysis
revealed that the change of WHR is the strongest determinant of the change of Irisin: 0.1
increase in the change of WHR causes a 46.5 points decrease in the change of Irisin. WHR
represents an alternative measure of adiposity and cardiometabolic risk [49,50]. Several
studies reported similar findings in both children and adults. In adults, Irisin has been
shown to be a predictor of CVD [13,15]. In children with obesity, dietary intake rich in
saturated fatty acids with low monounsaturated fatty acids was associated with higher
Irisin concentrations [36]. In addition, there was a negative correlation between Irisin and
HDL concentrations, and a positive correlation between Irisin with fasting insulin and
HOMA-IR [12].

In our study, there was no correlation between Irisin concentrations and body com-
position parameters, such as fat mass, muscle mass, or free-fat mass. Previous studies
have yielded conflicting results. In children with obesity, increased Irisin concentrations
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correlated positively with fat mass, but not with free-fat mass [11], while in amenorrheic
athletes, there was no correlation between Irisin and fat mass; however, there was a positive
association between Irisin and free-fat mass in athletes compared with non-athletes [51].
Furthermore, in adult females, there was a positive correlation between Irisin, fat mass
and fat-free mass and a negative correlation with daily physical activity. Interestingly, 1 kg
increase in fat mass was associated with a two-fold increase in Irisin concentrations [52].
Löffler et al. showed a positive correlation with free-fat mass in adults but not in children
and an increase in Irisin concentrations immediately after a 30 min exercise, but not after
long-term exercise [35]. Finally, other studies demonstrated negative correlation [16] or no
correlation with physical activity [53]. These controversial findings may arise as a result of
different methodologies and duration of exercise and highlight the importance of under-
taking further studies to define the impact of physical activity on Irisin concentrations.

We demonstrated that Irisin concentrations were reduced at the end of our study
along with the decrease in BMI. More importantly, we found that the change in BMI
correlated negatively with the change in Irisin concentrations in both male and female
subjects, in subjects with obesity but not in subjects with overweight, and in adolescents.
Previous studies in adults and children demonstrated a positive correlation of Irisin with
BMI [12,35,52], insulin resistance, and other parameters of metabolic syndrome [11,13,15].
Our findings concur with those of several studies that showed lower concentrations of Irisin
in subjects with underweight compared with subjects with normal BMI or obesity [16],
and no correlation of Irisin with BMI before or after a life-style intervention program
implemented for one year [39]. A cut-off point of Irisin concentrations of 44.75 ng/mL
was proposed by Binay et al. to differentiate between children with obesity and normal-
BMI [11].

The increased Irisin concentrations in obese subjects may be owing to its release
from the adipose tissue, which is increased in obesity. Pardo et al. demonstrated a
positive correlation of serum Irisin concentrations with resting energy expenditure and a
negative correlation with physical activity, indicating that the myokine is released from
the adipose tissue rather than the muscle [52]. Accordingly, Irisin concentrations are lower
in lean and underweight subjects, who have lower fat mass and percentage fat mass.
A potential mechanism that explains the low Irisin concentrations in the underweight
group is that Irisin stimulates the transformation of subcutaneous WAT to BAT, thereby
promoting thermogenesis through uncoupling protein 1 (UCP-1) and increasing energy
expenditure. UCP-1 is an enzyme that promotes oxidative phosphorylation through ATP
production, resulting to energy release as heat. Thus, it is likely that the lower Irisin
concentrations in children who are underweight may represent an adaptive mechanism to
reserve energy [16].

FGF-21 is released from the liver [18] and participates in the glucose and lipid
metabolism, having a protective role against obesity, diabetes, and NAFLD. Several studies
investigated the relation between FGF-21 and body composition parameters with conflict-
ing results. In our study, we demonstrated a positive correlation of FGF-21 concentrations
with fat mass and muscle mass. In addition, the change of FGF-21 concentrations correlated
positively with the change in the muscle mass but not in fat mass or free-fat mass. We
also found a positive correlation between FGF-21 and age, which concurs with previous
findings demonstrating an increase in FGF-21 concentrations through age groups [54,55].

FGF-21 is a regulator of metabolic homeostasis [24] during fasting and refeeding [22].
Several studies in children report a positive correlation between FGF-21, waist circumfer-
ence and hip circumference [56], and total cholesterol and triglycerides [27]. In addition,
FGF-21 is higher in children with obesity compared to those with normal BMI, and in
children with metabolic syndrome or with diabetes mellitus type 2 [28,31,57,58]. Similarly,
in our study we demonstrated a positive correlation between FGF-21 and indices of adi-
posity and cardiovascular risk. More specifically, FGF-21 correlated positively with waist
circumference, triglycerides, and HOMA-IR.
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Our study has several strengths. Firstly, the comprehensive, multidisciplinary, per-
sonalized, intervention program was well-designed, and the professionals who examined
and guided all participants were very experienced. In addition, the one year duration
of the study was long enough to allow meaningful conclusions to be drawn. Finally, the
sample size was larger than in previous studies, with a wide age range of all participants,
and included both children and adolescents. However, in our study we did not evaluate
the nutritional value of the diet and the fatty acid intake in our participants; therefore, no
correlations were made between nutritional intake and Irisin concentrations.

We conclude that the decrease in BMI in children and adolescents with overweight
or obesity following one year of implementation of a personalized, multi-disciplinary,
personalized life-style intervention program of diet and exercise resulted in a significant
reduction in Irisin concentrations, as well as an improvement in cardiometabolic risk
factors. Further studies are required to determine the potential role of Irisin as a biomarker
for monitoring the response to lifestyle interventions and for predicting the development
of cardiometabolic risk factors.
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