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Abstract. 
The correlations between irisin levels, physical activity, and anthropometric measurements have been extensively described in adults with considerable controversy, but little evidence about these relationships has been found in children. The objective of this study is to correlate the plasma levels of irisin in underweight, normal weight, overweight, and obese children with anthropometric parameters and physical activity levels. A cross-sample of 40 children was divided into the following groups on the basis of body mass index (BMI) percentile. The correlations of plasma irisin levels with physical activity, anthropometric, and metabolic measurements were determined. Plasma irisin levels (ng/mL) were lower for the underweight group (164.2 ± 5.95) than for the normal weight and obese groups (182.8 ± 5.58; ). Irisin levels correlated positively with BMI percentile (0.387), waist circumference (0.373), and fat-free mass (0.353; ), but not with body muscle mass (−0.027). After a multiple linear regression analysis, only BMI percentile (0.564; ) showed a positive correlation with irisin. Our results indicated no association with metabolic parameters. A negative correlation with physical activity was observed. Interrelationships among body components might influence irisin levels in children.



1. Introduction
Obesity has become a public health issue in many countries; Mexico and the United States present the highest obesity rates in the world [1]. This issue is particularly important in obese children and adolescents, as they show increased morbidity and premature mortality because of their higher risk for chronic cardiometabolic diseases and other comorbidities [2].
Unraveling the factors that contribute to obesity is complex; however, recent research has revealed that cytokines and other peptides participate in the multifactorial pathogenic mechanisms of obesity [3]. One recently discovered myokine, irisin, has attracted special attention as a possible factor that contributes to obesity. Irisin is a hormone secreted as a cleavage product from fibronectin type III domain-containing protein 5 (FNDC5), which is normally present in the skeletal muscle of mice and humans [4, 5]. The effects of this hormone are mediated by the upregulation of uncoupling protein 1 (UCP1) during physical activity, which increases thermogenesis, energy expenditure, and browning of white adipose tissue [4].
On a clinical level, the significant correlations between irisin levels and anthropometric measurements have been described [6]. Nevertheless, considerable contradictory data that correlate plasma irisin levels in obese and anorexic individuals with different anthropometric parameters have been reported. For instance, negative associations between serum irisin levels and anthropometric and metabolic obesity markers have been found primarily in adults with the metabolic syndrome and with fasting hyperglycemia [7]. By contrast, positive associations between serum irisin and obesity markers, such as body weight, body mass index (BMI), fat mass, and fat-free mass, have been found [8–10]. Interestingly, after a dietary intervention, subjects who regained weight showed increased plasma irisin levels that were positively associated with insulin resistance [11]. Nonetheless, other groups have found evidence of null associations. For example, a study in obese individuals showed that although their irisin level increased by 12% after a year of lifestyle intervention, these were not correlated with BMI changes [12].
Contradictory findings have also been found regarding the production of irisin in human tissues. Muscular mass has been reported as the main predictor for circulating irisin, whereas in other studies, fat mass has been found as the major factor that influences irisin levels [6, 10]. These differences can be attributed to the fact that irisin secretion by subcutaneous adipocytes is dependent on the nutritional status and physical activity of the organism [13]. Lastly, researchers have found that exercise upregulates irisin secretion in mice and humans [4], a finding that was later confirmed by the same group with the use of tandem mass spectrometry [5].
While many studies have attempted to describe the role of irisin in the health of adults, the significance of irisin during childhood has often been underexplored. Few studies have focused on the relationship between irisin and markers of adiposity and physical activity in children [14]. To our knowledge, the present study is the first to examine the association of irisin with anthropometric and physical activity parameters in children with a broad spectrum of BMI percentile statuses.
2. Material and Methods
2.1. Study Population
A population comprising children aged between 6 and 12 years was selected from eight public schools in Monterrey, a city in Northeast Mexico. From the total population, 1,300 children were randomly selected with an error of <1.4%. The inclusion criteria were attendance from first to sixth grade, Mexican nationality, and a 12-hour overnight fasting. The exclusion criterion was disapproval by the children’s physician because of any medical conditions that would preclude their participation in the study. Based on the sample size calculation, a cross-sample of 40 children (20 girls and 20 boys) was selected; this sample was divided into four groups according to the BMI percentile (/group) and screened for irisin levels. With the use of criteria defined by the World Health Organization, groups were defined as underweight for a BMI ≤ 5th percentile, normal weight for a BMI > 5th and <85th percentiles, overweight for a BMI ≥ 85th and <95th percentiles, and obese for ≥95th percentile according to age and sex [15]. The children did not follow any specific diet, just their regular diet. Approvals were obtained from the Ethics and Research Committees of the School of Medicine of Tecnológico de Monterrey and from the government state education authorities of Nuevo Leon, Mexico. The participants did not receive any form of compensation for participating in this study. All parents or legal guardians gave their written informed consent.
2.2. Anthropometric Measurements
Anthropometric measurements were performed on all participants at each school. Height was determined to the nearest 0.5 cm (portable Seca® stadiometer, North America), whereas weight was identified to the nearest 0.1 kg while the children wore light clothing and no socks or shoes (TANITA TBF 300® scale, Arlington, IL). Body fat% was measured by bioimpedance (same TANITA scale). Waist circumference (WC) was measured to the nearest 0.1 cm at the level of the umbilicus with the use of a flexible fiberglass tape while the subjects were standing, after gently exhaling, and with no clothing on the area. Tricipital skinfold (TSF) was measured with a Lange skinfold caliper [16], whereas mid-upper arm circumference (MUAC) (cm) was measured with a flexible fiberglass tape around the mid-upper arm at the midpoint between the acromion and the olecranon. All measurements were performed by three trained registered dietitians (RDs) to control interobserver variability. BMI was obtained by weight-kilograms, divided by the square of height-meters. MUAMC (cm) and mid-upper arm muscle area (MUAMA) (cm2) were determined to calculate body muscle mass. MUAMC was calculated as  and MUAMA (cm2) as . Body muscle mass was calculated as (height-cm) [17]. Fat mass (kg) was calculated as . Fat-free mass (kg) was calculated as [weight-kg − (weight-kg  body fat%)] [18].
2.3. Physical Activity Measurement
Information on physical activity was taken from a previously validated questionnaire administered to each child and parent/caregiver at the initial face-to-face interview with the RDs; this process provided information on the children’s hours per day and days per week of regular exercise [16]. As the purpose was to obtain information on regular physical activity, the children and/or their guardians were asked, during the past six months, (1) whether the children exercised; (2) if they did, what the type of exercise they engaged in was, for example, aerobic (football, basketball, volleyball, swimming, dancing, running, walking, or cycling) or anaerobic (sprinting, mountain climbing, rope-jumping, hill climbing, isometrics, or any rapid burst of hard exercise); (3) what the number of days that they engaged in physical activity per week was; and (4) what the number of hours that they exercised per day was. None of the children practiced anaerobic physical activity. All of them reported the aerobic exercise type.
2.4. Blood Sample Extraction and Preparation
Blood samples were obtained via venipuncture from the median cubital vein of the arm after a 12-hour overnight fasting. The samples were kept at 2°C to 8°C for further centrifugation within the first three hours. Afterward, the samples were stored at −80°C.
2.5. Irisin Plasma Levels and Metabolic Assessment
Plasma irisin concentration was measured with enzyme-linked immunosorbent assay (ELISA) kit (Phoenix Pharmaceuticals, Burlingame, CA) [19]. The assay has been proven to be highly sensitive to human irisin. The sensitivity of the assay was 0.2 ng/mL, and the linear range of the standard was 1 to 1000 ng/mL. The intra- and interassay variations were both less than 5%.
Albumin, glucose, triglycerides, and cholesterol (total, HDL, and LDL) were determined in serum with the use of clinical-grade reagents from Pointe Scientific (Canton, MI), following the manufacturer’s instructions.
2.6. Statistical Analysis
The sample size was determined in consideration of the BMI percentile variation during the comparison of the four groups with the use of ANOVA with an alpha level of 0.05 and a power of 0.8; a relevant difference in irisin levels of at least 15 ng/mL and an SD of 20 ng/mL were expected. The demographic and anthropometric data in Table 1 are presented as median and range. Metabolic parameters are presented as mean ± SD. All pairwise multiple comparisons for each parameter between the underweight, normal weight, overweight, and obese groups were performed according to the previous normality test (Kolmogorov). The parametric ANOVA test (Holm-Sidak method) was applied to normal data, and the Kruskal-Wallis ANOVA on ranks (Tukey test) was applied to nonnormal data. The alpha value was set at 0.05. The correlation coefficients and significance () in Table 2 were calculated with Pearson product moment. Multiple linear regression analysis was performed after the removal of variables showing collinearity [19]. The analyses were performed with SigmaStat 3.11 (Systat Software Inc.) and Minitab (Minitab Inc.) and the covariance analyses with the stats library of the R programming language (R Core Team).
Table 1: Demographic, anthropometric, and metabolic parameters.
	

	 	Underweight	Normal weight	Overweight	Obesity
	

	Gender	5 (M) 
5 (F)	5 (M) 
5 (F)	5 (M) 
5 (F)	5 (M) 
5 (F)
	Age 
(years)	8.5 
(7–11)	8.5 
(6–12)	8.5 
(6–11)	8.0 
(6–11)
	Height 
(cm)	126.3 
(116–144)	131.4 
(113–151)	132 
(118–154)	136.4​
(123–153)
	Body weight 
(kg)	​
 (17.1–29.5)	​
(20.5–41.3)	​
(24.9–49.6)	​
(33.3–63.4)
	BMI 
(percentile)	​
(1–3)	​
(35–73)	​
(85–93)	​
(98-99)
	Waist 
(cm)	​
(44–55)	​
(52–68)	​
(56–72)	​
(68–86)
	Mild-upper arm circumference (cm)	​
(14–17.1)	​
(16.9–22)	​
(19–26.4)	​
(21.8–29.5)
	Triceps skinfold 
(mm)	​
(4–11)	​
(7–16)	​
(17–31)	​
(25–51)
	Albumin 
(g/dL)	5.16 ± 0.09	5.41 ± 0.18	5.06 ± 0.12	5.42 ± 0.12
	Glucose 
(mg/dL)	60.67 ± 3.43	64.15 ± 5.39	53.21 ± 5.78	63.16 ± 4.83
	Triglycerides 
(mg/dL)	54.75 ± 3.57	62.30 ± 7.34	78.81 ± 10.63	
	Total cholesterol 
(mg/dL)	113.15 ± 4.46	115.17 ± 6.13	107.19 ± 5.65	
	HDL cholesterol 
(mg/dL)	16.31 ± 1.3	15.52 ± 1.51	13.66 ± 1.05	14.91 ± 1.32
	LDL cholesterol 
(mg/dL)	85.89 ± 4.57	87.21 ± 6.39	77.77 ± 5.92	
	


Data presented as median and range;  versus  weight, , , and .


Table 2: Association between irisin plasma levels with body composition and metabolic parameters.
	

	 	Multiple linear regression
(B/)	Pearson correlation
(rho/)
	

	BMI 
(kg/m2)	−5.318/0.218	0.307/0.0539
	BMI 
(percentile)	0.564/0.008	0.387/0.0136
	Waist 
(cm)	−0.409/0.630	0.373/0.0178
	MUAC 
(cm)	−4.861/0.163	0.266/0.0970
	Fat mass 
(kg)	3.059/0.273	0.290/0.0691
	Fat mass 
(%)	0.167/0.906	0.276/0.0849
	Body muscle mass 
(kg)	−1.986/0.377	−0.0272/0.868
	Fat-free mass 
(kg)	2.790/0.059	0.353/0.0254
	Triglycerides 
(mg/dL)	−0.0623/0.545	−0.0944/0.563
	Total cholesterol 
(mg/dL)	0.202/0.135	0.127/0.435
	HDL cholesterol 
(mg/dL)	0.130/0.855	0.145/0.370
	


Correlation coefficients are shown for Pearson product and multiple regression analysis as indicated.


3. Results
3.1. Demographic, Anthropometric, and Metabolic Parameters according to BMI Percentiles
Table 1 shows the demographic and anthropometric characteristics of each group. Each group had an equal distribution of male and female participants across the age ranges described. Body weight (kg) was significantly higher for the obese group  than the overweight , normal weight , and underweight groups . The BMI percentile was significantly lower for the underweight group  and highest for the obese group . WC (cm) and MUAC (cm) increased significantly according to the BMI percentiles of the groups. The TSF (mm) was significantly higher for the obese group  than for the normal weight  and underweight groups . Triglycerides ( mg/dL), total cholesterol ( mg/dL), and LDL-c ( mg/dL) were significantly higher for the obese group than for the other groups, whereas HDL-c, glucose, and albumin were similar among all the BMI percentile groups. None of the children in the underweight group had an albumin level lower than 3.5 g/dL.
3.2. Body Composition across Groups
Figure 1 presents the diverse elements of body composition among the groups. Fat mass (kg) and fat percentage (%) increased accordingly with the BMI and were significantly higher in the obese group than in the underweight and normal weight groups () (Figures 1(a) and 1(b)). Body muscle mass (kg) was lowest for the underweight group () and highest for the normal weight group (), with intermediate values for the overweight (7.05±0.74) and obese groups (6.62±0.36); however, these differences were not significant (Figure 1(c)). Fat-free mass (kg) was highest in the obese group () and decreased accordingly in the overweight (), normal weight (), and the underweight groups (), although a significant difference was found only between the obese and the underweight groups () (Figure 1(d)).
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(d)
Figure 1: Fat and body muscle mass composition according to weight status. Group body composition parameters for (a) fat mass (kg), (b) fat mass (%), (c) body muscle mass (kg), and (d) fat-free mass (kg). Data presented as mean ± SEM; ;  normal weight,  underweight,  overweight, and  obese.


3.3. Irisin Plasma Levels in Groups with Different BMIs
The irisin plasma levels for all groups are shown in Figure 2. The irisin plasma levels (ng/mL) were significantly lower for the underweight group (164.3±5.95) than for the normal weight (185.29±2.62) and obese groups (182.8±5.58) (). The overweight and obese groups showed no difference compared with the normal weight group.




	
	
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
			
		
			
		
			
		
			
		
		
			
		
			
		
			
		
			
		
		
			
		
			
		
			
		
			
		
		
			
		
			
		
			
				
		
		
			
				
		
		
			
				
		
		
			
		
			
		
			
		
			
	


Figure 2: Plasma irisin levels are reduced in underweight children. Serum irisin levels for weight groups. Data presented as mean ± SEM; ;  normal weight,  underweight,  overweight, and  obese.


3.4. Association between Irisin Plasma Levels and Body Composition
The correlations of irisin plasma levels with body composition parameters are presented in Table 2. A significant Pearson correlation was found between irisin levels and BMI percentile (0.387, ), WC (0.373 ), and fat-free mass (0.353, ). Moreover, the metabolic parameters did not show a significant correlation with the irisin levels (Supplemental Table1 in Supplementary Material available online at https://doi.org/10.1155/2017/2628968). As previously described, sex had a significant effect on irisin levels () [20]. Thus, after adjusting for gender, the top most significant covariate was BMI percentile (Supplemental Table 2). Together with gender, no further covariates were significant. Multiple linear regression analysis indicated that only BMI percentile (0.564; ) had a positive correlation with irisin (Table 2). Furthermore, the model explains 40% of the variation in the irisin levels. Figure 3 shows the distribution of the irisin levels per BMI percentile (Panel (a)), WC (Panel (b)), and fat-free mass (Panel (c)). Irisin levels (ng/mL) increased as the BMI percentile increased, from 125.9 to 167.8 for the 0 to 25th BMI percentile, from 167.8 to 180.4 for the 25th to 50th percentile, from 180.4 to 187.7 for the 50th to 75th percentile, and from 187.7 to 208.2 for the 75th to 100th percentile.
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(c)
Figure 3: Association of irisin plasma levels with BMI, WC, and fat-free mass. Irisin levels according to (a) BMI percentile, (b) waist circumference (WC), and (c) fat-free mass (Kg).


3.5. Irisin Plasma Levels and Physical Activity
Figure 4 shows the association of physical activity with BMI percentile and irisin plasma levels. None of the children performed anaerobic exercise, so only aerobic exercise is reported specifically in the number of days per week and hours per day of physical activity. Underweight children exercised twice as much ( days per week) as overweight ( days per week) and obese children did ( days per week) () (Figure 4(a)). Irisin showed a small but significant negative correlation with physical activity (days per week) () (Figure 4(b)). Irisin showed a negative, although not significant, correlation with hours per day of physical activity (Figure 4(c)).
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(c)
Figure 4: Irisin shows negative correlation with physical activity. (a) BMI according to physical activity. Correlation between irisin levels and physical activity in (b) (days/week) and (c) (h/day).


4. Discussion
Our measurements of adipose tissue in children showed positive correlations among them as the BMI increased, as has also been described in previous studies that related these adiposity parameters to plasma irisin levels in adult populations [8, 10, 11]. However, some may still argue that body weight, BMI, and BMI percentile do not strictly represent adiposity, as they might also include other body components and not only fat mass [21].
The body composition for each BMI percentile group in children was different. The underweight group showed the highest proportion of body muscle mass to fat mass, followed by the normal weight, overweight, and obese groups, in this order. The different body composition of each group might account for the variations in the irisin plasma levels, but this relationship remains to be defined for children [14].
Our results show that underweight children had the lowest plasma irisin levels, a finding that agrees with those of other studies that have reported higher irisin levels in obese individuals [6, 8, 10, 11, 13]. Nonetheless, some studies have described lower irisin with increased weight or BMI [7, 22, 23]. Notably, Stengel et al. reported lower plasma irisin in anorexic adult patients and a linear relationship between the irisin levels and BMI in adults [8], similar to our finding in children with underweight status. Moreover, a recent study by Palacios-González et al. [14] showed higher levels of circulating irisin in obese children and a positive correlation with BMI, also in agreement with our results.
Our results show a significant positive association of plasma irisin levels with WC, as well as a positive nonsignificant correlation with fat mass (kg) and fat mass (%). Accordingly, other studies have reported irisin associations with adiposity measurements, such as fat mass in adults [6, 8, 24]. Likewise, Pardo et al. found a twofold increase in irisin levels per 1 kg increase in fat mass [10], whereas others found no significant relationship between irisin concentrations and body muscle mass [7, 25]. Our results disagree with only one report we found in children, which involved 65 obese patients in a year-long lifestyle intervention program involving regular exercise. This report showed no correlation between irisin and markers of obesity [12].
Irisin secretion might be explained by not only the total amount of fat mass or body muscle mass but also by the relative proportion of body muscle mass to fat mass. Accordingly, we found the lowest irisin levels in the underweight group, which was also the group with the lowest total fat mass and % body fat and the highest body muscle mass to fat mass proportion. A possible explanation for the low irisin level in the underweight group is that irisin promotes the “browning” of subcutaneous white adipose tissue, capable of burning energy through uncoupling protein 1-mediated thermogenesis, and increased energy expenditure. Uncoupling protein 1 is an enzyme that uncouples oxidative phosphorylation from ATP production, leading to energy release as heat. The underweight group in this study had a lower fat mass and % fat mass. Thus, we speculate that the lower irisin levels in the underweight children may represent an adaptive response to conserved energy. In accordance with this result, Singhal et al. identified lower irisin levels in young amenorrheic athletes than in eumenorrheic athletes and nonathletes. These amenorrheic athletes presented a lower total fat mass, as well as a lower % body fat. The authors hypothesized that the irisin levels were lower as an adaptive response to an overall state of energy deficit [26].
In line with our results, several studies have shown that irisin is also released by adipocytes and is produced in a positive feedback loop [13, 22], whereas Roca-Rivada et al. found that adipose tissue is primarily responsible for irisin secretion [13]. The amount of brown adipose tissue has been found to be significantly decreased along with obesity, BMI, and % body fat [27, 28]. On the other hand, irisin has been found to enhance white adipocyte transdifferentiation into beige adipocytes by increasing UCP1 and PRDM16 and to burn lipids as fuel by increasing PGC1a and MTCO3 [22]. Therefore, we speculate that the higher irisin levels in the obese children than in the underweight ones in this study might suggest that irisin played a compensatory role in trying to increase brown adipose tissue in the obese children.
Furthermore, the distribution of fat might play a role in metabolic and cardiovascular disorders, such as insulin resistance. WC has been considered a good surrogate measurement of visceral fat [29, 30]. In previous studies in adults, WC was negatively associated with plasma irisin [7, 31]. However, we found a positive correlation between WC and irisin. Because WC has been known to be associated with insulin resistance, irisin may act as a counterregulator of insulin resistance in children, as has been suggested for adults [29, 30, 32–34].
Obese children have been found to have an increased risk for insulin resistance, the metabolic syndrome, and cardiovascular disease [3–5]. In addition, higher irisin levels in obese adults have been associated with risk factors for insulin resistance [8, 11, 24]. The latter may suggest that the obese children in our study showing higher irisin levels might have an increased risk for insulin resistance.
Furthermore, a recent study by Viitasalo et al. has shown the association between increased irisin levels and a deteriorated lipid profile in children [35]. In a recent paper on obese children, the multivariate regression analysis showed that HDL-c had a significant association with the irisin plasma level [36], but our results indicated no association of irisin with HDL-c, LDL-c, triglycerides, and total cholesterol. Our glucose values and especially HDL-c values are too low compared with those of other studies. Low HDL-c levels, similar to ours, have been found as minimal values in underweight, normal weight, overweight and obese Mexican children: low or normal weight children had a HDL-c minimum value of 14 mg/dL (media 52 + 15.2) and overweight/obese children had a HDL-c minimum value of 15 mg/dL (media 44 + 15.4) [37]. One potential explanation, which we did not perform in our study, is that it has been reported that Mexican school children aged 6–15 years () which carried the C230 allele showed significantly lower HDL-c levels . HDL size was smaller in R230C heterozygotes (). These authors suggested that the R230C gene variant plays an important role in HDL-c level regulation in healthy Mexican school-aged children [38]. Furthermore, Acuña-Alonzo et al. found low HDL-c levels were associated with a functional ABCA1 gene variant in Mexican Mestizo population, showing evidence of positive selection [39]. Regarding glucose levels, a study was conducted on 127 children from Sweden, ages 5–7.5 years. Their fasting glucose values ranged from 3.7 mmol/L to 6.1 mmol/L (66.6 mg/dL to 109 mg/dL). So, the range found included low glucose values [40]. Therefore, our statistical analysis and conclusions are not affected by calibration curves if the response is linear.
We also report in this study a significant negative correlation between the irisin levels and physical activity. Underweight children exercised the most; they performed more than twice as much physical activity than the overweight and obese children did. Others have also found that irisin is negatively correlated with physical activities in adults [10, 24] and that no increment in FNDC5 expression occurs in muscle or plasma levels after exercise training [6, 41, 42]. Our results are in accordance, as well, with another study that did not find any evidence of increased irisin secretion after exercise in anorexic adolescents with a severely reduced body weight [43]. A study by Palacios-González et al. also failed to find alterations of the irisin levels with exercise in children [14]. Physical activity stimulates FNDC5 expression, which promotes the browning of white adipose tissue by increasing the expression of uncoupling protein 1 in white adipocytes, increasing thermogenesis and thus energy [4]. Decreased irisin levels in amenorrheic athletes have been described to represent an adaptive response in chronic exercisers for the reduction of energy expenditure and conservation of energy by reducing brown adipogenesis [4]. Lower irisin levels have also been reported in anorexia nervosa [44] and in individuals subjected to weight loss after bariatric surgery [6]. The low irisin levels in the underweight group might also represent an adaptation to reduce energy expenditure and conserve energy, as this group exercised twice as much as the obese group did in the past six months.
The results of this research that was carried out in children contradict those of other studies that have been carried out in adults and that have found positive associations between circulating irisin levels, exercise, and energy expenditure [13, 45, 46]. For example, some studies in adult humans and animals have reported an increase in FNDC5/irisin secretion by adipose tissue after short-term endurance exercise [13]. A possible explanation could be that the type of exercise, either acute or repetitive, as well as the amount or intensity of the activity, could exert diverse effects on irisin secretion, either through the muscle that executes the work or through white adipose tissue that browns as exercise continues, influencing the irisin levels. Most studies included patients subjected to exercise programs, as opposed to ours that used self-reported physical activity.
This study has several limitations. The sample size was small, and the results cannot be extrapolated to other populations or to children, in general. Body muscle mass was calculated with a formula; however, this method is well established, easy to use, helpful in the clinical context [17], and not as stressful for children as a magnetic resonance imaging or a dual energy X-ray absorptiometry scan is. In addition, several articles have questioned the degree of shedding of soluble irisin and the validity of commercially available irisin quantitation ELISA methods; they argue that these methods may be reporting cross-reacting antibodies and a potential null mutation on human FNDC5 [47, 48]. However, this possibility was dismissed in a recent paper using mass spectroscopy to demonstrate that human irisin circulates and is regulated by exercise [5]. In our study, we used the method that has been used by most researchers who evaluate the irisin levels. Another limitation of this study is that we assessed physical activity through a face-to-face questionnaire that we used in a previous publication with a similar population, and this could bias the accuracy of the information obtained. The questionnaire, though, was applied to the children and/or their guardians, face-to-face by a trained person.
This study is the first to examine the association of irisin with adiposity markers, muscle markers, and physical activity in children. This work provides valuable information on irisin in children with a wide range of BMI percentiles, from underweight to obese, by demonstrating the positive association of irisin with adiposity measurements and the lack of one with body muscle mass. It also shows the negative association of irisin with physical activity as well as with metabolic markers. The other strengths of this study were the fact that all children were matched by age and gender for all four groups and that all belonged to the same ethnic group and had the same socioeconomic status; therefore, no racial or socioeconomic differences influenced the results.
5. Conclusions
In summary, this study demonstrated that the irisin levels were higher in the obese children than in the underweight and normal weight children. Irisin was positively correlated with adiposity markers, such as the BMI, BMI percentile, WC, and with fat-free mass, but after adjusting for age and gender, only BMI percentile showed a significant positive correlation. Irisin was negatively correlated with body muscle mass. Furthermore, a negative correlation was found between the irisin concentrations and physical activity in children. Irisin showed no association with any of the cardiometabolic markers. The secretion of irisin in children can possibly involve multifactorial regulators under diverse conditions, different from those described for adults, and these conditions can change through the different stages of life and of obesity development. Because conflicting results on the irisin levels have been reported in adults and scarce information in children is available, further research is needed to confirm the association of irisin with different body composition components and physical activity in children. The focus should be on mechanistic studies to clarify the role of irisin in obesity and its influence on physical activity.
Conflicts of Interest
The authors declare that they have no conflicts of interest.
Acknowledgments
The authors acknowledge the State Education and Health Authorities and the participant schools. This work was partially supported by Endowed Chair in Cardiology, Tecnológico de Monterrey, CONACYT-Mexico Grant 151136 (G. Garcia-Rivas), and Xignus Research Grant (L. Elizondo-Montemayor).
References
	J. P. Elder, “Mexico and the USA: the world’s leaders in the obesity epidemic,” Salud Pública México, vol. 55, p. 355, 2013.
	M. L. Gow, M. Ho, T. L. Burrows et al., “Impact of dietary macronutrient distribution on BMI and cardiometabolic outcomes in overweight and obese children and adolescents: a systematic review,” Nutrition Reviews, vol. 72, no. 7, pp. 453–470, 2014.
	B. K. Pedersen and M. A. Febbraio, “Muscles, exercise and obesity: skeletal muscle as a secretory organ,” Nature Reviews Endocrinology, vol. 8, no. 8, pp. 457–465, 2012.
	P. Boström, J. Wu, M. P. Jedrychowski et al., “A PGC1-α-dependent myokine that drives brown-fat-like development of white fat and thermogenesis,” Nature, vol. 481, no. 7382, pp. 463–468, 2012.
	M. P. Jedrychowski, C. D. Wrann, J. A. Paulo et al., “Detection and quantitation of circulating human irisin by tandem mass spectrometry,” Cell Metabolism, vol. 22, no. 4, pp. 734–740, 2015.
	J. Y. Huh, G. Panagiotou, V. Mougios et al., “FNDC5 and irisin in humans: I. Predictors of circulating concentrations in serum and plasma and II. mRNA expression and circulating concentrations in response to weight loss and exercise,” Metabolism: Clinical and Experimental, vol. 61, no. 12, pp. 1725–1738, 2012.
	B. Yan, X. Shi, H. Zhang et al., “Association of serum irisin with metabolic syndrome in obese Chinese adults,” PLoS ONE, vol. 9, Article ID e94235, 2014.
	A. Stengel, T. Hofmann, M. Goebel-Stengel, U. Elbelt, P. Kobelt, and B. F. Klapp, “Circulating levels of irisin in patients with anorexia nervosa and different stages of obesity—correlation with body mass index,” Peptides, vol. 39, no. 1, pp. 125–130, 2013.
	J.-J. Liu, M. D. S. Wong, W. C. Toy et al., “Lower circulating irisin is associated with type 2 diabetes mellitus,” Journal of Diabetes and Its Complications, vol. 27, no. 4, pp. 365–369, 2013.
	M. Pardo, A. B. Crujeiras, M. Amil et al., “Association of Irisin with fat mass, resting energy expenditure, and daily activity in conditions of extreme body mass index,” International Journal of Endocrinology, vol. 2014, Article ID 857270, 9 pages, 2014.
	A. B. Crujeiras, M. Pardo, R.-R. Arturo et al., “Longitudinal variation of circulating irisin after an energy restriction-induced weight loss and following weight regain in obese men and women,” American Journal of Human Biology, vol. 26, no. 2, pp. 198–207, 2014.
	S. Blüher, G. Panagiotou, D. Petroff et al., “Effects of a 1-year exercise and lifestyle intervention on irisin, adipokines, and inflammatory markers in obese children,” Obesity, vol. 22, no. 7, pp. 1701–1708, 2014.
	A. Roca-Rivada, C. Castelao, L. L. Senin et al., “FNDC5/irisin is not only a myokine but also an adipokine,” PLoS ONE, vol. 8, no. 4, Article ID e60563, 2013.
	B. Palacios-González, F. Vadillo-Ortega, E. Polo-Oteyza et al., “Irisin levels before and after physical activity among school-age children with different BMI: a direct relation with leptin,” Obesity, vol. 23, no. 4, pp. 729–732, 2015.
	 WHO Multicentre Growth Reference Study Group, “WHO Child Growth Standards based on length/height, weight and age,” Acta Paediatrica, vol. 450, pp. 76–85, 2006.
	L. Elizondo-Montemayor, N. G. Gutierrez, D. M. Moreno, U. Martínez, D. Tamargo, and M. Treviño, “School-based individualised lifestyle intervention decreases obesity and the metabolic syndrome in Mexican children,” Journal of Human Nutrition and Dietetics, vol. 26, supplement 1, pp. 82–89, 2013.
	S. B. Heymsfield, C. McManus, J. Smith, V. Stevens, and D. W. Nixon, “Anthropometric measurement of muscle mass: revised equations for calculating bone-free arm muscle area,” American Journal of Clinical Nutrition, vol. 36, no. 4, pp. 680–690, 1982.
	F. Schaefer, M. Georgi, A. Zieger, and K. Schärer, “Usefulness of bioelectric impedance and skinfold measurements in predicting fat-free mass derived from total body potassium in children,” Pediatric Research, vol. 35, no. 5, pp. 617–624, 1994.
	M. Hernandez-Trejo, G. Garcia-Rivas, A. Torres-Quintanilla, E. Laresgoiti-Servitje, and H. Staiger, “Relationship between irisin concentration and serum cytokines in mother and newborn,” PLoS ONE, vol. 11, no. 11, Article ID e0165229, 2016.
	N. M. Al-Daghri, K. M. Alkharfy, S. Rahman et al., “Irisin as a predictor of glucose metabolism in children: sexually dimorphic effects,” European Journal of Clinical Investigation, vol. 44, no. 2, pp. 119–124, 2014.
	S. R. Daniels, P. R. Khoury, and J. A. Morrison, “Utility of different measures of body fat distribution in children and adolescents,” American Journal of Epidemiology, vol. 152, no. 12, pp. 1179–1184, 2000.
	J. M. Moreno-Navarrete, F. Ortega, M. Serrano et al., “Irisin is expressed and produced by human muscle and adipose tissue in association with obesity and insulin resistance,” The Journal of Clinical Endocrinology & Metabolism, vol. 98, no. 4, pp. E769–E778, 2013.
	S. Barja-Fernández, C. Folgueira, C. Castelao et al., “FNDC5 is produced in the stomach and associated to body composition,” Scientific Reports, vol. 6, Article ID 23067, 2016.
	K. H. Park, L. Zaichenko, M. Brinkoetter et al., “Circulating irisin in relation to insulin resistance and the metabolic syndrome,” Journal of Clinical Endocrinology and Metabolism, vol. 98, no. 12, pp. 4899–4907, 2013.
	R. de la Iglesia, P. Lopez-Legarrea, A. B. Crujeiras et al., “Plasma irisin depletion under energy restriction is associated with improvements in lipid profile in metabolic syndrome patients,” Clinical Endocrinology, vol. 81, no. 2, pp. 306–311, 2014.
	V. Singhal, E. A. Lawson, K. E. Ackerman et al., “Irisin levels are lower in young amenorrheic athletes compared with eumenorrheic athletes and non-athletes and are associated with bone density and strength estimates,” PLoS ONE, vol. 9, no. 6, Article ID e100218, 2014.
	W. D. van Marken Lichtenbelt, J. W. Vanhommerig, N. M. Smulders et al., “Cold-activated brown adipose tissue in healthy men,” The New England Journal of Medicine, vol. 360, no. 15, pp. 1500–1508, 2009.
	L. A. Drubach, E. L. Palmer, L. P. Connolly, A. Baker, D. Zurakowski, and A. M. Cypess, “Pediatric brown adipose tissue: detection, epidemiology, and differences from adults,” Journal of Pediatrics, vol. 159, no. 6, pp. 939–944, 2011.
	R. Bassali, J. L. Waller, B. Gower, J. Allison, and C. L. Davis, “Utility of waist circumference percentile for risk evaluation in obese children,” International Journal of Pediatric Obesity, vol. 5, pp. 97–101, 2010.
	P. Brambilla, G. Bedogni, L. A. Moreno et al., “Crossvalidation of anthropometry against magnetic resonance imaging for the assessment of visceral and subcutaneous adipose tissue in children,” International Journal of Obesity, vol. 30, no. 1, pp. 23–30, 2006.
	N. Hou, F. Han, and X. Sun, “The relationship between circulating irisin levels and endothelial function in lean and obese subjects,” Clinical Endocrinology, vol. 83, no. 3, pp. 339–343, 2015.
	J. R. Fernández, D. T. Redden, A. Pietrobelli, and D. B. Allison, “Waist circumference percentiles in nationally representative samples of African-American, European-American, and Mexican-American children and adolescents,” Journal of Pediatrics, vol. 145, no. 4, pp. 439–444, 2004.
	S. Lee, F. Bacha, and S. A. Arslanian, “Waist circumference, blood pressure, and lipid components of the metabolic syndrome,” Journal of Pediatrics, vol. 149, no. 6, pp. 809–816, 2006.
	P. T. Katzmarzyk, S. R. Srinivasan, W. Chen, R. M. Malina, C. Bouchard, and G. S. Berenson, “Body mass index, waist circumference, and clustering of cardiovascular disease risk factors in a biracial sample of children and adolescents.,” Pediatrics, vol. 114, no. 2, pp. e198–e205, 2004.
	A. Viitasalo, J. Ågren, T. Venäläinen et al., “Association of plasma fatty acid composition with plasma irisin levels in normal weight and overweight/obese children,” Pediatric Obesity, vol. 11, no. 4, pp. 299–305, 2016.
	G. Çatlı, T. Küme, H. Ü. Tuhan et al., “Relation of serum irisin level with metabolic and antropometric parameters in obese children,” Journal of Diabetes and Its Complications, vol. 30, no. 8, pp. 1560–1565, 2016.
	Y. Bañuelos-Barrera, P. Bañuelos-Barrera, A. Álvarez-Aguirre, M. V. Gómez-Meza, and E. Ruiz-Sánchez, “Family, obesogenic environment, and cardiometabolic risk in Mexican school-age children,” Revista Mexicana de Cardiologia, vol. 27, no. 1, pp. 7–15, 2016.
	T. Flores-Dorantes, O. Arellano-Campos, R. Posadas-Sánchez et al., “Association of R230C ABCA1 gene variant with low HDL-C levels and abnormal HDL subclass distribution in Mexican school-aged children,” Clinica Chimica Acta, vol. 411, no. 17-18, pp. 1214–1217, 2010.
	V. Acuña-Alonzo, T. Flores-Dorantes, J. K. Kruit et al., “A functional ABCA1 gene variant is associated with low HDL-cholesterol levels and shows evidence of positive selection in Native Americans,” Human Molecular Genetics, vol. 19, no. 14, pp. 2877–2885, 2010.
	J. Ludvigsson, K. Huus, K. Eklöv, R. Klintström, and A. Lahdenperä, “Fasting plasma glucose levels in healthy preschool children: effects of weight and lifestyle,” Acta Paediatrica, International Journal of Paediatrics, vol. 96, no. 5, pp. 706–709, 2007.
	A. Hecksteden, M. Wegmann, A. Steffen et al., “Irisin and exercise training in humans—results from a randomized controlled training trial,” BMC Medicine, vol. 11, no. 1, article 235, 2013.
	S. Raschke, M. Elsen, H. Gassenhuber et al., “Evidence against a beneficial effect of irisin in humans,” PLoS ONE, vol. 8, Article ID e73680, 2013.
	T. Hofmann, U. Elbelt, A. Ahnis, P. Kobelt, M. Rose, and A. Stengel, “Irisin levels are not affected by physical activity in patients with anorexia nervosa,” Frontiers in Endocrinology, vol. 4, article 202, 2014.
	M. A. Bredella, P. K. Fazeli, L. M. Freedman et al., “Young women with cold-activated brown adipose tissue have higher bone mineral density and lower Pref-1 than women without brown adipose tissue: a study in women with anorexia nervosa, women recovered from anorexia nervosa, and normal-weight women,” Journal of Clinical Endocrinology and Metabolism, vol. 97, no. 4, pp. E584–E590, 2012.
	R. R. Kraemer, P. Shockett, N. D. Webb, U. Shah, and V. D. Castracane, “A transient elevated irisin blood concentration in response to prolonged, moderate aerobic exercise in young men and women,” Hormone and Metabolic Research, vol. 46, no. 2, pp. 150–154, 2014.
	B. M. Spiegelman, “Banting lecture 2012: regulation of adipogenesis: toward new therapeutics for metabolic disease,” Diabetes, vol. 62, no. 6, pp. 1774–1782, 2013.
	E. Albrecht, F. Norheim, B. Thiede et al., “Irisin—a myth rather than an exercise-inducible myokine,” Scientific Reports, vol. 5, article 8889, 2015.
	H. P. Erickson, “Irisin and FNDC5 in retrospect: an exercise hormone or a transmembrane receptor?” Adipocyte, vol. 2, pp. 289–293, 2013.


EPUB/Navigation/nav.xhtml


		

			

		  1. Introduction

		  2. Material and Methods

		  3. Results

		  4. Discussion

		  5. Conclusions

		  References 





EPUB/Content/page-template.xpgt
 

   


     
	 
    

     
	 
    


     
	 
    


     
         
             
             
             
        
    

  




