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ABBREVIATIONS 

ANS - Autonomic nervous system 

BMI – Body mass index 

BP – Blood pressure 

BR - Breathing rate 

CRF - Cardiorespiratory fitness 

cANS - Cardiac autonomic nervous system 

DBP – Diastolic blood pressure 

HF - High frequency 

HOMA - Homeostatic model assessment  

HR – Heart rate 

HRV – Heart rate variability 

HTN – Hypertension 

LF - Low frequency 

PSD - Power spectral density 

SampEn - Sample entropy  

SBP – Systolic blood pressure 

SNS - Sympathetic nervous system 

VO2 – Volume oxygen  
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CONDENSED ABSTRACT 

This cross sectional study is to assess the cardiac autonomic neural activity and its 

relationship with metabolic risk factors and cardiorespiratory fitness in the presence of 

abnormally increased body weight in youths. The key findings of the present study 

were the presence of a link between fasting insulin, heart rate variability and 

cardiorespiratory fitness. Increased fasting insulin is associated with higher sympatho-

vagal balance and lower cardiorespiratory fitness independently of the degree of 

obesity indicating the heterogeneity of obese children and adolescents. Better 

knowledge of the presence of cardiometabolic risk factors may contribute to the 

enhancement of the treatment´s efficiency in obese youth and consequently, to 

improvements in prognosis and life in adulthood. 
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CONDENSED ABSTRACT 

This cross sectional study is to assess the cardiac autonomic neural activity and its 

relationship with metabolic risk factors and cardiorespiratory fitness in the presence of 

abnormally increased body weight in youths. The key findings of the present study 

were the presence of a link between fasting insulin, heart rate variability and 

cardiorespiratory fitness. Increased fasting insulin is associated with higher sympatho-

vagal balance and lower cardiorespiratory fitness independently of the degree of 

obesity indicating the heterogeneity of obese children and adolescents. Better 

knowledge of the presence of cardiometabolic risk factors may contribute to the 

enhancement of the treatment´s efficiency in obese youth and consequently, to 

improvements in prognosis and life in adulthood. 
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ABSTRACT 

Objective:  The main objective of this cross sectional study is to assess the cardiac 

autonomic neural activity in the presence of abnormally increased body weight in 

youths and its relationship to metabolic risk factors and cardiorespiratory fitness. 

Methods: Sixty-four overweight and obese subjects, 9 to 17 years, of both sexes, 

stratified according to the international body mass index cut-off, were enrolled. 

Continuous electrocardiogram was recorded during 15 minutes in resting conditions, 

and the heart rate variability was measured in the time domain, frequency domain and 

for non-linear dynamics. In addition, cardiometabolic risk factors, and 

cardiorespiratory fitness in effort conditions were assessed. Results: Among the 

overweight and obese youths, no significant differences were observed regarding 

metabolic parameters and heart rate, although cardiorespiratory fitness was the 

lowest in the severe obese. Likewise, no significant differences were observed in heart 

rate variability, independent of how it was assessed. A positive and significant 

relationship, independent of the degree of obesity, pubertal stage and breathing rate 

under resting conditions, has been observed between sympatho-vagal balance, insulin 

and the HOMA index. Furthermore, cardiorespiratory fitness assessed by VO2peak was 

associated with insulin levels (r=-0.273; p<0.05), the standard deviation of the NN 

interval (SDNN: r=0.268, p<0.05) and the long term variation using the Poincaré plot 

(PS1: r=0.275, p<0.05; PS2 r=0.273, p<0.05). 

Conclusion: The key findings of the present study were the presence of a link between 

fasting insulin, heart rate variability and cardiorespiratory fitness independent of the 

degree of obesity, indicating the heterogeneity of obese children and adolescents. 
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INTRODUCTION 

Recent years have seen a rapid worldwide increase in obesity, especially among 

children and young people [1]. The adverse effects of weight gain on metabolic and 

cardiovascular function and the association of weight gain with a higher incidence of 

health problems later in life represent major issues in health care which have 

generated great concern over the last few years [2-5]. Indeed, considering the 

increasing tendency for obesity to appear during childhood and to track, to some 

extent, into adult life [6-8], as well as the firmly established relationships among 

obesity, type 2 diabetes, and hypertension (HTN) in adults, obese children appear to 

be at particularly high risk of becoming diabetic and hypertensive as they age.  

 

Hyperinsulinemia, high blood pressure (BP) and reduction in cardiovascular fitness are 

all associated with overweight and obesity. In a recent study [9], with 611 obese 

youths, 39%, 16.5% and 2.8% of this population presented 1, 2 or 3 risk factors, 

respectively, with hyperinsulinemia being the most prevalent, followed by lipid 

abnormalities and high BP. Moreover, obesity is inversely related to cardiorespiratory 

fitness (CRF), and when expressed by oxygen consumption during the effort test 

(VO2peak), it is a marker of cardiovascular morbidity and mortality [10]. 

 

The association between obesity and cardiometabolic risk factors, however, differs 

among obese patients. While some subjects with a mild degree of obesity have an 

increment in risk, others do not, even though they have a higher degree of obesity so, 

as a consequence, the concept of “healthy” obese has been proposed [11]. The 

challenge is to find out whether altered underlying mechanisms are present in order to 
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optimize interventions. Therefore, identifying these potential intermediate 

mechanisms for the development of cardiometabolic abnormalities may define a high 

risk group in obese youth. 

 

One of the potential mechanisms which could contribute to the cardiometabolic 

alterations is the imbalance in the activity of the autonomic nervous system (ANS). 

Experimental and clinical studies with overweight and obese populations have related 

autonomic nervous activity to obesity, mainly the sympathetic nervous system (SNS) 

[12-16]. The role of the autonomic imbalance in the over activity of the SNS, on BP 

values [15], hyperinsulinemia [14] and cardiorespiratory fitness has been studied in the 

adult population [17]; however, studies in children are scarce [18]. The main objective 

of this cross sectional study is to assess the cardiac ANS activity in the presence of 

abnormally increased body weight in youths and its relationship with metabolic risk 

factors BP and CRF.  

 

SUBJECTS AND METHODS 

Sixty-Four overweight and obese, 9 to 17 years old, of both sexes, from those who 

underwent an assessment of overweight/obesity in the Pediatric Department of the 

Consorcio Hospital General de Valencia (Spain) were enrolled. None of them had 

secondary obesity syndromes suffered from acute or chronic disease or had enrolled in 

weight loss programmes. Data about physical activity was obtained from physician-

patient clinical interviews. Anthropometric parameters, BP measurements and 

metabolic profile were assessed. In addition, heart rate (HR) and respiratory rate (BR) 

were measured in resting and effort conditions. While HRV was performed exclusively 
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under resting conditions from the recorded ECG signal, the CRF was evaluated as 

oxygen consumption during the effort test. The protocol was approved by the Ethical 

Committee of the Consorcio Hospital General de Valencia and a consent form was 

signed by the parents and the participants.  

 

Anthropometrics: 

Body weight was recorded to the nearest 0.1 kg using a standard beam balance scale 

with the individuals wearing light indoor clothing and no shoes. Height was recorded 

to the nearest 0.5 cm using a standardized wall-mounted height board.  Overweight 

and obesity have been qualified based on the recently published extended 

international (IOTF) body mass index cut-offs for thinness, overweight and obesity in 

children [19]. In this case, BMI values for age and sex between 25 and 30 are 

overweight, between 30 and 35 are obese and above 35 are morbid obese. Waist 

circumference was measured at the midpoint between the iliac crest and the costal 

margin in the mid-axillary line in the standing position at the end of a gentle 

expiration. Height and waist ratio was calculated.  

 

Blood pressure measurement and metabolic assessment 

Following the published recommendations of the European Society of Hypertension 

Guidelines [20], trained nurses measured the BP of each individual three times 

consecutively in the seated position at five minute intervals. Office BP was taken as the 

mean of the three measurements. Hypertension was defined when SBP and/or DBP 

were persistently higher than the 95th percentile specific for age, sex and height [20]. 
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Individuals were considered normotensive when both SBP and DBP were less than the 

90th for age, sex and height. 

 

Metabolic assessment was performed under fasting conditions in the early morning. 

Peripheral blood samples were obtained to measure glucose by the glucose oxidase 

method (Beckman Glucose Analyzer, Beckman Instruments, Fullerton, CA, USA) [21], 

insulin (Pharmacia Insulin RIA kit; Uppsala, Sweden) [22] and lipid profile. Homeostatic 

model assessment for insulin resistance (HOMA-IR) index was calculated by dividing 

the product of insulin (microunits per milliliter) and glucose (millimoles per liter) by 

22.5 [23]. Hyperinsulinism was defined from norms for pubertal stage [4,24,25]. 

Abnormal fasting lipids were defined from normative data [26].  

 

Monitoring Heart Rate Variability and Cardio Respiratory Fitness in resting and effort 

conditions 

The heart rate, BR and ECG signal, under resting conditions, were continuously 

measured and recorded using a TIPS shirt. The procedure lasted 15 minutes in which 

the patient, in fasting conditions, remained lying down in a quiet room at 23ºC 

temperature, following the recommendations summarized in Guixeres, et al. [27]. 

 

Cardiorespiratory fitness was measured according to a modified version of the Balke 

protocol for treadmills which consisted of two phases: an initial 3-min warm-up and 

the effort stage which lasted until the subject reaches 90% of the maximum theoretical 

HR.  The (HR)peak, the (BR)peak and the (VO2)peak are the corresponding values when the 

stopping criterion was reached. All the participants reached the stopping criterion of 
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the effort test. In addition, the BP [(Systolic BP)peak and (Diastolic BP)peak] were 

measured [28].  

 

Heart rate variability assessment 

The HRV of all the participants was analysed from the continuous 15 minute ECG signal 

recorded under resting conditions following the recommendations previously 

published [29-31]. These analyses have been performed in the time and frequency 

domain as well as in that regarding non-linear dynamics.  

 

Time domain analyses include statistical and geometric methods directly calculated 

from the inter-beat interval time-dependant series. Special attention was paid to the 

standard deviation of the NN interval series (SDNN). Frequency domain analyses used 

to calculate the total power spectral density (PSD), as well as the power density 

corresponding to low frequency (LF) and high frequency (HF), were performed using 

the Lomb-Scargle method. Both absolute (aLF, aHF and aTotal), as well as normalized 

values (nLF, nHF and LF/HF) are presented. It is worth noting that the intervals 

considered for LF and HF are 0.04-0.15 and 0.15-1, respectively. 

 

Non-linear dynamics were studied from the ECG signal using entropy base measures 

(sample entropy), Poincaré plot (PS) and fractal base measures (Detrended Fluctuation 

Analyses, DFA). While the first of them calculates the complexity of the whole signal, 

the other two differentiate between short and long term variation. To distinguish 

between them, a subscript 1 or 2 following the name of the procedure is used (i.e: P S1: 
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short term variation according to the Poincaré plot procedure, P S2: long term variation 

according to the Poincaré Plot).  

 

Statistical analysis 

The results were statistically analysed using SPSS version 16 (SPSS Inc., Chicago, Illinois, 

USA). Shapiro-Wilk and normal Q-Q plots were used to analyse the degree of normal 

distribution of the study population. One-way ANOVA was used to compare 

quantitative variables, followed by Bonferroni’s correction to control for multiple 

comparisons. Bi-variate partial correlation tests were performed to assess 

relationships among the different variables. Obesity degree, BR and Pubertal stage 

were considered as confounders. Those p-values lower than 0.05 were considered 

statistically significant. 

 

 

RESULTS 

General characteristics of the study population 

A total of 64 young Caucasian individuals were included in the study, of whom 14 

(22%) were overweight, 33 (51%) were moderately obese and 17 (27%) severely obese. 

No differences in age and sex distribution among groups were detected. Six subjects 

were hypertensive. All youth included in this cohort manifested a lack of physical 

activity other than the mandatory school activities. The general characteristics of the 

study population grouped by overweight and degree of obesity have been summarized 

in Table 1.  

 



11 

 

No significant differences were observed in insulin, HOMA-IR, fasting glucose, lipid 

profile, breath rate or in BP and HR under resting conditions. Despite the absence of 

statistical significance, severely obese subjects tend to have the highest values of 

insulin, HOMA-IR and systolic BP. Under effort conditions, however, significant 

differences in VO2peak, were observed between obese and overweight, BR and diastolic 

BP for the obese groups.  

 

Heart rate variability,   

Heart rate variability in the time and frequency domain and its non-linear components 

were analysed. All these parameters are summarized for each of the groups in Table 2. 

Significant differences were observed in the total power spectral density -calculated 

using the Lomb-Scargle method - between the moderate and severe obese. The rest of 

the parameters do not seem to follow well-defined trends. This suggests that obesity 

by itself is not responsible for altering cANS activity.  

 

Heart rate variability, metabolic profile and CRF   

The association of HRV parameters with metabolic profile, BP values and CRF were 

assessed by Pearson´s correlation coefficients in subjects excluding the hypertensives 

(Table 3). Obesity degree, pubertal stage and BR at rest were considered cofounders. 

Only normotensive subjects were included because of the bias HTN may introduce to 

the results of HRV assessment.  

 

Fasting insulin and HOMA-IR have presented significant positive correlations with the 

sympatho-vagal balance (LS_LF/HF: r=0.281, p<0.05; r=0.304, p<0.05, respectively); 
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however, no significant relationship was observed with BP at rest or under effort 

conditions.  

 

Cardiorespiratory fitness, assessed by VO2peak, was associated with the standard 

deviation of the NN interval (SDNN: r=0.268, p<0.05) and with the long-term variation 

using the Poincaré plot (PS1: r=0.275, p<0.05; P S2 r=0.273, p<0.05). These are in 

agreement with the fact that higher ECG signal complexity is expected in subjects with 

a lower degree of obesity. Finally, VO2peak was significantly associated with insulin (r=-

0.273; p<0.05), although with HOMA-IR it shows a trend (r=-0.236; p<0.09) when 

adjusted by degree of obesity, pubertal stage and BR in effort. 

 

Multivariant analysis relating the three components, metabolic (insulin levels), HRV 

(LS_LF/HF) and the CRF (VO2peak) and confounders has been performed. Insulin levels 

were independently related to LF/HF (p=0.003), VO2peak (p=0.028), pubertal stage 

(p=0.014) and BR at exercise (p=0.016). These factors explain 35% of the variance. 

Figure 1 summarizes how CRF, HRV and insulin are significantly related to each other.  

 

DISCUSSION 

 

In a pediatric population with a wide age range and BMI distribution, from overweight 

to severely obese, the activity of cANS was assessed through the HRV analysis of the 

ECG signal recorded under resting conditions. The key findings of the present study 

were the presence of a link between fasting insulin, HRV and CRF. Increased fasting 

insulin was associated with a higher sympatho-vagal balance and lower CRF, 
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independent of the degree of obesity and puberty, indicating the heterogeneity of 

obese children and adolescents. 

 

The study was performed in a cohort of overweight and obese individuals recruited 

from an obesity clinic and may not be representative of the general population. Six 

subjects (10%) were diagnosed with HTN. The overweight and obese population has 

been qualified following the new extended international body mass index cut-offs (19). 

Even though this reformulation is expected to lead to minor changes in existing 

thresholds, the main benefits among others are, its capability to be compared directly 

with the international and WHO cut-offs and the fact that they are exclusively for 

children and are not linked to the corresponding adult BMI values.  

 

Obesity is an increasingly prevalent condition which predisposes to the presence of 

cardiometabolic risk factors, hyperinsulinemia, HTN and lipid abnormalities [9]. It is 

important to reinforce that the present study was performed in a pediatric population 

in which comorbidities were not yet fully established. Data show that insulin levels 

correlate with cANS activity, measured in the frequency domain, independent of the 

degree of obesity and the pubertal stage. This finding coupled with non-significant 

differences of insulin levels between overweight and obese subjects, points out the 

potential role of cANS activity in the dysmetabolic state. While some studies [32-34] 

have concluded that insulin may trigger sympathetic excitatory effects on central 

adrenergic neural outflow, in others an increased adrenergic state has shown per se to 

favour the development and progression of a hyperinsulinemic state [35].  
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In addition to the evaluation of traditional parameters, the effort test, CRF, has been 

added and assessed by oxygen consumption, (VO2peak. In the evaluation of 

overweight/obese children and adolescents the assessment of CRF is regularly not 

included, even though the information gained can be relevant when categorizing the 

risk of obese subjects [10]. The effort test was performed using a modified Balke 

protocol suited for children and adolescents in which the speed and the inclination 

profile were modified. The main purpose of these modifications was to assure a more 

secure environment for the subjects participating in the study and to avoid reaching 

extenuation. Despite them, the procedure retains its discriminatory effect as described 

in Guixeres et al. [27]. During the exercise, lower (VO2peak was observed in obese 

subjects as compared with overweight ones, indicating the poorest CRF performance is 

most evident in the severely obese.  

 

Studies performed in adults [36] and recently in non-obese children [37] have related 

low (VO2peak with life expectancy in adults and metabolic abnormalities, like insulin 

resistance in children, respectively. In the present research, this finding has also been 

demonstrated, but in this case in the obese pediatric population. The low (VO2peak is 

inversely associated with fasting insulin, indicating that the lower the CRF the higher 

the risk for insulin resistance at this early stage of life and foreseeing the future risk to 

develop metabolic syndrome and type 2 diabetes. The concurrence of low CRF, high 

levels of insulin and diastolic BP values indicates the presence of subtle derangements 

of the cardiometabolic status, predicting a future increment of cardiovascular risk. 

Consequently, CRF is a relevant clinical parameter that could be included into the 

routine assessment of obese subjects. 
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Autonomic nervous system imbalance, assessed in the heart, may not only contribute 

to the development or stabilization of obesity (38,39) but it is also associated with 

cardiovascular mortality (40). Therefore, the study of the ANS function in the presence 

of obesity is of considerable clinical interest. Currently, several procedures [41-43] 

have been developed to assess the ANS activity. Nowadays, HRV has become one of 

the most popular methods (cANS), because it is simple, reliable and non-invasive. The 

HRV assessment is based on the NN interval duration in ECG, reflecting the complex 

interactions between the SNS and the parasympathetic one.   

 

In general, time and frequency domain analyses have been applied to assess the 

activity of ANS [41]. Moreover, an analysis performed by non-linear dynamics is 

becoming more frequent as complementary information [43,44]. The increment of 

cANS in those subjects with elevated insulin levels suggests that obesity itself does not 

alter the ECG signal variability in contrast with metabolic factors. These data are 

partially in agreement with the study of Baum et al. in which an ANS dysfunction was 

described in obese children and adolescents [45]. These data are partially in 

agreement with those of the study by Baum et al. in which an ANS dysfunction was 

described in obese children and adolescents [45]. Autonomic nervous system 

dysfunction, was characterized by both parasympathetic and sympathetic activity 

reduction, although the LF/LH ratio was positively related to body weight. Similarly, 

cANS abnormalities were observed in pre-obese and obese young adults [46]. 
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Non-linear dynamics evaluated with the Poincaré plot method have shown a positive 

correlation with VO2peak. The fact that both short and long term variations are 

positively related highlights the relationship between signal complexity and CRF [44]. 

Several studies have associated these variations with parasympathetic activity (PS1) 

and sympathetic modulation (PS2) [47] or as an indicator of vagal modulation (PS1) 

[48]. In either case, higher activity is associated with healthier subjects which at the 

end reach higher VO2peak values reflecting better CRF conditions. This is confirmed by 

the positive correlation between SDNN and VO2peak.  The coherence of these findings 

highlights the robustness of the Poincaré plot procedure in analysing non-linear 

dynamics under resting conditions and its application for predicting CRFs in an 

overweight and obese youth.     

 

Strengths and limitations of the present research need to be considered. Being a cross-

sectional study with a limited sample size does not allow for casual relationships 

among the parameters tested. Data from clinical samples may not be representative of 

the general population, and selection and referral bias was present. Moreover, no 

information about the duration of obesity was available, a factor that can influence 

cANS. The lack of physical activity, other than that mandatory at school was common 

for all subjects. Combining the information of traditional parameters with those 

coming from the assessment of cANS in a cohort of young people with a wide BMI 

distribution and heterogeneous metabolic abnormalities contributes relevant 

information to the link between the cANS activity, metabolic status and CRF, 

strengthening the relevance of the study. 
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The present work deals with an under investigated area in pediatric patients, adding 

significant insights into the links among metabolic parameters, CRF and HRV in the 

presence of abnormally increased body weight. In addition, it reflects the 

heterogeneity of obese subjects with autonomic imbalance and the association of this 

latter one with cardiometabolic risk factors. Better knowledge of the presence of 

cardiometabolic risk factors may contribute to an enhancement of treatment 

efficiency in obese youth, and consequently improve prognosis and quality of life in 

adulthood. Longitudinal studies should be performed to determine whether or not 

cANS imbalance can be a cause or a consequence of the metabolic and cardiovascular 

alterations linked to obesity. 

  



18 

 

CONFLICTS OF INTEREST AND SOURCE OF FUNDING 

 

The study was partially funded by grant number PI14/01781, Instituto de Salud Carlos 

III, Spain and CIBER Fisiopatología Obesidad y Nutrición (CB06/03), FEDER funds, 

Instituto de Salud Carlos III, Spain. 

The authors declare no conflicts of interest. 

 

  



19 

 

REFERENCES 

 

1. Global status report on noncommunicable diseases 2014. World Health 

Organization. Available at 

http://apps.who.int/iris/bitstream/10665/148114/1/9789241564854_eng.pdf.  Last 

accessed 10th November 2015. 

2. Wright CM, Parker L, Lamont D, Craft AW. Implications of childhood obesity for adult 

health: findings from thousand families cohort study. BMJ 2001; 323: 1280-1284.  

3. Lawlor DA, Leon DA. Association of body mass index and obesity measured in early 

childhood with risk of coronary heart disease and stroke in middle age: findings from 

the aberdeen children of the 1950s prospective cohort study. Circulation 2005; 111: 

1891-1896. 

4. Viner RM, Segal TY, Lichtarowicz-Krynska E, Hindmarsh P. Prevalence of the insulin 

resistance syndrome in obesity. Arch Dis Child 2005; 90: 10-14. 

5. Sinaiko AR, Steinberger J, Moran A, Prineas RJ, Vessby B, Basu S, et al. Relation of 

body mass index and insulin resistance to cardiovascular risk factors, inflammatory 

factors, and oxidative stress during adolescence. Circulation 2005; 111: 1985-1991. 

6.  Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH. Predicting obesity in young 

adulthood from childhood and parental obesity. N Engl J Med 1997; 337: 869-873. 

7. Juonala M, Magnussen CG, Berenson GS, Venn A, Burns TL, Sabin MA, et al. 

Childhood adiposity, adult adiposity, and cardiovascular risk factors. N Engl J Med 

2011; 365: 1876-1885. 

8. Freedman DS, Khan LK, Serdula MK, Dietz WH, Srinivasan SR, Berenson GS. The 

relation of childhood BMI to adult adiposity: the Bogalusa Heart Study. Pediatrics 2005; 

115: 22-27. 

9. Lurbe E, Ingelfinger JR. Blood pressure in children and adolescents—current insights. 

J Hypertens 2016;34:176-183. 

10. Spencer RM, Heidecker B, Ganz P. Behavioral Cardiovascular Risk Factors - 

Effect of Physical Activity and Cardiorespiratory Fitness on Cardiovascular 

Outcomes. Circ J. 2016;80:34-43. 

http://apps.who.int/iris/bitstream/10665/148114/1/9789241564854_eng.pdf


20 

 

11. Kim SH, Després JP, Koh KK. Obesity and cardiovascular disease: friend or foe? Eur 

Heart J. 2015;18. [Epub ahead of print] DOI: 10.1093/eurheartj/ehv509. 

12. Malpas SC. Sympathetic nervous system overactivity and its role in the 

development of cardiovascular disease. Physiol Rev 2010; 90: 513-557. 

13. Baum P, Petroff D, Classen J, Kiess W, Blüher S. Dysfunction of autonomic nervous 

system in childhood obesity: a cross-sectional study. PLoS One 2013; 8: e54546. 

14. Thorp AA, Schlaich MP. Relevance of Sympathetic Nervous System Activation in 

Obesity and Metabolic Syndrome. J Diabetes Res 2015; 2015: 341583. 

15. Kotsis V, Nilsson P, Grassi G, Mancia G, Redon J, Luft F, et al; WG on Obesity, 

Diabetes, the High Risk Patient, European Society of Hypertension. New developments 

in the pathogenesis of obesity-induced hypertension. J Hypertens 2015; 33: 1499-

1508. 

16. Grassi G, Seravalle G, Dell'oro R. Sympathetic activation in obesity: a noninnocent 

bystander. Hypertension 2010; 56: 338-340. 

17 Fairchild TJ, Klakk H, Heidemann M, Andersen LB, Wedderkopp N. Exploring the 

Relationship between Adiposity and Fitness in Young Children. Med Sci Sports Exerc 

2016;26. [Epub ahead of print]. 

18. da Silva DF, Bianchini JA, Antonini VD, Hermoso DA, Lopera CA, Pagan BG, et al. 

Parasympathetic cardiac activity is associated with cardiorespiratory fitness in 

overweight and obese adolescents. Pediatr Cardiol 2014; 35: 684-690. 

19. Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-offs for 

thinness, overweight and obesity. Pediatr Obes 2012;7:284-94.  

20.  Lurbe E, Agabiti-Rosei E, Cruickshank JK, Dominiczak A, Erdine S, Hirth A, 

et al. 2016 European Society of Hypertension guidelines for the management of high 

blood pressure in children and adolescents. J Hypertens. 2016;34:1887-1920. 

21.  Morrison B. Use of the Beckman glucose analyzer for low and high glucose values. 

Clin Chim Acta 1972; 42: 192. 

22.  Hales CN, Randle PJ. Immunoassay of insulin with insulin antibody preciptate. 

Lancet 1963; 1: 200.  

23. Quon MJ. Limitations of the fasting glucose to insulin ratio as an index of insulin 

sensitivity. J Clin Endocrinol Metab 2001; 86: 4615-4617. 

http://www.ncbi.nlm.nih.gov/pubmed/26685971
http://dx.doi.org/10.1093/eurheartj/ehv509
http://www.ncbi.nlm.nih.gov/pubmed/27116646
http://www.ncbi.nlm.nih.gov/pubmed/27116646
http://www.ncbi.nlm.nih.gov/pubmed/22715120
http://www.ncbi.nlm.nih.gov/pubmed/22715120


21 

 

24. Goran MI and Gower BA. Longitudinal study on pubertal insulin resistance. 

Diabetes 2001;50:2444-2450. 

25. Alberti KG. Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus 

and its complication. Part I. diagnosis and classification of diabetes mellitus provisional 

report of the WHO consultation. Diabet Med 1998;15:539-553. 

26. Daniels SR, Greer FR; Committee on Nutrition. Lipid screening and cardiovascular 

health in childhood. Pediatrics 2008; 122: 198-208. 

27.  Guixeres J, Redon P, Saiz J, Alvarez J, Torró MI, Cantero L, Lurbe E. Cardiovascular 

fitness in youth: association with obesity and metabolic abnormalities. Nutr Hosp 

2014; 29: 1290-1297. 

28. Wahrlich V, Anjos LA, Going SB, Lohman TG. Validation of the VO2000 calorimeter 

for measuring resting metabolic rate. Clin Nutr 2006; 25: 687-692. 

29.  Heart rate variability. Standards of measurement, physiological interpretation, and 

clinical use. Task Force of the European Society of Cardiology and the North American 

Society of Pacing and Electrophysiology. Eur Heart J 1996; 17: 354-381. 

30.  Zygmunt A, Stanczyk J. Methods of evaluation of autonomic nervous system 

function. Arch Med Sci 2010; 6: 11-18. 

31. Sassi R, Cerutti S, Lombardi F, Malik M, Huikuri HV, Peng CK, et al. Advances in 

heart rate variability signal analysis: joint position statement by the e-Cardiology ESC 

Working Group and the European Heart Rhythm Association co-endorsed by the Asia 

Pacific Heart Rhythm Society. Europace 2015; 17: 1341-1353. 

32. Brands MW, Hildebrandt DA, Mizelle HL, Hall JE. Sustained hyperinsulinemia 

increases arterial pressure in conscious rats. Am J Physiol 1991; 260: R764-R768. 

33. Berne C, Fagius J, Pollare T, Hjemdahl P. The sympathetic response to euglycaemic 

hyperinsulinaemia. Evidence from microelectrode nerve recordings in healthy subjects. 

Diabetologia 1992; 35: 873-879. 

34. Lembo G, Napoli R, Capaldo B, Rendina V, Iaccarino G, Volpe M, et al. Abnormal 

sympathetic overactivity evoked by insulin in the skeletal muscle of patients with 

essential hypertension. J Clin Invest 1992; 90: 24-29. 

35. Masuo K, Mikami H, Ogihara T, Tuck ML. Sympathetic nerve hyperactivity precedes 

hyperinsulinemia and blood pressure elevation in a young, nonobese Japanese 

population. Am J Hypertens 1997; 10: 77-83. 



22 

 

36. Shah RV, Murthy VL, Colangelo LA, Reis J, Venkatesh BA, Sharma R, et al. 

Association of Fitness in Young Adulthood With Survival and Cardiovascular Risk:  

The Coronary Artery Risk Development in Young Adults (CARDIA) Study. JAMA Intern  

Med. 2016;176:87-95.  

37. Ortega FB, Ruiz JR, Castillo MJ, Sjöström M. Physical fitness in childhood and 

adolescence: a powerful marker of health. International Journal of Obesity 2008; 32: 1-

11.  

38. Bahler L, Molenaars RJ, Verberne HJ, Holleman F. Role of the autonomic nervous 

system in activation of human brown adipose tissue: A review of the literature. 

Diabetes Metab. 2015;41:437-445. 

39. Thorp AA, Schlaich MP. Relevance of Sympathetic Nervous System Activation in 

Obesity and Metabolic Syndrome. J Diabetes Res. 2015;2015:341583. 

40. Wulsin LR, Horn PS, Perry JL, Massaro JM, D'Agostino RB. Autonomic Imbalance as 

a Predictor of Metabolic Risks, Cardiovascular Disease, Diabetes, and Mortality. J Clin 

Endocrinol Metab. 2015;100:2443-2448. 

41.  Martini G, Riva P, Rabbia F, Molini V, Ferrero GB, Cerutti F, et al. Heart Rate 

Variability in childhood obesity. Clinical Autonomic Research 2001; 11: 87-91.    

42.  Vanderlei F.M, Vanderlei LC. M, Abreu LC, Garner D. Entropic Analysis of HRV in 

Obese Children.  International Archives of Medicine. 2015; 8: 200. 

43.  Lewis MJ, Short AL. Sample entropy of electrocardiographic RR and QT time series 

data during rest and exercise. Physiological Measurement. 2007; 28: 731-744. 

44.  Francid DP, Willson K, Georgiadou P, Wensel R, Davies LC, Coats A, Piepoli M. 

Physiological basis of fractal complexity properties of heart rate variability in man. 

Journal of Physiology. 2002; 542: 619-629. 

45. Baum P, Petroff D, Classen J, Kiess W, Blüher S. Dysfunction of autonomic nervous 

system in childhood obesity: A cross-sectional study. PLOS One 2013;8:e54546. 

46. Indumathy J, Pal GK, Pal P, Ananthanarayanan PH, Parija SC, Balancher J, Dutta TK. 

Association of sympathovagal imbalance with obesity indices and abnormal metabolic 

biomarkers and cardiovascular parameters. Obesity Research & Clinical Practie. 

2015;9:55-66. 



23 

 

47. Brennan M, Palaniswami M, Kamen P. Poincaré plot interpretation using a 

physiological model of HRV based on a network of oscillators. Am J Physiol 

2002;283:1873-86. 

48. Kamen PW, Krum H, Tonkin AM. Poincaré plot of heart rate variability allows 

quantitative display of parasympathetic nervous activity. Clin Sci 1996;91:201-208. 

 

 

 

 

  



24 

 

LEGEND OF FIGURES 

 

Figure 1. Pearson´s correlation coefficients (p<0.05) showing the link between insulin, 

heart rate variability and cardiorespiratory fitness. All correlations were adjusted by 

degree of obesity, pubertal stage and BR (baseline when HRV and in effort when 

VO2peak was considered, respectively). 

Ω r denotes the relationship between LS_LF/HF and fasting insulin 

¥ r denotes the relationship between SDNN, Poincaré S1 and S2 

* r denotes the relationship between insulin and VO2peak 

See text for details 

 



Reviewer #1: 
The manuscript has improved, but still has several inaccuracies. 
 
* The purpose of the study is "to assess the cardiac ANS activity in the presence of abnormally 
increased body weight in youths and its relationship with metabolic risk factors, BP and CRF". 
Results demonstrate that insulin and HOMA are associated positively and independently of obesity 
degree, puberty and breathing rate with HRV and insulin is negatively associated with CRF. 
However, the association between CRF and insulin is not reported in the Abstract (only in 
condensed abstract). Furthermore, the relation between CRF and HOMA is not described and the 
negative correlation of insulin with CRF shown in Figure 1 does not seem to be adjusted for puberty 
and obesity (which is essential). This association must be also reported in the text of Results. 
 
 

The information requested has been added in the abstract “…VO2peak, was associated with 

insulin levels (r=-0.273; p<0.05)…” On page 12, first paragraph: “Finally, VO2peak was 
significantly associated with insulin (r=-0.273; p<0.05), although with HOMA-IR it shows a 
trend (r=-0.236; p<0.09) when adjusted by degree of obesity, pubertal stage and BR in 
effort.” 
 
The caption for Figure 1 has been revised to explain the confounders included. “Figure 1. 
Pearson´s correlation coefficients (p<0.05) showing the link between insulin, heart rate 
variability and cardiorespiratory fitness. All correlations were adjusted by degree of 
obesity, pubertal stage and BR (baseline when HRV and in effort when VO2peak was 
considered, respectively).”   
  

 
* In the revised version of the manuscript, subjects are categorized into hyperinsulinemic, 
hypertensive and perhaps in the original intention of the authors in dyslipidemic (in Methods is 
mentioned a category of "abnormal lipids" that however is not reported in Results). If the main 
result of the study is the association of insulin with cardiac autonomic neural activity, why the 
authors did not assess whether the autonomic dysfunction is more pronounced in hyperinsulinemia 
subjects? In any case, I would suggest to identify the "high insulin" levels using the reference values 
of insulin in a large population of children aged 7-20 years (Pediatrics 2012; 129, e1020). 
 

Data for the lipid profile were included as a baseline variable to exclude extreme dyslipemic 
subjects, such as familial hypercholesterolemia or other genetic causes, but they were not 
relevant for the purpose of the study. 
 
Hyperinsulinemia was defined following the criterion used in reference 24. In addition, we 
added the sources for the reference values (Goran and Gower, 2001; Alberti and Zimmet, 
1998). The use of other criteria, such as those recommended by the reviewer, does not add 
any relevant issues. To the contrary, the criteria used in the present study are more 
accepted by the scientific community. This is reflected by the number of the citations. Those  
recommended by the reviewer  have been poorly quoted in the literature (referenced on 
only 20 occasions). In contrast, the criteria used in the present study have been widely 
quoted (358 references, 15 in the last six months).  
 

 

Reply to Reviewers



* Reference 24 for hyperinsulinism is incorrect and should be removed. The reference for adult 
WHO criteria of hyperinsulinism (>20 mU/l) is missing. 

 
Reference 24 has been replaced by Goran and Gower, 2001 (24); for adult criteria, Alberti 
and Zimmet, 1998 (25) has been added. 

 
* HOMA is incorrectly defined "homeostatic model assessment index" rather than HOMA-IR 
"homeostatic model assessment for insulin resistance". 
 

This semantic issue has been resolved. 
 
* The ref 20 should be updated with the latest 2016 European Society of Hypertension guidelines 
for the management of high blood pressure in children and adolescents 
 

The authors of the manuscript are quite aware of the new guidelines; however, the present 
research was undertaken well before their publication. They differ from the previous one in 
the definition of hypertension in subjects 16 years or older. That notwithstanding, use of the 
2016 guidelines resulted in no changes to the classification of the subjects. The reference of 
the Guidelines has been updated.  

 
* The reference 26 does not seem appropriate 
 

We are not in agreement with this comment. The paper is relevant and related to the topic 
of the present work. Moreover, the paper is included in Pubmed free for download and with 
impact factor. 

 
* The obesity index reported in Table 1 (height/waist ratio) is incorrect because the commonly used 
index of obesity is the waist/height ratio (for which there are reference data). 
 

This has been rectified.  
 
* Values in Table 1 and 2 should be adjusted for age and puberty (better if also for gender). Tanner 
stage (at least the % of prepubertal) should be included in Table 1. 
 

In our opinion, the suggested adjustments add no relevance, particularly when no 
differences in age or gender exist.  
 
The percentage of the prepubertal stage has been included. 

 
* Figure 1 is confusing because the length of the sides of the triangle does not correspond to the r 
value. It should include the statistical significance. A multivariate analysis with HRV as dependent 
variable and CRF, insulin, w/h and Tanner stage (or with insulin as dependent variable) should 
clarify the relationships among these factors 
 

Figure 1 is conceptual and not a mathematical expression. Multivariant analysis relating the 
three components, metabolic (insulin levels), HRV (LS_LF/HF) and the CRF (VO2peak) has been 
performed. Insulin levels were independently related to LF/HF (p=0.003), VO2peak (p=0.028), 
pubertal stage (p=0.014) and BR at exercise (p=0.016). These factors explain 35% of the 



variance.  
 
Multiple regression analysis table: factors related to insulin levels 
 
 
 Beta coefficient P value R2 

   0.35 
LF/HF 0.393 0.003  
VO2peak -0.293 0.028  
Pubertal stage 0.309 0.014  
BR at exercise 0.319 0.016  

 
 
This data has been included on Page 12, paragraph two. “Multivariant analysis relating the 
three components, metabolic (insulin levels), HRV (LS_LF/HF) and the CRF (VO2peak) and 
confounders, has been performed. Insulin levels were independently related to LF/HF 
(p=0.003), VO2peak (p=0.028), pubertal stage (p=0.014) and BR at exercise (p=0.016). These 
factors explain 35% of the variance.”  

 
* In the Discussion, page 12 line 6, "independently of obesity degree and puberty" instead of 
"independently of obesity degree"; page 12 line 9 eliminate "and non-diabetic individuals were 
present"; the last 6 lines of page 12 should be deleted. Page 13 line 4 "hyperinsulinemia" should be 
replaced with "insulin levels". Page 14 "Autonomic nervous system imbalance, assessed in the 
heart, may not only contribute to the development or stabilization of obesity (add reference) but is 
also associated with cardiovascular mortality (add reference)". Page 15 line 4 the description of 
Baum et al results should be expanded (her results are not completely in accord with the results of 
this study). 
 

The suggested changes have been made: 
 

page 13 line 1, "independent of the degree of obesity and of puberty" instead of 
"independently of obesity degree." 

 
page 13 line 4, eliminate "and non-diabetic individuals were present." 
 
The last 6 lines of the first paragraph in Discussion should be deleted: We believe that they 
clarify concepts to readers, not experts in the field. 
 
Page 13 line 14, "hyperinsulinemia" should be replaced with "insulin levels." 
 
Page 15  The references requested have been added: "Autonomic nervous system 
imbalance, assessed in the heart, may not only contribute to the development or 
stabilization of obesity (Bahler L, Molenaars RJ, Verberne HJ, Holleman F. Role of the 
autonomic nervous system in activation of human brown adipose tissue: A review of the 
literature. Diabetes Metab. 2015;41:437-445; Thorp AA, Schlaich MP. Relevance of 
Sympathetic Nervous System Activation in Obesity and Metabolic Syndrome. J Diabetes 
Res. 2015;2015:341583), but it is also associated with cardiovascular mortality (Wulsin LR, 
Horn PS, Perry JL, Massaro JM, D'Agostino RB. Autonomic Imbalance as a Predictor of 



Metabolic Risks, Cardiovascular Disease, Diabetes, and Mortality. J Clin Endocrinol Metab. 
2015;100:2443-2448)." 
 

Page 15 line 4 the description of Baum et al. results has been expanded. Page 15, second 
paragraph, “These data are partially in agreement with those of the study by Baum 
et al. in which an ANS dysfunction was described in obese children and 
adolescents [45]. Autonomic nervous system dysfunction was characterized by 
both parasympathetic and sympathetic activity reduction, although the LF/LH ratio 
was positively related to body weight. Similarly, cANS abnormalities were 
observed in pre-obese and obese young adults [46]. 

 
 
* Several sentences of the manuscript are incomplete or disconnected (third last line of page 5, last 
sentence of page 6, first line of page 7) 
 

The manuscript has been reviewed for the incomplete or disconnected sentences: 
 
“…even though they have a higher degree of obesity, and as a consequence the concept of 
“healthy” obese has been proposed [11].” 

 
“While HRV was performed exclusively under resting conditions from the recorded ECG 
signal, the CRF was evaluated as oxygen consumption during the effort test.” 
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Table 1. General characteristics of the study population grouped by overweight and degree 

of obesity  

 

Values are average ± standard deviation. BMI body mass index,  HDL, high-density lipoprotein; 

HOMA, homeostatic model assessment; LDL, low-density lipoprotein; VO2, oxygen 

consumption¸ SBP systolic blood pressure; DBP Diastolic Blood Pressure; brpm breath per 

minute; bpm beat per minute;  P < 0.05. 

*denotes significant differences among groups  
Ω denotes significant differences with overweight 
¥ denotes significant differences with moderate obese 
 

Parameter Overweight Moderate  
Obese 

Severe  
Obese 

p-value 

Subjects, n (%) 14 (22) 33 (51) 17 (27)  

Sex (M/F) 10/4 18/15 13/4     0.244 

Age (years) 12.8 ± 1.1 12.0 ± 2.0 11.7 ± 2.4      0.260 

Weight (kg) 65.2 ± 9. 9 66.8 ± 15.0 84.3 ± 18.1¥ Ω 0.000* 

Height (cm) 162.4 ± 11.0  152.6 ± 10.8  Ω 157.6 ± 11.8 0.024* 

BMI (kg/m2) 24.6 ± 1.2 28.2 ± 3.0 Ω 33.5 ± 3.5¥ Ω 0.000* 

Waist (cm) 90.0 ± 6.3 93.2 ± 12.0 Ω 103.9 ± 8.2¥ Ω 0.000* 

Waist/Height   0.56 ± 0.03 0.61 ± 0.06 Ω 0.66 ± 0.0.4¥ Ω 0.000* 

Prepubertal stage, n (%) 5 (36) 16 (48) 11 (65)  

Hypertension, n 1 3 2  
 
Metabolic 

    Fasting glucose (mg/dl) 84.6 ± 6.3 85.4 ± 6.3 87.0 ± 6.5 0.564 

Fasting insulin (mU/ml) 10.0 ± 4.2 13.3 ± 12.0 17.0 ± 8.0 0.154 

HOMA Index 2.1 ± 1.0 2.8 ± 2.8 3.2± 2.0 0.258 
LDL cholesterol (mg/dl) 96.7 ± 29.0 93.3 ± 24.3 98.1 ± 18.4 0.773 

HDL cholesterol(mg/dl) 47.5 ± 10.9 47.0 ± 9.6 45.8 ± 9.1 0.872 

Triglycerides (mg/dl) 100.3 ± 48.0 83.5 ± 32.0 95.7 ± 40.3 0.317 
 
Resting Conditions 

    Breath rate (brpm) 13.0 ± 4.9 14.1 ± 6.1 13.7 ± 6.6 0.863 

SBP (mmHg) 108.1 ± 8.7 110.6 ± 11.4 114.1 ± 10.6 0.293 

DBP (mmHg) 63.7 ± 9.9 65.7 ± 8.8 66.6 ± 20.4 0.825 

Heart rate (bpm) 75.0 ± 11.0 73.3 ± 23.1 81.8 ± 20.2 0.392 
 
Effort Conditions 

    VO2 (mlO2/min*kg) 31.3 ± 7.1  26.9 ± 3.8 Ω 24.5 ± 5.3¥ 0.001* 

Breath rate (brpm) 41.7 ± 13.5 41.4 ± 8.7 50.0 ± 14.0¥ 0.037* 

SBP (mmHg) 130.4 ± 12.9 130.1 ± 13.8 133.1 ± 14.9 0.758 

DBP (mmHg) 68.4 ± 5.7 72.8 ± 8.4 78.3 ± 8.0¥ 0.003* 

     

Table



Table 2. Heart rate variability parameters grouped by overweight and obesity degree (n=64) 
 

    Obese   

Parameters Overweight Moderate Severe p-value 

Number 14 33 17   

Time domain 

SDNN (ms) 178.63 ± 156.22 211.38 ± 201.06 136.21 ± 86.22 0.303 

Frequency domain 

LS_LF(ms2) 0.01 ± 0.01 0.01 ± 0.01 0.01 ± 0.01 0.814 

LS_HF(ms2) 0.04 ± 0.04 0.02 ± 0.01  0.06 ± 0.04 ¥ 0.005* 

LS_Total(ms2) 0.06 ± 0.04 0.05 ± 0.02 0.07 ± 0.05 0.062 

LS_LF (n.u) 0.28 ± 0.11 0.32 ± 0.12 0.25 ± 0.16 0.171 

LS_HF (n.u) 0.72 ± 0.11 0.68 ± 0.11 0.75 ± 0.16 0.171 

LS_LF/HF  0.43 ± 0.23  0.50 ± 0.35 0.47 ± 0.53 0.849 

Non-linear dynamics 

Poincare S1 (ms) 153.19 ± 159.76 178.02 ± 188.14 103.49 ± 74.95 0.272 

Poincare S2 (ms) 198.67 ± 155.64 238.69 ± 214.89 160.85 ± 99.06 0.315 

Sample entropy 1.40 ± 0.45 1.33 ± 0.52 1.36 ± 0.39 0.916 

DFA short term 0.74 ± 0.21 0.74 ± 0.16 0.75 ± 0.21 0.977 

DFA long term 0.71 ± 0.17 0.77 ± 0.17 0.73 ± 0.21 0.548 

SDNN standard deviation of the NN interval series; ms miliseconds 
LS denotes the Lomb-Scargle method to calculate frequency domain parameters 
LF low frequency; HF high frequency 
ms2 power; n.u normalized values 

DFA detrended fluctuation analyses 
*denotes significant differences among groups  
¥ denotes significant differences with moderate overweight 

Table



 
Table 3. Pearson´s correlation coefficients among heart rate variability parameters, insulin and cardiorespiratory fitness in normotensives, adjusted by 
confounders (n=58)  
 
 
 Time domain  Frequency domain 

 
 Non linear dynamics 

 
SDNN (ms)  

LS_LF 
(ms2) 

LS_HF 
(ms2) 

LS_Total 
(ms2) 

LS_LF 
(n.u) 

LS_HF 
(n.u) 

LS_LF/HF  
Poincare  
S1 (ms) 

Poincare  
S2 (ms) 

Sample 
entropy 

DFA 
α1 

DFA   
α2 

 

Adjusted by obesity degree, pubertal stage and baseline respiration rate  

Metabolic profile              

Insulin (mU/ml) -0.009  0.099 0.086 0.096 0.131 -0.131 0.281*  -0.000 -0.013 -0.054 0.109 -0.181 

HOMA index -0.010  0,145 0.079 0.094 0.162 -0.162 0.304*  -0.005 -0.012 -0.079 0.172 -0.138 

               

Resting conditions              

Systolic BP (mmHg) -0.208  0.072 0.040 0.044 0.086 -0.086 -0.132  -0.210 -0.208 0.117 0.181 0.128 

Diastolic BP (mmHg) -0.058  0.185 0.064 0.105 0.012 -0.012 -0.054  -0.065 -0.045 -0.053 0.273 0.082 

 

Adjusted by obesity degree and effort respiration rate 

Effort test              

Systolic BP (mmHg) -0.240  0.022 -0.061 -0-074 -0.089 0.089 -0.084  -0.243 -0.238 0.211 0.091 0.184 

Diastolic BP (mmHg) 0.081  -0.065 -0.170 -0.149 -0.088 0.088 -0.161  0.101 0.061 0.094 -0.026 0.078 

(VO2)peak 0.268*  0.015 -0.140 -0.094 0.150 -0.150 0.138  0.275* 0.273* -0.198 -0.098 0.080 

BP blood pressure.  HOMA homeostatic model assessment 

SDNN standard deviation of the NN interval series; ms miliseconds 
LS denotes the Lomb-Scargle method to calculate frequency domain parameters LF low frequency; HF high frequency 
ms2 power; n.u normalized values 

DFA detrended fluctuation analyses *denotes statistical significant (p<0.05) 

Table


