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Abstract
Introduction: Diabetes mellitus type 1 has been established as one of the most common 
noncommunicable diseases among children, diabetic autonomic dysfunction presenting as one of its 
most frequent complications, however, few studies have evaluated autonomic modulation through heart 
rate variability in diabetic children.
Objective: To analyze the autonomic modulation in children with diabetes mellitus type 1.
Methods: Data from 36 children of both sexes were analyzed, who were divided into two groups: 
Diabetes mellitus type 1, n = 13 (11.62 ± 2.18) with a diagnosis of Diabetes mellitus type 1 and control, 
n = 23 (11.04 ± 1.02) without the disease. Initially personal data, weight, height, heart rate and blood 
pressure were collected. Subsequently, for the analysis of autonomic modulation, the heart rate beat-
to-beat was captured using a heart rate monitor in the supine position for 30 minutes. The geometric 
indices (RRtri, TINN, Poincaré plot) were calculated to analyze autonomic modulation. The Student t 
test for parametric data or the Mann-Whitney test for nonparametric data, with a 5% signifi cance level, 
were used for comparison between groups.
Results: The results demonstrated a reduction in RRtri, TINN, SD1 and SD2 in diabetic children. The 
SD1/SD2 ratio was similar between groups. In the qualitative analysis of the Poincaré plot, the children 
with Diabetes mellitus type 1 presented a fi gure with less dispersion of the points when compared to the 
control children.
Conclusion: Children with diabetes mellitus type 1 have reduced overall variability and parasympathetic 
modulation.
Keywords: Diabetes Mellitus Type 1, Child, Autonomic Nervous System.
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 INTRODUCTION

Diabetes mellitus type 1 (DM1), characterized as 
being an autoimmune disease that results from the de-
struction of pancreatic beta cells due to a genetic altera-
tion that causes a defi ciency in insulin secretion1, is be-
coming increasingly common in childhood. It is estimated 
that worldwide there are nearly 500,000 children under 15 
years of age with the disease2,3.

DM1 entails several complications1, diabetic auto-
nomic neuropathy being one of the most common, which 
generally manifests itself initially in the cardiovascular 
system, triggering cardiovascular autonomic neuropathy 
(CAN)4,5.
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CAN may represent an important negative factor 
as it generates an unbalanced condition of the autonomic 
nervous system (ANS)5. Thus, studying the dynamics of 
this system could generate knowledge on how neuropa-
thies are established and how they can alter the sympa-
thetic and parasympathetic branches of ANS5,6.

One way to assess the ANS is through heart rate 
variability (HRV)7, which describes the fl uctuations of in-
tervals between consecutive heart beats (RR intervals) and 
provides information on the diagnosis and prognosis of 
several diseases7,8.

Among the methods used for the analysis of HRV 
are the geometrical methods – triangular index (RRtri), 
the triangular interpolation of NN intervals histogram 
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(TINN) and the Poincaré plot – which convert RR in-
tervals into geometric patterns and allow the analysis of 
HRV through the geometric or graphic properties of the 
resulting patterns9.

RRtri and TINN are calculated from the construc-
tion of a density histogram of normal RR intervals, where 
the duration of RR intervals is represented in the x axis 
and the frequency with which they occur in the y axis. 
The union of the points of the histogram columns forms 
a fi gure similar to a triangle from which these indices are 
extracted10,11.

The Poincaré plot is considered by some authors as 
a nonlinear method, representing the nature of time series 
fl uctuations12-14. It is constructed by plotting each RR in-
terval against the following interval15, and can be analyzed 
in a quantitative way through the SD1, SD2 and SD1/SD2 
ratio, or qualitatively by analyzing the fi gure formed by its 
attractor, which is useful for showing the degree of com-
plexity of RR intervals13,14.

HRV is altered in many pathological condi-
tions, due to an imbalance between the sympathetic 
and parasympathetic components7, as occurs in indi-
viduals with DM15. Studies indicate that a reduction 
in the overall HRV and vagal modulation occurs in 
this population16.

However, few studies have evaluated the autonom-
ic modulation by means of HRV in diabetic children17-19 
and the studies that were found only evaluated the HRV 
through indices in the time and frequency domains17-20. No 
studies were found that analyzed geometric and nonlinear 
indices in this population. 

Thus, with the aim of adding elements to the lit-
erature related to the above topic, this study intended to 
analyze the effect of autonomic modulation in children 
with DM1. We hypothesized that HRV indices obtained 
through these methods could identify alterations in the au-
tonomic modulation of children with DM1.

 METHODS

Population
To perform this study the data of 39 children were 

evaluated, of both sexes with an age range of 7 to 15 years. 
The children were divided into two groups: DM1 and con-
trol. To defi ne the sample size a sample calculation was 
carried out based on the RMSSD index. The magnitude 
assumed a signifi cant difference of 19 ms, considering a 
standard deviation of 16 ms, with an alpha risk of 5% and 
beta of 80%, the sample size resulted in at least 11 chil-
dren in each group.

The diabetic group was selected by convenience 
from the patients attended by the Regional Hospital of 
Presidente Prudente. For this selection, 50 telephone con-
tacts of diabetic children were initially made available by 
the hospital, of these, 28 children were excluded because 
they were unable to participate. Of the 22 remaining chil-
dren, 3 did not attend the data collections and 3 were ex-
cluded due to an error greater than 5% in the series of RR 
intervals. To form the control group 30 healthy children 
were recruited from the LAR Santa Filomena of Presi-
dente Prudente. Of these children, 7 were excluded, 4 pre-
sented an error greater than 5% in the tracing and 3 who 
were overweight or obese.

Children who presented any of the following charac-
teristics were excluded from the study: use of medications 
that could infl uence the autonomic modulation of the heart, 
such as propranolol or atropine, infections, metabolic dis-
eases, except DM1, or known cardiorespiratory system dis-
eases. The study also excluded children who did not comply 
with the recommendations made 24 hours before the test, 
those who presented series of RR intervals with an error 
greater than 5% and those who were overweight or obese.

The characteristics of the included children (age, 
weight, height, body mass index, blood pressure and heart 
rate) can be seen in Table 1.

Table 1: Characteristics of the sample of the diabetic group and control group according to age, HR, SBP, DBP, 
height, weight and BMI

 Variable DM1 Control p value

Mean ± standard deviation; Median (minimum - maximum); DM1 = diabetes mellitus type 1; HR = heart rate; SBP = systolic blood pressu-
re; DBP = diastolic blood pressure; BMI = body mass index. * p < 0.05.

Age (years)

HR (bpm)

SBP (mmHg)

DBP (mmHg)

Height (m)

Weight (Kg)

BMI (kg/m²)

11.93 ± 2.14

12 (7 – 15)

84.87 ± 15.03

81.5 (60 – 120)

106.88 ± 9.5

110 (90 – 120)

65.63 ± 8.14

65 (50 – 80)

1.52 ± 0.15

1.53 (1.22 – 1.71)

43.68 ± 13.23

42.35 (23.6 – 68.8)

18.31 ± 2.96

17.6 (14.6 – 25.2)

11.43±1.5

11 (9 – 15)

81.26±11.66

76 (67 – 104)

100±12.06

100 (80 – 120)

64.35±10.37

70 (40 – 80)

1.53±0.09

1.54 (1.36 – 1.67)

47.7±12.27

49.9 (25.3 – 74)

19.98±3.52

20.2 (13.5 – 27.2)

0.3939

0.4035

0.0645

0.6829

0.8539

0.3365

0.1297
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All procedures in this study were approved 
by the Institutional Ethics Committee (CAAE: 
30935414.1.0000.5402/818.293) and the children and 
their parents or guardians were duly informed about the 
procedures and objectives of this study. After agreeing to 
participate, the parents or guardians signed a consent form 
and the children a term of assent, forming the sample.

Experimental Design
Before the experimental procedure the children 

were identifi ed by collecting the following informa-
tion: age, sex, race, possible symptoms and presented 
pathologies.

The data collection was performed in a room with 
a temperature between 21°C and 23°C and humidity be-
tween 40% and 60%. The children were instructed not to 
consume drinks that stimulate the ANS such as coffee, 
tea and chocolate drinks for 12 hours prior to the evalu-
ation and, on the assessment day, they were instructed 
to remain silent and awake at rest, breathing spontane-
ously, for 30 minutes in the supine position before the 
autonomic evaluation.

Following identifi cation of the children, weight, 
height, blood pressure and heart rate were verifi ed, after 
which a capture strap was placed on the distal of the ster-
num of the child and a heart rate receiver, Polar S810i (Po-
lar, Finland), was placed on the wrist, to capture heart rate 
beat-to-beat. After placement of the equipment the child 
was placed in the supine on a mat at rest with spontaneous 
breathing for 30 minutes and then released.

Cardiovascular Parameters Assessment
Heart rate was captured by means of a Polar S810i 

(Polar, Finland), previously validated for the collection of 
RR intervals as well as HRV analysis, using the series of 
intervals obtained21,22. The measurement of blood pressure 
was performed once, indirectly, using a stethoscope (Lit-
tman, USA) and an aneroid sphygmomanometer (Welch 
Allyn, USA) in the left arm, after completing the anamne-
sis record, in accordance with the criteria established by 
VI Brazilian Guidelines for Hypertension23.

Body Composition Assessment
The body composition assessment included mea-

surement of weight and height of the children to obtain 
the body mass index (BMI). The weight was measured 
by means of a digital scale (Welmy R/I 200, Brazil) and 
the height using a stadiometer (Sanny, Brazil). The BMI 
was calculated using the formula of mass (kg) divided by 
height (meters) squared24.

Autonomic Assessment
For autonomic assessment, a capture strap was 

positioned at the distal third of the sternum of the chil-
dren and the heart rate receiver, Polar S810i (Polar, Fin-
land), at the wrist21,22. Heart rate beat-to-beat was recorded 
throughout the experimental protocol.

The series of RR intervals was subjected to digital 
fi ltering complemented by manual to eliminate premature 
ectopic beats and RR artifacts and only series with more 
than 95% sinus beats were included in the study25,26. For 

HRV analysis 1000 RR intervals were used and the indices 
obtained through geometric methods were calculated us-
ing Kubios HRV software (version 2.0)27.

The RRtri, TINN and Poincaré plot, which was 
analyzed quantitatively (SD1, SD2 and SD1/SD2) and 
qualitatively, were calculated.

The RRtri was calculated from the construction of 
the density histogram of the normal RR intervals, thus it 
was obtained by dividing the total number of RR inter-
vals used for construction of the histogram by the modal 
frequency of the same (RR interval value that most fre-
quently appeared in the RR series)9,14.

The TINN constitutes the width of the baseline of 
distribution measured as the base of a triangle, approach-
ing the distribution of all RR intervals, and the difference 
of least squares was used to determine the triangle. The 
RRtri and TINN express the overall variability9,14.

The Poincaré plot allows that each RR interval is 
represented in function of following interval15. For quan-
titative analysis of the plot the following indices were 
calculated: SD1 (standard deviation of the instantaneous 
variability beat-to-beat), SD2 (standard deviation of the 
long-term continuous RR intervals) and the SD1/SD2 ra-
tio13.

The qualitative analysis of the plot was carried out 
through the analysis of the fi gures formed by its attrac-
tor, the following standards being considered: I) Figure 
in which an increase in the dispersion of RR intervals is 
observed with increases in the intervals, characteristic of a 
normal plot; II) Figure with small global dispersion beat-
to-beat and without increases in the dispersion of long-
term RR intervals, characteristic of a plot with less vari-
ability28.

Data analysis
Descriptive statistics were used to characterize 

the population and the results presented as mean, stan-
dard deviation, median, minimum and maximum values. 
For comparison of the characteristics of the groups and 
geometric indices of HRV, initially the data normality 
was determined using the Shapiro-Wilk test. For data 
with normal distribution the Student t test for unpaired 
data was used. When normal distribution was not ac-
cepted the Mann-Whitney test was used. In all tests dif-
ferences were considered statistically signifi cant with p 
values less than 0.05.

 RESULTS

Table 1 presents the characteristics of the sample of 
both groups according to age, HR, systolic blood pressure 
(SBP), diastolic blood pressure (DBP), height, weight and 
BMI. There were no statistically signifi cant differences 
between groups.

The DM1 group consisted of 16 volunteers with 
a medical diagnosis of DM1 (11 boys and 5 girls) and a 
time of disease diagnosis of 4.58 ± 2.7 years, and the con-
trol group consisted of 23 healthy children (14 boys and 
9 girls). The 16 DM1 children in the sample were treated 
only with insulin. (Table 1).
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Tabble 2: VValuess of the RRttri, TINNN, SDD1, SDD2 and SD11/SD2 ratio oof botth grouups
Variaable DMM1 Conntrol p vvalue

aMedian (interquartile range) [confi dence interval]; bMean ± standard deviation [confi dence interval]; RRtri: triangular index; TINN: trian-
gular interpolation of RR intervals; SD1: standard deviation of the instantaneous variability beat-to-beat; SD2: standard deviation of the 
long-term continuous RR intervals; SD1/SD2: ratio between SD1 and SD2; * p <0.05.

RRtria

TINNa

SD1a

SD2b

SD1/SD2a

12.35 (10.36 –17.13)

[4.03 – 18.52]

230 (185 – 327.5)

[75 – 545]

24.95 (22.33 – 33.6)

[7.7 – 47.4]

76.22 ±32.75

[18.9 – 146.6]

0.37 (0.28 – 0.51)

[0.16 – 0.64]

16.13 (14.49 – 21.74)

[11.91 – 30.3]

325 (260 – 385)

[210 – 650]

36.4 (31.1 – 46)

[11.6 – 56.5]

100.39 ± 28.35

[63.4 – 161.5]

0.4 (0.31  – 0.41)

[0.18 – 0.66]0

0.0034*

0.0120*

0.0059*

0.0188*

0.9886

The RRtri, TINN, SD1, SD2 and SD1/SD2 ratio 
geometric indices are presented in Table 2. Signifi cantly 
lower values were observed for the diabetic group com-

pared to the control group, except for the SD1/SD2 ratio 
which did not present a signifi cant difference between the 
groups. (Table 2)

Figure 1: Visual pattern of the Poincaré plot observed in the diabetic group (Graph A: SD1 = 25.3 and
SD2 = 73.1); Graph C: SD1 = 26.1 and SD2=75.4) and in the control group (Graph B: SD1 = 41.4 and
SD2 = 101.8); Graph D: SD1 = 36.4 and SD2 = 100.5).

Figure 1 presents the qualitative representation of the 
Poincaré plot of two diabetic volunteers and two healthy 

volunteers, taken as representative of the other study vol-
unteers.
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 DISCUSSION

In the present study, the geometric indices of HRV 
were evaluated in children with DM1. The results indicate 
a reduction in the RRtri, TINN, SD1 and SD2 in the dia-
betic children. The SD1/SD2 ratio was similar between 
groups. In the qualitative analysis of the Poincaré plot the 
children with DM1 presented a fi gure with less disper-
sion of the points when compared to the control children. 
These fi ndings suggest that HRV is reduced in children 
with DM1.

The SD1 index, which represents the standard de-
viation of the instantaneous variability beat-to-beat and 
indicates the infl uence of the parasympathetic nervous 
system on the sinus node9, was lower in the diabetic chil-
dren, suggesting that parasympathetic modulation is re-
duced in these children.

Reduction in parasympathetic modulation in 
children with DM1 has also been reported by other au-
thors using HRV indices in the time and frequency do-
mains17,18. According to Kardelen et al.18, children with 
DM1 (mean age: 12.0±4.0 years) demonstrated a signif-
icant reduction in the RMSSD and HF (ms²) indices and 
Chen et al.17 observed lower values of the LnHF index 
in children with DM1 (mean age: 10.3±1.6 years) com-
pared with healthy children, both indicating reduced 
parasympathetic modulation.

There is evidence that autonomic dysfunction in 
diabetics begins in the parasympathetic nervous system 
(PNS), as it is believed that CAN affects the longest nerve 
fi bers, related to vagus nerve damage, fi rst and thus in-
fl uences the parasympathetic modulation5,20. These results 
suggest that indices that assess the PNS are important for 
detecting early alterations in the autonomic modulation of 
these patients.

The analysis of SD2, RRtri and TINN, which eval-
uate the overall variability of RR intervals9, demonstrated 
a reduction in the children with diabetes compared to the 
healthy children, suggesting that this population also pres-
ents reduced overall HRV, corroborating data presented by 
other studies.17

Kardelen et al.18 evaluated the overall variability of 
RR intervals of children with DM1 and found a signifi cant 
reduction in SDNN, suggesting a reduction in the overall 
variability of the RR intervals. Ozgur et al.20 also assessed 
the overall variability through the SDNN index and found 
no signifi cant differences between the groups, however, 
lower values were observed in the group of diabetic chil-
dren compared to the healthy group.

In relation to the SD1/SD2 ratio, the analysis 
showed that there were no signifi cant differences in this 
index when comparing the group of children with DM1 
and the group of healthy children, which is justifi ed by 
the reduction in the SD1 and SD2 indices in the children 
with DM1.

Corroborating the above fi ndings, the visual analysis 
of the Poincaré plot also suggested a reduction in the overall 
HRV of children with DM1. In these children the analyses 
demonstrated a lower dispersion of RR intervals both beat-
to-beat and long-term, compared to healthy children.

Similar results were found in a study with obese 
children aged 8 to 13 using the Poincaré Plot for qualita-
tive analysis. This study found a smaller dispersion of RR 
intervals both beat-to-beat and long-term in the group of 
obese children compared to the control group14.

It is known that the metabolic needs of the organism 
are regulated by the HRV, so a high HRV refl ects the ability 
of the body to adapt, refl ecting a good state of health, where-
as when damage or disturbances occur in the control of this 
system, the HRV is reduced29,30. This reduction in HRV may 
be the fi rst indication of CAN in diabetic patients5.

In summary, it was observed that the presence of 
DM1 in children causes alterations in the dynamics of 
ANS; this fact should be prevented and treated, since au-
tonomic neuropathy is associated with a worsening in the 
prognosis and quality of life4,20.

Thus, it is understood that early detection of altera-
tions in the ANS is important so that treatment strategies 
can be developed in a more direct manner, contributing to 
the prevention of the onset of complications or preventing 
the evolution of the clinical condition, providing a better 
prognosis to the patient17,31.

As study limitations, we can mention its transver-
sal nature, which makes it impossible to monitor the auto-
nomic behavior of these children, limiting the assessment 
of the temporal evolution of the disease. In addition, the 
time of diagnosis was different among the diabetics, which 
might have infl uenced the analyzed indices. Future studies 
should be performed longitudinally with this population in 
order to verify the progression of autonomic changes and 
assess whether the disease diagnosis time infl uences the 
indices that assess autonomic modulation.

In conclusion, children with diabetes mellitus type 
1 have reduced overall variability and parasympathetic 
modulation. The results indicate that the indices used are 
effective for clinical evaluation of autonomic manifesta-
tions of the disease and monitoring therapeutic procedures 
performed in these patients.
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Resumo
Introdução: A diabetes mellitus tipo 1 tem sido apontada como uma das doenças não transmissíveis 
mais comum entre as crianças, apresentando como uma de suas complicações mais frequente a 
disfunção autonômica diabética, entretanto, pouco são os estudos que avaliam a modulação autonômica 
por meio da variabilidade da frequência cardíaca em crianças diabéticas.
Objetivos: Analisar os efeitos da modulação autonômica cardíaca em crianças com diabetes mellitus 
tipo 1.
Métodos: Foram analisados dados de 36 crianças, de ambos os sexos, as quais foram divididas em 
dois grupos, sendo 13 (11,62 ± 2,18) com diagnóstico de diabetes mellitus tipo 1 e 23 (11,04 ± 1,02) 
sem a patologia. Inicialmente foram coletados os dados pessoais, peso, altura, frequência cardíaca 
e pressão arterial. Posteriormente, para análise da modulação autonômica, a frequência cardíaca foi 
captada batimento a batimento por meio de um cardiofrequencímetro na posição supina por 30 minutos. 
Para análise da modulação autonômica foram calculados os índices geométricos (RRtri, TINN, plot de 
Ponincaré). Teste t de Student para dados paramétricos ou o teste de Mann-Whitney para dados não 
paramétricos, com nível de signifi cância de 5%, foram utilizados para comparação entre os grupos.
Resultados: Os resultados obtidos apontam redução do RRtri, TINN, SD1 e SD2 nas crianças 
diabéticas. A razão SD1/SD2 foi semelhante entre os grupos. Na análise qualitativa do plot de Poincaré 
crianças com diabetes mellitus tipo 1 apresentaram uma fi gura com menor dispersão dos pontos 
quando comparado ao das crianças controle.
Conclusão: Crianças com diabetes mellitus tipo 1 apresentam redução de variabilidade global e da 
atividade parassimpática.  
Palavras-chave: diabetes mellitus tipo 1, crianças, sistema nervoso autônomo.
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