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Background: Attention deficit hyperactivity disorder (ADHD) is characterized by decreased
attention span, impulsiveness, and hyperactivity. Autonomic nervous system imbalance was
previously described in this population. We aim to compare the autonomic function of children
with ADHD and controls by analyzing heart rate variability (HRV).

Methods: Children rested in supine position with spontaneous breathing for 20 minutes.
Heart rate was recorded beat by beat. HRV analysis was performed in the time and frequency
domains and Poincaré plot.

Results: Twenty-eight children with ADHD (22 boys, aged 9.964 years) and 28 controls (15 boys,
age 9.857 years) participated in this study. It was determined that the mean and standard devia-
tion of indexes which indicate parasympathetic activity is higher in children with ADHD than
in children without the disorder: high frequency in normalized units, 46.182 (14.159) versus
40.632 (12.247); root mean square of successive differences, 41.821 (17.834) versus 38.150
(18.357); differences between adjacent normal-to-normal intervals greater than 50 milliseconds,
199.75 (144.00) versus 127.46 (102.21) (P<<0.05); percentage of differences between adja-
cent normal-to-normal intervals greater than 50 milliseconds, 23.957 (17.316) versus 16.211
(13.215); standard deviation of instantaneous beat-to-beat interval, 29.586 (12.622) versus
26.989 (12.983).

Conclusion: Comparison of the autonomic function by analyzing HRV suggests an increase
in the activity of the parasympathetic autonomic nervous systems in children with ADHD in
relation to the control group.

Keywords: attention deficit hyperactivity disorder, autonomic nervous system, children, heart
rate variability

Introduction

Attention deficit hyperactivity disorder (ADHD) is characterized by decreased atten-
tion span, impulsiveness, and hyperactivity.' It is a neurobiological condition with a
genetic basis,® with a prevalence of 3% to 7% of the population, including children,
adolescents, and adults. The incidence is higher in men.*?

There is evidence that ADHD is more prevalent in children with cardiac diseases*
and drug treatment has effects on cardiovascular parameters, such as heart rate and
blood pressure.*

Considering that cardiac function is regulated by the interaction of sympathetic
and parasympathetic branches of the autonomic nervous system (ANS), heart rate
variability (HRV) allows the investigation of fluctuations in the intervals between
consecutive heart beats (RR intervals), which are related to the influences of the ANS
on the sinus node.'® This is a noninvasive technique, which may be performed by using
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linear methods, time and frequency domain,'' and nonlinear
methods such as Poincaré plot.!*!2

Alterations in autonomic activity in children with
ADHD have been investigated in several studies.®®!3-15
Negrao et al'® found that stimulant-free children with
ADHD have a parasympathetic dominance of the auto-
nomic balance relative to control subjects. However,
Crowell et al'” indicated that stimulant-free children with
ADHD do not differ from age-matched controls, with
regard to parasympathetic nervous system activity. Other
studies suggest that children with ADHD display under-
activity of the parasympathetic nervous system when
compared to controls.!”!®

It is known that changes in cardiac autonomic modulation,
reflected by reduced HRV, have been identified as an indicator
of poor prognosis in cardiovascular diseases,'** and it is also
related to the development of arrhythmia®! and sudden death.?

We hypothesized that children with ADHD present altera-
tions in autonomic activity. Thus, the aim of this study was
to compare the autonomic function of children with ADHD
and controls by analyzing HRV.

Materials and methods

Population

All patients were recruited from the Nucleo Especializado em
Aprendizagem da Faculdade de Medicina do ABC (Learning
Disabilities Center of Medicine ABC University), Santo
André, Brazil, where they are treated by a multidisciplinary
team. All volunteers in this study had the medical diagnosis
of ADHD, according to the Diagnostic and Statistical Manual
of Mental Disorders, 4th edition, published by the Ameri-
can Psychological Association,"? and all met the following
inclusion criteria: 1) absence of congenital anomalies such
as congenital heart disease, pulmonary malformations, dia-
phragmatic hernia, and defects of abdominal wall closure;
2) absence of central nervous system malformations and/or
neurological syndromes; 3) absence of metabolic disorders;
4) absence of medication that influences cardiac autonomic
modulation since that drug treatment (eg, methylphinedite)
has effects on cardiovascular parameters such as heart rate
and blood pressure. The control group was composed of
healthy children without a diagnosis of ADHD.

Parents of the children were asked for consent. The study
received approval from the Ethics Committee of Faculdade
de Medicina do ABC (protocol number 312/11) and was in
compliance with Resolution 196/96 of the Conselho Nacional
de Saude.

Procedure

Data were collected under controlled temperature
(21°C-23°C) and humidity (40%—60%). Participants went
to the laboratory between 8§ am and 11 am. They were
instructed to avoid consuming caffeine for 24 hours before
evaluation. Parents and guardians of the children stayed in
the room during the entire protocol.

Demographics and anthropometric measurements were
obtained following the standard recommendations proposed
by Lohman et al.* A heart monitor strap was placed on the
chest, over the distal third of the sternum, and the heart rate
receiver (Polar RS800 CX monitor; Polar, Kempele, Finland)
was placed on the wrist. This type of equipment has been
previously validated for beat-by-beat measurements and for
HRV analysis.?*?¢ Children rested in supine position with
spontaneous breathing for 20 minutes and were instructed
to avoid talking during data collection.

Analysis of heart rate variability

For HRV analysis, the heart rate was recorded beat-by-beat
at a sampling frequency of 1,000 Hz. The data series was
first digitally filtered using Polar Precision Performance SW
software (version 4.01.029; Polar), in which only series with
more than 95% sinus rhythm beats were included." It was
then manually complemented, and the visual inspection of
the time series on the computer showed absence of artifacts.
Finally, 1,000 RR intervals were selected for data analysis.
HRV analysis was performed with linear methods in the
domains of time and frequency.'®!"

In the time domain, we used the root mean square of suc-
cessive differences (RMSSD), the percentage of differences
between adjacent normal-to-normal intervals greater than
50 milliseconds (pNN50), and the differences between adja-
cent normal-to-normal intervals greater than 50 milliseconds
(NN50) to indicate isolated parasympathetic activity, and the
standard deviation of normal-to-normal intervals (SDNN)
represented global variability.'*!!

In the frequency domain, the spectral components of
low frequency (LF) (0.04—-0.15 Hz), which indicates global
variability, and high frequency (HF) (0.15-0.40 Hz), which
indicates parasympathetic activity in normalized units (LFnu
and HFnu, respectively) and in milliseconds squared were
used, as well as the ratio between these components (LF/HF).
Spectral analysis was performed using the fast Fourier
transform algorithm.!%!!

The Poincaré plot was also analyzed. This plot is a
graphic representation of the two-dimensional correlation
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between RR intervals, where each interval is plotted against
the next interval.'>?” This quantitative analysis is performed
by fitting the ellipse of the figure formed by the attractor
from where the indexes are obtained: SD1, SD2 and SD1/
SD2 ratio. The SD1 index means standard deviation of
instantaneous beat-to-beat RR interval variability and repre-
sents vagal modulation. The SD2 index means the standard
deviation of continuous long-term RR interval variability
and represents global variability.!®!! The SD1/SD2 ratio
indicates the relationship between parasympathetic and
overall HRV.>2

For analysis of indexes of HRV, we used the software pro-
gram Kubios HRV (Biosignal Analysis and Medical Image
Group, University of Eastern Finland, Kuopio, Finland).”

Statistical analysis

Descriptive statistics with estimates of mean and standard
deviation were used. The normality of the data was deter-
mined using the Shapiro—Wilk test. Comparisons between
groups were performed using either the independent
Student’s #-test or Mann—Whitney U-test for parametric (age,
SDNN, NN50, pNN50, LFnu, HFnu, SD2, and SD1/SD2) or
for nonparametric (weight, height, body mass index [BMI],
RR interval, RMSSD, LF milliseconds?, HF milliseconds?,
LF/HEF, and SD1) sample distribution. Differences were
considered significant when the probability of a type I error
was lower than 5% (P<<0.05). The statistical program InStat
3 (GraphPad Software Inc., La Jolla, CA, USA) was used.

Results
We selected 44 children with ADHD, of whom 16 were
excluded for not meeting the following criteria: series
with less than 95% sinus rhythm beats and any medica-
tion that influences the cardiac autonomic modulation.
Twenty-eight children participated in this study (22 boys
and six girls, aged 9.964 years). The control group com-
prised 28 children (15 boys and 13 girls, age 9.857 years)
without ADHD.

Table 1 shows average values for age and anthropomet-
ric characteristics of ADHD children and controls. Table 2
displays the values obtained for LF and HF indexes in nor-
malized units and in milliseconds? and the LF/HF ratio in
children with ADHD and controls. Table 3 depicts the values
for the RR interval and the SDNN, RMSSD, NN50, and
pNNS50 indexes. Table 4 displays the values of the SD1 and
SD2 indexes and the SD1/SD2 ratio in children with ADHD
and controls.

Table | Average values and standard deviations for age, weight,
height, and body mass index in ADHD children and controls

Variables ADHD Controls P
Average (SD) (CI) Average (SD) (CI)

Age (years) 9.96 (1.93) 9.85 (1.84) 0.832
(9.21-10.71) (9.14-10.57)

Weight (kg) 38.76 (17.83) 35.07 (9.09) 0.682
(31.84-45.67) (31.55-38.60)

Height (m) 1.39 (0.13) 1.44 (0.10) 0.060
(1.34-1.44) (1.40-1.48)

BMI (kg/m?) 19.20 (4.67) 16.52 (1.91) 0.021*
(17.39-21.02) (15.78-17.27)

Note: *P<<0.05.
Abbreviations: ADHD, attention deficit hyperactivity disorder; BMI, body mass
index; Cl, confidence interval; SD, standard deviation.

Table 2 Linear index values of heart rate variability (frequency
domain) of children with ADHD and controls

Variables ADHD Controls P
Average (SD) (CI) Average (SD) (CI)

LF ms? 781.00 (449.07) 1021.4 (723.95) 0.305
(606.86-955.14) (740.62—-1302.1)

HF ms? 751.64 (518.60) 799.86 (828.35) 0.588
(550.54-952.75) (478.63—1121.1)

LFnu 53.81 (14.15) 59.36 (12.24) 0.122
(48.32-59.30) (54.61-64.11)

HFnu 46.18 (14.15) 40.63 (12.24) 0.122
(40.69-51.67) (35.88—45.38)

LF/HF 1.37 (0.75) 1.74 (1.05) 0.187
(1.08-1.66) (1.33-2.14)

Abbreviations: ADHD, attention deficit hyperactivity disorder; Cl, confidence
interval; HF, high frequency; HFnu, high frequency in normalized units; LF, low
frequency; LFnu, low frequency in normalized units; ms, milliseconds; SD, standard
deviation.

Table 3 Linear index values of heart rate variability (time domain)
of children with ADHD and controls

Variables ADHD Controls P
Average (SD) (CI) Average (SD) (CI)

RRi 714.46 (84.15) 680.86 (99.23) 0.108
(681.83-747.10) (642.38-719.35)

SDNN 48.56 (13.34) 54.51 (18.60) 0.175
(43.39-53.74) (47.29-61.72)

RMSSD 41.82 (17.83) 38.15 (18.35) 0.341
(34.90-48.73) (31.03-45.26)

NN50 199.75 (144.00) 127.46 (102.21) 0.035*
(143.91-255.59) (87.82-167.10)

pNN50 23.95 (17.31) 16.21 (13.21) 0.065
(17.24-30.67) (11.08-21.33)

Note: *P<<0.05.

Abbreviations: ADHD, attention deficit hyperactivity disorder; Cl, confidence
interval; NN50, adjacent normal-to-normal intervals that are greater than 50 ms;
pNN50, percentage of differences between adjacent normal-to-normal intervals that
are greater than 50 ms; ms, milliseconds; RMSSD, root mean square of successive
differences; RRi, intervals between consecutive heart beats; SD, standard deviation;
SDNN, standard deviation normal-to-normal intervals.
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Table 4 Mean, standard deviation, and 95% confidence interval
for Poincaré plot of children with ADHD and controls

Variables ADHD Controls P
Average (SD) (CI) Average (SD) (CI)

SDI 29.58 (12.62) 26.98 (12.98) 0.333
(24.69-34.48) (21.95-32.02)

SD2 61.64 (15.68) 71.94 (23.66) 0.061
(55.56-67.72) (62.76-81.12)

SD1/SD2 0.46 (0.12) 0.36 (0.095) 0.002*
(0.41-0.51) (0.33-0.40)

Note: *P<<0.05.

Abbreviations: ADHD, attention deficit hyperactivity disorder; Cl, confidence
interval; SD, standard deviation; SD |, standard deviation of instantaneous beat-to-
beat RR interval variability; SD2, standard deviation of continuous long-term RR
interval variability.

Discussion

ADHD is one of the most commonly diagnosed mental
disorders among children. With regard to anthropometric
characteristics of the studied groups, as presented in Table 1,
there was no significant difference in age, weight, and height.
BMI values were higher in children with ADHD than those
without the disorder.

Although obesity causes alterations in cardiac autonomic
function,?”*° the observed difference in BMI values did not
influence our results with respect to HRV.

Contrary to findings in the literature which describe
decreased activity of the parasympathetic ANS in obese
children,®3! our evaluation of the HRV indexes in the present
study suggests that despite higher BMI, children with ADHD
had an increase in activity of the parasympathetic ANS in
relation to the control group.

In this investigation, according to the frequency and time
domains and the Poincaré plot, the indexes that indicate
parasympathetic activity were higher in children with ADHD
than in children without the disorder.

Alterations in autonomic activity in children with ADHD
have been investigated in several studies,®*!3"'* and an
increase in parasympathetic activity among these children
has also been reported.'® In a study that evaluated ANS
functioning and the effects of methylphenidate in stimulant-
free children with ADHD and controls, Negrao et al'® found,
by analyzing the time and frequency domains and Poincaré
plot indexes, that stimulant-free children with ADHD have a
parasympathetic dominance of the autonomic balance relative
to control subjects.

Their results are consistent with our findings since the
results of both frequency and time domains in our study
suggest an increase in parasympathetic activity in children
with ADHD. The indexes HFnu (Table 2), RMSSD, NN50,

pNNS5O0 (Table 3), and SD1 (Table 4) were higher in children
with ADHD than in children without the disorder. In the
time domain, we found a significant difference (P=0.035)
in the NN50 index, indicating isolated parasympathetic
activity.!%!!

Nevertheless, our results do not support the parasympa-
thetic nervous system findings from Crowell et al,'” which
indicated that children with ADHD without stimulant do not
differ from age-matched controls with regard to parasympa-
thetic activity, nor the findings of Shibagaki and Furuya,'
which suggest that children with ADHD display an underac-
tivity of the parasympathetic nervous system when compared
to controls. Both studies also evaluated the respiratory sinus
arrhythmia and heart rate responses.'”!8

The reasons for the similar or different findings may be
due to variation in methods of research. The other studies
differed in protocol (autonomic tests, focused attention,
auditory stimulation), population (included children with
oppositional defiant disorder and different age), and assessed
indexes (only one study evaluated Poincaré plot).

Parasympathetic nervous system-linked cardiac activity
has been associated with emotion regulation capabilities.'*'
Porges Polyvagal Theory,’! for example, posits that the myeli-
nated vagus, originating in the nucleus ambiguus, is a dynamic
contributor to the processes of attention, motion, emotion, and
social interactions. The theory has introduced a new perspec-
tive, relating autonomic function to behavior, but it requires
further study for a better understanding of communication
between the heart and the central nervous system.!*!

With respect to the indexes which indicate global vari-
ability and sympathetic activity (LF in the frequency domain
and SDNN in the time domain), we found no statistically
significant differences; however, these values were lower in
children with ADHD compared with control children.

Concerning the Poincaré plot analysis, we observed no
statistically significant differences between the SD1 and SD2
indexes, which represent vagal modulation and global vari-
ability, respectively.?”-?® However the SD2 value was lower in
children with ADHD compared with control children, indi-
cating a level of sympathetic underarousal in these subjects
as suggested by Negrao et al,'® who also found lower SD2
values in ADHD children compared with controls.

Also regarding the Poincaré plot analysis, our results
showed significant difference (P=0.0025) in the SD1/SD2
ratio, which can be explained by higher SD1 value and
lower SD2 value in the ADHD group as compared with
controls, who exhibited lower SD1 value and higher SD2
value (Table 4).
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Studies of ANS activity in these children have presented
conflicting results. Tonhajzerova et al,'* using short-term
HRV analysis to evaluate the cardiac autonomic regulation in
children with ADHD at rest and during orthostasis, found that
the mean RR interval was significantly shorter in the ADHD
group compared to controls, in all positions. The authors
concluded that children with ADHD had decreased cardiac
vagal modulation at rest and during orthostasis, and tachy-
cardia in supine positions, with altered ability of dynamic
activation of the ANS in response to orthostasis, indicating
changes in the cardiac autonomic regulation.'®

There have been studies to assess the effect of medica-
tion on autonomic modulation and cardiovascular param-
eters in these individuals.*'>!¢ In a study analyzing HRV
in 24-hour electrocardiogram recordings while under
medication with stimulants, Buchhorn et al'* have shown
alterations in basal autonomic activity in children with
ADHD, with a shift towards normal levels by medication
with methylphenidate.

The effect of this medication has also been evaluated
in other studies.®!® According to Negrao et al,'® meth-
ylphenidate acts to restore the normal autonomic balance
in children with ADHD, but inhibits the normal ANS
response to a cognitive challenge. In another study that
investigated the effects of sympathomimetic medication on
the cardiovascular system of children with ADHD, statisti-
cally significant differences were found in both systolic
and diastolic blood pressure. Also, heart rate was higher in
children with ADHD while on stimulant medication. The
authors concluded that methylphenidate usage is associated
with an increase in heart rate and increases in both systolic
and diastolic blood pressure.®

Our findings were not influenced by medication because
absence of medications that influences cardiac autonomic
modulation was an inclusion criterion. Some limitations of
the current research must be considered. First, there were
more boys in the sample with ADHD than the control group.
In fact, the prevalence of ADHD is higher in boys than in
girls;'> however, the average values and standard deviations
for age did not present significant differences, which leads us
to believe that our results were not influenced by hormonal
changes in the participants. Second, the physical activity of
the groups was not investigated. It is known that the level of
physical activity can influence autonomic behavior, increas-
ing the indexes which represent vagal modulation.’> We can
say that all children participating in this study, with and
without ADHD, perform physical activity in their schools as
part of the curriculum. Thus, health is a sustainable state®

that may be in constant flux and is dependent on constant
attention, active maintenance, and care.

In conclusion, the comparison of autonomic function by
analyzing HRV suggests an increase in the activity of the
parasympathetic ANS in children with ADHD in relation to
the control group.
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