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Respiratory Control Technique and Heart Rate Variability in a
Child With Attention Deficit and Hyperactivity Disorder:
A Case Study

David Catela, Susana Alves, Isabel Piscalho

Polytechnic Institute of Santarém, Santarém, Portugal

Attention deficit/hyperactivity disorder (ADHD) is associated to a lower respiratory sinus arrhythmia (RSA) and to
a lower heart rate variability (HRV). The purpose of this study is to verify if through breath control, an ADHD boy
(9 years old) could increase HRV. During breathing control, the child significantly reduced breathing frequency
(BF) and heart rate (HR); significantly augmented mean RR interval and pNN50; augmented HRVi (ns) and HF
(ns); and reduced LF/HF ratio (ns). Consequently, during short training sessions, this child had the capacity to
augment various parameters of HRV, suggesting an increasing of vagal activity. If vagal activity was reinforced
during breathing control, it means that maybe a process of bottom-up adjustment of attention and emotional

responses can be promoted.

Keywords: ADHD, breathing technique, child, HRV

Introduction

Attention deficit/hyperactivity disorder (ADHD) is described as a persistent disorder of inattention or lack
of concentration and/or impulsivity/hyperactivity, which manifests itself more sharply and severely than usual
in people with the same level of development, interfering in a significant way in the academic, social, or labour
productivity. The inattention manifests itself mainly in rambling, lack of persistence, and difficulty in
maintaining focus; the hyperactivity is attributed to excessive motor activity (American Psychiatric Association
[APA], 2013; Cantwell & Baker, 1991).

The main difficulties in this disturbance are expressed in executive functions, which are based on a set of
cognitive processes that control movement, planning, organization, and inhibitory control (Barkley, 2016). Risk
factors include low birth weight, smoking or alcohol consumption during gestation, child neglect or abuse,
heredity (first degree), visual and auditory deficits, metabolic abnormalities, and epilepsy, among other
deficiencies (Lindstrom, Lindblad, & Hjern, 2011; Morales, Polizzi, Sulliotti, Mascolino, & Perricone, 2013).

The ADHD has a prevalence rate ranging from 3% to 7% among school-age children (Rash &
Aguirre-Camacho, 2012). However, an assertive and contextualized diagnosis is essential (Strecht, 2018), so as
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not to confuse with less tolerance of relatives and teachers, the restlessness, and need for movement (Salgueiro,
1987).

Currently, there is a fear of trivializing drug intervention (Strecht, 2018). In Sweden, the National Board of
Health and Welfare (2002) had stated that medication should be reserved for cases where other support
interventions fail, being restricted to specialists with experience in the treatment of this disorder and offering
the national health system qualified free psychiatric and paediatric assistance for symptoms of ADHD
(Lindstrom et al., 2011). In addition, it is important to note that there is a lack of knowledge about the treatment
of this disorder. Necessary medication should be seen as a complement to other forms of building child’
capacities and competencies, because medication alone, without psychotherapeutic and/or psychosocial
intervention, does not solve the cause/origin of this disorder (Strecht, 2018). An intervention with parental
training associated with training programs and behavioral interventions in the classroom is an example as the
first treatment line for moderate difficulties (Young & Amarasinghe, 2010). The development of self-regulation
skills, simultaneously with parental intervention is also recommended (Marques, 2017).

Thus, complementary interventions, such as Yoga are beginning to be used (Jensen & Kenny, 2004; Stiick
& Gloeckner, 2005), mainly because their breathing techniques may have therapeutic value
(Shannahoff-Khalsa & Kennedy, 1993; Jella & Shannahoff-Khalsa, 1993). In fact, the school-based Yoga
programs for children with ADHD (Peck, Kehle, Bray, & Theodore, 2005; Abadi, Madgaonkar, & Venkatesan,
2008) and their families (Harrison, Manocha, & Rubia, 2004) are spreading. In Yoga, certain breathing
techniques are based on the reduction of rhythm and the lengthening of breathing cycles, in order to promote an
increase in respiratory sinus arrhythmia (RSA). RSA is the heart rate variation that accompanies respiration.
The heart rate increases during inspiration and decreases during expiration. Cardiac measurements have been
used to provide ADHD, disruptive and non-disruptive validation (Dykman, Ackerman, & Oglesby, 1992). RSA
is higher among children with typical development than in children taking ADHD medication, but children
without taking ADHD medication still have a lower RSA (Buchhorn et al., 2012). Frequently, BF occurs
between nine and 24 breaths per minute. At approximately six breaths per minute, there is an increase in RSA
amplitude, which is a rhythm that can be achieved with some training (Lehrer, E. Vaschillo, & B. Vaschillo,
2000). RSA is important because it determines HRV; which is assumed to be a cardiac autonomic activation
index (Lin, Tai, & Fan, 2014), and its high frequency component (HF), from 0.15 to 0.40 Hz, is taken as an
indicator of activation of the parasympathetic nervous system (Reyes del Paso, Langewitz, Mulder, Roon, &
Duschek, 2013), which is related to psychological factors, such as attention and emotional regulation (Thayer &
Lane, 2009). This process is possible because the HR is under peripheral tonic inhibitory control through the
vagus nerve (Levy, 1990; Uijtdehagge & Thayer, 2000). Higher amplitude of RSA, higher HRV, and higher
HRYV levels at rest provide adequate emotional responses to the context (Ruiz-Padial, Sollers, Vila, & Thayer,
2003; Thayer & Brosschot, 2005). Emotional dysregulation is associated with ADHD in children and is also
associated with HRV (Bunford et al., 2017). In fact, childhood ADHD is associated with abnormal
parasympathetic mechanisms involved in emotional regulation (Musser et al., 2011). At the cognitive level,
people with low baseline HRV present higher cortisol production in the face of cognitive challenges, compared
to those with elevated HRV at rest (Johnsen, Hansen, Sollers, Murison, & Thayer, 2002). HRV is also
positively associated with situational awareness, a critical factor for the central executive system to make
appropriate decisions and actions in stressful and critical situations, which in turn is positively associated with

its productivity (Saus et al., 2006). However, children with ADHD have significantly higher mean HR, a
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significantly lower HRV and a significantly higher LF/HF ratio than children with typical development
(Tonhajzerova et al., 2009; Carvalho et al., 2014).

Since HRV is associated with performance and stress responses (Catela et al., 2018), it was questioned
whether respiratory control would be able to regulate the HRV of children with probable ADHD. Vital signs of
10 children (11.22 + 0.42 years, three girls) were collected for six minutes in supine position under two
conditions: i) normal breathing; and (ii) slow abdominal breathing (AB) through the Polar V800
Cardiofréquencemetre, with HRV analysis using the gHRV software. During AB, BF significantly reduced and
SD2 increased significantly; additionally, the HR decreased, the mean RR interval, the rtMSSD, and the HRV
index increased (ns). The authors consider that all these modifications indicate an increase in vagal activity
during AB, with these children being able to explore a respiratory control technique in a short and single
session. However, they observe somewhat elevated values of the LF/HF ratio, suggesting that there is still
intense sympathetic involvement during their practice (Malliani, Lombardi, & Pagani, 1994).

As an increase in HRV is positively associated with performance and situational awareness (Saus et al.,
2006), we went to verify whether the appropriation of a respiratory control technique would allow the HRV to
be regulated in a child with ADHD, in order to provide him with emotional regulation and attention, in the
performance of academic tasks, as well as in the ability to adapt to stressful situations. Both the sympathetic
and parasympathetic systems are involved in the regulation of respiration, so it is expected that with the
practice of the technique, the HF increases and the LF/HF ratio decreases. Increased numbers of HRV
indicators during slow, predominantly abdominal, and controlled breathing may be indicative of vagal activity.
If vagal activity is stimulated during this type of breathing (Levy, 1990, Uijtdehagge & Thayer, 2000), this
means that perhaps a bottom-up process of adjustment of attention and emotional responses can be promoted
(Ruiz-Padial et al., 2003; Thayer & Brosschot, 2005; Thayer & Lane, 2009).

Methods

Participant

The participant of this study is a child with ADHD, male, 9 years old, elementary school student. When
perturbed the child presents involuntary stereotyped movements, andshort episods of priapism. He has access to
special education support, and is medicated (Risperidone 0.5mg, every day in the morning and at night; and
Rubifen 10mg, on the school days, in the morning). The child is a dizygotic twin, was born at 27 weeks of
gestation, weighing 875g; and resuscitation was required. The Apgar score at the first minute was five and at
the fifth minute was seven. He started pre-school education at age of three, having attended kindergarten for
four years. He benefited from educational measures under the Portuguese Decree-Law No. 3/2008, January 7,
the year before entering the 1st Cycle of Basic Education. Currently, he attends a class of the first degree,
composed by 25 students. He presents learning difficulties with global developmental delay, hyperkinetic and
impulsive behaviour, and relational immaturity. He reveals positive school results, although with slow pace
work, with little autonomy in the accomplishment of the tasks, with periods of attention and concentration very
short, needing a lot of individualized support. He benefits of Speech and Occupational Therapy.

Procedures and Protocol

Informed consent and assent were obtained. The procedures used are in compliance with international

standards for human experimentation. Data collecting was always carried out by one of the authors of the study,
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known to the child, after the training of protocols. The vital signs were collected for six to seven minutes, in
dorsal decubitus, during 13 sessions, for each of two conditions, always in the order indicated: 1) normal
breathing (NB)—as baseline; and 2) slow abdominal breathing (AB)—for the training and practice of
respiratory control technique, similar but considerably simpler than that proposed by Lehrer et al. (2000). The
following verbatim was used: (1) put one hand on your chest and the other on your belly; (2) breathe only
through your nose; and (3) fill your belly with air and then let it out slowly. The duration or rhythm of
breathing cycles was not controlled, so that the child could breathe comfortably.

The temperature and humidity of the room where the data collecting took place were as follows (see
Table 1):

Table 1

Descriptive Statistics (M, SD, min, max) and Inferential Statistics (Z, r, rrb) for Temperature (°C) and
Humidity (perc Entage) During the 13 Sessions, for the NB (Baseline) and AB (Slow Abdominal Breathing)
Conditions

Condition M £ SD (min, max) Z r rrb
Temperature NB 22.46 £ 120 (21, 25.2) 2755 0.76 -0.83
AB 23.10 + 1.34 (21, 26,2)
Humidity NB 52.23 = 3.98 (46, 61) -1.471, ns 0.41 0.46
AB 51.39 + 4.59 (44, 60) ’

Notes. ™ p<0.01; ' p < 0.05; ns—non-significant. M—mean, SD—standard deviation, min—minimum, max—maximum; Z—
Wilcoxon, r—effect size, rrb—Wilcoxon rank-biserial correlation coefficient.

As can be observed the temperature was significantly higher during the collection in the AB condition,
which may have affected the vital signs collected. In fact, in the AB condition, the Spearman correlation
revealed a significant direct association between humidity percentage and breathing frequency [rho(13) =
0.649'] and significant inverse association between room temperature and breathing frequency [rho(13) =
—0.563*]; which was not found for the NB condition [#ho(13) = 0.481, ns; rho(13) = -0.273, ns, respectively].

However, in the two conditions, there was no association between mean heart rate and temperature or
humidity of the room.

Data collecting of HRV was performed using the Polar V800 (Giles, Draper, & Neil, 2016). The breathing
frequency was obtained through direct observation, with confirmation of counting through cycles of respiratory
sinus arrhythmia in the AB condition.

Data Treatment

The HRV analysis was performed using the gHRV software (Rodriguez-Lifiares, Méndez, Vila, & Lado,
2012; Vila et al., 1997). After visual inspection of the time series of the RR intervals, for the detection and
elimination of false beats (Peltola, 2010), the HR data were automatically filtered and interpolated according to
Rodriguez-Linares et al. (2012). Frequency analysis was obtained according to Vila et al. (1997). For the
spectral analysis, the interpolation of the signal was made at 4 Hz. The window amplitude and time
displacement were 120 s and 60 s, respectively. Nonlinear indices were calculated following the algorithms
described in Kaplan, Furman, and Pincus (1990) and Pincus and Goldberger (1994). In the analysis of the time
series, for the m-dimension and the delay procedures were taken according to Kantz and Schreiber (2004) and
Cao (1997) respectively.
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Statistical Analyses

Data were statistically treated in the IBM-SPSS program, v.24, at a significance level of 0.05. The
Shapiro-Wilk test was used to verify the normality of the data distribution. Although most of the data had
revealed a normal distribution, given the sample size we opted for the Wilcoxon (Z) test, with Monte Carlo test
(99% confidence level, 10,000 sample tables), and estimation of effect size » (Field, 2013) and the Wilcoxon
rank-biserial correlation coefficient (b) (Kerby, 2014). For the analysis of the evolution of the breathing
frequency (Zyy,) throughout the sessions, the Median value was used, with Monte Carlo test (confidence level
99%, 10,000 sample tables). Also, the inverse and cubic models of curve adjustment were used, with adjusted
R’ estimate and respective ANOVA (F), standardized coefficient for the number of sessions (Beta) and
respective test t (¢). The Spearman (7o) test was used for analysis of association between variables, with
Bootstrap test (95% confidence level, 1,000 samples, simple sampling, corrected confidence interval and
accelerated by bias).

Results

The child significantly reduced breathing frequency in the AB condition. In addition, the sequence test
revealed no randomness for the time series of the NB condition (see Table 2).

Table 2
Descriptive Statistics (M, SD, min, max, Md, P) and Inferential Statistics (Z, v, rrb, Zy) for the Respiratory Rate
(Cycles per Minute) Over the 13 Sessions, Under NB (Baseline) and AB (Slow Abdominal Breathing) Conditions

Condition M £ SD (min, max) Md P25 P50 P75 V4 r rrb Zyva

R 15.07 £2.98 (11,2 14 1 14 1 4,633
N >07+£298(11,23) 3 7 -7.636 0.77 073 633

AB 12.22 +1.16 (10, 16) 12 11 12 13 -2.040, ns®

Notes. ™™ p <0.001; ns—non-significant; * after Monte Carlo correction. mean—M, standard deviation—SD, minimum—min,
max—maximum, median—Md, percentiles—P; Wilcoxon—Z, effect size—r, Wilcoxon rank-biserial correlation coefficient—rrb,
sequences test—Zyg.

In both conditions, we obtained a better adjustment of the cubic and inverse curve, which were only
significant for the NB condition (see Table 3).

Table 3

Adjustment of Cubic and Inverse Curve (R°) and Respective ANOVAs (F, Degrees of Freedom of Regression
and Residual in Parentheses), and Standardized Coefficient (Beta) With Respective t (1) Test for Number of
Sessions, in the Respiratory Rate (Cycles per Minute) Over the 13 Sessions, in the NB (Baseline) and AB (Slow
Abdominal Breathing) Conditions

Condition Model R’ F (3,88) Beta t

NB ) 0.521 33.997"" -4.208 -4.769""
Cubic

AB 0.041 2.289, ns 0.601 0.631, ns

Condition Model R? F (1,90) Beta t

NB 0.469 81.371" 0.689 9.021"™"
Inverse

AB 0.031 3.923, ns 0.204 1.981, ns

Notes. ™™ p < 0.001; ns—non-significant.

This curve tendency is quite differentiable in the graphs (see Figure 1). It should be noted that in the 13th
session the observed values for respiratory rate (circles) are very similar in both conditions.
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Figure 1. Curve adjustment graphs for the inverse and cubic models (with constant included in the equation) for
respiratory rate evolution over the 13 sessions, in the NB condition (left) and the AB condition (right).

The child significantly reduced the mean heart rate (HR) in the AB condition compared to the NB (see
Table 4 and Figure 2).

Table 4
Descriptive Statistics (M, SD, Md, P) and Inferential Statistics (Z, r, rrb) for Mean Heart Rate (Beats per
Minute) During the 13 Sessions, Under NB (Baseline) and AB (Slow Abdominal Breathing) Conditions

Condition M+ SD Md P25 P50 P75 Z r rrb
RN 76.06 +2.63 75.72 73.90 75.72 77.88 s

-3.059 0.85 1.00
AB 1222+ 1.16 68.94 66.69 68.94 71.87

Notes. ™ p <0.001. mean—M, standard deviation—SD, median—Md, percentiles—P; Wilcoxon-Z, effect size—r, Wilcoxon
rank-biserial correlation coefficient- rrb.

82 o

T T
NB AB

Condition

Figure 2. Boxplot for mean heart rates of the 13 sessions, in the NB (baseline) condition and the AB (slow abdominal
breathing) condition.
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The main HRV indicators significantly increased and the LF/HF ratio significantly decreased, from the
NB condition to the AB condition, except for SD2 and LF (see Table 5).

Table 5
Descriptive Statistics (M, SD, Md) and Inferential Statistics (Z, r, rrb) for HRV Measurements of the 13
Sessions in Baseline and AB (Slow Abdominal Breathing)

Measure Condition M+ SD Md VA r rrb Zya

NB 812.43 +26.93 818.70 " -4.633™"
RR Mean Interval (ms) -3.059 0.84  -1.00 a
AB 893.77 + 54.24 895.31 -2.040, ns

NNS0 (%) NB 62.98 +4.73 63.64 5 589" 072 050 -4.633™
P ° AB 68.00 + 3.38 68.48 ' : ' -2.040, ns*

MSSD (ms) NB 134.88 + 16.17 136.55 598" 083 083 -4.633™
T m -Z. . -VU. .
s AB 149.36 + 11.32 149.46 -2.040, ns*

NB 95.48 + 11.45 96.67 -4.633"
SD1 (ms) -2.981 0.83  -0.83 .
AB 105.72 + 8.02 105.80 -2.040, ns

NB 167.33 +23.01 178.09 -4.633™"
SD2 (ms) -0.549, ns 0.77  0.17 a
AB 168.63 + 11.56 168.37 -2.040, ns

LF () NB 2839.30 + 896.26 288921 000 0.17 -4.633""
AB 2908.16 + 489.21 2926.56 R ' ‘ -2.040, ns*

HF (ms) NB 3168.05+1011.43 310268 o 056 -0.50 -4.633™
AB 3810.98 + 598.30 3850.94 ' ' ' -2.040, ns*

NB 1.04+0.32 1.16 . -4.633™
LF/HF -2.353 0.65 -0.67 .
AB 0.81+0.19 0.81 -2.040, ns

Notes. p<0.001; - p<0.01; i p < 0.05; ns—non-significant; * after Monte Carlo correction; mean—M, standard
deviation—SD, median—Md; Wilcoxon—Z, effect size—r, Wilcoxon rank-biserial correlation coefficient—rrb.

Although the RR mean interval did not reveal significant associations in the NB condition, the AB
condition revealed the same significant direct association [rho(13) = 0.626*] with tMSSD, SDI1, and SD2.
However, it was LF that in the NB condition revealed significant positive associations with rtMSSD [rho(13) =
0.6987], SD1 (rho(13) = 0.698""), SD2 (rho(13) = 0.835 ") and pNN50 [rh0(13) = 0.654"]; only showing in the
AB condition, a significant positive association with the LF/HF ratio [rho(13) = 0.692"]. Additionally, in the
NB condition, there is a significant inverse association between HF and LF/HF ratio [rho(13) = —0.742**] and
tendency for inverse association in the AB condition [rh0(13) = -0.563, p = 0.061]. Finally, pNN50 which in
NB condition revealed significant positive associations with LF [rho(13) = 0.654°], tMSSD [rho(13) = 0.681°],
SDI1 [rho(13) = 0.681*], and SD2 [rho(13) = 0.665*], did not reveal any significant association in the AB
condition. In both conditions rMSSD showed a total association with SD1 [rho(13) = 1], and a significant direct
association with SD2 in the NB condition [rho(13) = 0.863""] and AB condition [rho(13) = 0.813"'], as well as
those already mentioned with LF and HF; and SD1 and SD2 were significantly associated in both NB [r/0(13)
=0.863"] and AB [rh0o(13) = 0.813°] conditions.

Discussion

During short sessions of respiratory control practice, this child had the capacity to significantly reduce HR
and breathing frequency; and to increase several HRV parameters. All these modifications indicate an increase
in vagal activity during AB. If vagal activity was reinforced during AB (Levy, 1990; Uijtdehaage & Thayer,
2000), this means that it is probably possible to provide him with a bottom-up self-adjustment of his emotional
responses and attention span (Ruiz-Padial et al., 2003; Thayer & Brosschot, 2005; Thayer & Lane, 2009). More



RESPIRATORY CONTROL TECHNIQUE AND HEART RATE VARIABILITY 519

relevant is the fact that, in parallel, it was observed that during the 13 sessions, there was a significant reduction
of the breathing frequency in the BN condition.

It is noteworthy that HF as an indicator of parasympathetic activity (Camm et al., 1996; Reyes del Paso et
al., 2013), increased significantly in the AB condition compared to the NB condition; a result that is reinforced
by the significant reduction of the LF/HF ratio and the significant increase of SD1; however, the same did not
occur with LF or SD2.

Conclusion

A child identified with ADHD and other comorbidities was able to perform a slow and predominantly
abdominal breathing technique. During the execution of this respiratory technique and based on several parameters
of HRYV, this child showed increased parasympathetic activity and HR reduction (Tonhajzerova et al., 2009;
Griffiths et al., 2017; Imeraj et al., 2011; Rukmani et al., 2016; Carvalho et al., 2014). During the sessions, the
NB data reveal a significant evolution of some parameters associated to the parasympathetic activity, such as
SD1, HF, and LF/HF (Camm et al., 1996, Reyes del Paso et al., 2013), probably meaning that this child
strengthened the parasympathetic activity or, at least, incorporated this respiratory technique (Marques, 2017).
This hypothesis is sustainable by the significant reduction of respiratory frequency throughout the sessions.

If a HRV is directly associated with the capacity for sustained attention, the results of this intervention
support the hypothesis of using this respiratory technique as a complementary and non-clinical intervention for
the control of the abnormal parasympathetic mechanisms and the dysregulation of the emotions that are
associated with ADHD in children (Bunford et al., 2017, Musser et al., 2011, Ruiz-Padial et al., 2003, Thayer
& Brosschot, 2005, Thayer & Lane, 2009).
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