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Background: The present study investigates the possibilities of using heart rate vari-
ability (HRV) parameters as physiological markers that precede increase in observed 
behavioral excitation of intellectually disabled individuals. The ability to recognize or pre-
dict such patterns, especially in patients showing unpredictable reactions and language 
deficiencies, might be a major step forward in clinical research.

Method: Thirteen volunteers with intellectual disabilities, who had suffered of at least 
one event of overt aggression in the preceding 3 months, participated to the study. The 
protocol consists in the acquisition of continuous electrocardiogram (ECG) throughout 
approximately two times of 8 h in natural situation, using a T-shirt integrated with sen-
sors. Simultaneously, an observer evaluates the patient’s level of overt excitation from 
calm (level 1) to extremely tense (level 5) and send online via Bluetooth these triggers 
into the ECG signals. The HRV indexes were then estimated offline on the basis of the 
inter-beat intervals recorded by the ECG, independently for the 30 min preceding each 
behavioral tension marking point, averaged, and compared through non-parametric 
Wilcoxon matched-pairs test. Of these, the RMSSD and LF/HF calculations were used 
to observe the fluctuations of inhibitory activity and cardiovagal balance through different 
tension states.

results: Seven individuals have sufficient reliable data for analysis. They have reached 
at least a level 3 of behavioral excitation (moderately tense) or more (very to extremely 
tense, level 4 and 5) and have been retained for further analysis. In sum, a total of 
197 periods of tension were kept, made up of 46 periods of slight excitation (level 2), 
18 of moderate excitation (level 3), 10 of high excitation (level 4), and 5 of extreme 
agitation (level 5). Variations in the HRV as a function of degree of excitation are observed 
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for RMSSD index only (inhibitory parasympathetic activity). The changes from calm to 
increasing levels of excitation are characterized by a significant downfall in RMSSD index 
when patients were evaluated to be in a very high level of tension (level 4).

conclusion: The presence of precursors to agitation, reflected in the falling-off of para-
sympathetic activity, offers potentially interesting prospects for therapeutic development.

Keywords: heart rate variability, parasympathetic nervous system, sympathetic nervous system, intellectual 
disability, psychological stressors

inTrODUcTiOn

The present study is particularly aimed at a population com-
bining mental retardation and psychiatric co-morbidity, with 
relatively low intelligence quotient (1, 2) and maladaptive 
behavioral reactions (3). Indeed, such characteristics can lead to 
inadequate responses to changes in the individual’s environment. 
The frequency of aggression and abnormal episodes (e.g., self-
mutilation, anger, verbal or physical aggression toward others, or 
property damage) can be a challenge with this population, with a 
prevalence of 4–10% depending on the country and the duration 
of observations (4–7). The unpredictability of these behaviors 
and the deficiencies in individuals’ abilities to communicate their 
feelings before these episodes take place make them particularly 
dangerous to themselves and the others.

A person’s ability to deal with situational changes is made 
possible through the dynamics of his autonomic nervous system 
(ANS). The ANS either activates or inhibits the body’s system 
of vigilance through the innervations of the myocardium. This 
occurs via the sympathetic nervous system (SNS) when activating 
and via the parasympathetic nervous system (PNS) when inhibit-
ing. Depending on the psychiatric, psychological, or emotional 
conditions that an individual is facing, the ANS responses to 
the demands of their environment could be expressed by in an 
increase in SNS activity, a decrease of PNS control, or a combi-
nation of both (8–11). These autonomic functional differences 
are described as representative of different emotional state and 
social position, anxious, and submissive on the one hand with 
a key behavioral inhibition through the parasympathetic branch 
(12–16), and hostile and dominant on the other hand, requiring a 
rapid influx of blood to muscle and the brain through sympathetic-
adrenaline activity, which may of may not occur with a lowering 
of parasympathetic inhibition (17, 18). The ability to recognize or 
predict of such patterns by examining a patient’s cardiovagal bal-
ance, especially in patients showing unpredictable reactions and 
language deficiencies, might be a major step forward in clinical 
research to help them. In addition, this type of data might help to 
clarify the concept of intentionality in the unexpected explosive 
behavior exhibited by this population.

Educational monitoring such as operant conditioning or 
applied behavior analysis (19, 20) and breathing control (21, 
22) have shown encouraging results in attempts to defuse anti-
social behavior and mood fluctuations in long term therapies. 
A means of recognizing the imminence of aggressive reactions 
and exploiting that recognition in order to avoid such unpleas-
ant interventions as the seclusion, restraint, or antipsychotic 

medication of people with an intellectual disability, appears 
not only essential but also rational and ethical (23–26). Indeed, 
some heart rate and heart rate variability (HRV) fluctuations 
have been described to be predictive of reactive aggression (18, 
27, 28). This study’s primary goal was to identify markers of 
increasing physiological agitation—the indicators of imminent 
aggressive behavior.

MaTerials anD MeThODs

Participants and Methods
Study participants were recruited from patients followed by the 
mental development psychiatry mobile team of the Community 
Psychiatry Service at the University Hospital Center of Lausanne, 
Switzerland, between March and November 2012.

The inclusion criteria for participation in this study was at 
least one recorded episode of aggressive behavior as defined 
by the Retrospective Modified Overt Aggression Scale (5, 29, 
30) in the three months prior to the study (verbal or physical 
aggression against others, oneself, or property). Each participant 
wore a T-shirt with integrated sensors developed to record 
electrocardiograms (Smartex s.r.l., Giuntini 13L Navacchio, Pisa 
56023, Italy). This apparatus was designed specifically for the 
assessment of physiological information in an everyday environ-
ment, and it has been successfully tested for the management 
and study of pathologies such as heart diseases, diabetes, or 
bipolar disorders (21, 31). A T-shirt was put on after the partici-
pant’s morning shower (approximately 9:00 a.m.) and was taken 
off in the evening (approximately 6:00  p.m.). The T-shirt was 
worn on two non-consecutive days within 1 week, in order to 
validate the reliability of the data gathered. Data from the high 
resolution electrocardiogram (ECG) signal, with sampling every 
4 ms (32), were recorded in a device held in the T-shirt’s pocket 
(CSEM, Neuchâtel, Switzerland). While the ECG signal was 
recorded continuously, each participant’s “level of excitation” 
was estimated every half hour by a staff member. Three potential 
participants refused to be included and two abandoned the study 
by declining to participate on the second day (see flowchart on 
Figure  1). Of the remaining 11 subjects, those with a reliable 
ECG signal for more than 85% of the day were retained, giving a 
final total of seven participants. The main reason for ECG signal 
failure was identified as lack of shirt adhesion on the participant’s 
chest (e.g., because of a BMI below 18, skin diseases, agitation). 
The final participant group comprised of three women and 
four men. The average age was 32 years old (SD ± 7.3, min. 28, 
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FigUre 1 | consort flowchart.
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max. 47). Six participants lived in sheltered accommodation and 
one lived with parents, three worked in sheltered workshops, six 
participants took antipsychotic medication, and three took mood 
stabilizers. As psychoactive substances are recognized as being 
unrelated to systematic effects on the autonomic system (33, 34), 
no major recurrence was expected in HRV of our participants as 
a result of drugs intake. None of the patients were taking a beta-
blocker, but one was taking medication for high blood pressure. 
The seven participants had IQ levels between 35 and 40 to 50 
and 55. This study was carried out in accordance with the recom-
mendations of the Human Research Ethics Committee of the 
Canton de Vaud, Switzerland, and the Declaration of Helsinki. 
All subjects gave informed written consent to their participation 
in the study, with the agreement of their legal representative and 
their family.

excitation levels
During the 8 h of ECG recording, the participant’s level of excita-
tion was estimated by a member of staff every 30 min. A ringtone 
on a smart phone linked to the recording device via Bluetooth 
reminded the staff member to evaluate the patient. Each partici-
pant was evaluated by a single, different evaluator on each day, 
providing observations of noticeable behaviors representative of 
different levels of excitation. An observation grid was simplified 
into five highly distinguishable excitation levels in order to limit 
inter-evaluator discrepancies: 0, the patient is asleep; 1, the patient 
is in a calm state; 2, the patient is slightly excited; 3, the patient 
is moderately excited; 4, the patient is very excited; and 5, the 
patient is extremely excited. The ringtone acted as a time-based 
marking point, integrated to the participant’s continuous ECG 
recording via Bluetooth, which could then be matched to each 
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FigUre 2 | Detailed contribution of each subject for each tension level (1, calm; 2, slight excitation; 3, moderate excitation; 4, high excitation; and 5, 
extreme excitation).
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subject’s clinical manifestations of excitation in order to select 
and analyze of their individual physiological signals correspond-
ing to the clinical manifestations of each subject.

hrV Measurement
Heart rate variability was estimated independently for the 
30  min preceding each behavioral excitation marking point, 
using the Kubios computing program (Biosignal Analysis and 
Medical Imaging Group, Department of Physics, University of 
Kuopio, Finland (35, 36); for an analysis of beat-to-beat varia-
tions, and Matlab (MATLAB version 7.10.0, Natick, MA, USA: 
The MathWorks Inc., 2010) to compute averages for each seg-
ment. The variations in beat-to-beat intervals (NN intervals) 
were extracted and re-sampled using spline interpolation and 
analyzed in accordance with international guidelines (9, 36–39). 
Calculations included (1) the square root of the mean of the sum 
of the squares of the successive differences between adjacent NNs 
(RMSSD, in milliseconds) and (2) the power of the low frequencies 
(LF: 0.04–0.15 Hz) and the high frequencies (HF: 0.15–0.4 Hz) 
after a fast Fourier transform and normalized using logarithmic 
transformation to calculate the ratio of the low over the high 
frequencies (LF/HF). The RMSSD index is representative of the 
inhibitory parasympathetic component of the ANS, whereas the 
LF/HF ratio is considered to be an indicator of the sympathovagal 
balance representing an increased in activity in the SNS and/or a 
reduction in activity in the PNS (9). These two HRV indices were 
chosen according to previous studies in psychiatric disorders or 
fragile psychological and emotional states with significant varia-
tions (40–43). Furthermore, these indices are frequently used in 
applied research as shown for mood disorders and emotional-
state recognition (21, 22).

statistical analysis
The HRV indices RMSSD and LF/HF have been averaged 
(mean  ±  SE) and normalized for each individual (z-scores 
procedure of Statistica, independent across individual data). This 
procedure is used to shade off individual baseline differences in 
physiological arousal and thus to improve the examination of 
fluctuations between tension levels.

resUlTs

Seven individuals reached at least a level 3 of overt excitation 
(moderately tense) or more (very to extremely tense, levels 4 and 
5). Among all the marked time periods picked up from the ECG 
signals, a total of 197 was retained after removing noisy or sleep 
episodes. In sum, the data of overt tension levels are made up of 
46 periods of slight excitation (level 2), 18 of moderate excitation 
(level 3), 10 of high excitation (level 4), and 5 of extreme agita-
tion (level 5). The detailed contribution of each subject for every 
tension level is provided in Figure 2.

The physiological values in the calm state (over the seven 
participants) were measured at 83 b.p.m. (±2 SE) for heart 
rate frequency, 2.5 (±0.2 SE) for LF/HF ratio, and 68 (±14 SE) 
for RMSSD index. These estimations are normal to above the 
expected standard (32, 44).

hrV Fluctuations and excitation levels
Figure 3 shows the variations in the RMSDD variables as a func-
tion of degree of excitation. Differences between tension levels 
are observed for RMSSD index only (inhibitory parasympathetic 
activity). The change from calm to increasing levels of excitation 
is characterized by a gradual downfall in RMSSD index with a 
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maximum reduction before the extreme level of tension. Only five 
occurrences of extreme excitation concerning three participants 
were observed in this pilot study. The extreme occurrence was 
measured after outburst. The LF/HF remains unchanged through 
the different levels of excitation.

DiscUssiOn

This study’s primary goal was to identify markers of increasing 
physiological agitation that might reveal imminent outburst, 
particularly in a group of patients with intellectual disabilities 
and associated behavioral disturbances. By recording continuous 
ECGs over long periods of time and evaluating the patient’s level 
of excitation every 30  min, it seems that we identify fluctua-
tions in HRV that might be specific to the moments prior to an 
increase in the level of excitation. The results of this small pilot 
study require additional, more in-depth study before they can 
be confirmed. Nevertheless, we were able to show that the LF/
HF ratio did not increase proportionally with excitation. Instead, 
the index of parasympathetic activity, RMSSD, decreased as the 
patient’s state changed from slightly tense (level 2) and very tense 

(level 4), and increased just when reaching extreme excitation 
(level 5). The increase of RMSSD at level 5 could be explained 
by the fact that level 5 was utilized when outburst occurred 
for the three participants concerned. The resolution phase of 
the outburst might lead to this increase. Thus, this pilot study 
demonstrated that fluctuations in HRV do not necessarily follow 
a linear relationship with the observed level of excitation. It also 
showed that this simple, non-invasive method of collecting ECG 
data may offer many advantages in efforts to identify changes in 
physiological arousal prior to potentially aggressive behavior.

Our results show that the RMSSD index measured for the 
tested population is normal to above the expected standard 
(32,  44). This normal-to-over-activation of parasympathetic 
activity discards suggestions that such population exhibit func-
tional parasympathetic failure (12, 13, 45, 46). The deficiencies 
in behavioral adaptation observed in intellectually impaired 
subjects could thus be the result of a heightened general state of 
excitation, with a final breakdown in control when stress reaches 
an extreme level (30).

Overall, our results seem to suggest that the dominance of 
the parasympathetic branch of the ANS might demonstrate a 

FigUre 3 | The parasympathetic inhibitory activity (rMssD index, Mean, and se for bars) assessed the change from calm state (tension level 1) to 
levels of tension 2, 3, 4, and 5. The RMSSD values decrease from level 2 to 4 (slightly tense to very tense) and enhance at level 5 (extremely tense), suggesting 
the level 4 to be a key moment of weakness of parasympathetic activity.

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive


6

Palix et al. Changes in Heart Rate Variability

Frontiers in Psychiatry | www.frontiersin.org February 2017 | Volume 8 | Article 4

reFerences

1. Wechsler D. WAIS-R Manual: Wechsler Adult Intelligence Scale-Revised. San 
Antonio, TX: The Psychological Corporation (1981).

2. Wechsler D. Wechsler Adult Intelligence Scale–Fourth Edition (WAIS–IV). San 
Antonio, TX: NCS Pearson (2008).

3. American Psychiatric Association. Diagnostic and Statistical Manual of Mental 
Disorders DSM-IV-TR Fourth Edition (Text Revision). Washington, DC: 
American Psychiatric Association (2000).

4. Emerson E, Kiernan C, Alborz A, Reeves D, Mason H, Swarbrick R, et al. The 
prevalence of challenging behaviors: a total population study. Res Dev Disabil 
(2001) 22:77–93. doi:10.1016/S0891-4222(00)00061-5 

5. Crocker AG, Mercier C, Lachapelle Y, Brunet A, Morin D, Roy ME. Prevalence 
and types of aggressive behaviour among adults with intellectual disabilities. 
J Intellect Disabil Res (2006) 50:652–61. doi:10.1111/j.1365-2788.2006. 
00815.x 

6. Lowe K, Allen D, Jones E, Brophy S, Moore K, James W. Challenging 
behaviours: prevalence and topographies. J Intellect Disabil Res (2007) 
51:625–36. doi:10.1111/j.1365-2788.2006.00948.x 

7. Tenneij NH, Koot HM. Incidence, types and characteristics of aggressive 
behaviour in treatment facilities for adults with mild intellectual disability 
and severe challenging behaviour. J Intellect Disabil Res (2008) 52:114–24. 
doi:10.1111/j.1365-2788.2007.00968.x 

8. Berntson GG, Cacioppo JT, Binkley PF, Uchino BN, Quigley KS, Fieldstone A. 
Autonomic cardiac control. III. Psychological stress and cardiac response in 
autonomic space as revealed by pharmacological blockades. Psychophysiology 
(1994) 31:599–608. doi:10.1111/j.1469-8986.1994.tb02352.x 

9. TaskForce. 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. 
Circulation (1996) 93:1043–65. doi:10.1161/01.CIR.93.5.1043 

10. Appelhans BM, Luecken LJ. Heart rate variability as an index of 
regulated emotional responding. Rev Gen Psychol (2006) 10:229–40. 
doi:10.1037/1089-2680.10.3.229 

11. Koole S. The psychology of emotion regulation: an integrative review. Cogn 
Emot (2009) 23:4–41. doi:10.1080/02699930802619031 

12. Suls J, Wan CK. The relationship between trait hostility and cardiovascular 
reactivity – a quantitative review and analysis. Psychophysiology (1993) 
30:615–26. doi:10.1111/j.1469-8986.1993.tb02087.x 

13. Guyll M, Contrada RJ. Trait hostility and ambulatory cardiovascular 
activity: responses to social interaction. Health Psychol (1998) 17:30–9. 
doi:10.1037/0278-6133.17.1.30 

14. Newton TL, Bane CM. Cardiovascular correlates of behavioral dominance 
and hostility during dyadic interaction. Int J Psychophysiol (2001) 40:33–46. 
doi:10.1016/S0167-8760(00)00124-0 

15. Pauls CA, Stemmler G. Repressive and defensive coping during fear and anger. 
Emotion (2003) 3:284–302. doi:10.1037/1528-3542.3.3.284 

16. Sgoifo A, Braglia F, Costoli T, Musso E, Meerlo P, Ceresini G, et al. Cardiac 
autonomic reactivity and salivary cortisol in men and women exposed to 
social stressors: relationship with individual ethological profile. Neurosci 
Biobehav Rev (2003) 27:179–88. doi:10.1016/S0149-7634(03)00019-8 

17. Rosenman RH, Friedman M. Neurogenic factors in pathogenesis of cor-
onary heart disease. Med Clin North Am (1974) 58:269–79. doi:10.1016/
S0025-7125(16)32158-7 

position of subordination and a fear of losing control (16, 47, 
48). This is similar to recent descriptions related to aggression 
in fragile X syndrome (49), or brain oscillations of this intel-
lectually disabled population when confronted with emotionally 
negative images (50). The inhibitory parasympathetic branch 
appeared late in mammalian evolution in order to suppress the 
strong fight-or-flight reactions resulting from SNS accelerator 
inputs (9). Controlling the inhibitory parasympathetic branch is 
described as promoting interpersonal exchanges and developing 
social connections (51). According to this pilot study’s results, 
this nervous inhibitory pathway is mainly activated in indi-
viduals with intellectual disabilities and psychiatric conditions, 
offering new perspectives for therapies that put the emphasis on 
dealing with anxiety rather than aggressiveness (52). Specific 
intervention aiming at improving heart rate coherence might be 
useful. A pilot study using training in heart coherence was tested 
with mild intellectual disability volunteers working in sheltered 
workshops. Training in cardiac coherence was implemented 
during two consecutive weeks. Results indicated that partici-
pants could benefit physiologically, psychologically of both (53). 
However, these results are preliminary and need more controlled 
validation.

The main limitations of this study are the small sample of 
participants and the loss of participants due to failure in signal 
acquisition. The small number of participants prevent from find-
ing a statistically significant result. The ideal design would require 
a continuous video recording of the behavior of participants to 
segment signals in realistic fitting periods, but this is difficult to 
achieve in natural conditions without limiting the freedom of the 
participants.

In conclusion, the data gathered in this study of a group of 
patients with intellectual disabilities and psychiatric co-morbidity 

showing overt aggressive behavior suggests that anxiety-based 
reactions predominate above hostile aggressive behavior. 
Furthermore, a decreased in parasympathetic activity during 
tense condition emerge to be a marker to imminence of agitation.

eThics sTaTeMenT

Commission cantonale d’éthique de la recherche sur l’être humain. 
Secrétariat administrative, Avenue de Chailly 23, 1012 Lausanne. 
This study was carried out in accordance with the recommenda-
tions of the Human Research Ethics Committee of the Canton de 
Vaud, Switzerland, and the Declaration of Helsinki. All subjects 
gave informed written consent to their participation in the study, 
with the agreement of their legal representative and their family.

aUThOr cOnTriBUTiOns

JF, CC, FG, and JP contributed substantially to the conception 
and design of the study. JF and FG contributed substantially to 
data acquisition; JF, MA, and JP contributed substantially to the 
analysis and interpretation of data. JF and JP drafted the article. 
MA, CC, and FG revised it critically for important intellectual 
content. All authors approved the version to be published and 
agree to be held accountable for all aspects of the work, ensuring 
that questions related to the accuracy or integrity of any part of it 
are appropriately investigated and resolved.

FUnDing

The study was supported by a grant from Réseau d’études 
appliquées des pratiques de santé, de réadaptation/réinsertion 
(Ré-Sa-R) and a donation from Dr. Alexander Engelhorn.

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive
https://doi.org/10.1016/S0891-4222(00)00061-5
https://doi.org/10.1111/j.1365-2788.2006.00815.x
https://doi.org/10.1111/j.1365-2788.2006.00815.x
https://doi.org/10.1111/j.1365-2788.2006.00948.x
https://doi.org/10.1111/j.1365-2788.2007.00968.x
https://doi.org/10.1111/j.1469-8986.1994.tb02352.x
https://doi.org/10.1161/01.CIR.93.5.1043
https://doi.org/10.1037/1089-2680.10.3.229
https://doi.org/10.1080/02699930802619031
https://doi.org/10.1111/j.1469-8986.1993.tb02087.x
https://doi.org/10.1037/0278-6133.17.1.30
https://doi.org/10.1016/S0167-8760(00)00124-0
https://doi.org/10.1037/1528-3542.3.3.284
https://doi.org/10.1016/S0149-7634(03)
00019-8
https://doi.org/10.1016/S0025-7125(16)32158-7
https://doi.org/10.1016/S0025-7125(16)32158-7


7

Palix et al. Changes in Heart Rate Variability

Frontiers in Psychiatry | www.frontiersin.org February 2017 | Volume 8 | Article 4

18. Haller J, Raczkevy-Deak G, Gyimesine KP, Szakmary A, Farkas I, Vegh 
J. Cardiac autonomic functions and the emergence of violence in a highly 
realistic model of social conflict in humans. Front Behav Neurosci (2014) 8:364. 
doi:10.3389/fnbeh.2014.00364 

19. Anderson CM, Kincaid D. Applying behavior analysis to school violence and 
discipline problems: schoolwide positive behavior support. Behav Anal (2005) 
28:49–63. 

20. Rojahn J, Schroeder SR, Hoch TA. Self-Injurious Behavior in Intellectual 
Disabilities. Oxford: Elsevier (2007).

21. Mariani S, Migliorini M, Tacchino G, Gentili C, Bertschy G, Werner S, 
et al. Clinical state assessment in bipolar patients by means of HRV features 
obtained with a sensorized T-shirt. Engineering in Medicine and Biology 
Society (EMBC), 2012 Annual International Conference of the IEEE. San Diego: 
IEEE (2012). p. 2240–3.

22. Valenza G, Scilingo EP. Experimental evidences on healthy subjects and bipo-
lar patients. Autonomic Nervous System Dynamics for Mood and Emotional-
State Recognition. Cham: Springer International Publishing (2014). p. 85–123.

23. Grasset F, Favrod J, Giuliani F, Pernier S, Navarro CM, Besson J. Mental 
retardation and psychiatry. Rev Med Suisse (2008) 4(171):1976–8. 

24. Tyrer P, Oliver-Africano PC, Ahmed Z, Bouras N, Cooray S, Deb S, et  al. 
Risperidone, haloperidol, and placebo in the treatment of aggressive challeng-
ing behaviour in patients with intellectual disability: a randomised controlled 
trial. Lancet (2008) 371:57–63. doi:10.1016/S0140-6736(08)60072-0 

25. Unwin GL, Deb S. Use of medication for the management of behavior prob-
lems among adults with intellectual disabilities: a clinicians’ consensus survey. 
Am J Ment Retard (2008) 113:19–31. doi:10.1352/06-034.1 

26. Grasset F, Favrod J. Les personnes vivant avec le handicap mental: Quels 
défis pour la psychiatrie Lausannoise? In: Guex P, Gasser J, editors. Pour une 
psychiatrie scientifique et humaniste. L’école lausannoise. Genève: Médecine & 
Hygiène (2011) 127–34.

27. Scarpa A, Haden SC, Tanaka A. Being hot-tempered: autonomic, emotional, 
and behavioral distinctions between childhood reactive and proactive aggres-
sion. Biol Psychol (2010) 84:488–96. doi:10.1016/j.biopsycho.2009.11.006 

28. Murray-Close D, Rellini AH. Cardiovascular reactivity and proactive and 
reactive relational aggression among women with and without a history of 
sexual abuse. Biol Psychol (2012) 89:54–62. doi:10.1016/j.biopsycho.2011. 
09.008 

29. Bhaumik S, Watson JM, Devapriam J, Raju LB, Tin NN, Kiani R, et al. Brief 
report: aggressive challenging behaviour in adults with intellectual disability 
following community resettlement. J Intellect Disabil Res (2009) 53:298–302. 
doi:10.1111/j.1365-2788.2008.01111.x 

30. Cohen IL, Tsiouris JA, Flory MJ, Kim SY, Freedland R, Heaney G, et  al.  
A large scale study of the psychometric characteristics of the IBR Modified 
Overt Aggression Scale: findings and evidence for increased self-destructive 
behaviors in adult females with autism spectrum disorder. J Autism Dev 
Disord (2010) 40:599–609. doi:10.1007/s10803-009-0908-z 

31. Paradiso R, Faetti T, Werner S. Wearable monitoring systems for psychological 
and physiological state assessment in a naturalistic environment. Engineering 
in Medicine and Biology Society, EMBC, 2011 Annual International Conference 
of the IEEE. Boston: IEEE (2011). p. 2250–3.

32. Malik M. Heart rate variability. Ann Noninvasive Electrocardiol (1996) 
1:151–81. doi:10.1111/j.1542-474X.1996.tb00275.x 

33. Mujica-Parodi L, Yeragani V, Malaspina D. Nonlinear complexity and spectral 
analyses of heart rate variability in medicated and unmedicated patients with 
schizophrenia1. Neuropsychobiology (2005) 51:10–5. doi:10.1159/000082850 

34. Alber H, Dromigny E, Le Hazif L, Nedelec M, Perrus-Lesquibe C, Burgot G. 
Les troubles du rythme cardiaque liés à la prise de médicaments psychotropes. 
J Pharm Clin (2010) 29:183–209. doi:10.1684/jpc.2010.0151

35. Silke B, Campbell C, King DJ. The potential cardiotoxicity of antipsychotic 
drugs as assessed by heart rate variability. J Psychopharmacol (2002) 16:355–60. 
doi:10.1177/026988110201600410 

36. Niskanen JP, Tarvainen MP, Ranta-Aho PO, Karjalainen PA. Software for 
advanced HRV analysis. Comput Methods Programs Biomed (2004) 76:73–81. 
doi:10.1016/j.cmpb.2004.03.004 

37. Stein PK, Bosner MS, Kleiger RE, Conger BM. Heart rate variability: a 
measure of cardiac autonomic tone. Am Heart J (1994) 127:1376–81. 
doi:10.1016/0002-8703(94)90059-0 

38. Capderou A, Bailliart O, Maison-Blanche P, Kedra AW, Atkov O, Techoueyres 
P, et al. Parasympathetic activity during parabolic flight, effect of LBNP during 
microgravity. Aviat Space Environ Med (2001) 72:361–7. 

39. Berntson GG, Cacioppo JT. Heart rate variability: stress and psychiatric con-
ditions. In: Malik M, Camm J editors. Dynamic Electrocardiography. Sussex: 
Wiley-Blackwell Publishing (2004). p. 57–64.

40. Sloan RP, Bagiella E, Shapiro PA, Kuhl JP, Chernikhova D, Berg J, et  al. 
Hostility, gender, and cardiac autonomic control. Psychosom Med (2001) 
63:434–40. doi:10.1097/00006842-200105000-00012 

41. Agelink MW, Boz C, Ullrich H, Andrich J. Relationship between major 
depression and heart rate variability. Clinical consequences and implications 
for antidepressive treatment. Psychiatry Res (2002) 113:139–49. doi:10.1016/
S0165-1781(02)00225-1 

42. Virtanen R, Jula A, Salminen JK, Voipio-Pulkki LM, Helenius H, Kuusela T, 
et al. Anxiety and hostility are associated with reduced baroreflex sensitivity 
and increased beat-to-beat blood pressure variability. Psychosom Med (2003) 
65:751–6. doi:10.1097/01.PSY.0000088760.65046.CF 

43. Tan G, Dao TK, Farmer L, Sutherland RJ, Gevirtz R. Heart rate variability 
(HRV) and posttraumatic stress disorder (PTSD): a pilot study. Appl 
Psychophysiol Biofeedback (2011) 36:27–35. doi:10.1007/s10484-010-9141-y 

44. Nunan D, Sandercock GR, Brodie DA. A quantitative systematic review of 
normal values for short-term heart rate variability in healthy adults. Pacing 
Clin Electrophysiol (2010) 33:1407–17. doi:10.1111/j.1540-8159.2010.02841.x 

45. Beauchaine TP, Katkin ES, Strassberg Z, Snarr J. Disinhibitory psychopathology 
in male adolescents: discriminating conduct disorder from attention-deficit/
hyperactivity disorder through concurrent assessment of multiple autonomic 
states. J Abnorm Psychol (2001) 110:610–24. doi:10.1037/0021-843x.110.4.610 

46. Patrick CJ. Psychophysiological correlates of aggression and violence: an 
integrative review. Philos Trans R Soc Lond B Biol Sci (2008) 363:2543–55. 
doi:10.1098/rstb.2008.0028 

47. Thayer JF, Lane RD. A model of neurovisceral integration in emotion reg-
ulation and dysregulation. J Affect Disord (2000) 61:201–16. doi:10.1016/
S0165-0327(00)00338-4 

48. Friedman BH, Stephens CL, Thayer JF. Redundancy analysis of autonomic and 
self-reported, responses to induced emotions. Biol Psychol (2014) 98:19–28. 
doi:10.1016/j.biopsycho.2013.12.006 

49. Wheeler AC, Raspa M, Bishop E, Bailey DB Jr. Aggression in fragile X syn-
drome. J Intellect Disabil Res (2016) 60:113–25. doi:10.1111/jir.12238 

50. Palix J, Giuliani F, Jombart E, Pernier S, Fahim C, Mancini-Marïe A, et  al. 
Correlations between negative-induced cerebral dynamics and idiopathic 
intellectual disability: an EEG study. Front Hum Neurosci (2011). doi:10.3389/
conf.fnhum.2011.207.00494 

51. Porges SW. The polyvagal theory: phylogenetic substrates of a social 
nervous system. Int J Psychophysiol (2001) 42:123–46. doi:10.1016/
S0167-8760(01)00162-3 

52. Lagos L, Vaschillo E, Vaschillo B, Lehrer P, Bates M, Pandina R. Heart rate 
variability biofeedback as a strategy for dealing with competitive anxiety: a 
case study. Biofeedback (2008) 36:109–115. 

53. Favrod J, Brana A, Gavillet A, Akselrod M, Nguyen A, Palix J. Entraînement à 
faire face au stress professionnel pour les personnes avec un retard intellectuel: 
une étude pilote. Journal de Thérapie Comportementale et Cognitive (2015) 
25:132–41. doi:10.1016/j.jtcc.2015.07.005 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

The reviewer SO and handling Editor declared their shared affiliation, and the 
handling Editor states that the process nevertheless met the standards of a fair and 
objective review.

Copyright © 2017 Palix, Akselrod, Cungi, Giuliani and Favrod. This is an open-access 
article distributed under the terms of the Creative Commons Attribution License (CC 
BY). The use, distribution or reproduction in other forums is permitted, provided the 
original author(s) or licensor are credited and that the original publication in this 
journal is cited, in accordance with accepted academic practice. No use, distribution 
or reproduction is permitted which does not comply with these terms.

http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive
https://doi.org/10.3389/fnbeh.2014.00364
https://doi.org/10.1016/S0140-6736(08)60072-0
https://doi.org/10.1352/06-034.1
https://doi.org/10.1016/j.biopsycho.2009.11.006
https://doi.org/10.1016/j.biopsycho.2011.
09.008
https://doi.org/10.1016/j.biopsycho.2011.
09.008
https://doi.org/10.1111/j.1365-2788.2008.01111.x
https://doi.org/10.1007/s10803-009-0908-z
https://doi.org/10.1111/j.1542-474X.1996.tb00275.x
https://doi.org/10.1159/
000082850
https://doi.org/10.1684/jpc.2010.0151
https://doi.org/10.1177/026988110201600410
https://doi.org/10.1016/j.cmpb.2004.03.004
https://doi.org/10.1016/0002-8703(94)90059-0
https://doi.org/10.1097/00006842-200105000-00012
https://doi.org/10.1016/S0165-1781(02)00225-1
https://doi.org/10.1016/S0165-1781(02)00225-1
https://doi.org/10.1097/01.PSY.0000088760.65046.CF
https://doi.org/10.1007/s10484-010-9141-y
https://doi.org/10.1111/j.1540-8159.2010.02841.x
https://doi.org/10.1037/0021-843x.110.4.610
https://doi.org/10.1098/rstb.2008.0028
https://doi.org/10.1016/S0165-0327(00)00338-4
https://doi.org/10.1016/S0165-0327(00)00338-4
https://doi.org/10.1016/j.biopsycho.2013.12.006
https://doi.org/10.1111/jir.12238
https://doi.org/10.3389/conf.fnhum.2011.207.00494
https://doi.org/10.3389/conf.fnhum.2011.207.00494
https://doi.org/10.1016/S0167-8760(01)00162-3
https://doi.org/10.1016/S0167-8760(01)00162-3
https://doi.org/10.1016/j.jtcc.2015.07.005
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Changes in Heart Rate Variability Recorded in Natural Situation with T-Shirt Integrated Sensors and Level of Observed Behavioral Excitation: A Pilot Study of Patients with Intellectual Disabilities and Psychiatric Disorders
	Introduction
	Materials and Methods
	Participants and Methods
	Excitation Levels
	HRV Measurement
	Statistical Analysis

	Results
	HRV Fluctuations and Excitation Levels

	Discussion
	Ethics Statement
	Author Contributions
	Funding
	References


