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PHYSIOLOGICAL AND PSYCHOLOGICAL IMPACT OF
STRESSORS

Despite the numerous definition of stress, the meaning of stress could refer to the adaptive
behavioral or mental responses willing to address the common life consequences of stressors,
such as increased attention to perform a mentally demanding task. The stressor can be real or
perceived, pleasant, or unpleasant (Woda et al., 2016). Permanent adaptation to normal daily
stressors is needed, via the physiological stress system. The physiological stress response triggers
metabolic adaptations to the acute stressors (via activation of the autonomic nervous systemmostly
resulting in release of epinephrine by the adrenal medulla) and anticipates what may happen (via
activation of the hypothalamo-pituitary adrenal axis resulting in release of corticosteroids by the
cortical medulla) (McEwen, 2000; Woda et al., 2016). Morbid consequences can be expected when
an individual is affected by a failure of the stress response system to stressors. Therefore, in its
commonplace, the term “stress” is often viewed as a negative concept, with morbid consequences
(Woda et al., 2016). One of these negative effects is anxiety. With anxiety, fear overcomes all
emotions and is accompanied by worry and apprehension (Sylvers et al., 2011; Adhikari, 2014).
While there is a definite overlap between stress and anxiety, we will use the term stress as a negative
physiological and psychological impact of stressors.

STRESS IN AUTISM

People with autism spectrum disorder often have difficulties in communication and social
interaction resulting from atypical information processing and abnormalities in sensory
integration. This causes a cognitive and emotional overload state associated with an increased
stress, by the involvement of the autonomic nervous system, that can lead to the appearance of
inappropriate social behavior. However, in most actual publications (Reaven et al., 2012; Corbett
et al., 2016; Bishop-Fitzpatrick et al., 2017), the stress of individuals with autism spectrum disorder
is evaluated by questionnaires or sometimes by saliva biomarkers. Despite the lack of consistency
between scores to questionnaires and levels of saliva biomarkers (Corbett et al., 2009; Spratt et al.,
2012), they are not a direct and continuous assessment. This presupposes that caregivers or people
with autism are able to recognize external and internal symptoms of stress, but also that stress
systematically triggers an identifiable or observable behavioral response. We believe that stress
evaluation should not be subjective. Individuals with autism spectrum disorder should benefit
from objective continuous measures of stress, especially knowing that almost half of individuals
with autism do not have access to effective communication to express this inner stress (American
Psychiatric Association, 2013).
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BIOMARKERS OF STRESS

Today most of stress assessment is done with saliva biomarkers
such as cortisol or dehydroepiandrosterone (DHEA) levels, or its
sulfated form (DHEA-S) (Danhof-Pont et al., 2011; Lac et al.,
2012). However, those biomarkers do not give a direct and
instantaneous assessment of stress or anxiety. They need to
be transported in a cool storage for assessment in a dedicated
laboratory. The levels of those biomarkers reflect a level of stress
which may vary from some minutes ago to several hours ago,
depending on their half-life. For example cortisol has a short half-
life of 20 min, and thus may reveal acute stress; whereas DHEA-S
has a long half-life of 16 h and thus reveals the global stress of a
long period (half a day) (Woda et al., 2016). Moreover, DHEA-S
levels will need a long period of time (several half-life) to return to
basal values. Therefore, DHEA-S is a biomarker of chronic stress.
Besides, putative biomarkers of stress which need blood sample
are excluded because of feasibility. Even if we do not consider the
high cost of those biomarkers, they also lack of specificity and
conflicting results are reported (Oliveira et al., 2013; Fancourt
et al., 2015; Hawn et al., 2015; Qi et al., 2016).

THE NEED FOR A CONTINUOUS
MONITORING OF STRESS

Real-time detection of stress needs continuous monitoring. To
assess stress in daily life, we also need portable device. These
devices must be non-invasive and pain-free. For these reasons,
all historical markers of stress measured in blood, saliva, or
urine, are excluded. The need to adapt to external and internal
events involve the activation of the autonomous nervous system,
which is a balance between sympathetic and parasympathetic
activity (Shaffer et al., 2014). Vagal tone is considered to be a
measure of parasympathetic activity which controls the resting
state of internal organs via the vagus nerve. The most precise
measure of the vagal tone is provided via its effect on heart
rate. The vagal control of heart induces an increased heart rate
variability (HRV) (Park and Thayer, 2014; Scott and Weems,
2014). HRV is the variation between two consecutive beats: the
higher the variation, the higher the parasympathetic activity. A
high HRV reflects the fact that an individual can constantly adapt
to micro-environmental changes. An overload of stress induces a
decrease in HRV and the adaptation mechanisms are exceeded.
Therefore, low HRV is both a marker of cardiovascular risk and
a biomarker of stress (Dutheil et al., 2012; Boudet et al., 2017).
Conveniently, the measurement of HRV is easy, non-intrusive
and pain-free, and provides continuousmonitoring of the activity
of the autonomic nervous system.

MEASURING HEART RATE VARIABILITY

The most accurate way of proceeding HRV is to use a Holter-
electrocardiogram which is a small medical device applied on
the chest. A Holter-electrocardiogram give the exact time in
milliseconds between two consecutive beats, based on R waves
(Malik et al., 1996). The Holter-electrocardiogram is expensive,
need to be precisely placed, and can cause some discomfort

to wear. Therefore, heart rate transmitter belts now propose
reliable measure of HRV (Akintola et al., 2016; Hernando et al.,
2016). Due to the important amount of data to be processed,
HRV require offline analysis witch is not compatible with real-
time evaluation of stress. New method in development, that use
detection of abrupt changes in HRV, will allow the identification
of stressful events (Azzaoui et al., 2014; Dutheil et al., 2015).
Heart rate, and thus HRV, are one of the easiest physiological
measurements accessible to the general public. A heart rate
transmitter belt is a budget option with accurate measures, but
not as practical as and still more obtrusive than a simple wrist-
band. Some wrist-based sensors are available but still lack of
resolution to be used.

THE DETECTION OF ABRUPT CHANGES

Previous literature have reported either normal or impaired
baseline HRV in people with autism spectrum disorder
(Cheshire, 2012; Kushki et al., 2014). Similarly, even if
people with autism and healthy controls may share similar
pattern of autonomic modifications following an acute mental
stress (Kushki et al., 2014), some authors also reported a
blunted HRV response to an acute stress (Hollocks et al.,
2014, 2016). Despite the responses were still linked with
stress, methods to analyze HRV response are questionable.
Electrocardiogram recording are typically segmented into a
priori blocks of 5 min each or other a priori fixed period of
time. Our change point method is statistically different. We
detect the abrupt change, then we calculate the mean value
of HRV between two consecutive abrupt changes (Figure 1).
The detection of abrupt changes is a statistical approach
based on an individual basis and not on a population
normalized level. There is no need for a control group.
Personalized statistics are computed within the time-series of
each individual, precluding bias. Detection of abrupt changes has
a short history in medicine but a long history in quantitative
finance, which has led to several Nobel prizes (Mandelbrot,
1963; Engle and Granger, 1982; Hansen, 1982; Granger,
2004).

STRESS ASSESSMENT IN DAILY LIFE

However, most studies which evaluated HRV on individuals with
autism were in laboratory and not in real daily life. Being in a
laboratory is a challenging task by itself for people with autism
spectrum disorder, and can generate hyper-reactivity of the
autonomic nervous system (van Steensel et al., 2011; Jurko et al.,
2016). Recent development in device portability, as well as data
processing, give the opportunity to conceive new devices that can
be used in daily life to perform stress assessment (El Kaliouby
et al., 2006; Picard, 2009). Soon, just a watch should provide
reliable continuous HRV monitoring. These watches could easily
be connected to a smartphone application designed for the online
detection of abrupt changes. These innovative data processing
solutions will allow a live insight of the stress levels to be provided
to individuals with autism and to their caregivers. Ultimately, this
knowledge should allow appropriate intervention, particularly
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FIGURE 1 | Detection of abrupt changes. For example, if the response in heart rate is delayed from the acute stress, previous methods using a priori segmented

periods of time would average between the basal values and the stress reaction leading to a blunted response.

through the teaching of self-responses in different social contexts,
thus limiting the emergence of disruptive behaviors (Dawson,
2008). Possibilities are not limited to autism spectrum disorders
and many conditions or working situations should benefit from
objective measures of stress.

AUTHOR CONTRIBUTIONS

CH, Drafting the article. PC and PRB, Critical revision of the
article. FD, Drafting the article, Final approval of the version to
be published.

REFERENCES

Adhikari, A. (2014). Distributed circuits underlying anxiety. Front. Behav.

Neurosci. 8:112. doi: 10.3389/fnbeh.2014.00112

Akintola, A. A., van de Pol, V., Bimmel, D., Maan, A. C., and van Heemst, D.

(2016). Comparative Analysis of the Equivital EQ02 Lifemonitor with Holter

Ambulatory ECG device for continuous measurement of ECG, heart rate, and

heart rate variability: a validation study for precision and accuracy. Front.

Physiol. 7:391. doi: 10.3389/fphys.2016.00391

American Psychiatric Association (2013). Diagnostic and Statistical Manual of

Mental Disorders, 5th Edn.Washington, DC: American Psychiatric Association.

Azzaoui, N., Guillin, A., Dutheil, F., Boudet, G., Chamoux, A., Perrier,

C., et al. (2014). Classifying heartrate by change detection and wavelet

methods for emergency physicians. ESAIM Proc. Surveys 45, 48–57.

doi: 10.1051/proc/201445005

Bishop-Fitzpatrick, L., Minshew, N. J., Mazefsky, C. A., and Eack, S. M. (2017).

Perception of life as stressful, not biological response to stress, is associated with

greater social disability in adults with autism spectrum disorder. J. Autism Dev.

Disord. 47, 1–16. doi: 10.1007/s10803-016-2910-6

Boudet, G., Walther, G., Courteix, D., Obert, P., Lesourd, B., Pereira, B., et al.

(2017). Paradoxical dissociation between heart rate and heart rate variability

following different modalities of exercise in individuals with metabolic

syndrome: The RESOLVE study. Eur. J. Prevent. Cardiol. 24, 281–296.

doi: 10.1177/2047487316679523

Cheshire, W. P. (2012). Highlights in clinical autonomic neuroscience: new

insights into autonomic dysfunction in autism. Auton. Neurosci. 171, 4–7.

doi: 10.1016/j.autneu.2012.08.003

Corbett, B. A., Muscatello, R. A., and Blain, S. D. (2016). Impact of sensory

sensitivity on physiological stress response and novel peer interaction in

children with and without autism spectrum disorder. Front. Neurosci. 10:278.

doi: 10.3389/fnins.2016.00278

Corbett, B. A., Schupp, C. W., Levine, S., and Mendoza, S. (2009). Comparing

cortisol, stress, and sensory sensitivity in children with autism. Autism Res. 2,

39–49. doi: 10.1002/aur.64

Danhof-Pont, M. B., van Veen, T., and Zitman, F. G. (2011). Biomarkers

in burnout: a systematic review. J. Psychosom. Res. 70, 505–524.

doi: 10.1016/j.jpsychores.2010.10.012

Dawson, G. (2008). Early behavioral intervention, brain plasticity, and the

prevention of autism spectrum disorder. Dev. Psychopathol. 20, 775–803.

doi: 10.1017/S0954579408000370

Dutheil, F., Boudet, G., Perrier, C., Lac, G., Ouchchane, L., Chamoux, A., et al.

(2012). JOBSTRESS study: comparison of heart rate variability in emergency

physicians working a 24-hour shift or a 14-hour night shift–a randomized trial.

Int. J. Cardiol. 158, 322–325. doi: 10.1016/j.ijcard.2012.04.141

Frontiers in Psychology | www.frontiersin.org 3 January 2017 | Volume 8 | Article 64

https://doi.org/10.3389/fnbeh.2014.00112
https://doi.org/10.3389/fphys.2016.00391
https://doi.org/10.1051/proc/201445005
https://doi.org/10.1007/s10803-016-2910-6
https://doi.org/10.1177/2047487316679523
https://doi.org/10.1016/j.autneu.2012.08.003
https://doi.org/10.3389/fnins.2016.00278
https://doi.org/10.1002/aur.64
https://doi.org/10.1016/j.jpsychores.2010.10.012
https://doi.org/10.1017/S0954579408000370
https://doi.org/10.1016/j.ijcard.2012.04.141
http://www.frontiersin.org/Psychology
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive


Hufnagel et al. The Need for Objective Measures of Stress in Autism

Dutheil, F., Chambres, P., Hufnagel, C., Auxiette, C., Chausse, P., Ghozi, R.,

et al. (2015). ‘Do well B.’: design of WELL being monitoring systems.

A study protocol for the application in autism. BMJ Open 5:e007716.

doi: 10.1136/bmjopen-2015-007716

El Kaliouby, R., Picard, R., and Baron-Cohen, S. (2006). Affective computing and

autism. Ann. N. Y. Acad. Sci. 1093, 228–248. doi: 10.1196/annals.1382.016

Engle, R. F., and Granger, C. W. (1982). Autoregressive conditional

heteroscedasticity with estimates of the variance of United Kingdom inflation.

Econometrica 50, 987–1008. doi: 10.2307/1912773

Fancourt, D., Aufegger, L., and Williamon, A. (2015). Low-stress and high-stress

singing have contrasting effects on glucocorticoid response. Front. Psychol.

6:1242. doi: 10.3389/fpsyg.2015.01242

Granger, C. W. (2004). Time series analysis, cointegration, and applications. Am.

Econ. Rev. 94, 421–425. doi: 10.1257/0002828041464669

Hansen, L. P. (1982). Large sample properties of generalized methods of moments

estimators. Econometrica 50, 1029–1054. doi: 10.2307/1912775

Hawn, S. E., Paul, L., Thomas, S., Miller, S., and Amstadter, A. B. (2015). Stress

reactivity to an electronic version of the trier social stress test: a pilot study.

Front. Psychol. 6:724. doi: 10.3389/fpsyg.2015.00724

Hernando, D., Garatachea, N., Almeida, R., Casajús, J. A., and Bailón, R. (2016).

Validation of heart rate monitor Polar RS800 for heart rate variability analysis

during exercise. J. Strength Cond. Res. doi: 10.1519/JSC.0000000000001662.

[Epub ahead of print].

Hollocks, M. J., Howlin, P., Papadopoulos, A. S., Khondoker, M., and Simonoff,

E. (2014). Differences in HPA-axis and heart rate responsiveness to

psychosocial stress in children with autism spectrum disorders with

and without co-morbid anxiety. Psychoneuroendocrinology 46, 32–45.

doi: 10.1016/j.psyneuen.2014.04.004

Hollocks, M. J., Pickles, A., Howlin, P., and Simonoff, E. (2016). Dual cognitive and

biological correlates of anxiety in autism spectrum disorders. J. Autism Dev.

Disord. 46, 3295–3307. doi: 10.1007/s10803-016-2878-2

Jurko, A. Jr., Minarik, M., Jurko, T., and Tonhajzerova, I. (2016). White

coat hypertension in pediatrics. Ital. J. Pediatr. 42, 4. doi: 10.1186/s13052-

016-0213-3

Kushki, A., Brian, J., Dupuis, A., and Anagnostou, E. (2014). Functional autonomic

nervous system profile in children with autism spectrum disorder.Mol. Autism

5:39. doi: 10.1186/2040-2392-5-39

Lac, G., Dutheil, F., Brousse, G., Triboulet-Kelly, C., and Chamoux, A. (2012).

Saliva DHEAS changes in patients suffering from psychopathological

disorders arising from bullying at work. Brain Cogn. 80, 277–281.

doi: 10.1016/j.bandc.2012.07.007

Malik, M., Bigger, J. T., Camm, A. J., Kleiger, R. E., Malliani, A., Moss,

A. J., et al. (1996). 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 93, 1043–1065. doi: 10.1161/01.CIR.93.

5.1043

Mandelbrot, B. B. (1963). The variation of certain speculative prices. J. Business 36,

394–419. doi: 10.1086/294632

McEwen, B. S. (2000). The neurobiology of stress: from serendipity to clinical

relevance. Brain Res. 886, 172–189. doi: 10.1016/S0006-8993(00)02950-4

Oliveira, G. A., Uceda, S., Oliveira, T., Fernandes, A., Garcia-Marques, T.,

and Oliveira, R. F. (2013). Threat perception and familiarity moderate

the androgen response to competition in women. Front. Psychol. 4:389.

doi: 10.3389/fpsyg.2013.00389

Park, G., and Thayer, J. F. (2014). From the heart to the mind: cardiac vagal

tone modulates top-down and bottom-up visual perception and attention to

emotional stimuli. Front. Psychol. 5:278. doi: 10.3389/fpsyg.2014.00278

Picard, R. W. (2009). Future affective technology for autism and

emotion communication. Philos. Trans. R. Soc. B 364, 3575–3584.

doi: 10.1098/rstb.2009.0143

Qi, M., Gao, H., Guan, L., Liu, G., and Yang, J. (2016). Subjective stress, salivary

cortisol, and electrophysiological responses to psychological stress. Front.

Psychol. 7:229. doi: 10.3389/fpsyg.2016.00229

Reaven, J., Blakeley-Smith, A., Culhane-Shelburne, K., and Hepburn, S. (2012).

Group cognitive behavior therapy for children with high-functioning autism

spectrum disorders and anxiety: a randomized trial. J. Child Psychol. Psychiatry

53, 410–419. doi: 10.1111/j.1469-7610.2011.02486.x

Scott, B. G., and Weems, C. F. (2014). Resting vagal tone and vagal response

to stress: associations with anxiety, aggression, and perceived anxiety

control among youths. Psychophysiology 51, 718–727. doi: 10.1111/psyp.

12218

Shaffer, F., Mccraty, R., and Zerr, C. L. (2014). A healthy heart is not a metronome:

an integrative review of the heart’s anatomy and heart rate variability. Front.

Psychol. 5:1040. doi: 10.3389/fpsyg.2014.01040

Spratt, E. G., Nicholas, J. S., Brady, K. T., Carpenter, L. A., Hatcher, C. R., Meekins,

K. A., et al. (2012). Enhanced cortisol response to stress in children in autism.

J. Autism Dev. Disord. 42, 75–81. doi: 10.1007/s10803-011-1214-0

Sylvers, P., Lilienfeld, S. O., and LaPrairie, J. L. (2011). Differences between trait

fear and trait anxiety: implications for psychopathology. Clin. Psychol. Rev. 31,

122–137. doi: 10.1016/j.cpr.2010.08.004

van Steensel, F. J., Bögels, S. M., and Perrin, S. (2011). Anxiety disorders in children

and adolescents with autistic spectrum disorders: a meta-analysis. Clin. Child

Fam. Psychol. Rev. 14, 302–317. doi: 10.1007/s10567-011-0097-0

Woda, A., Picard, P., and Dutheil, F. (2016). Dysfunctional stress

responses in chronic pain. Psychoneuroendocrinology 71, 127–135.

doi: 10.1016/j.psyneuen.2016.05.017

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2017 Hufnagel, Chambres, Bertrand and Dutheil. 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.

Frontiers in Psychology | www.frontiersin.org 4 January 2017 | Volume 8 | Article 64

https://doi.org/10.1136/bmjopen-2015-007716
https://doi.org/10.1196/annals.1382.016
https://doi.org/10.2307/1912773
https://doi.org/10.3389/fpsyg.2015.01242
https://doi.org/10.1257/0002828041464669
https://doi.org/10.2307/1912775
https://doi.org/10.3389/fpsyg.2015.00724
https://doi.org/10.1519/JSC.0000000000001662
https://doi.org/10.1016/j.psyneuen.2014.04.004
https://doi.org/10.1007/s10803-016-2878-2
https://doi.org/10.1186/s13052-016-0213-3
https://doi.org/10.1186/2040-2392-5-39
https://doi.org/10.1016/j.bandc.2012.07.007
https://doi.org/10.1161/01.CIR.93.5.1043
https://doi.org/10.1086/294632
https://doi.org/10.1016/S0006-8993(00)02950-4
https://doi.org/10.3389/fpsyg.2013.00389
https://doi.org/10.3389/fpsyg.2014.00278
https://doi.org/10.1098/rstb.2009.0143
https://doi.org/10.3389/fpsyg.2016.00229
https://doi.org/10.1111/j.1469-7610.2011.02486.x
https://doi.org/10.1111/psyp.12218
https://doi.org/10.3389/fpsyg.2014.01040
https://doi.org/10.1007/s10803-011-1214-0
https://doi.org/10.1016/j.cpr.2010.08.004
https://doi.org/10.1007/s10567-011-0097-0
https://doi.org/10.1016/j.psyneuen.2016.05.017
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Psychology
http://www.frontiersin.org
http://www.frontiersin.org/Psychology/archive

	The Need for Objective Measures of Stress in Autism
	Physiological and Psychological Impact of Stressors
	Stress in Autism
	Biomarkers of Stress
	The Need for a Continuous Monitoring of Stress
	Measuring Heart Rate Variability
	The Detection of Abrupt Changes
	Stress Assessment in Daily Life
	Author Contributions
	References


