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Abstract

Recent research shows that blunted cardiovascular and cortisol reactions to acute psychological
stress are associated with adverse behavioural and health outcomes: depression, obesity, bulimia,
and addictions. These outcomes may reflect suboptimal functioning of the brain’s fronto-limbic
systems that are needed to regulate motivated behaviour in the face of challenge. In support of this,
brain imaging data demonstrate fronto-limbic hypoactivation during acute stress exposure. Those
demonstrating blunted reactions also show impairments of motivation, including lower cognitive
ability, more rapid cognitive decline, and poorer performance on motivation-dependent tests of
lung function. Persons exhibiting blunted stress reactivity display well established temperament
characteristics, including neuroticism and impulsivity, characteristic of various behavioural
disorders. Notably, the outcomes related to blunted stress reactivity are similar to those that define
Reward Deficiency Syndrome. Accordingly, some individuals may be characterised by a broad
failure in cardiovascular and cortisol responding to both stress and reward, reflecting fronto-limbic
dysregulation. Finally, we proffer a model of blunted stress reactivity, its antecedents and sequelae,
and identify future research priorities.
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Introduction

Most stressful encounters are short-lived, lasting seconds, minutes, hours at most, and what
is now clear is that such acute stress exposures activate the sympatho-medullary (SAM)
system, perturbing cardiovascular activity, and the hypothalamic pituitary-adrenal (HPA)
axis, altering cortisol levels. Under optimal conditions, specific brain structures assess the
threat and develop an adaptive pattern of autonomic and endocrine outflow to support the
physiological and behavioural responses needed to meet the present homeostatic challenge
(Lovallo, 2016; McEwen and Gianaros, 2011). Sympathetic nervous system responses to
stress engage the cardiovascular system and adrenal medulla to produce a coordinated
preparation for fight-or-flight efforts. Along with this, the hypothalamic-pituitary-
adrenocortical system produces a significant rise in circulating cortisol which aids in
liberation of stored energy and also helps to regulate the stress response in both the
periphery and in the central nervous system. Stress responses resolve when the challenge has
been eliminated. Autonomic, and endocrine control over stress responses may be altered in
persons with particular genotypes or exposed to early-life adversity (Lovallo, 2016;
McEwen and Gianaros, 2011). In such persons, physiological, behavioural, and cognitive
processes may be altered, health behaviours biased toward maladaptive practices, and health
outcomes worsened. More recent research has shown that, along with autonomic and
endocrine modifications, early stress exposure may change the regulation of inflammatory
processes with consequences for brain function, peripheral regulation of the stress response,
and the ability of the system to manage immune system responses and tissue inflammation
(Gianaros et al., 2014, 2013). The normal regulation of these stress responsive systems has
been described in detail elsewhere (Lovallo, 2016; McEwen and Stellar, 1993). The goal of
the present paper is to discuss the health and behavioural consequences of blunted
cardiovascular and cortisol reactivity to stress.

As indicated, it is clear that individuals differ markedly in their cardiovascular and cortisol
reactions to acute psychological stress. This biological variability has proved fertile territory
for researchers over the years. For the most part, research, at least in the realm of
cardiovascular stress reactions, has been guided by the reactivity hypothesis (Obrist, 1976)
which argues compellingly that those who consistently show exaggerated cardiovascular
reactions to acute stress will be at increased risk of subsequent cardiovascular disease. There
is now substantial evidence in favour of this, with population studies attesting to a link
between heightened cardiovascular reactions to laboratory stress exposures and hyper-
tension (e.g., Carroll et al., 2011, 2003), atherosclerosis (e.g., Barnett et al., 1997), increased
left ventricular mass (e.g., Kapuku et al., 1999), and even increased cardiovascular disease
mortality (Carroll et al., 2012a). Qualitative reviews (e.g., Treiber et al., 2003) confirm the
contention that exaggerated cardiovascular reactivity presages poorer cardiovascular health,
although it should be conceded that effect sizes from the latter are generally small. By
implication, low or blunted cardiovascular reactivity has long been presumed to be benign or
even protective. However, recent evidence strongly indicates that this is far from the case.
Blunted cardiovascular, as well as cortisol, stress reactivity is implicated in a range of
adverse behavioural and health outcomes.
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The perspective we are advancing is based on the critical role that normal stress responsivity
plays in adaptive responses to the constant demands the environment places on survival. In
this view, stress responses represent a systems-level response to threats to homeostasis. By
extension, optimal responses to those threats require appropriate integration of the system at
multiple levels including peripheral physiology, the brainstem and hypothalamus, and the
cortex and limbic system. From this perspective, physiological responses to stress should
occur within the normal range for a given homeostatic threat. By definition, deviations from
a normative response may signal poor systems integration and therefore diminished
homeostatic control. We consider that exaggerated stress responses have negative
consequences for health, as described above. However, similarly blunted stress responses
may also signal poor homeostatic regulation, with a different set of consequences for health
and behaviour.

In this review, we also move toward a tentative model of blunted stress reactivity, by: first,
enumerating its seemingly diverse behavioural and health corollaries, such as addiction,
obesity, and poor self-reported health; second, by discussing the possible origins of blunted
stress reactivity in genetic polymorphic variation and early life adversity; third, by
suggesting possible pathways that link genetic inheritance and early adversity through sub-
optimal functioning of brain areas central to both motivation and autonomic regulation to
other more proximal corollaries of blunted stress reactions, such as relative poor cognitive
ability and adverse behavioural phenotypes including depression, neuroticism, and poor
impulse control; fourth, by considering these as increasing the risk of the more distal
outcomes such as addiction, obesity, behaviour disorders, and poor self-reported health. This
model regards blunted cardiovascular and cortisol stress reactivity, not as a cause, but rather
as a marker of motivational dysregulation which, we propose, is the ultimate psychological
determinant of the adverse health and behavioural outcome. This model is outlined in Fig. 1.

1.1. A tale of two cohort studies

Two large scale community studies have contributed much to our understanding of the
corollaries of blunted stress reactivity and, accordingly, merit more than a cursory
description.

1.1.1. The West of Scotland Twenty-07 Study—The first is the West of Scotland
Twenty-07 Study (Ford et al., 1994). Established in 1987, its principal mission was to
investigate the processes that generate and maintain socio-demographic differences in
health. Participants, all from the Glasgow area, were chosen randomly with the probability
proportional to the overall population of the same age within a postcode area. Thus, the
sample was selected as a clustered, random, stratified sample of three narrow age cohorts
who were 15, 35, and 55 years old at entry to the study; the achieved sample sizes in 1987
were 1009, 985, and 1042 for the three age cohorts, respectively. There was a fairly even
gender split and an approximately equal number of manual and non-manual occupational
households. However, the sample was predominantly Caucasian, reflecting the
demographics of the West of Scotland population from which it was drawn. In all, there
were five waves of data collection. Stress testing was undertaken at wave 3, in 1995/6, and
consisted of exposure to the paced auditory serial addition test (PASAT), a test that requires
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attention and memory as well as simple arithmetic. Blood pressure and heart rate were
recorded prior to and during the PASAT. The sample at this time point comprised 592 24-
year olds, 624 44-year olds, and 431 63-year olds. Aside from yielding data on
cardiovascular reactions to acute stress, the study also included detailed socio-demographic,
anthropometric and health assessments (including self-reported smoking, self-rated health,
forced expiratory volume in one second (FEV1), and symptoms of depression and anxiety),
as well as measures of cognitive ability throughout.

1.1.2. The Dutch Famine Birth Cohort Study—The second study of importance is
the Dutch Famine Birth Cohort Study (Ravelli et al., 1998). It was established to investigate
the subsequent health consequences of /n utero exposure to severe maternal nutritional
deprivation. Participants, 2414 men and women, were selected from among those born in
Amsterdam between November 1943 and February 1947. In the winter of 1944/45, the
Netherlands, in the densely populated western areas, including Amsterdam, was exposed to
famine, known in Dutch as the Hongerwinter. The famine was the result of a German
blockade which had cut off food and fuel shipments from rural areas to the towns and cities.
It is estimated that some 22,000 Dutch citizens died as a result. The Dutch Famine Birth
Cohort Study has, to date, comprised four waves of data collection: 1995/7, 2002/4, 2008/9
and 2012/3. During the second wave, participants were exposed to a battery of three
commonly used stress tasks: the Stroop test, mirror drawing, and public speaking, and
cardiovascular activity and cortisol were measured. The protocol is depicted in Fig. 2.
Members of the cohort, 1423, who lived in the Netherlands and whose address was known in
2002, were invited to the clinic; 740 attended. Serendipitously, the other measures available
in the West of Scotland Study were also taken as part of the Dutch Famine Birth Cohort
Study, frequently using identical instruments.

1.1.3. Exaggerated cardiovascular reactivity and hypertension in the West of
Scotland and Dutch Studies—It is perhaps worth pointing out that in both the West of
Scotland Study and the Dutch Famine Birth Cohort Study exaggerated blood pressure
reactions to acute stress exposures are associated prospectively with hypertension prevalence
(Carroll et al., 2012b, 2011). Thus, one of these studies’ outcomes is very much in line with
the main proposition of the original reactivity hypothesis.

2. The behavioural and health corollaries of blunted stress SAM and HPA

reactivity

2.1. Addiction

Smokers (e.g., al’Absi, 2006; al’Absi et al., 2005; Ginty et al., 2014; Phillips et al., 2009b)
and those with alcohol (Lovallo, 2006; Panknin et al., 2002) and other substance
dependencies (Brenner and Beauchaine, 2011; Lovallo et al., 2000) have been found
consistently to have blunted cardiovascular and/or cortisol reactions to acute psychological
stress.

Pathological gamblers (Paris et al., 2010) and those identified as exercise dependent (Heaney
etal., 2011) also show relatively attenuated cardiovascular and cortisol stress reactions. This
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suggests that the link between addiction and blunted stress reactivity does not primarily
reflect the chronic or acute effects of ingested toxins on autonomic function. This is
reinforced in the case of smoking by the results of recent analyses of data from the Dutch
Famine Birth Cohort Study confirming that smokers were characterised by blunted
cardiovascular and cortisol stress reactivity compared to both ex-smokers and never
smokers; however, there was no association, among smokers and ex-smokers, between packs
per day x number of years smoked and stress reactivity, nor for current smokers between
number of cigarettes presently smoked per day and reactivity (Ginty et al., 2014). It is also
unlikely that the association between smoking and cardiovascular and cortisol reactions to
acute stress is an artifact of nicotine’s acute effects on physiology attributable to the
temporary abstinence enforced by a laboratory stress testing protocol (Roy et al., 1994).
Blunted cardiovascular and cortisol reactions have been observed during laboratory stress
exposure in both smokers who abstained from smoking and smokers who were permitted to
smoke ad /libitum (al’ Absi et al., 2003). Further, blunted cardiovascular stress reactions have
been reported in smokers who wore a nicotine patch throughout the stress exposure (Girdler
et al., 1997). Along with the finding that blunted stress reactivity is also typical of the
adolescent offspring of alcoholics, who are not themselves alcohol users and/or abusers, the
data strongly imply that blunted stress reactivity may predate dependencies and, indeed, may
be a marker of susceptibility (Lovallo, 2006). The observation that those with blunted
cortisol stress reactions are more likely to relapse from a smoking cessation programme
(al’Absi et al., 2006) conforms to the contention above and also suggests that blunted stress
reactivity may have considerable prognostic value.

2.2. Adiposity and obesity

Turning now to adiposity and obesity, data from the West of Scotland Study indicated that
blunted heart rate reactions to stress were also negatively associated with body mass index
(BMI) and waist hip ratio, as well as being characteristic of those who were obese; in
prospective analyses, low heart rate reactivity also predicted who was to remain or become
obese five years later. These results were supported and extended by outcomes from the
Dutch Famine Birth Cohort Study. Those with a greater BMI, waist hip ratio, and those
categorized as obese again exhibited attenuated heart rate stress reactivity; they also
displayed reduced cortisol stress reactivity, and, once again, blunted reactivity was
associated with an increased likelihood of remaining or becoming obese four to seven years
later (Phillips et al., 2012). As before, the cross-sectional and prospective associations
emerging from the two studies withstood correction for a range of possible confounders,
including in this case symptoms of depression. Other researchers have also observed a
negative association between obesity and heart rate stress reactivity (e.g., Burch and Allen,
2014; Jones et al., 2012).

2.3. Disordered eating and bulimia

Blunted stress reactivity has also been found to characterize bulimia and disordered eating
behaviour consistent with bulimia. In a study that compared controls and individuals with a
diagnosis of bulimia, the latter showed significantly attenuated heart rate and blood pressure
reactions to acute stress (Koo-Loeb et al., 1998). In a more recent study, women with
marked symptoms of disordered eating, including self-induced vomiting, and the same
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number of healthy controls were selected from extensive questionnaire screening. Those
reporting disordered eating behaviour showed attenuated heart rate and cortisol stress
reactions compared to the controls (Ginty et al., 2012a). Inpatients with eating disorders
show blunted cortisol and alpha-amylase, a proposed marker of sympathetic activation, in
response to a socially demanding stress task (Het et al., 2015).

2.4. Poor self-reported health

2.5.

Self-reported health predicts all-cause mortality, independently of objective medical status
and behavioural risk factors (e.g., Idler and Benyamini, 1997). Since both exaggerated and
blunted SAM and HPA reactions to acute stress exposure would appear to be associated with
adverse health outcomes the question arises as to which has the greater implications for
subjective well-being and perceived health. The health outcomes related to exaggerated
reactivity, such as hypertension, tend to be somewhat covert and occult, whereas those
associated with blunted reactivity, e.g., addiction and obesity, are much more overt and self-
evident to the individual. Accordingly, it might be hypothesised that poorer self-reported
health would tend to be associated with blunted rather than exaggerated stress reactions.
Both the West of Scotland Study and the Dutch Famine Birth Cohort Study examined this
issue. In the former, self-reported health was assessed with a single question, “Would you
say that for someone your age your health is ....excellent, good, fair, poor?”. Since very few
participants reported that their health was poor or excellent, the excellent and good
categories were collapsed, as were the fair and poor, to yield a binary variable. Those
reporting that their health was only fair or poor showed smaller cardiovascular reactions to
the acute stress exposure (Phillips et al., 2009a). In the Dutch study, subjective health was
measured by participants’ choice of excellent, very good, good, fair, or poor to the question,
“How do you rate your health in general?” Again, because the self-report data were skewed,
a binary good/poor variable was created. As above, it was blunted, not exaggerated,
cardiovascular stress reactivity that was related to relatively poor subjective health; in
addition, relatively poor self-reported health was also associated with blunted cortisol stress
reactions (De Rooij and Roseboom, 2010). In both studies, these associations survived
statistical adjustments for the usual range of potential confounders. Finally, in the West of
Scotland study, self-reported health was also measured, using the same instrument, five
years later. Blunted cardiovascular stress reactions were again linked to poorer self-reported
health at this later time point and continued to predict subsequent poorer subjective health,
even taking into account subjective health at the earlier time point; i.e., those who showed
blunted stress reactions were more likely to experience deterioration in perceived health over
time.

Depression

As some of the evidence linking depression and blunted stress reactions has been reviewed
elsewhere (Carroll et al., 2009; Phillips, 2011), we can be reasonably brief. The West of
Scotland analyses embarked from the expectation that symptoms of depression would be
associated with exaggerated cardiovascular stress reactivity. This was based on a meta-
analysis of a number of small scale studies. The authors reported a positive association
between depression and reactivity, although none of the aggregate effects were statistically
significant (Kibler and Ma, 2004). However, in the West of Scotland study depression scores
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on the Hospital Anxiety and Depression Scale (HADS: Zigmond and Snaith, 1983) were
negatively related to both heart rate and systolic blood pressure reactivity; i.e., symptoms of
depression were associated with blunted rather than exaggerated stress reactions (Carroll et
al., 2007). The same direction of association for cardiovascular reactivity and symptoms of
depression also emerged from analyses of data from the Dutch Famine Birth Cohort Study,
again using the HADS (de Rooij et al., 2010); in addition, it was lower not higher cortisol
reactivity that was related to higher depression symptoms. Both studies adjusted statistically
for a broad range of possible confounders including antihypertensive and antidepressant
medication. Further, in both studies similar associations were observed for symptoms of
anxiety. Contemporary with and subsequent to these analyses, a number of other studies
have now reported negative associations between symptoms of depression and stress
reactivity in a range of samples (Brindle et al., 2013; Franzen and Brinkmann, 2015;
Schwerdtfeger and Rosenkaimer, 2011; York et al., 2007), as well as between major
depressive disorder and reactivity (Rottenberg et al., 2007; Salomon et al., 2009, 2013).
Cross sectional associations between blunted stress reactivity and symptoms of anxiety have
also been reported by others (Souza et al., 2015). Finally, in a prospective analysis of data
from the West of Scotland Study, blunted heart rate reactions were associated with more
symptoms of depression five years later, even when controlling for symptoms at the earlier
time point, i.e., blunted heart rate reactivity was associated with any subsequent
deterioration in symptoms of depression (Phillips et al., 2011b). Overall, the associations
between blunted stress reactivity and outcomes such as depression, obesity, addiction, and
bulimia would all appear to be largely independent of one another.

Personality and negative behavioural traits

There is emerging evidence that blunted cardiovascular and/or cortisol reactions to acute
stress may be typical of particular personality traits and stable behavioural characteristics.
For example, in an analysis of data from the Dutch Famine Birth Cohort Study we found
that those high in neuroticism and low in openness were characterised by blunted
cardiovascular and cortisol reactions to the stress task battery, even though they reported
experiencing greater levels of stress (Bibbey et al., 2013). Further, higher levels of
impulsivity, measured via questionnaires, have also been related to diminished heart rate
responses to acute psychological stress (Allen et al., 2009). In a study of pre-adolescent
children, impulsivity, assessed by two standard behavioural inhibition tasks (one where
participants were asked to draw a circle at their natural pace and then as slowly as possible,
and a Go-NoGo task where they had to inhibit pre-potent responses), and maternal self-
report was associated with blunted heart rate reactions to a mental arithmetic stress (Bennett
etal., 2014). It is also worth pointing out that the self-perceived stressfulness of the stress
task was not related to any of the measures of impulsivity. This result has recently been
replicated in a study of undergraduates where blunted and exaggerated heart rate reactors
were selected from stress testing a large screening sample, again using a standard mental
arithmetic challenge (Bibbey et al., 2016). Selected participants were subsequently exposed
to inhibitory control (stop signal) and motor impulsivity (circle drawing) tasks, analogous to
those used in the earlier study of school children. Blunted stress reactors showed greater
impulsivity on both behavioural assessments (see Fig. 3). Self-reported stressfulness, self-
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reported stress task engagement, and mental arithmetic performance did not differ between
the stress reactor groups.

Perseverance is another characteristic that could conceivably be associated with the blunted
stress reactivity phenotype. As indicated above, smokers who display the most blunted stress
reactions are most likely to relapse in smoking cessation programmes. This was examined
further in a study of 176 high school students who were stress-tested, using a mental
arithmetic task, and cardiac reactivity recorded; a year later, when they were at university, all
participants were contacted to complete a simple and undemanding on-line assessment
(Ginty et al., 2015). Twenty-five percent of participants failed to complete the on-line
assessment despite repeated prompts from the same researcher who had conducted the
original stress testing session. Crucially, the non-completers were characterised by blunted
heart rate and cardiac output reactions to the earlier stress task exposure (see Fig. 4, which
illustrates the findings for heart rate reactivity). It is again worth stating that the association
was independent of stress task performance. These results add to the idea that individual
differences in stress reactivity may have implications for likely completion of multi-session
intervention programmes, as well as for selection bias in longitudinal stress reactivity
studies, as loss to follow-up would not appear to be arbitrary, but rather skewed towards
those with blunted stress responses, with all the attendant adverse health and behavioural
corollaries. Finally, there is also accumulating evidence that blunted stress reactions typify
individuals who consistently display antisocial behaviour (e.g., De Vries-Bouw et al., 2011),
have a conduct disorder (Fairchild et al., 2008), or have been diagnosed with attention deficit
hyperactivity disorder (e.g., Pesonen et al., 2011)).

2.7. Cognitive ability

In the Dutch Famine Birth Cohort Study, cognitive ability was assessed using the Alice
Heim-4 test, a measure of general verbal and numerical ability, and two memory tasks, one
requiring immediate recall and the other involving delayed recall. Blunted cardiovascular
and cortisol stress reactivity was associated with poorer performance in all three tasks (Ginty
et al., 2012b). In the West of Scotland Study, cognitive ability, again measured
independently of the stress task, was assessed five and 12 years after the stress testing
session, using the Alice Heim-4 and choice reaction time. Heart rate reactivity was again
positively associated with performance on both tasks. Choice reaction time lengthened
between the five and 12 year follow-ups in the oldest cohort in this study. Blunted heart
reactivity was associated with a more rapid decline over time in choice reaction time speed
in these older participants (Ginty et al., 2011, 2012b). Given, the imperative of predicting
susceptibility to age-related cognitive decline, the size of the latter association clearly
recommends further scrutiny of blunted stress reactivity in this context. Both the cross-
sectional and longitudinal results described above have received more recent confirmation.
Low heart rate reactivity has been reported to be associated with poorer fluid intelligence
and perceptual reasoning in children (Gao et al., 2015). Cognitive ability was assessed at a
23-year follow-up of a cohort originally stress tested as young adults. Lower systolic, but not
diastolic, blood pressure stress reactions were consistently associated with poorer
subsequent cognitive performance (Yano et al., 2016).
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The most commonly applied test of lung function is forced expiratory volume in one second
(FEV1). Aside from lung function per se, a major contributor to FEV is intrinsic motivation
(Crim et al., 2011). The West of Scotland analyses yielded a positive association between
FEV1 and heart rate reactions in middle-aged men and women; those with smaller
cardiovascular stress reactions achieved significantly lower FEV, scores, even after
adjusting for smoking (Carroll et al., 2012c, 2013). It is also worth pointing out that in
addition to smoking, statistical adjustment was undertaken for a range of demographic and
health behaviour variables including those already known to be associated with blunted
stress reactivity e.g., baseline cardiovascular activity, age, sex, socio-economic status, BMI,
depression, and anti-hypertensive medication. The same result emerged from the Dutch
Famine Birth Cohort Study; in addition, cortisol reactivity was also found to be positively
associated with FEV (Carroll et al., 2013). Again, the findings survived adjustment for the
same broad range of potential confounders, including stress task engagement and impact,
suggesting again that low FEV was not simply a reflection of participants’ conscious
unwillingness to expend effort.

3. The origins of blunted stress reactivity

In examining the sources of altered stress reactivity, we may consider that the response to a
homeostatic challenge is conditioned by mechanisms at three ascending levels in the system:
(a) peripheral physiology, (b) the hypothalamus and brainstem, and (c) the limbic system
and prefrontal cortex (Lovallo, 2011; Lovallo and Gerin, 2003). At the peripheral level,
alterations in outflow via the autonomic nervous system or at the target tissues could result
in either exaggerated or diminished response magnitudes. For example, diabetics have
deficient sympathetic nervous system communication to target tissues due to peripheral
autonomic neuropathy. Similarly, the hypothalamus and brainstem may respond more or less
actively to any set of signals calling on homeostatic adjustments to counter potential threats
to well-being. For example, borderline hypertensives in a resting state are nonetheless hyper-
reactive to a novel laboratory environment (al’ Absi and Lovallo, 1993). Finally, the limbic
system and pre-frontal cortex operate as a unit in evaluating the nature of external events,
forming response strategies, and enacting these responses in behavioural adjustments and in
the physiological adjustments needed to support those behaviours. This higher level of
integration is the primary concern of the present paper and a logical place to consider
reactivity in the face of psychological stressors.

The amygdala is a key structure in forming acute psychological stress responses (Davis,
2000), and it is essential for normal reactions to sensory inputs and is indispensable in
creating Pavlovian conditioned responses (Campeau and Davis, 1995; Rolls, 1972, 1992).
As such, the amygdala is needed for both innate and acquired motivational responses to
external events and for building up a repertoire of adaptive responses in the service of
survival. The amygdala sends downward projections to the brainstem and hypothalamus
(Davis, 1997) and, in relation to the present discussion, upward to what we may refer to as
the limbic-prefrontal junction, a functional region including the convergence of the bed
nuclei of the stria terminalis, nucleus accumbens, medial pre-frontal cortex, and anterior
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cingulate gyrus (Amaral, 1992; Halgren, 1992; Swanson, 2000). At this junction, bottom-up
inputs from the amygdala interact with top-down signals from the dorsolateral pre-frontal
cortex, an area that is engaged in working memory and online conscious evaluation of events
(Goldman-Rakic, 1996). As such, the limbic-prefrontal junction becomes a point in the
system where external events are invested with emotional significance and motivational
properties capable of integrating feeling states, physiological outflow, and behavioural
motivation (Drevets et al., 1997; Phillips et al., 2003). Extensive clinical evidence illustrates
the devastating effects of damage to these areas or disruption of their inputs (Anderson et al.,
1999; Damasio et al., 1994) in which cases, patients become unable to make decisions or
form adaptive responses to motivationally significant situations.

Although it seems reasonable to conclude that the limbic system affords a key neural
platform, the reasons why some individuals show blunted reactions to acute stress exposures
remains to be fully determined. Nevertheless, on the basis of preliminary evidence we can
usefully speculate on two broad classes of cause worthy of further scrutiny: genotype and
early childhood adversity. A meta-analysis of twin studies of cardiovascular stress reactivity
(Wu et al., 2010) revealed pooled heritability estimates ranging from 0.26 to 0.43, indicating
a far from negligible contribution from our genes. However, as the authors plaintively
observed, “..in spite of significant heritability emerging from twin studies, independently
and consistently replicated gene variants that explain this heritability are still at large” (Wu
etal., 2010, p. 66). The most likely polymorphisms are those involved in the regulation of
neurotransmitters, such as noradrenalin, serotonin, monoamine oxidase, and dopamine. We
have briefly reviewed their candidature elsewhere (Carroll et al., 2009), and, although
promising, substantial further concerted research is required before definitive
pronouncements can be made. Nevertheless, let us elaborate a little on dopamine release at
the nucleus accumbens, which accompanies attention to reward stimuli and enactment of
approach and avoidance behaviours (Jackson and Moghaddam, 2001; Stevenson and
Gratton, 2003). Genetic variations in dopamine regulation have received extensive study for
individual differences in responses to environmental inputs and motivated behaviour. One
such genetic polymorphism (Val158Met, rs4680) increases the activity of the enzyme
catechol-o-methyltransferase, thereby increasing the breakdown of dopamine at the synapse.
This results in a lifelong variation in dopaminergic signaling that has an impact on behaviour
(Axelrod, 1957; Matsumoto et al., 2003; Smolka et al., 2005). The Val158Met (rs4680)
polymorphism appears to underlie individual differences in behaviours that depend on the
striatum and prefrontal cortex (Akil et al., 2003; Egan et al., 2001). Val/Val homozygotes
may differ from Met/Met homozygotes in affective temperament (Drabant et al., 2006),
stress reactivity (Bouma et al., 2012), cognition (Malhotra et al., 2002), regulation of
behaviour (Barnett et al., 1997; Schulz et al., 2012), and processing of reward stimuli
(Tunbridge et al., 2012), all of which have potential implications for health behaviour and
health outcomes (Goldman et al., 2005). In addition to genetically driven individual
differences in the limbic-prefrontal junction, this same region is highly sensitive to the
impact of early life experience (Brenhouse et al., 2013; Seamans and Yang, 2004). For
example, recent evidence indicates that the Val158Met (rs4680) polymorphism contributes
to diminished cortisol reactivity to stress in children exposed to early life adversity (Lovallo
et al., 2016), and others found hypocortisolism among children experiencing adverse early
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care (Koss et al., 2016). The foregoing indicates that genetic polymorphisms and early life
experience may both modify stress reactivity in ways that can condition behavioural
dispositions and health outcomes.

Perhaps the most persuasive evidence implicating early life adversity comes from the
Oklahoma Family Health Patterns Project (e.g., Lovallo, 2013). The project’s participants
comprised a cohort of 426 healthy young adults with or without a family history of
alcoholism. Regardless of family history, participants who had experienced high levels of
psychological adversity before the age of 16 showed blunted heart rate and cortisol reactions
to mental arithmetic and public speaking stress. They also showed poorer cognitive ability,
higher behavioural impulsivity, and greater antisocial tendencies. A model is proposed
whereby early adversity affects fronto-limbic function, which in turn is manifest in reduced
stress reactivity, lower cognitive ability, and unstable affect regulation; this then increases
the likelihood of impulsivity and risk taking, which in turn contributes to unhealthy
behaviour and addiction risk. While promising, the model is yet to encompass all the
corollaries of blunted stress reactivity, such as depression, which again has been strongly
linked to childhood adversity. Supportive results come from studies in both the Netherlands
and England. In the former, the cardiac stress reactions to public speaking was assessed in a
large sample of adolescents; those who had experienced serious adversities between the ages
of 0 and 15 displayed greater antisocial behaviour at 16 and also exhibited blunted cardiac
reactions to the stress task (Sitjtsema et al., 2015). In the English study, exposure to
traumatic events and cortisol stress reactivity were measured in 400 8 to 11-year old
children. At an earlier time point when the children were 3-years old, the sort of parenting
they were exposed to was assessed during home visits. Those children who had experienced
more traumatic events and had been exposed to harsh, non-responsive parenting showed
blunted cortisol stress reactions. Still other research illustrates the damaging impact of early
institutional care on brain development and behaviour (Silvers et al., 2016; Tottenham,
2012). A common theme is that early adversity often results in maladaptive behavioural
repertoires in adulthood and in modifications of physiological function that may converge on
poor health outcomes.

Finally, in this context, it is worth briefly considering the issue of developmental trajectories
of stress response patterns. Central here are the concepts of allostasis and allostatic load. The
former refers to the processes by which the body attempts to maintain homeostasis in the
face of environmental perturbations, whereas the latter refers to the wear and tear that results
from either over exposure to stress and/or excessive or prolonged responding (McEwen,
2007). From this perspective, it is possible that the blunted stress reactivity phenotype
emerges from allostatic load and initial excessive stress reactivity. On the other hand, others
have argued that stress physiology is set early in life (Matthews and Phillips, 2010). Studies
of stress responding across childhood could help resolve matters.

4. Motivational dysregulation and blunted stress reactivity

The association between exaggerated stress reactivity and adverse cardiovascular health
outcomes is conceptually plausible and, in retrospect, even self-evident, given mechanisms
such as metabolic uncoupling, auto-regulation, and shear stress. Much less intuitively
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obvious is the link between blunted stress reactivity and the diverse behavioural and health
outcomes summarized above. In an attempt at reconciliation, what we have previously
proposed is that these various outcomes in their different ways reflect motivational
dysregulation, by which we mean impaired functioning of areas of the brain essential for
motivation and behavioural regulation (Carroll et al., 2009; Lovallo, 2011). If this notion is
anywhere close to correct, we would expect to observe associations between activities that
perceptibly rely on intact motivation for optimal performance and blunted stress reactions. It
was for this reason that we purposively examined the association between blunted stress
reactivity and both cognitive ability and FEV in the West of Scotland and Dutch studies.
From our perspective, then, blunted cardiovascular and cortisol stress reactions are markers
of suboptimal functioning in key fronto-limbic brain systems when individuals are exposed
to acute psychological stress. Tellingly, those fronto-limbic brain areas that are concerned
with motivated behaviour are also implicated in autonomic regulation.

However, it is worth considering at what level this motivational deficit is operating. A fairly
parsimonious explanation of the link between the outcomes discussed above and low stress
reactivity is that it reflects attenuated conscious psychological engagement with the stress
task by the depressed, obese or otherwise dysfunctional participants, which in turn results in
reduced biological responding. Evidence in favour of this comes from studies examining
reactivity and stress task difficulty (e.g., Richter et al., 2008). Essentially, within-subject
cardiovascular reactivity rises with increasing task difficulty but eventually decreases when
the task becomes so difficult that success is impossible; this is attributed to conscious
disengagement. However, in our studies and those of others, we have adjusted for subjective
stress, self-reported stress task engagement and/or objective task performance or have found
no differences between high and low reactors in these variables. Indeed, in two analyses of
data from the Dutch Famine Birth Cohort Study, we found a complete dissociation between
ratings of stressfulness and cardiovascular and cortisol stress reactivity; participants high in
neuroticism and low on openness and those with depression and/or anxiety in the Dutch
Famine Birth Cohort Study showed blunted cardiovascular and cortisol reactions to the
battery of stress tasks but rated themselves as significantly more stressed by the experience
(Bibbey et al., 2013). It would appear, then, that blunted stress reactivity may reflect
something more nuanced: perhaps an unconscious physiological disengagement in the face
of acute stress exposures.

5. Blunted stress reactions and neural hypoactivation

Neuroimaging studies measuring both cardiovascular and neural stressor-evoked responses
have largely been focused on understanding how the brain is a central mediator of
exaggerated reactions to stress and how such associations confer risk for future
cardiovascular disease (Gianaros and Wager, 2015). Recent reviews and meta-analyses (e.g.,
Gianaros and Wager, 2015; Muscatell and Eisenberger, 2012; Myers, 2016; Shoemaker and
Goswami, 2015; Thayer et al., 2012) have highlighted that functional divisions of the
anterior cingulate cortex (ACC), medial prefrontal cortex (mPFC), insula, hippocampus, and
amygdala are core, although not exclusive, components of a network of forebrain systems
involved in mediating stressor-evoked cardiovascular activity (e.g., Gianaros and Wager,
2015; Myers, 2016; Shoemaker and Goswami, 2015). Similarly, several studies have
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demonstrated that cardiovascular changes (e.g., heart rate and blood pressure) in response to
stress are associated with activity changes in these areas of the brain, consistent with
invasive animal work and patient lesion studies on central cardiovascular, autonomic, and
neuroendocrine control (Critchley et al., 2000; Oppenheimer and Cechetto, 2016;
Shoemaker and Goswami, 2015). Typically, higher cardiovascular activity during stress is
associated with greater neural activity in these areas. For example, it has been demonstrated
that higher blood pressure reactivity to stress was associated with more amygdala activation
in response to the stress exposure (Gianaros et al., 2008). In a recent study, we shifted the
focus to unambiguously blunted cardiovascular reactors as an explicit comparison of their
neural reactions to a standard stress exposure with those who were unambiguously
exaggerated cardiovascular reactors (Ginty et al., 2013). Blunted and exaggerated cardiac
stress reactors were selected from previous studies, on the basis of being at least two
standard deviations below and above the mean heart rate and cardiac output reactivity for
their respective cohorts. Neural activity, using fMRI, and heart rate were recorded at baseline
and during exposure to a standard laboratory stress task, as well as to a non-stressful control
task. For blunted reactors, the heart rate change from baseline did not differ between the
stress and control tasks, whereas for exaggerated reactors the heart rate change was
substantially and significantly greater during the stress than the control condition. Blunted
reactors also exhibited reduced activation in the anterior mid-cingulate cortex and insula, as
well as a greater deactivation in the amygdala and posterior cingulate. These outcomes are
not substantially dissimilar from the results of earlier less focused studies.

The same areas of the brain involved in autonomic regulation of stress also comprise a
network vital for motivated behavioural responses and adaptation to acute stress exposure
(Gianaros et al., 2012). Therefore, it is not surprising that a number of functional magnetic
imaging (fMRI) studies afford evidence that many of the outcomes associated with blunted
stress reactivity are also associated with relatively reduced activation in the frontal and sub-
cortical limbic regions (e.g., (Stice et al., 2008)). For example, a relatively recent
neuroimaging study reported that those with major depressive disorder had reduced heart
rate and neural (amygdala, hippocampus, anterior cingulate cortex) responses to an acute
psychological stress task (Holsen et al., 2011). Accordingly, the results of this study are in
line with our contention that blunted stress reactivity may be a marker of the under-
recruitment of pertinent brain systems during stress exposures that require motivated action.
Similarly, individuals with a history of early life stress and/or trauma have diminished
stressor-evoked neural responses (Yang et al., 2015). Although, more research
simultaneously examining stressor evoked neural and cardiovascular responses along with
behavioural outcomes discussed in this review is still required before firm conclusions can
be drawn, but the early indications are not inconsistent with our thesis.

6. The reactivity hypothesis revisited: inverted-U or orthogonal processes

The reactivity hypothesis has shown remarkable resilience and durability. As indicated, its
primary postulate is that exaggerated cardiovascular reactions to acute psychological stress
will contribute to the subsequent development of hypertension and, by implication, other
manifestations of end-point cardiovascular disease. Fairly few circumspect hypotheses in the
biobehavioural sciences have generated such a volume of empirical and conceptual interest
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over the last 40 years. However, it is now becoming clear that the reactivity hypothesis
warrants revision and extension. Although, it is now beyond contention that exaggerated
cardiovascular reactions to stress predict future cardiovascular pathology, it is now equally
apparent that blunted cardiovascular, and cortisol, reactions to stress are associated with a
range of adverse health and behavioural outcomes, from depression and obesity to addiction
and behavioural disorders to poorer cognitive ability. How might we re-conceptualise the
reactivity hypothesis? The data conform to an inverted-U model where high and low
reactivity can be considered maladaptive depending on the outcome in question. The
inverted-U has a substantial pedigree in psychology. Originally characterised as the Yerkes-
Dodson law (Yerkes and Dodson, 1908), the inverted-U proposed to describe the
relationship between motivation and performance on one hand and physiological arousal on
the other, such that there is an optimal mid-point in the arousal continuum where
performance is best served. Accordingly, by conceiving of stress reactivity in terms of a
unitary system that for some operates in a biased state, either over-responding or under-
responding, we may simply be putting a few new clothes on a much loved but rather old
doll. Nevertheless, as we indicate in the Introduction, the idea of bi-directional departures
from appropriate homeostatic adjustments has a certain appeal at this stage.

On the other hand, a model which conceives of continuous positive associations between
stress reactivity and some outcomes and continuous negative associations between reactivity
and other outcomes can also fit the results. Indeed, increasingly this model has much to
commend it. For the most part, the negative associations between stress reactivity and
adverse health and behavioural outcomes involve blunted cardiac and cortisol reactions.
There are exceptions, but very few consistent negative associations emerge for blood
pressure reactivity, particularly for diastolic blood pressure reactivity. In contrast, the
positive relationships between cardiovascular stress reactivity and cardiovascular pathology
are largely confined to associations involving exaggerated blood pressure responding. We
might speculate that the former involve impaired parasympathetic withdrawal and/or
insufficient B-adrenergic drive (Brindle et al., 2014), whereas the latter are more vascular in
origin, relying on enhanced a.-adrenergic activation. We depict these two models in Fig. 5;
time will tell which best serves revision of the reactivity hypothesis.

7. Biological disengagement: a wider phenomenon

Research on the antecedents and consequences of blunted cardiovascular and cortisol
reactions to acute psychological stress is still in its infancy, but is gathering momentum. On
the other hand, research into blunted biological responses to reward has a much longer
pedigree. What is initially striking is that individuals differ markedly in their peripheral
biological and central neural responses to reward, with some showing blunted responding.
Further, what really catches the eye is that the behavioural and health correlates of deficient
reward responses are remarkably similar to those associated with blunted stress responding:
depression, obesity, bulimia, addiction including gambling addiction, attention deficit
hyperactive disorder, and antisocial behaviour. Table 1 indicates the commonalities. Further,
the neural mechanisms proposed to underlie blunted stress reactivity and what has come to
be called Reward Deficiency Syndrome (RDS) (Blum et al., 2000) are noticeably similar; as
with our notion of central motivational dysregulation, RDS would seem to be a
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manifestation of hypoactivation to reward stimuli in the same fronto-limbic network. In
addition, RDS has been attributed to a dopaminergic deficiency, specifically at the D2
receptor. The dopaminergic system has also been attributed a key role in regulating
autonomic activity, as well as in motivated behaviour and stimulus processing (Lovallo,
2011). A much fuller account of the parallels and their implications can be found elsewhere
(Ginty, 2013); the present account is necessarily brief. However, the major implication is
that blunted stress reactivity and RDS may be two sides of the same coin and both may
reflect a more general failure of responding to both stress and reward, reflecting suboptimal
functioning in motivational and emotional processing systems.

8. Concluding remarks and future directions

It is broadly accepted that exaggerated cardiovascular reactions to acute psychological stress
are implicated in cardiovascular pathology. What has proved more contentious until lately is
the notion that low or blunted cardiovascular and cortisol stress responding might also be
associated with adverse behavioural and health outcomes. However, the strength and
consistency of the empirical findings are now compelling, and blunted stress reactivity has
been linked to depression, obesity, substance and non-substance addiction, bulimia,
impulsivity and behavioural disorders, and poorer cognitive ability. Our thesis is that what
links these diverse outcomes is that they all reflect, either directly or indirectly, suboptimal
functioning in those fronto-limbic systems in the brain that are normally engaged during
acute stress exposures, requiring motivation and adaptation. Those same systems are also
involved in autonomic regulation, suggesting that blunted stress reactivity may be a marker
of more central dysfunction. The available fMRI research tends to support this contention,
but specifically-focussed studies are relatively scarce and more research that simultaneously
examines peripheral autonomic and central neural reactions to acute stress is warranted.
What we also require is a model fitting together the various pieces of what is becoming quite
a complex jigsaw. The antecedents of central motivational dysregulation are likely to be
found in genes and in childhood exposures. Although twin studies strongly implicate
heredity, the precise polymorphisms involved have yet to be definitively determined. We
would argue that genes involved in neurotransmission, particularly dopamine transmission,
would be a good starting point. Although preliminary evidence is emerging, there needs to
be much more focus on the association between blunted stress responding and early life
adversity, particularly emotional neglect and abuse. Downstream from central neural dys-
function are stable behavioural and emotional characteristics such as neuroticism,
impulsivity, lack of perseverance, depression, and low cognitive ability. These in turn
increase the likelihood of addiction and other unhealthy outcomes such as obesity and
bulimia. Additionally, although beyond the scope of the present review, it should be noted
many of these outcomes or behaviours are also associated with inflammation, such as low
cognitive ability (Phillips et al., 2011a), obesity (Toni et al., 2004), and depression (Miller
and Cole, 2012). This suggests that it would be fruitful to study the association between
cardiovascular and cortisol stress reactivity and systemic inflammation, as well as acute
inflammatory responses to psychological stress exposure.

This is the barest outline of a model based on current data, and is illustrated in Fig. 1;
however, much more has to be done by way of confirmation and refinement. The parallels
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between blunted stress reactivity and the RDS also need further investigation; it is an
essential next step to establish whether those who under-react to stress also under-react to
reward both peripherally and centrally. Given the prognostic importance of cognitive decline
for states of dementia, further attention needs to be paid to the association between blunted
stress reactivity and age-related deterioration in cognitive ability. It is probably important to
articulate a caveat; the studies we discuss in this review are largely observational studies.
Thus, we cannot definitively establish the direction of causality, even when the evidence is
derived from prospective studies. Although our model suggests particular pathways, others
cannot be wholly discounted. For example, although we judge that the evidence favours our
view that blunted cardiovascular and cortisol stress reactions, by reflecting central
motivational dysregulation, is a risk marker for smoking, it remains possible that the
association we and others observe also reflects a possible degradation of the autonomic
nervous system by the toxins in cigarette smoke. Similarly, it remains possible that blunted
reactivity may be a consequence of depression rather than a risk marker of it. Clarification in
these instances can only come from cessation and treatment studies, respectively. Finally,
almost all of the corollaries of blunted stress responding are targets for intervention; we
would argue that stress testing and the detection of blunted reactivity could be informative in
identifying participants likely to require more aggressive treatment.
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Fig. 1.

Provisional model of blunted biological stress reactivity; from this perspective, blunted
reactivity is regarded as a marker rather than a cause of endpoint behavioural and health
outcomes.
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Fig. 2.
Schematic representation of the psychological stress protocol in the Dutch Famine Birth
Cohort study.
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Mean (SE) (a) stop signal reaction time, and (b) circle time difference for the blunted and
exaggerated stress reactivity groups.
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Fig. 4.
Percentage study completion rate by quartiles of heart rate reactivity.
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Fig. 5.

Alternative models, inverted-U and distinct mechanisms, linking stress reactivity to health
and behavioural outcomes.
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