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A B S T R A C T

Allostatic load reflects the cumulative effects of stressful experiences in daily life and may lead to disease over
time. When the cost of chronic exposure to fluctuating or heightened neural and systemic physiologic responses
exceeds the coping resources of an individual, this is referred to as “toxic stress” and allostatic overload ensues.
Its determination has initially relied on measurements of an interacting network of biomarkers. More recently,
clinical criteria for the determination of allostatic overload, that provide information on the underlying in-
dividual experiential causes, have been developed and used in a number of investigations. These clinimetric tools
can increase the number of people screened, while putting the use of biomarkers in a psychosocial context. The
criteria allow the personalization of interventions to prevent or decrease the negative impact of toxic stress on
health, with particular reference to lifestyle modifications and cognitive behavioral therapy.

1. The concept of allostatic load

In 1993, McEwen and Stellar (McEwen and Stellar, 1993) proposed
a formulation of the relationship between stress and the processes
leading to disease based on allostasis, the ability of the organism to
achieve stability through change. The concept of allostasis emphasizes
that healthy functioning requires continual adjustments of the internal
physiological milieu. In response to environmental demands, different
physiological systems interact with different levels of activity. The al-
lostatic load is the cost of chronic exposure to fluctuating or heightened
neural or neuroendocrine responses resulting from repeated or chronic
environmental challenge that an individual reacts to as being particu-
larly stressful (McEwen and Stellar, 1993). It refers to the wear and tear
that results from either too much stress or from inefficient management
of allostasis (McEwen, 1998, 2007). The definition of allostatic load
reflects the cumulative effects of experiences in daily life that involve
ordinary events as well as major challenges and also includes the
physiological consequences of the resulting health damaging-behaviors,
including poor sleep and other aspects of circadian disruption, social
isolation, lack of exercise and poor diet. Indeed, major life changes are
not the only source of psychological stress and physiological and neu-
robiological dysregulation. Because of adopting those health-damaging

behaviors, subtle and long-standing life situations should not too
readily be dismissed as minor or negligible, since chronic, daily life
stresses may be experienced by the individual as taxing or exceeding
his/her coping skills (Wagner, 1990). These aspects were often over-
looked in conventional thinking about “stress”. The totality of external
conditions in our lives, including our physical and social environments,
called the “exposome” (Miller and Jones, 2014), determines what we do
in making choices and influences our health-promoting and health-
damaging behaviors. In particular, income inequality and increased
social instability is an exacerbating factor leading to allostatic overload
(Marmot and Wilkinson, 2006; Wilkinson and Pickett, 2010; Miller and
Kirschbaum, 2018).
As a result of experiences that lead to allostasis and adaptation but

also to allostatic load and overload, the brain is changing its circuitry
and function epigenetically (McEwen, 2017a, 2017b). “Adaptive plas-
ticity” refers to the fact that the brain remodels itself to help individuals
handle the reality of their exposomes (McEwen et al., 2015, 2016). A
key result of stress is structural remodeling of neural architecture, in-
volving many cellular and molecular processes from the cell nucleus to
the cell surface, leading to successful adaptation; whereas persistence of
these changes when stress ends indicates failed resilience (Goldwater
et al., 2009; Gray et al., 2014; McEwen et al., 2015, 2016; McEwen,
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2017b).
The normal allostatic response is initiated by a stressor, sustained

for an appropriate interval, and then turned off (McEwen, 2007). The
threshold between tolerable stress (a physiological state that could
potentially be disruptive but is buffered by the personal and inter-
personal resources of the individual and occurs within a time-limited
period) and toxic stress (strong, frequent, and/or prolonged activation
of the body stress response system in the absence of buffering factors/
protection) does not lend itself to an easy distinction (Shonkoff et al.,
2009). McEwen and Wingfield (2010) defined allostatic overload as the
transition to this extreme state.
Romero et al. (2009), in their Reactive-Scope model, use “home-

ostasis” instead of “allostasis” and assess reactions to the predictable
circadian variation (predictive homeostasis) and responses to un-
expected events (reactive homeostasis) as well as “homeostatic over-
load” and “homeostatic failure”, which gets at the same idea as allo-
static overload in response to toxic stress. Despite using different
terminologies, the current version of the allostatic load model
(McEwen, 2017a, 2017b) and the Reactive Scope Model (Romero et al.,
2009) address the same issues of how experiences affect health over the
life course. Of particular importance is promoting a healthy life tra-
jectory (Halfon et al., 2014) with positive experiences involving reward
(Dutcher and Creswell, 2018) and a sense of meaning and purpose in
life (Fredrickson et al., 2013; Fava and Guidi, 2019). Fig. 1 outlines the
interacting mechanisms of allostatic overload.

2. Measurement of allostatic load

There have been several attempts to identify allostatic load by the
use of its biological markers (Seeman et al., 1997, 2001; Gruenewald
et al., 2006; Ryff et al., 2006; McEwen, 2007, 2015, 2017a, 2017b;
Romero et al., 2009; Shonkoff et al., 2009; McEwen and Wingfield,
2010; Buckwalter et al., 2016; Wiley et al., 2016; Robertson et al.,
2017; Mocayar Maron et al., 2019). The biological model of allostatic
load focuses on glucocorticoid dysregulation as part of a network of
mediators involving autonomic, endocrine, metabolic, and in-
flammatory parameters (McEwen and Stellar, 1993; Seeman et al.,
2001). It has been expressed in a cumulative index encompassing a

battery of biomarkers such as: resting systolic and diastolic blood
pressure, body mass index, waist-hip ratio, high-density lipoprotein and
low-density lipoprotein cholesterol, triglycerides, glycosylated he-
moglobin, fasting glucose, plasma C-reactive protein, fibrinogen, serum
measures of interleukin-6, the soluble adhesion molecules E-selectin,
intracellular adhesion molecule-1, levels of urinary epinephrine, nor-
epinephrine, cortisol and a serum measure of the hormone dehy-
droepiandrosterone sulfate (DHEA-S) (Seeman et al., 2001). This index
of allostatic load was found to be better predictor of mortality and
decline in physical functioning than individual biomarkers alone, yet a
number of limitations emerged due to the complexity and dynamic
nature of this multisystem network (Buckwalter et al., 2016).
A state of allostatic load entails some clinical manifestations that

can be observed in daily practice. Examples may be provided by wor-
sening of symptoms during weekends or vacation (inability to shut off
responses associated with lack of distraction entailed by work), or
breakdowns that occur just when a stressor has terminated (caregivers
of patients successfully recovering after a long struggle). Help in de-
termining a state of allostatic overload and in getting at the underlying
experiential factors that may accelerate disease processes may come
from clinimetrics, the science of clinical measurements (Feinstein,
1987; Fava et al., 2012, 2018). The term “clinimetrics” was introduced
by Alvan R. Feinstein in 1982 (Feinstein, 1982) to indicate a domain
concerned with indices, rating scales and other expressions that are
used to describe or measure symptoms, physical signs and other clinical
phenomena, which do not find room in the customary taxonomy
(Feinstein, 1987; Fava et al., 2012, 2018).
Clinimetric criteria for the determination of allostatic overload have

been introduced in 2010 (Fava et al., 2010). A slightly revised version,
incorporated in the Diagnostic Criteria for Psychosomatic Research
(DCPR), was published in 2017 (Fava et al., 2017).

3. Clinimetric definition of allostatic overload

The criteria for the determination of allostatic overload (Fava et al.,
2017) that can be used in clinical practice (Table 1) are based on in-
sights derived from psychosomatic research.
The first point (Table 1, A) deals with the specification of the

stressor. The notion of contextual threat (the judgement of the expected
stressfulness of the event, when its full nature and particular circum-
stances are taken into account) has been important in medical and
psychiatric disorders (Brown and Harris, 1986; Paykel, 1997). On the
one hand, uncontrolled and undesirable events have been identified as
the most threatening challenges, particularly when they are events of
major importance to the patient and result in major changes in patient’s
living conditions, social and family circle, and work. Examples are the
loss of a significant person, acute medical illness, separation, relocation,
etc. On the other hand, subtle and long-standing life situations, such as
those occurring at work or dealing with a chronic illness, may be ex-
perienced by the individual as taxing or exceeding his/her coping skills.
Thus, both life events and chronic stresses can constitute a source of
allostatic load.
The second point in the criteria (Table 1, B) is concerned with the

clinical manifestations, which may encompass psychological symptoms,
impairment in social and occupational functioning and in psychological
well-being, mainly in the form of environmental mastery (Ryff et al.,
2006; Fava, 2016).
Determination of the presence of allostatic overload requires careful

exploration of patient’s life circumstances. The semi-structured inter-
view that has been developed for diagnosing allostatic overload (Fava
et al., 2010, 2017) is shown in Table 2. Assessment of life events by a
detailed interview method, such as the Interview for Recent Life Events
(Paykel, 1997), is certainly the gold standard, but it is time consuming
and unsuitable for a busy practice. A generic question about anything
that happened recently entails the risk of missing both important life
events and chronic stress (Paykel, 1997). The Psychosocial Index (PSI)Fig. 1. Mechanisms of allostatic overload.
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(Sonino and Fava, 1998; Piolanti et al., 2016) is a short clinimetric
index, tailored to a busy clinical setting, for the assessment of stress and
related psychological distress (allostatic load). Items of the ques-
tionnaire served as a basis for the semi-structured interview (Table 2).
All this information may help formulating a global clinical judge-

ment of an individual’s assets and coping skills in dealing with his/her
current life situation. Unlike in the case of adjustment disorders in
DSM-5 (American Psychiatric Association, 2013), the presence of a
psychiatric disorder is not a source of exclusion from the criteria. The
category of adjustment disorders in DSM has displayed major con-
ceptual and methodological flaws (Semprini et al., 2010; Bachem and
Casey, 2018). A major problem is the fact that it is an exclusion diag-
nosis (it cannot be applied in comorbidity with other psychiatric dis-
orders) and overlaps with subthreshold manifestations of mood and
anxiety disorders. Allostatic overload is a trans-diagnostic categoriza-
tion that may be applied regardless of the presence of psychiatric and/
or medical conditions.

4. Advantages of the clinimetric evaluation of allostatic overload

The clinimetric evaluation of allostatic overload has some major
advantages compared to other stress-related models. Indeed, classic
models analyze individual components of the stress response sepa-
rately. For example, Holmes and Rahe (1967) focused on identifying
major life events with the assumption that, although not impactful all
the same, life events still exert identical adverse effects on everyone.
Their approach is however limited by their inability to recognize the
role that individual’s resources and cognition play in the stress re-
sponse.
Lazarus and Folkman (1984) addressed this problem with their

model of cognitive appraisal. Accordingly, it is not the event per se to
cause distress, but its evaluation by the person (e.g., beyond his/her
coping abilities). While emphasizing the contribution of the cognitive
component to the stress response, Lazarus and Folkman (1984) failed to
include the influence of the physiological response to stress. Indeed,
individuals with high sensitivity to stress may have an altered physio-
logical response that, in turn, negatively impacts people’s ability to
conduct a successful appraisal of the situation.
Classic models focusing on the physiological response to stress, such

as Cannon's (1932) and Selye's (1956), discounted the role of cognition
in modulating this response. Indeed, although all stressors determine
the activation of the same circuits with a partial suppression of the
parasympathetic system and arousal of the sympathetic one, people
with a mindset considering stress as an opportunity for growth more,
than a threat, have a more adaptive physiological response (Crum et al.,
2017).
The clinimetric evaluation of allostatic overload overcomes the

limitations of the classic models and answers the question: “When can
we consider an individual as clinically stressed?”
Criterion A (Table 1) focuses on the stressors. Careful choice of

stressful life events avoids the confounding of events with psychiatric
symptoms, a problem that has long been recognized as a limitation of
commonly used scales (Dohrenwend et al., 1984).
Criterion B (Table 1), including psychosocial and physical symp-

toms, embraces both the physiological and cognitive components of the
stress response (Fig. 1).

5. Clinical use of criteria for allostatic overload

Clinimetric criteria have been used in a number of studies.
General population. A first investigation was carried out in the

general population (Tomba and Offidani, 2012). Patients who were
identified as presenting with allostatic overload displayed significantly
higher scores at the PSI self-rated stress, distress and abnormal illness
behavior (Sonino and Fava, 1998; Piolanti et al., 2016) and at the
Clinical Interview for Depression (CID) total score (Paykel, 1985; Guidi
et al., 2011) than subjects who did not present with allostatic overload
(Tomba and Offidani, 2012). The results showed that the clinimetric
criteria for allostatic overload, merging different information otherwise
assessed by several instruments, were able to discriminate the presence
of distress, as was found to be the case in another sample of the general
population (Offidani and Ruini, 2012).
Primary care. The DCPR clinical interview for assessment of allo-

static overload (Fava et al., 2017) was used in 200 patients in primary
care (Piolanti et al., 2019). The PSI (Sonino and Fava, 1998; Piolanti
et al., 2016), the CID (Paykel, 1985; Guidi et al., 2011) and the 12-Item
Short-Form Health Survey (SF-12) (Ware et al., 1996) were adminis-
tered. Thirty-one patients (15.5%) satisfied the clinimetric criteria for
allostatic overload, which was the most frequently reported DCPR
syndrome. Interestingly, of patients diagnosed with allostatic overload,
58% did not meet the criteria for any DSM-5 psychiatric disorder.
(American Psychiatric Association, 2013). Subgroup comparisons re-
vealed significantly higher levels of distress and lower scores of psy-
chological well-being and quality of life among primary care patients
presenting with allostatic overload compared to those without.
Cardiovascular disease. The criteria for allostatic overload were

applied in several studies to patients with cardiovascular disease. In
outpatients with essential hypertension and coronary heart disease
(Porcelli et al., 2012), allostatic overload was found to be related to
poorer psychosocial functioning, higher rates of psychopathology
(mainly mood and anxiety disorders) and a higher disease-related
emotional burden with associated abnormal illness behavior, somati-
zation symptoms and irritability. Among patients with atrial fibrillation
(Offidani et al., 2013), the presence of allostatic overload based on
clinimetric criteria was found to be associated with increased psycho-
logical distress (e.g., depressive and anxiety disorders). In a study of
outpatients with congestive heart failure (Guidi et al., 2016), 32.9%
were classified as having allostatic overload. Significant differences
were found with regard to gender, with women being more likely to
report allostatic overload than men. Overall, significantly higher levels
of anxiety and depression, as reported either by self-rated Symptom
Questionnaire (Kellner, 1987) or by observer-rated CID (Paykel, 1985;
Guidi et al., 2011), were reported by patients with allostatic overload.
Among cardiac risk factors, hyperglycemia was found to be significantly
associated with the presence of allostatic overload. In patients with
implantable cardioverter defibrillator (ICD) (Gostoli et al., 2016), the
presence of allostatic overload before implantation was the only sig-
nificant predictor, unlike other traditional psychological and cardiac
risk factors, of subsequent negative cardiac outcomes, including post-
ICD complications and death.
Fibromyalgia. A recent preliminary study (Leombruni et al., 2019)

conducted on 104 female outpatients with fibromyalgia, evaluated the
prevalence of psychosomatic syndromes by means of the DCPR criteria

Table 1
Clinical criteria for allostatic overload (A through B are required).

Criterion A The presence of a current identifiable source of distress in the form of recent life events and/or chronic stress; the stressor is judged to tax or exceed the individual
coping skills when its full nature and full circumstances are evaluated

Criterion B The stressor is associated with one or more of the following features, which have occurred within 6 months after the onset of the stressor:
1. at least two of the following symptoms: difficulty falling asleep, restless sleep, early morning awakening, lack of energy, dizziness, generalized anxiety,
irritability, sadness, demoralization
2. significant impairment in social or occupational functioning
3. significant impairment in environmental mastery (feeling overwhelmed by the demands of everyday life)
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Table 2
Diagnostic interview for the determination of allostatic overload.
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(Fava et al., 2017) and found allostatic overload in 25% of the sample.
This was the second more frequent diagnosis after persistent somati-
zation (51.6%).
Breast cancer. Allostatic overload has proven to be a sensitive

parameter also in breast cancer. A study comparing 60 breast cancer
survivors with 60 healthy controls, who reported major life events other
than cancer, showed that allostatic overload was more common among
cancer survivors (52%) than healthy controls (33%). Breast cancer
survivors without allostatic overload presented greater posttraumatic
growth compared to both survivors and controls with allostatic over-
load, especially in terms of personal strength and positive spiritual
changes (Ruini et al., 2015). This is consistent with the view that re-
covery means not just going back to where one was before falling ill,
but growing from the experience (Fava, 2016), in a life-course health
development trajectory (Schmale, 1969; Halfon et al., 2014; Fava and
Guidi, 2019).

6. Case illustrations

The clinical utility of the trans-diagnostic identification of allostatic
overload can be best appreciated within a clinimetric approach. This
adds to customary taxonomy incremental clinical information that de-
marcates major prognostic and therapeutic differences (Fava et al.,
2012, 2018). Macroanalysis is a clinimetric method that establishes
relationships among co-occurring syndromes and clinical problems as
well as therapeutic targets and their order of priority (Fava et al., 2012;
Fava and Sonino, 2009; Sonino and Peruzzi, 2009). It is illustrated by
the following cases:

Case 1. Mr. X is a 57-year-old man with essential hypertension
displaying poor blood pressure control (despite treatment with ACE
inhibitor and diuretic in combination). He is married, with a daughter
in her early twenties; he complains about difficulties both within the
family (repeated frictions with his wife) and at work (an unexpected
reduction in working hours leading to financial constraints). A specific
psychiatric disorder according to DSM-5 criteria (American Psychiatric
Association, 2013) was not detected, yet the clinimetric interview
(Table 2) disclosed the presence of allostatic overload (he felt
overwhelmed by problems and demands of everyday life), moderate
symptoms of anxiety (feeling tense, irritable, difficulty falling asleep),
as well as impairments in environmental mastery (he felt difficulties in
managing everyday affairs and in exploring options when making
decisions). Functional relationships among these different problem
areas were established according to macro-analysis (Fig. 2). The
specialist (an internist and endocrinologist) treating the patient,
alerted by the presence of allostatic overload, prescribed a
benzodiazepine (clonazepam) at low doses for decreasing his state of
arousal and improving sleep. Treatment with benzodiazepines was
found to be effective to reduce anxiety in patients with cardiovascular
illness (Balon et al., 2018) and in affective disorders (Benasi et al.,
2018). The specialist also referred him to psychotherapy, which
consisted of the sequential combination of Cognitive Behavior
Therapy (CBT) and Well-Being Therapy (WBT) (Fava, 2016). Such
combination has been tested in controlled trials with psychiatric
patients and in cardiovascular disorders (Guidi et al., 2018a).

Both interventions were instrumental in inducing lifestyle changes
that decreased the allostatic overload. After a few months, the patient
regained control of his blood pressure and showed improvement in
dimensions of psychological well-being. We cannot exclude that other
types of pharmacological and psychotherapeutic treatments would
yield similar results (Guidi et al., 2018b).

Case 2. Ms. Y is a 42-year-old woman, divorced, with a 7-year-old
child. She was diagnosed with major depressive disorder 1 year before,
and was prescribed by a psychiatrist an antidepressant medication
(fluoxetine), that she is still taking at the same dose (20mg/day).

Clinical interviewing revealed the presence of residual depressive
symptoms (lack of energy, loss of interest in things, sadness).
Assessment with the clinimetric interview (Table 2) disclosed a state
of allostatic overload (mostly related to legal problems with co-
parenting and repeated troubles at work), low environmental mastery
(difficulties in managing things of everyday life) and significant
impairment in social functioning. By macroanalysis these clinical data
were organized in a comprehensive framework for clinical reasoning
(Fig. 3). The assessment of allostatic overload alerted the psychiatrist to
the risk for relapse (Paykel and Tanner, 1976) and suggested the
usefulness of adding a psychotherapeutic approach to
pharmacotherapy. CBT and WBT (Fava, 2016) reduced the allostatic
load. Such combination has been tested in controlled studies concerned
with sequential treatment of depression (Guidi et al., 2017). Fluoxetine
was successfully discontinued (Fava and Belaise, 2018) during
psychotherapy. The patient is well and drug-free at a 2-year follow-
up. Also in this case, it is possible that other types of psychotherapeutic
treatment, such as interpersonal psychotherapy or family therapy,
would yield similar results (Guidi et al., 2017, 2018b).

The two clinical cases illustrate how identification of allostatic
overload may add crucial information to medical and psychiatric di-
agnoses. The presence of biomarkers that are consistent with allostatic
overload may reinforce the clinical data.

7. Conclusions

Biomarkers for allostatic load/overload express a state of the body
systems, but do not provide information on the underlying individual
experiential causes. The clinimetric criteria for allostatic overload fill
this gap. They have yielded promising results in studies conducted both
in the general population and in the setting of various medical condi-
tions. The results should be interpreted with caution in view of their
preliminary nature. Nonetheless, these clinimetric tools, merging dif-
ferent clinical information otherwise assessed by several instruments,
were able to discriminate the presence of psychological distress.
There are a number of potential applications. In research, they may

provide the missing link between clinical states and biomarkers. In
clinical practice, they may guide the decision process by increasing the
predictive power of the assessment procedure (Fava et al., 2012). Al-
lostatic overload calls for close monitoring of the clinical situation (e.g.,
risk of relapse in a depressed patient, poor response to treatment in a
hypertensive subject). In case of functional medical disturbances, the
presence of allostatic overload may contribute to explain symptom
production and illness configuration (Fava and Sonino, 2009, 2017;
Sonino and Peruzzi, 2009). Finally, the clinical characterization of al-
lostatic overload may shed some light and offer some remedies to the
post-hospital syndrome, a period of enhanced vulnerability to disease
and to adverse events (Goldwater et al., 2018).
The identification of a state of allostatic overload may point to the

use of psychotherapeutic strategies for improving coping with stress
situations (Fava, 2016; Henningsen et al., 2018; Lindsater et al., 2018),
and induce lifestyle modifications and pursuit of emotional well-being,
whose importance is increasingly recognized in clinical medicine
(Rippe, 2019) and psychiatry (Fava and Guidi, 2019).
Use of these clinimetric tools can increase the number of people

screened, set the use of biomarkers in a clinical context, and broaden
dissemination of measures to prevent or decrease the negative impact of
toxic stress on health.

Conflict of interest

The authors have no financial conflict of interest to disclose.

G.A. Fava, et al. Psychoneuroendocrinology 108 (2019) 94–101

98



Declarations of interest

None.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

References

American Psychiatric Association, 2013. Diagnostic and Statistical Manual of Mental
Disorders, fifth ed. American Psychiatric Association, Washington, DC.

Bachem, R., Casey, P., 2018. Adjustment disorder: a diagnosis whose time has come. J.
Affect. Disord. 227, 243–253. https://doi.org/10.1016/j.jad.2017.10.034.

Balon, R., Rafanelli, C., Sonino, N., 2018. Benzodiazepines: a valuable tool in the man-
agement of cardiovascular conditions. Psychother. Psychosom. 87, 327–330. https://
doi.org/10.1159/000493015.

Benasi, G., Guidi, J., Offidani, E., Balon, R., Rickels, K., Fava, G.A., 2018. Benzodiazepines
as a monotherapy in depressive disorders. Psychother. Psychosom. 87, 65–74.
https://doi.org/10.1159/000486696.

Fig. 2. Assessment by macroanalysis of case 1 and therapeutic approaches.

Fig. 3. Assessment by macroanalysis of case 2 and therapeutic approaches.

G.A. Fava, et al. Psychoneuroendocrinology 108 (2019) 94–101

99

http://refhub.elsevier.com/S0306-4530(19)30158-1/sbref0005
http://refhub.elsevier.com/S0306-4530(19)30158-1/sbref0005
https://doi.org/10.1016/j.jad.2017.10.034
https://doi.org/10.1159/000493015
https://doi.org/10.1159/000493015
https://doi.org/10.1159/000486696


Brown, G.W., Harris, T., 1986. Establishing causal links. In: Katschining, H. (Ed.), Life
Events and Psychiatric Disorder. Cambridge University Press, Cambridge, pp.
107–187.

Buckwalter, J.G., Castellani, B., McEwen, B., Karlamangla, A.S., Rizzo, A.A., John, B.,
O’Donnell, K., Seeman, T., 2016. Allostatic load as a complex clinical construct: a
case-based computational modeling approach. Complexity 21, 291–306. https://doi.
org/10.1002/cplx.21743.

Cannon, W.B., 1932. Wisdom of the Body. W.W. Norton and Company, New York, NY.
Crum, A.J., Akinola, M., Martin, A., Fath, S., 2017. The role of stress mindset in shaping

cognitive, emotional, and physiological responses to challenging and threatening
stress. Anxiety Stress Coping 30, 379–395. https://doi.org/10.1080/10615806.2016.
1275585.

Dohrenwend, B.S., Dohrenwend, B.P., Dodson, M., Shrout, P.E., 1984. Symptoms, hassles,
social supports, and life events: problem of confounded measures. J. Abnorm.
Psychol. 93, 222–230. https://doi.org/10.1037//0021-843X.93.2.222.

Dutcher, J.M., Creswell, J.D., 2018. The role of brain reward pathways in stress resilience
and health. Neurosci. Biobehav. Rev. 95, 559–567. https://doi.org/10.1016/j.
neubiorev.2018.10.014.

Fava, G.A., 2016. Well-Being Therapy. Treatment Manual and Clinical Applications.
Karger, Basel.

Fava, G.A., Belaise, C., 2018. Discontinuing antidepressant drugs: lesson from a failed
trial and extensive clinical experience. Psychother. Psychosom. 87, 257–267. https://
doi.org/10.1159/000492693.

Fava, G.A., Carrozzino, D., Lindberg, L., Tomba, E., 2018. The clinimetric approach to
psychological assessment: a tribute to Per Bech (1942-2018). Psychother. Psychosom.
87, 321–326. https://doi.org/10.1159/000493746.

Fava, G.A., Cosci, F., Sonino, N., 2017. Current psychosomatic practice. Psychother.
Psychosom. 86, 13–30. https://doi.org/10.1159/000448856.

Fava, G.A., Guidi, J., 2019. The pursuit of euthymia. World Psychiatry (in press).
Fava, G.A., Guidi, J., Semprini, F., Tomba, E., Sonino, N., 2010. Clinical assessment of

allostatic load and clinical criteria. Psychother. Psychosom. 79, 280–284. https://doi.
org/10.1159/000318294.

Fava, G.A., Sonino, N., 2009. Psychosomatic assessment. Psychother. Psychosom. 78,
333–341. https://doi.org/10.1159/000235736.

Fava, G.A., Sonino, N., 2017. From the lesson of George Engel to current knowledge: the
biopsychosocial model 40 years later. Psychother. Psychosom. 86, 257–259. https://
doi.org/10.1159/000478808.

Fava, G.A., Tomba, E., Sonino, N., 2012. Clinimetrics: the science of clinical measure-
ments. Int. J. Clin. Pract. 66, 11–15. https://doi.org/10.1111/j.1742-1241.2011.
02825.x.

Feinstein, A.R., 1982. T. Duckett Jones memorial lecture. The Jones criteria and the
challenge of clinimetrics. Circulation 66, 1–5. https://doi.org/10.1161/01.CIR.66.
1.1.

Feinstein, A.R., 1987. Clinimetrics. Yale University Press, New Haven, CT.
Fredrickson, B.L., Grewen, K.M., Coffey, K.A., Algoe, S.B., Firestine, A.M., Arevalo, J.M.,

Ma, J., Cole, S.W., 2013. A functional genomic perspective on human well-being.
Proc. Natl. Acad. Sci. U.S.A. 110, 13684–13689. https://doi.org/10.1073/pnas.
1305419110.

Goldwater, D.S., Dharmarajan, K., McEwen, B.S., Krumholz, H.K., 2018. Is posthospital
syndrome a result of hospitalization-induced allostatic overload? J. Hosp. Med. 13.
https://doi.org/10.12788/jhm.2986.

Goldwater, D.S., Pavlides, C., Hunter, R.G., Bloss, E.B., Hof, P.R., McEwen, B.S., Morrison,
J.H., 2009. Structural and functional alterations to rat medial prefrontal cortex fol-
lowing chronic restraint stress and recovery. Neuroscience 164, 798–808. https://
doi.org/10.1016/j.neuroscience.2009.08.053.

Gostoli, S., Bonomo, M., Roncuzzi, R., Biffi, M., Boriani, G., Rafanelli, C., 2016.
Psychological correlates, allostatic overload and clinical course in patients with im-
plantable cardioverter defibrillator (ICD). Int. J. Cardiol. 220, 360–364. https://doi.
org/10.1016/j.ijcard.2016.06.246.

Gray, J.D., Rubin, T.G., Hunter, R.G., McEwen, B.S., 2014. Hippocampal gene expression
changes underlying stress sensitization and recovery. Mol. Psychiatry 19, 1171–1178.
https://doi.org/10.1038/mp.2013.175.

Gruenewald, T.L., Seeman, T.E., Ryff, C.D., Karlamangla, A.S., Singer, B.H., 2006.
Combinations of biomarkers predictive of later life mortality. Proc. Natl. Acad. Sci.
U.S.A. 103, 14158–14163. https://doi.org/10.1073/pnas.0606215103.

Guidi, J., Fava, G.A., Bech, P., Paykel, E., 2011. The clinical interview for depression.
Psychother. Psychosom. 80, 10–27. https://doi.org/10.1159/000317532.

Guidi, J., Offidani, E., Rafanelli, C., Roncuzzi, R., Sonino, N., Fava, G.A., 2016. The as-
sessment of allostatic overload in patients with congestive heart failure by clinimetric
criteria. Stress Health 32, 63–69. https://doi.org/10.1002/smi.2579.

Guidi, J., Tomba, E., Cosci, F., Park, S.K., Fava, G.A., 2017. The role of staging in planning
psychotherapeutic interventions in depression. J. Clin. Psychiatry 78, 456–463.
https://doi.org/10.4088/JCP.16r10736.

Guidi, J., Rafanelli, C., Fava, G.A., 2018a. The clinical role of well-being therapy. Nord. J.
Psychiatry 72, 447–453. https://doi.org/10.1080/08039488.2018.1492013.

Guidi, J., Brakemeier, E.-L., Bockting, C.L., Cosci, F., Cuijpers, P., Jarrett, R.B., Linden,
M., Marks, I., Peretti, C.S., Rafanelli, C., Rief, S.W., Schneider, S., Schnyder, U.,
Sensky, T., Tomba, E., Vazquez, C., Vieta, E., Zipfel, S., Wright, J.H., Fava, G.A.,
2018b. Methodological recommendations for trials of psychological interventions.
Psychother. Psychosom. 87, 276–284. https://doi.org/10.1159/000490574.

Halfon, N., Larson, K., Lu, M., Tullis, E., Russ, S., 2014. Lifecourse health development:
past, present and future. Matern. Child Health J. 18, 344–365. https://doi.org/10.
1007/s10995-013-1346-2.

Henningsen, P., Zipfel, S., Sattel, H., Creed, F., 2018. Management of functional somatic
syndromes and bodily distress. Psychother. Psychosom. 87, 12–31. https://doi.org/
10.1159/000484413.

Holmes, T.H., Rahe, R.H., 1967. The social readjustment rating scale. J. Psychosom. Res.
11, 213–218. https://doi.org/10.1016/0022-3999(67)90010-4.

Kellner, R., 1987. A symptom questionnaire. J. Clin. Psychiatry 48, 268–274.
Lazarus, R.S., Folkman, S., 1984. Stress, Appraisal, and Coping. Springer, New York, NY.
Leombruni, P., Zizzi, F., Pavan, S., Fusaro, E., Miniotti, M., 2019. Allostatic overload in

patients with fibromyalgia: preliminary findings. Psychother. Psychosom. 88,
180–181. https://doi.org/10.1159/000496229.

Lindsater, E., Axelsson, E., Salomomsson, S., Santoft, F., Ejeby, K., Ljotsson, B., Akerstedt,
T., Lekander, M., Hedman-Lagerlof, E., 2018. Internet-based cognitive behavioral
therapy for chronic stress: a randomized controlled trial. Psychother. Psychosom. 87,
296–305. https://doi.org/10.1159/000490742.

Marmot, M.G., Wilkinson, R.G., 2006. Social Determinants of Health. Oxford University
Press, Oxford.

McEwen, B.S., 1998. Protective and damaging effects of stress mediators. N. Engl. J. Med.
338, 171–179. https://doi.org/10.1056/NEJM199801153380307.

McEwen, B.S., 2007. Physiology and neurobiology of stress and adaptation: central role of
the brain. Physiol. Rev. 87, 873–904. https://doi.org/10.1152/physrev.00041.2006.

McEwen, B.S., 2015. Biomarkers for assessing population and individual health and
disease related to stress and adaptation. Metabolism 64, S2–S10. https://doi.org/10.
1016/j.metabol.2014.10.029.

McEwen, B.S., 2017a. Allostasis and the epigenetics of brain and body health over the life
course: the brain on stress. JAMA Psychiatry 74, 551–552. https://doi.org/10.1001/
jamapsychiatry.2017.0270.

McEwen, B.S., 2017b. Epigenetic interactions and the brain-body communications.
Psychother. Psychosom. 86, 1–4. https://doi.org/10.1159/000449150.

McEwen, B.S., Bowles, N.P., Gray, J.D., Hill, M.N., Hunter, R.G., Karatsoreos, I.N., Nasca,
C., 2015. Mechanisms of stress in the brain. Nat. Neurosci. 18, 1353–1363. https://
doi.org/10.1038/nn.4086.

McEwen, B.S., Nasca, C., Gray, J.D., 2016. Stress effects on neuronal structure: hippo-
campus, amygdala, and prefrontal cortex. Neuropsychopharmacology 41, 3–23.
https://doi.org/10.1038/npp.2015.171.

McEwen, B.S., Stellar, E., 1993. Stress and the individual. Mechanisms leading to disease.
Arch. Intern. Med. 153, 2093–2101. https://doi.org/10.1001/archinte.1993.
00410180039004.

McEwen, B.S., Wingfield, J.C., 2010. What is in a name? Integrating homeostasis, allos-
tasis and stress. Horm. Behav. 57, 105–111. https://doi.org/10.1016/j.yhbeh.2009.
09.011.

Miller, R., Kirschbaum, C., 2018. Cultures under stress: a cross-national meta-analysis of
cortisol responses to the Trier Social Stress Test and their association with anxiety-
related value orientations and internalizing mental disorders.
Psychoneuroendocrinology. https://doi.org/10.1016/j.psyneuen.2018.12.236. (in
press).

Miller, G.W., Jones, D.P., 2014. The nature of nurture: refining the definitions of expo-
some. Toxicol. Sci. 137, 1–2. https://doi.org/10.1093/toxsci/kft251.

Mocayar Maron, F.J., Ferder, L., Saravi, F.D., Manucha, W., 2019. Hypertension linked to
allostatic load: from psychosocial stress to inflammation and mitochondrial dys-
function. Stress 22, 169–181. htpp://101080/10253890.2018.1542683.

Offidani, E., Rafanelli, C., Gostoli, S., Marchetti, G., Roncuzzi, R., 2013. Allostatic over-
load in patients with atrial fibrillation. Int. J. Cardiol. 165, 375–376. https://doi.org/
10.1016/j.ijcard.2012.08.026.

Offidani, E., Ruini, C., 2012. Psychobiological correlates of allostatic overload in a
healthy population. Brain Behav. Immun. 26, 284–291. https://doi.org/10.1016/j.
bbi.2011.09.009.

Paykel, E.S., 1985. The clinical interview for depression: development, reliability and
validity. J. Affect. Disord. 9, 85–96. https://doi.org/10.1016/0165-0327(85)
90014-X.

Paykel, E.S., 1997. The interview for recent life events. Psychol. Med. 27, 301–310.
https://doi.org/10.1017/S0033291796004424. Cambridge, UK.

Paykel, E.S., Tanner, J., 1976. Life events, depression relapse and maintenance treatment.
Psychol. Med. 6, 481–485. https://doi.org/10.1017/S0033291700015920.
Cambridge, UK.

Piolanti, A., Gostoli, S., Gervasi, J., Sonino, N., Guidi, J., 2019. A trial integrating dif-
ferent methods to assess psychosocial problems in primary care. Psychother.
Psychosom. 88, 30–36. https://doi.org/10.1159/000496477.

Piolanti, A., Offidani, E., Guidi, J., Gostoli, S., Fava, G.A., Sonino, N., 2016. Use of the
PsychoSocial Index: a sensitive tool in research and practice. Psychother. Psychosom.
85, 337–345. https://doi.org/10.1159/000447760.

Porcelli, P., Laera, D., Mastrangelo, D., Di Masi, A., 2012. Prevalence of allostatic over-
load syndrome in patients with chronic cardiovascular disease. Psychother.
Psychosom. 81, 375–377. https://doi.org/10.1159/000341179.

Rippe, J.M., 2019. Are we ready to practice lifestyle medicine? Am. J. Med. 132, 6–8.
https://doi.org/10.1016/j.amjmed.2018.07.024.

Robertson, T., Beveridge, G., Bromley, C., 2017. Allostatic load as a predictor of all-cause
and cause-specific mortality in the general population: evidence from the Scottish
Health Survey. PLoS One 12 (8), e0183297. https://doi.org/10.1371/journal.pone.
0183297.

Romero, L.R., Dickens, M.J., Cyr, N.E., 2009. The reactive scope-model: a new model
integrating homeostasis, allostasis, and stress. Horm. Behav. 55, 375–389. https://
doi.org/10.1016/j.yhbeh.2008.12.009.

Ruini, C., Offidani, E., Vescovelli, F., 2015. Life stressors, allostatic overload, and their
impact on posttraumatic growth. J. Loss Trauma 20, 109–122. https://doi.org/10.
1080/15325024.2013.830530.

Ryff, C.D., Love, G.D., Urry, H.L., Muller, D., Rosenkranz, M.A., Friedman, E.M.,
Davidson, R.J., Singer, B., 2006. Psychological well-being and ill-being: do they have
distinct or mirrored biological correlates? Psychother. Psychosom. 75, 85–95.
https://doi.org/10.1159/000090892.

G.A. Fava, et al. Psychoneuroendocrinology 108 (2019) 94–101

100

http://refhub.elsevier.com/S0306-4530(19)30158-1/sbref0025
http://refhub.elsevier.com/S0306-4530(19)30158-1/sbref0025
http://refhub.elsevier.com/S0306-4530(19)30158-1/sbref0025
https://doi.org/10.1002/cplx.21743
https://doi.org/10.1002/cplx.21743
http://refhub.elsevier.com/S0306-4530(19)30158-1/sbref0035
https://doi.org/10.1080/10615806.2016.1275585
https://doi.org/10.1080/10615806.2016.1275585
https://doi.org/10.1037//0021-843X.93.2.222
https://doi.org/10.1016/j.neubiorev.2018.10.014
https://doi.org/10.1016/j.neubiorev.2018.10.014
http://refhub.elsevier.com/S0306-4530(19)30158-1/sbref0055
http://refhub.elsevier.com/S0306-4530(19)30158-1/sbref0055
https://doi.org/10.1159/000492693
https://doi.org/10.1159/000492693
https://doi.org/10.1159/000493746
https://doi.org/10.1159/000448856
http://refhub.elsevier.com/S0306-4530(19)30158-1/sbref0075
https://doi.org/10.1159/000318294
https://doi.org/10.1159/000318294
https://doi.org/10.1159/000235736
https://doi.org/10.1159/000478808
https://doi.org/10.1159/000478808
https://doi.org/10.1111/j.1742-1241.2011.02825.x
https://doi.org/10.1111/j.1742-1241.2011.02825.x
https://doi.org/10.1161/01.CIR.66.1.1
https://doi.org/10.1161/01.CIR.66.1.1
http://refhub.elsevier.com/S0306-4530(19)30158-1/sbref0105
https://doi.org/10.1073/pnas.1305419110
https://doi.org/10.1073/pnas.1305419110
https://doi.org/10.12788/jhm.2986
https://doi.org/10.1016/j.neuroscience.2009.08.053
https://doi.org/10.1016/j.neuroscience.2009.08.053
https://doi.org/10.1016/j.ijcard.2016.06.246
https://doi.org/10.1016/j.ijcard.2016.06.246
https://doi.org/10.1038/mp.2013.175
https://doi.org/10.1073/pnas.0606215103
https://doi.org/10.1159/000317532
https://doi.org/10.1002/smi.2579
https://doi.org/10.4088/JCP.16r10736
https://doi.org/10.1080/08039488.2018.1492013
https://doi.org/10.1159/000490574
https://doi.org/10.1007/s10995-013-1346-2
https://doi.org/10.1007/s10995-013-1346-2
https://doi.org/10.1159/000484413
https://doi.org/10.1159/000484413
https://doi.org/10.1016/0022-3999(67)90010-4
http://refhub.elsevier.com/S0306-4530(19)30158-1/sbref0180
http://refhub.elsevier.com/S0306-4530(19)30158-1/sbref0185
https://doi.org/10.1159/000496229
https://doi.org/10.1159/000490742
http://refhub.elsevier.com/S0306-4530(19)30158-1/sbref0200
http://refhub.elsevier.com/S0306-4530(19)30158-1/sbref0200
https://doi.org/10.1056/NEJM199801153380307
https://doi.org/10.1152/physrev.00041.2006
https://doi.org/10.1016/j.metabol.2014.10.029
https://doi.org/10.1016/j.metabol.2014.10.029
https://doi.org/10.1001/jamapsychiatry.2017.0270
https://doi.org/10.1001/jamapsychiatry.2017.0270
https://doi.org/10.1159/000449150
https://doi.org/10.1038/nn.4086
https://doi.org/10.1038/nn.4086
https://doi.org/10.1038/npp.2015.171
https://doi.org/10.1001/archinte.1993.00410180039004
https://doi.org/10.1001/archinte.1993.00410180039004
https://doi.org/10.1016/j.yhbeh.2009.09.011
https://doi.org/10.1016/j.yhbeh.2009.09.011
https://doi.org/10.1016/j.psyneuen.2018.12.236
https://doi.org/10.1016/j.psyneuen.2018.12.236
https://doi.org/10.1093/toxsci/kft251
arxiv:/htpp://101080/10253890.2018.1542683
https://doi.org/10.1016/j.ijcard.2012.08.026
https://doi.org/10.1016/j.ijcard.2012.08.026
https://doi.org/10.1016/j.bbi.2011.09.009
https://doi.org/10.1016/j.bbi.2011.09.009
https://doi.org/10.1016/0165-0327(85)90014-X
https://doi.org/10.1016/0165-0327(85)90014-X
https://doi.org/10.1017/S0033291796004424
https://doi.org/10.1017/S0033291700015920
https://doi.org/10.1017/S0033291700015920
https://doi.org/10.1159/000496477
https://doi.org/10.1159/000447760
https://doi.org/10.1159/000341179
https://doi.org/10.1016/j.amjmed.2018.07.024
https://doi.org/10.1371/journal.pone.0183297
https://doi.org/10.1371/journal.pone.0183297
https://doi.org/10.1016/j.yhbeh.2008.12.009
https://doi.org/10.1016/j.yhbeh.2008.12.009
https://doi.org/10.1080/15325024.2013.830530
https://doi.org/10.1080/15325024.2013.830530
https://doi.org/10.1159/000090892


Schmale, A.H., 1969. Importance of life setting for disease onset. Mod. Treat. 6, 643–655.
Seeman, T.E., McEwen, B.S., Rowe, J.W., Singer, B.H., 2001. Allostatic load as a marker of

cumulative biological risk. Proc. Natl. Acad. Sci. 98, 4770–4775. https://doi.org/10.
1073/pnas.081072698.

Seeman, T.E., McEwen, B.S., Singer, B.A., Albert, M.S., Rowe, J.W., 1997. Increases in
urinary cortisol excretion and memory declines. J. Clin. Endocrinol. Metab. 82,
2458–2465. https://doi.org/10.1210/jcem.82.8.4173.

Selye, H., 1956. The Stress of Life. McGraw-Hill Book Company, New York, NY.
Semprini, F., Fava, G.A., Sonino, N., 2010. The spectrum of adjustment disorders: too

broad to be clinically helpful. CNS Spectr. 15, 382–388. https://doi.org/10.1017/
S1092852900029254.

Shonkoff, J.P., Boyce, W.T., McEwen, B.S., 2009. Neuroscience, molecular biology, and
the childhood roots of health disparities. JAMA 301, 2252–2259. https://doi.org/10.
1001/jama.2009.754.

Sonino, N., Fava, G.A., 1998. A simple instrument for assessing stress in clinical practice.
Postgrad. Med. J. 74, 408–410. https://doi.org/10.1136/pgmj.74.873.408.

Sonino, N., Peruzzi, P., 2009. A psychoneuroendocrinology service. Psychother.
Psychosom. 78, 346–351. https://doi.org/10.1159/000235738.

Tomba, E., Offidani, E., 2012. A clinimetric evaluation of allostatic overload in the
general population. Psychother. Psychosom. 81, 378–379. https://doi.org/10.1159/
000337200.

Wagner, B.M., 1990. Major and daily stress and psychopathology. Stress Med. 6, 217–226.
https://doi.org/10.1002/smi.2460060307.

Ware Jr., J., Kosinski, M., Keller, S.D., 1996. A 12-Item Short-Form Health Survey: con-
struction of scales and preliminary tests of reliability and validity. Med. Care 34,
220–233. https://doi.org/10.2307/3766749.

Wiley, J.F., Gruenewald, T.L., Karlamangla, A.S., Seeman, T.E., 2016. Modeling multi-
system physiological dysregulations. Psychosom. Med. 78, 290–301. https://doi.org/
10.1097/PSY.0000000000000288.

Wilkinson, R.G., Pickett, K., 2010. The Spirit Level: Why Greater Equality Makes Societies
Stronger. Bloomsbury Press, New York, NY.

G.A. Fava, et al. Psychoneuroendocrinology 108 (2019) 94–101

101

http://refhub.elsevier.com/S0306-4530(19)30158-1/sbref0330
https://doi.org/10.1073/pnas.081072698
https://doi.org/10.1073/pnas.081072698
https://doi.org/10.1210/jcem.82.8.4173
http://refhub.elsevier.com/S0306-4530(19)30158-1/sbref0345
https://doi.org/10.1017/S1092852900029254
https://doi.org/10.1017/S1092852900029254
https://doi.org/10.1001/jama.2009.754
https://doi.org/10.1001/jama.2009.754
https://doi.org/10.1136/pgmj.74.873.408
https://doi.org/10.1159/000235738
https://doi.org/10.1159/000337200
https://doi.org/10.1159/000337200
https://doi.org/10.1002/smi.2460060307
https://doi.org/10.2307/3766749
https://doi.org/10.1097/PSY.0000000000000288
https://doi.org/10.1097/PSY.0000000000000288
http://refhub.elsevier.com/S0306-4530(19)30158-1/sbref0390
http://refhub.elsevier.com/S0306-4530(19)30158-1/sbref0390

	Clinical characterization of allostatic overload
	The concept of allostatic load
	Measurement of allostatic load
	Clinimetric definition of allostatic overload
	Advantages of the clinimetric evaluation of allostatic overload
	Clinical use of criteria for allostatic overload
	Case illustrations
	Conclusions
	Conflict of interest
	Declarations of interest
	Funding
	References




