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After discharge from the hospital, patients face a transient
period of generalized susceptibility to disease as well as
an elevated risk for adverse events, including hospital
readmission and death. The term posthospital syndrome
(PHS) has been used to describe this time of enhanced
vulnerability. Based on data from bench to bedside, this
narrative review examines the hypothesis that hospitalrelated allostatic overload is a plausible etiology of PHS.
Resulting from extended exposure to stress, allostatic
overload is a maladaptive state driven by overuse and
dysregulation of the hypothalamic-pituitary-adrenal axis and

A

fter discharge from the hospital, patients have a significantly elevated risk for adverse events, including
emergency department use, hospital readmission,
and death. More than 1 in 3 patients discharged
from the hospital require acute care in the month after hospital discharge, and more than 1 in 6 require readmission, with
readmission diagnoses frequently differing from those of the
preceding hospitalization.1-4 This heightened susceptibility
to adverse events persists beyond 30 days but levels off by 7
weeks after discharge, suggesting that the period of increased
risk is transient and dynamic.5
The term posthospital syndrome (PHS) describes this period
of vulnerability to major adverse events following hospitalization.6 In addition to increased risk for readmission and mortality, patients in this period often show evidence of generalized
dysfunction with new cognitive impairment, mobility disability,
or functional decline.7-12 To date, the etiology of this vulnerability is neither well understood nor effectively addressed by
transitional care interventions.13
One hypothesis to explain PHS is that stressors associated
with the experience of hospitalization contribute to transient
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the autonomic nervous system that ultimately generates
pathophysiologic consequences to multiple organ systems.
Markers of allostatic overload, including elevated levels of
cortisol, catecholamines, and inflammatory markers, have
been associated with adverse outcomes after hospital
discharge. Based on the evidence, we suggest a possible
mechanism for postdischarge vulnerability, encourage
critical contemplation of traditional hospital environments,
and suggest interventions that might improve outcomes.
Journal of Hospital Medicine. May 30, 2018. doi: 10.12788/
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multisystem dysfunction that induces susceptibility to a broad
range of medical maladies. These stressors include frequent
sleep disruption, noxious sounds, painful stimuli, mobility restrictions, and poor nutrition.12 The stress hypothesis as a cause
of PHS is therefore based, in large part, on evidence about
allostasis and the deleterious effects of allostatic overload.
Allostasis defines a system functioning within normal
stress-response parameters to promote adaptation and survival.14 In allostasis, the hypothalamic-pituitary-adrenal (HPA)
axis and the sympathetic and parasympathetic branches of
the autonomic nervous system (ANS) exist in homeostatic balance and respond to environmental stimuli within a range of
healthy physiologic parameters. The hallmark of a system in
allostasis is the ability to rapidly activate, then successfully deactivate, a stress response once the stressor (ie, threat) has resolved.14,15 To promote survival and potentiate “fight or flight”
mechanisms, an appropriate stress response necessarily impacts multiple physiologic systems that result in hemodynamic
augmentation and gluconeogenesis to support the anticipated action of large muscle groups, heightened vigilance and
memory capabilities to improve rapid decision-making, and
enhancement of innate and adaptive immune capabilities to
prepare for wound repair and infection defense.14-16 The stress
response is subsequently terminated by negative feedback
mechanisms of glucocorticoids as well as a shift of the ANS
from sympathetic to parasympathetic tone.17,18
Extended or repetitive stress exposure, however, leads to
dysregulation of allostatic mechanisms responsible for stress
adaptation and hinders an efficient and effective stress response. After extended stress exposure, baseline (ie, resting)
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HPA activity resets, causing a disruption of normal diurnal
cortisol rhythm and an increase in total cortisol concentration.
Moreover, in response to stress, HPA and ANS system excitation becomes impaired, and negative feedback properties
are undermined.14,15 This maladaptive state, known as allostatic
overload, disrupts the finely tuned mechanisms that are the
foundation of mind-body balance and yields pathophysiologic
consequences to multiple organ systems. Downstream ramifications of allostatic overload include cognitive deterioration,
cardiovascular and immune system dysfunction, and functional
decline.14,15,19
Although a stress response is an expected and necessary
aspect of acute illness that promotes survival, the central thesis
of this work is that additional environmental and social stressors inherent in hospitalization may unnecessarily compound
stress and increase the risk of HPA axis dysfunction, allostatic
overload, and subsequent multisystem dysfunction, predisposing individuals to adverse outcomes after hospital discharge. Based on data from both human subjects and animal
models, we present a possible pathophysiologic mechanism
for the postdischarge vulnerability of PHS, encourage critical
contemplation of traditional hospitalization, and suggest interventions that might improve outcomes.

POSTHOSPITAL SYNDROME
Posthospital syndrome (PHS) describes a transient period of
vulnerability after hospitalization during which patients are at
elevated risk for adverse events from a broad range of conditions. In support of this characterization, epidemiologic data
have demonstrated high rates of adverse outcomes following
hospitalization. For example, data have shown that more than
1 in 6 older adults is readmitted to the hospital within 30 days
of discharge.20 Death is also common in this first month, during
which rates of postdischarge mortality may exceed initial inpatient mortality.21,22 Elevated vulnerability after hospitalization
is not restricted to older adults, as readmission risk among
younger patients 18 to 64 years of age may be even higher for
selected conditions, such as heart failure.3,23
Vulnerability after hospitalization is broad. In patients over
age 65 initially admitted for heart failure or acute myocardial
infarction, only 35% and 10% of readmissions are for recurrent
heart failure or reinfarction, respectively.1 Nearly half of readmissions are for noncardiovascular causes.1 Similarly, following
hospitalization for pneumonia, more than 60 percent of readmissions are for nonpulmonary etiologies. Moreover, the risk
for all these causes of readmission is much higher than baseline risk, indicating an extended period of lack of resilience to
many types of illness.24 These patterns of broad susceptibility
also extend to younger adults hospitalized with common medical conditions.3
Accumulating evidence suggests that hospitalized patients
face functional decline, debility, and risk for adverse events despite resolution of the presenting illness, implying perhaps that
the hospital environment itself is hazardous to patients’ health.
In 1993, Creditor hypothesized that the “hazards of hospitalization,” including enforced bed-rest, sensory deprivation, social
E2
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isolation, and malnutrition lead to a “cascade of dependency”
in which a collection of small insults to multiple organ systems
precipitates loss of function and debility despite cure or resolution of presenting illness.12 Covinsky (2011) later defined hospitalization-associated disability as an iatrogenic hospital-related “disorder” characterized by new impairments in abilities to
perform basic activities of daily living such as bathing, feeding,
toileting, dressing, transferring, and walking at the time of hospital discharge.11 Others have described a postintensive-care
syndrome (PICS),25 characterized by cognitive, psychiatric, and
physical impairments acquired during hospitalization for critical illness that persist postdischarge and increase the longterm risk for adverse outcomes, including elevated mortality
rates,26,27 readmission rates,28 and physical disabilities.29 Similar
to the “hazards of hospitalization,” PICS is thought to be related to common experiences of ICU stays, including mobility restriction, sensory deprivation, sleep disruption, sedation,
malnutrition, and polypharmacy.30-33
Taken together, these data suggest that adverse health
consequences attributable to hospitalization extend across
the spectrum of age, presenting disease severity, and hospital
treatment location. As detailed below, the PHS hypothesis is
rooted in a mechanistic understanding of the role of exogenous stressors in producing physiologic dysregulation and
subsequent adverse health effects across multiple organ systems.

Nature of Stress in the Hospital
Compounding the stress of acute illness, hospitalized patients
are routinely and repetitively exposed to a wide variety of environmental stressors that may have downstream adverse consequences (Table 1). In the absence of overt clinical manifestations of harm, the possible subclinical physiologic dysfunction
generated by the following stress exposures may increase patients’ susceptibility to the manifestations of PHS.

Sleep Disruption
Sleep disruptions trigger potent stress responses,34,35 yet they
are common occurrences during hospitalization. In surveys,
about half of patients report poor sleep quality during hospitalization that persists for many months after discharge.36 In
a simulated hospital setting, test subjects exposed to typical
hospital sounds (paging system, machine alarms, etc.) experienced significant sleep-wake cycle abnormalities.37 Although
no work has yet focused specifically on the physiologic consequences of sleep disruption and stress in hospitalized patients,
in healthy humans, mild sleep disruption has clear effects on
allostasis by disrupting HPA activity, raising cortisol levels, diminishing parasympathetic tone, and impairing cognitive performance.18,34,35,38,39

Malnourishment
Malnourishment in hospitalized patients is common, with onefifth of hospitalized patients receiving nothing per mouth or
clear liquid diets for more than 3 continuous days,40 and onefifth of hospitalized elderly patients receiving less than half
An Official Publication of the Society of Hospital Medicine
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TABLE 1. Nature of Stress in the Hospital: Environmental Factors Potentially Contributing to Hospitalization-Related

Allostatic Overload.
Sleep disruption

• Loud, unpredictable noises
• Nighttime awakening for vital signs and blood draws
• Uncomfortable or unfamiliar bed

Malnourishment and dehydration

• Frequent use of no-food-by-mouth orders
• Calorie-, sugar-, and cholesterol-restricted diets
• Lack of easy access to hydration
• Fluid restriction orders

Mobility restriction

• Bed elevation and rails
• Physical restraints including intravenous lines and urinary catheters
• Pharmacological restraints such as sedatives, antipsychotics, and anxiolytics
• Enforced functional dependence (eg, must call nurse to assist with getting out of bed, feeding, or toileting)

Pain

• Blood draws and other diagnostic tests
• Poorly controlled postoperative pain

Distressing environment or events

• Unknown roommates
• Changing provider teams
• Lack of privacy
• Loss of sense of security
• Witnessing traumatic health events of others
• Fear or uncertainty regarding new diagnosis
• Social isolation
• Financial concerns

of their calculated nutrition requirements.41 Although the relationship between food restriction, cortisol levels, and postdischarge outcomes has not been fully explored, in healthy
humans, meal anticipation, meal withdrawal (withholding an
expected meal), and self-reported dietary restraint are known
to generate stress responses.42,43 Furthermore, malnourishment
during hospitalization is associated with increased 90-day and
1-year mortality after discharge,44 adding malnourishment to
the list of plausible components of hospital-related stress.

Mobility Restriction
Physical activity counterbalances stress responses and minimizes downstream consequences of allostatic load,15 yet mobility
limitations via physical and chemical restraints are common in
hospitalized patients, particularly among the elderly.45-47 Many
patients are tethered to devices that make ambulation hazardous, such as urinary catheters and infusion pumps. Even without physical or chemical restraints or a limited mobility order,
patients may be hesitant to leave the room so as not to miss
transport to a diagnostic study or an unscheduled physician’s
visit. Indeed, mobility limitations of hospitalized patients increase the risk for adverse events after discharge, while interventions designed to encourage mobility are associated with
improved postdischarge outcomes.47,48

Other Stressors
Other hospital-related aversive stimuli are less commonly
quantified, but clearly exist. According to surveys of hospitalAn Official Publication of the Society of Hospital Medicine

ized patients, sources of emotional stress include social isolation; loss of autonomy and privacy; fear of serious illness; lack
of control over activities of daily living; lack of clear communication between treatment team and patients; and death of
a patient roommate.49,50 Furthermore, consider the physical
discomfort and emotional distress of patients with urinary incontinence awaiting assistance for a diaper or bedding change
or the pain of repetitive blood draws or other invasive testing.
Although individualized, the subjective discomfort and emotional distress associated with these experiences undoubtedly
contribute to the stress of hospitalization.

IMPACT OF ALLOSTATIC OVERLOAD ON
PHYSIOLOGIC FUNCTION
Animal Models of Stress
Laboratory techniques reminiscent of the numerous environmental stressors associated with hospitalization have been
used to reliably trigger allostatic overload in healthy young
animals.51 These techniques include sequential exposure to
aversive stimuli, including food and water deprivation, continuous overnight illumination, paired housing with known and
unknown cagemates, mobility restriction, soiled cage conditions, and continuous noise. All of these techniques have
been shown to cause HPA axis and ANS dysfunction, allostatic
overload, and subsequent stress-mediated consequences to
multiple organ systems.19,52-54 Given the remarkable similarity
of these protocols to common experiences during hospitalizaJournal of Hospital Medicine Published Online May 2018
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FIG 1. Stress exposure and allostatic overload. The stressors experienced by hospitalized patients are remarkably similar to stress techniques used to generate
allostatic overload in healthy animals.

tion, animal models of stress may be useful in understanding
the spectrum of maladaptive consequences experienced by
patients within the hospital (Figure 1).
These animal models of stress have resulted in a number of
instructive findings. For example, in rodents, extended stress
exposure induces structural and functional remodeling of neuronal networks that precipitate learning and memory, working
memory, and attention impairments.55-57 These exposures also
result in cardiovascular abnormalities, including dyslipidemia,
progressive atherosclerosis,58,59 and enhanced inflammatory
cytokine expression,60 all of which increase both atherosclerotic burden and susceptibility to plaque rupture, leading to elevated risk for major cardiovascular adverse events. Moreover,
these extended stress exposures in animals increase susceptibility to both bacterial and viral infections and increase their
severity.16,61 This outcome appears to be driven by a stress-induced elevation of glucocorticoid levels, decreased leukocyte
proliferation, altered leukocyte trafficking, and a transition to a
proinflammatory cytokine environment.16, 61 Allostatic overload
has also been shown to contribute to metabolic dysregulation
involving insulin resistance, persistence of hyperglycemia, dyslipidemia, catabolism of lean muscle, and visceral adipose tissue deposition.62-64 In addition to cardiovascular, immune, and
metabolic consequences of allostatic overload, the spectrum
of physiologic dysfunction in animal models is broad and includes mood disorder symptoms,65 intestinal barrier abnormalities,66 airway reactivity exacerbation,67 and enhanced tumor
growth.68
E4
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Although the majority of this research highlights the multisystem effects of variable stress exposure in healthy animals,
preliminary evidence suggests that aged or diseased animals
subjected to additional stressors display a heightened inflammatory cytokine response that contributes to exaggerated
sickness behavior and greater and prolonged cognitive deficits.69 Future studies exploring the consequences of extended
stress exposure in animals with existing disease or debility may
therefore more closely simulate the experience of hospitalized
patients and perhaps further our understanding of PHS.

Hospitalized Patients
While no intervention studies have examined the effects of
potential hospital stressors on the development of allostatic
overload, there is evidence from small studies that dysregulated stress responses during hospitalization are associated with
adverse events. For example, high serum cortisol, catecholamine, and proinflammatory cytokine levels during hospitalization have individually been associated with the development
of cognitive dysfunction,70-72 increased risk of cardiovascular
events such as myocardial infarction and stroke in the year
following discharge,73-76 and the development of wound infections after discharge.77 Moreover, elevated plasma glucose
during admission for myocardial infarction in patients with or
without diabetes has been associated with greater in-hospital
and 1-year mortality,78 with a similar relationship seen between
elevated plasma glucose and survival after admission for
stroke79 and pneumonia.80 Furthermore, in addition to atheroAn Official Publication of the Society of Hospital Medicine
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• Dyslipidemia
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plaque rupture
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efficacy
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FIG 2. Hospital-related allostatic overload as a plausible etiology of PHS. The hypothesis presented here is that, in susceptible individuals, the environmental stress
exposures experienced during hospitalization generate allostatic overload, which, in turn, leads to the multi-systemic dysfunction and transient susceptibility to adverse
outcomes known as PHS. While hospitalized, patients experience a multitude of aversive and stressful events, including, but not limited to, sleep disruption, painful
stimuli, food restriction, and unfamiliar environments. These aversive stimuli are remarkably similar to those used to generate allostatic overload in healthy animals (Figure
1). Exposure to exogenous environmental stressors compounds the stress of an acute illness, leads to the HPA axis and ANS dysregulation of allostatic overload, and
ultimately results in pathophysiological consequences to metabolic, cardiovascular, immune, and central nervous systems. This physiologic dysfunction may contribute
to the spectrum of disease and disability associated with PHS, including cognitive impairment, decreased functional capacity, increased risk of adverse cardiovascular
events, and elevated risk of infection. It follows then that hospital-related HPA axis and ANS dysfunction leading to allostatic overload may generate PHS in susceptible
individuals, increasing the risk for morbidity and mortality post-discharge. Blue arrows = interrelationships between pathophysiology and physiological dysfunction.

thrombosis, stress may contribute to the risk for venous thromboembolism,81 resulting in readmissions for deep vein thrombosis or pulmonary embolism posthospitalization. Although
potentially surrogate markers of illness acuity, a handful of
studies have shown that these stress biomarkers are actually
only weakly correlated with,82 or independent of,72,76 disease
severity. As discussed in detail below, future studies utilizing a
summative measure of multisystem physiologic dysfunction as
opposed to individual biomarkers may more accurately reflect
the cumulative stress effects of hospitalization and subsequent
risk for adverse events.

markers of inflammation, as well as prolonged hemodynamic recovery after stress resolution compared with normal controls.83-85 Additionally, frailty may affect an individual’s susceptibility to exogenous stress. Indeed, frailty identified on hospital
admission increases the risk for adverse outcomes during hospitalization and postdischarge.86 Although the specific etiology
of this relationship is unclear, persons with frailty are known to
have elevated levels of cortisol and other inflammatory markers,87,88 which may contribute to adverse outcomes in the face
of additional stressors.

Additional Considerations

A large body of evidence stretching from bench to bedside
suggests that environmental stressors associated with hospitalization are toxic. Understanding PHS within the context of
hospital-induced allostatic overload presents a unifying theory for the interrelated multisystem dysfunction and increased
susceptibility to adverse events that patients experience after
discharge (Figure 2). Furthermore, it defines a potential pathophysiological mechanism for the cognitive impairment, elevated cardiovascular risk, immune system dysfunction, metabolic
derangements, and functional decline associated with PHS.

Elderly patients, in particular, may have heightened susceptibility to the consequences of allostatic overload due to common
geriatric issues such as multimorbidity and frailty. Patients with
chronic diseases display both baseline HPA axis abnormalities
as well as dysregulated stress responses and may therefore be
more vulnerable to hospitalization-related stress. For example,
when subjected to psychosocial stress, patients with chronic
conditions such as diabetes, heart failure, or atherosclerosis
demonstrate elevated cortisol levels, increased circulating
An Official Publication of the Society of Hospital Medicine

IMPLICATIONS AND NEXT STEPS

Journal of Hospital Medicine Published Online May 2018

E5

Goldwater et al | PHS and Hospitalization-Induced Allostatic Overload

TABLE 2. Hospital-Associated Allostatic Load Research Agenda.
Assess the hospital environment

• Identify sources of stress during hospitalization from the patient’s perspective
•Q
 uantify sources of stress, including aversive hospital environmental exposures (eg, noise, sleep disruption, food and water restriction, and mobility
restriction)

Develop allostatic load measurement tool

•M
 easure hospital-associated allostatic load, including hemodynamic, metabolic, neurohormonal, inflammatory, and immune markers of stress; adjustments may be made for additional factors such as acute illness severity, patient-reported stress, capacity for stress resilience
• Refine tool based on animal models of stress that utilize aged animals, or those with preexisting disease or debility
• Validate tool in practice

Test interventions

•Q
 uantify stress reduction of strategic environmental changes such as increased mobilization, nutrition optimization, sleep improvement, inpatient
meditation programs, and access to communal areas
• Quantify stress reduction of alternative care delivery methods such as hospitalization at home
• Identify and intervene on molecular targets of the stress response

Improve outcomes

• Evaluate effects of interventions on PHS manifestations such as functional decline, cardiovascular risk, infectious risk, and cognitive impairment
• Evaluate effects of interventions on hospital readmission and mortality rates

Additionally, this theory highlights environmental interventions
to limit PHS development and suggests mechanisms to promote stress resilience. Although it is difficult to disentangle the
consequences of the endogenous stress triggered by an acute
illness from the exogenous stressors related to hospitalization,
it is likely that the 2 simultaneous exposures compound risk for
stress system dysregulation and allostatic overload. Moreover,
hospitalized patients with preexisting HPA axis dysfunction at
baseline from chronic disease or advancing age may be even
more susceptible to these adverse outcomes. If this hypothesis
is true, a reduction in PHS would require mitigation of the modifiable environmental stressors encountered by patients during
hospitalization. Directed efforts to diminish ambient noise,
limit nighttime disruptions, thoughtfully plan procedures, consider ongoing nutritional status, and promote opportunities
for patients to exert some control over their environment may
diminish the burden of extrinsic stressors encountered by all
patients in the hospital and improve outcomes after discharge.
Hospitals are increasingly recognizing the importance of
improving patients’ experience of hospitalization by reducing
exposure to potential toxicities. For example, many hospitals
are now attempting to reduce sleep disturbances and sleep latency through reduced nighttime noise and light levels, fewer
nighttime interruptions for vital signs checks and medication
administration, and commonsensical interventions like massages, herbal teas, and warm milk prior to bedtime.89 Likewise,
intensive care units are targeting environmental and physical
stressors with a multifaceted approach to decrease sedative
use, promote healthy sleep cycles, and encourage exercise
and ambulation even in those patients who are mechanically ventilated.30 Another promising development has been the
increase of Hospital at Home programs. In these programs,
patients who meet the criteria for inpatient admission are instead comprehensively managed at home for their acute illness through a multidisciplinary effort between physicians,
nurses, social workers, physical therapists, and others. Patients
hospitalized at home report higher levels of satisfaction and
have modest functional gains, improved health-related quality
E6
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of life, and decreased risk of mortality at 6 months compared
with hospitalized patients.90,91 With some admitting diagnoses
(eg, heart failure), hospitalization at home may be associated
with decreased readmission risk.92 Although not yet investigated on a physiologic level, perhaps the benefits of hospital at
home are partially due to the dramatic difference in exposure
to environmental stressors.
A tool that quantifies hospital-associated stress may help
health providers appreciate the experience of patients and
better target interventions to aspects of their structure and
process that contribute to allostatic overload. Importantly,
allostatic overload cannot be identified by one biomarker of
stress but instead requires evidence of dysregulation across inflammatory, neuroendocrine, hormonal, and cardiometabolic
systems. Future studies to address the burden of stress faced
by hospitalized patients should consider a summative measure
of multisystem dysregulation as opposed to isolated assessments of individual biomarkers. Allostatic load has previously
been operationalized as the summation of a variety of hemodynamic, hormonal, and metabolic factors, including blood
pressure, lipid profile, glycosylated hemoglobin, cortisol, catecholamine levels, and inflammatory markers.93 To develop a
hospital-associated allostatic load index, models should ideally be adjusted for acute illness severity, patient-reported stress,
and capacity for stress resilience. This tool could then be used
to quantify hospitalization-related allostatic load and identify
those at greatest risk for adverse events after discharge, as well
as measure the effectiveness of strategic environmental interventions (Table 2). A natural first experiment may be a comparison of the allostatic load of hospitalized patients versus those
hospitalized at home.
The risk of adverse outcomes after discharge is likely a function of the vulnerability of the patient and the degree to which
the patient’s healthcare team and social support network mitigates this vulnerability. That is, there is a risk that a person
struggles in the postdischarge period and, in many circumstances, a strong healthcare team and social network can identify health problems early and prevent them from progressing
An Official Publication of the Society of Hospital Medicine
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to the point that they require hospitalization.13,94-96 There are
also hospital occurrences, outside of allostatic load, that can
lead to complications that lengthen the stay, weaken the patient, and directly contribute to subsequent vulnerability.94,97
Our contention is that the allostatic load of hospitalization,
which may also vary by patient depending on the circumstances of hospitalization, is just one contributor, albeit potentially
an important one, to vulnerability to medical problems after
discharge.
In conclusion, a plausible etiology of PHS is the maladaptive mind-body consequences of common stressors during
hospitalization that compound the stress of acute illness and
produce allostatic overload. This stress-induced dysfunction
potentially contributes to a spectrum of generalized disease
susceptibility and risk of adverse outcomes after discharge. Focused efforts to diminish patient exposure to hospital-related
stressors during and after hospitalization might diminish the
presence or severity of PHS. Viewing PHS from this perspective
enables the development of hypothesis-driven risk-prediction
models, encourages critical contemplation of traditional hospitalization, and suggests that targeted environmental interventions may significantly reduce adverse outcomes.
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