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Abstract

Objective—Hospitalization places patients at elevated risk for the development of “nosocomial” 

or hospital acquired complications, ranging from multidrug resistant infections to delirium and 

physical deconditioning. Adverse nosocomial psychological effects of hospitalization may also 

exist. This paper introduces a nosocomial based stress model, conceptualizing hospitalization as a 

unique period of biopsychosocial vulnerability, due to physiologic effects of acute illness and 

psychosocial variables of the hospital experience.

Method: A research synthesis and narrative review was performed to evaluate evidence 

supporting this model, integrating existing knowledge of the psychological and physiological 

effects of acute life threatening events, with known sequelae associated with hospitalization.

Result: Psychosocial factors during hospitalization may act as independent predictors of recovery 

following hospitalization, moderating variables impacting ongoing physiologic changes due to 

acute illness, and/or dynamic bidirectional elements, influencing medical and psychological 

outcomes in the near and long-term setting.

Conclusion: The Nosocomial Stress model provides a novel framework to understanding the 

biopsychosocial interactions between the psychological and physiologic processes associated with 

illness and hospitalization. Based on this model, a research agenda is proposed to assess the 

contributions of acute illness, the hospital experience, and their interactions on the recovery of 

patients following hospitalization.
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1. Introduction

While hospitals have long served as specialized centers for the care of the ill, hospitalization 

is not without risks.[1] Clinicians have noted that hospitalization exposes patients to a broad 

range of hospital acquired or nosocomial (latin for “hospital”, itself tracing from Greek 

nosos for disease)[2] complications. The risks that patients encounter with hospitalization 

are diverse, ranging from increased exposure to multidrug resistant infections,[3] acute 
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changes in mental status (e.g. delirium),[4] and generalized deconditioning.[5] The 

prevalence of these medically adverse events associated with hospitalization has led some 

researchers to warn of the “hazards of hospitalization”, cautioning that aspects of the 

hospital environment itself may be associated with deleterious outcomes in patients.[6]

Aspects of the hospital environment may also have unique nosocomial effects on the 

psychological outcomes of patients. For many patients, the psychological experience of 

being treated for an acute medical event is a frightening and stressful experience associated 

with short and long-term adverse psychological and health outcomes. While clinicians, 

dating back to the earliest healers, have observed that patients treated for acute illness often 

suffer from significant levels of psychological duress,[7] the last two decades have witnessed 

a flourishing of research into the near and long-term consequences of such stress, and the 

variables that may influence it. For example, nearly 1 in 8 survivors of an acute coronary 

syndrome (ACS) event go onto to develop symptoms of posttraumatic stress disorder 

(PTSD)[8, 9], with similar incidence of PTSD noted in survivors of other life threating 

conditions such as stroke[10] and physical trauma.[11, 12]

The impact of these persistent psychological symptoms following acute illness is broad and 

associated with long-term functional impairment, such as chronic pain,[13] as well as 

increased overall mortality in patients with life threatening illness such as ACS.[14, 15] The 

psychophysiological stress associated with hospitalization may also lead to impaired short 

term recovery and increased long-term healthcare utilization. Following hospital discharge, 

nearly 1 in 3 patients return for an unscheduled acute evaluation, and more than 1 in 6 are 

readmitted, often with diagnoses different from their previous admitting diagnosis.[16, 17] 

Surprisingly, this increased vulnerability for readmission is not age restricted (e.g. younger 

patients 18–64 may be at even higher risk for readmission)[18] and is seen following a broad 

range of medical conditions from heart failure, ACS, and pulmonary disease.[19, 20] The 

“Posthospital Syndrome” has been used to describe this period of vulnerability, with risk 

differing as a function of the psychological experience during and immediately after 

hospitalization. In these recently hospitalized patients, for whom perceived psychological 

stress was high, a nearly 3 fold increase in risk for 30-day all cause rehospitalization exists.

[5] [15]

Despite the wealth of evidence linking psychological distress during an acute life threatening 

event with downstream health outcomes, the etiology of the relationship between 

psychological distress during hospitalization and these near and long-term adverse health 

outcomes is currently not well understood. What pathophysiologic pathways link 

psychological stress experienced during hospitalization with sustained psychological distress 

and functional decline following hospitalization? Additionally, while the experience of an 

acute life threatening event is stressful, in and of itself, there is evidence that aspects of the 

clinical environments in which these events are managed may themselves exacerbate 

patients’ psychological outcomes.[21, 22] How do external clinical factors, such as hospital 

crowding and clinician-patient interactions, contribute to and/or moderate any observed 

effects from psychological stress? Finally, do these psychosocial effects also moderate and 

interact with the physiological changes and effects due to the acute illness experienced by 

patients? The answer to these questions has significant implications, not only for the well-
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being of survivors of acute life threatening events, but for our general understanding of the 

interrelationships between the psychological perception of illness and its impact on the body 

and mind.

This paper introduces a nosocomial based stress model, proposing that the effects of acute 

illness and psychosocial variables of the hospitalization together contribute to a unique 

period of biopsychosocial vulnerability (Figure 1). Integrating existing knowledge of the 

psychophysiological effects of acute medical events, with past work on environmental 

effects of the hospital, this model provides a theoretical foundation for a multidisciplinary 

research agenda focused on identifying testable hypotheses to improve our understanding of 

the relationship between acute disease, the hospital experience, and their influence on patient 

recovery.

2.1 Acute illness represents a period of increased physiologic stress reactivity, adversely 
affecting recovery during hospitalization.

Acute medical events, such as acute coronary syndrome, ischemic stroke, and physical 

trauma are marked by an acute activation of the body’s neuroendocrine system, notably the 

hypothalamic-pituitary-adrenal (HPA) axis and Autonomic Nervous System (ANS).[23, 24] 

This activation results in cardiovascular stimulation and a surge in circulating stress 

chemicals including cortisol,[25, 26], norepinephrine[27] and hyperglycemia.[28] Alongside 

this neuroendocrine reaction, immune responses generated through natural immunity cells 

(e.g. neutrophils, macrophages), and cytokines, induce systemic responses including fever 

and inflammation during acute illness.[29] Cytokines encompass a diverse group of 

molecules, with some (e.g. IL-12), stimulating immune activity,[30] while others, such as 

IL-10 and transforming growth factor β, blunting immunological responses [31]

Although a balance between activation and suppression of the inflammatory and immune 

response permits a dynamic response to medical illness, dysregulation in this homeostasis 

may contribute to impaired recovery during hospitalization following acute illness. Past 

work in trauma surgery and critical care has noted a period of increased risk for the 

development of systemic infections in patients immediately following acute surgical and 

non-operative traumatic events, thought to be driven in part by dysregulation within immune 

and inflammatory pathways. [32, 33] In both patients and experimental animal models, 

blunted immune cell production (e.g. Th1 immunity) frequently occurs, characterized by 

disruptions in cell production and immune stimulating cytokine production.[34–37] 

Additional work has found that HPA axis associated catecholamines and glucocorticoids, 

(e.g. norepinephrine, cortisol and ACTH) down-regulate the expression of IL-12, a cytokine 

critical for immune cell production.[38, 39] In physical trauma patients managed operatively 

and nonoperatively, decreased IL-12 levels have been associated with increased risk for the 

development of systemic infection in the post-acute recovery phase.[40, 41] This pattern of 

systemic immunosuppression following an acute medical event is not limited to physical 

trauma patients. Similar blunted immune responses have been noted in other acute 

conditions, including immediately following ischemic stroke [42, 43] and cardiac disease, 

suggesting a period of inflammatory and immunologic dysregulation following many acute 
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disease states that may contribute to the timely recovery of patients following acute illness. 

[44–46]

2.2 Psychosocial Contributors to Stress during Hospitalization adversely affects the 
psychological and health recovery of patients following acute illness

In addition to the physiological stressors due to acute illness, patients also experience 

psychological distress and fear about their disease. In some patients, the fear experienced 

during their acute hospitalization may be marked by excessive “threat perception”: an 

elevated sense of vulnerability, distress, and helplessness.[47] Elevated threat perception is 

characterized by a state of prolonged hypervigilance and sensitivity to potential life threat 

and risk of disease recurrence, impacting not only a patient’s immediate response to an acute 

medical event, but leading to sustained negative effects after hospitalization. The Enduring 

Somatic Threat Model, proposed by Edmondson, conceptualizes acute illness as a 

potentially traumatic event, akin to other psychological stressors such as sexual assault or 

conflict exposure.[48] However, unlike external traumatic stressors, the source of the 

traumatic stressors following an acute medical event resides from “within” patients 

themselves. These internal or “interoceptive” symptoms, such as an irregular heartbeat or 

sensation of numbness during ACS or stroke, may give rise to a cognitive schema marked by 

a sense of hypervigilance and hypersensitivity to internal/interoceptive cues.[48] Viewed 

through the lens of these maladaptive cognitive schema, benign interoceptive cues such as a 

change in heart rate or breathing, may be seen as a potential life threatening event, evoking 

fear and psychological distress. The consequence of this mindset leads to both an elevated 

sense of life threat during hospitalization, but also to durable patterns of fear and distress for 

future symptoms long removed from the acute event. Ultimately, such schema may help give 

rise to the presence of psychological symptoms such as PTSD. Indeed, a substantial body of 

literature supports this hypothesis and has found that increased threat perceptions during a 

traumatic experience is one of the most powerful predictors of future acute stress and PTSD 

symptoms following an acute medical event.[9, 49–53]

The maladaptive cognitive schema associated with psychological distress experienced in the 

acute setting are influenced by dispositional and trait factors, such as pre-existing anxiety 

and depression, and trauma related disorders like PTSD,[54, 55] as well as state related 

variables such as current mood.[56] However, excessive threat perception among patients 

during hospitalization does not appear to be driven solely by dispositional factors. Aspects 

of the care environment significantly influence the degree to which patients experience 

threat. For example, Emergency Department (ED) crowding and hallway care, have been 

separately associated with increased threat perception in patients evaluated for acute 

cardiovascular events such as ACS, even accounting for pre-existing depression and anxiety.

[22, 57] Other aspects of the acute care environment including sleep dysregulation, 

excessive noise and uncomfortable lighting has also been found to negatively impact 

perceptions of stress in the ED.[58, 59] Finally, clinicians themselves play an important role 

in influencing perceived stress of patients during hospitalization. Perceived clinician-patient 

communication is a vital part of the patient care experience during hospitalization and has 

been associated with acute threat perception levels and acute stress symptoms. [21] 

Collectively, the evidence from these studies suggests that psychosocial variables 

Chang Page 4

Gen Hosp Psychiatry. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



experienced during hospitalization play an important role in patient recovery following 

hospitalization for acute illness.

2.3 The physiological effects of acute illness and the psychosocial factors of the hospital 
environment may both act as independent predictors of hospital recovery, while also 
interacting and moderating the effects of each other.

Hospitalization may represent a unique period of generalized vulnerability for patients, due 

to the physiologic demands of acute illness and the concomitant psychosocial stressors of 

the hospital environment. These separate effects of acute illness and psychosocial stress in 

turn, may share a common psychophysiological pathway. A long tradition of research has 

recognized the deep inter-connections between psychosocial stress and the neuroendocrine 

and immune stress response.[60–62] Perceived acute psychological stress has been 

associated with activation of the ANS and HPA axis, including changes in heart rate 

variability, [63], circulating cortisol[64], norepinephrine,[65] and immune suppressing 

cytokines including Il-10 and transforming growth factor β.[66]. The associations between 

psychological stress and the neuroendocrine stress system have been associated with 

numerous adverse long-term health effects related to recovery, including increased infection 

risk[67], cardiac disease,[68] and poor wound recovery.[69, 70] In the setting of the 

neuroendocrine physiologic stress responses associated with acute disease, the additional 

adverse effects on the body’s neuroendocrine and immune reactions brought on by 

psychosocial stress may become amplified. The net impact of both psychological stress and 

acute disease may lead to an exaggerated period of disruption of the body’s stress response 

system, ultimately impairing the timely recovery of patients following illness.

3. Future Directions: Establishing a biopsychosocial Research Agenda for 

acute hospitalization and recovery

A research program focused on elucidating the biopsychosocial relationships of acute 

hospitalization can use the nosocomial stress model to systematically test hypotheses 

regarding disease pathophysiology and psychosocial stress during hospitalization. Broadly, 

the nosocomial stress model aims to clarify: 1) the unique contributions of the physiological 

stress associated with acute illness towards hospital recovery, 2) the mechanisms by which 

psychosocial variables act as an independent predictor of hospital recovery, and 3) whether 

illness driven and hospital psychosocial effects also serve as moderating factors, interacting 

with each other and influencing the recovery process.

Given the potential contributions of a multitude of patient, clinician, and environmental 

variables to psychological and physiological activation in the acute setting, a multi-modal 

and interdisciplinary approach is crucial. Preliminary work should be based on validating the 

mechanistic pathways linking physiological and psychological stress responses in hospital 

care settings, such as the ED, across a range of disease states and patient populations. 

Studying psychosocial and physiological responses across the age spectrum, may reveal 

covariates related to frailty, advanced age, and polypharmacy. These variables, in turn, may 

interact in a complex and bidirectional fashion with other factors, such as the magnitude of 
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index event and postoperative complications (e.g. delirium) to influence inflammatory 

pathways and recovery.

Research should clarify whether neuroendocrine/physiological relationships to psychosocial 

and recovery outcomes are disease-specific versus representative of a more generalized 

nonspecific threat state in the hospitalization period. For example, while the EST model may 

be most relevant for somatic cue driven diseases such as cardiac, neurologic or pulmonary 

conditions, psychosocial cues may be less important for somatic based conditions such as 

orthopedic trauma or other surgical diseases.

Work into the pathophysiology of recovery should also systematically describe the pattern of 

any potential neuroendocrine/immunological mediators for the development of generalized 

deconditioning and psychological risk during hospitalization. Serum or saliva assays of 

candidate stress molecules, such as cortisol and IL-10, could be assessed across patients in 

the hospital setting to evaluate any associations with subjective stress, as well as future risk 

for recovery outcomes such as 30 day rehospitalization or PTSD development. Other recent 

work has explored the relationship between cellular level changes at the mitochondrial level 

to psychological stress.[71] Coupled with the known association of mitochondrial 

dysregulation following acute illnesses such as ischemic stroke,[72] the psychological stress 

experienced by patients experiencing an acute medical event may lead to an amplifying or 

interaction of any existing dysregulation at the cellular level due to the medical event. 

Theses relationship between potential pathophysiological mediators can be explored across a 

range of levels of analysis. The association between trait pre-existing depression or anxiety 

levels and state levels of stress biomarkers would allow researchers and clinicians to assess 

the relative contribution of state vs trait factors in the development of psychiatric disease, 

such as depression or PTSD, following an acute medical event. These relationships should 

be studied to understand if any associations vary dynamically and the degree to which they 

are stable or modifiable in response to not just internal but external factors such as ED 

crowding, noise, sleep disruptions, or enhanced clinician-patient communication.

The individual effects of acute disease and psychosocial stress on the neuroendocrine stress 

systems proposed by the nosocomial stress model may also explain, in part, the observations 

noted in the Post Hospital Syndrome which have found that patients acutely hospitalized are 

at risk for generalized functional decline.[5] In the setting of impaired neuroendocrine stress 

responses and blunted ability to mount an effective inflammatory or immune response, 

recently hospitalized patients may acquire a transient state of generalized vulnerability. 

Prospective cohort studies of hospitalized patients, could follow these samples and track 

whether assessments of psychosocial stress, in addition to inflammatory and immunological 

candidate markers are associated with overall hospital recovery and unanticipated 

rehospitalization risk. Additional work could focus on common hospital issues such as social 

isolation, malnutrition, and sleep dysregulation, and evaluated whether such factors impair 

neuroendocrine functioning and increase patient vulnerability to general debilitation and 

infection risk.[73, 74] Lastly, one could study the impact of psychosocial settings from acute 

to subacute and chronic care. Post-hospitalization programs aimed at increasing behavioral 

and physical engagement (e.g. rehabilitation, short stay care facilities) play an important role 

in the recovery of patients following acute illness.[75–77] These support systems may 
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influence the psychophysiological recovery of patients following illness and help moderate 

any deleterious effects following hospitalization.

The identification of any patterns of association with hospital environment and 

neuroendocrine outcomes would have significant implications regarding our understanding 

of the links between the acute care environment and the psychological experience of acutely 

ill patients, as well as its impact on stress physiology. Such a program of research would 

inform not only biopsychosocial mechanisms of stress and disease, but also guide the 

identification of potential modifiable variables in the hospital care environment or patient 

experience that could be changed to improve patient outcomes.

Finally, a broader question regarding disease phenomenology can also be explored by this 

nosocomial stress model. In clinical practice, providers encounter a number of patients 

falling under the rubric of the “worried well”; individuals who may be anxious about a 

condition but have no discernable or identifiable pathophysiologic correlate on evaluation.

[78, 79] While providers may attribute much of complaints of these patients to somatization 

or generalized anxiety, this subgroup of patients may still share many of the same 

psychological schema and experiences as those with diagnosed acute illness. Recent work 

studying the prevalence of PTSD symptoms in ED patients evaluated for potential ACS 

events, surprisingly found that prevalence of PTSD symptoms in patients whose discharge 

diagnosis was not ACS was similar to the prevalence of PTSD symptoms in patients with 

actual diagnosed ACS.[80] This suggests that the perceived level of disease in patients may 

be a powerful influence on the subsequent development of adverse psychological and health 

events, regardless of acute disease. In comparison to individuals with elevated threat 

perception with an actual diagnosis of acute medical event, the study of stress biomarkers in 

a cohort of the “worried well” would provide researchers a naturalistic comparison group to 

tease apart potential pathways and the individual contributions of psychological stress and 

acute medical illness to neuroendocrine stress systems. The results of this research would 

have significant potential implications for how clinicians communicate and manage patients 

for whom, providers have deemed to be not in imminent danger of an acute medical event. If 

data supports an association between stress activation and perceived threat regardless of 

actual diagnosis, then the cohort of patients who are the “worried well” may very well be at 

risk for some potential adverse psychophysiological outcomes during their acute evaluation.

4. Conclusion

For many patients, hospitalization represents a period of significant psychological duress 

and physiologic stress that may present unique risks for patients. Future efforts aimed at a 

multi-disciplinary approach to the treatment of acute disease, factoring in the unique 

psychological experience of patients during hospitalization, may result not only in clinically 

significant improvements in patient experience, but in sustained positive long-term health 

outcomes for survivors of acute illness.
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Figure 1: 
Conceptual Map of the Nosocomial Stress Model
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