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Sleep disturbance in the critically ill has 
received much attention over recent 
years as this is a common result of in-

tensive care unit (ICU) admission. Disrup-
tions in sleep not only can, at a minimum, 
cause distress and lower patient satisfac-
tion, but also inhibit recovery from illness 
and increase morbidity.1,2 Several studies 
have been conducted highlighting the al-
tered sleep patterns of critically ill patients; 
although total sleep time may seem normal 
(7-9 hours), patients can experience mul-
tiple awakenings per hour, more time in 
light sleep (stages 1 and 2), and less time 
in restorative sleep (stages 3 and 4, [REM]
rapid eye movement).2-5

There are several hypothesized physio-
logic detriments that contribute to slower 
ICU recovery with sleep deprivation. Re-
search in noncritically ill subjects suggests 
that sleep deprivation contributes to hy-
poventilation and potentially prolonged time 
on the ventilator.6-9 Cardiovascular morbidity 
may be adversely affected by inflammatory 
cytokine release seen in sleep disruption.10,11 
Studies of noncritically ill patients also sug-
gest that immune response is impaired, po-
tentially protracting infection recovery.12,13 
Finally, although not directly investigated, 
sleep deprivation may contribute to ICU de-
lirium, an independent adverse effect (AE) 
associated with increased mortality and 
worse long-term outcomes.14-16

The Society of Critical Care Medicine 
(SCCM) recently updated its consensus 
guidelines for the management of pain, ag-
itation/sedation, delirium, immobility, and 
sleep disruption (PADIS) in adult patients.17 
These guidelines offer limited interventions 
to promote sleep in ICU patients based on 
available evidence and steer the clinician to-
ward minimizing exacerbating factors. Al-
though factors that affect sleep patterns are 
multifactorial, such as noise levels, pain, 
mechanical ventilation, and inflammatory 
mediators, medication therapy is a known 
modifiable risk factor for sleep disturbance 
in critically ill patients.2 This focused review 
will specifically evaluate the effects of ste-
roids on sleep deprivation, psychosis, delir-
ium, and what is known about these effects 
in a critically ill population.

To include articles relevant to a criti-
cally ill population, a systematic search of 
MEDLINE and PubMed from 1966 to 2019 
was performed using the following Medical 
Subject Headings (MeSH) terms: delirium/
etiology, psychoses, substance-induced/eti-
ology, sleep-wake disorders/chemically in-
duced, neurocognitive disorders/chemically 
induced, dyssomnias/drug effects plus glu-
cocorticoids/adverse effects, adrenal cor-
tex hormones/adverse effects, prednisone/
adverse effects, methylprednisolone/adverse 
effects, and hydrocortisone/adverse effects. 
The initial search produced 285 articles. Case  
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reports, reviews, letters, and articles pertain-
ing to primary care or palliative populations 
were excluded, leaving 8 relevant articles for 
inclusion (Table 1).18-25

ICU STEROID USE
Steroids are commonly used in the ICU 
and affect nearly every critically ill popu-
lation. Common indications for steroids 
in the ICU include anaphylaxis, airway 
edema, septic shock, asthma and COPD 
exacerbations, pneumocystis pneumonia, 
adrenal crisis, antiemetic treatment, ele-
vated intracranial pressure from tumors, 
autoimmune disorders, and stress doses 
needed for chronic steroid users before in-
vasive procedures.26 Whether divided into 
glucocorticoid or mineralocorticoid sub-
groups, corticosteroids offer therapeutic 
benefit from their pharmacologic simi-
larity to endogenously produced corti-
sol, which includes anti-inflammatory, 

immunosuppressive, antiproliferative, and  
vasoconstrictive effects. 

Steroid receptors are present in most 
human tissue, and in varying degrees of bind-
ing affinity produce a wide variety of effects. 
After passive diffusion across cell membranes, 
steroid-receptor activation binds to various 
DNA sites, called glucocorticoid regulatory el-
ements, which either stimulates or inhibits 
transcription of multiple nearby genes. 

At the cellular level, corticosteroids in-
hibit the release of arachidonic acid through 
upstream production of lipocortin peptides 
and antagonism of phospholipase A

2. This 
action decreases subsequent inflammatory 
mediators, including kinins, histamine, li-
posomal enzymes, and prostaglandins. Ste-
roids also inhibit NF-κB, which further 
decreases expression of proinflammatory 
genes while promoting interleukin-10 and 
its anti-inflammatory properties. Antip-
roliferative effects of steroids are seen by 
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TABLE 1 Studies Reporting Neurocognitive Effects of Steroids in Acute Care/Critical Care Patients

Authors, y 
Patient  
Population (No.) Steroid Intervention 

Study Type  
(Statistical Analysis) Outcomes

The Boston  
Collaborative Drug  
Surveillance  
Program, 197218

Hospitalized  
medical (718)

Prednisone mean  
dose 32.2 mg/d 

Prospective  
(observational  
study) 

Psychiatric reactions reported in 
relation to dose: ≤ 40 mg (1.3%), 
41-80 mg (4.6%), > 80 mg (18.4%) 

Rundell and  
colleagues, 198919

Hospitalized with  
psychiatric  
consultation (755)

Corticosteroids not  
otherwise defined

Retrospective review  
(descriptive)

Steroids prescribed in 53.8% (7 of 
13) of patients with manic syndrome

Gaudreau and  
colleagues, 200520

Hospitalized  
cancer (261)

Dexamethasone  
equivalents  
> 15 mg 

Prospective cohort  
(multivariate Cox  
regression model)

Development of delirium was  
associated with steroid exposure 
(HR 2.67; 95% CI, 1.18-6.03)

Gaudreau and  
colleagues, 200721

Hospitalized  
cancer (114)

Dexamethasone  
equivalents  
> 15 mg

Prospective cohort  
(χ2 proportions)

Odds of probability of delirium were 
not significant with higher doses of 
steroids (P = .12)

Schreiber and  
colleagues, 201422

Medical/surgical  
ICU (520)

Prednisone equivalents 
median 44 mg  
(IQR 13-75 mg)

Prospective cohort  
(first-order Markov  
logistic regression model)

Steroids independently associated 
with the transition to delirium (OR, 
1.52; 95% CI, 1.05-2.21)

Wolters and  
colleagues, 201523

Medical/surgical 
ICU (1,112)

Prednisone equivalents 
median 50 mg  
(IQR 25-75 mg)

Prospective cohort  
(first-order Markov logistic 
regression model)

Steroids were not associated with 
the transition to delirium (OR, 1.08; 
95%CI, 0.89-1.32)

Matschke and  
colleagues, 201624

Hospitalized,  
immune  
thrombocytopenia (26) 

Prednisone 1-2 mg/kg/d  
vs pulsed dexamethasone  
0.6 mg/kg/d

Prospective, randomized  
comparative (Fisher exact  
test of proportions)

Dexamethasone patients reported 
significantly more insomnia than did 
prednisone patients (P = .03)

Tilouche and  
colleagues, 201825

Medical  
ICU (206)

Corticosteroids not  
otherwise defined

Prospective, observational  
(multivariate regression  
analysis)

Steroid use was independent  
predictor of developing delirium 
(OR, 2.8; 95% CI, 1.06-7.28)

 
Abbreviations: HR, hazard ratio; ICU, intensive care unit; IQR, interquartile range; OR, odds ratio.
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triggering cell apoptosis and inhibition of fi-
broblast proliferation.27,28

By binding to mineralocorticoid receptors, 
steroids cause sodium retention coupled with 
hydrogen and potassium excretion in the dis-
tal renal tubule. Steroids also promote vaso-
constriction by upregulating the production 
and sensitivity of β receptors in the endo-
thelium while suppressing the production of 
vasodilators. Although rarely used for these 
physiologic effects, steroids also are involved 
in a number of metabolic pathways, includ-
ing calcium regulation, gluconeogenesis, pro-
tein metabolism, and fat distribution. Given 
the similar structure to cortisol, exogenous 
steroids depress the hypothalamic-pituitary 
axis (HPA) and decrease the release of adre-
nocorticotropic hormone (ACTH). Tapering 
doses of steroid regimens is often required to 
allow natural androgen and cortisol synthesis 
and prevent steroid withdrawal.27,28 

The potency of various exogenous ste-
roids closely parallels their ability to retain 
sodium (Table 2). Prolonged activation of ste-
roid receptors can have numerous systemic 
AEs, including unwanted neurocognitive ef-
fects (Table 3). Insomnia and psychosis are 
commonly described in corticosteroid clinical 
trials, and in one meta-analysis, both are asso-
ciated with high costs per episode per year.29 

STEROID-INDUCED SLEEP 
DISRUPTION AND PSYCHOSIS 
Sleep disruption caused by exogenous ad-
ministration of steroids is thought to trig-

ger other psychostimulant effects, such as 
mood swings, nervousness, psychoses, and 
delirium.30 Similarly, the SCCM PADIS guide-
lines included an ungraded statement: “al-
though an association between sleep quality 
and delirium occurrence exists in critically 
ill adults, a cause-effect relationship has not 
been established.”17 For this review, these 
AEs will be discussed as related events. 

The medical literature proposes 3 path-
ways primarily responsible for neurocog-
nitive AEs of steroids: behavior changes 
through modification of the HPA axis, 
changes in natural sleep-wake cycles, and hy-
perarousal caused by modification in neuro-
inhibitory pathways (Figure). 

HPA Axis Modification
Under either physical or psychological 
stress, neural circuits in the brain release  
corticotropin-releasing hormone (CRH), de-
hydroepiandrosterone (DHEA), and argi-
nine vasopressin, which go on to activate the 
sympathetic nervous system and the HPA 
axis. CRH from the hypothalamus goes on 
to stimulate ACTH release from the pitu-
itary. ACTH then stimulates cortisol secre-
tion from the adrenal glands. Circulating 
cortisol feeds into several structures of the 
brain, including the pituitary, hippocampus, 
and amygdala. Steroid-receptor complexes 
alter gene transcription in the central ner-
vous system (CNS), affecting the produc-
tion of neurotransmitters (eg, dopamine, 
serotonin) and neuropeptides (eg, somatosta-
tin, β-endorphin). Feedback inhibition en-
sues, with downregulation of the HPA axis, 
which prevents depletion of endogenous  

TABLE 2 Relative Potency of Exogenous Steroids

Glucocorticoids
 Potency  
Factor

Equivalent  
Dose, mg

Biologic  
Half-life, h

Cortisone 0.8 25.0 8-12

Hydrocortisone 1.0 20.0 8-12

Prednisone 3.5 5.0 12-36

Prednisolone 4.0 5.0 12-36

Triamcinolone 5.0 4.0 12-36

Methylprednisolone 5.0 4.0 12-36

Betamethasone 25.0 0.60 24-72

Dexamethasone 30.0 0.75 24-72

TABLE 3 Corticosteroids Adverse Events 
Adverse Events

Hypertension

Decreased immune response

Hyperglycemia 

Weight gain

Osteoporosis

Intensive care unit acquired weakness

Peptic ulcers

Cushingoid features

N eurocognitive and behavioral changes, 
including delirium, cognitive impairment, memory 
deficits, mania, psychosis, depression, insomnia, 
restlessness, mood disturbances
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production of steroids.31 DHEA has protec-
tive effects against excessive cortisol activity, 
but DHEA secretion declines with prolonged 
cortisol exposure. Exogenous steroids may 
have different effects than endogenous ste-
roids, and neurocognitive sequelae stem from 
disruption and imbalance of these physio-
logic mechanisms.32,33

Steroid receptors are densely located in 
behavior centers in the brain: the amygdala, 
septum, and hippocampus. Pharmacologic 
changes in gene expression alter norepi-
nephrine and serotonin levels in the brain 
as well as their receptors.32 Prolonged expo-
sure to exogenous steroids has been shown 
to decrease amygdala and hippocampal vol-
umes.34,35 Furthermore, prolonged cortico-
steroid exposure has been shown to decrease 
the number of steroid receptors in the hip-
pocampus, pituitary gland, and amygdala.36 
In a somewhat paradoxical finding, the pro-
duction of CNS proinflammatory cytokines 
like interleuken-1β and tumor necrosis fac-
tor α has been seen after steroid administra-
tion, suggesting alternate gene signaling in 
the CNS.37 Although not proven conclusively, 
it is felt that these physiologic changes and 
hyperactivity of the HPA axis are predomi-
nantly responsible for changes in behavior, 
mood, memory, and eventually psychosis in 
steroid-treated patients.33,38

Finally, alterations in cognition and behav-
ior may be related to steroid-induced changes 
in CNS carbohydrate, protein, and lipid 
metabolism with subsequent cellular neu-
rotoxicity.32,38 Glucose uptake into the hippo-
campus is decreased with steroid exposure. 
Additionally, breakdown of metabolic com-
pounds to produce energy can be destruc-
tive if left unchecked for prolonged periods. 
DHEA, growth hormone, and testosterone 
work to repair catabolic damage produced by 
cortisol, known as anabolic balance. A low 
anabolic balance (low DHEA levels to high 
cortisol levels) leads to a cascade of dysregu-
lation in brain activity.39

Changes in Natural Sleep-Wake Cycles
Natural sleep pathways are also affected by 
steroids. The sleep-wake cycle is primar-
ily regulated in the hypothalamus with cir-
cadian release of melatonin from the pineal 
gland. Melatonin release is highest at night, 
where it promotes sleep onset and continuity. 

Upstream, tryptophan is an amino acid that 
serves as a precursor to serotonin and mel-
atonin.40 Both endogenous and exogenous 
corticosteroids decrease serum melatonin 
levels with a markedly diminished circa-
dian rhythm secretion.41,42 Demish and col-
leagues found a significant decrease in mean 
(SD) nocturnal melatonin plasma levels after 
the evening administration of oral dexa-
methasone 1 mg in 11 healthy volunteers:  
127 (42) pg/mL before vs 73 (38) pg/mL 
after; P < .01.42 This result is likely due to de-
creased cellular metabolism and melatonin 
synthesis in the pineal gland. Of note, mela-
tonin has neuroprotective affects, and the ad-
ministration of melatonin has been shown to 
reverse some steroid-induced neurotoxicities 
in animal models.43 

Steroids also reduce the uptake of tryp-
tophan into the brain.33 Additionally, in ani-
mal models, dexamethasone administration 
caused a significant decrease in the gene ex-
pression of tryptophan hydroxylase, which is 
part of the multistep pathway in synthesizing 
serotonin from L-tryptophan. These effects 
upstream could inhibit the biosynthetic ca-
pacity of both melatonin and serotonin.44

A third pathway investigated in sleep 
regulation are the orexin neuropeptides. 
Orexins are produced in the hypothala-
mus and stimulate daytime wake activity 
in monoaminergic and cholinergic neurons. 

FIGURE Mechanisms for Steroid-Induced 
Sleep Disruption and Delirium

Abbreviations: DHEA, dehydroepiandrosterone; GABAA, 
γ-aminobutyric acid type A; HPA, hypothalamic-pituitary-adrenal; 
NMDA, N-methyl-D-aspartate.
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Subsequently, orexin receptor antagonists 
are a newer class of drugs aimed at mitigat-
ing nighttime hyperarousal and sleep dis-
ruption. Orexin overexpression may be a 
causal factor in steroid-induced sleep dis-
turbance. However, this effect was specifi-
cally evaluated in a recent study in children 
with acute lymphoblastic leukemia, which 
showed that cerebral spinal fluid orexin 
levels (SD) were not significantly different 
from baseline after dexamethasone admin-
istration: 574 (26.6) pg/mL vs 580 (126.1) 
pg/mL; P = .8.45

Hyperarousal State
Finally, a hyperarousal state is thought to be 
produced by nongenomic changes to nat-
ural neuroinhibitory regulation seen with 
nonclassical steroid production called 
neurosteroids. Animal studies revealed that 
high levels of steroids were found in the CNS 
long after adrenalectomy, suggesting CNS de 
novo synthesis.46 In addition to altering gene 
expression at classic intercellular steroid re-
ceptors, neurosteroids can alter neurotrans-
mission by direct interaction on ion-gated 
membranes and other receptors on the cell 
surface. Restlessness and insomnia could be 
due to γ-aminobutyric acid type A (GABAA) 
receptor modulation in the CNS where neu-
roactive steroids slow the rate of recovery of 

GABAA and potentially inhibit postsynaptic 
GABAergic transmission. It also is hypoth-
esized that neuroactive steroids have excit-
atory action at nicotinic acetylcholine, 5HT3 
receptors, and through increasing the frac-
tional open time of the N-methyl-D-aspartate 
-activated channels.47 Allopregnanolone and 
DHEA are neurosteroids that act as GABAA 
agonists and have neuroprotective effects 
with anxiolytic, antidepressant, and antiag-
gressive properties.

Neurosteroids are synthesized from cho-
lesterol in the hippocampus. Neurosteroids 
are upregulated in response to stress by CNS 
cortisol effects on various enzyme expres-
sions.47 Whether exogenous steroid admin-
istration affects this biosynthesis vs the stress 
response in the HPA axis itself is not fully 
elucidated. Monteleone and colleagues found 
that dexamethasone 1 mg given orally sig-
nificantly reduced cortisol and DHEA and 
allopregnanolone levels in both healthy vol-
unteers and anorexia nervosa patients.48 
Similarly, Genazzani and colleagues dem-
onstrated that oral dexamethasone admin-
istration (0.5 mg every 6 hours) caused 
significant reductions in both serum allopreg-
nanolone and DHEA levels.49 

OUTCOMES STUDIES
The majority of reported data in steroid- 
induced insomnia and psychosis is in non-
critically ill populations. In a randomized, 
prospective crossover study of healthy vol-
unteers, dexamethasone administration  
(3 mg every 8 hours for 48 hours) resulted 
in significant changes in sleep patterns mea-
sured with polysomnography. Compared 
with placebo, steroid treatment showed sig-
nificantly longer percentage (SD) of stage 0/
awake times (11.7% [11.4] vs 2.9% [1.8]; 
P < .05); longer percentage (SD) of REM 
sleep latency (363.8 [74.5] minutes vs  
202.8 [79.6] minutes; P < .01), and a reduced 
number (SD) of REM periods (3.8 [2.6] vs 
9.7 [3.6]; P < .01).50 Insomnia was one of the 
most commonly self-reported AEs (> 60%) 
in a survey of 2,446 chronic steroid users, 
and the incidence increased as steroid doses  
increased.51 

A prospective, open-label study of  
240 patients with cancer demonstrated sig-
nificant sleep disruptions using the Pitts-
burgh Sleep Quality Index with the use of 

TABLE 4 HELP ME SLEEP
Nomogram

Herbal tea, warm milk

Evaluate medication list for causes of insomnia

Limit nighttime interruptions (eg, lab draws, vital 
signs, bathing)

Postpone morning laboratory tests

Massage

Evaluate daytime activity

Sound reduction

Light reduction

Environment changes (eg, room temperature, private 
room)

Easy listening music or white sound

Pain relief 
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high-dose steroids in chemotherapy.52 Naber 
and colleagues evaluated 50 previously 
healthy patients taking methylprednisolone 
119 mg (41 mg/d) for retinitis and uveitis.53 

They reported 26% to 34% of subjects experi-
enced hypomanic syndrome based on a semi-
structured interview examination. Symptoms 
developed within 3 days and persisted for 
the 8-day course of therapy. Brown and col-
leagues prospectively evaluated 32 asthmatic 
patients prescribed bursts of prednisone  
> 40 mg daily. They observed significantly 
increased scores in the Young Mania Rating 
Scale within 3 to 7 days of starting therapy, 
which dissipated to baseline after stopping 
therapy.54

Despite a high reported incidence of 
neurologic AEs, outcomes in critically ill 
populations are mixed. Study methods are 
varied, and many were largely observa-
tional. No prospective, randomized studies 
exist to date specifically aimed and pow-
ered to evaluate the effects of steroids on 
sleep disturbances or delirium in a critically 
ill population. Furthermore, sleep quality 
is difficult to measure in this population, 
and self-reporting often is not an option. 
In critical care trials, if AEs such as insom-
nia, delirium, or psychosis are recorded at 
all, there is heterogeneity in the definitions, 
and these AEs are generally poorly defined 
(eg, psychiatric or neurologic disorder not 
otherwise specified), making pooled analy-
sis of this outcome difficult.55

One of the largest observational studies in 
hospitalized patients was through the Boston 
Collaborative Drug Surveillance Program. 
A total of 718 consecutively enrolled inpa-
tients who received prednisone were mon-
itored for acute reactions. Psychiatric AEs 
were rare (1.3%) with low doses (< 40 mg/d), 
more prevalent (4.6%) with higher doses  
(41-80 mg/d), and most prevalent (18.4%) 
with the highest doses (> 80 mg/d), sug-
gesting CNS AEs are dose dependent.18 A 
single-center, retrospective review of 755 psy-
chiatric consults in hospitalized patients re-
vealed that 54% of manic patients were due 
to corticosteroid administration.19 In a pro-
spective observational study of 206 consecu-
tive ICU admissions, steroid administration 
was an independent risk factor for develop-
ment of ICU delirium, using the Confusion 
Assessment Method-ICU (CAM-ICU) at a 

single center (odds ratio [OR], 2.8; 95% CI,  
1.05-7.28).25

Two studies in hospitalized oncology pa-
tients found conflicting results using the 
Nursing Delirium Screening Scale (Nu-
DESC). One did not find a significant asso-
ciation between delirium and dexamethasone 
equivalent doses > 15 mg, while the sec-
ond found an increased hazard ratio (HR) 
for a positive Nu-DESC score (HR, 2.67; 
95% CI, 1.18-6.03).20,21 Similarly, conflict-
ing results were found in 2 studies using 
first-order Markov models. In one pro-
spective cohort study, 520 consecutive me-
chanically ventilated patients in 13 ICUs 
were monitored for the transition to delir-
ium (CAM-ICU positive) from nondelirium 
states. Steroid administration was signifi-
cantly associated with transitioning to de-
lirium (OR, 1.52; 95% CI, 1.05-2.21).22 This 
conflicts with a similar study by Wolters and 
colleagues, which monitored 1,112 ICU pa-
tients who were given a median prednisone 
equivalent of 50 mg (interquartile range,  
25-75 mg). Steroid administration was not 
significantly associated with the transition 
to delirium from an awake without delirium 
state (OR, 1.08; 95% CI, 0.89-1.32; adjusted 
OR, 1.00; 95% CI, 0.99-1.01 per 10-mg in-
crease in prednisone equivalent).23 

Mitigating Effects
Although steroid therapy often cannot be al-
tered in the critically ill population, research 
showed that steroid overuse is common in 
ICUs.56,57 Minimizing dosage and duration 
are important ways clinicians can mitigate 
unwanted effects. CNS AEs seen with ste-
roids often can be reversed once therapy is 
discontinued. Avoiding split-dose adminis-
tration has been proposed given the natural 
diurnal production of cortisol.58 A review by 
Flaherty discusses the importance of avoid-
ing pharmacologic agents in hospitalized 
older patients if possible due to known risks 
(falls, dependency, hip fractures, rebound in-
somnia, and risk of delirium) and provides a 
HELP ME SLEEP nomogram for nonpharma-
cologic interventions in hospitalized patients  
(Table 4).59

Historically, lithium has been recom-
mended for steroid-induced mania with 
chronic steroid use; however, given the large 
volume and electrolyte shifts seen in critically 
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ill patients, this may not be a viable option. 
Antidepressants, especially tricyclics, should 
generally be avoided in steroid-induced psy-
chosis as these may exacerbate symptoms. 
If symptoms are severe, either typical (halo-
peridol) or atypical (olanzapine, quetiapine, 
risperidone) antipsychotics have been used 
with success.60 Given the known depletion 
of serum melatonin levels, melatonin supple-
ments are an attractive and relatively safe op-
tion for steroid-induced insomnia; however, 
there are no robust studies specifically aimed 
at this intervention for this population.

CONCLUSIONS
With known, multimodal foci driving sleep 
impairment in ICU patients, PADIS guide-
lines recommend myriad interventions for 
improvement. Recommendations include 
noise and light reduction with earplugs and/
or eyeshades to improve sleep quality. Noc-
turnal assist-control ventilation may improve 
sleep quality in ventilated patients. Finally, 
the development of institutional protocols 
for promoting sleep quality in ICU patients is 
recommended.17
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