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Dear Editor,
Intensive care unit (ICU) survivors are at risk of develop-
ing mental health problems, such as symptoms of post-
traumatic stress disorder (PTSD), anxiety and depression 
[1–3]. Glucocorticoid use has been proposed to diminish 
the risk of these problems, but evidence remains conflict-
ing [4, 5]. This study investigated the association between 
systemic glucocorticoid use during ICU admission and 
the incidence of PTSD symptoms in a large population of 
ICU survivors.

This is a single-center, retrospective cohort study with 
1-year follow-up using prospectively collected data. The 
institution’s Medical Research Ethics Committee waived 
the need for informed consent. Patients alive 1 year 
after ICU discharge, aged ≥ 18  years and admitted to 
the ICU > 48 h between January 2011 and February 2020 
were included. The cumulative glucocorticoid dose dur-
ing ICU stay was calculated per subject by (1) obtaining 
all glucocorticoid administrations (registered in the ICU’s 
Patient Data Management System), (2) converting oral 
doses to intravenous equivalents, (3) converting differ-
ent glucocorticoids to prednisolone equivalents and (4) 
summing these over the period of ICU admission. The 
primary outcome was PTSD symptoms 1 year after ICU 
discharge, defined as an Impact of Event Scale (revised) 
score of ≥ 35 or a mean score of > 1.6, respectively. 

Secondary outcomes included symptoms of anxiety and 
depression as measured by the Hospital Anxiety and 
Depression Scale (sum score of ≥ 8) and Health-Related 
Quality of Life (HRQoL) as measured with the EuroQol-
5D 1 year after discharge. Results were adjusted for age, 
sex, ICU length of stay, type of admission, referral by a 
pulmonologist (yes/no), Simplified Acute Physiology 
Score (SAPS) II, mechanical ventilation, delirium dur-
ing ICU stay, modified Sequential Organ Failure Assess-
ment (mSOFA) score on day of admission, the difference 
between the mSOFA score on day of admission and on 
day 4, cumulative midazolam dosage, cumulative propo-
fol dosage and outpatient use of glucocorticoids / antide-
pressants / antipsychotics / anxiolytics using a propensity 
score approach.

In total, 1737 subjects were included of whom 690 
(40%) were systemically exposed to glucocorticoids. 
Subjects who received glucocorticoids were more often 
female, had a longer ICU length of stay, were more often 
admitted to the ICU after acute surgery and had a higher 
mean SAPS II. 187 (11%) Subjects developed PTSD 
symptoms, 313 (18%) developed symptoms of anxi-
ety and 303 (17%) developed symptoms of depression. 
Table  1 shows the effect of glucocorticoids on the risk 
of symptoms of PTSD, anxiety and depression. Adjusted 
logistic regression analysis showed no beneficial effect on 
developing PTSD symptoms (adjusted odds ratio (aOR) 
0.99, 95% confidence interval (CI) 0.68–1.45) with gluco-
corticoid use (n = 81; 12%) versus non-use (n = 106; 11%). 
Glucocorticoid use was not associated with a decreased 
incidence of symptoms of anxiety (aOR 0.89, 95% CI 
0.65–1.21), symptoms of depression (aOR 0.81, 95% CI 
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0.59–1.10) or change in HRQoL (adj. linear regression; 
0.027 increase in utility value, 95% CI − 0.003–0.057).

Strengths of this study include the large sample size, 
in particular in the field of mental health disorders post 
ICU. Also, the mixed ICU population enhances general-
izability of the results.

The main limitation of this study was potential con-
founding by indication, as certain diseases might call for 
treatment with glucocorticoids and may carry a greater 
risk of developing mental health problems. Also, no data 
were available on psychological support received by sub-
jects during follow-up, which might have led to a smaller 
chance of finding a relationship between exposure and 
outcome [6].

In conclusion, this study suggests no potential protec-
tive effect of systemic exposure to glucocorticoids during 
ICU admission on the development of PTSD symptoms, 
nor on symptoms of anxiety and depression or lower 
HRQoL in ICU survivors. This study does not war-
rant a randomized controlled trial on glucocorticoids to 
decrease PTSD symptoms in ICU survivors.
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Table 1 Primary and secondary endpoints

Results after multiple imputation

PTSD posttraumatic stress disorder, OR odds ratio, CI confidence interval, IQR interquartile range
a Missing for 95 patients (5%)
b Missing for 49 patients (3%)
c Missing for 42 patients (2%)
d Missing for 67 patients (4%)
e Adjusted for age, sex, Intensive Care Unit (ICU) length of stay, type of admission, referral by a pulmonologist (yes/no), Simplified Acute Physiology Score II, 
mechanical ventilation, delirium during ICU stay, modified Sequential Organ Failure Assessment (mSOFA) score on day of admission, difference between mSOFA on 
day of admission and on day 4, cumulative midazolam dosage, cumulative propofol dosage and outpatient use of glucocorticoids / antidepressants / antipsychotics / 
anxiolytics

PTSD symptoms, 
n (%)a

Crude OR (95% CI) Adjusted OR (95% CI)e

Glucocorticoid use 81 (12) 1.17 (0.86–1.60) 0.99 (0.68–1.45)

No glucocorticoid use 106 (11)

Symptoms of anxiety,  
n (%)b

Crude OR (95% CI) Adj. OR (95% CI)e

Glucocorticoid use 121 (18) 0.95 (0.74–1.23) 0.89 (0.65–1.21)

No glucocorticoid use 192 (19)

Symptoms of depression, 
n (%)c

Crude OR (95% CI) Adj. OR (95% CI)e

Glucocorticoid use 106 (16) 0.79 (0.61–1.03) 0.81 (0.59–1.10)

No glucocorticoid use 197 (19)

EQ-5D Utility score,  
median (IQR)d

Change in utility value (crude) Change in utility value (adjusted)e

Glucocorticoid use 0.811 (0.687–1) − 0.003 (− 0.028–0.022) 0.027 (− 0.003–0.057)

No glucocorticoid use 0.811 (0.687–1)
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Introduction 

 

Intensive Care Unit (ICU) survivors are at risk of developing mental health problems, such as 

posttraumatic stress disorder (PTSD), anxiety and depression.(1–3) A recent meta-analysis 

showed that up to one fifth of ICU survivors suffer from clinically important PTSD symptoms 

at 1-year follow up.(1) PTSD symptoms have been associated with worse health-related 

quality of life (HRQoL).(1,4,5) In addition, one third of ICU survivors experience symptoms 

of anxiety and depression during their first year of recovery.(2,3) Strategies such as keeping 

an ICU diary, early clinical psychologist support and early rehabilitation may have a 

beneficial effect in reducing some of these problems.(6–8) A pharmacological intervention 

during ICU admission to reduce mental health problems is not available. 

 

Glucocorticoid use has been proposed to diminish the risk of mental health problems 

following ICU admission.(9) The physiological mechanism behind this hypothesis is that 

glucocorticoid levels induced by stress may result in temporary impairment of memory 

retrieval.(10–14) As memories of traumatic experiences during ICU admission such as pain, 
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panic or respiratory distress are related to later development of PTSD, administration of stress 

doses of glucocorticoids could hypothetically be beneficial for reducing this risk.(5,15–17)  

 

However, current literature on this topic remains conflicting. Some small observational 

studies of glucocorticoid use during ICU admission showed a potential beneficial effect on the 

incidence of PTSD, HRQoL and chronic stress symptoms after ICU discharge.(17–19) A 

recent clinical trial in cardiac surgery patients evaluated the effect of a single (high) 

intraoperative dose of dexamethasone on symptoms of PTSD, depression and HRQoL 1.5 

years after ICU admission.(20) No overall effect was found but subgroup analyses showed 

that female patients may benefit from glucocorticoid administration, with a significantly 

lower prevalence of PTSD symptoms and depression within this group.(20) This result could 

be explained by a gender difference in response to stress in the hypothalamic-pituitary-adrenal 

(HPA) axis.(21,22) In addition to the conflicting evidence, previous studies have focused on 

specific subgroups of ICU survivors (i.e. cardiac surgery patients or sepsis survivors).(17–20) 

The generalizability of the effect of glucocorticoids on PTSD, anxiety and depression in a 

larger and broader population of ICU survivors remains therefore unclear.  

 

Consequently, the hypothesis tested in this study was whether systemic glucocorticoid 

exposure during ICU admission could have a protective effect on the occurrence of PTSD 

symptoms in adult ICU survivors. Secondary outcomes included anxiety, depression and 

HRQoL.  

 

Methods 

 

Study design, setting and population 
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In this retrospective cohort study with one year follow-up, prospectively collected data was 

used. Former ICU patients alive one year after ICU discharge were included when aged 18 

years or older at time of ICU admission and admitted for more than 48 hours to the 32-mixed 

bed medical-surgical ICU of the University Medical Center Utrecht (UMCU) between 

January 2011 and February 2020. Subjects were excluded if they had been transferred from 

another ICU, were referred to the ICU by a neurologist or a neurosurgeon, were admitted after 

cardiac arrest, did not return the questionnaire sent one year after ICU discharge or indicated 

that they were not able or did not wish to answer the questionnaire. If a patient was 

readmitted, only information of the first admission was used. The Medical Research Ethics 

Committee of the UMCU approved this study and waived the need to obtain informed consent 

(protocols 12/421 and 10/006). 

 

Glucocorticoid exposure 

Data on use of systemic glucocorticoids (prednisolone, hydrocortisone, dexamethasone and 

methylprednisolone) during ICU admission were obtained from the ICU’s Patient Data 

Management system (PDMS). Glucocorticoids for topical use or for inhalation were not taken 

into account. The cumulative glucocorticoid dose during admission was expressed per subject 

as intravenous prednisolone equivalent (in milligrams) by taking the following steps: first, 

oral doses of hydrocortisone, dexamethasone and prednisolone were converted to intravenous 

equivalents by adjusting for oral bioavailability (0.96, 0.8 and 1 respectively).(23) Next, 

intravenous dosages of the different glucocorticoids were converted to prednisolone 

equivalents using the corresponding activity factors (0.25 for hydrocortisone, 6.67 for 

dexamethasone and 1.25 for methylprednisolone), and summed over the period of ICU 

admission.(24)  
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Outcome measurements 

The primary outcome was PTSD symptoms one year after ICU discharge. Surviving subjects 

received a postal survey containing different questionnaires (process published in detail 

elsewhere (25)), including the Impact of Event Scale (IES or IES-R, explained below), the 

Hospital Anxiety and Depression Scale (HADS) and the EuroQol-5D (EQ-5D). Symptoms of 

PTSD during the seven days prior to questionnaire completion were measured either by the 

original IES with 15 items (26) (sent to subjects admitted before September 2016) or the 

revised 22-item version (27) (IES-R; sent to subjects admitted from August 2016 onwards). 

Items in the original IES, representing subscales for intrusion and avoidance, were scored on a 

4-point scale as “not at all” (0) to “often” (5), giving a sum score ranging from 0 to 75. An 

IES sum score of 35 or higher is considered indicative for clinically significant symptoms of 

PTSD.(28) The IES-R includes 7 additional items on hyperarousal. Items are scored on a 5-

point Likert scale as “not at all” (0) to “extremely” (4). Instead of raw sums, mean scores are 

calculated for the IES-R ranging from 0 – 4, with a mean score > 1.6 indicating clinically 

significant PTSD symptoms.(29) 

 

Secondary outcomes included anxiety, depression and health related quality of life. The 

HADS was used to estimate symptoms of anxiety and depression.(30) The questionnaire 

comprises two subscales of 7 items each, scored on a 4-point Likert scale (0 – 3). A sum score 

of 8 or higher on a subscale indicates clinically relevant symptoms of anxiety or depression, 

respectively.(31) This cutoff value was used to define possible cases of anxiety and 

depression. To measure HRQoL the EQ-5D (either the 3-level or 5-level version) was 

used.(32,33) The EQ-5D contains five items representing the HRQoL domains mobility, self-

care, usual activities, pain or discomfort and anxiety or depression. Each item has three or five 

levels, ranging from no problems (1) to severe problems (3 or 5), giving a so-called ‘health-
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state’ as total score. To translate these health-states into a utility value ranging from 0 – 1 (0 

meaning death and 1 meaning full health), the Dutch tariff was used.(34) 

 

Covariates 

Baseline characteristics and clinical data were obtained from the PDMS. A recent systematic 

review and meta-analysis was used to identify risk factors for developing mental health 

problems after ICU discharge.(35) Selected potential confounders included age, sex, ICU 

length of stay, type of admission (medical, acute surgical or elective surgical), medical 

specialism by which the patient was referred to the ICU, Simplified Acute Physiology Score 

second edition (SAPS II) (36) score, the modified Sequential Organ Failure Assessment 

(mSOFA) (37) score (excluding the central nervous system component due to high 

interference with delirium) on the day of admission as well as the difference between the 

mSOFA score on the day of admission and on day 4 of admission (or if the admission was <4 

days, the last day of admission; this parameterization of the SOFA score shows high 

predictive performance in prediction models for ICU outcomes) (38), receiving mechanical 

ventilation at any time during ICU admission (dichotomous) and cumulative dose of 

midazolam and propofol during ICU admission. Having delirium at any time during ICU 

admission (dichotomous) was determined with mental status classification on a daily basis as 

“coma”, “delirium” or an “awake without delirium” state, using a validated multistep 

algorithm.(39) In summary, this algorithm is based upon the Confusion Assessment Method 

for the ICU (CAM-ICU) (40) scores from bedside nurses, start of haloperidol as part of 

delirium treatment, review of medical and nursing charts and additional CAM-ICU, which 

showed superior sensitivity when compared to CAM-ICU in daily practice only.(39,41) 
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Information on home medication was collected by the hospital pharmacy either prior to an 

elective admission or at time of admission by retrieving the community pharmacy dispensing 

list through the electronic Nationwide Medication Record System.(42) If possible, this 

information was verified with the patient. This information was used to assess additional 

potential confounders (outpatient use of antidepressants [ATC N06A], antipsychotics [ATC 

N05A excluding lithium], anxiolytics [N05BA] or glucocorticoids [dexamethasone, 

hydrocortisone, methylprednisolone, prednisolone or prednisone]).  

 

Missing Data 

If a patient had missing answers to one of items of the IES, IES-R or HADS, the difference 

between the cutoff score to be defined as a case (sum score of 35, mean score of 1.6 and a 

subscale score of 8, respectively) and the subjects’ score without missing answers was 

calculated. If the difference was zero or if it had a negative value (i.e. the cutoff score was 

already reached, even with some answers missing), the patient was defined as a case. If this 

difference was greater than the maximum score the patient could potentially score if answers 

were not missing (i.e. 5 per missing answer for the IES, 4 per missing answer for the IES-R 

and 3 per missing answer for the HADS), the patient was defined as not being a case. For 

remaining subjects with missing answers, the dichotomous variable defining a patient as a 

case (or not) was imputed through multiple imputation by chained equations, using the ‘mice’ 

package (version 3.13.0, Van Buuren 2021) in R. All variables mentioned under section 

covariates were included in the multiple imputation model. Multiple imputation by chained 

equations was also used to impute missing values for the EQ-5D utility score as well as all 

other covariates, effectively retaining all subjects in the analysis. A complete-case analysis 

was performed as sensitivity analysis to investigate the impact of multiple imputation of 

missing data on the results. 
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Statistical analysis 

Logistic regression analysis was used to calculate adjusted odds ratios for developing PTSD 

symptoms, anxiety or depression if being exposed to systemic glucocorticoids during ICU 

admission as opposed to not being exposed. Linear regression analysis was used to assess the 

association between systemic glucocorticoid use and EQ-5D utility scores. Correlation 

between potential confounders was calculated by a Spearman test for continuous variables 

and Cramer’s V test for categorical variables. If two variables had a correlation coefficient 

with a value >0.7, one of the variables was omitted in the regression model. Propensity scores 

for being exposed to systemic glucocorticoids were estimated for each subject through logistic 

regression, using all the other variables, after which results were adjusted by these propensity 

scores. With this approach, more covariates could be added in the final regression model. (43) 

 

To explore a possible dose-effect relationship, subjects who were exposed to glucocorticoids 

during ICU admission were stratified based on the 10th percentiles of the cumulative 

prednisolone equivalent dose into ten categories. Each category was compared to subjects 

who did not use glucocorticoids by calculating adjusted odds ratios for developing PTSD 

symptoms, which were then plotted and further analyzed with a 2-knot linear spline 

regression for testing a non-linear relationship between dose and adjusted odds ratio. 

Additionally, to explore effect modification, analyses on glucocorticoids were stratified based 

on sex and on outpatient use (versus no outpatient use) of glucocorticoids. Sensitivity analysis 

was carried out by stratifying on year of admission to explore change in ICU practice over 

time and the impact of changing from the IES to IES-R tool. Lastly, in additional sensitivity 

analysis, two linear regressions were carried out with the IES and IES-R score respectively as 

dependent variable.  
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All statistical analyses were 2-sided using a level of significance of 0.05. Data cleaning as 

well as statistical analyses were performed in R version 4.0.3 (The R Foundation for 

Statistical Computing, 2020; including ‘base’, ‘stats’, ‘dplyr’, ‘mice’ and ‘splines’ packages). 

 

Results 

 

A flow-chart of eligible subjects is shown in Figure 1. During the study period, 3642 former 

ICU patients were sent a questionnaire, of whom 2411 responded (response rate 66%). Non-

responders were younger (non-responders, mean age 54 (SD 17); responders 59 (16), 

p<0.001) and were more often admitted to the ICU for medical reasons (non-responders 51% 

of admissions, responders 37% of admissions; Table 1). Of the responders, 473 (20%) were 

excluded because they were referred to the ICU by a neurologist or a neurosurgeon and 201 

(8%) were excluded because they were admitted after cardiac arrest.  

 

A total of 1737 subjects were included in this study of whom 690 (40%) were systemically 

exposed to glucocorticoids during ICU admission (Table 2). Subjects who received 

glucocorticoids were more often female, had a longer ICU length of stay, were more often 

admitted to the ICU after acute surgery and had a higher mean SAPS II score. Of the referred 

medical disciplines, pulmonology showed the most obvious difference (19% of patients who 

received glucocorticoids versus 3% of who did not). 

 

187 (11%) subjects had symptoms of PTSD at one year follow-up. Table 3 shows the effect of 

glucocorticoids on the risk of PTSD symptoms, anxiety and depression. Logistic regression 

analyses showed no association with PTSD symptoms (adj. OR 0.99, 95% CI 0.68-1.45) with 
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glucocorticoid use (n = 81; 12%) versus non-use (n = 106; 11%).  Glucocorticoid use was not 

associated with anxiety (adj. OR 0.89, 95% CI 0.65-1.21) or depression (adj. OR 0.81, 95% 

CI 0.59-1.10). Linear regression showed a non-significant increase in EQ-5D utility value of 

0.027 (95% CI -0.003-0.057) when being exposed to systemic glucocorticoids.  

 

Figure 2 shows the adjusted odds ratios for developing PTSD symptoms per 10th percentile of 

cumulative prednisolone equivalent versus no glucocorticoid use. A 2-knot linear spline 

regression (knots at the 25th and 75th percentile) visualized no apparent dose-effect 

relationship. Stratification by sex, year of admission and use of glucocorticoids as home 

medication showed no significant difference between groups (Tables 4 – 6). Linear regression 

analyses with the IES and IES-R score as dependent variable showed no significant effect of 

exposure to glucocorticoids (Table 7). 

 

Complete case analysis showed that complete cases (n = 1627, 94%) had no differences in 

patient characteristics compared to incomplete cases (n = 110, 6%) and gave similar results 

for the main analysis as well as the stratification analyses compared to the results after 

multiple imputation (Tables 8 – 11). 

 

Discussion 

 

This study investigated the effect of systemic glucocorticoid exposure during ICU admission 

on PTSD symptoms one year after ICU discharge, as well as on anxiety, depression and 

HRQoL in a general Dutch adult mixed ICU population. We found no difference in the 

proportion of PTSD symptoms, anxiety or depression between subjects who had 
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glucocorticoids and those who never had glucocorticoids during ICU admission. In addition, 

no dose-effect relationship was found.  

 

The current literature on the effect of corticosteroids on long term mental outcomes in ICU 

patients is conflicting. The present study confirms the findings of Kok et al. (2016) where no 

overall effect of glucocorticoids was found.(20) However, the results could not confirm the 

findings of the studies by Schelling et al. (1999 & 2001) and Weis et al. (2006), where a lower 

incidence of PTSD and a decrease in chronic stress symptoms were found in the group of 

subjects receiving glucocorticoids.(17–19) One of the important differences between the 

current study and earlier research is the dosing regimen of glucocorticoids, as well as the 

timing of glucocorticoid administration. In the primary analysis of this study, any use of 

glucocorticoids at any time during ICU admission would classify a subject as being exposed. 

To explore the hypothesized physiological mechanism of memory retrieval impairment in 

stress dose steroids during the traumatic event, the cumulative prednisolone equivalent was 

stratified in an additional analysis. No dose-effect relationship was found.  

 

Strengths of this study are the large sample size, in particular in the field of mental health 

disorders post ICU.(17–20) Also, a robust method for multiple imputation was used, so all 

subjects could be included in the analysis, decreasing the risk of bias. Lastly, the mixed ICU 

population ensures generalizability of the results. 

 

This study had several limitations. First, questionnaires were used to assess PTSD symptoms, 

anxiety and depression. These measures are not used to actually diagnose these mental health 

disorders. This may have led to over- or underdiagnosis, but is likely to be non-differential 

and may therefore only underestimate our study findings (rather than inflate). In addition, the 
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used cut-off scores for the IES, IES-R and HADS to define cases are strongly associated with 

the results of validated interviews by psychiatrists for diagnosing PTSD, anxiety and 

depression respectively.(28,29,31,44) Because mental health disorders were assessed one year 

after ICU discharge, other events possibly causing these disorders may have occurred, 

although again this is expected to be non-differential. The study might have suffered from 

confounding by indication, as certain diseases might call for treatment with glucocorticoids 

and carry a greater risk of developing mental health problems. This was however adjusted for 

by adding referring specialism and different disease severity parameters to the multivariate 

models. No data were available on previous mental health disorders, which is a known risk 

factor for developing PTSD post-ICU discharge.(35) However, outpatient use of 

antidepressants, antipsychotics or anxiolytics before ICU admission was introduced as a 

variable to serve as a proxy. Because of the observational nature of the study there might have 

been residual confounding. Lastly, this was a single-center study, which may limit the 

generalizability. 

 

Conclusion 

 

This study found no protective effect of systemic glucocorticoid use during ICU admission on 

the development of PTSD symptoms one year after ICU discharge. Furthermore, no effect 

was found on the development of anxiety and depression, nor had glucocorticoid use impact 

on HRQoL. In additional analysis, no dose-effect relationship was found. This study does not 

warrant a randomized controlled trial on glucocorticoids to decrease PTSD in ICU survivors.  
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Supplementary material B: Figures and Tables 

 

Figure 1 

Inclusion of eligible subjects flow-chart. 
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Figure 2 

Adjusted a odds ratios for developing PTSD symptoms per 10th percentile of cumulative 

prednisolone equivalent versus no glucocorticoid use, analyzed with a 2-knot linear spline 

regression (knots at 25th and 75th percentile). Dotted lines represent the 95% confidence 

intervals of the regression fit. 

 

a Adjusted for age, sex, ICU length of stay, type of admission, referral by a pulmonologist (yes/no), 
SAPS II, mechanical ventilation, delirium during ICU stay, mSOFA on day of admission, difference 
between mSOFA on day of admission and on day 4, cumulative midazolam dosage, cumulative 
propofol dosage and outpatient use of glucocorticoids / antidepressants / antipsychotics / anxiolytics  
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Table 1 

Responders versus non-responders. 

Variable Responders 
n = 1737 

Non-
responders 
n = 1489 

p-value 

Age in years, mean (SD) 59 (16) 54 (17) <0.001 
Sex   0.44 

Male, n (%) 1119 (64) 939 (63)  
Female, n (%) 618 (36) 550 (37)  

ICU length of stay in days (median, IQR) 5.1 (3.0 – 9.8) 5.1 (3.1 – 9.9) 0.99 
Type of admission   <0.001 

Medical (n, %) 641 (37) 761 (51)  
Planned surgical (n, %) 614 (35) 325 (22)  

Acute surgical (n, %) 477 (28) 401 (27)  
Missing, n 5 2  

ICU = Intensive Care Unit, SD = standard deviation, IQR = interquartile range 

Table 2 

Patient characteristics. 

Variable Glucocorticoid 
use 
n = 690 

No glucocorticoid 
use 
n = 1047 

Age in years, mean (SD)* 58 (14) 59 (17) 
Male, n (%)*** 405 (59) 714 (68) 
ICU length of stay in days, median (IQR)*** 6.8 (3.8 – 13.9) 4.4 (2.9 – 7.8) 
Type of admission***, a   

Medical, n (%) 260 (38) 381 (36) 
Planned surgical, n (%) 180 (26) 434 (41) 

Acute surgical, n (%) 246 (36) 231 (22) 
Referral by a pulmonologist, n (%)*** 130 (19) 36 (3) 
SAPS II, mean (SD)*** 40.2 (13.7) 36.0 (11.1) 
Mechanically ventilated, n (%) b 672 (98) 1001 (97) 
Delirium during ICU stay, n (%)** 352 (51) 450 (43) 
mSOFA at day of admission, mean (SD)***, c 6.0 (2.9) 4.7 (2.7) 
Difference between mSOFA on day of admission and 
on day 4, mean (SD) d 

-0.6 (3.1) -0.3 (2.7) 

Midazolam use, n (%)*** 415 (60%) 503 (48%) 
Propofol use, n (%)*** 498 (72%) 660 (63%) 
Cumulative midazolam dosage in milligrams within 
users, median (IQR)*** 

164 (19 – 450) 50 (10 – 242) 

Cumulative propofol dosage in milligrams within users, 
median (IQR) 

3438 (860 – 
11171) 

3869 (1072 – 9902) 

Outpatient use of   
Glucocorticoids, n (%)*** 189 (27) 16 (2) 

Antidepressants, n (%) 59 (9) 84 (8) 
Antipsychotics, n (%) 16 (2) 25 (2) 

Anxiolytics, n (%) 85 (12) 105 (10) 
*p-value <0.05, **p-value <0.01, ***p-value <0.001 
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ICU = Intensive Care Unit, SD = standard deviation, IQR = interquartile range, SAPS II = Simplified 
Acute Physiology Score second edition, mSOFA = modified Sequential Organ Failure Assessment 
score 
a Missing for 5 patients (0.3%) 
b Missing for 13 patients (0.7%) 
c Missing for 13 patients (0.7%) 
d Missing for 14 patients (0.8%) 

 
Table 3 

Primary and secondary endpoints. 

 PTSD, n (%) a Crude OR (95% CI) Adj. OR (95% CI) e 
Glucocorticoid use 81 (12) 1.17 (0.86 – 1.60) 0.99 (0.68 – 1.45) 
No glucocorticoid use 106 (11) 
 Anxiety, n (%) b Crude OR (95% CI) Adj. OR (95% CI) e 
Glucocorticoid use 121 (18) 0.95 (0.74 – 1.23) 0.89 (0.65 – 1.21) 
No glucocorticoid use 192 (19) 
 Depression, n (%) c Crude OR (95% CI) Adj. OR (95% CI) e 
Glucocorticoid use 106 (16) 0.79 (0.61 – 1.03) 0.81 (0.59 – 1.10) 
No glucocorticoid use 197 (19) 
 EQ-5D Utility score, 

median (IQR) d 
Change in utility 
value (crude) 

Change in utility 
value (adjusted) e 

Glucocorticoid use 0.811 (0.687 – 1) -0.003 (-0.028 – 
0.022) 

0.027 (-0.003 – 0.057) 
No glucocorticoid use 0.811 (0.687 – 1) 

Results after multiple imputation 
a Missing for 95 patients (5%) 
b Missing for 49 patients (3%) 
c Missing for 42 patients (2%) 
d Missing for 67 patients (4%) 
e Adjusted for age, sex, ICU length of stay, type of admission, referral by a pulmonologist (yes/no), 
SAPS II, mechanical ventilation, delirium during ICU stay, mSOFA on day of admission, difference 
between mSOFA on day of admission and on day 4, cumulative midazolam dosage, cumulative 
propofol dosage and outpatient use of glucocorticoids / antidepressants / antipsychotics / anxiolytics  
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Table 4 – 6 

Stratification analyses. 

Sex 

Sex Male Female 
PTSD No PTSD Missing p-value* PTSD No PTSD Missing p-value* 

Glucocorticoid use 40 (10%) 353 (90%) 12 0.640 41 (15%) 225 (85%) 19 0.816 
No glucocorticoid use 61 (9%) 609 (91%) 44 45 (14%) 268 (86%) 20 
Adjusted odds ratio 0.88 (0.53 – 1.47) (p=0.63) 1.12 (0.64 – 1.96) (p=0.70) 

 

Year of admission 

 Year of admission 
2011 – 2013 2014 – 2016 2016 – 2020 

 PTSD No PTSD M p* PTSD No PTSD M p* PTSD No PTSD M p* 
Gluc. use 30 (13%) 209 (87%) 14 0.898 27 (12%) 206 (88%) 7 0.975 24 (13%) 163 (87%) 10 0.079 
No gluc. use 45 (13%) 294 (87%) 26 38 (11%) 303 (89%) 16 23 (8%) 280 (92%) 22 
Adj. odds ratio 0.73 (0.39 – 1.36) (p=0.32) 1.21 (0.66 – 2.23) (p=0.54) 1.17 (0.55 – 2.50) (p=0.68) 

M = missing 

Glucocorticoids in home medication 

 Glucocorticoids in home medication No glucocorticoids in home medication 
 PTSD No PTSD M p* PTSD No PTSD M p* 
Glucocorticoid use 23 (13%) 156 (87%) 10 1 58 (12%) 422 (88%) 21 0.501 
No glucocorticoid use 2 (13%) 13 (87%) 1 104 (11%) 864 (89%) 63 
Adjusted odds ratio 1.02 (0.20 – 5.18) (p=0.97) 0.95 (0.66 – 1.41) (p=0.84) 

M = missing 

*Chi-squared test 
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Table 7 

Adjusted linear regression results with IES and IES-R score as dependent variable 

IES score (range 0 – 75) IES-R mean score (range 0 – 4) 
Change in IES score (glucocorticoid use versus 
non-use): - 0.6950 (95% CI -2.99 – 1.67) 

Change in IES score (glucocorticoid use versus 
non-use):  0.01373 (95% CI -0.15 – 0.18) 

 

Table 8 – 12 

Complete case analyses. 

Complete cases versus incomplete cases 

Variable Complete cases 
n = 1627 

Incomplete cases 
n = 110 

p-value 

Glucocorticoid use, n (%) 653 (40) 37 (34) 0.21 
Age in years, mean (SD) 58.5 (15.7) 61.2 (16.6) 0.09 
Sex   0.49 

Male, n (%) 1052 (65) 67 (61)  
Female, n (%) 575 (35) 43 (39)  

ICU length of stay in days (median, IQR) 5.1 (3.1 – 9.7) 5.4 (3.1 – 10.5) 0.68 
Type of admission   0.16 

Medical (n, %) 605 (37) 36 (34)  
Planned surgical (n, %) 568 (35) 46 (44)  

Acute surgical (n, %) 454 (28) 23 (22)  
Missing, n 0 5  

SAPS II score, mean (SD) 37.7 (12.3) 37.4 (12.6) 0.81 
mSOFA at day of admission, mean (SD) 5.3 (2.9) 4.8 (2.8) 0.10 

Missing, n 0 13  
Difference between mSOFA on day of 
admission and on day 4, mean (SD) 

-0.4 (2.9) -0.2 (3.0) 0.47 

Missing, n 0 14  
 

Main analyses: complete cases only 

PTSD  
 Odds Ratio (95% CI) 

Crude Adjusted 
Glucocorticoid use 1.16 (0.85 – 1.58) 0.98 (0.67 – 1.42) 

 

HADS Anxiety  
 Odds Ratio (95% CI) 

Crude Adjusted 
Glucocorticoid exposure 0.94 (0.73 – 1.21) 0.88 (0.65 – 1.20) 

 

HADS Depression  
 Odds Ratio (95% CI) 

Crude Adjusted 
Glucocorticoid exposure 0.78 (0.60 – 1.01) 0.81 (0.59 – 1.10) 
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EQ-5D (Linear regression) 
 Increase in utility value 

Crude Adjusted 
Glucocorticoid exposure 0.00029 (-0.024 – 0.025) 0.029 (-0.0007 – 0.059) 
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