
Page 1/16

Association Between Dexamethasone and Delirium in Critically ill
Patients: A Retrospective Cohort Study of a Large Clinical Database
Zehao Wu 

Beijing Chaoyang Hospital https://orcid.org/0000-0001-8070-7863
Huili Li 

Beijing Chaoyang Hospital
Kaihua Liao 

Beijing Chaoyang Hospital
Yun Wang  (  821998452@qq.com )

Capital Medical University

Research

Keywords: Dexamethasone, Intensive care unit (ICU), Delirium, Mortality, Propensity score matching (PSM)

Posted Date: October 13th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-89771/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

Version of Record: A version of this preprint was published at Journal of Surgical Research on July 1st, 2021. See the published version
at https://doi.org/10.1016/j.jss.2021.01.027.

https://doi.org/10.21203/rs.3.rs-89771/v1
https://orcid.org/0000-0001-8070-7863
mailto:821998452@qq.com
https://doi.org/10.21203/rs.3.rs-89771/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jss.2021.01.027


Page 2/16

Abstract
Background

Delirium is a common complication in ICU patients, and it can signi�cantly increase the length of hospital stay and cost. Dexamethasone
is widely used in various in�ammatory diseases and is a glucocorticoid commonly used in critically ill patients. There are no studies on
the effect of dexamethasone on the development of delirium in critically ill patients, therefore, this study aimed to con�rm the effect of
dexamethasone use and the dose on the incidence of delirium and patient prognosis in critically ill patients through a large cohort study.

Methods

A retrospective cohort study was conducted using data extracted from the MIMIC III database, and the primary outcome was the
development of delirium, using multivariate logistic regression analysis to reveal the relationship between dexamethasone and delirium.
Secondary endpoints were in-hospital mortality, total length of stay and length of ICU stay, and the relationship between dexamethasone
and prognosis was assessed with Cox proportional hazards models. The Lowess smoothing technique was used to investigate the dose
correlation between dexamethasone and outcomes, subgroup analysis was used to account for heterogeneity, and different correction
models and propensity matching analysis were used to eliminate potential confounders.

Results

Finally, 38,509 patients were included, and 2,204 (5.7%) used dexamethasone. A signi�cantly higher incidence of delirium (5.0% vs. 3.4%,
P < 0.001), increased in-hospital mortality (15.0% vs. 11.3%, P < 0.001), and longer length of stay and ICU stay were observed in patients
taking dexamethasone compared with those not taking dexamethasone. Multivariate logistic and Cox regression analyses con�rmed
that dexamethasone was signi�cantly associated with delirium (adjusted OR = 1.45, 95% CI = 1.08-1.95, P = 0.014) and in-hospital
mortality (adjusted HR = 1.19, 95% CI = 1.02-1.40, P = 0.032). The risk of delirium and in-hospital death was lower with dexamethasone
less than 10 mg, and subjects with 10-14 mg had the shortest length of hospital stay.

Conclusions

This study demonstrated that the use of dexamethasone in critically ill patients exacerbated the occurrence of delirium, while increasing
the risk of in-hospital death and length of stay, and the use of low-dose dexamethasone had a lower risk of delirium and death, which
appeared to be safer.

Key Points
Question: Previous controversies have been inconclusive about the effect of dexamethasone on postoperative delirium, so in
critically ill patients of ICU, does the use and dose of dexamethasone have an effect on the occurrence of delirium?

Findings: The use of dexamethasone in critically ill patients exacerbates the development of delirium, while increasing the risk of in-
hospital mortality and length of stay, and low-dose dexamethasone had a lower risk of delirium and death.

Meaning: To reduce the risk of delirium, it may be of interest to reduce the use of nonessential dexamethasone and control the
intake level of dexamethasone in ICU patients.

Introduction
Delirium is a neuropsychiatric disorder that also refers to a group of syndromes, known as acute brain syndrome. It is characterized by
sudden onset of changes and �uctuations in the level of consciousness, inattention, and confusion [1]. Almost all previous studies have
targeted postoperative delirium and investigated the effect of perioperative interventions such as surgery and anesthesia on the
occurrence of postoperative delirium [2-5]. The pathogenesis of postoperative delirium is complex, multifactorial, and not yet fully
understood, but multiple risk factors have been identi�ed, including age, previous psychiatric illness, cerebrovascular disease, previous
cognitive impairment, and type of surgery [6, 7]. However, a large proportion of critically ill patients who do not undergo surgery still
develop delirium, which is not uncommon in various intensive care units (ICUs) [8-10], with mild disturbance of consciousness, severe
memory loss and even death, which leads to prolonged ICU stay and hospital length of stay (LOS), increasing medical costs and
unnecessary pain [11, 12]. Therefore, it is particularly important to investigate the causes of delirium in critically ill patients in the ICU and
intervene.
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There is increasing evidence that the response of the brain to peripheral in�ammation may play a role in the development of
postoperative cognitive dysfunction (POCD) and postoperative delirium (POD) [13, 14]. Dexamethasone (DEX) is a long-acting
glucocorticoid widely used in various in�ammatory diseases [15]. If the in�ammatory reaction plays a role in the development of POD
and POCD, then inhibiting the in�ammatory response by DEX may prevent the development of POD and POCD [14, 16]. However, other
reports have demonstrated that high-dose oral glucocorticoid therapy increases the risk of psychiatric events, such as mood disorders,
anxiety, aggressive behavior, insomnia, irritability, depersonalization, panic disorder, suicidal thoughts, dementia, and delirium [17, 18]. A
number of previous studies have investigated the effect of DEX on POD and POCD, but their conclusions are inconsistent and
inconclusive [17, 19-21]. There are no studies on the effect of DEX on the development of delirium in critically ill patients, therefore, we
assessed the effect of DEX use and the dose on the incidence of delirium and patient prognosis in critically ill patients through a large
retrospective cohort study.

Methods
Study design and data source

This study used a retrospective observational cohort study design. Study data was extracted from Medical Information Mart for Intensive
Care III (MIMIC III) database, which is a large and freely available database that included 46,476 patients in the intensive care unit at Beth
Israel Deaconess Medical Center, Boston, MA, USA, from 2001 to 2012 [22]. Public de-identi�ed databases were used for this study, so
informed consent and institutional review board (IRB) approval was waived. We were granted access to the database after completing a
web-based training course based on the Cooperative Institutional Training Initiative (CITI program) entitled ‘Data or Specimens Only
Research’ (Record ID: 36171671). This access was approved by the Institutional Review Boards of Beth Israel Deaconess Medical Center
and MIT a�liates. The clinical data required for this study, including patient demographics and laboratory test results, were extracted by
the author Wu.

Population selection criteria

Patients included in the cohort should meet the following inclusion criteria: (1) age ≥ 18 years; (2) length of hospital or ICU stay > 1 day.
If there were more than one admission record in the database, only patients who were hospitalized for the �rst time were selected.
Excluded were any of the following: (1) DEX use before or after admission; (2) DEX use without clear dosage speci�cation; and (3)
patients who had already experienced or had experienced delirium before admission. In addition, to avoid potential input errors in the raw
data, we excluded patients with a hospital stay shorter than ICU LOS. The detailed �ow chart is shown in Figure 1.

Data extraction

Data were extracted from MIMIC III using Structured Query Language (SQL) with PostgreSQL (version 9.6) [23]. The extracted data
included age, gender, ethnicity, height, weight, type of ICU on admission, use and dosage of DEX, and occurrence of delirium. Body mass
index (BMI) was calculated as weight (kg) divided by height (m) squared. Complications included congestive heart failure (CHF),
coronary artery disease (CAD), hypertension, chronic obstructive pulmonary disease (COPD), acute respiratory failure (ARF), diabetes,
liver disease, acute kidney injury (AKI), cerebrovascular disease, sepsis. Laboratory parameters include red blood cell (RBC), hemoglobin,
white blood cell (WBC) and platelet counts, sodium, potassium, calcium, serum bicarbonate, serum creatinine, blood urea nitrogen (BUN),
glucose, and blood lactate values. Severity of illness was measured using the Sequential Organ Failure Assessment (SOFA) score [24]
and the Acute Physiology Score III (APS III) systems [25]. Baseline characteristics were extracted within 24 h of ICU admission.

Propensity score matching (PSM) and strati�cation method

Since many confounding factors in the baseline indicators had an effect on the initial cohort, which reduced the comparability of
outcome measures between the two cohorts, we tried to calculate the propensity score of each patient according to the following
covariates by using the multivariate logistic regression model, and grouped them 1:1 according to the score to eliminate the effect of
confounding factors on the two cohorts: age, gender, ethnicity, BMI, ICU type, SOFA score, APS III, CHF, CAD, hypertension, COPD, ARF,
diabetes, liver disease, cerebrovascular disease, sepsis, RBC, WBC, hemoglobin and platelet count, sodium, potassium and calcium level,
creatinine, BUN, blood glucose and lactate value.

In order to further investigate the effect of DEX dose on the occurrence of delirium, logistic regression analysis and comparison of
Lowess curves were performed by dividing the total DEX dose in patients using DEX into �ve levels by quintiles: level 1 (0 – 4 mg), level 2
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(4 – 10 mg), level 3 (10 – 14 mg), level 4 (14 – 23 mg), and level 5 (23 – 100 mg). Because the two cohorts remained heterogeneous for
ICU type after PSM analysis, we further performed a subgroup analysis according to the type of ICU admitted.

Outcomes

The primary outcome is whether patients admitted to the ICU develop delirium, which was de�ned as critically ill patients developing or
being diagnosed with delirium in the ICU. Secondary endpoints included in-hospital mortality, hospital LOS, ICU LOS, de�ned as death
during hospitalization, total LOS, and total ICU LOS, respectively. Due to patients may be admitted to the ICU more than once during one
hospitalization, only various outcome measures for patients' �rst ICU admission were included.

Statistical analysis

Tabulated continuous variables are expressed as mean and standard deviation (SD) or median and interquartile range (IQR). The t-test
was used for variables that obeyed normal distribution, and the Wilcoxon rank-sum test or Kruskal-Wallis test was used for skewed
distribution. Categorical variables were presented as n (%) and compared using the χ2 (or Fisher's exact) test. Baseline differences
between the two cohorts were balanced using PSM.

Logistic regression models were used to predict the association between DEX and delirium, and Cox regression models were used to
assess the association between DEX and in-hospital mortality. We used three different models to adjust for potential confounders
affecting the primary and secondary outcomes: (1) Model 1, including age, sex, ethnicity, BMI, and type of ICU on admission; and (2)
Model 2, which added comorbidities and laboratory tests to Model 1, including CHF, CAD, hypertension, COPD, ARF, diabetes, liver disease,
cerebrovascular disease, sepsis, RBC, WBC, hemoglobin, platelets, sodium, potassium, calcium, creatinine, BUN, blood glucose, lactate,
SOFA score, and APS III; (3) Model 3, a propensity score as mentioned above. To compare the effect of DEX on outcome measures in
different ICUs before and after PSM by subgroup analyzing ICU types with greater heterogeneity. Lowess Smoothing technique were
further used to investigate the crude relationship between DEX dose and delirium and in-hospital mortality. The �nal model was
developed using a stepwise backward elimination method with a signi�cance level of 0.05. All logistic regression models were assessed
for goodness-of-�t.

A two-sided p values < 0.05 of each test was considered statistically signi�cant. All statistical analyses were conducted using software
Stata 15.1 (StataCorp, College Station, TX).

Results
Characteristics of patients

We included 38,509 patients in the study, of whom 2,204 (5.7%) used DEX during hospitalization and the remaining 36,305 (94.3%) did
not. Table 1 enumerates the baseline characteristics of the original two-group cohort and the post-PSM two-group cohort. The baseline
levels of age, gender, race, BMI, type of ICU admission, SOFA score, APS III, CHF, CAD, hypertension, COPD, ARF, diabetes, liver disease,
cerebrovascular disease, sepsis, RBC, WBC, hemoglobin, platelet, sodium, potassium, calcium, creatinine, BUN, glucose and lactate were
statistically signi�cantly different between the two groups before PSM (p < 0.05). Using PSM (1:1 matching ratio), 2,204 patients who
used DEX were matched with 2,204 patients who had not used DEX in the hospital. After matching, the imbalance was signi�cantly
reduced in both cohorts, and all baseline variables were comparable between the two groups except for ICU type.

Primary outcome

A crude comparison of the primary outcome was �rst made, and as shown in Table 2, before matching, the incidence of delirium was
5.0% vs. 3.4% in the DEX vs. non-DEX group (p < 0.001); after matching, the occurrence of delirium remained signi�cantly higher in the
DEX group than in the control group (5.0% vs. 3.5%, p = 0.014). Further, three multivariate logistic regression models were established to
test the difference in the occurrence of delirium between the two groups. The results showed that the use of DEX in critically ill patients
was a risk factor for the occurrence of delirium, with a crude odds ratio (OR) of 1.51 [95% con�dence interval (CI) = 1.23-1.84]. After
adjustment for three different models, the association was still signi�cant and consistent (OR = 1.45, 95% CI = 1.08-1.95, adjusted for
model 3; the results of the other two models were presented in Table 3). In addition, in order to investigate the effect of different doses of
DEX on the occurrence of delirium, we roughly equally divided the patients using DEX into �ve groups using quintiles as the cut-off value,
and established a Lowess curve based on a logistic regression model, and preliminarily found that the incidence of delirium also showed
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a positive trend increase with increasing doses of DEX, and low-dose DEX (< 10 mg) could signi�cantly reduce the risk of delirium
compared with medium and high doses (10 – 100 mg). (Figure 2A)

Secondary outcomes

Crude differences in hospital mortality between the two cohorts in secondary outcomes are shown in Table 2, with patients in the DEX
group having signi�cantly higher hospital mortality than patients in the non-DEX group before matching (15.0% vs. 11.3%, p < 0.001);
after matching, there was no statistically signi�cant difference between the two cohorts (15.0% vs. 13.6%, p = 0.182). Further, three Cox
proportional hazards models were established to test the difference in hospital mortality. The results showed that the use of DEX in
critically ill patients was a risk factor for hospital death, with a crude hazard ratio (HR) of 1.45 [95% CI = 1.29-1.62]. After adjustment for
three different models, the association was still signi�cant and consistent (HR = 1.19, 95% CI = 1.02-1.40, adjusted for model 3; the
results of the other two models were presented in Table 3). In addition, by Lowess smoothing technique, we initially found that the use of
too little or too much DEX signi�cantly increased hospital mortality. (Figure 2B)

It is easy to see from Table 2 that the hospital and ICU LOS were signi�cantly longer in patients who used DEX than in those who did not,
both before and after matching. Figure 2 roughly con�rms by dose correlation that patients using 10 – 14 mg DEX achieved the shortest
hospital and ICU LOS. (Figure 2C, D)

Subgroup analysis

As shown in Table 4, the estimates of the association between DEX use and the development of delirium were broadly consistent among
patients with different types of ICU stay after strati�cation by ICU type of admission. However, estimates of the association between DEX
and in-hospital mortality varied after subgroup analysis according to ICU type, with a much higher risk of in-hospital mortality (adjusted
for model 3) observed with DEX use among patients in the cardiac surgery recovery unit (CSRU) (HR = 2.70, 95% CI = 1.06-6.84) and
medical intensive care unit (MICU) (HR = 1.78, 95% CI = 1.42-2.22), whereas a signi�cant negative association was observed among
patients hospitalized in the surgical intensive care unit (SICU) (HR = 0.38, 95% CI = 0.25-0.55).

Discussion
This observational study is the �rst to investigate the impact of DEX use and dose in critically ill patients on delirium development and
patient prognosis. This is also one of the largest studies conducted in terms of the number of patients included. This retrospective cohort
study showed that the use of DEX in critically ill patients could promote the occurrence of delirium, and increase the in-hospital mortality,
total hospital and ICU LOS; the use of DEX less than 10 mg had the lowest risk of delirium and death; the use of 10-14 mg could obtain
the greatest bene�t in the length of hospital stay. From the results, DEX has the risk of increasing the occurrence of delirium in ICU
patients, and the risks and bene�ts need to be reasonably considered when used. If it is necessary to use, low-dose DEX may be safer
when the treatment needs are met.

In the hospital setting, the prevalence of delirium in general medical patients is estimated to be between 10% and 30%, while it is even
higher estimated to be 80% in patients in the ICU [26, 27]. Fortunately, up to 40% of delirium is preventable [28]. Delirium may be caused
by different pathophysiological mechanisms, including disturbances in several neurotransmitter systems of the brain, which are not fully
understood. Previous studies by Mardani et al [19] have shown that DEX is a protective factor for POD in cardiac surgery. In cardiac
surgery, excessive in�ammatory cytokines �owing into the brain due to extracorporeal circulation and other factors can cause
neurological and neuroendocrine system dysfunction, resulting in a high incidence of POD in cardiac surgery. DEX and its regulatory
effect on in�ammatory mediators (proenzyme activator, IL-6, IL-8 and TNF-α) disrupt the above functions, thereby reducing the incidence
of POD in cardiac surgery [19, 29, 30].

However, there are a large number of studies demonstrating that the occurrence of POD in patients using DEX is not signi�cantly
different from that in patients not using it [14, 20, 31, 32]. The occurrence of POD is the result of the interaction of multiple factors, and a
single intervention cannot completely affect it. Although there is evidence that in�ammation is an important pathogenesis of POD, other
factors that have not been clari�ed may play a greater role in the occurrence and development of POD [14, 33], such as surgical factors,
anesthetic drugs, especially benzodiazepines, which have been shown to seriously affect and exacerbate the occurrence of POD [31, 34,
35], and these factors are not present in most non-surgical critically ill ICU patients. It also explains why treatment with other anti-
in�ammatory drugs such as statins [36] and haloperidol [37, 38] does not appear to reduce the incidence of POD. Therefore, the effect of
DEX on delirium in non-surgical critically ill patients was previously unknown.
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Corticosteroids used to treat many diseases cause some systemic adverse effects, some of which are psychiatric side effects [39, 40]. An
earlier study reported that more than half of 55 patients (n = 30, 54.5%) who had used different types of steroids were diagnosed with
mental disorders, and the mean duration of delirium was 7 days [18]. Glucocorticoids may play an important role in the pathogenesis of
delirium, especially in elderly patients [41]. Abnormal "shutdown" of the hypothalamic-pituitary-adrenal (HPA) axis appears to be a key
abnormal link in the development of delirium. When glucocorticoid levels increase, they act on a more restricted portion of the HPA axis
to prevent stress-induced further hormone secretion [42]. In addition, an intact hippocampal formation is essential for the closure of the
normal HPA axis [43, 44]. In this brain region, there is a close interaction between neurotransmitters (especially acetylcholine, serotonin,
and norepinephrine) and glucocorticoid receptors, which may be associated with delirium in elderly patients with stroke and
neurodegenerative encephalopathy [45-47]. DEX has a biphasic effect on several physiological functions of neurons, which can be
extended to effects on memory, particularly on hippocampal-related visuospatial memory. Even moderate doses of DEX may impair
"hippocampal-like" declarative memory performance [48, 49]. Lupien et al showed that elderly subjects with elevated circulating cortisol
levels experienced a decline in hippocampus-dependent memory with a 14% reduction in hippocampal volume over 5 to 6 years of
follow-up [50]. DEX may aggravate psychiatric conditions in certain pathological disorders (e.g., Cushing's syndrome, Alzheimer's
disease), which can lead to HPA axis dysregulation [21, 51, 52]. In addition, the study found that 5% of patients developed glucocorticoid-
induced psychosis or mania, and the mean albumin level in these patients was signi�cantly lower than that in patients who did not
develop mental disorders, while critically ill patients admitted to the ICU had prevalent albumin levels [53, 54]. So, in order to reduce the
symptoms of delirium, it may be of interest to control the intake level of DEX.

Studies have shown that the most important risk factor for psychiatric symptoms after DEX use is the dose used. Early studies from the
Boston Collaborative Drug Monitoring Program con�rmed signi�cant dose-response associations for glucocorticoids [55]. Chan et al
showed that 8% of patients taking 90 mg prednisone per day had psychosis, compared with only 3% of patients taking 30 mg per day
[56]. The effect of DEX on delirium is also dose-dependent. DEX is a long-acting glucocorticoid with an extended half-life of 36 to 54
hours that will result in more drug accumulation over time compared to methylprednisolone with a half-life of 18 to 36 hours [57].
Therefore, repeated high-dose DEX use in a short period of time may result in more drug accumulation than expected, which also
explains the observation that the higher the dose of DEX is used in critically ill patients, the higher the risk of delirium or in-hospital death.
Speci�cally, there was an "inverted U-shaped" dose response to the effect of DEX on psychiatric symptoms, meaning that very low or high
levels of serum cortisol (modulated by DEX levels) can cause the brain to exhibit symptoms such as cognitive impairment and delirium
[21, 51, 58], which in turn exacerbates the risk of death in patients, consistent with our observed dose effect on mortality outcomes. In the
study by Genis et al., patients did not experience psychiatric symptoms when taking oral DEX 20 mg, while when the dose was increased
to 40 mg, patients developed psychiatric symptoms within the �rst week [54].Similarly, it has been shown that side effects caused by
psychosis are associated with prednisone > 80 mg/day (equivalent to 13 mg DEX) and declarative memory loss > 40 mg (equivalent to 6
mg DEX) [55, 59, 60]. A large multicenter trial showed that intraoperative high-dose DEX had a signi�cant effect on the risk of delirium
development [61, 62]. In addition, low-dose DEX 4 mg/day improved depressive symptoms in patients with major depressive disorder
compared to placebo [63, 64]. Thus, the chance of developing delirium may also increase with increasing doses of DEX in critically ill
patients regardless of their psychological history.

Our study showed that critically ill patients using DEX had prolonged hospital and ICU stays (especially with high-dose use), and this
result may be caused by the high incidence of delirium in this part of the patients, as Hopkins et al [65] showed that patients who
developed cognitive impairment and delirium had a 2.7-fold higher risk of total ICU stays of more than 27.4 days than those who did not.
In addition, our subgroup analysis showed that ICU admission type was not a source of heterogeneity, and the use of DEX in various ICUs
increased the risk of delirium development. In terms of death, only the use of DEX in SICU reduces the risk of in-hospital death. In
combination with the lower OR of delirium in patients using DEX in SICU compared with other ICUs, we infer that the bene�t may be
higher in patients using DEX in SICU than in other ICUs, which may be related to that most patients in SICU are surgical patients. Some
previous studies have shown that DEX has a protective effect in surgical patients [19, 21, 66].

This study has several limitations. First, patients in the MIMIC III database may not have a perfect baseline level affecting delirium before
admission, including preoperative cognitive status, educational level, sensory disturbance and psychiatric history, etc., and these original
values may not be completely recorded in this database. Although these factors may be relatively rare in critically ill patients, we cannot
exclude that there may be some imbalance between the two cohorts, for which we performed a series of model efforts to correct for the
effect of confounding factors reducing the imbalance. Second, in addition to clinical parameters and comorbidities, patients were only
followed up for a short period of up to 90 days after discharge, while the 90-day follow-up period could not fully determine the outcome
of delirium patients, so our study did not involve the long-term prognosis of delirium in critically ill patients using DEX. So, prospective
studies are needed to further con�rm our results. Third, our study was a retrospective design. Despite careful PSM and further subgroup
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analysis for the presence of heterogeneity, residual confounding cannot be completely ruled out. Therefore, the risk of confounding
factors is considered in the interpretation of results. Finally, an observational study based on single-center electronic historical records,
and the results need to be veri�ed by a multicenter trial.

Conclusions
In summary, in this large retrospective analysis, we con�rmed that the use of DEX in critically ill patients may exacerbate the
development of delirium while increasing the risk of death and length of hospital stay of patients during hospitalization. In addition,
compared with high-dose, low-dose DEX has lower risk of delirium and death and safer. These results also need to be validated by
multicenter randomized controlled trials in the future.
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Tables
Table 1. Baseline characteristics of the dexamethasone and non-dexamethasone groups before and after propensity score matching
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Characteristic Before matching After matching

All patients

(n = 38,509)

Dexamethasone
group (n =
2,204)

Non-
dexamethasone
group (n =
36,305)

p value Dexamethasone
group (n =
2,204)

Non-
dexamethasone
group (n =
2,204)

p value

Age (years) 63.9±17.5 59.7±16.3 64.1±17.5 <0.001* 59.7±16.3 59.5±19.4 0.752

Sex, n (%)

Female

Male

16,716
(43.4)

21,793
(56.6)

1,108 (50.3)

1,096 (49.7)

15,608 (43.0)

20,697 (57.0)

<0.001* 1,108 (50.3)

1,096 (49.7)

1076 (48.8)

1128 (51.2)

0.335

Ethnicity, n (%)

White

Black

Asian

Other

27,481
(71.4)

4,215 (10.9)

911 (2.4)

5,902 (15.3)

1,641 (74.5)

280 (12.7)

69 (3.1)

214 (9.7)

25,840 (71.2)

3,935 (10.8)

842 (2.3)

5,688 (15.7)

<0.001* 1,641 (74.5)

280 (12.7)

69 (3.1)

214 (9.7)

1645 (74.6)

261 (11.9)

55 (2.5)

243 (11.0)

0.252

BMI 27.9±6.5 27.4±6.3 28.0±6.5 <0.001* 27.4±6.3 27.5±6.4 0.449

Type of ICU on
admission, n
(%)

CCU

CSRU

MICU

SICU

TSICU

5,673 (14.7)

7,606 (19.8)

13,635
(35.4)

6,366 (16.5)

5,229 (13.6)

116 (5.3)

57 (2.6)

874 (39.7)

781 (35.4)

376 (17.0)

5,557 (15.3)

7,549 (20.8)

12,761 (35.1)

5,585 (15.4)

4,853 (13.4)

<0.001* 116 (5.3)

57 (2.6)

874 (39.7)

781 (35.4)

376 (17.0)

101 (4.6)

188 (8.5)

819 (37.2)

519 (23.5)

577 (26.2)

<0.001*

SOFA score,
median (IQR)

3 (2-5) 3 (1-5) 3 (2-6) <0.001* 3 (1-5) 3 (1-5) 0.168

APS III, median
(IQR)

38 (28-51) 36 (27-52) 38 (28-51) 0.036* 36 (27-52) 37 (27-51) 0.333

Comorbidities, n
(%)

CHF

CAD

Hypertension

COPD

ARF

Diabetes

Liver disease

AKI

Cerebrovascular
disease

Sepsis

8,910 (23.1)

10,917
(28.4)

16,768
(43.5)

777 (2.0)

5,599 (14.5)

9,872 (25.6)

3,435 (8.9)

7,906 (20.5)

1,319 (3.4)

3,404 (8.8)

318 (14.4)

198 (9.0)

855 (38.8)

29 (1.3)

491 (22.3)

382 (17.3)

263 (11.9)

465 (21.1)

126 (5.7)

272 (12.3)

8,592 (23.7)

10,719 (29.5)

15,913 (43.8)

748 (2.1)

5,108 (14.1)

9,490 (26.1)

3,172 (8.7)

7,441 (20.5)

1,193 (3.3)

3,132 (8.6)

<0.001*

<0.001*

<0.001*

0.016*

<0.001*

<0.001*

<0.001*

0.497

<0.001*

<0.001*

318 (14.4)

198 (9.0)

855 (38.8)

29 (1.3)

491 (22.3)

382 (17.3)

263 (11.9)

465 (21.1)

126 (5.7)

272 (12.3)

296 (13.4)

170 (7.7)

850 (38.6)

18 (0.8)

479 (21.7)

391 (17.7)

266 (12.1)

462 (21.0)

114 (5.2)

283 (12.8)

0.339

0.127

0.877

0.107

0.663

0.721

0.889

0.912

0.426

0.617

Laboratory
tests

RBC, m/μL

3.6±0.7

10.9±2.0

11.8±6.1

3.7±0.7

11.3±2.1

12.1±7.2

3.6±0.7

10.9±2.0

11.9±6.0

<0.001*

<0.001*

0.077

3.7±0.7

11.3±2.1

12.1±7.2

3.7±0.7

11.2±2.0

12.0±6.3

0.760

0.383

0.518
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Hemoglobin,
g/dL

WBC, K/μL

Platelet, K/μL

Sodium, mEq/L

Potassium,
mEq/L

Calcium, mg/dL

Bicarbonate,
mEq/L

Creatinine,
mg/dL

BUN, mg/dL

Glucose, mg/dL

Lactate,
mmol/L

215.6±103.0

138.3±4.6

4.2±0.7

8.3±0.9

23.6±4.4

1.3±1.2

23.5±19.2

144.9±67.1

2.1±1.5

226.9±114.9

138.0±5.1

4.1±0.6

8.4±1.0

23.5±4.3

1.1±1.1

22.4±18.4

149.9±64.6

2.1±1.4

214.9±102.2

138.3±4.5

4.2±0.7

8.3±0.9

23.6±4.4

1.3±1.2

23.6±19.2

144.6±67.3

2.1±1.5

<0.001*

0.006*

<0.001*

<0.001*

0.139

<0.001*

0.003*

<0.001*

0.657

226.9±114.9

138.0±5.1

4.1±0.6

8.4±1.0

23.5±4.3

1.1±1.1

22.4±18.4

149.9±64.6

2.1±1.4

226.8±108.8

138.1±4.8

4.1±0.7

8.4±1.0

23.5±4.5

1.1±1.1

22.5±20.0

150.2±80.7

2.1±1.4

0.986

0.767

0.748

0.260

0.981

0.755

0.827

0.867

0.766

Notes: Data are presented as mean ± standard deviation, median (IQR), or n (%). Comparisons were performed using the t-test, Kruskal
Wallis or χ2 (or Fisher's exact) test. * Statistically signi�cant (P < 0.05).

Abbreviations: BMI, body mass index; ICU, intensive care unit; CCU, coronary care unit; CSRU, cardiac surgery recovery unit; MICU, medical
intensive care unit; SICU, surgical intensive care unit; TSICU, trauma/surgical intensive care unit; IQR, interquartile range; SOFA, Sequential
Organ Failure Assessment; APS III, Acute Physiology Score III; CHF, congestive heart failure; CAD, coronary artery disease; COPD, chronic
obstructive pulmonary disease; ARF, acute respiratory failure; AKI, acute kidney injury; RBC, red blood cell; WBC, white blood cell; BUN,
blood urea nitrogen.

Table 2. Crude comparison of dexamethasone use with outcome measures in critically ill patients

Variables Before matching After matching

Dexamethasone
group (n = 2,204)

Non-dexamethasone
group (n = 36,305)

p value Dexamethasone
group (n = 2,204)

Non-dexamethasone
group (n = 2,204)

p value

Primary
outcome

Delirium, n (%)

110 (5.0) 1,224 (3.4) <0.001* 110 (5.0) 77 (3.5) 0.014*

Secondary
outcomes

Hospital
mortality, n (%)

Hospital LOS,
median (IQR)

ICU LOS,
median (IQR)

331 (15.0)

10.7 (6.1-19.5)

2.9 (1.4-6.8)

4,085 (11.3)

6.8 (4.0-11.5)

2.1 (1.2-4.0)

<0.001*

<0.001*

<0.001*

331 (15.0)

10.7 (6.1-19.5)

2.9 (1.4-6.8)

300 (13.6)

7 (3.9-12.8)

2.1 (1.3-4.5)

0.182

<0.001*

<0.001*

Notes: Data are presented as n (%) or median (IQR). Comparisons were performed using χ2 (or Fisher's exact) or Kruskal Wallis test. *
Statistically signi�cant (P < 0.05).

Abbreviations: LOS, length of stay; IQR, interquartile range.

Table 3. Association between dexamethasone use and delirium and hospital mortality
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Outcomes Group Odds Ratio (or Hazard Ratio) 95% CI p value

Delirium

Crude Non-dexamethasone

Dexamethasone

Ref

1.51

1.23-1.84 <0.001*

Model 1 Non-dexamethasone

Dexamethasone

Ref

1.52

1.24-1.86 <0.001*

Model 2 Non-dexamethasone

Dexamethasone

Ref

1.45

1.18-1.78 <0.001*

Model 3 Non-dexamethasone

Dexamethasone

Ref

1.45

1.08-1.95 0.014*

Hospital mortality

Crude Non-dexamethasone

Dexamethasone

Ref

1.45

1.29-1.62 <0.001*

Model 1 Non-dexamethasone

Dexamethasone

Ref

1.52

1.35-1.70 <0.001*

Model 2 Non-dexamethasone

Dexamethasone

Ref

1.20

1.07-1.34 0.002*

Model 3 Non-dexamethasone

Dexamethasone

Ref

1.19

1.02-1.40 0.032*

Notes: The association between dexamethasone use and delirium incidence and hospital mortality in critically ill patients was analyzed
using logistic regression models and Cox regression models, respectively. Model 1 was adjusted by: age, sex, ethnicity, BMI, and type of
ICU on admission; Model 2, adding CHF, CAD, hypertension, COPD, ARF, diabetes, liver disease, cerebrovascular disease, sepsis, RBC,
WBC, hemoglobin, platelets, sodium, potassium, calcium, creatinine, BUN, blood glucose, lactate, SOFA score and APS III to Model 1;
Model 3, a propensity score as mentioned above. * Statistically signi�cant (P < 0.05).

Abbreviations: CI, con�dence interval; BMI, body mass index; ICU, intensive care unit; SOFA, Sequential Organ Failure Assessment; APS III,
Acute Physiology Score III; CHF, congestive heart failure; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; ARF,
acute respiratory failure; RBC, red blood cell; WBC, white blood cell; BUN, blood urea nitrogen.

Table 4. Association between dexamethasone use and delirium and hospital mortality strati�ed by types of ICU
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  Crude Adjust by Propensity Score

Odds Ratio (or Hazard
Ratio)

95% CI p value Odds Ratio (or Hazard
Ratio)

95% CI p value

Delirium

CCU

Non-
dexamethasone

Dexamethasone

CSRU

Non-
dexamethasone

  Dexamethasone

MICU

Non-
dexamethasone

Dexamethasone

SICU

Non-
dexamethasone

Dexamethasone

TSICU

Non-
dexamethasone

Dexamethasone

Ref

1.32

Ref

1.52

Ref

1.83

Ref

0.97

Ref

1.03

0.48-
3.64

0.37-
6.29

1.38-
2.41

0.65-
1.44

0.61-
1.74

0.587

0.561

<0.001*

0.866

0.900

Ref

1.77

Ref

2.24

Ref

1.44

Ref

1.17

Ref

1.56

0.32-9.86

0.37-
13.76

0.95-2.17

0.63-2.18

0.77-3.16

0.516

0.383

0.085

0.624

0.218

Hospital mortality

CCU

Non-
dexamethasone

Dexamethasone

CSRU

Non-
dexamethasone

  Dexamethasone

MICU

Non-
dexamethasone

Dexamethasone

SICU

Non-
dexamethasone

Dexamethasone

TSICU

Non-
dexamethasone

Ref

1.86

Ref

4.45

Ref

1.93

Ref

0.38

Ref

1.01

1.22-
2.85

2.20-
9.00

1.68-
2.22

0.28-
0.52

0.72-
1.40

0.004*

<0.001*

<0.001*

<0.001*

0.973

Ref

1.35

Ref

2.70

Ref

1.78

Ref

0.38

Ref

0.94

0.69-2.63

1.06-6.84

1.42-2.22

0.25-0.55

0.63-1.41

0.386

0.036*

<0.001*

<0.001*

0.764
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Dexamethasone

Notes: The association between dexamethasone use and delirium incidence and hospital mortality in critically ill patients was analyzed
using logistic regression models and Cox regression models, respectively. Propensity score was calculated according to age, gender,
ethnicity, BMI, SOFA score, APS III, CHF, CAD, hypertension, COPD, ARF, diabetes, liver disease, cerebrovascular disease, sepsis, RBC, WBC,
hemoglobin, platelets, sodium, potassium, calcium, creatinine, BUN, blood glucose and lactate. * Statistically signi�cant (P < 0.05).

Abbreviations: CI, con�dence interval; ICU, intensive care unit; CCU, coronary care unit; CSRU, cardiac surgery recovery unit; MICU, medical
intensive care unit; SICU, surgical intensive care unit; TSICU, trauma/surgical intensive care unit; BMI, body mass index; SOFA, Sequential
Organ Failure Assessment; APS III, Acute Physiology Score III; CHF, congestive heart failure; CAD, coronary artery disease; COPD, chronic
obstructive pulmonary disease; ARF, acute respiratory failure; RBC, red blood cell; WBC, white blood cell; BUN, blood urea nitrogen.

Figures

Figure 1

Flowchart of included subjects. MIMIC III: Medical Information Mart for Intensive Care III; ICU: intensive care unit; PSM: propensity score
matching
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Figure 2

Effect of different doses of dexamethasone on primary and secondary outcomes: (A, B) differences in the incidence of delirium and in-
hospital death among patients using different doses were con�rmed by �tting with a Lowess smoothing and logistic regression
technique; (C, D) the optimal value of dexamethasone dosage to minimize the hospital and ICU LOS was con�rmed by histogram. ICU,
intensive care unit; LOS, length of stay.


