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Abstract 

Introduction  Delirium is a frequent complication in critically ill patients and is associated with adverse outcomes 
such as long-term cognitive impairment and increased mortality. It is unknown whether there are sex-related dif‑
ferences in intensive care unit (ICU) delirium and associated outcomes. We aimed to assess sex-specific differences 
in short-term mortality following ICU-delirium.

Methods  We conducted a retrospective cohort study using the Medical Information Mart for Intensive Care-IV 
(MIMIC-IV) database. Adult ICU patients who were diagnosed with delirium using the Confusion Assessment Method 
for the ICU (CAM-ICU) were included. The primary outcome was 30-day mortality following delirium onset. To control 
for baseline differences in demographics, illness severity, and comorbidities, we applied 1:1 propensity score match‑
ing. Cox proportional hazards regression models were used to evaluate the association between sex and mortality.

Results  A total of 8950 ICU patients with delirium were analyzed, of whom 42.6% were women. In univariable analy‑
sis, women had higher crude mortality (26.0% vs. 23.4%; HR 1.16, 95% CI 1.071–1.267, p < 0.001). After propensity score 
matching, the cohort included 3811 women and 3811 men. In adjusted analysis, risk for thirty-day mortality remained 
higher in women (HR 1.16, 95% CI 1.064–1.273, p < 0.001).

Conclusion  Our study suggests that women with ICU-delirium have a significantly higher risk of short-term mortality 
than men. Acknowledging the limitations inherent to observational studies with potential for residual confounding, 
further research is needed to understand the biological and clinical factors driving this disparity and to inform sex-
specific interventions for ICU-delirium.
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Introduction
Delirium is a heterogeneous syndrome of acute brain 
dysfunction, characterized by acute and fluctuating dis-
turbance of consciousness, cognition and attention [1]. It 
affects up to half of critically ill patients and is associated 
with adverse outcomes, including prolonged ICU stays 
and long-term cognitive impairment [2]. ICU-delirium 
results from a complex interplay of risk factors and pre-
cipitants, and currently there is no pharmacologic inter-
vention with substantial evidence for benefit [3, 4].
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Emerging research has identified significant differences 
in how women and men experience, respond to, and 
recover from other entities in critical care such as, car-
diogenic shock [5], sepsis [6] or acute kidney injury [7]. 
To ensure a nuanced interpretation of current evidence, 
it is crucial to differentiate between gender and sex: gen-
der involves socially constructed roles and behaviors 
considered appropriate by a society, while sex refers to 
biological attributes [8]. However, the impact of sex-spe-
cific differences on ICU delirium and related outcomes 
remains poorly understood, with existing data on sex-
related influences—such as delirium duration, subtypes, 
treatment approaches, and patient outcomes—being 
conflicting, inconclusive, and limited [9, 10].

Understanding and addressing sex and gender differ-
ences regarding ICU-delirium is essential for improving 
patient care and outcomes, enabling personalized man-
agement that fosters equitable, patient-centered care [11].

The aim of this study was to explore whether critically 
ill patients with ICU-delirium exhibit sex-specific differ-
ences in short-term mortality.

Methods
Data source and study design
To ensure transparency and reproducibility, we utilized 
data from the openly accessible  Medical Information 
Mart for Intensive Care-IV (MIMIC-IV) database [12].

The MIMIC-IV database was accessed through Post-
greSQL, with variables extracted using SQL queries 
provided by the official MIMIC GitHub repository. All 
subsequent data preparation and analyses were con-
ducted using Python version 3.12.4.

Our study adhered to the REporting of studies Con-
ducted using Observational Routinely-collected Data 
(RECORD)  guideline and has been registered on 
the  Open Science Framework (https://​osf.​io/​g6fr8). The 
code to fully reproduce our analysis is available (https://​
github.​com/​schrn​ik/​sex_​speci​fic_​diffe​rences_​delir​ium).

Study population and screening for delirium
Patients aged 18 years or older who were admitted to the 
ICU and screened positive for delirium during their stay 
at the ICU using the Confusion Assessment Method for 
the ICU (CAM-ICU) [13] were eligible for analysis.

For a diagnosis of delirium, patients were required to 
have a Richmond Agitation-Sedation Scale (RASS) of − 3 
or higher, along with an acute change or fluctuation 
in mental status (feature 1), inattention (feature 2), and 
either disorganized thinking (feature 3) or an altered level 
of consciousness (feature 4).

We classified patients into delirium subtypes as fol-
lows: Hyperactive delirium was defined by RASS scores 
between + 1 and + 4 at the time of delirium diagnosis, 

while hypoactive delirium was defined by RASS scores 
between 0 and − 3 at the time of delirium diagnosis [14].

Patients were excluded if they screened negative for 
delirium, lacked documentation of delirium screening, or 
had incomplete data required for time-to-event analysis.

Outcome
The censoring date of the study was set the latest at 
30  days from delirium onset. The primary outcome of 
interest was 30-day mortality following the onset of delir-
ium and was defined as the time interval from delirium 
onset to death-from-any-cause or the censoring date 
when being still alive 30 days after delirium onset.

Statistical analysis
Continuous variables were reported as medians with 
interquartile ranges (IQRs) and compared between sexes 
using the Wilcoxon rank-sum test. Categorical variables 
were summarized as counts and percentages and com-
pared using the Chi-Square test. The magnitude of differ-
ences between groups was quantified using standardized 
mean differences (SMDs).

To examine the association between sex and 30-day 
mortality, we performed Cox proportional hazards 
regression. Results were expressed as hazard ratios 
(HRs) with 95% confidence intervals (CIs). The propor-
tional hazards assumption was assessed using Schoenfeld 
residuals.

Survival probabilities were visualized with Kaplan–
Meier curves, and differences between sexes were 
assessed using the log-rank test.

To account for potential imbalances in baseline demo-
graphics, illness severity, treatment modalities and 
comorbidities between sexes, we applied propensity score 
matching (PSM). We derived the propensity score e from 
a multivariable logistic regression model with sex as the 
dependent variable. Conditional on the propensity score, 
the distribution of baseline covariates was expected to be 
similar between women and men [15, 16].

The 24 covariates for the logistic regression model were 
selected based on existing literature [17] and are listed in 
the supplementary material.

We performed 1:1 nearest-neighbor matching with 
a caliper width of 0.1. After matching, balance between 
groups was assessed by re-estimating SMDs within the 
matched cohort to ensure that baseline covariates were 
well balanced between sexes.

After PSM, we estimated the HRs and their standard 
errors by using Cox models with a robust variance esti-
mator to account for the matched pairs. The model was 
adjusted for delirium subtype.

https://osf.io/g6fr8
https://github.com/schrnik/sex_specific_differences_delirium
https://github.com/schrnik/sex_specific_differences_delirium
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To assess the robustness of our findings, we performed 
sensitivity analyses, the details of which are provided in 
the Additional Files.

Results
A total of 8950 ICU patients developed delirium dur-
ing their stay and were eligible for analysis (Study Flow 
Chart, Additional Figure A1). Of these, 42.6% were 
women. Women were significantly older than men 
(median age: 71 [58–81] vs. 66 [54–77], p < 0.001) and 
had higher illness severity (SAPS II: 39.0 [31.0–50.0] vs. 
38.0 [30.0–49.0], p < 0.001), though they were less likely 
to receive invasive ventilation (48.4% vs. 53.5%, p < 0.001) 
and vasoactive medication (43.7% vs. 46.2%, p = 0.020) 
before delirium onset. The baseline demographics, ICU-
admission types, ICU-treatments, and comorbidities of 
the entire cohort, stratified by sex, are detailed in Table 1.

At 30 days, 992 of 3811 women and 1202 of 5139 men 
(26.0% vs. 23.4%, p = 0.004) had died, resulting in a crude 
HR of 1.16 (95% CI 1.071–1.267, p < 0.001; Fig. 1). After 
propensity score matching, the cohort included 3811 
women and 3811 men. In the matched cohort, 909 men 
and 992 women had died after 30 days. After adjustment 
for delirium subtype, this corresponded to a HR of 1.16 
(95% CI 1.064–1.273, p < 0.001) for female sex (Addi-
tional Table T1).

Baseline characteristics in the matched cohort were 
well-balanced, with all SMDs < 0.1 (Additional Figure 
A2). The distribution of the propensity score before and 
after matching is shown in Additional Figure A3, poten-
tial differences for delirium subtypes in Additional Figure 
A4.

Discussion
This study identified a significantly higher risk of short-
term mortality for women with ICU-delirium compared 
to men.

The existing literature on sex-specific differences in 
delirium is limited and somewhat contradictory [11]. 
While some studies identify male sex as a risk factor for 
ICU-delirium, others have found an increased risk among 
women [17]. However, the impact of sex on short-term 
mortality in ICU patients in general remains uncertain, 
with research suggesting higher risk-adjusted ICU mor-
tality in women [18], whereas other studies suggest no 
difference [16]. Despite these findings, the relationship 
between sex and outcomes specifically in ICU-delirium 
has not been thoroughly explored.

Hence, current guidelines do not explicitly address 
sex-specific differences in the prevention or manage-
ment of ICU-delirium, despite the growing recognition 
of sex differences in critical care literature [19]. To the 

best of our knowledge, our study is the first to specifi-
cally assess sex-related differences in short-term mor-
tality among ICU-delirium patients.

This study provides new insights but also raises 
important questions:

	(i)	 Why do women with ICU-delirium experience a 
higher risk of mortality?

	(ii)	 What are the implications of identifying a mortality 
difference between men and women with delirium?

	(iii)	 Men and women may follow different trajectories 
of recovery or deterioration after ICU-delirium due 
to differences in genetic predisposition, hormo-
nal factors, and immunological responses to acute 
brain dysfunction, as sex hormones, including 
estrogens, progesterone, and androgens, regulate 
immune responses differently in each sex [20].

	(iv)	 Within the context of personalized medicine, 
our findings reinforce the need for special focus 
on women with ICU-delirium, both in everyday 
clinical practice and in future interventional trials, 
where women recently were underrepresented [3]. 
Moreover, emerging evidence suggests that women 
are undertreated in the ICU despite experiencing 
higher illness severity [11]. Although this hypothe-
sis was not directly tested in our study, our findings 
may indirectly reflect this disparity, as, for example, 
women in our cohort were also less likely to receive 
vasoactive medication.

The critical care literature has shown significant pro-
gress in understanding sex-specific differences in other 
conditions, such as sepsis and cardiogenic shock [11], 
whereas our findings underline that further research 
into ICU-delirium is essential.

Considering the clinical implications of our findings, 
a critical starting point is recognizing the potential for 
unconscious bias when designing new interventions 
or preventive strategies for ICU-delirium. The higher 
mortality observed in women in our study may serve 
as an indicator of such bias, suggesting that current 
approaches might inadvertently overlook sex-specific 
needs. Future interventions should consider the pos-
sibility of these biases, promoting more tailored and 
equitable care that proactively addresses the unique 
risks and treatment responses associated with each sex.

The strengths of our study are the use of a large, 
openly available dataset and availability of detailed 
methodology and code to facilitate the reproduction 
and extension of our findings. Additionally, the sub-
stantial sample size enabled us to adjust for a compre-
hensive range of covariates within a propensity score 
matching framework, thereby enhancing the robust-
ness and reliability of our results.
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Limitations
Several limitations warrant consideration. Firstly, 
this study was a post hoc analysis of single-center 

observational data, which inherently limits the general-
izability of our findings. Additionally, the data originates 
from a North American population, which may differ 

Table 1  Demographics, illness severity and comorbidities stratified by sex

For continuous variables medians with 25th–75th percentile in brackets are depicted, whereas for categorical variables absolute values and percent in brackets are 
presented

*Vasoactive medication was defined as infusion of dopamine, epinephrine, norepinephrine, phenylephrine, vasopressin, dobutamine or milrinone for at least 10 
consecutive minutes or longer

AIDS Acquired immune deficiency syndrome; CCU​ Coronary Care Unit; CVICU Cardiac Vascular Intensive Care Unit; MICU Medical Intensive Care Unit; MICU/SICU 
Medical/Surgical Intensive Care Unit; Neuro SICU Neuro Surgical Intensive Care Unit; pRBCs Packed red blood cells; SAPS II Simplified Acute Physiology Score II; SICU 
Surgical Intensive Care Unit; TSICU Trauma SICU

Variable Overall n = 8950 Women n = 3811 Men n = 5139

Age 68.0 [56.0–79.0] 71.0 [58.0–81.0] 66.0 [54.0–77.0]

Comorbidity and Illness severity scores

 Charlson Comorbidity Index 5.0 [3.0–7.0] 5.0 [3.0–7.0] 5.0 [3.0–7.0]

 SAPS II 39.0 [31.0–49.0] 39.0 [31.0–50.0] 38.0 [30.0–49.0]

Diagnosis and admission type

 Sepsis at admission 6477 (72.4%) 2699 (70.8%) 3778 (73.5%)

 Type of admission

  Cardiac Vascular Intensive Care Unit (CVICU) 1077 (12.0%) 378 (9.9%) 699 (13.6%)

  Coronary Care Unit (CCU) 846 (9.5%) 322 (8.4%) 524 (10.2%)

  Medical Intensive Care Unit (MICU) 2320 (25.9%) 1003 (26.3%) 1317 (25.6%)

  Medical/Surgical Intensive Care Unit (MICU/SICU) 1202 (13.4%) 570 (15.0%) 632 (12.3%)

  Neuro Surgical Intensive Care Unit (Neuro SICU) 420 (4.7%) 183 (4.8%) 237 (4.6%)

  Neurology 702 (7.8%) 335 (8.8%) 367 (7.1%)

  Surgical Intensive Care Unit (SICU) 1239 (13.8%) 578 (15.2%) 661 (12.9%)

  Trauma SICU (TSICU) 1144 (12.8%) 442 (11.6%) 702 (13.7%)

ICU—treatment administered before delirium onset

 Invasive ventilation before onset of delirium 4593 (51.3%) 1843 (48.4%) 2750 (53.5%)

 Renal replacement therapy before onset of delirium 730 (8.2%) 306 (8.0%) 424 (8.3)

 Vasoactive medication* before onset of delirium 4039 (45.1%) 1665 (43.7%) 2374 (46.2%)

 Sedation with benzodiazepines before onset of delirium 2426 (27.1%) 993 (26.1%) 1433 (27.9%)

 Transfusion of pRBCs before onset of delirium 2576 (28.8%) 1159 (30.4%) 1417 (27.6%)

Comorbidities

 Peripheral vascular disease 1008 (11.3%) 382 (10.0%) 626 (12.2%)

 Coronary artery disease 1507 (16.8%) 533 (14.0%) 974 (19.0%)

 Cerebrovascular disease 1961 (21.9%) 923 (24.2%) 1038 (20.2%)

 Congestive heart failure 2478 (27.7%) 1057 (27.7%) 1421 (27.7%)

 Renal disease 1750 (19.6%) 645 (16.9%) 1105 (21.5%)

 Dementia 671 (7.5%) 346 (9.1%) 325 (6.3%)

 Chronic pulmonary disease 2226 (24.9%) 1104 (29.0%) 1122 (21.8%)

 Malignant cancer 1004 (11.2%) 386 (10.1%) 618 (12.0%)

 Rheumatic disease 276 (3.1%) 185 (4.9%) 91 (1.8%)

 Peptic ulcer disease 252 (2.8%) 107 (2.8%) 145 (2.8%)

 Mild liver disease 1201 (13.4%) 424 (11.1%) 777 (15.1%)

 Severe liver disease 630 (7.0%) 225 (5.9%) 405 (7.9%)

 Diabetes without complications 1981 (22.1%) 836 (21.9%) 1145 (22.3%)

 Diabetes with complications 916 (10.2%) 330 (8.7%) 586 (11.4%)

 Paraplegia 838 (9.4%) 388 (10.2%) 450 (8.8%)

 Metastatic solid tumor 449 (5.0%) 189 (5.0%) 260 (5.1%)

 Acquired immune deficiency syndrome (AIDS) 35 (0.4%) 10 (0.3%) 25 (0.5%)
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from European populations, potentially further limiting 
the applicability of our results across different geographic 
regions. Despite using stringent propensity score match-
ing, residual confounding cannot be excluded and hence 
causality cannot be established. To address unmeas-
ured confounding, we calculated E-values to provide an 
estimate of the strength that unmeasured confounding 
would need to have to explain away our observed associ-
ations. Nevertheless, differences in ICU-care practices or 
the use of specific delirium treatment protocols between 
sexes might not be fully accounted for. Moreover, we 
were not able to investigate potential sex-related biases 
in the assessment of delirium, which might have played a 
role. Therefore, replication and validation of our findings 
in different cohorts are needed.

Furthermore, the MIMIC database lacks information 
about treatment limitations and long-term follow-up 
data on outcomes like neurological impairment, qual-
ity of life, and anxiety, which limits our ability to fully 
assess the extended impact of ICU-delirium, particu-
larly in women. Another limitation is that our study only 
included patients with documented CAM-ICU assess-
ments for delirium, thereby excluding those without 
documented CAM-ICU assessments and those who died 
before any screening was conducted. This exclusion may 
further impact the generalizability of our findings.

These data limitations highlight how unprepared cur-
rent large databases are to comprehensively study sex-
specific outcomes in ICU delirium.

Conclusion
Our findings indicate a higher risk of short-term mor-
tality in for women with ICU-delirium, highlighting the 
need for sex-specific considerations in delirium manage-
ment. These results suggest that immediate clinical appli-
cations could include heightened awareness of potential 
treatment disparities and closer monitoring of delirium 
in women. Future research should focus on replicating 
our findings in different cohorts and directly investi-
gating the biological and clinical mechanisms that may 
underlie sex differences in ICU delirium outcomes.

Abbreviations
AIDS	� Acquired immune deficiency syndrome
BIDMC	� Beth Israel Deaconess Medical Center
CAM-ICU	� Confusion Assessment Method for the ICU (CAM-ICU)
CI	� Confidence interval
HR	� Hazard ratio
ICU	� Intensive Care Unit
IQR	� Interquartile range
MIMIC-IV	� Medical Information Mart for Intensive Care-IV
MIT	� Massachusetts Institute of Technology
PSM	� Propensity score matching
RASS	� Richmond Agitation-Sedation Scale
SAPS II	� Simplified Acute Physiology Score II
SMD	� Standardized mean difference

Fig. 1  Kaplan–Meier survival curve by sex. 30-day survival probability after delirium onset compared between men (in blue) and women (in 
orange). 95%-Confidence Intervals are depicted as shaded areas. Log-Rank Test p-value: 0.0004
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