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Abstract
Objective To determine the attributable mortality caused by delirium in
critically ill patients.

Design Prospective cohort study.

Setting 32 mixed bed intensive care unit in the Netherlands, January
2011 to July 2013.

Participants 1112 consecutive adults admitted to an intensive care unit
for a minimum of 24 hours.

Exposures Trained observers evaluated delirium daily using a validated
protocol. Logistic regression and competing risks survival analyses were
used to adjust for baseline variables and a marginal structural model
analysis to adjust for confounding by evolution of disease severity before
the onset of delirium.

Main outcomemeasureMortality during admission to an intensive care
unit.

Results Among 1112 evaluated patients, 558 (50.2%) developed at
least one episode of delirium, with a median duration of 3 days
(interquartile range 2-7 days). Crude mortality was 94/558 (17%) in
patients with delirium compared with 40/554 (7%) in patients without
delirium (P<0.001). Delirium was significantly associated with mortality
in the multivariable logistic regression analysis (odds ratio 1.77, 95%
confidence interval 1.15 to 2.72) and survival analysis (subdistribution
hazard ratio 2.08, 95% confidence interval 1.40 to 3.09). However, the
association disappeared after adjustment for time varying confounders
in the marginal structural model (subdistribution hazard ratio 1.19, 95%
confidence interval 0.75 to 1.89). Using this approach, only 7.2% (95%
confidence interval −7.5% to 19.5%) of deaths in the intensive care unit
were attributable to delirium, with an absolute mortality excess in patients
with delirium of 0.9% (95% confidence interval −0.9% to 2.3%) by day
30. In post hoc analyses, however, delirium that persisted for two days
or more remained associated with a 2.0% (95% confidence interval 1.2%

to 2.8%) absolute mortality increase. Furthermore, competing risk
analysis showed that delirium of any duration was associated with a
significantly reduced rate of discharge from the intensive care unit (cause
specific hazard ratio 0.65, 95% confidence interval 0.55 to 0.76).

ConclusionsOverall, delirium prolongs admission in the intensive care
unit but does not cause death in critically ill patients. Future studies
should focus on episodes of persistent delirium and its long term
sequelae rather than on acute mortality.

Trial registration Clinicaltrials.gov NCT01905033.

Introduction
Delirium is a common complication of critical illness, occurring
in 30-60% of patients admitted to an intensive care unit.1-5
Although most studies have identified delirium as an
independent predictor of death in the intensive care unit,6-14
several others found no association with mortality.15-17 These
inconsistencies have been explained by differences in case mix,
the tools used for the assessment of delirium, and the study
design.18 Deficiencies in modelling methodology and residual
confounding may, however, provide an alternative explanation.
In particular, none of the previous studies have adequately
adjusted for disease progression before the start of delirium, or
for competing events (such as discharge) that may preclude
observation of mortality in the intensive care unit. It therefore
remains unclear whether delirium is merely a marker of poor
prognosis or causally linked to mortality in the intensive care
unit.
We estimated the proportion of deaths that can be attributed to
delirium in a large cohort of critically ill patients by performing
amarginal structural model analysis from the discipline of causal
inference. Such analysis can overcome bias that results from
the evolution of disease severity until the onset of delirium as
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well as more traditional sources of bias.19 20 To aid in the
interpretation of our findings, we compared the results of the
marginal structural model analysis with those of standard
statistical regression methods.

Methods
Study population
We prospectively evaluated consecutive adults admitted for at
least 24 hours to the 32 mixed bed intensive care unit of the
University Medical Centre Utrecht, the Netherlands, between
January 2011 and June 2013. We excluded patients with acute
or premorbid neurological disease at baseline, those in whom
assessments of delirium could not be performed owing to a
language barrier, and those transferred from or to another
intensive care unit. The local ethical review board gave approval
for an opt-out consent method (institutional review board
number 10-056/12-421) whereby participants and family
members were notified of the study by a brochure that was
provided at admission to the intensive care unit with an attached
opt-out card.

Delirium
A research team dedicated to this study used a validated
flowchart to classify the mental status of patients daily until
discharge from intensive care.21 All relevant information was
available to the study team, including the 12 hourly confusion
assessment method for the intensive care unit conducted by
nurses. We categorised patients as comatose, sedated, awake
and delirious, or awake and non-delirious. Firstly, we assessed
the level of consciousness using the Richmond agitation-sedation
scale. Patients with maximum scores of −5 or −4 during the
entire 24 hour observation period could not be assessed for
delirium and were classified as either comatose or sedated.22 A
sedated state was defined as propofol continuously administered
at a rate of >1 mg/kg/h and/or midazolam at a dose of >50 mg/d
or equivalent either at the time of assessment or at any time in
the 48 hours before assessment. All other patients with scores
of −5 or −4 on the Richmond agitation-sedation scale were
classified as comatose. We assessed the remaining patients for
delirium using the confusion assessmentmethod for the intensive
care unit as well as inspection of medical notes and nursing
charts by the research team. These patients were classified as
delirious when they tested positive on the confusion assessment
method in the intensive care unit and/or when there was a
description of fluctuation in the level of consciousness, agitation,
disorientation, or hallucinations. Furthermore, because
haloperidol and quetiapine were exclusively used for the
treatment of delirium during the study period, we also classified
patients as delirious on the day of initiation of either of these
drugs. In case of doubt, a neurologist (AS) was consulted, who
cast the decisive vote for classification of mental status. This
procedure had a sensitivity of 0.75 (95% confidence interval
0.47 to 0.92), specificity of 0.85 (95% confidence interval 0.68
to 0.94), and an excellent inter-rater agreement (Fleiss’ κ 0.94)
(unpublished data). To enable our primary analysis we
dichotomised the mental status by reclassifying sedated patients
as non-delirious and comatose patients (without sedation) as
delirious (see supplementary figure 1). The clinical team
responsible for the patients was unaware of the results of the
delirium assessments made by the study team.

Covariables and outcome
In all multivariable models we adjusted for covariables that we
chose a priori based on their expected associations with delirium

andmortality after careful consideration of the literature. These
covariables included age, sex, history of dementia, history of
alcohol misuse, Charlson comorbidity index, acute physiology
and chronic health evaluation IV score, admission type,
readmission status, and presence of sepsis on admission to the
intensive care unit.23 These are all time fixed variables,
representing the risk of delirium at baseline. However, because
the risk of delirium onset is likely to vary over the course of
admission to an intensive care unit depending on the evolution
of disease severity, we also incorporated time dependent
variables in our primary analysis (fig 1⇓). These included daily
measurements of the sequential organ failure assessment score,
sepsis status, core temperature, mechanical ventilation status,
use of sedative and analgesic drugs, and plasma sodium, urea,
acidosis, and haematocrit levels.1 6 7 15 17 24-38 Several
physiological and laboratory variables (temperature, sodium,
urea, and haemoglobin) were transformed to account for their
non-linear relation with delirium or mortality, using the cut-offs
from the acute physiology and chronic health evaluation IV
model.39 Observers dedicated to this study collected data
prospectively as part of a large cohort study and regularly
checked for data integrity.40

No data were missing for baseline variables, daily mental status
classifications, or the outcome. However, for daily observations
of several laboratory and physiological variables, 3.1% of data
were missing overall (range 0-6.9% for individual variables).
Because of the availability of longitudinal data before each
observation day for each patient, we performed a trend
imputation for missing covariables.41Mortality during admission
to an intensive care unit was the primary outcome of interest in
all analyses. Although long term sequelae of delirium are known
to exist, in the present study we deliberately focused on short
term outcomes because previous authors have claimed up to a
threefold increased mortality rate in the intensive care unit even
after correction for confounders.18 Furthermore, adjustment for
time dependent covariables using marginal structural models
requires daily information about severity of disease and
therapeutic interventions for the duration of observation.
Practically, this precludes the use of outcomes that lie beyond
discharge from the intensive care unit.

Statistical analysis
To obtain first estimates of the association between delirium
andmortality in our cohort, and to be able to compare our results
with previous literature, we performed a multivariable logistic
regression analysis, adjusting for a priori selected baseline
confounders. To comply with existing literature, we assumed
that patients who develop delirium are at increased risk for the
duration of their stay in the intensive care unit, even if delirium
develops only several days after admission. The resulting bias
can be overcome by using a Cox proportional hazards analysis
and with inclusion of delirium as a time dependent variable.42
In this type of analysis, however, informative censoring of the
survival time should additionally be taken into account by
considering discharge as a competing risk for mortality, because
patients who are discharged from the intensive care unit alive
are in a different health state from patients who remain admitted
beyond that time point.43 44 A competing risks analysis provides
two measures of association: the cause specific hazard ratio,
which in this case estimates the direct effects of delirium on
outcome (both intensive care unit discharge and death), and the
subdistribution hazard ratio, which describes the instantaneous
risk of dying from delirium given that the patient has not died
from delirium.45 The subdistribution hazard ratio is therefore a
summary measure of all separate cause specific hazards and can
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be used to calculate the cumulative incidence of the outcome
of interest (that is, death in this study). Although the methods
can adjust for baseline confounders, the time varying nature of
delirium onset and informative censoring caused by discharge
from the intensive care unit, a limitation of these methods is
that neither can adjust for other, potentially important sources
of confounding. Firstly, the severity of disease on the day of
admission to the intensive care unit may not be representative
of the health state at the time of delirium onset, which typically
occurs later on during stay in the intensive care unit (fig 1). As
delirium preferentially develops in patients who are more
severely ill,25 bias occurs when such changes in disease severity
are not adjusted for during the analysis. Secondly, bias might
occur when a time dependent covariable is not only a risk factor
for death but also predicts subsequent delirium, and when
delirium status at a previous time point predicts the risk factor.46
For instance, severely agitated patients with delirium may
eventually be treated with sedatives, whereas sedative use itself
is a known risk factor for delirium.25Amarginal structural model
analysis deals with these limitations by adjusting for the changes
in disease severity before delirium onset, while preventing
bias.19 20 It enables assessment of what the mortality in the
intensive care unit would have been in a hypothetical population
in which all patients remained delirium-free, and is therefore
called a counterfactual analysis.
To accomplish such a counterfactual analysis, we performed
two steps. Firstly, wemodelled the daily probability of acquiring
delirium in the intensive care unit, using a multivariable logistic
regression analysis that included both baseline and daily patient
characteristics. Based on these estimated daily probabilities, we
calculated stabilised patient specific weights (so called inversed
probability weights) that represent the cumulative risk of
acquiring delirium for each patient. Because adjustment for time
varying variables measured after the start of deliriummay result
in bias, we used lagged values from the preceding day to predict
delirium on each day.47 We adjusted for lagged values of the
sequential organ failure assessment scores two days before to
acknowledge that the scores measured within 24 hours before
the onset of delirium may have been influenced by an insidious
onset of delirium. Secondly, we performed an inverse probability
weighted Cox regression analysis with competing endpoints
(death and discharge alive) and estimated both the daily hazard
and cumulative risk of death. To aid in the interpretation of the
results, we computed the population attributable fraction, which
indicates the percentage of patients who have died from
delirium.
We performed several post hoc sensitivity analyses (see
supplementary figure 1). Firstly, instead of categorising sedated
patients as non-delirious, we reclassified these patients based
on the first available valid assessment for delirium after the
cessation of sedation, using backward imputation. Secondly,
we applied amore rigorous definition of delirium by considering
patients as being delirious only when they had been classified
as delirious on at least two consecutive days. Thirdly, to assess
possible effect modification by the underlying condition, we
performed subgroup analyses in patients with sepsis only, and
stratified by acute physiology and chronic health evaluation IV
score.
All analyses were performed using SAS 9.2 (Cary, NC) and R
2.14 (www.r-project.org). We used the R-package “IPW”48 for
the marginal structural model analysis. P values less than 0.05
were considered to be statistically significant. We used robust
estimators (Huber sandwich) to calculate confidence intervals
for the hazard ratios resulting from themarginal structural model

analyses,49 and we used bootstrapping to estimate the confidence
intervals for the attributable mortality.

Results
During the 2.5 year study period, 2854 critically ill patients
were admitted to our intensive care unit of whom 1112 met the
inclusion criteria (fig 2⇓). The average length of stay was 8.9
days, amounting to a total of 9867 observation days. Delirium
was observed on 2524 (26%) of these days. However, to obtain
a dichotomous exposure variable for use in the regression
analyses, we additionally reclassified 537 coma days to days
with delirium and 1371 sedation days to days without delirium.
After this, 558 (50%) patients had at least one episode of
delirium. The median time to onset of delirium was 2.0 days
(interquartile range 1.0-4.0 days) and the median duration of a
delirium episode was 3.0 (interquartile range 2.0-7.0) days.
Table 1⇓ shows the patients’ characteristics by delirium status.
Patients with delirium had significantly greater severity of
disease on admission, were older, and were more likely to be
male. The crude mortality was 94/558 (17%) in patients with
delirium compared with 40/554 (7%) in those without delirium
(P<0.001).

Regression analyses
Table 2⇓ shows the results of the regression models. Delirium
was significantly associated with mortality by logistic regression
analysis (crude odds ratio 2.60, 95% confidence interval 1.76
to 3.85; adjusted odds ratio 1.77, 95% confidence interval 1.15
to 2.72). In time dependent, cause specific survival analysis,
however, delirium had no direct effect on the daily risk of death
(cause specific hazard ratio 0.64, 95% confidence interval 0.39
to 1.03) but did result in a lower daily probability of being
discharged from the intensive care unit (cause specific hazard
ratio 0.53, 95% confidence interval 0.46 to 0.61). Consequently,
the risk of dying in the intensive care unit remained for longer
in patients with delirium, resulting in a combined hazard of
death for patients with delirium that was significantly increased
(subdistribution hazard ratio 2.08, 95% confidence interval 1.40
to 3.09). In contrast, once we adjusted for the evolution of
disease severity before the onset of delirium in the marginal
structural model analysis, delirium was no longer associated
with death in the intensive care unit (subdistribution hazard
ratio 1.19, 95% confidence interval 0.75 to 1.89). Figure 3⇓
shows the effect of delirium on the cumulative risk of death
over time. By day 30, the population attributable fraction of
mortality due to delirium in the intensive care unit was 7.2%
(95% confidence interval −7.5% to 19.5%), corresponding to
an absolute case fatality of 0.9% (95% confidence interval
−0.9% to 2.3%).
Supplementary table 1 provides the results of the post hoc
analyses using alternative definitions for delirium. The
sensitivity analysis using backward imputation for patients in
whom delirium assessments were obscured by the use of
sedation yielded similar estimations. However, the sensitivity
analysis using a delirium definition that required the
derangement to persist for two or more consecutive days yielded
a stronger overall association withmortality than did our primary
analysis (subdistribution hazard ratio 1.67, 95% confidence
interval 1.13 to 2.47; 30 day absolute risk difference in mortality
2.0%, 95% confidence interval 1.2% to 2.8%). In this case,
cause specific analysis also showed that increased mortality was
mediated through a prolonged length of stay in the intensive
care unit rather than by a direct effect on the daily risk of death.
No signs of effect modification were found in the subgroup of
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patients who presented with sepsis, nor in relation to the severity
of illness at the time of admission to the intensive care unit (see
supplementary table 2).

Discussion
We estimated the mortality due to delirium in critically ill
patients in intensive care while taking into account bias caused
by time varying disease severity until the onset of delirium and
by the competing risk of discharge. Using this approach, the
population attributable mortality in the intensive care unit was
estimated at 7.2% by day 30, implying that absolute case fatality
can be reduced by no more than 0.9% if we were able to
completely prevent delirium in all patients.

Comparison with other studies
When we adjusted for baseline variables only our findings
confirm the estimates of a twofold to threefold increased case
fatality rate associated with delirium that were reported in
previous studies.6-8 10 11 14-16 42 50 51 However, as we added
complexity to our analyses and adjusted for changes in disease
severity before the onset of delirium, we found no association
between delirium (of any duration) andmortality in the intensive
care unit, which is consistent with a recent meta-analysis of
clinical trials, which also showed that delirium was not
associated with short term mortality.52 However, results of post
hoc sensitivity analyses suggest that patients who develop an
episode of delirium that persists for more than two days are
exposed to an overall increased risk of death in the intensive
care unit. Although this finding needs further confirmation, it
gives support to recent reports suggesting a fundamental
distinction between rapidly reversible, sedation related delirium
and severe, persistent delirium in the intensive care unit.53
Furthermore, delirium was not associated with mortality even
in a prespecified subgroup of patients with sepsis. Although
sepsis is often associated with delirium, it is unknown whether
this so called “septic encephalopathy” is a different entity of
delirium. Our results indicate that sepsis associated delirium is
similar to other forms of delirium regarding mortality. In any
case, however, all cause specific analyses indicated that delirium
does not directly affect case fatality rates but rather that any
increase in overall mortality seems to be mediated through a
more protracted length of stay in the intensive care unit,
exposing patients for longer to a fixed daily risk of dying (for
example, due to nosocomial infections, drawbacks of prolonged
sedation, or mechanical ventilation, and other “general”
complications in the intensive care unit). Indeed, the average
length of stay of patients without delirium was 4.0 days
compared with 8.8 for patients with a short episode of delirium
and 16.5 days for patients with a persistent episode. The effect
of delirium on the length of stay is plausible because patients
with delirium are typically less likely to interact with their
environment (hampering early mobilisation), may have an
increased incidence of complications (for example, self removal
of catheters or tubes), and often receive drugs with sedative
effects.15 50 54 55

Strengths and limitations of this study
Many authors have tackled the association of delirium with
mortality, but only in a few studies have multivariable analyses
been performed to adjust for severity of disease at baseline.6 8 10

To avoid immortal time bias (that is, bias due to the time varying
nature of delirium), others have incorporated the time of delirium
onset in their analyses.7 42 However, we considered it crucial to
also incorporate the evolution of disease severity before the

development of a delirium episode into our analyses as critically
ill patients may show either rapid deterioration or reversal of
organ dysfunction, both of which are likely to considerably
impact on the risk of delirium onset over time. Although
standard regression models can be used for this purpose, their
use may result in the elimination of any potential effects of
delirium on mortality if a time varying confounder is also an
intermediate factor in the causal pathway that leads up to
delirium, as well as to the collider-stratification bias that occurs
when disease severity on a given day is influenced by the
presence of delirium at a previous point in time.47 56Themarginal
structural model analysis that we used is not affected by these
problems.
We acknowledge some limitations of our study design. Firstly,
management of delirium is largely pragmatic and may vary
between centres, which may limit the generalisability of our
findings. In particular, studies performed in centres using a
different strategy for prevention or treatment of delirium from
ours may yield disparate estimates of attributable mortality. Yet,
both our case mix and the results of our initial logistic and
survival regression analyses were in line with previous literature.
Secondly, as is true for all observational studies, we cannot rule
out the possibility that unobserved confounding might have
occurred, even after accounting for a relatively large number
of covariables. Thirdly, delirium can be the first symptom of
an impending complication, such as sepsis acquired in the
intensive care unit.57 58 When this happens, any mortality due
to this sepsis event may then be attributed falsely to delirium,
since a marginal structural model analysis (deliberately) adjusts
for the evolution of disease severity up until the onset of
delirium. The true association of delirium with mortality might
therefore be even lower than we report. Finally, by using a
marginal structural model, we estimated the mortality during
admission to an intensive care unit that can be expected if
delirium would be prevented for the entire population. Since
ordinary competing risks survival regression is a conditional
rather than a marginal model, the population used in a marginal
structural model differs from such unweighted analyses.59 This
dissimilarity may partly explain the observed differences in
effect estimates yielded by the two approaches. However, we
considered comparative reporting of these models useful to
illustrate the bias that is inherently present in many commonly
used analyses.
In addition to these methodological concerns, an important
problem also remains about the way our study (or for that matter
any study in this domain) deals with the classification of
unobserved days due to coma or sedation. Because the
assessment of delirium in unresponsive patients is impossible
and the statistical methods that we used required a dichotomous
classification of patients, we recategorised patient days on which
delirium could not be observed due to coma or sedation, or both.
No universally accepted methods for such reallocation exist and
in fact many previous authors did not describe exactly how they
dealt with these days. We chose to categorise patients who
remained comatose (score of ≤3 on the Richmond
agitation-sedation scale) for more than 48 hours after cessation
of sedation as delirious, because we believe that coma represents
a state of severe “brain failure” that forms a continuum with
delirium. This approach is similar to that of previous studies.60 61

However, in contrast with these authors, we categorised patients
who were unresponsive owing to continuous sedation (or those
who were within 48 hours of stopping a sedative infusion) as
non-delirious because we believed that doing otherwise would
introduce bias against surgical patients who often remain sedated
for at least the first hours of their stay.53 Furthermore, we
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assumed that most patients with true deliriumwould be detected
after cessation of sedation after all, which would result in only
a minor error with respect to the timing of delirium onset (rather
than risking a major error of misclassifying patients as delirious
when in fact they were receiving sedation for an unrelated but
legitimate reason). In our sensitivity analyses we dealt with any
possible misclassification error with respect to timing of delirium
onset in sedated patients by using a first valid observation carried
backward approach, and the results were similar.

Clinical implications
Although we did not find an association between delirium
episodes of short duration and increased mortality in the
intensive care unit, delirium remains an important clinical
syndrome in critically ill patients and should be prevented or
treated whenever possible.62 Delirium is distressing to both
patients and their relatives,63 generates major costs,64 may have
severe long term consequences such as cognitive impairment,65
and could cause long term mortality.42 These studies might,
however, have been prone to the same bias—that is, failing to
adjust for the evolution of disease severity before the onset of
delirium. Most importantly, sensitivity analyses indicated that
episodes of severe, persistent delirium may still be associated
with an increased risk of death in the intensive care unit by day
30, despite our overall finding of no association with delirium
of any duration. The possible causal mechanisms for this
association are incompletely understood, but may include
autonomic dysregulation as a result of delirium causing
hypotension and subsequent organ failure, immunomodulatory
effects causing increased susceptibility to infections, and
excessive stress responses causing increased production of
corticosteroid.5 66-71 Nevertheless, the absolute risk increase of
2.0% after the onset of persistent delirium would translate into
a number needed to treat of more than 50, even if we were able
to effectively prevent this complication by some sort of
intervention. Furthermore, since this finding was based on post
hoc analyses, these observations need to be confirmed in other
cohorts of critically ill patients.

Conclusions
To our knowledge, this is the first study to estimate delirium
associated mortality in critically ill patients using a
counterfactual analysis that incorporates correction for variations
in disease severity before the onset of delirium. Using this
approach, the absolute attributable short term mortality
associated with a delirium episode in the intensive care unit (of
any duration) wasmuch lower than previously suggested. Future
studies should focus on episodes of persistent delirium and its
long term sequelae rather than on acute mortality.
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Tables

Table 1| Patient characteristics by delirium status. Values are numbers (percentages) unless stated otherwise

P valueEver delirium (n=558)Never delirium (n=554)Characteristics

<0.00164 (54-74)61 (49-69)Median (IQR) age (years)

0.02356 (64)316 (57)Men

0.29534 (96)535 (97)White ethnicity

<0.00133 (6)12 (2)Current alcohol misuse*

<0.0017.1 (1.0-11.4)5.4 (0.0-10.2)Median (IQR) Charlson comorbidity index

0.5491 (16)83 (15)Previous ICU admission†

Admission type:

0.26266 (48)253 (46)Medical

142 (25)165 (30)Scheduled surgery

150 (27)136 (24)Emergency surgery

Medical specialty:

<0.001211 (38)213 (38)General surgery

170 (30)165 (30)Cardiology and cardiothoracic surgery

131 (23)105 (19)Internal medicine

46 (9)71 (13)Other

<0.001306 (55)190 (34)Sepsis at admission

<0.001510 (91)470 (85)Mechanical ventilation at admission

<0.00179 (62-97)63 (48-81)Median (IQR) APACHE IV score

<0.0019 (5-18)3 (2-5)Median (IQR) length of stay (days)

<0.00194 (17)40 (7)ICU case fatality

IQR=interquartile range; ICU=intensive care unit; APACHE=acute physiology and chronic health evaluation.
*Defined as alcohol consumption >40 g alcohol daily.
†Defined as previous admission to the intensive care unit during current hospital stay.
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Table 2| Effect estimates for association between delirium and mortality in intensive care unit using various statistical approaches

Marginal structural modelCompeting risks survival regressionLogistic regressionVariables

Adjustment factors:

YesYesYesBaseline covariables

YesYesNoTime varying onset of delirium

YesYesNoCompeting risks of death and discharge

YesNoNoEvolution of disease before delirium
onset*

Effect estimate†‡:

3.14 (2.32 to 5.04)§¶3.14 (2.32 to 5.04)2.60 (1.76 to 3.85)Crude

1.19 (0.75 to 1.89)††‡‡2.08 (1.40 to 3.09)1.77 (1.15 to 2.72)Adjusted**

*Logistic regression and survival analysis can also be used to correct for evolution of disease severity; however, over-adjustment and collider stratification bias
might occur. The marginal structural model prevents these biases.19

†Logistic regression analysis gives an odds ratio, whereas survival analysis and marginal structural model provide a subdistribution hazard ratio.
‡Delirium was included as a time dependent variable in competing risks survival regression and marginal structural models.
§Crude subdistribution hazard ratio of marginal structural model was calculated assuming the weights to be equal to 1 and is therefore equal to estimation of
competing risks survival analysis.
¶Adjusted cause specific hazard ratios of competing risks survival regression were 0.64 (95% confidence interval 0.39 to 1.03) for mortality and 0.53 (0.46 to 0.61)
for discharge.
**Multivariable analysis was adjusted for baseline variables (age, sex, Charlson comorbidity index, acute physiology and chronic health evaluation IV score,
admission type, and sepsis on admission). The marginal structural model was furthermore adjusted to time varying variables: sequential organ failure assessment
score, sepsis status, temperature, sodium, urea concentration, acidosis, haematocrit, mechanical ventilation, and sedative and analgesic drugs.
††Adjusted cause specific hazard ratios of the marginal structural model analysis were 0.38 (95% confidence interval 0.22 to 0.65) for mortality and 0.65 (0.55 to
0.76) for discharge.
‡‡Inversed probability weight estimates were: mean 0.974 (range 0.127-8.51) and median 0.894 (interquartile range 0.731-1.072).
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Figures

Fig 1 Evolution of disease severity before onset of delirium in two hypothetical patients admitted to the intensive care unit.
Both patients have similar severity of disease, but the condition of patient A worsens, whereas that of patient B improves.
As delirium preferentially develops in more severely ill patients, confounding occurs when disease severity after baseline
is not adjusted for in the analysis. Logistic regression and survival analysis adjusts for baseline variables at t=0 only. A
marginal structural model adjusts for changes in disease severity until the onset of delirium (area to left of arrow), but not
thereafter (area to right of arrow)

Fig 2 Flowchart of patient inclusion. “Other neurological disease” includes patients with encephalitis, encephalopathy, coma,
or hydrocephalus. “Other” includes patients with premorbid neurological conditions or patients in whom delirium assessments
could not be made owing to, for example, language barriers or severe mental retardation
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Fig 3Cumulative incidence of observed and estimated mortality in the intensive care unit This figure represents the expected
mortality in the whole cohort estimated by the cumulative incidence function in the absence and presence of delirium. A
competing risks analysis was used to adjust for informative censoring, and a marginal structural method for evolution of
disease
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