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ABSTRACT

Objectives Delirium is a form of brain dysfunction with
high incidence and is associated with many negative
outcomes in the intensive care unit. However, few

studies have been large enough to reliably examine the
associations between body mass index (BMI) and delirium,
especially in critically ill patients. The objective of this
study was to investigate the association between BMI and
delirium incidence in critically ill patients.

Design A retrospective cohort study.

Setting Data were collected from the Medical Information
Mart for Intensive Care-IV V2.0 Database consisting of
critically ill participants between 2008 and 2019 at the
Beth Israel Deaconess Medical Center in Boston.
Participants A total of 20 193 patients with BMI and
delirium records were enrolled in this study and were
divided into six groups.

Primary outcome measure Delirium incidence.

Results Generalised linear models and restricted cubic
spline analysis were used to estimate the associations
between BMI and delirium incidence. A total of 30.81% of
the patients (6222 of 20 193) developed delirium in the
total cohort. Compared with those in the healthy weight
group, the patients in the different groups (underweight,
overweight, obesity grade 1, obesity grade 2, obesity
grade 3) had different relative risks (RRs): RR=1.10, 95%
Cl=1.02 t0 1.19, p=0.011; RR=0.93, 95% CI=0.88 to
0.97, p=0.003; RR=0.88, 95% CI=0.83 t0 0.94, p<0.001;
RR=0.94, 95% Cl=0.86 to 1.03, p=0.193; RR=1.14, 95%
Cl=1.03 to 1.25, p=0.010, respectively. For patients with
or without adjustment variables, there was an obvious U-
shaped relationship between BMI as a continuous variable
and delirium incidence.

Conclusion BMI was associated with the incidence

of delirium. Our results suggested that a BMI higher or
lower than obesity grade 1 rather than the healthy weight
in critically ill patients increases the risk of delirium
incidence.

INTRODUCTION

Delirium is the most common manifestation
of brain dysfunction in critically ill patients,
with an incidence of 60-80% in mechanically
ventilated patients and 20-50% in intensive
care unit (ICU) patients with lower severity
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study enrolled 20 193 patients, which is a very
large sample size for a clinical study of critically ill
patients with delirium.

= Generalised linear models, restricted cubic spline
and subgroup analyses were used to evaluate the
association between body mass index (BMI) and
delirium incidence, and BMI was used not only
as a categorical variable but also as a continuous
variable.

= This was a single-centre retrospective observational
study, so it was difficult to avoid selection bias.

= The data selected in the Medical Information Mart
for Intensive Care-IV V.2.0 span a long study period;
clinical practice is evolving quickly and new man-
agement strategies may be implemented during this
period.

of illness. The duration of delirium is inde-
pendently associated with excess death,
length of stay (LOS), cost of care and acquired
dementia.' Based on the Clinical Practice
Guidelines, it was proposed that delirium is at
the core of the pain, agitation and delirium
triangle.?”

13% of people worldwide meet the WHO
definition of obesity (body mass index (BMI)
>30kg/m?). A substantial body of literature
details the impact of obesity on critical illness
pathophysiology and management.*” A large
epidemiological study recently revealed that
BMI had J-shaped associations with overall
mortality and the most specific causes of
death.® In addition, the association between
obesity and psychiatric disorders has held
the attention of an increasing number of
researchers. It has been reported that psychi-
atric disorders, including depression, anxiety
and Alzheimer’s disease, are associated with
BMI,9 19 and the mechanisms of these associ-
ations have been explored.11 270 date, a few
studies have begun to pay attention to the
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relationship between BMI and delirium incidence in crit-
ically ill patients, as delirium is also a form of psychiatric
disorder with a high incidence and poor outcomes in
critically ill patients. In this retrospective cohort study, we
aimed to examine the association between BMI and the
incidence of delirium in patients from a large database.

MATERIALS AND METHODS

This was a retrospective cohort study using data extracted
from the Medical Information Mart for Intensive Care
(MIMIC-IV) V2.0 Database (dataset),'® which is a large,
open, freely available and single-centre database that
includes information from more than 50 000 adult patients
admitted to the various critical care units at Beth Israel
Deaconess Medical Center (Boston, Massachusetts, USA)
from 2008 to 2019. The personal information included in
the database was processed to protect privacy. One author
completed the Collaborative Institutional Training Initia-
tive examination (certification number: 36927411) to
achieve access to the database for data extraction.

STUDY POPULATION

Patients with recorded information for BMI calculation
who were at least 18 years old were included. If there was
a repeat admission to the ICU, only the first admission
information was used for analysis. The exclusion criteria
were as follows: (1) the length of ICU stay was less than 24
hours; (2) the patient’s delirium assessment results were
missing; (3) the result of delirium assessment was ‘UTA’
(unable to assess) and (4) the patient’s delirium was prior
to ICU admission.

DATA EXTRACTION

Data management was performed by using PostgreSQL.
Demographic data, vital signs, laboratory values, rele-
vant comorbidities, treatment measures and severity
scores within 24 hours were extracted for analysis. The
demographic data included age, sex, ethnicity, admis-
sion location and insurance type, while the vital signs
included mean arterial pressure (MAP), heart rate (HR),
respiratory rate, temperature and pulse oxygen satura-
tion (SpQ,). The laboratory values included white blood
cell counts (WBCs), haematocrit (HCT), haemoglobin
(HGB), platelet counts (PLTs), serum sodium, serum
potassium, serum chloride, blood glucose, blood urea
nitrogen (BUN), serum creatinine (Scr), partial throm-
boplastin time (PTT), prothrombin time (PT) and the
international normalised ratio (INR). For variable data
with multiple measurements, the minimum value within
the first 24 hours of SpO,, HCT and HGB was included
for analysis, while the maximum values of the other vari-
ables were included in the analysis. Relevant comorbid-
ities, such as congestive heart failure (CHF), chronic
pulmonary disease, dementia, cerebrovascular diseases,
diabetes, liver diseases and other diseases, were also

extracted. Scores reflecting the severity of patient illness,
including the Sequential Organ Failure Assessment
(SOFA) score,'* Oxford Acute Severity of Illness Score
(OASIS)," Acute Physiology Score IIT (APS III),'® Simpli-
fied Acute Physiology Score IT (SAPS I1),'” Glasgow Coma
Scale (GCS) and the Systemic Inflammatory Response
Syndrome (SIRS),'® were extracted. Treatment measures
including continuous renal replacement therapy (CRRT),
invasive mechanical ventilation, vasoactive drugs, cardio-
tonic drugs, sedation, analgesia, emergency surgery and
family communication were also collected. The BMI data,
with the BMI defined as the weight (kg)/height (m?),
were extracted from the ‘Online Medical Record’ table
of the MIMIC-IV V.2.0 directly, which was not available in
the previous version. Delirium data were extracted from
the ‘chartevents’ table in the ‘mimic_icu’ module with an
item ID of ‘228332’. The primary outcome was delirium
incidence. For normally distributed continuous variables,
the missing values were replaced with the mean for the
patient group. For skewed distributions related to contin-
uous variables, missing values were replaced with their
median. There were no missing dichotomous variables in
our study (online supplemental table 1)."

DEFINITION OF DELIRIUM INCIDENCE

Delirium is a sudden change in mental state. It is marked
by sudden onset of confusion that may come and go.
The confusion may include disorientation, decreased
consciousness, trouble focusing or difficulty remem-
bering recent events.”” In the database, delirium was
detected by the Confusion Assessment Method for the
ICU which is a validated ICU bedside instrument for
routine monitoring of delirium. Patients who scored
positive for delirium were defined as having at least one
positive delirium screening at any time during the ICU
stay, while those who scored negative for delirium were
defined as having all negative delirium screening results.
Delirium was defined as “‘UTA’ if all the results of the eval-
uation were recorded as ‘UTA’ during the ICU stay. The
correlation between delirium and critical illness before
admission to the ICU and the diagnostic data for delirium
cannot be confirmed, so the patients with delirium prior
to ICU admission were excluded, which were defined as
those whose primary diagnosis in the diagnostic message
was delirium-related diagnosis with its ‘seq_num’ being
‘1’ in the ‘diagnoses_icd’ table.

STATISTICAL ANALYSIS

The patients were divided into six groups according to
BMI: underweight (BMI <18.5kg/m?), healthy weight
(18.5<BMI<25kg/m?), overweight (25<BMI<30kg/m?),
obesity grade 1 (30<BMI<35kg/m?), obesity grade 2
(35<BMI<40kg/m?) and obesity grade 3 (BMI >40kg/
m2).*' The healthy weight group was used as the refer-
ence group. Non-normally distributed data are presented
as the median and IQR, and the Kruskal-Wallis test was
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used for comparisons between groups. Categorical vari-
ables are presented as numbers (percentages) and were
tested by the X® test or Fisher’s exact test between groups.
Generalised linear models (GLMs, either Poisson regres-
sion with robust variance estimates or log-binomial regres-
sion) were used to estimate the association between the
BMI levels and delirium incidence, and Poisson regres-
sion with robust variance estimates was used if the log-
binomial regression did not converge.” The results were
presented as relative risks (RRs) with 95% Cls.

Considering the reverse causation, and the clinical impli-
cations of variables, the final confounders were evaluated
using prior knowledge and descriptive statistics from our
cohort through the use of directed acyclic graphs (online
supplemental figure 1).* The confounders were identi-
fied and two minimal sufficient adjustment sets for esti-
mating the direct effect of BMI on delirium were derived:
(1) age, sex, ethnicity, CHF, dementia, cerebrovascular
disease, liver disease, paraplegia, creatinine and BUN;
(2) age, sex, ethnicity, CHF, dementia, cerebrovascular
disease, liver disease, renal disease and paraplegia. Covari-
ates were additionally included in the final models if they
were strong predictors of the outcome based on previous
studies. For the crude model, log-binomial regression
was used and only included BMI categories. Model 1 was
adjusted for age, sex, ethnicity, CHF, dementia, cerebro-
vascular disease, liver disease, paraplegia, creatinine and
BUN based on the crude model. Model 2 was adjusted
for age, sex, ethnicity, CHF, dementia, cerebrovascular
disease, liver disease, renal disease and paraplegia based
on the crude model. Model 3 was additionally adjusted
for admission location, sepsis, chronic pulmonary disease,
scores of severity (APS III, SOFA, GCS), HR, MAP, respira-
tory rate, temperature, SpO2, HCT, serum sodium, blood
glucose, LOS in the ICU and treatment measures (family
communication, fentanyl, invasive ventilation, propofol,
midazolam, dexmedetomidine, emergency surgery)
based on model 1 which had a smaller Akaike information
criterion value than model 2 (online supplemental table
2). The potential non-linear relationships between BMI
and delirium incidence were evaluated based on GLM by
restricted cubic spline with knots set at 18.5kg/m?, 25kg/
m?, 30kg/m?, 35kg/m? and 40kg/m?. Subgroup analyses
were also conducted to determine the consistency of the
association between BMI and delirium incidence in crit-
ically ill patients. In addition, the potential presence of
collinearity was assessed using the variance inflation factor
before multivariable regression analysis, and no collin-
earity was detected (online supplemental tables 3-5). A
two-tailed p<0.05 was considered statistically significant,
while p values were adjusted for multiple testing using
Bonferroni correction and a significance level of a=0.05
was applied. Stata/SE V.16.0 (StataCorp, College Station,
Texas, USA) was used for statistical analysis.

Patient and public involvement
Patients from MIMIC-IV V2.0 Database and/or the public
were not involved in the design, or conduct, or reporting

of this research. The results of the research are dissem-
inated to the general public through presentations and
press releases.

RESULTS

Selection and baseline characteristics of participants
According to the inclusion criteria, 34737 critically
ill patients were eligible, and 14544 patients were
excluded according to the exclusion criteria: (1) ICU
stay <24hours (n=10871); (2) missing delirium assess-
ment result (n=3169); (3) delirium assessment result
was ‘UTA’ (n=447) and (4) delirium was prior to ICU
admission (n=57). Finally, 20193 critically ill patients
were enrolled in this study (figure 1). The median (IQR)
age was 67 (56-77) years, while 55.88% (11 283 of 20
193) of the patients were male, most of whom were of
the white race. The underweight, healthy weight, over-
weight, obesity grade 1, obesity grade 2 and obesity grade
3 groups were comprised of 1533, 7618, 5989, 2983, 1235
and 835 critically ill patients, respectively, and the inci-
dences of delirium in each group were 35.03% (537 of
1533), 31.75% (2419 of 7618), 29.37% (1759 of 5989)
28.06% (837 of 2983), 29.88% (369 of 1235) and 36.05%
(301 of 835), respectively. The obesity grade 1 group had
the lowest incidence of delirium among the six groups
(online supplemental table 6 lists the characteristics of
the patients by BMI group).

Analysis of the baseline data between the delirium-positive
and delirium-negative groups

The patients were divided into a delirium-positive group
and a delirium-negative group according to whether
delirium occurred. The overall incidence of delirium
in this study was 30.81% (6222 of 20 193). Analysis of
the baseline data indicated that BMI was significantly
different between the delirium-positive and delirium-
negative groups (p<0.001). Othervariables, including age,
ethnicity, insurance type, admission location, tempera-
ture, HR, MAP, respiratory rate, SpO2, WBGCs, HCT, HGB,
PLTs, PT, INR, PTT, BUN, Scr, serum sodium, serum
potassium, blood glucose, CHF, cerebrovascular disease,
dementia, chronic pulmonary disease, paraplegia, renal
disease, liver disease, diabetes, sepsis, SIRS, SOFA, APS
III, SAPS II, OASIS, vasoactive drugs, cardiotonic drugs,
propofol, midazolam, dexmedetomidine, fentanyl, CRRT,
invasive mechanical ventilation, family communication,
ICU mortality and LOS in the ICU, were also significantly
different between the delirium-positive and delirium-
negative groups (p<0.05, online supplemental table 7).

Association between BMI and delirium incidence

GLMs were used to evaluate the associations between BMI
and delirium incidence. A crude model of log-binomial
regression showed that the underweight and obesity grade
3 groups were associated with an increased risk of delirium
incidence (RR=1.10, 95%CI=1.02 to 1.19, p=0.011;
RR=1.14, 95%CI=1.03 to 1.25, p=0.010, respectively);
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n =315,460
-

Patients from MIMIC-IV 2.0

of each patient
n=53,569

-

(Only included first ICU admission )

Eligible patients according to the )

inclusion criteria
n=234,737

/ qmlusion criteria: )
1) Age > 18years old
2) BMI data were recorded in “OMR”
N J
[Exclusion criteria: )

/ 1) ICU stay < 24h (n = 10,871)

2) Delirium assessment result was missing(n = 3,169)

3) Delirium assessment result was “UTA”(n = 447)

Patients available for analysis \4) Delirium was prior to ICU admission(n = 57) )
n=20,193
J
Underweight Healthy weight Overweight Obesity Grade 1 Obesity Grade 2 Obesity Grade 3
BMI < 18.5 Kg/m? 18.5 Kg/m? < BMI < 25 Kg/m? 25 Kg/m? < BMI < 30 Kg/m* 30 Kg/m?< BMI < 35 Kg/m? 35 Kg/m*< BMI < 40 Kg/m? 40 Kg/m*< BMI
n=1,533 n=7,618 n=5,989 n=2983 n=1,235 n =835
Figure 1 Flow chart of the participant selection. BMI, body mass index; ICU, intensive care unit; MIMIC-1V, Medical

Information Mart for Intensive Care-IV; OMR, Online Medical Record; UTA, unable to assess.

however, the overweight and obesity grade 1 groups
were associated with a decreased risk of delirium inci-
dence (RR=0.93, 95% CI=0.88 to 0.97, p=0.003; RR=0.88,
95% CI=0.83 to 0.94, p<0.001, respectively). The obesity
grade 2 group also had a trend toward a decreased risk
of delirium incidence compared with that of the healthy
weight group, but the difference was not significant
(RR=0.94, 95% CI=0.86 to 1.03, p=0.193). Poisson regres-
sion with robust variance estimate was used to perform a
multivariate analysis and the results indicated that the crit-
ically ill patients in the obesity grade 1 group were prone
to have a lower risk of delirium incidence. However, the
patients in the underweight and obesity grade 3 groups
were prone to suffer a higher risk of delirium incidence,
even after adjustment for confounders and covariates
(table 1 and figure 2) (further details can be found in
online supplemental tables 3-5 and 8).

Analyses of the detailed relationships between BMI and
delirium incidence

Restricted cubic splines with five knots were used to visu-
alise the relationship between BMI as a continuous vari-
able and delirium incidence, which showed a U-shaped
association. For the crude mode, the risk of delirium inci-
dence decreased until approximately 30.5 kg/m? and then
started to increase afterward (p for non-linearity<0.001).
However, for model 1 and model 2, the inflection point
of BMI for the risk of delirium incidence was approxi-
mately 30.4kg/m? (p for non-linearity<0.001); in model
3, the shape of the curve was still U-shaped, and BMI for

the lowest risk of delirium incidence was approximately
31.2kg/m? (p for non-linearity=0.005). According to
the models, the inflection points of BMI for delirium
incidence all fell within the range of obesity grade 1
(figure 3).

Subgroup analyses between BMI and delirium incidence

Subgroup analyses were conducted to determine the
consistency of the association between BMI and delirium
incidence in critically ill patients, which were stratified by
age (age <65 years and age >65 years), sex (online supple-
mental figure 2), congestive heart disease, dementia,
cerebrovascular disease, chronic pulmonary disease,
paraplegia (online supplemental figure 3), sepsis, SOFA
(SOFA score <4and SOFA score >4), GCS (GCS score
<8and GCS score >8) (online supplemental figure 4) and
treatment measures (invasive ventilation, midazolam,
emergency surgery) (online supplemental figure 5). The
results are shown in table 2. Most of the variables analysed
in the subgroup analyses showed the same trend of asso-
ciation between BMI and delirium incidence. There was
a significant interaction effect between BMI and sepsis
for delirium incidence (p for interaction effect=0.007).
Patients without sepsis in the obesity grade 1 group had a
significantly lower risk of delirium (RR=0.84, 95% CI=0.73
t00.97, p<0.05) than did those in the healthy weight group.
For the critically ill patients with sepsis, we observed that
the group with the lowest incidence of delirium was still
the obesity grade 1 group, although there was no signif-
icant difference (RR=0.94, 95% CI=0.88 to 1.00, p>0.05).
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Restricted cubic splines showed that the inflection point
of BMI for delirium incidence in patients without sepsis
was 34.7 kg/m® (p for non-linearity=0.009), while in
patients with sepsis, the inflection point was 30.6 kg/m”
(p for non-linearity=0.334) (figure 4A,B).

DISCUSSION

In this study, we estimated GLM with log-binomial or
Poisson regression with robust variance to assess the asso-
ciation between BMI and delirium incidence. The results
suggested that the patients in the obesity grade 1 group
had the lowest incidence of delirium, while the healthy
weight group did not. Restricted cubic splines were
used to explore the detailed relationship between BMI
as a continuous variable and delirium incidence, which
showed a nadir of the U-shaped association of BMI with
delirium incidence at a BMI between 30 kg/m2 and 35kg/
m?® The subgroup analyses for most factors also showed
that the patients with the lowest delirium incidence were
located in the obesity grade 1 group.

Delirium, a major complication of critical illness
that occurs in response to numerous pathophysiolog-
ical insults, is associated with short-term and long-term
adverse outcomes.”*® The incidence of delirium in crit-
ically ill patients is high, and the delirium prevalence
was reported to be 48% in a large, 21-centre, prospec-
tive study that included only mechanically ventilated
and shock patients, a population that for >15 years had
consistently shown delirium rates of approximately 75%
using the same methodology.” However, the incidence
of ICU delirium reported in the previous literature varies
greatly because of the population studied. According to
epidemiological studies, the incidence of postoperative
delirium is approximately 45-50%.” *' Another study
reported that the incidence of postoperative delirium
after intracranial surgery was 19%, ranging from 12%
to 26% caused by variation in clinical features and
delirium assessment methods,”™ and a systematic review
of the incidence of delirium in critically ill patients
receiving extracorporeal membrane oxygenation treat-
ment revealed a pooled prevalence rate of 40.79%.% In
our study, the incidence of delirium was 30.81%, which
we considered that our study was not limited by the
type of disease, or specific treatments, so the reported
incidence of delirium was not consistent with the above
literature which could also be explained. Two systematic
reviews of critically ill patients with no defined disease
type or treatment measures reported that the incidence
of delirium was 31.8% and 31%,”* ** respectively. These
findings were consistent with ours. The mechanism of
delirium is unclear and is most likely a result of multiple
pathways that are affected during critical illness that alter
normal cognition. Numerous pathological mechanisms
have been proposed, ranging from genetic defects to
worsening brain inflammation and poor cerebral blood
flow or decreased oxygen supply and neurotransmitter
imbalance.” * There are currently two categories of
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Figure 2 Association between BMI and delirium incidence in critically ill patients. The association between BMI levels and
delirium incidence in critically ill patients was based on generalised linear models. For the crude model, log-binomial regression
was used and only included BMI categories. Model 1 was adjusted for age, sex, ethnicity, CHF, dementia, cerebrovascular
disease, liver disease, paraplegia, creatinine and BUN based on the crude model. Model 2 was adjusted for age, sex, ethnicity,
CHF, dementia, cerebrovascular disease, liver disease, renal disease and paraplegia based on the crude model. Model 3 was
additionally adjusted for admission location, sepsis, chronic pulmonary disease, scores of severity (APS Ill, SOFA, GCS),

HR, MAP, RR, temperature, SpO,, HCT, serum sodium, blood glucose, length of stay in ICU and treatment measures (family
communication, fentanyl, invasive ventilation, propofol, midazolam, dexmedetomidine, emergency surgery) based on model 1.
The dashed vertical lines represent the null value (relative risk=1). APS Ill, Acute Physiology Score lll; BMI, body mass index,
BUN, blood urea nitrogen; CHF, congestive heart failure; GCS, Glasgow Coma Scale; HCT, haematocrit; HR, heart rate; ICU,
intensive care unit; MAP, mean arterial pressure; RR, respiratory rate; SOFA, Sequential Organ Failure Assessment; SpO,, pulse

oxygen saturation.

risk factors for delirium in critically ill patients: ‘modifi-
able’—benzodiazepine use and blood transfusions, and
‘non-modifiable’—greater age, dementia, prior coma,
pre-ICU emergency surgery or trauma, and increasing
Acute Physiology and Chronic Health Evaluation and
American Society of Anesthesiologists scores. For all the
other potential delirium-associated risk factors, including
BMI, the evidence currently remains inconclusive.”
Alarge epidemiological study recently showed that BMI
had J-shaped associations with overall mortality and the
most specific causes of death,8 and some recent studies
have shown that overweight and moderate obesity were
associated with lower mortality compared with a normal
BML***' Recently, researchers have begun to pay atten-
tion to the correlation between body weight and delirium
occurrence. A recent study showed that low body weight

was an independent risk factor for the occurrence of
delirium and obese or overweight status was not associ-
ated with delirium.* However, in this study, the patients
were categorised according to the WHO and Asia-
Pacific guidelines: underweight (<18.5kg/m?), normal
weight (18.5-22.9kg/m?), overweight (23-24.9kg/m?)
and obese (>25kg/ m?) and were not further classified
according to the severity of obesity. Interestingly, another
study showed that a higher BMI mediated the protec-
tive effects of BMI on postoperative delirium patients
(OR=0.900, 95% CI=0.823 to 0.985, p=0.022). However,
this study excluded low weight patients and included
only a few obese patients, which could skew the results.*
Critically ill patients can have excessively high or low
body weight. However, information on patients with low
body weight is very scarce and has been mostly drawn
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Figure 3 Detailed relationship between BMI and delirium incidence. Association between BMI as a continuous variable and
delirium incidence in critically ill patients using restricted cubic splines based on GLM. The dashed vertical lines represent the
reference value of 30kg/m2. The dashed horizontal lines represent the null value (RR=1). The black dots were used to represent
the inflection point at which the RR of BMI for delirium incidence was lowest (crude model: 30.5 kg/mz, model 1: 30.4 kg/mz,
model 2: 30.4 kg/m2, model 3: 31.2 kg/mz). BMI, body mass index; GLM, generalised linear model; RR, relative risk.

from paediatric patients. Our results showed that under-
weight and obesity grade 3 groups increased the risk of
delirium incidence, while the overweight and obesity
grade 1 groups had a decreased risk compared with the
healthy weight group. After adjustment for demographic
features, vital signs, laboratory examinations, comorbidi-
ties, treatment measures and severity scores, the results of
the three additional models suggested that the patients
in the obesity grade 1 group also had the lowest risk of
delirium incidence among the critically ill patients.
Restricted cubic splines with five knots were used to visu-
alise the relationship between BMI as a continuous vari-
able and delirium incidence, which showed a U-shaped
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association. The inflection point fell within the range of
obesity grade 1 in all the models, and above or below this
point, the incidence of delirium increased.
Sepsis-associated delirium (SAD) is a highly relevant ¢
clinical problem: depending on the study, 30-70% of
in-hospital patients with sepsis and SIRS develop SAD.**
Similar to those incidences reported in previous studies,
our data showed that the delirium incidence of patients
with sepsis was 42.07% (4631 of 11 007). In the subgroup
analysis, there was a significant interaction between
BMI and sepsis, and restricted cubic splines showed the
relationship between BMI and delirium incidence no
longer fit the non-linear relationship; however, the lowest
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Figure 4 Subgroup analyses of the association between BMI and delirium incidence stratified by sepsis. The subgroup
analyses based on model 3. (A) Association between BMI levels and delirium incidence in critically ill patients stratified by
sepsis based on generalised linear models (GLMs). The dashed vertical lines represent the null value (RR=1). (B) The detailed
relationship between BMI as a continuous variable and delirium incidence stratified by sepsis using restricted cubic splines
based on GLM. The dashed vertical lines represent the reference value of 30 kg/m2. The dashed horizontal lines represent the
null value (RR=1). The black dots were used to represent the inflection point at which the RR of BMI for delirium incidence was
lowest (non-sepsis: 34.7 kg/m?, sepsis: 30.6 kg/m?). BMI, body mass index; RR, relative risk.

incidence of delirium in patients with or without sepsis
still fell in the range of obesity grade 1. The subgroup
analysis in our study was a post hoc analysis, and the
sample size of some subgroups was small. Therefore, the
conclusions from the subgroup analyses still need to be
confirmed.

To date, no single pharmacological agent can prevent
brain dysfunction in the form of delirium. It is necessary
to actively monitor for delirium and pay attention to
the details that may put patients at risk of delirium.” **
Therefore, it is extremely important to study and recog-
nise various risk factors for delirium to promote early
identification and prevention, which is also the original
intention and the clinical significance of this study. For
these reasons, we conducted this study to investigate the
association between BMI and delirium incidence in crit-
ically ill patients. We used real-world data containing a
large and diverse population. In addition, GLMs (either
Poisson regression or log-binomial regression), restricted
cubic splines and subgroup analyses were used to evaluate
the association between BMI and delirium incidence, and
BMI was used not only as a categorical variable but also as
a continuous variable.

Our study also has a few limitations. First, this was a
single-centre retrospective observational study, so it was
difficult to avoid selection bias. Second, although we
adjusted for certain factors, our results may have been
influenced by other unknown factors. Third, the data
selected in this database span a long study period; clinical

practice is evolving quickly and new management strate-
gies may be implemented during this period. Fourth, due
to the limitations of the database, the MIMIC-IV does not
record all variables and variables with missing data are
common, and we lack some indicators, such as a history of
smoking and drinking. In addition, there are few reports
on delirium and BMI in the past; therefore, prospective
studies are needed to verify these results.

CONCLUSION

BMI was associated with delirium incidence. Our results
suggested that a higher and lower BMI than obesity grade
1 not healthy weight in critically ill patients would increase
the risk of delirium, and restricted cubic splines showed
a U-shaped association between BMI as a continuous
variable and delirium incidence with an inflection point
located in the obesity grade 1. BMI could be a predictor
for delirium incidence. However, studies involving mech-
anisms and further prospective studies with multicentre
larger sample sizes are needed to confirm our findings.
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