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Abstract

 elirium, a common and serious disorder in older hospitalized patients, remains underrecognized.
D
While several delirium predictive models have been developed, only a handful have focused on
electronic health record (EHR) data. This prospective cohort study of older inpatients (≥65 years old)
aimed to determine if variables within our health system’s EHR could be used to identify delirium
among hospitalized patients at the bedside. Trained researchers screened daily for delirium using
the 3-minute diagnostic Confusion Assessment Method (3D-CAM). Patient demographic and clinical
variables were extracted from the EHR. Among 408 participants, mean age was 75 years, 60.8% were
female, and 82.6% were Black. Overall rate of delirium was 16.7%. Patients with delirium were older
and more likely to have an infection diagnosis, prior dementia, higher Charlson comorbidity severity
of illness score, lower Braden Scale score, and higher Morse Fall Scale score in the EHR (P<0.01 for
all). On multivariable analysis, a prior diagnosis of dementia (odds ratio: 5.0, 95% CI: 2.5–10.3) and a
Braden score of <18 (odds ratio: 2.8, 95% CI: 1.5–5.1) remained significantly associated with delirium
among hospitalized patients. Further research in the development of an automated delirium prediction
model is needed. (J Patient Cent Res Rev. 2022;9:174-180.)
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W

hereas dementia is not reversible, delirium is
a common and serious disorder characterized
by reversible changes in cognition and
thinking. It is associated with higher mortality, morbidity,
institutionalization, and functional cognitive decline than
dementia as well as high health care costs.1-3 In addition,
there is an increased risk of developing dementia after
an episode of delirium.4 This serious diagnosis has a
multifactorial etiology, and its development among
patients involves a complex interrelationship between the
patient’s underlying predisposing factors and exposure to
noxious precipitating factors.5
While there is no definitive laboratory test that can
reliably diagnose delirium, there are several established
screening tools.6 Use of bedside tools alone are
insufficient in facilitating timely recognition and
management of delirium among hospitalized patients,
resulting in delirium being underdiagnosed by health care
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professionals.7 In fact, the presence of delirium may only
be correctly identified at the bedside by nurses in 27%
of delirious patients.8 Likewise, cardiologists may only
recognize half of their patients with delirium, commonly
leading to a misdiagnosis of mental health disorder and
inappropriate treatment practices.9
Mitigation of the serious consequences of delirium may
be accomplished by earlier recognition and treatment.
Several delirium predictive rules have been developed
for various patient populations (post-cardiac surgery,10
persistent delirium11), and a handful of studies have
focused on the development of automated delirium
prediction rules unique to older hospitalized patients.12-14
Overall, there is variation in the ability of the available
models in predicting delirium; however, an optimized tool
may be critical in enhancing the ability of the clinicians to
recognize delirium at the bedside.15
The coupling of prediction rules with features of the
electronic health record (EHR) is in its infancy but
holds promise in aiding earlier identification of delirium.
There are successful EHR-driven delirium predictive
models in surgical patients16 and those without cognitive
impairment,17 thus using existing EHR data to develop an
automated delirium prediction model may be cost-effective
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and timely without requiring additional data entry by
clinicians. The purpose of the study presented herein was
to determine if there are variables already present within
our EHR that could be used to identify delirium among
older hospitalized medical patients at the bedside.

METHODS

Design and Setting

This prospective, observational cohort study was conducted
at a single urban-based community teaching hospital and
approved by the local institutional review board.
Participants

Inclusion criteria were age 65 years or older and
admission to a medical unit in a single hospital during the
study period (February 2016 to November 2017). Patients
were excluded if they were non-English speaking, were
comatose, had severe aphasia, had severe dementia, had
an activated power of attorney, were on a ventilator,
were combative, were critically ill, or were intensive
care/surgical patients. Those with severe dementia, as
defined by those who had an activated power of attorney,
were excluded because reliably diagnosing delirium in
such patients is difficult and many would not be able to
participate in study screening. In our clinical experience,
it is rare for hospital notes to describe the severity of
dementia and those with activated power of attorney are
more likely to have severe dementia. Informed verbal
consent was obtained from the patient.
Cognitive Assessment

The diagnosis of delirium was established using the
3-minute diagnostic interview for Confusion Assessment
Method-defined delirium (3D-CAM).18 3D-CAM was
administered daily in the morning while the patient was
in the hospital. Delirium was defined as any positive
3D-CAM during the hospital stay. Delirium was defined
as prevalent delirium if the first 3D-CAM was positive.
Incident delirium was defined as a negative first 3D-CAM
and a positive subsequent 3D-CAM.
All patient participants were screened for presence of
dementia using the Short-Blessed Test (SBT) within
48 hours of admission.19 Despite the known limitations
in using cognitive assessment for diagnosis, we felt the
routine underdiagnosis of dementia in the EHR20,21 —
along with SBT’s short administration time and moderate
efficacy in hospital settings (87% sensitivity and 70%
specificity)22 — made its use for this study appropriate.
Researchers completing the cognitive screening tests
were trained by a geriatrician and PhD-prepared nurse.
Prior to beginning the study, the researchers and
geriatrician interviewed 10 participants for the presence
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or absence of delirium using the 3D-CAM for training
purposes. Online Supplemental Figure S1 describes the
study process flow chart.
Potential EHR Variables

EHR variables were chosen based on previous research23
and ease of availability in the EHR. Variables that were
available from EHR included patient demographics
such as age, race, ethnicity, and gender. International
Classification of Diseases, Tenth Revision (ICD-10)
diagnostic codes were obtained from the EHR to generate
a patient’s Charlson comorbidity score, which predicts
the severity of illness (with higher score predicting worse
outcomes).24 Additional variables included infectious
diagnosis, vision impairment, a prior history of dementia
per ICD-10 diagnosis, and fracture.25
Physical restraint use, sitter use, vision impairment,
medical comorbidities, labs on admission, Katz activities
of daily living (ADL) score, Morse Fall Scale score, and
Braden Scale score were obtained from the EHR. These
assessments were recorded in the EHR by staff nurses
while performing their daily bedside assessments. Katz
ADL is a measure of function that ranges in score from
0 to 12 (0 being dependent in all ADL and 12 being
independent).26 The Morse Fall Scale predicts the risk of
falls, with a score of 45 or more associated with increased
risk,27 and the overlap between falls and delirium is
repeatedly reported in the literature.28 The Braden Scale
evaluates risk for development of pressure ulcers, with
a lower score associated with higher risk; geriatric
syndromes are known to have shared risk factors, hence
Braden was included in this study as a marker of risk for
pressure ulcers.29
Health care utilization variables collected from the EHR
included length of stay, 30-day readmission rate, and 30day mortality rate.
Data Analyses

Patient characteristics were summarized using basic
descriptive statistics for both continuous (mean and
standard deviation) and categorical (frequency and
percentage) variables. Differences in characteristics
between patients with and without delirium were
compared using chi-squared tests for categorical
variables and t-tests for continuous variables. Variables
that were significant on univariate analysis were included
in a multivariable regression model. Two-sided P-values
of <0.05 were considered statistically significant. All
statistical analyses were performed using SAS 9.4
software (SAS Institute Inc.).
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RESULTS

A total of 2259 patients were screened. Of those, 489
were verbally consented; 24 patients were excluded due
to missing information, same-visit duplication, names not
corresponding, and a surgical patient. The cleaned cohort
had 465 patients but included patients that were part
of the study multiple times. Only looking at first visits
for patients, the final cohort was 408 patients. Figure 1
describes the flow of participants in the study.
Baseline patient characteristics are described in Table 1.
The mean age of the study cohort was 75 years (range:
65–102 years); 60.8% were female, and 82.6% selfreported race as Black. The average Charlson comorbidity
score was 2.6. Using 3D-CAM criteria, delirium was
present in 68 participants (16.7%). Prevalent delirium
was noted to be positive in 43 participants (10.5%),
while incident delirium was present in 25 participants
(6.1%). A diagnosis of prior history of dementia (by ICD-

10 diagnostic codes) was present in 11.5% (n=47) of
participants, while researcher identification of dementia
by SBT screening was 23.8% (n=97).
Patients with delirium were older than those without
delirium (77 vs 75 years; P=0.028). They were also more
likely to have a diagnosis of infection (26.5% vs 14.7%;
P=0.018), prior dementia by ICD-10 diagnostic code
(32.4% vs 7.4%; P<0.001), and a higher mean Charlson
comorbidity score (3.1 vs 2.5; P=0.019). Furthermore,
patients with delirium had a lower minimum mean
Braden Scale score (16.3 vs 18.7; P<0.001) and higher
mean Morse Fall Scale score (74.5 vs 60.0; P<0.001).
No significant associations with delirium diagnosis
were seen for the following lab values obtained from the
EHR: mean blood urea nitrogen, serum creatinine, mean
blood urea nitrogen and serum creatinine ratio of ≥18,
hemoglobin and hematocrit, and albumin.

FIGURE LEGEND
Figure 1. Flow diagram of hospitalized participants in study of electronic health record variables to
identify delirium. POA, power of attorney; pts, patients.
Potentially eligible patient admissions: 2259 pts

Commented [GJ3]: Julie, you’ll have to tighten
up the spacing of this figure in layout. It
does not need to take up a whole page unless
you want it to.
Legend should go on the bottom per usual

Excluded:
 Surgical patients: 460 pts
 Activated POA/guardian: 167 pts
 Non-English speaking: 161 pts
 Comatose: 2 pts
 Combative: 1 patient
 Critically ill: 58 pts
 Not available: 83 pts
 Other reason: 501 pts
 Refused: 223 pts
 Severe dementia: 102 pts
 Severe aphasia: 5 pts
 Missing reason: 7 pts
Eligible patients: 489 pts
Additional exclusions during analysis:
 Missing information: 12 pts
 Duplicate visit: 3 pts
 Names don’t match: 8 pts
 Additional surgical patient: 1 patient
Final cohort (includes duplicates): 465 pts
Removal of second encounters
during study period: 57 pts
Final unique cohort: 408 pts

Delirium present: 68 pts (17%)
 Incident: 25 pts (37%)
 Prevalent: 43 pts (63%)

Delirium absent: 340 pts (83%)
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Figure 1. Flow diagram of hospitalized
participants in study of electronic health
record variables to identify delirium.
POA, power of attorney; pts, patients.
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Table 1.  Baseline Characteristics of Hospitalized Older Patients Meeting Study Inclusion Criteria
Overall
N=408

No delirium
n=340

Delirium
n=68

P

Female sex, n (%)

248 (60.8)

203 (59.7)

45 (66.2)

0.318

Non-Hispanic Black race/ethnicity, n (%)
Age in years, mean (SD)
Age of ≥80 years, n (%)
Diagnosis of vision impairment, n (%)
Infectious diagnosis, n (%)
History of dementia diagnosis by ICD-10 code, n (%)
Prior dementia by ICD-10 and by SBT screening, n (%)
No prior dementia by ICD-10 but presence of dementia
by SBT screening, n (%)
Fracture diagnosis, n (%)
Maximum pain score, mean (SD)
Maximum Morse fall score, mean (SD)
Morse fall score of >45, n (%)
Minimum Braden score, mean (SD)
Braden score of <18, n (%)
Charlson comorbidity index, mean (SD)
Charlson comorbidity score of >2, n (%)
Prevalent delirium, n (%)
Incident delirium, n (%)
SBT given by researchersa
Normal cognition, n (%)
Questionable Impairment, n (%)
Consistent with dementia, n (%)

337 (82.6)
75 (8.2)
103 (25.3)
14 (3.4)
68 (16.7)
47 (11.5)
21 (5.1)
76 (18.6)

280 (82.4)
75 (7.9)
78 (22.9)
13 (3.8)
50 (14.7)
25 (7.4)
9 (2.6)
59 (17.4)

57 (83.8)
77 (9.5)
25 (36.8)
1 (1.5)
18 (26.5)
22 (32.4)
12 (17.6)
17 (25.0)

0.7914
0.028
0.017
0.482
0.018
<0.001
<0.001
0.1508

7 (1.7)
5.2 (4.0)
62.4 (22.6)
277 (67.9)
18.3 (3.0)
134 (32.8)
2.6 (1.8)
276 (67.7)
43 (10.5)
25 (6.1)

4 (1.2)
5.2 (4.0)
60.0 (22.2)
219 (64.4)
18.7 (2.8)
94 (27.7)
2.5 (1.8)
222 (65.3)
0 (0)
0 (0)

3 (4.4)
5.6 (4.2)
74.5 (20.7)
58 (85.3)
16.3 (3.1)
40 (58.8)
3.1 (1.7)
54 (79.4)
43 (63.2)
25 (36.8)

0.094
0.378
<0.001
0.001
<0.001
<0.001
0.019
0.023
–
–
<0.001

193 (47.3)
107 (26.2)
97 (23.8)

175 (51.5)
91 (26.8)
68 (20.0)

18 (26.5)
16 (23.5)
29 (42.7)

Hospital length of stay in days, mean (SD)

4.0 (4.9)

3.6 (4.3)

6.1 (6.8)

0.005

30-day mortality, n (%)

11 (2.7)

9 (2.7)

2 (2.9)

>0.999

59 (15.5)

50 (14.7)

9 (13.2)

0.753

Characteristic

30-day readmission, n (%)
a

There were 11 patients who did not have SBT performed.

ICD-10, International Classification of Diseases, Tenth Revision; SBT, Short-Blessed Test; SD, standard deviation.

On multivariable analysis (Table 2), prior dementia (odds
ratio: 5.0, 95% CI: 2.5–10.3) and Braden score of <18
(odds ratio: 2.8; 95% CI: 1.5–5.1) remained significantly
associated with delirium among hospitalized patients.

DISCUSSION

The EHR is an integral aspect of care and a component
that may be used to improve earlier identification of
delirium in older hospitalized patients. In this study,
we explored EHR variables that we hypothesized could
be associated with delirium among older inpatients at
a single hospital. Multiple variables associated with
delirium in previous studies, namely prior dementia
and functional status,23,25 were associated with delirium
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within our study population. The fact that Braden score
(ie, pressure ulcer risk) also was associated with delirium
in our study further demonstrates the similarity between
the risk factors for developing pressure ulcers and the risk
factors for developing delirium.29
Conversely, several variables expected to be associated
with delirium were not significantly associated with
delirium in our study per multivariate analysis. These
included age, infection, and Morse score. Moreover, pain,
vision impairment, and fracture diagnosis also were not
associated with delirium on univariate analysis. This may
have been because data entered into the EHR is for clinical
purposes and not documented specifically to meet research
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Table 2. Odds Ratios for Variables Included in Multivariable Regression Analysis
Effect

Odds ratio

95% Wald CI

Age at admission (over vs under 80 years)

1.1

0.6, 2.2

Infection
Prior dementia by ICD-10 code
Severity of illness
Maximum Morse Fall Scale score (over vs under 45)
Minimum Braden Scale score (under vs over 18)

1.3
5.0
1.9
1.7
2.8

0.6, 2.6
2.5, 10.3
1.0, 3.7
0.8, 3.8
1.5, 5.1

ICD-10, International Classification of Diseases, Tenth Revision.

needs. Additionally, clinical text in the EHR may be
effectively collected to further boost the ability to identify
delirium,30 but we did not have this option. While fall risk
(ie, Morse score) did not remain significantly associated
with delirium on multivariate analysis, the univariate
association provides evidence for recognizing that fall risk
may be an appropriate clinical variable to initiate delirium
prevention efforts, a takeaway consistent with reported
evidence that preventing delirium decreases falls.31 Using
Braden and Morse assessments as a means to flag/identify a
patient’s risk for delirium is worthy of further exploration.
Of possible importance, 82.6% of our study participants
were Black. While we conducted the study in an urban
hospital where, on average, 60% of the inpatient population
is Black, we did not specifically target enrollment of
Black patients. Recent research demonstrates that the
prevalence of delirium among older adults in the intensive
care unit setting is not significantly different based
on race.32 However, there has been minimal research
examining the predictors of delirium based on race and/or
other demographic variables not previously included in
studies (eg, socioeconomic, hospital payor mix). Further
research on how variables might differ among various
ethnic groups is needed. Babulal et al verified the gaps in
the inclusion of ethnoracial representation and provided
several recommendations for future research, specifying
that “precision medicine” and “precision public health”
approaches are needed to target and continually refine
identification of Alzheimer’s and related dementias.33
A relatively small proportion of our study participants
were readmitted to the hospital within 30 days, resulting
in a nonsignificant difference in the rates of readmission
between those with and without delirium.
Limitations

This study has several limitations. First, the data obtained
from the EHR were entered by clinicians for patient
care at the bedside and may have quality issues, such
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as misclassification, inaccuracy, or missing.34 Secondly,
ICD-10 codes may underrepresent the presence of certain
diagnoses, such as low vision and prior dementia. Thus,
any future predictive model using EHR data will be
limited in performance due to missing these important
predictors of delirium. Third, we were not able to obtain
some variables, including medications, nutritional status,
and presence of urinary catheter. Fourth, as with any
delirium study, we screened for delirium once a day and
may have missed an acute delirium diagnosis due to the
fluctuating nature of the disease. Lastly, “other” was noted
as a reason for exclusion in a large number of screened
patients, causing a potential sampling error.
A strength to this prospective study was its inclusion of
ADL, Morse, and Braden scores, which can be difficultto-obtain EHR variables in purely retrospective studies.
These variables are an integral part of patient assessment
by the nurses in our health system and thus were easily
available to us. Another strength was that both prevalent
and incident delirium was identified.
Clinical Implications

A daily delirium marker that is automatically generated
from the EHR may be useful for multiple reasons. First,
earlier identification would lead to further assessment,
confirmation of diagnosis, and early treatment. It also
could save resources by enabling clinicians to focus their
efforts on patients who are at the highest risk. Second,
a systematic method for alerting interprofessional
members of the health care team about patients’ risk for
delirium would aid in identifying patients earlier in their
hospitalization who may require additional post-acute
care health services. Last, integrated health systems may
be able to use the delirium marker as a quality measure
to compare delirium rates between units and across
hospitals. These outcomes are critical for the elderly
population. Although current knowledge gaps prevent the
clinical implementation of EHR-predictive models at this
time, their future potential appears promising.35,36
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In summary, this study found that participants with a
prior diagnosis of dementia or lower Braden Scale score
(ie, <18) were more likely to have delirium in a hospital
setting. Further research is needed to develop an automated
and dynamic (eg, updated daily) delirium prediction model
inclusive of these clinical variables that can be tested in a
larger, more clinically diverse patient population.
Patient-Friendly Recap
• Hospital delirium is underrecognized by clinicians
at the bedside. Timelier identification could prevent
adverse events and lead to a better quality of life
for older adults.
• Authors analyzed electronic health record (EHR)
data to learn which variables were associated with
delirium in hospitalized patients.
•F
 indings highlight the importance of having EHRdocumented nursing assessments (eg, Morse Fall
Scale, Braden Scale) for identifation of patients
more likely to develop delirium.
•F
 urther research in pursuit of automated, EHRbased delirium prediction models that account for
potential ethnoracial variations is warranted.
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