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Abstract

Background: Each year, thousands of older adults develop delirium, a serious, preventable 

condition. At present, there is no well-validated method to identify patients with delirium when 

using Medicare claims data or other large datasets. We developed and assessed the performance of 

classification algorithms based on longitudinal Medicare administrative data that included ICD-10 

diagnostic codes.

Methods: Using a linked EHR-Medicare claims dataset, two neurologists and two psychiatrists 

performed a standardized review of EHR records between 2016–2018 for a stratified random 

sample of 1,002 patients among 40,690 eligible subjects. Reviewers adjudicated delirium status 

(reference standard) during this three-year window using a structured protocol. We calculated 

the probability that each patient had delirium as a function of classification algorithms based on 

longitudinal Medicare claims data. We compared the performance of various algorithms against 

the reference standard, computing calibration-in-the-large (CITL), calibration slope, and the area-

under-receiver-operating-curve (AUROC) using 10-fold cross-validation (CV).

Results: Beneficiaries had a mean age of 75 years, were predominately female (59%), and 

non-Hispanic Whites (93%); a review of the EHR indicated that 6% of patients had delirium 

during the three years. While several classification algorithms performed well, a relatively simple 

model containing counts of delirium-related diagnoses combined with patient age, dementia status, 

and receipt of antipsychotic medications had the best overall performance (CV-CITL <0.001, 

CV-slope 0.94, and CV-AUC [0.88 95% CI: 0.84–0.91]).

Conclusions: A delirium classification model using Medicare administrative data and ICD-10 

diagnosis codes can identify beneficiaries with delirium in large datasets.
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INTRODUCTION

Delirium is a preventable cognitive disorder characterized by an acute disturbance in 

attention and awareness and a change in cognition, such as confusion, disorientation, 

memory deficit, or language disturbance.1–5 Older adults (≥ 65 years) are at high risk 

of developing delirium during an acute illness, as are individuals with an underlying 

neurocognitive disorder such as mild cognitive impairment or dementia.1–4 Delirium is often 

described as an acute-onset neurological disorder,6 however, delirium can go undetected 

and unidentified.6,7 Delirium may lead to long-term cognitive decline,8 increased mortality, 

healthcare complications, and hospital costs.1–4,9

Because delirium disproportionately affects older adults, its associated morbidity, mortality, 

and costs are projected to increase with population aging.10 However, informed policy and 

Moura et al. Page 2

Med Care. Author manuscript; available in PMC 2023 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



population health management are contingent upon the reliable ascertainment of disease 

status and healthcare utilization for persons with delirium.11–13

Understanding the prevalence of delirium and its relationship to national healthcare spending 

would be necessary to assess the effectiveness of public policies to prevent or reduce 

the delirium burden. Studies attempting to examine such questions generally require large 

administrative databases, e.g., Medicare administrative and insurance claims data, which 

would rely heavily on diagnosis codes. Currently, the accuracy of ICD-10 diagnosis codes 

for delirium is unknown. As with many other medical conditions, additional aspects of the 

diagnostic information, e.g., the diagnosis’s setting or the frequency of diagnoses, could be 

informative.

The absence of a well-validated approach for classifying patients as having delirium or 

not when using large datasets has limited the knowledge base.5,14,15 Estimates of new-

onset delirium are highly variable (2% to 82%),16–18 reflecting differences in definitions, 

classification methods, or data sources. Moreover, recent studies have found fewer patients 

with delirium diagnoses in claims data than clinically expected, which could reflect under-

diagnosis, variable-diagnosis, and under-coding, among other challenges.6,19

The United States switched in October 2015 from the ICD-9 to the ICD-10 coding system; 

the system changed substantially between these versions (e.g., ICD-9-CM 293.0 Delirium 

due to conditions classified elsewhere and ICD-9-CM 293.1 Subacute delirium and under 

the ICD-10-CM system, F05- Delirium due to known physiological condition). No study 

has validated a classification algorithm for delirium using the ICD-10 codes.5 Accurate 

classification of delirium status is a foundational step for national, population-based, or large 

dataset-based studies.

The purpose of our study was first to develop a reference standard of delirium based 

on clinical information contained in EHRs, then assess the performance of classification 

algorithms using longitudinal Medicare administrative data to classify delirium status among 

Medicare beneficiaries.

METHODS

Study design

This study of classification algorithms was designed to identify Medicare beneficiaries 

having at least one episode of delirium within a 3-year study timeframe. We used multiple 

sources of longitudinal data from 2016–2018, linked at the individual level, including EHR 

data with provider details, pharmacy, laboratory, and Medicare claims data with ICD-10 

codes from an extensive healthcare delivery system, Mass General Brigham (MGB), which 

also served as a Medicare Accountable Care Organization (ACO). MGB includes two 

academic medical centers, seven community hospitals, three specialty institutions, and 

twenty-one community health centers. The dataset included all Medicare claims from Parts 

A, B, and D (i.e., hospital and physician services and prescription drugs) for subjects 

independent of the provider or location of care. During the study period, some nurses 
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within MGB collected Confusion Assessment Method (CAM) information on Neurology 

inpatients, but this use varied across patients and over time.20,21

Sample selection

We applied the following eligibility criteria using information assessed on 01/01/2016: 1) 

alive through the end of June 2016 (6+ months of observation data); 2) aged 65 years or 

older; 3) community-dwelling at the time of ACO entry; 4) enrolled in Medicare Parts A 

and B; and 5) enrolled for at least six months to the ACO during the observation period 

(01/01/2016 – 12/31/2018) or until death.22 Overall, 40,690 beneficiaries met the eligibility 

criteria.

We then defined three mutually exclusive sampling groups (using only administrative data) 

for which we had three different a priori expectations of having disease: a) high-risk group, 

b) moderate-risk group, and c) a low-risk group. We separated the eligible group of subjects 

into one of the three sampling groups: A) patients with an ICD-10 diagnosis code suggestive 

of cognitive problems; B) patients with a clinic visit during the observation period with 

a neurologist, psychiatrist, geriatrician, neuropsychologist, or geriatric psychiatrist, but 

without an ICD-10 diagnosis suggestive of cognitive problems; and C) all other patients.23

Posteriorly, we used SAS to create a random number generator and sample without 

replacement of 2,100 subjects (out of a target population of 40,690 total eligible 

beneficiaries) within each of the three strata to create a review list and then randomly 

assigned patients on the list to one of the clinician reviewers (two neurologists, LM & SZ, 

two psychiatrists, NMB & DB). The patients were listed in random order within each list, 

and reviewers examined all available clinical data within the EHR during the observation 

period for each patient on their list, stopping once the total reviewed reached a pre-specified 

target of 1,000 subjects. Our reviewers examined the EHR data for 1,002 patients.

Among the 1,002 patients, 952 (95%) had available electronic health record data during 

the observation period; the remaining 5% had no medical visits to an outpatient clinic, 

emergency department, or hospital within the healthcare system during the three years. We 

dropped this 5% from the additional analyses. We also excluded 20 subjects (2%) who had 

insufficient clinical data in their records to determine whether they had delirium during the 

follow-up period (sensitivity analyses including the excluded subjects yielded comparable 

findings). There were 932 patients in the analytic sample who represented 40,690 patients 

in the eligible population. In the manuscript, we present our findings reweighted to the 

reference population of 40,600 was initially intended to increase privacy protection (Figure 

1).

Clinical data review and disease adjudication

We developed a standard protocol for abstracting clinical data from the EHRs and for 

adjudicating delirium status based on this data (Supplementary Text). We based the 

adjudication protocol on the Diagnostic and Statistical Manual of Mental Disorders criteria, 

5th Edition (DSM-V).24
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Reviewers completed a three-month training period, during which we compared their ratings 

of a training sample of 100 subjects, iteratively refined the protocol, and assessed inter-rater 

reliability. All three reviewers examined the records for all subjects in the training sample 

in batches of 20 patients. After each batch, they discussed potential ambiguities within 

the protocol and refined the protocol to increase the accuracy of disease adjudication and 

agreement between reviewers (e.g., added a variable for diagnostic certainty and elaborated 

on the distinction between psychosis and delirium). Post-training interrater reliability was 

reasonable (kappa scores κ ≥ 0.80 for adjudication of a patient’s delirium status). After 

training, three reviewers (LM, SZ, and NMB) reviewed the full sample, while one reviewer 

served as supervisor (DB).

Reference standard: electronic health record review

Reviewers were blinded to sampling strata and claim information and classified each patient 

into one of the following categories: a) No evidence of delirium during the study time frame; 

b) At least one episode of delirium; or c) Unknown.

Because the reviewers relied on the available clinical information, potential evaluation errors 

or omissions in documentation could impact the information available for adjudicating 

delirium status. Accordingly, the reviewers rated their diagnostic certainty as high, moderate, 

or low, reflecting the level of confidence in assessing delirium status using the available 

EHR information. The reviewers also rated their confidence in each classification on a 

scale of “highly,” “moderately,” “mildly,” or “not at all” confident. Clinical considerations 

informed reviewers’ diagnostic certainty, data quality, and availability classifications.

When reviewers classified a patient as having “unknown” delirium status, they also recorded 

whether the classification resulted from inadequate documentation, conflicting reports on 

the same episode, or both. This real-world clinical standard is related to but distinct from 

a definition based on actual disease status, which reflects a combination of access to 

care, detection, and documentation. Our reference standard reflects the approach an expert 

clinician would use to classify a patient’s delirium status based on the available clinical 

information.

Claims-based delirium diagnoses

We used the Medicare claims data from 2016-to 2018 to create delirium classification 

algorithms. For the “Base” algorithm, we used the ICD-10 diagnostic codes corresponding 

to a previously validated list of ICD-9 codes for delirium.25 For other algorithms, “Refined,” 

we created an indicator variable, incorporating a modified set of ICD-10 diagnostic codes 

determined to have strong face validity by clinical reviewers, based on our understanding of 

the DSM-V24 and our clinical and research experience in the field. Therefore, we removed 

administrative codes inconsistent with current diagnostic criteria for delirium (e.g., ICD-9 

code 293.84, “an anxiety disorder in conditions classified elsewhere” and ICD-10 code I674, 

“hypertensive encephalopathy” (Table S1).23,26 Because information about the number of 

encounters and care settings in which patients received this diagnosis could be informative, 

we included this variable in several algorithms.
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We also examined outpatient prescription medications received that could affect the risk of 

developing delirium or be used to manage it, such as receiving an antipsychotic drug (Table 

S2). We created categorical variables for having any drug dispensed and integer variables for 

counts of drug fill within the observation period. We obtained data on drugs dispensed from 

Medicare Part D files; Part D is a voluntary program, and an estimated 20% of our sample 

did not have Part D claims during the observation period. Finally, we included variables for 

age, sex, and dementia status in some algorithms because these factors may be associated 

with delirium risk.22,27 We assessed dementia status using a validated method.23

Statistical analysis

We estimated a series of logistic regression models to assess the performance of 

each classification algorithm against the reference standard classification of delirium. 

We estimated 11 models with different combinations of delirium diagnosis codes and 

demographic variables (Table S3 and Supplementary Text). For example, one model (Model 

8) used the “Refined” diagnosis codes, plus a count of hospitalizations (inpatient stays) and 

outpatient visits with delirium diagnoses, count of delirium-associated (antipsychotic) drug 

fills, and indicators for dementia status and age. Another model (Model 9) added sex to the 

Model 8 predictors.

The models estimated the probability of delirium for each subject during the observation 

period. Rather than selecting a specific probability threshold to determine the sensitivity 

and specificity of the models, we adopted an approach that incorporated the randomness of 

the outcome using a probability distribution. Specifically, for each model, we estimated the 

delirium status of each patient by sampling from a Bernoulli distribution with a probability 

equal to their likelihood of having delirium during the observation period as estimated from 

the model. We next compared the estimated delirium status with the reference standard and 

calculated sensitivity, specificity, positive predictive value (PPV), and negative predictive 

value (NPV). We repeated this process 1,000-times, utilizing Monte Carlo sampling to 

determine the mean, standard deviation (SD), minimum, and maximum estimates of the 

1000 samples. Separately, we applied 10-fold cross-validation (CV) and plotted calibration 

curves and receiver operating characteristic (ROC) curves corresponding to each model. We 

reported calibration-in-the-large (CV-CITL; value of 0 is desirable), calibration slope (CV-

slope; value of 1 is desirable), and the mean for the area under the ROC curve (CV-AUC), all 

with 95% confidence intervals. Because the probability of delirium increases with age and 

clinical practice patterns may differ across age groups, age effects could be non-linear; as a 

result, we repeated all analyses using categorical age variables (<75, 75–79, 80–84, 85+).

RESULTS

Population characteristics

Table 1 displays the characteristics of the reconstructed target population (n=40,690). The 

mean age of patients was 75 years, with females comprising 59% of the sample, and 5% had 

dementia. During the observation period, 58% had at least one emergency department visit 

or hospitalization, and 2% died.
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Patients in Sample A had been assigned a diagnostic claim potentially consistent with 

cognitive problems. In contrast, patients in Sample B had a clinic visit during the 

observation period with a neurologist, psychiatrist, geriatrician, neuropsychologist, or 

geriatric psychiatrist, but without an ICD-10 diagnosis suggestive of cognitive problems, 

and patients in Sample C were all others not included in Samples A or B. Patients in Sample 

A were older, on average than patients in the other two samples, with mean ages of 81-years, 

76-years, 74-years for Samples A, B, and C, respectively. Also, patients in sample A had 

overall worse outcomes than patients in the other two samples: The proportion of patients 

who had an ED visit or hospitalization within the 3-year observation period was 84%, 77%, 

and 48% for Samples A, B, and C, respectively; The 3-year mortality risk was 7%, 3%, and 

2% for Samples A, B, and C, respectively.

Characteristics of patients with delirium

Table 2 displays the characteristics of the patients with (6%) and without (94%) delirium 

as adjudicated by clinician experts after reviewing the EHR. As expected, patients with 

delirium tend to be older, have higher baseline risk scores, and are more likely to have 

dementia than patients without delirium. Moreover, patients with delirium are more likely to 

have had an ED visit or hospitalization, received an antipsychotic drug, or died during the 

observation period than patients without delirium.

Delirium classification performance

Table S4 illustrates the performance characteristics of our preferred classification algorithm 

for delirium. In addition to its simplicity (it contained easily measurable inputs such as 

age, dementia status, and counts of hospitalizations or ED visits with a delirium diagnosis), 

the algorithm had the best calibration to the reference standard with CV-CITL of <0.001 

and CV-slope of 0.94 (Figure 2) and yielded the best overall performance, with excellent 

discrimination (CV-AUC 0.88; 95% CI 0.84–0.91, Figure 3). The sensitivity was 47.2% 

(SD 2.7%; range 38.8–55.9%), specificity was 93.1% (SD 0.8%; range 90.3–95.4), positive 

predictive value was 57.3% (SD 3.1%; range 47.9–66.4%), and negative predictive value 

was 90.0% (SD 0.5%; range 88.7–91.6%). The supplement contains information on the 

performance of other models. Allowing age to be an ordered categorical instead of a 

continuous variable did not impact performance.

DISCUSSION

Diagnostic codes and large administrative datasets arguably represent the only feasible way 

to obtain national estimates of delirium within the entire Medicare program.11,28 Counts 

of diagnostic codes with strong face validity, combined with information regarding context 

and demographic variables, can aid in identifying individuals with a high likelihood of true 

delirium. This type of validated approach is critical to the study of delirium within the 

Medicare program, which accounts for the majority of older adults in the United States. 

Accordingly, such an approach is essential to any research or policy utilizing large datasets 

to capture delirium status.19
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One algorithm performed well and required only a few types of data, thus balancing 

both performance and simplicity; other algorithms performed nearly as well and represent 

viable options for some uses. Indeed, the optimal approach for identifying delirium in 

large datasets will depend on the question, design, and available data for a given study, as 

well as the performance of the classification algorithm. Similarly, the optimal use of the 

classification (e.g., individual delirium probabilities or dichotomous status indicators) may 

depend on a given study’s specific needs.

This type of validated approach for identifying delirium using only administrative data 

arguably is much needed given the severity of delirium and its potential preventability.29–31 

The Medicare program currently incentivizes hospitals to reduce several inpatient 

complications such as catheter-related or nosocomial infections but has not yet introduced 

incentives concerning delirium, partly because of difficulty classifying beneficiaries with 

this condition.32,33

This study improves the classification of patients with delirium in several important 

ways. First, the preferred algorithm performs considerably better than previously published 

approaches.25,34–36 For instance, a previous delirium classification algorithm by Kim et al. 

using an ICD-9 list alone had a low sensitivity (18%).25 Improving the algorithm using 

antipsychotic use data had not improved sensitivity (30%).25 Further, in a study by Inouye, 

the sensitivity of diagnosis by ICD-9 codes was only 3% compared to 74% sensitivity 

of a chart-based instrument.35 Other studies have also reported underdiagnosed delirium 

when using ICD-9 codes in more restrictive or specific healthcare settings. For example, 

a study by Katznelson concluded that the hospital administrative database underestimates 

postoperative delirium rates after cardiac surgery.34 One of our best-performing algorithms 

was more sensitive (47.2% [SD 2.7%]) when compared to previous studies and remained 

very specific (93.1% [SD 0.8%]).

Second, the preferred algorithm requires only Medicare administrative data and thus could 

be feasible to use with similar types of large datasets. Third, prior studies indicate that the 

ICD-9 diagnosis codes for delirium miss most cases.25,37 The ICD-10 codes (implemented 

in 2015 in the United States) attempt to increase information granularity and improve 

disease classification relative to ICD-9 codes.23,38 Our study is the first to assess the 

performance of an ICD-10-based diagnostic algorithm against a reference standard for 

delirium based on an expert clinician review of EHR data.

Fourth, the algorithm is both simple and transparent, which could be valuable for 

applications requiring clinical or stakeholder acceptance.

Finally, other studies examining the performance of delirium ascertainment methods were 

limited by small samples and by selection design such as restricting to a condition or 

setting, such as selection based on admission to intensive care unit stay, cardiac surgery, 

or admission to a skilled nursing facility.25,34,37,39,40 In contrast, our stratified sampling 

approach using Accountable Care Organization enrollment (like a membership roster 

independent of condition or setting) arguably increases the generalizability of the findings.
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Limitations and Future Directions

We are limited to information available within the EHRs, which included variable 

documentation of validated delirium screening assessments like the CAM. Data is 

contingent upon evaluations and documentation by clinicians, mainly in bedside encounters; 

thus, ascertainment is neither systematic nor random.41 Not all staff from hospital floors 

documented observed delirium symptoms, calculated CAM scores or even screened high-

risk patients (i.e., older adults with acute ischemic stroke).13 Not all physicians screened for 

or documented cognitive changes in the medical record; in fact, hypoactive delirium cases 

could be frequently undiagnosed.9 In our protocol, we did not count how many patients had 

CAM scores available because, in prior work, we have found that CAM use was sporadic. 

Instead, our reviewers attempted to adjudicate disease states based on all the available 

clinical data in the EHRs.

Among subjects adjudicated as having delirium, we observed at least one CAM score 

available in about a quarter of the issues. We validated delirium screening assessments like 

the CAM varied by institution, floor, department, care setting, and patient characteristics 

over time. We found the measurements sporadic, even in periods and feet that should have 

had routine CAM score assessments. This variable ascertainment in real-world practice is 

the topic of a separate line of work examining practice patterns and quality.

Our results might not be generalized to estimates using data from other hospital systems 

or other healthcare databases. All our subjects were aligned to a Medicare ACO based in a 

large academic health system in New England. While a little over half of the persons aged 

65+ years nationally are enrolled in the fee-for-service Medicare program, only about a third 

of these are in ACOs.42 The findings might not generalize to other ACOs, beneficiaries in 

standard fee-for-service Medicare, not in ACOs, or those enrolled in a Medicare Advantage 

plan.43 It would be desirable to replicate our analysis in other samples.

Our approach also focused on establishing delirium status for each patient over the 

observation period rather than identifying episodes of delirium. We did not attempt to define 

the severity, etiology, or potential preventability of the condition. Moreover, because we did 

not identify specific episodes and allowed delirium status to change over time, we could 

not assess the temporal relationship between the antipsychotic medication fills and delirium 

episodes. These limitations suggest natural extensions to this initial work.

Additionally, 2% of the sample had limited clinical information, e.g., records limited to 

nonspecific clinical encounters such as phone call notes or focused preventive care-like 

routine eye exams. We suspect that low healthcare utilization among these patients suggests 

good health and cognition. Nonetheless, some of these individuals could have avoided 

presentation to care or, theoretically, had conditions that precluded interaction with the 

outpatient or inpatient healthcare system.

Finally, our calibration measures may be optimistic due to cross-validation rather than an 

external validation sample.
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CONCLUSION

This study is the first to validate classification algorithms using ICD-10 codes and 

Medicare administrative data to identify patients with delirium when using large datasets. 

The algorithms performed well against a real-world reference standard based on expert 

clinician adjudication of information contained within electronic health records. A validated 

classification of patients with delirium could improve understanding of delirium at a national 

or population level and help assess the impact of policies, delivery changes, and clinical 

interventions to prevent delirium in our older patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Sampling Approach
The workflow delineates our sampling procedure to build our final reconstructed sample for 

analysis, beginning with 40,690 FFS Medicare beneficiaries aged 65-years and older within 

the ACO. We perform stratified random sampling based on the pretest likelihood based on 

administrative data.

Abbreviations: EHR, electronic health record; ICD-10, International Classification of 

Diseases, 10th Edition; IPW, inverse proportional weights.
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Figure 2. Calibration Plot (Model 8)
We grouped patients by their deciles of estimated probability and plotted the mean of each 

group’s expected (predicted) vs. observed (whether they had delirium). If the model were 

perfectly calibrated, the cross-validated slope would be 1, the calibration-in-the-large would 

be 0, and all points would lie on the dashed 45-degree line.

Abbreviations: CV, cross-validation; CITL, calibration-in-the-large
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Figure 3. Area Under the ROC curve: Tradeoff Between Sensitivity and Specificity
The figure is based on the analytic sample. Area-under-receiver-operating-curve (AUROC) 

= 0.87. Figure 3 provides the AUROC related to varying sensitivity and 1-specificity and 

illustrates the point that AUROC is maximized. We display in Figure 3 the performance 

reference to Model 8 (i.e., best simple model), which used the “Refined” diagnosis 

codes, plus a count of hospitalizations (inpatient stays) and outpatient visits with delirium 

diagnoses, count of delirium-associated (antipsychotic) drug fills, and indicators for 

dementia status and age.

Abbreviations: AUROC, area-under-receiver-operating-curve
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Table 1.

Characteristics of Medicare Beneficiaries Overall, and by Sample

Characteristics Sample A Sample B Sample C Total

Subjects (n) 2,900 10,657 27,133 40,690

Age (years), mean (SD) 81 (0.41) 76 (0.36) 74 (0.36) 75 (0.260

Female 64% 59% 58% 59%

White 92% 94% 92% 93%

Limited available clinical data in the EHR 7% 3% 5% 5%

Dementia Status 57% 1% 0% 5%

Mean baseline CMS-HCC prospective risk score 1.3 (0.05) 1.2 (0.05) 0.8 (0.04) 0.9 (0.03)

Clinical events during the observation period

 ED visit or hospitalization 84% 77% 48% 58%

 Antipsychotic drug receipt 18% 3% 1% 3%

 Deaths 7% 3% 2% 2%

Sample A: patients with an ICD-10 diagnosis code suggestive of a cognitive concern; Sample B: patients with a clinic visit during the observation 
period with a neurologist, psychiatrist, geriatrician, neuropsychologist, or geriatric psychiatrist (i.e., a clinician with specialty training in delirium 
care), but not in Sample A; Sample C: all other patients. We used a previously validated claims-based algorithm to identify dementia status. The 
Medicare program uses the Centers for Medicare and Medicaid Service’s Hierarchical Condition Category (CMS-HCC) prospective risk score 
based on year-one diagnoses to predict year-two spending to risk adjust payments under the Medicare Advantage program.

Abbreviations: CMS-HCC, Centers for Medicare and Medicaid Service’s Hierarchical Condition Category; ED, Emergency Department; EHR, 
electronic health record; SD, standard deviation
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Table 2.

Characteristics of Beneficiaries without and with EHR-detected Delirium (2016–2018)

No delirium detected
N=35,534

Delirium 
episode 
N=2,461

Mean age (SD) 75 (0.28) 81 (0.86)

 65–74 years of age 57% 22%

 75–79 years of age 21% 21%

 80–84 years of age 13% 18%

 85+ years of age 9% 39%

Female 58% 63%

White 93% 95%

Mean baseline CMS-HCC risk score (SD) 0.9 (0.03) 1.7 (0.14)

Dementia Status 3% 26%

Clinical events during the observation period

 ED visit or hospitalization 55% 99%

 Antipsychotic drug receipt 1% 20%

 Death 2% 8%

Expert clinicians adjudicated delirium status after a structured review of all clinical information contained in each patient’s EHR. We used a 
previously validated claims-based algorithm to identify dementia status. The Medicare program uses the Centers for Medicare and Medicaid 
Service’s Hierarchical Condition Category (CMS-HCC) prospective risk score based on year-one diagnoses to predict year-two spending to risk 
adjust payments under the Medicare Advantage program.

Abbreviations: CMS-HCC, Centers for Medicare and Medicaid Service’s Hierarchical Condition Category; ED, Emergency Department; SD, 
standard deviation
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