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Abstract 

Introduction:  As the population ages, Alzheimer’s disease and related dementias (ADRD) are becoming increasingly 
common in patients presenting to the emergency department (ED). This study compares the frequency of ED use 
among a cohort of individuals with well-defined cognitive performance (cognitively intact, mild cognitive impairment 
(MCI), and ADRD).

Methods:  We performed a retrospective cohort study of English-speaking, community-dwelling individuals evalu-
ated at four health system-based multidisciplinary memory clinics from 2014–2016. We obtained demographic and 
clinical data, including neuropsychological testing results, through chart review and linkage to electronic health 
record data. We characterized the frequency and quantity of ED use within one year (6 months before and after) of 
cognitive evaluation and compared ED use between the three groups using bivariate and multivariate approaches.

Results:  Of the 779 eligible patients, 89 were diagnosed as cognitively intact, 372 as MCI, and 318 as ADRD. The 
proportion of subjects with any annual ED use did not increase significantly with greater cognitive impairment: cogni-
tively intact (16.9%), MCI (26.1%), and ADRD (28.9%) (p = 0.072). Average number of ED visits increased similarly: cog-
nitively intact (0.27, SD 0.72), MCI (0.41, SD 0.91), and ADRD (0.55, SD 1.25) (p = 0.059). Multivariate logistic regression 
results showed that patients with MCI (odds ratio (OR) 1.62; CI = 0.87–3.00) and ADRD (OR 1.84; CI = 0.98–3.46) did 
not significantly differ from cognitively intact adults in any ED use. Multivariate negative binomial regression found 
patients with MCI (incidence rate ratio (IRR) 1.38; CI = 0.79–2.41) and ADRD (IRR 1.76, CI = 1.00–3.10) had elevated but 
non-significant risk of an ED visit compared to cognitively intact individuals.

Conclusion:  Though there was no significant difference in ED use in this small sample from one health system, our 
estimates are comparable to other published work. Results suggested a trend towards higher utilization among adults 
with MCI or ADRD compared to those who were cognitively intact. We must confirm our findings in other settings to 
better understand how to optimize systems of acute illness care for individuals with MCI and ADRD.
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Introduction
Alzheimer’s disease and related dementia (ADRD) are 
a growing public health problem which affects an esti-
mated 13.9% of the US population over the age of 70 
[1]. This is of particular concern as ADRD is a disease 
of aging and its prevalence will continue to rise with the 
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aging population [2]. Persons with ADRD suffer from a 
wide range of cognitive, behavioral, and psychological 
deficits including memory loss, confusion, irritability, 
and mental decline [3]. They are also at greater risk for 
progressive functional decline in activities of daily liv-
ing including eating, bathing, transferring, and toileting 
[4]. Such symptoms make these individuals particularly 
prone to increased use of the health care system [5].

Current literature suggests some differences in ED use 
rates among individuals with ADRD, however these stud-
ies have either focused on health care systems outside the 
U.S., used purely administrative data, or relied on brief 
assessments without detailed neuropsychological testing 
to identify these patients. These studies have shown that 
community-dwelling persons with ADRD are 35–75% 
more likely to have an ED visit in a year than commu-
nity-dwelling persons without ADRD [5–8]. Addition-
ally, ED patients with ADRD are 27–37% more likely than 
patients without ADRD to have at least one ED visit in 
the 30 days following an initial ED visit [7, 8].

Unfortunately, current US-based studies all suffer from 
potential misclassification of subjects’ underlying cog-
nitive status, as no study has used neuropsychological 
testing to definitively characterize the cognitive status of 
their population. Ascertaining true ADRD status requires 
a battery of neuropsychological tests, and this “gold” 
standard diagnostic is costly and time consuming. ADRD 
status is both underdiagnosed and underreported in the 
medical record, so studies that rely solely on this method 
lack an adequate comparison group of patients who are 
known to be cognitively intact, contributing to misclas-
sification bias in the literature [9]. Additionally, published 
studies do not separately identify individuals with mild 
cognitive impairment (MCI) and screening tests are not 
very reliable or accurate in identifying people who have 
MCI. Misclassifying these individuals into either the cog-
nitively intact or ADRD groups could significantly alter 
the ED use rates for those groups.

In this study, we sought to characterize ED use among 
a pre-existing cohort of cognitively well-characterized 
individuals and compare utilization rates between older 
adults with normal cognition, MCI, and ADRD. Through 
this work, we aimed to provide insight into how ED use 
may vary with cognitive performance. We hypothesized 
that worsening cognitive performance would be associ-
ated with more frequent ED use.

Methods
Study design
We performed a retrospective observational cohort study 
by reviewing electronic health records (EHRs) and link-
ing abstracted information to a curated, research-quality 
database of patient and administrative data. This study 

was reviewed and found to be exempt by the University 
of Wisconsin-Madison Institutional Review Board, and a 
waiver of informed consent was granted.

Study setting and population
We included all community-dwelling adult patients who 
visited one of four multidisciplinary memory clinics from 
2014–2016. Any individual can be seen in these clin-
ics, but individuals tend to be referred for evaluation of 
subjective memory complaints. We only included Dane 
County, Wisconsin residents with a University health 
system-affiliated primary care provider to maximize 
the quality of health and health utilization data. This is 
because previous assessments of our health system have 
indicated that these patients are significantly less likely 
to seek emergency care in either of our EDs, therefore 
we would not have outcome data on them. Of note, the 
health system participated in accountable care organiza-
tion contracts (ACO) aiming to deliver coordinated, high 
quality care to a population while sharing financial risk. 
We excluded patients with developmental delay or who 
completed testing using a translator, due to neuropsycho-
logical testing validity issues, and patients who died dur-
ing the follow-up period, as they did not contribute a full 
year to the analysis time. Figure 1 details the number of 
subjects excluded for each criterion.

The final dataset for analysis included 779 patients 
in which a full neuropsychological testing battery was 
performed. ED visits were captured from two EDs: an 
academic medical center with level 1 trauma center 
accreditation that sees approximately 60,000 patient vis-
its per year and one community hospital that is part of 
the same health system. The insurance and health system 
structure in Madison, Wisconsin leads to residents pri-
marily receiving ED care from their in-network hospitals.

Study protocol
With the list of research subjects, the primary author 
(RKG) performed a retrospective chart review guided by 
best practices outlined by Kaji and colleagues [10] (Addi-
tional file 1: Appendix 1). We used HIPAA best practices 
for privacy and security of the data for research purposes. 
RKG abstracted scores from psychological testing and 
verbatim diagnoses by the neuropsychologist from the 
medical record using a data form developed by the study 
team through iterative revisions and pilot testing. The 
primary author was trained to abstract the charts by a 
senior author (MNS) and neuropsychologist (LRC). The 
first ten abstracted records were reviewed independently 
by an experienced physician (MNS) for accuracy, with 
additional batches of five abstracted records until it was 
determined that there were no errors and that the chart 
reviewer was confident in performing the abstractions 
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accurately. Questions that came up during chart review 
were flagged and brought to the experienced physician 
(MNS) and the neuropsychologist (LRC) for clarification.

We then merged the abstracted data with ED use 
data from the health system’s electronic health record. 
We electronically abstracted health care use data 
and detailed subject data available in discrete fields, 

Fig. 1  Subject Selection Diagram
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including the primary outcome variable, from an insti-
tutional EHR database curated for research purposes. 
We performed exploratory data analysis on all variables 
of interest to check for outliers and to ensure valid data 
after cleaning.

Measurements
We abstracted the neuropsychologist and physician notes 
from each memory clinic visit for demographic and clini-
cal variables including education level, living status (i.e. 
community dwelling or not), Mini Mental State Exami-
nation (MMSE) [11], Clock Draw [12], Semantic Fluency 
[13], Trails A [14], Trails B [14], Repeatable Battery for 
the Assessment of Neuropsychological Status (RBANS) 
[15], and Cognistat [16] scores. The clinical diagnos-
tic impression was also abstracted, which was our pri-
mary independent variable. Subjects were classified as 
being Cognitively Intact, having Mild Cognitive Impair-
ment, or having ADRD based on the clinical diagnostic 
impression from the encounter. Any subjects without 
clear cognitive classification were reviewed by the neu-
ropsychologist (LRC) and excluded if no determination 
could be reached. Additional covariates included age, sex, 

race/ethnicity, education level, and number of Elixhauser 
comorbidities [17].

The primary outcome variable was the number of 
ED visits occurring within 182  days before and after a 
memory clinic visit. We chose the timeframe before and 
after the memory clinic visit to capture a time through-
out which patients were likely to have the same cogni-
tive status.

Data analysis
All analyses were conducted using Stata, version 15.1 
(Statacorp LLC, College Station, Texas). Descriptive 
statistics detailing population age, sex, race, education 
level, number of comorbidities, and MMSE score are 
listed in Table 1. We performed a Chi-squared test to 
compare the proportion of each group that used the 
ED and a Kruskal–Wallis test to compare the number 
of ED visits in each group. We used the Kruskal–Wal-
lis test as opposed to a parametric test given unequal 
variances between groups. Age, sex, race, education 
level, and number of comorbidities were determined 
to be important covariates a priori because they are 
common influencers of healthcare [18]. We assessed 
additional covariates, including clinic and provider 

Table 1  Sample Characteristics by Cognitive Status

* p < 0.1

ADRD Alzheimer’s Disease and Related Dementia, SD Standard Deviation, MMSE Mini Mental State Examination, ED Emergency Department, IQR Interquartile Range

Characteristics Total N = 779 Frequency 
(Relative Frequency)

Cognitively Intact N = 89 
Frequency (Relative 
Frequency)

MCI N = 372 Frequency 
(Relative Frequency)

ADRD N = 318 
Frequency (Relative 
Frequency)

Age

  Mean (SD) 76.3 (8.7) 72.1 (7.8) 75.9 (8.4) 78.0 (8.8)

Sex

  Male 331 (42.49) 35 (39.33) 178 (47.85) 118 (37.11)

  Female 448 (57.51) 54 (60.67 194 (52.15) 200 (62.89)

Race

  White 741 (95.61) 88 (98.88) 357 (96.75) 296 (93.38)

  Non-white 34 (4.39) *** 12 (3.25) 21 (6.62)

Education

   < 12 years 51 (6.55) 3 (3.37) 216 (58.06) 34 (10.69)

  12 years 172 (22.08) 15 (16.85) 68 (18.28) 89 (27.99)

  13–15 years 142 (18.23) 12 (13.48) 74 (19.89) 56 (17.61)

  16 + years 414 (53.15) 59 (66.29) 216 (58.06) 139 (43.71)

Elixhauser Comorbidity Score

  Mean (SD) 2.8 (2.0) 2.8 (2.1) 2.7 (1.9) 2.8 (1.9)

MMSE

  Mean (SD) 25.3 (4.1) 28.9 (1.2) 26.8 (2.3) 22.5 (4.4)

ED Visits within one year of memory clinic visit

  Proportion of Population 
with 1 + ED Visit (95%CI)*

0.26 (0.23–0.29) 0.17 (0.10–0.26) 0.26 (0.22–0.31) 0.29 (0.24–0.34)

  Median ED Visits (IQR)* 0 (0, 1) 0 (0, 0) 0 (0, 1) 0 (0, 1)
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characteristics, through pairwise comparisons and 
found no significant differences between the groups. 
We performed a post-hoc power calculation using 
G*Power based on the F-distribution, which yielded 
63% power at α = 0.05 with the given sample size and 
group distribution.

We constructed a multivariate logistic regression 
model to control for pre-specified covariates to gen-
erate odds ratios (ORs) for the likelihood of any ED 
visit occurring by cognitive performance. This model 
was chosen due to the binary outcome of interest and 
was evaluated using Hosmer-Lemshow and Pearson 
goodness of fit tests, which both indicated appropri-
ate model fit. We also performed a negative binomial 
regression to compare the count per year of ED visits 
between groups. This model was chosen due to overd-
ispersion of the data (i.e. too many zero counts to per-
form a Poisson regression). We chose to conduct both 
analyses to first see if there was a difference in the pro-
portion of patients seeking ED care between groups 
and then to evaluate for differences in the quantity of 
ED visits between groups.

Results
Sample characteristics and between‑group comparisons
Of the 779 patients in the final analysis, the mean age 
was 76.3 years (standard deviation (SD) 8.7), the major-
ity (57.5%) were female, 95.6% were white, and 53.2% 
had a college degree or more, which is consistent with 
Dane County’s demographics. Additionally, 72.4% of the 
population had two or more comorbidities. The median 
number of ED visits within one year of memory clinic 
assessment was 0 (Interquartile Range (IQR) 1). See 
Table 1 for full characterization of the cohort, both as a 
whole and by cognitive status. As expected, individuals 
with diagnosed cognitive impairment tended to be older 
and have lower average Mini Mental State Exam (MMSE) 
scores: cognitively intact (28.9, SD 1.2), mild cognitive 
impairment (26.8, SD 2.3), and ADRD (22.5, SD 4.4). The 
number of patients having one or more ED visits during 
the follow-up period did not significantly increase with 
greater cognitive impairment: cognitively intact (16.9%), 
mild cognitive impairment (26.1%), and ADRD (28.9%). 
The Chi-squared test yielded a p = 0.072.

Table 2 presents population characteristics by ED use. 
As expected, individuals with more ED visits tended to 

Table 2  Sample Characteristics by ED Utilization

ED Emergency Department, MCI Mild Cognitive Impairment, ADRD Alzheimer’s Disease and Related Dementia, SD Standard Deviation, MMSE Mini Mental State 
Examination

Characteristics 0 ED Visits N = 575 Frequency (Relative 
Frequency)

1 ED Visit N = 129 Frequency (Relative 
Frequency)

2 + ED Visits N = 75 
Frequency (Relative 
Frequency)

Cognitive Status

  Intact 74 (12.87) 10 (7.75) 5 (6.67)

  MCI 275 (47.83) 65 (50.39) 32 (42.67)

  ADRD 226 (39.30) 54 (41.86) 38 (50.67)

Education

   < 12 years 39 (6.78) 8 (6.20) 4 (5.33)

  12 years 129 (22.43) 30 (23.26) 13 (17.33)

  13–15 years 98 (17.04) 27 (20.93) 17 (22.67)

  16 + years 309 (53.74) 64 (49.61) 41 (54.67)

Age

  Mean (SD) 75.9 (8.5) 77.5 (9.1) 77.9 (9.0)

Sex

  Male 242 (42.09) 59 (45.74) 30 (40.00)

  Female 333 (57.91) 70 (54.26) 45 (60.00)

Race

  White 545 (95.45) 127 (98.45) 69 (92.00)

  Non-white 26 (4.55) 2 (1.55) 6 (8.00)

Elixhauser Comorbidity Score

  Mean (SD) 2.6 (1.9) 3.0 (1.9) 3.8 (2.1)

  MMSE

  Mean (SD) 25.4 (4.2) 25.1 (3.9) 25.2 (3.7)
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be older and have more comorbidities, though MMSE 
score did not differ.

Multivariate analysis
We constructed two multivariate regression models to 
evaluate the effect of cognition for both the presence and 
rate of ED use. Covariates included in both models were 
age, sex, race, education, and number of comorbidities. 
The results of both models are presented in Table 3.

Multivariate logistic regression found patients with 
MCI (OR 1.40; CI = 0.81–2.42) and ADRD (OR 1.50; 
CI = 0.86–2.61) to have greater odds (point estimate) of 
any ED visit compared to cognitively intact, but this dif-
ference was not statistically significant.

Multivariate negative binomial regression found 
patients with MCI (IRR 1.38; CI = 0.79–2.41) and ADRD 
(IRR 1.76; CI = 1.00–3.10) to have greater rates (point 
estimate) of using the ED compared to cognitively intact 
older adults, but this difference was not statistically 
significant.

Discussion
This study compared ED use among patients based on 
cognitive status as defined by rigorous neuropsychologi-
cal testing in an existing cohort of patients. In both analy-
ses, we did not find increased ED use in adults with worse 
cognition (cognitively intact to MCI to ADRD), though 
we were likely underpowered to detect a statistically sig-
nificant difference. Our findings in this small but well-
characterized group of patients support ED utilization 
estimates published in the literature. In our cohort, we 
found that the rate of ED use for patients with MCI was 
37.1% greater than cognitively intact patients, which is in 
line with what has been previously reported [19], though 
few studies have looked at this population in particular. 
Previous studies comparing the proportion of ED vis-
its among patients with and without ADRD have shown 
that patients with ADRD use the ED anywhere from 35%-
49% more often than patients without ADRD [6, 7, 19, 
20] while patients with MCI use the ED approximately 
35% [19] more often than cognitively intact patients. Our 
results are within the range reported by those studies that 

have looked at patients with and without ADRD, suggest-
ing patients with ADRD use the ED 48.5% more often 
than patients without ADRD.

Of note, our rates of ED use may have been reduced 
due to the health system’s participation in an ACO. Par-
ticipants in ACOs with ADRD have reduced rates of pre-
ventable ED visits than those not participating in ACOs, 
potentially because they have systems in place to avoid 
ED care [21]. Additionally, it’s possible that these patients 
were less likely to require ED care than patients identi-
fied purely through administrative data because of their 
access to memory clinic resources. It will be important 
to replicate this study in other communities and popula-
tions with the presence of a truly negative control group, 
because using solely ICD codes in the health record can 
have highly variable reliability [9, 22], to further elucidate 
these trends.

We know that ED visits, many of which are prevent-
able, can place undue burden on patients and their car-
egivers as well as the health care system. A trip to the 
ED can be a harbinger for potential problems in patients 
with ADRD, as this environment can often exacerbate 
underlying challenges and can be incredibly disorienting 
for the patient and their family [23–26]. Yet, older adults 
have disproportionately more preventable ED visits each 
year than their younger counterparts [27]. For patients 
with cognitive impairment, however, this disparity 
appears to be even larger. Although studies have shown 
that ED use increases during the last year of life for peo-
ple with ADRD [28], little is known about ED use earlier 
in patients’ clinical course. These results suggest that 
patients with cognitive impairment, especially patients 
with ADRD, use the ED more frequently than cognitively 
intact patients, which puts them at risk for poor health 
outcomes and further decline.

If we are able to understand what brings these patients 
to the ED, we will be better equipped to develop alter-
native ways of delivering emergency care to this unique 
patient population and improving the ED experience for 
these patients. Within the older adult population, there 
are several factors that prompt patients and their caregiv-
ers to seek emergency care [29]. For those with ADRD in 
particular, several studies have suggested that both car-
egivers and primary care providers play an important 
role in the decision to use the ED [30, 31]. Caregivers 
of patients with ADRD and primary care providers who 
treat these patients often feel ill-equipped to properly 
manage their acute care needs, which could be contrib-
uting factors causing these patients to seek emergency 
care [30–32]. The ED, however, is seldom the best place 
to treat patients with ADRD. If we can better understand 
the needs of this patient and caregiver population, we can 
craft treatment mechanisms that address these factors, 

Table 3  Odds Ratios and Incidence Rate Ratios from Multivariate 
Regression

CI Confidence Interval, MCI Mild Cognitive Impairment, ADRD Alzheimer’s 
Disease and Related Dementia

Group Odds Ratio (95% CI) Incidence Rate 
Ratio (95% CI)

ADRD 1.84 (0.98 – 3.46) 1.76 (1.00 – 3.09)

MCI 1.62 (0.87 – 3.00) 1.38 (0.79 – 2.41)

Cognitively Intact Reference Reference
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such as community paramedicine or tailored support 
from primary care, to help patients avoid the ED and 
potential poor outcomes associated with it.

When ED visits are unavoidable, care must be taken 
to tailor emergency care for ADRD patients. It is diffi-
cult for patients with cognitive impairment to cope with 
the noise and pace of care in the ED, which can over-
whelm the patient and caregiver, leading to poor health 
outcomes and dissatisfaction with care [26]. Addition-
ally, we know that general older ED patient adherence 
to discharge instructions, such as medication changes, 
is poor, [33] and additional barriers of cognitive impair-
ment likely compound this problem, increasing the like-
lihood of return visits to the ED [34]. Staff expertise in 
caring for these patients and environmental factors can 
directly affect the ED experience for these patients, and 
modifications in these areas may improve these encoun-
ters [26]. It is critical to address these contextual fac-
tors to improve ED visits and outcomes for cognitively 
impaired patients.

Addressing the needs of this population will require 
additional work. First, examining how the ED workup 
and outcomes differ between patients with ADRD, 
MCI, and older adults who are cognitively intact could 
help identify risk factors or patterns for poor outcomes 
after an ED visit. Examining the rate of recidivism and 
care trajectories between groups after they leave the ED 
will help identify vulnerable points in the patient care 
timeline at which additional support may be beneficial. 
Finally, it is crucial to understand caregiver and physi-
cian perspectives regarding treatment and management 
of these patients so that interventions are tailored to the 
needs of the population.

Limitations
Our single center design may make the results less gen-
eralizable to the population as a whole, as our cohort of 
patients who received memory clinic evaluations is com-
prised predominantly of white, highly educated patients. 
Furthermore, we only captured ED use if patients visited 
an ED in our health system, thus if a patient sought care 
outside of our health system, we did not have a way of 
capturing that utilization. This suggests we potentially 
underestimated overall ED use; however the risk of this 
introducing bias into our analysis is low as we have no 
reason to suspect that cognitively intact patients seek 
care outside the health system at a different rate than 
patients with ADRD. We were also limited by the dispro-
portionately low number of cognitively intact controls 
identified and included in this analysis, which greatly 
reduced the power of this study. Finally, given our ret-
rospective chart review study design, we were unable 
to capture some potentially informative covariates; for 

example functional status, a critical issue for older adults 
and among individuals with ADRD, was not documented 
in the health record and depression testing results were 
not consistently documented.

Conclusion
We did not find a statistically significant difference in 
ED use among older adults with cognitive impairment, 
though our point estimates are consistent with other 
findings in the literature. This study should be repli-
cated in a larger cohort of cognitively well-characterized 
patients to confirm or refute the trends we found.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12877-​022-​03093-5.

Additional file 1: Appendix 1. Methods for Looking Through the 
Retrospectoscope.

Acknowledgements
The authors would like to thank the Health Innovation Program at the 
University of Wisconsin-Madison for their technical expertise and support in 
preparing the final curated data set.

Prior presentations
Wisconsin ACEP 2019, Milwaukee, WI; SAEM 2020, Virtual Meeting.

Authors’ contributions
RKG, MNS, and BWP conceived and designed the study; RKG, LRC acquired 
the data; RKG analyzed the data; RKG, MNS, NAC, and BWP interpreted the 
data; RKG drafted the manuscript; MNS, BWP, LRC, RB, and NAC revised the 
manuscript; RB contributed statistical expertise; MNS and BWP acquired fund-
ing. The authors read and approved the final manuscript.

Funding
This research was supported by funding from the Agency for Healthcare 
Research and Quality grant number K08HS024558 (B.W.P.), as well as the 
National Institutes of Health (NIH) grant number K24AG054560 (M.N.S.). The 
research was also supported by the Clinical and Translational Science Award 
program, through the NIH National Center for Advancing Translational Sci-
ences grant UL1TR002373.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not 
publicly available due to privacy and ethical concerns, but are available from 
the corresponding author on reasonable request and in accordance with 
institutional policies.

Declarations

Ethics approval and consent to participate
This study was reviewed and found to be exempt by the University of Wiscon-
sin-Madison Institutional Review Board, and a waiver of informed consent was 
granted. All methods were performed in accordance with relevant guidelines 
and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

https://doi.org/10.1186/s12877-022-03093-5
https://doi.org/10.1186/s12877-022-03093-5


Page 8 of 8Green et al. BMC Geriatrics          (2022) 22:382 

Author details
1 BerbeeWalsh Department of Emergency Medicine, University of Wisconsin-
Madison, 800 University Bay Drive Suite 310, Madison, WI 53705, USA. 
2 Department of Medicine, Division of Geriatrics and Gerontology, University 
of Wisconsin-Madison, Madison, WI, USA. 3 Department of Population Health 
Sciences, University of Wisconsin-Madison, Madison, WI, USA. 4 Geriatric 
Research Education and Clinical Center, William S Middleton Memorial 
Veterans Hospital, Madison, WI, USA. 5 Wisconsin School of Business, University 
of Wisconsin - Madison, Madison, WI, USA. 6 University of Wisconsin Health 
Innovation Program, Madison, WI, USA. 7 Department of Industrial and Systems 
Engineering, University of Wisconsin-Madison, Madison, WI, USA. 8 Department 
of Biostatistics and Medical Informatics, University of Wisconsin-Madison, 
Madison, WI, USA. 

Received: 1 September 2021   Accepted: 25 April 2022

References
	1.	 Plassman BL, Langa KM, Fisher GG, et al. Prevalence of dementia in the 

United States: the aging, demographics, and memory study. Neuroepidemi-
ology. 2018;29(1–2):125–32. https://​doi.​org/​10.​1159/​00010​9998.

	2.	 Statistics FIFoA-R. Older Americans 2016: Key Indicators of Well-Being. 2016. 
https://​aging​stats.​gov/​index.​html

	3.	 Center NIoAAsaRDEaR. What Is Dementia? National Institutes of Health. 
Updated December 31, 2017. Accessed 24 Aug 2018. https://​www.​ncbi.​
nlm.​nih.​gov/​pubmed/

	4.	 Agüero-Torres H, Fratiglioni L, Guo Z, Viitanen M, von Strauss E, Winblad 
B. Dementia is the major cause of functional dependence in the elderly: 
3-year follow-up data from a population-based study. Am J Public Health. 
1998;88(10). https://​doi.​org/​10.​2105/​AJPH.​88.​10.​1452

	5.	 Hunt LJ, et al. Emergency department use by community-dwelling indi-
viduals with dementia in the United States: an integrative review. J Gerontol 
Nurs. 2018;44(3):23–30.

	6.	 Feng Z, Coots LA, Kaganova Y, Wiener JM. Hospital And ED Use Among 
Medicare Beneficiaries With Dementia Varies By Setting And Proximity To 
Death. Health Affairs. 2014;33:683-90. https://​doi.​org/​10.​1377/​hltha​ff.​2013.​
1179.

	7.	 LaMantia MA, Stump TE, Messina FC, Miller DK, Callahan CM. Emergency 
department use among older adults with dementia. Alzheimer Dis Assoc 
Disord Jan-Mar. 2016;30(1):35–40. https://​doi.​org/​10.​1097/​wad.​00000​00000​
000118.

	8.	 Kent T, Lesser A, Israni J, Hwang U, Carpenter C, Ko K. 30-day emergency 
department revisit rates among older adults with documented dementia. J 
Am Geriatr Soc. 2019;67(11):2254–9. https://​doi.​org/​10.​1111/​jgs.​16114.

	9.	 Amra S, O’Horo J, Singh T, et al. Derivation and validation of the automated 
search algorithms to identify cognitive impairment and dementia in elec-
tronic health records - Journal of Critical Care. J Crit Care. 2018. https://​doi.​
org/​10.​1016/j.​jcrc.​2016.​09.​026

	10.	 Kaji ASoMaU, Los Angeles, CA, Los Angeles Biomedical Research Institute 
at Harbor-UCLA T, CA, Schriger D, Department of Medicine DGSoMaU, 
Los Angeles, CA, Green S, Department of Emergency Medicine LLUMC, 
Loma Linda, CA. Looking Through the Retrospectoscope: Reducing Bias 
in Emergency Medicine Chart Review Studies. Ann Emergency Med. 
2014;64(3):292–298. https://​doi.​org/​10.​1016/j.​annem​ergmed.​2014.​03.​025

	11.	 Folstein M, Folstein S, McHugh P. “Mini-mental state”: A practical method 
for grading the cognitive state of patients for the clinician. J Psychiatr Res. 
1975;12(3):189–98.

	12.	 Freedman M, Leach L, Kaplan E, Winocur G, Shulman KI, Delis DC. Clock 
drawing: A neuropsychological analysis. New York: Oxford University Press; 
1994.

	13.	 Thurstone LL. Primary Mental Abilities. Chicago: University of Chicago Press; 
1938.

	14.	 Tombaugh TN. Trail making test A and B: normative data stratified by age 
and education. Arch Clin Neuropsychol. 2004;19(2):203–14. https://​doi.​org/​
10.​1016/​S0887-​6177(03)​00039-8.

	15.	 Randolph C, Tierney MC, Mohr E, Chase TN. The Repeatable Batter for the 
Assessment of Neuropsychological Status (RBANS): preliminary clinical valid-
ity. J Clin Exp Neuropsychol. 1998;20(3):310–9. https://​doi.​org/​10.​1076/​jcen.​
20.3.​310.​823.

	16.	 Kiernan RJ, Mueller J, Langston JW, Van Dyke C. The neurobehavioral 
cognitive status examination: a brief but quantitative approach to cognitive 
assessment. Ann Intern Med. 1987;107(4):481–5.

	17.	 A E, C S, DR H, RM C. Comorbidity measures for use with administrative data. 
Med Care. 1998;36(1). https://​doi.​org/​10.​1097/​00005​650-​19980​1000-​00004

	18.	 National Academies of Sciences, Engineering, and Medicine, Division HaM, 
Services BoHC, Disabilities CoHCUaAw. Factors That Affect Health-Care 
Utilization. Health-Care Utilization as a Proxy in Disability Determination. 
Washington, DC: National Academies Press (US); 2018:chap 2.

	19	 Leibson CL, Long KH, Ransom JE, et al. Direct medical costs and source of cost 
differences across the spectrum of cognitive decline: A population-based study. 
Alzheimer’s Dementia. 2015;11(8):917–32. https://​doi.​org/​10.​1016/j.​jalz.​2015.​01.​007.

	20.	 Grober E, Sanders A, Hall CB, Ehrlich AR, Lipton RB. Very Mild Dementia and 
Medical Comorbidity Independently Predict Health Care Use in the Elderly. 
Research-article. J Prim Care Community Health. 2011. https://​doi.​org/​10.​
1177/​21501​31911​412783

	21.	 Nianyang Wang AA, Jie Chen. Accountable Care Hospitals and Preventable 
Emergency Department Visits for Rural Dementia Patients - Wang - 2021 
- Journal of the American Geriatrics Society - Wiley Online Library. J Am 
Geriatr Soc. 2020. https://​doi.​org/​10.​1111/​jgs.​16858

	22.	 Wilkinson T, Ly A, Schnier C, et al. Identifying dementia cases with 
routinely collected health data: a systematic review. Alzheimers Dement. 
2018;14:1038–51. https://​doi.​org/​10.​1016/j.​jalz.​2018.​02.​016.

	23	 McCloskey R. Caring for patients with dementia in an acute care environment. 
Geriatr Nurs. 2004;25(3):139–44. https://​doi.​org/​10.​1016/j.​gerin​urse.​2004.​04.​006.

	24.	 Pedone C, Ercolani S, Catani M, et al. Elderly patients with cognitive impair-
ment have a high risk for functional decline during hospitalization: the GIFA 
study. J Gerontol: Series A. 2018;60(12):1576–80. https://​doi.​org/​10.​1093/​
gerona/​60.​12.​1576.

	25.	 George J, Long S, Vincent C. How can we keep patients with dementia safe 
in our acute hospitals? A review of challenges and solutions. J R Soc Med. 
2013;106(9):355–61. https://​doi.​org/​10.​1177/​01410​76813​476497.

	26.	 Parke B, Hunter KF. The dementia-friendly emergency department: an 
innovation to reducing incompatibilities at the local level. Healthc Manage 
Forum. 2017;30(1):26–31. https://​doi.​org/​10.​1177/​08404​70416​664532.

	27.	 Johnson PJ, Ghildayal N, Ward AC, Westgard BC, Boland LL, Hokanson JS. Dis-
parities in potentially avoidable emergency department (ED) care: ED visits 
for ambulatory care sensitive conditions. Med Care. 2012;50(12):1020–8.

	28.	 Sleeman K, Perera G, Stewart R, Higginson I. Predictors of emergency depart-
ment attendance by people with dementia in their last year of life: Retrospec-
tive cohort study using linked clinical and administrative data. Alzheimer’s 
Dementia: J Alzheimer’s Assoc. 2018. https://​doi.​org/​10.​1016/j.​jalz.​2017.​06.​2267

	29.	 McCusker J, Karp I, Cardin S, Durand P, Morin J. Determinants of emergency 
department visits by older adults: a systematic review. Acad Emerg Med. 
2003;10(12):1362–70.

	30.	 Peterson K, Hahn H, Lee AJ, Madison CA, Atri A. In the Information Age, 
do dementia caregivers get the information they need? Semi-structured 
interviews to determine informal caregivers’ education needs, barriers, and 
preferences. OriginalPaper. BMC Geriatr. 2016;16(1):164. https://​doi.​org/​10.​
1186/​s12877-​016-​0338-7

	31.	 Hinton L, Franz C, Reddy G, Flores Y, Kravitz R, Barker J. Practice constraints, 
behavioral problems, and dementia care: primary care physicians’ perspec-
tives | springerlink. J Intern Med. 2007;22(11):1487–92. https://​doi.​org/​10.​
1007/​s11606-​007-​0317-y.

	32.	 Jacobsohn GC, Hollander M, Beck A, Gilmore-Bykovskyi A, Werner N, Shah 
M. Factors Influencing Emergency Care by Persons With Dementia: Stake-
holder Perceptions and Unmet Needs - Jacobsohn - 2019 - Journal of the 
American Geriatrics Society - Wiley Online Library. J Am Geriatr Soc. 2019. 
https://​doi.​org/​10.​1111/​jgs.​15737

	33.	 Benjenk I, DuGoff E, Jacobsohn G, et al. Predictors of Older Adult Adherence 
With Emergency Department Discharge Instructions. Acad Emergency 
Med. 2020. https://​doi.​org/​10.​1111/​acem.​14105

	34.	 Shah MN, Green RK, Jacobsohn GC, et al. Community paramedic-delivered 
care transitions intervention reduces emergency department revisits 
among cognitively impaired patients. Alzheimer’s Dementia. 2021;17(S10). 
https://​doi.​org/​10.​1002/​alz.​051712

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1159/000109998
https://agingstats.gov/index.html
https://www.ncbi.nlm.nih.gov/pubmed/
https://www.ncbi.nlm.nih.gov/pubmed/
https://doi.org/10.2105/AJPH.88.10.1452
https://doi.org/10.1377/hlthaff.2013.1179
https://doi.org/10.1377/hlthaff.2013.1179
https://doi.org/10.1097/wad.0000000000000118
https://doi.org/10.1097/wad.0000000000000118
https://doi.org/10.1111/jgs.16114
https://doi.org/10.1016/j.jcrc.2016.09.026
https://doi.org/10.1016/j.jcrc.2016.09.026
https://doi.org/10.1016/j.annemergmed.2014.03.025
https://doi.org/10.1016/S0887-6177(03)00039-8
https://doi.org/10.1016/S0887-6177(03)00039-8
https://doi.org/10.1076/jcen.20.3.310.823
https://doi.org/10.1076/jcen.20.3.310.823
https://doi.org/10.1097/00005650-199801000-00004
https://doi.org/10.1016/j.jalz.2015.01.007
https://doi.org/10.1177/2150131911412783
https://doi.org/10.1177/2150131911412783
https://doi.org/10.1111/jgs.16858
https://doi.org/10.1016/j.jalz.2018.02.016
https://doi.org/10.1016/j.gerinurse.2004.04.006
https://doi.org/10.1093/gerona/60.12.1576
https://doi.org/10.1093/gerona/60.12.1576
https://doi.org/10.1177/0141076813476497
https://doi.org/10.1177/0840470416664532
https://doi.org/10.1016/j.jalz.2017.06.2267
https://doi.org/10.1186/s12877-016-0338-7
https://doi.org/10.1186/s12877-016-0338-7
https://doi.org/10.1007/s11606-007-0317-y
https://doi.org/10.1007/s11606-007-0317-y
https://doi.org/10.1111/jgs.15737
https://doi.org/10.1111/acem.14105
https://doi.org/10.1002/alz.051712

	Comparing emergency department use among individuals with varying levels of cognitive impairment
	Abstract 
	Introduction: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study design
	Study setting and population
	Study protocol
	Measurements

	Data analysis
	Results
	Sample characteristics and between-group comparisons
	Multivariate analysis

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


