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Abstract

Emergency department visits (EDV) are common among older adults with and without
dementia. The risk factors and demands of EDVs for people with dementia have been well
studied; however, the association between EDVs and conversion to dementia among peo-
ple with predementia has not been thoroughly explored. To study the predictive value of
EDVs in predementia’s progression to dementia. The baseline predementia cohort regis-
tered from September 2015 to August 2017, with longitudinal follow-up in the History-based
Artificial Intelligent Clinical Dementia Diagnostic System database, was retrospectively ana-
lyzed. The rates of conversion among the different EDVs were compared. Multivariate logis-
tic regression and Cox proportional hazards analyses were applied to study the influence of
EDVs on progression. Age, education, sex, neuropsychological tests, activities of daily liv-
ing, neuropsychiatric symptoms, parkinsonism, and multiple vascular risk factors were
adjusted for. A total of 512 participants were analyzed, including 339 (66.2%) non-convert-
ers and 173 (33.8%) converters with a mean follow-up of 3.3 (range 0.4—6.1) and 2.8 (range
0.5-5.9) years, respectively. Compared to people without EDV (EDV 0), the hazard ratios
for conversion to dementia were 3.6, 5.9, and 6.9 in those with EDV once (EDV 1), twice
(EDV 2), and more than twice (EDV >2), respectively. In addition, older age, lower educa-
tion, poorer cognition, poorer ADL performance, and longer follow-up periods also increased
the conversion rates. EDVs in the predementia stages highly predict progression to demen-
tia. Therefore, a sound public health as well as primary healthcare system that provide strat-
egies for better management of mental and physical condition might help prevention of
EDVs among older people in the predementia stages.
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Introduction

Older adults visit emergency departments more often than younger people [1]. However, peo-
ple with dementia [1, 2] visit emergency departments less frequently than the general older
population [2]. Common etiologies for emergency department visits (EDVs) among patients
with or without dementia are similar, including pneumonia, urinary tract infections, injuries
or falls, congestive heart failure, cardiovascular disease, cerebrovascular disease, delirium, and
pain [1, 3-6]. Compared to patients without dementia, people with dementia have longer stays
and higher rates of hospitalization when they visit the emergency department [2]. Delirium is
a precipitating factor that is highly associated with older people becoming demented and it is
also an independent predictor of increased six-month mortality, especially when older people
visit emergency rooms [6, 7]. Studies focusing on the frequency, association, and etiologies of
EDVs among people with or without dementia are robust [1-7]; however, few studies have
addressed these EDV factors in the predementia stages. Most studies have revealed that people
with mild cognitive impairment (MCI) have a higher rate of EDVs than those without cogni-
tive impairment [8, 9]. To the best of our knowledge, studies that can provide evidence for
EDVs contributing to progression from MCI to dementia are lacking.

Understanding the prediction or prevention factors for predementia conversion to demen-
tia may help prevent disease progression [10-14]. Candidate factors, including clinical infor-
mation [10-12], liquid biomarkers [15, 16], and imaging biomarkers [17, 18], have been
widely studied in the past few decades. Among these predictors, clinical information, including
data on personal history, medical history, and neuropsychological performance acquired from
participants themselves or their informants, is direct and cost-effective and can be widely used
in clinical settings [19, 20]. Therefore, we aimed to investigate possible clinical factors for pro-
gression to dementia among people with predementia, emphasizing EVD. Based on evidence
for raising the possibility of cognitive decline or functional decline after EDV in older people,
in the current study, we initially investigated the factors associated with EDV among individu-
als in predementia stages. We expected that the common etiologies for people with predemen-
tia visiting emergency departments would be similar to those of normal older people visiting
emergency departments. Subsequently, we determined the contribution of the frequency of
EDVs to the conversion of dementia using longitudinal follow-up analysis. We proposed that
more frequent EDVs would correlate with increased conversion to dementia based on the
assumption that common etiologies for older people visiting emergency departments are also
risk factors for older people developing dementia. Furthermore, we expected to provide useful
clinical information for healthcare policies or education that increasing EDVs might also
increase conversion to dementia, a sound public health as well as primary healthcare system
that provide strategies for better management of mental and physical condition might help
prevention of EDVs among older people in the predementia stages.

Methods and participants

This was a retrospective longitudinal follow-up study that used data from the History-based
Artificial Intelligent Clinical Dementia Diagnostic System (HAICDDS) project, which is cur-
rently being applied in three centers in Taiwan [20-22]. This project consecutively registers
cognitively unimpaired people and individuals with cognitive impairment (CI) or dementia.
During registration, all participants and their informants were interviewed by well-trained
neuropsychologists and asked to complete a detailed medical history as well as neuropsycho-
logical, neurobehavioral, and activities of daily living (ADL) surveys. The detailed medical his-
tory included personal history, medical history, and family history. In addition to the Clinical
Dementia Rating (CDR) scale [23] neuropsychological assessments, including the Cognitive
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Abilities Screening Instrument (CASI) [24], Montreal Cognitive Assessment (MoCA) [25],
History-based Artificial Intelligent Activities of Daily Living (HAIADL) scale [26], and
12-item Neuropsychiatric Inventory (NPI) [27], are used to determine and trace the severity of
CI or dementia. The CASI, which is composed of 9 cognitive domains, was popularly applied
in Taiwan and many other countries using different languages [24]. The HAIADL, which was
modified from Lawton and Brody’s IADL and BI (Barthel Index), composed of 15 questions
and can be applied in individuals with ADL impairment due to cognitive disorders for the
determination of severity of CI stages [26]. Diagnosis of all participants were made in a con-
sensus meeting that composed of experienced neurologists, neuropsychologists, and radiolo-
gists. In this study, a cohort of predementia stages, including subjective cognitive decline
(SCD) and MCI, with longitudinal follow-up data were selected and analyzed.

Diagnosis of predementia stages including SCD and MCI or dementia in
the HAICDDS database

A diagnosis of SCD includes a global CDR score of 0 in conjunction with subjective reports of
cognitive decline. The CASI for SCD should be in the non-demented range after adjusting for
age, sex, and education [24]. MCI was diagnosed according to the criteria proposed by Peter-
sen et al. [28]. It is operationally defined as a change in cognition with impairment in cognitive
tests in the CASI or MoCA, but without evidence of impairment in social or occupational
functioning, with a global CDR score of 0.5 and a sum of boxes of the CDR (CDR-SB) <4.5
[29, 30]. The cutoff scores for MCI using the CASI should be in the non-demented range after
adjusting for age and education [24]. Dementia was diagnosed according to the criteria for
dementia proposed by the National Institute on Aging and Alzheimer’s Association (NIA-AA)
[31]. Participants with impairments in two or more cognitive domains and a decline in daily
functions, with a global CDR score >0.5 plus a CDR-SB score >4.5, are considered to have
dementia. An HATADL score >8 was used for the operational diagnosis of functional
impairment [26]. CASI was used to test cognitive performance. The cutoff score should be in
the demented range after adjusting for age, sex, and education [24]. Participants with delirium
and without previous diagnosis of CI were excluded in the study.

Definition of conversion

The baseline for both converters and non-converters was the first assessment. Each follow-up
assessment was a checkpoint. The conversion is made after a complete assessment that fulfills
the cutoff scores for dementia, defined as CDR >1 or CDR-SB >4.5. The CASI score should
be lower than the cutoff scores after adjusting for age and education [28]. In addition, the
CDR-SB, CASI, and HAIADL scores should deteriorate at later checkpoints compared to
those at the baseline.

Study procedure

SCD and MCI cohorts registered from September 2015 to August 2017 with at least one fol-
low-up assessment were studied. The following variables were analyzed: 1) demographic data
including age, sex, education, follow-up period, history of cerebrovascular disease, parkinson-
ism, hypertension, diabetes, dyslipidemia, carotid artery disease, arrhythmia, and congestive
heart failure; and 2) the CDR-SB and neuropsychological tests including CASI, MoCA,
HAIADL, and 12-item NPI. Converters and non-converters were determined based on the
demographic and neuropsychological variables analyzed. The common etiologies of EDV's
were summarized. The frequencies of conversion and hazard ratios (HRs) according to differ-
ent EDV rates were compared. The detailed procedure is shown in Fig 1.
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From 2015 to 2017, 2451 participants were registered
in the HAICDDS database

Data selection (History, neuropsychological

tests, laboratory, neuroimaging)

888 participants without
follow-up data were excluded

1563 participants with at least one

follow-up assessment

1051 participants with dementia

or aged< 50 were excluded

512 participants without dementia

were included for study

173 fulfilled the criteria for

conversion to dementia

339 did not fulfill the criteria

for conversion to dementia

Frequency of emergency department visits

(EDV) and other demographic variables were

analyzed for the contribution to progression

Fig 1. Flow chart for participant selection.

https://doi.org/10.1371/journal.pone.0270284.9001

Statistics

The Chinese version of SPSS 22.0 for Windows (IBM SPSS Statistics, IBM Corp., Armonk,
NY, USA) was used for statistical analyses. Age, education, follow-up year, and CDR-SB,
CASI, MoCA, TADL, and NPI scores were analyzed using independent t-tests. Sex, CDR score,
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history of cerebrovascular disease, parkinsonism, hypertension, diabetes, dyslipidemia, carotid
artery disease, arrhythmia, and congestive heart failure were analyzed using the chi-square
test. Etiologies for people with predementia who visited the emergency department were sum-
marized. The percentage frequency of conversion according to EDVs were summarized and a
multiple logistic regression analysis was adopted to investigate the contribution of EDVs of the
predementia participants to progression. The Cox proportional hazards regression was also
adopted to investigate the contribution of EDVs among predementia participants to conver-
sion to dementia. Hazard ratios were adjusted for age, sex, education, cognition (CASI), activi-
ties of daily living (HATADL), neuropsychiatric symptoms (NPI), cerebrovascular disease,
parkinsonism, diabetes, hypertension, dyslipidemia, coronary artery diseases, arrhythmia, and
congestive heart failure. The significance level was set at p < .05 for all hypothesis tests.

Ethical consideration

The participants were selected from the HAICDDS database of the Show Chwan Healthcare
System. The study design was retrospective and the data were analyzed anonymously. The
Committee for Medical Research Ethics of Show Chwan Memorial Hospital reviewed the proj-
ect and the Data Inspectorate approved the study (IRB No: IRB1081006). The requirement of
patient informed consent was waived by the ethics committee, as this study involved a retro-
spective medical record analysis.

Results

A total of 512 participants were analyzed, including 339 (66.2%) non-converters and 173
(33.8%) converters with a mean follow-up of 3.3 (range 0.4-6.1) and 2.8 (range 0.5-5.9) years,
respectively. Among them, 275, 107, 67, and 63 had 0, 1, 2, and >2 visits to the emergency
department, respectively. In this population, 46.3% of participants had at least one EDV. The
comparison of demographic variables between the non-converter and converter groups with-
out adjustment revealed significant differences in age (p < .001), follow-up years (p = .001),
EDV (p < .001), CDR score (p =.001), CDR-SB score (p < .001), CASI score (p < .001),
MoCA score (p < .001), HATADL score (p < .001), and diabetes (p = .022) (Table 1).

Etiologies for predementia patients who visited emergency departments were dizziness or
headaches (16.8%), infection or sepsis (16.8%), acute abdomen or other gastrointestinal dis-
comfort (10.6%), falls (6.2%), cardiovascular disease (6.2%), cerebrovascular disease (5.5%),
traffic accidents or other traumas (5.5%), dyspnea (5.1%), head injuries or concussion (4.4%),
delirium or disturbance of consciousness (4.4%), fractures (2.9%), seizures (1.8%), hypoglyce-
mia or hyperglycemia (1.5%), urine retention (1.1%), fatigue or malaise (1.1%), and others
(10.1%). Among all etiologies, those most related to CNS disorders, including dizziness or
headaches, cerebrovascular disease, head injuries or concussion, delirium or disturbance of
consciousness, or seizures, and accounted for 32.9% of EVDs. Therefore, CNS etiologies
accounted for approximately one-third of cases and were the most common etiologies for pre-
dementia people who visited the emergency department in this study.

Baseline CDR-SB among EDV 0 (1.7+1.2), EDV 1 (2.0£1.3), EDV 2 (1.8+1.2), and EDV >2
(2.0+1.2) revealed no significant difference (f = 2.047; p = 0.106). Baseline CASI among EDV 0
(77.7£11.9), EDV 1 (76.4%+13.2), EDV 2 (77.3%11.8), and EDV >2 (75.8+13.0) revealed no sig-
nificant difference (f= 0.582; p = 0.627). Baseline HAIADL scores for EDV 0 (3.4+2.1), EDV 1
(3.9+2.6), EDV 2 (3.6%2.2), and EDV >2 (3.7£2.2) revealed no significant difference
(f=1.783; p = 0.149). Baseline NPI among EDV 0 (4.6£6.9), EDV 1 (5.9+7.6), EDV 2 (3.9
+5.7), and EDV >2 (6.2+7.2) revealed no significant difference (f = 2.168; p = 0.091). The
mean change from the baseline (MCB) of CDR-SB among EDV 0 (3.7+5.3), EDV 1 (4.7+5.0),
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Table 1. Comparison of demographic data between non-converter and converter groups with CDR< 1.

N

Age, year

Sex, female, N (%)
Education, year

Follow-up, year

ED visit

CDR, 0/0.5, N

CDR-SB

CASI

MoCA

HAIADL

NPI

Cerebrovascular disease, N (%)
Parkinsonism, N (%)
Hypertension, N (%)
Diabetes, N (%)
Dyslipidemia, N (%)

Carotid artery disease, N (%)
Arhythmias, N (%)

Congestive heart failure, N (%)

Non-converters Converters p-value
Mean (SD; range) Mean (SD, range)

339 173

70.2 (8.4; 50-89) 74.8 (8.1; 53-91) < 0.001
190 (56) 94 (54) NS

6.0 (4.6; 0-18) 5.3 (4.2;0-16) NS
3.3(1.3;0.4-6.1) 2.8 (1.5;0.5-5.9) 0.001
0.8 (1.5; 0-10) 1.8 (2.3;0-18) < 0.001
39/300 5/168 0.001
1.5 (1.1; 0-4.0) 2.5 (1.2; 0-4.0) < 0.001
79.8 (11.7; 50-100) 72.1 (11.7; 50-93) < 0.001
19.2 (6.3; 7-30) 14.7 (5.4; 7-27) < 0.001
3.0 (2.0; 0-11) 4.7 (2.3, 0-12) < 0.001
4.8 (6.7;0-38) 5.5 (7.1; 0-36) NS

51 (15) 35 (20) NS

71 (21) 40 (23) NS

162 (48) 90 (52) NS

71 (21) 52 (30) 0.022
81 (24) 32(19) NS
3009) 15 (9) NS

23 (7) 14 (8) NS

19 (6) 16 (9) NS

Abbreviations: ED visit, mean frequency of emergency department visit; CDR, Clinical Dementia Rating scale; N, number; SD, Standard deviation; NS, non-

significance; CDR-SB, sum of boxes of the CDR; CASI, Cognitive Abilities Screening Instrument; MoCA, Montreal Cognitive Assessment; HAIADL, History-based

Artificial Intelligence Activities of Daily Living; NPI, Neuropsychiatric Inventory.

https://doi.org/10.1371/journal.pone.0270284.t001

EDV 2 (4.145.6), and EDV >2 (6.245.6) revealed significant difference (f = 4.043; p = 0.007).
The MCB of CASI among EDV 0 (-18.5+27.7), EDV 1 (-20.6£26.5), EDV 2 (-18.1+27.7), and
EDV >2 (-27.7429.1) revealed no significant difference (f = 1.998; p = 0.113). The MCB of
HATADL among EDV 0 (7.249.3), EDV 1 (9.4+9.1), EDV 2 (8.9+10.0), and EDV >2 (12.2
+9.6) revealed significant difference (f = 5.142; p = 0.002). The MCB of NPI among EDV 0 (2.4
+12.1), EDV 1 (1.7+11.7), EDV 2 (4.4£10.2), and EDV >2 (3.0£11.9) revealed no significant
difference (f= 0.766; p = 0.513). (S1 Table)

Fig 2 demonstrates that the percentage frequency of conversion according to EDVs was
19.3%, 46.7%, 50.7%, and 57.1% for EDV 0, EDV 1, ECD 2, and EDV >2, respectively. Multi-
ple logistic regression analysis was used to investigate the contribution of the participants’
EDVs to the conversion from predementia to dementia. Compared to those who did not visit
the emergency department (EDV 0), HRs were 3.6, 5.9, and 6.9 in EDV 1, EDV 2, and EDV
>2, respectively, after adjusting for all demographic and clinical variables (Table 2).

Fig 3 demonstrates that Cox proportional hazards regression was adopted to investigate the
contribution of participants’ EDVs to conversion from predementia to dementia. Hazard
ratios were adjusted for age, sex, education, cognition (CASI), activities of daily living
(HAIADL), neuropsychiatric symptoms (NPI), cerebrovascular diseases, parkinsonism, diabe-
tes, hypertension, dyslipidemia, and coronary artery disease. Compared to those who did not
visit the emergency department (EDV 0), HRs were 2.3,2.7, and 2.8 in EDV 1, EDV 2, and
EDV >2, respectively, after adjusting for all demographic and clinical variables.
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HR= 6.9, p< 0.001

HR= 5.9, p< 0.001

HR= 3.6, p< 0.001
I

EDV O EDV 1 EDV 2 EDV >2

Fig 2. Percentage frequency of conversion according to emergency department visits (EDV). Multiple logistic regression analysis was adopted for
investigating the contribution of EDV to the predementia participants’ conversion to dementia. Hazard ratios (HR) were adjusted for age, sex, education,
cognition (CASI), activities of daily living (HAIADL), neuropsychiatric symptoms (NPI), cerebrovascular disease, parkinsonism, diabetes, hypertension,
dyslipidemia, and coronary artery disease. Compared to EDV 0, HR were 3.6, 5.9, and 6.9 in EDV 1, EDV 2, and EDV >2, respectively.

https://doi.org/10.1371/journal.pone.0270284.9002

Discussion

Recently, researchers have put considerable effort into developing or discovering practical
tools for tracing the deterioration of cognition or daily functioning in the predementia stages.
In this study, we presumed that people who need to visit the ER may have more precipitating
risk factors or comorbidities, leading to a faster decline in mental function. Following this
ideal, we proposed a positive predictive value of EDVs by studying their contribution to con-
version among people in the predementia stages. To the best of our knowledge, this study is
the first longitudinal follow-up study that addresses the prevalence and contribution of EDV's
among predementia people to conversion to dementia.

Several important findings from this study deserve attention. First, 46.3% of our predemen-
tia population had at least one EDV, indicating a higher prevalence and demand for EDVs in
predementia compared to people with dementia [2]. Common etiologies among predementia
people visiting emergency departments are not completely consistent with those among the
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Table 2. Multiple logistic regression analysis was adopted for investigating the contribution of EDV and other variables of the predemented participants to convert
to dementia. Hazzard ratios (HR) were adjusted for age, sex, education, follow-up year, CASI, HAIADL, NP]I, cerebrovascular diseases, parkinsonism, diabetes, hyperten-
sion, dyslipidemia, coronary artery diseases, arrhythmia, and congestive heart failure.

Variables
EDV
0

2

>2

Age

Sex

Education

Follow-up year

CASI

HAIADL

NPI

cerebrovascular diseases
parkinsonism

diabetes

hypertension
dyslipidemia

coronary artery diseases
arrhythmia

congestive heart failure

B

0
1.269
1.774
1.932
0.048
0.185
0.079
-0.258
-0.048
0.298
0.002
-0.162
-0.140
-0.224
-0.147
0.156
0.405
-0.509
-0.380

Wald Sig Exp 95% CI for Exp
18.845 < 0.001 3.558 2.006-6.312
25.116 < 0.001 5.892 2.984-11632
30.344 < 0.001 6.904 3.472-13.729
9.267 0.002 1.049 1.017-1.082
0.531 0.466 0.831 0.505-1.367
5.083 0.024 1.082 1.010-1.159
9.931 0.002 0.772 0.658-0.907
13.339 < 0.001 0.953 0.929-0.978
26.088 < 0.001 1.347 1.202-1.510
0.010 0.922 1.002 0.969-1.035
0.270 0.603 0.851 0.462-1.565
0.248 0.619 1.150 0.663-1.998
0.656 0.418 0.799 0.465-1.375
0.380 0.538 0.863 0.540-1.378
0.293 0.588 1.169 0.664-2.060
0.939 0.333 1.500 0.661-3.403
1.340 0.247 0.601 0.254-1.423
0.679 0.410 0.684 0.277-1.689

Abbreviations: EDV, emergency department visits; CASI, Cognitive Abilities Screening Instrument; HAIADL, History-based Artificial Intelligence Activities of Daily

Living; NPI, Neuropsychiatric Inventory.

https://doi.org/10.1371/journal.pone.0270284.t1002

general older population. Previous studies focusing on etiologies for general older adults or
people with dementia who visited the emergency department showed that infectious disorders,
including pneumonia and urinary tract infections, injuries, or falls were most common [1-6].
For example, in Gruneir’s review, injuries (33.1%), chest pain (4.9%), congestive heart failure
(2.9%), and abdominal pain (2.8%) are the most common complaints [1]. In Lin’s study,
except for dementia (7.7%), infectious disorders, including pneumonia (8.8%) and urinary
tract infections (6.7%), were the most common complaints [2]. However, in this study, etiolo-
gies related to CNS disorders such as dizziness/headaches (16.8%), cerebrovascular disease
(5.5%), head injuries/concussion (4.4%), delirium/disturbance of consciousness (4.4%), or sei-
zures (4.4%) were found more frequently among predementia patients and accounted for a
total of 32.9% in our study. This finding is not completely consistent with previous studies and
the prevalence of CNS disorders in individuals with predementia visiting emergency depart-
ments deserves attention. In addition, EDVs due to infection or sepsis were also high in this
study (16.8%), which is consistent with previous studies.

Second, comparison of the demographic characteristics between converters and non-con-
verters revealed that converters were older (p < .001) and had higher CDR scores (p = .001),
higher CDR-SB scores (p < .001), poorer cognitive performance according to CASI
(p < 0.001) and MoCA (p < .001), poorer ADL functioning according to HATADL (p < .001),
and a higher prevalence of diabetes (p = .022). The findings that older age, higher CDR/
CDR-SB, and poorer cognitive functions contribute to conversion to dementia were consistent
with previous studies on demographic and clinical characteristics [32-35]. However, the
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1.0

0.8

0.6

0.4

Cum Survival

~IEDV O
0.2 —1EDV 1
—EDV 2
—TEDV > 2

0.0

I | | | | | I
0 1.0 2.0 3.0 4.0 5.0 6.0

Follow Year

Fig 3. Cox proportional hazards regression was adopted to investigate the contribution of emergency department visits (EDV) among
predementia participants to conversion to dementia. Hazard ratios were adjusted for age, sex, education, cognition (CASI), activities of
daily living (HAIADL), neuropsychiatric symptoms (NPI), cerebrovascular disease, parkinsonism, diabetes, hypertension, dyslipidemia,
and coronary artery disease.

https://doi.org/10.1371/journal.pone.0270284.9003

association between ADL and progression to dementia has been explored less in previous stud-
ies, probably because unimpaired ADL is essential to diagnosis in the non-demented stages;
however, researchers also found minimal to mild impairment in ADL in MCI [36-38]. Clarify-
ing the association between ADL in predementia individuals and their conversion to dementia
is warranted and deserves further investigation.

Furthermore, the HRs for EDV contribution to dementia were 3.6, 5.9, and 6.9 in EDV 1,
EDV 2, and EDV >2, respectively, according to multiple logistic regression analysis (Table 2);
these were 2.3, 2.7, and 2.8 in EDV 1, EDV 2, and EDV >2, respectively, according to Cox pro-
portional hazards regression. Both statistical analysis methods confirmed the contribution of
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EDVs to conversion to dementia among the predementia population. In the perspective of
conversion to dementia, we have not only adjusted cognitive and neuropsychiatric factors, but
also adjusted the risk factors (CVA, parkinsonism, diabetes, and CAD) that might contribute
to progression of SCD/MCI to dementia. We have also adjusted performance of daily func-
tions including physical and motor functions using the HAIADL scale. In this study, we pro-
vided robust evidence of the highly predictive value of EDVs for the progression of dementia
in people with predementia.

Finally, we considered determination of conversion to be the most difficult part for clinical
or epidemiological studies that addressed conversion from non-dementia to dementia. Previ-
ous longitudinal studies have used cognitive screening tests and researchers’ diagnosis of inci-
dent dementia without a definite diagnosis of conversion and reversion [39-41]. Instead, for
the determination of conversion, we have set up relatively strict criteria that use a diagnostic
battery combined with multiple aspects for the diagnosis of incident dementia. Conversion is
defined as deterioration on clinical assessment, including the CDR-SB, CASI, MoCA, and
HATADL, without any return to better performance or function at the turning point assess-
ments as well as the following assessments. The conversion rate was much higher, even with
only one EDV (46.7%), compared to those who had never visited the emergency department
(19.7%). Therefore, EDVs might be a good candidate to provide a highly predictive value.
EDVs in the predementia stages highly predict progression to dementia. Therefore, a sound
public health as well as primary healthcare system that provide strategies for better manage-
ment of mental and physical condition might help prevention of EDVs among older people in
the predementia stages.

There are several limitations to this study that need to be addressed. First, few of our partic-
ipants have done more determinative biomarkers, such as genetic study, amyloid plaque imag-
ing, cerebrospinal fluid biomarkers, or pathological studies, the diagnosis of severity of
cognitive impairment and conversion were based mainly on clinical criteria and assessment,
supplemented with neuroimaging study and regular laboratory tests for dementia. Second, this
study was conducted at three centers in Taiwan. Further studies that include more centers to
investigate the effectiveness of EDV for tracing conversion or reversion in predementia stages
are warranted. Third, not all participants were followed up for an equal duration; the follow-
up period ranged from 0.3 to 5.5 years. Third, this was a retrospective longitudinal follow-up
study; the design was not preplanned and the data acquired might not be precise or predeter-
mined. Finally, for the determination of conversion in this study, a diagnostic battery com-
bined with multiple aspects for the diagnosis of incident dementia was applied. Those without
any return to better performance or function at the turning point assessments as well as the
following assessments were regarded as conversion. Concept for the determination of conver-
sion used in this study is based on the evidence of the high prevalence of fluctuating cognitive
function or ADL functions in non-dementia stages. In addition, the diagnostic stages may also
be unstable in CDR 0.5 including MCI or very mild dementia. Further studies to verify the
clinical applicability of the concept determining conversion is this study is warranted.

In conclusion, EDVs in the predementia stages highly predicts progression to dementia.
Therefore, health care policies and education, including how to prevent EDVs among older
people, are warranted.
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