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Abstract

Background Mild cognitive impairment (MCI) is a major risk factor for delirium. Few studies with mid- to long-term
follow-up periods have examined delirium, MCl, and the conversion of MCl to dementia. This prospective, longitudinal
cohort study aims to assess the incidence of dementia after delirium onset in patients with MCl and to develop an
artificial intelligence algorithm for predicting the conversion of MCl to dementia.

Methods A 30-day evaluation for delirium will be performed for adults aged > 65 years diagnosed with MCl who
score 18-23 on the Korean Mini-Mental State Exam. Individuals exhibiting delirium at least once will be classified into
the delirium group and the remainder into the non-delirium group. Over 3 years, patients will undergo follow-ups
for survival and conversion to dementia at 30-day intervals to analyze risk factors for delirium and clinical outcomes.
Differences between the two groups will be analyzed using the chi-square and independent t-tests. Kaplan-Meier
survival and Cox proportional hazard regression will be used to assess the effects on 30-day, 60-day, 12-month,
24-month, and 36-month mortality, whereas linear regression will be used to assess the length of stay at long-term
care facilities and medical costs.

Discussion The results will emphasize the importance of preventing delirium in MCl patients, and preventive
interventions can be strengthened.

Trial Registration NCT05113446 (ClinicalTrials.gov). Registered 9 November 2021 - Retrospectively registered.
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Introduction

Background

Delirium is defined as an acute disturbance of con-
sciousness, memory, logical inference, concentration,
and activity [1]. Common in individuals with chronic
aging disease, it occurs in 14—55% of hospitalized elderly
patients [2]. The onset of delirium is associated with poor
outcomes in these patients [3]. Increased risk of long-
term cognitive and functional impairment extends the
length of stay (LOS) and readmission to long-term care
facilities. This increases medical costs, caregiving burden
[4], and mortality risk [5, 6].

Pre-existing cognitive impairment and dementia are
major risk factors for delirium, whereas delirium is an
independent risk factor for dementia [7]. The global
prevalence of dementia is 5-7%, which is projected to
increase more than three-fold over the next 20 years
[8]. The annual medical cost of dementia is estimated
at 818 billion USD worldwide, a significant socioeco-
nomic burden [9]. Mild Cognitive Impairment (MCI) is
the transitional stage between cognitive impairment and
dementia [10] and affects 6.7-25.2% of older adults [11].
Importantly, the annual rate of conversion to demen-
tia among older adults with MCI is 10-15%, which is
markedly higher than that among the general older adult
population (1-2%) [12]. The incidence of postoperative
delirium is higher among older adults with MCI than in
their healthy counterparts [13]. Coexisting preoperative
frailty and MCI is the most potent risk factor for post-
operative delirium [14]. Hence, if undiagnosed, MCI can
lead to increased incidence of delirium and is associated
with poor outcomes.

Few studies exist with mid- to long-term follow-up
periods on delirium, MCI, and dementia or on the effects
of delirium on the conversion of MCI to dementia. Pre-
vention of delirium is more effective than treatment and
management; additionally, prophylactic interventions
for MCI or early-stage cognitive impairment are the
most effective methods of preventing the conversion to
dementia [4, 15, 16].

Objective

The study aims to to establish a short-term 3-year cohort
in long-term care hospitals in Korea to investigate
the effect of delirium on dementia conversion in MCI
patients and to develop an artificial intelligence (AI) algo-
rithm for predicting the conversion of MCI to demen-
tia. First, we will investigate the incidence of delirium
in patients with MCI and analyze the risk factors and
outcomes: mortality, length of stay (LOS), and medical
cost. Second, the rate of dementia conversion in patients
with MCI and outcomes of the onset of delirium on
dementia conversion in patients with MCI will be inves-
tigated. Third, we will develop an artificial intelligence
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(AI) algorithm for predicting the conversion of MCI to
dementia.

Methods
Study design
This is a prospective cohort study of two parallel groups
and the detailed study procedure is described in Fig. 1.
Baseline assessments will be performed at study partici-
pant recruitment and serve as cross-sectional data for
estimating conversion of MCI to dementia. Since this
is a multicenter prospective cohort study, the STROBE
(strengthening the report of observational studies in epi-
demiology) guidelines will be followed [17].

The plans for establishing a cohort for the first to third
years are summarized below and are depicted in Fig. 2.

+ Year one—establish a standardized MDD Cohort
(Mild Cognitive Impairment Delirium Dementia
Cohort).

Patients will be recruited according to the exclusion and
inclusion criteria and initially assessed. The patients will
be divided into delirium and non-delirium groups (see
below for details). Conversion to dementia and survival
will be checked at 30-day intervals. The first year data
will be analyzed.

+ Year two—continuous management of the
MDDCohort.

Conversion to dementia and survival will be checked at
30-day intervals; additionally, the cohort will be managed
to minimize dropouts. The 2-year data will be analyzed.

+ Year three—develop a web-based application for
analyzing results and managing comprehensive
delirium.

Conversion to dementia and survival will be checked at
30-day intervals and the 3-year results of the cohort will
be analyzed. Based on these results, an Al algorithm for
predicting the conversion of MCI to dementia will be
developed.

Participants and eligibility criteria

Advertisements for participant recruitment will be
posted at three long-term care facilities with >300 beds
in three Korean regions (North Jeolla, South Jeolla, South
Gyeongsang) with similar inpatient environments. Since
eligible participants include vulnerable individuals with
diminished cognitive abilities, only individuals with writ-
ten consent from their legal guardian will be enrolled.
Further, upon request, the patient’s consent will also be
obtained. The consent form sets out the purpose of the
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Fig. 1 Flow chart of study procedure. Abbreviations: EMR, electronic medical records; K-MMSE, Korean version of the Mini-Mental State Examination; LTC,
long term care facility; MCl, mild cognitive impairment; S-CAM, Short Confusion Assessment Methods
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Fig.2 MDDCohort protocol. Abbreviations: Al, artificial intelligence; LOS, length of stay; MCl, mild cognitive impairment; S-CAM, Short Confusion Assess-

ment Methods

study, the procedures and duration of participation, the
drop-outs from participating in the study, the side effects
and risks, the benefits of participating in the study and
the absence of a penalty for not participating, the guar-
antee of personal information and confidentiality, and the
withdrawal of consent.

Inclusion criteria: inpatients aged>65 years who are
diagnosed with MCI by a physician and with a score of
18-23 on the Korean version of the Mini-Mental State
Exam (K-MMSE) [18]. Exclusion criteria: Individu-
als who cannot be examined using the Short Confusion
Assessment Methods (S-CAM) [19] due to severe visual
or hearing problems, individuals with severe mental
health or neurological diagnoses, individuals who die or
are transferred on the day of hospitalization, and individ-
uals who cannot receive emergency treatment interven-
tions during evaluation or due to hospital circumstances.

Sample size

Based on the previous study [20], to calculate the num-
ber of samples in patients with mild cognitive impair-
ment, size effect=0.15 (medium), a probability=0.05,
power=0.9, and 8 predictors will be analyzed. As a result,
the number of samples will be 136, and the total number
of subjects considering the dropout rate will be 163.

Data collection and analysis

Data collection and follow-up are described in Table 1.
The executive researcher will be responsible for moni-
toring study progress, reporting on missing data and

taking necessary action to follow-up on missing data or
discrepancies. All data will be stored securely. Original
participant files and the key to the code linking personal
details and coded study data will be stored securely in a
locked cupboard to which only researchers have access,
in a locked office, in a secure building. Original files will
be stored in numerical order and maintained for a period
of three years after completion of the study. Any personal
data stored electronically will be kept on a secure server,
in a password-protected environment to which only the
researchers directly involved in administering and super-
vising the study have access.

Standardization

Before beginning the study, we formed a small research
team to establish the cohort. The team analyzed domestic
and international findings, set stage-specific goals, and
developed a standardized manual to be distributed before
study onset containing detailed guidelines for standard-
izing data collection and quality control at the study
hospitals.

Initial data collection

Participants’ general characteristics will be identified by
researchers through electronic medical records (EMR).
These include age, sex, education level, K-MMSE score,
comorbidity index, route of hospitalization, smoking,
drinking, body mass index, and number of drugs in use.
Therapeutic factors (fall, pressure ulcer, use of and types
of analgesics for pain, blood transfusion, catheterization,
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Table 1 Summary of data collection and follow-up
Study period
Enrollment Follow-up
Y(d] 30 days 60 days 1year 2 years 3years
Screening
Inclusion and exclusion X
Informed consent X
Patient characteristics
General characteristics X
Risk factors X
Clinical characteristics X
Delirium assessment
Short CAM X X
Cognitive assessment
Onset of dementia? X X X X X
Outcomes
Mortality X X X X X
Hospital length of stay X X X
Healthcare costs X X X

aonset of dementia; every 30 days follow-up

Abbreviations: CAM, Confusion Assessment Methods; MCl, mild cognitive impairment

gastric tube feeding, use of sedatives) and other factors
(stroke, visual/hearing impairment, dehydration, malnu-
trition, water-electrolyte imbalance, surgery, infection,
pain, sleep deprivation, restraints, immobility) will be
analyzed to identify risk factors for delirium. The geri-
atric depression scale [21] and activities of daily living
score [22] will also be assessed.

Delirium assessment

Delirium will be assessed by trained research assistants
using the Korean version of the S-CAM twice a day
(8-10 AM, 4-6 PM) for 30 days. To standardize this
process, nurses from each long-term care hospital with
210 years of experience will be selected to ensure the
quality of the raters. Before study commencement, they
will undergo three 2-h video training sessions regarding
S-CAM administration; moreover, the expert spot check-
ing method will be applied. The expert spot checker will
be a researcher fully familiar with S-CAM administra-
tion. Each research assistant will administer the S-CAM
simultaneously with the spot checker and the results
will be compared outside the ward to revise errors and
educate the research assistant. Research assistants with
>95% agreement with the spot checker for 20 consecu-
tive trials will be allowed to independently assess delir-
ium using the S-CAM. Further, we developed a standard
for processing missing or suspicious data.

Four key delirium symptoms (acute onset and fluc-
tuating course, inattention, disorganized thinking, and
altered level of consciousness) will be assessed. Partici-
pants who test positive at least once during this period
will be classified into the delirium group and the rest into
the non-delirium group for 36 months of follow up.

Survival and conversion to dementia will be based on
changes in EMR and K-MMSE scores taken at 30-day
intervals. Records of discharged patients will be accessed
from outpatient follow-up records or by telephone
interview.

Study outcomes
Primary outcomes

+ Delirium prevalence in MCI and risk factors.
The incidence and risk factors for delirium will be iden-
tified based on the one-year follow-up data. The con-
version rate of dementia and the time to dementia
conversion will be analyzed every 12 months.
Secondary outcomes

+ Mortality.

We will calculate the 30-day, 60-day, 12-month,
24-month, and 36-month mortality rates in both groups.

+ Length of stay (LOS).
LOS (days) will be analyzed in 12-month units.

+ Cost.
Direct medical costs incurred only for treatment during
the hospital stay will be calculated in Korean Won (KRW)

and analyzed in 12-month units. Table 1 describes a
detailed summary of data collection and timeline.
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Ethical consideration

This study has reveived approval from the Institutional
Review Board (IRB) of Keimyung University(40525-
202012-HR-073-02) and has been registered at Clini-
calTrials.gov, which is run by the US National Institute
of Health (NCT05113446). All methods employed will
be in accordance with relevant guidelines and regula-
tions. Prior to the commencement of the study, written
informed consent will be obtained from all participats.
In case of participants with cognitive impairment, con-
sent will be obtained from their legal representative. To
ensure confidentiality, all questionnaire and electronic
data will be anonymized and assigned a unique identifi-
cation number, following the appropriate guidelines.

Statistical analysis

Data analyses will be performed using the SPSS software
(version 24.0, IBM, Armonk, NY). General characteris-
tics will be analyzed using descriptive statistics. Between-
group differences in the general characteristics, risk
factors, and therapeutic factors will be analyzed using
the chi-square test and independent t-test. The effects
on 30-day, 60-day, 12-month, 24-month, and 36-month
mortality will be analyzed using Kaplan-Meier survival
and Cox proportional hazard regression. Moreover, the
LOS and medical costs will be analyzed through linear
regression.

Results

Data collection for this study is currently in progress
and is expected to be completed by September 30, 2022.
Afterwards, we will analyze the difference in demen-
tia conversion rate, mortality, length of stay, and medi-
cal cost in the delirium and non-delirium groups at 12
months, 24 months, and 36 months. Based on our find-
ings, we will develop an Al algorithm to predict dementia
transition in MCI patients.

Discussion

This is a protocol for establishing and analyzing a nation-
wide cohort of older adults with MCI in three cities for a
three-year study on the risk factors for delirium and the
effects of delirium on the conversion of MCI to dementia
as well as the time from delirium to conversion.

Five to eight% of the population aged>60 years suf-
fer from dementia [23] and 10-20% of the population
aged>65 years show increased MCI [24]. Delirium is
an important risk factor for dementia [6, 25-29]; more-
over, cognitive decline in older adults with frailty is a
risk factor for delirium [13, 14, 30]. This suggests that
delirium is associated with cognitive impairment and/or
dementia. Since delirium causes not only poor outcomes
for patients and their families but also socioeconomic
losses [31], there is a need to elucidate the incidence of
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dementia with respect to cognitive impairment, time
until conversion to dementia, and predictive factors.

Clinically validated tools to actively prevent delirium
and closely monitor cognitive function are necessary
to identify delirium patients at risk [32]. To this end, a
nurse, an experienced research assistant, uses S-CAM
[19] to measure delirium over a 30-day period, and based
on this, we identify the participants’ risk factors for delir-
ium and analyze the associated outcomes. Our findings
may increase medical staff awareness of delirium preven-
tion interventions in long-term care facilities and reduce
poor outcomes related to delirium, mortality, readmis-
sion rates, and medical costs.

We will also establish a cohort of patients with MCI as
a delirium group and a non-delirium group based on the
results of delirium measurements to closely monitor their
cognitive changes at 30-day intervals to investigate the
effect of delirium on the transition of MCI to dementia.
Based on our findings, we will develop an Al algorithm
to predict dementia transition in MCI patients, enabling
early detection and timely intervention by medical staff
for cognitive impairment. Determining the risk of delir-
ium in patients with cognitive impairment will have a
positive effect on preventing the acceleration of cognitive
decline. Finally, our findings will contribute to improving
the quality of medical care, promoting patient safety, and
preventing dementia, ultimately reducing the socioeco-
nomic burden associated with the onset of dementia.

Limitations

Some limitations of the study should be considered. First
is the management of patients discharged during the
study period. To minimize their dropout rate, research
assistants will try to administer follow-ups via phone,
mailing, and visitation, but a higher number of dropouts
of discharged patients are expected than dropouts of
inpatients. Second, it cannot be excluded that changes in
the hospitalization environment, such as restrictions on
family visits due to COVID-19, may affect the research
results in some way.

Abbreviations

Al Artificial intelligence

EMR Electronic medical records

K-MMSE Korean version of the Mini-Mental State Exam

LOS Length of stay

MCl Mild cognitive impairment

MDDCohort  Mild Cognitive Impairment Delirium Dementia Cohort

S-CAM Short Confusion Assessment Methods

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512877-024-05480-6.

[ Supplementary Material 1 J



https://doi.org/10.1186/s12877-024-05480-6
https://doi.org/10.1186/s12877-024-05480-6

Moon and Park BMC Geriatrics (2024) 24:922

Acknowledgements

This research was supported by the Basic Science Research Program through
the National Research Foundation of Korea (NRF) founded by the Ministry of
Education (2019R11TA3A01060561).

Author contributions

Conceptualization or/and Methodology: KIM. Writing: original draft or/and
review and editing: KJM, MAP. The author(s) read and approved the final
manuscript.

Funding

This research was supported by the Basic Science Research Program through
the National Research Foundation of Korea (NRF) founded by the Ministry of
Education (2019R111A3A01060561). The funders had no role in the design

of the study; collection, analysis, and interpretation of data; or in writing the
manuscript. The study protocol was not reviewed by the funding bodies.

Data availability
The datasets used and/or analyzed during the study will be available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Review Board (IRB) of Keimyung
University(40525-202012-HR-073-02) and registered at ClinicalTrials.gov run by
the US National Institute of Health (NCT05113446).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 7 April 2023 / Accepted: 16 October 2024
Published online: 07 November 2024

References

1. American Psychiatric Association. Diagnostic and statistical manual of mental
disorders. 5th ed. Washington, DC: American Psychiatric Publishing; 2013.

2. Leodn-Salas B, Trujillo-Martin MM, Martinez Del Castillo LP, Garcia-Garcia J,
Pérez-Ros P, Rivas-Ruiz F, et al. Multicomponent interventions for the preven-
tion of delirium in hospitalized older people: a meta-analysis. J Am Geriatr
Soc. 2020,68:2947-54. https://doi.org/10.1111/jgs.16768.

3. OhES, Fong TG, Hshieh TT, Inouye SK. Delirium in older persons: advances in
diagnosis and treatment. JAMA. 2017;318:1161-74. https://doi.org/10.1001/ja
ma.2017.12067.

4. Inouye SK, Westendorp RG, Saczynski JS. Delirium in elderly people. Lancet.
2014;383:911-22. https://doi.org/10.1016/50140-6736(13)60688-1.

5. MacLullich AM, Shenkin SD, Goodacre S, Godfrey M, Hanley J, Stiobhairt A, et
al. The 4'A's test for detecting delirium in acute medical patients: a diagnostic
accuracy study. Health Technol Assess. 2019;23:1-194. https://doi.org/10.331
0/hta23400.

6.  Krogseth M, Wyller TB, Engedal K, Juliebg V. Delirium is an important predic-
tor of incident dementia among elderly hip fracture patients. Dement Geriatr
Cogn Disord. 2011,31:63-70. https://doi.org/10.1159/000322591.

7. Fong TG, Davis D, Growdon ME, Albuquerque A, Inouye SK. The inter-
face between delirium and dementia in elderly adults. Lancet Neurol.
2015;14:823-32. https://doi.org/10.1016/S1474-4422(15)00101-5.

8. Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C. Potential for primary pre-
vention of Alzheimer’s disease: an analysis of population-based data. Lancet
Neurol. 2014;13:788-94. https://doi.org/10.1016/51474-4422(14)70136-X.

9. Prince MJ, Guerchet MM, Prina M. The epidemiology and impact of dementia:
current state and future trends. WHO Thematic Briefing; 2015.

10.  Petersen RC, Caracciolo B, Brayne C, Gauthier S, Jelic V, Fratiglioni L. Mild
cognitive impairment: a concept in evolution. J Intern Med. 2014,275:214-28.
https://doi.org/10.1111/joim.12190.

11. Petersen RC, Lopez O, Armstrong MJ, Getchius TSD, Ganguli M, Gloss D, et al.
Practice guideline update summary: mild cognitive impairment: report of the

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 7 of 8

Guideline Development, Dissemination, and implementation Subcommittee
of the American Academy of Neurology. Neurology. 2018;90:126-35. https://
doi.org/10.1212/WNL.0000000000004826.

ZhaiY, Chao Q, Li H,Wang B, Xu R, Wang N, et al. Application and revision of
montreal cognitive assessment in China's military retirees with mild cognitive
impairment. PLoS ONE. 2016;11:e0145547. https://doi.org/10.1371/journal.po
ne.0145547.

Tong C, Huang C, Wu J, Xu M, Cao H. The prevalence and impact of undiag-
nosed mild cognitive impairment in elderly patients undergoing thoracic sur-
gery: a prospective cohort study. J Cardiothorac Vasc Anesth. 2020;34:2413-8.
https://doi.org/10.1053/jjvca.2020.03.011.

ltagaki A, Sakurada K, Matsuhama M, Yajima J, Yamashita T, Kohzuki M. Impact
of frailty and mild cognitive impairment on delirium after cardiac surgery in
older patients. J Cardiol. 2020;76:147-53. https://doi.org/10.1016/}.jjcc.2020.0
2.007.

Abraha |, Rimland JM, Trotta F, Pierini V, Cruz-Jentoft A, Soiza R, et al. Non-
pharmacological interventions to prevent or treat delirium in older patients:
clinical practice recommendations the SENATOR-ONTOP series. J Nutr Health
Aging. 2016;20:927-36. https://doi.org/10.1007/512603-016-0719-9.

Locke DEC, Khayoun R, Shandera-Ochsner AL, Cuc A, Eilertsen J, Caselli M,

et al. Innovation inspired by COVID: a virtual treatment program for patients
with mild cognitive impairment at mayo clinic. Mayo Clin Proc Innov Qual
QOutcomes. 2021;5:820-6. https://doi.org/10.1016/j.mayocpiqo.2021.06.004.
Von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbroucke JP,
et al. The strengthening the reporting of Observational studies in Epidemiol-
ogy (STROBE) Statement: guidelines for reporting observational studies. Int J
Surg. 2014;12:1495-9.

Kang YW, Na DL, Hahn SH. A validity study on the Korean Mini-mental

State Examination (K-MMSE) in dementia patients. J Korean Neurol Assoc.
1997;15:300-8.

Inouye SK.The short confusion Assessment Method (short CAM): training
manual and coding guide. Boston, MA: Hospital Elder Life Program; 2014.
Voyer P, Richard S, Doucet L, Carmichael PH. Factors associated with delirium
severity among older persons with dementia. J Neurosci Nurs. 2011;43:62-9.
https://doi.org/10.1097/jnn.0b013e31820b5fb6.

van Marwijk HW, Wallace P, de Bock GH, Hermans J, Kaptein AA, Mulder JD.
Evaluation of the feasibility, reliability and diagnostic value of shortened ver-
sions of the geriatric depression scale. Br J Gen Pract. 1995;45:195-9.

Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of illness in the
aged. The index of adl: a standardized measure of biological and psychoso-
cial function. JAMA. 1963;185:914-9. https://doi.org/10.1001/jama.1963.0306
0120024016.

World Health Organization. Dementia. https://www.who.int/news-room/fac
t-sheets/detail/dementia, Oct. 30; 2021. 2021.

Langa KM, Levine DA. The diagnosis and management of mild cognitive
impairment: a clinical review. JAMA. 2014;312:2551-61. https://doi.org/10.100
1/jama.2014.13806.

Davis DH, Muniz Terrera G, Keage H, Rahkonen T, Oinas M, Matthews FE, et al.
Delirium is a strong risk factor for dementia in the oldest-old: a population-
based cohort study. Brain. 2012;135:2809-16. https://doi.org/10.1093/brain/a
ws190.

Lingehall HC, Smulter NS, Lindahl E, Lindkvist M, Engstrom KG, Gustafson

YG, et al. Preoperative cognitive performance and postoperative delirium

are independently associated with future dementia in older people who
have undergone cardiac surgery: a longitudinal cohort study. Crit Care Med.
2017;45:1295-303. https://doi.org/10.1097/CCM.0000000000002483.

Luger MF, Mdller S, Kammerlander C, Gosch M, Luger TJ. Predictors of postop-
erative cognitive decline in very old patients with hip fracture: a retrospective
analysis. Geriatr Orthop Surg Rehabil. 2014;5:165-72. https://doi.org/10.1177/
2151458514548577.

Olofsson B, Persson M, Bellelli G, Morandi A, Gustafson Y, Stenvall M. Develop-
ment of dementia in patients with femoral neck fracture who experience
postoperative delirium-A three-year follow-up study. Int J Geriatr Psychiatry.
2018;33:623-32. https://doi.org/10.1002/gps.4832.

Witlox J, Eurelings LS, de Jonghe JF, Kalisvaart KJ, Eikelenboom P, van Gool
WA. Delirium in elderly patients and the risk of postdischarge mortality,
institutionalization, and dementia: a meta-analysis. JAMA. 2010;304:443-51.
https://doi.org/10.1001/jama.2010.1013.

Racine AM, Fong TG, Gou Y, Travison TG, Tommet D, Erickson K; et al. Clinical
outcomes in older surgical patients with mild cognitive impairment. Alzheim-
ers Dement. 2018;14:590-600. https://doi.org/10.1016/jjalz.2017.10.010.


https://doi.org/10.1111/jgs.16768
https://doi.org/10.1001/jama.2017.12067
https://doi.org/10.1001/jama.2017.12067
https://doi.org/10.1016/S0140-6736(13)60688-1
https://doi.org/10.3310/hta23400
https://doi.org/10.3310/hta23400
https://doi.org/10.1159/000322591
https://doi.org/10.1016/S1474-4422(15)00101-5
https://doi.org/10.1016/S1474-4422(14)70136-X
https://doi.org/10.1111/joim.12190
https://doi.org/10.1212/WNL.0000000000004826
https://doi.org/10.1212/WNL.0000000000004826
https://doi.org/10.1371/journal.pone.0145547
https://doi.org/10.1371/journal.pone.0145547
https://doi.org/10.1053/j.jvca.2020.03.011
https://doi.org/10.1016/j.jjcc.2020.02.007
https://doi.org/10.1016/j.jjcc.2020.02.007
https://doi.org/10.1007/s12603-016-0719-9
https://doi.org/10.1016/j.mayocpiqo.2021.06.004
https://doi.org/10.1097/jnn.0b013e31820b5fb6
https://doi.org/10.1001/jama.1963.03060120024016
https://doi.org/10.1001/jama.1963.03060120024016
https://www.who.int/news-room/fact-sheets/detail/dementia
https://www.who.int/news-room/fact-sheets/detail/dementia
https://doi.org/10.1001/jama.2014.13806
https://doi.org/10.1001/jama.2014.13806
https://doi.org/10.1093/brain/aws190
https://doi.org/10.1093/brain/aws190
https://doi.org/10.1097/CCM.0000000000002483
https://doi.org/10.1177/2151458514548577
https://doi.org/10.1177/2151458514548577
https://doi.org/10.1002/gps.4832
https://doi.org/10.1001/jama.2010.1013
https://doi.org/10.1016/j.jalz.2017.10.010

Moon and Park BMC Geriatrics (2024) 24:922

32.

Pereira JV, Aung Thein MZ, Nitchingham A, Caplan GA. Delirium in older
adults is associated with development of new dementia: a systematic review
and meta-analysis. Int J Geriatr Psychiatry. 2021,36:993-1003. https://doi.org/
10.1002/gps.5508.

Guthrie PF, Rayborn S, Butcher HK. Evidence-based practice guideline:
delirium. J Gerontol Nurs. 2018;44:14-24. do: https://doi.org/10.3928/009891
34-20180110-04

Page 8 of 8

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1002/gps.5508
https://doi.org/10.1002/gps.5508
https://doi.org/10.3928/00989134-20180110-04
https://doi.org/10.3928/00989134-20180110-04

	﻿Protocol for a prospective, longitudinal cohort study on the incidence of dementia after the onset of delirium in patients with mild cognitive impairment: MDDCohort (Mild Cognitive Impairment Delirium Dementia)
	﻿Abstract
	﻿Introduction
	﻿Background
	﻿Objective

	﻿Methods
	﻿Study design
	﻿Participants and eligibility criteria
	﻿Sample size
	﻿Data collection and analysis
	﻿Standardization
	﻿Initial data collection
	﻿Delirium assessment


	﻿Study outcomes
	﻿Primary outcomes
	﻿Secondary outcomes

	﻿Ethical consideration
	﻿Statistical analysis
	﻿Results
	﻿Discussion
	﻿Limitations

	﻿References


