
484  Copyright © 2018 Korean Neuropsychiatric Association

INTRODUCTION

In order to improve understanding of delirium and its core 
symptoms, continuous changes have been made to the diag-
nostic criteria in each subsequent revision. Recently, the fifth 
revision of the Diagnostic and Statistical Manual of Mental 
Disorders (DSM-5) newly revised removed the term “con-
sciousness” and emphasized the importance of inattention 
and awareness by criterion A.1 However, attention alone as a 
criterion has its limits, as it demonstrated by a recent study 
that tried to prove its significance.2 Other criteria need to be 
taken into consideration.

In this context, the DSM-5 criteria were intended to com-
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bine various associated features that support a diagnosis of 
delirium taking into consideration complex circumstances. 
Criterion B that clarified the features of rapid onset and symp-
tom fluctuations was maintained with the exception of the ad-
ditional terms, “a change from baseline attention and aware-
ness.”1 In particular, criterion C now describes an additional 
disturbance in cognition, which can include memory deficit, 
disorientation, language, visuospatial ability, or perception 
that presents with non-specific symptoms.1 In this context, 
the Delirium Rating Scale-Revised-98 (DRS-R-98) is also ad-
vantageous allowing delirium to be evaluated from various 
perspectives.3 Indeed, a study with the aim of demonstrating 
the concordance between the DSM-IV and the new DSM-5 
criteria concluded that overtly strict application of the DSM-
5 criteria was responsible for the accuracy in the diagnosis of 
delirium with detailed conditions.4

There have been several previous attempts to clarify the 
core symptoms of delirium and to identify which domains are 
valid using Delirium Rating Scale (DRS). One of them was fac-
tor analyses that confirmed the three core domains of deliri-
um by comparing delirious patients with normal adults.5 And 
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the other was a factor analysis which found that the two do-
mains of cognition and psychosis/agitation were strongly re-
lated to delirium.6 However, these studies were conducted in 
the form of a survey, targeting common adult patients and did 
not unilaterally consider advanced age as one of the predis-
posing factors of delirium.7 Though there have been enough 
studies on the delirium in special circumstances like surgery 
or researches among older patients, these were insufficient to 
show the phenomenological characteristics compared with the 
average adults.8,9 Recently, there was a study about the confirma-
tory factor analysis of the Delirium Rating Scale-Revised-98 
(DRS-R-98) on a large scale.10 However, it was a study on the 
verification of two-factor structure of symptoms in delirium 
previously elicited, using confirmatory factor analysis with-
out the exploratory factor analysis.

Therefore, this study aimed to identify the core symptoms 
of delirium particularly in elderly people associated with ma-
jor risk factors, hypothesizing that there are differences be-
tween delirium in elderly people and younger adults. We per-
formed Exploratory Factor Analysis (EFA) and Confirmatory 
Factor Analysis (CFA) using pooled dataset,11-13 in consecutive 
order to establish and validate the core domains of delirium.

Methods

Subjects
Our pooled sample comprised 536 adult patients from in-

patient clinical settings.11-13 who were diagnosed with deliri-
um according to the fourth revision of the Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM-IV).14 All of them 
had neither dementia nor history of dementia. Of these, the 
older patients aged over 80 years likely to have impaired cog-
nitive functions that could affect the evaluation were also ex-
cluded. The reason was the fact that the prevalence of de-
mentia which shares many characteristics with delirium is 
increasing with the aging. Above all, dementia appears nearly 
one in five in adults older than 80 years of age.15 And In total, 
only 200 patients aged between 65–79 years were finally cho-
sen for the final analysis without stringent conditions. We 
endeavored to obtain information concerning the particular 
characteristics of delirium itself without exception.

Study procedures and assessment tools
Among the various instruments used to screen and evaluate 

the severity and treatment outcome of delirium, only the K-
DRS-98 was selected for our study. When assessing delirium 
using the K-DRS-98, all patients received K-DRS-98 total 
scores above 21.5. Our analyses used the severity items of the 
K-DRS-98 (13 items) but not the diagnostic items of the K-
DRS-98 (total of three items).

The Delirium Rating Scale (DRS)16 evaluated by physicians 
has limitations for its use in longitudinal research for several 
reasons. In particular, it cannot individually capture diverse 
phenomenological symptoms, and modified means are re-
quired to allow more accurate descriptions. The Delirium Rat-
ing Scale-Revised-98 (DRS-R-98) was created to remedy the 
shortcomings of the DRS.17 The DRS-R-98 comprises two 
sections. 1) one section comprising three diagnostic items 
scored from 0 to 2 or 0 to 3, and 2) the second comprises 13 
items for assessing severity scored from 0 to 3. A cut-off score 
for the severity items and total items was 16 and 21.5, respec-
tively. By translating the English version into Korean using 
ordinary words and vocabulary, the Korean version of Delir-
ium Rating Scale-Revised-98 (K-DRS-98) was produced and 
applied in this study.11

Statistical analysis
Data were analyzed using SPSS 22.0 (IBM Corp., Armonk, 

NY, USA) for a general analysis and exploratory factor analy-
sis (EFA), and AMOS 22.0 (IBM Corp.) for the confirmatory 
factor analysis (CFA). The author conducted a survey of 200 
subjects for the EFA, and the same samples were used for CFA 
modeling (CFA-M) and CFA validation (CFA-V).

The EFA was performed using a principal component anal-
ysis with a Varimax rotation to determine the factor structure 
of the K-DRS-98. A Bartlett test of sphericity (weighted p val-
ue for χ2>0.05) and Kaiser-Meyer-Olkin (KMO) measure-
ment (weighted value>0.6) were used to identify if the prin-
cipal component analysis was appropriate for the EFA. To 
establish the critical value for defining which items to load 
onto factors, the formula 5.152/√N-2 was used, where 5.150 
is twice the 1% level of significance in the normal curve, and 
N indicates the number of subjects (200): 5.152/14.071=0.366.

To determine if the findings gained from the EFA could 
form a significant model, CFA-M was conducted. The fit of 
the model was assessed with a χ2, coefficient χ2/df (coeffi-
cient<2 indicates a good fit). The relative fit was evaluated us-
ing the Comparative Fit Index (CFI), the standardized root-
mean-square residual (SRMR), and the root-mean-square 
error of approximation (RMSEA) index.

Upon consideration of the modification indices, one of the 
diagnostic indicators of AMOS and theoretical background, 
the model was modified to CFA-V. The reliability and good-
ness of fit were evaluated as stated above. The relationship 
between the core factors, three core domains, and core symp-
toms was assessed. 
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Results

Sociodemographic and clinical characteristics of 
patients

The subjects included in this study were comprised of 200 
elderly patients. Of which, 68.5% (n=137) were men and 31.5% 
(n=63) were women. The average age of the subjects was 72.70 
years (range: 65–79 years). The principal medical diagnoses 
from the original datasets were categorized in accordance with 
the Delirium Etiology Checklist (DEC) classification system 

involving 13 categories.18 The five most frequent diagnosis 
were: other in 68 (34%); systemic neoplasm in 50 (25%); sys-
temic infection in 33 (16.5%); organ insufficiency 21 (10.5%); 
and cerebrovascular disease in 14 (7%). These are listed in 
Table 1.

Exploratory factor analysis
We used eight items of the DRS-R-98 to assess the severity 

Table 1. Sociodemographic and clinical characteristics of 200 de-
lirious patients assigned to the EFA, CFA-M, and CFA-V

Delirium (N=200)
Age (years), mean (SD) 72.70 (3.86)
Sex, N (%)

Male 137 (68.5)
Female 63 (31.5)

Principal medical diagnoses, N (%)
Other 68 (34)
Systemic neoplasm 50 (25)
Systemic infection 33 (16.5)
Organ insufficiency 21 (10.5)
Cerebrovascular disease 14 (7.0)

EFA: exploratory factor analysis, CFA-M: confirmatory factor 
analysis modeling, CFA-V: confirmatory factor analysis validation, 
N: number, SD: standard deviation

Table 2. Factor loadings from EFA of DRS-R-98 core symptom 
items

Item Factor loadings
Cognitive domain

Language 0.799
Thought process 0.678
Orientation 0.526
Attention 0.771
Long-term memory 0.694
Visuospatial ability 0.710

Circadian domain
Sleep-wake cycle 0.786
Motor behavior 0.791

Short-term memory domain
Short-term memory 0.948

EFA: exploratory factor analysis, DRS-R-98: delirium rating scale - 
Revised-98

Figure 1. Confirmatory factor analysis modeling.
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of delirium (sleep-wake cycle, language, thought process, 
orientation, attention, short-term memory, long-term mem-
ory, and visuospatial ability) and united motor behavior 
items (motor agitation and motor retardation).

The correlation matrix evaluation indicated that the EFA 
of the suggested core items could be obtained (Bartlett’ test 
of sphericity: =453.718; p<0.000; KMO: 0.770). Eigenvalues 
of the three factors were >1, with the first factor=3.324, the 
second factor=1.228, and the third factor=1.016. The first 
factor was responsible for 36.9% of the variance, with the sec-
ond factor 13.6%, and the third factor 11.2%. Factor loadings 
from the EFA of the K-DRS-98 core symptom items are list-
ed in Table 2.

Confirmatory factor analysis modeling
CFA for modeling the EFA suggesting the core factors of de-

lirium is shown in Figure 1. This targeted the same samples 
used in the EFA. Not all loading values were elevated between 
the core domains and the EFA core factor, ranging from 0.86 
to 0.32 (Cognitive>Circadian domain>Short-term memory). 
The model reliability was good (Rho coefficient=0.755), and 
the CFI fit index was also adequate (0.869). The other indices 
were as follows (χ2=81.857; df=26; p=0.000; χ2/df=3.148; 
SRMR=0.061; RMSEA=0.104; and 90% CI 0.079-0.130).

Confirmatory factor analysis validation
CFA for the validation of the final model of the core deliri-

um characteristics is shown in Figure 2. Not all loading val-
ues were elevated, similar to like the preceding results of CFA-
M between the core domains and the EFA core factor, ranging 
from 0.81 to 0.46 (Cognitive>circadian domain>short-term 
memory). The difference between the CFA-M and CFA-V 
was imperceptible. Moreover, the model reliability was good 
(Rho coefficient=0.824; χ2=54.134; df=24; p=0.000; χ2/df=2.256; 
SRMR=0.051; RMSEA=0.079; and 90% CI 0.051–0.108).

Discussion

This study aimed to confirm the existence of the core do-
mains of delirium particularly in delirious elderly patients. 
Three simple factors were identified by Exploratory Factor 
Analysis (EFA); cognitive, circadian and short-term memory 
domains. And these findings were also verified by Confirma-
tory Factor Analysis (CFA).

This trial made it possible to use a large amount of infor-
mation obtained by the K-DRS-98 more effectively and re-
duce entries that are relatively less frequent and can distin-
guish the phenomenon of delirium. EFA was used to collect 
information simply without any loss of data.19 To bring out 

Figure 2. Confirmatory factor analysis validation.
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the characteristics distinctly, our EFA analyses excluded per-
ceptual disturbances, delusions, and mood lability as non-
fundamental symptoms among the 13 items which represent 
severity in the K-DRS-98 out of 16 items (the remaining three 
items are used for diagnosis),20 according to many reports so 
far that found certain symptoms like perceptual disturbances, 
delusions, and affective lability are relatively less common.21 
These uncommon and inconsistently occurring symptoms 
could make it harder to recognize and clarify the core features 
of delirium.

The EFA yielded three domains consisting of: 1) the cogni-
tive domain; 2) the circadian domain; and 3) short-term mem-
ory domain, which accounted for approximately two-thirds 
of the K-DRS-98 variance. Meagher et al.22 and Franco et al.6 
reported that sleep-wake cycle abnormalities and inattention 
were the most frequent symptoms in 100 delirious patients 
and were different to our results. Our results showed marked 
importance in cognitive domains than the others. Both their 
data and the present findings suggest that some of the char-
acteristics are the most significant core symptoms of delirium 
which contrasts with the other remaining factors. This find-
ing is accordance with those of a previous study by Franco et 
al.5 In other words, delirium can be identified primarily from 
the problems with cognitive functions. But, of course, attention 
was not the only thing that comprises the cognitive domain. 

This study has a distinguishing features compared to pre-
vious studies. The factors comprising each domain differed 
in some parts in that short-term memory was separate from 
other cognitive factors, including language, thought process, 
orientation, attention, long-term memory, and visuospatial 
ability. This finding did not mean that cognitive domain and 
short-term memory domain are independent each other. How-
ever, it implied that short-term memory domain might have 
different properties. There are many evidences to show that 
short-term memory and long-term memory are not the dis-
tinct categories of cognitive domains distinguished from the 
time lag after the events only. It is supported by previous stud-
ies on short term memory and long-term memory that sug-
gested the importance of considering the other respects of 
these two concepts as follows.

First, the properties of the population used in this study, in 
other words the elderly patients group is thought to be one of 
the possible reasons for this discrepancy. Next, a past report 
found that short-term memory and information process are 
features which develop independently.23 In the past, several 
perspectives have been presented regarding the interrelation 
between short-term and long-term memory as summarized 
by system-based models and state-based models (for a recent 
overview, Underwood24).25,26 The former argument states that 
the storage sites between the two types of memory differ, and 

the latter focuses on whether they are activated or not. An-
other study also argued that short-term and long-term 
memory are essentially separate by demonstrating that short-
term memory does not require the process of forming asso-
ciations through a series of experiments.27 In this respect, our 
results are in a position to support past studies which have 
tried to distinguish between these two types of memory. In 
addition, previous studies have shown that short-term and 
long-term memory are controlled by separate systems in pa-
tients who have a brain injury and exhibited the features of 
damaged short-term memory but intact long-term memory 
and vice versa.25,28 Moreover, it is widely known that there is a 
link between attention and short-term memory as momen-
tary attention plays a central role in absorbing information 
likely to be overlooked.29 For several decades, there were mul-
tiple studies that discussed the relationship between attention 
type and aging.30 However, it was difficult to form these argu-
ments into the conclusion that all aspects of attention are af-
fected by aging. 

We performed a CFA to evaluate the structure of the factor 
results hypothesized by the EFA. By focusing on whether the 
extracted factors represent an original group who are delirious, 
both the CFA-M and CFA-V analyses were conducted. As a 
result, the cognitive domain was highly correlated with 0.86 
in CFA-M and 0.82 in CFA-V respectively. In contrast, the cir-
cadian domain and short-term memory domain exhibited a 
relatively weak relationship. 

The limitations of this report include that only consulted 
inpatients were included in the analysis. Therefore, if clini-
cians from each department did not assume a state of deliri-
um, some patients may have been missed or underestimated. 
For this reason, datasets collected in this manner may not be 
applied to the general elderly population. In addition, there 
could be innate defects in considering dementia as exclusion 
criteria, for reasons of pooled data based on the clinical in-
formation from the caregivers like patient’s family and friends 
only. Because the results can be fairly affected, a diagnosis of 
dementia should be carefully considered. Another limitation 
is the cross-sectional nature of our data, which was not fol-
lowed up after the first evaluation at the time of the onset of 
delirium and the assessment of transient symptoms was also 
not performed. This result indicates that even if changes oc-
curred after the initial assessment, it was impossible to make 
full use of these sources. Finally, we did not consider the dif-
ferences caused by several raters, thus introducing issues con-
cerning inter-rater reliability. However, it was not considered 
to be major concern that there are several studies that per-
formed on a larger scale using data generated from all parts 
of the world. Moreover, there is a general concern about the 
collected data because the applied criteria was not associated 
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with an absolute standard of time due to an unavoidable lapse 
in memory for each evaluator.

An accurate diagnosis of delirium that has various aspects 
requires clarifying the core symptoms of it essentially. We should 
maintain the current efforts to intervene in the general popu-
lation by refining the evaluation methods and conduct follow-
up studies in the future. However, the findings in this report 
provide a framework and a direction for further research.

REFERENCES

1.	 American Psychiatric Association. Diagnostic and Statistical Manual 
of Mental Disorders (DSM-5®). Washington DC: American Psychiat-
ric Pub; 2013.

2.	 Voyer P, Champoux N, Desrosiers J, Landreville P, Monette J, Savoie M, 
et al. Assessment of inattention in the context of delirium screening: 
one size does not fit all! Int Psychogeriatr 2016;28:1293-1301.

3.	 Grover S, Kate N. Assessment scales for delirium: a review. World J 
Psychiatry 2012;2:58-70.

4.	 Meagher DJ, Morandi A, Inouye SK, Ely W, Adamis D, Maclullich AJ, 
et al. Concordance between DSM-IV and DSM-5 criteria for delirium 
diagnosis in a pooled database of 768 prospectively evaluated patients 
using the delirium rating scale-revised-98. BMC Med 2014;12:164.

5.	 Franco JG, Trzepacz PT, Meagher DJ, Kean J, Lee Y, Kim JL, et al. Three 
core domains of delirium validated using exploratory and confirmato-
ry factor analyses. Psychosomatics 2013;54:227-238.

6.	 Franco JG, Trzepacz PT, Mejía MA, Ochoa SB. Factor analysis of the 
Colombian translation of the Delirium Rating Scale (DRS), Revised-98. 
Psychosomatics 2009;50:255-262.

7.	 Saxena S, Lawley D. Delirium in the elderly: a clinical review. Postgrad 
Med J 2009;85:405-413.

8.	 Martocchia A, Curto M, Comite F, Scaccianoce S, Girardi P, Ferracuti S, 
et al. The prevention and treatment of delirium in elderly patients fol-
lowing hip fracture surgery. Recent Pat CNS Drug Discov 2015;10:55-64.

9.	 Raats J, Steunenberg S, Crolla R, Wijsman J, Te Slaa A, van der Laan L. 
Postoperative delirium in elderly after elective and acute colorectal sur-
gery: a prospective cohort study. Int J Surg 2015;18:216-219.

10.	 Thurber S, Kishi Y, Trzepacz PT, Franco JG, Meagher DJ, Lee Y, et al. 
Confirmatory factor analysis of the delirium rating scale revised-98 
(DRS-R98). J Neuropsychiatry Clin Neurosci 2014;27:e122-e127.

11.	 Lim KO, Kim SY, Lee YH, Lee SW, Kim JL. A validation study for the 
Korean version of Delirium Rating Scale-Revised-98 (K-DRS-98). J Ko-
rean Neuropsychiatr Assoc 2006;45:518-526.

12.	 Nock MK, Borges G, Bromet EJ, Cha CB, Kessler RC, Lee S. Suicide and 
suicidal behavior. Epidemiol Rev 2008;30:133-154.

13.	 Lee HJ, Hwang DS, Wang SK, Chee IS, Baeg S, Kim JL. Early assess-
ment of delirium in elderly patients after hip surgery. Psychiatry Inves-
tig 2011;8:340-347.

14.	 Frances A. Diagnostic and Statistical Manual of Mental Disorders: DSM-
IV. Washingto DC: American Psychiatric Association; 1994.

15.	 Sadock BJ, Sadock VA. Kaplan and Sadock’s Synopsis of Psychiatry: 
Behavioral Sciences/Clinical Psychiatry. Philadelphia, PA: Lippincott 
Williams & Wilkins; 2011.

16.	 Trzepacz PT. The Delirium Rating Scale: its use in consultation-liaison 
research. Psychosomatics 1999;40:193-204.

17.	 Trzepacz PT, Mittal D, Torres R, Kanary K, Norton J, Jimerson N. Vali-
dation of the Delirium Rating Scale-revised-98: comparison with the 
delirium rating scale and the cognitive test for delirium. J Neuropsychi-
atry Clin Neurosci 2001;13:229-242.

18.	 Trzepacz PT, Meagher DJ, Wise M. Neuropsychiatric Aspects of Delir-
ium. In: Yudofsky SC, Hales RE, Editors. Textbook of Neuropsychiatric 
and Clinical Psychiatry. Washington DC: American Psychiatric pub-
lishing, 1997, p.445-517.

19.	 Kline P. An Easy Guide to Factor Analysis. London, New York: Rout-
ledge; 2014.

20.	 Carvalho JP, de Almeida AR, Gusmao-Flores D. Delirium rating scales 
in critically ill patients: a systematic literature review. Revista Brasileira 
de Terapia Intensiva 2013;25:148-154. 

21.	 Trzepacz PT. Update on the neuropathogenesis of delirium. Dementia 
Geriatr Cogn Disord 1999;10:330-334.

22.	 Meagher DJ, Moran M, Raju B, Gibbons D, Donnelly S, Saunders J, et 
al. Phenomenology of delirium. Assessment of 100 adult cases using 
standardised measures. Br J Psychiatry 2007;190:135-141.

23.	 Brainerd CJ, Kingma J. On the independence of short-term memory 
and working memory in cognitive development. Cogn Psychol 1985;17: 
210-247.

24.	 Underwood G. Attention and Memory. Oxford: Elsevier; 2013.
25.	 Baddeley AD, Warrington EK. Amnesia and the distinction between 

long-and short-term memory. J Verbal Learning Verbal Behav 1970;9: 
176-189.

26.	 Nelson C. Attention and memory: an integrated framework. Oxford Psy-
chol Series 1995;26.

27.	 Baddeley A, Papagno C, Vallar G. When long-term learning depends on 
short-term storage. J Memory Lang 1988;27:586-595.

28.	 Shallice T, Warrington EK. Independent functioning of verbal memory 
stores: a neuropsychological study. Q J Exp Psychol 1970;22:261-273.

29.	 Lewis-Peacock JA, Drysdale AT, Oberauer K, Postle BR. Neural evi-
dence for a distinction between short-term memory and the focus of 
attention. J Cogn Neurosci 2012;24:61-79.

30.	 Zanto TP, Gazzaley A. Attention and Ageing. In: Nobre AC, Kastner S, 
Editors. The Oxford Handbook of Attention. New York: Oxford Uni-
versity press, 2014, p.927-971.

 


