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ABSTRACT (Current: 293/300 words)

Objectives: Delirium is a neuropsychiatric disorder that commonly occurs in elderly patients 

with cognitive impairment. The economic burden of delirium in Japan has not been well 

characterized. In this study, we assessed incremental medical costs of delirium in hospitalized 

elderly Japanese patients with cognitive impairment.

Methods: This retrospective, cross-sectional, observational study used administrative data 

from acute care hospitals in Japan between April 2012 and September 2020. Hospitalized 

patients ≥65 years old with cognitive impairment were categorized into groups – with and 

without delirium. Delirium was identified using a delirium identification algorithm based on 

the International Classification of Diseases 10th Revision (ICD-10) codes and antipsychotic 

prescriptions. Total medical costs were compared between the groups using a generalized 

linear model.

Results: The study identified 297,600 hospitalized patients ≥65 years of age with cognitive 

impairment: 39,836 had delirium and 257,764 did not. Patient characteristics such as age, sex, 

inpatient department, and comorbidities were similar between groups. Mean (SD) unadjusted 

total medical cost during hospitalization was JPY 979,907.7 (871,366.4) for patients with 

delirium and JPY 816,137.0 (794,745.9) for patients without delirium. Adjusted total medical 

cost was significantly greater for patients with delirium compared with those without 

delirium (cost ratio = 1.09, 95% confidence interval: [1.09, 1.10]; p<0.001). Subgroup 

analyses revealed significantly higher total medical costs for patients with delirium compared 

with those without delirium in most subgroups except patients with hemiplegia or paraplegia.

Conclusions: Medical costs during hospitalization were significantly higher for patients with 

delirium compared with those without, in elderly Japanese patients with cognitive 

impairment, regardless of patient subgroups such as age, sex, intensive care unit (ICU) 

admission, and most comorbidities. These findings suggest that delirium prevention strategies 

are critical to reducing the economic burden as well as psychological/physiological burden in 

cognitively impaired elderly patients in Japan.
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ARTICLE SUMMARY - Strengths and limitations of the study 

1. This study is the first in Japan to assess medical costs associated with delirium 

using a large nationwide database consisting of claims and discharge abstract data.

2. The study identified over 290,000 Japanese patients with cognitive impairment, 

with and without delirium.

3. This study did not limit patients by baseline characteristics such as departments, 

surgical procedures, and comorbidities, thus providing a more generalizable view 

of the economic impact of delirium.

4. The study demonstrates that delirium is associated with significantly higher 

medical costs, suggesting that prevention strategies may be critical to reducing the 

economic burden imposed by delirium.

5. This study only assessed a single episode of delirium during hospitalization, 

potentially underestimating incremental costs associated with delirium beyond 

those captured in this cohort and timeframe.

KEYWORDS: Cognitive impairment, Delirium, Hospitalization, Incremental medical cost, 

Medical record database
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INTRODUCTION

Delirium is an acute neuropsychiatric disorder characterized by inattention and cognitive 

decline.[1-3] Delirium is often observed in the elderly and in patients with cognitive 

impairment including dementia,[4] and is commonly observed in hospitalized patients such as 

intensive care unit (ICU), postoperative, and palliative care patients.[2, 4] The incidence rate 

of delirium in the elderly ranges from 10% to 42% among hospitalized patients,[5] from 15% 

to 53% among postoperative patients,[1] and is 80% among patients in the ICU.[1]

Patients with delirium often require additional resource use, which increases the burden on 

healthcare workers such as nurses.[6-8] As a result, delirium poses a substantial burden on 

the healthcare system at large, as ongoing care requires additional medical resources. The 

presence of delirium may result in the administration of additional treatments, both 

pharmacological and nonpharmacological,[4] frequent rehospitalizations, and a greater risk of 

admission to long-term care.[9] The presence of delirium has been shown to prolong hospital 

stays,[10-12] that may potentially increase treatment costs and resource use. In fact, delirium 

following transcatheter and surgical aortic valve replacement resulted in a longer hospital 

stay and, consequently, an increase in hospitalization costs.[13] 

Dementia is one of the leading risk factors for delirium and often co-exists with delirium 

among elderly patients.[4, 14, 15] It has also been reported that Alzheimer’s disease patients 

with delirium have a poorer trajectory of cognitive decline in the long term, than those 

without delirium,[16, 17] and there has been evidence to show incremental medical cost of 

delirium in elderly patients with cognitive impairment in several populations.[18,19] For 

instance, Fick et al reported incremental medical cost in a community-dwelling population 

with dementia from southeastern US, comprising 2,796 individuals over a period of 

3 years.[18] Boone et al reported additional medical costs for patients with postoperative 

neurocognitive disorders including delirium and dementia across 4,285 hospitals in the 

US.[19] However, there is currently no published literature investigating the economic 

burden of delirium in Japan using a large-scale medical record database. Japan has the 

highest elderly population in the world, with almost 30% of the population aged 65 years and 

above.[20] In addition, the number of the hospitalized patients over 65 years old is 

increasing.[21] Furthermore, 2.9%–12.5% of the aging population in Japan is estimated to 
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have dementia, which is increasing annually.[22] Therefore, it is important to understand the 

economic burden of delirium in elderly patients with dementia in Japan. This study aimed to 

estimate the economic burden of delirium in hospitalized elderly patients with cognitive 

impairment in the Japanese population by means of a nationwide administrative database of 

acute care hospitals.
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METHODS

Study design and data source

This was a retrospective, cross-sectional, observational study evaluating medical costs of 

cognitively impaired elderly patients with and without delirium, using a nationwide 

administrative database (Medical Data Vision [MDV]; Medical Data Vision Co., Ltd., Tokyo, 

Japan).[23] The MDV database comprises anonymized administrative data of over 30 million 

patients from over 400 acute care hospitals, which covers approximately 24% of all acute 

care hospitals in Japan and contains claims and discharge abstract data acquired from 

inpatient and outpatient visits.[23] The data used in the present study were collected between 

April 1, 2012, and September 30, 2020. 

Patient characteristics were obtained from the discharge abstract data called Form 1. Data on 

treatments, procedures, and prescriptions based on the Anatomical Therapeutic Chemical 

(ATC) classification system codes were obtained from the medical practice information field 

called Act Data. Disease diagnosis information based on the International Classification of 

Diseases 10th revision (ICD-10) was obtained from the Disease Data field. Hospital scale 

information was obtained from the Patient Data field. 

Study ethics

This study utilized anonymized/de-identified data and therefore ethical review was not 

required, per the Ethical Guidelines for Epidemiological Research of the Japanese Ministry of 

Health, Labour and Welfare. Thus, no ethical or institutional review board approval was 

sought for this study.

Patient and public involvement

This retrospective study did not involve patients in any phase, and the data presented here 

were obtained from an anonymized administrative hospital database.

Patient selection and characteristics 

Patients were included if they were hospitalized for surgery or under an emergency, were ≥65 

years of age at hospitalization, and had cognitive impairment. Cognitive impairment was 

Page 7 of 33

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

7

defined as a diagnosis of dementia, prescription of anti-dementia medication, or presence of a 

low degree of independence in daily life (Table S1). 

Patients with delirium were identified if they met the criteria for the delirium identification 

algorithm based on the algorithm previously proposed by Kim et al.[24], which was modified 

to reflect with the clinical setting in Japan. Delirium was defined as having either a diagnosis 

of delirium (ICD-10 code, F05) or a prescription of at least one of five antipsychotic drugs 

(ATC code, N05A: quetiapine, haloperidol, perospirone, risperidone, or olanzapine; Table 

S2), as recommended for the treatment of delirium by the Japanese Society of General 

Hospital Psychiatry.[25] Prescriptions made within 1 week of hospitalization were included. 

Patients were required to have a minimum hospital stay of 3 days with at least 2 days free 

from antipsychotic treatment after admission. This “2-day washout” period was set to exclude 

patients who were prescribed antipsychotics for pre-existing conditions. Patients with other 

psychiatric conditions such as schizophrenia (ICD-10 codes F20-29) and bipolar disorder 

(ICD-10 codes F30-31) were excluded. Patients who had delirium recorded as “admission 

precipitating diagnosis” or “comorbidities present on admission” on the index date or the day 

after, were also excluded (Figure 1). Patients prescribed olanzapine combined with cisplatin 

for nausea within 7 days from the index date were excluded.

Repeated episodes of hospitalization were not evaluated, i.e., only the first hospitalization 

was evaluated if there was a record of multiple hospitalizations. The observation period was 

from the index date to the end of hospitalization, defined as discharge, transfer to another 

hospital/nursing home, or death.

The following information was collected from the administrative database for the groups with 

and without delirium: patient characteristics such as sex, age, and activities of daily living 

(ADL) score (based on the Barthel Index [26]); comorbidities based on ICD-10 codes; 

inpatient departments; presence or absence of hospitalization; type of surgery including type 

and duration of anesthesia; numbers and classes of potentially inappropriate medications 

(PIMs; benzodiazepines, non-benzodiazepines, opioids, corticosteroids, H1-receptor 

antagonists, H2-receptor antagonists, antidepressants, and anticholinergic drugs) that are 

thought to increase the risk of delirium, as identified based on the Beers criteria,[27] the 

guidelines for medical treatment and its safety in the elderly from the Japan Geriatrics 
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Society Working Group,[28] and the report by Noshiro et al.,[29]; duration of hospitalization 

including ICU stay; and patient outcomes such as death. 

Outcomes

Total medical cost during hospitalization (from index date to discharge date) were assessed 

for patients with and without delirium. The total medical expenses include the following: i) 

drug cost, including formulations for internal and external use, and potions; ii) dispensary fee, 

including pharmacy charge and compounding fee such as for dispensing, prescription, 

narcotic/poisonous drug addiction, basic fee on receiving prescription, and medication cost 

reduction; iii) surgical cost, including cost of surgery and anesthesia; iv) treatment cost, 

including only treatment fee; v) inspection cost, including pathological examination cost; vi) 

imaging cost, including image diagnosis; and vii) hospitalization cost, including 

hospitalization basic rate, specific hospital charge, diet therapy standard cost-sharing, and life 

therapy standard cost-sharing. 

Statistical analyses

In each group, outcome variables were summarized using standard descriptive statistics 

including mean, standard deviation (SD), median, and interquartile range (IQR) for 

continuous variables, and the number and percentage of patients for categorical variables. 

Total medical expenses were adjusted for patient characteristics and other confounders using 

a generalized linear model (GLM). Predefined covariates such as age, sex, ADL, presence or 

absence of 16 comorbidities (except dementia) based on Charlson comorbidities, presence or 

absence of emergency hospitalization, type and duration of anesthesia during surgery, 

number of PIMs, and ICU admission were included as covariates. 

Multicollinearity was evaluated before the GLM analysis. Since there was no covariate with a 

variance inflation factor of >10, all covariates were included in the final model. For the 

GLM-adjusted total medical cost, missing values for the response variable and covariates 

were imputed (except in the subgroup analysis) by means of the multiple imputation method 

using the full conditional specification approach. Imputations were performed 100 times; the 

response variable was also included in the imputation model to reduce bias. To impute 

missing values, Bayesian regression models such as linear, discriminant function, and logistic 

models were adopted for response variable and covariates, depending on the nature of the 
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data.[30, 31] To address the non-normality and heteroscedasticity of the total medical cost, 

the quasi-likelihood method (QLM) was used with a logarithmic link function,[32, 33] and a 

dispersion parameter was introduced in the GLM. QLM allows for the variance function to be 

proportional to a power (exponent) of the mean (see Supplementary Information for more 

details). The least squares (LS) mean for total medical cost in each group, ratio between the 

two groups, and its 95% confidence interval was calculated.

Subgroup analyses based on patient characteristics, comorbidities, and other covariates were 

performed using a similar GLM to investigate how total medical cost varied among the 

different subgroups. Statistical p-value for the comparison between two groups in each 

subgroup was computed using a similar GLM used for the primary analysis, excluding the 

corresponding subgroup variable. Interaction for p-values were computed in a similar manner 

but with the addition of an interaction term between the subgroup variable and the indicative 

variable of delirium (with or without delirium) to the primary analysis model. All analyses 

were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). For all statistical 

analyses, a 2-sided p-value of <0.05 was considered statistically significant. No corrections 

for multiple comparisons were performed.

Page 10 of 33

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

10

RESULTS

Patient attrition

A total of 7,221,643 patients hospitalized for either elective surgery or emergency during the 

study period were available in the MDV database.[23] Subsequently, 312,512 patients were 

identified by the delirium identification algorithm. The final cohort of patients ≥65 years of 

age and with cognitive impairment comprised 39,836 patients with delirium and 257,764 

patients without delirium (Figure 1). In the group of patients with delirium, 3,685 patients 

were identified by the ICD-10 criteria (F05) for delirium, 33,611 patients were identified by 

prescriptions of selected antipsychotics, and 2,540 patients were identified by both the 

ICD-10 criteria and prescriptions of antipsychotics.

Among the patients with delirium identified by the delirium identification algorithm 

(n=39,836), the most common diagnosis based on the ICD-10 criteria was delirium in 4,093 

patients (10.3%, under the code F05.9; Table S2), followed by delirium superimposed on 

dementia in 1,027 patients (DSD; 2.6%, code F05.1; Table S2). For the prescribed 

antipsychotics used for the delirium identification algorithm, the most common medication 

was haloperidol injection in 17,188 patients (43.1%), followed by risperidone solution in 

12,081 patients (30.3%) and quetiapine tablet in 7,489 patients (18.8%). The use of 

perospirone and olanzapine tablets was relatively uncommon (1.9% and 0.9%, respectively; 

Table S2).

Baseline characteristics

Patient demographics were comparable between the two groups (Table 1), with a male 

population of 45.4% in the group with delirium and 40.1% in the group without delirium. 

Overall, 54.5% of patients with delirium and 51.4% of patients without delirium were aged 

≥85 years. Moreover, 75.4% of patients with delirium and 68.4% of patients without delirium 

were dependent (ADL score 0-59). The proportion of patients with dementia diagnosed by 

the ICD-10 criteria was 53.6% in the group with delirium and 43.7% in the group without 

delirium. Additionally, 30.0% of patients with delirium were prescribed anti-dementia 

medications compared with 25.6% of patients without delirium (Table S1). More than 20% of 

patients across both groups had been prescribed ≥4 PIMs (with delirium group: 29.7%, 

without delirium group: 20.6%) (Table 1).
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Table 1: Patient demographics and characteristics

 
Number of patients

with delirium
Number of patients 

without delirium
Number of patients 39,836 257,764
Age (years), Mean (SD) 84.6 (7.0) 84.1 (7.3)
n (%) 65-74 3,623 (9.1) 28,597 (11.1)
 75-84 14,491 (36.4) 96,685 (37.5)
 ≥85 21,722 (54.5) 132,482 (51.4)
Sex, n (%) Male 18,104 (45.4) 103,313 (40.1)
 Female 21,732 (54.6) 154,451 (59.9)
ADL score (point), Dependent group (0-59) 30,048 (75.4) 176,395 (68.4)
n (%) Independent group (60-100) 9,206 (23.1) 78,154 (30.3)
 Unknown 582 (1.5) 3,215 (1.2)
Emergency 
hospitalization, n (%)

Yes 31,662 (79.5) 189,328 (73.5)

Inpatient department§, Internal medicine 10,699 (26.9) 72,910 (28.3)
n (%) Orthopedics 4,842 (12.2) 28,591 (11.1)

Gastroenterology 4,462 (11.2) 25,993 (10.1)
Surgery 4,139 (10.4) 19,011 (7.4)
Cardiology 3,890 (9.8) 25,536 (9.9)
Neurosurgery 2,946 (7.4) 23,876 (9.3)

Comorbidities*, n (%) Circulatory disease 25,456 (63.9) 162,440 (63.0)
(ICD-10 major 
category)

Endocrine, nutritional, and 
metabolic diseases

17,047 (42.8) 110,282 (42.8)

Gastrointestinal disorders 14,120 (35.4) 83,928 (32.6)
Nervous system disorders 14,016 (35.2) 85,399 (33.1)
Respiratory disease 12,325 (30.9) 74,019 (28.7)
Mental and behavioral disorders 11,492 (28.8) 54,927 (21.3)

Surgery, n (%) Yes 17,994 (45.2) 116,178 (45.1)
 Type of surgery/anesthesia
 Surgery + no/local/light general 

anesthesia
10,050 (25.2) 78,114 (30.3)

 Surgery + general anesthesia (<2 
hours)

4,522 (11.4) 25,203 (9.8)

 Surgery + general anesthesia (≥2 
hours)

3,422 (8.6) 12,861 (5.0)

Prescription of PIMs, Yes 18,370 (46.1) 108,326 (42.0)
n (%) Number of PIMs (drugs)

1 2,146 (5.4) 21,407 (8.3)
2 2,319 (5.8) 20,086 (7.8)

 3 2,070 (5.2) 13,859 (5.4)
 ≥4 11,835 (29.7) 52,974 (20.6)
Duration of 
hospitalization†

Mean (SD) 15.9 (11.6) 14.2 (13.4)

(days) Median 14.0 12.0
 [Q1, Q3] [9.0, 20.0] [7.0, 18.0]
Duration of ICU stay Yes 5,942 (14.9) 20,975 (8.1)
(days) Mean (SD) 3.2 (2.9) 2.9 (2.9)

Median 2.0 2.0
 [Q1, Q3] [1.0, 4.0] [1.0, 4.0]
Death, n (%) Yes 3,574 (9.0) 23,121 (9.0)

No 36,262 (91.0) 234,633 (91.0)

Page 12 of 33

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

12

†Duration of hospital stay (minimum, maximum): with delirium cohort (3, 495) days; without delirium cohort (3, 
1,357) days; §Top 6 of all selected departments are shown here; *Top 6 of all selected comorbidities are shown 
here.

ADL, activities of daily living; ICD-10, International Classification of Diseases, 10th Revision; ICU, intensive 
care unit; PIM, potentially inappropriate medication; Q, quartile; SD, standard deviation.

Prognosis/hospitalization

The median (IQR) duration of hospitalization was 14 (9.0, 20.0) days for patients with 

delirium and 12 (7.0, 18.0) days for patients without delirium. Only 16.1% of patients with 

delirium were hospitalized for ≤1 week compared with 27.1% of patients without delirium. 

Median (IQR) duration of ICU stay was 2 (1.0, 4.0) days in both groups; 14.9% of the 

patients with delirium and 8.1% of the patients without delirium were admitted to the ICU for 

at least 1 day (Table 1 and Table S3).

Unadjusted medical costs in elderly patients with cognitive impairment with and 

without delirium

The mean (SD) total medical cost per patient was JPY 979,907.7 (871,366.4) in the group 

with delirium and JPY 816,137.0 (794,745.9) in the group without delirium (Table 2). In both 

groups, the largest contributor to the total medical cost was hospitalization, followed by 

surgery (Table 2). When categorized by patient characteristics, a similar pattern was 

observed; hospitalization costs and surgical costs were the major contributors to total medical 

cost (Figure S1) in both groups. The subgroup of patients who underwent surgery and longer 

anesthesia (≥2 hours) incurred the highest total cost across subgroups (Figure S1). When 

characterized by patient comorbidities, across most subgroups, hospitalization cost emerged 

as the greatest contributor to total cost, followed by surgery. However, for patients with 

peripheral vascular disease, surgical cost was higher than hospitalization cost (Figure S2).

Table 2: Unadjusted medical costs in patients with cognitive impairment with and without 

delirium

Patient cohort
with delirium

Mean ± SD [JPY] per patient

Patient cohort
without delirium

Mean ± SD [JPY] per patient
N 39,836 257,764

Total 979,907.7 ± 871,366.4 816,137.0 ± 794,745.9

Hospitalization cost 528,760.0 ± 351,385.0 445,497.1 ± 347,548.9
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Surgical cost 277,683.9 ± 576,399.4 231,177.1 ± 511,700.1

Inspection cost 66,846.6 ± 90,615.6 54,202.6 ± 49,425.2

Drug cost 53,420.9 ± 159,390.4 41,097.3 ± 182,713.4

Imaging cost 35,129.7 ± 31,289.1 29,423.4 ± 29,107.7

Treatment cost 16,951.5 ± 72,122.6 13,843.1 ± 84,341.6

Dispensary cost 1,115.2 ± 926.6 896.3 ± 1,036.2

JPY, Japanese Yen; N, number of patients; SD, standard deviation.

Adjusted medical costs in elderly patients with cognitive impairment with and without 

delirium

The adjusted total medical cost per patient was significantly greater in patients with delirium 

compared with patients without delirium (cost ratio = 1.09, 95% confidence interval: [1.09, 

1.10]; p<0.001; Table 3). When categorized by patient characteristics and comorbidities, 

patients with delirium incurred significantly higher costs compared with those without 

delirium, in most of the subgroups except patients with hemiplegia or paraplegia (Figure 2). 

Specifically, the increases in cost between those with delirium versus without delirium 

ranged from 5% to 16% across subgroups (Figure 2). The greatest increase in cost was 

observed among patients having diabetes with chronic complications (cost ratio=1.16), 

patients who were independent (ADL score 60-100; cost ratio=1.15), and patients who had 

prescriptions of two PIMs (cost ratio=1.14). When the effect of each subgroup on adjusted 

cost ratio was assessed, significant interaction effects (Figure 2) were observed for subgroups 

based on patient characteristics such as age (p=0.003), sex (p<0.001), ADL (p<0.001), 

emergency hospitalization (p<0.001), PIM use (p<0.001), and surgery (p=0.006).

Table 3: Difference in the GLM-adjusted total medical cost

 N
LS mean (JPY) 

(SE) 95% CI

Difference 
vs without 
delirium

95% CI for 
difference p-value

Patients with 
delirium

39,836 815,721.2 (1.0) (810,206.1, 821,273.9) 1.09 (1.09, 1.10) p<0.001

Patients without 
delirium

257,764 745,295.0 (1.0) (743,312.2, 747,283.0)

CI, confidence interval; GLM, generalized linear model; JPY, Japanese Yen; LS, least squares; N, number of 

patients; SE, standard error of the mean.
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DISCUSSION

This study is the largest medical cost analysis of delirium in Japan to date, aimed at 

evaluating elderly patients with cognitive impairment in acute care hospitals. There was a 9% 

increase in total medical cost during hospitalization in the patient group with delirium 

compared with the patient group without delirium. The total medical cost was consistently 

higher in the patient group with delirium than in the patient group without delirium, 

irrespective of patient characteristics, type of surgery, and comorbidities (except patients with 

hemiplegia or paraplegia). There have been various reports of increased medical costs for 

patients with delirium. According to a systematic review, the additional cost of delirium is 

estimated to be in the range of USD 806 to 24,509.[34] A population-based retrospective 

study from 490 US hospitals reported an additional admission cost of USD 2,697 (23.7% 

increase) for postoperative delirium patients after major urologic cancer surgeries.[35] Thus, 

the additional cost of delirium varies depending on the study duration and the target 

population, as well as the specific healthcare system in each country. Although the present 

study did not follow the medical cost of post-discharge period, additional medical cost during 

hospitalization was observed in the patient group with delirium compared with the patient 

group without delirium, implying that the actual difference in medical costs for longer 

duration could be much larger. A study by Leslie et al, with a longer observation period, 

reported that the incremental healthcare costs due to delirium up to 1 year after discharge 

were nearly 2-fold higher for patients with delirium compared with patients without 

delirium.[36] It has been previously reported that patients experiencing delirium have poorer 

prognosis even after hospital discharge,[37-39] indicating prolonged utilization of healthcare 

resources and consequent increase in treatment cost.

Previous studies have reported nonpharmacological interventions for the prevention of 

delirium in hospitalized elderly patients and patients with surgical treatments.[40-44] 

Multicomponent nonpharmacological interventions for delirium have been implemented 

worldwide to reduce the incidence of delirium.[45] In Japan, a systematic prevention program 

reportedly decreased the incidence of delirium and improved clinical outcomes such as length 

of stay and incidence of falls.[46] Pharmacological approaches to prevent delirium have also 

been studied.[47, 48] Effective delirium prevention strategies may contribute to reducing the 

incremental medical cost reported in the present study, as it has previously been reported that 
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the prevention of delirium by multicomponent, targeted interventions decreased long-term 

nursing home costs.[49]. However, this must be further explored in larger, dedicated 

studies.[50] 

In the present study, we identified over 39,000 cognitively impaired elderly patients with 

delirium from a nationwide administrative database (MDV database [23]) using a delirium 

identification algorithm. The diagnosis of delirium by the ICD-10 criteria alone identified 

9.3% of all patients identified by our algorithm. By contrast, 84.4% of delirium patients were 

identified based on the prescription of antipsychotics. This result is consistent with the 

finding of a previous report (Ueda N et al., unpublished observation) from our research group 

as well as another study in Japan.[51]

Certain limitations to our study should be noted. The sensitivity and specificity of our 

modified delirium identification algorithm have not been validated in Japan.[51] This 

requires that the algorithm be evaluated against the bedside assessment by an expert,[24] 

which is usually feasible for single institutions but not for large-scale medical databases with 

more than 400 acute care hospitals, such as the one used in this study. Moreover, data on 

hypoactive delirium were not captured, because the included antipsychotics are used to treat 

hyperactive delirium. Data were limited to acute care hospitals and clinics registered under 

the Diagnosis Procedure Combination (DPC) program,[52] thereby under-representing cases. 

This study reports the costs pertaining to only one delirium-related hospitalization, not 

considering recurrences, rehospitalizations, or outpatient and rehabilitation costs. Finally, this 

study was not designed to investigate the causal link between the increase in cost and 

delirium. 

In conclusion, this study demonstrated significantly higher medical costs associated with 

delirium among hospitalized elderly patients with cognitive impairment in Japan. The 

difference in medical cost was consistent regardless of patient characteristics and clinical 

settings, such as age, sex, ICU admission, and most comorbidities, suggesting the economic 

burden of delirium is not attributed to specific patient characteristics and clinical settings. 

These findings suggest that delirium prevention strategies are important for reducing the 

economic burden of delirium for the cognitively impaired elderly in Japan. 
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FIGURE LEGENDS

Figure 1. Patient selection flowchart.

Footnote: DPC, Diagnosis Procedure Combination; ICD-10, International Classification of Diseases, 10th 
Revision; MDV, Medical Data Vision.

Figure 2. Adjusted medical cost categorized by patient characteristics and comorbidities.

Footnote: ADL, activities of daily living; CI, confidence interval; GA, general anesthesia; ICU, intensive care 
unit; LA, light anesthesia; n, number of patients; NoA, no anesthesia; PIM, potentially inappropriate 
medication. Since multiple imputation (MI) for missing values was not conducted for subgroup analyses due to 
time constraints, the total number of patients in each subgroup was not consistent with those in the main 
analysis where missing values were imputed using MI.

SUPPLEMENTARY FIGURE AND TABLE LEGENDS

Figure S1. Mean medical cost categorized by patient characteristics

Footnote: ICU, intensive care unit; PIM, potentially inappropriate medication.

Figure S2. Medical cost categorized by comorbidities

Table S1. Definition of cognitive impairment

Footnote: ICD-10, International Classification of Diseases, 10th Revision; n, number of patients.

Table S2. Identification of patients with delirium

Footnote: FGR, fine granule; ICD-10, International Classification of Diseases, 10th Revision; INJ, injectable; 
N, number of patients; ODT, oral disintegrating tablet; SOL, solution; SRT, sustained release tablet; TAB, 
tablet.

Table S3. Clinical practice

Footnote: ICU, intensive care unit; n, number of patients; PIM, potentially inappropriate medication; SD, 
standard deviation.
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Figure 1. Patient selection flowchart. DPC, Diagnosis Procedure Combination; ICD-10, International 
Classification of Diseases, 10th Revision; MDV, Medical Data Vision. 
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Figure 2. Adjusted medical cost categorized by patient characteristics and comorbidities. ADL, activities of 
daily living; CI, confidence interval; GA, general anesthesia; ICU, intensive care unit; LA, light anesthesia; 

n, number of patients; NoA, no anesthesia; PIM, potentially inappropriate medication. Since multiple 
imputation (MI) for missing values was not conducted for subgroup analyses due to time constraints, the 

total number of patients in each subgroup was not consistent with those in the main analysis where missing 
values were imputed using MI. 
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SUPPLEMENTARY INFORMATION 

 

Generalized linear model – exponent calculation 

In the quasi-likelihood method (QLM), the variance function is proportional to a power 

(exponent) of the mean. To determine the initial value of the exponent, the sample means and 

variances for every combination of the categorized covariates included in the final model 

were calculated. A double logarithmic function was fit to the data, and the slope of the 

regression line was determined.[1] The initial value of the exponent was determined as 3.15, 

which was subsequently used as the exponent in the variance function.[1] A residual plot was 

generated to evaluate the model fit.[2] Because no specific trend in residuals was observed, 

the initial value of the exponent, 3.15, was retained. The least squares (LS) mean, difference 

ratio, and 95% confidence intervals for the total medical cost in the two groups were 

calculated.  

 

REFERENCES 
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SUPPLEMENTARY FIGURES AND TABLES 

 

Figure S1: Mean medical cost categorized by patient characteristics 

 
ICU, intensive care unit; PIM, potentially inappropriate medication.  
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Figure S2: Medical cost categorized by comorbidities 
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Table S1: Definition of cognitive impairment 

  
Number of patients 

with delirium 
Number of patients 

without delirium  
  n % n % 
Cognitive impairment Yes 39,836 (100.0) 257,764 (100.0) 
  Diagnosis of dementia (ICD-10) 21,341 (53.6) 112,687 (43.7) 
  Prescription of anti-dementia drugs  11,963 (30.0) 66,069 (25.6) 
  Low degree of independence in 

daily life 
25,154 (63.1) 169,760 (65.9) 

ICD-10, International Classification of Diseases, 10th Revision; n, number of patients. 
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Table S2: Identification of patients with delirium 

 Number of patients 
with delirium 

Number of patients 
without delirium 

Number of patients 39,836 257,764 
Patients identified by 
delirium identification 
algorithm, n (%) 

Diagnosis of delirium only 
(ICD-10)  

3,685 (9.3) 0 (0.0) 

 
Prescription of antipsychotics 
only 

33,611 (84.4) 0 (0.0) 
 

Both 2,540 (6.4) 0 (0.0) 

Diagnosis of delirium 
(ICD-10), n (%) 

Yes (delirium not induced by 
alcohol and other psychoactive 
substances, F05) 

6,225 (15.6) 0 (0.0) 

 
Delirium not superimposed on 
dementia (F05.0) 

130 (0.3) 0 (0.0) 

  Delirium superimposed on 
dementia (F05.1) 

1,027 (2.6) 0 (0.0) 

  Other delirium (F05.8) 8 (0.0) 0 (0.0) 
  Subacute cerebral syndrome 4 (0.0) 0 (0.0) 
  Acute confusional state 2 (0.0) 0 (0.0) 
  Acute brain syndrome 2 (0.0) 0 (0.0) 
  Delirium, unspecified (F05.9) 5,100 (12.8) 0 (0.0) 
  Delirium 4,093 (10.3) 0 (0.0) 
  Nocturnal delirium 813 (2.0) 0 (0.0) 
  Senile nocturnal delirium 199 (0.5) 0 (0.0) 
Prescription of 
antipsychotics, n (%) 

Yes 
 

36,151 (90.7) 0 (0.0) 
 

Haloperidol INJ 17,188 (43.1) 0 (0.0)   
TAB 490 (1.2) 0 (0.0)   
FGR 41 (0.1) 0 (0.0)   
SOL 2 (0.0) 0 (0.0)  

Risperidone SOL 12,081 (30.3) 0 (0.0)   
ODT 2,727 (6.8) 0 (0.0)   
TAB 1,762 (4.4) 0 (0.0)   
FGR 75 (0.2) 0 (0.0)   
INJ 1 (0.0) 0 (0.0)  

Quetiapine TAB 7,489 (18.8) 0 (0.0)   
FGR 278 (0.7) 0 (0.0)   
SRT 0 (0.0) 0 (0.0)  

Olanzapine TAB 378 (0.9) 0 (0.0)   
ODT 224 (0.6) 0 (0.0)   
FGR 36 (0.1) 0 (0.0)   
INJ 1 (0.0) 0 (0.0)  

Perospirone TAB 767 (1.9) 0 (0.0) 

FGR, fine granule; ICD-10, International Classification of Diseases, 10th Revision; INJ, injectable; N, number 
of patients; ODT, oral disintegrating tablet; SOL, solution; SRT, sustained release tablet; TAB, tablet. 
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Table S3: Clinical practice 

  
Number of patients 

with delirium 
Number of patients 

without delirium 
Number of patients   39,836 257,764 
Prescription of PIM, n (%) Yes 18,370 (46.1) 108,326 (42.0)  

PIM class 
    

 
Benzodiazepines 7,666 (19.2) 45,166 (17.5) 

  Opioids 5,183 (13.0) 26,293 (10.2) 
  Corticosteroids 3,933 (9.9) 28,048 (10.9) 
  H2-receptor antagonists 3,925 (9.9) 24,036 (9.3) 
  Non-benzodiazepines 2,606 (6.5) 12,624 (4.9) 
  H1-receptor antagonists 2,488 (6.2) 11,214 (4.4) 
  Antidepressants 72 (0.2) 578 (0.2) 
  Anticholinergic drugs 62 (0.2) 459 (0.2) 
Duration of hospitalization 
(days) 

Mean (SD) 15.9 (11.6) 14.2 (13.4) 

  Median 14.0 12.0 
  [Q1, Q3] [9.0, 20.0] [7.0, 18.0] 
  [Min, Max] [3, 495] [3, 1357] 
  ≤ 1 week 6,429 (16.1) 69,819 (27.1) 
  1 week < - ≤ 2 weeks 14,771 (37.1) 88,409 (34.3) 
  2 weeks < - ≤ 3 weeks 10,600 (26.6) 55,885 (21.7) 
  3 weeks < - ≤ 4 weeks 4,860 (12.2) 26,227 (10.2) 
  4 weeks < - ≤ 12 weeks 3,049 (7.7) 16,523 (6.4) 
  >12 weeks 127 (0.3) 901 (0.3) 
Use of ICU (days) Yes 5,942 (14.9) 20,975 (8.1) 
Duration of ICU stay 
(days) 

Mean (SD) 3.2 (2.9) 2.9 (2.9) 
 

Median 2.0 2.0 
  [Q1, Q3] [1.0, 4.0] [1.0, 4.0] 
  1 day 2,038 (5.1) 8,692 (3.4) 
  2 days 1,232 (3.1) 4,204 (1.6) 
  3 days 829 (2.1) 2,773 (1.1) 
  4 days 535 (1.3) 1,649 (0.6) 
  5 days 389 (1.0) 1,042 (0.4) 
  6 days 277 (0.7) 691 (0.3) 
  ≥7 days 642 (1.6) 1,924 (0.8) 

ICU, intensive care unit; n, number of patients; PIM, potentially inappropriate medication; SD, standard 
deviation. 
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Consolidated Health Economic Evaluation Reporting Standards – CHEERS Checklist      1 

CHEERS Checklist 
Items to include when reporting economic evaluations of health interventions 

The ISPOR CHEERS Task Force Report, Consolidated Health Economic Evaluation Reporting 
Standards (CHEERS)—Explanation and Elaboration: A Report of the ISPOR Health Economic Evaluations 
Publication Guidelines Good Reporting Practices Task Force, provides examples and further discussion of 
the 24-item CHEERS Checklist and the CHEERS Statement.   It may be accessed via the Value in Health or 
via the ISPOR Health Economic Evaluation Publication Guidelines – CHEERS: Good Reporting Practices 
webpage: http://www.ispor.org/TaskForces/EconomicPubGuidelines.asp 

Section/item Item 
No 

Recommendation Reported
on page No/ 
line No 

Title and abstract 
Title 1 Identify the study as an economic evaluation or use more 

specific terms such as “cost-effectiveness analysis”, and 
describe the interventions compared. 

Abstract 2 Provide a structured summary of objectives, perspective, 
setting, methods (including study design and inputs), results 
(including base case and uncertainty analyses), and 
conclusions.

Introduction 
Background and 
objectives 

3 Provide an explicit statement of the broader context for the 
study. 
Present the study question and its relevance for health policy or 
practice decisions. 

Methods 
Target population and 
subgroups 

4 Describe characteristics of the base case population and 
subgroups analysed, including why they were chosen. 

Setting and location 5 State relevant aspects of the system(s) in which the decision(s) 
need(s) to be made. 

Study perspective 6 Describe the perspective of the study and relate this to the 
costs being evaluated. 

Comparators 7 Describe the interventions or strategies being compared and 
state why they were chosen. 

Time horizon 8 State the time horizon(s) over which costs and consequences 
are being evaluated and say why appropriate. 

Discount rate 9 Report the choice of discount rate(s) used for costs and  
outcomes and say why appropriate. 

Choice of health 
outcomes 

10 Describe what outcomes were used as the measure(s) of 
benefit in the evaluation and their relevance for the type of 
analysis performed. 

Measurement of 
effectiveness 

11a Single study-based estimates: Describe fully the design 
features of the single effectiveness study and why the single 
study was a sufficient source of clinical effectiveness data. 

1

2

4-5

6

6

6

6

6

NA

8

NA
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Consolidated Health Economic Evaluation Reporting Standards – CHEERS Checklist      2 

11b Synthesis-based estimates: Describe fully the methods used for 
identification of included studies and synthesis of clinical 
effectiveness data. 

Measurement and 
valuation of preference 
based outcomes 

12 If applicable, describe the population and methods used to 
elicit preferences for outcomes. 

Estimating resources 
and costs 

13a Single study-based economic evaluation: Describe approaches 
used to estimate resource use associated with the alternative 
interventions. Describe primary or secondary research methods 
for valuing each resource item in terms of its unit cost. 
Describe any adjustments made to approximate to opportunity 
costs.  

13b Model-based economic evaluation: Describe approaches and 
data sources used to estimate resource use associated with 
model health states. Describe primary or secondary research 
methods for valuing each resource item in terms of its unit 
cost. Describe any adjustments made to approximate to 
opportunity costs. 

Currency, price date, 
and conversion 

14 Report the dates of the estimated resource quantities and unit 
costs. Describe methods for adjusting estimated unit costs to 
the year of reported costs if necessary. Describe methods for 
converting costs into a common currency base and the 
exchange rate. 

Choice of model 15 Describe and give reasons for the specific type of decision-
analytical model used. Providing a figure to show model 
structure is strongly recommended. 

Assumptions 16 Describe all structural or other assumptions underpinning the 
decision-analytical model. 

Analytical methods 17 Describe all analytical methods supporting the evaluation. This 
could include methods for dealing with skewed, missing, or 
censored data; extrapolation methods; methods for pooling 
data; approaches to validate or make adjustments (such as half 
cycle corrections) to a model; and methods for handling 
population heterogeneity and uncertainty. 

Results 
Study parameters 18 Report the values, ranges, references, and, if used, probability 

distributions for all parameters. Report reasons or sources for 
distributions used to represent uncertainty where appropriate. 
Providing a table to show the input values is strongly 
recommended.

Incremental costs and 
outcomes 

19 For each intervention, report mean values for the main 
categories of estimated costs and outcomes of interest, as well 
as mean differences between the comparator groups. If 
applicable, report incremental cost-effectiveness ratios. 

Characterising 
uncertainty 

20a Single study-based economic evaluation: Describe the effects 
of sampling uncertainty for the estimated incremental cost and 
incremental effectiveness parameters, together with the impact 

NA

NA

NA

NA

NA

NA

NA

8-9

10-11, 22-23

11, 24-25
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Consolidated Health Economic Evaluation Reporting Standards – CHEERS Checklist      3 

of methodological assumptions (such as discount rate, study 
perspective). 

20b Model-based economic evaluation: Describe the effects on the 
results of uncertainty for all input parameters, and uncertainty 
related to the structure of the model and assumptions. 

Characterising 
heterogeneity 

21 If applicable, report differences in costs, outcomes, or cost-
effectiveness that can be explained by variations between 
subgroups of patients with different baseline characteristics or 
other observed variability in effects that are not reducible by 
more information. 

Discussion 
Study findings, 
limitations, 
generalisability, and 
current knowledge 

22 Summarise key study findings and describe how they support 
the conclusions reached. Discuss limitations and the 
generalisability of the findings and how the findings fit with 
current knowledge. 

Other 
Source of funding 23 Describe how the study was funded and the role of the funder 

in the identification, design, conduct, and reporting of the 
analysis. Describe other non-monetary sources of support. 

Conflicts of interest 24 Describe any potential for conflict of interest of study 
contributors in accordance with journal policy. In the absence 
of a journal policy, we recommend authors comply with 
International Committee of Medical Journal Editors 
recommendations.

For consistency, the CHEERS Statement checklist format is based on the format of the CONSORT 
statement checklist 

The ISPOR CHEERS Task Force Report provides examples and further discussion of the 24-item 
CHEERS Checklist and the CHEERS Statement.   It may be accessed via the Value in Health link or via the 
ISPOR Health Economic Evaluation Publication Guidelines – CHEERS: Good Reporting Practices 
webpage: http://www.ispor.org/TaskForces/EconomicPubGuidelines.asp 

The citation for the CHEERS Task Force Report is: 
Husereau D, Drummond M, Petrou S, et al. Consolidated health economic evaluation reporting standards 
(CHEERS)—Explanation and elaboration: A report of the ISPOR health economic evaluations publication 
guidelines good reporting practices task force. Value Health 2013;16:231-50.  
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11-12
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ABSTRACT (Current: 296/300 words)

Objectives: Delirium is a neuropsychiatric disorder that commonly occurs in elderly patients 

with cognitive impairment. The economic burden of delirium in Japan has not been well 

characterized. In this study, we assessed incremental medical costs of delirium in hospitalized 

elderly Japanese patients with cognitive impairment.

Methods: This retrospective, cross-sectional, observational study used administrative data 

from acute care hospitals in Japan between April 2012 and September 2020. Hospitalized 

patients ≥65 years old with cognitive impairment were categorized into groups – with and 

without delirium. Delirium was identified using a delirium identification algorithm based on 

the International Classification of Diseases 10th Revision (ICD-10) codes and antipsychotic 

prescriptions. Total medical costs during hospitalization were compared between the groups 

using a generalized linear model.

Results: The study identified 297,600 hospitalized patients ≥65 years of age with cognitive 

impairment: 39,836 had delirium and 257,764 did not. Patient characteristics such as age, sex, 

inpatient department, and comorbidities were similar between groups. Mean (SD) unadjusted 

total medical cost during hospitalization was JPY 979,907.7 (871,366.4) for patients with 

delirium and JPY 816,137.0 (794,745.9) for patients without delirium. Adjusted total medical 

cost was significantly greater for patients with delirium compared with those without 

delirium (cost ratio = 1.09, 95% confidence interval: [1.09, 1.10]; p<0.001). Subgroup 

analyses revealed significantly higher total medical costs for patients with delirium compared 

with those without delirium in most subgroups except patients with hemiplegia or paraplegia.

Conclusions: Medical costs during hospitalization were significantly higher for patients with 

delirium compared with those without delirium, in elderly Japanese patients with cognitive 

impairment, regardless of patient subgroups such as age, sex, intensive care unit (ICU) 

admission, and most comorbidities. These findings suggest that delirium prevention strategies 

are critical to reducing the economic burden as well as psychological/physiological burden in 

cognitively impaired elderly patients in Japan.
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ARTICLE SUMMARY - Strengths and limitations of the study 

1. This study is the first in Japan to assess medical costs associated with delirium 

using a large nationwide database consisting of claims and discharge abstract data.

2. The study identified over 290,000 Japanese patients with cognitive impairment, 

with and without delirium.

3. This study did not limit patients by baseline characteristics such as departments, 

surgical procedures, and comorbidities, thus providing a more generalizable view 

of the economic impact of delirium.

4. The study demonstrates that delirium is associated with significantly higher 

medical costs during hospitalization, suggesting that prevention strategies may be 

critical to reducing the economic burden imposed by delirium.

5. This study only assessed a single episode of delirium during hospitalization, 

potentially underestimating incremental costs associated with delirium beyond 

those captured in this cohort and timeframe.

KEYWORDS: Cognitive impairment, Delirium, Hospitalization, Incremental medical cost, 

Medical record database
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INTRODUCTION

Delirium is an acute neuropsychiatric disorder characterized by inattention and cognitive 

decline.[1-3] Delirium is often observed in the elderly and in patients with cognitive 

impairment including dementia,[4] and is commonly observed in hospitalized patients such as 

intensive care unit (ICU), postoperative, and palliative care patients.[2, 4] The incidence rate 

of delirium in the elderly ranges from 10% to 42% among hospitalized patients,[5] from 15% 

to 53% among postoperative patients,[1] and is 80% among patients in the ICU.[1]

Patients with delirium often require additional resource use, which increases the burden on 

healthcare workers such as nurses.[6-8] As a result, delirium poses a substantial burden on 

the healthcare system at large, as ongoing care requires additional medical resources. The 

presence of delirium may result in the administration of additional treatments, both 

pharmacological and nonpharmacological,[4] frequent rehospitalizations, and a greater risk of 

admission to long-term care.[9] The presence of delirium has been shown to prolong hospital 

stays,[10-12] that may potentially increase treatment costs and resource use. In fact, delirium 

following transcatheter and surgical aortic valve replacement resulted in a longer hospital 

stay and, consequently, an increase in hospitalization costs.[13] 

Dementia is one of the leading risk factors for delirium and often co-exists with delirium 

among elderly patients.[4, 14, 15] It has also been reported that Alzheimer’s disease patients 

with delirium have a poorer trajectory of cognitive decline in the long term, than those 

without delirium,[16, 17] and there has been evidence to show incremental medical cost of 

delirium in elderly patients with cognitive impairment in several populations.[18, 19] For 

instance, Fick et al reported incremental medical cost in a community-dwelling population 

with dementia from southeastern US, comprising 2,796 individuals over a period of 

3 years.[18] Boone et al reported additional medical costs for patients with postoperative 

neurocognitive disorders including delirium and dementia across 4,285 hospitals in the 

US.[19] However, there is currently no published literature investigating the economic 

burden of delirium in Japan using a large-scale medical record database. Japan has the 

highest elderly population in the world, with almost 30% of the population aged 65 years and 

above.[20] In addition, the number of the hospitalized patients over 65 years old is 

increasing.[21] Furthermore, 2.9%–12.5% of the aging population in Japan is estimated to 
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have dementia, which is increasing annually.[22] Therefore, it is important to understand the 

economic burden of delirium in elderly patients with dementia in Japan. This study aimed to 

estimate the economic burden of delirium in hospitalized elderly patients with cognitive 

impairment in the Japanese population by means of a nationwide administrative database of 

acute care hospitals.
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METHODS

Study design and data source

This was a retrospective, cross-sectional, observational study evaluating medical costs of 

cognitively impaired elderly patients with and without delirium, using a nationwide 

administrative database (Medical Data Vision [MDV]; Medical Data Vision Co., Ltd., Tokyo, 

Japan).[23] The MDV database comprises anonymized administrative data of over 30 million 

patients from over 400 acute care hospitals, which covers approximately 24% of all acute 

care hospitals in Japan and contains claims and discharge abstract data acquired from 

inpatient and outpatient visits.[23] The data used in the present study were collected between 

April 1, 2012, and September 30, 2020. 

Patient characteristics were obtained from the discharge abstract data called Form 1. Data on 

treatments, procedures, and prescriptions based on the Anatomical Therapeutic Chemical 

(ATC) classification system codes were obtained from the medical practice information field 

called Act Data. Disease diagnosis information based on the International Classification of 

Diseases 10th revision (ICD-10) was obtained from the Disease Data field. Hospital scale 

information was obtained from the Patient Data field. 

Patient and public involvement

This retrospective study did not involve patients in any phase, and the data presented here 

were obtained from an anonymized administrative hospital database.

Patient selection and characteristics 

Patients were included if they were hospitalized for surgery or under an emergency, were ≥65 

years of age at hospitalization, and had cognitive impairment. Cognitive impairment was 

defined as the presence of at least a diagnosis of dementia (ICD-10 codes F00–F03, F067, 

F107, G238), one prescription of an anti-dementia medication during hospitalization 

(donepezil, galantamine, memantine, or rivastigmine), or a low rank (I–IV and M) on the 

Dementia Scale - an observer-rated scale used to assess the degree of independence in 

activities of daily living (ADL) related to dementia (Table S1).[24]
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Patients with delirium were identified if they met the criteria for the delirium identification 

algorithm based on the algorithm previously proposed by Kim et al.[25], which was modified 

to reflect with the clinical setting in Japan. Delirium was defined as having either a diagnosis 

of delirium (ICD-10 code, F05) or a prescription of at least one of five antipsychotic drugs 

(ATC code, N05A: quetiapine, haloperidol, perospirone, risperidone, or olanzapine; Table 

S2), as recommended for the treatment of delirium by the Japanese Society of General 

Hospital Psychiatry.[26] Prescriptions made within 1 week of hospitalization were included. 

Patients were required to have a minimum hospital stay of 3 days with at least 2 days free 

from antipsychotic treatment after admission. This “2-day washout” period was set to exclude 

patients who were prescribed antipsychotics for pre-existing conditions. Patients with other 

psychiatric conditions such as schizophrenia (ICD-10 codes F20-29) and bipolar disorder 

(ICD-10 codes F30-31) were excluded. Patients who had delirium recorded as “admission 

precipitating diagnosis” or “comorbidities present on admission” on the index date or the day 

after, were also excluded (Figure 1). Patients prescribed olanzapine combined with cisplatin 

for nausea within 7 days from the index date were excluded.

Repeated episodes of hospitalization were not evaluated, i.e., only the first hospitalization 

was evaluated if there was a record of multiple hospitalizations. The observation period was 

from the index date to the end of hospitalization, defined as discharge, transfer to another 

hospital/nursing home, or death.

The following information was collected from the administrative database for the groups with 

and without delirium: patient characteristics such as sex, age, and ADL score (based on the 

Barthel Index [27]); comorbidities based on ICD-10 codes; inpatient departments; presence 

or absence of hospitalization; type of surgery including type and duration of anesthesia; 

numbers and classes of potentially inappropriate medications (PIMs; benzodiazepines, non-

benzodiazepines, opioids, corticosteroids, H1-receptor antagonists, H2-receptor antagonists, 

antidepressants, and anticholinergic drugs) that are thought to increase the risk of delirium, as 

identified based on the Beers criteria,[28] the guidelines for medical treatment and its safety 

in the elderly from the Japan Geriatrics Society Working Group,[29] and the report by 

Noshiro et al.[30]; duration of hospitalization including ICU stay; and patient outcomes such 

as death. 
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Outcomes

Total medical cost during hospitalization (from index date to discharge date) were assessed 

for patients with and without delirium. The total medical expenses include the following: i) 

drug cost, including formulations for internal and external use, and potions; ii) dispensary fee, 

including pharmacy charge and compounding fee such as for dispensing, prescription, 

narcotic/poisonous drug addiction, basic fee on receiving prescription, and medication cost 

reduction; iii) surgical cost, including cost of surgery and anesthesia; iv) treatment cost, 

including only treatment fee; v) inspection cost, including pathological examination cost; vi) 

imaging cost, including image diagnosis; and vii) hospitalization cost, including 

hospitalization basic rate, specific hospital charge, diet therapy standard cost-sharing, and life 

therapy standard cost-sharing. 

Statistical analyses

In each group, outcome variables were summarized using standard descriptive statistics 

including mean, standard deviation (SD), median, and interquartile range (IQR) for 

continuous variables, and the number and percentage of patients for categorical variables. 

Total medical expenses were adjusted for patient characteristics and other confounders using 

a generalized linear model (GLM). Predefined covariates such as age, sex, ADL, presence or 

absence of 15 comorbidities (excluding dementia and AIDS/HIV from the 17 Charlson 

comorbidities; AIDS/HIV was excluded due to the lack of sufficient sample size during the 

study period), presence or absence of emergency hospitalization, type and duration of 

anesthesia during surgery, number of PIMs, and ICU admission were included as covariates. 

Univariate analysis was performed with each covariate listed above.

Multicollinearity was evaluated using pairwise correlation coefficients and variance inflation 

factors (VIFs) for the multivariable linear regression framework were calculated prior to a 

quasi-likelihood analysis. Since there was no covariate with a variance inflation factor of 

>10, all covariates were included in the final model. For the GLM-adjusted total medical 

cost, missing values for the response variable and covariates were imputed (except in the 

subgroup analysis) by means of the multiple imputation method using the full conditional 

specification approach. Imputations were performed 100 times; the response variable was 

also included in the imputation model to reduce bias. To impute missing values, Bayesian 

regression models such as linear, discriminant function, and logistic models were adopted for 
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response variable and covariates, depending on the nature of the data.[31, 32] To address the 

non-normality and heteroscedasticity of the total medical cost, the quasi-likelihood method 

(QLM) was used with a logarithmic link function,[33, 34] and a dispersion parameter was 

introduced in the GLM. QLM allows for the variance function to be proportional to a power 

(exponent) of the mean (see Supplementary Information for more details). The geometric 

least squares (LS) mean for total medical cost in each group, the geometric LS mean ratio 

between the two groups, and its 95% confidence interval were calculated.

Subgroup analyses based on patient characteristics, comorbidities, and other covariates were 

performed using a similar GLM to investigate how total medical cost varied among the 

different subgroups. Statistical p-value for the comparison between two groups in each 

subgroup was computed using a similar GLM used for the primary analysis, excluding the 

corresponding subgroup variable. Interaction for p-values were computed in a similar manner 

but with the addition of an interaction term between the subgroup variable and the indicative 

variable of delirium (with or without delirium) to the primary analysis model. All analyses 

were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). For all statistical 

analyses, a 2-sided p-value of <0.05 was considered statistically significant. No corrections 

for multiple comparisons were performed.
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RESULTS

Patient attrition

A total of 7,221,643 patients hospitalized for either elective surgery or emergency during the 

study period were available in the MDV database.[23] Subsequently, 312,512 patients were 

identified by the delirium identification algorithm. The final cohort of patients ≥65 years of 

age and with cognitive impairment comprised 39,836 patients with delirium and 257,764 

patients without delirium (Figure 1). In the group of patients with delirium, 3,685 patients 

were identified by the ICD-10 criteria (F05) for delirium, 33,611 patients were identified by 

prescriptions of selected antipsychotics, and 2,540 patients were identified by both the 

ICD-10 criteria and prescriptions of antipsychotics.

Among the patients with delirium identified by the delirium identification algorithm 

(n=39,836), the most common diagnosis based on the ICD-10 criteria was delirium in 4,093 

patients (10.3%, under the code F05.9; Table S2), followed by delirium superimposed on 

dementia in 1,027 patients (DSD; 2.6%, code F05.1; Table S2). For the prescribed 

antipsychotics used for the delirium identification algorithm, the most common medication 

was haloperidol injection in 17,188 patients (43.1%), followed by risperidone solution in 

12,081 patients (30.3%) and quetiapine tablet in 7,489 patients (18.8%). The use of 

perospirone and olanzapine tablets was relatively uncommon (1.9% and 0.9%, respectively; 

Table S2).

Baseline characteristics

Patient demographics were comparable between the two groups (Table 1), with a male 

population of 45.4% in the group with delirium and 40.1% in the group without delirium. 

Overall, 54.5% of patients with delirium and 51.4% of patients without delirium were aged 

≥85 years. Moreover, 75.4% of patients with delirium and 68.4% of patients without delirium 

were dependent (ADL score 0-59). The proportion of patients with dementia diagnosed by 

the ICD-10 criteria was 53.6% in the group with delirium and 43.7% in the group without 

delirium. Additionally, 30.0% of patients with delirium were prescribed anti-dementia 

medications compared with 25.6% of patients without delirium (Table S1). More than 20% of 

patients across both groups had been prescribed ≥4 PIMs (with delirium group: 29.7%, 

without delirium group: 20.6%) (Table 1).
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Table 1: Patient demographics and characteristics

 
Number of patients

with delirium
Number of patients 

without delirium
Number of patients 39,836 257,764
Age (years), Mean (SD) 84.6 (7.0) 84.1 (7.3)
n (%) 65-74 3,623 (9.1) 28,597 (11.1)
 75-84 14,491 (36.4) 96,685 (37.5)
 ≥85 21,722 (54.5) 132,482 (51.4)
Sex, n (%) Male 18,104 (45.4) 103,313 (40.1)
 Female 21,732 (54.6) 154,451 (59.9)
ADL score (point), Dependent group (0-59) 30,048 (75.4) 176,395 (68.4)
n (%) Independent group (60-100) 9,206 (23.1) 78,154 (30.3)
 Unknown 582 (1.5) 3,215 (1.2)
Emergency 
hospitalization, n (%)

Yes 31,662 (79.5) 189,328 (73.5)

Inpatient department§, Internal medicine 10,699 (26.9) 72,910 (28.3)
n (%) Orthopedics 4,842 (12.2) 28,591 (11.1)

Gastroenterology 4,462 (11.2) 25,993 (10.1)
Surgery 4,139 (10.4) 19,011 (7.4)
Cardiology 3,890 (9.8) 25,536 (9.9)
Neurosurgery 2,946 (7.4) 23,876 (9.3)

Comorbidities*, n (%) Circulatory disease 25,456 (63.9) 162,440 (63.0)
(ICD-10 major 
category)

Endocrine, nutritional, and 
metabolic diseases

17,047 (42.8) 110,282 (42.8)

Gastrointestinal disorders 14,120 (35.4) 83,928 (32.6)
Nervous system disorders 14,016 (35.2) 85,399 (33.1)
Respiratory disease 12,325 (30.9) 74,019 (28.7)
Mental and behavioral disorders 11,492 (28.8) 54,927 (21.3)

Surgery, n (%) Yes 17,994 (45.2) 116,178 (45.1)
 Type of surgery/anesthesia
 Surgery + no/local/light general 

anesthesia
10,050 (25.2) 78,114 (30.3)

 Surgery + general anesthesia (<2 
hours)

4,522 (11.4) 25,203 (9.8)

 Surgery + general anesthesia (≥2 
hours)

3,422 (8.6) 12,861 (5.0)

Prescription of PIMs, Yes 18,370 (46.1) 108,326 (42.0)
n (%) Number of PIMs (drugs)

1 2,146 (5.4) 21,407 (8.3)
2 2,319 (5.8) 20,086 (7.8)

 3 2,070 (5.2) 13,859 (5.4)
 ≥4 11,835 (29.7) 52,974 (20.6)
Duration of 
hospitalization†

Mean (SD) 15.9 (11.6) 14.2 (13.4)

(days) Median 14.0 12.0
 [Q1, Q3] [9.0, 20.0] [7.0, 18.0]
Duration of ICU stay Yes 5,942 (14.9) 20,975 (8.1)
(days) Mean (SD) 3.2 (2.9) 2.9 (2.9)

Median 2.0 2.0
 [Q1, Q3] [1.0, 4.0] [1.0, 4.0]
Death, n (%) Yes 3,574 (9.0) 23,121 (9.0)

No 36,262 (91.0) 234,633 (91.0)
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†Duration of hospital stay (minimum, maximum): with delirium cohort (3, 495) days; without delirium cohort (3, 
1,357) days; §Top 6 of all selected departments are shown here; *Top 6 of all selected comorbidities are shown 
here.

ADL, activities of daily living; ICD-10, International Classification of Diseases, 10th Revision; ICU, intensive 
care unit; PIM, potentially inappropriate medication; Q, quartile; SD, standard deviation.

Prognosis/hospitalization

The median (IQR) duration of hospitalization was 14 (9.0, 20.0) days for patients with 

delirium and 12 (7.0, 18.0) days for patients without delirium. Only 16.1% of patients with 

delirium were hospitalized for ≤1 week compared with 27.1% of patients without delirium. 

Median (IQR) duration of ICU stay was 2 (1.0, 4.0) days in both groups; 14.9% of the 

patients with delirium and 8.1% of the patients without delirium were admitted to the ICU for 

at least 1 day (Table 1 and Table S3).

Unadjusted medical costs in cognitively impaired elderly patients with and without 

delirium

The mean (SD) total medical cost per patient was JPY 979,907.7 (871,366.4) in the group 

with delirium and JPY 816,137.0 (794,745.9) in the group without delirium (Table 2). In both 

groups, the largest contributor to the total medical cost was hospitalization, followed by 

surgery (Table 2). When categorized by patient characteristics, a similar pattern was 

observed; hospitalization costs and surgical costs were the major contributors to total medical 

cost (Figure S1) in both groups. The subgroup of patients who underwent surgery and longer 

anesthesia (≥2 hours) incurred the highest total cost across subgroups (Figure S1). When 

characterized by patient comorbidities, across most subgroups, hospitalization cost emerged 

as the greatest contributor to total cost, followed by surgery. However, for patients with 

peripheral vascular disease, surgical cost was higher than hospitalization cost (Figure S2).

Table 2: Unadjusted medical costs in patients with cognitive impairment with and without 

delirium

Patient cohort
with delirium

Mean ± SD [JPY] per patient

Patient cohort
without delirium

Mean ± SD [JPY] per patient
N 39,836 257,764

Total 979,907.7 ± 871,366.4 816,137.0 ± 794,745.9

Hospitalization cost 528,760.0 ± 351,385.0 445,497.1 ± 347,548.9
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Surgical cost 277,683.9 ± 576,399.4 231,177.1 ± 511,700.1

Inspection cost 66,846.6 ± 90,615.6 54,202.6 ± 49,425.2

Drug cost 53,420.9 ± 159,390.4 41,097.3 ± 182,713.4

Imaging cost 35,129.7 ± 31,289.1 29,423.4 ± 29,107.7

Treatment cost 16,951.5 ± 72,122.6 13,843.1 ± 84,341.6

Dispensary cost 1,115.2 ± 926.6 896.3 ± 1,036.2

JPY, Japanese Yen; N, number of patients; SD, standard deviation.

Adjusted medical costs in cognitively impaired elderly patients with and without 

delirium

The adjusted total medical cost per patient was significantly greater in patients with delirium 

compared with patients without delirium (cost ratio = 1.09, 95% confidence interval: [1.09, 

1.10]; p<0.001; Table 3). When categorized by patient characteristics and comorbidities, 

patients with delirium incurred significantly higher costs compared with those without 

delirium, in most of the subgroups except patients with hemiplegia or paraplegia (Figure 2). 

Specifically, the increases in cost between those with delirium versus without delirium 

ranged from 5% to 16% across subgroups (Figure 2). The greatest increase in cost was 

observed among patients having diabetes with chronic complications (cost ratio=1.16), 

patients who were independent (ADL score 60-100; cost ratio=1.15), and patients who had 

prescriptions of two PIMs (cost ratio=1.14). When the effect of each subgroup on adjusted 

cost ratio was assessed, significant interaction effects (Figure 2) were observed for subgroups 

based on patient characteristics such as age (p=0.003), sex (p<0.001), ADL (p<0.001), 

emergency hospitalization (p<0.001), PIM use (p<0.001), and surgery (p=0.006). The 

geometric LS mean ratios of the total medical costs from the univariate analysis were 

generally similar to those from the multivariable analysis, although only emergency 

hospitalization was adjusted for in the multivariable analysis (Table S4). 
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Table 3: Difference in the GLM-adjusted total medical cost

 n

Geometric LS 
mean [JPY] 

(SE) 95% CI
Geometric LS 

mean ratio†
95% CI for 

ratio p-value
Patients with 
delirium

39,836 815,721.2
(1.0)

[810,206.1, 821,273.9] 1.09 [1.09, 1.10] p<0.001

Patients without 
delirium

257,764 745,295.0
(1.0)

[743,312.2, 747,283.0]

†Geometric LS mean ratio, with delirium/without delirium.

CI, confidence interval; GLM, generalized linear model; JPY, Japanese Yen; LS, least squares; n, number of 

patients; SE, standard error of the mean.
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DISCUSSION

This study is the largest medical cost analysis of delirium in Japan to date, aimed at 

evaluating elderly patients with cognitive impairment in acute care hospitals. There was a 9% 

increase in total medical cost during hospitalization in the patient group with delirium 

compared with the patient group without delirium. The total medical cost was consistently 

higher in the patient group with delirium than in the patient group without delirium, 

irrespective of patient characteristics, type of surgery, and comorbidities (except patients with 

hemiplegia or paraplegia). There have been various reports of increased medical costs for 

patients with delirium. According to a systematic review, the additional cost of delirium is 

estimated to be in the range of USD 806 to 24,509.[35] A population-based retrospective 

study from 490 US hospitals reported an additional admission cost of USD 2,697 (23.7% 

increase) for postoperative delirium patients after major urologic cancer surgeries.[36] Thus, 

the additional cost of delirium varies depending on the study duration and the target 

population, as well as the specific healthcare system in each country. Although the present 

study did not follow the medical cost of post-discharge period, additional medical cost during 

hospitalization was observed in the patient group with delirium compared with the patient 

group without delirium, implying that the actual difference in medical costs for longer 

duration could be much larger. A study by Leslie et al, with a longer observation period, 

reported that the incremental healthcare costs due to delirium up to 1 year after discharge 

were nearly 2-fold higher for patients with delirium compared with patients without 

delirium.[37] It has been previously reported that patients experiencing delirium have poorer 

prognosis even after hospital discharge,[38-40] indicating prolonged utilization of healthcare 

resources and consequent increase in treatment cost.

Previous studies have reported nonpharmacological interventions for the prevention of 

delirium in hospitalized elderly patients and patients with surgical treatments.[41-45] 

Multicomponent nonpharmacological interventions for delirium have been implemented 

worldwide to reduce the incidence of delirium.[46] In Japan, a systematic prevention program 

reportedly decreased the incidence of delirium and improved clinical outcomes such as length 

of stay and incidence of falls.[47] Pharmacological approaches to prevent delirium have also 

been studied.[48, 49] Effective delirium prevention strategies may contribute to reducing the 
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incremental medical cost reported in the present study, as it has previously been reported that 

the prevention of delirium by multicomponent, targeted interventions decreased long-term 

nursing home costs.[50]. However, this must be further explored in larger, dedicated 

studies.[51] 

In the present study, we identified over 39,000 cognitively impaired elderly patients with 

delirium from a nationwide administrative database (MDV database [23]) using a delirium 

identification algorithm. The diagnosis of delirium by the ICD-10 criteria alone identified 

9.3% of all patients identified by our algorithm. By contrast, 84.4% of delirium patients were 

identified based on the prescription of antipsychotics. This result is consistent with the 

finding of a previous report from our research group [52] as well as another study in 

Japan.[53]

Certain limitations to our study should be noted. The sensitivity and specificity of our 

modified delirium identification algorithm have not been validated in Japan.[53] This 

requires that the algorithm be evaluated against the bedside assessment by an expert,[25] 

which is usually feasible for single institutions but not for large-scale medical databases with 

more than 400 acute care hospitals, such as the one used in this study. Moreover, data on 

hypoactive delirium were not captured, because the included antipsychotics are used to treat 

hyperactive delirium. Data were limited to acute care hospitals and clinics registered under 

the Diagnosis Procedure Combination (DPC) program,[54] thereby under-representing cases. 

Additionally, because the MDV database does not provide hospital identification data, we 

could not include the variability across hospitals as a random effect in the GLM. However, 

the variability across sites was included in the variability of error in the model (i.e., we used a 

larger variability of error than that adjusted by the random effect). Therefore, the current 

results are considered adequately conservative. This study reports the costs pertaining to only 

one delirium-related hospitalization, not considering recurrences, rehospitalizations, or 

outpatient and rehabilitation costs. Finally, this study was not designed to investigate the 

causal link between the increase in cost and delirium.

In conclusion, this study demonstrated significantly higher medical costs associated with 

delirium among hospitalized elderly patients with cognitive impairment in Japan. The 

difference in medical cost was consistent regardless of patient characteristics and clinical 
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settings, such as age, sex, ICU admission, and most comorbidities, suggesting the economic 

burden of delirium is not attributed to specific patient characteristics and clinical settings. 

These findings suggest that delirium prevention strategies are important for reducing the 

economic burden of delirium for the cognitively impaired elderly in Japan. 
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FIGURE LEGENDS

Figure 1. Patient selection flowchart.

Footnote: DPC, Diagnosis Procedure Combination; ICD-10, International Classification of Diseases, 10th 
Revision; MDV, Medical Data Vision.

Figure 2. Adjusted medical cost categorized by patient characteristics and comorbidities.

Footnote: ADL, activities of daily living; CI, confidence interval; GA, general anesthesia; ICU, intensive care 
unit; LA, light anesthesia; n, number of patients; NoA, no anesthesia; PIM, potentially inappropriate 
medication. Since multiple imputation (MI) for missing values was not conducted for subgroup analyses due to 
time constraints, the total number of patients in each subgroup was not consistent with those in the main 
analysis where missing values were imputed using MI.

SUPPLEMENTARY FIGURE AND TABLE LEGENDS

Figure S1. Mean medical cost categorized by patient characteristics

Footnote: ICU, intensive care unit; PIM, potentially inappropriate medication.

Figure S2. Medical cost categorized by comorbidities

Table S1. Definition of cognitive impairment

Footnote: ICD-10, International Classification of Diseases, 10th Revision; n, number of patients.

Table S2. Identification of patients with delirium

Footnote: FGR, fine granule; ICD-10, International Classification of Diseases, 10th Revision; INJ, injectable; 
N, number of patients; ODT, oral disintegrating tablet; SOL, solution; SRT, sustained release tablet; TAB, 
tablet.

Table S3. Clinical practice

Footnote: ICU, intensive care unit; n, number of patients; PIM, potentially inappropriate medication; SD, 
standard deviation.

Table S4. Univariate and multivariable analyses for total medical cost

Footnote: ADL, activities of daily living; CI, confidence interval; ICU, intensive care unit; JPY, Japanese Yen; 
LS, least squares; n, number of patients; PIM, potentially inappropriate medication; Ref, reference; SE, 
standard error of the mean.

†15 comorbidities excluding dementia and AIDS/HIV from the 17 Charlson comorbidities were examined.
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‡Patients with missing data for the corresponding variable are not included. The multiple imputation method 
was applied only in the multivariable analysis.

§Unit: JPY
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Figure 1. Patient selection flowchart. DPC, Diagnosis Procedure Combination; ICD-10, International 
Classification of Diseases, 10th Revision; MDV, Medical Data Vision. 
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Figure 2. Adjusted medical cost categorized by patient characteristics and comorbidities. ADL, activities of 
daily living; CI, confidence interval; GA, general anesthesia; ICU, intensive care unit; LA, light anesthesia; 

n, number of patients; NoA, no anesthesia; PIM, potentially inappropriate medication. Since multiple 
imputation (MI) for missing values was not conducted for subgroup analyses due to time constraints, the 

total number of patients in each subgroup was not consistent with those in the main analysis where missing 
values were imputed using MI. 
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SUPPLEMENTARY INFORMATION 

 

Generalized linear model – exponent calculation 

In the quasi-likelihood method (QLM), the variance function is proportional to a power 

(exponent) of the mean. To determine the initial value of the exponent, the sample means and 

variances for every combination of the categorized covariates included in the final model 

were calculated. A double logarithmic function was fit to the data, and the slope of the 

regression line was determined.[1] The initial value of the exponent was determined as 3.15, 

which was subsequently used as the exponent in the variance function.[1] A residual plot was 

generated to evaluate the model fit.[2] Because no specific trend in residuals was observed, 

the initial value of the exponent, 3.15, was retained. The geometric least squares (LS) mean, 

the geometric LS mean ratio, and 95% confidence intervals for the total medical cost in the 

two groups were calculated.  
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SUPPLEMENTARY FIGURES AND TABLES 

 

Figure S1: Mean medical cost categorized by patient characteristics  

 

ICU, intensive care unit; PIM, potentially inappropriate medication.  
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Figure S2: Medical cost categorized by comorbidities 
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Table S1: Definition of cognitive impairment 

  
Number of patients 

with delirium 
Number of patients 

without delirium  
  n % n % 
Cognitive impairment Yes 39,836 (100.0) 257,764 (100.0) 
  Diagnosis of dementia (ICD-10) 21,341 (53.6) 112,687 (43.7) 
  Prescription of anti-dementia drugs  11,963 (30.0) 66,069 (25.6) 
  Low degree of independence in 

activities of daily living related to 
dementia 

25,154 (63.1) 169,760 (65.9) 

ICD-10, International Classification of Diseases, 10th Revision; n, number of patients. 
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Table S2: Identification of patients with delirium 

 Number of patients 
with delirium 

Number of patients 
without delirium 

Number of patients 39,836 257,764 
Patients identified by 
delirium identification 
algorithm, n (%) 

Diagnosis of delirium only 
(ICD-10)  

3,685 (9.3) 0 (0.0) 

 
Prescription of antipsychotics 
only 

33,611 (84.4) 0 (0.0) 
 

Both 2,540 (6.4) 0 (0.0) 

Diagnosis of delirium 
(ICD-10), n (%) 

Yes (delirium not induced by 
alcohol and other psychoactive 
substances, F05) 

6,225 (15.6) 0 (0.0) 

 
Delirium not superimposed on 
dementia (F05.0) 

130 (0.3) 0 (0.0) 

  Delirium superimposed on 
dementia (F05.1) 

1,027 (2.6) 0 (0.0) 

  Other delirium (F05.8) 8 (0.0) 0 (0.0) 
  Subacute cerebral syndrome 4 (0.0) 0 (0.0) 
  Acute confusional state 2 (0.0) 0 (0.0) 
  Acute brain syndrome 2 (0.0) 0 (0.0) 
  Delirium, unspecified (F05.9) 5,100 (12.8) 0 (0.0) 
  Delirium 4,093 (10.3) 0 (0.0) 
  Nocturnal delirium 813 (2.0) 0 (0.0) 
  Senile nocturnal delirium 199 (0.5) 0 (0.0) 
Prescription of 
antipsychotics, n (%) 

Yes 
 

36,151 (90.7) 0 (0.0) 
 

Haloperidol INJ 17,188 (43.1) 0 (0.0)   
TAB 490 (1.2) 0 (0.0)   
FGR 41 (0.1) 0 (0.0)   
SOL 2 (0.0) 0 (0.0)  

Risperidone SOL 12,081 (30.3) 0 (0.0)   
ODT 2,727 (6.8) 0 (0.0)   
TAB 1,762 (4.4) 0 (0.0)   
FGR 75 (0.2) 0 (0.0)   
INJ 1 (0.0) 0 (0.0)  

Quetiapine TAB 7,489 (18.8) 0 (0.0)   
FGR 278 (0.7) 0 (0.0)   
SRT 0 (0.0) 0 (0.0)  

Olanzapine TAB 378 (0.9) 0 (0.0)   
ODT 224 (0.6) 0 (0.0)   
FGR 36 (0.1) 0 (0.0)   
INJ 1 (0.0) 0 (0.0)  

Perospirone TAB 767 (1.9) 0 (0.0) 

FGR, fine granule; ICD-10, International Classification of Diseases, 10th Revision; INJ, injectable; N, number 
of patients; ODT, oral disintegrating tablet; SOL, solution; SRT, sustained release tablet; TAB, tablet. 
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Table S3: Clinical practice 

  
Number of patients 

with delirium 
Number of patients 

without delirium 
Number of patients   39,836 257,764 
Prescription of PIM, n (%) Yes 18,370 (46.1) 108,326 (42.0)  

PIM class 
    

 
Benzodiazepines 7,666 (19.2) 45,166 (17.5) 

  Opioids 5,183 (13.0) 26,293 (10.2) 
  Corticosteroids 3,933 (9.9) 28,048 (10.9) 
  H2-receptor antagonists 3,925 (9.9) 24,036 (9.3) 
  Non-benzodiazepines 2,606 (6.5) 12,624 (4.9) 
  H1-receptor antagonists 2,488 (6.2) 11,214 (4.4) 
  Antidepressants 72 (0.2) 578 (0.2) 
  Anticholinergic drugs 62 (0.2) 459 (0.2) 
Duration of hospitalization 
(days) 

Mean (SD) 15.9 (11.6) 14.2 (13.4) 

  Median 14.0 12.0 
  [Q1, Q3] [9.0, 20.0] [7.0, 18.0] 
  [Min, Max] [3, 495] [3, 1357] 
  ≤ 1 week 6,429 (16.1) 69,819 (27.1) 
  1 week < - ≤ 2 weeks 14,771 (37.1) 88,409 (34.3) 
  2 weeks < - ≤ 3 weeks 10,600 (26.6) 55,885 (21.7) 
  3 weeks < - ≤ 4 weeks 4,860 (12.2) 26,227 (10.2) 
  4 weeks < - ≤ 12 weeks 3,049 (7.7) 16,523 (6.4) 
  >12 weeks 127 (0.3) 901 (0.3) 
Use of ICU Yes 5,942 (14.9) 20,975 (8.1) 
Duration of ICU stay 
(days) 

Mean (SD) 3.2 (2.9) 2.9 (2.9) 
 

Median 2.0 2.0 
  [Q1, Q3] [1.0, 4.0] [1.0, 4.0] 
  1 day 2,038 (5.1) 8,692 (3.4) 
  2 days 1,232 (3.1) 4,204 (1.6) 
  3 days 829 (2.1) 2,773 (1.1) 
  4 days 535 (1.3) 1,649 (0.6) 
  5 days 389 (1.0) 1,042 (0.4) 
  6 days 277 (0.7) 691 (0.3) 
  ≥7 days 642 (1.6) 1,924 (0.8) 

ICU, intensive care unit; n, number of patients; PIM, potentially inappropriate medication; SD, standard 
deviation. 
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Table S4: Univariate and multivariable analyses for total medical cost 

   Univariate analysis Multivariable analysis 

 
Categories 

n‡ 
 Geometric LS Mean§ 

[95% CI] 

Geometric  
LS Mean Ratio  

[95% CI] P-value 
Geometric LS Mean§  

[95% CI] 

Geometric  
LS Mean Ratio  

[95% CI] P-value 
Delirium 

 
Without 257,764 816,137.39 

[813,142.03, 819,143.79] 
Ref  745,294.95 

[743,312.18, 747,283.02] 
Ref  

 
With 39,836 979,907.90 

[969,783.64, 990,137.85] 
1.20 

[1.19, 1.21] 
p<0.001 815,721.23 

[810,206.11, 821,273.88] 
1.09 

[1.09, 1.10] 
p<0.001 

Age (years) 

 
65-74 32,220 970,981.96 

[960,264.35, 981,819.19] 
Ref  791,810.64 

[785,966.32, 797,698.42] 
Ref  

 
75-84 111,176 875,684.51 

[870,766.49, 880,630.30] 
0.90 

[0.89, 0.91] 
p<0.001 759,844.50 

[756,869.58, 762,831.11] 
0.96 

[0.95, 0.97] 
p<0.001 

 
≥85 154,204 783,162.50 

[779,657.12, 786,683.63] 
0.81 

[0.80, 0.82] 
p<0.001 742,836.46 

[740,330.23, 745,351.18] 
0.94 

[0.93, 0.95] 
p<0.001 

Sex 

 
Male 121,417 856,423.75 

[851,758.80, 861,114.26] 
Ref  760,340.59 

[757,466.10, 763,225.98] 
Ref  

 
Female 176,183 825,403.68 

[821,747.47, 829,076.15] 
0.96 

[0.96, 0.97] 
p<0.001 750,235.54 

[747,864.66, 752,613.94] 
0.99 

[0.98, 0.99] 
p<0.001 

ADL score (points) 

 
0-59 206,443 827,168.97 

[823,776.86, 830,575.05] 
Ref  782,325.73 

[779,918.81, 784,740.08] 
Ref  

 
60-100 87,360 858,426.56 

[852,905.30, 863,983.56] 
1.04 

[1.03, 1.05] 
p<0.001 692,121.10 

[688,983.95, 695,272.52] 
0.88 

[0.88, 0.89] 
p<0.001 

Comorbidities† 
Myocardial infarction 

 
Yes 8,464 1,283,247.71 

[1,250,209.84, 1,317,158.63] 
Ref  858,222.93 

[844,622.77, 872,042.08] 
Ref  
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   Univariate analysis Multivariable analysis 

 
Categories 

n‡ 
 Geometric LS Mean§ 

[95% CI] 

Geometric  
LS Mean Ratio  

[95% CI] P-value 
Geometric LS Mean§  

[95% CI] 

Geometric  
LS Mean Ratio  

[95% CI] P-value 

 
No 289,136 825,030.17 

[822,176.08, 827,894.16] 
0.64 

[0.63, 0.66] 
p<0.001 751,501.99 

[749,592.23, 753,416.62] 
0.88 

[0.86, 0.89] 
p<0.001 

Congestive heart failure 

 
Yes 51,355 971,424.84 

[962,803.22, 980,123.68] 
Ref  880,345.55 

[875,051.97, 885,671.14] 
Ref  

 
No 246,245 810,245.79 

[807,278.03, 813,224.46] 
0.83 

[0.83, 0.84] 
p<0.001 730,461.61 

[728,508.10, 732,420.35] 
0.83 

[0.82, 0.84] 
p<0.001 

Peripheral vascular disease 

 
Yes 8,850 1,411,778.68 

[1,374,850.80, 1,449,698.41] 
Ref  974,908.71 

[959,465.71, 990,600.27] 
Ref  

 
No 288,750 820,506.76 

[817,721.02, 823,302.00] 
0.58 

[0.57, 0.60] 
p<0.001 748,457.71 

[746,561.13, 750,359.11] 
0.77 

[0.76, 0.78] 
p<0.001 

Cerebrovascular disease 

 
Yes 62,901 859,792.08 

[853,239.47, 866,395.01] 
Ref  832,895.13 

[828,462.74, 837,351.23] 
Ref  

 
No 234,699 832,234.89 

[829,005.98, 835,476.38] 
0.97 

[0.96, 0.98] 
p<0.001 734,578.88 

[732,566.05, 736,597.24] 
0.88 

[0.88, 0.89] 
p<0.001 

Chronic pulmonary disease 

 
Yes 17,563 797,779.79 

[786,809.06, 808,903.50] 
Ref  781,634.02 

[774,427.35, 788,907.75] 
Ref  

 
No 280,037 840,585.61 

[837,587.48, 843,594.47] 
1.05 

[1.04, 1.07] 
p<0.001 752,656.84 

[750,723.74, 754,594.92] 
0.96 

[0.95, 0.97] 
p<0.001 

Rheumatic disease 

 
Yes 4,017 885,481.30 

[858,673.54, 913,125.99] 
Ref  787,870.87 

[772,432.04, 803,618.27] 
Ref  

 
No 293,583 837,410.51 

[834,498.94, 840,332.25] 
0.95 

[0.92, 0.98] 
p<0.001 753,889.45 

[751,985.70, 755,798.02] 
0.96 

[0.94, 0.98] 
p<0.001 

Peptic ulcer disease 
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   Univariate analysis Multivariable analysis 

 
Categories 

n‡ 
 Geometric LS Mean§ 

[95% CI] 

Geometric  
LS Mean Ratio  

[95% CI] P-value 
Geometric LS Mean§  

[95% CI] 

Geometric  
LS Mean Ratio  

[95% CI] P-value 

 
Yes 15,858 898,974.79 

[885,049.60, 913,119.07] 
Ref  769,874.99 

[762,026.48, 777,804.34] 
Ref  

 
No 281,742 834,630.71 

[831,673.42, 837,598.52] 
0.93 

[0.91, 0.94] 
p<0.001 753,478.83 

[751,542.42, 755,420.23] 
0.98 

[0.97, 0.99] 
p<0.001 

Mild liver disease 

 
Yes 9,482 883,934.28 

[866,433.60, 901,788.44] 
Ref  787,281.56 

[776,793.81, 797,910.91] 
Ref  

 
No 288,118 836,549.62 

[833,614.25, 839,495.33] 
0.95 

[0.93, 0.97] 
p<0.001 753,275.38 

[751,357.62, 755,198.05] 
0.96 

[0.94, 0.97] 
p<0.001 

Diabetes without chronic complication 

 
Yes 40,046 914,169.39 

[905,205.75, 923,221.79] 
Ref  794,680.73 

[789,536.56, 799,858.41] 
Ref  

 
No 257,554 826,225.36 

[823,201.28, 829,260.54] 
0.90 

[0.89, 0.91] 
p<0.001 748,257.02 

[746,268.72, 750,250.62] 
0.94 

[0.94, 0.95] 
p<0.001 

Diabetes with chronic complication 

 
Yes 8,959 915,347.36 

[896,366.30, 934,730.35] 
Ref  783,602.75 

[773,012.63, 794,337.96] 
Ref  

 
No 288,641 835,660.47 

[832,737.34, 838,593.86] 
0.91 

[0.89, 0.93] 
p<0.001 753,449.92 

[751,534.01, 755,370.71] 
0.96 

[0.95, 0.97] 
p<0.001 

Hemiplegia or paraplegia 

 
Yes 3,955 976,219.29 

[944,738.52, 1,008,749.07] 
Ref  873,678.85 

[854,561.54, 893,223.84] 
Ref  

 
No 293,645 836,198.54 

[833,292.41, 839,114.80] 
0.86 

[0.83, 0.89] 
p<0.001 752,855.32 

[750,954.84, 754,760.61] 
0.86 

[0.84, 0.88] 
p<0.001 

Renal disease 

 
Yes 18,117 981,851.58 

[967,029.48, 996,900.86] 
Ref  829,892.85 

[821,699.57, 838,167.82] 
Ref  
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   Univariate analysis Multivariable analysis 

 
Categories 

n‡ 
 Geometric LS Mean§ 

[95% CI] 

Geometric  
LS Mean Ratio  

[95% CI] P-value 
Geometric LS Mean§  

[95% CI] 

Geometric  
LS Mean Ratio  

[95% CI] P-value 

 
No 279,483 828,738.49 

[825,830.94, 831,656.27] 
0.84 

[0.83, 0.86] 
p<0.001 749,684.48 

[747,756.51, 751,617.42] 
0.90 

[0.89, 0.91] 
p<0.001 

Any malignancy, including lymphoma and leukemia, except malignant neoplasm of skin 

 
Yes 34,770 894,940.92 

[885,556.43, 904,424.87] 
Ref  756,333.75 

[750,844.57, 761,863.06] 
Ref  

 
No 262,830 830,534.45 

[827,488.96, 833,591.14] 
0.93 

[0.92, 0.94] 
p<0.001 754,076.15 

[752,060.81, 756,096.88] 
1.00 

[0.99, 1.00] 
0.450 

Moderate or severe liver disease 

 
Yes 1,293 759,638.71 

[722,861.93, 798,286.57] 
Ref  763,512.80 

[737,776.84, 790,146.51] 
Ref  

 
No 296,307 838,401.58 

[835,498.51, 841,314.73] 
1.10 

[1.05, 1.16] 
p<0.001 754,300.54 

[752,402.34, 756,203.54] 
0.99 

[0.95, 1.02] 
0.488 

Metastatic solid tumor 

 
Yes 5,601 844,997.61 

[823,846.20, 866,692.06] 
Ref  799,764.56 

[786,066.03, 813,701.82] 
Ref  

 
No 291,999 837,926.28 

[835,003.64, 840,859.16] 
0.99 

[0.97, 1.02] 
0.520 753,493.48 

[751,586.47, 755,405.34] 
0.94 

[0.93, 0.96] 
p<0.001 

Emergency hospitalization 

 
Yes 220,990 774,165.90 

[771,234.05, 777,108.89] 
Ref  801,606.91 

[798,857.56, 804,365.73] 
Ref  

 
No 56,736 972,011.84 

[963,755.28, 980,339.13] 
1.26 

[1.24, 1.27] 
p<0.001 607,271.67 

[602,729.33, 611,848.24] 
0.76 

[0.75, 0.76] 
p<0.001 

Number of PIM drugs 

 
0 170,904 799,179.22 

[795,776.56, 802,596.43] 
Ref  773,552.61 

[771,014.71, 776,098.86] 
Ref  

 
1 23,553 675,395.61 

[668,382.66, 682,482.15] 
0.85 

[0.84, 0.85] 
p<0.001 632,724.36 

[627,952.83, 637,532.13] 
0.82 

[0.81, 0.82] 
p<0.001 
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   Univariate analysis Multivariable analysis 

 
Categories 

n‡ 
 Geometric LS Mean§ 

[95% CI] 

Geometric  
LS Mean Ratio  

[95% CI] P-value 
Geometric LS Mean§  

[95% CI] 

Geometric  
LS Mean Ratio  

[95% CI] P-value 

 
2 22,405 717,867.17 

[709,955.60, 725,866.90] 
0.90 

[0.89, 0.91] 
p<0.001 609,627.10 

[604,829.38, 614,462.89] 
0.79 

[0.78, 0.79] 
p<0.001 

 
3 15,929 786,527.42 

[775,709.98, 797,495.71] 
0.98 

[0.97, 1.00] 
0.031 651,387.10 

[645,148.52, 657,686.00] 
0.84 

[0.83, 0.85] 
p<0.001 

 
≥4 64,809 1,053,920.10 

[1,045,398.80, 1,062,510.86] 
1.32 

[1.31, 1.33] 
p<0.001 839,977.97 

[835,377.19, 844,604.09] 
1.09 

[1.08, 1.09] 
p<0.001 

ICU admission (Immediately after the admission) 

 

Yes 21,843 1,400,460.24 
[1,377,051.74, 1,424,266.67] 

Ref  1,200,167.33 
[1,186,502.18, 1,213,989.87] 

Ref  

No 275,757 793,510.74 
[790,796.18, 796,234.61] 

0.57 
[0.56, 0.58] 

p<0.001 727,493.58 
[725,647.54, 729,344.32] 

0.61 
[0.60, 0.61] 

p<0.001 

Type of surgery 

 
No surgery 163,428 582,783.35 

[581,113.35, 584,458.15] 
Ref  521,053.69 

[519,281.97, 522,831.45] 
Ref  

 
Surgery + no/local/light 
general anesthesia 

88,164 992,997.25 
[987,747.24, 998,275.17] 

1.70 
[1.69, 1.71] 

p<0.001 1,010,902.09 
[1,005,260.17, 1,016,575.68] 

1.94 
[1.93, 1.95] 

p<0.001 

 
Surgery + general 
anesthesia (<2 hours) 

29,725 1,178,860.92 
[1,167,047.13, 1,190,794.29] 

2.02 
[2.00, 2.04] 

p<0.001 1,349,139.14 
[1,335,579.50, 1,362,836.45] 

2.59 
[2.56, 2.62] 

p<0.001 

 
Surgery + general 
anesthesia (≥2 hours) 

16,283 1,939,178.48 
[1,904,403.92, 1,974,588.02] 

3.33 
[3.27, 3.39] 

p<0.001 2,179,481.16 
[2,141,798.56, 2,217,826.74] 

4.18 
[4.11, 4.26] 

p<0.001 

ADL, activities of daily living; CI, confidence interval; ICU, intensive care unit; JPY, Japanese Yen; LS, least squares; n, number of patients; PIM, potentially inappropriate 
medication; Ref, reference category; SE, standard error of the mean. 
†15 comorbidities excluding dementia and AIDS/HIV from the 17 Charlson comorbidities were examined. 
‡Patients with missing data for the corresponding variable are not included. The multiple imputation method was applied only in the multivariable analysis. 
§Unit: JPY. 
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STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cross-sectional studies

Section/Topic Item 
# Recommendation Reported on page #

(a) Indicate the study’s design with a commonly used term in the title or the abstract 1-2Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was done and what was found 2

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 4-5

Objectives 3 State specific objectives, including any prespecified hypotheses 5

Methods
Study design 4 Present key elements of study design early in the paper 6
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 

collection
6

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants 6-8

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 
applicable

8

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than one group

6,8

Bias 9 Describe any efforts to address potential sources of bias NA
Study size 10 Explain how the study size was arrived at 6,10
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 

why
8

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 8

(b) Describe any methods used to examine subgroups and interactions 9

(c) Explain how missing data were addressed 9
(d) If applicable, describe analytical methods taking account of sampling strategy NA
(e) Describe any sensitivity analyses NA

Results
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Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 
confirmed eligible, included in the study, completing follow-up, and analysed

10

(b) Give reasons for non-participation at each stage 10
(c) Consider use of a flow diagram Figure 1

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 
confounders

10

(b) Indicate number of participants with missing data for each variable of interest NA
Outcome data 15* Report numbers of outcome events or summary measures 12-13
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and why they were included
12-13

(b) Report category boundaries when continuous variables were categorized 11
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period NA

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 13

Discussion
Key results 18 Summarise key results with reference to study objectives 15
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and 

magnitude of any potential bias
16

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 
similar studies, and other relevant evidence

15-16

Generalisability 21 Discuss the generalisability (external validity) of the study results 15-17

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based
18

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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