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Abstract

Objectives: Delirium is highly prevalent in hospitalised older adults, under‐
diagnosed and associated with poor outcomes. We aim to determine (i) associa-

tion of frailty measured using Hospital Frailty Risk Score (HFRS) with delirium, (ii)

impact of delirium on mortality, 30‐days readmission, extended length of stay

(eLOS) and cost (eCOST).

Methods: Retrospective cohort study was conducted on 902 older adults ≥75 years

discharged from an academic tertiary hospital between March and September 2021.

Data was obtained from hospital administrative database.

Results: Delirium was prevalent in 39.1%, 58.1% were female with mean age

85.3 � 6.2 years. Patients with delirium were significantly older, had higher HFRS,

pneumonia, urinary tract infection (UTI), E.coli and Klebsiella infection, constipation,

dehydration, stroke and intracranial bleed, with comorbidities including dementia,

diabetes, hypertension, hyperlipidaemia and chronic kidney disease. In‐hospital

mortality, 30‐days mortality, 30‐days readmission, median LOS and cost was

significantly higher. Delirium was significantly associated with at least intermediate

frailty (OR = 3.52; CI = 2.48–4.98), dementia (OR = 2.39; CI = 1.61–3.54), UTI

(OR = 1.95; CI = 1.29–2.95), constipation (OR = 2.49; CI = 1.43–4.33), Klebsiella

infection (OR = 3.06; CI = 1.28–7.30), dehydration (OR = 2.01; CI = 1.40 ‐ 2.88), 30‐
day mortality (OR = 2.52; CI = 1.42–4.47), 30‐day readmission (OR = 2.18;

CI = 1.36–3.48), eLOS (OR = 1.80; CI = 1.30–2.49) and eCOST (OR = 1.67;

CI = 1.20–2.35).

Conclusions: Delirium was highly prevalent in older inpatients, and associated with

dementia, frailty, increased cost, LOS, 30‐day readmissions and mortality. Hospital

Frailty Risk Score had robust association with delirium and can be auto‐populated

from electronic medical records. Prospective studies are needed on multicompo-

nent delirium preventive measures in high‐risk groups identified by HFRS in acute

care settings.
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Key points

� Delirium is highly prevalent in older inpatients, and associated with at least intermediate

frailty on the Hospital Frailty Risk Score (HFRS), dementia, increased cost, length of stay

(LOS), 30‐day readmissions and mortality.

� Delirium is strongly associated with poor outcomes and robustly associated with HFRS,

which can be auto‐populated from electronic medical records for widespread imple-

mentation in healthcare systems to identify vulnerable older adults at risk of delirium.

1 | INTRODUCTION

The word ‘delirium’ was first coined by Aulus Cornelius Celsus (c. 25

BC–c. 50 AD) in the first century AD to describe mental disorders

during fever or trauma, and later added non‐febrile causes.1 The

definition of delirium has evolved over the years as a complex

neuropsychiatric syndrome characterised by a disturbance in atten-

tion, awareness and cognitive function, with an acute onset and

fluctuating course.2 The prevalence of delirium amongst hospitalised

older adults varies between 20% and 70% depending on underlying

clinical condition and illness severity.3,4 Delirium has been shown to

be strongly and independently associated with poor patient out-

comes, including higher in‐hospital and 6‐month mortality, greater

nursing time per patient, prolonged LOS, higher hospital costs, higher

institutionalisation rates with poor functional and cognitive recov-

ery.3,5,6 Despite years of research, delirium remains challenging to

define, its pathophysiology poorly understood, and a gold standard

diagnostic tool is still yet to exist. Given the heavy financial and

healthcare burden associated with delirium, early detection and

prevention remains critical in any institutional care setting.7

Age, dementia, severe illness, poor vision, urinary catheters,

polypharmacy, and low albumin are known risk factors for delirium

and in recent years, frailty is increasingly being recognised as a risk

factor.8–10 Frailty is characterised by a state of vulnerability and poor

homeostatic capacity to respond to stressors as a result of cumula-

tive physiological decline, resulting in poorer health outcomes.11

Various frailty assessment tools have been used in the acute setting

including the Frailty phenotype,12 deficit‐accumulation frailty in-

dex,13 Clinical Frailty Scale, and Edmonton Frail scale.14 They require

direct physical and cognitive assessments which may be resource

intensive, which limits the generalizability of use in the acute care

setting. Measuring frailty in the acute care setting has been an

ongoing challenge. More recent trends have been frailty scores

captured from electronic medical records such as the electronic

frailty index and the HFRS.14–16 While HFRS has been associated

with mortality, readmission, cost and LOS, to date there are no

studies on association of delirium with HFRS. We aim to determine (i)

association of frailty measured using HFRS with delirium, and (ii)

impact of delirium on in‐hospital mortality, 30‐days mortality, 30‐
days readmission, extended length of stay (eLOS) and extended

cost (eCOST).

2 | MATERIALS AND METHODS

2.1 | Database and study population

A retrospective cohort study was conducted on 902 older adults

≥75 years old who were discharged from Division of Geriatric

Medicine between March and September 2021. Existing, de‐
identified data was extracted from the hospital's administrative

database. Delirium diagnosis was based on either a primary or sec-

ondary diagnosis coded under the following International Classifica-

tion of Disease, 10th revision (ICD‐10) codes: “F051 Delirium

superimposed on dementia”, “F058: Other delirium” or “F059:

Delirium, unspecified”.

2.2 | Demographics data

Data was obtained on age, gender, ethnicity, primary and secondary

diagnoses, comorbidities, age adjusted Charlson Comorbidity Index,

HFRS and serum albumin. The prevalence of 12 common either pri-

mary or secondary diagnoses (pneumonia, fragility fractures, acute

retention of urine, urinary tract infection (UTI), constipation, hypo-

natremia, dehydration, stroke, intracranial bleed, acute myocardial

infarction, E. coli infection and Klebsiella infection) in the study group

or known to cause delirium in older patients were analysed.

Hospital Frailty Risk Score was initially described by Gilbert et al

where a frailty risk score is generated based on ICD‐10 codes.16

Frailty is subcategorised based on HFRS scores into low (<5), inter-

mediate (5–15) and high (>15). The role of HFRS in predicting LOS,

mortality, adverse events and cost has been validated in multiple

patient populations.14,17 Age‐adjusted Charlson comorbidity index

initially validated to predict mortality is a weighted index of age,

number and seriousness of comorbid disease.18
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2.3 | Outcome data

Data was collected on LOS, in‐hospital mortality, 30‐days mortality

and 30‐days readmission. Cost data obtained included total cost and

breakdown by physiotherapy, occupational therapy, dietitian

consultation, medication, laboratory and radiology cost. Extended

LOS (eLOS) and extended cost (eCOST) were defined as those with

above 75th percentile for LOS and cost respectively.

2.4 | Statistical analysis

IBM SPSS Version 28.0 was used for analysis with statistical signifi-

cance set at 2 sided 5%. Descriptive analyses were presented as

frequencies with percentages for categorical variables and mean with

standard deviation or median and interquartile range for continuous

variables. Significance by Pearson χ2 test for categorical variables,

and by Mann–Whitney U test for continuous variables was con-

ducted. Multivariate logistic regression model for clinical binary

outcomes were adjusted for age, frailty, dementia, and Charlson co-

morbidity index. Odds ratios with 95% confidence intervals are

presented.

2.5 | Ethics

The need for informed consent was waived as no direct contact with

patients occurred and anonymized data was collected. The study was

reviewed and approved by the National Healthcare Group Domain

Specific Review Board (Reference: 2021/01116).

3 | RESULTS

Amongst 902 patients discharged, the prevalence of delirium was

39.1%, with 58.1% females and a mean age of 85.3 � 6.2 years

(Table 1). Patients with delirium were significantly older

(86.1 � 6.3 years vs. 84.1 � 6.0 years) and had higher prevalence of

infections such as pneumonia (37.7% vs. 25.3%), UTI (32.6% vs.

14.0%), E. coli infection (17.6% vs. 10.0%) and Klebsiella infection

(6.2% vs. 1.8%). Conditions such as constipation (13.3% vs. 5.8%),

dehydration (39.1% vs. 18.6%), stroke (3.7% vs. 0.5%) and intracranial

bleed were also more prevalent in older patients with delirium. Un-

derlying co‐morbidities such as diabetes, hypertension, hyper-

lipidaemia, and chronic kidney disease were significantly more

prevalent in patients with delirium. Dementia was almost 3 times

more prevalent in patients with delirium compared to those without

(33.4% vs. 12.6%).

Serum albumin which is often used as a surrogate for malnutri-

tion and/or illness severity was significantly lower in patients with

delirium (32.9 � 5.5 g/dl vs. 34.6 � 4.9 g/dl). The HFRS median score

was significantly higher in patients with delirium (10.7 IQR 10.5) than

those without delirium (3.9 IQR 7.9). More than three quarter of

patients with delirium were in the high or intermediate HFRS group.

Patients with delirium had significantly higher in‐hospital mortality

(7.6% vs. 6.6%), 30‐day mortality (13.3% vs. 4.4%), 30‐day read-

mission (15.3% vs. 8.0%), median LOS (7.0 IQR 7.0 vs. 4.0 IQR 5.0)

and median total cost (SGD$5289 IQR SGD$4921 vs. SGD$3816

IQR SGD$3855). All the allied health cost for physiotherapy, occu-

pational therapy, and dietitian was significantly higher in patients

with delirium (p=<0.001). Similarly, the breakdown cost for labora-

tory, radiology and medications costs were also significantly higher in

persons with delirium.

In the adjusted multivariate analysis for association of delirium

with clinical diagnosis and comorbidities (Table 2), delirium was

significantly associated with at least intermediate frailty (OR 3.51,

95% CI 2.48–4.98), dementia (OR 2.39, 95% CI 1.61–3.54), UTI (OR

1.95, 95% CI 1.29–2.95), constipation (OR 2.49, 95% CI 1.43–4.33),

Klebsiella infection (OR 3.06, 95% CI 1.28–7.30) and dehydration (OR

2.01, 95% CI 1.40–2.88). In the fully adjusted model for healthcare

utilisation indices and mortality (Table 3), delirium was significantly

associated with higher 30‐days mortality (OR 2.52; CI 1.42–4.47),

30‐day readmission (OR 2.18; CI 1.36–3.48), eLOS (OR 1.80; CI 1.30–

2.49) and eCOST (OR 1.67; CI 1.20–2.35) independent of dementia.

Delirium was significantly associated with increased total cost

(Figure 1) and increased LOS across the frailty groups (Figure 2).

4 | DISCUSSION

This study systematically assessed the association between delirium,

frailty defined by HFRS, dementia, comorbidities and common

admission diagnoses such as pneumonia, fragility fractures, acute

retention of urine, UTI, constipation, hyponatremia, dehydration,

stroke, intracranial bleed, acute myocardial infarction, E. coli infection

and Klebsiella infection in older inpatients. The prevalence of patients

with stroke, intracranial bleed and acute myocardial infarction in our

study population was relatively low as most of the patients would

have been admitted to the relevant specialities if diagnosis was made

at the emergency department. The admission criteria to the Division

of Geriatric Medicine is based on age ≥75 years old with six

attending geriatricians all trained within the same tertiary centre.

The diagnosis of delirium was made by the attending geriatrician

based on the Confusion Assessment Method of acute onset and

fluctuating mental status, inattention and either altered level of

consciousness or disorganized thought.19 The prevalence of delirium

in our study was 39.1%, which was similar to other studies where it is

reported be between 13% and 42% at admission, 26%–62% during

hospitalisation, and increasing to 90% in the weeks leading to

death.4,20,21 Delirium was significantly associated with higher 30‐
days mortality, 30‐days readmission, eLOS and eCOST.

In older patients, multiple pathologies are common, and delirium is

caused by multiple interacting factors which require simultaneous

multicomponent management. There was significantly higher preva-

lence of chronic diseases such as diabetes, hypertension, hyper-

lipidaemia, chronic kidney disease and dementia in older patients with
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TAB L E 1 Demographics and outcome of delirium as primary or secondary diagnosis

All Delirium No delirium

p‐value902 353 (39.1%) 549 (60.9%)

Demographics

Gender 0.783

Male 378 (41.9) 150 (42.5) 228 (41.5)

Female 524 (58.1) 203 (57.5) 228 (58.5)

Age (years) 85.3 � 6.2 84.1 � 6.0 86.1 � 6.3 0.002

Ethnicity 0.255

Chinese 743 (82.4) 282 (79.9) 461 (84.0)

Malay 61 (6.8) 27 (7.6) 34 (6.2)

Indian 65 (7.2) 33 (9.3) 32 (5.8)

Others 33 (3.6) 11 (3.1) 22 (4.0)

Diagnosis

Pneumonia 272 (30.2) 133 (37.7) 139 (25.3) <0.001

Fragility fracture 44 (4.9) 15 (4.2) 29 (5.3) 0.530

Acute retention of urine 98 (10.9) 47 (13.3) 51 (9.3) 0.063

Urinary tract infection 192 (21.3) 115 (32.6) 77 (14.0) <0.001

Constipation 79 (8.8) 47 (13.3) 32 (5.8) <0.001

Hyponatremia 133 (14.7) 59 (16.7) 74 (13.5) 0.211

Dehydration 240 (26.6) 138 (39.1) 102 (18.6) <0.001

Stroke 16 (1.8) 13 (3.7) 3 (0.5) <0.001

Intracranial bleed 21 (2.3) 12 (3.4) 9 (1.6) 0.112

malnutrition 171 (19.0) 86 (24.4) 85 (15.5) 0.001

Acute myocardial infarction 78 (8.6) 41 (11.6) 37 (6.7) 0.015

E. Coli infection 117 (13.0) 62 (17.6) 55 (10.0) 0.001

Klebsiella infection 32 (3.5) 22 (6.2) 10 (1.8) <0.001

Dysphagia 194 (21.5) 110 (31.2) 84 (15.3) <0.001

Diabetes 364 (40.4) 158 (44.8) 206 (37.5) 0.031

Hypertension 490 (54.3) 207 (58.6) 283 (51.5) 0.040

Hyperlipidaemia 310 (34.4) 138 (39.1) 172 (31.3) 0.018

Dementia 187 (20.7) 118 (33.4) 69 (12.6) <0.001

Chronic kidney disease 336 (37.3) 157 (44.5) 179 (32.6) <0.001

Serum albumin 32.9 � 5.5 34.6 � 4.9 <0.001

Hospital frailty risk score (median (IQR)) 6.1 (10.6) 10.7 (10.5) 3.9 (7.9) <0.001

Low 390 (43.2) 73 (20.7) 317 (57.7) <0.001

Intermediate 366 (40.6) 172 (48.7)) 194 (35.3)

High 146 (16.2) 108 (30.6) 38 (6.9)

Age adjusted Charlson's comorbidity index (median (IQR)) 6.0 (3.0) 6.0 (3.0) 6.0 (3.0) <0.001

Outcomes

In‐hospital mortality 63 (7.0) 27 (7.6) 36 (6.6) 0.009

30‐day mortality 71 (7.9) 47 (13.3) 24 (4.4) <0.001

30 days readmission 98 (10.9) 54 (15.3) 44 (8.0) <0.001

4 of 9 - LIM ET AL.



delirium. Similarly, the diagnosis of infections such as pneumonia, UTI,

E. coli and Klebsiella infections and other diagnoses such as con-

stipation, dehydration, stroke, intracranial bleed and acute myocardial

infarction were also significantly higher in patients with delirium. In the

fully adjusted model, at least intermediate frailty, pneumonia, UTI,

constipation, Klebsiella infection and dehydration remained significant.

While Monacelli et al only found neurosensorium multimorbidity such

as dementia, cerebrovascular diseases and sensory impairment to be

significantly more prevalent in patients with delirium,22 hyper-

lipidaemia, hypertension and diabetes are known risk factors for car-

diovascular disease, stroke disease and dementia. Dementia and stroke

are in itself are risk factors for delirium.

Frailty and delirium are intrinsically connected where the in-

flammatory cytokine cascade is hypothesised to trigger neuro-

inflammation and disruption of large‐scale neuronal networks in the

brain, causing acute functional and cognitive decline.23,24 Vulnera-

bility in frailty is thought to be due to lifelong accumulation of

physical and cognitive deficits which predisposes frail older patients

to delirium.25 In the same vein, delirium is a reflection of acute

decompensation of underlying frailty in an older adult.26 Both frailty

and delirium are independently associated with increased mortality

in hospitalised older adults.27

Delirium, but not age or Charlson Comorbidity Index, was

significantly associated with at least intermediate frailty in our study

population. While previous studies used traditional measures of

frailty which can be resource intensive and subject to interrater er-

ror, HFRS can be auto‐populated from routine electronic medical

records.10,28 The diagnosis of delirium is often missed by healthcare

professionals. Multicomponent intervention has been shown to pre-

vent delirium in 40% of older inpatients, although it may not

T A B L E 1 (Continued)

All Delirium No delirium

p‐value902 353 (39.1%) 549 (60.9%)

Length of stay

Mean 6.7 � 6.3 8.7 � 7.8 5.4 � 4.6 <0.001

Median (IQR) 5.0 (5.0) 7.0 (7.0) 4.0 (5) <0.001

Cost (total)

Mean $5617 � 4313 $6918 � $5010 $4780 � $3560 <0.001

Median (IQR) $4429 ($4116) $5289 ($4921) $3816 ($3855) <0.001

Physiotherapy cost

Mean $162 � $188 $203 � $240 $135 � $138 <0.001

Median (IQR) $112 ($168) $112 ($224) $112 ($140) <0.001

Occupational therapy cost

Mean $138 � $143 $173 � $172 $115 � $116 <0.001

Median (IQR) $112 ($112) $112 ($168) $84 (112) <0.001

Speech therapist*

Mean $49 � $79 $74 � $92 $32 � $64 <0.001

Dietitian cost

Mean $47 � $60 $63 � $65 $37 � $53 <0.001

Median 0 ($100) $60 ($100) $0 ($60) <0.001

Laboratory cost

Mean $883 � 600 $1018 � $654 $797 � $547 <0.001

Median $730 ($662) $841 ($719) $649 ($605) <0.001

Radiology cost

Mean $522 � $723 $559 � $668 $498 � $756 0.203

Median $250 ($653) $450 ($648) $147 ($$638) <0.001

Medication cost

Mean $375 � $601 $559 � $668 $498 � $756 0.02

Median $260 ($312) $450 ($648) $147 ($638) <0.001

Note: Bold values are statistically significant.
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necessarily change the overall trajectory of delirium in patients with

existing delirium.7 There is potential that electronic medical record

alerts raised through HFRS scores could mitigate the underdiagnosis

of delirium, and facilitate early preventive interventions when paired

with recommended multicomponent checklists and pathways.

While delirium in known to be associated with severity of illness,

the significant association of Klebsiella infection with delirium has not

been reported before. Klebsiella is one of the major pathogens

responsible for localised infection such as pneumonia and UTI, ab-

scesses and bacteraemia. Reported mortality for Klebsiella pneumoniae

bacteraemia in Singapore is between 20% and 26%.29 Those associated

with disseminated infections and liver abscesses are often referred to

as hypervirulent Klebsiella pneumoniae which is found in countries like

Singapore, Taiwan and South Korea.30 Hypervirulent Klebsiella

pneumoniae can also cause meningitis and endogenous endoph-

thalmitis.29 It is not known if the significant association of Klebsiella

infection with delirium is unique to Asia Pacific countries due to higher

prevalence of the hypervirulent Klebsiella pneumoniae strain.

Urinary tract infection, retention of urine, dehydration and

constipation are well known precipitating factors for delirium in

published literature. Constipation was present in 13.3% of our older

inpatients while prevalence in the published literature ranges be-

tween 14% and 40% depending on the population studied.31 While

constipation in itself can be a cause for delirium, factors associated

with constipation such as dehydration, immobility, anticholinergic

medications load or poorly controlled diabetes mellitus can also

independently precipitate delirium. Dehydration can cause postural

hypotension with decrease in cerebral perfusion. In addition, our

TAB L E 2 Association of delirium with discharge diagnosis and comorbidities

Predictors Unadjusted OR (95% CI) p value Adjusted OR (95% CI) p value

Age ≥80 years 1.582 (1.112–2.251) 0.011 1.252 (0.823–1.903) 0.294

At least intermediate frailty 5.241 (3.851–7.133) <0.001 3.513 (2.476–4.984) <0.001

Age adjusted Charlson comorbidity index >6 2.058 (1.553–2.729) <0.001 1.422 (0.894–2.262) 0.137

Dementia 3.493 (2.497–4.886) <0.001 2.386 (1.607–3.544) <0.001

Diabetes mellitus 1.349 (1.028–1.770) 0.031 0.772 (0.451–1.320) 0.344

Hypertension 1.333 (1.017–1.746) 0.037 1.084 (0.725–1.622) 0.694

Hyperlipidaemia 1.407 (1.064–1.861) 0.017 1.437 (0.863–2.393) 0.163

Chronic kidney disease 1.656 (1.257–2.181) <0.001 0.955 (0.648–1.409) 0.818

Intracranial haemorrhage 2.111 (0.880–5.064) 0.094 1.699 (0.648–4.455) 0.281

Stroke 6.959 (1.969–24.598) 0.003 3.208 (0.815–12.633) 0.096

Acute myocardial infarction 1.818 (1.141–2.898) 0.012 1.407 (0.798–2.480) 0.238

Pneumonia 1.783 (1.336–2.380) <0.001 1.316 (0.919–1.884) 0.134

Urinary tract infection 2.962 (2.134–4.112) <0.001 1.949 (1.288–2.949) 0.002

Acute retention of urine 1.500 (0.984–2.285) 0.059 0.927 (0.559–1.538) 0.769

Constipation 2.482 (1.550–3.974) <0.001 2.489 (1.430–4.334) 0.001

Klebsiella infection 3.582 (1.676–7.660) <0.001 3.060 (1.282–7.302) 0.012

E Coli infection 1.914 (1.295–2.829) 0.001 1.093 (0.666–1.794) 0.725

Dehydration 2.813 (2.077–3.809) <0.001 2.011 (1.403–2.883) <0.001

Hyponatremia 1.288 (0.888–1.868) 0.182 0.961 (0.617–1.499) 0.862

Fragility fracture 0.796 (0.420–1.506) 0.483 1.422 (0.894–2.262) 0.137

Note: Bold values are statistically significant.

TAB L E 3 Association of delirium

with readmission within 30 days,
in‐hospital mortality, cost and length of
stay (LOS) (Non‐delirious as reference

group)

Predictors Unadjusted OR (95% CI) p value Adjusted OR (95% CI) p value

In‐hospital mortality 1.180 (0.703–1.981) 0.531 0.956 (0.532–1.718) 0.882

30‐day mortality 3.432 (2.054–5.734) <0.001 2.524 (1.424–4.473) 0.002

Readmission within 30 days 2.073 (1.358–3.164) <0.001 2.175 (1.360–3.479) 0.001

eLOS 2.398 (1.785–3.223) <0.001 1.795 (1.296–2.487) <0.001

eCOST 2.178 (1.603–2.958) <0.001 1.674 (1.193–2.349) 0.003

Note: Adjusted for age, frailty status, dementia and age associated Charlson Comorbidity Index. Bold

values are statistically significant.
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brain consists of 80% of water with majority of the central nervous

system intracellular water being stored in astrocytes. The effect of

dehydration results in upregulation and overexpression of aqua-

porins in these astrocytes, resulting in extracellular dehydration and

hence delirium.32 Studies have shown that loss of 1%–2% of total

body water can lead to cognitive impairment.32 Factors causing

dehydration such as inability to access water due to various reasons,

cognitive impairment, excess diuretics, or swallowing impairment

need to be addressed in a person with delirium due dehydration.

While urinary retention was not significantly more prevalent in our

study group with delirium, it is known to precipitate delirium possibly

through increased sympathetic stimulation and catecholamine surge

from bladder distension and known as cystocerebral syndrome.33

Dementia was significantly associated with delirium, which is a

well‐known phenomenon.9 The prevalence of dementia in our study

population may be higher as delirium and dementia often co‐exist,

however, the DSM‐5 criteria explicitly states that dementia cannot

be diagnosed in the presence of delirium.34 Dementia and delirium

share a bidirectional relationship with similar pathophysiology

including inflammation, cholinergic deficit, mitochondrial dysfunction,

impaired cerebral blood flow and metabolism with neuronal death.35

Recurrent delirium can accelerate a decline in dementia especially in

the frail older patient, which makes delirium prevention a top priority

one in older hospitalised patients with dementia. The association of

delirium with 30‐day mortality, readmission, eLOS and eCOST was

independent of underlying dementia.

The total hospitalization cost of patients with delirium was 1.4x

higher compared to those without delirium in our study. These patients

were managed by geriatricians who routinely provide comprehensive

geriatric assessment and multidisciplinary care. Similarly, LOS for pa-

tients with delirium was 1.8x longer. We have no data for comparison

locally as delirium is known to be under‐diagnosed by healthcare

F I GUR E 2 Median length of stay (LOS) by frailty group and delirium.

F I GUR E 1 Median total bill by
frailty group and delirium.
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professionals and the above data is dependent on accuracy of coding. It

is well known that delay in the diagnosis of delirium is associated with

adverse outcomes and mortality although there is limited data avail-

able in the acute inpatient setting.36 In a recent scoping review, there

was a wide variation in increased cost associated with delirium ranging

from $1532 to $22,269 depending on the country, patient population

and healthcare systems. Similarly, increased LOS varied between 2.5

and 10.4 additional days.37

Significantly worse outcomes were observed for patients with

delirium in our study, with nearly twice the 30‐days mortality rate

and a 1.2‐fold higher 30‐days readmission rate as compared to

those without delirium. Delirium has been described as an inde-

pendent marker for increased mortality among older inpatients up

to 12 months post‐discharge and shown to be a significant pre-

dictor of 30‐days hospital readmission.23 Strategies to reduce

readmissions associated with delirium will have to be targeted at

reducing the incidence of hospital‐acquired delirium and providing

adequate caregiver support during the transitional period post‐
discharge.

Our study has multiple strengths including large sample size and

robust database. A limitation of this study was that the diagnosis of

delirium, although based on confusion assessment method, was

dependent on clinicians judgement and they did not undergo a

standardised training with a checklist. We did not have information

on the duration of delirium, and if it was present on admission or

developed during inpatient stay. Due to the retrospective nature of

the study, information on pain, vision impairment, hearing impair-

ment, burden of anticholinergic medications, baseline cognition,

function and psychosocial situation, which are also predictive of

delirium38 was not available. Data on mortality and readmissions

were only available within the single institution. Hospital Frailty Risk

Score does not capture the fluctuations caused by acute illness and

hence is not an accurate measure of function. Lastly, accuracy of the

data obtained is dependent on the accuracy of the coding, and no

causal inferences can be made from the association.

Our study highlighted a few significant findings and is one of the

first few to document cost of delirium. Firstly, there was significant

association between HFRS and delirium where more than three

quarters of patients with delirium were classified under the inter-

mediate and high frailty group. Hospital Frailty Risk Score can be

auto‐populated from electronic medical records and is a feasible tool

for risk stratification in the acute care setting. However, one in five

delirious patients may be identified as low frailty and hence may be

missed. Future studies will need to evaluate the association of

delirium with composite scores of HFRS and Modified Early Warning

Scores as a measure of illness severity which is available in electronic

health records.39 Frailty and dementia have been well‐known to be

significant risk factors for disability, for which both were significantly

associated with delirium in our study. Frailty, dementia and delirium

share a triangular relationship where frailty contributes to the risk

for dementia and delirium, while recurrent delirium accelerates de-

mentia and/or frailty onset and decline. Of note, frailty may be

reversible through interventions at population level.40 It should be

every hospital leader's priority to implement measures to prevent

delirium in high‐risk groups and manage frailty and delirium in tan-

dem to reduce overall cost and LOS.

5 | CONCLUSION

Delirium is highly prevalent in older inpatients, and associated with

increased cost, LOS, 30‐days readmissions and mortality. Signifi-

cantly, frailty and dementia were strongly associated with delirium as

compared to chronological age or multimorbidity. The HFRS which

can be auto‐populated was significantly associated with delirium and

could serve as a practical tool for widespread implementation in

healthcare systems to identify vulnerable older adults at risk of

delirium. Prospective studies are needed to analyse the benefits of

multicomponent delirium preventive measures in the high‐risk
groups identified by HFRS scores within the acute care setting.

ACKNOWLEDGEMENTS

We would like to thank the hospital database administration team for

providing us with the unidentified data.

CONFLICT OF INTEREST

The authors have no conflicts of interest to declare.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available on

request from the corresponding author. The data are not publicly

available due to privacy or ethical restrictions.

ORCID

Zhiying Lim https://orcid.org/0000-0002-1649-3335

Reshma Aziz Merchant https://orcid.org/0000-0002-9032-0184

REFERENCES

1. Adamis D, Treloar A, Martin FC, Macdonald AJ. A brief review of the

history of delirium as a mental disorder. Hist Psychiatr. 2007;18(72

Pt 4):459‐469. https://doi.org/10.1177/0957154x07076467

2. Association AP. Diagnostic and Statistical Manual of Mental Disorders.
APA Press; 2013.

3. Inouye SK. Delirium in older persons. N Engl J Med. 2006;354(11):

1157‐1165. https://doi.org/10.1056/nejmra052321

4. Chin YC, Koh G, Tay Y, Tan C, Merchant R. Underdiagnosis of

delirium on admission and prediction of patients who will develop

delirium during their inpatient stay: a pilot study. Singap Med J.
2016;57(1):18‐21. https://doi.org/10.11622/smedj.2016007

5. Gleason LJ, Schmitt EM, Kosar CM, et al. Effect of delirium and other

major complications on outcomes after elective surgery in older

adults. JAMA Surg 2015;150(12):1134‐1140. https://doi.org/10.

1001/jamasurg.2015.2606

6. Witlox J, Eurelings LSM, de Jonghe JFM, Kalisvaart KJ, Eikelenboom P,

van Gool WA. Delirium in elderly patients and the risk of post-

discharge mortality, institutionalization, and dementia: a meta‐
analysis. JAMA. 2010;304(4):443‐451. https://doi.org/10.1001/jama.

2010.1013

7. Inouye SK, Bogardus ST, Charpentier PA, et al. A multicomponent

intervention to prevent delirium in hospitalized older patients. N
Engl J Med. 1999;340(9):669‐676. https://doi.org/10.1056/nejm199

903043400901

8 of 9 - LIM ET AL.

https://orcid.org/0000-0002-1649-3335
https://orcid.org/0000-0002-1649-3335
https://orcid.org/0000-0002-9032-0184
https://orcid.org/0000-0002-9032-0184
https://doi.org/10.1177/0957154x07076467
https://doi.org/10.1056/nejmra052321
https://doi.org/10.11622/smedj.2016007
https://doi.org/10.1001/jamasurg.2015.2606
https://doi.org/10.1001/jamasurg.2015.2606
https://doi.org/10.1001/jama.2010.1013
https://doi.org/10.1001/jama.2010.1013
https://doi.org/10.1056/nejm199903043400901
https://doi.org/10.1056/nejm199903043400901
https://orcid.org/0000-0002-1649-3335
https://orcid.org/0000-0002-9032-0184


8. Young J, Murthy L, Westby M, Akunne A, O'Mahony R. Diagnosis,

prevention, and management of delirium: summary of NICE guid-

ance. Br Med J. 2010;341:c3704. https://doi.org/10.1136/bmj.c3704

9. Ahmed S, Leurent B, Sampson EL. Risk factors for incident delirium

among older people in acute hospital medical units: a systematic

review and meta‐analysis. Age Ageing. 2014;43(3):326‐333. https://

doi.org/10.1093/ageing/afu022

10. Zhang X‐M, Jiao J, Xie XH, Wu XJ. The association between frailty

and delirium among hospitalized patients: an updated meta‐analysis.

J Am Med Dir Assoc. 2021;22(3):527‐534. https://doi.org/10.1016/j.

jamda.2021.01.065

11. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly

people. Lancet. 2013;381(9868):752‐762. https://doi.org/10.1016/

s0140‐6736(12)62167‐9
12. Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: evi-

dence for a phenotype. J Gerontol A Biol Sci Med Sci. 2001;56(3):

M146‐M156. https://doi.org/10.1093/gerona/56.3.m146

13. Mitnitski AB, Mogilner AJ, Rockwood K. Accumulation of deficits as

a proxy measure of aging. Sci World J. 2001;1:323‐336. https://doi.

org/10.1100/tsw.2001.58

14. Hilmer S, Hubbard RE. Where next with frailty risk scores in hospital

populations? Age Ageing. 2021;51(1). https://doi.org/10.1093/

ageing/afab203

15. Rockwood K, Howlett SE. Age‐related deficit accumulation and the

diseases of ageing. Mech Ageing Dev. 2019;180:107‐116. https://doi.

org/10.1016/j.mad.2019.04.005

16. Gilbert T, Neuburger J, Kraindler J, et al. Development and valida-

tion of a Hospital Frailty Risk Score focusing on older people in acute

care settings using electronic hospital records: an observational

study. Lancet. 2018;391(10132):1775‐1782. https://doi.org/10.

1016/s0140‐6736(18)30668‐8
17. Imam T, Konstant‐Hambling R, Fluck R, Hall N, Palmer J, Conroy S. The

hospital frailty risk score—outcomes in specialised services. Age
Ageing. 2020;50(2):511‐518. https://doi.org/10.1093/ageing/afaa156

18. Lin TL, Kuo MC, Shih LY, et al. The impact of age, Charlson comorbidity

index, and performance status on treatment of elderly patients with

diffuse large B cell lymphoma. Ann Hematol. 2012;91(9):1383‐1391.

https://doi.org/10.1007/s00277‐012‐1463‐9
19. Wei LA, Fearing MA, Sternberg EJ, Inouye SK. The Confusion

Assessment Method: a systematic review of current usage. J Am
Geriatr Soc. 2008;56(5):823‐830. https://doi.org/10.1111/j.1532‐
5415.2008.01674.x

20. Gibb K, Seeley A, Quinn T, et al. The consistent burden in published

estimates of delirium occurrence in medical inpatients over four

decades: a systematic review and meta‐analysis study. Age Ageing.
2020;49(3):352‐360. https://doi.org/10.1093/ageing/afaa040

21. Hosie A, Davidson PM, Agar M, Sanderson CR, Phillips J. Delirium

prevalence, incidence, and implications for screening in specialist

palliative care inpatient settings: a systematic review. Palliat Med.
2013;27(6):486‐498. https://doi.org/10.1177/0269216312457214

22. Monacelli F, Signori A, Marengoni A, et al. Delirium and clusters of

older patients affected by multimorbidity in acute hospitals. J Am
Med Dir Assoc. 2021;23(5):885‐888. https://doi.org/10.1016/j.jamda.

2021.10.004

23. Inouye SK, Westendorp RG, Saczynski JS. Delirium in elderly people.

Lancet. 2014;383(9920):911‐922. https://doi.org/10.1016/s0140‐
6736(13)60688‐1

24. Li H, Manwani B, Leng SX. Frailty, inflammation, and immunity. Aging
Dis 2011;2(6):466‐473.

25. Rockwood K, Mitnitski A. Frailty defined by deficit accumulation and

geriatric medicine defined by frailty. Clin Geriatr Med. 2011;27(1):

17‐26. https://doi.org/10.1016/j.cger.2010.08.008

26. Bellelli G, Moresco R, Panina‐Bordignon P, et al. Is delirium the

cognitive harbinger of frailty in older adults? A review about the

existing evidence. Front Med. 2017;4:188. https://doi.org/10.3389/

fmed.2017.00188

27. Dani M, Owen LH, Jackson TA, Rockwood K, Sampson EL, Davis D.

Delirium, frailty, and mortality: interactions in a prospective study of

hospitalized older people. J Gerontol A Biol Sci Med Sci. 2018;73(3):

415‐418. https://doi.org/10.1093/gerona/glx214

28. Persico I, Cesari M, Morandi A, et al. Frailty and delirium in older

adults: a systematic review and meta‐analysis of the literature. J Am
Geriatr Soc. 2018;66(10):2022‐2030. https://doi.org/10.1111/jgs.

15503

29. Chew KL, Lin RTP, Teo JWP. Klebsiella pneumoniae in Singapore:

hypervirulent infections and the carbapenemase threat. Front Cell
Infect Microbiol. 2017;7:515. https://doi.org/10.3389/fcimb.2017.

00515

30. Lin Y‐T, Siu LK, Lin JC, et al. Seroepidemiology of Klebsiella pneu-

moniae colonizing the intestinal tract of healthy Chinese and overseas

Chinese adults in Asian countries. BMC Microbiol. 2012;12(1):13.

https://doi.org/10.1186/1471‐2180‐12‐13

31. Morley JE. Constipation and irritable bowel syndrome in the elderly.

Clin Geriatr Med. 2007;23(4):823‐832. https://doi.org/10.1016/j.cger.

2007.06.008

32. Sfera A, Cummings M, Osorio C. Dehydration and cognition in ge-

riatrics: a hydromolecular hypothesis. Front Mol Biosci. 2016;3:18.

https://doi.org/10.3389/fmolb.2016.00018

33. Liem PH, Carter WJ. Cystocerebral syndrome: a possible explana-

tion. Archives Intern Med. 1991;151(9):1884‐1886. https://doi.org/

10.1001/archinte.151.9.1884a

34. American Psychiatric Association D, Association AP. Diagnostic and
Statistical Manual of Mental Disorders: DSM‐5. Vol 5. American psy-

chiatric association; 2013.

35. Fong TG, Davis D, Growdon ME, Albuquerque A, Inouye SK.

The interface of delirium and dementia in older persons. Lancet.
Neurology. 2015;14(8):823‐832. https://doi.org/10.1016/s1474‐
4422(15)00101‐5

36. Heymann A, Radtke F, Schiemann A, et al. Delayed treatment of

delirium increases mortality rate in intensive care unit patients. J Int
Med Res. 2010;38(5):1584‐1595. https://doi.org/10.1177/14732300

1003800503

37. Van Lieshout C, Schuit E, Hermes C, Kerrigan M, Frederix GW.

Hospitalisation costs and Health Related Quality of Life in delirious

patients; a scoping review. Zeitschrift für Evidenz, Fortbildung und
Qualität im Gesundheitswesen. 2022;169:28‐38. https://doi.org/10.

1016/j.zefq.2022.02.001

38. Pompei P, Foreman M, Rudberg MA, Inouye SK, Braund V, Cassel

CK. Delirium in hospitalized older persons: outcomes and predictors.

J Am Geriatr Soc. 1994;42(8):809‐815. https://doi.org/10.1111/j.

1532‐5415.1994.tb06551.x

39. Huggan PJ, Akram F, Er BHD, et al. Measures of acute physiology,

comorbidity and functional status to differentiate illness severity

and length of stay among acute general medical admissions: a pro-

spective cohort study. Intern Med J. 2015;45(7):732‐740. https://doi.

org/10.1111/imj.12795

40. Dent E, Morley JE, Cruz‐Jentoft AJ, et al. Physical frailty: ICFSR

international clinical practice guidelines for identification and man-

agement. J Nutr Health Aging. 2019;23(9):771‐787. https://doi.org/

10.1007/s12603‐019‐1273‐z

How to cite this article: Lim Z, Ling N, Ho VWT, et al.

Delirium is significantly associated with hospital frailty risk

score derived from administrative data. Int J Geriatr Psychiatry.

2023;e5872. https://doi.org/10.1002/gps.5872

LIM ET AL. - 9 of 9

https://doi.org/10.1136/bmj.c3704
https://doi.org/10.1093/ageing/afu022
https://doi.org/10.1093/ageing/afu022
https://doi.org/10.1016/j.jamda.2021.01.065
https://doi.org/10.1016/j.jamda.2021.01.065
https://doi.org/10.1016/s0140-6736(12)62167-9
https://doi.org/10.1016/s0140-6736(12)62167-9
https://doi.org/10.1093/gerona/56.3.m146
https://doi.org/10.1100/tsw.2001.58
https://doi.org/10.1100/tsw.2001.58
https://doi.org/10.1093/ageing/afab203
https://doi.org/10.1093/ageing/afab203
https://doi.org/10.1016/j.mad.2019.04.005
https://doi.org/10.1016/j.mad.2019.04.005
https://doi.org/10.1016/s0140-6736(18)30668-8
https://doi.org/10.1016/s0140-6736(18)30668-8
https://doi.org/10.1093/ageing/afaa156
https://doi.org/10.1007/s00277-012-1463-9
https://doi.org/10.1111/j.1532-5415.2008.01674.x
https://doi.org/10.1111/j.1532-5415.2008.01674.x
https://doi.org/10.1093/ageing/afaa040
https://doi.org/10.1177/0269216312457214
https://doi.org/10.1016/j.jamda.2021.10.004
https://doi.org/10.1016/j.jamda.2021.10.004
https://doi.org/10.1016/s0140-6736(13)60688-1
https://doi.org/10.1016/s0140-6736(13)60688-1
https://doi.org/10.1016/j.cger.2010.08.008
https://doi.org/10.3389/fmed.2017.00188
https://doi.org/10.3389/fmed.2017.00188
https://doi.org/10.1093/gerona/glx214
https://doi.org/10.1111/jgs.15503
https://doi.org/10.1111/jgs.15503
https://doi.org/10.3389/fcimb.2017.00515
https://doi.org/10.3389/fcimb.2017.00515
https://doi.org/10.1186/1471-2180-12-13
https://doi.org/10.1016/j.cger.2007.06.008
https://doi.org/10.1016/j.cger.2007.06.008
https://doi.org/10.3389/fmolb.2016.00018
https://doi.org/10.1001/archinte.151.9.1884a
https://doi.org/10.1001/archinte.151.9.1884a
https://doi.org/10.1016/s1474-4422(15)00101-5
https://doi.org/10.1016/s1474-4422(15)00101-5
https://doi.org/10.1177/147323001003800503
https://doi.org/10.1177/147323001003800503
https://doi.org/10.1016/j.zefq.2022.02.001
https://doi.org/10.1016/j.zefq.2022.02.001
https://doi.org/10.1111/j.1532-5415.1994.tb06551.x
https://doi.org/10.1111/j.1532-5415.1994.tb06551.x
https://doi.org/10.1111/imj.12795
https://doi.org/10.1111/imj.12795
https://doi.org/10.1007/s12603-019-1273-z
https://doi.org/10.1007/s12603-019-1273-z
https://doi.org/10.1002/gps.5872

	Delirium is significantly associated with hospital frailty risk score derived from administrative data
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Database and study population
	2.2 | Demographics data
	2.3 | Outcome data
	2.4 | Statistical analysis
	2.5 | Ethics

	3 | RESULTS
	4 | DISCUSSION
	5 | CONCLUSION
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT


