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Abstract: Objectives: Few studies have analyzed factors associated with delirium subtypes. In
this study we investigate factors associated with subtypes of delirium only in patients
with dementia to provide insights on the possible prevention and treatments. Design:
This is a cross-sectional study nested in the "Delirium Day" study, a nationwide Italian
point-prevalence study. Setting and participants: Older patients admitted to 205 acute
and 92 rehabilitation hospital wards. Measures: Delirium was evaluated with the 4-AT
and the motor subtypes with the Delirium Motor Subtype Scale. Dementia was defined
by the presence of a documented diagnosis in the medical records and/or prescription
of Acetylcholinesterase inhibitors or memantine prior to admission. Results: Out of
1057 patients with dementia, 35% had delirium with 25.6% hyperactive, 33.1%
hypoactive, 34.5% mixed, and 6.7% non-motor subtype. There were higher odds of
having venous catheters in the hypoactive (OR 1.82, 95% CI: 1.18-2.81) and mixed
type of delirium (OR 2.23, CI: 1.43-3.46), while higher odds of urinary catheters in the
hypoactive (OR 2.91, CI: 1.92-4.39), hyperactive (OR 1.99, CI: 1.23-3.21) and mixed
types of delirium (OR 2.05, CI: 1.36-3.07). We found higher odds of antipsychotics both
in the hyperactive (OR 2.87, CI: 1.81-4.54) and mixed subtype (OR 1.84, CI: 1.24-
2.75), while higher odds of antibiotics was present only in the mixed subtype (OR 1.91,
CI 1.26-2.87). Conclusions and implications: In patients with dementia the mixed
delirium subtype is the most prevalent followed by the hypoactive, hyperactive, and
non-motor subtype. Motor subtypes of delirium may be triggered by clinical factors,
including the use of venous and urinary catheters, and the use of antipsychotics.
Future studies are necessary to provide further insights on the possible
pathophysiology of delirium in patients with dementia and to address the optimization
of the management of potential risk factors.
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the quotation mark in the functional status footnote. Please use the types of footnote symbols as 

shown in the guidelines for authors.” 

I do not see that these changes were made.  More so, I point out that you have two separate 

footnotes – “Data are expressed as Median + Interquartile ranges (IQR) unless otherwise specified” 

and “Variables are expressed as n (%) or median (IQR).”  Also, there is nothing that is "otherwise 

specified." 

And, as you correct the footnotes as above, please notice that it seems (1) you are currently using a 

single asterisk for two separate pieces of information; and (2) the double asterisks next to feeding 

tubes seems incorrect. 

 

RESPONSE: we have corrected Table 1 as suggested. 

 

2) Title page:  Correct the superscript attributions (v follows h); also, a location of v is not provided. 

 

RESPONSE: we have modified the attributions. 

 



Understanding factors associated with psychomotor subtypes of delirium in older 

inpatients with dementia  

 

Alessandro Morandi MD, MPH,a Antonella Zambon, PhD,b Simona G Di Santo, MSc, 

Andrea Mazzone, MD,d Antonio Cherubini, MD, PhD e, Enrico Mossello, MD, PhD,f, Mario 

Bo, MD, PhD, g, Alessandra Marengoni, MD, PhD h, Giuseppe Bellelli, MD,,c,iv on behalf of 

the Italian Study Group on Delirium (ISGoD) 

 

a Department of Rehabilitation and Aged Care "Fondazione Camplani" Hospital, Cremona, 

Italy, b School of Medicine and Surgery, University of Milano-Bicocca; cDepartment of 

Clinical and Behavioral Neurology, Neuropsychiatry Laboratory, IRCCS Foundation S 

Lucia, Roma, Italy; d Redaelli Geriatric Institute, Milan, Italy; e Geriatria, Accettazione 

geriatrica, Centro di ricerca per l’invecchiamento, IRCCS-INRCA, Ancona, Italy; f Research 

Unit of Medicine of Ageing, Department of Experimental and Clinical Medicine, University 

of Florence and Azienda Ospedaliero-Universitaria Careggi, Firenze, Italy; g Section of 

Geriatrics, Città della Salute e della Scienza – Molinette, Torino, Italy, h Department of 

Clinical and Experimental Sciences, University of Brescia, Italy; Geriatric Unit, S. Gerardo 

Hospital, Monza, Italy; iv   

 

Abstract: 293 

Text:  2791 

References: 42 

Tables: 1 

Figures: 1 

Running title: subtypes of delirium in patients with dementia. 

Key words: motor subtypes of delirium; dementia;  elderly;   

Title Page (Containing author details)



 

Brief Summary: Mixed delirium is the most prevalent subtype in people with dementia. 

Motor subtypes of delirium may be triggered by clinical factors, including the use of venous 

and urinary catheters, and the use of antipsychotics.   

 

Corresponding author:  

Alessandro Morandi, MD, MPH 

Rehabilitation Hospital Ancelle di Cremona (Italy) 

Geriatric Research Group (Italy) 

Center for Quality of Ageing (Nashville, TN, USA) 

ICU delirium group (Nashville, TN, USA) 

Tel:  +39 03725357753 

E-mail:   morandi.alessandro@gmail.com 

alessandro.morandi@unibs.it 

 

mailto:morandi.alessandro@gmail.com
mailto:alessandro.morandi@unibs.it


Understanding factors associated with psychomotor subtypes of delirium in older 

inpatients with dementia  

 

Alessandro Morandi MD, MPH,a Antonella Zambon, PhD,b Simona G Di Santo, MSc, 

Andrea Mazzone, MD,d Antonio Cherubini, MD, PhD e, Enrico Mossello, MD, PhD,f, Mario 

Bo, MD, PhD, g, Alessandra Marengoni, MD, PhD h, Giuseppe Bellelli, MD,,c,i on behalf of 

the Italian Study Group on Delirium (ISGoD) 

 

a Department of Rehabilitation and Aged Care "Fondazione Camplani" Hospital, Cremona, 

Italy, b School of Medicine and Surgery, University of Milano-Bicocca; cDepartment of 

Clinical and Behavioral Neurology, Neuropsychiatry Laboratory, IRCCS Foundation S 

Lucia, Roma, Italy; d Redaelli Geriatric Institute, Milan, Italy; e Geriatria, Accettazione 

geriatrica, Centro di ricerca per l’invecchiamento, IRCCS-INRCA, Ancona, Italy; f Research 

Unit of Medicine of Ageing, Department of Experimental and Clinical Medicine, University 

of Florence and Azienda Ospedaliero-Universitaria Careggi, Firenze, Italy; g Section of 

Geriatrics, Città della Salute e della Scienza – Molinette, Torino, Italy, h Department of 

Clinical and Experimental Sciences, University of Brescia, Italy; Geriatric Unit, S. Gerardo 

Hospital, Monza, Italy; i   

 

Abstract: 293 

Text:  2791 

References: 42 

Tables: 1 

Figures: 1 

Running title: subtypes of delirium in patients with dementia. 

Key words: motor subtypes of delirium; dementia;  elderly;   

Title Page (Containing author details)



 

Brief Summary: Mixed delirium is the most prevalent subtype in people with dementia. 

Motor subtypes of delirium may be triggered by clinical factors, including the use of venous 

and urinary catheters, and the use of antipsychotics.   

 

Corresponding author:  

Alessandro Morandi, MD, MPH 

Rehabilitation Hospital Ancelle di Cremona (Italy) 

Geriatric Research Group (Italy) 

Center for Quality of Ageing (Nashville, TN, USA) 

ICU delirium group (Nashville, TN, USA) 

Tel:  +39 03725357753 

E-mail:   morandi.alessandro@gmail.com 

alessandro.morandi@unibs.it 

 

mailto:morandi.alessandro@gmail.com
mailto:alessandro.morandi@unibs.it


 

 

1 

ABSTRACT 1 

Objectives: Few studies have analyzed factors associated with delirium subtypes. In this study we 2 

investigate factors associated with subtypes of delirium only in patients with dementia to provide 3 

insights on the possible prevention and treatments. 4 

Design: This is a cross-sectional study nested in the “Delirium Day” study, a nationwide Italian 5 

point-prevalence study.  6 

Setting and participants: Older patients admitted to 205 acute and 92 rehabilitation hospital wards. 7 

Measures: Delirium was evaluated with the 4-AT and the motor subtypes with the Delirium Motor 8 

Subtype Scale. Dementia was defined by the presence of a documented diagnosis in the medical 9 

records and/or prescription of Acetylcholinesterase inhibitors or memantine prior to admission. 10 

Results: Out of 1057 patients with dementia, 35% had delirium with 25.6% hyperactive, 33.1% 11 

hypoactive, 34.5% mixed, and 6.7% non-motor subtype. There were higher odds of having venous 12 

catheters in the hypoactive (OR 1.82, 95% CI: 1.18-2.81) and mixed type of delirium (OR 2.23, CI: 13 

1.43-3.46), while higher odds of urinary catheters in the hypoactive (OR 2.91, CI: 1.92-4.39), 14 

hyperactive (OR 1.99, CI: 1.23-3.21) and mixed types of delirium (OR 2.05, CI: 1.36-3.07). We 15 

found higher odds of antipsychotics both in the hyperactive (OR 2.87, CI: 1.81-4.54) and mixed 16 

subtype (OR 1.84, CI: 1.24-2.75), while higher odds of antibiotics was present only in the mixed 17 

subtype (OR 1.91, CI 1.26-2.87). 18 

Conclusions and implications: In patients with dementia the mixed delirium subtype is the most 19 

prevalent followed by the hypoactive, hyperactive, and non-motor subtype. Motor subtypes of 20 

delirium may be triggered by clinical factors, including the use of venous and urinary catheters, and 21 

the use of antipsychotics.  Future studies are necessary to provide further insights on the possible 22 

pathophysiology of delirium in patients with dementia and to address the optimization of the 23 

management of potential risk factors. 24 

 25 

INTRODUCTION 26 
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 Several studies have shown a strong association between delirium and dementia1, being  that 27 

delirium is a risk factor for both dementia onset and worsening of a pre-existing dementia.2  The 28 

coexistence of delirium and dementia is referred to as delirium superimposed on dementia (DSD) 29 

and its prevalence in community populations and hospitalized patients ranges from 22% to 89%.3 30 

This prevalence is probably underestimated given the challenge of diagnosing delirium, especially 31 

in late dementia.4-6  The occurrence of DSD is associated with significant adverse outcomes 32 

including functional and cognitive decline, increased mortality and institutionalization. 3, 7, 8 33 

 An important and neglected issue in DSD is the psychomotor manifestation. When delirium 34 

is diagnosed, it can be classified in four psychomotor subtypes: hyperactive, hypoactive, mixed and 35 

non hyperactive-hypoactive subtype.9 These different manifestations often increase the complexity 36 

of delirium diagnosis especially in the context of dementia. Few studies have investigated the 37 

prevalence of different delirium subtypes and their association with worse outcomes but not 38 

specifically in patients with dementia.10 The hypoactive form seems to be associated with worse 39 

outcomes in terms of mortality compared to the hyperactive and mixed subtypes. 11, 12 13 Further 40 

complexity in the interpretation of delirium subtypes is related to the identification of specific risk 41 

factors, which could provide key information for delirium prevention.14 Risk factor profiles might 42 

be different in people with dementia, who may have aberrant motor behavior irrespectively of 43 

delirium. Finally, medical treatment can vary in different delirium subtypes; to date, the hyperactive 44 

and mixed delirium have been associated with a higher use of antipsychotics.15, 16 To the best of our 45 

knowledge, few studies were carried out to investigate delirium motor subtypes in patients with 46 

dementia, their prevalence and associated factors. A previous multicenter study showed that 47 

dementia was associated with hyperactive, hypoactive and mixed type of delirium in 275 elderly 48 

patients of whom 59% had dementia.17 In another study evaluating a large cohort of acutely ill 49 

elderly patients admitted to geriatric wards, dementia prevalence was slightly higher in the 50 

hypoactive delirium subtype, and specifically severe dementia.18  51 
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 Given the high worldwide prevalence of dementia and its projected increase by 2050, it is 52 

imperative to increase awareness of these two clinical conditions in daily clinical practice. 19-20, 21  53 

 In 2015 and 2016, a point-prevalence study named “Delirium day” was conducted in Italy to 54 

evaluate the prevalence of delirium among patients admitted to acute hospital and rehabilitation 55 

wards.8, 22 As part of the study protocol the presence of dementia and delirium subtypes 56 

classification were recorded. In the current study we aim to investigate the prevalence of delirium 57 

subtypes and the associated factors in patients with dementia admitted to acute hospital wards and 58 

rehabilitation units in Italy.  59 

 60 
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METHODS  61 

This is a cross-sectional study nested in the “Delirium Day” study. The aims of the “Delirium Day” 62 

were previously described.22 The “Delirium Day” study is a nationwide point-prevalence study 63 

conducted in Italy evaluating the prevalence of delirium on an index day; two editions (2015 and 64 

2016) have been carried out up to now. A total of 205 acute and 92 rehabilitation hospital wards 65 

were involved in the study. The Ethics Committee of the IRCCS Fondazione Santa Lucia, Roma 66 

(CE/PROG.500) approved the 2015 study protocol while the Ethical Committee of the Monza 67 

Brianza Province approved the 2016 study protocol (Prot n 18904, 1/06/2016). Informed consent 68 

was obtained from all participants. When participants were not capable to provide informed consent 69 

because of delirium or dementia and a legal representative was not available, we obtained the 70 

informed consent from their next of kin.  71 

Study protocol 72 

Delirium assessment 73 

Delirium was assessed using the 4AT that was administered by the attending physician at each 74 

hospital ward as part of the study protocol on the index day.23 The 4AT is relatively novel tool for 75 

the assessment of delirium validated against the Diagnostic and Statistical Manual for Mental 76 

Disorders-IV (DSM-IV) criteria in acute and rehabilitation hospital wards, with a sensitivity of 77 

89.7% and specificity of 84.1% for delirium detection. 23 In the subgroup of patients with dementia 78 

the sensitivity was 94% and the specificity 64.9%.23 The area under the receiver operating 79 

characteristic curves (ROC) for delirium diagnosis was 0.93 in the entire studied population, 0.92 in 80 

patients without dementia, and 0.89 in patients with dementia.23 The 4AT has shown good accuracy 81 

in other settings including palliative care and emergency departments.24, 25 A recent large 82 

multicenter study of older acute medical inpatients showed the 4AT had a sensitivity of 76% and a 83 

specificity of 94%, with a ROC curve of 0.90.26 Important characteristics of the 4AT are its brevity 84 

(generally < 2 minutes) and the fact that does not require a specific training for its use making this 85 

tool appealing for large multicentre studies. A 4AT score of 0 indicates the absence of dementia or 86 
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delirium, a score between 1 and 3 suggests a possible cognitive impairment but not delirium, while 87 

a score ≥ 4 is strongly suggestive of delirium.  88 

Delirium motor subtype evaluation 89 

When the 4AT score was 4 or above, then the attending physician evaluated the motor subtypes 90 

of delirium with the Delirium Motor Subtype Scale (DMSS). The DMSS is a 11-item scale items, 91 

27, 28  that can be rated by any healthcare professional. Each item assesses specific patient’s 92 

behaviours occurring in the previous 24 h or more (4 hyperactive and 7 hypoactive features). Each 93 

item is scored as positive or negative when at least 2 symptoms are present from either the 94 

hyperactive or hypoactive list to meet subtype criteria. Patients meeting both hyperactive and 95 

hypoactive criteria classified in the mixed subtype while those meeting neither criterion were 96 

classified as non-motor subtype.  97 

Dementia evaluation 98 

Dementia was defined by the presence of a documented diagnosis in the medical records and/or 99 

prescription of Acetylcholinesterase inhibitors (AChE-I) or memantine prior to admission. The 100 

documentation used to ascertain the presence of a previous dementia was gathered from the hospital 101 

medical records and from the documentation delivered by the caregivers. The information regarding 102 

the drugs prescription was collected from the medical history based on the patients/caregivers 103 

interview, medical records and availability of the actual drugs boxes. 104 

Clinical assessment 105 

Demographics and the date of hospital admission were recorded. The presence of comorbidity was 106 

assessed using the Charlson Index,29 excluding dementia from the total score. Functional status 107 

before admission was evaluated using the Katz Activities of Daily Living (ADL) scale with a score 108 

ranging from 0 (patient dependent) to 6 (patient completely independent).30 A Katz score of 4 or 109 

above is indicative of moderate impairment. 30  The presence of specific drugs (i.e., anti-110 

hypertensives, antiplatelets, antiarrhythmics, statins/lipid lowering drugs, antidiabetics, antiulcers, 111 

antibiotics, benzodiazepines, antipsychotics, antidepressants, antiepileptics and AChE-I/memantine) 112 
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received by each patient on the index day was recorded. We also collected, on the index day, 113 

information on the use of feeding tubes [i.e., nasogastric tube (NT) or percutaneous endoscopic 114 

gastrostomy (PEG)], peripheral venous catheters, urinary catheters and physical restraints (i.e., 115 

vests, wrists, inguinal restraints and bedrails).  116 

Statistical analysis  117 

Continuous variable were reported as median and interquartile range and categorical variables as 118 

count and relative frequency. Comparisons between psychomotor subtypes of delirium were made 119 

with Kruskal-Wallis tests for non-continuous variables and chi-square or Fisher exact test for 120 

categorical data. A generalized logit model was used to model relationships between the 121 

polytomous response variable without an ordered structure (psychomotor subtype of delirium) and 122 

the set of regressor variables (clinical and socio-demographic variables listed in Table 1). In brief, 123 

the generalized logit model consists of a combination of several binary logits estimated 124 

simultaneously considering the same reference category for the response variable. The exponential 125 

of the estimated coefficient for each response category is reported as odds ratio and corresponding 126 

95% confidence intervals are reported. To select a parsimonious model we applied a stepwise 127 

approach to select variables. We considered a p = 0.15 as the critical value for entering and 128 

remaining in the model. 129 

 Finally, in the model selected by the stepwise approach, we performed all head-to-head 130 

comparisons for testing linear hypotheses of the parameters. Specifically, we tested the hypothesis 131 

that the logOR for the i-th level of the response variable respect to the reference category was equal 132 

to those of the j-th level (with j>i). This test is a Wald test, which is based on the asymptotic 133 

normality of the parameter estimators, and follows an asymptotic 2 distribution. 134 

For all hypothesis tests, statistical significance was set at a P value of less than 0.05. All 135 

analyses were performed by the Statistical Analysis System Software (version 9.4; SAS Institute, 136 

Cary, North Carolina, USA). 137 

 138 

https://www.sciencedirect.com/topics/medicine-and-dentistry/kruskal-wallis-test
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RESULTS 139 

Of 4514 patients enrolled in 2015 and 2016 (1856 in 2015 and 2658 in 2016), dementia was 140 

recognized as already present before the index hospitalization in 1057 (23%) (441 in 2015 and 616 141 

in 2016). A total of 1057 patients with dementia were included in the study, 969 admitted to acute 142 

hospital and 88 to rehabilitation wards. Delirium overall prevalence was 35% (N= 371) with the 143 

following categorization of motor subtypes: 25.6% (N=95) hyperactive, 33.1% (N=123) 144 

hypoactive, 34.5% (N=128) mixed, and 6.7% (N=25) non-motor subtype of delirium. In the acute 145 

settings the prevalence of delirium was 36% (N=357), with 25% (N=90) hyperactive, 34% (N=121) 146 

hypoactive, 34% (N=121) mixed, and 7% (N=25) non-motor subtype. In the rehabilitation settings 147 

the prevalence of delirium was 16% (N=14), with 40% (N=5) hyperactive, 10% (N=2) hypoactive, 148 

50% (N=7) mixed, and 0% non-motor subtype. 149 

 Table 1 shows the characteristics of patients with and without delirium according to 150 

delirium subtypes. Patients with hyperactive delirium had a higher impairment in the ADLs at 151 

baseline (19%). Overall, the median number of drugs was greater in patients with mixed delirium. 152 

Among the specific drugs we found a higher prevalence of antiplatelets drugs  in the mixed 153 

delirium (66.4%), statins/lipid-lowering drugs in the hyperactive delirium (12.6%), antibiotics in the 154 

mixed delirium (56.3%), and antipsychotics in the hyperactive delirium (64.2%). Finally, venous 155 

catheters were more prevalent in the mixed delirium (73.4%), urinary catheters in the hypoactive 156 

delirium (57.7%) and physical restraints in the hyperactive delirium (24.2%).  157 

 In the multivariable model (Figure 2) there was no difference in the comparison between 158 

the non-motor subtype of delirium vs. absence of delirium. There were higher odds of having 159 

venous catheters in the hypoactive (OR 1.82, 95% CI: 1.18-2.81) and mixed type of delirium (OR 160 

2.23, CI: 1.43-3.46), while higher odds of urinary catheters were present for the hypoactive (OR 161 

2.91, CI: 1.92-4.39), hyperactive (OR 1.99, CI: 1.23-3.21) and mixed types of delirium (OR 2.05, 162 

CI: 1.36-3.07). We found higher odds of antipsychotics both in the hyperactive (OR 2.87, CI: 1.81-163 

4.54) and mixed subtype (OR 1.84, CI: 1.24-2.75), with higher odds of antibiotics only in the mixed 164 
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subtype (OR 1.91, CI 1.26-2.87). Finally in the head-to-head comparisons of the different variables 165 

included in the model of Figure 2 and the four delirium subtypes we found that there was no 166 

difference in the association between venous and urinary catheters. Physical restraints were 167 

significantly different when comparing the non-motor subtype and the hyperactive subtype (2; 168 

p=.05) and the hypoactive and the hyperactive subtypes (2; p=.02). There was a significant 169 

difference in the ADLs at baseline between the mixed and the hyperactive delirium subtype (2; 170 

p=.01). The association between antibiotics and delirium was different when comparing the 171 

hypoactive and the hyperactive delirium subtype (2; p=.03)  and the mixed and hyperactive 172 

subtypes (2; p=.01). Antibiotics were significantly different in the hypoactive and mixed delirium 173 

subtypes (2; p=.01), and in the hypoactive and hyperactive subtypes (2;  p<.01). Antiplatelets 174 

drugs were different in the hypoactive and mixed delirium subtypes (2; p=.03).175 
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DISCUSSION 176 

 Findings from this large multicenter study showed that delirium is highly prevalent in older 177 

hospitalized patients with dementia. The most frequent delirium subtype was the mixed followed by 178 

the hypoactive, hyperactive, and non-motor subtype. Urinary catheters were significantly associated 179 

with all delirium subtypes, while the presence of venous catheter was associated only with the 180 

hypoactive and the mixed delirium subtype. Antipsychotics prescriptions were associated with both 181 

mixed and hyperactive delirium, while antibiotics only with the mixed subtype.  182 

To the best of our knowledge, this is the first multicenter study that specifically investigated factors 183 

potentially associated with different delirium subtypes in patients with dementia, though the cross 184 

sectional nature of the study limits our ability to draw any causal-effect association.  185 

 In previous investigations the hypoactive delirium subtype has been shown to be the most 186 

common. However, there might be some differences in delirium subtype distribution if we consider 187 

the incidence and not the prevalence. For instance, it has been shown that in orthogeriatric patients 188 

the most frequent incident delirium subtypes are the hyperactive and the mixed.31 In the same study, 189 

dementia was more prevalent in the mixed delirium subtype followed by the hyperactive and the 190 

hypoactive delirium.31 In a large single center prospective cohort of 1409 elderly patients admitted 191 

to an acute geriatric ward, hypoactive delirium was the most prevalent followed by mixed and 192 

hyperactive delirium.18 In the same study, about half of the patients had dementia but the authors 193 

did not report the prevalence of delirium according to the presence and severity of dementia. It 194 

should, however, be noticed that dementia prevalence was slightly higher in the hypoactive delirium 195 

subtype. In a previous study from our research group, dementia was equally associated with the 196 

three delirium subtypes (hypoactive, hyperactive, mixed).17 One single center study of 37 older 197 

patients admitted for hip fracture found the hyperactive delirium being the most prevalent (47%), 198 

followed by the hypoactive (26%) and mixed subtype (26%).32 In the same study, dementia was 199 

more prevalent in the hyperactive subtype (44%) followed by the hypoactive (33%) and mixed 200 

subtype (22%). Finally, in a recent investigation on 352 older patients with multimorbidity admitted 201 
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to a subacute care unit, hyperactive delirium was the most frequent (40%), followed by the mixed 202 

(31%) and hypoactive (31%) subtypes.33 Dementia was more prevalent in the hypoactive delirium 203 

(87%) followed by the hyperactive (70%) and mixed (68%) subtypes. 204 

 Few studies tried to investigate the factors associated with different delirium subtypes but 205 

none has specifically analyzed patients with DSD. Studies on delirium subtypes have been hindered 206 

by the tendency to consider dementia and delirium as caused by a single etiology rather than 207 

multiple interacting etiologies.10 Avelino-Silva and colleagues found that older age, and 208 

malnutrition were associated with the mixed delirium subtype, greater ADL impairment and 209 

malnutrition with both mixed and hypoactive delirium, while signs of possible infections (i.e. 210 

leucocytes count and elevated C Reactive Protein) were similar in the three subtypes delirium 211 

groups.18 Other studies focused on delirium subtypes but not on the presence of dementia. In a 212 

small study of 49 older patients with delirium, three possible etiological categories were described: 213 

an anticholinergic group, a group with drug-related causes, and another group including metabolic 214 

and infectious illnesses. Drug-related causes showed the highest severity score for delirium, and the 215 

anticholinergic causes the lowest. The authors concluded that the study supports the possibility that 216 

the etiological cause may influence the different symptom patterns.34  217 

An emerging literature supported the phenomenon of exaggerated Central Nervous System (CNS) 218 

effects of systemic inflammation in elderly people with dementia.35  The explanation for this 219 

phenomenon appears to lie in the ‘priming’ of microglial cells. Microglial cells are primed in older 220 

patients with dementia leading to a greater pro-inflammatory response subsequent to an infection.35 221 

It has been described a greater prevalence of hypoactive delirium subtype in aged mice with 222 

dementia after a challenge with infectious trigger.35 The use of antibiotics is an indirect sign of the 223 

presence of an infection. Our findings of the association of a possible infection with a mixed 224 

delirium subtype are in line with a previous investigation. 36 However, one might expect that in 225 

patients with infections and, especially severe infections, the hypoactive subtype might be more 226 

prevalent, as previously described in a cohort of palliative care patients.15 Other studies have 227 



 

 

11 

reported that patients with sepsis are more likely to have hypoactive behaviors, including weakness, 228 

and inability to concentrate.37 However, further studies are necessary to investigate this etiological 229 

mechanism in the subgroup of patients with dementia.  230 

Bo and colleagues in a large cohort of 1867 patients with an overall 60% prevalence of 231 

dementia patients found that urinary catheter was associated with an acute change and a fluctuating 232 

course, a possible expression of a mixed delirium subtype.38  In our study, we found that urinary 233 

catheter was associated with all three delirium subtypes. It should be noticed that the prevalence of 234 

urinary catheter in patients with delirium compared to patients without delirium was almost double. 235 

These findings combined with previous publications support the indication of the Hospital Elder 236 

Life Program (HELP) protocol to avoid unnecessary catheterization and to remove it as soon as 237 

possible.39  238 

 On the other hand, the association between venous catheters with hypoactive and mixed 239 

delirium is not clear.  In our study, venous catheters were more prevalent in the hypoactive and 240 

mixed delirium subtypes. A previous study of 73 patients with hypoactive or mixed postoperative 241 

delirium showed that 23.3% had at least 1 delirium-related adverse event including inadvertent tube 242 

or line removals.40 The higher association we found in our investigation might be related to the need 243 

to administrate drugs, which might lead to a hypoactive or mixed delirium subtypes. Other 244 

explanations might be that patients with hypoactive delirium are sicker and require fluid 245 

administration also related to the low ability to drink and eat. Previous studies showed that patients 246 

with hypoactive delirium were sicker on admission with longer hospital stays and suffered from a 247 

more persistent delirium.41 248 

 Finally, previous investigations have shown atypical antipsychotics to be more prevalent in 249 

older patients with hyperactive and mixed delirium regardless of the presence of dementia.20 We 250 

also found that antipsychotics were more prevalent in the mixed and hyperactive delirium. 251 

Antipsychotics were prescribed to 60% of patients with hyperactive delirium, 50% with mixed 252 

delirium and 30% with hypoactive delirium. Though we cannot rule out causality, it is likely that 253 



 

 

12 

these patients receive more antipsychotics because of agitation and aggressive behaviors. However, 254 

it might be that these patients were already receiving antipsychotics because of behavioral disorders 255 

associated with the pre-existing dementia. These are relevant information given the lack of benefits 256 

of antipsychotics for the prevention and treatment of delirium as well as their deleterious effect in 257 

patients with dementia. 41-43 A recent seminal trial in critical care patients did not show any effect of 258 

antipsychotics on both hyperactive and hypoactive delirium not supporting their use in the treatment 259 

of delirium.42, 44 Longitudinal studies are warranted to further elucidate the association between 260 

delirium subtypes and antipsychotics prescription. 261 

 262 

 Our study has strengths along with limitations. This is the first real-world multicenter study 263 

evaluating delirium subtypes in a large cohort of older patients with dementia. We used validated 264 

tools (i.e., 4AT and the DMSS) both to assess for the presence of delirium and to categorize the 265 

subtypes of delirium. A possible limitation of the use of the DMSS is that an Italian validation of 266 

this tool is not currently available. However, the DMSS does not require to ask specific questions to 267 

the patients but it is scored according to the evaluation of the patient’s behaviours by the health care 268 

providers thus reducing the bias of using a tool not specifically validated in an Italian population. 269 

The main limitation of the study relies in the cross sectional design; thus, we cannot 270 

establish causality between factors associated with different delirium subtypes. We were also 271 

limited in the investigation of the non-motor delirium subtype given the low number of patients in 272 

this subgroup. Future prospective studies are needed to further investigate risk factors and to 273 

establish interventions to reduce the impact of these factors on the development of delirium in this 274 

frail population. Additionally, future larger studies are needed to explore delirium subtypes across 275 

different types of dementia: Alzheimer Disease, vascular disease, Lewy Body dementia, and 276 

Parkinson Disease. It will be also informative to further study psychomotor activities during 277 

hospitalization in patients with dementia, with or without delirium. Finally, the ascertainment of 278 

dementia in our investigation might have underestimated the true prevalence of this condition. 279 
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However, we found a 23% prevalence of dementia in the population included in our study, which is 280 

in line with a previous large investigation on dementia in elderly patients admitted to acute hospital 281 

showed a prevalence of dementia ranging from 23% to 48% in patients with 70-79 years to 80-89 282 

years respectively.42  283 

CONCLUSION AND IMPLICATIONS 284 

Delirium is highly prevalent in patients with dementia; the mixed subtype is the most prevalent 285 

manifestation followed by the hypoactive, hyperactive, and non-motor subtype. Urinary catheters 286 

were significantly associated with all delirium subtypes, while the presence of venous catheter only 287 

with the hypoactive and mixed delirium subtypes. Antipsychotics were associated with both mixed 288 

and hyperactive delirium, while antibiotics only with the mixed subtype. Though we cannot assess 289 

causality due to the cross-sectional nature of the study, these findings suggest that clinicians should 290 

carefully review the need of urinary catheters in older hospitalized patients since we found an 291 

association with all delirium subtypes. Additionally, further attention should be given to 292 

antipsychotic prescription in patients with dementia either if they are prescribed for behavioral 293 

disturbances or hyperactive delirium. In fact, it has been widely shown that there is no current 294 

evidence of their use to treat delirium besides for the presence of distressing psychotic features, as 295 

indicated in the most recent guidelines.43 Future longitudinal studies are necessary to provide 296 

further insights on the possible pathophysiology of delirium in patients with dementia and to 297 

address the optimization of potential risk factors such as medications (i.e. antipsychotics) and the 298 

use of urinary catheters 299 
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Tables and Figures legend 455 

 456 

 Table 1: Patients characteristics according to delirium subtypes 457 

Figure 1: Study flowchart of 1057 patients older patients admitted to acute and rehabilitation 458 

hospital wards. 459 

 460 

Figure 2: Multivariate analysis of factors associated with different psychomotor subtypes of 461 

delirium.   462 



Table 1. Baseline characteristics of the population with dementia according to delirium psychomotor subtypes. 
 

 
No delirium 

(N=686) 

Delirium 

(N=371) 

  
Delirium psychomotor subtypes 

Variables  
Non-motor  

(N=25, 

6.7%) 

Hypoactive 

 (N=123, 

33.1%) 

Mixed  

(N=128, 

34.5%) 

Hyperactive 

(N=95, 

25.6%) 

p-value* 

Age, years  85 (80 – 89) 87 (82 – 90) 86 (81 – 90) 86 (82 – 90) 86 (81 - 89) 0.1415 

Female gender 345 (50.3) 12 (48.0) 64 (52.0) 58 (45.3) 51 (53.7) 0.7544 

ADL score >4/6
†
# 157 (22.9) 2 (8.0) 13 (10.6) 8 (6.3) 18 (19.0) <0.001 

Charlson Index (excluding 

dementia),  

2 (1 - 3) 2 (1 – 3) 2 (1 – 3) 1.5 (1 – 4) 2 (1 – 3) 0.7330 

Number of drugs 4 (3 - 5) 3 (2 – 4) 3 (2 – 5) 4 (3 – 6) 3 (2 – 4) 0.0043 

  Diuretics 324 (47.2) 14 (56.0) 62 (50.4) 71 (55.5) 37 (39.0) 0.1324 

  Antihypertensive drugs 409 (59.6) 14 (56.0) 70 (56.9) 85 (66.4) 55 (57.9) 0.5491 

  Antiplatelet drugs 337 (49.1) 10 (40.0) 45 (36.6) 63 (49.2) 33 (34.7) 0.0122 

  Antiarrhythmic drugs 65 (9.5) 4 (16.0) 6 (4.9) 13 (10.2) 7 (7.4) 0.3128 

  Statins/lipid-lowering drugs 124 (18.1) 1 (4.0) 14 (11.4) 13 (10.2) 12 (12.6) 0.0269 

  Antidiabetics 121 (17.6) 3 (12.0) 21 (17.1) 20 (15.6) 18 (19.0) 0.9127 

  Antiulcer drugs 467 (68.1) 17 (68.0) 86 (69.9) 87 (68.0) 57 (60.0) 0.5774 

  Antibiotics 229 (33.4) 10 (40.0) 65 (52. 9) 72 (56.3) 29 (30.5) <0.0001 

  Benzodiazepines 166 (24.2) 5 (20.0) 31 (25.2) 24 (18.8) 29 (30.5) 0.3474 

Table



  Antipsychotics 239 (34.8) 12 (48.0) 36 (29.3) 64 (50.0) 61 (64.2) <0.001 

  Antidepressants 244 (35.6) 6 (24.0) 38 (30.9) 38 (29.7) 25 (26.3) 0.2206 

  Antiepileptics 65 (9.5) 0 (0.0) 9 (7.3) 12 (9.4) 10 (10.5) 0.5022 

  AChE-I/memantine 58 (8.5) 1 (4. 0) 8 (6.5) 10 (7.8) 4 (4.2) 0.5714 

Feeding tubes (NT/PEG)** 10 (1.5) 0 (0.00) 5 (4.1) 4 (3.1) 5 (5.3) 0.0551 

Venous catheter 338 (49.3) 15 (60.0) 86 (69.9) 94 (73.4) 55 (57.9) <0.001 

Urinary catheter 188 (27.4) 13 (52.0) 71 (57.7) 67 (52.3) 40 (42.1) <0.001 

Physical restraints 49 (7.1) 1 (4.0) 10 (8.1) 16 (12.5) 23 (24.2) <0.001 

 

Data are expressed as n (%)  or  Median (+ Interquartile ranges (IQR). unless otherwise specified. 

Abbreviations: AChE-I= Acetylcholinesterase inhibitor; NT = Nasogastric tube; PEG = Percutaneous Endoscopic Gastrostomy 

**Comparisons between psychomotor subtype of delirium were made with Kruskal-Wallis tests for non-continuous variables and chi-square or Fisher exact test 

for categorical data. 
†
# Functional status before admission was evaluated using the Katz Activities of Daily Living (ADL) scale with a score ranging from 0 (patient dependent) to 6 

(patient independent). A Katz score of 4 or above is indicative of moderate impairment.” 
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(patient independent). A Katz score of 4 or above is indicative of moderate impairment.” 
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Figure 1. Study flowchart of 1057 patients older patients admitted to acute and rehabilitation 

hospital wards. 
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