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Abstract
Objective  40–60% of persons living with dementia (PLWD) experience agitation and/or aggression symptoms. 
There is a need to understand the best method to detect agitation and/or aggression in PLWD. We aimed to identify 
agitation and/or aggression tools that are validated against a reference standard within the context of PLWD.

Methods  Our study was registered on PROSPERO (CRD42020156708). We searched MEDLINE, Embase, and PsycINFO 
up to April 22, 2024. There were no language or date restrictions. Studies were included if they used any tools or 
questionnaires for detecting either agitation or aggression compared to a reference standard among PLWD, or any 
studies that compared two or more agitation and/or aggression tools in the population. All screening and data 
extraction were done in duplicates. Study quality was assessed using the Quality Assessment of Diagnostic Accuracy 
Studies 2 (QUADAS-2) tool. Data extraction was completed in duplicates by two independent authors. We extracted 
demographic information, prevalence of agitation and/or aggression, and diagnostic accuracy measures. We also 
reported studies comparing the correlation between two or more agitation and/or aggression tools.

Results  6961 articles were screened across databases. Six articles reporting diagnostic accuracy measures compared 
to a reference standard and 30 articles reporting correlation measurements between tools were included. The 
agitation domain of the Spanish NPI demonstrated the highest sensitivity (100%) against the agitation subsection 
of the Spanish CAMDEX. Single-study evidence was found for the diagnostic accuracy of commonly used agitation 
scales (BEHAVE-AD, NPI and CMAI).

Conclusions  The agitation domain of the Spanish NPI, the NBRS, and the PAS demonstrated high sensitivities, and 
may be reasonable for clinical implementation. However, a limitation to this finding is that despite an extensive 
search, few studies with diagnostic accuracy measurements were identified. Ultimately, more research is needed to 
understand the diagnostic accuracy of agitation and/or aggression detection tools among PLWD.

Key points
• The agitation domain of the Spanish Neuropsychiatric Inventory (NPI), Neurobehavioural Rating Scale (NBRS), 
and the Pittsburgh Agitation Scale (PAS) demonstrated high sensitivities for agitation and may be reasonable for 
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Introduction
Dementia is a progressive neurodegenerative disorder 
characterized by cognitive and functional impairment [1]. 
Persons living with dementia (PLWD) commonly experi-
ence burdensome neuropsychiatric symptoms, including 
depression, anxiety, apathy, agitation and aggression [2]. 
These comorbid symptoms often go under-recognized, 
indicate impending cognitive decline, and are elusive to 
treat [3]. Of these symptoms, agitation and aggression are 
particularly common and distressing symptoms among 
PLWD, with an overall prevalence of 30% and 50% within 
the dementia population, respectively [4, 5]. This preva-
lence varies by the underlying pathology and severity of 
dementia [6].

In 2015, the International Psychogeriatric Association 
formally published a definition for agitation, as a syn-
drome that includes any type of excessive motor activity, 
verbal aggression, or physical aggression causing distress 
[7]. Aggression refers to verbal and physical behaviour 
(e.g., hitting, throwing, etc.) with the potential to harm 
one’s self or others [8, 9]. Despite being separate con-
structs, they often are presented together among PLWD. 
Ultimately, PLWD who are experiencing either agita-
tion or aggression have a poorer quality of life, difficulty 
accomplishing their daily activities, and are more likely 
to be admitted to long-term care facilities [1]. Likewise, 
caregivers of PLWD experiencing co-existing agitation or 
aggression face higher caregiver burden, a higher risk for 
injuries, and poorer quality of life [8, 10].

Early and accurate detection of agitation and aggres-
sion is beneficial to identify the antecedent contributors 
either intrinsic or extrinsic, enable early intervention and 
prevent harm [4, 11]. A systematic review of all inter-
ventions for symptoms of agitation and/or aggression in 
PLWD identified a lack of consistency in tools used to 
measure these symptoms, thus awareness of tool valid-
ity can also inform research in this area [12]. Moreover, 
these tools must be taken in the context of the PLWD and 
surrounding factors including antecedent events, sever-
ity, and personal attributes [12]. Although many tools 
have been created and examined, there is a lack of diag-
nostic accuracy information (e.g. sensitivity and specific-
ity) for these tools. Diagnostic accuracy (e.g. sensitivity 
and specificity) is considered the ability of a tool or test 
to discriminate between the presence and absence of a 

condition (i.e. agitation and aggression) as compared to a 
reference standard [13].

Until 2015, there lacked a consensus-based definition 
of agitation, and consequently a reference standard diag-
nosis [14]. The lack of definition resulted in challenges 
in formally validating currently used agitation and/or 
aggression tools outside of expert opinion as the refer-
ence standard, resulting in a knowledge gap around the 
diagnostic accuracy of agitation and aggression tools 
[15]. Watt et al. (2019) identified the Behavioral Pathol-
ogy in Alzheimer’s Disease Rating Scale (BEHAVE-AD), 
Neuropsychiatric Inventory (NPI), and Cohen-Mansfield 
Agitation Inventory (CMAI) as the most commonly used 
agitation and/or aggression detection tools among ran-
domized controlled trials (RCTs) [12]. Although many of 
these tools have established content validity in the litera-
ture [16], the diagnostic accuracy is unclear. Therefore, 
the objective of this systematic review is to determine 
which tools are validated for detecting agitation and/or 
aggression among PLWD, in any setting.

Methods
The study protocol was created a priori, follows the meth-
ods of the Cochrane collaboration, and is reported as per 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) Diagnostic Test Accuracy 
(DTA) standards and guidelines. This was registered on 
PROSPERO (CRD42020156708) [17]. The PRISMA DTA 
checklist is also provided for this study (Supplemental 
Appendix 10).

Selection criteria
The population included persons with any type or sever-
ity of dementia in any setting (i.e. clinic, nursing home, 
etc.). In the literature, the majority of studies refer to 
both agitation and aggression together. Therefore, we 
looked for studies that used any tools or questionnaires 
for detecting either agitation or aggression (i.e. Cohen-
Mansfield Agitation Inventory, etc.), or both. However, 
we considered agitation and aggression as separate 
constructs. Given that the criteria for agitation and/
or aggression is variable across settings and locations, 
we included any relevant reference standard, includ-
ing any healthcare provider’s diagnosis of agitation and/
or aggression using standard criteria (i.e. IPA criteria), 

clinical implementation. However, many commonly used agitation tools have yet to be assessed for their diagnostic 
accuracy.
• Only one study described diagnostic accuracy measures for only aggression, with a moderate sensitivity reported.
• More rigorous studies are needed to understand the diagnostic accuracy of common agitation and/or aggression 
tools within the context of dementia.

Keywords  Agitation, Aggression, Dementia, Diagnostic accuracy
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or a diagnosis by a physician with expert training, such 
as psychiatrists and/or geriatricians [18]. The specific 
healthcare providers considered for the reference stan-
dard included geriatricians, general practitioners, or any 
other certified medical doctor (MD) working in geriatric 
care. As a secondary objective, we included articles that 
compared between two or more agitation and/or aggres-
sion tools, to understand how agitation and/or aggres-
sion tools correlated with one another.

Search strategy
The search strategy was created and refined alongside 
an experienced librarian (HLR) and experienced clini-
cian scientists (Z.G, Z.I, J.W). The databases MEDLINE, 
Embase, and PsycINFO were searched from inception 
until April 22, 2024 (Supplemental Appendix 1). The 
main search clusters were “dementia terms”, “agitation 
and/or aggression terms” and “diagnostic accuracy terms”, 
and each cluster was combined using the term “and” 
(Supplemental Appendix 8). Within each main cluster, 
keywords and database-specific words were searched, 
with each combined using the term “or” (Supplemental 
Appendix 8). All types of dementia were included in the 
search. There were no language, age of patient, or year 
of publication restrictions placed on articles. A grey lit-
erature search was conducted until September 4th, 2021 
(Supplemental Appendix 2). Grey literature included all 
literature not formally published in an academic journal 
or book, to ensure our search was the most exhaustive 
[19].

Screening and eligibility
The abstract screening was completed after a calibra-
tion (with B.W, P.W, Z.G, J.W), by B.W and P.W. inde-
pendently and in duplicates. All articles that discussed a 
group or sub-group of persons living with dementia and 
an agitation and/or aggression tool were included at the 
abstract stage. If any disagreement arose between authors 
at the first stage it was included to full text.

The full text screening process was calibrated between 
four authors (B.W, P.W, Z.G, J.W) and then screened 
in duplicates by the same independent authors (B.W, 
P.W). A list of exclusion criteria at the full text stage are 
reported in Fig. 1. All study designs except reviews, non-
experimental studies, and letters were included. Two 
separate syntheses were conducted at the full text screen-
ing stage. Firstly, eligibility at the full-text stage required 
the use of a group or subgroup of persons living with any 
type of dementia, an agitation and/or aggression diag-
nostic tool, and a reference standard diagnosis of agita-
tion and/or aggression. Studies were included for data 
extraction if they stated diagnostic accuracy measures of 
an agitation and/or aggression tool, against the reference 
standard. We defined diagnostic accuracy as the ability of 

the test to discriminate between agitation and/or aggres-
sion and lack thereof among PLWD [13]. We focused on 
measures of sensitivity, specificity, and positive and nega-
tive likelihood ratios as our outcomes of choice, given 
that we can best measure validity by comparing index 
tools against the reference standard diagnosis of agitation 
and/or aggression. We also considered positive and nega-
tive predictive values and the area under the ROC curve 
or minimum clinically important differences as addi-
tional diagnostic accuracy measures. Secondly, if a refer-
ence standard was not present, the article was searched 
for a comparison between two agitation and/or aggres-
sion tools to examine correlation coefficients as a second-
ary outcome and included in the final data extraction. 
This data was considered a measurement of construct 
validity, given that the tools we compared measured the 
same constructs of agitation and/or aggression. Included 
articles were verified between authors (B.W, P.W), with 
any discrepancies settled with an adjudicated third 
author (Z.G). As well, we screened the list of references 
for all included articles for any other potentially relevant 
articles. All non-English texts were translated with online 
translation software (Google Translate). Any French or 
Spanish articles were translated by a fluent speaker.

Assessment of risk of bias
We assessed the quality of each included study with the 
Quality Assessment of Diagnostic Accuracy Studies 2 
(QUADAS-2) tool by two independent authors (B.W, 
P.W) [20]. The completed Risk of Bias assessment was 
subsequently reviewed by an experienced clinician scien-
tist (Z.G).

Data extraction and synthesis of evidence
The data extraction form was developed by two authors 
(B.W, P.W) and verified by the experienced clinicians 
(Z.G, Z.I, J.W). Data extraction was conducted indepen-
dently in duplicate (B.W, P.W). Demographic information 
and characterization of the type and severity of demen-
tia were collected. The specific agitation and/or aggres-
sion tool and the reference standard were identified, 
along with respective agitation and/or aggression preva-
lence rates determined by either measure. Sensitivity and 
specificity values along with positive and negative likeli-
hood ratios, and positive and negative predictive values 
were extracted. Finally, for studies focused on comparing 
two agitation and/or aggression tools, correlation coeffi-
cients were extracted as a secondary diagnostic accuracy 
measure along with the aforementioned demographic 
information.
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Results
Database searches
The initial database searches yielded 9919 total results, 
and upon removal of duplicates, 6961 articles remained. 
The grey literature search found 2561 articles. There were 
274 articles included for full-text screening (Fig. 1). After 
full-text screening, a total of 36 articles were included in 
the final data extraction stage. These articles are com-
prised of 6 articles reporting diagnostic accuracy mea-
sures compared to a reference standard, along with 30 
articles reporting a comparison between tools. Given 
the low number of included articles reporting diagnostic 

accuracy measures, there was insufficient data for a 
meta-analysis.

Summary of included studies comparing tools to a 
reference standard
Six studies were included that explored the diagnos-
tic accuracy of agitation and/or aggression tools among 
PLWD compared to a reference standard [14, 15, 21–24]. 
One study reported diagnostic accuracy measures for 
only aggression [22], and five studies reported measures 
for only agitation [14, 15, 21, 23, 24]. They were published 
between 1999 and 2022, and conducted in Canada (n = 1), 
Spain (n = 1), France (n = 2), and the United States (n = 2) 

Fig. 1  The PRISMA diagram [62] depicting the search and screening methodologies throughout the review
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(Table  1) [14, 15, 21–24]. Sample sizes ranged from 30 
to 19,424 participants [14, 15, 24]. The types of demen-
tia included were Alzheimer’s Disease (n = 2), Vascu-
lar Dementia (n = 1), dementia with Lewy bodies (n = 2), 
mixed dementia (n = 1), probable Alzheimer’s disease 
(n = 1), frontotemporal dementia (n = 1), or unspecified 
dementia (n = 4) (Table 1) [14, 15, 21–24]. Dementia was 
diagnosed using the DSM [15, 21], DSM-IV-TR [22], the 
dementia diagnosis section of the CAMDEX [23] and 
DSM-III [24], with one study not reporting the method 
of diagnosis [14]. Dementia severity was assessed with 
the Mini Mental State Examination (MMSE) tool [14, 21, 
22] and the dementia severity section of the CAMDEX 
[23]. Severity ranged from mild [14, 23] to severe [22], 
with three studies not reporting dementia severity [15, 
24] (Table 1). The agitation and/or aggression tools used 
include the Empirical Behavioral Pathology in Alzheim-
er’s Disease Rating Scale (E-BEHAVE-AD) (n = 1), Neu-
robehavioural Rating Scale (NBRS) (n = 2), the agitation 
domain of the Neuropsychiatric Inventory (NPI, English 
and Spanish versions) (n = 3), the IPA definition of agi-
tation constructed via items from the Neuropsychiatric 
Inventory Questionnaire (NPI-Q) (n = 1), French- Rating 
Scale for Aggressive Behaviour in the Elderly (F-RAGE) 
(n = 1), Pittsburgh Agitation Scale (PAS) (n = 1), Cohen 
Mansfield Agitation Inventory (CMAI) (n = 1), CMAI-
IPA (n = 1) and NPI-C-IPA (n = 1) [14, 15, 21–24] (Sup-
plemental Appendix 6). The reference standards were 
the Clinical Global Impression – Severity (CGI-S) scale 
(n = 1) [21], a subsection of the Spanish CAMDEX assess-
ing agitation and/or aggression symptoms (n = 1) [23], the 
Alzheimer’s Disease Cooperative Study-Clinical Global 
Impression of Change (mADCS-CGIC) (n = 1) [15] or 
a psychiatrist’s or clinician’s diagnosis (n = 3) [14, 22, 
24]. Vilalta-Franch et al.’s (1999) study was presented in 
Spanish, and was translated via Google Translate, whilst 
all other articles written in English [23]. The type and 
prevalence of agitation and/or aggression among studies 
comparing tools to a reference standard are reported in 
Table 2.

Summary of tools
The NPI, NBRS and PAS are observational scales [21, 
25]. The NPI is the main tool used for RCTs, with use 
reported among (n = 39) RCTs [12]. The NPI is a com-
mon informant-rated questionnaire used to assess neuro-
psychiatric symptoms in PLWD [26]. Within each of 12 
domains, the informant is first asked a screening question 
for each neuropsychiatric symptom [27]. Should they ini-
tially indicate any problems in the agitation domain, the 
informant is then asked an additional 8 items in the agita-
tion domain, with the frequency, severity, and distress of 
agitation calculated on Likert scales [28]. Only 1 domain 

is focused on agitation and/or aggression, and the overall 
tool is not focused solely on these symptoms.

Only one of 27 items on the NBRS focuses on assess-
ing agitation [29]. Specifically, it assesses motor mani-
festations of overactivation [29]. Lastly, the PAS was 
developed to specifically examine agitation and/or 
aggression. It has 4 items assessing severity of agitation 
and/or aggression in four domains: aberrant vocaliza-
tions, motor agitation, aggressiveness, and resisting care 
[25]. The PAS is the only scale that solely analyzes agita-
tion and/or aggression symptoms.

The BEHAVE-AD is a severity scale, used for demen-
tia-related behavioural changes. It contains a global 
assessment of the overall magnitude of disturbance to the 
caregiver and patient due to the behavioural symptoms. 
The RAGE is an informant-rated scale that assesses ver-
bal and physical aggression in institutionalized or hospi-
talized elderly patients.

Outcomes of studies comparing tools with a reference 
standard (table 3)
Seven tools assessing agitation or aggression were iden-
tified that compared to a reference standard. Mauleon 
et al.’s (2021) study demonstrated the minimal clinically 
important difference (MCID) of the CMAI, agitation 
domain of the NPI-C, CMAI-IPA, and NPI-C-IPA [15]. 
The MCID, although not the same as sensitivity and 
specificity, represents an important construct. It identi-
fies the minimal difference in score needed to show a 
beneficial change in symptoms as reported by a patient 
[30]. The MCID thus crucially identifies how useful a tool 
is for detecting clinically meaningful differences in agita-
tion and/or aggression symptoms over time.

E-BEHAVE-AD  The E-BEHAVE-AD was evaluated for 
agitation detection by one study [21]. The sensitivity was 
79.0% and specificity was 73.0%, compared to the CGI-S 
as the reference standard (Table 3). In the context of agita-
tion, the CGI-S is an observer-rated instrument measur-
ing the severity of agitation at one point in time, based 
on a clinician’s understanding of agitation in PLWD [21]. 
The positive likelihood ratio (PLR) and negative likelihood 
ratio (NLR) were 2.93 and 0.28, respectively.

NBRS  The NBRS was evaluated by two studies [21, 24] 
for agitation. Sensitivity ranged from 89.0 to 95.2%, whilst 
specificity ranged from 28.6 to 85.0% (Table 3). Ismail et 
al. (2013) used the CGI-S as the reference standard, while 
Rosen et al. (1999) used a psychiatrist’s diagnosis of agita-
tion. Ismail et al., (2013) reported a PLR value of 5.93 and 
an NLR of 0.13 (Supplemental Appendix 9).

NPI  The agitation domain of the NPI was evaluated by a 
single study [21] for its ability to assess agitation. A sen-
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sitivity of 86.0% and specificity of 76.0% were obtained, 
compared to the CGI-S as a reference standard (Table 3). 
The PLR and NLR values reported were 3.58 and 0.18, 
respectively (Table 3). Mauleon et al., (2020) assessed the 
MCID of the agitation domain of the NPI-C, and the NPI-
IPA against the mADCS-CGIC. They reported an MCID 
of -3 and − 5 for the NPI-C and NPI-IPA at one month, 
respectively [15]. These MCID scores mean that a clini-
cally meaningful decline in agitation and/or aggression 
symptoms can be detected over a -3 and − 5 difference in 
scores when administered consecutively over 1 month, 
respectively. The MICD scores at 3 months were − 3 and 
− 5 for the NPI-C and NPI-C-IPA, respectively.

Sano et al. (2022) constructed the IPA definition of agi-
tation using items 4 (agitation), 11 (motor disturbance) 
and 10 (irritability) of the Neuropsychiatric Inventory-
Questionnaire (NPI-Q). They measured this construct 
against a clinician’s diagnosis of agitation as a reference 
standard. They reported a sensitivity of 79.0%, and a 
specificity of 69.0%. The PLR and NLR values were 2.55 
and 0.30, respectively (Table 3).

Spanish NPI  The agitation domain of the Spanish NPI 
was used as a diagnostic tool for agitation, against the agi-
tation subsection of the Spanish CAMDEX as a reference 
standard by one study [23]. A sensitivity of 100.0% and 
specificity of 97.8% were reported (Table 3). PLR and NLR 
values reported were 44.84 and 0.00, respectively (Supple-
mental Appendix 9).

PAS  The PAS was evaluated by one study to detect agita-
tion, and was found to have a sensitivity of 85.7% and a 
specificity of 57.1%, when compared a psychiatrist’s diag-
nosis for agitation (Table 3) [24]. No PLR or NLR values 
were reported.

CMAI  The CMAI and CMAI-IPA were assessed in one 
study for their abilities to assess agitation, via MCID 
scores against the mADCS-CGIC [15]. They reported 
MCID scores of -5 and − 2 for the CMAI and CMAI-IPA 
at 1 month, respectively. These MCID scores mean that a 
clinically meaningful decline in agitation and/or aggres-
sion symptoms can be detected over a -5 and − 2 differ-
ence in scores when administered consecutively over 1 
month, respectively. The MCID scores at 3 months were 
− 17 and − 5 for the CMAI and CMAI-IPA, respectively.

F-RAGE  The F-RAGE, was evaluated by a single study for 
physical and verbal aggression, demonstrated a sensitiv-
ity of 74.0%, and a specificity of 98.0% (Table 3) [22]. The 
reference standard was a psychiatrist’s diagnosis. The PLR 
was 37.00 and NLR was 0.26 (Supplemental Appendix 9).

Summary of included studies comparing between tools 
(table 4)
Thirty articles comparing agitation and/or aggression 
tools (i.e., no reference standard), were included as part of 
our secondary objective [16, 22, 25, 31–58]. These stud-
ies determined the correlation between known agitation 
and/or aggression tools in PLWD. They were conducted 
in North America (n = 11) [25, 31, 33–35, 40, 48, 49, 
51, 55, 57], Asia (n = 7) [32, 38, 39, 47, 52, 53, 56] South 
America (n = 1) [34], Europe (n = 8) [22, 34, 36, 43–46, 54, 
58], and Australia (n = 1) [41]. Furthermore, four studies 
did not report their location [16, 37, 42, 50]. The studies 
were published between 1989 and 2023 [42, 58]. Demen-
tia severity was determined mainly with the MMSE, or 
variations thereof, (n = 25) [22, 25, 31–34, 36–41, 43–
48, 50–56, 58] with other studies using the Functional 
Assessment Staging Scale (FAST) (n = 2) [16, 35], and 
Global Deterioration Scale (GDS) (n = 1) [49]. Two study 
did not report how dementia severity was measured [42, 
57]. The types of dementia reported include Alzheimer’s 
Disease, Vascular, Lewy Body, or general dementia not 
otherwise specified. However, multiple articles did not 
report the type (n = 11) [16, 22, 25, 35, 41–44, 49, 56, 58] 
or severity (n = 19) [25, 32, 33, 35, 37, 39–48, 53, 54, 56, 
57] of dementia in their population.

Specific comparisons are listed in Table 4 and descrip-
tions of each tool are shown in Supplemental Appendix 
7.

Outcomes of studies comparing between tools (table 4)
Pearson or Spearman’s correlation coefficients were 
reported among 28 articles, with 1 article not report-
ing the type of correlation coefficient [53] and another 
reporting the use of a non-specific convergent correla-
tion coefficient [57].

CMAI  The CMAI was compared in 18 studies, dem-
onstrating the highest correlation coefficient with the 
BEAM-D, with a Pearson’s value of 0.91 for agitation 
assessment [41]. The lowest correlation coefficient was a 
Pearson’s value of 0.20 between the CMAI and the ABMI 
in terms of overall combined agitation [33].

NPI  The NPI, or its various language translations, were 
compared to tools in (n = 11) studies. Among all tools, 
the K-NPI demonstrated the highest correlation with 
the ABSS, with a Correlation Coefficient value of 0.72 
[52]. The type of correlation coefficient was not reported 
(Table 4) [52]. The weakest correlation was with the ABS, 
with a Spearman’s Correlation Coefficient of 0.10 [55].

BEHAVE-AD  The BEHAVE-AD, or variations of it, was 
compared to tools in (n = 7) studies. The highest correla-
tion coefficient reported was a Spearman’s Correlation 
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Coefficient of 0.81 between the BEHAVE-AD and RAGE, 
and between the CMAI-K and BEHAVE-AD-K [36, 47]. 
The lowest was a Pearson’s Correlation Coefficient of 0.52 
between the BEHAVE-AD and the NPI-C [45].

DBRS: The DBRS was compared with only the Nurse’s 
Assessment Rating Scale in one study [42]. A series of 
Pearson’s correlation coefficients were reported for the 
severity and distress of physical and verbal aggression, as 
well as for physical and verbal agitation (Table 4).

PAS: The PAS was compared with the CMAI-O (n = 1), 
and the OASS (n = 1) in two studies [16, 25]. The highest 
correlation coefficient reported was with the OASS, with 
a Pearson’s correlation coefficient of 0.81 [25].

SOAPD: The SOAPD scale was only compared to the 
Agit-VAS scale (n = 1) [54]. The total (verbal and physical) 
Pearson correlation coefficient score for agitation was 
0.90.

Risk of bias assessment
Studies comparing tools to a reference standard: 
(supplemental appendix 3)
Included studies demonstrated low risk that the included 
patients and target condition did not match the review 
question (n = 6) [14, 15, 21–24]. Two studies reported 
blinding between the index and reference tools, and 
had low concern that the conduct of the index test was 
biased [22, 24]. Another three studies had unclear blind-
ing between index and reference tools, potentially intro-
ducing bias in the results [14, 21, 23]. One study reported 
no blinding [15]. Lastly, there was concern about the time 
between administration of the reference standard and 
index tool across studies (n = 6) [14, 15, 21–24].

Studies comparing tools: (supplemental appendices 4 and 5)
Most included studies demonstrated low concern that 
the included patients did not match the review ques-
tion (n = 29) [22, 31–36, 16, 37–54, 25, 58, 56, 57], with 
one study demonstrating unclear concern [55] due to 
unclear exclusion criteria. Many studies did not indicate 
whether test administrators were blinded (n = 22) [25, 33, 
34, 36, 38–42, 44, 45, 47–54, 56–58], with (n = 3) [16, 32, 
55] studies indicating no blinding, thus there was vary-
ing concern regarding the conduct between the two tools 
(Supplemental Appendices 4 and 5). Nonetheless, there 
was low concern that the target condition (i.e., agitation 
and/or aggression) as defined by both tools did not match 
the review question across studies (n = 30) [16, 22, 25, 
31–36, 36–58]. Additionally, the time interval between 
administration of both agitation and/or aggression tools 
was often not reported or ambiguous (n = 29) [16, 22, 25, 
31–34, 36–58]. This area could have also introduced bias 
in the results, where knowledge about the first tool could 
have influenced participants’ responses on the second 
tool.

Discussion
We identified six studies comparing either agitation or 
aggression tools to reference standards. To detect the 
presence of agitation, the agitation domain of the Span-
ish NPI demonstrated the highest sensitivity of 100% 
[23] compared to the agitation subsection of the Spanish 
CAMDEX, in a single study. In comparison, the NBRS, 
and PAS demonstrated similarly high sensitivities of 
95.2% and 85.7%, respectively, both compared to a psy-
chiatrist’s diagnosis of agitation and/or aggression [24]. 
The Spanish NPI has a higher sensitivity compared to 
its English counterpart, likely due to differences in study 
design, along with the use of the CAMDEX as the refer-
ence standard compared to other studies [23]. Overall, 
based on single studies, the Spanish NPI, NBRS, and PAS 
appear favorable among PLWD to detect agitation.

Mauleon et al. (2020) mapped items from the CMAI 
and NPI-Clinician (NPI-C) onto IPA agitation criteria 
domains to create IPA-informed agitation scales [15]. 
Both the NPI-C-IPA and the NPI-C demonstrated rea-
sonable MCID scores (-5 and − 3, respectively) [15]. Their 
results suggest how the IPA agitation domain may be 
helpful to improve the agitation diagnostic abilities of a 
tool, compared to those that do not involve the IPA (i.e. 
NPI-C and CMAI).

From our analysis, only one study reported diagnos-
tic accuracy measures for an assessment tool assessing 
aggression (i.e. F-RAGE) [22]. In the literature, there is a 
lot of overlap and mixing between agitation and aggres-
sion among studies [59]. This issue makes it difficult to 
identify validity constructs for each separate symptom. 
More research is thus needed to validate aggression tools 
to understand their efficacy at bedside.

Another 30 studies were identified that compared the 
correlation in agitation or aggression symptoms between 
two or more tools. Correlation coefficients were most 
commonly drawn between the CMAI and other agitation 
tools, in 18 studies. The highest correlation coefficient 
drawn was between the CMAI and BEAM-D of 0.91 [41]. 
Although useful to understand the comparative validity 
of these tools, clinically this can be harder to use when it 
comes to implementation and accuracy at bedside.

Due to widespread disagreement on the definition of 
agitation before 2015, the best reference standard prior 
was considered a physician’s clinical diagnosis, as there 
were no set criteria for agitation among PLWD [14, 60]. 
Without a reference standard diagnosis, the validity of 
older tools lacks clarity, with most studies conducted 
prior to 2015 examining construct validity rather than 
diagnostic accuracy measures (e.g. sensitivity, specificity). 
We have found seven tools compared to a reference stan-
dard such as clinician diagnosis, but still few studies use 
the IPA criteria.
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Currently the most commonly used agitation and/
or aggression scales among RCTs include the BEHAVE-
AD (n = 10), the agitation/aggression domain of the 
NPI (along with variations of it) (n = 39), and the CMAI 
(n = 173) [12]. However, we only found (n = 1) and (n = 2) 
studies validating the BEHAVE-AD and NPI, respectively, 
compared to a reference standard [21, 23]. No diagnostic 
accuracy studies reporting sensitivity or specificity mea-
sures were obtained for the CMAI. Therefore, the valid-
ity of these tools are unclear, despite their recurrent use 
in clinical trials. More research is thus needed to vali-
date the most common agitation and/or aggression tools 
amongst PLWD to improve clinical research. Addition-
ally we found no evidence on tools such as Behaviour and 
Symptom Mapping Tools and the Aggressive Behaviour 
Scale in the RAI-Minimum Data Set (MDS) 2.0 [59]. The 
Behaviour and Symptom Mapping Tools primarily notes 
behavioural trends in response to events, in a qualitative 
fashion, and are often a key part of assessing antecedent 
events for behaviors [61], so it is unlikely tools such as 
this may be compared to a reference standard.

Despite the myriad of tools, few studies have assessed 
them for diagnostic accuracy. Future studies can address 
gaps looking at comparisons of diagnostic accuracy mea-
sures between the many tools, different languages, or 
ethnicities, various pathologies and severity of dementia, 
as well as different types of care settings. The CMAI, and 
BEHAVE-AD are commonly used scales in the literature, 
but more is needed to examine diagnostic accuracy of 
these tools. Certain tools as demonstrated by Mauleon et 
al. (2021) and Sano et al. (2022) overlap with the IPA cri-
teria of agitation, more is needed to compare to the IPA 
criteria [14, 15].

Strengths and limitations
Our study had a rigorous search procedure and following 
all PRISMA reporting guidelines. Although we completed 
an extensive search, few studies with diagnostic accu-
racy measurements were identified, thus a meta-analysis 
could not be performed. As well, separate searches for 
the found instruments were not performed after rel-
evant articles were included, thus serving as a potential 
limitation to our data collection methods. We also did 
not include the names of specific tools in our searches. 
There is also the chance that we may have missed litera-
ture despite the exhaustive nature of our search. We did 
not have any language restrictions on studies, however 
the use of translation software (i.e. Google translate) may 
have posed as a limitation to the interpretation of results.

Among included studies, the risk of bias assessment 
showed that many (n = 24) did not indicate whether 
administrators were blinded to one another, or did not 
specify the flow and timing of the study (n = 30). These 
unclear aspects can impact the precision in determining 

a given test’s diagnostic accuracy. Additionally, given the 
limited number of included studies, we lack data on the 
accuracy of these tools across different dementia pathol-
ogies, dwellings (community vs. long term care) or sever-
ities of dementia.

Conclusion
We found few studies reporting a comparison of agitation 
and/or aggression tools to a reference standard. Thus, we 
lack evidence on the sensitivity and specificity of these 
tools. From our current knowledge, the agitation domain 
of the Spanish NPI, NBRS, and PAS demonstrated the 
highest sensitivity for assessing symptoms of agitation 
and/or aggression, yet their accuracy at bedside is still 
unclear. More rigorous studies are needed to understand 
the diagnostic accuracy of tools for the detection agita-
tion or aggression in PLWD.
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