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Abstract

Reasons for the Study: The Neuropsychiatric Inventory (NPI) has been used for studies 

of neuropsychiatric symptoms in neurodegenerative disorders for the past 25 years. This article 

reviews the history of the development and application of the NPI.

Main Findings: The NPI consists of 10 (or 12) items that are assayed with questions, 

subquestions, and ratings of frequency and severity. The NPI has been shown to be valid and 

reliable. The NPI has been translated into approximately 40 languages; it has 4 of versions 

designed for different clinical applications. The NPI studies show contrasting profiles of 

behavioral symptoms in different neurologic disorders. The NPI has been used in approximately 

350 clinical trials. In economic studies, the NPI captures the cost of behavioral symptoms in 

dementias.

Principle Conclusions: The NPI is a useful instrument for capturing behavioral changes in 

Alzheimer disease and other neurodegenerative disorders.
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The Neuropsychiatric Inventory (NPI) was developed to assess the neuropsychiatric 

syndromes that occur in Alzheimer disease (AD) and other neurodegenerative disorders 

(NDDs).1 It now has 4 major versions, has been translated into more than 40 languages, 

and has been used to characterize the neuropsychiatric features of most NDDs as well as 

other neurologic and psychiatric illnesses. The NPI is used in many types of interventional 

and noninterventional research where collecting neuropsychiatric information is important. 

The availability of the many translations of the NPI has facilitated the use of the NPI in 

global clinical trials and other types of international research. Studies of brain imaging and 
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cerebrospinal fluid (CSF) correlates of NPI scores provide insight into the neurobiology 

of neuropsychiatric syndrome (NPS) in NDDs. This article reviews the history of the NPI, 

discusses the role of the different versions of the NPI, and describes research findings based 

on the NPI.

Development of the NPI

The author developed the NPI because existing instruments such as the Behavioral 

pathology in Alzheimer Disease Rating Scale (BEHAVE-AD),2 although capturing many 

aspects of the neuropsychiatry of NDD and representing pioneering efforts in scale 

development for NPS, did not include apathy or disinhibition considered to be important 

features of AD and other NDDs such as frontotemporal dementia (FTD), had different 

numbers of questions for different syndromes (agitation, delusions, etc), were not fully 

operationalized to help support reliability of data capture, and collected data only on severity 

and not on frequency. A tool capturing a wider range of behaviors and with more systematic 

scoring was needed, and these features were built into the NPI.

Prior to the development of the NPI, neuropsychiatric research in NDDs typically used tools 

developed for psychiatric illnesses such as schizophrenia and major depressive disorder. 

The Brief Psychiatric Rating Scale (BPRS) was commonly used. The types of delusions 

and hallucinations observed in schizophrenia differ from those of NDDs,3 and a tool more 

specific to NDD was needed. The NPI was developed and validated specifically for the 

neuropsychiatry of NDD. The NPI was developed as an informant-based interview; the tool 

was intended to characterize behavior changes in patients with NDD who may lack memory 

of or insight into their own behavior.

Rating scales used to characterize mood changes in major depressive disorder such as 

the Hamilton Depression Rating Scale (HDRS) include aspects of depression such as 

withdrawal, appetite changes, and sleep disturbances that may occur in NDD without 

depression. For this reason, the depression/dysphoria domain of the NPI includes only 

mood-related items, while apathy, sleep changes, and appetite changes are captured in other 

sections of the NPI.

The need to balance comprehensiveness of behavioral assessment with acceptable 

administration time motivated the use of screening questions. If the screen is negative, 

the subquestions are not asked, whereas if the screen is positive, the subquestions are then 

administered and the caregiver scores the frequency and severity of the behavioral domain. 

The instrument is highly scripted, and allowable deviations from the script are limited; this 

approach was chosen to support the reliability of the instrument. The final scoring of the 

frequency (1-4) and severity (1-3) is done by the research participant’s or patient’s partner 

as part of the administered interview. This strategy was also chosen to enhance the reliability 

of the tool. The score for each domain is based on a frequency × severity (F × S) product, 

and the total score of the NPI is the sum of the domain scores. The F × S approach results 

in asymmetric score distributions; scores of 5, 7, and 11 cannot be achieved with this 

calculation. Parametric and nonparametric analyses that do or do not take the asymmetric 
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distribution into account, respectively, have come to very similar findings, and the missing 

scores do not seem to impact interpretation of the total or domain scores.

The universe of domains to be interrogated was determined by the author based on clinical 

experience and use of other tools such as the BEHAVE-AD and the BPRS. A Delphi 

panel reviewed the domains. The original 10-item version assesses hallucinations, delusions, 

depression, anxiety, disinhibition, agitation, elation, apathy, irritability, and aberrant motor 

behavior (Table 1). Sleep and appetite changes were added later to create the 12-item 

version.4

Once constructed, the approach and questions of the NPI were reviewed and shaped by 

a Delphi panel of neurologists, psychiatrists, and neuropsychologists familiar with the 

behavioral changes in NDD.

When a final version was available, the concurrent validity of the instrument was assessed 

using the available instruments then in use. Concurrent validity for depression was shown 

using the HDRS, and concurrent validity for delusions, hallucinations, and agitation was 

shown for the BEHAVE-AD. Concurrent validity with the Cohen-Mansfield Agitation 

Inventory (CMAI) has since been shown.5,6 Since the development of the NPI, convergent 

validity was been demonstrated using autopsy, CSF, and brain imaging data (discussed 

below).

Two types of test–retest reliability were shown for the NPI—intrarater and interrater. Half 

of the sample in the interrater reliability assessment were interviewed by telephone for the 

second interview and established the reliability of phone-based interviews once a single 

in-person interview had been conducted.

The normative data for behavioral changes occurring in the normal elderly population 

were based on NPI administration to 40 cognitively normal individuals. Low rates of 

mood symptoms, anxiety, and apathy were shown to be present in normal older persons 

as characterized by the NPI.

Versions of the NPI

Table 2 summarizes the main features of the NPI versions. The original 10-item version 

of the NPI was expanded to the 12 item version, adding sleep and appetite change.1,4 

Realization of the important role of care partners in AD and the impact of behavioral 

changes in patients with AD on their family and careers led to the creation of the caregiver 

distress scale of the NPI.7 The caregiver scores their own distress for each domain of the 

NPI leading to 12 distress items that can be summed for a total behavior-related distress 

score. This has proven to be useful in clinical trials where a reduction in the domain score 

accompanied by a corresponding reduction in the distress score increases confidence in the 

validity of the finding.8 The NPI caregiver distress predicts institutionalization when patients 

with dementia exhibit delusions or agitation.9 The 12-item NPI with integrated caregiver 

distress scale is the most widely used version of the NPI. The caregiver distress scale cannot 

be administered without administering the NPI, since the 2 are integrated and the caregiver 

distress follows characterization of the patient behavior.
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The NPI is streamlined for administration through the use of screening questions but still 

requires approximately 15 minutes to complete with an individual demonstrating an average 

level of behavioral change; more time is required if more severe behavioral disturbances 

are present, since more subquestions must be asked. The time requirements of the NPI 

led to creation of the NPI Questionnaire (NPI-Q).10 The NPI-Q consists of the 12 items 

of the NPI; each is given only a severity score (mild, moderate, or severe). The scale is 

designed for unsupervised completion by the caregiver with brief review by the clinician, 

although it can also be administered by a clinician as an interview. The concurrent validity 

of the NPI-Q compared to the NPI has been established.10 Telephone administration of 

the NPI-Q has been concluded based on the telephone validation studies of the NPI; no 

explicit validation of the telephone-based NPI-Q has been performed. The NPI-Q has been 

adopted as the standard neuropsychiatric tool by the AD Neuroimaging Initiative11 and the 

US National Alzheimer Coordinating Center.12,13 Behavioral data derived from the NPI-Q 

are widely available in these 2 publically accessible databases. The restricted range of the 

NPI-Q (maximum domain score 3) compared to the NPI (maximum domain score 12) limits 

the power to do correlations and other types of statistical analyses.

Behavioral disturbances are among the most important reasons for patients with NDD to be 

admitted to residential facilities.14,15 The desire to use the NPI in residential settings led 

to the development of the NPI–Nursing Home version (NPI-NH).16 The tool is identical 

to the NPI with 2 adjustments. First, the phrasing of the questions was altered, since the 

reporter is not a family member and did not know the patient prior to disease onset or 

residential change. Second, the caregiver distress scale was changed to an occupational 

disruptiveness scale (with identical scoring to the caregiver distress scale) to capture the 

impact of the behavioral changes on daily life in the nursing home and the occupational 

effectiveness of the professional caregiver. Study of the validity of the NPI-NH as scored by 

nursing home personnel compared to research observers showed that qualified nurses were 

more accurate reporters than nursing assistants. Training of assistants to acquaint them with 

the behaviors being queried with the NPI-NH improved the validity of their reports.17 The 

NPI-NH is the appropriate version of the NPI for use in any inpatient setting where there 

are nonfamily professional caregiver reporters including emergency departments, psychiatric 

facilities, assisted living, and skilled nursing homes.

The NPI interview excludes contributions from the clinician unless there is a frank 

contradiction between the clinician and the family reporter, in which case the “not 

applicable” response is chosen and no score for the domain is given. The desire to 

expand the role of the clinician in behavioral scoring led to the development of the NPI–

Clinician version (NPI-C).18 The NPI-C is intended for use by expert observers and is 

more comprehensive than the original NPI. It splits the agitation/aggression domain into 

separate agitation and aggression sections; it eliminates the screening question and requires 

administration of each question; and it captures the clinician’s view of the severity and 

frequency of the behavior. Because it asks each question of a domain, it lends itself to 

assigning a total score for the domain by adding the individual question responses. This 

summing of items is more appealing to some regulatory agencies than the F × S approach. 

The summary approach also allows the NPI-C domains to be used as stand-alone scales (eg, 
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using the agitation domain as an outcome in agitation trials). The reliability of the NPI-C 

and the validity in comparison with the NPI have been established.18

The Sleep Disturbances Inventory (SDI) was derived from the sleep item of the NPI 

and retains the scoring approach of the NPI. The SDI has been validated with actigraph 

recordings and with Sleep Quality Ratings reported in diary form.19

Comment

The NPI has evolved to meet clinical needs as they were identified. The usefulness of 

the NPI has been extended to practices and projects where more succinct assessments 

were needed with the NPI-Q. The need for an expert version led to the NPI-C, and the 

desire to assess patients in residential settings with professional caregivers gave rise to the 

NPI-NH. Related tools have evolved for sleep and for patients with very minimal symptoms 

(discussed below). The forms of the various NPI versions are available at www.npitest.net.

Translations and International Applications of the NPI

The NPI has been translated into more than 40 languages, and the NPI-NH and NPI-Q 

are available in a similar number. Most of the translations have been done by the MAPI 

Research Trust (www.mapigroup.com). The translations follow the MAPI Research Trust 

methodology in compliance with the International Society for Pharmacoeconomics and 

Outcomes Research guidelines.20 The process consists of: (1) definition of the concept 

behind each item, (2) forward translations by more than 1 native translator, (3) reconciliation 

of the translations, (4) one back-translation by an English speaker fluent in the target 

language, and (5) final reconciliation with the NPI author.

The NPI has shown good reliability across translation into multiple languages 

including Chinese,21–24 Chilean Spanish,25 Korean,26,27 Turkish,28 Brazilian Portugese,6,29 

European Portugese,30 Farsi,31 Icelandic,32 Japanese,33–35 Norwegian,36 Polish,37 Greek,38 

Nigerian,39 Danish,40 Dutch,41 Italian,42 and European Spanish.43,44 The validity of the NPI 

in non-Western cultures has rarely been rigorously examined and remains an area to be 

researched.

The NPI has been used to assess differences in behavioral changes as reported by caregivers 

from different cultures. When comparing Chinese (Taiwan, Hong Kong) and US Caucasian 

reports, Chinese caregivers reported anxiety and delusions more frequently (58.1%) than 

Caucasians (37.3% and 39.6%; χ2, P < .01 and P < .05, respectively). Caucasians reported 

appetite changes (47.3%) and apathy (59.2%) more frequently than the Chinese samples 

(χ2, P < .05 and P < .01, respectively).45 Chinese caregivers had less severe responses 

(less distress) than Caucasian caregivers to patient depression and apathy; they had similar 

responses to all other domains of the NPI.46

Review of NPI total scores among patients recruited to global clinical trials by Grill 

and colleagues47 showed that baseline scores across 7 geographic regions had substantial 

heterogeneity varying from 6.6 in Japan to 11.9 Australia/South Africa and South America/

Mexico. This heterogeneity was observed despite the fact that identical protocols were 
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implemented across all regions. This regional behavioral heterogeneity may contribute to 

variable outcomes, since more severe behavioral changes are associated with accelerated 

cognitive decline.48

Comment

The NPI is a reliable tool across languages and cultures. Studies with the NPI have shown 

that behavioral disturbances are common in NDD across global populations and have effects 

on caregivers. The NPI profiles and caregiver responses show variations across world 

regions.

Characterizing Behavioral Changes in NDDs With the NPI

The NPI has been used to characterize the behavioral abnormalities of many types of 

NDD. These studies have contributed importantly to understanding the role of NPSs 

in disease diagnosis, the utility of assessing behavior for differential diagnosis, and the 

evolution of behavioral changes in the course of different NDDs.49 Different NDDs have 

distinct neuropsychiatric profiles captured by the NPI. By linking these profiles to the 

underlying neuropathology, regional vulnerability, and associated neurochemical alterations 

in the brain, inferences can be drawn about the neurobiology of behavior. These insights 

can be helpful in understanding brain-behavior relationships, planning management, and 

developing new treatments. Table 3 provides a summary of the common neuropsychiatric 

symptoms observed in NDD.

Alzheimer Disease and Mild Cognitive Impairment

The first disorder characterized with the NPI was AD in an outpatient setting.50 The 

NPI-NH has been widely used to assess behavior in more severely affected patients in 

residential settings.51 The studies show a high prevalence of neuropsychiatric symptoms 

among patients with AD; 90% show some evidence of behavioral change as characterized 

by the NPI during the course of the illness. Agitation, irritability, aberrant motor 

disturbances, depression, and anxiety are the most common syndromes observed; delusions 

and hallucinations are of intermediate frequency; and elation and disinhibition are less 

common in AD. The symptoms commonly co-occur, forming complex super-syndromes 

with multiple behavioral changes in the same individual. Factor structure studies of the 

NPI vary but usually suggest psychosis, mood, apathy, and agitation factors.52 Behaviors 

progress over time and are more frequent in those with more advanced dementia.51

Studies with the NPI have established that NPSs occur early in AD and that when they occur 

in patients with mild cognitive impairment (MCI), they are a harbinger of progression to AD 

dementia. Teng and colleagues,53 for example, found that patients progressing to AD had 

a significantly higher prevalence of psychopathology than patients who remained stable or 

improved (100% vs 59%). Depression (67% vs 31%) and apathy (50% vs 18%) were more 

common in patients with MCI who were later diagnosed with AD.

Behavioral changes have been demonstrated in the MCI syndrome of autosomal dominant 

AD. This is particularly important since the gene is fully penetrant, the patients uniformly 

progress to AD dementia, and changes occurring early in the course of the clinical evolution 
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of the disorder can be considered early manifestations of AD. Ringman et al54 found that 

depression (56% vs 17%, P = .0003), apathy (40% vs 4%, P < .0001), disinhibition (16% vs 

2%, P = .009), irritability (48% vs 9%, P = .0001), sleep changes (28% vs 7%, P = .003), 

and agitation (24% vs 6%, P = .008) were more common among mutation carriers with MCI 

than among those without cognitive symptoms.

The NPI has been used in epidemiologic studies of NPSs occurring in community-dwelling 

individuals with cognitive impairment. The Cache County Study55 demonstrated a high 

prevalence of behavioral changes in community-dwelling patients with dementia who were 

not necessarily enrolled in health-care delivery systems. The overall prevalence of NPSs in 

these patients is lower than that in clinical samples, suggesting that changes in behavior are 

among the reasons that cognitively impaired patients seek medical attention.

Frontotemporal Degeneration Spectrum Disorders

The NPI profiles have been established for FTD where they show more elation, apathy, 

and disinhibition and less psychosis than a typical AD population.56–58 Within FTD, 

disinhibition has been linked to diminished thickness of the right frontal cortex as measured 

on magnetic resonance imaging.59 Profiles of FTD have been shown to be influenced by 

the underlying pathology—tau or TAR DNA-binding protein 43 (TDP-43).60 The marked 

caregiver burden of FTD has been determined with the NPI caregiver distress scale.56,57

Progressive supranuclear palsy (PSP) and corticobasal degeneration, two other disorders 

in the frontotemporal lobar degeneration spectrum, have also been studied with the NPI. 

The NPI profiles in PSP have demonstrated a high prevalence of apathy.61–63 Corticobasal 

degeneration has a less distinctive profile but depression occurs and is sometimes severe.64

Dementia With Lewy Bodies

Dementia with Lewy bodies (DLBs) is a disorder with characteristic neuropsychiatric 

symptoms including visual hallucinations, rapid eye movement sleep behavior disorder, 

delusions, and depression. The NPI has been used to describe and quantitate this symptom 

complex in population of patients with DLB.57,58 Two NPI factors progressed over time 

(apathy, aberrant motor disturbances, sleep disturbances, agitation, euphoria, disinhibition, 

and irritability), whereas mood and psychotic factors did not.65

Parkinson Disease

The NPI studies have been conducted in patients with Parkinson disease (PD) without 

cognitive impairment and in those with PD dementia.66–68 Essentially all domains of the 

NPI are more abnormal in patients with dementia than in those with normal cognition. 

Early symptoms of depression, anxiety, and apathy progress to include hallucinations and 

delusions.

Huntington Disease

Huntington disease is characterized by an NPI profile featuring agitation, irritability, 

depression, delusions, and aberrant motor behavior.69
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Use of the NPI in Nondegenerative Disorders

The NPI was designed to characterize the neuropsychiatric and behavioral symptoms of 

NDD, but it has been applied to non-NDD disorders. Studies of traumatic brain injury (TBI) 

have included the NPI to provide insight into the often-disabling behavioral consequences 

of brain trauma. Depression, disinhibition, and apathy are among the prevalent symptoms 

among patients with TBI.70

Vascular cognitive impairment (VCI) has also been studied with the NPI including patients 

with amyloid imaging evidence of the absence of concomitant AD.71 Depression and apathy 

are common in the NPI profiles of VCI.72–75

Epilepsy is a non-NDD disorder to which the NPI has been applied, revealing high 

rates of depression and psychotic symptoms.76 The inventory was helpful in anticipating 

caregiver needs and resource planning as well as characterizing patient behaviors. Gilles 

de la Tourette’s syndrome is a complex childhood tic and behavior disorder that has been 

studied with the NPI.77 The profile features depression, anxiety, and aberrant motor behavior 

distinctive from most other NPI profiles. Delirium has been assessed with the NPI; there 

were few notable differences between the NPI profile of AD and that of delirium.78

Comment

The NPI has been used to characterize the neuropsychiatric profiles of a variety of NDD and 

other neurological disorders. The NPI helped to link changes in behavior to specific types 

of pathological changes and regional brain dysfunction. The NPI profiles demonstrated that 

behavioral symptoms can assist in differential diagnosis of complex NDD with overlapping 

symptoms. The NPI studies assist in determining caregiver burden in conjunction with NDD 

and assist in planning for the resource needs of patients and caregivers.

Among the discoveries that emerged from the widespread use of the NPI is the unanticipated 

high prevalence of apathy among NDD. Apathy is common in AD, PD, FTD, and PSP.79,80 

Apathy is disabling to patients and bothersome to caregivers. Preliminary trials have begun 

to address apathy as a treatment target whose relief may provide important benefits to 

patients and caregivers.81

The NPI and the Neurobiology of Behavior

Neurobiological studies and autopsy findings have provided convergent validity for several 

of the NPI domains. Apathy has been shown to correlate with medial frontal lobe 

dysfunction with cortical thickness mapping using MRI,82 cerebral perfusion mapping with 

single-photon emission computed tomography (SPECT),83,84 and cerebral hypometabolism 

with fluorodeoxyglucose (FDG) positron emission tomography (PET).85 Autopsy studies 

have shown a greater burden of AD pathological changes in this same medial frontal area 

in those with apathy during the course of their illness.86 These correlations have been 

consistent across several NDDs including AD and FTD.87 Studies contrasting types of 

apathy and the corresponding neurobiology are warranted.
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Brain imaging studies of agitation have shown greater hypometabolism with FDG-PET in 

frontal lobes compared to non-agitated patients.88 Autopsy studies have shown a greater 

burden of neurofibrillary tangles but not of amyloid plaques in those with agitation during 

life.86

Hallucinations characterized on the NPI have been correlated with occipital lobe 

dysfunction,89 and disinhibition as assessed on the NPI reflects orbitofrontal dysfunction.87 

Hallucinations also exhibit a characteristic histologic relationship; they are more common 

among patients with α-synuclein disorders (PD and DLB).

Disinhibition has been linked to dysfunction of the frontal polar and inferior orbital 

frontal cortex in patients with AD.59 Not all domains of the NPI have shown consistent 

anatomical correlates. Depression, delusions, aberrant motor disturbances, and sleep and 

appetite changes have not shown reproducible anatomic associations. Figure 1 shows the 

brain regions most reproducibly linked to specific domains of the NPI.

Amyloid PET

Recent studies with amyloid PET show relationships between anxiety and frontal and 

cingulate amyloid burden and between irritability and frontal, cingulate, and parietal 

amyloid burden.90 Apathy correlates with prefrontal amyloid load.91

Cerebrospinal Fluid

Some studies found that higher levels of tau protein in CSF in cognitively normal persons 

correlate with mood abnormalities as assessed with the NPI-Q,92 whereas others identified 

relationships between mood changes and lower levels of CSF amyloid.93 Tau levels have 

been linked to agitation in patients with AD.94 Relatively few studies have examined 

biomarker relationships with NPI profiles.

Genetic Investigations

Genetic studies of the NPI have been pursued, and preliminary genetic relationships 

have emerged. Ringman and colleagues54 showed that compared to mutation non-carriers, 

symptomatic individuals with presenilin 1 mutations are more likely to exhibit depression, 

apathy, disinhibition, sleep changes, and agitation.

Comment

Studies using the NPI have been useful in establishing informative biological relationships 

between behavioral changes and anatomic regions of dysfunction. The regional vulnerability 

of NDD results in differential behavioral expressions and reveals consistent relationships 

between behavior and regional anatomy (Figure 1). This anatomic-level investigation is 

complemented by genetic research that is beginning to reveal relationships between specific 

patterns of gene expression and some NPI domains. Unique histological relationships have 

emerged such as that between hallucinations and α-synuclein pathology.

Cummings Page 9

J Geriatr Psychiatry Neurol. Author manuscript; available in PMC 2021 October 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The NPI in Clinical Trials

The NPI is widely used in clinical trials of AD as a means of determining the severity 

levels of behavioral symptoms necessary for trial participation, as a primary outcome in 

trials of psychotropic agents, and as a secondary outcome in trials of cognitive enhancers 

and disease-modifying agents. As of 2019, the NPI has been used in more than 350 clinical 

trials (clinicaltrials.gov).

Clinical Trials of Cognitive Enhancing Drugs

Cholinesterase inhibitors (ChE-Is; eg, donepezil, rivastigmine, galantamine, tacrine) were 

developed as cognitive-enhancing agents but have consistently shown modest effects on 

behavioral symptoms as reflected by changes on the NPI. Anxiety, apathy, hallucinations, 

disinhibition, and aberrant motor behaviors are most likely to respond to treatment with 

ChE-Is.95 Mega and colleagues showed that decreased cerebral blood flow in frontal regions 

on SPECT predicted improvement on the NPI following ChE-I treatment.96

Many patients participating in trials do not exhibit behavioral changes on all domains of 

the NPI, and how best to handle this issue analytically was addressed in studies of ChE-I. 

Improvement analyses were conducted on patients who had non-zero domain scores on 

the NPI at baselines; “emergence analyses” were conducted for patients who had domain 

scores of zero at baseline, since they cannot improve but can have less emergence of new 

symptoms. The ChE-I’s suppress emergence of behavioral problems as well as reduce 

existing behavioral disturbances.97

Memantine, an N-methyl-D-aspartate receptor antagonist and cognitive enhancer approved 

for the treatment of AD, has behavioral effects in studies using the NPI. Reduced agitation 

and irritability are seen with memantine treatment.98,99

Clinical Trials of Disease-Modifying Treatments

Disease-modifying agents (small molecules and immunotherapies) are expected to delay the 

emergence of behavioral symptoms in AD and other NDD when treatment is successful 

in reducing disease progression. To capture this effect, the emergence analysis of the NPI 

may be most informative. The Clinical Dementia Rating (CDR), commonly used as a global 

outcome measure in trials of disease-modifying agents, contains no behavioral questions, 

making inclusion of the NPI particularly important as a means of capturing behavioral 

effects of these agents in trials using the CDR.

The NPI can be seen as a safety measure in clinical trials of disease-modifying agents. 

For example, it detected behavioral changes occurring with the Beta-site amyloid precursor 

protein cleaving enzyme (BACE) inhibitor verubecestat.100

Clinical Trials of Psychotropic Agents

The NPI has been extensively used in clinical trials of psychotropic agents in patients with 

NDD. The NPI (or NPI-NH) was used as an outcome measure in trials of olanzapine and 

aripiprazole for agitation and psychosis in AD.8,101 The NPI has been used to determine 

baseline severity of agitation in trials of dextromethorphan/quinidine,102 baseline severity of 
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psychosis in trials of pimavanserin for delusions and hallucinations associated with PD,103 

and baseline severity of agitation in the citalopram in AD (CiTAD) trial.104 The NPI was the 

primary outcome measure of the trial of dextromethorphan/quinidine for agitation in AD.105 

It was used as a secondary outcome of a trial of methylphenidate treatment of apathy in 

AD81 and is the primary outcome in a follow-up trial.106 The ability of the NPI to capture 

secondary behavioral outcomes is useful in understanding the multiple dimensions of impact 

of psychotropic agents.104

The NPI has had three primary roles in clinical trials of psychotropic agents: (1) 

determination of the baseline severity of specific behaviors to allow entry into a trial, (2) use 

as a secondary outcome to capture behavioral changes when it is not the primary outcome, 

and (3) use as a primary outcome in trials of psychotropic agents.

Clinical Trials of Nonpharmacologic Interventions

Studies of nonpharmacologic interventions have used the NPI to show the benefit of targeted 

multidisciplinary interventions.107 A comprehensive dementia care management program 

using nurse practitioners to administer the care was associated with improved NPI-Q 

scores.108 Caregiver education programs have also been shown to result in improved patient 

behavior as measured by the NPI-Q.109

Comment

Concurrent validity of the NPI has accrued through use of the NPI in clinical trials. In most 

trials, results on other instruments such as the CMAI or BPRS have closely paralleled the 

results seen on the NPI.

Lessons learned from clinical trials using the NPI for psychotropic drug development 

include the challenges of including both outpatients and residential patients in the same 

trial, since different reporters (family vs professional) and different versions of the NPI (NPI 

vs NPI-NH) are used for these 2 populations; summing items on the NPI-C may produce 

scores that behave more regularly than the F × S approach of the original NPI, and this 

may be more acceptable to regulatory authorities; behaviors fluctuate over time, so power 

calculations must account for this spontaneous variability; and there are marked placebo or 

trial participation responses in those not getting active treatment.

Caregiver Burden, Cost of Care, and Other Research Areas Informed by the 

NPI

Neuropsychiatric syndromes increase the cost of care of NDD as shown when costs of 

caring for patients with and without behavioral changes are compared. The NPI has 

been used in several studies assessing the impact of behavior on cost of care.110 These 

costs are largely generated by the increased rate of institutionalization of patients with 

neuropsychiatric symptoms. Murman and colleagues111 showed that a 1-point worsening of 

the NPI score is associated with an incremental increase of between US$247 and US$409 

per year in total direct costs of care based upon year 2001 US dollars. Using the NPI, Morris 

et al showed that the mean excess cost associated with agitation per person was £4091 a 
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year, accounting for 12% of the health and social care costs of AD in our data and equating 

to £2 billion a year across all people with AD in the United Kingdom.112 Exercise has been 

shown to improve behavior and to have a concomitant reduction in cost of care.113 The NPI 

has contributed importantly to studies of health-care costs related to behavior disturbances of 

NDD.

Challenges With Use of the NPI

The NPI has proven to be robust as a clinical assessment instrument and is used worldwide 

in many types of research where neuropsychiatric information is of value. It does not meet 

all assessment needs, and adjustments have evolved to optimize its use. The NPI covers a 

wide range of behaviors, whereas clinical trials of psychotropic agents generally focus on 

one specific domain (eg, agitation, depression, apathy). In these trials, use of an instrument 

that is domain-specific such as the CMAI in studies of agitation, the Cornell Scale for 

Depression in Dementia for studies of depression, or the Apathy Evaluation Scale for studies 

of apathy is useful to enhance understanding of the therapeutic response in the domain of 

interest while using the other domains of the NPI to capture associated changes in other 

NPS.

As noted, the scoring irregularities of the NPI stemming from the F × S approach have 

led some to prefer tools where scores are summed. The NPI-C lends itself to this type of 

summation. Some definitions such as the International Psychogeriatric Association (IPA) 

definition of agitation in cognitive impairment114 were developed after the NPI and do not 

use same terms as the NPI. Instruments that more closely reflect the IPA definition may be 

of value. The NPI domain of agitation/aggression combines 2 types of behavior, and some 

clinical trials may concentrate on only one of these. The NPI-C has separate domains for 

agitation and aggression.

The NPI lacks some types of behavior such as changes in sexual demeanor and the impulse 

control disorders occurring especially frequently among patients with PD treated with 

dopamine agonists. These behaviors must be addressed with other tools.

The NPI has not been applied in many areas of drug development where gathering 

behavioral information may be valuable, especially as a measure of behavioral toxicity. 

This would include placing the instrument in trials of any drug with central nervous system 

(CNS) effects such as anticonvulsants, PD therapies, drugs for hyperactivity/attention deficit 

disorder, pain therapies, CNS cancer therapies, and multiple sclerosis treatments. Data on 

behavioral effects of neurosurgical interventions, postoperative states, delirium, and medical 

illnesses (such as patients with cancer undergoing chemotherapy) may also provide useful 

management information.

Summary

The NPI is a useful tool and has produced behavioral profiles for many NDD and other CNS 

disorders. It has robust psychometric properties and has proliferated versions to respond 

to specific clinical contingencies. It has assisted in understanding caregiver responses to 

behavioral changes and the cost of behavioral alterations in NDD. The NPI has bridged 
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between clinical and neurobiological studies to contribute to understanding the biological 

basis of NPS of NDD. Use of the NPI in clinical trials assists in understanding behavioral 

effects of cognitive enhancers, disease-modifying agents, and psychotropic drugs and has 

played a role in developing important new therapies for patients with NDD. The NPI has 

provided a widely used vocabulary for describing behavioral changes in NDD and has 

moved the field to conceptualize NDD as complex cognitive–behavioral–motor disorders.
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Figure 1. 
Brain diagram showing areas of dysfunction consistently correlated with abnormalities on 

Neuropsychiatric Inventory (NPI) domains (figure by Mike de la Flor).
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Table 1.

Domains of the Neuropsychiatric Inventory.

Depression Delusions

Anxiety Hallucinations

Irritability Agitation

Elation Aberrant motor disturbances

Disinhibition Appetite/eating changes

Apathy Night time sleep disturbances
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Table 2.

Versions of the NPI and Their Differentiating Features.

NPI Version Specific Features

NPI-10 Original version; lacks sleep and appetite domains1

NPI-12 Identical to the 4NPI-10 with sleep and appetite added4

NPI-12 with caregiver 
distress

The standard version of the NPI used in most studies7

NPI-Q NPI Questionnaire; uses only the screening question of the original NPI without the subquestions; uses only the 
severity rating (not frequency); includes caregiver distress; can be self-rated by a caregiver10

NPI-NH Nursing home version of the NPI used in residential settings where the reporter is not a family member and does 
not know the history of the individual; questions are rephrased to reflect the profession relationship but use nearly 
identical descriptions; “caregiver distress” is changed to “occupational disruptiveness” to capture the impact of the 
behavior on the living setting16

NPI-C Clinical-based NPI allowing the clinician to participate in the rating should be used with expert raters; divides some 
scales (eg, agitation/aggression) into 2 scales (agitation; aggression); subscales can be used as standalone scales (eg, 
the agitation subscale in agitation trials)18

Sleep Disturbance 
Inventory

Expanded version of the sleep disturbance subscale of the NPI19

Abbreviations: NPI, Neuropsychiatric Inventory; NPI-Q, NPI Questionnaire; NPI-NH, NPI–Nursing Home version; NPI-C, NPI–Clinician version.
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Table 3.

NPI Profiles Reported in Neurodegenerative Disorders.
a

NPI Domain AD MCI FTD PD PSP CBD HD DLB

Delusions X X X X

Hallucinations X X X

Depression X X X X X X

Anxiety X X X

Apathy X X X X X

Irritability X X X

Elation X

Disinhibition X X X X

Agitation X X

Aberrant motor behavior X X X

Appetite and eating disturbance X X

Nighttime behavior disturbances X X X

Abbreviations: AD, Alzheimer’s disease; CBD, corticobasal degeneration; DLB, dementia with Lewy bodies; FTD, frontotemporal dementia; 
HD, Huntington’s disease; MCI, mild cognitive impairment; NPI, Neuropsychiatric Inventory; PD, Parkinson disease (without dementia); PSP, 
progressive supranuclear palsy.

a
The populations are not matched on any specific features; they reflect clinical samples of patients presented for care and agreeing to provide NPI 

information.

“X” indicates domains where behavioral changes are particularly common across reported populations.
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