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Abstract

Neuropsychiatric symptoms (NPS) are common in dementia and in predementia syndromes such
as mild cognitive impairment (MCI). NPS in MCI confer a greater risk for conversion to dementia
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in comparison to MCI patients without NPS. NPS in older adults with normal cognition also
confers a greater risk of cognitive decline in comparison to older adults without NPS. Mild
behavioral impairment (MBI) has been proposed as a diagnostic construct aimed to identify
patients with an increased risk of developing dementia, but who may or may not have cognitive
symptoms. We propose criteria that include MCI in the MBI framework, in contrast to prior
definitions of MBI. Although MBI and MCI can co-occur, we suggest that they are different and
that both portend a higher risk of dementia. These MBI criteria extend the previous literature in
this area and will serve as a template for validation of the MBI construct from epidemiologic,
neurobiological, treatment, and prevention perspectives.
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1. Background

1.1. Neuropsychiatric symptoms of dementia, mild cognitive impairment, and normal

cognition

Neuropsychiatric symptoms (NPS) of dementia are common and of increasing interest to
clinicians and researchers. NPS are the noncognitive or behavioral and psychiatric
symptoms of dementia and include disturbances of mood, perception, and behavior
associated with neurodegenerative disease [1]. NPS in dementia are associated with poorer
outcomes including greater caregiver burden [2], greater functional impairment [3], higher
rates of institutionalization [4], poorer quality of life [5], accelerated progression to severe
dementia or death [6], and higher burden of neuropathologic markers of dementia [7].
Furthermore, NPS are present in the prodromal or mild cognitive impairment (MCI) stages
of dementia, with one study reporting them in 59% of subjects enrolled in a large MCI
clinical trial; furthermore, these individuals with NPS had greater impairment on global,
cognitive, and functional scores than those without NPS [8]. Large sample longitudinal
studies provide further evidence that NPS in MCI increase risk of dementia. In an analysis
of National Alzheimer’s Coordinating Center (NACC) data, the presence of NPS increased
the incidence of dementia (hazard ratio [HR] = 1.37, 95% confidence interval [CI] = 1.17—
1.84), with an estimated annual conversion rate of 25% for MCI comorbid with NPS [9].
Similarly, the population-based Cache County study identified NPS, even of mild severity,
as a risk factor for conversion from cognitive impairment no dementia to all-cause dementia
[10]. The 2011 National Institute on Aging—Alzheimer’s Association (NIA-AA) consensus
recommendations for diagnosis of all-cause dementia have included behavioral symptoms
by modifying the core criteria to add “changes in personality, behavior, or comportment—
symptoms include uncharacteristic mood fluctuations such as agitation, impaired motivation,
initiative, apathy, loss of drive, social withdrawal, decreased interest in previous activities,
loss of empathy, compulsive or obsessive behaviors, socially unacceptable behaviors” [11].
Inclusion as core criteria provided an emphasis on the importance of NPS in
neurodegenerative disease.
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Evidence suggests that even subtle NPS in cognitively normal adults can predict cognitive
decline. Pietrzak et al. [12] described the predictive nature of “mild worry” symptoms for
cognitive decline at 2-year follow-up in a group of 263 cognitively intact older adults. These
“mild worry” symptoms did not meet threshold criteria for an anxiety disorder and yet were
important predictors of cognitive decline in the domains of visual learning and memory
compared with older adults with “minimal worry” at baseline. The population-based Mayo
Clinic Study of Aging highlighted the importance of NPS in cognitively normal older adults
(age =70 years). The presence at baseline of NPS such as agitation (HR = 3.06, 95% CI =
1.89-4.93), apathy (HR = 2.26, 95% CI = 1.49-3.41), anxiety (HR = 1.87, 95% CI = 1.28-
2.73), irritability (HR = 1.84, 95% CI = 1.31-2.58), or depression (HR = 1.63, 95% CI =
1.23-2.16) increased the risk of developing MCI in comparison to participants without NPS
at baseline [13]. In comparison, biomarker analysis from the Mayo Clinic Study of Aging
estimated that hippocampal atrophy (by magnetic resonance imaging) increased the risk of
incident MCI to a lesser degree than four of the five aforementioned NPS (HR = 1.8, 95%
Cl = 1.4-2.20) [14], affirming the clinical relevance of NPS in comparison to other well-
established predictors of conversion from MCI to dementia. Data have continued to emerge
in support of the notion of NPS manifesting in advance of cognitive impairment for
neurodegenerative disease. Donovan et al. [15] studied 559 participants who were
cognitively normal, had subjective cognitive concerns, or who had MCI, from the
Massachusetts Alzheimer’s Disease Research Center Longitudinal Cohort. Greater
symptoms of depression, irritability, and agitation predicted more rapid progression to a
worse diagnosis across all groups, including the cognitively normal. The authors state “these
findings support a model of Alzheimer’s Disease (AD) in which cognitive and
neuropsychiatric alterations are measurable before the stage of MCI and offer potential to
enhance early detection and intervention.” Banks et al. [16] assessed 644 cognitively healthy
older subjects from the Alzheimer’s Disease Cooperative Study (ADCS) Prevention
Instrument Project. Over the 4-year follow-up, baseline symptoms of anxiety and depression
(measured cross-sectionally with the NPI) predicted conversion to Clinical Dementia Rating
(CDR) =0.5. The authors state “early anxiety and depression may be the harbingers of future
cognitive decline, and that patients exhibiting such symptoms, even in the absence of co-
occurring cognitive symptoms, should be closely followed over time.” Masters et al. [17]
used NACC data from 2416 cognitively normal participants more than 50 years of age to
describe the predictive nature of incident NPS on conversion from CDR =0 to CDR >0. The
authors found a significantly earlier presence of NPS in cognitively normal patients who
subsequently developed a CDR >0. They described the initial phase of “noncognitive” AD
as irritability, depression, and nighttime behavior changes, followed by anxiety, appetite
changes, agitation, and apathy symptoms. These NPS were simply cross-sectionally
captured at baseline and yet still proved to be powerful predictors of development of
cognitive impairment. Thus, an ever increasing body of evidence describes NPS in older
adults as potentially early markers of cognitive decline and progression along the
neurodegenerative spectrum.

1.2. Neurobiology of NPS

Inasmuch as neurodegeneration contributes to the cognitive symptoms of dementia, current
understanding of NPS supports an etiologic role of neurodegeneration in the manifestation
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of behavioral and psychological symptoms as well. Alexander [18] initially described
frontal-subcortical circuitry and suggested both motor and other “complex” behaviors may
be associated with damage to these regions. In synthesizing degeneration and lesion
literature, Cummings [19] described the role of frontal-subcortical circuits in human
behavior and the impact of circuit disruption in generating motor symptoms as well as
apathy, depression, mania, and obsessive compulsive disorder. Basal ganglia lacunae have
been shown to contribute to depression, delusions, and hallucinations in AD patients,
independent of the AD process [20]. Neurodegenerative disease and vascular burden
contribute to the manifestation of NPS in dementia such as agitation [21], anxiety [22],
apathy [23], appetite change [24], delusions [25], depression [26], disinhibition [27], moria
(childish excitement or frivolous behavior) [28], and sleep disturbance [29].

1.3. NPS as early manifestations of frontotemporal dementia and the genesis of the MBI

concept

It has long been recognized that behavioral symptoms are an early manifestation of
frontotemporal dementia (FTD) [30]. The International Behavioral Variant FTD Criteria
Consortium revised FTD criteria for possible behavioral variant FTD (bvFTD) describe,
“progressive deterioration of behavior and/or cognition by observation or history” [31]. The
criteria include behavioral disinhibition, apathy, inertia, loss of sympathy or empathy,
perseverative, stereotyped or compulsive/ritualistic behavior, hyperorality, and dietary
changes which are persistent or recurrent [31]. Other less frequent presentations of bvFTD
have been described including pathologic gambling [32] and hyperreligiosity [33]. It was in
this context of early FTD that the first criteria for MBI were proposed by Taragano et al.
[34,35] (Table 1). These criteria were proposed to identify FTD patients earlier in the course
of the illness, although criterion (2) “no serious memory complaints” left it open whether
patients had concurrent MCI. These MBI criteria served to describe a neuropsychiatric
prodrome to FTD in advance of significant memory decline.

In a review of FTD, Hallam et al. [36] suggested three approaches to understand its
prodromal syndrome: (1) cognitive profiling, (2) presence of behavioral/psychiatric
symptoms in the absence of memory complaints, and (3) combination of cognitive,
behavioral, and neuroimaging features. The approach of cognitive profiling builds on
Petersen’s MCI criteria [37]. This approach suggests that nonamnestic single domain MCI
may be a precursor to FTD and, while executive dysfunction is common to other dementia
prodromes, when appearing in isolation, it may be more specific to bvFTD [38]. However,
longitudinal data have demonstrated lack of specificity in this approach. Busse et al. [39]
empirically validated the MCI subtypes in a longitudinal study of community dwelling older
adults. Although persons with nonamnestic single domain MCI converted to non-AD
dementias at a higher rate than those with amnestic MCl, this group was also the most likely
to improve over the course of the follow-up period. The approach of combined behavioral/
psychiatric symptoms in the absence of memory complaints was described by Scholzel-
Dorenbos [40]. Using the Taragano criteria, three cases were described in which patients
presented with psychiatric and behavioral symptoms not meeting FTD criteria, but who met
MBI criteria. All three patients had nonmemory domain cognitive impairment and single
photon emitted computer tomography findings of frontotemporal hypoperfusion. De
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Mendonca et al. [41] extended this thinking and combined cognitive, behavioral, and
neuroimaging criteria to propose frontotemporal MCI (FT-MCI) criteria consisting of
frontotemporal dysfunction, frontal cognitive impairment, maintenance of function plus
neuroimaging findings that were either normal or consistent with frontotemporal atrophy
(Table 2). These criteria were retrospectively applied to a clinical population of 103 cases
diagnosed with MCI, age-associated memory impairment, FTD, or frontal syndrome. Seven
met the proposed FT-MCI criteria and six of these were diagnosed with FTD in 1.8 £ 1.0
years. However, five of the seven patients had frontal or frontotemporal atrophy at the time
of FT-MCI diagnosis, suggesting relatively advanced disease progression at that time. Thus,
although all approaches may have been helpful to diagnose incipient FTD, patients with
behavioral symptoms in the absence of cognitive symptoms were still not captured in these
frameworks. Thus, there remained a need for an approach to capture incipient dementia in
the absence of clear cognitive impairment.

1.4. NPS as early manifestations of other dementias

Although common in FTD, NPS can be an early manifestation of other dementias. In the
original Taragano study, a series of patients with NPS as the presenting complaint in
advance of cognitive impairment were followed for 3 years. At the end point, 36% had FTD,
28% had AD. 18% had vascular dementia (VaD), and 18% had other types of dementia
suggesting that any of the dementia syndromes can first present only with behavioral
symptoms [34]. In a series of 252 consecutive specialty clinic patients, Woolley et al. [42]
found that 28.2% of patients with a neurodegenerative illness first received a psychiatric
diagnosis with depression being the most common. Although 52.2% of patients with bvFTD
received a prior psychiatric diagnosis, patients with other dementias also received
psychiatric diagnoses before neurodegenerative ones including 23.1% of those ultimately
diagnosed with AD.

1.5. Rationale for new MBI criteria

One rationale for developing new MBI criteria is to define more clearly the relationship
between MBI and MCI. Until now, the degree to which cognitive impairment is present
within MBI patients has not been well defined or operationalized. Furthermore, the concept
of MBI needs to be studied in the context of all dementia types, despite its origins in
attempting to predict incipient bvFTD, with clear operationalized criteria. Identifying the
MBI population is also a novel approach to studying prevention, with the hypothesis that
early identification and treatment of behavioral symptoms in neurodegenerative illness may
slow or mitigate the presentation of cognitive symptoms or that using MBI criteria to assist
in early identification of neurodegenerative illness may allow for future disease-modifying
agents to be used promptly. Standardizing the assessment of MBI will help define a target
population for treatment studies. Identifying NPS early in the neurodegenerative process
may allow for development of new treatments or assess potentially greater efficacy for older
treatments. Finally, there is scientific interest in furthering knowledge of brain-behavior
relationships by studying NPS syndromes caused by neurodegenerative disease.
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2. Diagnostic criteria

2.1. Criteria development and search strategy

Initial discussion around the need for new MBI criteria stemmed from the annual meeting of
the NPS Professional Interest Area (PIA) of the International Society to Advance
Alzheimer’s Research and Treatment (ISTAART) at the Alzheimer’s Association
International Conference (AAIC) 2012 in Vancouver, Canada. Chaired by authors C.G.L.
and D.M., the NPS-PIA is an international, interdisciplinary group focused on defining
clinical entities that will serve as targets for research and treatment development in later
years. The NPS-PIA includes working groups related to specific NPS in AD, namely
depression, agitation, apathy, psychosis, and sleep disorders. A working group was formed
in 2012 to develop MBI criteria, headed by author Z.1.

In developing the criteria, in addition to reviewing the initial Taragano conference
proceedings and articles, Pubmed and Medline searches were performed with search criteria
“mild behavioral impairment,” “MBI,” “prodromal dementia,” “neuropsychiatric symptoms
of dementia,” “non-cognitive symptoms of dementia,” “NPS,” “behavioral and
psychological symptoms of dementia,” and “BPSD”. Both the American and UK spelling of
“behavior/behaviour” were used in the search. Full text articles of relevant abstracts were
reviewed, as were reference lists and citations.

Over the next year, the authors Z.1. and C.G.L. modified the Taragano criteria, the
Mendonca FTD-MCI criteria, and the NIA-AA Alzheimer’s Disease criteria to incorporate
current nomenclature and research. These criteria were then presented to the NPS-PIA at
AAIC 2013 in Boston, Massachusetts. The criteria were then modified via in an iterative
process during presentations at four of the monthly NPS-PIA conference calls where expert
members provided input leading to further modifications. For members unable to participate
in conference calls, feedback was provided by e-mail and incorporated into the evolving
criteria. It was decided by consensus to maintain the name MBI. It was felt there was much
to be gained nosologically in keeping consistent with the MCI nomenclature, given the goal
of trying to describe a spectrum of disease from cognitively normal through to dementia and
including MCI. The “mild” in this case does not refer to symptom severity, but rather to the
cognitive symptoms, which if present, would be of no greater severity than to warrant an
MCI diagnosis. The manuscript describing the criteria was then written by Z.1. and C.G.L.
and distributed to PIA workgroup chairs and coauthors for revisions and edits. The final
version of this article was then distributed to NPS-PIA membership for approval and then
subsequently to ISTAART for final approval before submission.

2.2. MBI criteria

The basis of these criteria is the assumption that neurodegeneration can manifest with
personality change, as well as behavioral or other psychiatric symptoms in advance of
cognitive impairment, depending on the type and location of pathology. MBI is intended to
be an umbrella concept to describe a syndrome in which late-life onset of psychiatric
symptoms that are not described in other nosologies (e.g., major depression, generalized
anxiety, delusional disorder and so forth) are early manifestations of neurodegenerative
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disease. Although the overall concept is broad, MBI has been broken down into the five
domains of motivation, affective regulation, impulse control, social cognition, and
perception/thought content. The proposed diagnostic criteria for MBI allow for, but do not
require, the concurrent presence of MCI (Table 3). As MBI and MCI are both prodromes to
dementia, NPSs after the onset of dementia are not considered to be MBI.

2.3. Summary of MBI criteria

The ISTAART MBI criteria (Table 3) expand on the description of behavioral changes
dividing them into five subcategories of motivation, affect, impulse control, social
appropriateness, and perception/thought content. The role of cognitive impairment has been
more clearly defined as has the description of functional impairment due to behavioral rather
than cognitive symptoms. Dementia remains an exclusion criterion; MCI can be present but
is not required.

3. Diagnostic considerations

3.1. Function

The ISTAART MBI criteria require at least minimal functional impairment. Of importance,
in MBI, the impairment in social, occupational, or interpersonal function must be
attributable to NPS, such as changes in personality and behavior, and not to cognitive
decline. When cognitive impairment causes “significant impairment in social or
occupational functioning” then, the patient should be considered to have dementia, not MBI.
If MBI is diagnosed concurrently with MCI, the functional impairment must be attributed to
behavior or personality changes, and not the cognitive impairments, although this may be
difficult to ascertain at times. The ISTAART NPS recommends the use of the NIA-AA
consensus criteria for MCI and dementia. With regard to functional impairment in MCI, the
NIA-AA criteria state that “Persons with MCI commonly have mild problems performing
complex functional tasks which they used to perform previously, such as paying bills,
preparing a meal, or shopping. They may take more time, be less efficient, and make more
errors at performing such activities than in the past. Nevertheless, they generally maintain
their independence of function in daily life, with minimal aids or assistance. It is recognized
that the application of this criterion is challenging, as it requires knowledge about an
individual’s level of function at the current phase of their life. However, it is noteworthy that
this type of information is also necessary for the determination of whether a person is
demented” [43]. Again, although this may be challenging, it is important to determine the
cause of functional impairment (cognition vs. behavior) as it pertains to the diagnosis of
MBI.

3.2. MBI versus subsyndromal or emerging psychiatric illness and developmental aspects

of aging

Although a goal of the MBI criteria is to assess psychiatric symptomatology as a marker for
incipient neurodegenerative illness, a potential confound is later life onset psychiatric
disorders that may not be caused by neurodegeneration. These illnesses can include mood
disorder, anxiety disorder, bereavement, psychotic disorder, and adjustment disorders. MBI
criteria stipulate that “the behavioral changes are not attributable to another current
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psychiatric disorder.” Because MBI criteria also state that behaviors should “persist, at least
intermittently for =6 months” the diagnosis of adjustment disorder, which requires
symptoms for less than 6 months, is excluded [44]. However, the challenge lies in assessing
the potential confound of subsyndromal psychiatric illness and the buildup of psychiatric
symptoms before a formal episode. “Subsyndromal” depression is a risk factor for major
depression, especially in older adults [45,46], and late life depression can be a risk factor for
or prodrome of dementia [47]. The MBI criteria will include subsyndromal psychiatric
disorders, some of which will evolve over 6 months and be excluded from MBI. However,
some subsyndromal psychiatric disorders will continue to meet criteria for MBI, and the
specificity of MBI criteria in this area is not known. Similarly, some individuals will exhibit
persistent personality changes after the age of 50 years that are not related to psychiatric
disorder or neurodegenerative disorder, but to developmental aspects of aging or adaptive
changes in response to persistent change in social or environmental milieu. Further work and
research evidence will help to refine this and inform improvements in the criteria.

3.3. Utility of proposed criteria

In extending the previous literature describing MBI and operationalizing the criteria, we
have expanded criteria to include another possible preclinical phenotype. The proposed
criteria will be subject to establishment of interrater and test-retest reliability, and validity
for their ability to detect dementia early and for prognosticating late-onset NPS in the
context of dementia. The criteria are proposed to stimulate further research into the nature of
later-life onset NPS in the presence and absence of mild cognitive symptoms.

In addition to the early detection of neurodegenerative disease, the proposed MBI criteria
may play a role in prevention. For example, in the Citalopram for Agitation in Alzheimer
Disease trial, the effect of an antidepressant on agitation in nondepressed AD patients has
been described [48,49]. Although effective for agitation and behavioral symptoms,
citalopram was associated with slightly worsening cognition. The separation of behavioral
and cognitive outcomes suggests the possibility of different or partially discrete
neurobiological underpinnings for different symptoms that are core to the neurodegenerative
process. Perhaps using treatments successful for NPS in dementia at the MBI stage could
alter illness course. Certainly further research is required, and the proposed MBI criteria
create a framework to test these hypotheses. Although it may be helpful to develop
additional specific rating scales for MBI, existing instruments such as the Neuropsychiatric
Inventory (NPI) [50] or its clinician rated version (NPI-C) [51] may be adequate. These
instruments were developed primarily for use in dementia and may not fully capture the
range or severity of NPS that occur in MBI. Nonetheless, the NP1 is a valid and reliable
means of measuring NPS in dementia and MCI and has been used in clinical trials and
longitudinal studies [9,10,49,52]. MBI subcategories that may correlate with NP1 domains
include decreased motivation (NPI: apathy/ indifference); affective dysregulation (NPI:
depression/ dysphoria, anxiety, elation/euphoria, and irritability); impulse dyscontrol (NPI:
agitation/aggression, aberrant motor behavior, and appetite/eating behavior); social
inappropriateness (NPI: disinhibition); abnormal perception/thought content (NPI: delusions
and hallucinations).
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4. Conclusions

We propose research diagnostic criteria for MBI as a potential way to detect earlier incipient
neurodegenerative illness. The criteria extend previous research in this area and incorporate
MCI into the framework. They will facilitate research into understanding NPS as a very
early consequence of neurodegenerative disease in some cases, exploring targets for
treatment and studying mechanisms of illness progression. The criteria will be subject to
studies of reliability, concurrent validity, predictive validity, and the development of
biomarkers, ultimately leading to therapeutics.

Acknowledgments

The authors acknowledge The Alzheimer’s Association ISTAART group for reading and supporting these criteria.

Article supported in part by NIH grant P5S0AG005146 to the Johns Hopkins Alzheimer’s Disease Research Center

(C.G.L.) and by the Department of Veterans Affairs (D.S. and R.S.). The content is solely the responsibility of the

authors and does not necessarily represent the official views of the National Institutes of Health, the Department of
Veterans Affairs, or the United States Government.

Z.1. received grant support from Canadian Institutes of Health Research, Canadian Consortium of
Neurodegeneration and Aging, NIA, Katthy Taylor Chair in Vascular Dementia, Joan and Clifford Hatch
Foundation, Ontario AFP Innovation Fund, and University of Calgary Department of Psychiatry Research Fund and
is a consultant/advisor of AstraZeneca, BMS, Janssen, Lilly, Lundbeck, Merck, Otsuka, Pfizer, and Sunovion. D.S.
received research support from Dept of Veterans Affairs, NIH, Eli Lilly, Avanir, and Elan and is a consultant of
Otsuka and Lundbeck. H.B. is an investigator at Janssen, Lilly, Medivation, Merck, Sanofi, Servier, and Tau
Therapeutics; member of advisory boards of Pfizer, Novartis, Janssen, Lundbeck, and Nutricia; and consultant of
Baxter, Lilly, Merck, and Nutricia. G.S. received research support from NIH. C.G.L. received grant support
(research or CME) from NIMH, NIA, Associated Jewish Federation of Baltimore, Weinberg Foundation, Forest,
GlaxoSmithKline, Eisai, Pfizer, AstraZeneca, Lilly, Ortho-McNeil, Bristol-Myers, Novartis, National Football
League, Elan, and Functional Neuromodulation and is a consultant/ advisor of AstraZeneca, GlaxoSmithKline,
Eisai, Novartis, Forest, Supernus, Adlyfe, Takeda, Wyeth, Lundbeck, Merz, Lilly, Pfizer, Genentech, Elan, NFL
Players Association, NFL Benefits Office, Avanir, Zinfandel, BMS, Abvie, Janssen, and Orion. C.G.L. received
honorarium or travel support from Pfizer, Forest, Glaxo-Smith Kline, and Health Monitor.

References

[1]. Lyketsos CG, Carrillo MC, Ryan JM, Khachaturian AS, Trzepacz P, Amatniek J, et al.
Neuropsychiatric symptoms in Alzheimer’s disease. Alzheimers Dement. 2011; 7:532-9.
[PubMed: 21889116]

[2]. Fischer CE, Ismail Z, Schweizer TA. Impact of neuropsychiatric symptoms on caregiver burden in
patients with Alzheimer’s disease. Neurodegener Dis Manag. 2012; 2:269-77.

[3]. Fischer CE, Ismail Z, Schweizer TA. Delusions increase functional impairment in Alzheimer’s
disease. Dement Geriatr Cogn Disord. 2012; 33:393-9. [PubMed: 22814093]

[4]. Balestreri L, Grossberg A, Grossberg GT. Behavioral and psychological symptoms of dementia as
a risk factor for nursing home placement. Int Psychogeriatr. 2000; 12:59-62.

[5]. Karttunen K, Karppi P, Hiltunen A, Vanhanen M, V&liméaki T, Martikainen J, et al.
Neuropsychiatric symptoms and quality of life in patients with very mild and mild Alzheimer’s
disease. Int J Geriatr Psychiatry. 2011; 26:473-82. [PubMed: 21445998]

[6]. Peters ME, Schwartz S, Han D, Rabins PV, Steinberg M, Tschanz J, et al. Neuropsychiatric
symptoms as predictors of progression to severe Alzheimer’s dementia and death: The Cache
Country dementia progression study. Am J Psychiatry. 2015; 172:460-5. [PubMed: 25585033]

[7]. Zubenko GS, Moossy J, Martinez AJ, Rao G, Claassen D, Rosen J, et al. Neuropathologic and
neurochemical correlates of psychosis in primary dementia. Arch Neurol. 1991; 48:619-24.
[PubMed: 1710105]

[8]. Feldman H, Scheltens P, Scarpini E, Hermann N, Mesenbrink P, Mancione L, et al. Behavioral
symptoms in mild cognitive impairment. Neurology. 2004; 62:1199-201. [PubMed: 15079026]

Alzheimers Dement. Author manuscript; available in PMC 2016 February 06.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ismail et al.

Page 10

[9]. Rosenberg PB, Mielke MM, Appleby BS, Oh ES, Geda YE, Lyketsos CG. The association of

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].
[18].
[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

neuropsychiatric symptoms in MCI with incident dementia and Alzheimer disease. Am J Geriatr
Psychiatry. 2013; 21:685-95. [PubMed: 23567400]

Peters M, Rosenberg P, Steinberg M, Norton M, Welsh-Bohmer K, Hayden K, et al.
Neuropsychiatric symptoms as risk factors for progression from CIND to dementia: The Cache
County Study. Am J Geriatr Psychiatry. 2013; 21:1116-24. [PubMed: 23567370]

McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR Jr, Kawas CH, et al. The
diagnosis of dementia due to Alzheimer’s disease: Recommendations from the National Institute
on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease.
Alzheimers Dement. 2011; 7:263-9. [PubMed: 21514250]

Pietrzak RH, Maruff P, Woodward M, Fredrickson J, Fredrickson A, Krystal JH, et al. Mild
worry symptoms predict decline in learning and memory in healthy older adults: A 2-year
prospective cohort study. Am J Geriatr Psychiatry. 2012; 20:266—75. [PubMed: 22354117]
Geda YE, Roberts RO, Mielke MM, Knopman DS, Christianson TJ, Pankratz VS, et al. Baseline
neuropsychiatric symptoms and the risk of incident mild cognitive impairment: A population-
based study. Am J Psychiatry. 2014; 171:572-81. [PubMed: 24700290]

Kantarci K, Weigand SD, Przybelski SA, Preboske GM, Pankratz VS, Vemuri P, et al. MRI and
MRS predictors of mild cognitive impairment in a population-based sample. Neurology. 2013;
81:126-33. [PubMed: 23761624]

Donovan NJ, Amariglio RE, Zoller AS, Rudel RK, Gomez-Isla T, Blacker D, et al. Subjective
cognitive concerns and neuropsychiatric predictors of progression to the early clinical stages of
Alzheimer disease. Am J Geriatr Psychiatry. 2014; 22:1642-51. [PubMed: 24698445]

Banks SJ, Raman R, He F, Salmon DP, Ferris S, Aisen P, et al. The Alzheimer’s Disease
Cooperative Study Prevention Instrument Project: Longitudinal outcome of behavioral measures
as predictors of cognitive decline. Demen Geriatr Cogn Dis Extra. 2014; 4:509-16.

Masters MC, Morris JC, Roe CM. “Noncognitive” symptoms of early Alzheimer disease: A
longitudinal analysis. Neurology. 2015; 84:1-6.

Alexander GE. Organization of basal ganglia. Diseases of the Nervous System: Clinical
Neurobiology. Brain Res Bull. 1986; 1:379.

Cummings JL. Frontal-subcortical circuits and human behavior. Arch Neurol. 1993; 50:873-80.
[PubMed: 8352676]

Palmgquvist S, Sarwari A, Wattmo C, Bronge L, Zhang Y, Wahlund LO, et al. Association between
subcortical lesions and behavioral and psychological symptoms in patients with Alzheimer’s
disease. Dement Geriatr Cogn Disord. 2012; 32:417-23. [PubMed: 22343788]

Tekin S, Mega MS, Masterman DM, Chow T, Garakian J, Vinters HV, et al. Orbitofrontal and
anterior cingulate cortex neurofibrillary tangle burden is associated with agitation in Alzheimer
disease. Ann Neurol. 2001; 49:355-61. [PubMed: 11261510]

Hashimoto H, Monserratt L, Nguyen P, Feil D, Harwood D, Mandelkern M, et al. Anxiety and
regional cortical glucose metabolism in patients with Alzheimer’s disease. J Neuropsychiatry
Clin Neurosci. 2006; 18:521-8. [PubMed: 17135378]

Tunnard C, Whitehead D, Hurt C, Wahlund L, Mecocci P, Tsolaki M, et al. Apathy and cortical
atrophy in Alzheimer’s disease. Int J Geriatr Psychiatry. 2011; 26:741-8. [PubMed: 20872914]
Ismail Z, Herrmann N, Rothenburg LS, Cotter A, Leibovitch FS, Rafi-Tari S, et al. A functional
neuroimaging study of appetite loss in Alzheimer’s disease. J Neurol Sci. 2008; 271:97-103.
[PubMed: 18495162]

Ismail Z, Nguyen MQ, Fischer CE, Schweizer TA, Mulsant BH. Neuroimaging of delusions in
Alzheimer’s disease. Psychiatry Res. 2012; 202:89-95. [PubMed: 22703622]

Starkstein SE, Mizrahi R, Capizzano AA, Acion L, Brockman S, Power BD. Neuroimaging
correlates of apathy and depression in Alzheimer’s disease. J Neuropsychiatry Clin Neurosci.
2009; 21:259-65. [PubMed: 19776304]

Peters F, Perani D, Herholz K, Holthoff V, Beuthien-Baumann B, Sorbi S, et al. Orbitofrontal
dysfunction related to both apathy and disinhibition in frontotemporal dementia. Dement Geriatr
Cogn Disord. 2006; 21:373-9. [PubMed: 16534207]

Alzheimers Dement. Author manuscript; available in PMC 2016 February 06.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ismail et al.

[28].

[29].

[30].

[31].

[32].

[33].

[34].
[35].

[36].

[37].

[38].

[39].
[40].
[41].

[42].

[43].

[44].

[45].

[46].

[47].

Page 11

Mendez MF, McMurtray A, Chen AK, Shapira JS, Mishkin F, Miller BL. Functional
neuroimaging and presenting psychiatric features in frontotemporal dementia. J Neurol
Neurosurg Psychiatry. 2006; 77:4—7. [PubMed: 16043457]

Ismail Z, Herrmann N, Francis P, Rothenburg L, Lobaugh N, Leibovitch F, et al. A SPECT study
of sleep disturbance and Alzheimer’s disease. Dement Geriatr Cogn Disord. 2009; 27:254-9.
[PubMed: 19246910]

Liu W, Miller BL, Kramer JH, Rankin K, Wyss-Coray C, Gearhart R, et al. Behavioral disorders
in the frontal and temporal variants of frontotemporal dementia. Neurology. 2004; 62:742-8.
[PubMed: 15007124]

Rascovsky K, Hodges JR, Knopman D, Mendez MF, Kramer JH, Neuhaus J, et al. Sensitivity of
revised diagnostic criteria for the behavioural variant of frontotemporal dementia. Brain. 2011;
134:2456-77. [PubMed: 21810890]

Manes FF, Torralva T, Roca M, Gleichgerrcht E, Bekinschtein TA, Hodges JR. Frontotemporal
dementia presenting as pathological gambling. Nat Rev Neurol. 2010; 6:347-52. [PubMed:
20440289]

Postiglione A, Milan G, Pappata S, De Falco C, Lamenza F, Schiattarella V, et al. Fronto-
temporal dementia presenting as Geschwind’s syndrome. Neurocase. 2008; 14:264-70.
[PubMed: 18704833]

Taragano F, Allegri R. Mild behavioral impairment: The early diagnosis. The Eleventh
International Congress of the International Psychogeriatric Association. 2003

Taragano FE, Allegri RF, Krupitzki H, Sarasola D, Serrano C, Lyketsos C. Mild behavioral
impairment. J Clin Psychiatry. 2009; 70:584-92. [PubMed: 19323967]

Hallam BJ, Silverberg ND, Lamarre AK, Mackenzie IR, Feldman HH. Clinical presentation of
prodromal frontotemporal dementia. Am J Alzheimers Dis Other Demen. 2007; 22:456-67.
[PubMed: 18166605]

Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E. Mild cognitive
impairment: Clinical characterization and outcome. Arch Neurol. 1999; 56:303-8. [PubMed:
10190820]

Yaffe K, Petersen RC, Lindquist K, Kramer J, Miller B. Subtype of mild cognitive impairment
and progression to dementia and death. Dement Geriatr Cogn Disord. 2006; 22:312-9. [PubMed:
16940725]

Busse A, Hensel A, Giihne U, Angermeyer M, Riedel-Heller S. Mild cognitive impairment:
Long-term course of four clinical subtypes. Neurology. 2006; 67:2176-85. [PubMed: 17190940]
Scholzel-Dorenbos CJ. Mild behavioral impairment: A prodromal stage of frontotemporal lobar
degeneration. J Am Geriatr Soc. 2006; 54:180-1. [PubMed: 16420228]

de Mendonca A, Ribeiro F, Guerreiro M, Garcia C. Frontotemporal mild cognitive impairment. J
Alzheimers Dis. 2004; 6:1-9. [PubMed: 15004322]

Woolley JD, Khan BK, Murthy NK, Miller BL, Rankin KP. The diagnostic challenge of
psychiatric symptoms in neurodegenerative disease: Rates of and risk factors for prior psychiatric
diagnosis in patients with early neurodegenerative disease. J Clin Psychiatry. 2011; 72:126-33.
[PubMed: 21382304]

Albert MS, DeKosky ST, Dickson D, Dubois B, Feldman HH, Fox NC, et al. The diagnosis of
mild cognitive impairment due to Alzheimer’s disease: Recommendations from the National
Institute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for
Alzheimer’s disease. Alzheimers Dement. 2011; 7:270-9. [PubMed: 21514249]

American Psychiatric Association. DSM 5. American Psychiatric Publishing; Arlington, VA:
2013.

Lyness JM, Chapman BP, McGriff J, Drayer R, Duberstein PR. One-year outcomes of minor and
subsyndromal depression in older primary care patients. Int Psychogeriatr. 2009; 21:60-8.
[PubMed: 18786280]

Kiosses D, Alexopoulos G. The prognostic significance of subsyndromal symptoms emerging
after remission of late-life depression. Psychol Med. 2013; 43:341-50. [PubMed: 22607988]
Ismail Z, Malick A, Smith EE, Schweizer T, Fischer C. Depression versus dementia: Is this
construct still relevant? Neurodegener Dis Manag. 2014; 4:119-26. [PubMed: 24832029]

Alzheimers Dement. Author manuscript; available in PMC 2016 February 06.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Ismail et al.

[48].

[49].

[50].

[51].

[52].

Page 12

Drye LT, Ismail Z, Porsteinsson AP, Rosenberg PB, Weintraub D, Marano C, et al. Citalopram
for agitation in Alzheimer’s disease: design and methods. Alzheimers Dement. 2012; 8:121-30.
[PubMed: 22301195]

Porsteinsson AP, Drye LT, Pollock BG, Devanand DP, Frangakis C, Ismail Z, et al. Effect of
citalopram on agitation in Alzheimer disease: The CitAD randomized clinical trial. JAMA. 2014;
311:682-91. [PubMed: 24549548]

Cummings JL. The Neuropsychiatric Inventory: Assessing psychopathology in dementia patients.
Neurology. 1997; 48:10S-6.

De Medeiros K, Robert P, Gauthier S, Stella F, Politis A, Leoutsakos J, et al. The
Neuropsychiatric Inventory-Clinician rating scale (NPI-C): Reliability and validity of a revised
assessment of neuropsychiatric symptoms in dementia. Int Psychogeriatr. 2010; 22:984-94.
[PubMed: 20594384]

Ismail Z, Emeremni CA, Houck PR, Mazumdar S, Rosen J, Rajji TK, et al. A Comparison of the
E-BEHAVE-AD, NBRS, and NP1 in quantifying clinical improvement in the treatment of
agitation and psychosis associated with dementia. Am J Geriatr Psychiatry. 2013; 21:78-87.
[PubMed: 23290205]

Alzheimers Dement. Author manuscript; available in PMC 2016 February 06.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ismail et al.

Page 13

RESEARCH IN CONTEXT

Systematic review: Pubmed and Medline searches were performed with search
criteria “mild behavioral impairment,” “MBI,” “prodromal dementia,”
“neuropsychiatric symptoms of dementia,” “non-cognitive symptoms of
dementia,” “NPS,” “behavioral and psychological symptoms of dementia,” and
“BPSD.” Both the American and United Kingdom spelling of “behavior/
behaviour” were used in the search. Full text articles of relevant abstracts were
reviewed, as were reference lists and citations to ensure a thorough search was
performed.

Interpretation: Neuropsychiatric symptoms (NPS) can manifest early in the
course of neurodegenerative illness. Currently, diagnosis of neurodegenerative
disease is predicated on cognitive impairment. Based on the literature search and
through an iterative process within the NPS Professional Interest Area of The
International Society to Advance Alzheimer Research and Treatment, we
propose research diagnostic criteria for mild behavioral impairment (MBI), as
an extension of the preexisting MBI construct to include, but not mandate
cognitive impairment. These are the first broadly reaching criteria to systematize
and operationalize the MBI construct.

Future directions: The next steps in understanding the role of NPS in early
manifestation of dementia include validating the MBI construct across different
clinical domains. Both retrospective and prospective studies will be undertaken
to determine the validity and reliability of MBI.
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Table 1

Taragano MBI criteria

1. Persistent behavioral changes and mild psychiatric symptoms,
especially disinhibition

2. No serious memory complaints
3. Normal activities of daily living

4. Not demented

Abbreviation: MBI, mild behavioral impairment.
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Table 2
FT-MCI criteria (de Mendonca et al. [41])

1 Symptoms of frontotemporal dysfunction

a.  Behavioral symptoms, namely alterations in personal awareness, neglect of hygiene and grooming; alterations in social
awareness, lack of social tact, misdemeanors; early signs of disinhibition, sexual changes, violence, jocularity, restless
pacing; mental rigidity and inflexibility; hyperorality; stereotyped and perservative behaviour; utilization behaviour;
distractibility, impulsivity, impersistence; and loss of insight

b.  Affective symptoms, namely depression, anxiety, sentimentality, suicidal and fixed ideation, delusion; hypochondriasis,
bizarre somatic preoccupation; emotional unconcern, indifference, and remoteness, apathy, lack of empathy and sympathy;
amimia, inertia, aspontaneity

c.  Speech disturbance, namely reduction of speech or stereotyped speech. These symptoms should be confirmed by an
informant; the patient could also have memory complaints

2 Alteration (reduction of at least 1 SD) in at least one test reflecting executive functions dependent on the frontal lobe, namely
attention (cancellation task), verbal initiative, motor initiative, graphomotor initiative, and conceptual thinking (verbal,
interpretation of proverbs; or nonverbal, progressive matrices)

3 Maintained activities of daily living; the patient should both keep the professional, social, familial activities by clinical judgment
and have a score in the part of the Blessed Dementia Scale concerning everyday activities and change in habits <3.

4 CT or MRI scan normal or with frontotemporal atrophy.

Abbreviations: FT-MCI, frontotemporal MCI; MCI, mild cognitive impairment; SD, standard deviation; CT, computed tomography; MRI,
magnetic resonance imaging.
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Table 3

ISTAART research diagnostic criteria for MBI

1 Changes in behavior or personality observed by patient, informant, or clinician, starting later in life (age =50 years) and persisting at
least intermittently for 26 months. These represent clear change from the person’s usual behavior or personality as evidenced by at
least one of the following:

a
b.

o

e

Decreased motivation (e.g., apathy, aspontaneity, indifference)
Affective dysregulation (e.g., anxiety, dysphoria, changeability, euphoria, irritability)
Impulse dyscontrol (e.g., agitation, disinhibition, gambling, obsessiveness, behavioral perseveration, stimulus bind)

Social inappropriateness (e.g., lack of empathy, loss of insight, loss of social graces or tact, rigidity, exaggeration of
previous personality traits)

Abnormal perception or thought content (e.g., delusions, hallucinations)

2 Behaviors are of sufficient severity to produce at least minimal impairment in at least one of the following areas:

a
b.
c.
d.

Interpersonal relationships
Other aspects of social functioning
Ability to perform in the workplace

The patient should generally maintain his/her independence of function in daily life, with minimal aids or assistance.

3 Although comorbid conditions may be present, the behavioral or personality changes are not attributable to another current
psychiatric disorder (e.g., generalized anxiety disorder, major depression, manic or psychotic disorders), traumatic or general
medical causes, or the physiological effects of a substance or medication.

4 The patient does not meet criteria for a dementia syndrome (e.g., Alzheimer’s disease, frontotemporal dementia, dementia with
Lewy bodies, vascular dementia, other dementia). MCI can be concurrently diagnosed with MBI.

Abbreviations: ISTAART, International Society to Advance Alzheimer’s Research and Treatment; MBI, mild behavioral impairment; MCI, mild

cognitive impairment.
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