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Abstract Introduction: Dementia with Lewy bodies (DLB) is a challenge to diagnose, particularly outside of
expert centers with long delays in diagnosis leading to significant burden to patients and caregivers.
Although consensus criteria have excellent specificity, there is no standardized way to assess symp-
toms reducing sensitivity.We developed the Lewy body composite risk score (LBCRS) from autopsy-
verified cases to improve the ability to detect DLB in clinic and research populations.
Methods: The LBCRS was tested in a consecutive series of 256 patients compared with the clinical
dementia rating and gold standard measures of cognition, motor symptoms, function, and behavior.
Psychometric properties including floor and ceiling effects; concurrent, construct, and known-groups
validity; and internal consistency of the LBCRS were determined. Receiver operator characteristic
(ROC) curves assessed the ability of LBCRS to differentiate (1) DLB from Alzheimer’s disease
(AD), (b) DLB from all dementia, and (c) mild cognitive impairment (MCI) due to DLB from
MCI due to AD. The LBCRS was completed independent of the clinical evaluation.
Results: Mean LBCRS scores were significantly different between DLB and AD (6.1 6 2.0 vs.
2.4 6 1.3, P , .001) and between MCI-DLB versus MCI-AD (3.2 6 0.9 vs. 1.0 6 0.8, P , .001).
The LBCRS was able to discriminate DLB from other causes of dementia. Using a cutoff score of
3, areas under ROC for DLB versus AD 5 0.93 (0.89–0.98) and for MCI-DLB versus MCI-
AD 5 0.96 (0.91–1.0).
Discussion: The LBCRS increases diagnostic probability that Lewy body pathology is contributing
to the dementia syndrome and should improve clinical detection and enrollment for clinical trials.
� 2015 The Author. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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1. Introduction

The Lewy body dementias, composed of two related dis-
orders: dementia with Lewy bodies (DLB) [1] and Parkin-
son’s disease dementia (PDD) [2], are a challenge to
diagnose, particularly outside of expert centers [3]. One of
the great challenges in differential diagnosis of neurodegen-
erative disorders is attributing clinical symptoms to specific
pathologies to guide treatment choices and discuss prognosis
and clinical course [4,5]. Although PDD provides a

potentially easier route to diagnosis because the cognitive
disorder begins in face of an established movement
disorder [2] and criteria have defined a mild cognitive
impairment (MCI) state [6], DLB is a more difficult entity
to diagnose with delays in diagnosis approaching 18 months
[7] leading to significant burden to patients and caregivers
[8–10]. Patients with dementia are often misdiagnosed
[7,11] with a neurologist finally establishing a diagnosis of
DLB or PDD in 62% of cases [7]. Although consensus
criteria for DLB [1] have excellent specificity (79%–
100%) [12], there is no standardized way to assess or oper-
ationalize many of the cognitive and behavioral symptoms
which markedly decrease sensitivity in clinical practice
(range 12%–88%) [12,13].
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To address the difficulty in making DLB diagnosis and
assist in the diagnosis of PDD, we developed the Lewy
body composite risk score (LBCRS) [14] to improve the
ability to detect DLB and PDD in clinic and research popu-
lations and increase the likelihood of determining whether
Lewy bodies are contributing pathology to the cognitive
diagnosis. The LBCRS was derived from clinical features
in autopsy-verified cases of healthy controls, Alzheimer’s
disease (AD), DLB, and Parkinson’s disease with and
without dementia [15]. Features that predicted Lewy bodies
at autopsy included extrapyramidal signs, cognitive fluctua-
tions, hallucinations, and sleep disturbances [15]. The
LBCRS was initially validated in a research sample with
excellent psychometric properties demonstrating discrimi-
nation between AD and DLB cases with an area under
the curve (AUC) of 96.8% (95% confidence interval
[CI], 0.93–1.0) [14]. A cutoff score of 3 provided a sensi-
tivity of 90% and a specificity of 87%. Here, we present
the psychometric evaluation of the LBCRS in a well-
characterized clinic sample.

2. Methods

2.1. Study participants

Participants were drawn from a consecutive series of 256
referrals to the Pearl I. Barlow Center for Memory Evalua-
tion and Treatment, a dementia specialty practice at NYU
Medical Center, from September 2013 to December 2014.
Assessments were completed by a transdisciplinary team
of a neurologist, geriatric nurse practitioner, social worker,
and psychometrician, and all components of the assessment
were part of standard of care at our center [16]. The LBCRS
was completed by the author after the entire evaluation was
performed. During the 75–90 minute office visit, the patient
and caregiver underwent a comprehensive evaluation
including the clinical dementia rating (CDR) and its sum
of boxes (CDR-SB) [17], mood, neuropsychological testing,
caregiver ratings of behavior and function, and caregiver
burden and depression. This study was approved by the
NYU Langone Medical Center Institutional Review Board.

2.2. Clinical assessment

Independent semi-structured interviews were conducted
with the patient and a collateral source. The CDR [17] was
used to determine the presence or absence of dementia and
to stage its severity. The CDR rates cognitive function in
six categories (memory, orientation, judgment and problem
solving, performance in community affairs, home and
hobbies, and personal care); a global CDR 0 indicates no de-
mentia; CDR 0.5 represents MCI or very mild dementia;
CDR 1, 2, or 3 corresponds to mild, moderate, or severe de-
mentia. Diagnoses were determined using published clinical
criteria for MCI due to AD [18], AD [19], DLB [1] fronto-
temporal degeneration (FTD) [20,21], and vascular
dementia (VaD) [22]. Research criteria were used for

defining MCI due to DLB [22–25]. Extrapyramidal
features were assessed with the Movement Disorders
Society-Unified Parkinson’s Disease Rating Scale, motor
subscale part III (UPDRS) and a modified Hoehn and Yahr
stage was assigned [26]. The Charlson comorbidity index
[27] was completed to assess the potential impact of comor-
bid medical conditions on the patient’s cognitive status.

2.3. Caregiver evaluation

Caregivers completed evaluations to determine the pres-
ence and severity of noncognitive symptoms observed in
the patient and their impact on the caregiver. The neuropsy-
chiatric inventory (NPI) [28] assessed behavior, Mayo
fluctuation questionnaire (MFQ) [29] assessed presence
of cognitive fluctuations, and Epworth Sleepiness Scale
(EES) [30] assessed daytime sleepiness. The Mayo sleep
questionnaire (MSQ) [31] assessed the presence of parasom-
nias, particularly rapid eye movement sleep behavior disor-
der (RBD). A caregiver rating of daytime alertness was
collected using a 1-10 Likert scale [31]. The functional ac-
tivities questionnaire [32] was used to rate performance of
activities of daily living. The Zarit burden inventory [33]
evaluated caregiver burden and the personal health question-
naire [34] assessed caregiver depression.

2.4. Neuropsychological evaluation

Each patient was administered a 30-minute test battery at
the time of the office visit to assess their cognitive status. The
psychometrician was unaware of the diagnosis, CDR stage,
or LBCRS. A brief global assessment was performed using
the mini mental state examination (MMSE) [35]. The battery
included measures of episodic memory (Hopkins verbal
learning task) [36]; semantic memory (animal fluency)
[37] and 15-item Boston naming test [38]; and working
memory (letter-number sequencing) [39]. Two-timed mea-
sures addressed psychomotor and executive abilities: trail
making A and trail making B [40]. Construction was as-
sessed with the clock drawing task [41]. Mood was assessed
with the hospital anxiety depression scale [42] providing
subscale scores for depression (HADS-D) and anxiety
(HADS-A).

2.5. Completion of the LBCRS

The LBCRS (Table 1) was not considered during the clin-
ical assessment or diagnosis. The LBCRS was completed af-
ter all other rating scales were scored and the diagnosis
presented to the patient and family. Data were taken from
the patient charts to complete the LBCRS with questions
1–4 taken from the UPDRS, question 5 from the ESS, ques-
tions 6–7 from theMFQ, question 8 from the NPI, question 9
from the MSQ, and question 10 from physical findings and
complaints of the patient. The operationalization of physical
findings as being present for at least 6 months or symptoms
occurring at least three times over the past 6 months
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