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Abstract

Background—Methods to detect early cognitive decline and account for heterogeneity of
deficits in Parkinson's disease (PD) are needed. Quantitative methods such as latent class analysis
(LCA) offer an objective approach to delineate discrete phenotypes of impairment.

Objective—To identify discrete neurocognitive phenotypes in PD patients without dementia.

Methods—LCA was applied to a battery of 8 neuropsychological measures to identify cognitive
subtypes in a cohort of 199 non-demented PD patients. Two measures were analyzed from each of
four neurocognitive domains: executive functioning, memory, visuospatial abilities, and language.
Additional analyses examined between-groups differences in demographic and clinical
characteristics (Alzheimer's Disease Cooperative Study Activities of Daily Living Inventory
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[ADCS-ADL]; UPDRS-III; PD subtype (i.e., tremor-dominant (TD) versus postural instability/gait
disturbance-dominant(PIGD)); and cognitive diagnosis (i.e., intact cognition versus mild cognitive
impairment; MCI).

Results—LCA identified 3 distinct groups of PD patients: an /nfact cognition group (n=109;
54.8%), an amnestic group (n=64[32.1%]; impaired recall and recognition on verbal memory
tasks, but intact performance on other measures) and a mixed impairment group with
dysexecutive, visuospatial and lexical retrieval deficits (n=26 [13.1%]; relative deficits on
measures of verbal fluency, visuospatial abilities, and delayed free recall on a memory task, but
intact recognition memory). The amnestic and mixed impairment groups had significantly lower
ratings of IADL functioning and greater motor symptoms than the cognitively intact group.
Additionally, patients with PIGD vs. TD PD subtype were more likely to be classified in either
cognitively impaired group. Of those diagnosed as cognitively normal according to MDS criteria
(n=151), LCA classified 35 patients as amnestic (23.2%), and 15 as mixed impairment (9.9%).

Conclusions—Non-demented PD patients exhibit distinct neuropsychological profiles. One-
third of patients with LCA-determined impairment were diagnosed as cognitively intact by expert
consensus, indicating that classification using a statistical algorithm may assist in detection of
early and subtle cognitive decline. This study also demonstrates that memory impairment is
common in non-demented PD even when cognitive impairment is not clinically apparent. This
study has implications for earlier detection of cognitive difficulties in PD, predicting eventual
emergence of significant cognitive decline, and treatment trials for cognitive dysfunction in PD.

Keywords
Parkinson's disease; cognition; latent class analysis; neuropsychology

Introduction

Cognitive impairment is common even in early Parkinson's disease (PD),[1] impacts daily
function,[2] increases risk of developing PD dementia (PDD), increases mortality,[3] and
contributes to caregiver burden.[4] Up to one-third of PD patients exhibit cognitive deficits
in the early stages of the disease[5], and deficits in varied cognitive domains have been
demonstrated even in drug-naive PD patients.[6] A recent longitudinal cohort study[7] found
that roughly half of a sample of 141 patients with established PD and normal cognition at
baseline assessment developed cognitive impairment within 6 years, and incident cases of
PD mild cognitive impairment (PD-MCI) universally converted to dementia within 5 years.
Early detection of cognitive deficits in PD is necessary to optimize intervention, and due to
heterogeneity of clinical presentations and underlying neural substrates, novel methods to
aid early detection are needed.

Although cognitive dysfunction in non-demented PD is commonly viewed as a primarily
dysexecutive syndrome, there is significant heterogeneity, with impairments in memory,
visuospatial processes, and language also frequently observed.[8]-[14] Deficits in these
domains have been demonstrated in PD patients deemed “cognitively normal” from a
clinical diagnostic perspective as well as those who meet criteria for PD-MCI. Heterogeneity
in cognitive presentations is also reflected in biomarker[15]-[21] and neuropathological
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investigations[22], [23] in nondemented PD, which have revealed associations between
cognitive impairments and diverse clinical and neuropathological biomarkers. Notably, these
findings suggest comorbid disease processes, including both Lewy body and Alzheimer's
disease pathology, in subgroups of PD patients.

The heterogeneity seen in cognitive, biomarker, and neuropathological investigations
suggests the presence of shared or divergent neurodegenerative processes. Extant literature
suggests that PD patients with primarily executive functioning deficits may be more likely to
remain stable over time, while those with isolated or accompanying memory, language, or
visuospatial deficits, more indicative of posterior dysfunction, may be at greater risk for
future cognitive decline and dementia.[24], [25] Further understanding of cognitive
heterogeneity early in the disease process has important implications regarding our ability to
predict progression and better inform potential therapeutic targets. Utilizing statistical
algorithms to examine neuropsychological test performance in non-demented PD patients
has the potential to identify individuals at risk for decline before overt impairments are
clinically apparent.

Cluster analysis and related statistical approaches have been utilized to examine
heterogeneity regarding numerous clinical variables in PD, including cognition.[26]-[29] In
addition to cluster analysis structural equation modeling methods, such as latent class
analysis (LCA), have proven useful in detection of underlying homogenous groups. Like
cluster analysis, LCA aims to classify individuals based on shared characteristics and to
identify qualitatively different subgroups. The aim of the present study was to use LCA to
further understanding of neuropsychological heterogeneity in non-demented PD. This is of
particular importance for clinical trials, as drug development for cognitive decline has begun
to emphasize intervention in preclinical stages.[30] Further, group differences were
examined among LCA-derived classes to further characterize and validate the cognitive
subgroups. Finally, LCA class differences in clinical cognitive diagnosis by expert
consensus (i.e., intact versus PD-MCI) were assessed.

PD patients aged 50 or older were recruited from the University of Pennsylvania Udall
Center of Excellence in Parkinson's Disease Research. PD patients with a consensus
diagnosis of dementia were excluded from these analyses. The University of Pennsylvania
Institutional Review Board approved the study, and informed consent was obtained from all
participants.

Neuropsychological Assessment

All PD participants were administered a comprehensive neuropsychological battery by
trained research staff. Global cognition was assessed with the Dementia Rating Scale-2
(DRS-2)[31] and the Montreal Cognitive Assessment (MoCA).[32] Eight core parameters
from the neuropsychological battery were analyzed to derive statistically-determined
cognitive subgroups. LCA was performed using 2 representative measures from each of 4
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cognitive domains: 1) executive functioning (Letter-Number Sequencing[33], phonemic
verbal fluency); 2) language (Boston Naming Test[34], semantic verbal fluency); and 3)
verbal memory (Hopkins Verbal Learning Test-Revised (HVLT-R)[35] delayed free recall
and recognition discriminability scores); 4) visuospatial (Judgement of Line Orientation[36],
Clock Drawing command condition[37]). All assessments were performed in the PD
medication “on” state.

Motor and Psychiatric Assessments

The Unified Parkinson's Disease Rating Scale (UPDRS) Part 111[38] and Hoehn and Yahr
staging[39] were performed by trained research staff to assess motor impairment and disease
severity. Motor assessments were performed while participants were taking their regular
regimen of PD medications. Subtype of motor impairment was also coded, i.e., tremor
dominant (TD) versus postural-instability gait disturbance dominant (PIGD) for a subset of
patients (91%). Subtype was determined based on Jankovic et al., and 12 subjects had an
indeterminate subtype according to these criteria.[40] Levodopa equivalent daily dose
(LEDD) was also recorded for each participant. Depression was assessed using the Geriatric
Depression Scale-15 (GDS-15).[41]

Activities of Daily Living

A subset of patients (75%) had data regarding everyday functioning assessing basic and
instrumental activities of daily living (IADLS) with the Alzheimer's Disease Cooperative
Study Activities of Daily Living Inventory (ADCS-ADL).[42] A knowledgeable informant
(defined as a spouse, child, close relative, or friend seeing the patient a minimum of once per
week) completed the ADCS-ADL for PD participants. The ADCS-ADL contains 23 items,
with items 1-6 assessing basic ADLs and 7-17 assessing IADLSs.

Cognitive Diagnosis

Assessment of cognitive status involved a consensus process performed by neurologists and
psychiatrists with expertise in movement disorders and PD cognition at the University of
Pennsylvania Udall Center, as previously described.[7] Multiple pairs of raters examined
demographic and clinical data to reach a consensus cognitive diagnosis for each PD
participant, based on Movement Disorders Society (MDS) level 1 criteria[43] (i.e., intact
cognition versus MCI), using published demographically-corrected normative data for each
neuropsychological assessment. For each neuropsychological test, standardized scores
greater than or equal to 1.5 SD below the mean was deemed impaired, although discretion
among raters was allowed.

Statistical Analyses

LCA—LCA was conducted in Mplus Version 7.1[44] using demographically-corrected
normative scores obtained from the eight core neuropsychological variables. First, a one-
class model was fit to the data. The number of classes was then increased one at a time until
there was no additional model improvement.[45] The best-fitting model was selected based
on a preponderance of evidence both quantitative (e.g., model fit statistics, class sizes) and
qualitative (e.g., parsimoniousness, theoretical and clinical interpretability).[46]
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Quantitative indicators of model fit included the following: Goodness-of-fit statistics
included the Akaike Information Criterion (AIC)[47] and Bayesian Information Criterion
(BIC)[48]; smaller values indicate better fit. The Vuong-Lo-Mendel-Rubin (VL MR)[49]
likelihood ratio test was used to compare the model with 4 classes to the model with -1
classes; a significant test indicates that the model with & classes better fits the data than the
model with &-1 classes. Posterior probabilities (i.e., estimates of class probabilities for each
individual) and entropy, both indices of classification quality [50], were also used to identify
the best-fitting model; higher entropy values indicate better fit, with entropy values =.8
indicating adequate fit. Finally, c/ass size was used as an indicator of model fit, as classes
comprised of <10% of the total sample suggest possible over-fitting.

Class comparisons—~Patients were assigned to groups based on their LCA-derived
highest posterior probabilities. Differences among LCA-derived groups in demographics,
global cognitive status, and clinical variables were assessed using ANOVA for continuous
variables (age, years of education, Hoehn & Yahr, UPDRS-I1II, LEDD, GDS-15, DRS-2, and
ADCS-ADL IADL Subscale) and Pearson's Xz test for categorical variables (sex and PD
subtype, i.e., TD versus PIGD). When omnibus findings were significant, follow-up tests
were performed using Tukey's t-tests for continuous variables or partitioned X2 test for
categorical variables. Finally, LCA-derived classifications were compared with consensus
cognitive diagnoses (i.e., intact cognition or MCI) based on Movement Disorders Society
(MDS) criteria[43] using cross-tabulation, Pearson's XZ test, and Cohen's kappa.

Cohort Characteristics

Demographics and clinical characteristics of the full sample (n=199) are presented in Table
1.

The sample was 66.8% male. Participants average age was 70.57 years old (SD=7.47) with a
mean of 16.24 (SD=2.34 years of education, average disease duration of 6.85 years
(SD=5.21), and average DRS-2 total score of 136.76 (SD=5.57).

Latent Class Analysis

The results of the LCA are found in Table 2. Several statistical fit indices supported the
three-class model. The three-class model yielded the optimal values of entropy and BIC.
AIC improved substantially through the three-class model but only minimally beyond the
three-class model. The VLMR test indicated that the two-class model conferred a significant
improvement in model fit over the one-class solution (p < .01), whereas the improvement in
model fit conferred by the three-class model did not reach statistical significance (p = .13).
Nonetheless, inspection of the two-class model suggested that one of the two classes
exhibited a heterogeneous neuropsychological profile that was better differentiated by the
three-class model. In addition, the smallest class yielded by the three-class model comprised
13% of the sample, which is within acceptable limits (i.e., 210% of the entire sample). Thus,
we interpreted the three-class model as best.
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Demographics and clinical characteristics for each of the three classes as determined by
LCA are presented in Supplementary Table 1. Means and standard deviations of the eight
core neuropsychological parameters for the three classes as determined by LCA are
presented in Figure 1. These data provide evidence for an amnestic class (n = 64; 32%) with
impairments on both HVLT-R free recall and recognition memory, but performance within
the normal range across other measures; a mixed impairment class with lexical retrieval and
visuospatial deficits (n = 26; 13%), reflected by impaired verbal fluency performance
(semantic fluency more impaired than phonemic fluency), diminished HVLT-R recall but
intact HVLT recognition, and visuoconstruction difficulties on the Clock Drawing task; and
a cognitively intact class (n = 109; 55%) with no impairments across all eight core
neuropsychological measures.

Between-Group Differences on Demographic and Clinical Variables

There were no group differences in age, education, or depression severity. There was a
significant relationship between group membership and sex, x%(2) = 6.30, p < 0.05. The
overall sample was 67% male and 33% female. The greatest proportion of males was
observed in the amnestic group (78%), followed by the mixed impairment (69%) and intact
groups (60%). Follow-up tests revealed a significant difference in sex between the amnestic
and intact groups (p = 0.01), whereas differences between the mixed impairment group and
each of the other groups did not reach statistical significance.

Disease duration was significantly different among the groups, F(2,196) = 3.63, p =0.02,
with the mixed group having significantly longer disease duration than the intact group (p =
0.02). Disease duration did not significantly differ between the amnestic and intact or
amnestic and mixed groups. Group differences in disease severity as measured by the Hoehn
& Yahr were significant F(2,192) = 7.47, p = 0.001. The amnestic group (p < 0.01) and
mixed impairment group (p = 0.03) exhibited greater disease severity than the intact group.
Significant group differences were also revealed with regard to UPDRS-111 motor symptom
severity, F(2,193) = 4.25, p = 0.02. The amnestic group exhibited significantly greater motor
symptoms than the intact group (p = 0.01) and there was a trend for the mixed impairment
group exhibiting greater motor symptoms (p =0.06). There were no differences between the
amnestic and mixed impairment groups regarding Hoehn and Yahr or UPDRS-111 scores.
There were no group differences in LEDD.

Subtype of PD (i.e., TD versus PIGD) was significantly associated with group membership,
X2(2) =7.81, p = 0.02, with the greatest proportion of PIGD observed in the mixed
impairment group (88%), followed by the amnestic (66%) and intact groups (57%). Follow-
up tests revealed a significant difference in subtype between the mixed impairment and
intact groups (p < 0.01), and there was a trend regarding differences between the mixed
impairment and amnestic groups (p = 0.06).

There were significant group differences regarding global cognition as assessed by the
DRS-2 (F(2,196) = 21.43, p< 0.001). The amnestic and mixed impairment groups had lower
total DRS-2 scores (p < 0.001) than the intact group. There were also significant group
differences regarding the IADL subscale score of the ADCS-ADL (F(2,144) = 6.40, p =
0.002), in that the amnestic (p = 0.03) and mixed impairment groups (p = 0.03) exhibited
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significantly more IADL impairment than the intact group, consistent with previous
research.[51]

Classification Using Latent Class Analysis Versus Clinical Diagnhosis

Table 3 compares clinical diagnoses (normal/intact cognition and PD-MCI using MDS
consensus criteria) versus LCA-derived statistical classifications. Consensus clinical
diagnosis of PD patients with normal cognition and PD-MCI was significantly associated
with group membership, X2(2) =37.17, p < 0.001. When the two LCA-identified impaired
groups were combined into a single LCA-impaired class for the purposes of assessing
diagnostic agreement, Cohen's kappa indicated fair agreement between LCA and clinical
diagnosis (x = 0.39, SE = 0.06, 95% CI = 0.27 - 0.51). Agreement was present in 71% of the
sample, with 101 patients classified as intact by both methods and 40 classified as impaired
by both methods. A small number of patients (n = 8, 4% of the sample) were diagnosed with
PD-MCI but were classified as intact by LCA.

Diagnostic disagreement was driven largely by patients who were classified as normal by
consensus diagnosis but impaired by LCA. Of those PD patients diagnosed as “normal”
according to consensus criteria (n = 151), 23% (n = 35) were classified as amnestic, and
10% (n = 15) were classified as mixed impairment in the present LCA. This indicates that
one-third of the PD patients classified as normal/intact by clinical consensus criteria in this
sample were statistically identified as having a distinct neuropsychological phenotype
indicative of cognitive dysfunction using LCA.

Discussion

The present study reveals that person-centered statistical techniques such as LCA can
identify distinct neuropsychological phenotypes even in clinical prediagnostic stages of
cognitive decline in PD. One-third of patients in the two impaired LCA-derived groups were
diagnosed as cognitively intact by expert consensus, indicating that classification using a
statistical algorithm may assist in detection of early, subtle changes which may not lead to
consensus diagnosis of PD-MCI. The two LCA-derived impairment groups had more severe
motor symptoms and disease severity, lower ratings of IADL function, and were more likely
to have PIGD- than TD-subtype PD.

Importantly, this study indicates that memory impairment is common even early in the
course of PD when cognitive impairment is not clinically apparent to the treating physician.
A larger proportion of the sample fell into the amnestic group (32%) than the mixed
impairment group (13%). Research has suggested that executive-based deficits occur earlier
in the disease course due to fronto-striatal dysfunction characteristic of PD, and memory
deficits do not emerge until later in the disease course.[27] However, accumulating evidence
suggests a subgroup of PD patients experience more posterior cortical dysfunction, which
increases risk of dementia. In one longitudinal study examining predictors of dementia in
PD, patients with deficits in measures of posterior cortical function were more predictive of
dementia than measures of fronto-striatal function.[52] The presence of a primary amnestic
group in the present study is in line with studies demonstrating Alzheimer's disease patterns
of brain atrophy on structural imaging[19] and reduced cerebrospinal fluid levels of amyloid
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B 1-42 in nondemented PD patients, both of which have been found to be predictors of
cognitive decline at longitudinal follow-up.[18], [21]

The present findings support the presence of heterogeneity, which has been revealed in
biomarker, neuropathological, and genetic investigations of cognition in PD. Imaging studies
have revealed atrophy in frontostriatal regions and cholinergic structures such as the insular
cortex and caudate nucleus[15], prefrontal cortical and hippocampal atrophy and caudate
dopaminergic hypofunction[16], faster rates of cortical thinning[17] and greater amyloid
burden[18] in PD patients with cognitive impairment. A structural imaging study found that
an Alzheimer's disease pattern of brain atrophy (i.e., hippocampal and medial temporal lobe
atrophy) predicted cognitive decline over a two-year period in non-demented PD patients.
[19] Neuropathological studies of individuals with PD-MCI[22], [23] have revealed the
presence of neocortical or limbic Lewy bodies, Alzheimer's disease pathology, and possible
cerebrovascular disease. Studies examining genetic influences on cognition in PD have
indicated that risk factors associated with the etiology of Alzheimer's disease confer
additional risk for cognitive impairment and decline in a subset of PD patients, indicating
more rapid decline and greater cognitive impairment in PD patients with the APOE &4
allele.[53], [54] Studies examining other genes also reflect cognitive heterogeneity; the
COMT genotype has been associated with performance on measures of frontostriatal and
frontoparietal functioning[53], [55], GBA mutations linked to impaired executive and
visuospatial functions[56], and MAPT H1/H1 genotype associated with impaired
performance on measures of temporal lobe functioning[52], [53] and parietal functions [57],
[58].

Importantly, LCA offers a number of advantages over cluster analysis, as it takes into
account the uncertainty in allocating cases to groups, considers class size when assigning
membership, and provides fit statistics for comparison of competing models.[59] Several
studies have utilized LCA and a related approach, latent profile analysis (LPA), to examine
subgroups of PD patients according to motor, psychiatric, or cognitive presentations.[60]-
[65] Although two studies[64], [65] included examination of neuropsychological test
performance, this was not the primary outcome variable of interest. This current study is the
first to utilize LCA to examine cognition in PD as the primary outcome. In other studies
examining cognition in patients without PD, (i.e., cognitively normal adults and dementia)
person-centered statistical techniques such as LCA have also proven useful in detection of
underlying homogenous groups.[66]-[68] The current study extends this methodology to
non-demented PD patients.

Limitations of the current study include our inability to examine simple attention in addition
to the four domains examined, a homogenous sample (primarily white and highly educated),
and the absence of longitudinal follow-up data. Due to homogeneity of the sample, the
present results need to be replicated in different PD cohorts. Follow-up studies on this cohort
will examine the utility of LCA-derived groups in regards to risk and rate of progression to
dementia, as well as associations with biomarkers. It is important to note that the mixed
impairment group had significantly longer disease duration than the intact group, and both
impairment groups had greater ratings of motor impairment than the intact group, raising the
possibility that the presence of a group with intact cognition may reflect differences in
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disease severity. Additionally, all measures were performed in the levodopa “on” state and
results may differ if tested in the “off state” or in drug naive patients. The use of these
techniques requires validation in other PD cohorts as well as longitudinal studies to
determine if they are useful in predicting future cognitive decline. LCA and related
techniques examining longitudinal data can be implemented in other existing large cohorts
of PD patients and in multi-center studies utilizing comprehensive neuropsychological test
batteries. Validation in other PD cohorts using different neuropsychological assessments will
also be informative, as the type of assessments used may impact results of the LCA. Finally,
as we do not know the concordance between self-report of cognitive decline and cognitive
assessment results, future research examining this relationship is warranted.

The use of a statistical algorithm offers a more objective approach to cognitive classification,
extending our understanding of the cognitive profile beyond mean differences in
performance to a more nuanced conceptualization of multiple, qualitatively distinct profiles
of cognitive impairment. The presence of multiple cognitive phenotypes in early PD
emphasizes the necessity of screening for impairment in a variety of cognitive domains (e.g.,
memory, language) in addition to those included in the conventional profile of PD-associated
cognitive deficits (e.g., executive function). In addition, whereas conventional diagnostic
strategies require prior assumptions about the degree of impairment, resulting in the use of
potentially arbitrary cutoff scores, statistical approaches do not require such assumptions and
instead may detect subtle weaknesses within an individual's neuropsychological profile.
Importantly, early identification of patients at risk for cognitive decline improves ability to
predict progression, better inform pharmacotherapy, and identify potential therapeutic
targets for clinical trials based on these unique phenotypes of neuropsychological
functioning. Accounting for heterogeneity may lead to a more personalized medicine
approach to treatment of cognitive deficits in PD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Neuropsychological Test Performance of L CA-Derived Classes
Memory: HVLT-R Recall = Hopkins Verbal Learning Test-Revised Delayed Recall, HVLT-

R Recog = HVLT-R Recognition Discriminability

Executive Functioning: LNS = Letter-Number Sequencing, Phonemic Fluency = ‘FAS’
Phonemic Verbal Fluency

Language: BNT = Boston Naming Test, Semantic Fluency = Animal Verbal Fluency
Visuospatial: JOLO = Judgement of Line Orientation; Clock = Clock drawing to command
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Full Sample Demographic and Clinical Characteristics (n=199)

Age 70.57 (7.47)
Education 16.24 (2.34)
Sex (% male) 66.8%
Disease Duration 6.85 (5.21)
Hoehn & Yahr 2.36 (0.65)
UPDRSH I 22.95 (11.55)

PD subtype (% PIGD)

56.9%

LEDD 758.31 (481.25)
GDS15 2.74 (2.78)
DRS-2 136.76 (5.57)
ADCS-ADL IADL Subscale | 50.71 (6.83)

Table 1

Page 15

Results are presented as M (SD) except where noted (i.e., sex and PD subtype). UPDRS-II1 = Unified Parkinson's Disease Rating Scale Part I11;
PIGD = postural instability/gait disturbance-dominant; LEDD = levodopa-equivalent daily dose; GDS-15 = Geriatric Depression Scale-15; DRS-2
= Dementia Rating Scale-2; ADCS-ADL = Alzheimer's Disease Cooperative Study Activities of Daily Living Inventory; IADL = Instrumental

activities of daily living.
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Table 3
Cross-Tabulation of Latent Class Analysis versus Clinical Consensus Diagnostic

Classification

Page 17

L CA classification

Intact (n=109) | Mixed impairment (n=26) | Amnestic (n=64)
PD Patients with Normal
i _ 101 15 35
Consensus diagnostic classification Cognition (n=151)
PD-MCI (n=48) 8 11 29

LCA = latent class analysis; PD = Parkinson's disease; MCI = mild cognitive impairment.
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