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Abstract

Objective: Cognitive impairment is prevalent among individuals with Parkinson’s disease (PD). 

Effort has been made to identify individuals at risk for cognitive decline and dementia. 

Objectively-defined subtle cognitive decline (Obj-SCD) is a novel classification that may identify 

individuals at risk for cognitive decline prior to a diagnosis of mild cognitive impairment (MCI). 

We examined the utility of Obj-SCD criteria to predict future cognitive decline and difficulties 

with activities of daily living (ADLs) among individuals with PD.

Method: The sample included 483 individuals newly diagnosed with PD. Participants were 

followed for a five-year span with yearly visits where they completed neuropsychological tests. 

Participants were categorized as cognitively normal (CN), the newly proposed Obj-SCD, PD-MCI 

or Parkinson’s disease dementia (PDD). Analyses determined if utilization of Obj-SCD criteria 

predicted subsequent cognitive impairment and difficulties with ADLs.

Results: At baseline, 372 (77%) participants were classified as CN, 40 (8.3%) classified as Obj-

SCD, and 71 (14.7%) classified as PD-MCI. Analyses revealed that relative to the CN group, 

participants classified as Obj-SCD at baseline, were more likely to develop PD-MCI or PDD 

within 5 years (Odds Ratio = 2.413; 95% confidence interval = 1.215 to 4.792). Furthermore, the 

Obj-SCD represented an intermediate level of impairment, relative to the CN and PD-MCI groups, 

on an independent measure of cognition (Montreal Cognitive Assessment) and ADL.
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Conclusions: Findings provide evidence that Obj-SCD criteria can identify individuals at risk 

for cognitive decline and impairments in ADL. Obj-SCD criteria may identify individuals at risk 

for cognitive impairment who are not detected by PD-MCI criteria.

Keywords

Parkinson’s disease; mild cognitive impairment; dementia; early detection; cognitive dysfunction; 
neuropsychology

INTRODUCTION

Individuals with Parkinson’s Disease (PD) frequently experience cognitive impairments [1]. 

Cognitive impairments can be heterogeneous but commonly include slow processing speed, 

working memory difficulties, visual-spatial impairments, and impairments in learning and 

memory [2,3]. The concepts of Parkinson’s disease, mild cognitive impairment (PD-MCI), 

and Parkinson’s disease dementia (PDD) are commonly used for classifying the severity of 

cognitive impairment. In PDD, cognitive impairments are severe and impair functioning in 

activities of daily living (ADL). The risk of developing PDD increases as PD progresses, and 

up to 80% of patients develop PDD within 15–20 years of initial diagnosis [4].

PD-MCI is a popular research construct due to the hypothesis that early identification of 

individuals at risk for PDD may lead to earlier interventions and better treatment outcomes 

[5,6]. In PD-MCI, cognitive impairments are detected with standard neuropsychological 

tests, but the cognitive impairments do not significantly impair daily functioning. 

Approximately 20%–33% of PD patients experience PD-MCI at the time of PD diagnosis 

[7]. Research generally supports the clinical utility of PD-MCI [6]. PD-MCI is a risk factor 

for future PDD, depression, reduced quality of life, and higher mortality rates [8–10]. 

However, a recent review of PD-MCI criteria suggested that future research should consider 

the concept of a pre-PD-MCI stage [11].

The hypothesis that cognitive impairments can be detected prior to a diagnosis of MCI has 

already been supported with research. One approach has focused on subjective cognitive 

complaints (SCC) reported by the patient. Indeed, studies have followed cognitively intact 

individuals with and without SCC and have found SCC to be predictive of future PD-MCI 

and PDD [12,13]. However, findings should be interpreted with caution because both studies 

were relatively limited in terms of the sample size of participants with PD (n < 50). 

Additionally, the relatively higher frequency of depression and anosognosia among 

individuals with PD may limit the utility of a subjective self-reported measure of cognition 

[14]. There is more research on SCC within the context of Alzheimer’s disease (AD). 

Indeed, a past meta-analysis of SCC revealed poor sensitivity and positive predictive value 

to detect MCI or AD [15]. Admittedly, there are significant differences between AD and PD 

in terms of the characterization of cognitive impairment; however, this meta-analysis raises 

concerns about criteria that solely rely on subjective complaints.

An alternative approach utilizing objective criteria, as opposed to subjective complaints, was 

proposed in the context of preclinical Alzheimer’s disease (AD). Objectively-defined subtle 

cognitive decline (Obj-SCD) is a phase of the disease in which individuals are cognitively 
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unimpaired, but may have biomarker evidence of AD or show very minimal cognitive 

changes that are not sufficient to warrant a diagnosis of MCI or dementia [16]. Thomas and 

colleagues proposed that “process scores” (quantifiable measures of an individual’s 

approach to completing a neuropsychological task) on neuropsychological tests of memory 

could be used to predict progression to MCI/AD and objectively classify individuals with 

Obj-SCD, prior to a diagnosis of MCI [17,18]. Relative to cognitively normal (CN) controls, 

individuals with Obj-SCD transition to MCI/AD 2–3 times faster. Additionally, individuals 

with Obj-SCD displayed an intermediate amount of amyloid and tau relative to the CN and 

MCI groups and exhibited faster rates of amyloid accumulation and entorhinal cortex 

thinning relative to participants [17,19]. These findings suggest that Obj-SCD defined by 

alternative neuropsychological metrics (i.e. process scores) can identify individuals at risk 

for cognitive decline prior to a diagnosis of MCI or AD.

The utility of alternative neuropsychological metrics to predict future cognitive decline has 

received little attention among individuals with PD; however, the limited existing research is 

promising. Intra-individual variability (IIV; a measure of variability across multiple 

neuropsychological scores) has been shown to predict incident PD-MCI and PDD among 

individuals newly diagnosed with PD [20]. Additionally, IIV predicted cognitive decline 

independent of standard neuropsychological metrics (i.e., normative scores on tests of 

attention, memory, language, etc.). Similar to the AD literature, process scores on memory 

tests, including false positive errors and learning curves (i.e. the ability to learn more 

information across multiple trials), have been shown to be impaired among individuals with 

PD [21–23]. Furthermore, both PDD patients and non-demented PD patients demonstrated 

greater deficits on metrics accessing false-positive errors, relative to traditional memory 

metrics (e.g. short delay and long delay free recall) [21,22]. These findings suggest that 

process scores or alternative neuropsychological metrics may be used to objectively identify 

individuals at risk for cognitive decline prior to a diagnosis of PD-MCI.

The current study examined the utility of Obj-SCD criteria among individuals with PD. 

Specifically, there are two study aims/questions: 1) are individuals classified as Obj-SCD, 

relative to CN, at increased risk for developing PD-MCI or PDD, and 2) does Obj-SCD 

represents an intermediate stage of cognitive impairment and functional difficulties relative 

to individuals classified as CN or PD-MCI.

METHODS

This current study utilized data from the Parkinson’s Markers Initiative (PPMI) database 

(www.ppmi-info.org/data). The PPMI is a longitudinal multisite study of untreated and 

newly diagnosed PD patients. A secondary data analysis of 483 newly diagnosed PD 

patients was conducted. Data was downloaded from the repository on February 2019. 

Participants were followed for up to 5 years (baseline and 5 annual follow-ups). The study 

was approved by the institutional review board at each site and participants provided 

informed consent.
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Neurocognitive Tests

At each visit, all participants completed a neuropsychological assessment. Tests assessed 

attention (Letter–Number Sequencing), processing speed (Symbol Digit Modalities Test), 

visuospatial functioning (Judgement of Line Orientation), verbal fluency (Animal Fluency), 

verbal learning and verbal delayed recall (Hopkins Verbal Learning Test-Revised; Trials 1–3 

and delayed recall). Scores were normed on demographic variables and converted into z-

scores.

We computed three neuropsychological alternative/process scores that were not used in the 

classification of PD-MCI, but were used to classify Obj-SCD. Learning slope (Trial 3 raw 

score minus Trial 1 raw score) and recognition false positives errors were computed from the 

HVLT-R. Intraindividual variability (IIV) was calculated as the standard deviation of the five 

neuropsychological scores (Letter-Number Sequencing, SDMT, JOLO Animal fluency, 

HVLT-R Learning, and Delayed Recall;[20]). Obj-SCD criteria have previously involved 

process scores from memory tests [17,19]. Past Obj-SCD criteria have not utilized IIV. 

However numerous studies have shown that IIV is an early marker of cognitive impairment 

for various neurological disorders (e.g., PD, HIV and Alzheimer’s disease), which is 

consistent with the conceptualization of Obj-SCD [10,20,24,25]. Normative z-scores for 

learning slope, recognition of false-positive errors, and IIV were calculated from the 

baseline non-PD control sample of the PPMI [26].

Participants also completed the Montreal Cognitive Assessment (MoCA). The MoCA was 

not used to calculate Obj-SCD, PD-MCI or PDD, but was utilized as a measure of global 

cognitive functioning that is independent of measures used for cognitive classifications.

Cognitive Classifications

Participants were categorized as CN, Obj-SCD, PD-MCI, or PDD. For all classifications, an 

“impaired” score was defined as performance >1.5 SD below the mean. PDD was defined as 

impaired performance at least two “standard” neuropsychological tests (Letter-Number 

Sequencing, SDMT, JOLO Animal fluency, HVLT-R Learning, and Delayed Recall) and 

subjective report of functional difficulties due to cognitive symptoms. PD-MCI was defined 

as impaired performance on at least two standard neuropsychological tests, but, no 

endorsement of functional difficulties due to cognitive symptoms. Participants were 

classified as Obj-SCD if they: 1) had one impaired standard test and also had one impaired 

process score (learning slope, recognition, false positives, and IIV); or 2) had two or more 

impaired process scores. Participants were classified as CN if there was no evidence of 

cognitive impairment on standard tests or process scores.

Activities of Daily Living & Motor Severity

Difficulties with activities of daily living were measured using the clinician-rated Schwab 

and England Activities of Daily Living Scale (ADL). Scores on the ADL scale range from 

0% to 100%, with 100% representing complete independence and no disability.
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Motor severity was assessed with the Unified Parkinson’s Disease Rating Scale- part III 

(UPDRS-III). The UPDRS-III is a clinician-rated measure of motor symptoms (e.g., tremor, 

slowness, rigidity). Higher scores indicate greater motor severity.

Statistical Analyses

For aim 1, an ordinal multilevel model (MLM) was used to examine if Obj-SCD at baseline 

was predictive of subsequent PD-MCI or PDD. Therefore, the model was only conducted 

among individuals who met criteria for Obj-SCD or CN at baseline. The dependent variable 

was the development of a more severe stage of cognitive impairment (PD-MCI or PDD). 

Independent variables included age, years of education, gender, motor severity (UPDRS-III), 

and baseline cognitive classification (CN or Obj-SCD).

Aim 2 examined longitudinal group differences (CN, Obj-SCD, PD-MCI) in global 

cognition and ADL. MoCA and Schwab and England ADL scores were entered as the 

dependent variable in separate analyses. Independent variables included age, years of 

education, gender, motor severity (UPDRS-III), and the main effect of group. Group was 

treated as an ordinal variable (CN<Obj-SCD<PD-MCI), which is consistent with the 

conceptualization of Obj-SCD as an intermediate stage of cognitive impairment that 

predates MCI [17,19]. Additionally, a Group X Occasion interaction term was computed. By 

modeling both the main effect of group and the separate Group X Occasion interaction term 

we will be able to detect: 1) the presence of group differences (CN<Obj-SCD<PD-MCI) in 

global cognition and ADL (i.e. main effect of group), and 2) if group differences become 

larger or smaller over time (i.e. the Group X Occasion interaction term).

RESULTS

Demographic and Clinical Characteristics

At baseline, 372 (77%) participants were classified as CN, 40 (8.3%) classified as Obj-SCD, 

71 (14.7%) classified as PD-MCI, and no participants met criteria for PDD. The rates of CN, 

Obj-SCD, PD-MCI, and PDD at each occasion are displayed in Figure 1. The stability and 

conversion of Obj-SCD and PD-MCI are displayed in Supplemental Figures 1 and 2.

Demographic and clinical characteristics are displayed in Table 1. At baseline, there were no 

significant group differences in mean age, education, or ADL (p > 0.05). The CN group had 

a larger representation of females relative to the other groups. The PD-MCI group 

demonstrated more severe motor symptoms on the UPDRS-III, relative to the CN group. 

The Obj-SCD group did not significantly differ from either the CN or PD-MCI group in 

terms of motor severity at baseline. The Obj-SCD significantly differed from both the CN 

and PD-MCI on all process scores. This is expected because impairment on process scores is 

required for classification of Obj-SCD, but is not required for CN or PD-MCI.

Obj-SCD and Risk of Future PD-MCI and PDD

Aim 1 examined if individuals classified as Obj-SCD at baseline were at greater risk for 

developing PD-MCI or PDD, relative to CN individuals (Table 2). Relative to the CN group, 

individuals classified as Obj-SCD at baseline were at greater risk for developing PD-MCI or 
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PDD within 5 years (Figure 2). The risk of developing PD-MCI or PDD was also associated 

with older age, and occasion (i.e., rates of PD-MCI and PDD increased as the study 

progressed).

Cognitive Classifications, Cognitive Decline, and Functional Decline

Aim 2 examined the relationship between cognitive classification (CN, Obj-SCD, PD-MCI) 

and performance on an independent measure of global cognitive functioning (MoCA; Table 

3). Findings revealed a significant Group X Occasion interaction effect, meaning that a 

diagnosis of a more severe stage of cognitive impairment (CN<Obj-SCD<MCI) was 

associated with a more rapid decline in cognition/MoCA scores (Figure 3). Worse global 

cognitive functioning was also associated with the main effect of group, less education, older 

age, male gender and more severe motor symptoms (all p values ≤ 0.001).

An additional analysis examined the relationship between cognitive classification and 

difficulties with ADL. There was a significant Group X Occasion interaction effect (Table 

4). A more severe stage of cognitive impairment was associated with more rapid declines in 

ADL (Figure 4). Greater difficulties with ADL was also associated with the main effects of 

group (CN<Obj-SCD<MCI), occasion (difficulties with ADL worsened over time), and 

more severe motor symptoms (all p values ≤ 0.003).

Exploratory Aim: Subjective Cognitive Complaint (SCC) and Future Cognitive Decline

An exploratory aim examined if SCC was associated increased risk for future PD-MCI or 

PDD among CN participants. This aim was viewed as exploratory due to the fact that a 

standardized questionnaire accessing SCC was not administered as part of the PPMI study. 

Therefore, this exploratory analysis relied on a single self-reported item to assess SCC (see 

Supplemental Table 1 for a description of SCC classification and analyses). Analyses were 

similar to Aim 1, with the exception that SCC replaced Obj-SCD. Results revealed that SCC 

at baseline was not associated with increased risk for future PD-MCI or PDD (Supplemental 

Table 2).

DISCUSSION

The current study provides support for the utilization of Obj-SCD to detect cognitive decline 

in PD. Alternative neuropsychological metrics can provide objective criteria to identify 

individuals that are not detected by traditional PD-MCI criteria, but are at risk for future 

cognitive decline. Specifically, findings revealed that, relative to the CN group, Obj-SCD 

was a risk factor for transition to a more severe stage of cognitive impairment (PD-MCI or 

PDD). Additionally, Obj-SCD represented an intermediate level of cognitive and functional 

impairment relative to CN and PD-MCI groups.

This is the first study to examine Obj-SCD in the PD population. However, our findings are 

consistent with research among individuals with AD. Thomas and colleagues showed that in 

terms of progression to MCI, the Obj-SCD group progressed significantly faster than the 

cognitively intact participants [17]. Additionally, the Obj-SCD group represented an 

intermediate group (CN<Obj-SCD<MCI) in terms of amyloid and tau accumulation and was 

predictive of faster amyloid accumulation and entorhinal cortex thinning over time [19].
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A unique aspect of the current study, and the previous studies by Thomas et al. [17,19], is 

the utilization of neuropsychological process scores to classify Obj-SCD. Past studies have 

taken alternative approaches to identify Obj-SCD. Zanchi et al. [27] investigated early 

structural brain changes among older adults who were cognitively intact but demonstrated 

evidence of a declining trajectory of cognitive functioning; relative to cognitively intact 

individuals with a stable trajectory of cognitive functioning. Specifically, they classified 

individuals as Obj-SCD if there was evidence of a 0.5 SD decline in cognitive functioning 

(between baseline and the following year) and the participant continued to perform in the 

intact range (e.g., a participant decline from 1 SD above the mean to 0.5 SD above the 

mean). Findings revealed greater hippocampal and amygdala atrophy among the Obj-SCD 

group relative to the stable cognitively intact group. Similar to our study, Zanchi et al. [27] 

provides evidence that individuals at risk for neurologic compromise can be identified prior 

to a diagnosis of MCI. However, the Zanchi et al.[27] study required multiple 

neuropsychological evaluations to detect Obj-SCD (i.e., a baseline and a follow-up 

assessment). A unique aspect of our proposed Obj-SCD classification utilizing 

neuropsychological process scores is that Obj-SCD can be classified after a single 

assessment, and therefore may be considered when multiple assessments are not available.

An alternative approach to identifying individuals at risk for cognitive decline prior to a 

diagnosis of PD-MCI has focused on the patient’s subjective complaints. Among cognitively 

intact individuals with PD, those with SCC are 8.4 times more likely to develop PD-MCI 

within 2 years relative to PD patients without SCC [13]. Another study showed that PD 

participants with SCC were more likely to develop PDD when compared to PD participants 

without SCC, but were less likely to develop PDD relative to PD-MCI participants [12]. 

However, findings should be interpreted with caution for two reasons. First, both studies 

were relatively limited in terms of the sample size of participants with PD (n < 50). Second, 

SCC may have a stronger relationship with depression than cognitive test performance [16]. 

The potential confound of depression raises concerns for the utility of SCC to predict 

cognitive impairment in PD. Not only are there higher rates of depression in PD relative to 

non-PD controls, but depression is an independent risk factor for future PD-MCI [28]. In 

addition to depression, anosognosia, which is reported in 16%−36% of PD participants with 

cognitive impairments, may also limit the utility of SCC to identify individuals with 

cognitive impairments [14]. In the current study, a single item assessing SCC did not 

significantly predict future PD-MCI or PDD. A lack of a relationship between SCC and 

future cognitive impairment highlights the importance of developing objective criteria for 

identifying a “pre-MCI stage.”

Limitations to the current study include the sample consisting entirely of newly diagnosed 

PD patients. Although this provides a unique opportunity to examine markers of early 

cognitive decline, findings may not generalize to the entire PD population. Futures studies 

are needed to investigate the utility of Obj-SCD in more advanced stages of PD when 

cognitive impairment is more common (e.g. 10 years after diagnosis). The current study was 

a secondary data analysis and restricted in terms of the number of neuropsychological tests 

administered. The current study was unable to classify PD-MCI with the recommended two 

tests per cognitive domains [6]. The current study utilized tests that are sometimes subsumed 

under the umbrella term “executive functioning” (i.e., working memory, verbal fluency), but 
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future studies may benefit from additional measures of executive functioning. Obj-SCD 

criteria were determined based on the performance of three scores (IIV, learning slope, and 

recognition of false positives). Although the number of scores used to determine Obj-SCD is 

consistent with past studies [17,19], future studies utilizing a greater number of scores to 

determine Obj-SCD will likely result in deferring rates of Obj-SCD. Additionally, the 

study’s measure of ADL functioning relied on a clinician-rated measure, which may be 

heavily influenced by motor symptoms. We attempted to minimize the potential confound of 

motor symptoms by controlling for UPDRS-III scores in all analyses. However, future 

studies may benefit from an objective performance based functional measures of cognitively 

demanding tasks. Similarly, SCC classification relied on a single self/informant report item. 

Future studies may benefit by utilizing standard questionnaires assessing SCC and assessing 

if a hybrid classification of both process scores and subjective complaints adds value in 

identifying future cognitive decline. Future studies may additionally benefit by investigating 

the effect of medications and depression on Obj-SCD; including if medications or 

depression alter the rate that patients transition from Obj-SCD to PD-MCI or PDD.

Results from the current study provide initial evidence that Obj-SCD criteria utilizing 

alternative neuropsychological metrics may identify individuals at risk for cognitive decline. 

Furthermore, objective criteria may have advantages over criteria relying on subjective 

complaints. This is the first study to extend the Obj-SCD criteria to a new population beyond 

AD. This suggests these criteria may provide a flexible framework for identifying those at 

risk for future cognitive and functional decline, despite inclusion of different populations 

and process scores. Future studies are needed to support the clinical utilization of Obj-SCD 

and the conceptualization of Obj-SCD as a “pre-PD-MCI” stage and. Although Obj-SCD 

may identify at-risk individuals who are not detected by traditional PD-MCI criteria, future 

validation studies are needed to 1) examine if Obj-SCD represents a “pre-PD-MCI” stage in 

terms of biomarkers of cognitive impairment, and 2) examine if the utilization of Obj-SCD 

criteria leads to positive treatment/clinical outcomes. Ultimately, the clinical implications are 

that PD patients with no apparent cognitive impairment, but showing subtle cognitive 

decline on neuropsychological tests may be identified and potentially treated prior to the 

development of frank cognitive impairment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Rates of Cognitive Classifications at Each Annual Assessment. BL= Base Line; CN= 

Cognitively Normal; Obj-SCD= Objectively Defined Subtle Cognitive Decline; PD-MCI= 

Parkinson’s Disease Mild Cognitive Impairment; PDD= Parkinson’s Disease Dementia
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Fig. 2. 
Baseline Obj-SCD and Risk of Future PD-MCI and PDD. CN= Cognitively Normal; Obj-

SCD= Objectively Defined Subtle Cognitive Decline; PD-MCI= Parkinson’s Disease Mild 

Cognitive Impairment; PDD = Parkinson’s Disease Dementia
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Fig. 3. 
Group Differences in MoCA Scores. MoCA scores represented in a z-score metric. MoCA= 

Montreal Cognitive Assessment; CN= Cognitively Normal; Obj-SCD= Objectively Defined 

Subtle Cognitive Decline; PD-MCI= Parkinson’s Disease Mild Cognitive Impairment
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Fig. 4. 
Group Differences in ADL Functioning. ADL scores represented in a z-score metric. ADL= 

Activities of Daily Living; CN= Cognitively Normal; Obj-SCD= Objectively Defined Subtle 

Cognitive Decline; PD-MCI= Parkinson’s Disease Mild Cognitive Impairment
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Table 1

Group Baseline Characteristics

CN (n=372) Obj-SCD (n=40) PD-MCI (n=71) F/KW p

Mean Age (SD) 61.0 (10) 60.1 (10) 61.8 (8) 0.19 0.824

Mean Education (SD) 15.7 (3) 15.3 (3) 14.9 (4) 2.28 0.104

% Male 62% 78% 79%
10.69

a,b 0.005

% Caucasian 96% 98% 90% 5.71 0.058

Mean UPDRS Motor (SD) 19.5 (9) 19.5 (10) 23.0 (9)
4.50

a 0.012

Mean ADL (SD) 93.4 (6) 94.8 (5) 92.6 (6) 1.69 0.185

Mean MOCA (SD) 27.5 (2) 26.4 (2) 25.9 (3)
17.28

a,b <0.001

Mean HVLT Immediate Recall (SD) 0.06 (.78) −0.43 (1) −1.1 (.77)
70.22

a,b,c <0.001

Mean HVLT Delay Recall (SD) −0.02 (.71) −0.2 (1.5) −1.1(1)
43.42

a,c <0.001

Mean JOLO (SD) 0.16 (.86) 0.28 (.97) −0.3 (1)
7.54

a,c .001

Mean LNS (SD) 0.10 (.79) 0.17 (.96) −0.72 (.97)
29.96

a,c <0.001

Mean Animal Fluency (SD) −0.04 (.85) −0.05 (.96) −0.73 (.94)
19.12

a,c <0.001

Mean SDMT (SD) −0.04 (.77) −0.34 (.85) −0.79 (.97)
26.57

a,b,c <0.001

Mean IIV (SD) .87 (.27) 1.39 (.31) 1.25 (.41)
92.69

a,b,c <0.001

Mean HVLT Learning Slope (SD) 3.5 (1.4) 2.2 (2) 3.2 (1)
15.20

b,c <0.001

Mean HVLT FP (SD) 1.2 (2) 3.6 (4.6) 2.9 (3)
29.47

a,b <0.001

Standard deviations are listed in parentheses. Normative z-scores are presented for cognitive tests. KW = Kruskal Wallis H-Test; CI = Cognitively 
Normal; Obj-SCD = Objectively Defined Subtle Cognitive Decline; PD-MCI= Parkinson’s Disease Mild Cognitive Impairment; UPDRS Motor= 
Unified Parkinson’s Disease Rating Scale- part III; HVLT = Hopkins Verbal Learning Test; JOLO = Judgement of Line Orientation; SDMT = 
Symbol Digit Modalities Test; MOCA = Montreal Cognitive Assessment; ADL = Schwab & England Activities of Daily Living Scale; IIV = intra-
individual variability; FP = False Positives;

a
CN group significantly different from PD-MCI;

b
CN group significantly different from Obj-SCD;

c
Obj-SCD group significantly different from PD-MCI
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Table 2

Baseline Obj-SCD Predicts Future PD-MCI and PDD

Odds Ratio 95% Cl P

Gender 1.098 0.870 to 1.386 0.432

Age 1.315 1.034 to 1.672 0.025

Education 0.801 0.602 to 1.065 0.126

Occasion 1.691 1.387 to 2.063 <0.001

UPDRS 1.215 0.938 to 1.574 0.140

Obj-SCD 2.413 1.215 to 4.792 0.012

Significant p values depicted in bold. UPDRS = Unified Parkinson’s Disease Rating Scale; Obj-SCD = Objectively-defined Subtle Cognitive 
Decline; Gender was coded as: 0 = male, 1 = female
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Table 3

MLM: Cognitive Classifications Predicts Global Cognition

Global Cognition

B p

Gender 0.19 0.001

Age −0.27 <0.001

Education 0.15 <0.001

Occasion 0.02 0.276

UPDRS −0.11 <0.001

Group −0.25 <0.001

Occasion X Group −0.11 <0.001

Model Fit Indices

*Δ −2LL 391 <0.001

*Δ AIC 369 <0.001

*Δ BIC 307 <0.001

Between-Person Pseudo r2 0.559

Within-Person Pseudo r2 0.215

Significant p values depicted in bold. Group represented by ordinal rank (Cognitively Normal < Objectively Defined Subtle Cognitive Decline < 
Mild Cognitive Impairment); B = standardized beta weights; UPDRS = Unified Parkinson’s Disease Rating Scale; LL = Log Likelihood; AIC = 
Akaike Information Criterion; BIC = Bayesian Information Criterion. Gender was coded as: 0 = male, 1 = female. [Change in model indices 
relative to a null model with no predictors
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Table 4

MLM: Cognitive Classifications Predict ADL

ADL

B p

Gender 0.05 0.292

Age 0.002 0.935

Education 0.01 0.631

Occasion −0.16 <0.001

UPDRS −0.33 <0.001

Group −0.07 0.002

Occasion X Group −0.06 0.003

Model Fit Indices

*Δ −2LL 959 <0.001

*Δ AIC 937 <0.001

*Δ BIC 874 <0.001

Between-Person Pseudo r2 0.499

Within-Person Pseudo r2 0.452

Significant p values depicted in bold. Group represented by ordinal rank (Cognitively Normal < Objectively Defined Subtle Cognitive Decline < 
Mild Cognitive Impairment); B = standardized beta weights; UPDRS = Unified Parkinson’s Disease Rating Scale; LL = Log Likelihood; AIC = 
Akaike Information Criterion; BIC = Bayesian Information Criterion. Gender was coded as: 0 = male, 1 = female. [Change in model indices 
relative to a null model with no predictors

J Neurol. Author manuscript; available in PMC 2022 January 01.


	Abstract
	INTRODUCTION
	METHODS
	Neurocognitive Tests
	Cognitive Classifications
	Activities of Daily Living & Motor Severity
	Statistical Analyses

	RESULTS
	Demographic and Clinical Characteristics
	Obj-SCD and Risk of Future PD-MCI and PDD
	Cognitive Classifications, Cognitive Decline, and Functional Decline
	Exploratory Aim: Subjective Cognitive Complaint (SCC) and Future Cognitive Decline

	DISCUSSION
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Fig. 4
	Table 1
	Table 2
	Table 3
	Table 4

