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A New Instrument Combines Cognitive and Social Functioning Items for Detecting Mild Cognitive Impairment and Dementia in Parkinson’s Disease
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Background: The commonly used screening tests for Parkinson’s disease (PD) are the Montreal Cognitive Assessment (MoCA) and Mini-Mental State Examination (MMSE), both of which only focus on cognitive function. A composite assessment that considers both cognitive and social dysfunction in PD would be helpful in detecting mild cognitive impairment (MCI) and PD dementia (PDD).

Objective: We aimed to simplify the commonly used tools and combine cognitive and social functioning tests to detect early MCI and PDD.

Materials and Methods: A total of 166 participants (84 PD patients and 82 healthy) were recruited who completed the MMSE, MoCA, PD social functioning scale (PDSFS), clock drawing test, activities of daily living, comprehensive neuropsychological assessment (e.g., executive, attention, language, memory, and visuospatial functions), and movement disorder society (MDS)-unified PD rating scale. According to the MDS diagnostic criteria, the patients were grouped into PD-nonMCI, PD-MCI, or PDD.

Results: To detect PD-MCI, the optimal cut-off scores for the simplified MoCA and the combined test were 9 and 35. The discrimination values measured by the area under the receiver operating characteristic curve (AUC) of the two tests were 0.767 (p < 0.001) and 0.790 (p < 0.001). When the simplified MoCA was 7 or the combined test 30, the patients would be classified as having PDD. The AUCs of the two tests were 0.846 (p < 0.001) and 0.794 (p = 0.003).

Conclusion: We suggest considering both cognitive and social functions when detecting PD-MCI and PDD.
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INTRODUCTION

Parkinson’s disease (PD) is a chronic, progressive neurodegenerative disorder. The number of individuals diagnosed with PD has grown significantly in the past three decades worldwide (Armstrong and Okun, 2020). Recent global data indicate that the prevalence of PD in ages 40–49 is 41 per 100,000 individuals and up to 1903 per 100,000 individuals among those over the age of 80 years (Pringsheim et al., 2014). Motor symptoms are the predominant clinical manifestation of PD, but non-motor symptoms are also prevalent (Liu et al., 2015; Schapira et al., 2017), such as cognitive dysfunction (Yu et al., 2010, 2012a, 2015b), social brain dysfunction (Yu et al., 2012b, 2018; Yu and Wu, 2013a), and sleep disturbances (Yu et al., 2015a). Cognitive dysfunction may affect how patients effectively deal with real-life problems, emphasizing an individual’s function (Anderson et al., 2013). A systematic review yielded a PD patient with dementia (PDD) point prevalence of 31.3% (Aarsland and Kurz, 2010), and the cumulative prevalence from 8 years of follow-up found that up to 78% of PD patients eventually developed PDD (Aarsland et al., 2003). Mild cognitive impairment (MCI) may be a precursor of PDD (Goldman and Sieg, 2020) and is common in PD patients without dementia (mean cross-sectional prevalence, 26.7%; range, 18.9–38.2%) (Litvan et al., 2011), and can be present in patients with early-stage PD. A meta-analysis indicates that 25% of patients with PD with normal cognition progressed to PD with MCI (PD-MCI), and 20% of PD-MCI progressed to PDD within 3 years (Saredakis et al., 2019).

The clinical diagnostic criteria for PDD published by the movement disorder society (MDS) task force include the following core features: impairment in more than one cognitive domain, representing a decline from premorbid level, and deficits severe enough to impair an individual’s function in daily life (e.g., social, occupational, or personal care) (Dubois et al., 2007; Emre et al., 2007). Patients’ cognitive function can be measured through cognitive tests, such as the Mini-mental status examination (MMSE) (Folstein et al., 1975) and Montreal Cognitive Assessment (MoCA) (Nasreddine et al., 2005). However, most patients with PD have retired and have no occupational function performance that could be used as a basis. Therefore, the social function has become an essential aspect of determining whether a person has entered a stage of dementia or not. Although “social function” is a crucial component in determining an individual’s function and it is a less-noticed aspect that determines the quality of life (Bettencourt and Sheldon, 2001; Perepezko et al., 2019). Human beings have social lives, and the connection between self and society is crucial, especially for patients (Yu and Wu, 2013b). Changes in social role functioning impede individual wellbeing and quality of life (Bettencourt and Sheldon, 2001; Yu and Wu, 2013b; Perepezko et al., 2019). In addition, social function deficits escalate a person’s risk of dementia (Fankhauser et al., 2015) and expedite the dementia process (Bennett et al., 2006). It has always been difficult for clinicians to evaluate patients’ social functioning. The PD social functioning scale (PDSFS) has been developed to specifically and precisely measure PD patients’ social functioning (Su et al., 2020). However, this field needs more empirical evidence for clinical applications in determining PD-MCI or PDD.

The MMSE (Folstein et al., 1975) and MoCA (Nasreddine et al., 2005) are currently commonly used as general cognitive screening tools in clinical practice (Bezdicek et al., 2020; Yu et al., 2020). The original MMSE and MoCA accurately differentiate cognitive impairment (MCI or Alzheimer’s disease) from normal cognitive aging (Pinto et al., 2019). The original MoCA has adequate psychometric properties as a screening instrument for detecting MCI or dementia in patients with PD (Hoops et al., 2009; Dalrymple-Alford et al., 2010; Robben et al., 2010; Marras et al., 2013; Biundo et al., 2014; Kandiah et al., 2014; Ozdilek and Kenangil, 2014; Xu et al., 2015; Uysal-Cantürk et al., 2018; Badrkhahan et al., 2019; Bezdicek et al., 2020; Mazancova et al., 2020), and the optimal score for detecting was explored (Hoops et al., 2009; Dalrymple-Alford et al., 2010; Robben et al., 2010; Chen et al., 2013; Marras et al., 2013; Biundo et al., 2014; Kandiah et al., 2014; Ozdilek and Kenangil, 2014; Federico et al., 2015; Xu et al., 2015; Uysal-Cantürk et al., 2018; Badrkhahan et al., 2019; Mazancova et al., 2020; Yu et al., 2020; Table 1).


TABLE 1. Studies assessing cognitive function by MMSE and MoCA in patients with Parkinson’s disease.
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Most studies found that it has superior psychometric properties to the MMSE (Hoops et al., 2009; Dalrymple-Alford et al., 2010; Marras et al., 2013; Kandiah et al., 2014) in detecting a cognitive decline in patients with PD. The MoCA 5-min protocol was established to rapidly screen post-stroke vascular cognitive impairment (Dong et al., 2015) and translated to different languages (e.g., English and Simplified Chinese version) for time efficiency during clinical evaluation. Dong et al. (2015) suggested that the MoCA 5-min was suitable for rapid screening of the cognitive impairment in PD. Other studies have reported a weighted MoCA algorithm (Fengler, 2016) and shorter versions (e.g., English, Czech, and Simplified Chinese version) of MoCA (Dong et al., 2015; Roalf et al., 2016; Bezdicek et al., 2020) to aim explicitly at the PD population. The MoCA algorithm weighted the scores of the visuospatial domain and decreased the proportion of orientation. The Short MoCA-Czech and Short MoCA-US were constructed by the item response theory and computerised adaptive testing analytic techniques. Both the MoCA algorithm and three short versions of MoCA were specific to the neuropathology of PD to discriminate better cognitively intact from cognitively impaired PD patients (Dong et al., 2015; Fengler, 2016; Roalf et al., 2016; Bezdicek et al., 2020). We summarised the content of these short versions of MoCA in Table 2. Moreover, Bezdicek et al. (2021) recently found that languages may affect the short version of MoCA, and they suggested that cultural background and languages should be considered in test development.


TABLE 2. Summarize the content of the MoCA algorithm and three short versions of MoCA.
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Patients’ cognitive function and independent daily life are crucial for diagnosing MCI or dementia. Clinically, physicians often use cognitive tools to examine the cognitive function and experience to determine whether the patients’ social and occupational functions are impaired and further diagnose whether the patients have MCI or dementia. There have been many studies in the past that have analysed and compared various cognitive testing tools for the detecting ability (e.g., MoCA) (Hoops et al., 2009; Dalrymple-Alford et al., 2010; Marras et al., 2013; Biundo et al., 2014; Ozdilek and Kenangil, 2014; Uysal-Cantürk et al., 2018; Badrkhahan et al., 2019; Bezdicek et al., 2020; Mazancova et al., 2020; Yu et al., 2020); moreover, the objective measurement scale for social functioning has just been published (Su et al., 2020). However, to the best of our knowledge, no studies explored the efficacy of combining cognitive and social functioning measures to detect the MCI and dementia in patients with PD. Given that cognitive and social functions are crucial for detecting PD-MCI (Litvan et al., 2011) and PDD (Dubois et al., 2007), we aimed to provide a handy and helpful measurement tool to detect PD-MCI and PDD while considering both cognitive and social functions.



MATERIALS AND METHODS


Participants

One hundred and sixty-six participants were recruited (84 patients with PD and 82 healthy controls, HC) in this study. The outpatients were diagnosed with idiopathic PD by neurologists from teaching hospitals. According to the recommendations of the MDS task group diagnosis criteria for PD with MCI (Litvan et al., 2011) and possible dementia (Dubois et al., 2007), our patients with PD were divided into the following three groups: PD patients without MCI (nonMCI), PD-MCI, and PDD.

The age-matched HC group was recruited from the community. Participants’ inclusion criteria were: basic speaking and reading skills (able to understand after explanation and could provide informed consent), no severe systematic disease, and no consumption of drugs affecting neurocognitive function. Participants were excluded if they had atypical parkinsonism, medical conditions that may cause cognitive dysfunction, and comorbidities, such as hepatitis B, hepatitis C, delirium, head trauma, psychiatric illness (e.g., depressive disorders, anxiety disorders, etc.), and substance use. No HC had a global cognitive problem (i.e., two neuropsychological tests were below one standard deviation).

All participants provided informed consent before participating in the study, and all experiments were conducted per the 1975 Declaration of Helsinki. Additionally, the ethical research committee of the hospitals approved the study protocols.



Ethical Compliance

The institutional review boards at National Cheng Kung University Hospital and Kaohsiung Medical University Hospital provided formal approval for the study procedures. All participants (or a legally authorised representative) provided written informed consent.



Measurement


Demographic and Clinical Information

All participants underwent a comprehensive clinical evaluation that included collecting information on demographic data, medical history, daily activities appraisal [i.e., Activity of daily living scale (ADLs) (Katz, 1983)], and social functioning assessment [i.e., PDSFS (Su et al., 2020)]. PDSFS is a well-developed tool to measure patients’ social function and provides good reliability (Cronbach’s alpha: 0.883) and convergent and discriminative validities (Su et al., 2020). The scale has three factors, including “Family Life, Hobbies, and Self-Care (FHS),” “Interpersonal Relationship and Recreational Leisure (LRRL),” and “Social Bond (SB)” (Su et al., 2020). Moreover, the levodopa equivalent daily dose (LED) and motor status by the MDS-unified PD rating scale (Yu et al., 2017) of patients with PD were collected.



Neuropsychological Assessment

The comprehensive neuropsychological assessment (Table 3) was used to fulfil MDS PD-MCI level II diagnostic criteria and help neurologists classify PD with and without MCI. The MMSE and the original MoCA were useful screening tools to measure patients’ global cognitive function and have good psychometric properties. MMSE has good reliability (test-retest: 0.988) and concurrent validity (Folstein et al., 1975). The original MoCA has good reliability (Cronbach’s alpha: 0.83) and discriminative validities (Nasreddine et al., 2005).


TABLE 3. Cognitive domains and neuropsychological tests.
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Statistical Analysis

All analyses were performed using SPSS V.17 software (SPSS, Chicago, IL, United States). The level of significance was set at α = 0.05. After accounting for the number of tests performed, we modified the overall alpha criterion for significance. The Bonferroni correction was used to adjust p value. Continuous variables were expressed as mean with standard deviation (SD) and categorical variables as percentages. The Kolmogorov–Smirnova test or Shapiro–Wilk test determined if a data set was well-modelled by a normal distribution. The Spearman correlation coefficient was used to evaluate the relationship between different ordinal test measures and avoid collinearity.

First, demographic and disease-related characteristics were summarised with descriptive statistics. Analysis of Covariance (ANCOVA) was used to compare the scores of the MMSE, original MoCA, and neuropsychological tests between the groups with age, sex, and education adjusted. Dunn’s post hoc tests were used for post hoc comparisons.

Second, the Spearman correlation coefficient was used to evaluate the relationship between variables. Highly correlated (above 0.7) variables were deleted to avoid all input variables having a high degree of collinearity and affecting the model variance. Then, we used logistic regression analysis to explore the domains/factors to achieve the best predictive power, develop simplified versions of MoCA and PDSFS, and combine the two tests. The model specifically predicted the PD-MCI and PDD groups.

Third, the receiver operating characteristic (ROC) curve method was applied to find an optimal cutoff of the simplified versions of MoCA, PDSFS, and a combination of the two tests. In addition, the Wilcoxon test was used to compare two ROC curves (Hanley and McNeil, 1982). Generally, an area under the curve (AUC) of 0.5 suggests no discrimination; 0.7–0.8 is considered acceptable, 0.8–0.9 is deemed excellent, and more than 0.9 is deemed outstanding. The optimal cutoff with the maximum AUC was used to differentiate PD-nonMCI, PD-MCI, or PDD in clinical practice.




RESULTS


Demographic and Clinical Characteristics, and Using the Mini-Mental State Examination and Its Subtest to Detect Parkinson’s Disease With Mild Cognitive Impairment

Table 4 illustrated the demographic and clinical characteristics of the study groups. A significant difference was found between the HC and all PD groups in terms of sex and years of education. After controlling the impact of sex and education, significant differences were found in the MMSE and original MoCA scores between the HC and all PD groups (Table 5). Significant differences were found between the HC and the three PD groups (i.e., PD-nonMCI, PD-MCI, PDD) for age, sex, and years of education (Table 4). ANCOVA was conducted to control the demographic impact due to the sex and the education effect (Chen et al., 2021). In all neuropsychological tests, we found significant differences between HC, PD-nonMCI, and PD-MCI groups (Table 5). Table 6 showed that the optimal cut-off score of the MMSE was ≤ 26 (p < 0.001).


TABLE 4. Demographics and clinical characteristics in study groups.
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TABLE 5. Neuropsychological performance in study groups.
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TABLE 6. The usage of the total score of MMSE and its subtests to detect patients with PD-MCI.
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Generation of the Simplified Montreal Cognitive Assessment and Simplified Parkinson’s Disease Social Functioning Scale Scores

The relationships between each variable (e.g., neuropsychological domains, factors of social function, and demographic variables) were evaluated by Spearman correlation and excluded highly correlated variables (Spearman correlation coefficient > 0.7) (Table 7). We used logistic regression to identify the most predictive models of MoCA and PDSFS (Table 8). When comparing the AUC of the three MoCA models, the third model had the maximum AUC (0.767 and 0.844). It was named the simplified MoCA and had the most effective combination to detect PD-MCI and PDD. The simplified MoCA contains “visuospatial/executive, memory, and orientation domains,” and the total score is 16. Regarding the PDSFS Models, the first model had the maximum AUC (0.652 and 0.672) and was named the simplified PDSFS, which successfully detected PD-MCI and PDD. The simplified PDSFS includes “Family Life, Hobbies, and Self-Care,” and the total score is 27. The total score of the combination of these two tests is 43.


TABLE 7. The Spearman rho correlation between the MoCA domains, the PDSFS factors, and demographic variables.
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TABLE 8. The best predictive model of the MoCA and the PDSFS for PD-MCI and PDD by using the logistic regression with the backward stepwise.
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Using Simplified Versions of the Montreal Cognitive Assessment and Parkinson’s Disease Social Functioning Scale and a Combination of These Two Tests to Detect Parkinson’s Disease With Mild Cognitive Impairment and Parkinson’s Disease With Dementia (Table 9)


Discriminating Parkinson’s Disease With Mild Cognitive Impairment From Parkinson’s Disease Without Mild Cognitive Impairment

The AUCs for the simplified MoCA, simplified PDSFS, and a combination of these two tests were 0.767, 0.652, and 0.790, respectively. The optimal cut-off score for combining these two tests was ≤ 35 (sensitivity: 0.760; specificity: 0.717, p < 0.001).


TABLE 9. The psychometric properties of the MoCA and PDSFS to detect PD-MCI and PDD in this study and relevant studies.
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Discriminating Parkinson’s Disease With Dementia From Parkinson’s Disease With Mild Cognitive Impairment

The AUCs for the simplified MoCA, simplified PDSFS, and a combination of these two tests were 0.846, 0.672, and 0.794, respectively. The optimal cut-off score for combining these two tests was 30 (sensitivity: 0.846; specificity: 0.640, p = 0.003).




Comparison of the Discriminative Power of the Original and Simplified Version (Table 9)


Comparison Between the Original and Simplified Version of Montreal Cognitive Assessment and Parkinson’s Disease Social Functioning Scale

Both the original MoCA and the simplified MoCA can be used to distinguish PD-nonMCI from PD-MCI and distinguish PD-MCI from PDD (p < 0.001). Moreover, Fengler (2016) developed a scoring algorithm for the original MoCA. Sophie’s MoCA algorithm was designed to improve the ability to discriminate PD-MCI. Compared with Sophie’s MoCA algorithm, the AUC for the original MoCA was better than Sophie’s MoCA algorithm in discriminating between PD-nonMCI and PD-MCI (AUC: 0.801 > 0.733). When distinguishing PD-MCI from PDD, the AUCs for the original MoCA and Sophie’s MoCA algorithm were equivalent (AUC: 0.869 and 0.835). In addition, both versions of the PDSFS could neither distinguish PD-nonMCI from PD-MCI nor distinguish PD-MCI from PDD.



Comparison Between the Simplified Version of Montreal Cognitive Assessment and Relevant Studies

The AUCs for the simplified MoCA, MoCA-5 min, short MoCA-Czech, and short MoCA-US were equivalent in discriminating between PD-nonMCI and PD-MCI. The relevant methods (e.g., MoCA-5-min, short MoCA-Czech, short MoCA-US) cannot be used to distinguish PD-MCI and PDD (p > 0.005). Our simplified MoCA (p = 0.001) can be used to distinguish PD-MCI and PDD.





DISCUSSION

In the present study, we considered both cognitive and social functions to determine the diagnosis of patients with PD. First, we simplified the original versions of MoCA and PDSFS and provided the optimal cut-off score to detect cognitive and social dysfunctions in patients with PD. We suggest that combining the simplified versions of MoCA and PDSFS is an effective and helpful tool to detect PD-MCI and PDD in a clinical setting.


Using Mini-Mental State Examination and Its Subtest to Detect Parkinson’s Disease With Mild Cognitive Impairment

Mini-Mental State Examination is one of the most commonly used screening tools for detecting PDD (Hoops et al., 2009; Dalrymple-Alford et al., 2010; Ozdilek and Kenangil, 2014) or PD-MCI (Hoops et al., 2009; Dalrymple-Alford et al., 2010; Biundo et al., 2014; Ozdilek and Kenangil, 2014; Yu et al., 2020). We found that the optimal cutoff for MMSE to detect PD-MCI was 26, which is consistent with a previous research report (Ozdilek and Kenangil, 2014). Many studies have proposed various cut-off scores (Hoops et al., 2009; Dalrymple-Alford et al., 2010; Biundo et al., 2014; Yu et al., 2020). The various PD-MCI criteria may explain conflicting results (Hoops et al., 2009; Ozdilek and Kenangil, 2014), different standard deviations to define MCI (Dalrymple-Alford et al., 2010; Biundo et al., 2014), and various grouping methods (Federico et al., 2015; Yu et al., 2020). This study used strict diagnostic criteria (MDS Level II) (Litvan et al., 2012) as the basis for grouping. Moreover, we found no single subtest of MMSE is suitable for detecting PD-MCI. Therefore, we do not recommend using the single subtest of MMSE to detect PD-MCI.



Using the Original Versions of Montreal Cognitive Assessment and Original Versions of Parkinson’s Disease Social Functioning Scale to Detect Parkinson’s Disease With Mild Cognitive Impairment and Parkinson’s Disease With Dementia

The optimal original MoCA cut-off scores for detecting PD-MCI and PDD were 23 and 18. Our findings are similar to those of previous studies (Uysal-Cantürk et al., 2018; Badrkhahan et al., 2019); however, our results are inconsistent with those of other studies (Hoops et al., 2009; Dalrymple-Alford et al., 2010; Marras et al., 2013; Biundo et al., 2014; Kandiah et al., 2014; Ozdilek and Kenangil, 2014; Federico et al., 2015; Xu et al., 2015; Mazancova et al., 2020; Yu et al., 2020). The cultural background/language (Hoops et al., 2009; Biundo et al., 2014; Ozdilek and Kenangil, 2014; Federico et al., 2015; Uysal-Cantürk et al., 2018; Badrkhahan et al., 2019; Mazancova et al., 2020), grouping method (e.g., various diagnostic criteria) (Hoops et al., 2009; Chen et al., 2013; Marras et al., 2013; Xu et al., 2015), the various standard deviation of tests to define impairment (e.g., –1, –1.5, –2 SD below normative data) (Hoops et al., 2009; Dalrymple-Alford et al., 2010; Biundo et al., 2014; Ozdilek and Kenangil, 2014; Yu et al., 2020), could explain this discrepancy.

Cultural backgrounds and languages may cause variation in findings. Bezdicek et al. (2020) found that language factors could explain 26.1% of the variance of MoCA-Czech, implying that language and cultural differences should be considered when developing culturally specific versions. The construct of an item is ambiguous due to a lack of cultural equivalent, where there is unfamiliarity with testing, or when the related skill does not exist within a cultural schema (O’Driscoll and Shaikh, 2017). Moreover, different diagnostic criteria and SD of the neuropsychological tests to define PD-MCI would influence the sensitivity to detect PD-MCI. Evidence showed that liberal standards (–1 SD) have the highest sensitivity and are the most suitable screening standards (Goldman et al., 2013). This study used the MDS PD-MCI criteria and liberal standards to recruit the target group.

We found that the original PDSFS alone (Su et al., 2020) is unsuitable for detecting PD-MCI and PDD. However, we found that the PD patients have a lower overall social function (i.e., a total score of PDSFS) than healthy aging. Su et al. (2020) found that patients with PDD had the worst social function, and PD patients without dementia had lower social function than healthy older adults. Given the heterogeneity of the PD population without dementia, we further divided them into two groups (i.e., PD-MCI and PD-nonMCI) in this study. We found that PD-nonMCI patients have a similar overall social function as the healthy aging, and PD-MCI patients have a similar overall social function as the PDD. In addition, we found that the healthy aging’s “Social Bound” was better than that of PD patients; moreover, the “Social Bound” of PD-nonMCI and PD-MCI patients were comparable to those of PDD patients. This indicates that the social connection of PD without dementia (i.e., PD-nonMCI and PD-MCI) may begin to worsen. Anderson et al. (2013) demonstrated that patients with PD-MCI had difficulties in spontaneous metalizing, which may negatively impact interpersonal relationships. Their result indicates that the social connection of the PD population may begin to worsen. Our study revealed that PD-nonMCI, PD-MCI, and PDD groups showed different profiles of social functioning impairments. More research and further research are warranted.



Using the Simplified Versions of Montreal Cognitive Assessment and the Simplified Versions of Parkinson’s Disease Social Functioning Scale to Detect Parkinson’s Disease With Mild Cognitive Impairment and Parkinson’s Disease With Dementia

Our simplified MoCA contains “visuospatial/executive, memory, and orientation domains,” and our simplified PDSFS includes “Family Life, Hobbies, and Self-Care.” The total score of simplified MoCA and simplified PDSFS is 16 and 27, respectively. We suggest that the patients’ cognitive performance be classified as PD-MCI when the simplified MoCA score is ≤ 9. Furthermore, the patients would be categorised as PDD when the simplified MoCA score is 7. However, the simplified PDSFS alone cannot detect PD-MCI and PDD.

Three MoCA short versions were commonly applied in the PD population (Dong et al., 2015; Roalf et al., 2016; Bezdicek et al., 2020); unfortunately, only the Czech (Bezdicek et al., 2020) and English (Roalf et al., 2016) versions are available. Previous studies about the cross-cultural applicability of MoCA showed that languages, cultural factors, lifestyles, and the education systems would differ between countries, and the content was required to be tailored more accurately in further revision (O’Driscoll and Shaikh, 2017; Bezdicek et al., 2020). Here, we developed a simplified MoCA version and found that the discrimination ability of our simplified MoCA was equivalent to that of the original MoCA in detecting PD-MCI and PDD. Compared with short MoCA-Czech (Bezdicek et al., 2020), short MoCA-US (Roalf et al., 2016), and MoCA-5-min protocol (Dong et al., 2015), our simplified MoCA contains executive/visuospatial domains but does not include concentration, language, and abstraction domains (Table 2). We also found that all the relevant short versions can be used to detect PD-MCI; nevertheless, the discrimination of our simplified MoCA is higher than that of the MoCA algorithm, the short MoCA-Czech, the short MoCA-US, and equal to that of the MoCA-5-min protocol. In addition, our simplified MoCA and MoCA algorithm can be used to detect PDD and our simplified MoCA has higher discrimination than the MoCA algorithm. The other relevant short versions (e.g., the short MoCA-Czech, the short MoCA-US, and the MoCA-5-min protocol) are not suitable for detecting PDD.

We found that the short form of the PDSFS is not suitable for detecting PD-MCI and PDD. Nevertheless, comparing the four groups in the “Family Life, Hobbies, and Self-Care” score, the score of the non-demented PD patients (i.e., PD-nonMCI group and PD-MCI group) were similar to healthy aging and better than PDD patients. The small number of people in the PD-MCI group may have contributed to the statistical insignificance. Although there was no statistical significance in the mean scores of “Family Life, Hobbies, and Self-Care” score between healthy aging and non-demented PD group (i.e., PD-nonMCI and PD-MCI groups), we found that the scores in the PD-MCI group were intermediate between the PD-nonMCI group and PDD group; that is, PD-MCI patients may have worse “Family Life, Hobbies, and Self-Care” function than deficit PD-nonMCI patients and better than PDD patients. The PD-MCI patients might have difficulty dealing with primary personal needs (e.g., food preparation, medication, and self-cleaning). Previous studies indicate that PD-MCI patients receive significantly lower medicine and financial management (Pirogovsky et al., 2014); accordingly, these items are included in our simplified PDSFS. Moreover, Becker et al. (2020) suggested that handling finances and managing transportation are impaired in patients with PD-MCI but not in PD patients without dementia. Therefore, we suggest that PD-MCI and PDD may impair social function, especially in personal care and interpersonal interaction.



The Combination of These Two Tests Is Helpful in Detecting Parkinson’s Disease With Mild Cognitive Impairment and Parkinson’s Disease With Dementia

We considered both cognitive and social functions together to detect PD-MCI or PDD. To the best of our knowledge, no study has evaluated the two factors simultaneously. Our findings suggested that the combination of the two simplified tests had the unique advantage of providing cognitive and social functioning information to detect PD-MCI and PDD, and was more efficient to administer than the original MoCA (Nasreddine et al., 2005), original PDSFS (Su et al., 2020), our simplified MoCA, our simplified PDSFS, and other relevant short versions. The patients can be classified into PD-MCI and PDD categories when the total score of the combination of the two tests is ≤ 35 and ≤ 30, respectively.

We used the Wilcoxon test to compare the discriminative power of original MoCA, original PDSFS, simplified MoCA, simplified PDSFS, and the combination of the two simplified tests. The results demonstrate that the power of the combination of the two simplified tests is similar to that of the original MoCA (comparing AUCs of PD-nonMCI vs. PD-MCI: z = -0.131, p = 0.895; comparing AUCs of PD-MCI vs. PDD: z = -0.695, p = 0.486) and simplified MoCA (comparing AUCs of PD-nonMCI vs. PD-MCI: z = 0.266, p = 0.791; comparing AUCs of PD-MCI vs. PDD: z = -0.468, p = 0.640). Our findings and previous evidence (Anderson et al., 2013; Pirogovsky et al., 2014; Perepezko et al., 2019; Becker et al., 2020; Su et al., 2020) showed that patients with PDD have deteriorated social functioning, and the decline may happen in the earlier stage of the disease (i.e., PD-nonMCI and PD-MCI). We found that the vulnerable aspect was especially in “Family Life, Hobbies, and Self-Care” and “Social Bound.” The cognitive assessment alone is not enough to know whether the patients experience any social functioning impairment, especially subtle social function changes. Based on clinical needs to take sufficient information on social and cognitive functions, we suggest using the combination of the two tests to detect PD-MCI and PDD.




LIMITATIONS

During the COVID-19 pandemic, the government recommended reducing unnecessary social activities, and people preferred staying at home. Therefore, some candidates’ willingness to join the study was affected, making participant recruitment more difficult. Moreover, we used a more rigorous method (i.e., the Level II criteria) to define PD-MCI to accurately classify and increase the reliability and validation of our results. Some patients could not complete the comprehensive assessment due to fatigue or time constraints. As a result, it was difficult to recruit participants, and the sample size was small. Second, we applied the MDS PD-MCI level II diagnostic criteria to diagnose PD-MCI patients; however, the rigorous criteria led to a small number of participants in this group. Third, the AUC of the combination version was similar to that of the original MoCA; however, the time required to complete the combination version is shorter than the original MoCA, which is beneficial to clinical use. In addition, clinicians can obtain detailed information about the patient’s cognitive and social functions through the combination version, which is helpful for diagnosis and subsequent intervention. Last but not least, to the best of our knowledge, this is the first study to examine the detection of MCI or dementia by combining cognitive and social function tests. More research is needed in the future, especially considering cultural backgrounds and languages (Bezdicek et al., 2020) and specific motor functions (Chuang et al., 2022) that may affect patients’ cognitive and social functioning.



CONCLUSION

Our simplified MoCA can be used to detect PD-MCI and PDD (cut-off scores: 9 and 7) efficiently. Moreover, the patients can be classified into the PD-MCI and PDD categories when the total score of the combination of the two tests is 35 and 30, respectively. Given the cruciality of social functioning and the limitation of cognitive screening tools, combining the two tests will help evaluate cognitive and social functions efficiently and help the physician decide on further intervention. This is the first study to develop an instrument that considers both social and cognitive functions to the best of our knowledge. More study is needed to validate our findings and focus on exploring the patients’ social functioning in the disease course.
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Item (maximums score) PD-nonMCI vs. PD-MCI PD-MCI vs. PDD

AUC P Cutoff Sensitivity Specificity Youdenindex AUC P Cutoff Sensitivity Specificity Youden index

original MoCA (30) 0.801 <0.001 <23 0.760 0.717 0.477 0.869 <0.001 <18 0.846 0.800 0.646
original PDSFS (68) 0.603 0.152 <56 0.760 0.413 0.173 0.652 0.128 <44 0.538 0.760 0.298
simplified MoCA (16) 0.767 <0.001 <9 0.440 0.935 0.375 0.846  0.001 <7 0.769 0.840 0.609
simplified PDSFS (27) 0.652 0.036 <25 0.720 0.565 0.285 0.672 0.085 <23 0.769 0.680 0.449
Combination (43) 0.790 <0.001 <35 0.760 0.717 0.477 0.794 0.008 <30 0.846 0.640 0.486
Relevant studies
MoCA algorithm (30) 0.733  0.001 <28 0.640 0.696 0.336 0.835 0.001 <20 1.000 0.600 0.600
MoCA-5-min (12) 0.767 <0.001 <7 0.800 0.630 0.430 0.714 0.032 <6 0.846 0.560 0.406
Short MoCA-Czech (16)  0.754 <0.001 <8 0.520 0.913 0.433 0.7561 0.012 =7 0.846 0.600 0.446
Short MoCA-US (16) 0.763 <0.001 <9 0.560 0.870 0.390 0.751 0.012 <8 0.846 0.560 0.406

AUC, area under the curve; PD-nonMCI, Parkinson’s disease without mild cognitive impairment; PD-MCI, Parkinson’s disease with mild cognitive impairment; PDD,
Parkinson'’s disease with dementia; original MoCA, Montreal Cognitive Assessment, original PDSFS, Parkinson’s disease social functioning scale.
Bonferroni correction was applied with a p value < 0.005.
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Study Demographic data Criteria Result
Language Sample Age Male (%) Education H&Y
Hoops et al., English PD-N:92 PD-N: 63.9 PD-N:72.8% PD-N: 16.5 = MCI: Winblad et al. (2004) MoCA to detect MCl is
2009 MCl or PDD: 40  MCl or PDD: MCI or PDD: MCI or PDD: criteria 27,PDD s 25.
68.1 82.5% 16.2 PDD: MDS Level | MMSE to detect MCl is
30, PDD is 29.
MoCA was superior to
MMSE.
Dalrymple-Alford English  HC: 47 HC: 67.3 HC: 66.0% HC: 13.7 PD-N: 13.2 MCI: NPT < 1.6 SD MoCA to detect MCl is
etal., 2010 PD: 114 PD-N: 64.5 PD-N:69.4% PD-N: 13.2 MCI: 12.3 PDD: MDS Level Il 26, PDDis 21.
MCI: 71.5 MCI: 71.4% MCI: 12.3 PDD: 12.9 MMSE to detect MCl is
PDD: 73.4 PDD: 85.7% PDD: 12.9 29, PDDis 27.
MoCA was superior to
MMSE.
Robben et al., Dutch PD: 41 PD-Y: 58.8 PD-Y:59.0% PD-Y: 6.8 2,02 According to a MoCA to detect PD-Y
2010 PD-O: 78.5 PD-0:63.2% PD-0O: 9.9 neuropsychologist to (<65 years) is 23, and
diagnose the patient as PD-Ois 22.
cognitively impaired or
not.
Chenetal, 2013  Chinese HC: 85 PD-ND: 66 PD-ND:64.5% PD-ND: 12 - PDD: MDS Level | MoCA to detect PDD is
PD: 616 PDD: 68 PDD: 57.7% PDD: 9 23.
Marras et al., English PD: 139 MCI: 71.1 MCI: 63% MCI: 16.3 - MCI: MDS Level Il MoCA to detect MCl is 26.
2013 nMCl: 71.1 nMCl: 69% nMCI: 16.1 MMSE is unable to detect
MCI.
Biundo et al., Italian PD: 105 PD-N: 58.4 PD-N:37.8% PD-N: 12.1 = MCI: MDS Level Il MoCA to discriminate
2014 MCI: 66.8 MCI: 30.6% MCI: 10.3 PDD: MDS Level | PD-N from MCl is 26, to
PDD: 71.2 PDD: 18.8% PDD: 10.9 distinguish MCI from PDD
is 20.
MMSE to discriminate
MCI from PDD is 25.
MoCA was more sensitive
than MMSE to detect MCI
but not PDD.
Kandiah et al., English ~ PD: 95 PD-N: 64.3 PD-N: 77% PD-N: 10.9 PD-N: 1.95 MCI: MDS Level Il MoCA to detect MCl is 26.
2014 MCI: 70.5 MCI: 568.8% MCI: 9.29 MCI: 2.07 PDD: MDS Level |
Ozdilek and Turkish HC: 50 HC: 63.3 HC: 44% HC: 10.0 - MCI: (Petersen et al., MoCA to detect MCl is
Kenangil, 2014 PD: 50 PD-N: 58.3 PD-N: 64% PD-N: 10.0 2001; Winblad et al., 21. MMSE to detect MClI

MCI: 63.3 MCI: 77% MCI: 7.3 2004) criteria is 26.

PDD: 67.4 PDD: 67% PDD: 5.6 PDD: two NPT < 1.5 SD  MoCA is suitable to detect
and impaired instrumental  MCI, MMSE is the
activities of daily living. instrument of choice to

detect PDD.
Xu et al., 2015 Chinese  PD:140 MCI: 68.7 MCI: 567.7% MCI: 9.9 MCI: 2.6 MCI: cognitive decline, at  MoCA to detect MCl is 26.

PD-N: 68.0 PD-N:55.1% PD-N: 10.1 PD-N: 2.3 least 1 NPT impaired,
preserved daily function,
not dementia.

Federico et al., Italian PD: 43 nMCI: 67.5 nMCl: 57% nMCl: 8.7 nMClI: 1.9 MCI: MDS Level Il MoCA to detect MCl is
2015 MCI: 68.9 MCl: 68% MCI: 8.3 MCI: 2.5 25; MMSE is 30.
MMSE was superior to
MoCA.
Uysal-Cantlrk Turkish ~ PD: 68 PD-N: 58.9 PD-N:66.7% PD-N: 8.44 - MCI: MDS Level Il MoCA to detect MCl is
etal., 2018 MCI: 63.6 MCI: 33.0% MCI: 8.76 24; MMSE is 29.
The ability to detect
PD-MCI in MMSE and
MoCA was similar.
Badrkhahan Persian  PD: 73 PD-N: 69.5 PD-N:56.7% PD-N: 122 = = MoCA to discriminate NC
etal, 2019 MCI: 73.5 MCI: 565.6% MCI: 132 from MCl is 24, to

PDD: 78.5 PDD: 70.0% PDD: 122 distinguish MCI from PDD

is 19.
Mazancova et al., Malayalam PD: 141 - = - = = MoCA to discriminate NC
2020 from MCl is 25.
Yu et al., 2020 Chinese  PD: 168 Cl: 66.47 Cl: 45.92% Cl: 12.07 Cl2.14 MCI: MDS Level Il MoCA to discriminate Cl

MCI: 71.96 MCI:54.92% MCI: 7.91 MCI: 2.16 from MCl is 21, MMSE is

25.

MMSE and MoCA are
suitable for the detection
of cognitive dysfunction in
PD.

HC, healthy controls; PD, Parkinson’s disease; PD-ND, non-demented PD; MCI, PD with mild cognitive impairment; PDD, PD with dementia;, PD-Y, young group of
PD; PD-O, old group of PD; nMClI, PD without mild cognitive impairment; PD-N, PD with normal cognition; CI, PD cognitively intact;, H & Y, Hoehn-Yahr stage; NPT,

neuropsychological test; MDS, movement disorder society.

aValue calculated by the median.
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Domain

Executive function

Attention and
working memory

Language

Memory

Visuospatial
function

Neuropsychological tests

The number of categories achieved Modified Wisconsin
Card Sorting Test (MCST-C) (Nelson, 1976)

Colour Trails Test part B (CTT-B) (D’Elia et al., 1996)
WAIS-III: Digit span (Chen, 2002)

Colour Trails Test part A (CTT-A) (D’Elia et al., 1996)
WAIS-III: Similarities (Chen, 2002)

Category fluency (Hua et al., 1997)

WMS-III: Logical Memory (LM-Il) (Hua et al., 2005)
WMS-III: Visual Reproduction (VR-I) (Hua et al., 2005)
WAIS-III: Block design (BD) (Chen, 2002)

WAIS-III: Matrix Reasoning (MR) (Chen, 2002)

WAIS-IIl, Wechsler Adult Intelligence Scale-third edition;, WMS-Ill, Wechsler
Memory Scale-third edition.
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Subtests

MoCA algorithm (Fengler,

MoCA-5-min (Dong et al.,

Short MoCA-US (Roalf et al.,

Short MoCA-Czech

2016) 2015) 2016) (Bezdicek et al., 2020)
Visuospatial/executive Y * ¥ 4
Naming Y - Y -
Memory ¥ 4 Y ¥
Attention Y - Y Y
Language Y Y Y Y
Abstraction Y - Y ¥
Orientation ¥ X Y -

MoCA, Montreal Cognitive Assessment; Y, keep the subtest; -, delete the subtest.
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HC
Mean (SD)
Global cognition
MMSE 27.39 (2.08)

original MoCA  26.16 (3.06)

Executive function

MCST-C 4.88 (1.58)

CTT-B 111.61 (38.99)
Attention

Digit span 13.00 (2.57)

CTT-A 54.95 (16.19)
Language

Similarities 12.52 (2.46)

Category 41.87 (7.85)
fluency
Memory

LM-II 12.95 (2.44)
VR-II 11.10 (2.45)
Visuospatial function

Block design  11.17 (2.72)

Matrix 12.71(3.17)
reasoning

please see Tables 3, 4 and MMSE, mini-mental state examination; original MoCA, Montreal Cognitive Assessment.

All PD

Mean (SD)

25.52 (3.54)

21.89 (4.64)

3.94 (1.67)

156.75 (92.87)

11.37 (2.66)

72.25 (37.33)

10.48 (2.87)

32.54 (7.98)

9.79 (3.93)

9.69 (2.87)

9.68 (2.77)
1.07 (3.15)

PD-nonMCI

Mean (SD)

27.46 (1.85)

24.52 (2.61)

4.18 (1.50)

121.41 (22.67)

12.15 (2.45)
62.63 (11.55)

11.02 (2.61)

33.91 (6.98)

10.98 (3.78)

10.70 (2.79)

10.43 (2.48)
11.89 (2.87)

PD-MCI

Mean (SD)

24.56 (3.28)

20.64 (4.08)

3.51 (3.94)

221.76 (131.89)

9.92 (2.45)
95.64 (55.49)

9.48 (3.10)

30.00 (9.17)

7.60 (3.25)

7.84 (1.99)

8.28 (2.76)
9.56 (3.14)

PDD

Mean (SD)

20.54 (2.99)

156.00 (2.94)

<0.001

<0.001

0.005

0.001

<0.001
0.001

<0.001

<0.001

<0.001

<0.001

<0.001
<0.001

<0.001

<0.001

0.006

<0.001

<0.001
<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
<0.001

aComparison between HC and all PD (ANCOVA adjusting for sex and education) with the Bonferroni correction (p < 0.004).
bComparison between HC, PD-nonMCI, PD-MCI, and PDD (ANCOVA was adjusting for age, sex, and education) with the Bonferroni correction (p < 0.004).

post hoc

HC = PD-nonMCI > PD-
MCI = PDD

HC = PD-nonMCI > PD-
MCI > PDD

HC = PD-nonMCl;
HC > PD-MCI

HC = PD-nonMCI < PD-MCI

HC = PD-nonMCI > PD-MCI
HC = PD-nonMCI < PD-MCI

HC = PD-nonMCl;
HC > PD-MCI

HC > PD-nonMCI = PD-MCI

HC > PD-nonMCI > PD-MCI
HC = PD-nonMCI > PD-MCI

HC = PD-nonMCI > PD-MCI
HC = PD-nonMCI > PD-MCI





OPS/images/fnagi-14-913958-t004.jpg
HC
Mean (SD)
Sample size 82
Age, y 64.89 (7.30)
Male (%) 28%
Education, y 13.59 (3.30)
Disease duration, -
y
Hoehn-Yahr -
stage
LED -
MDS-UPDRS
part | -
part Il -
part Il -
ADLs 99.94 (0.55)

original PDSFS ~ 55.04 (8.53)

FHS 24.39 (3.44)
IRRL 21.55 (4.09)
SB 9.10 (3.45)

All PD
Mean (SD)

84
65.79 (8.70)

67%

11.83 (4.43)

5.87 (4.42)

2.05 (0.65)

572.5 (376.78)

5.82 (5.55)
7.23 (6.84)

35.27 (9.72)
96.07 (8.11)
50.15 (9.08)

23.01 (4.96)

22.29 (4.55)
4.94 (2.89)

PD-nonMCI
Mean (SD)

46
62.74 (6.63)

67%

13.11 (3.16)

5.14 (3.96)

1.87 (0.50)

650.66 (464.94)

3.91 (3.16)
4.63 (3.30)
32.16 (9.04)
99.02 (4.03)
52.48 (7.55)

24.50 (3.47)

22.76 (4.15)
5.22 (2.64)

PD-MCI
Mean (SD)

25
67.84 (8.43)

76%

10.86 (5.13)

6.79 (4.27)

0.96 (0.46)

478.57 (206.50)

7.50 (65.91)
8.79 (7.54)
36.50 (7.85)
96.80 (7.62)
49.04 (9.52)

22.20 (4.97)

21.80 (4.63)
5.32 (3.16)

PDD
Mean (SD)

13
72.62 (11.06)

46%

9.15 (5.46)

6.72 (5.94)

2.92(0.79)

481.82 (208.89)

1.1
16.33 (9.61

9.08
(
47.56 (7.28
(
(

)
)
)
84.23 (9.54)
44.08 (10.61)

19.31 (5.20)

21.54 (5.84)
3.23 (2.77)

0.474

<0.001

0.004

<0.001
<0.001

0.031

0.275
<0.001

<0.001

<0.001

<0.001

0.052

<0.001

0.168

<0.001
0.001
0.001
<0.001
<0.001

<0.001

0.487
<0.001

post hoc

HC < PDD;
PD-nonMCI < PD-MCI = PDD

HC < PD-nonMCI = PD-MCI;
PD-nonMCI = PD-MCI = PDD

HC = PD-nonMCI > PDD;
HC > PD-MCI

PD-nonMCI = PD-MCI < PDD

PD-nonMCI < PD-MCI = PDD
PD-nonMCI < PD-MCI < PDD
PD-nonMCI = PD-MCI < PDD

HC = PD-nonMCI > PD-MCI > PDD
HC = PD-nonMCI > PDD;

HC > PD-MCI = PDD

HC = PD-nonMCI = PD-MCI;

HC = PD-nonMCI > PDD

HC > PD-nonMCI = PD-MCI = PDD

HC, healthy controls; PD, Parkinson’s disease; PD-nonMClI, PD without mild cognitive impairment; PD-MCI, Parkinson’s disease with mild cognitive impairment; PDD,
Parkinson’s disease with dementia; SD, standard deviation; LED, levodopa equivalent dosage; MDS-UPDRS, movement disorder society-sponsored revision of the unified
Parkinson’s disease rating scale; ADLs, activity of daily living scale; original PDSFS, Parkinson’s disease social functioning scale; FHS, Family Life, Hobbies, and Self-Care;
IRRL, Interpersonal Relationship and Recreational Leisure; SB, Social Bond.

aComparison between HC and all PD with the Bonferroni correction (p < 0.006).
bComparison between HC, PD-nonMCI, PD-MCI, and PDD with the Bonferroni correction (p < 0.0035).
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Age Sex Education VE Naming Memory Attention Language Abstraction Orientation FHS IRRL

Sex 0.06 -

Education -0.16* 0.08 o

original MoCA

Visuospatial/executive  -0.27*  -0.02 0.43"* &

Naming -0.30"* 0.21** 0.29"** 0.39"** 5

Memory -0.22"* -0.27* 0267 0.37%== 0.12 -

Attention -0.25"  0.02 0.39** 0.30"* 0.31=* 0.34** =

Language -0.26" —0.22* 0.32%** 0.39"*  0.21** 0.45"* 0.36"* -

Abstraction -0.18*  -0.07 0.35"** 0.39"*  0.26"* 0.35"* 0.36"** 0.42** :

Orientation -0.27*  -0.07 0.20** 0.39"*  0.37™* 0.25™ 0.31*** 0.30"* 0.24* -

original PDSFS

FHS -0.09 -0.13 -0.02 0.15 0.03 0.13 0.01 0.19* 0.15 0.14 =

IRRL 0.11 -0.03 -0.17* -0.02 -0.08 -0.04 -0.13 -0.01 -0.04 -0.03 0.47* -
Social Bond -0.07 -0.24* 0.16 0.30"** 0.14 0.34*** 0.11 0.21* 0.22** 0.21* -0.28"* 047"

original MoCA, Montreal Cognitive Assessment; VE, Visuospatial/executive; original PDSFS, Parkinson’s disease social functioning scale; FHS, Family Life, Hobbies, and
Self-Care; IRRL, Interpersonal Relationship and Recreational Leisure.
*0 < 0.05; *p < 0.01;, *p < 0.001.
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Item (maximums score)

Total score of MMSE (30)
Orientation (10)

Time (5)

Place (5)

Registration (8)

Name 3 objects (3)
Serial 7’s (5)

Recall (3)

Language (5)

Naming (2)

Repetition (1)

Reading (1)

Writing (1)

Following command (3)
Copy design (1)

AUC

0.802
0.634
0.689
0.500
0.689
0.509
0.655
0.624
0.577
0.500
0.487
0.560
0.578
0.654
0.5687

P

<0.001
0.063
0.009
1.000
0.009
0.885
0.032
0.085
0.284
1.000
0.861
0.406
0.279
0.033
0.226

Cutoff

<9
<5
<3
<8
<3
<b
<2
<5

<1
<1
&
<3

<1

Sensitivity

0.680
0.520
0.560
0.080
0.640
0.040
0.600
0.320
0.240
0.000
0.040
0.120
0.200
0.400
0.240

Specificity

0.813
0.674
0.761
0.978
0.696
0.978
0.717
0.913
0.913
1.000
0.935
1.000
0.917
0.913
0.935

Youden index

0.463
0.194
0.321

0.058
0.336
0.018
0.317
0.233
0.153
0.000
-0.025
0.120
0.157
0.313
0.175

MMSE, mini-mental state examination; AUC, the area under the curve.
Bonferroni correction was applied with a p value < 0.003.





