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Parkinson's disease (PD) is a complex disorder that is influenced by multiple genetic risk factors. There is a significant heterogeneity in PD presentation, both pathologically and clinically. Some of the most common and important symptoms affecting the patient are cognitive impairment and dementia. However, the genetic and biological basis underlying the differences in cognitive profiles, including the development of dementia in PD, is not yet well understood. Understanding the role of genes in cognitive outcomes is crucial for effective patient counseling and treatment. Research on familial PD has discovered more than 20 genes that can cause the disease. The identified genes responsible for familial cases of PD are LRRK2, PARK7, PINK1, PRKN, or SNCA gene, although there may be other genes that also contribute. Additionally, some of these genes may also play a role in cases that were previously thought to be sporadic. Currently, numerous well-described genes increase the risk of cognitive decline in PD, each with varying levels of penetrance. The aim of this review is to identify the relevant genetic factors that contribute to differences in cognition. We discuss the genes that may affect cognition and the challenges in establishing a clear genetic diagnostic and prognostic assessment. This article aims to demonstrate the complexity of the genetic background of cognition in PD and to present the different types of genotype changes that can impact cognition through various neurobiological mechanisms.
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1 Introduction

Parkinson's disease (PD) is a neurodegenerative disorder primarily affecting motor function, however, cognitive impairment is also a common and highly disabling feature of PD. The presentation and progression of cognitive symptoms in PD are highly variable. Some patients may begin to develop cognitive changes in the prodromal phase of the disease. In contrast, others may evade any noticeable deficits in cognitive functioning for more than 20 years after symptom onset. Various risk factors have been identified for the development of cognitive dysfunction in PD. These factors include age, disease duration, and severity of motor symptoms. Although age is considered a primary risk factor, the genetic and biological mechanisms that contribute to the heterogeneity in cognitive profiles and the onset of dementia in PD, remain largely unknown.

Patients with PD may experience cognitive impairment and dementia as a result of other underlying conditions, such as Alzheimer's disease (AD) or cerebrovascular disease. These conditions can present with symptoms that overlap with those of PD dementia, making it challenging to identify the exact cause of dementia clinically. Definitive biomarkers are not yet available for differentiating the types of dementia. In clinical research, it is crucial to differentiate between the types of dementia because treatments target the abnormal accumulation of alpha-synuclein, the pathological hallmark of PD dementia and dementia with Lewy bodies (DLB) (Lindström et al., 2014), or tau (Anand and Sabbagh, 2015) or amyloid-β (Delrieu et al., 2014), which underlies AD. There are many similarities between different diseases in terms of cognitive symptoms and neuropathologically. The most common neuropathological feature of PD dementia is the advanced limbic and neocortical Lewy pathology (Lindström et al., 2014). However, amyloid-β and tau pathologies related to AD are also frequent and independently associated with cognitive impairment in PD (Smith et al., 2019) reflecting the complex genetic background. In line with the duality of neuropathology, established genetic risk loci for cognitive progression in PD include genes implicated in PD risk and Lewy pathology, as well as AD susceptibility loci (Tunold et al., 2023b).

In this review, we discuss the genes that might impact cognition and point out the methodological difficulties in establishing a precise genetic diagnosis and result forecast. Our primary objective is to illustrate the intricate genetic basis of cognition in PD and to present the diverse array of genotype variations that may affect cognition.



2 Genetic background: What we know?

Cognitive performance and decline in individuals with PD are heterogeneous, and genetics may explain some of this variability. Numerous studies have been carried out to investigate the relationship between PD and cognitive impairment, with most focusing on the development of dementia. Based on the available evidence, it appears that some genes, namely apolipoprotein E (APOE) (Mata et al., 2014), microtubule-associated protein tau (MAPT) (Williams-Gray et al., 2009), glucocerebrosidase (GBA) (Liu et al., 2021) and alpha-synuclein (SNCA) (Nagy et al., 2007; Kéri et al., 2008; Kochunov et al., 2017), may contribute to the susceptibility of cognitive impairment in PD. This is not surprising, given the overlap of neuropathology and symptomatology with other conditions such as AD and dementia with Lewy bodies. Studies have shown different genetic structures in patients with Lewy body dementia (DLB) depending on the extent of accompanying AD-pathology (Van Der Lee et al., 2021; Kaivola et al., 2022). It has been shown that APOE was specifically associated with the AD-positive group, and GBA with the group of DLB patients without AD elements (Tunold et al., 2023a). Investigations in other genes, including leucine-rich repeat serine/threonine-protein kinase 2 (LRRK2) (Hong et al., 2017), catechol-O-methyltransferase (COMT) (Paul et al., 2016), brain-derived neurotrophic factor (BNDF) (Białecka et al., 2014), transmembrane protein 108 (TMEM108) (Liu et al., 2021), WW domain-containing oxidoreductase (WWOX) (Liu et al., 2021), the mitochondrial E3 ubiquitin protein ligase 1 (MUL1) (Jo et al., 2021) have led to conflicting results.

This review covers a selection of genes that have been associated with cognitive symptoms in PD, ranging from those with the most hits in literature searches to those mentioned in only one study. Figure 1 displays all the genes reviewed in this article.
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FIGURE 1
 A visual representation of all the genes that have been identified in the literature as potentially linked to cognitive symptoms in PD and discussed in this review (string.org).




3 Methods

The literature review aimed to identify genes that have been associated with cognitive symptoms in PD, ranging from those with the most hits in literature searches to those mentioned in only one study. Figure 2 summarizes the reviewing process. Search terms used are listed in Supplementary Table 1. Criteria for inclusion were: specific inclusion of people with dementia or cognitive impairment; suggesting or explaining gene involvement; and identifying a specific research study or reviewing a collection of studies.
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FIGURE 2
 Literature review flowchart.




4 Results

A literature search was conducted to find studies that investigated the link between genetic variation and cognitive outcomes in patients with PD. The search strategy is outlined in Figure 2. The search yielded a total of 514 records, out of which 429 were eliminated as irrelevant based on the title and abstract. The remaining 85 articles were read in full. This led to a final selection of 55 relevant articles. In addition, a manual search through the reference lists of these papers uncovered two more publications of interest, bringing the total number of included articles to 57.

Most literature hits were found for APOE, SNCA, MAPT, and GBA. However, the studies have varied greatly in their design, sample size, candidate genes, and cognitive outcome measures. This has led to partly conflicting conclusions drawn from the reported results. Some studies have retrospectively assessed dementia diagnosis from medical records, while others have used advanced neuropsychological testing.


4.1 APOE

Polymorphisms in the APOEgene are associated with AD. These polymorphisms are also linked to cognitive decline in both healthy individuals and patients with PD (Tsuang et al., 2013; Mata et al., 2014; Paul et al., 2016). The ε4 variant of APOE (APOE ε4) gene is the best-known risk factor for AD (O'Donoghue et al., 2018), however, there has been uncertainty regarding how APOE E2 and E4 variants may impact cognitive impairment and other overlapping features of neurodegeneration. In a study performed on 1,079 PD patients, Mata, and colleagues found that the presence of APOE ε4 allele was linked to decreased cognitive performance across various domains such as memory, attention/executive function, and language processing (Mata et al., 2014). However, in patients without dementia, the ε4 allele only affected total learning and semantic verbal fluency (Mata et al., 2014). Interestingly, studies show that the APOE ε4 allele increases the likelihood of developing dementia in the context of synucleinopathy, even without any other contributing factors (Tsuang et al., 2013). Additionally, the fact that the ε4 allele occurs more frequently in cases with a low overall brain neuritic plaque burden suggests that APOE might contribute to neurodegeneration through mechanisms that are not associated with amyloid processing (Tsuang et al., 2013). Moreover, it is shown that the relationship between APOE ε4 and cognitive changes is significantly modified by age in most cognitive domains (Liu et al., 2023). Individuals in the elderly group carrying the APOE ε4 allele experience a steeper decline in global cognition and most cognitive domains (p = 0.001) (Liu et al., 2023). They also had a higher probability of experiencing cognitive deterioration compared to non-carriers (Liu et al., 2023). However, no significant correlations between APOE ε4 and cognitive decline were observed in the middle-aged group. These findings indicate that the APOE ε4 allele has an age-dependent impact on cognitive decline in PD patients, despite the lack of clear underlying mechanisms.

There is a whole spectrum of cognitive changes that APO e4 is connected to. For instance, APOE ε4 is associated with poorer cognition, particularly the early symptoms of memory, language, and attention (He et al., 2024). Furthermore, APOE ε4 is associated with elevated NO levels, which is linked to impaired attention and executive function (He et al., 2024). A study by Sakurai et al. (2024) showed that APOE E4 carriers with slow gait had the lowest global cognitive performance and smaller gray matter volumes compared to non-APOE E4 carriers with normal gait. The coexistence of APOE E4 and slow gait best predicted global and domain-specific poorer cognitive performances, mediated by smaller gray matter volume (Sakurai et al., 2024). Also, data from the Honolulu Heart Program/Honolulu-Asia Aging Study showed that people who retained relatively high levels of cognitive functioning until death were more likely to have the presence of the APOE ε2 allele, while people who demonstrated significant cognitive waning several years before death had more likely the APOE ε4 allele (Margrett et al., 2022). A genome wide association study (GWAS) which included clinical data for 3364 patients with 12,144 observations, showed that the APOE ε4 tagging variant, rs429358, was significantly associated with composite and cognitive progress in PD (Tan et al., 2021). Another GWAS from 12 longitudinal cohorts in a total of 4,093 patients with 22,307 observations showed the same APOE E4 tagging variant being associated with greater cognitive deficits in patients (Iwaki et al., 2019). A lot more studies also support the growing body of research that the APOE ε4 allele can be used as a predictor of cognitive decline in PD patients (Morley et al., 2012; Monsell et al., 2014; Paul et al., 2016).

However, it should be emphasized that the impact of APOE is not unequivocally related to PD. Some studies do not show an association between APOE variants and cognitive decline in PD. In a German ongoing observational multicenter cohort study (LANDSCAPE study) including 447 PD patients APOE ε4 allele was not associated with a diagnosis of cognitive impairment in PD (PD with mild cognitive impairment and PD with dementia) or with deficits in specific neuropsychological domains (Mengel et al., 2016). Also, Gan et al. showed that the presence of APOE ε4 allele is associated with hyperhidrosis and depression, but not global cognition, activities of daily life, motor function and other neuropsychitric symptoms in patients with dementia with Lewy bodies (Gan et al., 2022). No, association is shown also in a cohort of 237 patients diagnosed with PD with and without dementia (Pierzchlińska et al., 2018). The APOE genotypes were not significantly associated with longitudinal changes in individual cognitive domains, however, carriers of the APOE-ε4 allele were shown to be at increased risk of mild cognitive impairment and dementia within the study period (OR 3.03; p = 0.006) (Chung et al., 2021).

Various study results highlight that the influence of APOE variation on cognition is complex, in some cases varying based on diagnosis and possibly underlying disease pathology. A large study performed on 514 individuals with various neurodegenerative disorders assessed the influence of APOE carrier status and disease cohort on performance across five cognitive domains (Dilliott et al., 2021). Regardless of the disease group, it has been shown that individuals with the E4 allele have lower verbal memory and visuospatial performance than those with the E3/3 allele, while individuals with the E2 allele did not show any significant difference in cognitive performance (Dilliott et al., 2021). However, individuals with the E2 allele and frontotemporal dementia have significantly poorer performance than those with the E3/3 allele in the visuospatial, attention/working memory, and executive function domains (Dilliott et al., 2021). Also, there is the question of potential sex-specific effects of APOE ε4 on cognitive decline. In the sex-stratified GLME models adjusted for covariates, Kim et al. showed that males with APOEε4 had a steeper rate of cognitive decline than those without APOEε4, in contrast, there was no such significant interaction in females (Kim et al., 2021). There is also the possibility of an interaction effect on brain structure between the APOE and other genotypes. Sampedro et al. showed that cortical atrophy was associated with harboring the APOE ε4 allele only in BDNF val/met subjects (both in control and PD groups) (Sampedro et al., 2019).



4.2 SNCA

The SNCA gene encodes alpha-synuclein, a soluble protein expressed at presynaptic terminals in the central nervous system and plays a crucial role in the pathogenesis of PD. In the context of cognitive decline in PD, SNCA has been implicated in contributing to the development of cognitive impairment and dementia (Nagy et al., 2007; Kéri et al., 2008; Kochunov et al., 2017). Increasing evidence suggests that SNCA plays an important role in regulating dopamine release within the mesolimbic dopamine system, a critical pathway for the modulation of many behavioral and emotional processes. Due to depleted dopamine levels, PD patients with SNCA risk haplotypes tend to have less efficient stimulus-reward learning (Kéri et al., 2008). This is similar to the learning patterns observed in patients with unmedicated PD (Nagy et al., 2007). However, the inefficient learning in patients with SNCA risk haplotypes is much more pronounced than in healthy participants with the same risk haplotypes. Furthermore, the SNCA-rs356181 variant is shown to contribute to axonal injury and myelin damage in the anterior corona radiata. This area contains associative fibers connecting to the frontal lobe, which are associated with processing speed and working memory (Kochunov et al., 2017). On the other hand, a study on around a thousand PD patients revealed no association of variant SNCA rs356219 with cognitive decline (Tsuang et al., 2013). A longitudinal study of SNCA gene promoter (SNCA-Rep1) investigated Rep1 polymorphism and longitudinal change in cognition in early PD (Tan et al., 2022). They determined Rep1 allele lengths (“long” and “short”) in 204 early PD patients and showed significant decline in executive function in long Rep1 allele carriers vs. short allele carriers (Tan et al., 2022). Another study showed a similar effect, long Rep1 allele carriers had significantly lower Mini-Mental State Examination (MMSE; p = 0.010) and higher UPDRS Part III (p = 0.026) and H & Y (p = 0.008) scores compared to short allele carriers (controlled for age, sex, and disease duration) (Ng et al., 2019). In the analysis performed by Jo and al, SNCA rs11931074 was determined to be most significantly associated with PD (odds ratio = 0.66, 95% confidence interval = 0.56–0.78, p = 7.75 × 10−7), however there was no correlation with dementia. In the PD group, only MUL1 nucleotide polymorphism (SNP) rs3738128 (odds ratio = 2.52, 95% confidence interval = 1.68–3.79, p = 8.75 × 10−6) was found to be most significantly associated with dementia in PD (Jo et al., 2021). In a study aimed to predict global cognition in PD with machine learning using structural neuroimaging, genetics and clinical and demographic characteristics they found the rs894280 of SNCA gene as the most novel finding of ML (Ramezani et al., 2021). Post-hoc analysis revealed a robust association between rs894280 and GC, attention, and visuospatial abilities (Ramezani et al., 2021). Cognitive impairment was reported in all monogenic PD forms with variable rates (58.8% PINK1, 53.9% SNCA, 50% DJ1, 29.2% VPS35, 15.7% LRRK2 and 7.4% Parkin) (Piredda et al., 2020). Although monogenic forms make up only a 10th of all PD patients, it is important to show that cognitive decline is dependent on the type of mutation.



4.3 MAPT

Tau is a microtubule-associated protein involved in microtubule assembly and stabilization. Variants in MAPT gene have been firmly established as a risk factor for progressive supranuclear palsy and corticobasal degeneration (Galpern and Lang, 2006). Abnormalities of tau protein play a central role in the development of progressive supranuclear palsy. Meanwhile, haplotype variation in the tau gene MAPT can impact the risk of PD and PD dementia. There have been several studies examining the relationship between MAPT haplotypes and cognitive performance in PD, yielding conflicting results. According to published data, there is a hypothesis that suggests tau and alpha-synuclein to be involved in shared or converging pathways in the development of PD (Goris et al., 2007). Data suggests that tau inversion may influence the cognitive impairment and dementia that some patients with idiopathic PD experience (Goris et al., 2007). They found a synergistic interaction between the MAPT inversion polymorphism SNP rs356219 from the 3′ region of SNCA. Longitudinal follow-up of a subset of 109 incident PD cases suggested that MAPT is a genetic risk factor that plays a role in the early development of cognitive impairment and dementia in PD (Goris et al., 2007). Furthermore, Williams-Gray et al. conducted a study showing that individuals with PD and the H1/H1 haplotype experience a higher cognitive decline and are more susceptible to dementia compared to those with the H2 haplotype (Williams-Gray et al., 2009). In contrast, Paul et al. observed no discernible association between the MAPT H1 haplotype and changes in cognitive functioning over time within a PD cohort (Paul et al., 2016). Notably, both studies accessed cognitive function only via MMSE scores. Studies employing a more comprehensive array of cognitive measures have failed to identify any significant impact of the MAPT H1 haplotype on cognitive function within PD cohorts (Mata et al., 2014). For instance, an investigation involving a substantial PD cohort did not report a significant correlation between the MAPT H1 haplotype and outcomes across nine distinct psychometric tests evaluating cognition (Nagy et al., 2007; Kéri et al., 2008; Kochunov et al., 2017). Similarly, a study on an essential tremor cohort revealed no influence of MAPT haplotypes on cognitive performance (Ghanem et al., 2023). On the other hand, a study was conducted to evaluate the relationship between common genetic variations in the SNCA (rs11931074, rs894278) and MAPT (rs242557_H1c haplotype, rs3744456) genes and the severity and duration of both motor and cognitive performance (Alcalay et al., 2010). The results showed that increased severity of cognitive function was associated with MAPT (H1c haplotype, p = 0.05) (Alcalay et al., 2010). A study investigating the neurocognitive correlates of MAPT haplotypes using functional magnetic resonance imaging showed that H1 homozygosity was associated with impaired picture recognition memory in PD patients and control subjects (Winder-Rhodes et al., 2015). Their results revealed that H1 homozygotes with PD showed additional age-related differences in blood-oxygen-level-dependent response in the medial temporal lobes (Winder-Rhodes et al., 2015). The ICICLE-PD study, established to define the characteristics and prevalence of cognitive change soon after PD diagnosis, showed that neurocognitive deficits are common even in recently diagnosed patients and that the associated regional brain activations are influenced by genotype (Nombela et al., 2014).

It should be noted that the relationship between cognitive function and certain diseases can vary over time. For example, in a study examining the connection between baseline levels of amyloid β1–42 (Aβ42), total tau (t-tau), phosphorylated tau (p-tau) in cerebrospinal fluid (CSF), and cognitive performance, no correlation was found (Liu et al., 2015). However, after starting treatment with levodopa, higher levels of p-tau and p-tau/Aβ42 were found to predict a decline in cognitive performance involving memory and executive functions (Liu et al., 2015). Rittman and colleagues analyzed functional brain networks and found a correlation between the expression of MAPT in certain regions of the brain and the loss of connectivity in those regions in patients with PD (Rittman et al., 2016). The study also showed that the impairment of executive cognition was proportional to the loss of hub connectivity (Rittman et al., 2016). These findings demonstrate a connection between the regional expression of MAPT and the selective vulnerability of functional brain networks to neurodegeneration (Rittman et al., 2016).



4.4 GBA

Mutations in the GBA gene have been demonstrated to be a strong risk factor for PD, but have also been associated with greater cognitive decline in PD (Liu et al., 2021). In a study conducted on 699 PD patients with age at onset below 51 years, it was observed that individuals carrying GBA mutations (N370S or L444P), reported cognitive impairment more frequently than those with no such mutations (Alcalay et al., 2010). However, MMSE data did not confirm this difference (Alcalay et al., 2010). Another study found that GBA mutation carriers performed worse than noncarriers on the Montreal Cognitive Assessment (MoCA) (Brockmann et al., 2011). In an observational longitudinal study cohorts from North America and Europe representing 2,304 patients with PD were followed for up to 12.8 years (median, 4.1) with a total of 20,868 in-person study visits (Liu et al., 2016). This study showed that PD patients with GBA variants presented with accelerated cognitive decline over time compared to other PD patients (Liu et al., 2016). A study assessing cognitive outcomes after deep brain stimulation of the subthalamic nucleus (STN-DBS) showed that GBA mutations are associated with early cognitive decline following STN-DBS (Mangone et al., 2020). A mouse model of Gaucher disease that exhibited memory deficits and progressive accumulation of alpha-synuclein/ubiquitin aggregates in hippocampal neurons was also studied (Sardi et al., 2011).



4.5 Other genes of potential interest

There has been a lot of discussion about certain genes being linked to cognitive function in PD. However, there is no conclusive evidence to support this claim as many studies have failed to establish a connection. This is particularly true when analyzing specific genes or variants, as a large cohort of patients is required. For instance, a study conducted on 500 patients with PD by the NeuroGenetics Research Consortium found no correlation between psychotic symptoms and any of the examined polymorphisms in the apolipoprotein, alpha-synuclein, or microtubule-associated protein tau genes (Factor et al., 2011). However, a GWAS study confirmed the association of mutations in GBA and APOE with dementia in PD (Tan et al., 2021), but interestingly reported also the regulating synaptic membrane exocytosis 2 (RIMS2) genes as a progression locus [p = 2.78 × 10−11; hazard ratio (HR) = 4.77], as well as suggestive associations in transmembrane protein 108 (TMEM108; HR = 2.86, p = 2.09 × 10−8) and WW domain-containing oxidoreductase (WWOX; HR = 2.12, p = 2.37 × 10−8) genes in PD, but with limited effect sizes (Liu et al., 2021). In a microarray analysis on 634 PD patients, the mitochondrial E3 ubiquitin protein ligase 1 (MUL1) SNP rs3738128 (odds ratio = 2.52, 95% confidence interval = 1.68–3.79, p = 8.75 × 10−6) was found to be most significantly associated with dementia in PD suggesting an essential role of mitochondrial dysfunction in the development of dementia in patients with PD (Jo et al., 2021). SNPs in zinc fingers and homeoboxes 2 (ZHX2) and endoplasmic reticulum resident protein 29 (ERP29) genes were also associated with dementia in PD (Jo et al., 2021). Soutar et al. used a mitophagy screening assay to assess the functional significance of risk genes identified through GWAS (Soutar et al., 2022). They found that two regulators of PINK1-dependent mitophagy initiation, KAT8 and KANSL1, modulate lysine acetylation and contribute to PD (Soutar et al., 2022). KANSL1 is located on chromosome 17q21 and has long been considered to be associated with the MAPT gene. While the study does not exclude the possibility of an association between MAPT and PD, it provides strong evidence that KANSL1 plays a crucial role in the disease (Soutar et al., 2022).

SNPs in the Paired Like Homeodomain 3 (PITX3) gene have also been identified as risk factors for PD (relative risk of 1.4 and estimated population attributable risk of 0.21 for the C allele of rs2281983) (Fuchs et al., 2009). A Swedish prospective study on 133 PD patients showed that PD patients carrying the PITX3 C allele had an increased risk of developing dementia (hazard ratio: 2.87, 95% CI: 1.42–5.81, p = 0.003), compared to the PD patients homozygous for the T-allele. Furthermore, the PITX3 C allele carriers with PD had poorer cognitive performance in the visuospatial domain (p < 0.001) and a higher incidence of visual hallucinations. A trend toward a lower striatal DAT uptake in the PITX3 C allele carriers was suggested, but could not be confirmed (Bäckström et al., 2017). A study on 299 PD patients, consisting of 23 carriers and 276 non-carriers of LRRK2 G2385R, concluded that the LRRK2 G2385R genotype may not be associated with cognitive dysfunction in PD (Hong et al., 2017). Similarly, other LRRK2 variants showed no correlation, i.e. cognitive functions were similarly affected in PD patients with and without LRRK2 G2019S mutation with mainly impaired visuospatial and executive abilities (Ben Sassi et al., 2012). One study even showed that G2019S mutation status is associated with better attention, executive function, and language fluency in PD patients (Alcalay et al., 2015).

A case-control study was conducted in the Chinese population to investigate the genetic link between AD, PD, and cognitive impairment (Wang et al., 2022). The study evaluated the association of 13 single-nucleotide polymorphisms in 9 genes (BIN1, CLU, ABCA7, CR1, PICALM, MS4A6A, CD33, MS4A4E, and CD2AP) known as AD GWAS top hits, with both PD and cognitive function in PD patients (Wang et al., 2022). A total of 454 controls and 442 PD patients were included in the study. The study did not find any significant association between the susceptibility loci for AD and PD cases, PD-dementia or PD-mild cognitive impairment (Wang et al., 2022). Based on the findings, it can be inferred that the 13 single-nucleotide polymorphisms from AD genome-wide association studies may not have a significant role in the genetic predisposition of PD and cognitive function in the Chinese population. Similarly, a study aimed to examine the association between genome-wide significant loci of Type 2 Diabetes Mellitus (T2DM) and the risk of PD and AD as well as the severity of cognitive impairment (Chung et al., 2015). They included 500 PD patients, 400 AD patients, and 500 unrelated controls and analyzed 32 genetic variants from 11 genes associated with T2DM: CDC123, CDKAL1, CDKN2B, FTO, GLIS3, HHEX, IGF2BP2, KCNJ11, KCNQ1, SLC30A8, and TCF7L2 (Chung et al., 2015). The CDC123 SNP rs11257655 was found to be associated with MMSE score < 26, and the CDKN2B SNPs (rs2383208, rs10965250, and rs10811661) were found to be associated with MoCA score < 26 in PD patients, however, these associations were not statistically significant after Bonferroni correction (Chung et al., 2015). Other genetic variants had no association with the risk of PD or AD and the severity of cognitive impairment. Finally, a large-scale exploratory genetic analysis of cognitive impairment in PD in which 1,105 PD patients from the PD Cognitive Genetics Consortium were genotyped for 249,336 variants showed that 13 genomic regions were associated with at least one decline in one cognitive domain (Mata et al., 2017). These included GBA rs2230288, PARP4 rs9318600 and rs9581094 and MTCL1 rs34877994 (Mata et al., 2017).



4.6 Polygenic risk score

Polygenic scores (PGS) are a way of combining the risk associated with multiple genetic variants into a single score. This is done by calculating the combined effects of individual genotypes, using data from large-scale GWAS. In other words, PGS adds up the weighted risks of every genetic trait to generate an overall score. A large meta-analysis comprising together 17,02 PD patients found four PGS significantly associated with cognitive decline: intelligence (p = 5.26e−13), cognitive performance (p = 1.46e−12), educational attainment (p = 8.52e−10), and reasoning (p = 3.58e−5) (Faouzi et al., 2024). On the other hand, a multicenter longitudinal cohort of 143 PD patients showed no correlation between PD PGD and impulse control disorders (Ihle et al., 2020). Tunold et al. (2023b) have emphasized that lysosomal variants can have a significant impact on cognitive decline in patients with PD who are less likely to develop AD. Additionally, their findings suggest that stratification by the polygenic burden of AD risk alleles can help us better understand the genetic factors that contribute to cognitive impairment in PD patients (Tunold et al., 2023b). A study on 225 patients with Gaucher disease (including 199 without PD and 26 with PD) has shown that the PD PGS is higher in individuals who carry the GBA gene compared to those who do not (Blauwendraat et al., 2023). Variants located near CTSB and SNCA may also have a potential gene-gene interaction with GBA (Blauwendraat et al., 2023). This suggests that common risk variants may affect the underlying biological pathways, as the variants included in the PD genetic risk score were more frequent in patients with Gaucher disease who developed PD. A recent study examined the genetic architecture of AD, schizophrenia, and PD through the use of PGSs, and found that hallucinations in patients with PD were associated with the genetic architecture of AD, particularly with the APOE gene (Kusters et al., 2020). The study also noted some potential associations between hallucinations and the genetic architecture of schizophrenia, as well as with genetic susceptibility for PD in late-onset patients (Kusters et al., 2020).

Finally, a recent study examined the relationship between PGS and disease progression in a longitudinal population-based cohort of patients with PD (Paul et al., 2018). The study found that the PGS, based on established PD GWAS risk loci, is associated with cognitive decline and supports previous findings linking these risk factors to motor symptom progression (Paul et al., 2018). The results suggest that these genetic risk factors may contribute to disease progression in multiple domains. The study supports the idea that PD is influenced by multiple genetic variants, each with a small effect size.




5 Discussion

The symptoms and progression of cognitive decline in PD can vary widely. Cognitive impairment and dementia are common disorders in PD. Around 80% of PD patients are expected to develop dementia within 10 years of diagnosis. PD is a complex disorder that is influenced by multiple genetic risk factors. Therefore, it is crucial to understand the role of genes in cognitive outcomes to provide accurate treatment and counseling to patients. Currently, multiple genes are strongly associated with PD and increase its risk, although they have varying degrees of penetrance. Additionally, several loci in our DNA have been identified through large, genome-wide association studies that also increase the risk of PD. In this review, we provide a summary of the current knowledge about each of the seven genes that are strongly linked to PD, along with their respective relationships to cognition. However, our understanding of the underlying mechanisms and effective treatments for these disorders remains limited. Given the complexity of the symptoms in PD, it is unlikely that there is a single genetic cause. Although some studies have provided promising results, research focusing on individual genes can only explain a small portion of the variation in cognitive impairment in PD. Most studies investigating cognitive impairment in PD have employed candidate gene approaches, examining genes such as GBA, LRRK2, MAPT, and SNCA. However, results have often been inconclusive or not replicated independently.

This literature demonstrates a clear association only between GBA mutations and increased risk of cognitive decline and dementia. However, for other genes, there are conflicting results. The connection between APOE variation and cognition is complex, and it may vary based on diagnosis and underlying disease pathology, as well as sex and age. There can also be an interaction effect on brain structure between the APOE and other genotypes. There is a possible relationship between SNCA variability and the cognitive profile in PD, although the details of this relationship remain incompletely explored. This association is complex, rs356181 is shown to be connected with axonal injury while there is no association of some other SNCA variants with cognitive decline. Machine learning using structural neuroimaging, genetics and clinical and demographic characteristics found the rs894280 of SNCA gene as the most novel finding. There have been multiple studies that have examined the connection between MAPT haplotypes and cognitive performance in PD. However, the results obtained have been conflicting. While some studies have indicated a relationship between the H1 haplotype and faster cognitive decline, others have not found any such connection. Nonetheless, studies that conducted multimodal analysis or attempted to identify more subtle changes than just the MMSE have revealed that the relationship is much more complex. It has also been observed that the relationship between cognitive function and specific diseases can vary over time and can be influenced by other factors.

There has been a lot of debate regarding the potential correlation between certain genes and cognitive function in PD. However, there is no conclusive evidence to support this claim. Many studies have failed to establish a connection, as a large number of patients is required to draw meaningful conclusions. GWAS studies have significantly improved our understanding of the genetic risk factors for PD by identifying several genetic variants. They offer a partial solution to this problem by examining markers across the entire genome simultaneously. Furthermore, studies have shown that patients' cognitive decline is linked to the accumulation of genetic risk factors for PD, as determined by calculating a polygenic risk score.

However, to better understand the disease biologically, it is essential to comprehend the functional importance of these risk loci. In conclusion, cognitive impairment is an important aspect of PD that can greatly impact a patient's quality of life. By identifying the risk factors and molecular mechanisms that contribute to this symptom, we can develop better prognostics and treatments to improve outcomes for patients with PD.



Author contributions

AB: Conceptualization, Visualization, Writing – original draft. KG: Writing – review & editing. SD: Writing – review & editing. FB: Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This research was funded by the Croatian Science Foundation, grant HRZZ-8475 and University of Zagreb grant 10106-23-2472.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcogn.2024.1379896/full#supplementary-material



References

 Alcalay, R. N., Mejia-Santana, H., Mirelman, A., Saunders-Pullman, R., Raymond, D., Palmese, C., et al. (2015). Neuropsychological performance in LRRK2 G2019S carriers with Parkinson's disease. Parkinsonism Relat. Disord. 21, 106–110. doi: 10.1016/j.parkreldis.2014.09.033

 Alcalay, R. N., Mejia-Santana, H., Tang, M. X., Rakitin, B., Rosado, L., Ross, B., et al. (2010). Self-report of cognitive impairment and mini-mental state examination performance in PRKN, LRRK2, and GBA carriers with early onset Parkinson's disease. J. Clin. Exp. Neuropsychol. 32, 775–779. doi: 10.1080/13803390903521018

 Anand, K., and Sabbagh, M. (2015). Early investigational drugs targeting tau protein for the treatment of Alzheimer's disease. Expert Opin. Investig. Drugs 24, 1355–1360. doi: 10.1517/13543784.2015.1075002

 Bäckström, D., Domellöf, M. E., Granåsen, G., Linder, J., Mayans, S., Elgh, E., et al. (2017). PITX3 genotype and risk of dementia in Parkinson's disease: a population-based study. J. Neurol. Sci. 381, 278–284. doi: 10.1016/j.jns.2017.08.3259

 Ben Sassi, S., Nabli, F., Hentati, E., Nahdi, H., Trabelsi, M., Ben Ayed, H., et al. (2012). Cognitive dysfunction in Tunisian LRRK2 associated Parkinson's disease. Parkinsonism Relat. Disord. 18, 243–246. doi: 10.1016/j.parkreldis.2011.10.009

 Białecka, M., Kurzawski, M., Roszmann, A., Robowski, P., Sitek, E. J., Honczarenko, K., et al. (2014). BDNF G196A (Val66Met) polymorphism associated with cognitive impairment in Parkinson's disease. Neurosci. Lett. 561, 86–90. doi: 10.1016/j.neulet.2013.12.051

 Blauwendraat, C., Tayebi, N., Woo, E. G., Lopez, G., Fierro, L., Toffoli, M., et al. (2023). Polygenic Parkinson's disease genetic risk score as risk modifier of parkinsonism in Gaucher disease. Mov. Disord. 38, 899–903. doi: 10.1002/mds.29342

 Brockmann, K., Srulijes, K., Hauser, A.-K., Schulte, C., Csoti, I., Gasser, T., et al. (2011). GBA-associated PD presents with nonmotor characteristics. Neurology 77, 276–280. doi: 10.1212/WNL.0b013e318225ab77

 Chung, J., Ushakova, A., Doitsidou, M., Tzoulis, C., Tysnes, O.-B., Dalen, I., et al. (2021). The impact of common genetic variants in cognitive decline in the first seven years of Parkinson's disease: a longitudinal observational study. Neurosci. Lett. 764:136243. doi: 10.1016/j.neulet.2021.136243

 Chung, S. J., Kim, M.-J., Kim, J., Ryu, H.-S., Kim, Y. J., Kim, S. Y., et al. (2015). Association of type 2 diabetes GWAS loci and the risk of Parkinson's and Alzheimer's diseases. Parkinsonism Relat. Disord. 21, 1435–1440. doi: 10.1016/j.parkreldis.2015.10.010

 Delrieu, J., Ousset, P. J., Voisin, T., and Vellas, B. (2014). Amyloid beta peptide immunotherapy in Alzheimer disease. Rev. Neurol. 170, 739–748. doi: 10.1016/j.neurol.2014.10.003

 Dilliott, A. A., Sunderland, K. M., McLaughlin, P. M., Roberts, A. C., Evans, E. C., Abrahao, A., et al. (2021). Association of apolipoprotein E variation with cognitive impairment across multiple neurodegenerative diagnoses. Neurobiol. Aging 105, 378.e1–e9. doi: 10.1016/j.neurobiolaging.2021.04.011

 Factor, S. A., Steenland, N. K., Higgins, D. S., Molho, E. S., Kay, D. M., Montimurro, J., et al. (2011). Disease-related and genetic correlates of psychotic symptoms in Parkinson's disease. Mov. Disord. 26, 2190–2195. doi: 10.1002/mds.23806

 Faouzi, J., Tan, M., Casse, F., Lesage, S., Tesson, C., Brice, A., et al. (2024). Proxy-analysis of the genetics of cognitive decline in Parkinson's disease through polygenic scores. NPJ Parkinsons Dis. 10:8. doi: 10.1038/s41531-023-00619-5

 Fuchs, J., Mueller, J. C., Lichtner, P., Schulte, C., Munz, M., Berg, D., et al. (2009). The transcription factor PITX3 is associated with sporadic Parkinson's disease. Neurobiol. Aging 30, 731–738. doi: 10.1016/j.neurobiolaging.2007.08.014

 Galpern, W. R., and Lang, A. E. (2006). Interface between tauopathies and synucleinopathies: a tale of two proteins. Ann. Neurol. 59, 449–458. doi: 10.1002/ana.20819

 Gan, J., Chen, Z., Liu, S., Shi, Z., Liu, Y., Wang, X.-D., et al. (2022). The presence and co-incidence of geriatric syndromes in older patients with mild-moderate Lewy body dementia. BMC Neurol. 22:355. doi: 10.1186/s12883-022-02897-7

 Ghanem, A., Berry, D. S., Farrell, K., Cosentino, S., Crary, J. F., Louis, E. D., et al. (2023). Cognitive performance as a function of MAPT haplotype: a prospective longitudinal study of an essential tremor cohort. Tremor Other Hyperkinet. Mov. 13:19. doi: 10.5334/tohm.768

 Goris, A., Williams-Gray, C. H., Clark, G. R., Foltynie, T., Lewis, S. J. G., Brown, J., et al. (2007). Tau and α-synuclein in susceptibility to, and dementia in, Parkinson's disease. Ann. Neurol. 62, 145–153. doi: 10.1002/ana.21192

 He, M., Lian, T., Guo, P., Zhang, W., Zhang, Y., Huang, Y., et al. (2024). The roles of apolipoprotein E ε4 on neuropathology and neuroinflammation in patients with Alzheimer's disease. CNS Neurosci. Ther. 30:e14440. doi: 10.1111/cns.14440

 Hong, J. H., Kim, Y. K., Park, J. S., Lee, J. E., Oh, M. S., Chung, E. J., et al. (2017). Lack of association between LRRK2 G2385R and cognitive dysfunction in Korean patients with Parkinson's disease. J. Clin. Neurosci. 36, 108–113. doi: 10.1016/j.jocn.2016.10.013

 Ihle, J., Artaud, F., Bekadar, S., Mangone, G., Sambin, S., Mariani, L., et al. (2020). Parkinson's disease polygenic risk score is not associated with impulse control disorders: a longitudinal study. Parkinsonism Relat. Disord. 75, 30–33. doi: 10.1016/j.parkreldis.2020.03.017

 Iwaki, H., Blauwendraat, C., Leonard, H. L., Kim, J. J., Liu, G., Maple-Grødem, J., et al. (2019). Genomewide association study of Parkinson's disease clinical biomarkers in 12 longitudinal patients' cohorts. Mov. Disord. 34, 1839–1850. doi: 10.1002/mds.27845

 Jo, S., Park, K. W., Hwang, Y. S., Lee, S. H., Ryu, H.-S., Chung, S. J., et al. (2021). Microarray genotyping identifies new loci associated with dementia in Parkinson's disease. Genes 12:1975. doi: 10.3390/genes12121975

 Kaivola, K., Shah, Z., Chia, R., International LBD Genomics Consortium, Black, S. E., Gan-Or, Z., et al. (2022). Genetic evaluation of dementia with Lewy bodies implicates distinct disease subgroups. Brain 145, 1757–1762. doi: 10.1093/brain/awab402

 Kéri, S., Nagy, H., Myers, C. E., Benedek, G., Shohamy, D., Gluck, M. A., et al. (2008). Risk and protective haplotypes of the alpha-synuclein gene associated with Parkinson's disease differentially affect cognitive sequence learning. Genes Brain Behav. 7, 31–36. doi: 10.1111/j.1601-183X.2007.00315.x

 Kim, R., Park, S., Yoo, D., Ju Suh, Y., Jun, J.-S., Jeon, B., et al. (2021). Potential Sex-specific effects of apolipoprotein E ε4 on cognitive decline in early Parkinson's disease. JPD 11, 497–505. doi: 10.3233/JPD-202288

 Kochunov, P., Coyle, T. R., Rowland, L. M., Jahanshad, N., Thompson, P. M., Kelly, S., et al. (2017). Association of white matter with core cognitive deficits in patients with schizophrenia. JAMA Psychiatry 74:958. doi: 10.1001/jamapsychiatry.2017.2228

 Kusters, C. D. J., Paul, K. C., Duarte Folle, A., Keener, A. M., Bronstein, J. M., Dobricic, V., et al. (2020). Genetic risk scores and hallucinations in patients with Parkinson disease. Neurol Genet. 6:e492. doi: 10.1212/NXG.0000000000000492

 Lindström, V., Ihse, E., Fagerqvist, T., Bergström, J., Nordström, E., Möller, C., et al. (2014). Immunotherapy targeting α-synuclein, with relevance for future treatment of Parkinson's disease and other Lewy body disorders. Immunotherapy 6, 141–153. doi: 10.2217/imt.13.162

 Liu, C., Cholerton, B., Shi, M., Ginghina, C., Cain, K. C., Auinger, P., et al. (2015). CSF tau and tau/Aβ42 predict cognitive decline in Parkinson's disease. Parkinsonism Relat. Disord. 21, 271–276. doi: 10.1016/j.parkreldis.2014.12.027

 Liu, G., Boot, B., Locascio, J. J., Jansen, I. E., Winder-Rhodes, S., Eberly, S., et al. (2016). Specifically neuropathic Gaucher's mutations accelerate cognitive decline in Parkinson's. Ann. Neurol. 80, 674–685. doi: 10.1002/ana.24781

 Liu, G., Peng, J., Liao, Z., Locascio, J. J., Corvol, J.-C., Zhu, F., et al. (2021). Genome-wide survival study identifies a novel synaptic locus and polygenic score for cognitive progression in Parkinson's disease. Nat. Genet. 53, 787–793. doi: 10.1038/s41588-021-00847-6

 Liu, J.-Y., Ma, L.-Z., Wang, J., Cui, X.-J., Sheng, Z.-H., Fu, Y., et al. (2023). Age-related association between APOE ε4 and cognitive progression in de novo Parkinson's disease. JAD 91, 1121–1132. doi: 10.3233/JAD-220976

 Mangone, G., Bekadar, S., Cormier-Dequaire, F., Tahiri, K., Welaratne, A., Czernecki, V., et al. (2020). Early cognitive decline after bilateral subthalamic deep brain stimulation in Parkinson's disease patients with GBA mutations. Parkinsonism Relat. Disord. 76, 56–62. doi: 10.1016/j.parkreldis.2020.04.002

 Margrett, J. A., Schofield, T., Martin, P., Poon, L. W., Masaki, K., Donlon, T. A., et al. (2022). Novel functional, health, and genetic determinants of cognitive terminal decline: Kuakini Honolulu Heart program/Honolulu-Asia aging study. J. Gerontol. A Biol. Sci. Med. Sci. A 77, 1525–1533. doi: 10.1093/gerona/glab327

 Mata, I. F., Johnson, C. O., Leverenz, J. B., Weintraub, D., Trojanowski, J. Q., Van Deerlin, V. M., et al. (2017). Large-scale exploratory genetic analysis of cognitive impairment in Parkinson's disease. Neurobiol. Aging 56, 211.e1–e7. doi: 10.1016/j.neurobiolaging.2017.04.009

 Mata, I. F., Leverenz, J. B., Weintraub, D., Trojanowski, J. Q., Hurtig, H. I., Van Deerlin, V. M., et al. (2014). APOE, MAPT, and SNCA genes and cognitive performance in Parkinson disease. JAMA Neurol. 71:1405. doi: 10.1001/jamaneurol.2014.1455

 Mengel, D., Dams, J., Ziemek, J., Becker, J., Balzer-Geldsetzer, M., Hilker, R., et al. (2016). Apolipoprotein E ε4 does not affect cognitive performance in patients with Parkinson's disease. Parkinsonism Relat. Disord. 29, 112–116. doi: 10.1016/j.parkreldis.2016.04.013

 Monsell, S. E., Besser, L. M., Heller, K. B., Checkoway, H., Litvan, I., Kukull, W. A., et al. (2014). Clinical and pathologic presentation in Parkinson's disease by apolipoprotein e4 allele status. Parkinsonism Relat. Disord. 20, 503–507. doi: 10.1016/j.parkreldis.2014.02.001

 Morley, J. F., Xie, S. X., Hurtig, H. I., Stern, M. B., Colcher, A., Horn, S., et al. (2012). Genetic influences on cognitive decline in Parkinson's disease. Mov. Disord. 27, 512–518. doi: 10.1002/mds.24946

 Nagy, H., Kéri, S., Myers, C. E., Benedek, G., Shohamy, D., Gluck, M. A., et al. (2007). Cognitive sequence learning in Parkinson's disease and amnestic mild cognitive impairment: dissociation between sequential and non-sequential learning of associations. Neuropsychologia 45, 1386–1392. doi: 10.1016/j.neuropsychologia.2006.10.017

 Ng, A. S. L., Tan, Y. J., Zhao, Y., Saffari, S. E., Lu, Z., Ng, E. Y. L., et al. (2019). SNCA Rep1 promoter variability influences cognition in Parkinson's disease. Mov. Disord. 34, 1232–1236. doi: 10.1002/mds.27768

 Nombela, C., Rowe, J. B., Winder-Rhodes, S. E., Hampshire, A., Owen, A. M., Breen, D. P., et al. (2014). Genetic impact on cognition and brain function in newly diagnosed Parkinson's disease: ICICLE-PD study. Brain 137, 2743–2758. doi: 10.1093/brain/awu201

 O'Donoghue, M. C., Murphy, S. E., Zamboni, G., Nobre, A. C., and Mackay, C. E. (2018). APOE genotype and cognition in healthy individuals at risk of Alzheimer's disease: a review. Cortex 104, 103–123. doi: 10.1016/j.cortex.2018.03.025

 Paul, K. C., Rausch, R., Creek, M. M., Sinsheimer, J. S., Bronstein, J. M., Bordelon, Y., et al. (2016). APOE, MAPT, and COMT and Parkinson's disease susceptibility and cognitive symptom progression. JPD 6, 349–359. doi: 10.3233/JPD-150762

 Paul, K. C., Schulz, J., Bronstein, J. M., Lill, C. M., and Ritz, B. R. (2018). Association of polygenic risk score with cognitive decline and motor progression in Parkinson disease. JAMA Neurol. 75:360. doi: 10.1001/jamaneurol.2017.4206

 Pierzchlińska, A., Białecka, M., Kurzawski, M., and Sławek, J. (2018). The impact of apolipoprotein E alleles on cognitive performance in patients with Parkinson's disease. Neurol. Neurochir. Pol. 52, 477–482. doi: 10.1016/j.pjnns.2018.04.003

 Piredda, R., Desmarais, P., Masellis, M., and Gasca-Salas, C. (2020). Cognitive and psychiatric symptoms in genetically determined Parkinson's disease: a systematic review. Eur. J. Neurol. 27, 229–234. doi: 10.1111/ene.14115

 Ramezani, M., Mouches, P., Yoon, E., Rajashekar, D., Ruskey, J. A., Leveille, E., et al. (2021). Investigating the relationship between the SNCA gene and cognitive abilities in idiopathic Parkinson's disease using machine learning. Sci. Rep. 11:4917. doi: 10.1038/s41598-021-84316-4

 Rittman, T., Rubinov, M., Vértes, P. E., Patel, A. X., Ginestet, C. E., Ghosh, B. C. P., et al. (2016). Regional expression of the MAPT gene is associated with loss of hubs in brain networks and cognitive impairment in Parkinson disease and progressive supranuclear palsy. Neurobiol. Aging 48, 153–160. doi: 10.1016/j.neurobiolaging.2016.09.001

 Sakurai, R., Pieruccini-Faria, F., Cornish, B., Fraser, J., Binns, M. A., Beaton, D., et al. (2024). Link among apolipoprotein E E4, gait, and cognition in neurodegenerative diseases: ONDRI study. Alzheimers Dement. 20, 2968–2979. doi: 10.1002/alz.13740

 Sampedro, F., Marín-Lahoz, J., Martínez-Horta, S., Pagonabarraga, J., and Kulisevsky, J. (2019). Pattern of cortical thinning associated with the BDNF Val66Met polymorphism in Parkinson's disease. Behav. Brain Res. 372:112039. doi: 10.1016/j.bbr.2019.112039

 Sardi, S. P., Clarke, J., Kinnecom, C., Tamsett, T. J., Li, L., Stanek, L. M., et al. (2011). CNS expression of glucocerebrosidase corrects α-synuclein pathology and memory in a mouse model of Gaucher-related synucleinopathy. Proc. Natl. Acad Sci. USA. 108, 12101–12106. doi: 10.1073/pnas.1108197108

 Smith, C., Malek, N., Grosset, K., Cullen, B., Gentleman, S., Grosset, D. G., et al. (2019). Neuropathology of dementia in patients with Parkinson's disease: a systematic review of autopsy studies. J. Neurol. Neurosurg. Psychiatry 90, 1234–1243. doi: 10.1136/jnnp-2019-321111

 Soutar, M. P. M., Melandri, D., O'Callaghan, B., Annuario, E., Monaghan, A. E., Welsh, N. J., et al. (2022). Regulation of mitophagy by the NSL complex underlies genetic risk for Parkinson's disease at 16q11.2 and MAPT H1 loci. Brain 145, 4349–4367. doi: 10.1093/brain/awac325

 Tan, M. M. X., Lawton, M. A., Jabbari, E., Reynolds, R. H., Iwaki, H., Blauwendraat, C., et al. (2021). Genome-wide association studies of cognitive and motor progression in Parkinson's disease. Mov. Disord. 36, 424–433. doi: 10.1002/mds.28342

 Tan, Y. J., Saffari, S. E., Zhao, Y., Ng, E. Y. L., Yong, A. C. W., Ng, S. Y. E., et al. (2022). Longitudinal study of SNCA Rep1 polymorphism on executive function in early Parkinson's disease. JPD 12, 865–870. doi: 10.3233/JPD-213029

 Tsuang, D., Leverenz, J. B., Lopez, O. L., Hamilton, R. L., Bennett, D. A., Schneider, J. A., et al. (2013). APOE ϵ4 increases risk for dementia in pure synucleinopathies. JAMA Neurol. 70:223. doi: 10.1001/jamaneurol.2013.600

 Tunold, J.-A., Tan, M. M. X., Koga, S., Geut, H., Rozemuller, A. J. M., Valentino, R., et al. (2023a). Lysosomal polygenic risk is associated with the severity of neuropathology in Lewy body disease. Brain 146, 4077–4087. doi: 10.1093/brain/awad183

 Tunold, J.-A., Tan, M. M. X., Toft, M., Ross, O., Van De Berg, W. D. J., Pihlstrøm, L., et al. (2023b). Lysosomal polygenic burden drives cognitive decline in Parkinson's disease with low alzheimer risk. Mov. Disord. 39, 596–601. doi: 10.1002/mds.29698

 Van Der Lee, S. J., Van Steenoven, I., Van De Beek, M., Tesi, N., Jansen, I. E., Van Schoor, N. M., et al. (2021). Genetics contributes to concomitant pathology and clinical presentation in dementia with lewy bodies. JAD 83, 269–279. doi: 10.3233/JAD-210365

 Wang, X., Shi, Z., Zhao, Z., Chen, H., Lang, Y., Kong, L., et al. (2022). The causal relationship between neuromyelitis optica spectrum disorder and other autoimmune diseases. Front. Immunol. 13:959469. doi: 10.3389/fimmu.2022.959469

 Williams-Gray, C. H., Evans, J. R., Goris, A., Foltynie, T., Ban, M., Robbins, T. W., et al. (2009). The distinct cognitive syndromes of Parkinson's disease: 5 year follow-up of the CamPaIGN cohort. Brain 132, 2958–2969. doi: 10.1093/brain/awp245

 Winder-Rhodes, S. E., Hampshire, A., Rowe, J. B., Peelle, J. E., Robbins, T. W., Owen, A. M., et al. (2015). Association between MAPT haplotype and memory function in patients with Parkinson's disease and healthy aging individuals. Neurobiol. Aging 36, 1519–1528. doi: 10.1016/j.neurobiolaging.2014.12.006

Copyright
 © 2024 Blazekovic, Gotovac Jercic, Devedija and Borovecki. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Genetic background of cognitive decline in Parkinson's disease



		1 Introduction



		2 Genetic background: What we know?



		3 Methods



		4 Results



		4.1 APOE



		4.2 SNCA



		4.3 MAPT



		4.4 GBA



		4.5 Other genes of potential interest



		4.6 Polygenic risk score







		5 Discussion



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Cognition

Genetic background of cognitive
decline in Parkinson’s disease





OPS/images/fcogn-03-1379896-g001.gif





OPS/images/fcogn-03-1379896-g002.gif











OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Cognition







