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Pain, a challenging symptom experienced by individuals diagnosed with Parkinson’s disease (PD), still lacks a comprehensive understanding of its underlying pathophysiological mechanisms. A systematic investigation of its prevalence and impact on the quality of life in patients affected by monogenic forms of PD has yet to be undertaken. This comprehensive review aims to provide an overview of the association between pain and monogenic forms of PD, specifically focusing on pathogenic variants in SNCA, PRKN, PINK1, PARK7, LRRK2, GBA1, VPS35, ATP13A2, DNAJC6, FBXO7, and SYNJ1. Sixty-three articles discussing pain associated with monogenic PD were identified and analyzed. The included studies exhibited significant heterogeneity in design, sample size, and pain outcome measures. Nonetheless, the findings of this review suggest that patients with monogenic PD may experience specific types of pain depending on the pathogenic variant present, distinguishing them from non-carriers. For instance, individuals with SNCA pathogenic variants have reported painful dystonia, lower extremity pain, dorsal pain, and upper back pain. However, these observations are primarily based on case reports with unclear prevalence. Painful lower limb dystonia and lower back pain are prominent symptoms in PRKN carriers. A continual correlation has been noted between LRRK2 mutations and the emergence of pain, though the conflicting research outcomes pose challenges in reaching definitive conclusions. Individuals with PINK1 mutation carriers also frequently report experiencing pain. Pain has been frequently reported as an initial symptom and the most troublesome one in GBA1-PD patients compared to those with idiopathic PD. The evidence regarding pain in ATP13A2, PARK7, VPS35, DNAJC6, FBXO7, and SYNJ1pathogenic variants is limited and insufficient. The potential linkage between genetic profiles and pain outcomes holds promising clinical implications, allowing for the potential stratification of patients in clinical trials and the development of personalized treatments for pain in monogenic PD. In conclusion, this review underscores the need for further research to unravel the intricate relationship between pain and monogenic forms of PD. Standardized methodologies, larger sample sizes, and longitudinal studies are essential to elucidate the underlying mechanisms and develop targeted therapeutic interventions for pain management in individuals with monogenic PD.
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1. Introduction

Parkinson’s disease (PD) is a complex disorder with significant clinical variability, potentially influenced by genetic factors, affecting not only motor but also non-motor symptoms (NMS) including pain (1, 2). Pain in PD encompasses various categories, including musculoskeletal pain, chronic pain, fluctuation-related pain, nocturnal pain, orofacial pain, discoloration, edema/swelling, and radicular pain, as categorized by the King’s Parkinson’s Disease Pain Scale (3).

Despite of its high prevalence, with reports of up to 85% of PD patients experiencing pain (4–6), it remains underdiagnosed and undertreated, even if it significantly impacts the quality of life (7–12). Lower Back Pain (LBP) is the most common pain site in PD, surpassing its prevalence in healthy older adults (13). Shoulder pain can even precede the PD diagnosis (14), with 12% of PD patients reporting it as their initial symptom (15). Motor complications in PD patients correlate with a higher risk of pain, and pain potentially exacerbates parkinsonian symptoms (5, 16). Given the complexity of pain etiology and the limited therapeutic options for its management, a comprehensive and accurate classification of pain types are crucial for improved patient outcomes (12).

Pathogenic variants in PD-causative genes have been associated with diverse disease symptoms (17, 18). For example, cognitive decline affects 70% of PD patients with pathogenic alpha-synuclein (SNCA) gene variants, while only 23% of Leucine-Rich Repeat Kinase 2 (LRRK2) carriers exhibit cognitive impairment (18). Rigidity and bradykinesia are nearly universal in SNCA patients, with dystonia less frequently observed (18). Despite these observations, data on pain in monogenic forms of PD remain limited. Case reports and small case–control studies indicate variations in pain presentation among different genetic forms of PD. For instance, a PD patient with an SNCA pathogenic variant exhibited dorsal pain as a primary symptom (19), while another patient with the Leu347Pro PTEN-induced putative protein kinase 1 (PINK1) pathogenic variant developed long-term right-sided pain following right-hand tremor onset (20).

Reports also suggest pain as an initial symptom in PD patients with the G2019S LRRK2 variant (21). Yet, these reports rarely explore the longitudinal progression of pain or compare pain experiences among carriers of different pathogenic variants under similar conditions. Consequently, the question of whether genetic status directly leads to the emergence of pain or is associated with different types in PD remains unanswered.

This review aims to investigate the hypothesis that genotypes may influence the pain phenotype in PD patients. We assess the presence, types, severity, and onset time of pain in PD patients and their relationship with different variants in pathogenic genes. By synthetizing existing literature, this review seeks to enhance our understanding of pain in monogenic forms of PD and offer insights for future research and clinical management.



2. Methods


2.1. Search strategy

To ensure methodological rigor, this review adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) (22). The initial literature search encompassed databases such as MEDLINE (PubMed), Embase (Elsevier), and Cochrane databases. We sought articles published from inception until March 2023. The search strategy employed a combination of subject headings and MeSH terms, including “Parkinson’s disease” OR “Parkinson disease” OR “PD,” AND “gene” OR “genetic” OR “monogenic” OR “SNCA” OR “PRKN” OR “Parkin” OR “PINK1” OR “DJ1” OR “LRRK2” OR “ATP13A2” OR “GBA1” OR “DNAJC6” OR “FBXO7” OR “SYNJ1” OR “PARK1” OR “PARK2” OR “PARK4” OR “PARK6” OR “PARK7” OR “PARK8” OR “PARK9” OR “PARK15” OR “PARK19” OR “PARK20,” AND “pain” OR “pain sensation” OR “somatosensory discomfort.” The search was conducted without restrictions on language, year of publication, study type, or publication status.

Two independent investigators (PA and CTC) conducted the search, and the search results, including abstracts and full-text articles, were organized using reference management software. In addition to the electronic search, references from included studies and review articles were screened to augment the dataset.

Monogenic forms of PD result from the inheritance of a pathogenic variant of a single gene, contributing to approximately 30% of familial cases and 3–5% of sporadic cases (23). While the PD causative gene landscape has sparked some debate, several genes, including, SNCA, Parkin RBR E3 Ubiquitin Protein Ligase (PRKN), PINK1, LRRK2, and deglycase DJ-1 (PARK7) are widely as acknowledged as monogenic PD genes by most experts (24, 25). This review incorporates vacuolar protein sorting 35 (VPS35), with only one confirmed pathogenic variant (26), ATPase Cation Transporting 13A2 (ATP13A2), F- box protein 7 (FBXO7), DnaJ Heat Shock Protein Family (Hsp40) Member C6 (DNAJC6), and Synaptojanin-1 (SYNJ1) based on a recent comprehensive review (25).

We have included findings related to the GBA1 gene (Glucosylceramidase) which elevate the risk of developing PD. Pain reports are common among GBA1 carriers, making this addition significant to our review (27).

Specific pathogenic variants linked to PD and pain syndromes are discussed within the text, while those variants reported only in individual cases are further summarized in Table 1 for comprehensive reference.



TABLE 1 Pain in monogenic PD: summary of the data extracted from the included studies concerning clinical studies.
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2.2. Selection criteria

To ensure the relevance and quality of selected articles, the following inclusion criteria were applied: (A) Published papers that specifically focused on pain symptoms in patients with monogenic pathogenic variants associated with PD and (B) Articles that provided information on autosomal dominant (AD) or recessive (AR) forms of PD or on patients carrying at least one pathogenic variant in the SNCA, PRKN, PINK1, PARK7, LRRK2, GBA1, VPS35, ATP13A2, DNAJC6, FBXO7, or SYNJ1 genes, and reporting cases of PD-related pain. Furthermore, a meta-summary was conducted to consolidate the overall findings from the selected studies.

The exclusion criteria were as follows: (A) Articles that included PD patients carrying gene pathogenic variants other than those listed above or patients with other pain-related diseases, X-linked dystonia-parkinsonism, or rapid-onset dystonia-parkinsonism, and (B) Redundant publications.

The assessment of the retrieved occurred in two phases. Initially, titles and abstracts were screened based on the inclusion/exclusion criteria. Subsequently, the full text of the remaining articles was reviewed for final selection. Any articles that did not provide pertinent information regarding pain in monogenic forms of PD, even after a thorough full-text revision, were excluded from the analysis.



2.3. Specific aim

This review aimed to investigate the presence of pain in individuals with monogenic variants associated with PD. The primary objectives were to ascertain whether particular gene pathogenic variants within the spectrum of monogenic PD genes correlate with the presence of pain and, more specifically, to explore whether these pathogenic variants are associated with specific types of pain.




3. Results


3.1. Identification of studies

A consolidated master list comprising 541 potentially eligible articles was generated from the contributions of the two reviewers. Duplicate entries within the list were identified and removed, resulting in 534 unique articles. A preliminary screening of the titles and abstracts was conducted by the study team, which led to the exclusion of 3 due to the lack of relevance to the search terms. Furthermore, several papers were flagged for full-text review but were subsequently excluded as they did not contain any mention of pain within the reported symptoms. This process led to the exclusion of 463 articles.

In total, 63 articles met eligibility criteria for inclusion in this review. These selected articles encompassed six studies conducted on animal models, twenty-eight case series or case reports, eleven cross-sectional studies, fifteen case–control studies, and three prospective cohort studies (Figure 1). Each selected study underwent a comprehensive review, and pertinent data were extracted.
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FIGURE 1
 PRISMA’s diagram depicts the flow of information through the different phases of the comprehensive review, which included searches of databases. SNCA, alpha- synuclein; PRKN, Parkin RBR E3 Ubiquitin Protein Ligase; PINK1, PTEN induced putative protein kinase 1; LRRK2, Leucine-Rich Repeat Kinase 2; ATP13A2, ATPase Cation Transporting 13A2; PARK7, deglycase; GBA, Glucosylceramidase.


For each gene, we provide a general description and a summary of clinical studies, while details related to animal models will be presented in Table 2.



3.2. Monogenic forms of PD

More than 40 distinct chromosomal loci and 21 disease-causing genes associated with PD have been identified (77, 78). Among these, specific regions house known genes responsible for monogenic PD. Recognized monogenic PD genes include SNCA, PRKN, PINK1, PARK7, LRRK2, GBA1, VPS35, ATP13A2, DNAJC6, FBXO7, and SYNJ1 (25, 78). In monogenic PD, a pathogenic variant in a single gene is sufficient to manifest the PD phenotype (79).

All of the above mentioned genes exhibit autosomal inheritance patterns (79). In general, phenotypes resembling idiopathic PD (iPD) are more commonly observed in cases of AD inheritance, whereas young-onset parkinsonism resembling iPD or parkinsonism with atypical features is more commonly associated with AR inheritance (78).

Our review encompasses 11 out of 19 known PD-causing genes identified in the most recent comprehensive genetic database of PD (80). The exclusion of the remaining genes is due to insufficient data supporting their pathogenic role in PD and subsequent studies failed to replicate the pathogenic variant (81, 82).

Approximately 15% of individuals with PD have a family history of the disorder, with the current known monogenic forms accounting for approximately 30% of familial PD cases (16, 83).

The selected articles included in this review primarily focus on genes SNCA, PRKN, LRRK2, PINK1, PARK7, and GBA1 which are associated with either Early Onset PD (EOPD) or Late Onset PD (LOPD). We also sought information on ATP13A2, DNAJC6, FBXO7, and SYNJ1, which are rare causes of atypical PD However, our search did not yield any reports specifically addressing pain in relation to these genes.

A summary of the review results is provided in Table 1, providing an overview of key findings related to of pain in the context of monogenic PD.



TABLE 2 Pain in monogenic PD: summary of the data extracted from the included studies concerning animal models.
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3.2.1. SNCA (PARK1, 4)

The SNCA gene plays an important role in AD PD, with missense mutations and copy number gains (duplication or triplication) being established causes of PD. While pathogenic missense variants in SNCA are rare in the general population, duplications and triplications are also rare but more frequent, with approximately 60 reported families to date (90).

SNCA has six exons that encode alpha-synuclein, a 140-amino acid cytoplasmic protein highly abundant in neurons, particularly in the substantia nigra pars compacta (SNc), where it regulates dopamine neurotransmission (83, 91). Pathogenic SNCA variantscan lead to cytoplasmic accumulation of alpha-synuclein, promoting oxidative stress and metabolic dysfunction in the SNc (92).

Specific pathogenic variants in the SNCA that are associated with PD. Parkinson’s disease-1 (PARK1) results from a point pathogenic variant (missense) in SNCA, while SNCA gene duplication and triplication lead to Parkinson’s disease-4 (PARK-4) (93). To date, eight pathogenic missense variants have been identified in SNCA, all located within the N-terminal amphipathic region of alpha-synuclein. These variants interfere with the alpha-helix-mediated interaction with membranes, contributing to the pathogenesis of PD (94–100).

The most common of these eight missense variants is A53T (18, 80). The number of cases for other missense variants (A30G, A30P, E46K, H50Q, G51D, A53E, and A53V) are small, and some, like H50Q, are not significantly enriched in cases compared to controls (18). Therefore, sufficient evidence may not exist to classify all of them as pathogenic variants (18).

PD patients with SNCA gene pathogenic variants typically exhibite earlier age of disease onset than iPD, rapid disease progression, positive response to levodopa treatment, and often present with prominent NMS (101).

This review included six studies, two animal models and four clinical studies (all case series/reports), that investigated SNCA pathogenic variants and their potential association with pain. Out of the initially identified articles, 61 were excluded as they did not mention pain or other phenotypes related to SNCA pathogenic variants.

Regarding animal studies, Vivacqua et al. reported that higher levels of alpha-synuclein expression in spinal cord areas known to be involved in pain modulation and transmission (84). Another study showed that PINK1−/− SNCA A53T double mutant mice, which develop a PD-like disease, exhibited a loss of thermal sensitivity as an initial sign of sensory dysfunction (85).

Among clinical studies, one case report study described a novel SNCA missense pathogenic variant, G51D, in a patient with lower extremity pain among her symptoms (29). Additionally, two other case reports detailed dorsal and upper back pain in carriers with SNCA duplication and triplication (19, 30).Another case report described painful dystonic flexion of the toes while walking in a patient with H50Q variant, although this variant’s pathogenicity remains under debate (28).



3.2.2. PRKN (PARK2)

The PRKN gene is associated with an AR form of the disorder (79, 102, 103). Homozygous and compound-heterozygous pathogenic variants in PRKN are causative of PD, while heterozygous pathogenic variants may predispose to PD symptoms with low penetrance, making them potential genetic risk factors (104, 105).

PRKN comprises12 exons and encodes Parkin, a 465 amino acid protein (79, 106). Parkin is widely expressed in human tissues, with significant abundance in the brain, especially the substantia nigra pars compacta (SNc) (106).

Approximately 60 PRKN pathogenic and non-pathogenic variants have been identified, including deletions and duplications, which can complicate PRKN genotyping (107, 108). According to published data, up to 18% of EOPD patients globally and 27.6% of AR families carry PRKN pathogenic variants (23, 109). Among PD-PRKN patients, exon 3 deletion is the most frequent pathogenic variant (17). All PRKN pathogenic variants result in the loss of Parkin function, leading to a loss of Ubiquitin E3 ligase activity and subsequent neurodegeneration (110).

Monogenic PD associated with PRKN typically presents with early onset, slow symptom progression, and a positive response to dopaminergic treatment but is often accompanied by complications such as dystonia and prominent freezing of gait (111, 112).

Sixteen studies in this review provided information on the association between PRKN pathogenic variants and pain, including clinical data. These studies included eight case series/reports, three cross-sectional, three case–control studies, and two cohorts. One hundred fifty-six eight clinical studies and one animal study were excluded because they did not mention pain as a symptom or did not involve carriers pathogenic variant carriers.

A cohort study has reported painful limb dystonia as a symptom among PRKN pathogenic variant carriers (45). Besides, another cohort study described eight cases with lower limb dystonia activated by walking, Three of those cases also presented with lower limb pain unrelated to dystonic spasms (46).

A case–control study mentioned painful dystonia among three PRKN missense pathogenic carriers and general pain in another missense carrier, while one case report study described painful dystonic posture during off phases in a homozygous exon 3 deletion patient (31, 42). Three case reports described painful foot dystonia among deletion carriers, with four patients in one study also experiencing LBP (32, 33, 37).

Notably, a case series reported 24% dystonia among the patients but did without specifying whether they were PRKN pathogenic variant carriers (34). A case–control study reported “other symptoms” including pain and dystonia, as an onset symptoms in 43% of PRKN carriers compared to 13% of non-carriers (44).

Musculoskeletal pain has also been associated with PRKN pathogenic variants (R275W, exon 3 duplication and homozygous deletion) in two studies (40, 41).

In a cross-sectional study, a carrier of PRKN exon 9 deletion reported experiencing pain as a symptom, although the specific type of pain was not described (40). Another cross-sectional study noted painful contractions as an onset symptom in a patient with exon 3 deletion (41). Additionally, a homozygous PRKN pathogenic variant carrier required hospitalization due to painful OFF periods (36).

Sensory symptoms and signs, such as tingling sensation and a significant decrease in Sural Sensory Nerve Action Potential (SNAP) amplitude, were reported in two studies (35, 39). Besides, a case–control study observed a sensory gain in cold and hot pain thresholds among carriers (43).

On the other hand, there was a study screened 145 PD patients for LRRK2 pathogenic variant, 19 of whom carried a PRKN pathogenic variant. They reported their clinical data, including pain, and no specific mention of pain was reported for any of the pathogenic variant carriers (38).



3.2.3. PINK1 (PARK6)

Pathogenic variants in the PINK1 gene are the second most common cause of AR EOPD (79). PINK1 comprises 6 exons encoding PTEN-induced putative kinase 1, a 581 amino acid serine/threonine kinase (113). In normal conditions, wild-type PINK1 plays a protective role against neuronal apoptosis in neural cell lines. However, pathogenic variants associated with PARK6 disrupt this protective function, leading to the degeneration of dopaminergic neurons (114). Most PINK1 pathogenic variants are located in exon 7, with Q456X variant being the most frequent (79).

Individuals with PINK1 monogenic PD typically have an onset age of around 32 years and experience slow disease progression, often with a favorable response to levodopa treatment and sleep benefits (115).

Thirteen studies have investigated the potential relationship between pain and PINK1 pathogenic variants. These studies include two animal studies and eleven clinical research articles (seven case series/reports, one cross-sectional study, and three case–control studies). Forty-one clinical studies were excluded from the analysis because they did not mention pain as a symptom.

Regarding animal studies, a study found that thermal withdrawal latencies were significantly shorter in PINK1−/− rats than in wild-type rats over time, indicating altered pain responses (86). The second team used a rat model with neuropathic pain to investigate the role of PINK1 and observed increased expression of PINK1 in pain-related areas compared to control rats (87).

A case–control study reported painful episodes of torticollis and painful dystonia in a homozygous Q456X PINK1 pathogenic variant carrier (54). Similarly, Zadikoff et al. described a homozygous Q456X PINK1 pathogenic variant carrier who frequently experienced back and limb pain and painful wearing-off dystonia (47).

Multiple case reports, one case–control, and one cross-sectional study support the observation that pain is frequently encountered in patients with PINK1 pathogenic variants, often manifesting in various body regions, particularly the neck, back, and shoulders. However, these studies did not provide detailed descriptions of the specific type and characteristics of the reported pain (20, 48–50, 53, 55).

Additionally, a case report study highlighted a patient with a novel homozygous nonsense PINK1 pathogenic variant. This patient exhibited an urge to move her lower limbs accompanied by painful paresthesia and a sensation of distal cramping (51).

On the other hand, one case report (a homozygous Q456X carrier) and one case–control study specifically assessed pain symptoms in individuals carrying PINK1 mutations, but neither of them reported pain as a symptom among the PINK1 carriers (38, 44). In the case–control study, the prevalence of pain among PINK1 carriers was 0%, while it was 13% in the non-carrier group, it was 13, and 43% in PRKN carriers (44).



3.2.4. LRRK2 (PARK8)

Pathogenic variants in the LRRK2 gene are the most common genetic cause of AD PD (24, 116), affecting both familial and sporadic forms of the disease (117). The LRRK2 gene is a large gene consisting of 51 exons and encodes a 2,527 amino acid cytoplasmic protein called leucine-rich repeat kinase 2 (118). One of the critical functions of LRRK2 is its regulation of protein synthesis through the miRNA pathway, and impairment in this pathway has been implicated in LRRK2-related pathogenesis (119).

More than 40 pathogenic variants have been identified in the LRRK2 gene among PD patients, with eight of them known to cause PD (93). Among them, the most common and well-characterized LRRK2 pathogenic variant is G2019S, with a prevalence ranging from 0 to 42% depending on ethnicity, followed by R1441C (120, 121).

LRRK2-PD patients typically presents as a LOPD, often respond well to levodopa treatment, and have fewer NMS than iPD cases (122, 123).

Among the identified studies involving LRRK2-associated PD patients, 18 included information on pain symptoms, while 124 studies did not mention pain or other sensory symptoms and were excluded from the analysis. Of the 18 studies, two were animal studies, and the remaining 16 were clinical consisting of five case series/reports, five cross-sectional studies, five case–control studies, and one cohort study.

Evidence from mouse studies investigating the association between LRRK2 and pain observed similar pain sensitivity than controls without developing sensory deficits (88, 89).

Multiple studies have described the presence of painful dystonia in different cohorts of LRRK2 pathogenic variant carriers. Three studies reported painful dystonia among G2019S pathogenic variant carriers. A case–control study reported that 42% of carriers experienced painful foot dystonia during the “OFF period” (64). Another case report described a patient who reported painful foot dystonia (58). Furthermore, a study reported painful cervical dystonia in one individual, which showed a positive response to levodopa treatment (57).

Severe wearing-off and dyskinesia with off-time pain have been reported in a LRRK2 pathogenic variant carrier (59). Unspecified pain and joint pain have been reported as onset symptoms by three PD patients, all carriers of pathogenic variants, two G2019S and one R1441C (21, 61, 69). A case–control study found that pain is one of the most common NMS experienced by PD patients with LRRK2 pathogenic mutations, affecting over half of the subjects (65). In a cross-sectional study, pain was observed in five R1441C carriers but only in one non-carrier, although the difference was not statistically significant (p = 0.155). The specific type and characteristics of the reported pain were not described in detail (62).

Notably, a case report documented a patient with severe and painful ON-dystonia who carried a LRRK2 N1437H variant which is not recognized among the established pathogenic variants (56). Furthermore, McGill test recorded neuropathic disturbances were reported for LRRK2 pathogenic variant carriers with a mean of 8.3 8.3 ± 14 compared to 0 for non-carriers. Additionally, LRRK2 mutation carriers displayed a higher heat pain threshold compared to non-carriers (44.1 ± 4.82 vs. 40.6 ± 4.5°C, p = 0.058), suggesting a clear difference in terms of pain perception (60).

The final five included studies for this gene reported pain among individual carrying LRRK2 pathogenic variants. However, after analysis, no statistically significant difference in the prevalence of pain emerged between the carrier and non-carrier groups (52, 63, 66–68).



3.2.5. PARK7 (DJ-1)

PARK7 pathogenic variants are associated with AR PD and are relatively uncommon, constituting approximately 1 to 2% of EOPD cases (124). The PARK7 gene is comprised of 8 exons, with the initial two being noncoding, and it encodes DJ-1, a 189 amino acid protein which exhibits neuroprotective and antioxidant properties (125, 126). Pathogenic variants within PARK7 result in the production of a mutated DJ-1 protein characterized by reduced activity due to misfolding (127, 128).

Individual carrying PARK7 pathogenic variant typically experience disease onset at an average age of 27 years and often exhibit prominent NMS, including mental health disorders and cognitive decline. Dystonia is highly prevalent, affecting approximately 73% of those with DJ-1 pathogenic variant (129).

Among the 26 studies examining PARK7 pathogenic variants, only one case series/report study mentioned the presence of pain.

Djarmati et al. conducted a screening of 75 unrelated PD patients and identified one individual carrying a heterozygous deletion of exon 5 in PARK7. Among the 75 cases, three individuals presented pain as an onset symptom (4%); however, the authors did not specify whether the PARK7 pathogenic variant carrier was one of the three PD patients reporting pain (34).



3.2.6. VPS35 (PARK17)

VPS35 is responsible for encoding the vacuolar protein sorting ortholog 35, which is a critical component of a large complex involved in the transportation of proteins from endosomes to the trans-Golgi network. Pathogenic variants in VPS35 were initially identified in 2011 and represent a rare cause of AD LOPD (18, 130).

Exome analysis has revealed that the D620N is the sole confirmed pathogenic variant associated wit PD thus far (131). Monogenic PD linked to VPS35 exhibits high heritability but low penetrance. The clinical phenotype of VPS35-related PD closely resembles that of iPD, although the average age of onset is typically around 50 years old (132).

Among the twelve studies conducted on individual carrying VPS35 variants, 67 patients were included, all of whom were heterozygous carriers (18). Out of these 67 heterozygous patients, who presented a total of 10 different potentially disease-causing variants, 50 (75%) carried the pathogenic D620N variant (18). While these studies did report various symptoms in these patients, NMS were the least commonly reported (6.2%) and none of the studies specifically mentioned the presence of pain (18).



3.2.7. GBA1

Pathogenic variants in the GBA1 gene are not considered causative for PD, but they represent the most prevalent genetic susceptibility factor for the development of the disease (133, 134). While GBA1 pathogenic variants do not exhibit complete penetrance, heterozygote carriers face a fivefold increased risk of developing PD, while homozygotes have a 10- to 20-fold elevated risk (135). The penetrance of GBA pathogenic variant carriers to develop PD has been estimated as 13.7% by the age of 60 years and 29.7% by the age of 80 years (135).

Furthermore, due to their higher frequency in most PD populations compared to known monogenic PD genes such as LRRK2, SNCA, and PRKN (136), GBA1 pathogenic variants are regarded as the most significant genetic risk factor for PD (137). Recent genome-wide association studies have confirmed that approximately 8–12% of PD patients carry GBA1 pathogenic variants (138).

The GBA1 gene, located on chromosome 1q22, encodes the enzyme glucocerebrosidase, and is associated with AR Gaucher disease (GD) (136). Approximately 130 GBA1 pathogenic variants have been reported in PD patients (27, 139). Similar to GD, L444P and N370S are the two most frequent pathogenic variants. Severe pathogenic variants such as L444P are associated with a higher risk of developing PD, earlier age of onset, and more severe motor and NMS (140).

We included seven articles (comprising four case–control studies, two case series/reports, and one cross-sectional study). Eighteen articles were excluded because they did not mention pain among the reported symptoms.

While no distinctive symptoms have been reported to differentiate GBA1 pathogenic variant carriers from individuals with iPD (141), pain appears to be an exception. Some patients with GD develop progressive parkinsonian symptoms (142), and notably, pain has been more frequently reported as an initial symptom in GBA1-PD patients compared to individuals with iPD.

Shoulder pain and LBP (76), unexplained pain (58% vs. 10%, p = 0.005) (75), and cramp-like pain as the primary source of disability at a young age (72) have all been reported more frequently among GBA1 pathogenic variant carriers compared to non-carriers. In a case series pain was identified as the most bothersome symptom in 12 out of 15 GBA1-PD patients also reporting rigidity and stiffness, often accompanied by pain. One patient described painful dyskinesia as the most bothersome symptom, and two reported pain-related sleep problems (71).

In a cross-sectional study, pain was reported more frequently as an initial symptom in the GBA1-PD compared to the iPD 10.3 vs. (3.0%) (p = 0.039), with four patients reporting shoulder pain as their initial symptom. The most significant finding of this study is that the presenting symptoms of PD are similar in GBA1 carriers and non-carriers for all parameters except for pain (73).

On the other hand, two case–control studies mentioned that GBA1-PD patients experienced bodily pain among their symptoms, although no statistically significant differences were reported between GBA1-PD and the iPD group (p = 0.7) (67, 74).

Considering that symptoms tend not be more severe among patients carrying pathological variants like L444P, it becomes intriguing to explore whether pain is more closely associated with severe variants (137). Contrary to this argument, based on existing studies, while two patients with N370S variant (considered mild) reported cramp-like pain (72), 49 patients with L444P variant (classified as severe) found no significant differences in terms of bodily pain compared to individuals with iPD (67).



3.2.8. ATP13A2 (PARK9)

Pathogenic variants in the ATP13A2 gene are responsible for Kufor-Rakeb syndrome (KRS), an AR atypical form of PD (143). The ATP13A2 gene consists of 29 exons and encodes a protein of 1,180 amino acids (144). The ATP13A2 protein plays a role in reducing intracellular concentrations of manganese ions (Mn2+), thereby offering protection against apoptosis (145). Pathogenic variants in ATP13A2 lead to disruptions in the proteasomal pathway and premature degradation of ATP13A2 mRNA, contributing to the development of KRS (146).

Since the discovery of ATP13A2 pathogenic variants in 2006 (144), only a limited number of studies have been conducted and published. Among the 16 studies we assessed, one cross-sectional study and one case series/report did mention pain as a symptom, while the remaining 14 studies did not mention pain or other associated phenotypes and were consequently excluded.

In one cross-sectional study, a ATP13A2 pathogenic variant was identified in two patients who did not have pain as one of their symptoms (38). Additionally, a case report documented arm dystonic posturing as the onset symptom in a homozygous patient with 2822delG variant who was unresponsive to anticholinergics and levodopa; however this variant has not yet been definitively established as a pathogenic variant for PD (70).



3.2.9. DNAJC6 (PARK19A, b)

DNAJC6, located on 1p31.3, encodes auxilin, and its loss of function can lead to EOPD (147). In animal studies, the absence of auxilin has been linked to synaptic vesicle endocytosis disruptions, which have adverse effects on synaptic neurotransmission, homeostasis, and signaling (148). However, the precise mechanism by which auxilin deficiency induces dopaminergic neurodegeneration and unusual neurological symptoms remains incompletely understood (148).

Homozygous pathogenic variants in DNAJC6 are responsible for atypical parkinsonism, exhibiting AR inheritance pattern (149, 150). PARK19A is characterized by onset in the first or second decade of life and rapid disease progression, while PARK-19B onset occurs between the third and fifth decades, featuring a slower progressive course, and similar features to classic iPD (149–151).

Three separate case-report studies identified Juvenile-onset PD, PARK-19A, among patients with homozygous pathogenic variant in the DNAJC6 gene, including two loss-of-function and one nonsense variant; however, none of these cases reported pain as a symptom (149, 150, 152). Another study reported homozygous pathogenic variants in two unrelated families with PARK-19B and no instances of pain were among their reported symptoms (151).

Finally, in a comprehensive analysis utilizing whole exome sequencing DNAJC6 potential pathogenic variants were explored in 6 juvenile parkinsonism patients. Homozygous nonsense R256* DNAJC6 pathogenic variants were confirmed for all affected children and none of them reported pain among their symptoms (153).



3.2.10. FBXO7 (PARK15)

FBXO7 a gene comprising ten exons is located on chromosome 22q12.3, encodes a member of the F-box protein family known as F-Box Protein 7, characterized by an approximately 40 amino acid motif (154). Pathogenic variants in FBXO7 are responsible for an AR parkinsonian syndrome. The typical presenting symptoms include bradykinesia and tremor, and patients affected by this disorder frequently exhibit pyramidal signs, dysarthria, and dyskinesia (155).

To date, eight studies have identified cases carrying FBXO7 variants, predominantly associated with an early-onset parkinsonian and pyramidal syndrome (155–161). Notably, only one study reported a classical PD presentation in two siblings, caused by a new FBXO7 pathogenic variant, L34R (162). None of these studies discuss or mention pain as one of the associated symptoms.



3.2.11. SYNJ1 (PARK20)

SYNJ1, located on 21q22.11 and comprised of 33 exons, encodes Synaptojanin 1 protein. Pathogenic variant in SYNJ1 Are associated to AR EOPD (163).

Remarkably, independently and simultaneously, two studies identified the same homozygous missense pathogenic variant in the SYNJ1 gene, R258Q. In both studies affected patients were thoroughly screened for all known genes, and R258Q SYNJ1 was the sole pathogenic variant identified. Two affected siblings in each study suffered from EOPD, and none of them mention pain among their symptoms (164, 165).





4. Discussion

This review was conducted to assess the presence of pain in patients with monogenic PD-related pathogenic variants, encompassing genes such as SNCA, PRKN, PINK1, LRRK2, ATP13A2, PARK7, VPS35, GBA1, DNAJC6, FBXO7, and SYNJ1. The central findings of this review offer valuable insights into the connection between specific gene pathogenic variants and the occurrence of pain in individuals with PD.

As a summary: (1) for the SNCA gene, two point mutations were associated with lower extremity pain and painful foot dystonic flexion while walking (28, 29). Gene duplications and triplications were also linked to dorsal and upper back pain (19, 30); (2) PRKN carriers reported painful lower limb dystonia and lower back pain as prominent symptoms (31–33, 36, 37, 42, 45, 46). Additionally, musculoskeletal pain, sensory loss, tingling sensation, and reduced SNAP amplitude suggested a central origin for abnormal sensitivity in PRKN pathogenic variant carriers (35, 39–41, 43); (3) Pain was observed in PINK1 pathogenic variants. Homozygote carriers of the Q456X as the most frequent pathogenic variant experienced painful dystonia (47, 54), and pain was reported in various body parts, with a preference for the neck, back, and shoulders (20, 48–50, 53, 55). PINK1 pathogenic variants were also associated with abnormal central somatosensory processing (51); (4) The LRRK2 pathogenic variants are associated with pain, with painful dystonia reported in G2019S carriers (57, 58, 64) and G2019S and R1441C carriers reporting unspecified joint pain as their onset symptom (21, 61, 69). Multiple studies indicated that LRRK2 pathogenic variant carriers experienced different types of pain as part of their symptoms (52, 56, 59, 60, 62, 63, 66–68); (5) Limited studies have assessed pain in ATP13A2 pathogenic variant carriers. However, pain was reported in a few cases, suggesting a potential link between ATP13A2 and pain (70); (6) Among GBA1 pathogenic variant carriers, pain was reported as one of the most prevalent early symptoms, with some patients exclusively experiencing shoulder pain as an initial presentation (73). A case series study found that almost all GBA1-PD patients reported pain as their most bothersome symptom (71). Glucosylceramide accumulation, associated with GBA1 pathogenic variants, may contribute to PD-associated sensory neuropathies and pain (166). Low GBA1 activity has also been observed in PD patients without GBA1 pathogenic variants, indicating its involvement in developing or progressing PD-associated sensory neuropathy (167). It would be indeed interesting to explore whether pain is more associated with severe pathological variants in PD-related genes. However, based on the available studies, there does not appear to be a significant difference in the prevalence of pain between individuals with severe pathological variants and those with iPD (67, 137); (7) No results were available regarding pain in PARK7, VPS35, DNAJC6, FBXO7, and SYNJ1 pathogenic variants. The most common pain subtypes linked with Monogenic Parkinson’s disease are summarized in Figure 2.
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FIGURE 2
 Common pain subtypes linked with Monogenic Parkinson’s disease. This figure illustrates the most commonly pain subtypes reported in individuals with monogenic forms of Parkinson’s disease (PD) associated with specific genes. The figure provides an overview of the pain profiles observed in relation to each gene pathogenic variant using the descriptors used in the original articles. LRRK2, Leucine-Rich Repeat Kinase 2; PINK1, PTEN induced putative protein kinase 1; PRKN, Parkin RBR E3 Ubiquitin Protein Ligase; SNCA, alpha-synuclein; GBA, Glucosylceramidase – *Variants that are not yet established as pathogenic for PD.


The findings discussed in this review provide valuable insights into the connection between specific monogenic variants in PD-related genes and pain in PD. Certain genes roles, including SNCA, PRKN, PINK1, and LRRK2, have been extensively studied providing potential perspectives into the underlying mechanisms of pain in PD.

In the case of SNCA, animal studies have indicated that abnormal pain in PD may be attributed to pathological changes related to alpha-synuclein- presence in unmyelinated areas of the spinal cord (84, 85). Clinical studies further support the presence of various pain manifestations in SNCA pathogenic variant carriers, such as painful dystonic flexion while walking and dorsal and upper back pain (19, 28, 29).

Similarly, PRKN pathogenic variant carriers have been found to experience painful lower limb dystonia and lower back pain, accompanied by reduced SNAP amplitude (31–33, 35–37, 39–43, 45, 46). These findings suggest the involvement of sensory axonal neuropathy and suggest that reduced SNAP amplitude may serve as a diagnostic indicator for PRKN-related PD.

PINK1 pathogenic variant carriers, they exhibit distinct somatosensory profiles and clinical entities compared to iPD, suggesting a primary hypofunction of nociceptive and non-nociceptive systems in PINK1-associated PD (43). Studies have proposed that specific PINK1 pathogenic variants, such as the L347P, may be associated with pain in PD patients (20). Moreover, abnormalities in nociceptive processing have been reported in PINK1 pathogenic variant carriers, indicating a potential role of abnormal central somatosensory processing in pain generation (43). Interestingly, these abnormalities seem to lead to hypoalgesia rather than hyperalgesia, contrasting with the findings in sporadic PD cases (168). The study of E3 ligase dysfunction has provided insights into the pathophysiology of PD, particularly about the PRKN gene (169). The single-base pair deletion in PRKN observed in four brothers with refractory back pain may be attributed to a lack of E3 activity, potentially contributing to lower back pain in PD patients (37). E3 ligases play a crucial role in the ubiquitin-proteasome pathway involved in protein turnover, and dysfunction in this pathway has been implicated in PD (169).

Additional research is needed to better understand the connection between LRRK2 and pain as while multiple clinical studies have suggested that individuals with LRRK2 pathogenic variants experience different pain types (21, 58, 64, 88), animal models findings also suggest that pain sensitivity remains unchanged in the presence of LRRK2 pathogenic variants (89, 123).

In the context of other monogenic variants, such as ATP13A2, PARK7, VPS35, DNAJC6, FBXO7 and SYNJ1 the current literature provides inconclusive results or insufficient data regarding their association with pain in PD. Additional studies are required to clarify the potential links between these genes and pain symptoms in PD patients.

Genetic associations with GBA1 variants have demonstrated an influence the occurrence of pain in PD. Patients carrying GBA1 variants have reported higher rates of pain compared to non-carriers (71, 73). Recent studies suggest that approaches targeting glucocerebrosidase activity or refolding may reduce PD pain and sensory loss (166). Even in PD patients without GBA1 variants, low GBA1 activity has been observed, indicating a prevalent loss of GBA1 function that may contribute to developing or progressing PD-associated sensory neuropathy (135). These findings suggest that elevated levels of glucosylceramides may underlie sensory neuropathies characterized by the loss of thermal sensation and mechanical hypersensitivity in PD patients, irrespective of the presence of chronic pain.

Overall, this comprehensive review underscores the complex relationship between monogenic pathogenic variants in PD-related genes and the presence of pain in PD. To advance our understanding of the underlying mechanisms and identify potential targets for the treatment of pain in PD further investigations are essential. While this review provides a solid foundation for future research, it also sheds light on several limitations that require attention. The absence of pain assessment in numerous studies and the lack of detailed pain characteristics impede a comprehensive understanding of pain in monogenic PD-related pathogenic variants. Furthermore, the predominance of case series/reports and the limited information available for specific gene pathogenic variants underscores the necessity for more robust studies with larger sample sizes and systematic evaluation of pain symptoms. It is because of these limitation specific frequencies or data about the prevalence of pain in monogenic forms of PD remain unclear. Addressing this knowledge gap is of paramount importance and needs the implementation of more focused and structured study designs regarding pain in PD. Finally, gaining a deeper understanding of pain as a potential prodromal symptom in monogenic PD could provide insights into early indicators and predictive markers, allowing for more timely and targeted interventions.



5. Conclusion

In conclusion, the existing evidence suggests that specific types of pain are commonly observed in individuals with monogenic forms of PD, particularly those associated with SNCA, PRKN, PINK1, LRRK2, and GBA1 genes. Pain in PD can potentially serve as a clinical marker, sometimes as a prodromal symptom as in individuals with PRKN and GBA1 pathogenic variants, but also as a potential marker of progression other genes pathogenic variants.

Given the subjective nature of pain, its effective management requires standardized and objective standards of care. Future investigations should prioritize the collection of high-quality, standardized pain data, to enable direct comparison across studies and facilitate large-scale meta-analyses. Establishing connections between genetic profiles with pain symptoms could have significant clinical implications, such as guiding the selection of diagnostic tests, facilitating patient stratification for clinical trials, and ultimately enabling personalized treatment approaches for individuals with monogenic PD.
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