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Gender disparity in access to advanced therapies for patients with Parkinson’s disease: a retrospective real-word study
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Background: Gender differences in the access to advanced therapies for Parkinson’s disease (PD) are poorly investigated.

Objective: The objective of this study was to investigate the presence of any gender disparity in the access to advanced therapies for PD.

Design: Retrospective study.

Methods: Data from patients with consistent access to the Parkinson’s and Movement Disorder Center of L’Aquila over the last 10-year period were screened. Patients selected for advanced therapies were included.

Results: Out of 1,252 patients, 200 (mean age ± SD 71.02 ± 9.70; 72% males; median Hoen Yahr level: 3, minimum 1 maximum 5) were selected for advanced therapies: 133 for Magnetic Resonance guided Focused Ultrasound (MRgFUS) thalamotomy (mean age ± SD 70.0 ± 8.9; 77% males), 49 for Levodopa/Carbidopa Intestinal Gel (LCIG) infusion (mean age ± SD 74.3 ± 11.4; 59% males), 12 for Deep Brain Stimulation (DBS) (mean age ± SD 71.2 ± 6.3; 75% males), and 7 for Continuous Subcutaneous Apomorphine Infusion (CSAI) (mean age ± SD 69.7 ± 5.5; 43% males). No sex differences were found in relation to age (MRgFUS group: males vs. females 70.2 ± 8.9 vs. 70.8 ± 8.9, p-value = 0.809; LCIG group: males vs. females 73.5 ± 13.0 vs. 75.5 ± 8.5, p-value = 0.557; DBS group: males vs. females 77.2 ± 8.1 vs. 67.3 ± 8.6, p-value = 0.843; CSAI group: males vs. females 73.3 ± 4.0 vs. 67.0 ± 5.2, p-value = 0.144) and disease duration (MRgFUS group: males vs. females 8.3 ± 4.4 vs. 9.6 ± 6.7, p-value = 0.419; LCIG group: males vs. females 14.5 ± 5.81 vs. 17.3 ± 5.5; p-value = 0.205; DBS group: males vs. females 15.0 ± 9.6 vs. 15.5 ± 7.7, p-value = 0.796; CSAI group: males vs. females 11.7 ± 3.7 vs. 10.3 ± 3.7, p-value = 0.505).

Conclusion: The predominance of males is higher than that expected based on the higher prevalence of PD in men. Women are less confident in selecting advanced therapies during the natural progression of their disease. Factors accounting for this discrepancy deserve further investigation.
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Introduction

Advanced therapies for PD include Levodopa/Carbidopa Intestinal Gel (LCIG) infusion, Continuous Subcutaneous Apomorphine Infusion (CSAI), Deep Brain Stimulation (DBS) and Magnetic Resonance guided Focused Ultrasound (MRgFUS) Thalamotomy (1–5). Recent international guidelines recommend the use of LCIG, apomorphine infusion and DBS for advanced PD with fluctuations not sufficiently managed with oral or transdermal treatments (6, 7). MRgFUS of the thalamus is recommended for medically resistant PD tremor within clinical studies or registries (6). While sex-related differences in epidemiological and clinical features of PD have been widely described, gender differences in the access to advanced therapies are poorly investigated. It is known that PD is more frequent in men than in women and that the age of disease onset is 2.1 years later in women as compared to men (8, 9). On the other hand, women usually take longer to seek treatment, encounter more problems during management and report a lower quality of life (8, 10). Moreover, women suffer from troublesome dyskinesias more frequently than men, due to different levodopa pharmacokinetics (8, 11). Women show a greater levodopa bioavailability than age-matched men, as evidenced by a higher area under the plasma concentration-time curve and a reduction in the oral drug clearance (11). This makes women particularly vulnerable to dyskinesias, especially in advanced stages of the disease when the clinical behavior mirrors the abrupt oscillations in plasma levodopa concentrations, thus leading to motor complications (wearing off, on–off, dyskinesias) (12).

Moving from this evidence, a greater request for advanced therapies in women might be expected. To date, no studies investigating this issue are available. Specific research on gender disparity utilization can provide valuable information on the different clinical course of PD among sexes and on the need of a gender-specific healthcare resource utilization in the complicated stages of the disease.

Hence, the aim of this study was to investigate the presence of any gender disparity in the access to LCIG, CSAI, DBS and MRgFUS in a large real-world sample of patients with advanced PD.


Levodopa/Carbidopa Intestinal Gel Infusion

LCIG is based on the use of a device that delivers a levodopa infusion into the proximal jejunum through a percutaneous endoscopic gastrostomy tube with a jejunal extension (PEG-J), connected to a portable infusion pump (Figure 1). It was developed with the aim of maintaining steady levels of levodopa in the bloodstream, by enhancing its absorption and minimizing the fluctuations that May occur over time with oral administration. Continuous administration reduces the likelihood of experiencing wearing-off periods, along with the associated motor and non-motor symptoms such as tremors, dystonia, bradykinesia, mood and sleep disturbances (13). Moreover, it reduces the likelihood of developing dyskinesia over time.
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FIGURE 1
 Treatment with levodopa-carbidopa intestinal gel (LCIG) infusion. (A) Representation of the “test” phase through temporary nasointestinal tube. This phase is performed to evaluate the treatment response. (B) Representation of the final Duodopa infusion system. The figure was partly generated using Servier Medical Art, provided by Servier, licensed under a Creative Commons Attribution 3.0 unported license.




Continuous Subcutaneous Apomorphine Infusion

Apomorphine is a dopamine agonist, similar to L-dopa in terms of short half-life and D1/D2 receptor affinity (14, 15). It can be subcutaneously applied with a pen-injection or with a pump device for continuous delivery (Figure 2) (16). The dose of apomorphine is titrated while monitoring both the potential side effects and the effectiveness of the drug. Typically, the response is observed with a daily dose of apomorphine ranging from 3 to 30 mg through injection, or with an infusion rate of 1 to 4 mg per hour (equivalent to 0.1 mL to 0.4 mL) (1, 17). The infusion typically lasts around 12 to 16 h, with an interruption during the night, but, in some cases, it May be extended to 24 h.

[image: Figure 2]

FIGURE 2
 Treatment with continuous subcutaneous apomorphine infusion (CSAI). (A) Representation of the portable infusion pump. (B) Subcutaneous infusion. The figure was partly generated using Servier Medical Art, provided by Servier, licensed under a Creative Commons Attribution 3.0 unported license.




Deep Brain Simulation

DBS is a surgical technique that involves the implantation of one or more electrodes, which are connected to a pulse generator delivering electrical stimuli into specific regions of the brain (18) (Figure 3). The potential targets include the subthalamic nucleus, the internal segment of the globus pallidus and the ventral-intermediate nucleus (VIM) of the thalamus (19). Microelectrodes are inserted through a hole in the skull, enabling the recording of neuronal signals to assess their proper positioning. During the surgical procedure, therapeutic stimulation can be delivered through the lead to evaluate responses in tremor, rigidity, and bradykinesia. Subsequently, the lead is anchored to the skull and the device is connected to a subcutaneous pocket with the impulse generator on the anterior chest wall. The start of stimulation is often delayed avoiding the lesion effect which could be a confounding factor for initial programming. However, the timings for the start of stimulation are not uniform and standardized across the different centers (5).

[image: Figure 3]

FIGURE 3
 Deep brain stimulation (DBS) with subthalamic nuclei as targets. The figure was partly generated using Servier Medical Art, provided by Servier, licensed under a Creative Commons Attribution 3.0 unported license.




Magnetic Resonance guided Focused Ultrasound Thalamotomy

This is an ablative approach that usually targets the thalamic ventral intermediate nucleus (Vim), which serves as a significant motor relay station involved in the development and maintenance of tremor (20) (Figure 4). Other targets are under investigation or in routine use in PD (Globus Pallidus, Subthalamic Nucleus, the Pallidothalamic Tract and the Cerebellothalamic Tract). It employs high-intensity focused ultrasound (HIFU), which, through the intact skull, generates hyperthermia (above 45°C), leading to coagulative tissue necrosis. Before the treatment begins a volumetric MRI sequence is acquired, which is merged with the previously obtained CT images to measure the skull density ratio (SDR). The focused ultrasound system is integrated into an MR scanner and the patient’s response is constantly monitored during the procedure. The day before the treatment, the patient undergoes complete shaving of the scalp and, on the day of the procedure, the stereotaxic frame is affixed to the skull. Sonications with gradually increasing energy and temperatures are performed (ranging from 46–52°C) to confirm the effectiveness of the treatment on the target area and assessing for any potential adverse effects. Once the target has been established the energy and temperature are escalated, reaching a maximum of 60°C causing an effective lesion (necrosis) with at least two sonications that have attained temperatures exceeding 56°C. As an important note, this procedure is the only one among the four considered that results in permanent and irreversible damage. Although the main indication for treatment is tremor, a general improvement of bradykinesia and rigidity has also been observed following the treatment (21). Frontal and executive functions, verbal fluency and memory, abstract reasoning and problem-solving abilities have been reported as completely preserved following the procedure (22).
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FIGURE 4
 Treatment with magnetic resonance imaging-guided ultrasound (MRgFUS). (A) Ablative lesion of the left ventral intermediate (VIM) thalamic nucleus. (B) Representation of a characteristic lesion of the VIM at 24 h after the treatment. The figure shows the formation of a typical edema around the lesion area. The figure was partly generated using Servier Medical Art, provided by Servier, licensed under a Creative Commons Attribution 3.0 unported license.





Methods

This was an observational retrospective real-word study. Data from patients with consistent access to the Parkinson’s and Movement Disorder Center of L’Aquila over the last 10-year period were collected and screened for the possible inclusion of patients in the study. Patients requiring advanced therapies were included in the study if referring to advanced therapies during the natural course of their disease. According to international guidelines, advanced therapy was defined as the treatment required when a patient consumed levodopa five times per day, experiences 2 hours of “off” symptoms, and 1 hour of troublesome dyskinesia within a day (named the “5-2-1” algorithm) (6, 23, 24). The selection among different advanced procedures was guided by the following criteria: indications for MRgFUS thalamotomy included the diagnosis of tremor-dominant PD, the lack of response to prior pharmacological treatments (Dopamine agonists, Carbidopa-Levodopa, Anticholinergic drugs), absence of contraindications for MRI (such as pacemaker, metal implants), and the detection of SDR values ≥0.35 (25, 26). Indications for DBS included a positive response to carbidopa-levodopa oral therapy, the absence of psychiatric disorders and cognitive impairment, the absence of major medical conditions preventing surgery, and the presence of a strong support network provided by relatives or caregivers. Indications for LCIG and CSAI included the satisfaction of the 5-2-1 criteria ascertained through medical history or the MANAGE-PD tool (27, 28). MANAGE-PD is a validated, web-based tool to assist physicians in identifying patients with PD whose symptoms are inadequately controlled by oral medications. For all included patients, anagraphical (age, sex) and main clinical data (disease type, disease duration, Hoen and Yahr scale stage) were collected. The Levodopa Equivalent Daily Dose (LEDD) that is a conversion factor derived from the total daily dosage of each PD medication taken by the patient, multiplied by a specific conversion factor unique to each medication was also estimated for all patients (29, 30). The mean SDR value was also considered for patients undergoing MRgFUS thalamotomy, as the SDR influences the permeability of the skull to the ultrasound waves and influences outcomes (25, 26). The study was approved by the Internal review Board of the University of L’Aquila (n. 18/2022).


Statistical analysis

To assess potential gender differences among the mean values of the four groups, an independent samples T-test was performed. Continuous normally distributed variables (test variables) included age, disease duration, SDR and LEDD values while gender was the categorical variable with two categories (Grouping variables). To evaluate the role of other variables, an analysis of variance (ANOVA) was also performed including “severity of disease” (expressed by the Hoehn Yahr level) as a covariate and gender as fixed factor. To evaluate potential significant differences between the two groups, a Bonferroni post-hoc analysis was also conducted. Continuous variables were represented as mean ± standard deviation. Statistical significance was determined at an alpha level of 0.05. The analyses were performed using JAMOVI 2.2.24 software.




Results

In the reference period 1,252 patients underwent regular periodic assessments at the Parkinson’s and Movement Disorder Center of L’Aquila (mean age ± SD 73.4 ± 9.9, 65% males). Out of them, 200 patients were considered eligible for advanced therapies (mean age ± SD 71.0 ± 9.7, 72% males, with a median Hoen and Yahr scale of 3, minimum 1 and maximum 5) and therefore included in the study. The most frequently performed advanced therapy was MRgFUS thalamotomy (n = 133; 68%, mean age ± SD 70.0 ± 8.9, 77% males), followed by LCIG (n = 49; 25%, mean age ± SD 74.3 ± 11.4, 59% males), DBS (n = 12; 6%: mean age ± SD 71.2 ± 6.3, 75% males) and CSAI (n = 7; mean age ± SD 69.70 ± 5.53; 43% males) (Figure 5).
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FIGURE 5
 Gender disparities in access to advanced medical therapies. The present radial graph represents the distribution of men and women for different advanced therapies.


As shown in Figures 6A–D, no sex differences were found in all groups in relation to age (MRgFUS group: males vs. females 70.20 ± 8.90 vs. 70.80 ± 8.90, p-value = 0.809; LCIG group: males vs. females 73.50 ± 13.20 vs. 75.50 ± 8.59, p-value = 0.557; DBS group: males vs. females 77.20 ± 8.10 vs. 67.30 ± 8.60, p-value = 0.843; CSAI group: males vs. females 73.30 ± 4.04 vs. 67.00 ± 5.23, p-value = 0.144) and disease duration (MRgFUS group: males vs. females 8.30 ± 4.40 vs. 9.60 ± 6.70, p-value = 0.419; LCIG group: males vs. females 14.50 ± 5.81 vs. 17.30 ± 5.53, p-value = 0.205; DBS group: males vs. females 15.00 ± 9.62 vs. 15.50 ± 7.78, p-value = 0.796; CSAI group: males vs. females 11.70 ± 3.79 vs. 10.30 ± 3.79, p-value = 0.505) (Figures 6E–H).
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FIGURE 6
 Explored clinical variables for advanced therapies. The figure graphically represents gender disparities considering the following clinic variables: (A) Mean age of MRgFUS; (B) Mean age of LICG; (C) Mean age of DBS; (D) Mean age of CSAI; (E) Mean disease of MRgFUS; (F) Mean disease of LICG; (G) Mean disease of DBS; (H) Mean disease of CSAI; (I) Mean LEDD; (J) Mean SDR.


In the whole group, a higher mean LEDD was reported in men (mean LEDD±SD 531 ± 361 mg) than in women (mean LEDD±SD 469 ± 256 mg), although the difference was not statistically significant (p-value = 0.377). Moreover, in patients undergoing MRgFUS the mean SDR value was found to be slightly higher in women than in men (males vs. females 0.43 vs. 0.44), even though the difference was not statistically significant (p-value = 0.605) (Figures 6I,J).

As reported in Figure 7, ANOVAs revealed no significant effect of the group factor on the test variables. The post-hoc comparisons (Figures 7A–H) revealed no significant differences in all groups in relation to age [MRgFUS (p = 0.567), DBS (p = 0.752), LICG (p = 0.258) and CSAI (p = 0.127)], and disease duration [MRgFUS (p = 0.388), DBS (p = 0.509), LICG (p = 0.089) and CSAI (p = 0.369)]. Moreover, post-hoc analyses showed that no statistically significant differences were observed in the whole sample concerning LEDD values (p = 0.236) and SDR values for patients undergoing MRgFUS (p = 0.730) (Figures 7I,J).

[image: Figure 7]

FIGURE 7
 Post-hoc comparisons between the two groups (Female vs. Male) for advances therapies. (A) Mean age of MRgFUS; (B) Mean age of DBS; (C) Mean age of LICG; (D) Mean age of CSAI; (E) Mean disease duration MRgFUS; (F) Mean disease duration of DBS; (G) Mean disease duration LICG; (H) Mean disease duration CSAI; (I) Mean SDR; (J) Mean LEDD. The circle represent sample mean.




Discussion

Our findings suggest the presence of a significant gender disparity in access to advanced therapies for PD. The observed gender discrepancy is greater than that expected based solely on the higher prevalence of PD in men. We considered all the clinical variables that might have driven this discrepancy, such as age, disease duration, the Hoehn Yahr level and the previous LEDD. None of these clinical variables appears to be distributed differently between the two genders, with small, recognized differences between sexes that are not statistically significant. With respect to MRgFUS, we hypothesized that women might have lower SDR values, potentially affecting their eligibility for the procedure. SDR is an indicator of sonication heating efficiency and sets patient-specific thresholds for the maximum temperature increase achievable with the technology (31). As noted in other MRgFUS studies, female patients tend to have significantly lower SDR and a larger skull volume compared to male patients (32). We hypothesized that the hormonal effects, which more frequently lead to osteoporosis in females, May have contributed to a lower SDR observed in female patients, potentially affecting their access to the procedure: this hypothesis is supported by earlier observations of a higher SDR in male patients compared to females undergoing MRgFUS (32). However, even this parameter was not distributed differently between the two sexes. This was in line with the previous research by Boutet et al., who examined a cohort of patients undergoing MRgFUS (33). They found no correlations between SDR, age, and sex, and concluded that SDR cannot be used as a criterion to explain the divergent access to MRgFUS thalamotomy between genders (33). To date, the available evidence regarding gender disparity in advanced therapies remains limited. Studies investigating gender disparity in the access to CSAI, LCIG, and MRgFUS are lacking, with only a few focusing on DBS. One of the pioneering studies investigating this issue revealed a predominantly male population in access to DBS without any gender-related differences observed in age at onset, disease progression rate, or disease severity (34). In a study by Somma et al., females showed more severe motor complications than men before undergoing DBS surgery, as well as a longer disease duration and a greater improvement than men after DBS surgery (35). Additional studies confirmed that women receive DBS at significantly lower rates than men in PD, although DBS has been reported as equally effective for both men and women (35–37). This finding seems to be attributed not only to differences in PD prevalence between the two sexes but also to other factors that account for disparate access (37–41). Shpiner et al. found that a significant proportion of women did not undergo surgery simply due to patient preferences (42).

A similar pattern was noted by Jost et al., who observed that among patients selected for DBS, the proportion of women who ultimately underwent DBS surgery was smaller due to the patients’ desire for additional time for reflection or a preference for further medical optimization, despite the expected equal post-surgery efficacy for both sexes (43). This occurred despite the fact that more women than men were initially selected for DBS surgery, partly because they had a more severe disease status and worse quality of life (e.g., more severe motor fluctuations) before the evaluation. According to the authors, a greater fear of surgery and a higher prevalence of depression in women might have contributed to the final pattern of access (43). Similarly, Hendriks et al. found that women had a higher likelihood of being candidate for DBS, but a lower proportion ultimately underwent DBS surgery, due to personal preferences or mood disorders (44). Interestingly, the authors highlighted that while men tended to have a decision-making process driven by their own initiative, women tended to hesitate and wait, being more anxious and appearing more fearful about complications. Women seemed to require more support from their social environment and ultimately refused surgery at a higher rate (44). Furthermore, women who underwent surgery exhibited a notable increase in impulsive behavior, which could signify an improvement in their hesitant attitude before surgery (45). Additionally, after surgery, both men and women experienced an increase in body mass index, but men gained both lean and fat mass, whereas women gained only fat mass (44). Other studies confirmed a lower access to DBS for women and attributed this difference either to differences in confidence in undergoing surgery (46, 47) or to financial limitations (48). Another aspect of the discussion has been highlighted by the study of Sarica et al., who demonstrated that while females had significantly lower chances of undergoing DBS implantation as compared to males, this difference was more pronounced in patients with PD as compared to patients with other movement disorders (49). One possible explanation could be that female PD patients tend to show more psychiatric or psychological comorbidities, such as depression or a lower tendency to make decisions, compared to male PD patients (49). In this context, Hamberg et al. indeed demonstrated that women were less likely to take their own initiative in pursuing surgery, often expressing a strong fear of complications. They were also more inclined to consult friends and relatives before deciding to undergo DBS surgery (50). As a result, women with PD appear to be less likely to be referred for DBS evaluation by general practitioners and neurologists, especially for personal reasons and preferences (45, 50).

Taken together, this evidence suggests that the differential access between genders to advanced therapies could be explained by a distinct psychological and decision-making substrate, which significantly influences whether individuals opt to pursue advanced therapies or not. Peculiar decision-making styles together with a tendency to apathy has been described in PD patients (51). Moreover, studies investigating the different personalities of PD patients showed that women were more inclined towards hypochondria, depression, functional neurological disorders, and social isolation (52–54). Since depression, and consequently apathy, tend to be more prevalent in women with PD, this might help to explain why female PD patients are less inclined to seek out advanced PD therapies. Moreover, women with PD have a lower access to caregiving as compared to men, despite the finding that caregivers of women report less strain than those of men (55). In addition, women are more likely to use formal, paid caregivers (55). This May further increase the tendency of women to postpone access to advanced therapies, opting instead for less invasive options in the meantime. The observation, in our study, that CSAI is the least invasive therapy offered, and the only advanced therapy showing no significant gender discrepancy, is consistent with this interpretation. CSAI is the only technique that does not require shaving (unlike DBS or MRgFUS), or the setup of an invasive drug-delivery device (as in the case of LCIG). This makes it appear as a safer and more sustainable option for women, even with fewer aesthetic repercussions. However, differences in psychological and decision-making styles between genders, as potential reasons for disparity, were not investigated in this study. This is because their role was not hypothesized a priori but it was considered only after ruling out the influence of other specifically investigated clinical variables such as age, disease duration, the Hoehn Yahr level and the previous LEDD. Future studies should specifically investigate psychological factors and social traits using standardized assessments and interviews to confirm this hypothesis.

Strengths of our study include the novelty of findings, as it is the first study exploring gender disparity with respect to the whole spectrum of available advanced therapies (DBS, CSAI, MRgFUS, LCIG), and the large sample investigated. The limitations of the study May include the retrospective nature of the study design and the fact that not all subgroups of advanced therapies were equally represented numerically. Another limitation is that the research was conducted at a single center, which means the results May be influenced by the experience and preferences of the providers. Consequently, the conclusions May not be generalizable. Future multicenter cohort studies examining the entire timeline of patient management, from selection to treatment, could help determine whether there is a gender disparity in the interval from PD diagnosis to treatment for MRgFUS treatments as well for other advanced therapies. Moreover, as previously discussed, future studies should consider and investigate the role of psychological factors and social traits as potential contributors to gender disparity. In conclusion, we can state that the differential access to advanced therapies between sexes cannot be solely explained by the higher prevalence of PD in men, nor by the distribution of the different clinical variables investigated, which were not differently distributed among sexes. Thus, gender differences May be attributed to psychological, behavioral, or even aesthetic issues, as well as different decision-making styles between females and males. Altogether, these factors warrant further investigation, especially considering the impact that gender disparities can have in clinical practice. The potential consequences of gender disparities in access to advanced PD therapies include different outcomes based on gender. Especially if it is confirmed that differences in access to advanced therapies for PD are linked to psychological, social, and cultural factors, it will be necessary to raise awareness to try to mitigate those factors that currently negatively affect women’s access to advanced care. Specific interventions and educational initiatives could be implemented to address the observed differences and design comprehensive care tailored to the specific needs of patients, including considerations based on gender. Further studies need to be performed to further explore the reasons behind this disparity and to encourage female PD patients to seek advanced therapies that can improve their symptoms and quality of life.
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