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Parkinson's disease (PD) is a neurodegenerative disorder characterized by motor (resting tremor, rigidity, bradykinesia, postural instability, and gait disturbances) and nonmotor symptoms (cognitive, neuropsychiatric, and autonomic problems). In recent years, several studies demonstrated that neurorehabilitation therapy is an effective treatment in addition to pharmacological personalized interventions in persons with PD (PwPD). The main aim of this study was to explore the short-term changes in functional, cognitive, and geriatric domains after a multidimensional rehabilitation program in PwPD (as primary condition) in mild–moderate (M-Ms) to severe (Ss) stages. Our second aim was to compare the effects of multidimensional rehabilitation in M-Ms versus Ss of PD. Twenty-four PwPD in M-Ms to Ss [age (mean ± SD) = 76.25 ± 9.42 years; male/female = 10/14; Hoehn and Yahr (median; IQR) = 4.00; 1.75] were included in a retrospective, observational study. Motor, cognitive, functional, and neuropsychiatric aspects were collected in admission (T0) and in discharge (T1). PwPD were involved in a person-tailored (to individual's needs), inpatient, intensive (5–7 days per week), multidisciplinary (combining cognitive, physical, occupational, and speech therapies), comprehensive, and rehabilitative program. According to Movement Disorders Society Unified Parkinson's Disease Rating Scale III cutoff, PwPD were classified in M-Ms or Ss (M-Ms ≤59; Ss >59); 87.50% of our sample reported significant reduction of functional disability at Barthel Index (p < 0.001). A significant improvement in Token test (p = 0.021), semantic fluency (p = 0.036), Rey's Figure-Copy (p < 0.001), and Raven's Colored Progressive Matrices (p = 0.004) was observed. The pain intensity perception (p < 0.001) and the risk of developing pressure ulcers (p < 0.001) as assessed, respectively, by the Numeric Rating Scale and by the Norton Scale were improved. With regard to the second aim, in M-Ms group, we found a positive correlation between the number of neuromotor sessions and the change in functional disability and language comprehension; in the Ss group, on the other hand, despite a higher number of hospitalization days, the total number of completed sessions was positively associated with the change in visuoconstructional abilities. Our findings suggest that an intensive, inpatient, and multidisciplinary rehabilitation program may improve functional abilities, some strategic cognitive functions, and geriatric aspects in PwPD with mild–moderate motor impairment.
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INTRODUCTION

Parkinson's disease (PD) is considered a multiple system neurodegenerative disorder with early prominent death of dopaminergic neurons in the substantia nigra pars compacta.

At time of diagnosis, the clinical hallmarks of the disease are represented by “the motor triad”: bradykinesia, rigidity, and resting tremor. Nowadays, it is known that in many persons with PD (PwPD), the neurodegenerative process produces a wide range of non-motor symptoms (such as cognitive, psychiatric, and autonomic symptoms), some of which precede the motor dysfunction by more than a decade (1). Psychiatric symptoms may be detected in de novo drug-naive patients, and they are not represented differently in the three main motor subtypes (akinetic-rigid, tremor-dominant, and mixed) (2).

To date, several drugs and surgical approaches are available for treating motor symptoms such as levodopa, dopamine agonists, monoamine oxidase B (MAO-B)/catechol-O-methyltransferase inhibitors, apomorphine infusion, levodopa–carbidopa intestinal gel infusion, and deep brain stimulation (DBS) (3).

However, the aforementioned strategies fail to prevent or delay the progressive neurodegenerative process, and patients continue to develop a progressive deterioration of their functional status with a loss of independence and a decline in quality of life (QoL). Increased disability is largely related to the increase of “axial” disturbances such as posture, balance, and gait, along with increased risk of falls. Moreover, even with optimal medical or surgical management, non-motor symptoms are suboptimally controlled. Therefore, the appearance over time of motor and non-motor complications induced by dopaminergic drugs (dyskinesias, motor fluctuations, dopamine dysregulation syndrome, impulse control disorders) results in detrimental impact on patients' clinical conditions and their QoL, emphasizing the need for non-pharmacological therapies (4).

In particular, cognitive impairment is related to QoL deterioration and functional disability in PwPD and imposes considerable burden on the caregiver (5).

To date, neurosurgical procedures and optimal pharmacological management have been shown ineffective in improving cognitive functions, even though MAO-B inhibitors may improve cognitive symptoms during wearing-off (6).

DBS-related cognitive outcomes are heterogeneous (7). A recent meta-analysis suggested that DBS results in decreased global cognition (8). Moreover, a progressive decrease in verbal fluency after DBS is consistently reported (9).

In recent years, several interventional studies have reported that the neurorehabilitation therapy is an effective treatment in addition to optimal medical therapy in PwPD (4, 10–17). Several studies are beginning to support the importance of intensity and complexity of physical activities to achieve benefits in motor function, cognition, and QoL in PwPD (18, 19). In particular, a recent phase 2 randomized clinical trial utilizing high-intensity treadmill exercise in individuals with new-onset PD found significantly less worsening of motor function in the high-intensity exercise group compared to the usual care group (20).

Interestingly, action observation therapy has been demonstrated effective in improving cognitive abilities of PwPD if it is used within a dual task framework (21).

To date, there are still few studies in which the rehabilitation program is conducted in an inpatient setting with intensive and multidimensional approach. The global impact of the rehabilitation programs may be greater if implemented in an inpatient setting. In the inpatient environment, PwPD can receive adequate management for several complex motor and non-motor symptoms. An inpatient multidisciplinary rehabilitation program ensures daily therapies in an environment that allows for regular monitoring of functional status and medication response, as well as an integrated and intense tailored physical rehabilitation (22).

Unfortunately, PwPD as the primary diagnosis are not typically referred for inpatient rehabilitation. Indeed, PwPD are often admitted with the aim of receiving inpatient hospital services following a cardiopulmonary, orthopedic, or general medical procedure or more rarely to improve the management of dopaminergic therapy.

With this background, the main aim of this study was to explore the short-term changes in functional, cognitive, and geriatric domains of an intensive, inpatient, multidisciplinary, and person-tailored rehabilitative program in PwPD (as primary condition) in mild–moderate (M-Ms) to severe (Ss) stages. Our second aim was to compare the effects of multidimensional rehabilitation in mild–moderate stage vs. severe stage of PD.



MATERIALS AND METHODS


Study Design and Sample

This is a retrospective, observational study, in which 24 PwPD accessed the NeuroRehabilitation Unit of the S. Maria Nascente Center, IRCCS Fondazione Don Carlo Gnocchi ONLUS in Milan, were included.

The study was performed in accordance with the principles of the Helsinki Declaration and by previous approval from the IRCSS Fondazione Don Carlo Gnocchi ONLUS Ethics Committee.

All medical records and data extracted and included in the present study concerned patients with the following characteristics: [1] diagnosis of PD according to the United Kingdom Parkinson's Disease Society Brain Bank (23); [2] involvement in an inpatient personalized and multidimensional rehabilitation program during the period of hospitalization in our NeuroRehabilitation Unit; [3] the presence of an initial evaluation (T0 = within 1 week of admission) and a final assessment (T1 = the last days before discharge) regarding the rehabilitation treatment carried out; in particular, in admission and in discharge, they had to be present and filled in: a functional evaluation (performed by a physiatrist), a cognitive assessment (performed by a neuropsychologist), and an evaluation of common geriatric aspects (performed by a neurologist); [4] signature of a written informed consent that allows the use of clinical–medical data for research purposes.

Every professional who conducted rehabilitation sessions (physiotherapist, neuropsychologist, speech therapist, and occupational therapist) recorded the number of sessions given to each PwPD and its contents. A database containing all the clinical information from the patient's medical records was created; all pharmacological treatment was extrapolated, and the levodopa equivalent daily dose (LEDD) was calculated for each patient (24).



Information and Variables Collected

The main data and variables extracted from the medical records were [1] the Barthel Index (BI) (total score and single item score) as a measure of PwPD's functional disability in daily life (25); [2] the Mini-Mental State Examination (MMSE) (26, 27), Token test (28), Phonemic and Semantic Fluency (29), Copy and Recall Rey's Figure (30), Raven's Colored Progressive Matrices (31) as measures of PwPD's cognitive functioning; and (3) measures of common geriatric aspects: (a) Numeric Rating Scale (NRS) (32) to detect the presence and severity of pain, (b) Norton Scale (33) to take over the risk of contracting pressure ulcers, and (c) Conley Scale (34) to assess the fall risk.

The Movement Disorders Society Unified Parkinson's Disease Rating Scale Part III-Motor Examination (MDS-UPDRS) Part III (35) was filled out at baseline.



Intervention

All PwPD were involved in an intensive, tailored to individual's needs, specialized, inpatient, goal-based multidisciplinary rehabilitation program.

The primary aim of the rehabilitation program was to increase and promote functional, motor, and cognitive abilities, as well as to optimize the subjects' medication regimens.

In order to achieve this aim, all PwPD were involved in a combination of physical, cognitive, occupational, and speech therapy for a minimum of two daily rehabilitative sessions for 5–7 days per week (Table 1).


Table 1. Summary table of the interventions and rehabilitation sessions carried out during the period of hospitalization on our PwPD sample.
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All admitted patients were enrolled in an intensive rehabilitation program consisting of daily sessions from Monday to Sunday for a total of at least 500 min a week.

The program was based on a multidisciplinary evaluation assessing the patients' needs and the possible goals, performed by a neurologist, together with a physical medicine and rehabilitation specialist. Interventions may include physical therapy (stretching, postural changes, gait exercises, balance, and postural control), occupational therapy (functional and goal-based exercises in order to readapting the use of daily tools and performing everyday tasks to recover personal autonomy and to improve targeted domains of QoL), cognitive rehabilitation (paper-and-pencil and computerized activities), and speech and swallowing rehabilitation (exercises to improve speech prosody and articulation, meal monitoring, and learning strategies for a proper ingestion of liquids and foods). The duration of the admission was established following an intermediate reassessment of the program and goals performed by the multidisciplinary rehabilitation team (physiotherapist, neuropsychologist, speech therapist, and occupational therapist) after 2–3 weeks of admission.



Statistical Analyses

Statistical analyses were performed using SPSS 24.0 and jamovi (version 1.2) software (https://www.jamovi.org). Parametric and non-parametric statistics were adopted as appropriate. The PwPD sample was characterized in terms of age, sex, and clinical variables at the baseline.

For the MDS-UPDRS Part III, in addition to the total score, seven factor scores were calculated: factor 1: midline function; factor 2: rest tremor; factor 3: rigidity; factor 4: bradykinesia right upper extremity; factor 5: bradykinesia left upper extremity; factor 6: postural and kinetic tremors; and factor 7: lower limb bradykinesia (35).

For all outcome measures (domains of functional disability, cognitive functioning, and geriatric aspects), changes or variation scores were calculated from T1 to T0, obtaining Δ values. Paired-samples t-test was used to evaluate differences between baseline and after the multimodal rehabilitative intervention on LEDD. For the paired-samples t-test, effect size was given by Cohen d.

In order to account for relevant aspects related to delivery of treatment, PwPD's performance on outcome measures was analyzed using the jamovi module (34) (GAMLj: general analyses for linear models; retrieved from https://gamlj.github.io/) implemented in the software jamovi (version 1.2.25.0) software (https://www.jamovi.org). Generalized linear mixed models (GLMMs) were performed to evaluate score differences across the two time points (baseline and posttreatment).

Different test scores were used as dependent variables (one for each model), and time was considered as a fixed effect. To account for subject-specific variability, each subject was used as a random factor in all the models. The number of rehabilitative sessions, hospitalization days, and MMSE at the baseline were used as covariates as potential confounding variables. GLMMs final models were as follows: outcome measure ~1 + time + hospitalization days + number of rehabilitative sessions + MMSE at the baseline +(1 | subject), and only for MMSE, global cognitive outcome measure ~1 + time + hospitalization days + number of rehabilitative sessions (1 | subject).

A χ2 test was calculated to compare proportions between patients that remained stable after the intervention with them who reported an increase in the functional assessment evaluated by the BI.

Then, Spearman rank correlation coefficients (rS) were computed between changes or variation scores in all clinical outcomes and the seven UPDRS domains scores at the baseline.

Moreover, PwPD were classified in mild–moderate stage (M-Ms) or in severe stage (Ss) according to MDS-UPDRS Part III cutoff points (mild–moderate stage ≤59, severe stage >59) (36). The number of completed sessions was compared between the two groups.

Spearman rank correlation coefficients (rS) between the change scores (Δ) in clinical outcomes and the number of sessions were calculated in both the M-Ms and Ss groups. Spearman rank correlation coefficients (rS) between the change scores (Δ) in LEDD, neuropsychological measures, and BI were also computed. We interpreted the magnitude of correlation (effect size) as follows: 0.1–0.3 as a weak effect, 0.4–0.6 as a moderate effect, and 0.7 and higher as a strong effect (37).

All tests were 2-tailed, and p-values lower than 0.05 were considered statistically significant.




RESULTS

Sociodemographic and clinical characteristics as well as the measures of comorbidity and somatic health [Cumulative Illness Rating Scale (Severity Index and Comorbidity Index)] (38) of our sample are reported in Table 2.


Table 2. Demographical and clinical characteristic of PwPD sample at T0.

[image: Table 2]

Throughout their length of stay [hospitalization days (mean ± SD: 44.17 ± 11.62 days); total number of rehabilitation sessions (72.00 ± 28.61)], all PwPD were involved in a combination of physical therapy (mean number of sessions ± SD) (32.26 ± 11.76), cognitive therapy (16.45 ± 11.14); occupational therapy (13.96 ± 6.79), and speech therapy (10.13 ± 8.83) for a minimum of two sessions per day, 5–7 days per week.


Prerehabilitation–Postrehabilitation Comparison

Results of GLMMs performed to evaluate score differences across the two time points (T0 and T1) are summarized in Table 3. In these models, the number of rehabilitative sessions, hospitalization days, and MMSE at the baseline were used as covariates in order to explore the impact of potential confounding variables.


Table 3. Comparison from baseline and post intervention assessments in our PwPD sample (n = 24).
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Functional Disability

Significant differences after the multimodal intervention emerged in the BI total score [F(1, 21) = 48.98; p < 0.001]. Overall, comparison between proportions showed that 87.50% of patients reported higher scores vs. 12.50% of patients who remained stable in terms of the BI total score [[image: image] = 13.50; p < 0.001]. MMSE at baseline had a significant impact on changes after treatment in BI total score [F(1, 18) = 10.99; p = 0.004].

Interestingly, the change score in the functional disability (ΔBI total score) was negatively associated with the severity of motor symptoms, in more details with factor 4: bradykinesia right upper extremity (rS = −0.45; p = 0.028) and factor 5: bradykinesia left upper extremity (rS = −0.51; p = 0.012). Considering single item score of the BI, factor 4: bradykinesia right upper extremity also correlated with mobility change score (rS = −0.44; p = 0.033); factor 5: bradykinesia left upper extremity also correlated with dressing change score (rS = −0.45; p = 0.026); bladder change score (rS = −0.43; p = 0.038); and stairs change score (rS = −0.46; p = 0.025).



Cognitive Functioning

With respect to the neuropsychological evaluation, a significant improvement was observed in language [Token test: F(1, 15) = 6.64; p = 0.021; semantic fluency: F(1, 16) = 5.30; p = 0.036] in visuoconstructional abilities [Copy Rey's Figure: F(1, 12) = 19.88; p < 0.001] and in abstract reasoning [Raven's Colored Progressive Matrices: F(1, 14) = 11.96; p = 0.004]. MMSE at baseline had a significant impact on changes after treatment in Token test [F(1, 16) = 46.84; p < 0.001]; phonemic fluency [F(1, 17) = 25.52; p < 0.001]; semantic fluency [F(1, 19) = 21.24; p < 0.001]; Copy Rey's Figure [F(1, 14) = 14.23; p < 0.002]; and Raven's Colored Progressive Matrices [F(1, 18) = 8.55; p < 0.009].



Geriatric Aspects

After the multidisciplinary rehabilitation program, significant differences were also reported for the NRS [F(1, 15) = 17.62, p = 0.001] and for the Norton Scale [F(1, 21) = 31.03, p < 0.001]. There was no statistically significant association between change scores in geriatric aspects and the number of rehabilitative sessions. MMSE at baseline had a significant impact on changes after treatment in the Norton Scale [F(1, 18) = 4.63; p = 0.045].

Noteworthy, reduction in LEDD was observed comparing values between T0 and T1 (mean LEDD T0 = 785.58 ± 541.04; mean LEDD T1 = 695.75 ± 473.05), although not statistically significant (p = 0.111; Cohen's d = 0.339).





M-MS VS. SS GROUP ANALYSIS

Splitting our sample according to MDS-UPDRS Part III cutoff points, 10 patients were classified in the M-Ms group and 14 patients in the Ss group. In relation to the duration and intensity of the multimodal intervention, the total number of rehabilitative sessions (summing up all cognitive, neuromotor, and occupational therapy sessions) and the total number of hospitalization days was higher in the Ss group than in the M-Ms group [total sessions: t(22) = 2.76; p = 0.011; neuromotor sessions: t(22) = 2.59; p = 0.017; occupational therapy sessions: t(22) = 2.37; p = 0.027; days of hospitalization: t(22) = 2.47; p = 0.022].

In the M-Ms group, the number of neuromotor sessions was positively correlated with the change in functional disability [ΔBI total score (M-Ms group): rS = 0.66 (moderate effect); p = 0.038; (Ss group): rS = −0.07 (weak effect); p = 0.804] and in language comprehension [ΔToken test (M-Ms group): rS = 0.98 (strong effect); p = 0.005; (Ss group): rS = 0.55 (moderate effect); p = 0.077]. In the Ss group, however, the total number of completed sessions was positively associated with the change in visuoconstructional abilities [ΔCopy Rey's Figure (M-Ms group): rS = 0.11 (weak effect); p = 0.796; (Ss group): rS = 0.93 (strong effect); p < 0.001]. The change in visuoconstructional abilities was also positively correlated with the number of neuromotor sessions [ΔCopy Rey's Figure (M-Ms group): rS = 0.50 (moderate effect); p = 0.667; (Ss group): rS = 0.68 (moderate effect); p = 0.044] and with the number of occupational therapy sessions [ΔCopy Rey's Figure (M-Ms group): rS = 0.22 (weak effect); p = 0.604; (Ss group): rS = 0.68 (moderate effect); p = 0.042]. In this last group, we observed a trend for the correlation between the number of neuromotor sessions and abstract reasoning [ΔRaven's Colored Progressive Matrices: (M-Ms group): rS = 0.26 (weak effect); p = 0.742; (Ss group): rS = 0.60 (moderate effect); p = 0.050].



DISCUSSION

The main finding of our study is that an intensive, inpatient, multidisciplinary rehabilitation program leads to significant short-term changes in PwPD with mild–moderate motor impairment at baseline, in particular with respect to functional status and in some strategic cognitive domains. In PwPD with severe motor impairment at baseline, the more intensive rehabilitation program was associated only with significant short-term changes in visuoconstructive abilities.

Most importantly, the improvement in several activities of daily living such as dressing, bladder control, chair transfer, ambulation, and stair climbing was inversely related with the severity of motor dysfunctions at baseline evaluation, in particular with upper extremity bradykinesia.

Several factors determine the functional impairment in PwPD. In particular, rigidity and bradykinesia tend to most greatly affect a patient's ability to work and perform activities of daily living.

In particular, as regards the upper limb, the bradykinesia may cause issues in dexterous activities such as using kitchen or work tools. It may also contribute to reducing the coordination in activities such as dressing, toileting, and transferring.

Effectively, some activities of daily living evaluated by the BI such as dressing and chair transfer require an appropriate movement speed of the upper limbs and manual dexterity, and this could explain the best rehabilitation treatment response in PwPD with lower bradykinesia severity at baseline.

Interestingly, during the rehabilitative hospitalization, the improvement in functional disability has made possible the reduction of the daily dose of dopaminergic medications, albeit not statistically significant. Indeed, it has been demonstrated that intensive rehabilitation, improving motor performances, and autonomy in activities of daily life, reduces the need to increase dopaminergic therapy (15, 39).

In the present study, PwPD showed significant improvements in language comprehension, visuoconstructional abilities, and abstract reasoning following cognitive therapy sessions.

Interestingly, we observed a significant effect of baseline global cognitive functions on the reported changes on outcome measures, implying that the treatment, regardless of the intensity, is effective only according to cognitive functioning at baseline.

Indeed, patients with lower global cognitive impairment are likely to maintain information about goals to be achieved over time, such as rehabilitation goals (40).

Our findings confirmed the beneficial effects of an intensive cognitive rehabilitation program in combination with multiple integrated interventions (physical therapy, occupational therapy, and speech therapy). Consistent with previous studies, we suppose that the benefits of cognitive treatments have been enhanced by combining cognitive remediation with motor function training and occupational interventions (41).

To date, few studies have investigated the neurobiological and neurofunctional modifications in PwPD after an integrative cognitive rehabilitation program (42–44). These studies support the idea of structural and functional brain changes related to the cognitive improvements after rehabilitation despite the neurodegenerative process.

In light of our results, it is arguable that the improvement in PwPD's cognitive performances (visuoperceptual and visuoconstructional abilities, language, and visual and verbal memory) may result in a significant reduction of disability as indicated by clear BI modification.

Additionally, improvement in functional performance driven by high-intensity rehabilitation program was associated with significant improvements in important geriatric aspects such as pain intensity perception, and the risk of developing pressure ulcers as assessed, respectively, by the NRS and by the Norton Scale.

Our findings strengthen the evidence about the efficacy of an inpatient multidisciplinary rehabilitation treatment on PwPD (15, 39, 45).

A still debated issue is whether a single or a multidisciplinary and integrated approach (speech, cognitive, occupational, and physical therapy) should be proposed for PwPD. Indeed, an excessively multifocused set might be affected by a low intensity of training.

In a recent study, a remarkable effect (persisting at 1-year follow-up) on motor symptom severity and QoL was demonstrated combining high intensity in an inpatient setting with a multidisciplinary approach. The multifaceted needs of PwPD vary considerably across disease stages so that different management approaches and interventions tailored to the individual conditions of patients are mandatory (16).

Despite compelling scientific evidence, an inpatient rehabilitation admission is typically not considered for patients with a progressive disease such as PD. An inpatient rehabilitation program can ensure many repetitions of the same task with consequent reinforcement of the beneficial effects. Moreover, it has been amply demonstrated that PwPD may benefit more from blocked practice than from random practice of exercise and physical therapy (46). Indeed, it is still debated if PwPD retain sufficient capacity to reacquire or to learn new skills. Typically, because of striatum dysfunction, the consolidation and automatization of learned motor and cognitive exercises are significantly affected in PwPD (47).

One of the major future challenges will be the ability to identify PwPD most likely to benefit from inpatient rehabilitation. In particular, it is important to identify at which level of motor impairment the multidisciplinary inpatient rehabilitation program may be of benefit. An important finding of our study is the evidence of beneficial effects of an intensive rehabilitation program in mild–moderate severity of motor symptoms. Indeed, despite the fewer number of rehabilitative sessions and hospitalization days, PwPD in M-Ms group showed the best improvements in degree of disability according to BI. Despite this, the positive association between the number of neuromotor, occupational, and speech therapy sessions and the improvements in the executive-constructional task performances observed in Ss of PwPD suggests that rehabilitation provides benefit in advanced motor impairment as well. However, in our study, the total numbers of rehabilitative sessions and hospitalization days were higher in the Ss group than in the M-Ms group. Indeed, subjects with a more advanced disease needed longer treatments without having the same benefit.

In light of our results, we speculate that an intensive inpatient multidisciplinary rehabilitation should be considered in early/moderate PD stages in order to optimize functions and slow progression of disability and to avoid longer hospitalization/rehospitalization and consequently higher financial costs.

Given the paucity of studies about the effectiveness of a cognitive, motor, and functional rehabilitation program, we claim that the present article is of great interest. Compared to many of the previous studies, our work examined the effect of an inpatient multidisciplinary rehabilitation treatment on PwPD with different disease severity (from mild to severe). Moreover, we investigated the effectiveness of an inpatient rehabilitation program on PwPD as the primary diagnosis instead of PwPD hospitalized as a result of cardiopulmonary, orthopedic procedure or to manage the dopaminergic therapy.

The main strength of the present investigation is the fair number of treated patients, although several methodological issues severely limit generalization of findings beyond the current sample.

The lack of a control group limited our ability to attribute the improvements observed specifically to rehabilitation or to the combination of pharmacological and rehabilitation interventions. In addition, improvements attributable to other aspects of an inpatient hospital admission cannot be ruled out. Moreover, this study did not include a short- and long-term follow-up after the discharge. As such, we were unable to verify the maintenance of cognitive and functional improvements over time. Additionally, we did not verify the effectiveness of intensive rehabilitation program on motor functions. Indeed, the MDS-UPDRS Part III was assessed only at baseline.

Although we are aware that this is a retrospective study in which we collected data and information from medical records, it is necessary to highlight some further limitations about the assessment phase on admission and discharge: in fact, no important data have been collected in the cognitive field (lacking data concerning, for example, executive functions) and in the neuropsychiatric field (there is no scale for detecting psychiatric disorders).

The interest to promote inpatient rehabilitation programs in PwPD as a means for eliciting improvement in functional status and cognitive performances has underscored the importance of identifying the tailored multidisciplinary approach in accordance to the disease stage and individual conditions of patients.

Our results suggest a potential role of inpatient multidisciplinary rehabilitation in driving activity-dependent functional improvement in mild–moderate PwPD's motor skills.

Our data showed that treatment intensity is not a mediating factor in determining posttreatment changes and that only PwPD with mild–moderate motor impairment can improve after a multidimensional treatment. However, it is important to clarify that the potential effect of multidimensionality was not explored.

Moreover, the longitudinal maintenance of changes should be examined to consider the periodicity with which PwPD should attend multiple integrated interventions.

Future tailored protocols aiming to integrate multimodal rehabilitation programs should also identify optimal parameters of frequency, intensity, duration, and task-specific exercises to improve effectiveness and tolerability.

More research is needed to evaluate the long-term effects on the functional outcome with longer periods of time and the possible benefits of booster sessions.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by IRCSS Fondazione Don Carlo Gnocchi ONLUS Ethics Committee. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

MM, FLS, RN, and FBa: study concept, methodology, and design. FLS, MDC, and FBo: data selection, collection, and data-entry. SDT: methodology and statistical analyses. MM, FLS, and SDT: data interpretation and drafting the first version of the manuscript. RN and FBa: supervision and project administration. MM, FLS, SDT, MDC, FBo, RN, and FBa: critical review and revision of the manuscript. All the authors made changes and approved the final paper.



FUNDING

This research was funded by the Italian Ministry of Health Ricerca Corrente: RIN network.



REFERENCES

 1. Postuma RB, Aarsland D, Barone P, Burn DJ, Hawkes CH, Oertel W, et al. Identifying prodromal Parkinson's disease: pre-motor disorders in Parkinson's disease. Movement Disord. (2012) 27:617. doi: 10.1002/mds.24996

 2. Assogna F, Pellicano C, Cravello L, Savini C, Pierantozzi M, Mercuri B, et al. Psychiatric profile of motor subtypes of de novo drug-naïve Parkinson's disease patients. Brain Behav. (2018) 8:e01094. doi: 10.1002/brb3.1094

 3. Armstrong MJ, Okun MS. Diagnosis and treatment of parkinson disease: a review. JAMA. (2020) 323:548–60. doi: 10.1001/jama.2019.22360

 4. Bloem BR, de Vries NM, Ebersbach G. Nonpharmacological treatments for patients with Parkinson's disease. Movement Disord. (2015) 30:1504–20. doi: 10.1002/mds.26363

 5. Leroi I, McDonald K, Pantula H, Harbishettar V. Cognitive impairment in parkinson disease: Impact on quality of life, disability, and caregiver burden. J Geriatr Psychiatr. Neurol. (2012) 25:208–14. doi: 10.1177/0891988712464823

 6. Rinaldi D, Assogna F, Sforza M, Tagliente S, Pontieri FE. Rasagiline for dysexecutive symptoms during wearing-off in Parkinson's disease: a pilot study. Neurol Sci. (2018) 39:141–3. doi: 10.1007/s10072-017-3123-2

 7. Cernera S, Okun MS, Gunduz A. A review of cognitive outcomes across movement disorder patients undergoing deep brain stimulation. Front Neurol. (2019) 10:419. doi: 10.3389/fneur.2019.00419

 8. Xie Y, Meng X, Xiao J, Zhang J, Zhang J. Cognitive changes following bilateral deep brain stimulation of subthalamic nucleus in parkinson's disease: a meta-analysis. BioMed Res Int. (2016) 2016:3596415. doi: 10.1155/2016/3596415

 9. Højlund A, Petersen MV, Sridharan KS, Østergaard K. Worsening of verbal fluency after deep brain stimulation in parkinson's disease: a focused review. Computat Structural Biotech J. (2017) 15:68–74. doi: 10.1016/j.csbj.2016.11.003

 10. Goede CJT, Keus SHJ, Kwakkel G, Wagenaar RC. The effects of physical therapy in Parkinson's disease: a research synthesis. Arch Phys Med Rehabil. (2001) 82:509–15. doi: 10.1053/apmr.2001.22352

 11. Ellis T, De Goede CJ, Feldman RG, Wolters EC, Kwakkel G, Wagenaar RC. Efficacy of a physical therapy program in patients with Parkinson's disease: a randomized controlled trial. Arch Phys Med Rehabil. (2005) 86:837–44. doi: 10.1016/j.apmr.2004.08.008

 12. Goodwin VA, Richards SH, Taylor RS, Taylor AH, Campbell JL. The effectiveness of exercise interventions for people with Parkinson's disease: a systematic review and meta-analysis. Movement Disord. (2008) 23:631–40. doi: 10.1002/mds.21922

 13. Keus SHJ, Munneke M, Nijkrake MJ, Kwakkel G, Bloem BR. Physical therapy in Parkinson's disease: evolution and future challenges. Movement Disord. (2009) 24:1–14. doi: 10.1002/mds.22141

 14. Tomlinson CL, Patel S, Meek C, Herd CP, Clarke CE, Stowe R, et al. Physiotherapy versus placebo or no intervention in Parkinson's disease. Cochrane Database Systemat Rev. (2013) 267:954–65. doi: 10.1002/14651858.CD002817.pub4

 15. Frazzitta G, Bertotti G, Riboldazzi G, Turla M, Uccellini D, Boveri N, et al. Effectiveness of intensive inpatient rehabilitation treatment on disease progression in parkinsonian patients: A randomized controlled trial with 1-year follow-up. Neurorehabil Neural Repair. (2012) 14:259–66. doi: 10.1177/1545968311416990

 16. Monticone M, Ambrosini E, Laurini A, Rocca B, Foti C. In-patient multidisciplinary rehabilitation for Parkinson's disease: a randomized controlled trial. Mov Disord. (2015) 25:3037–45. doi: 10.1002/mds.26256

 17. Ekker MS, Janssen S, Nonnekes J, Bloem BR, De Vries NM. Neurorehabilitation for Parkinson's disease: future perspectives for behavioural adaptation. Park Relat Disord. (2016) 22(Suppl 1):S73–77. doi: 10.1016/j.parkreldis.2015.08.031

 18. Petzinger GM, Fisher BE, Van Leeuwen JE, Vukovic M, Akopian G, Meshul CK, et al. Enhancing neuroplasticity in the basal ganglia: The role of exercise in Parkinson's disease. Mov Disord. (2010). doi: 10.1002/mds.22782

 19. Peña J, Ibarretxe-Bilbao N, García-Gorostiaga I, Gomez-Beldarrain MA, Díez-Cirarda M, Ojeda N. Improving functional disability and cognition in parkinson disease randomized controlled trial. Neurology. (2014) 83:2167–74. doi: 10.1212/WNL.0000000000001043

 20. Schenkman M, Moore CG, Kohrt WM, Hall DA, Delitto A, Comella CL, et al. Effect of high-intensity treadmill exercise on motor symptoms in patients with de novo Parkinson disease a phase 2 randomized clinical trial. JAMA Neurol. (2018) 75:219–26. doi: 10.1001/jamaneurol.2017.3517

 21. Caligiore D, Mustile M, Fineschi A, Romano L, Piras F, Assogna F, et al. Action observation with dual task for improving cognitive abilities in parkinson's disease: a pilot study. Front Syst Neurosci. (2019) 13:7. doi: 10.3389/fnsys.2019.00007

 22. Ellis T, Katz DI, White DK, DePiero TJ, Hohler AD, Saint-Hilaire M. Effectiveness of an inpatient multidisciplinary rehabilitation program for people with parkinson disease. Phys Ther. (2008) 88:812–9. doi: 10.2522/ptj.20070265

 23. Hughes AJ, Daniel SE, Kilford L, Lees AJ. Accuracy of clinical diagnosis of idiopathic Parkinson's disease: a clinico-pathological study of 100 cases. J Neurol Neurosurg Psychiatr. (1992) 56:939. doi: 10.1136/jnnp.55.3.181

 24. Tomlinson CL, Stowe R, Patel S, Rick C, Gray R, Clarke CE. Systematic review of levodopa dose equivalency reporting in Parkinson's disease. Mov Disord. (2010) 25:2649–53. doi: 10.1002/mds.23429

 25. Galeoto G. The barthel index: italian translation, adaptation and validation. Int J Neurol Neurother. (2015) 29:1198-205. doi: 10.23937/2378-3001/2/1/1028

 26. Magni E, Binetti G, Bianchetti A, Rozzini R, Trabucchi M. Mini-mental state examination: a normative study in Italian elderly population. Eur J Neurol. (1996) 3:198–202. doi: 10.1111/j.1468-1331.1996.tb00423.x

 27. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical method for grading the cognitive state of patients for the clinician. J Psychiatr Res. (1975) 12:189–98. doi: 10.1016/0022-3956(75)90026-6

 28. Spinnler H, Tognoni G. Standardizzazione e taratura italiana di test neuropsicologici. Gruppo Italiano per lo Studio Neuropsicologico dell'Invecchiamento. Italian Journal of Neurological Sciences (1987).

 29. Novelli G, Papagno C, Capitani E, Laiacona M, Vallar G, Cappa SF. Tre test clinici di ricerca e produzione lessicale. Taratura su soggetti normali. Arch Psicol Neurol Psichiatr. (1986) 47:477–506.

 30. Caffarra P, Vezzadini G, Dieci F, Zonato F, Venneri A. Rey-Osterrieth complex figure: normative values in an Italian population sample. Neurol Sci. (2002) 22:443–7. doi: 10.1007/s100720200003

 31. Carlesimo GA, Caltagirone C, Gainotti G, Facida L, Gallassi R, Lorusso S, et al. The mental deterioration battery: normative data, diagnostic reliability and qualitative analyses of cognitive impairment. Eur Neurol. (1996) 36:378–84. doi: 10.1159/000117297

 32. Hartrick CT, Kovan JP, Shapiro S. The numeric rating scale for clinical pain measurement: a ratio measure? Pain Pract. (2003) 3:310–6. doi: 10.1111/j.1530-7085.2003.03034.x

 33. Strawn E. An investigation of geriatric nursing problems in a hospital. J Gerontol. (1963) 18:290–1. doi: 10.1093/geronj/18.3.290a

 34. Conley D, Schultz AA, Selvin R. The challenge of predicting patients at risk for falling: development of the Conley Scale. Medsurg Nurs. (1999) 8:348–54.

 35. Goetz CG, Tilley BC, Shaftman SR, Stebbins GT, Fahn S, Martinez-Martin P, et al. Movement disorder society-sponsored revision of the unified parkinson's disease rating scale (MDS-UPDRS): Scale presentation and clinimetric testing results. Mov Disord. (2008) 23:2129–70. doi: 10.1002/mds.22340

 36. Martínez-Martín P, Rodríguez-Blázquez C, Alvarez M, Arakaki T, Arillo VC, Chaná P, et al. Parkinson's disease severity levels and MDS-Unified Parkinson's Disease Rating Scale. Park Relat Disord. (2015) 21:50–4. doi: 10.1016/j.parkreldis.2014.10.026

 37. Akoglu H. User's guide to correlation coefficients. Turkish J Emerg Med. (2018) 18:91–3. doi: 10.1016/j.tjem.2018.08.001

 38. Linn BS, Linn MW, Gurel L. Cumulative Illness Rating Scale. J Am Geriatr Soc. (1968) 16:622–6. doi: 10.1111/j.1532-5415.1968.tb02103.x

 39. Ferrazzoli D, Ortelli P, Zivi I, Cian V, Urso E, Ghilardi MF, et al. Efficacy of intensive multidisciplinary rehabilitation in Parkinson's disease: a randomised controlled study. J Neurol Neurosurg Psychiatr. (2018) 89:828–35. doi: 10.1136/jnnp-2017-316437

 40. Braver TS, West R. Working memory, executive control, and aging. In: Craik FIM, Salthouse TA, editors. The Handbook of Aging and Cognition. New York, NY: Psychology Press (2008). p. 311–72.

 41. Biundo R, Weis L, Fiorenzato E, Antonini A. Cognitive rehabilitation in parkinson's disease: is it feasible? Arch Clin Neuropsychol. (2017) 32:840–60. doi: 10.1093/arclin/acx092

 42. Nombela C, Bustillo PJ, Castell PF, Sanchez L, Medina V, Herrero MT. Cognitive rehabilitation in Parkinson's disease: evidence from neuroimaging. Front Neurol. (2011) 2:82. doi: 10.3389/fneur.2011.00082

 43. Cerasa A, Gioia MC, Salsone M, Donzuso G, Chiriaco C, Realmuto S, et al. Neurofunctional correlates of attention rehabilitation in Parkinson's disease: an explorative study. Neurol Sci. (2014) 35:1173–80. doi: 10.1007/s10072-014-1666-z

 44. Díez-Cirarda M, Ojeda N, Peña J, Cabrera-Zubizarreta A, Lucas-Jiménez O, Gómez-Esteban JC, et al. Long-term effects of cognitive rehabilitation on brain, functional outcome and cognition in Parkinson's disease. Eur J Neurol. (2018) 25:5–12. doi: 10.1111/ene.13472

 45. Giladi N, Manor Y, Hilel A, Gurevich T. Interdisciplinary teamwork for the treatment of people with parkinson's disease and their families. Curr Neurol Neurosci Rep. (2014) 14:493. doi: 10.1007/s11910-014-0493-1

 46. Lin CH, Sullivan KJ, Wu AD, Kantak S, Winstein CJ. Effect of task practice order on motor skill learning in adults with parkinson disease: a pilot study. Phys Ther. (2007) 87:1120–31. doi: 10.2522/ptj.20060228

 47. Marinelli L, Crupi D, Di Rocco A, Bove M, Eidelberg D, Abbruzzese G, et al. Learning and consolidation of visuo-motor adaptation in Parkinson's disease. Park Relat Disord. (2009) 15:6–11. doi: 10.1016/j.parkreldis.2008.02.012

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.

Copyright © 2021 Meloni, Saibene, Di Tella, Di Cesare, Borgnis, Nemni and Baglio. 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/images/fneur-12-626041-t003.jpg
Baseline Postintervention

Mean SD  Mean  SD Time. Hospitalization days ~ No. of sessions  MMSE at baseline

F(df) F(df) F(df) F(df)
p value p value p value p value

Functional disability

8l total score 5646 1710 6038 2097  48.98(1.21) 250 (1.18) 008 (1.18) 10.99(1.18)
<0001 0.131 0781 0.004

Cognitive functioning

MMSE 2479 582 2568 506  3.25(1.1) 0.56 (1.20) 001 (1.20) -
0.088 (0.463) 0941

Token test 2750 610 2943 502  664(1,15) 0.18(1,18) 1.33(1,19) 4684 (1,16)
0,021 0.680 0264 <0001

Phonemic fluency 2218 999 2512 1004  439(1,18 4.34(1,20) 086 (1,21) 25.52(1,17)
0,051 0,050 0365 <0001

Semantic fluency 2488 982 2800 1046  5830(1.16) 1.72(1.18) 1,36 (1.19) 2124 (1.19)
0.036 0205 0257 <0.001

Copy Rey's figure 2183 998 2000 98  1988(1.12) 336(1.17) 0.14(1.16) 14.23(1.14)
<0.001 0.085 0.717 0.002

Recal Rey's figure 925 849 1155 604  1.83(111) 064 (1.15) 033 (1.15) 3.141(1.13)
0202 0.435 0577 0.102

Raven's colored progressive matrices  19.40  6.86 2180  7.16  11.96(1.14) 097 (1.18) 386 (1.18) 855 (1.18)
0.004 0.337 0.065 0.009

Geriatric aspects

Numeric rating scale of pain 572 349 261 262 1762(1.15) 383(1.18) 0.00(1.17) 0.77 (1.15)
<0.001 0.066 099 0395

Norton scale 1461 199 1674 228 31.03(121) 080(1.18) 0.43(1.18) 4.63(1.18)
<0.001 0.382 0520 0.045

Conley scale 421 204 853 171 884(1.17) 363 (1.14) 2,96 (1.14) 008 (1.14)
0067 0078 0.108 0.859

B, Barthel Index; df, degrees of freedom; MMSE, Mini-Mental State Examination.
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PWPD sample

n=24
Males/females (n) 10/14.
Age (years), mean (SD) 7625 9.42
Education (years), mean (SD) 879 3.88
Weight (kg), mean (SD) 6735 15.14
Height (m), mean (SD) 1.64 o.11
BMI, mean (SD) 25.46 6.89
Hospitalization (days), mean (SD) 44147 11.62
M-Ms (days), mean (SD) 37.90 10.90
Ss (days), mean (SD) 48.60 10.20
Disease duration (years), mean (SD) 10.43 6.15
H&Y, mean (SD) 388 091
M-Ms, mean (SD) 3.40 1.10
Ss, mean (SD) 421 058
Total score MDS-UPDRS Part I, mean (SD) 6221 19.61
Factor 1: midine function, mean (SD) 2129 690
Factor 2: rest tremor, mean (SD) 250 411
Factor 3: rgidity, mean (SD) 11.63 454
Factor 4: bradykinesia right upper extremity, mean (SD)  6.42 281
Factor 5: bradykinesia left upper extremity, mean (SD) ~ 7.25 202
Factor 6: postural and kinetic tremors, mean (SD) 292 3.57
Factor 7: lower limb bradykinesia, mean (SD) 10.21 3.98
CIRS
Severity Index, mean (SD) 1.40 0.16
Comorbidity Index, mean (SD) 200 1.07
Item 14: psychiatric-behavioral disorders (including Distribution
dementia, depression, anxiety, agitation, psychosis); frequencies:
1: absent; 2: mild; 3: moderate; 4: severe; 5: very 1:n =4 (18.2%)
serious, n (%) [ = 22 PwPD] 2:n=9 (40.9%)
3:n=9 (40.9%)
LEDD, mean (SD) 78558 541.04

BMI, body mass index; H&Y, Hoehn & Yahr stages; MDS-UPDRS, Movement Disorders
Society Unified Parkinson’s Disease Rating Scale; CIRS, Cumulative lliness Rating Scale;
LEDD, levodopa equivalent daily dose.
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