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Abstract

:

Background: This is a retrospective longitudinal study comparing 374 patients with Parkinson’s disease (PD) who were treated in centers offering a specialized program of enhanced rehabilitation therapy in addition to expert outpatient care to 387 patients with PD, who only received expert outpatient care at movement disorders centers in Italy. Methods: The data are from subjects recruited in the Parkinson’s Outcome Project (POP) at six Italian centers that are part of a multicenter collaboration for care quality improvement (the Fresco Network). The effects were measured with a baseline and a follow-up clinical evaluation of the Timed-Up-and-Go test (TUG), Parkinson’s Disease Questionnaire (PDQ-39), and Multidimensional Caregiver Strain Index (MCSI), the number of falls and hospitalizations for any cause. We used a generalized linear mixed model with the dependent variables being the response variable, which included the covariates demographics, evaluation, and treatment variables. Results: We found that the subjects who underwent specialized enhanced rehabilitation had a better motor outcome over time than those who were managed by expert neurologists but had participated in community programs for exercise and other allied health interventions. The greatest effects were seen in patients in the early stages of the disease with a high amount of vigorous exercise per week in the last six months. Similar effects were seen for PDQ39, MCSI, the number of falls, and hospitalization. Conclusions: Long-term benefits to motor function and the quality of life in patients with PD and burden reduction in their caregivers can be achieved through a systematic program of specialized enhanced rehabilitation interventions.
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1. Introduction


Multidisciplinary care modalities have been linked to better outcomes in Parkinson’s disease (PD) care [1,2]. Patients with PD are at a high risk of inpatient admissions, and 58% of admissions are associated with the complications of this disease [3]. Multidisciplinary care can predict reduced hospitalization and re-hospitalization [4]. For the majority of patients managed in subspecialty movement disorders centers, referrals for multidisciplinary team care are delayed until patients experience severe disease [5]. An increasing knowledge of non-medical interventions enhances our understanding of how coordinated care across multiple disciplines can enable dramatic improvements in health-related quality of life (HRQL) [6,7]. However, health systems often fail to provide the infrastructure and training necessary to provide access to these benefits [8].



Structured models for intense and integrated multidisciplinary interventions have been developed, targeting non-medical interventions to compensatory mechanisms specific to PD patients [9], and training programs have been developed to facilitate the formation of teams to deliver them [10]. In particular, one of our protocols was demonstrated to be beneficial if it was started soon after the PD diagnosis [11]. A grant-supported collaboration of six expert movement disorder centers was formed to pursue care quality improvement (Fresco Network). This network includes centers that have sought to refine these intensive rehabilitation strategies and multidisciplinary care [12]. These approaches have the evidence of efficacy in small randomized controlled trials (RCTs); however, support for this approach would benefit from real-world evidence, comparing best practices across centers.



To address these issues at least in part, we used data from the longitudinal natural history study, the Parkinson’s Outcome Project (POP) [13]. This observational study was developed to track the outcomes of care across leading PD centers and was profiled as a useful tool for identifying and disseminating the best practice guidelines [14]. A non-blinded comparison of expert care across care models is an important supplement to a formal randomized controlled trial (RCT), because every patient receives the benefit of a carefully considered standard of care believed by clinicians to be optimal at a tertiary referral center. The analysis of real-world evidence from a clinical practice does include a risk of bias [15]. We address these risks below. However, outcomes in double-blind RCTs in PD commonly show a placebo benefit due to the expectation of therapeutic improvement [16]. Because our study focused on the efficacy of care models on clinical outcomes and the difficulty of blinding participants in this context, this unblinded study of care previously established in blinded RCTs was appropriate.



The platform study POP includes subjects recruited from the six centers in the Fresco Network: two centers that offer inpatient and outpatient intensive rehabilitation (“IR centers”, i.e., Gravedona and Riuniti Hospital, Gravedona; Villa Margherita, Vicenza), and four centers that provide traditional outpatient care (“TO centers”, i.e., IRCSS Ca’ Granda, Milano; Ospedale Santa Chiara, Pisa; IRCCS Policlinico San Martino, Genova; Ospedale Santa Maria, Perugia). To confirm the prior RCT evidence supporting the impact of the intensive rehabilitation approach in the real world, we used data previously collected in this Italian network to control for the health system, cultural, and social differences. Our team thus conducted a retrospective longitudinal study analyzing the outcomes of patients with PD receiving the expert-optimized best care model at the IR centers and those of patients receiving the expert-optimized best care model at the TO centers. Models were developed to determine the dependence of outcomes on different factors, with specific regard to the intensity and the duration of weekly exercise and other factors.




2. Materials and Methods


Drawing from the longitudinal POP database, subjects with data from at least two visits (average of 2.42 visit/patient) in an average period of 19.56 months were included in these analyses. We selected subjects that, at their baseline, had a diagnosis of PD with the confidence of the expert movement disorder specialist greater than 50% (as determined in the POP studies [13,14]) and Hoehn and Yahr (H–Y) stage 1 to 4. As per POP instructions [13,14], the diagnosis was based on the opinion of an expert movement disorder specialist practicing in a center of excellence for the care of PD, certified by the Parkinson’s Foundation. Subjects were then classified, first, in two groups by their recruitment “center”, either an IR center or a TO center. Second, we classified all patients in terms of “exercise” as belonging to one of three subgroups based on the intensity and the weekly duration of exercise:



1. Intense vigorous exercise (S1). Subjects that satisfied the following criteria: twelve hours or more of total weekly exercise with at least four hours per week of vigorous or moderate exercise. There were no specific requirements about participation in rehabilitation programs.



2. Moderate exercise with rehabilitation (S2). Subjects that reported less than twelve hours but more than four hours of weekly exercise and underwent sessions of rehabilitation treatment in the prior year.



3. Minimal or no exercise (S3). Subjects that reported less than four hours a week of exercise. There were no requirements for participation in rehabilitation programs.



The exercise activity was based upon the POP categorization and definition: 1. Vigorous exercise (such as jogging or running, fast biking, stair climbing for exercise, swimming laps, weight lifting); 2. moderate exercise (fast/brisk walking pace or walking in hills, dancing, tai chi, yoga, Pilates, arm or leg cycling, pool aerobics); 3. light exercise (walking at a leisurely pace, chores in the house/yard, seated exercise routine) [13,14].



To be noted, during the study period, patients of the IR centers underwent two periods of intensive rehabilitation (at an average interval of 12 months), overseen by a comprehensive care team and delivered over a two- to four-week inpatient stay for at least three hours a day. Briefly, such treatment included the following: aerobic exercises targeting cardiovascular health, balance; postural and gait exercises with or without stabilometric platforms and aquatic therapy; compensatory training with occupational therapy to improve autonomy in daily living activities; and cognitive therapy and psychosocial support. The outcome measures were selected from the POP dataset to span the domains impacted by PD and were targeted by the interventions. To measure the impact of exercise and rehabilitation interventions, changes in a direct measure of mobility, the Timed-Up and-Go test (TUG) was selected [17]. Motor impairment, and in particular balance dysfunction, was also evaluated by considering the frequency of falls in the prior three months with a novel measure previously described [13,18]. Healthcare utilization was evaluated through a proxy measure of the number of hospital admissions. The Parkinson’s Disease Questionnaire (PDQ-39) was used to evaluate health-related quality of life (HRQL) [19], and the Multidimensional Caregiver Strain Index (MCSI) provided a measure of the caregiver strain [20]. All outcomes and covariates were collected according to the POP protocol [13].



Statistical Analyses


The differences between the two groups at the baseline were tested using unpaired t-tests for continuous normal distributed variables, while chi-square tests were used to compare the distribution difference of categorical and not-normally distributed variables. Models were developed to determine the dependence of outcomes on subject demographics (age, sex, time since PD diagnosis), clinical evaluation (the H–Y stage, with stages 1 and 2 combined) and treatment approach (participation in intensive rehabilitation, referrals to allied health, computed levodopa equivalent dose, or LED, and exercise subgroups) [21]. For each outcome measure, we utilized a generalized linear mixed model with the dependent variables being the response variable. The model included the demographics, evaluation, and treatment variables as covariates. Models employed the random intercept and random slope of follow-up time. We used the regression approach with skewed t distribution assumption in the R-skewed package. Statistical analysis was overseen by one of us (SL) who is an expert statistician, with deep experience in RCT and observational study analysis in PD [22,23].





3. Results


A total of 761 patients met the inclusion criteria, with 374 patients from the two IR centers and 387 patients from the four TO centers. The characteristics of the two groups of patients (IR vs. TO centers) at the baseline are reported in Table 1.



Briefly, at the baseline, the two groups significantly differed in terms of the H and Y stages (fewer patients in stage 1 and more in stages 3 and 4 in the IR center group compared to the TO centers), disease duration (longer in the IR center groups), motor performance (TUG better in the IR center groups), falls (fewer patients reported falls in the TO center groups), and HRQL (PDQ39 slightly better in the TO center groups). The patients with more than 90% diagnostic certainty of PD represented 79% and 82% of the data set in the IR and TO centers, respectively. The number of participants in the S1 subgroup (Intense vigorous exercise) was 40, 182 into the S2 (Medium exercise with rehabilitation), and 539 into the S3 (Minimal or no exercise). S1 subjects reported a mean 18.7 h of total weekly exercise (standard deviation: 6.01 h). S2 subjects reported a mean 7.17 h of weekly exercise (SD: 3.43 h), and S3 subjects reported a mean of 1.01 h of weekly exercise (SD: 1.23 h).



We then analyzed the relationship between the exercise subgroup assignment and the progression of TUG with a skew-T generalized linear mixed model with covariates at the baseline that best fitted the data for the TUG measures, both without and with push off. The results of the two analyses in 695 patients for a total of 1467 visits are reported in Table 2 and Table 3. Briefly, both analyses showed that the subjects seen at the IR centers achieved a better mobility outcome than those seen in the TO centers. In addition, there were significant effects of the amount of exercise per week and the H and Y stage, suggesting that the greatest effects were seen with a high amount of vigorous exercise per week and in the early stages of the disease. A moderate amount of exercise, even in combination with rehabilitation sessions performed outside the IR centers, did not achieve the same benefit of highly intensive exercise.



We then applied the same approach for falls (0 = “no falls”; 1 = “one or more falls”) and the number of hospital admission. In terms of falls, there was a trend toward significance for falls being less frequent in patients recruited at the IR centers (p = 0.064) than at the TO centers (Table 4). Female sex, younger age, earlier disease stages, disease duration at the baseline and lower LED at the baseline were significant covariates (all: p < 0.05). The intensity and the amount of exercise were not associated with frequency of falls, as shown by the comparison between S1 and S2 (p = 0.141) and between S1 and S3 (p = 0.127).



Similarly, as reported in Table 5, we found a lower rate of hospital admissions among subjects seen in the IR centers (p = 0.001). This result was associated with shorter disease duration at the baseline (p = 0.024), and earlier PD stages (H and Y 1–2 vs. H and Y 3: p = 0.001; H and Y 1–2 vs. H and Y 4: p = 0.019).



As shown in Table 6, HRQL measured with PDQ39 was better over time for patients treated in the IR centers than the TO centers (p = 0.018). Also, female sex, younger age, earlier disease stages, lower LED, shorter disease duration, and intensive exercise were significant covariates (all p < 0.05).



Finally, we obtained similar results when we analyzed MCSI (see Table 7), an index of the caregiver burden, confirming that the progression and severity of the disease exact a big toll from caregivers, while the participation of patients in IR centers and intensive exercise can also yield a beneficial effect for caregivers.




4. Discussion


The results of this longitudinal study suggest that patients who were exposed to intensive rehabilitation programs at the IR centers achieved, on average, better motor outcomes compared to other patients that were cared for in the TO centers. Given past RCT evidence supporting the IR center approach, this comparison of expert care across sites provides further evidence for this care model. The analyses of this real-world dataset confirmed the beneficial effect of vigorous exercise, although we found that more than twelve hours of weekly exercise with at least four hours of vigorous exercise was beneficial only in patients in the early stages of the disease. These findings were reflected in both the clinical and HRQL outcomes. Finally, intensive rehabilitation and vigorous exercise of patients had a positive impact on the financial, psychological, social, and personal strain of the caregivers measured with MCSI, probably providing some respite and recovery that are essential for the caregivers’ quality of life.



The present findings are in line with previous results that showed an improvement in both motor function (including TUG evaluation) and HRQL in patients that underwent intensive rehabilitation at the IR centers [11,24,25]. Those investigations showed evidence for a decreased rate of clinical symptom progression at a two-year follow-up and improved HRQL. Building on those results, this study demonstrates that the IR approach offers benefits not seen at the TO expert centers that shared the same cultural and health system with the IR centers. In addition, the expert approach we used in our statistical model controlled for the demographics, disease stage, and treatment approaches. The data set came from the POP study that was conducted with clinical site coordination and monitoring visits, as well as with the in-person training of study personnel and annual reviews. Thus, together with the systematic approach to participant selection and follow-up, the POP study offers a more rigorous observational study dataset than many convenience samples. For the first time, the intensive rehabilitation groups were recruited from two different centers and the patients in the control group were followed in specialized PD centers that were also utilizing a multidisciplinary care approach, although this was mostly limited to an outpatient setting.



As described in the methods, the intensive rehabilitation programs implemented at the IR centers included many separate elements, such as aerobic exercise, gait and balance training, stretching, resistance training, and physical, occupational, and speech therapy, and could be of a variable duration, usually from 2 to 4 weeks.



Further study will be necessary to understand the contribution of each component, the benefits of their interaction, and the dose–response characteristics of this approach. There has been speculation that synergy between interventions has delivered a greater effect than the sum of the effects of the individual interventions [18]—this is an important topic for future research. High levels of weekly exercise have been associated with improved longitudinal outcomes [1]. Also, the present findings support intensive exercise versus moderate exercise with rehabilitation for motor performance and HRQL benefits, although this result may be affected by selection bias and should be evaluated in an RCT. Intensive aerobic exercise has been shown to yield metabolic benefits and enhance skill formation in animal models, and conditions that are favorable to synaptic plasticity [26]. Our findings could be explained by previous evidence that aerobic exercise increases BDNF expression throughout the brain, promotes BDNF and TrkB interaction, and lowers the threshold for LTP induction [27,28]. Also aerobic exercise may reduce neuroinflammation [29] and oxidative stress [30] while activating neurotrophin-signaling pathways [31], angiogenesis [32], and neurogenesis [33]. Similar effects have been found in patients with PD following intensive rehabilitation, with increases in BDNF serum levels and BDNF-trkB activation in lymphocytes [34,35]. Finally, a positron emission tomography with [18F] a DA-D2/D3R receptor, showed that 8 weeks of treadmill exercise in the early stages pf PD was associated with an increase in DA-D2R binding within the dorsal striatum [36], likely decreasing the inappropriate inhibitory drive of the indirect pathway [37]. Future work should investigate the hypothesis that intensive rehabilitation, with vigorous, repetitive, and challenging goal-based practice and aerobic training may promote neuroplasticity in the striatal-thalamic-cortical-motor circuit, which is responsible for automatic motor behavior. Other complementary rehabilitative approaches, including Tai Chi, active theatre, and dance may improve functional outcomes in patients with PD. In particular, both Tai Chi [38,39] and dance [40,41] seem to reduce motor symptoms, whereas active theatre [42] can be very effective for non-motor emotional aspects. According to a recent review, Tai Chi has beneficial effects on balance, walking ability, and gait velocity, but not on endurance and walking cadence [39]. On the other hand, dance can improve balance with small effect son freezing of gait. Future work should investigate the specific effects of the add-on use of these complementary therapies to intensive protocols.



Finally, our finding that the disease stage is always a significant covariate suggests that intensive rehabilitation may be particularly effective in the earlier disease stages. This is not only because intensive rehabilitation may be a promoter of neuroplasticity, but mostly because it may serve as a motivation and an educational or training period for maintaining a higher level of exercise when patients go back home.



In summary, the results of this study suggest that a regularly repeated program of intensive rehabilitation, interspersed with maintenance through a program of at least twelve hours of weekly exercise, including at least four hours of moderate to vigorous intensity, would be highly beneficial, not only to maintain or possibly improve motor performance and for the well-being of patients with PD, but also to reduce the caregiver strain.



Nevertheless, our findings must be interpreted with some degree of caution for several reasons. First among them, non-linearities in the disease severity versus mobility relationship may be a factor in these results, as the IR center cohort did have significantly more patients in the advanced stages of the disease compared to the control group. In addition, the linear adjustment model may fail to capture a divergence in the disease stage to the motor performance relationship in the extreme values of each. Indeed, this patient selection may bias the results and should be evaluated in an RCT study. Second, in this analysis we did not control for comorbidities, a factor that could especially influence the results of a lower rate of hospitalization for the patients in the IR centers. Third, the possibility to carefully review medication, the increased attention to the patients’ performance and needs, and the possibility to assess the patients for long period of time in the IR centers may play an important role in the motor and HRQL improvements. Fourth, the addition of another subgroup with intermediate levels of exercise without rehabilitation could have provided more strength to our conclusions. However, the number of patients for this subgroup was very small and could not be addressed in this study. Finally, this study does not allow an understanding of the contribution of each component of the intensive rehabilitation, the benefits of their interaction, and the dose–response effects.



While future investigation should address each of these confounding factors, the present results should provide the basis to prioritize further studies based on comprehensive community-based recruitment, to capture a cross-section of all individuals with PD, and to understand the effect of referral to expert centers on the overall burden of disease.




5. Conclusions


Despite the weaknesses of this study outlined in the previous paragraph, the results of this analysis, which is built on prior RCT evidence, suggest that this care model does deliver improved outcomes and can be replicated. Based on these findings, it would be valuable to continue to research the efficacy and reproducibility of evidence-based intensive rehabilitation strategies, with intervention, outcome, and, hopefully, biomarkers’ tracking to ensure continuous quality improvement.
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Table 1. The baseline characteristics of the two treatment groups: IR (intensive rehabilitation) and TO (traditional outpatient) centers.






Table 1. The baseline characteristics of the two treatment groups: IR (intensive rehabilitation) and TO (traditional outpatient) centers.












	
	IR Centers (374)
	TO Centers (387)
	* p
	N





	Sex:  % female [N]
	40% [150]
	40% [154]
	0.989
	40% [304]



	Age: median [range]
	69 [39–92]
	70 [34–89]
	0.329
	758



	H–Y stages
	
	
	<2.2 × 10−16
	761



	H–Y stages 1–2 N
	114
	262
	
	376



	H–Y stage 3 N
	196
	106
	
	302



	H–Y stage 4 N
	64
	19
	
	83



	Dx certainty: % >= 90% [N]
	79% [294]
	82% [317]
	0.292
	80% [611]



	LED: median [range]
	696 [0–11,375]
	500 [0–21,441]
	0.011
	761



	PD duration: median [range]
	9 [0–31]
	5 [0–29]
	2.5 × 10−16
	758



	TUG score: median [range]
	11 [6–32]
	13 [6–35]
	2.21 × 10−4
	665



	Falls: % reporting 1 or more [N]
	40% [151]
	30% [117]
	0.004
	35% [268]



	MCSI: median [range]
	17 [0–52]
	15 [0–57]
	0.345
	459



	PDQ-39: median [range]
	24.6 (0.8–96.1)
	21.5 (0–82.4)
	0.009
	745



	Hospital adm: % reporting 1+ [N]
	18% [66]
	21% [81]
	0.326
	19% [147]







The differences between the two groups were tested with t-tests for continuous variables and with the chi-square test for categorical variables. TUG scores with penalty; PD duration as the years from diagnosis; MCSI was not available for all subjects as not all the subjects had caregivers. At the baseline, there were 3, 112, 302, 16, and 4 patients with missing data on PD duration, TUG penalty score, MCSI, PDQ-39, and hospital administration, respectively. Please notice that 80% of patients carried a diagnosis of idiopathic PD with 80% of certainty. Significant results (* p < 0.05) are reported in bold.













 





Table 2. TUG without push off: results of generalized linear mixed model.
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	Variable
	Beta
	se
	t Value
	p





	(Intercept)
	−3.288
	1.094
	−3.005
	0.003



	Follow up years
	0.290
	0.117
	2.478
	0.013



	Sex = Male
	−0.367
	0.214
	−1.716
	0.086



	Age at the baseline
	0.136
	0.012
	11.354
	<2.00 × 10−16



	LED at the baseline
	0.000
	0.000
	−0.466
	0.641



	H–Y stage = 3
	1.256
	0.271
	4.636
	3.55 × 10−6



	H–Y stage = 4
	5.420
	0.557
	9.723
	<2.00 × 10−16



	PD duration at baseline
	0.001
	0.023
	0.046
	0.963



	TO centers group
	2.496
	0.264
	9.454
	<2.00 × 10−16



	S2. Medium exercise and rehab subgroup
	1.423
	0.488
	2.914
	0.004



	S3. No exercise subgroup
	2.341
	0.467
	5.015
	5.31 × 10−7







The results of the skew-T generalized linear mixed model with covariates at the baseline that best fitted the data for the TUG measures without push off. The number of subjects: 634, the number of visits: 1318. The TUG scores were set as missing if patients completed the test with push off or using an assistive device. Significant results are reported in bold.













 





Table 3. TUG with push off: results of the generalized linear mixed model.






Table 3. TUG with push off: results of the generalized linear mixed model.





	Variable
	Beta
	se
	t Value
	p





	(Intercept)
	−2.886
	1.231
	−2.345
	0.019



	Follow up years
	0.645
	0.128
	5.734
	9.79 × 10−9



	Sex = Male
	−0.335
	0.219
	−1.168
	0.243



	Age at the baseline
	0.142
	0.013
	10.615
	<2.00 × 10−16



	LED at the baseline
	0.000
	0.000
	−0.246
	0.806



	H–Y stage = 3
	1.812
	0.280
	6.286
	3.27 × 10−10



	H–Y stage = 4
	8.409
	0.550
	14.622
	<2.00 × 10−16



	PD duration at baseline
	−0.014
	0.023
	−1.138
	0.255



	TO centers group
	2.619
	0.279
	8.626
	<2.00 × 10−16



	S2. Medium exercise and rehab subgroup
	1.308
	0.577
	2.140
	0.032



	S3. No exercise subgroup
	2.236
	0.559
	4.012
	6.01 × 10−5







The results of the skew-T generalized linear mixed model with covariates at the baseline that best fitted the data for the TUG measures with push off. The number of subjects: 695, the number of visits: 1467. Significant results are reported in bold.













 





Table 4. The frequency of falls as binary variable (0 = “no falls”; 1 = “one or more falls”): the results of the generalized linear mixed model.






Table 4. The frequency of falls as binary variable (0 = “no falls”; 1 = “one or more falls”): the results of the generalized linear mixed model.





	Variable
	Beta
	se
	t Value
	p





	(Intercept)
	−8.587
	2.752
	−3.120
	1.80 × 10−3



	Follow up years
	−0.046
	0.238
	−0.190
	0.846



	Sex = Male
	−0.717
	0.362
	−1.980
	0.048



	Age at the baseline
	0.036
	0.019
	1.840
	0.066



	LED at the baseline
	0.001
	0.001
	2.420
	0.016



	H–Y stage = 3
	2.189
	0.879
	2.490
	0.013



	H–Y stage = 4
	2.619
	1.087
	2.410
	0.016



	PD duration at the baseline
	0.142
	0.049
	2.910
	0.004



	TO centers group
	0.645
	0.348
	1.850
	0.064



	S2. Medium exercise and rehab subgroup
	1.063
	0.723
	1.470
	0.141



	S3. No exercise subgroup
	1.061
	0.695
	1.53
	0.127







Results of the skew-T generalized linear mixed model with covariates at the baseline that best fitted the data for falls treated as a binary variable (0 = “no falls”; 1 = “one or more falls”). Number of subjects: 749, number of visits: 1803. Significant results are reported in bold.













 





Table 5. Hospital admissions as a binary variable (0 = “no”; 1 = “one or more”): the results of generalized linear mixed model.






Table 5. Hospital admissions as a binary variable (0 = “no”; 1 = “one or more”): the results of generalized linear mixed model.





	Variable
	Beta
	se
	t Value
	p





	(Intercept)
	−3.030
	0.670
	−4.530
	6.00 × 10−6



	Follow up years
	−0.038
	0.097
	−0.400
	0.691



	Sex = Male
	0.137
	0.140
	0.980
	0.329



	Age at the baseline
	−0.004
	0.008
	−0.480
	0.629



	LED at the baseline
	0.000
	0.000
	1.570
	0.117



	H–Y stage = 3
	0.576
	0.166
	3.470
	0.001
