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Objective: The purpose of this meta-analysis was to investigate the antidepressant effects of repetitive transcranial magnetic stimulation (rTMS) over the prefrontal cortex (PFC) of patients with Parkinson's disease (PD) and to determine the optimal rTMS parameters, such as the intensity, frequency and the delivered pattern of rTMS stimulation.

Methods: EMBASE, PubMed, Web of Science, MEDLINE, and Cochrane data bases were researched for papers published before March 12, 2018. Studies investigating the anti-depression effects of rTMS over PFC in patients with PD were considered. The main outcomes of pre- and post-rTMS treatment as well as score changes were all extracted. The mean effect size was estimated by calculating the standardized mean difference (SMD) with 95% confidence interval (CI) by using fixed or random effect models as appropriate.

Results: Nine studies containing 137 PD patients with depression were included. The pooled results showed significant pre-post anti-depressive effects of rTMS over PFC in PD patients with depression (SMD = −0.80, P < 0.00001). The subgroup analyses of stimulation intensity, frequencies, and models also revealed significant effects (Intensities: 90% RMT: SMD = −1.16, P = 0.0006; >100% RMT: SMD = −0.82, P < 0.0001. Frequencies: < 1.0 Hz: SMD = −0.83, P = 0.03; 5.0 Hz: SMD = −1.10, P < 0.0001; ≥10.0 Hz: SMD = −0.55, P = 0.02. Models: Continuous: SMD = −0.79, P < 0.0001; Discontinuous: SMD = −0.84, P = 0.02). But the results of the studies with place-controlled designs were not significant (Overall: SMD = −0.27, P = 0.54. Intensities: 90% RMT: SMD = 0.27, P = 0.68; 100% RMT: SMD = −0.32, P = 0.33. Frequencies: 5.0 Hz: SMD = −0.87, P = 0.10; ≥10.0 Hz: SMD = 0.27, P = 0.66. Models: Continuous: SMD = −0.28, P = 0.68; Discontinuous: SMD = −0.32, P = 0.33). The greater effect sizes of rTMS with 90% RMT, 5.0 Hz in discontinuous days can be observed rather than the other parameters in both kinds of analyses across study design.

Conclusions: rTMS may have a significant positive pre-post anti-depressive effect over PFC on patients with depression, especially by using 5.0 Hz frequency with 90% RMT intensity in discontinuous days, which may produce better effects than other parameters. The real effect, though, was not different from that of the placebo. Future studies with larger sample sizes and high-quality studies are needed to further corroborate our results and to identify the optimal rTMS protocols.
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INTRODUCTION

Although Parkinson's disease (PD) is considered a movement disorder, a significant proportion of PD patients has also suffered from non-motor symptoms (1, 2). For example, about 35% of PD patients may have depressive symptoms, 17% may suffer major depressive disorder and 13% may suffer dysthymia (3). The severity and incidence of these symptoms rise with the development of PD—which negatively affects quality of life—the progression of overall disability (4), and are not related to the progression of motor symptoms of PD patients (5). These non-motor symptoms not only exert a vital effect on quality of life in patients, but also increase caregiver burden and health care costs. Although some newer dopamine agonists have an anti-depressive effect (6), most of the treatment with Levodopa does not relieve depressive symptoms (7).

Depending on the principle of electromagnetic induction, repetitive transcranial magnetic stimulation (rTMS) realizes a painless, non-invasive stimulation on the cerebral cortex that is well tolerated. (8). The basic mechanism in using rTMS over the prefrontal cortex (PFC) is that left dorsolateral prefrontal cortex (DLPFC) hypo-activity has been featured as an important role in the pathophysiological process of depression (9, 10), and the improvement of its activity has been related to symptom alleviation (11). High-frequency rTMS (>1.0 Hz, HF-rTMS) could increase cortical excitability, while low-frequency rTMS (≤1.0 Hz, LF-rTMS) could decrease it (12). Some studies have shown antidepressant effects of rTMS on major depression (MD) patients (13, 14). Cardoso et al. observed a large antidepressant effect from 5.0 Hz rTMS (15) that was superior to other reports that used 10.0 or 20.0 Hz of rTMS (16). In addition, a meta-analysis has proved that the same therapeutic effect for MD could be acquired in both HF-rTMS and LH-rTMS patterns (17). Hence, we hypothesized that rTMS may have a similar antidepressant effect on depressed PD patients.

Recent studies have shown that depressed PD patients who had an antidepressant reaction to rTMS treatment had improved activity in the cingulate gyrus when compared to the PD patients without showing antidepressant response to rTMS treatment (18, 19). Furthermore, studies have also shown that rTMS over left DLPFC (20, 21) or both left and right DLPFC (22) was effective in PD patients with depression and rTMS had antidepressant effects based on the Beck Depression Inventory (BDI) and Hamilton Rating Scale for Depression (HRSD) scores when compared with selective serotonin re-uptake inhibitors (SSRIs) (23). These divergent results in literature may arise from different designs of rTMS protocols such as the intensity, frequency, and the delivered pattern of rTMS stimulation (24). Although several meta-analyses on the topic of rTMS for depressed PD patients have been published, they showed only that rTMS was superior to sham-rTMS and that they had similar antidepressant efficacy as SSRIs, but had not clearly indicated which mode of rTMS represented the optimal parameters (23, 25). This meta-analysis was aimed to extend these findings and examine the efficacy of rTMS over PFC on depression in depressed PD patients, and we sought to determine the influence of the intensity of the RMT, its frequency, and the delivered pattern of rTMS stimulation.

METHODS

Search Strategy

We systematically searched studies that were undertaken to identify the effects of rTMS over PFC on depression in PD patients in the EMBASE, PubMed, MEDLINE, and Cochrane databases published before March 12, 2018. The combinations of key terms included “Parkinson's disease” OR “Parkinson disease” OR “PD” AND “transcranial magnetic stimulation” OR “repetitive transcranial magnetic stimulation” OR “TMS” AND “depression” and their synonyms were used for each database.

Study Selection

The inclusion criteria used were population (depressive patients diagnosed with PD), intervention (rTMS over PFC), comparison (sham-controlled group or condition), outcomes of depression, and language (published in English). Studies were excluded if there was no data available for the calculation of the effect size. There was no limit on the designs of trials. Randomized controlled trials (RCTs), cross-over trials, as well as self-contrast trials, were all included in the search.

Quality Assessment of the Study

The methodological quality of each chosen study was assessed in accordance with the suggestions by Moher et al. (26) and Cochrane Collaboration (27) with slight modifications which included four aspects: (1) control design: “1” represents that the trial groups were compared with healthy groups, “2” represents patient controls, and “3” represents both controls; otherwise, it was marked as “0”; (2) randomization: if the subjects were randomly assigned to different groups it is marked as “1”, and if not it is marked as “0”; (3) blind process: marked as “0 - 2” (a non-blind or non-described process recorded as “0,” single-blind as “1,” and double-blind process as “2,”); and (4) dropout number: marked as the number of subjects who dropped out of the rTMS treatment.

Data Extraction

Two independent reviewers carried out data extraction. Any disagreements were resolved by discussing with a third reviewer. Relevant data included the pivotal constituent of the general research information, the characteristics of study subjects, rTMS protocol, and depression scale scores of outcomes (including the scale scores of pre- and post-treatment as well as score changes of experimental and control group patients). The mean value and standard deviation (SD) of the outcome assessments were extracted for further analysis. If the standard error of the mean (SEM) was provided in the article, it was transformed to the standard deviation (SD) by using the formula of SD = SEM[image: image] (28). We contacted the authors of the research to obtain additional data if the study information was inadequate.

Data Synthesis and Analysis

All statistical analyses of this meta-analysis were conducted by using Review Manager 5.3 (Cochrane Collaboration, Oxford, England) with a significance of p < 0.05. The standardized mean difference (SMD) was applied to the effect size with a 95% confidence interval (CI) as the significant results. The effect model was determined by the heterogeneity which was assessed by using the Cochran's Q statistic and I2 test (29). If heterogeneity was not significant (the Q test showed a p > 0.05 or I2 < 50%), the fixed-effect model was applied in this meta-analysis. Otherwise, the random-effect was used if the heterogeneity was found (the Q test displayed p < 0.05 or I2 ≥ 50%). Differences between groups were assessed by partitioning heterogeneity and using the χ2 distribution with degrees of freedom (df). Subgroup analyses were undertaken to probe into the source of the heterogeneity and investigate the effect differences between different rTMS treatment protocols including frequency, RMT, etc. The depression scale score changes could better reflect the effect of rTMS on patients than the score of post-rTMS treatment. Therefore, the change scores were preferentially selected and were used in this meta-analysis. Also, the analyses that only used the scale score of pre- and post-treatment as well as those with change scores alone were conducted to reduce heterogeneity and to find the pre-post differences as well as the effects different from placebos.

Risk of Publication Bias

By considering that positive outcomes can be published more easily than negative outcomes, selective omission exists in the literature. Also, studies with insufficient data may have been excluded according to the inclusion criteria. Publication bias of this meta-analysis may exist due to both these situations. Hence, the risk of publication bias was assessed by using a funnel plot. It was deemed that there was no substantial publication bias in the meta-analysis if the inverse funnel plot was almost symmetrical and most of studies were distributed in its superior part (30). The risk of bias of the selected studies was assessed by two independent reviewers.

RESULT

Study Selection and Inclusion

In total, 391 articles were found from the database search, and 191 were excluded on account of the replication. After reviewing the titles and abstracts, 100 studies were not included because they did not conform to the inclusion standards. By scanning the full content of the rest of the articles, 91 studies were further eliminated for not having evaluated the effects of rTMS over the PFC or for a lack of relevant result measurements of depression. Finally, only nine trials were included in our meta-analysis. The procedure of the selection is summarized in Figure 1.
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FIGURE 1. Flow diagram.



Characteristics and Quality of the Included Studies

Two of the nine studies that met the inclusion criteria stated that they used open study designs (22, 31), five studies were analyzed and compared pre- and post-control (15, 22, 31–33), and four studies were analyzed and compared between experimental and control groups, three of which (all except for 33) also provided the pre- and post-treatment depression scale scores for each group (21, 34–36). Four studies evaluated the effects of greater than or equal to 10.0 Hz rTMS (31, 32, 35, 36), three studies used 5.0 Hz rTMS (15, 21, 34), and two studies used less than 1.0 Hz (22, 33). In terms of the stimulation intensity in each session of rTMS treatment, one study (36) did not describe the RMT in the article and we did not get any response after contacting the author to obtain the study information. Two studies used an intensity of 90% RMT for each session (21, 34), one study 100% of the RMT (36), and the rest of the five studies used the supra-threshold of the RMT (15, 22, 31–33). Furthermore, as for continuous or discontinuous days, the rTMS treatments that were repeated in consecutive days are ascribed to continuous days, except for the weekends and moments when the subjects experienced an interval of at least 1 day without stimulation ahead of the next session. These days were ascribed to discontinuous days. Six studies carried out rTMS treatment in continuous days (21, 22, 31, 32, 34, 35) and three studies carried out rTMS in discontinuous days (15, 33, 36). The study parameters and the characteristics of participants in the nine included studies are summarized in Tables 1, 2. The quality assessment of the study is summarized in Table 3. The risk of bias assessment of each study is summarized in Figure 2. The inverse funnel plot is almost symmetrical and most of the studies were distributed in its superior part. Therefore, it is deemed that there was no substantial publication bias in this meta-analysis.


Table 1. Basic characteristics of included studies.
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Table 2. Study characteristics of rTMS stimulation protocols.
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Table 3. Quality assessment of the included studies.
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FIGURE 2. The risk of bias assessment of each study.



Meta-Analyses

Overall Effects

Eight studies provided the pre- and post-treatment depression scale scores for the patients of the rTMS group. The pooled results from the analysis of the eight studies with pre-post treatment designs revealed a significant overall anti-depressive effect of rTMS therapy over PFC on the depression outcome scores (SMD = −0.80, 95% CI, −1.12 to −0.48, P < 0.00001; Figure 3A). The results of the four studies using placebos as controls, though, revealed that the effect size was not significant (SMD = −0.27, 95% CI, −1.13 to 0.59, P = 0.54; Figure 3B), with significant heterogeneity, which is different with the pre-post treatment effect.


[image: image]

FIGURE 3. Forest plots of overall effects showed a significant pre-post anti-depressive effect (A) and non-significant real-placebo effect (B).



Comparison of Stimulation Frequencies

Studies that applied less than 1.0, 5.0, and ≥10.0 Hz of rTMS treatment also produced significant pre-post antidepressant effects (SMD = −0.83, 95% CI, −1.59 to −0.07, P = 0.03; SMD = −1.11, 95% CI, −1.64 to −0.58, P < 0.0001; SMD = −0.55, 95% CI, −1.02 to −0.08, P = 0.02; Figure 4A), respectively, without significant heterogeneity in the studies with pre-post treatment design.
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FIGURE 4. Comparison of the anti-depressive effects of different stimulation frequencies (<1.0 vs. 5.0 vs. ≥10.0 Hz) for the studies with pre-post treatment design (A) and place-controlled design (B).



This was the same as the subgroup analysis of stimulation intensity. No significant effects of rTMS were observed in the studies with place-control design, whether 5.0 Hz rTMS (SMD = −0.87, 95% CI, −1.92 to 0.17, P = 0.10; Heterogeneity test: Chi2 = 2.35, P = 0.13, I2 = 57%; Figure 4B) or ≥10.0 Hz of rTMS (SMD = 0.27, 95% CI, −0.93 to 1.47, P = 0.66; Heterogeneity test: Chi2 = 5.48, P = 0.02, I2 = 82%; Figure 4B) was used.

Effect of Different Stimulation Intensities

For the analysis of the studies with pre-post treatment design, the pooled results of the five studies by using a supra-threshold (>100% RMT) stimulation intensity showed a significant anti-depressive pre-post effect (SMD = −0.82, 95% CI, −1.23 to −0.41, P < 0.0001; Figure 5A), which was also observed in the studies with an intensity of 90% RMT (SMD = −1.16, 95% CI, −1.81 to −0.50, P = 0.0006; Figure 5A), and the effect size was greater than the supra-threshold group. No significant heterogeneity was in observed either of the two groups.
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FIGURE 5. Comparison of the anti-depressive effects of different stimulation intensities (90% RMT vs. 100% RMT vs. ≥100% RMT) for the studies with pre-post treatment design (A) and place-controlled design (B).



The subgroup analysis of stimulation intensity in the studies with a placebo control design was conducted as well. The stimulation intensities of 90% RMT and 100% RMT were used in the three included studies. The supra-threshold (>100% RMT) intensity was not used. No significant effects were observed in either group (90% RMT: SMD = 0.27, 95% CI, −1.01 to 1.54, P = 0.68; 100% RMT: SMD = −0.32, 95% CI, −0.96 to 0.32, P = 0.33; Figure 5B).

Continuous vs. Discontinuous Treatment

Moreover, the results showed significantly therapeutic pre-post effects when the rTMS treatments were carried out both in continuous (SMD = −0.79, 95% CI, −1.15 to −0.44, P < 0.0001; Figure 6A) and discontinuous days (SMD = −0.84, 95% CI, −1.57 to −0.11, P = 0.02; Figure 6A).
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FIGURE 6. Comparison of the anti-depressive effects of different stimulation models (continuous vs discontinuous) for the studies with pre-post treatment design (A) and place-controlled design (B).



Results from place-controlled studies showed no significant effects of rTMS were applied in continuous or discontinuous days (SMD = −0.28, 95% CI, −1.59 to 1.04, P = 0.68, Heterogeneity test: Chi2 = 12.7, P = 0.002, I2 = 84%; SMD = −0.32, 95% CI, −0.96 to 0.32, P = 0.33; Figure 6B). Therefore, the conclusions should be treated cautiously due to the limited quantity of the studies, lack of adequate RCTs and that placebo effects may also exist.

According to the aforementioned results, we observed that the studies with pre-post design revealed significant effects with no heterogeneity. However, the results of the studies that used placebos as controls, revealed that the effect was not significantly different from placebos. In addition, in the subgroup analyses, a greater effect by rTMS with 90% RMT, 5.0 Hz with discontinuous days was observed compared to the other parameters in both kinds of analyses across the study design.

No significant heterogeneity was observed in the overall and subgroup analysis of pre-post studies, but they existed in all of the analyses of the studies with place-controlled design.

DISCUSSION

This meta-analysis investigated and supported the anti-depressive effect of rTMS in depressed PD patients when applied to the PFC area. Despite the extensive application of rTMS for MD, few rTMS studies have investigated the effects of different stimulation parameters and assessment methods of rTMS in depressed PD patients so far, and no optimal protocols of rTMS have been established for depressed PD patients. Previously published studies also differ in the efficacy of rTMS therapy due to different parameters used (e.g., intensity and frequency of stimulation, stimulation areas, and pulses per session).

According to the literature (9, 10), hypo-activity in the left DLPFC plays a critical role in the pathophysiology of depression, and normalization of left DLPFC and PFC activity by rTMS has been found to be associated with remission of depression symptoms (11). The DLPFC has been mainly associated with emotional regulation in facial perception (37), and previous studies showed that depressive symptoms could be induced by lesions of left PFC (9, 38). These studies suggest that the moderation of depressive symptoms might be linked to the improvement of activity in the left PFC. Also, two studies have displayed that when compared to normal control groups (19) and PD patients without depression (39), PD patients with depression have a hypo-activity in the left DLPFC. It is expected that similar anti-depressive effects of stimulation of PFC may be produced in depressed PD patients. One reason is that the excitability of the cerebral cortex is speculated to be declined in PD patients due to the change of excitatory inputs from the thalamus, and transcranial magnetic stimulation (TMS) may make up for this declined excitability of the cerebral cortex (40–42). The other reason is that TMS may promote the balance between substantia nigra pars reticulata and internal segment of the globus pallidus. The impact of rTMS on the neurotransmitter is similar to the impact of drug treatment on the neurotransmitter changes from depression in PD patients. This might be one of the effective mechanisms of rTMS treatment of depression in PD patients (15). Boggio reported similar efficacy of HF-rTMS on cognitive function in patients with PD compared to fluoxetine treatment (32). Also, rTMS had a similar efficacy as fluoxetine in increasing cerebral blood flow perfusion in PD patients. It could adjust the excitability of the cortex, improving the circulation of cerebral blood, influencing the metabolism of catecholamine in the brain. It promotes the release of endogenous dopamine, increasing the dopamine around the ipsilateral caudate nucleus, inhibiting the decomposition of dopamine in the brain nervous system and adjusting the excitation of direct loop and indirect loop in the striatum pallidum of the affected side (19).

Influence of the Frequency on the Effects

Pascual-Leone (43) first used 10.0 Hz rTMS to stimulate the DLPFC of depressed patients in 1995, and his study showed that HF-rTMS and LF-rTMS could differentially alter cortical excitability depending on basal cortical activity (44). Additionally, HF-rTMS is superior to LF-rTMS in relieving the depressive symptoms in PD patients as reported in a meta-analysis (23). Several studies have found that different frequencies of rTMS could induce different changes in local cerebral blood flow (45), the expression of immediate early genes (46) and protein metabolism (47). HF-rTMS may also induce greater changes in brain neurotransmitters such as dopamine (DA), 5-hydroxytryptamine (5-HT), glutamic acid, and brain-derived neurotrophic factor (BDNF) after rTMS treatment (48), as revealed by the increased release of endogenous dopamine in the prefrontal cortex by the SPECT technique (49) as well as increased metabolism of 5-HT/tryptophan in local brain regions after rTMS treatment over left DLPFC (50). High-frequency stimulation activates, whereas low frequency inhibits neural activities which underlie altered regional cortex activity, in turn modulating interactions of different brain regions and the therapeutic reaction to depression (51). Recently a subgroup analysis in a meta-analysis proved that HF-rTMS in frontal regions, containing the supplementary motor area, was not significant, whereas LF-rTMS significantly ameliorated the motor symptoms in PD patients (52). Furthermore, a past study also demonstrated that distinction between the inhibitory and facilitatory effects with different frequencies of rTMS was very hard to achieve (53). Our results found studies that applied less than 1.0, 5.0, and ≥10 Hz of rTMS treatment and produced significant antidepressant pre-post effects to relieve the depressive symptoms in PD. However, the result also showed no significant difference when rTMS was applied at 5 Hz or at greater than or equal to 10.0 Hz when compared to sham stimulation. These differences in therapeutic effects of rTMS on depressed patients with PD need more studies to be verified.

Influence of the Stimulation Intensity on the Effects

Similar to the prior study reported by Teng (54) that demonstrated a session-dependent therapeutic efficacy of HF-rTMS and with the increase of the HF-rTMS sessions, the efficacy of HF-rTMS in alleviating depressed patients' symptoms also increased. We found that when applied to the supra-threshold of the RMT, rTMS produced significant anti-depressive pre-post treatment effects, which was also observed in the studies with an intensity of 90% RMT, and the effect size was greater than the supra-threshold group. However, the subgroup analysis of studies, which used intensity of 90 or 100% of the RMT, revealed that no significant effect was observed in either of the two groups when compared to sham stimulation. Moreover, some analogous conclusions have been drawn by previous clinical research that the therapeutic effect of rTMS was associated with the different quantity of stimulation sessions on chronic stroke patients (55) and patients with headaches (56). Many factors may be involved, and the mechanisms are still unknown despite a few certain explanations. RMT was defined as the lowest intensity capable of producing motor-evoked potentials (MEPs) of at least 50 μV in 5 out of 10 consecutive trials. In stimulation procedures, the importance of sensation of the skin, which could produce a favorable impact on PD patients was verified by 57, Mally and Stone (58). They revealed that when rTMS was at an intensity of 20% of the RMT, it could improve the symptoms of PD. First, according to Shingo Okabe, the intensity of RMT was not strong enough to induce currents to induce any different structural changes of brain regions under the coil, but it could motivate sensation of the skin, which could produce a potential placebo effect (24). Also, a meta-regression analysis (59) concluded that the efficacy of the long-term UPDRS III scores in PD patients was accompanied by a greater total number of stimulation pulses, and the total number of pulses was unrelated to the effect size of walking performance in PD patients. Hence, we speculate that the increased intensity of the RMT may bring changes in the process of stimulation and generate a better effect for the treatment in various aspects in PD patients. Secondly, disease fluctuation is an inevitable issue when evaluating the effects of a treatment in PD patients. As the illness duration and the time of medication increases, patients will gradually appear to have an on-off phenomenon. This refers to the fluctuation of drug effects after long-term application of levodopa drugs in patients with PD, which is a side effect of such drugs. As for the reason for this phenomenon, it is still not clear, considering that it may be related to the dopamine receptor. The decrease in efficacy and instability are due to changes in dopamine receptors and changes in L-DOPA absorption. Patients may respond differently to the RMT in the different states and these differences in RMT subgroup analysis may possibly be partially due to enrolled patients with heterogeneous illness durations and with variable years of medication in this meta-analysis. Future research is needed to explore this issue.

Influence of the Day Schedule on the Effects

Our analysis also showed significantly therapeutic pre-post effects from rTMS conducted both in continuous and discontinuous days. Meanwhile, the results also showed no significant effects of rTMS applied in continuous or discontinuous days when compared to sham stimulation. Similar findings have been explored in a double-blind rTMS comparison study made by Szuba et al. (60). They showed that single rTMS sessions can improve mood symptom remission in major depressive patients when rTMS is conducted in twice daily, daily, or three times weekly. Then, Toshiaki Furukawa considered that periodic stimulation over several months may facilitate the reconstruction of the central nervous system (33), cortical excitability may change daily, and intensity of stimulation associated with the RMT may have varied simultaneously (15). Because of this, we speculate that continuous stimulation may induce fatigue of cortical excitability to decease the effect size of stimulation, but according to Epstein CM's hypothesis, patients are mostly debilitated when they are in the “off” condition and the largest efficacy of stimulation could be acquired. Their results partly conform to the presupposition that improvement of motor function along with mood would be found when a focal rTMS treatment is in the left PFC (31). On the other hand, there is a common phenomenon that placebo effects exist in treatment trials of both depression and PD (61), and the rater bias could not be avoided. Therefore, we need more RCTs to illuminate the mechanism of this diversity.

Limitations

The significantly different effects between frequency, RMT, and treatment in continuous days or discontinuous days should be explained cautiously because of the limited number of studies in this meta-analysis. The main limitation is that these results contain open studies and are not all sham-controlled studies, which may raise several biases. However, no significant difference between the sham-controlled studies compared with non-sham controlled rTMS was found. Additionally, although the current RCTs could minimize the placebo effect, some neuroimaging techniques have demonstrated that sham-rTMS can also produce considerable placebo effects by inducing striatal dopamine release (62, 63). Thus, it is difficult to distinguish if the modest improvement is caused by the placebo effect or not.

In addition, there was a paper published in the American Journal of Epidemiology in 2007 investigating whether meta-analyses of interventions should include observational studies in addition to RCTs. The authors concluded that the advantages of including both observational studies and randomized studies in a meta-analysis would outweigh the disadvantages in many situations and that observational studies should not be excluded (64). In our paper, the number of included randomized trials was small. The non-sham-controlled studies [the study of Epstein et al. (31); Furukawa et al. (33); and Dragasevic et al. (22)] were large intervention efforts and should be useful to inform the design of future randomized trials. Therefore, we have kept these studies. Second, the included studies were relatively lacking in the follow-up period, so we could not evaluate the sustainability of its long-term differentiation. Whether the curative effects of rTMS could be sustained for a long time is still unknown. Third, there may be publication bias due to the fact that the review only applied to English language journals. Fourth, there are substantial diversities in the rTMS protocols, so we were unable to draw definite consequence regarding which mode of rTMS has the optimal parameters to extract from the restrictive quantity of papers. Lastly, our results may have been affected by a few unavoidable factors. Parkinson's patients with depression take medication daily to relieve symptoms and received different DA agonist, SSRIs, and other antidepressant medicines. It would be unethical to leave patients in a state of non-medication treatment and inappropriate to choose a control group (sham rTMS plus placebo drug) without medical treatment. In this way, the participants were kept under constant treatment from DA agonist as well other medications throughout rTMS treatment in most of the studies. This may produce a potential confounding effect and greatly influence rTMS effects. Future work should consider this factor and could explore the effect of rTMS combined with DA agonist/ SSRIs compared with DA agonist/ SSRIs in PD patients.

CONCLUSION

rTMS has a significant positive pre-post anti-depressive effect over PFC in patients with depression, especially by using 5.0 Hz frequency with 90% RMT intensity in discontinuous days, which may produce better effects than other parameters. However, the real effect was not different from placebo treatment. Future studies with larger sample size and high-quality studies are required to further corroborate our results and to identify the optimal rTMS protocols.
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