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[Abstract]  Objective To investigate the clinical effect of repetitive transcranial magnetic
stimulation (rTMS) therapy on Parkinson’s disease (PD) using Meta - analysis. Methods  Taking
transcranial magnetic stimulation or TMS, Parkinson’s disease or PD and randomized controlled trial as
retrival words, search related articles during 1999 to 2013 from databases such as PubMed, EMBASE, Ovid
MEDLINE, VIP, Wanfang and China National Knowledge Intrastructure (CNKI). Finally 16 articles (4 in
Chinese and 12 in English) were included for Meta-analysis according to high-frequency stimulation (HFS >
1 Hz) and low-frequency stimulation (LFS < 1 Hz) respectively. Results A total pf 455 PD patients were
enrolled and divided into TMS group (N =236) and control group (N =219). After HFS and LFS therapies,
the Unified Parkinson’s Disease Rating Scale (UPDRS) score in TMS group was significantly different from
control group (WMD =-5.010, 95%CI: - 7.370--2.650, P =0.000; WMD = - 6.140, 95%CI: - 8.750-- 3.530,
P =0.000). After HFS therapy, the UPDRS I motor (WMD = - 4.380, 95%CI: - 8.260-- 0.500; P = 0.003)
and activities of daily living (ADL) scores (WMD =-3.740, 95%CI: - 4.660--2.820; P =0.000) in TMS group
were significantly different from that in control group. There were no significant differences in UPDRS Il
motor score with LFS therapy (WMD =-2.160, 95%Cl: - 5.010—- 0.690; P =0.370) and the Mini-Mental State
Examination (MMSE) score with HFS therapy between 2 groups (WMD = 0.260, 95%Cl: - 0.660-1.180; P =
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0.580). Conclusions

Repetitive transcranial magnetic stimulation therapy can ameliorate partial

symptoms of Parkinson’s disease for enhancing the quality of life, however, the improvement for mental

disability was not found.

[Key words] Parkinson disease; Transcranial magnetic stimulation; Meta-analysis
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Table 1. Quality evaluation results of included clinical trials in this study

Study Random' sequence Randomization Blinding Wilhflrawal and T GarEem el Total
generation (score)  concealment (score) (score) exit (score) (score)
Siebner, et al ' (2000) 1 1 0 1 Unclear 3
Shimamoto, et al “* (2001) 2 1 2 1 Unused 6
Khedr, et al ™ (2003) 2 1 2 1 Unclear 5
Okabe, et al ™ (2003) 1 1 2 1 Unclear 6
Zhong, et al "’ (2003) 1 1 0 1 Unused 3
Fregni, et al " (2004) 1 1 0 1 Unclear 3
Boggio, et al """’ (2005) 2 1 2 1 Unclear 5
Zhang, et al "' (2005) 1 1 2 1 Unused 6
Lomarev, et al """ (2006) 2 2 2 1 Adopted 7
Zhao, et al " (2006) 1 1 0 1 Unused 3
Cardoso, et al """ (2008) 2 1 2 1 Unused 6
Filipovic, et al "' (2009) 1 1 2 1 Unused 5
Wang, et al ' (2009) 2 1 2 1 Unclear 7
Arias, et al "™ (2010) 2 2 2 1 Adopted 7
Pal, et al " (2010) 2 1 2 1 Unclear 6
Benninger, et al ' (2012) 2 2 2 1 Unused 7
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Zhong, et al " (2003) 15
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(2012)
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Table 2. General data and clinical treatment of trials lncluded in this study
Sack N(): of  Average age Duration Hoehn-Yahr Frequency of Slimul}ls Frequency Stimulation site
subjects (year) (year) stage treatment intensity (Hz)
Siebner, et al ** (2000) 10 57.00 5.50+3.40 1.00-2.00 1 time 90%RMT 5.00  Contralateral M1
(e 106
?;égl“)m"““ etal 18 65.10 7004420 1.50-4.00 1 time/week 0317 020  Bilateral frontal lobes
Khedr, et al L (2003) 36 57.80 3.05+2.10 2.00-3.00 1 time/d 120%MT 5.00  Four limbs M
Okabe, et al "™ (2003) 85 67.20+8.20 Unmentioned Unmentioned 1 time/week 110%AMT 0.20 M and occipital

1 time/week Unmentioned 0.20  Bilateral frontal lobes

Fregni, etal " (2004) 42 65.30 Unmentioned Unmentioned 10 times/2 weeks ~ 110%MT 15.00  Left DLPFC
Boggio, etal "' (2005) 25 65.20 6.70£0.92 Unmentioned 10 times/2 weeks ~ 110%MT 15.00  Left DLPFC
Zhang, etal " (2005) 45 62.36 472+291  1.00-3.00 1 time/d 110%RMT 1.00  Middle of head
("200'836;""’ etal " 18 63.00 13.80+6.80  2.00-4.00 2 times/week 100%MT 25.00  Bilateral M1, DLPFC
Zhao, et al "' (2006) 18 62.40 5.70+3.80 1.00-4.00 2 times/2 weeks 100%RMT 0.50 M1 or PMC
Cardoso, et al "' (2008) 21 67.00 11.00 + 7.60 2.54 3 times/week 120%MT 5.00  Left DLPFC
(in(l)ig;)"i“’ otal * 10 64.50 8.00-26.00 Unmentioned 4 times/week 90%RMT 1.00  Contralateral M1
Wang, et al " (2009) 20  67.40£7.56 5.50+3.60 2.95+1.25 1 time/d 120%RMT 1.00 M1 hand

Arias, et al " (2010) 18  Unmentioned Unmentioned Unmentioned 1 time/d 90%RMT 1.00  Top head

Pal, et al"” (2010) 22 68.00 6.25 Unmentioned 1 time/d 90%RMT 5.00 Left DLPFC
Benninger, etal 10 62.60£9.60 250035 2.00-4.00 1 time/d 60%RMT 50.00 M1

RMT, resting motor threshold, # B i
iZ 8l J iU X 5 M, motor area,

motor area, 51’5
cortex, 15 ljJﬁﬁ X
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iz 8l JZ i [X 5 DLPFC, dorsolateral prefrontal cortex, §if & M # 4l &2 Jit ; PMC, premotor
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Table 3.

Curative effect assessment of clinical trials included in this study

Study Evaluation time

Research conclusion

Before and after stimulation

Siebner, et al ™ (2000)

Shimamoto, et al ™ (2001) Baseline, Ist and 2nd month
Khedr, et al (2003) Baseline, 1st, Sth, 10th, 30th day

Okabe, et al ™ (2003)
Zhong, et al ' (2003)

Ist, 4th, 8th, 12th, 16th week

Before stimulation, 3rd, 6th, 9th
month

Baseline, 2nd and 8th week
Baseline, 2nd and 8th week

Fregni, et al " (2004)
Boggio, et al "’ (2005)

Zhang, et al ' (2005) Before stimulation, 10th day, st and

3rd month

rTMS can improve patient’s motor function
rTMS can markedly improve the behavior, emotional, motor function and daily living
abilities of PD patients

rTMS can markedly improve the overall motor dysfunction and walking ability of
PD patients

There were no significant effect on the UPDRS and depressive symptoms with rTMS

Poor outcome in early state, but long-term motor function, nerve function and daily life
have been improved with rTMS

rTMS can improve depressive symptoms, motor and cognitive functions

rTMS can improve cognitive function of PD patients, but no significant improvement was
seen on motor function

Representing a significant improvement on the neurological, behavioral, emotional and daily
living abilities, especially in patients with stiffness and movement disorders, and can improve

Chin J Contemp Neurol Neurosurg, April 2015, Vol. 15, No. 4

Lomarev, et al * (2006)  Before and after stimulation, one

month after stimulation

Zhao, et al Y (2006) Before stimulation, 2nd, 4th,

6th, 8th week
Cardoso, et al ' (2008)
Filipovic, et al * (2009)
Wang, et al'” (2009)

Baseline, one day after stimulation

Before stimulation, 15 d after
stimulation

Arias, et al ™ (2010) Before and after stimulation, one
week after stimulation

Pal, et al " (2010) Baseline, 1st and 30th day

Benninger, et al * (2012) Baseline, Ist and 30th day

the body flexibility and coordination of the patients

No significant effect on the UPDRS, but there are significant improvements on gait and
bradykinesia

rTMS can improve motor function disorders

Before stimulation, 2nd and 4th week rTMS can improve depressive symptoms of PD patients

rTMS can improve motor function disorders

rTMS can improve motor function and depressive symptoms of PD patients, no significant
effect on anxiety

rTMS can improve part of the patient’s motor dysfunction , such as turn time

rTMS can improve depressive symptoms of PD patients, did not improve the motor function

50 Hz rTMS treating PD patients is safe, but did not improve motor function of PD patients

4 25 PD, Parkinson’s disease, A4 7% %

rTMS, repetitive transcranial magnetic stimulation, . & 28 /i #% 1 #{ ; UPDRS, Unified Parkinson’s Disease Rating Scale, Zt — Wl 4 £& 9% ¥
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Experimental Control MD MD
Study or subgroup Mean  SD  Total Mean SD  Total VM) 1y fived, 95%c IV, fixed, 95%Cl
Benninger, et al ™ (2012) 4492 350 13 4892 370 13 72.600 -4.000[ -6.770--1.230]
Lomarev, et al ™ (2006) 3931 310 8 4590 630 7 21.100 -6.590[ - 11.730--1.450]
Shimamoto, et al  (2001) 22.60 1220 9 4580 2340 9 1900 -23.200[-40.440--5.960] —
Zhang, et al' (2005) 3171 19.06 30 38.05 17.41 15 4.500 -6.340[ - 17.480- 4.800]
Total (95%CI) 60 100.000 -5.010[ -7.370- 2.650]
Heterogeneity: x =5.210, df=3 (P=0.160), I = 42.000% ! } ! } |
Test for overall effect: Z=4.160 (P =0.000) -200 100 0 100 200
Favors (experimental) Favors (control)

B 1 SRR )R IR 45 X IR 4L UPDRS B3 H A B 2R AR A

Figure 1 Forest plot for comparison of UPDRS total score

between PD patients in 2 groups after high-frequency stimulation.

Experimental Control o MD MD
Study or subgroup Mean SD  Total Mean SD  Total "V CEM (P v fived, 95%0CI 1V, fixed, 95%CI
Okabe, et al™ (2003) 5020 520 28 5590 540 29 89.900 -5.700[ -8.450--2.950] '
Shimamoto, et al' (2001) 2600 1250 9 4500 21.10 9 2700 -19.000[-35.020--2.980] —_
Zhang, et al' (2005) 3711960 30 3805 1741 15 5500 -6.340[-17.480- 4.800] —t
Zhong, et al” (2003) 4470 13.80 8 53.10 21.20 7 2.000 -8.400( - 26.790- 9.990] —
Total (95%CI) 75 60 100000  -6.140[ -8.750--3.530] o
Heterogeneity: x*=2.630, df=3 (P=0.450), I =0.000% F | 1 |
. - 100 -50 0 50 100
Test for overall effect: Z=4.610 (P =0.000)
Favors (experimental) Favors (control)

B2 IR Ean Ty R bR 2 S X B2 B 5 UPDRS BT 3 FL A8 A 2R AR 4]

Figure 2 Forest plot for comparison of UPDRS total score between PD patients in 2 groups after low-frequency stimulation.

Experimental Control MD MD
Study or subgroup Mean SD  Total Mean SD  Total Veight (%) 1y fived, 950C1 IV, fixed, 95%CI
Boggio, et al """ (2005) 2770 3.10 13 3730 490 12 16.000  -9.600(-12.840- -6.360] T
Cardoso, et al *' (2008) 4236 16.69 11 3670 1354 10 6.000 5.660[ -7.290--18.610] -T—
Benninger, et al ™ (2012)  30.00 220 13 2922 250 13 17.400 0.780[ -1.030- 2.590]
Fregni, et al " (2004) 3450 15.60 21 40.10 17.60 21 8.200  -5.600[-15.660- 4.460] ="
Khedr, et al'” (2003) 1560 650 16 2370 7.60 15 13.900  -8.100[-13.090- -3.110] -
Lomarev, et al'™ (2006)  22.00 290 8 2540 370 7 15.800  -3.400[ -6.800- 0.000] -
Pal, et al™ (2010) 16.00  7.50 12 1950 11.00 10 10200 -3.500[-11.530- 4.530] -
Siebner, et al ”’ (2000) 1800 630 10 2470 740 10 12.600  -6.700[-12.720- 0.680] -
Total (95%Cl) 104 98 100.000  -4.380[ -8.260- 0.500] q
Heterogeneity: Tau’=21.730; x*=39.870, df=7 (P =0.000), I’ = 82.000% } - ! } |
Test for overall effect: Z=2.210 (P=0.030) -100 -50 0 50 100
Favors (experimental) Favors (control)
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Figure 3 Forest plot for comparison of UPDRSIIl motor score between PD patients in 2 groups after high-frequency stimulation.
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Experimental Control MD MD
Study or subgroup . . . . Weight (%) I ;o
Mean SD  Total Mean SD  Total 1V, fixed, 95%CI 1V, fixed, 95%CI
Arias, et al"™ (2010) 3922 1841 9 50.17 1886 9 2700 -10.940[ - 28.160-6.270] —
Zhang, et al'"*' (2005) 1971 1263 30 2512 1150 15 14.900 -5.410[-12.780-1.960] -
Wang, et al''” (2009) 1840 10.07 20 2170 976 20 21.500 -3.300[ -9.450-2.850] -
Zhao, et al"* (2006) 2260 440 18 2330 810 18 44.700 -0.700[ -4.960-3.560] [ |
Filipovic, et al '™ (2009)  18.60 810 10 1880 810 10 16.100 -0.200[ -7.300-6.900] -+
Total (95%Cl) 87 72 100.000 -2.160[ -5.010-0.690] q
Heterogeneity: x* =2.620, df =4 (P=0.620), I'=0.000% b } - } {
-100 -50 0 50 100

Test for overall effect: Z=1.490 (P =0.140)
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Favors (control)

Figure 4 Forest plot for comparison of UPDRSII motor score between PD patients in 2 groups after low-frequency stimulation.

Test for overall effect: Z=0.550 (P =0.580)

Experimental Control . MD MD
Study or subgroup Mean  SD_ Total Mean  SD__ Total "M (B 1y fived, 95%CI 1V, fixed, 95%CI
Cardoso, et al'™ (2008)  67.27 17.94 11 7400 1430 10 0.400  -6.730[-20.550- 7.090]
Benninger, et al ™ (2012)  9.00 12.00 13 1275 120 13 99.200  -3.750[ -4.670- 2.830]
Pal, et al ™ (2010) 87.50 15.00 12 8500 20.00 10 0.400 2.500[ - 12.520-17.520] g
Total (95%CI) 36 33 100.000  -3.740[ -4.660--2.820] L
Heterogeneity: X’ =0.840, df =2 (P=0.660), I'=0.000% } + . !
Test for overall effect: Z=7.980 (P=0.000) -100 - -50 0 30 100
Favors (experimental) Favors (control)
B5 i 00 A T S L IR I 415 X LR ADL T 43 A AR bk 1
Figure 5 Forest plot for comparison of ADL score between PD patients in 2 groups after high-frequency stimulation.
Experimental Control - . MD MD
Study or subgroup Mean  SD_ Total Mean  SD_ Total “CEM (B 1y ficed, 95%c1 IV, fixed. 95%C1
Cardoso, et al * (2008)  27.36 280 11 2640 337 10 12.000 0.960 - 1.700-3.620]
Benninger, et al ™ (2012) 2940 070 5 2900 110 5 65.000 0.400[-0.740-1.540]
Pal, et al"™’ (2010) 2900 2.00 12 2950 250 10 23.100  -0.500[-2.420-1.420] L
Total (95%Cl) 28 25 100.000 0.260[-0.660-1.190]
Heterogeneity: x’=0.930, df=2 (P=0.630), I'=0.000% | } } |
-100 -50 0 50 100

Favors (experimental) Favors (control)
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Figure 6 Forest plot for comparison of MMSE score between PD patients in 2 groups after high-frequency stimulation.

Jie | 4 W BE e 45 ) R A £ (5 ~ 30 ) [ AN — 3, ax 4
YIX ot o8 4500 ) LS AT SEME B —
B G IR A AT, HE S 10 AR 5 R SCHR 45 8 A
#ﬁl P& 7 28 PG O ) 4 AR A — E I I R

B2,

o8 = E u‘*

28 PR RRIE 97 IR 46 AR B8 AT R T (i
FF R HE A — A GBI AR AR Y Ok, il
PRAA T R, R ) B8 0 7 ORI 22 4k i 1 BN

GE— W7 BOVAN Tk (R B WSS T, DA K
Wit 7 F 1) 658 ) SRR A I AR 16 o DA 96 3
A2 28 TG 0 A D — e G B W < AR iR
I 07, T ORI B A% S, O AR TR AOR &
32 AL, 1 S RS, T AR 4 B R A A I R
BF 5 LA A B 52 28 it s 00 380 0T 0 <6 2R 8 RO
JrACR o BRI IR T T AN G IR 42 AR
o FE A R AR [ I T s R I T A A T




o [ EA 2 P 2 A 2015 4E 4 A 45 15 545 4 )

Chin J Contemp Neurol Neurosurg, April 2015, Vol. 15, No. 4 309
0.00 0.00 1
0 |\
o
2.00 4 P 2.00 + U.
° I
I
o 191
aP |I
4.00 + ) 4.00 1 11
|
6.00 T 6.00 T '
0
8.00 + 8.00
[+
10.00 + + + | 10.00 4 + 4 §
-100.00 -50.00 0.00 50.00 100.00 -100.00 -50.00 0.00 50.00 100.00
MD 7 MD 8
B7 AR ORI s g5 0 I 4 R UPDRS TF 4y L5 A 421 U <) B8 MR R T n K A5 X
B2 B8 UPDRS 3T 43 Ho 48 1 £ s 2} 141
Figure 7 Funnel plot for comparison of UPDRS Il motor score between PD patients in 2 groups after high - frequency
stimulation. Figure 8 Funnel plot for comparison of UPDRS Il motor score between PD patients in 2 groups after low-
frequency stimulation.
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