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Letter to the Editor
Left prefrontal high-frequency rTMS may

improve movement disorder in schizophrenia
patientswith predominantnegative symptoms –
A secondary analysis of a sham-controlled,
randomized multicenter trial
Dear Editor,
Recent research suggests that different first- and second-generation
antipsychotics bear risk for extrapyramidal side effects (EPS) including
akathisia, acute dystonic reactions, parkinsonism and neuroleptic ma-
lignant syndrome, occurring within days or weeks after initiation of an
antipsychotic medication or after dosage escalation (Hasan et al.,
2013; Leucht et al., 2013). High-frequency rTMS of the primary motor
cortex has the potential to improve motor function in patients with
Parkinson's disease (Lefaucheur, 2005). Inmore detail, frontal rTMS (re-
petitive transcranial magnetic stimulation) has been shown to rebal-
ance disturbed cerebral networks, to normalize cortical activity and to
increase dopamine release (Chou et al., 2015). Little is known about
the impact of rTMS on motor symptoms in schizophrenia. On the one
hand, one might speculate that rTMS may cause a worsening of motor
functions as a side-effect comparable to antipsychotic-induced motor
symptoms. On the other hand, there might be an improvement in
motor function bearing the dopaminergic effect of frontal rTMS in the
ipsilateral caudate in mind demonstrated in an experimental neuroim-
aging study (Strafella et al., 2001).

In the present secondary analysis of the RESIS trial (Wobrock et al.,
2015), we analyzed changes in the St. Hans Rating Scale (SHRS)
(Gerlach et al., 1993), which was used as a safety parameter controlling
for EPS possibly caused by the treatment in a sample of schizophrenia
patients with predominant negative symptoms using 10 Hz rTMS over
the left DLPFC (15 sessions with 1000 stimuli/session with 5 sessions
per week across 3 weeks) in a sham-controlled randomized design
(for details of methodology and inclusion criteria see (Cordes et al.,
2009; Wobrock et al., 2015)). 197 in- and outpatients from 3 German
university hospital centers (Düsseldorf, Göttingen, and Regensburg)
were included in the multicenter study. 126 patients received at least
10 rTMS sessions and were therefore used for further analyses. After
the intervention, patients entered a 12-week follow-up phase without
any further intervention. Study visits and assessments were performed
at screening, day 0 (start of rTMS sessions), day 21 (end of rTMS ses-
sions), and for follow-up at day 28, 45 and 105. To test for relative
group differences in the SHRS variables during time we calculated for
each variable the relative difference between T0 and the other visits
(for example (EPStreat0 − EPStreat21)/(EPStreat0 + 1), (EPStreat0 −
EPSFU28)/(EPStreat0 + 1) etc.) and then conducted Mann-Whitney-U
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testswith the relative differences as dependent variables and group (ac-
tive/sham) as the independent variable. Using the relative instead of the
absolute difference takes into account the T0 values of the SHRS vari-
ables. The effect size of the Mann-Whitney-U test was calculated using
the formula η2 = z2 / (n − 1). Correlations between SHRS variables
and PANSS negative subscale relative differences of T0 with the other
assessment days were assessed by using Spearman correlation. We
used Bonferroni significance level correction for multiple testing (five
variables [Dyskinesia total passive, Akathisia subjective, Dystonia sever-
ity, parkinsonism total, EPS sum score]:α=0.05/5= 0.01). The values
for demographic and clinical data did not differ between active and
sham group at the beginning of the study (see Table A.1). Two-
sided Mann-Whitney-U test shows that the parkinsonism total
score was reduced significantly between T0 and FU28 (U = 286.5,
z = −2.967, p = 0.003, η2 = 0.142) in the active group (n = 40,
Mdn = 2.00, Q25 = 0.00, Q75 = 5.00 vs. n = 29, Mdn = 0.00,
Q25 = 0.00, Q75 = 4.00) compared to the sham group (n = 41,
Mdn = 1.00, Q25 = 0.00, Q 75 = 5.00 vs. n = 34, Mdn = 2.50,
Q25 = 0.00, Q75 = 6.00), with a medium effect size according to
Cohen (1992). Moreover, Mann-Whitney-U test could show a
trend for a relative difference between the groups (active: n = 32,
Mdn = 0.00, Q25 = 0.00, Q75 = 2.50 vs. n = 22, Mdn = 0.00,
Q25 = 0.00, Q75 = 1.50; sham: n = 33, Mdn = 0.00, Q25 = 0.00,
Q75 = 2.75 vs. n = 15, Mdn = 1.00, Q25 = 0.00, Q75 = 2.00) re-
garding the EPS sum score at T0 and FU105 (U = 94.0, z =
−2.264, p = 0.024, η2 = 0.142), which was not significant after
Bonferroni correction. However, this calculation reached medium
effect size (Cohen, 1992). All other calculations failed to reach signif-
icance (p N 0.061). In addition we calculated correlations between
changes in depressive and negative symptoms, and EPS scores and
found only one significant positive correlation between the differences
of the parkinsonism total score and the PANSS negative subscore be-
tween T0 and FU28 (rho= 0.464, p b 0.001). Therefore, it cannot be to-
tally ruled out that the improvement in parkinsonism is at least partly
influenced by an improvement in negative symptomatology.

However, our results show that there was no evidence suggesting
that rTMS over the left DLPFC was associated with worsening of motor
function in this sample of patients with schizophrenia. We showed
that parkinsonism even seems to be partly improved. Moreover, a
trend towards an improvement in EPS sum score between T0 and the
last follow-up visit was demonstrated.

The parkinsonism total score significantly improved from day 0 to
day 28 in the active group compared with that in the sham group. The
treatment groups differed significantly at day 28; 7 days after the last
stimulation session in the parkinsonism total score. Thus, one might
speculate that stimulation induces changes within the neuronal plastic-
ity, which leads to a change in clinical features after a period of time
(May et al., 2006). The present analysis provides additional justifica-
tions for the assumption, that rTMS is related to an increased dopamine
release in the ipsilateral Ncl. caudatus, which could be the explanation
for the improvement of EPS (Strafella et al., 2001).
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Possible limitations include the explorative design of the study, the
decreasing number of patients during the follow-up visits and the un-
certain appropriateness of the SHRS to examine improvements in
movement disorders (as a safety measurement). Moreover, we did not
measure interrater reliability for the St. Hans scale,which can be consid-
ered as a further limitation.

Altogether, we found, that active 10 Hz rTMS applied to the left
DLPFC may have the potential to improve antipsychotic-induced EPS,
especially parkinsonism.
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Appendix A
Table A.1

Descriptive details and test values.
Time
 Active
 Sham
 Stat. analysis
N
 62
 64
ender
 Screening
 (Female/male)
 12/50
 18/46
 χ2(1) = 1.335, p = 0.248

mployment
 Screening
 (Yes/no)
 12/50
 9/55
 χ2(1) = 0.635, p = 0.425

enter
 Screening
 (Duesseldorf/Goettingen/Regensburg)
 16/19/27
 18/19/27
 χ2(2) = 0.086, p = 0.958

and preference
 Screening
 (Right/left)
 53/7
 55/5
 χ2(1) = 0.370, p = 0.543

ge (years)
 Screening
 (Mdn (Q25, Q75))
 33.5 (27.0, 48.0)
 36.0 (30.0, 44.0)
 U = 1917, p = 0.744

ducation (years)
 Screening
 (Mdn (Q25, Q75))
 14.0 (12.0, 17.0)
 14.0 (12.0, 17.3)
 U = 1788, p = 0.831

uration of schizophrenia (years)
 Screening
 (Mdn (Q25, Q75))
 8.00 (4.00, 17.5)
 10.5 (4.00, 19.0)
 U = 156, p = 0.669
D

Chlorpromazine equivalent dose (woods; mg)
Day 0
T0
 (Mdn (Q25, Q75))
 450.0 (304.45, 744.84)
 422.22 (200.0, 1000.0)
 U = 1766.5, p = 0.879
ANSS negative
 Screening
 (Mdn (Q25, Q75))
 25.0 (23.0, 30.0)
 25.0 (23.0, 27.0)
 U = 1746.5, p = 0.244

ANSS positive
 Screening
 (Mdn (Q25, Q75))
 14.0 (12.0, 17.0)
 12.0 (10.0, 14.0)
 U = 1336.5, p = 0.007⁎
ANSS general
 Screening
 (Mdn (Q25, Q75))
 43.0 (34.0, 49.75)
 38.0 (31.75, 44.0)
 U = 1485.5, p = 0.055

RS EPS sum score
 T0
 (Mdn (Q25, Q75))
 0.00 (0.00, 2.50)
 0.00 (0.00, 2.75)
 U = 1069.5, p = 0.896
HRS parkinsonism total score
 T0
 (Mdn (Q25, Q75))
 2.00 (0.00, 5.00)
 1.00 (0.00, 5.00)
 U = 1156.5, p = 0.400

HRS dyskinesia total passive score
 T0
 (Mdn (Q25, Q75))
 0.00 (0.00, 0.00)
 0.00 (0.00, 0.00)
 U = 1092.5, p = 0.716

HRS akathisia subjective score
 T0
 (Mdn (Q25, Q75))
 0.00 (0.00, 2.00)
 0.00 (0.00, 1.00)
 U = 1145.5, p = 0.276

HRS dystonia severity score
 T0
 (Mdn (Q25, Q75))
 0.00 (0.00, 0.00)
 0.00 (0.00, 0.00)
 U = 1202.0, p = 0.482
S
Comparison of demographic and clinical data between the active and sham groups at screening and day 0. Valuesmissing from the total sample size are due tomissing data.Mdn:median,
Q25: 25% quartile, Q75: 75% quartile.

⁎ Alpha = 0.05.
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