Supplementary Tables S2–S4. The findings of the various studies were summarized in tables, according to the biological function being examined. Findings were categorized by neurobiological function in three tables; each table contained the neurobiological factors of 1) molecular factors, genetic polymorphisms or gene expression, 2) electrophysiology, 3) and neuroimaging changes induced by rTMS treatment. For each function, the effect of rTMS on the function was summarized. The author’s names, number of subjects, study design (e.g., experimental, observational), rTMS protocol, the neurobiological parameter under study, and the findings were extracted from each included study. Studies were then categorized by the biological measure examined: molecular factors, genetic polymorphisms or gene expression, electrophysiology, and neuroimaging.
Supplementary Table S2. Molecular Factors altered following rTMS

	Function
	Authors
	Strength
	rTMS protocol
	Timing of Measure
	Subjects details
	Effect
	Statistical Findings

	GENETICS

	C-Fos
	Teyssier, JR. et al. 2013


	4


	LFR 1Hz DLPFC, 120%RMT, 360 pulses/session
	Before and after 10 sessions of rTMS, blood samples
	Only female patients with a restricted age range who have a current depressive episode lasting at least for 6　months. Antidepressants have been suspended a week before the first rTMS session
	C-Fos expression in leucocytes significantly reduces by 60%
	P < 0.05, -60%

	DUSP1
	
	
	
	
	
	DUSP1 expression in leucocytes significantly reduces by 48.6%
	P < 0.05, -48.6%

	NEUROCHEMICAL

	3α5α-THP
	Padberg, F. et al., 2002
	2
	HFL 10 Hz DLPFC, 100%RMT, 1500 pulses/session
	Before and after 10 sessions of rTMS, blood samples

	Prior to the study, antidepressants and benzodiazepines were washed out for at least

1 week and patients remained medication-free during the study 
	No change in neuroactive steroid after rTMS compared with baseline
	P > 0.05; no values given for 

3α5α-THP

	3α,5β-THP
	
	
	
	
	
	No change in neuroactive steroid after rTMS compared with baseline
	P > 0.05; no values given for

3α,5β-THP

	3β,5α-THP
	
	
	
	
	
	No change in neuroactive steroid after rTMS compared with baseline
	P > 0.05; no values given for

3β,5α-THP

	ACTH
	Mingli, H. et al. 2009


	1
	Sleep electroencephalogram-modulated (SEM)/Conventional-rTMS
	Before and after 10 sessions of rTMS, blood samples

	N/A
	Plasma ACTH is significantly reduced after rTMS
	P = 0.032. from 14.96 + 2.16 pmol/Lto ~13 pmol/L

	BDNF
	Gedge, L. et al. 2012
	4
	HFL 10Hz DLPFC, 80%RMT
	Before and after 10 sessions of rTMS, blood samples
	In combination with various medications
	No change
	From 10.05 + 1.21 ng/mL to 8.90 + 1.02 ng/mL, p = 0.282

	
	Lang, UE. et al., 2006
	4
	HFL 20Hz DLFPC, 100%RMT, 2000 pulses/session
	Before and after 10 sessions of rTMS, blood samples
	In combination with various medications
	No change
	13.041 + 3.899 ng/mL to 11.204 + 5.776 ng/mL, p = 0.14

	
	Yukimasa, T. et al., 2006
	2
	HFL 20Hz DLPFC, 80%RMT, 800 pulses/session
	Before and after 10 sessions of rTMS, blood samples
	N/A
	Increased BDNF
	2.53 + 1.47 ng/mL to 3.11 + 2.13 ng/mL with p < 0.1 for all patients, but 2.35 + 1.47 ng/mL to 3.87 + 2.13 ng/mL, P < 0.05 in responders and partial responders

	
	Zanardini, R. et al. 2006
	4
	LFR 1Hz DLPFC for 8 subjects

and HFL 17 Hz DLPFC for the remaining 8
	Before and after 5 sessions of rTMS, blood samples
	In combination with various medications
	Increase BDNF
	29.73 + 8.02 ng/mL to 32.63 + 7.59 ng/mL; p = 0.022

	Choline/Creatine Ratio
	Zheng, H. et al. 2010
	3 
	HFL 15Hz DLPFC, 110%RMT, 3000 pulses/session,

active rTMS for 19 subjects and sham rTMS for 15 subjects
	Before and after 20 sessions of rTMS, 3.0T H-MRS

	All patients were taking

escitalopram 10 mg per day for at least 2 weeks before their

enrollment and they did not change medication during the study
	Elevation of Cho/Cr ratios after treatment response
	t = 2.15, df = 11, p = 0.0056; change in levels not provided.

	Choline
	Luborzewski, A. et al., 2007
	4
	HFL 20Hz DLPFC, 100%RMT, 2000 pulses/session
	Before and after 10 sessions of rTMS, 3.0T H-MRS

	N/A
	Total choline concentration in the DLPFC increased significantly in responders
	1.50 + 0.15 mmol/L to 1.68 + 0.09 mmol/L, p = 0.028

	Cortisol


	Baeken, C. et al., 2009
	2
	HFL 10Hz DLPFC, 110%RMT, 1560 pulses/session,

a sham-controlled, crossover

design.
	Before and after one session of rTMS, blood samples

	Medication-free during a study (at least 2 weeks of washout period of their antidepressants before the first rTMS session)
	Salivary cortisol

concentrations decreased significantly immediately and 30 min after active HF-rTMS
	From 5.80 µg/mL at baseline to 4.50 µg/mL right after, to 

3.40 µg/mL, 30 mins after treatment. P < 0.05

	
	Mingli, H. et al., 2009


	1
	SEM/Conventional-rTMS
	Before and after 10 sessions of rTMS, blood samples
	N/A
	Plasma cortisol is significantly reduced after rTMS
	P = 0.0176. From 209.38 + 30.45 ng/mL to ~185 ng/mL

	
	Reid, PD. et al., 1999
	4
	HFL 10Hz DLPFC, 100%RMT, 1000 pulses/session
	Before and after series of rTMS, blood samples
	N/A
	Cortisol levels decrease after rTMS
	N/A

	
	Zwanzger, P., et al., 2003


	2
	HFL 10Hz DLPFC, 100%RMT, 1500 pulses/session
	Before and after 13 sessions of rTMS, blood samples
	Patients were medication free for at least one week prior to baseline
	Decrease not significant
	From 94.3 nmol/L + 99.9 to 88.8 + 109.5; P > 0.05

	DHEA
	Padberg, F. et al., 2002
	2
	HFL 10 Hz DLPFC, 100%RMT, 1500 pulses/session
	Before and after 10 sessions of rTMS, blood samples

	Prior to the study, antidepressants and benzodiazepines were washed out for at least 1 

week and patients remained medication-free during the study
	No change in neuroactive steroid after rTMS compared with baseline
	P > 0.05; no values for DHEA given

	Dopamine
	Kuroda, Y. et al., 2006


	3
	HFL 10 Hz DLPFC, 100%RMT, 1000 pulses/session
	Before and after 10 sessions of rTMS, SPECT

	Subjects had at least 4 weeks washout period from their previous medication, and fluvoxamine and lorazepam were allowed during the washout period and were maintained at the same dosage level during the study period
	No significant difference between [11C]raclopride BP before and after rTMS in the right (p=0.217) and left caudate nucleus (p=0.873), and the right (p=0.938) and left putamen (P=0.607), and so dopamine levels likely don't change


	Right Caudate: 2.72 + 0.35 to 2.85 + 0.31, p = 0.217

Left Caudate:

2.76 + 0.30 to 2.78 + 0.25, 

p = 0.873

Right Putamen:

3.46 + 0.44 to 3.46 + 0.31, 

p = 0.938

Left Putamen:

3.52 + 0.32 to 3.47 + 0.28, 

P = 0.607

	
	Kuroda, Y. et al., 2010


	4 
	HFL 10 Hz DLPFC, 100%RMT, 1000 pulses/session


	Before and after 10 sessions of rTMS, SPECT

	Subjects had at least 4 weeks washout period from their previous medication, and fluvoxamine and lorazepam were allowed during the washout period and were maintained at the same dosage level during the study period
	There was no significant interactions between time and regions with regard to dopamine synthesis rate for L -[β11C]DOPA


	Caudate nucleus (R: 2.72 + 0.35 to 2.85 + 0.31, p = 0.217; L: 2.76 + 0.30 to 2.78 + 0.25, p = 0.873). 

Putamen (R: 3.46 + 0.44 to 3.46 + 0.31, p = 0.938; L: 3.52 + 0.32 to 3.47 + 0.28, p = 0.607)

	
	Miniussi, C. et al., 2005


	1
	(20 subjects) 
17 Hz or 1Hz L DLPFC, mean 110%RMT, open-label design;

(51 subjects)
17 Hz or 1Hz L DLPFC, double-blind, sham-controlled, crossover design
	(20 subjects)
Before and after active 5 sessions of rTMS

(51 subjects)

Before and after active/sham 5 sessions of rTMS, and then before and after sham/active 5 sessions of rTMS, blood samples
	In combination with various medications
	No significant differences between active and sham rTMS
	P > 0.05. No stats given on changes in levels. 

	
	Pogarell, O. et al., 2006


	4
	HFL 10 Hz DLPFC, 100%RMT, (1st rTMS challenge) 3000 pulses/session, (the remaining rTMS) 1500 pulses/session
	Before and after the 1st rTMS challenge, and before and after 15 sessions of rTMS, SPECT

	Psychotropic drugs were washed out for at least 1 weeks prior to inclusion and patients remained medication-free during the study
	Left and right striatal IBZM binding  to striatal D2 dopamine receptors showed a significant decrease after rTMS, which reflects an increase in binding of endogenous dopamine, and this is likely due to an increased dopamine concentration in the vicinity of the receptors
	Mean relative reduction of IBZM binding 9.6 + 6.2%, p = 0.01

	
	Pogarell, O. et al., 2007


	4
	HFL 10 Hz DLPFC, 100%RMT, 3000 pulses/session
	Before and after an acute session of rTMS, SPECT

	Psychotropic drugs were washed out for at least 1 weeks prior to inclusion and patients remained medication-free during the study
	rTMS caused a decrease in mean specific-to-nonspecific IBZM binding, which is likely due to  an increase in binding of endogenous dopamine due to an increased concentration of dopamine in the vicinity of the receptors. 
	IBZM binding decreases by 9.6 + 6.2%, p < 0.01

	
	Yukimasa, T. et al., 2006
	2
	HFL 20Hz DLPFC, 80%RMT, 800 pulses/session
	Before and after 10 sessions of rTMS, blood samples
	N/A
	No significant change in plasma levels of HVA
	6.71 + 5.49 ng/mL to 5.46 + 5.17 ng/mL

	Glutamate
	Luborzewski, A. et al., 2007
	4
	HFL 20Hz DLPFC, 100%RMT, 2000 pulses/session
	Before and after 10 sessions of rTMS, 3.0T H-MRS

	N/A
	Increase in responders and decrease in non-responders in the DLPFC
	Responders: +1.19 mmol/L, p = 0.116 

Non-responders:

-1.16 mmol/L, P = 0.007

	
	Yang, X-R. et al., 2014
	4
	HFL 10Hz DLPFC, 120%RMT, 3000 pulese/session
	Before and after 15 sessions of rTMS, 3.0T H-MRS

	N/A
	After rTMS, responders showed a relative increase of glutamate levels (11%) in the left DLPFC, which corresponded to an improvement in depressive symptom severity. Non-responders had elevated baseline glutamate levels in the same region, compared to responders, which decreased with rTMS (-10%).
	Responders (n = 3) showed an 11% increase in glutamate from 9.36 to 10.37 mmol/kg wet weight in the left DLPFC.

Non-responders (n = 2) started with higher baseline glutamate levels of 11.83 mmol/kg wet weight, and these levels decreased by 10% to 10.65 mmol/kg wet weight in the same region. 

	Myo-inositol
	Zheng, H. et al., 2010
	3
	HFL 15Hz DLPFC, 110%RMT, 3000 pulses/session,

active rTMS for 19 subjects and sham rTMS for 15 subjects
	Before and after 20 sessions of rTMS, 3.0T H-MRS

	All patients were taking

escitalopram 10 mg per day for at least 2 weeks before their

enrollment and they did not change medication during the study
	Increase in myo-inositol in ipsilateral DLPFC
	Left Prefrontal Lobe: from 0.36 + 0.14 to 0.65 + 0.15 

t = -4.36, df = 11, p=0.001

R PFC: p = 0.062; change in myo-inositol not given

	Norepinephrine
	Yukimasa, T. et al., 2006
	2
	HFL 20Hz DLPFC, 80%RMT, 800 pulses/session
	Before and after 10 sessions of rTMS, blood samples
	N/A
	MHPG (NE metabolite) were significantly reduced  2 weeks after rTMS
	8.27 + 5.98 ng/mL to 5.69 + 4.70 ng/mL, p < 0.05

	Progesterone
	Padberg, F. et al., 2002
	2
	HFL 10 Hz DLPFC, 100%RMT, 1500 pulses/session
	Before and after 10 sessions of rTMS, blood samples

	Prior to the study, antidepressants and benzodiazepines were washed out for at least

1 week and patients remained medication-free during the study
	No change in neuroactive steroid after rTMS compared with baseline
	P > 0.05; no values given for progesterone

	Serotonin and 5-HIAA
	Miniussi, C. et al., 2005


	1
	(20 subjects) 

17 Hz or 1Hz L DLPFC, mean 110%RMT, open-label design;

(51 subjects)

17 Hz or 1Hz L DLPFC, double-blind, sham-controlled, crossover design
	(20 subjects)
Before and after active 5 sessions of rTMS

(51 subjects)

Before and after active/sham 5 sessions of rTMS, and then before and after sham/active 5 sessions of rTMS, blood samples
	In combination with various medications
	No difference between active and sham rTMS
	P > 0.05. no data provided on changes in levels of neurotransmitters.


Supplementary Table S3. Electrophysiological Factors altered following rTMS

	Function
	Authors
	Strength
	rTMS protocol
	Timing of Measure
	Subjects details
	Effect
	Statistical Findings

	ELECTROPHYSIOLOGY

	Resting Motor Threshold (RMT)


	Bajbouj, M. et al., 2005
	4
	HFL 20Hz DLPFC, 100%RMT, 2000 pulses/session
	Before and after 10 sessions of rTMS


	Medication　dosage of the current unsuccessful antidepressant

treatment was kept constant for at least 4 weeks prior to

inclusion and the medication was not changed

during rTMS therapy
	No significant effect
	Patient A: 25.5% to 25.5%; Patient B: 34.0% to 35.0%; p-value not give

	
	Shajahan, PM. et al., 2002
	4 
	HFL DLPFC, 500 pulses/session, 

patients were

randomly allocated to receive 5Hz, 10Hz or 20Hz stimulation
	Motor threshold
was measured on a daily basis.

	Psychotropic medications were maintained at a steady dose for at least 10 days prior to receiving TMS. Patients who were on

known proconvulsant antidepressants had a washout period, with a minimum of 10 days drug-free, prior to TMS. Benzodiazepines were permitted during the study,

but antipsychotics were not.
	Motor Threshold increases for each frequency

	There was an

overall increase in threshold from day to day across groups

[F1, 2.6 = 5.54, P = 0.005; Greenhouse–Geisser correction]

during the first week. This was best modeled by a linear

contrast [F1 = 9.4, P = 0.01]. No differential effect of frequency was discerned, possibly due to lack of power.

	
	Triggs, WJ. et al., 1999
	4
	HFL 20Hz DLPFC, 80%RMT, 2000 pulses/session
	Before and after 10 sessions of rTMS


	Antidepressant medications were tapered and discontinued at

least 1 week prior to beginning rTMS. The same antidepressant

medications were resumed upon completion of the 2-week rTMS

treatment period.

None of the

patients were taking anticonvulsant mood stabilizers. One patient

had been taking lorazepam prior to rTMS. This was tapered and

discontinued 4 weeks prior to rTMS.
	Decrease in MEP threshold
	MEP thresholds were 2.9 + 1.4 lower than immediately prior to each rTMS treatment (z = 22.666; p < 0.007; Wilcoxon signed rank).

MEP thresholds also appeared 

to decrease during the course of rTMS treatment, such that MEP thresholds measured during the last 5 days of rTMS treatment were 1.5% + 1.8 of stimulator output lower than MEP thresholds measured during the first 5 days of rTMS treatment (z = 22.201; p < 0.03; Wilcoxon

signed rank).

	
	Zarkowski, P. et al., 2009
	1
	HFL 10Hz DLPFC, 120%RMT, 3000 pulses/session
	Before and after 15 blind sessions of rTMS, and once a week during the open phase of rTMS

	Patients underwent antidepressant

medication washout before entering the study. They were allowed a dose of up to 3mg/day of

lorazepam or equivalent.
	On average, the within subject change from visit 1 to visit 4 was −1.39 units MT (decrease by

2.45% from visit 1).
	No significant difference was found in the RMT between visits (p = 0.911, one way ANOVA).

	Cortical Silent Period (CSP)
	Bajbouj, M. et al., 2005


	4
	HFL 20Hz DLPFC, 100%RMT, 2000 pulses/session
	Before and after 10 sessions of rTMS


	Psychotropic medications were maintained at a steady dose for at least 10 days prior to receiving TMS. 
	No change in CSP
	Patient A: 210.5 to 212.0 ms; Patient B: 219.5 to 211.0 ms; 

p-value not reported

	
	Bajbouj, M. et al., 2005
	2
	HFL 20Hz DLPFC, 100%RMT, 2000 pulses/session
	Before and after 10 sessions of rTMS


	Psychotropic medications were maintained at a steady dose for at least 10 days prior to receiving TMS.
	CSP increases in responder
	20.6 + 14.1 ms, p = 0.0012

	Intracortical Facilitation (ICF)
	Bajbouj, M. et al., 2005 
	4
	HFL 20Hz DLPFC, 100%RMT, 2000 pulses/session
	Before and after 10 sessions of rTMS


	Psychotropic medications were maintained at a steady dose for at least 10 days prior to receiving TMS.
	No change in ICF
	Patient A: 120.8% to 122.9%; Patient B: 135.9% to 131.9%; 

p-value not given

	
	Bajbouj, M. et al., 2005
	2
	HFL 20Hz DLPFC, 100%RMT, 2000 pulses/session
	Before and after 10 sessions of rTMS


	Psychotropic medications were maintained at a steady dose for at least 10 days prior to receiving TMS.
	No change in ICF
	Change was 13.6 + 22.9, and no P-value

	Intracortical Inhibition (ICI)
	Bajbouj, M. et al., 2005
	4
	HFL 20Hz DLPFC, 100%RMT, 2000 pulses/session
	Before and after 10 sessions of rTMS


	Psychotropic medications were maintained at a steady dose for at least 10 days prior to receiving TMS.
	ICI increases
	68.3% to 48.6%, p-value not reported

	
	Bajbouj, M. et al., 2005
	2
	HFL 20Hz DLPFC, 100%RMT, 2000 pulses/session
	Before and after 10 sessions of rTMS


	Psychotropic medications were maintained at a steady dose for at least 10 days prior to receiving TMS.
	ICI is significantly enhanced after ten sessions of rTMS
	-34.6 + 14.4%, p < 0.0001

	Auditory Threshold
	Loo, C. et al., 2001
	3
	HFL 10Hz DLPFC, 110%RMT, 1500 pulses/session
	Thresholds for air conduction were assessed separately for the

left and right ears at frequencies of 0.5, 1, 2, 3, 4, 6, and 8 kHz

at baseline and after each 2 weeks of rTMS.


	Awake resting state, antidepressant medications were either withdrawn 

5 days before rTMS (n = 5) or failed treatments were maintained at steady doses throughout the study.
	Audiology results did not differ between real- and sham treatment

groups over the first 2 weeks. No significant

changes were detected after the first 4 weeks of rTMS (for real and sham groups analyzed together).
	Mean auditory thresholds were not significant changed



	ERP – N1 Amplitude
	Spronk, D. et al., 2008


	4


	HFL 10Hz DLPFC, 100%RMT, 1000 pulses/session


	Before and after 15 sessions of rTMS


	Three patients were on medication and 1 patient was using St. Johns Worth and 4 patients were free of medication during the study; cognitive behavioral therapy was also used in combination by a skilled psychologist
	In left hemisphere, the N1 amplitude after rTMS was smaller compared to pre-rTMS. In the right hemisphere, there was no difference between N1 pre and post-rTMS
	7.813 to -6.261 µV, p = 0.015 for the left,   -7.216 to -7.224 µV for the right (not significant)

	ERP – N2 Amplitude
	Spronk, D. et al., 2008


	4
	HFL 10Hz DLPFC, 100%RMT, 1000 pulses/session


	Before and after 15 sessions of rTMS


	Three patients were on medication and 1 patient was using St. Johns Worth and 4 patients were free of medication during the study; cognitive behavioral therapy was also used in combination by a skilled psychologist
	In the left hemisphere, N2, pre-rTMS were more negative compared to after rTMS, and in the right hemisphere, N2 amplitude was comparable pre and post rTMS
	-1.161µV to 0.742 µV p = 0.012 for the left; -1.237 µV to -1.246 µV for the right 

	
	Choi, KM. et al., 2014

	4
	HFL 10Hz DLPFC, 110%RMT, 3000 pulses/session


	Before and after 15 sessions of rTMS


	All patients were taken medication for depression before the start of rTMS, but changes of medication or dosages were not permitted during the 3-week rTMS.
	In ERP auditory oddball task, P200 amplitudes showed a main effect of time and increased after 3 weeks of rTMS treatment. Standardized low-resolution brain electromagnetic tomography showed significant activation in the left middle frontal gyrus by 3 weeks of rTMS treatment.
	Significant main effect of time (F1,11 = 11.78, p = .006) and P200 amplitude was significantly increased after rTMS treatment

	ERP – P2 Amplitude
	Spronk, D. et al., 2008


	4


	HFL 10Hz DLPFC, 100%RMT, 1000 pulses/session


	Before and after 15 sessions of rTMS


	Three patients were on medication and 1 patient was using St. Johns Worth and 4 patients were free of medication during the study; cognitive behavioral therapy was also used in combination by a skilled psychologist
	In the left hemisphere, P2 is larger post-rTMS than pre-rTMS, whereas there are no significant differences pre and post, in the right hemisphere.
	3.304 to 5.191 µV, p < 0.73 for the left; 4.241 to 4.566 µV for the right

	ERP – P3 Amplitude
	Spronk, D. et al., 2008
	4
	HFL 10Hz DLPFC, 100%RMT, 1000 pulses/session
	Before and after 15 sessions of rTMS


	Three patients were on medication and 1 patient was using St. Johns Worth and 4 patients were free of medication during the study; cognitive behavioral therapy was also used in combination by a skilled psychologist
	P3 was larger in the left hemisphere post-rTMS, and P3's amplitude was about the same in the right hemisphere, pre and post treatment.
	P = 0.074; no data given on changes in ERP

	
	Moller, AL. et al., 2006


	3
	HFL 10Hz DLPFC, 2000 pulses/session,

double-blind, sham-controlled, crossover design

(a washout period of 4 weeks between them)
	Before and after 5 sessions of rTMS


	During the study the patients remained on the

same dosage of antidepressant medication


	P300 amplitude increases significantly, but latency doesn't change
	Mean P3 amplitude changed from 5.7 µV to 8.1 µV (Z = -2.0, p = 0.02).



	Alpha Band Power of the EEG


	Garcia-Anaya, M. et al., 2011

	2


	LFR 1Hz DLPFC, 100%RMT, 900 pulses/session
	Before and after 15 sessions of rTMS


	Awake resting state with eyes closed, no medication info prior to and during the study 


	rTMS causes changes mainly over the frontal, central, and temporal regions, but the effect wasn’t as great as for beta
	t = 2.26, p = 0.025, no data on changes in EEG parameters. 

	
	
	
	HFL 5Hz DLPFC, 100%RMT, 1500 pulses/session
	
	
	rTMS causes particularly significant changes in the frontal, central regions
	t = 2.26, p = 0.025, no data on changes in EEG parameters. 

	
	Loo, C. et al., 2001
	3
	HFL 10Hz DLPFC, 110%RMT, 1500 pulses/session
	Before and after 10 sessions of rTMS


	Awake resting state, antidepressant medications were either withdrawn 

5 days before rTMS (n = 5) or failed treatments were maintained at steady doses throughout the study
	No change
	Not reported

	
	Noda, Y. et al., 2013
	2
	HFL 20Hz DLPFC, mean 98%RMT, 1000 pulses/session
	Before and after series of (approximately 10 sessions) rTMS


	Awake resting state; patients were taking medication but they did not change during the study
	Alpha band power significantly increases at 7 prefrontal electrode sites
	F1, 24 = 4.64, p = 0.046

	
	Pellicciari, MC. et al., 2013
	4
	Sequential bilateral rTMS; LFR 1Hz DLPFC, 110%RMT, 1200 pulses/session and HFL 10Hz DLPFC, 110%RMT, 1200 pulses/session


	Before and after 10 sessions of rTMS


	Overnight polysomnography (sleep EEG); patients were taking medication but for at least 2 months before their enrollment and  during the study they did not change medication
	Significant decrease of alpha power over the 1eft-DLPFC during REM sleep
	t = -3.79, p = 0.0043

	
	Spronk, D. et al., 2008


	4
	HFL 10Hz DLPFC, 100%RMT, 1000 pulses/session
	Before and after 15 sessions of rTMS


	Three patients were on medication and 1 patient was using St. Johns Worth and 4 patients were free of medication during the study; cognitive behavioral therapy was also used in combination by a skilled psychologist
	Alpha band powers don't change significantly during eyes open after rTMS treatment
	Alpha 1; F1,7 = 4.293, p = 0.077

Alpha 2; F1,7 = 3.737, p = 0.094

	
	Valiulis, V. et al., 2012.


	2
	(23 subjects) HFL 10Hz DLPFC, 100%RMT, 1600 pulses/session
	Before and after 10 or 15 sessions of rTMS


	Selected patients were free of tricyclic antidepressant

Treatment and previously failed pharmacological treatment used 

before rTMS was maintained at steady doses 

during the study
	Alpha power increases in the right hemisphere and central and parietal regions post HFL-10Hz-rTMS
	P < 0.05, no data given on changes in parameters 

Central: 14.59 + 15.02 to 17.44 + 12.16, p < 0.05

Parietal: 21.43 + 23.75 to 26.12 + 20.15.

	
	
	
	(22 subjects)

LFR 1Hz DLPFC, 120%RMT, 120 pulses/session
	
	
	Frontal alpha power asymmetry increases towards the right hemisphere post LFR-1Hz-rTMS
	0.02 + 0.14 to -0.05 + 0.11, p < 0.05

	Beta Band Power of the EEG


	Garcia-Anaya, M. et al., 2011
	2


	LFR 1Hz DLPFC, 100%RMT, 900 pulses/session
	Before and after 15 sessions of rTMS


	Awake resting state with eyes closed, no medication info prior to and during the study 


	rTMS causes changes in the frontal, central, and temporal regions, but the effect isn't as large as with alpha
	t = 2.26, p = 0.025, no data on changes in EEG levels

	
	
	
	HFL 5Hz DLPFC, 100%RMT, 1500 pulses/session
	
	
	rTMS elicits changes mainly over the frontal and temporal regions
	t = 2.26, p = 0.025, no data on changes in EEG levels

	
	Loo, C. et al., 2001
	3
	HFL 10Hz DLPFC, 110%RMT, 1500 pulses/session
	Before and after 10 sessions of rTMS


	Awake resting state, antidepressant medications were either withdrawn 

5 days before rTMS (n = 5) or failed treatments were maintained at steady doses throughout the study
	No change
	Not reported

	
	Spronk, D. et al., 2008


	4
	HFL 10Hz DLPFC, 100%RMT, 1000 pulses/session
	Before and after 15 sessions of rTMS


	Three patients were on medication and 1 patient was using St. Johns Worth and 4 patients were free of medication during the study; cognitive behavioral therapy was also used in combination by a skilled psychologist
	No significant differences seen - this is with eyes open
	Not reported

	Delta Band Power of the EEG


	Loo, C. et al., 2001
	3
	HFL 10Hz DLPFC, 110%RMT, 1500 pulses/session
	Before and after 10 sessions of rTMS


	Awake resting state, antidepressant medications were either withdrawn 

5 days before rTMS (n = 5) or failed treatments were maintained at steady doses throughout the study
	No change
	Not reported

	
	Noda, Y. et al., 2013
	2
	HFL 20Hz DLPFC, mean 98%RMT, 1000 pulses/session
	Before and after series of (approximately 10 sessions) rTMS


	Awake resting state; patients were taking medication but they did not change during the study
	Delta band power significantly increases at 7 prefrontal electrode sites
	F1, 24 = 6.58, p = 0.017

	
	Saeki, T. et al., 2013
	4
	HFL 20Hz DLPFC, mean 98%RMT, 1000 pulses/session
	Before and after first 5 sessions of rTMS and before and after last 5 sessions of rTMS


	Overnight polysomnography (sleep EEG), patients were taking medication but they did not change during the study
	Local significant increase in delta band power (i.e., slow wave activity) at F3 during Stage II-IV sleep periods.


	t11 = -2.762, p = 0.018

	
	Spronk, D. et al., 2008
	4


	HFL 10Hz DLPFC, 100%RMT, 1000 pulses/session 
	Before and after 15 sessions of rTMS


	Three patients were on medication and 1 patient was using St. Johns Worth and 4 patients were free of medication during the study; cognitive behavioral therapy was also used in combination by a skilled psychologist
	Delta band power increases in the right hemisphere, but no significant change
	P = 0.081; changes in EEG not reported

	
	Valiulis, V. et al., 2012
	2
	(23 subjects) HFL 10Hz DLPFC, 100%RMT, 1600 pulses/session
	Before and after 10 or 15 sessions of rTMS


	Selected patients were free of tricyclic antidepressant

Treatment and previously failed pharmacological treatment used 

before rTMS was maintained at steady doses 

during the study
	Delta band power increases in the central and parietal regions, as well as in the left hemisphere 
	Central: 6.47 + 4.20 to 8.22 + 5.31, p < 0.05

Parietal: 5.82 + 4.12 to 7.46 + 4.88, p < 0.05

Left Hemisphere: P < 0.05, changes in EEG not reported 

	Theta Band Power of the EEG
	Loo, C. et al., 2001
	3
	HFL 10Hz DLPFC, 110%RMT, 1500 pulses/session
	Before and after 10 sessions of rTMS


	Awake resting state, antidepressant medications were either withdrawn 

5 days before rTMS (n = 5) or failed treatments were maintained at steady doses throughout the study
	No change
	Not reported

	
	Noda, Y. et al., 2013
	2
	HFL 20Hz DLPFC, mean 98%RMT, 1000 pulses/session
	Before and after series of (approximately 10 sessions) rTMS


	Awake resting state; patients were taking medication but they did not change during the study
	Theta band power significantly increases at 7 prefrontal electrode sites
	F1, 24 = 7.89, p = 0.010

	
	Spronk, D. et al., 2008
	4 

 
	HFL 10Hz DLPFC, 100%RMT, 1000 pulses/session
	Before and after 15 sessions of rTMS


	Three patients were on medication and 1 patient was using St. Johns Worth and 4 patients were free of medication during the study; cognitive behavioral therapy was also used in combination by a skilled psychologist
	No significant effect in theta power after rTMS sessions


	P = 0.067, changes in EEG not reported

	
	Valiulis, V. et al., 2012
	2
	(23 subjects) HFL 10Hz DLPFC, 100%RMT, 1600 pulses/session
	Before and after 10 or 15 sessions of rTMS


	Selected patients were free of tricyclic antidepressant

Treatment and previously failed pharmacological treatment used 

before rTMS was maintained at steady doses 

during the study
	Theta power was increased in the central, parietal and occipital regions, as well as across the whole brain
	Central: 9.62 + 8.77 to 12.14 + 11.15, p < 0.05

Parietal: 8.09 + 7.03 to 10.35 + 8.34, p < 0.05

Occipital: 5.63 + 3.44 to 7.22 + 5.06

Whole Brain: P < 0.05, changes in EEG data not given

	Sigma Band Power
	Saeki, T. et al., 2013


	4
	HFL 20Hz DLPFC, mean 98%RMT, 1000 pulses/session
	Before and after first 5 sessions of rTMS and before and after last 5 sessions of rTMS


	Overnight polysomnography (sleep EEG), patients were taking medication but they did not change during the study
	No significant changes in sigma band power 
	t11 = 0.220, p = 0.830

	Cordance in Delta and Theta Band Power
	Ozekes, S. et al., 2014
	2
	HFL 25Hz DLPFC, 100%RMT, 1000 pulses/session
	Before and after 20 sessions of rTMS treatment, resting EEG data were collected in the eyes-closed, maximally alert state.
	All patients were free of medication for at least 2 weeks prior to enrollment. Then, to minimize potential confusing outcomes of pharmacological withdrawal symptoms, all subjects were on a SSRI monotherapy regimen during 20 sessions of rTMS.
	After HFL-rTMS, cordance, which is related to absolute and relative spectral powers derived from the resting EEG, increased in both delta and theta bands at all right, except for F8, and left frontal electrodes in responders, whereas it decreased in left frontal and right prefrontal regions in non-responder.
	In responders, mean cordance of theta power significantly increased in the Fp1, Fp2, F7, and F4 electrodes (p <0.05) after rTMS. In non-responders, mean cordance of delta and theta power significantly decreased in the Fp1, Fp2, F7, and F3 electrodes (p <0.05).

	Functional Connectivity in Gamma Band in Resting EEG
	Kito, S. et al., 2014

	4
	HFL 10Hz DLPFC, 120%RMT, 3000 pulses/session
	Before the first rTMS session at baseline and on the following day of the last rTMS session at week 4, resting EEG with eyes closed was recorded for approximately 5 min.
	All patients were taking medication during the study, but changes of medication or doses were not permitted for at least 4 weeks prior to or during the study.
	In sLORETA, resting EEG functional connectivity anti-correlation between the left DLPFC and precuneus in gamma band was significantly modulated by HFL-rTMS treatment in patients with depression.
	Significant changes of resting EEG functional connectivity with rTMS between the left DLPFC and precuneus (t = 3.09, p < 0.05; t = 4.58, p < 0.01).

	Psychomotor Inhibition
	Crevits, L. et al., 2005
	4
	HFL 10Hz DLPFC, 110%RMT, 1000 pulses/session
	Eye movements were studied for the first time

within 2 days before beginning rTMS and for the

second time within 2 days after terminating the last

rTMS session (i.e. with an interval of 11–25 days,

mean 16.9 days).
	Two patients did not take any medication. The

other nine patients were taking antidepressants (N =9) and sedatives, minor tranquilizers (N =7) or major

tranquilizers (N =3). The medication had

remained unchanged for at least 14 days before rTMS

began and during the entire course of treatment with

rTMS.
	The latency of the antisaccade after rTMS  was significantly shorter than before rTMS, and the better suppression of unwanted saccade behaviour parallels a decrease in psychomotor inhibition
	Z-score = -2.94, p < 0.01; 

315.9 + 68.4 ms to 232.9 + 51.8 ms

	Sympatho-vagal Balance (SNS:PNS ratio)
	Udupa, K. et al., 2007


	2
	HFL 15Hz DLPFC, 100%RMT, 1500 pulses/session
	The assessments were performed at baseline and at the end of acute treatment phase (two weeks of rTMS therapy or four weeks of SSRI therapy).


	Twenty-seven patients were treated

with rTMS and 25 with SSRI. SSRI therapy group received 10 mg (n=19) or 20 mg (n=6) of escitalopram in the night for four weeks.
	rTMS reduces the sympathovagal balance by causing an increase in PNS activity and a decrease in SNS activity
	F = 13.78, p = 0.001; From 1.69 + 0.9 to 1.15 + 0.57 


Supplementary Table S4. Neuroimaging Factors altered following rTMS

	Function
	Authors
	Strength
	rTMS protocol
	Timing of Measure
	Subjects details
	Effect
	Statistical Findings

	NEUROIMAGING

	Global Blood Flow


	Mottaghy, F. et al., 2002
	4
	HFL 10Hz DLPFC, 90%RMT, 1600 pulses/session
	SPECT imaging was　performed in resting state 3 days prior to the 2-week rTMS treatment in all patients. In nine patients a second SPECT scan was obtained 2 weeks after the rTMS treatment.
	Prior to inclusion

into the protocol, all patients underwent a careful

tapering off of their medications and a 14-day

washout period (4 weeks in the case of fluoxetine).

Therefore the SPECT studies and the rTMS trial

were conducted on medication-free patients.
	After rTMS, right left asymmetry favors the left hemisphere, whereas before rTMS it favored the right side.
	Before: t8 = 3.48, p < 0.008; left = 0.95, right = 1.01; After: no significant; left = 0.93, right = 0.95

	Glucose Metabolism


	Baeken, C. et al., 2009
	2
	HFL 10Hz DLPFC, 110%RMT, 1560 pulses/session
	Patients underwent a 18FDG-PET in resting state before and after 10 sessions of rTMS treatment.
	Medication-free during a study (at least 2 weeks of washout period of their antidepressants before the first rTMS session)
	Significant increase of baseline prefrontal brain glucose metabolism (CMRglc) in the Left BA32 (*), Right BA32 (**), and Right BA24 (***).

Significantly decreased in the left fusiform gyrus and left middle temporal cortex.

Significant increases in the middle cingulum, bilateral somatosensory areas, and precuneus.
	(*) z = -2.03, n = 21, p = 0.04 from 18887 to 19412,

(**) z = -1.86, n = 21, p = 0.06, from 20591 to 21097 

(***) z = -1.96, n = 9, p = 0.05, from 19628 to 20194



	
	Li, CT. et al., 2010
	2
	HFL 10Hz DLPFC, 100%RMT, 1600 pulses/session


	All patients received two PET scans in resting state before rTMS treatment as a baseline and after 3 months as a follow-up.
	All patients continued their

current antidepressantmedications and no medication changes were allowed for at least 4 weeks preceding rTMS, and throughout the period of rTMS treatment and 3-month.

follow-up.
	Significant decreases of rCBF in the left fusiform gyrus and left middle temporal cortex (*), and significant increases of rCBF in the middle cingulum, bilateral somatosensory areas and precuneus (**) with HFL-rTMS
	(*) 4210 voxels, P = 0.003

(**) 8201 voxels, P < 0.001

	Blood Brain Barrier
	Li, X. et al., 2003
	3
	LFL 1Hz DLPFC, 100%RMT, 147 pulese/session
	1.5T Diffusion MRI scan was acquired in resting state before and immediately after rTMS.
	All patients were medication-free.
	No significant difference in diffusion MRI was found between pre-rTMS scans and post-rTMS scans, and so rTMS doesn't appear to result in pathologic changes or leakage of the BBB in patients with depression
	Ratio of pre to post rTMS apparent diffusion coefficient (ADC) on the left side ; 0.47 + 6.1, t = 1.054, p = 0.311

	Frontal Lobe
	Nahas, Z. et al., 2001
	3
	HFL 20Hz (9 subjects), 5Hz (5 subjects), or sham (9subjects) DLPFC, 100%RMT,

1600 pulses/session,

double-blind sham-controlled design
	Whole-brain SPECT imaging scan was obtained in resting state at the baseline before the 1st rTMS and at the end of the 5th treatment session.
	Patients were antidepressant medication free, although 4 bipolar subjects required ongoing mood stabilizers (clonazepam, valproic acid, lithium, or alprazolam), and 1 patient required medication (thyroxin) for thyroid disease.
	Active rTMS (n = 14)
showed relatively increased rCBF in the right medial frontal lobe and left middle frontal gyrus compared with baseline.
	Right medial frontal lobe; z = 4.24, p < 0.01, Left middle frontal gyrus; z = 4.19, p < 0.01

	Frontal White Matter
	Kozel, FA. et al., 2011
	3
	HFL 10Hz DLPFC, 120%RMT, 3000 pulses/session, sham-controlled design
	3.0T Diffusion Tensol Imaging (DTI) scan was performed in resting state prior to and after 4–6 weeks of daily rTMS treatments.
	All psychotropic medications were discontinued and prohibited except hypnotics (zaleplon, zolpidem, chloral hydrate, and/or zoplicone) for treatment emergent insomnia or lorazepam (up to 2 mg per day) for treatment emergent anxiety for up to 14 days immediately following randomization.
	There was a mean increase that was found for the left prefrontal white matter (ipsilateral side). Post-FA values are higher for active rTMS than for sham.
	Active rTMS: 0.283 + 0.013 

Sham rTMS: 0.274 + 0.012; F = 1.22, p < 0.31, Cohen’s d = 0.72

	
	Peng, H. et al., 2011
	3
	HFL 15Hz DLPFC, 110%RMT, 3000 pulses/session,

randomized double-blind, sham-controlled design
	3.0T DTI scan was performed in resting state within 24 h before the first rTMS treatment as a baseline measure and at the endpoint after 4 weeks of

rTMS treatment, within 24 h after the last rTMS session.
	All patients took escitalopram (10 mg per day) for

2 weeks before the study, and maintained this dose during

the study.
	The reduced FA in the left frontal gyrus was significantly improved and increased after active rTMS treatment compared with sham rTMS.
	Active pre rTMS: 0.245 + 0.019 

Active post rTMS: 0.249 + 0.017; t = -3.186, p = 0.006

Active post rTMS: 0.249 + 0.017, Sham post rTMS: 0.236 + 0.015; t = 2.263, p = 0.032

	
	Kito, S. et al., 2011
	2
	LFR 1Hz DLPFC, 100%RMT, 300 pulses/session
	SPECT scans were acquired in resting state within 24–72 h before the

first rTMS session and after the 12th last rTMS session. 

	All patients rested in the supine position in a quiet

room with their eyes closed and their ears unplugged. Medications were not changed for 4 weeks before the study and maintained during the trial. Twenty-four patients were

taking medications during the trial and some patients

were receiving several antidepressants,

5 were taking lithium carbonate, one was taking

antipsychotics, and 16 were taking

benzodiazepines.
	rCBF in the right frontal cortex was significantly decreased after rTMS (*), and therapeutic efficacy of rTMS was correlated with decreased rCBF in bilateral frontal white matter (**).


	(*) z = 2.58 and 2.19, p < 0.05,

(**) z = 4.00 (left), 3.19 (right), p < 0.005 

	Prefrontal Cortex


	Catafau, AM. et al., 2001
	4
	HFL 20Hz DLPFC, 90%RMT, 1200 pulses/session
	SPECT scan was performed 1) at baseline in resting state, 2) during the first rTMS session

(activation SPECT), and 3) 1 week after 10

daily sessions of rTMS in resting state (endpoint SPECT).
	Six patients were on monoamine oxidase inhibitors (MAOIs), and the

remaining patient was on imipramine. One patient was on anticonvulsants in addition to the antidepressant medication. Pharmacological

medication was maintained unchanged

throughout the course of the study.
	Significant increase of rCBF in the left lateral prefrontal cortex (PFC) with HFL-rTMS at endpoint compared to baseline and during the rTMS activation


	Left lateral PFC: 83.1 + 3.4 (baseline) to 86.7 + 4.8 (at endpoint), p < 0.05

	
	Kito, S. et al., 2008
	4
	LFR 1Hz DLPFC, 100%RMT, 300 pulses/session
	SPECT images were acquired in resting state at baseline before 1st rTMS and at the completion of the treatment of week 3.
	All subjects continued to take their antidepressants at the time of enrollment, and

the type and dose of the medications maintained unchanged

throughout the course of the study.
	Significant decrease of rCBF in the bilateral medial prefrontal cortex after rTMS.
	z = 3.67 (Left BA10), 3.52 and 2.82 (Right BA10), p < 0.01

	
	Li, X. et al., 2004
	4
	LFL 1Hz DLPFC, 100%RMT, 147 pulses/session
	1.5T fMRI was scanned using interleaved rTMS over 7.35 min (activation fMRI).
	11 patients were on stable medications (8 patients; antidepressants, 3 patients; mood stabilizers), Remaining 3 patients were no information of medication (2 patients) and free of medication (1 patient). 
	Significant increase of 

%BOLD signal change in the right prefrontal cortex during LFL rTMS
	t = 3.85, pcorrected < 0.05; 

	
	Nahas, Z. et al., 2000
	3
	HFL 5Hz, or 20Hz, or sham DLPFC, 100%RMT, 1600 pulses/session,

randomized double-blind,

sham-controlled design
	1.5T MRI scan was performed in resting state before and after 10 sessions of rTMS.
	All patients were free of antidepressant medications for at least 2 weeks before the trial.
	No significant changes in the ratio of total volume of left prefrontal cortex (LPFV) and the intracranial volume (ICV) after active rTMS


	LPFV/ICV with 20 Hz rTMS:

Mean difference of 0.011, df = 10, p = 0.75: 

LPFV/ICV with 5Hz rTMS:

Mean difference of 0.012, df = 3, p = 0.79

	
	Speer, AM. et al., 2000
	3 
	HFL 20Hz or LFL 1Hz or sham left DLPFC,

100%RMT, 1600 pulses/session,

randomized cross-over design
	PET scan was obtained in resting state at baseline and then 72 hours following the completion of their last (10th) rTMS treatment.
However, subjects were instructed to monitor

their mood state over the subsequent several minutes in an

attempt to provide more consistency and specificity of cognitive processing during this resting state.
	Patients followed a low monoamine diet for a minimum of 4 days and fasted 8 hours before each PET scan and medication was free for at least 2 weeks of rTMS treatment.
	rCBF significantly increases with 20Hz rTMS in left PFC (L > R), and it decreases with 1 Hz rTMS in right PFC.
	z = 1.96, p < 0.05 for both 20Hz (Left PFC) and 1 Hz (Right PFC)

	Middle Frontal Gyrus (BA9)
	Fitzgerald, PB. et al., 2007
	2
	LFR 1Hz DLPFC,

110%RMT, 720 pulses/session, or HFL 10Hz DLPFC, 100%RMT, 1500 pulses/session,

double-blind, randomized design
	1.5T fMRI scan was performed pretreatment and after 3 weeks (within 48 hours of the last 15th rTMS treatment session). Change in the BOLD response in the planning condition compared to rest was measured.
	Doses of medication were not allowed to have changed in the 4 weeks before start of the study or during the trial, and they could not start or change medication during the course of the study.
	Significant decrease of activation in the bilateral middle frontal gyrus with 

LFR-rTMS in responders
	Cluster Size: 682 mm, z = 5.38 (BA9), p = 0.002 for right;

Cluster Size: 432 mm, z = 5.14 (BA9), p = 0.005 for left

	
	Nahas, Z. et al., 2001


	3
	HFL 20Hz (9 subjects), 5Hz (5 subjects), or sham (9subjects) DLPFC, 100%RMT,

1600 pulses/session,

double-blind sham-controlled design
	Whole-brain SPECT imaging scan was obtained in resting state at the baseline before the 1st rTMS and at the end of the 5th treatment session.
	Patients were antidepressant medication free, although 4 bipolar subjects required ongoing mood stabilizers (clonazepam, valproic acid, lithium, or alprazolam), and 1 patient required medication (thyroxin) for thyroid disease.
	Significant increase of rCBF in the left middle frontal gyrus from baseline with active rTMS 


	z = 4.19, p < 0.01

	Medial Frontal Gyrus
	Fitzgerald, PB. et al., 2007
	2
	LFR 1Hz DLPFC,

110%RMT, 720 pulses/session, or HFL 10Hz DLPFC, 100%RMT, 1500 pulses/session,

double-blind, randomized design
	1.5T fMRI scan was performed pretreatment and after 3 weeks (within 48 hours of the last 15th rTMS treatment session). Change in the BOLD response in the planning condition compared to rest was measured.
	Doses of medication were not allowed to have changed in the 4 weeks before start of the study or during the trial, and they could not start or change

medication during the course of the study.
	Significant increase of activation in the left medial frontal gyrus with HFL-rTMS in responders
	Cluster Size: 809 mm, z = 5.07, p = 0.007

	Dorsolateral Prefrontal Cortex (DLPFC)

	Kito, S. et al., 2008
	4
	HFL 10Hz DLPFC, 100%RMT, 1000 pulses/session
	SPECT images were acquired in resting state within 48 hours before the

first rTMS treatment and within 48 hours after the 10th last

rTMS treatment.
	All patients

were taking medication during the trial: 7 patients were

taking a tricyclic antidepressant; 1, a selective

serotonin reuptake inhibitor; 1, a serotonin-

noradrenaline reuptake inhibitor;

1, a sulpiride; and 2 patients

were taking a combination of antidepressants. Three patients

were taking lithium carbonate, 2 were taking clonazepam,

and 4 patients were taking antipsychotic medications.

Ten patients were receiving benzodiazepines

such as hypnotic or anxiolytic agents.
	Significant increase of rCBF in the left DLPFC after HFL-rTMS (*) and significant clinical correlation was observed between the rCBF increase and HAM-D improvement (**).
	(*) p < 0.01;

(**) z = 4.87 (Left BA8/9) and 2.48 (Left N/A), p < 0.01 

	
	Kito, S. et al., 2008
	4 
	LFR 1Hz DLPFC, 100%RMT, 300 pulses/session
	SPECT images were acquired in resting state at baseline before 1st rTMS and at the completion of the 12th rTMS of week 3.
	All subjects continued to take their antidepressants at the time of enrollment, and

the type and dose of the medications maintained unchanged

throughout the course of the study.
	Significant decrease of rCBF in the bilateral DLPFC after rTMS.
	z = 3.29 and 3.10 (Left BA9), 2.65 (Left BA10), 2.70 (Left BA10), 2.72 and 2.39 (Left N/A), 3.77 (Right BA8/9), 3.18 (Right BA9), 2.39 (Right BA10), 3.48 and 2.54 (Right BA46), 2.61 (Right N/A); p < 0.01

	
	Kito, S. et al., 2011
	2
	LFR 1Hz DLPFC, 100%RMT, 300 pulses/session
	SPECT scans were acquired in resting state within 24–72 h before the first rTMS session and after the 12th last rTMS session. 


	All patients rested in the supine position in a quiet

room with their eyes closed and their ears unplugged. Medications were not changed for 4 weeks before the study and maintained during the trial.
	rCBF in the right DLPFC was significantly decreased after rTMS (*), and therapeutic efficacy of rTMS was correlated with decreased rCBF in the right DLPFC (**).
	(*) z = 3.22 (Right BA10/46), 2.68 (Right BA8), 2.62 (Right BA9), p < 0.05; 

(**) z = 3.32 (Right BA8), p < 0.005

	
	Li, X. et al., 2004
	4
	LFL 1Hz DLPFC, 100%RMT, 147 pulses/session
	1.5T fMRI was scanned using interleaved rTMS over 7.35 min (activation fMRI).
	11 patients were on stable medications (8 patients; antidepressants, 3 patients; mood stabilizers), Remaining 3 patients were no information of medication (2 patients) and free of medication (1 patient). 
	Significant increase in %BOLD signal change in the bilateral DLPFC during LFL rTMS
	t = 3.85, pcorrected < 0.05

	
	Nahas, Z. et al., 2001


	3
	HFL 20Hz (9 subjects), 5Hz (5 subjects), or sham (9subjects) DLPFC, 100%RMT,

1600 pulses/session,

double-blind sham-controlled design
	Whole-brain SPECT imaging scan was obtained in resting state at the baseline before the 1st rTMS and at the end of the 5th treatment session.
	Patients were antidepressant medication free, although 4 bipolar subjects required ongoing mood stabilizers (clonazepam, valproic acid, lithium, or alprazolam), and 1 patient required medication (thyroxin) for thyroid disease.
	Subjects with HFL-rTMS showed relatively increased rCBF in the Left DLPFC with fast 20 Hz rTMS, as compared to slow 5 Hz rTMS.
	z = 3.97, p < 0.01

	Dorsomedial Frontal Cortex
	Loo, CK. et al., 2003
	3
	HFL 15Hz DLPFC, 90%RMT, 675 pulses/session
	SPECT scans were performed in resting state at 30 min after the start of rTMS.
	Subjects had their eyes closed

during rTMS and SPECT scan. All were on medication (3 patients; selective serotonin

reuptake inhibitors; 3, venlafaxine; 3, nefazodone; 3, lithium;, 1, sodium valproate; 1, carbamazepine; 2, short-acting benzodiazepines; 2, low-dose antipsychotics). For all patients,

medications had been at stable doses for at least

2 weeks (or 4 weeks for new medications) prior

to the study and remained constant for both

scans.
	Significant increase of rCBF in the right dorsomedial frontal cortex with HFL-rTMS
	t > 2.6, df = 1,15, p < 0.01

	Ventrolateral Prefontal Cortex (VLPFC)
	Kito, S. et al., 2011
	2
	LFR 1Hz DLPFC, 100%RMT, 300 pulses/session
	SPECT scans were acquired in resting state within 24–72 h before the first rTMS session and after the 12th last rTMS session.
	All patients rested in the supine position in a quiet

room with their eyes closed and their ears unplugged. Medications were not changed for 4 weeks before the study and maintained during the trial.
	Significant decrease of rCBF in the right VLPFC after rTMS.
	z = 2.35 (BA46), p < 0.05 

	Ventromedial Prefrontal Cortex (VMPFC)
	Li, X. et al., 2004
	4
	LFL 1Hz DLPFC, 100%RMT, 147 pulses/session
	1.5T fMRI was scanned using interleaved rTMS over 7.35 min (activation fMRI).
	11 patients were on stable medications (8 patients; antidepressants, 3 patients; mood stabilizers), Remaining 3 patients were no information of medication (2 patients) and free of medication (1 patient). 
	Significant decrease of %BOLD signal change in the right ventromedial prefrontal cortex during LFL rTMS
	t = 3.85, pcorrected < 0.05 

	Inferior Frontal Lobe
	Fitzgerald, PB. et al., 2007
	2
	LFR 1Hz DLPFC,

110%RMT, 720 pulses/session, or HFL 10Hz DLPFC, 100%RMT, 1500 pulses/session,

double-blind, randomized design
	1.5T fMRI scan was performed pretreatment and after 3 weeks (within 48 hours of the last 15th rTMS treatment session). Change in the BOLD response in the planning condition compared to rest was measured.
	Doses of medication were not allowed to have changed in the 4 weeks before start of the study or during the trial, and they could not start or change

medication during the course of the study.
	Significant increase of activation in the right inferior frontal gyrus with HFL-rTMS in responders
	Cluster Size: 359 mm, z = 5.05, p = 0.008 

	
	Loo, CK. et al., 2003
	3
	HFL 15Hz DLPFC, 90%RMT, 675 pulses/session
	SPECT scans were performed in resting state at 30 min after the start of rTMS.
	Subjects had their eyes closed

during rTMS and SPECT scan. All were on medication prior

to the study and remained constant for both scans.
	Significant increase of rCBF in the bilateral inferior frontal cortices (L > R) with HFL-rTMS
	t > 2.6, df = 1,15, p < 0.01 

	
	Teneback, CC. et al., 1999
	3 
	HFL 20Hz or 5Hz DLPFC (or sham rTMS), 100%RMT, 1600 pulses/session
	SPECT scan was performed in resting state 3

days prior to starting TMS and 3 to 4 days after the last

TMS session (but prior to restarting any medications).
	Subjects were free of antidepressant medications for

at least 2 weeks prior to study entry, although 3 bipolar

patients required ongoing mood stabilizers or benzodiazepines

for anxiety.
	Significant increase of rCBF in the bilateral inferior frontal lobe in responders with HFL-rTMS compared with non-responders
	z = 3.79 (Left), 3.66 (Right), p < 0.01

	Orbitofrontal Cortex


	Kito, S. et al., 2008
	4
	LFR 1Hz DLPFC, 100%RMT, 300 pulses/session
	SPECT images were acquired in resting state at baseline before 1st rTMS and at the completion of the 12th rTMS of week 3.
	All subjects continued to take their antidepressants at the time of enrollment, and

the type and dose of the medications maintained unchanged

throughout the course of the study.
	Significant decrease of rCBF in the bilateral orbitofrontal cortex after rTMS
	z = 2.89 (Left BA47), 2.62 (Left BA10/11), 2.60 (Right N/A); 

p < 0.01

	
	Kito, S. et al., 2011
	2
	LFR 1Hz DLPFC, 100%RMT, 300 pulses/session
	SPECT scans were acquired in resting state within 24–72 h before the first rTMS session and after the 12th last rTMS session.
	All patients rested in the supine position in a quiet

room with their eyes closed and their ears unplugged. Medications were not changed for 4 weeks before the study and maintained during the trial. Twenty-four patients were

taking medications during the trial.
	Significant decrease of rCBF in the right orbitofrontal cortex after LFR-rTMS (*), and therapeutic efficacy of LFR-rTMS was correlated with decreased rCBF in the bilateral orbitofrontal cortex (**).
	(*) z = 3.52 (Right BA47), 2.86 (Right BA11), p < 0.05;

(**) z = 3.64 and 2.68 (Left BA11), 3.16 and 2.90 (Right BA11), p < 0.005

	
	Li, X. et al., 2004
	4
	LFL 1Hz DLPFC, 100%RMT, 147 pulses/session
	1.5T fMRI was scanned using interleaved rTMS over 7.35 min (activation fMRI).
	11 patients were on stable medications (8 patients; antidepressants, 3 patients; mood stabilizers), Remaining 3 patients were no information of medication (2 patients) and free of medication (1 patient). 
	Significant increase of 

%BOLD signal change in the right orbitofrontal cortex during LFL rTMS
	t = 3.85, pcorrected < 0.05

	
	Nadeau, SE. et al., 2002
	4
	(7 subjects) HFL 20Hz DLPFC, 

80%RMT, 2000 pulses/session

(1 subject)

LFR 0.3Hz

DLPFC,

120%RMT, 540 pulses/session
	SPECT scans were obtained within 5 days before the initiation of rTMS and within 5 days after last 10th session of rTMS. 
SPECT was administered while subjects performed a simple task involving continuous monitoring of the direction of a large arrow on a computer screen and continuously tapping with the left or right index finger according to the direction of the arrow.
	Antidepressant medications were tapered and discontinued at least 1 week prior to start of rTMS. 
	Large decrements of rCBF in orbitofrontal cortex in association with improvement (responders)
	No data and stat given

	
	Loo, CK. et al., 2003
	3
	HFL 15Hz DLPFC, 90%RMT, 675 pulses/session
	SPECT scans were performed in resting state at 30 min after the start of rTMS.
	Subjects had their eyes closed

during rTMS and SPECT scan. All were on medication prior

to the study and remained constant for both scans.
	Significant decrease of rCBF in the right orbital cortex for HFL-rTMS
	t > 2.6, df = 1,15, p < 0.01

	Premotor Area
	Kito, S. et al., 2008
	4
	HFL 10Hz DLPFC, 100%RMT, 1000 pulses/session
	SPECT images were acquired in resting state within 48 hours before the

first rTMS treatment and within 48 hours after the 10th last rTMS treatment.
	All patients

were taking medication during the trial.
	Significant increase of rCBF in the premotor area after HFL-rTMS
	z-sore; no data given, p < 0.01

	
	Kito, S. et al., 2008
	4
	LFR 1Hz DLPFC, 100%RMT, 300 pulses/session
	SPECT images were acquired in resting state at baseline before 1st rTMS and at the completion of the 12th rTMS of week 3.
	All subjects continued to take their antidepressants at the time of enrollment, and

the type and dose of the medications maintained unchanged

throughout the course of the study.
	Significant decrease of rCBF in the bilateral premotor area after LFR-rTMS
	z = 3.15 (Left BA6), 2.85 (Left BA6), 2.45 (Left BA6), 2.78 (Right BA6); p < 0.01

	Precentral Gyrus
	Fitzgerald, PB. et al., 2007
	2
	LFR 1Hz DLPFC,

110%RMT, 720 pulses/session, or HFL 10Hz DLPFC, 100%RMT, 1500 pulses/session,

double-blind, randomized design
	1.5T fMRI scan was performed pretreatment and after 3 weeks (within 48 hours of the last 15th rTMS treatment session). Change in the BOLD response in the planning condition compared to rest was measured.
	Doses of medication were not allowed to have changed in the 4 weeks before start of the study or during the trial, and they could not start or change

medication during the course of the study.
	Significant increase of activation in the left precentral gyrus with HFL-rTMS in responders
	Cluster Size: 809 mm, z = 5.30, p = 0.002

	Somato-Sensory Regions
	Kito, S. et al., 2008
	4
	LFR 1Hz DLPFC, 100%RMT, 300 pulses/session
	SPECT images were acquired in resting state at baseline before 1st rTMS and at the completion of the 12th rTMS of week 3.
	All subjects continued to take their antidepressants at the time of enrollment, and

the type and dose of the medications maintained unchanged

throughout the course of the study.
	Significant decrease of rCBF in the left somatosensory region after rTMS
	z = 3.86 (Left BA2), 3.25 (Left BA2); p < 0.01

	
	Loo, CK. et al., 2003
	3
	LFL 1Hz DLPFC, 90%RMT, 360 pulses/session
	SPECT scans were performed in resting state at 30 min after the start of rTMS.
	Subjects had their eyes closed

during rTMS and SPECT scan. All were on medication prior

to the study and remained constant for both scans.
	Significant increase of rCBF in the left somatosensory cortex for LFL rTMS 
	t > 2.6, df = 1,15, p < 0.01

	Temporal Lobe
	Li, X. et al., 2004
	4
	LFL 1Hz DLPFC, 100%RMT, 147 pulses/session
	1.5T fMRI was scanned using interleaved rTMS over 7.35 min (activation fMRI).
	11 patients were on stable medications (8 patients; antidepressants, 3 patients; mood stabilizers), Remaining 3 patients were no information of medication (2 patients) and free of medication (1 patient). 
	Significant increase of %BOLD signal change in the left middle temporal cortex during LFL rTMS
	t = 3.85, pcorrected < 0.05

	
	Nahas, Z. et al., 2001
	3
	HFL 20Hz (9 subjects), 5Hz (5 subjects), or sham (9subjects) DLPFC, 100%RMT,

1600 pulses/session,

double-blind sham-controlled design
	Whole-brain SPECT imaging scan was obtained in resting state at the baseline before the 1st rTMS and at the end of the 5th treatment session.
	Patients were antidepressant medication free, although 4 bipolar subjects required ongoing mood stabilizers and 1 patient required medication for thyroid disease.
	Significant decrease of rCBF in the left middle temporal gyrus with active rTMS compared with the sham rTMS
	z = 3.55, p < 0.001

	
	Speer, AM. et al., 2000
	3
	LFL 1Hz DLPFC,

100%RMT, 1600 pulses/session


	PET scan was obtained in resting state at baseline and then 72 hours following the completion of their last (10th) rTMS treatment. However, subjects were instructed to monitor

their mood state over the subsequent several minutes in an

attempt to provide more consistency and specificity of cognitive processing during this resting state. 
	Patients followed a low monoamine diet for a minimum of 4 days and fasted 8 hours before each PET scan and medication was free for at least 2 weeks of rTMS treatment.
	Significant decrease of rCBF in the left medial temporal lobe after LFL rTMS.
	z = 1.96, p < 0.05 

	
	Teneback, CC. et al., 1999
	3 
	HFL 20Hz or 5Hz DLPFC (or sham rTMS), 100%RMT, 1600 pulses/session
	SPECT scan was performed in resting state 3

days prior to starting TMS and 3 to 4 days after the last

TMS session (but prior to restarting any medications).
	Subjects were free of antidepressant medications for

at least 2 weeks prior to study entry, although 3 bipolar

patients required ongoing mood stabilizers or benzodiazepines

for anxiety and 1 patient required medication for thyroid disease.
	Significant decrease of rCBF in the right medial temporal lobe in responders compared with non-responders after HFL-rTMS.
	z = 3.45, p < 0.01 

	Parietal Region


	Kito, S. et al., 2008
	4
	LFR 1Hz DLPFC, 100%RMT, 300 pulses/session
	SPECT images were acquired in resting state at baseline before 1st rTMS and at the completion of the 12th rTMS of week 3.
	All subjects continued to take their antidepressants at the time of enrollment, and

the type and dose of the medications maintained unchanged

throughout the course of the study.
	Significant decrease of rCBF in the left inferior parietal region after LFR-rTMS
	z = 3.48 (Left BA40), 2.90 (Left BA40), 2.41 (Left BA40); 

p < 0.01

	
	Li, X. et al., 2004
	4
	LFL 1Hz DLPFC, 100%RMT, 147 pulses/session
	1.5T fMRI was scanned using interleaved rTMS over 7.35 min (activation fMRI).
	11 patients were on stable medications (8 patients; antidepressants, 3 patients; mood stabilizers), Remaining 3 patients were no information of medication (2 patients) and free of medication (1 patient). 
	Significant increase of 

%BOLD signal change in the bilateral parietal lobes during LFL rTMS
	t = 3.85, pcorrected < 0.05

	
	Nahas, Z. et al., 2001
	3
	HFL 20Hz (9 subjects), 5Hz (5 subjects), or sham (9subjects) DLPFC, 100%RMT,

1600 pulses/session,

double-blind sham-controlled design
	Whole-brain SPECT imaging scan was obtained in resting state at the baseline before the 1st rTMS and at the end of the 5th treatment session.
	Patients were antidepressant medication free, although 4 bipolar subjects required ongoing mood stabilizers and 1 patient required medication for thyroid disease.
	Significantl decrease of rCBF in the bilateral parietal lobe with active rTMS compared with sham rTMS
	z = 4.88 (Left), 4.24 (Right); 

p < 0.01

	Insula
	Kito, S. et al., 2008
	4
	LFR 1Hz DLPFC, 100%RMT, 300 pulses/session
	SPECT images were acquired in resting state at baseline before 1st rTMS and at the completion of the 12th rTMS of week 3.
	All subjects continued to take their antidepressants at the time of enrollment, and

the type and dose of the medications maintained unchanged

throughout the course of the study.
	Significant decrease of rCBF in the bilateral anterior insula after LFR-rTMS.
	z = 2.63 (Left N/A), 2.36 (Right BA13), 2.33 (Right BA13); 

p < 0.01

	
	Kito, S. et al., 2011
	2
	LFR 1Hz DLPFC, 100%RMT, 300 pulses/session
	SPECT scans were acquired in resting state within 24–72 h before the first rTMS session and after the 12th last rTMS session.
	All patients rested in the supine position in a quiet

room with their eyes closed and their ears unplugged. Medications were not changed for 4 weeks before the study and maintained during the trial. Twenty-four patients were

taking medications during the trial.
	Significantly decreased rCBF in the right anterior and posterior insula (*) after LFR-rTMS, and therapeutic efficacy of rTMS was correlated with decreased rCBF in the anterior cortex (**).
	(*) Anterior insula; z = 2.26 (Right BA13), Posterior insula; z = 2.65 (Right BA13); p < 0.05

(**) Anterior insula; z = 3.00 (Right BA13), 2.65 (Right BA13); p < 0.005

	
	Li, X. et al., 2004
	4
	LFL 1Hz DLPFC, 100%RMT, 147 pulses/session
	1.5T fMRI was scanned using interleaved rTMS over 7.35 min (activation fMRI).
	11 patients were on stable medications (8 patients; antidepressants, 3 patients; mood stabilizers), Remaining 3 patients were no information of medication (2 patients) and free of medication (1 patient). 
	Significant increase of %BOLD signal change in the bilateral insula during LFL rTMS
	t = 3.85, pcorrected < 0.05

	
	Loo, CK. et al., 2003
	3
	LFL 1Hz DLPFC, 90%RMT, 360 pulses/session
	SPECT scans were performed in resting state at 30 min after the start of rTMS.
	Subjects had their eyes closed during rTMS and SPECT scan. All were on medication prior to the study and remained constant for both scans.
	Significant increase of rCBF in the left and right insula with LFL rTMS
	t > 2.6, df = 1,15, p < 0.01

	
	Nadeau, SE. et al., 2002
	4
	(7 subjects) HFL 20Hz DLPFC, 

80%RMT, 2000 pulses/session

(1 subject)

LFR 0.3Hz

DLPFC,

120%RMT, 540 pulses/session
	SPECT scans were obtained within 5 days before the initiation of rTMS and within 5 days after last 10th session of rTMS. 
SPECT was administered while subjects performed a simple task involving continuous monitoring of the direction of a large arrow on a computer screen and continuously tapping with the left or right index finger according to the direction of the arrow.
	Antidepressant medications were tapered and discontinued at least 1 week prior to start of rTMS. 
	Reductions of rCBF in bilateral insula in responders


	No data and stat given

	
	Nahas, Z. et al., 2001
	3
	HFL 20Hz (9 subjects), 5Hz (5 subjects), or sham (9subjects) DLPFC, 100%RMT,

1600 pulses/session,

double-blind sham-controlled design
	Whole-brain SPECT imaging scan was obtained in resting state at the baseline before the 1st rTMS and at the end of the 5th treatment session.
	Patients were antidepressant medication free, although 4 bipolar subjects required ongoing mood stabilizers and 1 patient required medication for thyroid disease.
	Significant decrease of rCBF in the left insula from baseline with active rTMS
	z-sore; no data given, p < 0.001

	
	Speer, AM. et al., 2000
	3 
	HFL 20Hz DLPFC,

100%RMT, 1600 pulses/session


	PET scan was obtained in resting state at baseline and then 72 hours following the completion of their last (10th) rTMS treatment. However, subjects were instructed to monitor

their mood state over the subsequent several minutes in an

attempt to provide more consistency and specificity of cognitive processing during this resting state.
	Patients followed a low monoamine diet for a minimum of 4 days and fasted 8 hours before each PET scan and medication was free for at least 2 weeks of rTMS treatment.
	Significant increase of rCBF in the bilateral insula with HFL-rTMS
	z = 1.96, p < 0.05

	Amygdala
	Furtado, C. et al., 2013
	2
	HFL 10Hz DLPFC, 120%RMT,

1500 pulses/session

(N = 21), or

Sequential bilateral (HFL 10Hz + LFR 1Hz) DLPFC,

120%RMT,

1500 + 900 pulses/session

(N = 23)


	1.5T MRI scan was obtained in resting state before and after series of rTMS treatment.
	Medications were not changed in the 4 weeks prior to the study or　during the study itself. Twenty-one

patients were taking antidepressant medication during the study. Eight patients were antidepressant medication free.

Concomitant medication also remained unchanged.

throughout the study
	Left amygdala volume non-significantly increases in responders with HFL-rTMS.
	Group-by-Time interaction:

F1, 21 = 5.37, p < 0.05; +6.58%
Post hoc testing confirming a near significant increase in left amygdala volume in responders; 

t10 = -2.174, p = 0.055, d = 0.45

	
	Nadeau, SE. et al., 2002
	4
	(7 subjects) HFL 20Hz DLPFC, 

80%RMT, 2000 pulses/session

(1 subject)

LFR 0.3Hz

DLPFC,

120%RMT, 540 pulses/session
	SPECT scans were obtained within 5 days before the initiation of rTMS and within 5 days after last 10th session of rTMS. 
SPECT was administered while subjects performed a simple task involving continuous monitoring of the direction of a large arrow on a computer screen and continuously tapping with the left or right index finger according to the direction of the arrow.
	Antidepressant medications were tapered and discontinued at least 1 week prior to start of rTMS. 
	Reduction of rCBF in the right amygdala in responders
	No data and stat given

	
	Speer, AM. et al., 2000
	3 
	HFL 20Hz DLPFC,

100%RMT, 1600 pulses/session


	PET scan was obtained in resting state at baseline and then 72 hours following the completion of their last (10th) rTMS treatment. However, subjects were instructed to monitor their mood state over the subsequent several minutes in anattempt to provide more consistency and specificity of cognitive processing during this resting state.
	Patients followed a low monoamine diet for a minimum of 4 days and fasted 8 hours before each PET scan and medication was free for at least 2 weeks of rTMS treatment.
	rCBF significantly increases in the left amygdala with HFL 20Hz rTMS while it significantly decreases in the left amygdala with LFL 1Hz rTMS.
	z = 1.96, p < 0.05 at each frequency of 20 Hz and 1Hz. 

	Cingulate Cortex

	Loo, CK. et al., 2003
	3
	HFL 15Hz DLPFC, 90%RMT, 675 pulses/session
	SPECT scans were performed in resting state at 30 min after the start of rTMS.
	Subjects had their eyes closed

during rTMS and SPECT scan. All were on medication prior

to the study and remained constant for both scans.
	Significant increase of rCBF in the right posterior cingulate with HFL-rTMS
	t > 2.6, df = 1,15, p < 0.01

	
	Nahas, Z. et al., 2001
	3
	HFL 20Hz (9 subjects), 5Hz (5 subjects), or sham (9subjects) DLPFC, 100%RMT,

1600 pulses/session,

double-blind sham-controlled design
	Whole-brain SPECT imaging scan was obtained in resting state at the baseline before the 1st rTMS and at the end of the 5th treatment session.
	Patients were antidepressant medication free, although 4 bipolar subjects required ongoing mood stabilizers and 1 patient required medication for thyroid disease.
	rCBF in the left cingulate significantly decreases from baseline with active rTMS (*), and it relatively increases in the left mid cingulate with fast 20Hz as compared to slow 5Hz (**).
	(*) z-sore; no data given, p < 0.001; (**) z = 4.37, p < 0.01

	
	Speer, AM. et al., 2000
	3 
	HFL 20Hz DLPFC,

100%RMT, 1600 pulses/session


	PET scan was obtained in resting state at baseline and then 72 hours following the completion of their last (10th) rTMS treatment. However, subjects were instructed to monitor their mood state over the subsequent several minutes in an attempt to provide more consistency and specificity of cognitive processing during this resting state.
	Patients followed a low monoamine diet for a minimum of 4 days and fasted 8 hours before each PET scan and medication was free for at least 2 weeks of rTMS treatment.
	rCBF in the cingulate gyrus (Left>>Right) significantly increases with HFL 20Hz rTMS.
	z = 1.96, p < 0.05

	
	Teneback, CC. et al., 1999
	3
	HFL 20Hz or 5Hz DLPFC (or sham rTMS), 100%RMT, 1600 pulses/session
	SPECT scan was performed in resting state 3

days prior to starting TMS and 3 to 4 days after the last

TMS session (but prior to restarting any medications).
	Subjects were free of antidepressant medications for

at least 2 weeks prior to study entry, although 3 bipolar

patients required ongoing mood stabilizers or benzodiazepines

for anxiety and 1 patient required medication for thyroid disease.
	Significant increase of rCBF in the cingulate from baseline within responders after HFL-rTMS.
	z = 3.69, p < 0.01

	Anterior Cingulate Cortex 

(ACC/Brodmann areas 24,32,33)


	Kito, S. et al., 2008
	4
	LFR 1Hz DLPFC, 100%RMT, 300 pulses/session
	SPECT images were acquired in resting state at baseline before 1st rTMS and at the completion of the 12th rTMS of week 3.
	All subjects continued to take their antidepressants at the time of enrollment, and

the type and dose of the medications maintained unchanged

throughout the course of the study.
	Significant decrease of rCBF in the left anterior cingulate after rTMS
	z = 3.15 (Left BA32), 2.53 (Left BA10/32); p < 0.01

	
	Li, X. et al., 2004
	4
	LFL 1Hz DLPFC, 100%RMT, 147 pulses/session
	1.5T fMRI was scanned using interleaved rTMS over 7.35 min (activation fMRI).
	11 patients were on stable medications (8 patients; antidepressants, 3 patients; mood stabilizers), Remaining 3 patients were no information of medication (2 patients) and free of medication (1 patient). 
	Significant decrease of 

%BOLD signal change in the anterior cingulate cortex during LFL rTMS
	t = 3.85, pcorrected < 0.05

	
	Loo, CK. et al., 2003
	3
	LFL 1Hz DLPFC, 90%RMT, 360 pulses/session
	SPECT scans were performed in resting state at 30 min after the start of rTMS.
	Subjects had their eyes closed

during rTMS and SPECT scan. All were on medication prior

to the study and remained constant for both scans.
	Significant increase of rCBF in the right dorsal anterior cingulate with LFL rTMS
	t > 2.6, df = 1,15, p < 0.01

	
	Nadeau, SE. et al., 2002
	4
	(7 subjects) HFL 20Hz DLPFC, 

80%RMT, 2000 pulses/session

(1 subject)

LFR 0.3Hz

DLPFC,

120%RMT, 540 pulses/session
	SPECT scans were obtained within 5 days before the initiation of rTMS and within 5 days after last 10th session of rTMS. 
SPECT was administered while subjects performed a simple task involving continuous monitoring of the direction of a large arrow on a computer screen and continuously tapping with the left or right index finger according to the direction of the arrow.
	Antidepressant medications were tapered and discontinued at least 1 week prior to start of rTMS. 
	Large decrements of rCBF in anterior cingulate in association with improvement (responders)
	No data and stat given

	
	Shajahan, PM. et al., 2002
	4 
	HFL DLPFC, 500 pulses/session, 

Patients were

randomly allocated to receive 5Hz, 10Hz or 20Hz stimulation
	SPECT was scanned before (24–72 h) and immediately after the first daily session of rTMS. Perfusion change between a baseline and verbal fluency task activation was measured.
	Psychotropic medications were maintained at a steady dose for at least 10 days prior to receiving TMS.
	Rostral anterior cingulate cortex was significantly activated with HFL-rTMS.
	z = 3.6, p(z) = 0.0001, p(k) =0.005

	
	Zheng, XM. et al., 2000
	4
	HFL 10Hz DLPFC, 110%RMT, 1500 pulses/session,

double-blind, sham-controlled, cross-over design 
	SPECT was scanned in resting state before and after a series of rTMS.
	N/A
	Significant increase of rCBF in the left anterior cingulate cortex with HFL-rTMS
	z = 3.16, cluster size = 33 pixels, p < 0.05

	Subgenual Cingulate (Brodmann areas 25, 32)
	Kito, S. et al., 2008
	4
	LFR 1Hz DLPFC, 100%RMT, 300 pulses/session
	SPECT images were acquired in resting state at baseline before 1st rTMS and at the completion of the 12th rTMS of week 3.
	All subjects continued to take their antidepressants at the time of enrollment, and

the type and dose of the medications maintained unchanged

throughout the course of the study.
	Significant decrease of rCBF in the right subgenual cingulate after LFR-rTMS.
	z = 3.35 (Right BA25/47), p < 0.01

	
	Kito, S. et al., 2011
	2
	LFR 1Hz DLPFC, 100%RMT, 300 pulses/session
	SPECT scans were acquired in resting state within 24–72 h before the first rTMS session and after the 12th last rTMS session.
	All patients rested in the supine position in a quiet

room with their eyes closed and their ears unplugged. Medications were not changed for 4 weeks before the study and maintained during the trial. Twenty-four patients were

taking medications during the trial.
	Significant decrease of rCBF in the right subgenual cingulate after LFR-rTMS (*) and therapeutic efficacy of rTMS was also correlated with decreased rCBF in the same region (**).
	(*) z = 3.33 (Right BA25), p < 0.05; (**) z = 2.83 (Right BA25/32), p <0.005

	Subgenual Anterior Cingulate Cortex (sgACC/Cg25/Brodmann areas 24 anteriorly and 25 posteriorly)
	Takahashi, S. et al., 2012
	4
	HFL 10Hz DLPFC, 110%RMT, 1500 pulses/session
	SPECT was performed in resting state at approximately 1 month before and 6 days after the 20 sessions of rTMS treatment.
	The patient had been treated with

sertraline at 100 mg/day for 6 months prior to and during the study.
	rCBF in the Cg25 decreases after HFL-rTMS in responder.
	z-score > 2.0; no data given

	
	Baeken, C. et al., 2014
	1
	HFL 20Hz DLPFC, 110%RMT, 

1560 pulses/session,

5 sessions/day (with an intersession delay of 15–20 min), spread over 4 days (in total 31200 stimuli). A randomized, single-blind, sham-controlled crossover experimental design.
	Resting-state (rs) 3.0T functional MRI scans were collected at baseline and at the end of treatment.
	All patients went through a medication washout period at least 2 weeks before entering the study. During the study, patients were medication free. However, habitual benzodiazepine agents were allowed to take within equivalent dose of 20 mg diazepam.
	At baseline, responders showed strong anti-correlation between the sgACC and parts of the left superior medial prefrontal cortex, while non-responders showed a slightly positive correlation. After HFL-rTMS treatment, the roles are inverted: the anti-correlation became slightly positive in responders

while the correlation become slightly negative, although not significant, in non-responders.
	Significant main effect of time (F1,10 = 11.25, p = 0.01) and time*response interaction (F1,10 = 36.86, p = 0.01). 
In responders, rsFC between sgACC and the superior medial frontal gyrus became significantly stronger (mean baseline = -1.0, mean after HFL-rTMS = 0.14: z = -2.02, N = 5, p = 0.04) than non-responders (mean baseline = -0.03, mean after HFL-rTMS = –0.03: z = -1.69, N = 7, p = 0.09) after accelerated HFL-rTMS


	Precuneus
	Dumas, R. et al., 2012
	4
	LFR 1Hz DLPFC, 120%RMT, 360 pulses/session
	SPECT scans were performed in resting state during the week before and after the 20 sessions of rTMS.
	Pretreatment with an antidepressant and/or mood stabilizer medication had to be stable for at least 4 weeks prior to entry in the study and remained unchanged throughout the study.
	Clinical correlation was observed between improvement of HRQoL scores and decrease of rCBF in the precuneus.
	t = 3.85, p < 0.001

	
	Fitzgerald, PB. et al., 2007
	2
	LFR 1Hz DLPFC,

110%RMT, 720 pulses/session, or HFL 10Hz DLPFC, 100%RMT, 1500 pulses/session,

double-blind, randomized design
	1.5T fMRI scan was performed pretreatment and after 3 weeks (within 48 hours of the last 15th rTMS treatment session). Change in the BOLD response in the planning condition compared to rest was measured.
	Doses of medication were not allowed to have changed in the 4 weeks before start of the study or during the trial, and they could not start or change

medication during the course of the study.
	Significant decrease of activation in the left precuneus with LFR-rTMS in responders (*), and significant increase of activation in the left precuneus with HFL-rTMS in all subjects (**).
	(*) Cluster Size: 926 mm, z = 4.94, p = 0.013; (**) Cluster Size: 2154 mm, z = 5.88, p = 0.004

	
	Loo, CK. et al., 2003
	3
	LFL 1Hz DLPFC, 90%RMT, 360 pulses/session
	SPECT scans were performed in resting state at 30 min after the start of rTMS.
	Subjects had their eyes closed

during rTMS and SPECT scan. All were on medication prior

to the study and remained constant for both scans.
	Significant increase of rCBF in the right precuneus with LFL rTMS
	t > 2.6, df = 1,15, p < 0.01

	Perirhinal Cortex
	Richieri, R. et al., 2012
	2
	HFL 10Hz DLPFC, 120%RMT, 2000 pulses/session,

or LFR 1Hz DLPFC, 120%RMT, 360 pulses/session


	SPECT scans were performed in resting state during the week before and after the 20 sessions of rTMS.
	Pretreatment with an antidepressant and/or mood stabilizer

medication had to be stable for at least 2 weeks prior to entry in

the study and remained unchanged throughout the

study. No benzodiazepines were administrated during rTMS treatment.
	Responders present significant rCBF decrease in the left perirhinal cortex compared to non-responders (BA35, BA36) after rTMS in the whole-group of patients (patients with either left or right stimulation).
	t = 3.04, k = 75, p = 0.001

	Uncus


	Loo, CK. et al., 2003
	3
	HFL 15Hz DLPFC, 90%RMT, 675 pulses/session
	SPECT scans were performed in resting state at 30 min after the start of rTMS.
	Subjects had their eyes closed

during rTMS and SPECT scan. All were on medication prior

to the study and remained constant for both scans.
	Significant decrease of rCBF in the left uncus with HFL-rTMS
	t > 2.6, df = 1,15, p < 0.01

	
	Nahas, Z. et al., 2001
	3
	HFL 20Hz (9 subjects), 5Hz (5 subjects), or sham (9subjects) DLPFC, 100%RMT,

1600 pulses/session,

double-blind sham-controlled design
	Whole-brain SPECT imaging scan was obtained in resting state at the baseline before the 1st rTMS and at the end of the 5th treatment session.
	Patients were antidepressant medication free, although 4 bipolar subjects required ongoing mood stabilizers and 1 patient required medication for thyroid disease.
	Relative decrease of rCBF in the left uncus with active rTMS.
	p < 0.001, no data given

	
	Speer, AM. et al., 2000
	3 
	HFL 20Hz DLPFC,

100%RMT, 1600 pulses/session


	PET scan was obtained in resting state at baseline and then 72 hours following the completion of their last (10th) rTMS treatment. However, subjects were instructed to monitor their mood state over the subsequent several minutes in an attempt to provide more consistency and specificity of cognitive processing during this resting state.
	Patients followed a low monoamine diet for a minimum of 4 days and fasted 8 hours before each PET scan and medication was free for at least 2 weeks of rTMS treatment.
	Significant increase of rCBF in the bilateral uncus with HFL 20 Hz rTMS
	z = 1.96, p < 0.05

	Subcallosal Gyrus
	Loo, CK. et al., 2003
	3
	HFL 15Hz DLPFC, 90%RMT, 675 pulses/session
	SPECT scans were performed in resting state at 30 min after the start of rTMS.
	Subjects had their eyes closed

during rTMS and SPECT scan. All were on medication prior

to the study and remained constant for both scans.
	Significant decrease of rCBF in the right subcallosal gyrus with HFL-rTMS
	t > 2.6, df = 1,15, p < 0.01 

	Hippocampus
	Furtado, C. et al., 2013
	2
	HFL 10Hz DLPFC, 120%RMT,

1500 pulses/session

(N = 21), 

or

Sequential bilateral (HFL 10Hz, 1500 pulses/session  + LFR 1Hz, 900 pulses/session) DLPFC,

120%RMT

(N = 23)


	1.5T MRI scan was obtained in resting state before and after series of rTMS treatment.
	Medications were not changed in the 4 weeks prior to the study or　during the study itself. Twenty-one

patients were taking antidepressant medication during the study. Eight patients were antidepressant medication free.

Concomitant medication also remained unchanged.

throughout the study
	Overall significant group reduction in the left hippocampal volume in non-responders with HFL-rTMS
	Time effect: F1,21 = 7.60, p < 0.01; -2.64%,
Post hoc testing revealing significant reductions

in left hippocampus volume in non-responders; t11 = 2.50, p = 0.05, d = 0.30

	
	Li, X. et al., 2004
	4
	LFL 1Hz DLPFC, 100%RMT, 147 pulses/session
	1.5T fMRI was scanned using interleaved rTMS over 7.35 min (activation fMRI).
	11 patients were on stable medications (8 patients; antidepressants, 3 patients; mood stabilizers), Remaining 3 patients were no information of medication (2 patients) and free of medication (1 patient). 
	Significant increase of 

%BOLD signal change in ipsilateral hippocampus with LFL rTMS
	t = 3.85, pcorrected < 0.05

	
	Nahas, Z. et al., 2001


	3
	HFL 20Hz (9 subjects), 5Hz (5 subjects), or sham (9subjects) DLPFC, 100%RMT,

1600 pulses/session,

double-blind sham-controlled design
	Whole-brain SPECT imaging scan was obtained in resting state at the baseline before the 1st rTMS and at the end of the 5th treatment session.
	Patients were antidepressant medication free, although 4 bipolar subjects required ongoing mood stabilizers and 1 patient required medication for thyroid disease.
	Significant decrease of rCBF in the left hippocampus with fast 20 Hz rTMS in comparison to those receiving slow 5 Hz rTMS.
	z = 4.03, p < 0.01 

	
	Speer, AM. et al., 2000
	3 
	HFL 20Hz DLPFC,

100%RMT, 1600 pulses/session


	PET scan was obtained in resting state at baseline and then 72 hours following the completion of their last (10th) rTMS treatment.

However, subjects were instructed to monitor their mood state over the subsequent several minutes in an attempt to provide more consistency and specificity of cognitive
processing during this resting state.
	Patients followed a low monoamine diet for a minimum of 4 days and fasted 8 hours before each PET scan and medication was free for at least 2 weeks of rTMS treatment.
	Significant increase of rCBF in the bilateral hippocampus with HFL 20 Hz rTMS
	z = 1.96, p < 0.05

	Para-hippocampus
	Loo, CK. et al., 2003
	3
	HFL 15Hz DLPFC, 90%RMT, 675 pulses/session
	SPECT scans were performed in resting state at 30 min after the start of rTMS.
	Subjects had their eyes closed

during rTMS and SPECT scan. All were on medication prior

to the study and remained constant for both scans.
	Significant increase of rCBF in the right parahippocampus with HFL-rTMS
	t > 2.6, df = 1,15, p < 0.01

	
	Speer, AM. et al., 2000
	3 
	HFL 20Hz DLPFC,

100%RMT, 1600 pulses/session


	PET scan was obtained in resting state at baseline and then 72 hours following the completion of their last (10th) rTMS treatment.

However, subjects were instructed to monitor their mood state over the subsequent several minutes in an attempt to provide more consistency and specificity of cognitive

processing during this resting state.
	Patients followed a low monoamine diet for a minimum of 4 days and fasted 8 hours before each PET scan and medication was free for at least 2 weeks of rTMS treatment.
	Significant increase of rCBF in the bilateral parahippocampus with HFL 20 Hz rTMS
	z = 1.96, p < 0.05

	Basal Ganglia
	Speer, AM. et al., 2000
	3 
	HFL 20Hz or LFL 1Hz DLPFC,

100%RMT, 1600 pulses/session


	PET scan was obtained in resting state at baseline and then 72 hours following the completion of their last (10th) rTMS treatment.

However, subjects were instructed to monitor their mood state over the subsequent several minutes in an attempt to provide more consistency and specificity of cognitive

processing during this resting state.
	Patients followed a low monoamine diet for a minimum of 4 days and fasted 8 hours before each PET scan and medication was free for at least 2 weeks of rTMS treatment.
	rCBF significantly increases in the bilateral basal ganglia with 20 Hz rTMS while it significantly decreases in the left basal ganglia with LFL 1 Hz rTMS
	z = 1.96, p < 0.05; for both 20 Hz and 1Hz

	Globus Pallidus
	Kito, S. et al., 2011
	2
	LFR 1Hz DLPFC, 100%RMT, 300 pulses/session
	SPECT scans were acquired in resting state within 24–72 h before the first rTMS session and after the 12th last rTMS session.
	All patients rested in the supine position in a quiet

room with their eyes closed and their ears unplugged. Medications were not changed for 4 weeks before the study and maintained during the trial.
	Significant decrease of rCBF in the right globus pallidus with LFR-rTMS
	z = 3.34 (Right N/A), p < 0.05

	Putamen
	Li, X. et al., 2004
	4
	LFL 1Hz DLPFC, 100%RMT, 147 pulses/session
	1.5T fMRI was scanned using interleaved rTMS over 7.35 min (activation fMRI).
	11 patients were on stable medications (8 patients; antidepressants, 3 patients; mood stabilizers), Remaining 3 patients were no information of medication (2 patients) and free of medication (1 patient). 
	Significant increase of %BOLD signal change in the bilateral putamen after LFL rTMS
	t = 3.85, pcorrected < 0.05

	Cerebellum


	Loo, CK. et al., 2003
	3
	LFL 1Hz DLPFC, 90%RMT, 360 pulses/session
	SPECT scans were performed in resting state at 30 min after the start of rTMS.
	Subjects had their eyes closed during rTMS and SPECT scan. All were on medication prior to the study and remained constant for both scans.
	Significant increase of rCBF in the left cerebellum (vermis, intermediate zone) with LFL rTMS
	t > 2.6, df = 1,15, P < 0.01

	
	Speer, AM. et al., 2000
	3 
	HFL 20Hz DLPFC,

100%RMT, 1600 pulses/session


	PET scan was obtained in resting state at baseline and then 72 hours following the completion of their last (10th) rTMS treatment. However, subjects were instructed to monitor their mood state over the subsequent several minutes in an attempt to provide more consistency and specificity of cognitive

processing during this resting state.
	Patients followed a low monoamine diet for a minimum of 4 days and fasted 8 hours before each PET scan and medication was free for at least 2 weeks of rTMS treatment.
	Significant increase of rCBF in the bilateral cerebellum with HFL 20 Hz rTMS
	z = 1.96, p < 0.05

	Thalamus


	Kito, S. et al., 2011
	2
	LFR 1Hz DLPFC, 100%RMT, 300 pulses/session
	SPECT scans were acquired in resting state within 24–72 h before the first rTMS session and after the 12th last rTMS session.
	All patients rested in the supine position in a quiet

room with their eyes closed and their ears unplugged. Medications were not changed for 4 weeks before the study and maintained during the trial.
	Significant decrease of rCBF in the right thalamus with LFR-rTMS
	z = 3.17 (Right N/A), p < 0.05

	
	Li, X. et al., 2004
	4
	LFL 1Hz DLPFC, 100%RMT, 147 pulses/session
	1.5T fMRI was scanned using interleaved rTMS over 7.35 min (activation fMRI).
	11 patients were on stable medications (8 patients; antidepressants, 3 patients; mood stabilizers), Remaining 3 patients were no information of medication (2 patients) and free of medication (1 patient). 
	Significant increase of %BOLD signal change in the bilateral thalamus (ipsilateral mediodorsal, bilateral pulvinar, anterior nucleus) with LFL rTMS
	t = 3.85, pcorrected < 0.05

	
	Nahas, Z. et al., 2001
	3
	HFL 20Hz (9 subjects), 5Hz (5 subjects), or sham (9subjects) DLPFC, 100%RMT,

1600 pulses/session,

double-blind sham-controlled design
	Whole-brain SPECT imaging scan was obtained in resting state at the baseline before the 1st rTMS and at the end of the 5th treatment session.
	Patients were antidepressant medication free, although 4 bipolar subjects required ongoing mood stabilizers and 1 patient required medication for thyroid disease.
	Significant decrease of rCBF in the right thalamus with active rTMS compared with sham rTMS
	z = 3.97, p < 0.01

	
	Speer, AM. et al., 2000
	3 
	HFL 20Hz DLPFC,

100%RMT, 1600 pulses/session


	PET scan was obtained in resting state at baseline and then 72 hours following the completion of their last (10th) rTMS treatment.

However, subjects were instructed to monitor their mood state over the subsequent several minutes in an attempt to provide more consistency and specificity of cognitive processing during this resting state.
	Patients followed a low monoamine diet for a minimum of 4 days and fasted 8 hours before each PET scan and medication was free for at least 2 weeks of rTMS treatment.
	Significant increase of rCBF in the bilateral thalamus with 20 Hz rTMS
	z = 1.96, p < 0.05

	Midbrain
	Kito, S. et al., 2011
	2
	LFR 1Hz DLPFC, 100%RMT, 300 pulses/session
	SPECT scans were acquired in resting state within 24–72 h before the first rTMS session and after the 12th last rTMS session.
	All patients rested in the supine position in a quiet room with their eyes closed and their ears unplugged. Medications were not changed for 4 weeks before the study and maintained during the trial.
	Significant decrease of rCBF in the right midbrain with LFR-rTMS
	z = 2.03 (N/A), p < 0.05

	DLPFC Circuit 
	Shajahan, PM. et al., 2002
	4
	HFL DLPFC, 500 pulses/session, 

patients were

randomly allocated to receive 5Hz, 10Hz or 20Hz stimulation
	Before 24–72 h and immediately after the first daily session of

rTMS. Perfusion change between a baseline and verbal fluency task activation was measured.

	Psychotropic medications were maintained at a steady dose for at least 10 days prior to receiving TMS. Patients who were on known proconvulsant antidepressants had a washout period, with a minimum of 10 days drug-free, prior to TMS. Benzodiazepines were permitted during the study,

but antipsychotics were not.
	Connectivity of DLPFC to caudate as well as caudate to globus pallidus increase in the left, but no significant changes were seen in the right hemisphere.
	DLPC to caudate: p < 0.05, regression coeeficients -0.24 before to 0.27 after; caudate to globus pallidus: p = 0.05 (left hemisphere), with regression coefficients of -0.21 before to 0.26 after

	Limbic Circuit
	Shajahan, PM. et al., 2002
	4
	HFL DLPFC, 500 pulses/session, 

patients were

randomly allocated to receive 5Hz, 10Hz or 20Hz stimulation
	Before 24–72 h and immediately after the first daily session of

rTMS. Perfusion change between a baseline and verbal fluency task activation was measured.

	Psychotropic medications were maintained at a steady dose for at least 10 days prior to receiving TMS.

	Connectivity of medial orbitofrontal cortex to ventral striatum connectivity and amygdala to ventral striatum increase in the left. Connectivity of medial orbitofrontal cortex to ventral striatum, and thalamus to medial orbitofrontal cortex increased, but that of ventral striatum to globus pallidus decreased.
	For MOFC-VS: p < 0.05, regression coordinates in left are -0.02 before to 0.67 in the left, and -0.02 to 1.17 in the right. 



	Default Mode Network (DMN) and Central Executive Network (CEN) 
	Liston, C. et al., 2014
	3
	HFL 10Hz DLPFC (F3), 120%RMT (except 2 subjects), 3000 pulses/session, 
25 sessions of rTMS over 5-week course of treatment
	3.0T MRI (rs-fMRI) data were obtained from patients in two sessions that occurred before and shortly after completing the 5-week course of rTMS. 
	Antidepressants, mood Stabilizers, and antipsychotics were continued during a course of rTMS treatment. 

	HFL-rTMS selectively modulates functional connectivity both within and between the CEN and DMN. Modulation of subgenual cingulate connectivity may play an important mechanistic role in alleviating depression.
	pcorrected < 0.05


PAGE  

