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Repetitive transcranial magnetic stimulation in a patient 
suffering from depression and rheumatoid arthritis: 
Evidence for immunmodulatory effects
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Abstract Repetitive transcranial magnetic stimulation (rTMS) has been suggested as anti-
depressive treatment strategy [1]. The mechanism of action by which the anti-
depressive effect is brought about remains unclear at present. Here, we report 
findings in a patient suffering from recurrent major depression and rheumatoid 
arthritis. Improvement of depressive symptoms during 20 Hz rTMS of the left 
dorsolateral prefrontal cortex was repeatedly associated with a systemic inflam-
matory reaction, suggesting that rTMS induced an immunmodulatory effect.

Case report 

A 70-year-old woman has been suffering from 
recurrent major depressive disorder with psy-
chotic symptoms since she had given birth to her 
first child 36 years ago. One year later a seroneg-
ative rheumatoid arthritis (RA) was diagnosed. 
Without any specific drug treatment there was no 
relapse of the RA during the last two years prior 
to admission.

The current severe depressive episode started 
12 months prior to admission after a stable inter-
val of ten years. Three adequate antidepressant tri-
als did not result in clinical improvement and over 
the last six months depressive and psychotic symp-
toms gradually increased. The medication (mapro-
tiline 150 mg, lithium carbonate 400 mg, olanzap-
ine 5 mg) was stable for 4 weeks before rTMS. The 
patient underwent 11 rTMS sessions within two 
weeks at the following stimulation parameters: 

left dorsolateral prefrontal cortex, 20 Hz, 90% of 
motor threshold intensity, 2000 stimuli/day. Dur-
ing the second week of rTMS treatment the patient 
improved rapidly and at the end of rTMS treat-
ment depressive and psychotic symptoms almost 
completely disappeared (Hamilton Rating Scale 
for Depression (HAM-D) pre-rTMS: 29, HAM-
D post-rTMS: 2). Simultaneous with the improve-
ment of depressive symptoms the patient reported 
a relapse of her rheumatoid arthritis with gener-
alized joint pain. After oral treatment with val-
decoxib she recovered and was discharged from 
the hospital. At that time she was free from depres-
sive symptoms. However, her condition remained 
only stable for several days, before she developed 
again a severe depressive episode with psychotic 
symptoms. She was hospitalized again and anti-
depressant treatment was changed to 75 mg of 
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imipramine (a higher dosage was not tolerated by the 
patient due to orthostatic side effects), 3 mg of haloperi-
dol and 3 mg of lorazepam with only slight clinical 
improvement. Two weeks after admission the patient 
was referred again to rTMS treatment. 16 sessions with 
identical stimulation parameters were applied. During 
this second course of rTMS, immune activity was mon-
itored by measuring serum concentrations of inflam-
matory parameters (C-reactive proteine (CRP), solu-
ble interleukin-2-receptor (sIL-2R), Interleukin 6 (IL6), 
Interleukin 10 (IL10) and tumor necrosis factor alpha 
(TNF alpha)). During the second week of rTMS there 
was again a rapid improvement of depressive symptoms 
as well as an acute relapse of the RA (Hamilton Rating 
Scale for Depression (HAM-D) pre-rTMS: 32, HAM-
D after 8 sessions rTMS: 2, HAM-D after 16 sessions 
rTMS: 6). An acute symmetrical inflammation of both 
knees and of the small joints of both hands was verified 
by a certified rheumatologist. Laboratory tests demon-
strated an increase of CRP, IL6 and sIL2R, thus pointing 
to a generalized inflammatory reaction. Table 1 summa-
rizes clinical and laboratory parameters during rTMS 
treatment. During the third week of rTMS lorazepam 
was discontinued and haloperidol was reduced to 1 mg/
day. Apart from slight sleeping disturbances the con-
dition of the patient remained stable and she was dis-
charged from the hospital with complete remission of 
her depressive episode. During a follow-up period of 
two months the patient remained free of any depressive 
or psychotic symptoms, but reported lasting arthritic 
pain in her knees.

Discussion

The possibility of a pure coincidence of rTMS treat-
ment, spontaneous remission of depression and inflam-
matory reaction can be largely ruled out by the fact that 
the closed temporal link between rTMS, recovery from 
depression and acute inflammatory activation was 
reproducible. Compared to the large body of literature 

about complex interactions between depression and 
the immune system [5], the knowledge about rTMS 
effects on immune system activity is very limited. In 
rats high frequency rTMS resulted in a downregulation 
of hypothalamic-pituitary adrenal (HPA) axis activity 
[2,3,4]. In depressed patients early findings of a normal-
ization of the dexamethason suppression test after suc-
cessful rTMS treatment [7] contrast with recent data of 
a persisting HPA system hyperactivity after rTMS treat-
ment independent from the clinical outcome [9]. One 
animal study which investigated the impact of rTMS on 
inflammatory mediators did not find any effect of long-
term high-frequency rTMS on the mRNA expression of 
interleukin (IL)-1beta, IL-6 or cyclooxygenase 2 [6].

The enhanced inflammatory reactivity in our patient 
with RA may have been allowed to detect rTMS effects 
on immune system activity, which remain undetected in 
other patients. We are aware that we can not rule out the 
possibility that the inflammatory reaction in our patient 
is only related to the recovery from depression and not 
to rTMS treatment, thus representing a pure epiphe-
nomenon of rTMS treatment. However, never before 
recovery from a depressive episode in this patient was 
related to such a simultaneous relapse of RA, how it was 
now observed two times during rTMS. This close tem-
poral relation between recovery from depression and 
inflammatory reaction, which was exclusively observed 
during rTMS supports a causal role for rTMS treat-
ment.

Puzzling is the fact that both the acute inflamma-
tory reaction as well as the fast and complete remis-
sion in a patient with medication resistant severe psy-
chotic depression are unusual during rTMS treatment. 
This may lead to speculation as to whether the extraor-
dinary therapeutic response may be linked to the dis-
tinct activation of inflammatory mediators. Lack of a 
sham condition and the single patient report limit this 
interpretation.
 

Immunmodulatory effects of rTMS

Table 1 Clinical and laboratory parameters before, during and after the second course of repetitive transcranial 

magnetic stimulation

 Pre rTMS After 8 sessions rTMS  After 16 sessions rTMS

 HAM-D 32 2 6

 Bf-S 43  2

 CRP 6.7 mg/l 25 mg/l 30 mg/l

 IL 6 3.4 ng/l 15 ng/l

 IL 10 3.6 pg/ml 3.0 pg/ml

 SIL-2R 1225 kU/l 1662 kU/l

 TNF alpha 9 ng/l 10 ng/l

HAM-D: Hamilton Rating Scale for Depression; Bf-S: Befindlichkeitsskala nach Zerssen (subjective rating scale 

for the assessment of quality of life [8]); CRP: C-reactive proteine; sIL-2R: soluble interleukin-2-receptor, IL6: 

Interleukin 6; IL10: Interleukin 10; TNF alpha: tumor necrosis factor alpha.
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