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Depression is a mood disorder that causes a persistent feeling of sadness and loss of interest.  It affects 
how you feel, think and behave and can lead to a variety of emotional and physical problems and a 
reduced ability to enjoy life.  Research suggests that depression is not simply having too much or too 
little of certain brain chemicals.  Rather, there are many possible causes of depression, including faulty 
mood regulation by the brain, genetic vulnerability, stressful life events, medications, and medical 
problems.  It's believed that several of these forces interact to bring on depression.  Researchers believe 
that nerve cell connections, nerve cell growth, and the functioning of nerve circuits have a major impact 
on depression.  The answer may be that mood only improves as nerves grow and form new connections, 
a process that takes weeks.  In fact, animal studies have shown that antidepressants spur the growth 
and enhance branching of nerve cells in the hippocampus.  So, the real value of these medications may 
be in generating new neurons (a process called neurogenesis), strengthening nerve cell connections, and 
improving the exchange of information between nerve circuits. 

There is a great need for new and effective treatment methods for patients suffering from depression.  
No single treatment modality has been shown to be particularly effective, and patients are often 
subjected repeatedly to unsuccessful drug trials.  Approximately 30% of patients with major depressive 
disorder (MDD) episodes are resistant to antidepressant drugs [1].  In these patients, the risk of 
developing chronic depression (an episode longer than 24 months) is high. 

Pulsed electromagnetic frequency (PEMF) therapy has been utilized in the treatment of depression with 
improvement of depression symptoms.  It has been shown that PEMF stimulation induces intracellular 
signaling related to tyrosine kinase receptor activity which is known to influence signal pathways 
controlling cell growth, metabolism, and survival [2,3].  PEMF treatments have shown to increased 
neurite length and cell body size [4,5].  In addition, both PEMF and selective serotonin reuptake 
inhibitors (SSRI) medication enhances cellular signaling, and increases mRNA synthesis for growth 
factors such as brain-derived neurotrophic factor (BDNF) [5,6] and fibroblast growth factor [7].  Results 
from clinical studies have demonstrated that stress and depression decrease BDNF expression and 
neurogenesis and that antidepressant treatment reverses or blocks these effects [6].  Clinical studies 
have demonstrated an association between BDNF levels and several disorders, including depression, 
epilepsy, bipolar disorder, Parkinson's disease, and Alzheimer's disease.  These results indicate PEMF 
might be both an activator of intracellular signaling and an enhancer of the action of antidepressant 
medication. 

The influence of PEMF on cortical excitability has also been investigated.  Healthy subjects treated with 
low-frequency and low-voltage PEMF demonstrated increased cortical excitability, and exposure 
produces a selective enhancement of glutaminergic neurotransmission in the brain.  Because this 
specific neurotransmitter (brain messenger) is involved in the pathophysiology and treatment of mood 
disorders, this represents another possible explanation for the antidepressant effect of PEMF [8]. 

Neuroimaging studies in MDD have consistently shown decreased activity in the dorsolateral prefrontal 
cortex (DLPFC), an area involved in executive functioning [9-12].  These observations are in line with 
[18F]-fluorodeoxyglucose (FDG) imaging studies showing lower prefrontal glucose metabolism in MDD 
[12,13].  Following treatment with the SSRI paroxetine, increases of glucose metabolism were observed 



in cortical brain areas previously implicated in MDD, including parts of the prefrontal, parietal, and 
dorsal anterior cingulate cortex [14].  Importantly, in both preclinical and clinical studies, PEMF also 
appears capable of increasing glucose metabolism in these areas [15-17].   Moreover, PEMF aimed at 
the DLPFC of patients suffering from MDD has been shown to both increase cortical excitability and 
relieve depressive symptoms [10,11]. 

There is evidence for a low-grade inflammatory process in the pathophysiology of depression. This 
process could be important in both the onset of depression [18] and its treatment with adjuvant anti-
inflammatory drugs [19].  PEMF stimulation targets inflammatory processes by decreasing cytokine 
levels [20-23]. 

The antidepressant effects of PEMF are well established.  A meta-analysis of 32 studies reported a 
moderate effect of active PEMF treatment on depression severity, as measured by the 17 item Hamilton 
Depression Rating Scale (HAMD-17), and the Major Depression Inventory.  The overall conclusion was 
that PEMF is an effective treatment of depression [24-30].  Side effects of PEMF treatment in depression 
appear to be few and mild.  No significant differences were seen between side effects in the active 
versus the placebo group [28,29]. 

Summarizing, novel therapies for Depression are highly needed. The evidence collected thus far 
indicates that intervention with PEMF has an antidepressant effect, possibly involving a restoration of 
the disrupted brain connectivity.  There is also support with respect to the neurogenesis/neuroplasticity 
and immune hypotheses with beneficial effects of PEMF on neuronal growth and pro-inflammatory 
cytokines.  The most consistent finding is an acute effect of PEMF on local brain activity and glucose 
metabolism.  This is also in line with current ideas that connectivity between different cortical regions is 
disrupted in depression, and that antidepressant treatment should be targeted at restoring the 
communication between neuronal networks. 
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