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Abstract 

 

Depression is a major cause of disability showing an 18% increase from 2005 to 2015, 

now affecting approximately 300 million people worldwide. Depression is thought to be due to a 

chemical imbalance where antidepressants increase monoaminergic neurotransmission. 

However, due to the delayed clinical onset of antidepressant drugs compared to the immediate 

monoaminergic effects, these views are considered too simplistic and have required further 

investigation. Stress triggers depression and has been found to decrease neuroplasticity in brain 

regions associated with depression including the hippocampus and prefrontal cortex (PFC), 

affecting functioning of structures involved in learning and memory, attention and concentration, 

and the regulation of mood. Brain-derived neurotrophic factor (BDNF) is critical to numerous 

forms of neuroplasticity and is reduced by chronic stress as well. The precise molecular 

mechanisms of antidepressants are unknown; however, evidence of animal models and post-

mortem patients suggests BDNF contributing to neuroplasticity may be involved in both the 

pathophysiology and treatment of depression. Due to the heterogeneity and complexity of the 

disease the pathogenesis remains poorly understood; therefore, investigating treatment 

mechanisms will allow for rapid acting antidepressants to combat the delay of therapeutic effects 

associated with antidepressant drugs.  
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Depression is a highly debilitating disease and leading cause of disability worldwide 

affecting nearly 17% of the global population (Kessler et al., 2003; Lopez & Murray, 1998; 

Pincus & Pettit, 2001; Wittchen et al., 2011). Depression is linked to other mood disorders such 

as anxiety (Kessler et al. 1996; Hirschfeld, 2001), along with chronic comorbidities including 

substance use disorders (Boden & Fergusson, 2011; Grant, 1995), cardiovascular disease 

(Schulman & Shapiro, 2008; Swardfager et al., 2011), dementia (Byers & Yaffe, 2011), and type 

two diabetes (Knol et al., 2006) resulting in significant secondary costs to society of 

approximately $83 billion annually in the United States alone causing social and economic 

burden (Greenburg et al., 2003). 

Depression is a devastating mental illness and is characterized by symptoms of personal 

suffering, profound mental agony, feelings of sadness, difficulty thinking and concentrating, 

reduced motivation or hopelessness, anhedonia, anergia, irritability, low self-esteem, disrupted 

sleep, appetite and cognition, tendency to suicide and overall affects one’s thoughts, behaviour, 

and sense of well-being (Nestler et al., 2002). Depression is also associated with a decrease in 

employment, disruption of interpersonal relationships, a reduction in general health, 

psychosocial impairment and premature mortality (Erikkson et al., 1998; Reynolds & Patel, 

2017). Although prevalent and often long-lasting; depression can be treatable through cognitive 

behavioural therapy (Gartlehner et al., 2017), electroconvulsive therapy (Dierckx et al., 2012), 

transcranial magnetic stimulation (Lefaucheur et al., 2014), physical activity (Schuch et al., 

2018), and yoga (Cramer et al., 2013), and pharmaceutical agents such as antidepressants 

(Kozisek et al., 2008), however, there is incomplete knowledge of the pathogenic mechanism of 

depression and antidepressant mechanism.  
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The pathophysiology of depression has been explained by the lack of availability of 

monoamines such as serotonin, dopamine or norepinephrine and that antidepressant drugs work 

by increasing the extracellular availability of amines and neurotransmission at the synaptic level 

by inhibiting reuptake or the breakdown of monoamines (Heninger et al., 1996). A fundamental 

issue with this explanation is the immediate effects of drugs on monoamine availability 

occurring within minutes or hours whereas their therapeutic effects take several days to weeks 

suggesting the dysregulation of monoamines is not the only underlying factor in depression 

(Heninger et al., 1996; Hyman and Nestler, 1996). This has led researchers to study the 

neurobiological processes that occur after the initiation of antidepressant treatment to discover 

the underlying cause of the delay of action. 

Through studying downstream molecular events, and cellular and structural mechanisms, 

antidepressants have been shown to increase neuroplasticity upon exerting therapeutic effects 

(Tardito et al., 2006). The exact pathophysiology of depression and possible dysfunction of 

neuroplasticity remains poorly understood, however it is likely that a fundamental relationship 

exists. Neuroplasticity refers to ability of the nervous system to incorporate, respond to and adapt 

to environmental stimuli at the neuronal level resulting in structural and functional changes in 

response to different experiences (Pittenger & Duman 2008). As a result, neuroplasticity is 

associated with remodeling of neurons essential to normal functioning and contributes to 

neurogenesis, synaptogenesis, apoptosis, dendritic length and branching, spine density (Tardito 

et al., 2006). Neurons are continuously forming and removing connections in response to 

received information as a way to integrate and transmit signals across complex networks, 

therefore, neurons must be plastic to process and synthesize information to produce behaviour, 

and disruption of neural plasticity may result in disease (Pittenger & Duman 2008). 
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Neuroplasticity can be displayed through modulation of connections via strengthening or 

weakening; neurons are responsible for the strengthening of synaptic connections, or in other 

words, long-term potential (LTP) which represents the occurrence of learning and memory, as 

well as synaptic weakening, or long-term depression (LTD) which represents weakening of 

memories or unlearning (Tardito et al., 2006). Neuroplasticity also involves changes in neuronal 

hardwiring mediated by neurotrophic factors (Pittenger & Duman 2008). Neurotrophic factors 

play a critical role in the formation and plasticity of neuronal networks. BDNF is the most 

abundant neurotrophin with the highest concentrations found in the hippocampus and cortex, and 

is involved in the growth, differentiation and survival of neurons and promotes dendritic 

outgrowth and spine formation resulting in a neuroplastic effect (Kozisek et al., 2008). BDNF is 

an important factor in the regulation of neurogenesis and synaptic plasticity and may play a vital 

role in the delayed response of antidepressants. Tropomyosin-related kinase B (TrkB) is a protein 

kinase receptor required for normal development and survival of neurons in the peripheral 

nervous system and is the receptor for BDNF (Kozisek et al., 2008). The potential cellular 

mechanism of action of antidepressant drugs including synaptogenesis or neurogenesis may 

require both BDNF and its receptor TrkB. 

Neuroplasticity is strongly influenced in the brain’s adaptation to stress and may underlie 

depression where dysfunctional histological changes in the hippocampus, prefrontal cortex and 

other parts of the brain due to stress may explain the clinical features of depression as a disorder 

of the hardwiring of the brain, and not a state of chemical imbalance (Eriksson et al., 1998; 

Sousa & Almeida, 2002). Chronic stress alters neuronal circuits in the brain including 

intracellular signalling and synapse number and function. Rodent studies have demonstrated 

synaptic loss in cortical and limbic areas which control emotion, mood and cognition in response 
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to stress, mainly the PFC and hippocampus which are associated with depression (McEwen et 

al., 2015; McEwen & Morrison, 2013). Additionally, stress decreases the formation of new 

neurons in the adult hippocampus (McEwen et al., 2015), and brain imaging studies show that 

depression is associated with reductions in the volume of the prefrontal cortex and hippocampus, 

suggesting atrophy and disruption of connectivity (MacQueen & Frodi, 2011). 

 Stress is a major cause of depression, is associated with abnormal hypothalamic-pituitary 

adrenal (HPA) axis function such as hypersecretion of cortisol, and has been shown to have 

immense effects on neuroplasticity (McEwen et al., 2015; Tardito et al., 2006). Due to 

glucocorticoid receptors on neurons throughout the hippocampus and other brain regions, mild 

stress can favour neuroplasticity through cortisol stimulation of hippocampal and prefrontal 

cortex neurons facilitating learning and memory, however chronic stress can have opposite 

effects and overstimulate neurons leaving areas of the brain vulnerable to the effects of stress and 

depression (Sousa & Almeida, 2002). Animal models have been used to study the neurobiology 

of stress, depression and antidepressant action in humans as changes in the regulation of 

endocrine systems, learning and memory, and histology of certain parts of the brain and 

behaviour show strong resemblances between stressed animals and depressed humans 

(Shirayama et al., 2002). Stress-induced changes in the hippocampus include loss of dendritic 

spines, decrease in number and length of dendrites, loss of synapses, loss of glia, impairment of 

neurogenesis, and apoptosis resulting in a reduction in hippocampal volume observed in post-

mortem animal models of stress and depression as well as in magnetic resonance imaging (MRI) 

studies of depressed humans (D’sa & Duman, 2002; Pittenger & Duman, 2008). The elevation of 

circulating cortisol during chronic stress response exerts neurotoxic effects on hippocampal 

neurons through glucocorticoid receptor and its downstream effects can negatively affect 
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learning and memory (Sousa & Almeida, 2002). Losing dendrites and synapses decreases 

synaptic networks and connectivity decreasing effectiveness of neurons. Furthermore, apoptosis, 

decreasing neurogenesis, and losing glia which plays an important role in neurotransmission, 

magnifies the impairment.  

The hippocampus has projections to the dorsolateral prefrontal cortex, the ventral 

tegmental area and the hypothalamus. Stress-induced changes in the hippocampus could 

therefore impair not only hippocampal functioning but also functioning in these downstream 

areas. The connection to the dorsolateral prefrontal cortex may explain behaviour observed in 

depression as it has important cognitive functions such as attention and concentration. 

Additionally, the ventral tegmental area projects to the nucleus accumbens, therefore, 

impairment of the reward system may be the result of symptoms such as anhedonia. The 

hypothalamic dysfunction downstream to the hippocampus may explain some of the 

neuroendocrine and autonomic nervous system disturbances that characterize depression 

(Pittenger and Duman, 2008). 

Stress-induced changes in the PFC of animals include loss of dendritic spines, atrophy of 

the dendritic tree, loss of synapses, and decreased number and size of glia (Pittenger and Duman, 

2008). Post-mortem studies in depressed humans have shown a decrease in neuronal size, glial 

size and number, and overall cortical thickness (D’sa & Duman, 2002). The PFC regulates 

cognitive functions such as attention, concentration, learning and memory, and higher mental 

functions such as motivation and judgment, all of which are impaired in depression, perhaps as a 

result of the prefrontal changes associated with stress and depression. Reduction in number of 

spine synapse connections and dendrite complexity in the PFC and hippocampus could 
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contribute to decreased volume in these regions accompanied by a loss of normal control of 

mood and emotion observed in depressed patients. 

Antidepressant treatments have been shown to oppose or reverse the effects of synaptic 

plasticity caused by chronic stress (D’sa & Duman, 2002). Due to the impaired function of 

cortico-limbic regions involved in mood and emotion regulation, it has been suggested that 

alterations in neurotrophins such as BDNF underlie impaired neuroplasticity and antidepressants 

may exert their therapeutic effects by enhancing trophic signaling on neuronal and synaptic 

plasticity (Kozisek et al., 2008). Antidepressant drug treatment increases expression of proteins 

associated with synaptic plasticity (D’sa & Duman, 2002), and there is extensive evidence that 

demonstrates a requirement for BDNF in synaptic plasticity.  

Antidepressants work by increasing BDNF which is required for long-term potentiation 

and is responsible for learning processes and memory formation, and for long-term memory 

storage (Kozisek et al., 2008). At a cellular level, BDNF has a demonstrated role in increasing 

presynaptic neurotransmitter release, mobilizing synaptic vesicles at existing synapses and 

increasing synapse formation (Kozisek et al., 2008). In humans, brain BDNF levels have been 

found to be reduced in post-mortem samples from depressed patients and increased in patients 

receiving antidepressant treatment at the time of death (Chen et al., 2001; Karege et al., 2005). In 

animals, the forced swim test and learned helplessness paradigms are stress induced behavioural 

models used to mimic mood disorders in humans such as depression. BDNF infusions in mice 

produce an antidepressant response and if BDNF or TrkB are impaired, then treatment is not 

effective (Shirayama et al., 2002). These studies provide support for the findings that reduced 

BDNF expression contributes to depression, and that antidepressant treatment increases or 
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reverses this deficit and that BDNF-induced neuroplasticity contributes to the actions of 

antidepressants. 

BDNF and TrkB also activate intracellular mechanisms which in turn activate enzymes 

and proteins involved in neuroplasticity (Kozisek et al., 2008). Antidepressants rapidly increase 

TrkB activation and signaling followed by a long-lasting increase expression of BDNF in the 

hippocampus and prefrontal cortex (Chen et al., 2001). The induction of BDNF is dependent on 

chronic treatment for two to three weeks and observed in different antidepressant classes 

including selective serotonin reuptake inhibitors (SSRI), selective norepinephrine reuptake 

inhibitors (SNRI), monoamine oxidase inhibitors (MAOI), and even electroconvulsive shock, 

however is not seen in other types of psychotropic drugs. The end result of these intracellular 

signaling pathways is a stimulation of neurogenesis in the hippocampus, and an increase in glial 

cells, dendritic growth and branching, inhibition of apoptosis, synaptogenesis and synaptic 

strengthening in the PFC and hippocampus. The time course of these neuroplasticity changes are 

on par with the time course of antidepressant action, inferring that the neurohistological effects 

caused by antidepressants are responsible for the alleviation of symptoms.  

The mechanistic actions of antidepressants remain unknown. Prior monoamine theories 

are incomplete since the action of antidepressant drugs have been established as more complex 

due to their mood-elevating effects occurring weeks after administration, whereas enhanced 

monoamines occurs immediately indicating they are not solely responsible. Animal models and 

post-mortem studies demonstrate reduced levels of brain-derived neurotrophic factor in 

depressed patients and increased levels upon treatment suggesting BDNF is implicated in the 

etiology and treatment of depression. BDNF is involved in neurogenesis in the hippocampus, as 

well as synaptogenesis and synaptic strengthening in both the PFC and hippocampus 
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demonstrating its role in neuroplasticity. Neuroplasticity is decreased in the hippocampus and 

prefrontal cortex in depressed patients indicating its role as a potential contributor to the delay of 

therapeutic effects associated with antidepressants. Due to the personal, social and economic 

burden of depression, understanding its pathogenesis is important for the development of faster-

acting antidepressants and may be discovered through further investigation of BDNF signaling, 

neuroplasticity, and the mechanism of action of antidepressant drugs through these cascades.  

 

 

 

 

 

 

 

 

 

 

 

 



Running head: ANTIDEPRESSANTS AND NEUROPLASTICITY 11 
 

11 
 

References 

Boden, J. M., & Fergusson, D. M. (2011). Alcohol and depression. Addiction. 106(5), 906–14. 

doi:10.1111/j.1360-0443.2010.03351.x.  

Byers, A. L., Yaffe, K. (2011). Depression and risk of developing dementia. Nature Review.

 Neurology. 7(6), 323-331. http://dx.doi.org/10.1038/nrneurol.2011.60 

Chen, B., Dowlatshahi, D., MacQueen,. G. M, Wang, J.F., Young, L.T. (2001). Increased

 hippocampal BDNF immunoreactivity in subjects treated with antidepressant medication.

 Biology Psychiatry. 50(4), 260-265. doi: 10.1016/s0006-3223(01)01083-6. 

Cramer, H., Lauche, R., Langhorst, J., & Dobos, G. (2013). Yoga for depression: A systematic

 review and meta-analysis. Depression and Anxiety. 30(11), 1068–83.

 doi:10.1002/da.22166.  

Dierckx, B., Heijnen, W. T., van den Broek, W.W., & Birkenhäger, T., K. (2012). Efficacy of

 electroconvulsive therapy in bipolar versus unipolar major depression: A meta-analysis.

 Bipolar Disorders. 14(2), 146–50. doi: 10.1111/j.1399-5618.2012.00997.x 

D’Sa, C., & Duman, R. S. (2002). Antidepressants and neuroplasticity. Bipolar Disorders. 4(3),

 183-194. doi: 10.1034/j.1399-5618.2002.01203.x. 

Eriksson, P. S., Perfilieva, E., Björk-Eriksson, T., Alborn, A. M., Nordborg, C., Peterson, D., A., 

& Gage, F., H. (1998). Neurogenesis in the adult human hippocampus. Nature 

Medicine. 4(11), 1313-1317. doi: 10.1038/3305 

Gartlehner, G., Wagner, G., Matyas, N., Titscher, V., Greimel, J., Lux, L., Gaynes, B.N., 

Viswanathan, M., Patel, S. & Lohr, K.N. (2017). Pharmacological and non-

pharmacological treatments for major depressive disorder: Review of systematic 

reviews. The British Medical Journal. 7(6), 1-13. doi:10.1136/bmjopen-2016-014912 

https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1111%2Fj.1360-0443.2010.03351.x
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1002%2Fda.22166
https://doi.org/10.1038/3305
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5623437
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5623437
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5623437
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1136%2Fbmjopen-2016-014912


Running head: ANTIDEPRESSANTS AND NEUROPLASTICITY 12 
 

12 
 

Greenberg, P.E., Kessler, R.C., Birnbaum, H.G., Leong, S.A., Lowe, S.W., Berglund, P.A., &

 Corey-Lisle, P.K. (2003). The economic burden of depression in the United States: How

 did it change between 1990 and 2000? The Journal of Clinical Psychiatry. 64(12), 1465

 1475. doi: 10.4088/jcp.v64n1211 

Grant, B., F. (1995). Comorbidity between DSM-IV drug use disorders and major depression:

 Results of a national survey of adults. Journal of Substance Abuse. 7(4), 481–97.

 doi:10.1016/0899-3289(95)90017-9 

Heninger, G. R., Delgado, P. L., & Charney, D. S. (1996). The revised monoamine theory of 

depression: A modulatory role for monoamines, based on new findings from 

monoamine depletion experiments in humans. Pharmacopsychiatry. 29(1), 2-11. doi: 

10.1055/s-2007-979535 

Hirschfeld, R., M. (2001). The comorbidity of major depression and anxiety disorders: 

Recognition and management in primary care. Primary Care Companion to the Journal 

of Clinical Psychiatry. 3(6), 244–54. doi:10.4088/PCC.v03n0609.  

Hyman, S. E., & Nestler, E. J. (1996). Initiation and adaptation: A paradigm for understanding 

psychotropic drug action. The American Journal of Psychiatry. 153(2), 151–162. doi: 

10.1176/ajp.153.2.151  

Karege, F., Bondolfi, G., Gervasoni, N., Schwald, M., Aubry, J. M., & Bertschy, G. (2005). Low

 brain-derived neurotrophic factor (BDNF) levels in serum of depressed patients probably

 results from lowered platelet BDNF release unrelated to platelet reactivity. Biology

 Psychiatry.57(9), 1068-1072. 

 

https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1016%2F0899-3289%2895%2990017-9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC181193
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC181193
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.4088%2FPCC.v03n0609


Running head: ANTIDEPRESSANTS AND NEUROPLASTICITY 13 
 

13 
 

Kessler, R. C., Nelson, C. B., McGonagle, K. A., Liu, J., Swartz, M., & Blazer, D. G. (1996).

 Comorbidity of DSM-III-R major depressive disorder in the general population: results

 from the US National Comorbidity Survey. The British Journal of Psychiatry. 168(30),

 17–30. doi:10.1192/S0007125000298371 

Kessler, R.C., Berglund, P., Demler, O., Jin, R., Koretz, D., Merikangas, K. R., Rush, A.J., 

Walters, E.E., & Wang, P.S. (2003). The epidemiology of major depressive disorder: 

Results from the National Comorbidity Survey Replication (NCS-R). The Journal of the 

American Medical Association. 289(23), 3095-3105. 

http://dx.doi.org/10.1001/jama.289.23.3095 

Knol, M. J., Twisk, J.W., Beekman, A.T., Heine, R.J., Snoek, F.J., & Pouwer, F. (2006). 

Depression as a risk factor for the onset of type 2 diabetes mellitus. A meta-analysis. 

Diabetologia. 49(5), 837-845. http://dx.doi.org/10.1007/s00125-006-0159-x 

Kozisek, M. E., Middlemas, D., & Bylund, D. B. (2008). Brain-derived neurotrophic factor and 

its receptor tropomyosin-related kinase B in the mechanism of action of antidepressant 

therapies. Pharamcology & Therapeutics. 117(1), 30-51. doi: 

10.1016/j.pharmthera.2007.07.001 

Lefaucheur, J. P., André-Obadia, N., Antal, A., Ayache, S. S., Baeken, C., Benninger, D.H., . . .  

Garcia Larrea, L. (2014). Evidence-based guidelines on the therapeutic use of repetitive 

transcranial magnetic stimulation (rTMS). Clinical Neurophysiology. 125(11), 2150–206.

 doi:10.1016/j.clinph.2014.05.021. 

Lopez, A. D., & Murray, C. C. (1998). The global burden of disease. Nature Medicine 4(11), 

1241–1243. doi:10.1038/3218 

https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1192%2FS0007125000298371
http://dx.doi.org/10
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1016%2Fj.clinph.2014.05.021
https://doi.org/10.1038/3218


Running head: ANTIDEPRESSANTS AND NEUROPLASTICITY 14 
 

14 
 

MacQueen, G., & Frodi, T. (2011). The hippocampus in major depression: evidence for the 

convergence of the bench and bedside in psychiatric research? Molecular psychiatry. 

16(3), 252-264. doi: 10.1038/mp.2010.80. 

McEwen, B. S., & Morrison, J. H. (2013). The brain on stress: vulnerability and plasticity on the 

prefrontal cortex over the life course. Neuron. 79(1): 16-29. doi: 

10.1016/j.neuron.2013.06.028 

McEwen, B. S., Bowles, N. P., Gray, J. D., Hill, M. N., Hunter, R. G., Karatsoreos, I. N., & 

Nasca, C. (2015). Mechanisms of stress in the brain. Nature Neuroscience. 18(10), 

1353-1363. doi: 10.1038/nn.4086. 

Nestler, E. J., Barrot, M., DiLeone, R. J., Eisch, A. J., Gold, S. J., & Monteggia, L. M. (2002). 

Neurobiology of depression. Neuron. 34(1), 13–25 http://dx.doi.org/10.1016/S0896-

6273(02)00653-0 

Pincus, H. A., & Pettit, A. R. (2001). The societal costs of chronic major depression. The Journal 

of Clinical Psychiatry. 62(Suppl 6), 5–9. 

Pittenger, C., & Duman, R. S. (2008). Stress, depression, and neuroplasticity: A convergence of 

mechanisms. Neuropsychopharmacology. 33(1): 88-109. doi: 10.1038/sj.npp.1301574 

Reynolds, C. F., & Patel, V. (2017). Screening for depression: The global mental health context.

 World Psychiatry. 16(3), 316–317. doi:10.1002/wps.20459.  

Schuch, F. B., Vancampfort, D., Firth, J., Rosenbaum, S., Ward, P. B., & Silva, E.S. (2018).

 Physical activity and incident depression: A meta-analysis of prospective cohort

 studies. The American Journal of Psychiatry. 175(7), 631–648.  

http://dx.doi.org/10.1016/S0896-6273(02)00653-0
http://dx.doi.org/10.1016/S0896-6273(02)00653-0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5608832
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1002%2Fwps.20459
https://kclpure.kcl.ac.uk/ws/files/94279645/Physical_activity_and_incident_SCHUCH_Publishedonline25April2018_GREEN_AAM.pdf
https://kclpure.kcl.ac.uk/ws/files/94279645/Physical_activity_and_incident_SCHUCH_Publishedonline25April2018_GREEN_AAM.pdf


Running head: ANTIDEPRESSANTS AND NEUROPLASTICITY 15 
 

15 
 

Shirayama, Y., Chen, A. C. H., Nakagawa, S., Russell, D. S., & Duman, R. S. (2002). Brain-

derived neurotrophic factor produces antidepressant effects in behavioral models of 

depression. Journal of Neuroscience.22(8), 3251-3161. 

https://doi.org/10.1523/JNEUROSCI.22-08-03251.2002 

Sousa, N., & Almeida, O. F. (2002). Corticosteroids: Sculptors of the hippocampal formation. 

Reviews in the Neurosciences. 13(1), 59-84. doi: 10.1515/revneuro.2002.13.1.59 

Swardfager, W., Herrmann, N., Marzolini, S., Saleem, M., Farber, S. B., Kiss, A., Oh, P. I., & 

Lanctot, K. L. (2011). Major depressive disorder predicts completion, adherence, and 

outcomes in cardiac rehabilitation. A prospective cohort study of 195 patients with 

coronary artery disease. The Journal of Clinical Psychiatry. 72(9), 1181-88. doi: 

10.4088/jcp.09m05810blu. 

Schulman, J., & Shapiro, B. A. (2008). Depression and cardiovascular disease: What is the

 correlation? Psychiatric Times. 25(9), 41-44 

Tardito, D., Perez, J., Tiraboschi, E., Musazzi, L., Racagni, G., & Popoli, M. (2006). Signaling

 pathways regulating gene expression, neuroplasticity, and neurotrophic mechanisms in

 the action of antidepressants: a critical overview. Pharmacological reviews. 58(1): 115

 34. doi: 10.1124/pr.58.1.7. 

Wittchen, H. U., Jacobi, F., Rehm, J., Gustavsson, A., Svensson, M., Jonsson, B., Olesen, J., 

Allgulander, C., Alonso, J., Faravelli, C., Fratiglioni, L., Jennum, P., Lieb, R., Maercker, 

A., van Os, J., Preisig, M., Salvador-Carulla, L., Simon, R., Steinhausen, H. C. (2011). 

The size and burden of mental disorders and other disorders of the brain in Europe. 

European Neuropsychopharmacology. 21(9), 655–679. 

doi:10.1016/j.euroneuro.2011.07.018. 

http://www.psychiatrictimes.com/depression/article/10168/1171821
http://www.psychiatrictimes.com/depression/article/10168/1171821

