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SUMMARY

Psychosocial factors are an important contributor to the aetiology of unipolar depression. This paper reviews the evidence for
the contribution of different psychosocial factors, and provides an overview of the proposed neurobiological mechanisms underlying
the link between psychosocial factors and depression.

Implicated psychosocial factors fall into three interrelated groups: life events, socioeconomic status, and social support. The life
events most strongly linked with depression are bereavement, disability or medical illness, and childhood maltreatment. Others
include refugee status, workplace stressors, and obesity. Studies linking low socioeconomic status with depression are conflicting.
There is strong evidence for the association between lack of social support and depression.

Multiple neurobiological mechanisms linking psychosocial factors to depression have been suggested, though evidence remains
limited. The key foci of evidence point to increased activity in the hypothalamic-pituitary-adrenal axis, epigenetic modifications of
key genes, and inflammatory processes. Other mechanisms being explored include structural changes to the limbic system, prefrontal
cortex, cingulate cortex, and hippocampus, and the role of other molecules such as cholecystokinin, tachykinins, spinophillin,

synaptophysin and myelin basic protein. There is overlap between these mechanisms.
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INTRODUCTION

Unipolar depression has a significant psychosocial
actiology, with the heritability estimated to account for
only 37% of disease occurrence (Sullivan et al. 2000).
The psychosocial factors which have been implicated in
the aetiology of unipolar depression fall into three
interrelated groups: life events, socioeconomic status,
and social support. The neurobiological mechanisms by
which these factors lead to depression are poorly
understood, but are the subject of ongoing research.

PSYCHOSOCIAL FACTORS
Life events

Negative life events, or life stressors, are one of the
most studied risk factors for unipolar depression. The
relevance of a life event to the risk of depression may
depend on a number of characteristics, including its per-
ceived undesirability, the extent to which the individual
has control over it, its magnitude, the degree to which it
is life threatening, and its duration (Bruce 2002). The
strength of association of many life events or stressors
with depression varies according to age, with stronger
associations found in the age groups in which occur-
rence is lowest and least expected (Schaakxs 2017).

Strongest evidence exists for the roll of bereavement
(Florence 2015, Bruce 1990), disability or medical ill-
ness (Geerlings 2000), and childhood maltreatment (Li
2016), in the aetiology of depression. A meta-analysis
of 20 prospective cohort studies on risk factors for
depression in the elderly found an odds ratio of 3.3 for

bereavement, 2.5 for disability, and 1.8-2.1 for medical
illness (Cole 2003). A meta-analysis of eight cohort
studies investigating the relationship between maltreat-
ment in childhood and depression reported an odds ratio
of 2.03 (Li 2016).

The relationship between bereavement and depres-
sion appears to be one of the most significant. In part,
this may be attributable to the overlapping presentations
of normal grief and depression. Factors associated with
depression, rather than normal grief, include the indivi-
dual’s coping mechanisms, traumatic or unexpected
nature of the death, and the extent to which it results
social isolation (Aziz 2013).

Another implicated life stressor is refugee status. A
meta-analysis of 35 population based cross-sectional
studies found a depression prevalence of 44% among
refugees (Lindert 2009). A more recent cross-sectional
study of depression among Syrian refugees in a
Turkish refugee camp reported the prevalence as 37%
(Acarturk 2017).

Workplace stressors may also play a role in the
actiology of depression. A systematic review of 16 pro-
spective cohort studies investigating the relationship bet-
ween job-related psychosocial factors and depression
indicated that exposure to perceived adverse psychosocial
factors at work is related to an increased risk of depres-
sion (Bonde 2008). The factor for which the relationship
was strongest was job strain, which was defined as a
combination of high demand and low decision latitude. A
cross-sectional study of 1169 people in three European
countries suggested that an effort-reward imbalance at
work is associated with depression (Pikhart 2004).
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Obesity is another proposed factor in the aetiology
of depression, particularly among the young (Schaakxs
2017). A meta-analysis of 15 longitudinal cohort studies
found an association between obesity and depression,
whereby obesity increased the risk of depression with an
odds ratio of 1.55, while depression was predictive of
the development of obesity (Luppino 2010).

Socioeconomic status

Low socioeconomic status has been associated with
depression, and may be related to poorer access to
health and mental health services, increased exposure to
negative life events, and social support factors (Arean
2005).

A prospective cohort study of 9193 individuals
indicated that low socioeconomic position was asso-
ciated with increased rates of depressive symptoms in
all age periods. Indicators of low standards of living
showed the strongest associations, with odds ratios
reported for depression at age 18 ranging from 1.20 for
manual social class to 1.74 for material hardship
(Joinson 2017). In another prospective cohort study
investigating the risk factors for first-onset unipolar
depression in 3170 individuals, the effects of poverty
were reduced when controlling for the degree of social
isolation, suggesting that the effect of socioeconomic
status on depression may be mediated through social
support factors (Bruce 1994). However, a systematic
review of 25 primarily cross-sectional studies investi-
gating the risk factors for chronic depression concluded
that the influence of socioeconomic status was incon-
sistent (Ho6lzel 2011). Another systematic review of 71
cross-sectional and longitudinal studies on risk factors
for depression in the elderly similarly found that the
relationship between low education level or low income
and depression was inconsistent (Vink 2008). In short,
the evidence for the role of socioeconomic status re-
mains inconclusive.

Social support

A lack of social support, and in particular, a lack of
relationships that provide emotional support, has been
implicated in the aetiology of depression. This may be
because social support both directly enhances psycho-
logical well-being, and reduces or buffers the negative
impact of the life stressors described above (Bruce 2002).

A systematic review of 25 primarily cross-sectional
studies investigating risk factors for chronic depression
found that low social support, negative social
interaction, and low social integration were all linked to
chronic depression (Holzel 2011). A systematic review
of 71 cross-sectional and longitudinal studies on risk
factors for depression in the elderly found associations
with both quantitative and qualitative aspects of social
network, including low contact frequency, smaller
network size, being unmarried, and having a lack of
social support (Vink 2008).
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MECHANISMS

Identifying the neurobiological processes that under-
lie the association between psychosocial factors and
depression may reveal pathways through which the risk
for depression can be mitigated. The proposed mecha-
nisms include increased hypothalamic-pituitary-adrenal
(HPA) axis activity, epigenetic modification of key
genes, and inflammatory processes. Other mechanisms
suggested include structural changes in key areas of the
brain, such as the limbic system, prefrontal cortex,
cingulate cortex and hippocampus, and the role of other
molecules such as cholecystokinin (CCK), tachykinins,
spinophillin, synaptophysin (SVP) and myelin basic
protein (MBP). These proposed mechanisms are sum-
marised in Table 1.

Table 1. Neurobiological mechanisms that may mediate
the association between psychosocial stress and depression

Key mechanisms

Increased hypothalamic-pituitary-adrenal axis activity

Epigenetic modification of key genes
= SLC6AA4 (serotonin transporter gene)
= Hypothalamic-pituitary-adrenal axis genes
= Brain derived neurotrophic factor

Inflammatory processes

Proposed mechanisms with less well established
psychosocial driving evidence

Structural changes in the limbic system, prefrontal
cortex, cingulate cortex and hippocampus

Other mechanisms:
= Cholecystokinin
= Tachykinins
= Spinophillin, synaptophysin, and myelin basic
protein

Increased HPA axis activity

Increased HPA axis activity has been implicated as a
link between psychosocial factors and depression.
Hypercortisolaemia occurring as a result of stress has
been reported in severe depression (MacKenzie 2007).
Early life stress such as prolonged maternal separation
has been shown to be associated with an increased risk
of depression in mice (Anisman 1998). In another study,
mice exposed to maternal deprivation had marked
increases in stress induced corticosteroid secretion with
increased depressive symptoms and memory deficits
(Murgatroyd 2009). Increased HPA axis activity has
also been reported at times of prenatal stress in mothers
(Owen 2005) and has been associated with higher rates
of depression (Markham 2011).

It is hypothesised that early stress may cause hyper-
sensitivity to glucocorticosteroids, an effect that persists
into adulthood (Mirescu 2004). This effect of sen-
sitisation has been described in the literature, whereby
individuals require less stress to set off certain
behaviours with time, making them more prone to
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depressive symptoms. This effect was observed in a
study (female twin pairs n=292, non-twin sisters n=46)
which found that childhood adversity and adult negative
life events increased negative affect to daily stressors
(Wichers 2009). Another study reported that patients
with depression and a history of childhood abuse had
enhanced HPA axis activity in response to psychosocial
stress compared to controls (Heim 2000), which would
further support this hypothesis.

Epigenetic modification of key genes

Recent studies have proposed a role for the epi-
genetic modification of certain gene regulatory regions
in the neurobiology of depression. One review of 25
papers (6 animal studies, 19 human studies) examined
the relationship between DNA methylation and stress in
the context of depression. The effect of chronic stress
was predominantly investigated through animal studies
focussing on the HPA axis genes. These studies drew
conclusions that stress-related DNA methylation res-
ulted in increased production of corticotrophin releasing
factor (CRF), adrenocorticotrophic hormone and gluco-
corticoids. Thus, epigenetic changes could help explain
the link described in the previous section, between HPA
axis activity axis and depression. Potential epigenetic
targets included the CRF gene, the glucocorticoid
receptor NR3C1 and FKBP5 (FK506 binding protein 5
gene). Those studies focussing on the association bet-
ween depression and DNA methylation were mainly hu-
man studies concentrating on neurotransmission. Impor-
tant genes included those involved in serotonergic trans-
mission (SLC6A4), brain-derived neurotrophic factor
(BDNF), dopaminergic/noradrenergic  transmission
(SLC6A2 — noradrenaline transporter gene) and genes
encoding for neural adhesion molecules (Bakusic 2017).

SLC6A4 - serotonin transporter gene:

The role of decreased serotonergic neurotransmis-
sion in the aetiology of depression is well recognised.
The serotonin transporter gene (SLC6A4) has been a
gene of interest for the study of psychosocially driven
epigenetic modification. One systematic review of 19
studies looking at the relationship between SLC6A4
methylation and psychosocial events in those aged under
18 years, associated SLC6A4 methylation with exposure
to various negative life events, including childhood trau-
ma, environmental stress, prenatal adverse outcomes, pain-
related stress, and peer-related trauma (Provenzi 2016).

A prospective cohort study of 132 adolescents
(Swartz 2017) demonstrated that adolescents with a
lower socioeconomic status displayed increased methy-
lation of the SLC6A4 promoter gene (p=0.02). This
methylation was able to predict increased threat related
amygdala activity in all groups, and in those with a
positive family history of depression, predicted the
manifestation of depression in later life (p=0.02). It may
be that a positive family history exposes adolescents to
a higher degree of life adversity, accounting for the
significance in this subset. A second prospective cohort

study of 338 African American adolescents had similar
findings, showing that poorer socioeconomic status was
significantly correlated with increased methylation of
the SLC6A4 promoter. The strength of the correlation
varied between sexes, between multiple CpG methyla-
tion sites, and between short and long serotonin trans-
porter gene alleles (Beach 2014). This may suggest that
the association is complex and affected by gene-
environment interactions.

Another study (Beach 2010) found that individuals
with a history of child abuse had significantly higher
methylation of multiple CpG sites within the SLC6A4
promoter gene (n=192, p=0.004). One study (Zhao
2013) analysing 84 monozygotic twin pairs found that
differences in methylation of SLC6A4 significantly
correlated with intrapair differences in Beck Depressive
Inventory (BDI) scores (p=0.01).

Further studies would allow better characterisation
of how epigenetic regulation is altered as a result of life
adversity and poor socio-environmental exposure.

Hypothalamic-pituitary-adrenal axis genes

Cortisol, the stress hormone, exerts its function
through binding to mineralocorticoid receptors and to
NR3Cl1, the glucocorticoid receptor. Decreased expres-
sion of NR3Cl1 results in reduced negative feedback on
the HPA axis and hence increased activity.

Animal studies have shown increased methylation of
the promoter of NR3CI1 in the adrenal and pituitary
glands in rats exposed to stress (Witzmann 2012) and
demethylation of the CRF promoter in the paraven-
tricular nucleus in mice exposed to stress (Elliott 2010).
The mice with demethylation of the CRF promoter also
exhibited depression-like behaviours. Increased methy-
lation of NR3C1 decreased its expression in the hypo-
thalamus, resulting in reduced negative feedback on the
HPA axis. This may explain the reported hyper-
cortisolaemia in severe depression (MacKenzie 2007).

Conversely, high maternal care in rats has been
associated with increased NR3C1 expression in the
hippocampus. This was associated with methylation at a
specific site in the NR3Cl promoter, thought to be
mediated through altered binding of transcription factor
NGFI-A to the promoter. The effect of this was greater
inhibition of the HPA-axis (Weaver 2004). A second
study found supporting results in humans where
individuals with a history of child maltreatment were
found to have increased methylation at a specific site in
the NR3C1 promoter region which limited binding of
NGFI-A. The result was decreased NR3C1 expression
in the hippocampus (McGowan 2009).

Brain derived neurotrophic factor

Brain derived neurotrophic factor (BDNF) is a
neurotrophin involved in neuronal growth and plasticity.
A study of 41 patients with major depressive disorder
found that the overall methylation in the BDNF
promoter gene was higher in depressed patients than
controls (D’Addario 2013). Stress has been shown to
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cause histone methylation of promoters of the BDNF
gene, reducing BDNF protein expression. Early life
stress in rats has been associated with reduced BDNF
expression in the prefrontal cortex and striatum (Roceri
2004) whilst high levels of maternal care in rats has
been associated with increased hippocampal BDNF
mRNA (Liu 2000). Another study using a rat model
found that early life adversity resulted in persistent
changes in levels of methylation of BDNF DNA that
affected expression of BDNF in the prefrontal cortex
(Roth 2009). This effect was also found to be trans-
generationally transmitted to offspring of early life
adversity exposed females. These animal studies high-
light the BDNF gene promoter as an important region
that may be altered as a result of psychosocial exposure
and further work will help characterise how this relates
to the pathophysiology of depressive disorder.

Inflammatory processes:

There is a body of evidence supporting the role of
inflammatory mechanisms in the aectiology of depres-
sion (Miller 2016). Further, the role of inflammation has
been implicated as a mediator between psychosocial
factors and depression (Cattaneo 2015).

A prospective cohort study of 1000 patients demon-
strated co-occurrence of depression and elevated C-
reactive protein (CRP) in those with a history of child-
hood maltreatment (Danese 2008). In another prospec-
tive cohort study of 147 adolescent females, in those
subjects exposed to childhood adversity, the develop-
ment of depression was accompanied by increases in
CRP and interleukin-6 (Miller 2012).

Structural changes

A number of studies have described structural brain
changes that occur in association with stress and
depression. Women with depression who also suffered
from childhood maltreatment were found to have signi-
ficantly reduced hippocampal volumes when compared
to those with depression and no history of childhood
maltreatment, as well as compared to healthy controls
(Vythilingam 2002). Another study investigating the
effect of childhood maltreatment in individuals with
major psychiatric disorders including depression, de-
monstrated that maltreatment in childhood is associated
with amygdala reactivity and hippocampal atrophy
(Teicher 2013). A study in rats showed that chronic
stress reduced hippocampal glycogen levels and induced
hippocampal astrocyte atrophy and depression-like
behaviour (Zhao 2017).

Other mechanisms

There is a small body of evidence for the role of
several other systems in the association between poor
psychosocial exposure and depression. The next para-
graphs will discuss results from single studies that
provide some evidence for these mechanisms. Further
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studies in these fields would be necessary before any
conclusions can be drawn.

Cholecystokinin: Cholecystokinin is a peptide
hormone involved in regulation of digestion and hunger.
It is found in high concentrations in the brain. In one
study, rats exposed to social defeat over four weeks
displayed behavioural and biological markers of depres-
sion, which included HPA hyperactivity and hypercorti-
solaemia. The rats also demonstrated chronic cortical
cholecystokinin (CCK) release. Use of a specific CCK
antagonist prevented the development of behavioural
and biological markers of depression. This suggests the
potential involvement of CCK in the induction of
depression-like behaviours following adverse social
exposure (Becker 2007).

Tachykinins: Tachykinins are a family of neuropep-
tides that serve many diverse functions. Evidence from
a study in rats proposed a role for the tachykinin sub-
stance P (SP) and neurokinin A (NKA) in the neuro-
biology of depression. Maternal deprivation in the rats
predisposed to developing depression resulted in mar-
ked increases in levels of SP (p<0.001) in the periaque-
ductal grey (PAG), and NKA (p<0.05) in the PAG and
the entorhinal complex (Husum 2008).

Spinophillin, synaptophysin and myelin basic
protein: Spinophillin, synaptophysin (SVP) and myelin
basic protein (MBP) are synaptic plasticity proteins. In a
rodent model, rats exposed to social stress appeared to
have significantly decreased levels of spinophilin in the
prefrontal cortex (p<0.05) and amygdala (p<0.02), MBP
in the prefrontal cortex (males only) and SVP in the
prefronal cortex (p=0.035) compared to controls
(Leussis 2008). The rats exposed to stress displayed
altered behaviour similar to learned helplessness. This
was more significant in female rats.

CONCLUSION

Numerous psychosocial factors are implicated in the
actiology of depression. The mechanisms by which
these contribute to the disease process are being
elucidated, and they overlap, such that more than one
mechanism may be involved in the action of each of the
psychosocial factors. This being the case, it can be
surmised that the manipulation of each of these factors
could be of benefit in the overall prevention and
treatment of depression.

Acknowledgements: None.
Conflict of interest: None to declare.

Contribution of individual authors:

Lucia Coulter, and Mina Ibrahimi are joint first
authors, they and Ravi Patel carried out the
evaluation of the papers.

Mark Agius suggested and supervised the project.



Lucia Coulter, Mina Ibrahimi, Ravi Patel & Mark Agius: LINKING THE PSYCHOSOCIAL AETIOLOGY AND NEUROBIOLOGY

OF UNIPOLAR DEPRESSION

Psychiatria Danubina, 2017; Vol. 29, Suppl. 3, pp 441-446

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Acarturk C, Cetinkaya M, Senay I, Gulen B, Aker T,
Hinton D. Prevalence and Predictors of Posttraumatic
Stress and Depression Symptoms Among Syrian Refiigees
in a Refugee Camp. J Nerv Ment Dis. 2017.

Anisman H, Zaharia MD, Meaney MJ, Merali Z. Do early-
life events permanently alter behavioral and hormonal res-
ponses to stressors? Int J Dev Neurosci. 1998; 16:149-64.
Arean PA, Reynolds CF. The impact of psychosocial
factors on late-life depression. Biol Psychiatry. 2005;
58:277-282.

Aziz R, Steffens DC. What are the causes of late-life
depression?. Psychiatr Clin North Am. 2013;36:497-516.
Bakusic J, Schaufeli W, Claes S, Godderis L. Stress,
burnout and depression: A systematic review on DNA
methylation mechanisms. J Psychosom Res 2017; 92:34-44.
Beach SR, Brody GH, Todorov AA, Gunter TD, Philibert
RA. Methylation at SLC6A44 is linked to family history of
child abuse: An examination of the lowa Adoptee sample.
Am J Med Genet B Neuropsychiatr Genet. 2010;
153B:710-713.

Beach SR, Dogan MV, Brody GH, Philibert RA.
Differential impact of cumulative SES risk on methylation
of protein-protein interaction pathways as a function of
SLC6A44 genetic variation in African American young
adults. Biol Psychol. 2014;96:28-34.

Becker C, Zeau B, Rivat C, Blugeot A, Hamon M, Benoliel
JJ. Repeated social defeat-induced depression-like
behavioral and biological alterations in rats: involvement
of cholecystokinin. Mol Psychiatry. 2008,13:1079-92.
Bonde JP. Psychosocial factors at work and risk of
depression: a systematic review of the epidemiological
evidence. Occup Environ Med. 2008, 65:438-45.

Bruce ML, Hoff RA. Social and physical health risk
factors for first-onset major depressive disorder in a
community sample. Soc Psychiatry Psychiatr Epidemiol.
1994;29:165-71.

Bruce ML, Kim K, Leaf PJ, Jacobs S. Depressive episodes
and dysphoria resulting from conjugal bereavement in a
prospective community sample. Am J Psychiatry.
1990;147:608-11.

Bruce ML. Psychosocial risk factors for depressive
disorders in late life. Biol Psychiatry. 2002; 52:175-84.
Cattaneo A, Macchi F, Plazzotta G, et al. Inflammation
and neuronal plasticity: a link between childhood trauma
and depression pathogenesis. Front Cell Neurosci.
2015;9:40.

Cole MG, Dendukuri N. Risk factors for depression among
elderly community subjects: a systematic review and meta-
analysis. Am J Psychiatry. 2003;160:1147-56.

Danese A, Moffitt TE, Pariante CM, Ambler A, Poulton R,
Caspi A. Elevated inflammation levels in depressed adults
with a history of childhood maltreatment. Arch Gen
Psychiatry. 2008,65:409-15.

D'addario C, Dell'osso B, Galimberti D, et al. Epigenetic
modulation of BDNF gene in patients with major
depressive disorder. Biol Psychiatry. 2013;73:e6-7.

Elliott E, Ezra-nevo G, Regev L, Neufeld-cohen A, Chen A.
Resilience to social stress coincides with functional DNA
methylation of the Crf gene in adult mice. Nat Neurosci.
2010;13:1351-3

Florence C, Emmanuelle L, Florence BL, Mathilde H,
Viviane KM. Bereavement-related depression: Did the

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

changes induced by DSM-V make a difference? Results
from a large population-based survey of French residents.
J Affect Disord. 2015,182:82-90.

Geerlings SW, Beekman AT, Deeg DJ, Van tilburg W.
Physical health and the onset and persistence of
depression in older adults: an eight-wave prospective
community-based study. Psychol Med. 2000,30:369-80.
Heim C, Newport DJ, Heit S, et al. Pituitary-adrenal and
autonomic responses to stress in women dfter sexual and
physical abuse in childhood. JAMA. 2000;284:592-7.
Husum H, Wértwein G, Andersson W, Bolwig TG, Mathé
AA. Gene-environment interaction affects substance P and
neurokinin A in the entorhinal cortex and periaqueductal
grey in a genetic animal model of depression: implications
for the pathophysiology of depression. Int J Neuro-
psychopharmacol. 2008,11:93-101.

Holzel L, Hdiirter M, Reese C, Kriston L. Risk factors for
chronic depression--a systematic review. J Affect Disord.
2011;129:1-13.

Joinson C, Kounali D, Lewis G. Family socioeconomic
position in early life and onset of depressive symptoms
and depression: a prospective cohort study. Soc
Psychiatry Psychiatr Epidemiol. 2017;52:95-103.

Leussis MP, Andersen SL. Is adolescence a sensitive
period for depression? Behavioral and neuroanatomical
findings from a social stress model. Synapse 2008;62:22-30.
Li M, D'arcy C, Meng X. Maltreatment in childhood
substantially increases the risk of adult depression and
anxiety in prospective cohort studies: systematic review,
meta-analysis, and proportional attributable fractions.
Psychol Med. 2016,46:717-30.

Lindert J, Ehrenstein OS, Priebe S, Mielck A, Brdcihler E.
Depression and anxiety in labor migrants and refugees--a
systematic review and meta-analysis. Soc Sci Med.
2009;69:246-57.

Liu D, et al. Maternal care, hippocampal synaptogenesis
and cognitive development in rats. Nat Neurosci. 2000;
3:799-806.

Luppino FS, De wit LM, Bouvy PF, et al. Overweight,
obesity, and depression: a systematic review and meta-
analysis of longitudinal studies. Arch Gen Psychiatry.
2010;67:220-9.

MacKenzie, E. M., Odontiadis, J., Le Melledo, J. M.,
Prior, T. I, and Baker, G. B. The relevance of neuroactive
steroids in schizophrenia, depression, and anxiety
disorders. Cell. Mol. Neurobiol. 2007;27, 541-574.
Markham JA, Koenig JI. Prenatal stress: role in psychotic
and depressive diseases. Psychopharmacology (Berl).
2011;214:89-106.

Mcgowan PO, Sasaki A, D'alessio AC, et al. Epigenetic
regulation of the glucocorticoid receptor in human brain
associates  with  childhood abuse. Nat Neurosci.
2009,12:342-8.

Miller AH, Raison CL. The role of inflammation in
depression: from evolutionary imperative to modern
treatment target. Nat Rev Immunol. 2016,16:22-34.

Miller GE, Cole SW. Clustering of depression and
inflammation in adolescents previously exposed to
childhood adversity. Biol Psychiatry. 2012,72:34-40.
Mirescu C, et al. Early life experience alters response of
adult neurogenesis to stress. Nat Neurosci. 2004, 7:841-6.
Murgatroyd, Chris, Alexandre V. Patchev, Yonghe Wu,
Vincenzo Micale, Yvonne Bockmiihl, Dieter Fischer,
Florian Holsboer, Carsten T. Wotjak, Osborne F. X.

S445



Lucia Coulter, Mina Ibrahimi, Ravi Patel & Mark Agius: LINKING THE PSYCHOSOCIAL AETIOLOGY AND NEUROBIOLOGY

OF UNIPOLAR DEPRESSION

Psychiatria Danubina, 2017; Vol. 29, Suppl. 3, pp 441-446

36.

37.

38.

39.

40.

41.

42.

43.

Almeida, and Dietmar Spengler. “Dynamic DNA Methy-
lation Programs Persistent Adverse Effects of Early-Life
Stress.” Nature Neuroscience2009; 12, no. 12: 1559—-66.
Owen D, Andrews MH, Matthews SG. Maternal adversity,
glucocorticoids and programming of neuroendocrine function
and behaviour. Neurosci Biobehav Rev. 2005, 29:209-26.
Pikhart H, Bobak M, Pajak A, et al. Psychosocial factors
at work and depression in three countries of Central and
Eastern Europe. Soc Sci Med. 2004;58:1475-82.

Provenzi L, Giorda R, Beri S, Montirosso R. SLC644
methylation as an epigenetic marker of life adversity
exposures in humans: A systematic review of literature.
Neurosci Biobehav Rev. 2016,71:7-20.

Roceri M, et al. Postnatal repeated maternal deprivation
produces age-dependent changes of brain- derived
neurotrophic factor expression in selected rat brain
regions. Biol Psychiatry. 2004, 55:708—-14.

Roth TL, Lubin FD, Funk AJ, Sweatt JD. Lasting
epigenetic influence of early-life adversity on the BDNF
gene. Biol Psychiatry. 2009,65:760-9.

Schaakxs R, Comijs HC, Van der mast RC, Schoevers RA,
Beekman ATF, Penninx BWJH. Risk Factors for
Depression: Differential Across Age? Am J Geriatr
Psychiatry. 2017; S1064-7481(17): 30281-6.

Sullivan PF, Neale MC, Kendler KS. Genetic
epidemiology of major depression: review and meta-
analysis. Am J Psychiatry. 2000,15:1552-62.

Swartz JR, Hariri AR, Williamson DE. An epigenetic
mechanism links socioeconomic status to changes in
depression-related brain function in high-risk adolescents.
Mol Psychiatry 2017; 22:209-214.

Correspondence:

Lucia Coulter, MD

School of Clinical Medicine, University of Cambridge
41 Barton Road, Cambridge, CB3 9LG, UK

E-mail: llc32@cam.ac.uk

S446

44.

45.

46.

47.

48.

49.

50.

51.

Teicher MH, Samson JA. Childhood maltreatment and
psychopathology: A case for ecophenotypic variants as
clinically and neurobiologically distinct subtypes. Am J
Psychiatry. 2013;170:1114-33.

Vink D, Aartsen MJ, Schoevers RA. Risk factors for
anxiety and depression in the elderly: a review. J Affect
Disord. 2008,106.:29-44.

Vythilingam M, Heim C, Newport J, et al. Childhood
trauma associated with smaller hippocampal volume in
women with major depression. Am J Psychiatry.
2002;159:2072-80.

Weaver IC, Cervoni N, Champagne FA, et al. Epigenetic
programming by maternal behavior. Nat Neurosci.
2004,7:847-54.

Wichers M, Schrijvers D, Geschwind N, et al. Mechanisms
of gene-environment interactions in depression: evidence
that genes potentiate multiple sources of adversity.
Psychol Med 2009; 39:1077-86.

Witzmann SR, Turner JD, Mériaux SB, Meijer OC, Muller
CP. Epigenetic regulation of the glucocorticoid receptor
promoter 1(7) in adult rats. Epigenetics 2012; 7:1290-
301.

Zhao J, Goldberg J, Bremmer JD, Vaccarino V.
Association between promoter methylation of serotonin
transporter gene and depressive symptoms: a monozygotic
twin study. Psychosom Med 2013; 75:523-9.

Zhao Y, Zhang Q, Shao X, et al. Decreased Glycogen
Content Might Contribute to Chronic Stress-Induced
Atrophy of Hippocampal Astrocyte volume and
Depression-like Behavior in Rats. Sci Rep 2017; 7:43192.





