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The hippocampus is part of the dorsal limbic system
and is connected with critical regions for cognitive and
emotional functioning, such as cingulate gyrus, entorhi-
nal cortex, septal nuclei and brainstem. Alterations of
neural networks involving the hippocampus have been
associated with impaired emotional processes, memory
and executive functions in major depression (Drevets et
al., 2008; Sala et al., 2004). Furthermore, the hippocam-
pus is crucial in regulating the activity of hypothalamic-
pituitary-adrenal (HPA) axis and in producing glucocor-
ticoids. The hippocampus itself is a target region for

stress hormones, which are known to influence local neu-
rogenesis and synaptic remodeling (Paizanis et al., 2007).
To this regard, hypercortisolemia has often been found in
major depression and may have neurotoxic effects, ulti-
mately resulting in morphological changes of the hip-
pocampus (Ballmaier et al., 2008).

Abnormally small hippocampal volumes have been
shown in depressed subjects by several cross sectional
magnetic resonance imaging (MRI) studies (Table I; for
review Campbell et al., 2004), particularly in chronic,
stressed and severely ill patients (Colla et al., 2007;
Kronmuller et al., 2008; McKinnon et al., 2009;
Vythilingam et al., 2002; Bearden et al., 2009).
Therefore, recurrent exposure to stressful events or
chronicity may be involved in hippocampal shrinkage in
depression (Sala et al., 2004; Videbech & Ravnkilde,
2004). Interestingly, reduced hippocampal volumes were
also found in healthy carriers of the L-allele of 5-HTTL-
PR gene (Frodl et al., 2008a), of the 66Met allele of the
BDNF gene (Montag et al., 2009), as well as in juvenile
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patients and at-risk individuals (Caetano et al., 2007;
Chen et al., 2010; MacMaster et al., 2008). It has been
hypothesized that the exposure to early life adversities
may influence the maturation of hippocampus in subjects
with genetic susceptibility to major depression, partly
sustaining the onset of depressive symptoms (Rao et al.,
2010).

Interestingly, a 3-year longitudinal study showed
increased hippocampal volumes (normalization) in treat-
ed depressed patients, but not in those who discontinued
(Frodl et al., 2008b). It has indeed been noted that long
lasting antidepressant therapy may have neuroplastic
effect on the hippocampus in depressed patients (i.e,
Santarelli et al., 2003; Vythilingam et al., 2004), possibly
through the enhancement of neurotrophins synthesis,
such as BDNF as suggested in several animal studies
(Paizanis et al., 2007). In addition good response and low
relapse rate were associated with larger volumes (Frodl et
al., 2008b), while worst outcome was associated with
volume decrease (Frodl et al., 2008c).

Taken together, these findings suggest that the hip-
pocampus may represent an anatomical marker of major
depression, especially for stressed patients with genetic
susceptibility, and it may also be useful for characterizing
treatment response and outcome. However, some
methodological limitations may prevent the generaliza-
tion of these results such as the relatively small sample
sizes of most of the studies, the different MRI techniques,
the cross-sectional investigations, and the prevalence of
medicated and chronic patients. Hence, large MRI stud-
ies are expected to explore the maturation of hippocam-
pus in at-risk subjects and in first-episode patients with
major depression, trying to further investigate the poten-
tial resilience after antidepressant treatment.
Furthermore, genetic and neuropsychological studies,
coupled with imaging investigations, will be crucial to
distinguish between trait and state neurobiological mark-
ers of major depression (Danese, 2008; Tosato &
Lasalvia, 2009).
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