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Background: The hippocampus and its subfields (HippSub) are reported to be

diminished in patients with Alzheimer’s disease (AD), bipolar disorder (BD), and major

depressive disorder (MDD). We examined these groups vs healthy controls (HC) to reveal

HippSub alterations between diseases.

Methods: We segmented 3T-MRI T2-weighted hippocampal images of 67 HC, 58

BD, and MDD patients from the AFFDIS study and 137 patients from the DELCODE

study assessing cognitive decline, including subjective cognitive decline (SCD), amnestic

mild cognitive impairment (aMCI), and AD, via Free Surfer 6.0 to compare volumes

across groups.
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FIGURE 2 | Continued
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FIGURE 2 | Hippocampal subfield volumes across groups. (A) Whole hippocampus volumes compared in each hemisphere, (B) Hippocampal subfield (HippSub)

volumes, including the CA1, CA3, CA4, DG, ML, and Sub as part of the hippocampus, compared in each hemisphere, and (C) Additional HippSub volumes including

tail, PreSub, ParaSub, fissure, fimbria, Hata, compared in each hemisphere. Results refer to LSD post-hoc t-tests (two-sided) with Bonferroni correction between each

condition. The significance level is indicated by different symbols: ##p < 0.005 vs. HC, **p < 0.005 vs. SCD, ++p < 0.005 vs. aMCI, &p < 0.005 vs. AD, $$p <

0.005 vs. BD, xxp < 0.005 vs. MDD, *p < 0.05 vs. SCD, +p < 0.05 vs. aMCI, &p < 0.05 vs. AD, $p < 0.05 vs. BD, xp < 0.05 vs. MDD. AD, Alzheimer’s disease; BD,

bipolar disorder; CA1/3/4, cornu ammonis 1/3/4; HC, healthy controls; DG, granule cell layer-molecular layer of the dentate gyrus; Hata, hippocampus-amygdala

transition area; L, left; aMCI, amnestic mild cognitive impairment; MDD, major depressive disorder; ML, molecular layer; ParaSub, Parasubiculum; PreSub,

Presubiculum; R, right; SCD, subjective cognitive decline; Sub, Subiculum.

right DG, right tail, right PreSub, bilateral CA3, bilateral ParaSub,
bilateral fimbria, and bilateral fissure regions (Figures 2B,C) we
found no volume differences in HippSub in aMCI and SCD
groups compared to HC.

In additional subgroup analyses, we investigated subjects
presenting neuropathological abnormalities typical of AD.
Concerning those DELCODE patients, for 6/32 (19%) patients
with SCD, 20/63 (38%) with aMCI, and 16/42 (38%) patients
with AD, their CSF pathology suggests AD. When we compared
subgroups with a positive AD pathology to those without, we

detected no significant between-group differences in HippSub
(all p > 0.05, data not shown).

Hippocampal Subfield Volumes in Affective
Disorder Groups
No significant differences were detected on hippocampal and
HippSub volumes when we compared MDD and BD groups to
HC (p > 0.05).
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FIGURE 3 | Linear regression of depression duration and left hippocampal

volumes. Significant regression analyses of depression duration and left

hippocampal volume are shown. AD, Alzheimer’s disease; BD, bipolar

disorder; L, left; aMCI, amnestic mild cognitive impairment; MDD, major

depressive disorder; SCD, subjective cognitive decline; y, years.

Hippocampal-Subfield Volumes and
Duration of Depression
To explore the role duration plays in years since depression onset
on hippocampus volume in each hemisphere, we conducted
a linear regression analysis, and noted that left, but not right
hippocampal volume was significantly associated with time since
first depressive episode (left hippocampus: F = 6.5, p < 0.05;
Figure 3). We explored this effect further in HippSub volumes,
and observed no relevant association with the time since first
depressive episode and the left Sub, left CA1, left PreSub, left DG,
left CA4, left fimbria, right tail, and right fimbria.

DISCUSSION

The main findings of our investigation are that using MRI data,
hippocampal and specific HippSub volumes differed between
major cognitive decline due to possible AD and early-onset
of unipolar and bipolar disorders. Smaller hippocampus and
most HippSub volumes were detected almost exclusively in
aMCI and AD groups, while SCD, BD, and MDD groups
revealed no significant smaller volumes in relation to HC. Early
markers of possible neurodegeneration can therefore be seen
predominantly in the left CA1, CA4, DG, tail, PreSub, and
bilateral Sub regions, since significant smaller volumes were
found in aMCI and ADD groups, but not in early-onset mood
disorders (MDD, BD). Of note, the duration in years since first
depressive episode was significantly related to the volume of left
hippocampus in all patient groups. Based on the present study,
the HippSub right CA1, CA4, DG, tail, PreSub, and bilateral CA3,
ParaSub, fimbria, and fissure regions seem more resilient against
neurodegeneration in aMCI and SCD patients. These findings
may partially reflect the existing variability at certain stages of
cognitive decline, as other studies have already demonstrated a
volume decrease in MCI patients (Zhao et al., 2019).

A unique finding in this investigation was the significant
difference seen between aMCI and BD in the left PreSub region,

which could function as a suitable imaging marker. If replicated,
smaller volumes in the left PreSub might prove to be the earliest
indications of hippocampal-volume differences due to cognitive
impairment distinct from those with bipolar mood disorders.
There is evidence that both ß-amyloid and tau pathology assessed
via CSF are relevant factors in lower HippSub volumes due to
AD’s cognitive spectrum (Tardif et al., 2018; Filho et al., 2021).
As we failed to detect significant volume differences in patients
with cognitive impairment with and without AD-typical CSF
pathology, there might be additional mechanisms contributing
to HippSub decline in our patients. Nevertheless, we could not
exclude the possibility of insufficient power to detect differences,
considering the relatively few subgroup samples. Further studies
are needed with larger patient cohorts to differentiate the
proposed underlying mechanisms of AD in HippSub volume
loss. The aforementioned literature suggests other mechanisms
of HippSub volume degeneration in the AD spectrum such as
genes, iron accumulation, or even neuroprotective factors (Foo
et al., 2020; Foster et al., 2020; Wang et al., 2020). Some of these
factors may be partly responsible for the PreSub volume loss in
AD, aMCI vs BD patients that we detected.

Overall, we identified neither smaller hippocampal nor
HippSub volumes in early-onset mood disorder groups. That
may be attributable both groups’ similar age and similar severity
of depressive symptoms. Furthermore, another explanation for
no relevant differences in HippSub in mood disorder groups
might be that structural differences between MDD-BD patients
are likely less evident in the hippocampus or HippSub than in
other brain regions such as thalamus, dorsolateral, and medial
prefrontal cortex as well as parietal regions (Schmaal et al.,
2020). The lack of smaller HippSub volumes in MDD and BD
might be due to the fact that the AFFDIS cohort recruited
patients undergoing antidepressant therapy. As shown lately in
a survey by Han et al. (2016), drug-naïve MDD patients revealed
a pattern of smaller volumes in Sub, CA2-4, DG in comparison
to healthy controls. On the other hand, other factors such as
early-life stress, or rs1360780 polymorphism of the FKBP5 gene
(referring to the hypothalamic-pituitary-adrenal axis) associated
with some smaller HippSub volumes (Mikolas et al., 2019) might
also have enabled variation in our sample (data not available).
Genetic architecture with different genetic loci (Hibar et al.,
2017) could have a major influence on disease-specific HippSub
volumes, which might explain the absence of HippSub volume
reduction observed in groups with mood disorders. In contrast
to our findings, BD patients have also demonstrated reduced
hippocampal CA1, GCL volumes (Han et al., 2019). Smaller
volumes have been observed in the PreSub and Sub regions
in a subgroup of BD patients (Janiri et al., 2019), an evidence
to which our left PreSub findings, in contrast to aMCI, appear
to be in line with. One factor that might explain why our BD
patients revealed no major hippocampal volume reductions is
that, differently from ours, their cohort was heterogeneous, and
not characterized by a predominantly depressive subtype. Our
results, however, support the findings from a recent investigation
showing no smaller volumes inMDDpatients via high-resolution
7-TeslaMRI (Tannous et al., 2020). As in this study only HippSub
volumes and not shape alterations were assessed, therefore
we cannot identify if HippSub deformations coinciding with
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unaltered volumes were seen, as has been reported in MDD
(Ballmaier et al., 2008; Cole et al., 2010).

Our findings suggest that depression’s duration has a
significant impact on left hippocampal volume, indicating that
the time since first depressive episode plays an important role in
hippocampal degeneration. This concurs with the knowledge that
lower hippocampal volumes are associated with a poorer clinical
outcome andmore depressive episodes (Videbech and Ravnkilde,
2004; MacQueen and Frodl, 2011). However, when further
exploring specific HippSub volumes, we observed no relationship
between the duration since first depressive episode and HippSub
volumes. Further studies with larger cohorts should be conducted
to identify whether the duration since depressive manifestation
affects HippSub volumes in a more relevant manner.

The limitations of our study concern the sample size of
groups and subgroups, restricting additional conclusions in
terms of clinical representation, applicability and neurobiological
foundations. For instance, cognitive assessments comparable
to DELCODE were not available in the AFFDIS cohort,
with which we could have additionally investigated whether
cognitive impairment across disorders relate to hippocampus or
HippSub volume decline. A further potential limitation is the
age difference between groups in both cohorts, with younger
patients in the AFFDIS than the DELCODE cohort. Our analyses
were controlled for age and eTIV (as covariates), but it would
have been interesting to see if differences across patient groups
would indeed hold when comparing older participants in mood
disorder groups. Future studies addressing this aspect should
also consider the potential risk of misclassifying participants with
late-onset depression, since depressive episodes can be initial
manifestations of neurodegeneration. However, as molecular
markers have not yet been assessed in patients with affective
disorders or in some patients with cognitive decline and possible
AD, no general conclusions about the molecular mechanisms
of neurodegeneration can be drawn for our patient groups.
Cognitive decline in early-onset depression is usually not
clinically associated with the neurodegenerative process, and it
is often less severe (Jamieson et al., 2019) and affects specific
cognitive subdomains such as language, memory, and cognitive
flexibility, as recently reported (Ang et al., 2020). Thus, the
manifestation age of depression is clinically relevant for the
pattern and severity of cognitive decline, while also being a risk
factor for later cognitive decline (Brzezińska et al., 2020). The
increasing grade of severity in cognitive decline observed in late-
onset compared to early-onset depression age might thus be
accompanied by decreasing hippocampal and HippSub volumes.

In addition, our findings comprised cross-sectional structural
imaging data and not longitudinal comparisons, through which
more insight into intraindividual changes in HippSub volumes
can be gained. Further studies combining functional data could
better elucidate the significance of neuropathological processes
in the HippSub for cognitive impairment. Lastly, potential
influences of the treatment history on hippocampal and HippSub
volumes could not be determined in the absence of comparable
information across disorders.

Our study showed that hippocampus and HippSub volumes
differ between cognitive decline due to possible AD and

early-onset mood disorders. The left PreSub is a structure
apparently affected in aMCI and AD subjects, but not in
BD patients. This sheds new light into a possible marker
differentiating correlates of neurodegeneration due to minor
and major cognitive decline and BD. Conversely, we detected
no relevant field and subfield volume decline in BD and
MDD groups. Most strikingly, we found that the time since
the first depressive episode was negatively associated with left
hippocampal volume in all disorder groups. This time effect is a
potentially important hallmark supporting hippocampal volume
reduction as a continuum extending from mood disorders, and
cognitive deterioration to AD. This finding may advance the
comprehension of the relationship between depression and AD.
The usage of sophisticated tools, such as machine learning, in
identifying multivariate patterns in much larger groups should
consider this feature.
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