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Background: Major depressive disorder (MDD) is a prevalent health problem with 
complex pathophysiology that is not clearly understood. Prior work has implicated 
the hippocampus in MDD, but how hippocampal subfields influence or are affected 
by MDD requires further characterization with high-resolution data. This will help 
ascertain the accuracy and reproducibility of previous subfield findings in depression 
as well as correlate subfield volumes with MDD symptom scores. The objective of 
this study was to assess volumetric differences in hippocampal subfields between 
MDD patients globally and healthy controls (HC) as well as between a subset of 
treatment-resistant depression (TRD) patients and HC using automatic segmentation 
of hippocampal subfields (ASHS) software and ultra-high field MRI.

Methods: Thirty-five MDD patients and 28 HC underwent imaging using 7-Tesla MRI. 
ASHS software was applied to the imaging data to perform automated hippocampal 
segmentation and provide volumetrics for analysis. An exploratory analysis was also 
performed on associations between symptom scores for diagnostic testing and 
hippocampal subfield volumes.

Results: Compared to HC, MDD and TRD patients showed reduced right-hemisphere 
CA2/3 subfield volume (p = 0.01, η2 = 0.31 and p = 0.3, η2 = 0.44, respectively). Additionally, 
negative associations were found between subfield volumes and life-stressor checklist 
scores, including left CA1 (p = 0.041, f2 = 0.419), left CA4/DG (p = 0.010, f2 = 0.584), right 
subiculum total (p = 0.038, f2 = 0.354), left hippocampus total (p = 0.015, f2 = 0.134), 
and right hippocampus total (p = 0.034, f2 = 0.110). Caution should be  exercised in 
interpreting these results due to the small sample size and low power.

Conclusion: Determining biomarkers for MDD and TRD pathophysiology through 
segmentation on high-resolution MRI data and understanding the effects of stress 
on these regions can enable better assessment of biological response to treatment 
selection and may elucidate the underlying mechanisms of depression.
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1. Introduction

Major depressive disorder (MDD) is a debilitating illness of high 
prevalence worldwide (1) that affects ~6.9% of the U.S. population 
annually. Current treatments for MDD are lacking due to limited 
treatment efficacy and significant lag time to onset of therapeutic 
benefit. Although several mechanisms for depression have been 
proposed in the literature (2–6), the pathophysiology underlying 
psychological dysfunction that characterizes the disease is still not 
clearly understood. Determining measurable neurobiological 
biomarkers for pathology in MDD may enable better assessment of 
biological response to treatment selection and timing, highly specific 
criteria for diagnosis by which to differentiate disease subtypes, and 
development of novel treatments targeting disease mechanisms. 
Elucidating the complex interactions between brain biomarkers and 
clinical characteristics of MDD would allow for greater integration of 
anatomical biomarkers in clinical diagnoses and treatments.

In addition to understanding the biological basis for MDD, further 
analysis is warranted to understand treatment-resistant depression 
(TRD), as there are many patients for whom no sufficient treatment 
exists (7). It is estimated that 20%–30% of patients with depression 
experience resistance to treatment (8), and TRD represents 
approximately half of the treatment costs for MDD overall (9).

A major brain structure known to be implicated in neuropsychiatric 
diseases is the hippocampus. For perspective, previous magnetic 
resonance imaging (MRI) studies have shown that structural 
abnormalities in the hippocampus are often found in post-traumatic 
stress disorder (10), Alzheimer’s disease (11), and depression (12). 
Furthermore, meta-analyses of large datasets indicate hippocampal grey 
matter volume is commonly diminished in MDD (13, 14).

Anatomically, the hippocampus consists of cytoarchitecturally 
defined fields and includes Ammon’s horn (and its four subdivisions, 
CA1-4), the dentate gyrus (DG), and the subiculum (SUB) (15). A variety 
of neuropsychiatric conditions may involve the hippocampus overall or 
may differentially involve various hippocampal subfields, as these regions 
are morphologically and functionally different from one another (16).

Animal studies (17, 18) as well as post-mortem analyses (19, 20) 
have confirmed that hippocampal subfields are differentially affected by 
neuropsychiatric diseases (15, 16) and have further reinforced an 
association between hippocampal subfield volume changes and MDD 
in humans (21–23). It is possible that volumetric reductions in subfield 
volumes result from deleterious neurotoxic effects of stress-related 
hormones on neurons and glial cells (24). Therefore, hippocampal 
subfield volumes may serve as sensitive biomarkers for the disease. 
While many studies in depression have been performed, there is still a 
lack of consistency in the reported subfields with significant findings 
and validation of existing findings is warranted (25).

MRI has been used to inspect hippocampal subfield volumes in vivo 
(26–30) at varying field strengths. Use of ultra-high field MRI scanners, 
such as those operating at 7-Tesla (7T), can allow for increased 
visualization of boundaries and delineation of subfields than conventional 
clinical strength scanners due to superior contrast and resolution 

at 7T (31). These high-field advantages can reveal structural subtleties 
which are below the threshold of detectability at clinical field strengths 
(32). There is a limited number of 7T studies examining hippocampal 
subfields in MDD and their segmentation methods include either manual 
tracings (33) or automated segmentation with FreeSurfer version 6.0 (29, 
34, 35). Manual hippocampal subfield segmentation is labor-intensive and 
can be difficult to reproduce across research centers (36). The applicability 
of automated segmentation of hippocampal subfields with FreeSurfer 6.0 
has been validated on field strengths lower than 7T (up to 3T) and the atlas 
used was built from manual tracings in a cohort of elderly subjects, 
potentially limiting its applicability in studies with younger populations 
(37). Additionally, some of the subfield boundaries, including the CA4/
GC-DG interface and the interfaces between the CA fields along the 
pyramidal layer of the hippocampus, cannot be clearly visualized in the 
training data used for the atlas in FreeSurfer 6.0. Overall, there is an 
ongoing challenge in hippocampal subfield MRI literature, such that there 
is large discrepancy and variability in subregion definitions and boundaries 
(25). The fact that there may be variability in subfield delineations warrants 
further analyses employing other segmentation methods, such as the 
trained automatic segmentation of hippocampal subfields (ASHS) 
software (38), to verify and validate results in the MDD cohort.

In this study, we  evaluated differences in hippocampal subfield 
volumes between MDD patients and healthy controls, as well as between 
a subset of TRD patients and healthy controls. We also performed an 
exploratory analysis on associations between symptom scores for 
diagnostic testing, including the Montgomery-Asberg Depression 
Rating Scale (MADRS) and Life Stressor Checklist (LSC), and 
hippocampal subfield volumes. These analyses were enabled by 
acquisition of high-resolution data using 7T MRI and applying ASHS 
software to perform automated hippocampal subfield segmentation. 
ASHS is unique in that it has been validated on ultra-high field MRI data 
(36, 37) and allows for user-defined segmentation protocols through its 
training pipeline. We used manual hippocampal subfield tracings to 
generate a specialized 7T atlas for ASHS training to enable increased 
segmentation accuracy based on our high-resolution 7T data. To our 
knowledge, this study is the first to apply ASHS to 7T MDD data.

Investigation of hippocampal subfield volumes at higher field 
strengths using segmentation methods optimized for ultra-high field data 
can shed light on the accuracy and reproducibility of previous subfield 
findings in depression as well as association of subfield volumes and 
MDD symptom scores. Determining biomarkers for pathology in MDD 
through segmentation on high-resolution MRI data can ultimately enable 
better assessment of biological response to treatment selection and timing 
as well as development of novel treatments targeting disease mechanisms.

2. Methods

2.1. Subjects

A total of 63 subjects were included in this study (39 biologic 
males, 23 biologic females, and one other) including 35 MDD patients 
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(mean age 39.5 years, standard deviation 11.8 years, 20 males, 14 
females, and one other) and 28 healthy controls (mean age 39.4 years, 
standard deviation 10.4 years, 19 males and 9 females). Age was not 
significantly different between groups (p  = 0.99). All participants 
provided informed written consent prior to investigation. The protocol 
used was approved by the local Institutional Review Board, namely the 
Human Research Protection Program at the Icahn School of Medicine 
at Mount Sinai.

Prior to the MRI visit, a series of symptom questionnaires were 
administered to all participants by trained clinical raters. Included in 
these were the Structural Clinical Interview for DSM-IV Axis 
I Disorders (SCID) or the Structured Clinical Interview for DSM-5 
Research Version (SCID-5), the Montgomery-Asberg Depression Rating 
Scale (MADRS; range 0–60; higher score indicates greater depression 
severity) and Life Stressor Checklist (LSC; range 0–30, higher score 
indicates greater number of exposures to stressful life events). Lifetime 
number of antidepressant failures were also collected. The demographic 
and clinical characteristics are presented in Table 1.

All subjects underwent MRI scanning at 7T (Magnetom, Siemens) 
under an approved protocol by the Institutional Review Board at the 
Icahn School of Medicine at Mount Sinai. To qualify for the study, 
MDD participants needed to have a current primary diagnosis of 
MDD based on clinical evaluation using the SCID or SCID-5. All 
MDD participants were antidepressant free for at least 4 weeks prior 
to study participation. Healthy control (HC) participants were also 
assessed using the SCID or SCID-5 and were excluded for any current 
or lifetime psychiatric conditions. Participants in both groups with a 
current diagnosis of obsessive–compulsive disorder, with alcohol or 
substance use disorder in the past year, or with a lifetime history of 
psychosis, neurological disease, or bipolar disorder were excluded. 
Participants with contraindications to 7T MRI were also excluded. 
TRD patients were defined as patients with a lifetime history of one or 
more anti-depressant failures. This is a non-standard definition for 
TRD and, therefore, results in this subset of patients would 
be considered very preliminary.

2.2. Image acquisition protocol

A 32-channel Nova Medical head coil was used to acquire brain 
images for segmentation. The 90-min imaging protocol included 
MP2RAGE (TR 6,000 ms, TI1 1,050 ms, TI2 3,000 ms, TE 5.06 ms, voxel 
0.70 × 0.70 × 0.70 mm3) and T2 TSE (TR 9,000 ms, TE 69 ms, voxel 
0.45 × 0.45 × 2 mm3) scans acquired at a coronal oblique oriented 
perpendicular to the long axis of the hippocampus.

2.3. Hippocampal subfield segmentation

Prior to performing automated hippocampal subfield segmentation 
manual subfield tracings were performed using 3DSlicer software on 
high-resolution 7T T2-TSE images (0.45 × 0.45 × 2 mm3). The tracing 
method was guided and verified by an expert neuroanatomist (PH) 
and neuroradiologist (BD) and the segmentations were generated 
through the joint effort of two trained image analysts, including the 
following subfields: CA1, CA2/3, CA4/DG, subiculum, and 
pre-subiculum.

As ASHS performs hippocampal subfield segmentation based on 
existing brain atlases, the developers of the ASHS platform allowed for 
atlas building, which can enable increased segmentation accuracy based 
on advantages of a given set of data. Therefore, we used the manual 
tracings described above to generate a specialized 7T atlas for 
ASHS training.

The atlas contained manually-traced hippocampi on 7T images 
on a combined subset of 15 MDD patients and controls with no 
clinically significant, identifiable hippocampal abnormalities. The 
manually segmented subsample consisted of 6 females, with a mean 
age of 41.3 years and 9 males, with a mean age of 48.1 years. A left–
right flip of each segmentation was performed, resulting in a total of 
30 subjects for ASHS atlas training. The atlas was approved upon 
visual inspection by an expert neuroradiologist (BD) and 
neuroanatomist (PH).

Automated hippocampal subfield segmentation using the 
specialized 7T atlas for ASHS was applied to 7T MRI data on MDD 
patients and healthy controls. The subfields delineated by ASHS are the 
same as those segmented in the manual tracings used for training and 
included CA1, CA2/3, CA4/DG, subiculum, and pre-subiculum. High 
resolution T1 and T2 weighted images were used as inputs to perform 
optimal segmentation with ASHS.

2.4. Statistics

All hippocampal subfields were normalized to total brain volume 
provided by FreeSurfer version 6.0. For this normalization, each subfield 
volume was divided by the total brain volume of a given subject and 
multiplied by a scaling factor. We elected to combine the subiculum and 
presubiculum into one region (subiculum total) for analysis in order to 
overcome inconsistencies between methods in segmenting these regions 
(25). Because the data were not normally distributed, the nonparametric 
Mann–Whitney U-test was used to compare subfield volumes by group. 
Effect sizes (η2) were also calculated. A proportional odds ordinal 

TABLE 1 Demographic and clinical characteristics.

MDD (n = 35) HC (n = 28) Value of p

Male (frequency, %) 20, 57.14% 19, 67.86% 0.46

Age, years (mean ± SD) 39.46 ± 11.77 39.43 ± 10.35 0.99

Age at first episode (mean ± SD) 18.46 ± 14.07 – –

Duration of current episode, months (mean ± SD) 47.52 ± 71.80 – –

Number of antidepressant failures (mean ± SD) 1.25 ± 2.02 (32) – –

MADRS 22.94 ± 11.93 0.50 ± 1.07 2.58E-14*

LSC 5.15 ± 4.35 (26) 2.32 ± 2.13 0.0034*

MADRS, Montgomery-Asberg Depression Rating Scale; LSC, Life Stressor Checklist. 
*Significant value of p < 0.05 for MDD group compared to HC group.
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logistic regression model was also used to compare subfield volumes by 
group, controlling for age and biological sex. β values were also 
calculated. A multivariate ordinary least squares regression model was 
applied to predict symptom scores, specifically MADRS and LSC score, 
from hippocampal subfield volumes, controlling for age and biological 
sex. Effect sizes (Cohen’s f 2) were also calculated. Significance was set at 
an α level of 0.05 for all tests. Correction for multiple comparisons was 
performed on all findings using adaptive false discovery rate (FDR) (39).

3. Results

The results of ASHS hippocampal subfield segmentation for one 
representative subject are shown in Figure 1.

3.1. Group comparisons of subfield volumes

3.1.1. Group comparison of subfield volumes in 
MDD patients and controls

The full set of results for this group comparison is shown in 
Tables 2A,B. Table 2A summarizes the results of the Mann–Whitney 
U-test and Table 2B summarizes the results of the proportional odds 
ordinal logistic regression model, controlling for age and biological sex. 
The volume of the CA2/3 subfield on the right side was found to 
be significantly smaller in patients compared to controls in Table 2A 
(p = 0.01, η2 = 0.31), as shown in Figure 2, and in Table 2B (p = 0.02, 
β = 1.12). No subfield was significant after correction for multiple 
comparisons using the adaptive FDR method.

3.1.2. Group comparison of subfield volumes in 
TRD subset and controls

The full set of results for this group comparison is shown in 
Tables 3A,B. Table 3A summarizes the results of the Mann–Whitney 
U-test on 13 TRD patients (eight males, five females) and 13 
HC. Table 3B summarizes the results of the proportional odds ordinal 
logistic regression model, controlling for age and biological sex, on 13 
TRD patients and 28 HC. The volume of the CA2/3 subfield on the right 
side was found to be  significantly smaller in patients compared to 
controls in Table 3A (p = 0.03, η2 = 0.44), as shown in Figure 3, and in 
Table 3B (p = 0.01, β = −1.77). The right CA2/3 subfield volume finding, 
identified through the proportional odds ordinal logistic regression 
model, was significant after correction for multiple comparisons 
(p = 0.04) using the adaptive FDR method.

3.2. Regression analysis predicting symptom 
scores from subfield volumes

In a subset of 26 patients (14 males, 12 females) and 28 healthy 
controls (19 males, nine females) for which symptom scores were 
collected, linear regressions, with age and sex as covariates, were 
performed to assess the relationship between symptom scores and 
hippocampal subfield volumes.

The ASHS generated subfield volumes that had significance in 
association with LSC scores included left CA1 (p = 0.04, f  2 = 0.419), left 
CA4/DG (p = 0.01, f  2 = 0.584), and right subiculum total (p = 0.04, 
f  2 = 0.354), all of which indicated a negative relationship between 
subfield volume and LSC score. Similarly, the left hippocampus total 

volume (p = 0.02, f  2 = 0.134) and right hippocampus total volume 
(p = 0.03, f  2 = 0.110) were also significant in their negative association 
with LSC scores. Regression plots with ASHS software significant 
findings are shown in Figure 4. All significant findings survived multiple 
comparison correction with adaptive FDR. The full set of results for the 

FIGURE 1

3D rendering of one representative subject’s brain with an overlay of 
the automated hippocampal subfields segmentation.

TABLE 2A Group differences in volumes between MDD patients and healthy 
controls.

Hippocampal 
subfield

Left hemisphere Right hemisphere

Raw/ 
Adj p

η2 Raw/ 
Adj p

η2

CA1 0.62/0.79 0.06 0.75/0.75 0.04

CA2/3 0.08/0.38 0.22 0.01*/0.06 0.31

CA4/DG 0.69/0.79 0.05 0.16/0.36 0.18

Subiculum total 0.79/0.79 0.03 0.74/0.75 0.04

Hippocampus total 0.62/0.79 0.06 0.22/0.36 0.16

*Significant p-value < 0.05 in right hemisphere CA2/3 without correction for multiple 
comparisons. No subfield was significant after corrected for multiple comparisons by brain side 
using the adaptive false discovery method Mann–Whitney U-test; effect sizes η2 ≥ 0.1, η2 ≥ 0.3, 
and η2 ≥ 0.5 represent small, medium, and large effect sizes, respectively; (n = 63; 35 MDD,  
28 HC).

TABLE 2B Group effect in volumes between MDD patients and healthy 
controls, adjusting for age and sex using proportional odds ordinal logistic 
regression model.

Hippocampal 
subfield

Left hemisphere Right hemisphere

Raw/ 
Adj p

β (SE)
Raw/ 
Adj p

β (SE)

CA1 0.67/0.93 0.19 (0.44) 0.54/0.66 0.27 (0.45)

CA2/3 0.06/0.32 0.84 (0.45) 0.02*/0.08 1.12 (0.46)

CA4/DG 0.80/0.93 0.11 (0.44) 0.15/0.27 0.65 (0.45)

Subiculum total 0.93/0.93 −0.04 (0.44) 0.66/0.66 0.20 (0.44)

Hippocampus total 0.57/0.93 0.25 (0.45) 0.16/0.27 0.63 (0.45)

*Significant p-value < 0.05 in right hemisphere CA2/3 without correction for multiple 
comparisons. No subfield was significant after corrected for multiple comparisons by brain side 
using the adaptive false discovery method; (n = 63; 35 MDD, 28 HC).
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associations between LSC scores and hippocampal subfields are shown 
in Table  4. The MADRS score and other symptom scores collected 
showed no significant association with subfield volumes.

4. Discussion

In this study, we used high-resolution 7T MRI data to train the 
ASHS software for hippocampal subfield segmentation and analyze 

hippocampal subfield volumes in depression. The analyses in this study 
involved group comparisons between MDD patients and healthy 
controls and between TRD patients and healthy controls, as well as 
regressions for prediction of symptom scores from hippocampal 
subfield volumes to probe the effects of stress on specific hippocampal  
domains.

4.1. Hippocampal subfield volume 
differences between patients and controls

Significant volumetric differences between MDD patients and 
controls were found in CA2/3 in the right hemisphere, with smaller 
volumes in patients, a pattern which is concordant with the 
literature on hippocampal subfield changes associated with stress-
related disorders (40, 41). Pyramidal neurons in the CA fields are 
most susceptible to stress and increased cortisol levels (17, 40, 41) 
which induces neuronal damage, dendritic shrinkage, and reduced 
astrocyte density, which together may contribute to volume loss 
(41). This group-level finding persisted in the subset of TRD 
patients compared to healthy controls, suggesting that hippocampal 
abnormalities may be further pronounced in patients with resistance 
to antidepressants. Given the small sample size, however, this 
finding must be  interpreted with caution and validated in a 
larger population.

FIGURE 2

Smaller CA2/3 subfield volume in the right hippocampus of MDD patients compared to controls using ASHS.

TABLE 3A Group differences in volumes between TRD patients and healthy 
controls.

Hippocampal 
subfield

Left hemisphere Right hemisphere

Raw/ 
Adj p

η2 Raw/ 
Adj p

η2

CA1 0.82/0.82 0.05 0.23/0.29 0.24

CA2/3 0.23/0.82 0.24 0.03*/0.13 0.44

CA4/DG 0.46/0.82 0.15 0.13/0.24 0.3

Subiculum total 0.78/0.82 0.06 0.82/0.82 0.05

Hippocampus total 0.59/0.82 0.11 015/0.24 0.29

*Significant p-value < 0.05 in right hemisphere CA2/3, corrected for multiple comparisons by 
brain side using the adaptive false discovery rate method, Mann–Whitney U-test; effect sizes 
η2 ≥ 0.1, η2 ≥ 0.3, and η2 ≥ 0.5 represent small, medium, and large effect sizes, respectively; 
(n = 26; 13 MDD, 13 HC).

TABLE 3B Group effect in volumes between TRD patients and healthy 
controls, adjusting for age and sex using proportional odds ordinal logistic 
regression model.

Hippocampal 
subfield

Left hemisphere Right hemisphere

Raw/ 
Adj p

β (SE)
Raw/ 
Adj p

β (SE)

CA1 0.86/0.86 −0.11 (0.61) 0.28/0.35 −0.67 (0.28)

CA2/3 0.12/0.60 −0.97 (0.63) 0.01*/0.04* −1.77 (0.66)

CA4/DG 0.81/0.86 −0.14 (0.61) 0.10/0.23 −1.02 (0.63)

Subiculum total 0.56/0.86 0.36 (0.61) 0.77/0.77 0.18 (0.61)

Hippocampus total 0.73/0.86 −0.21 (0.61) 0.14/0.23 −0.93 (0.62)

*Significant p-value < 0.05 in right hemisphere CA2/3, corrected for multiple comparisons by 
brain side using the adaptive false discovery rate method; (n = 41; 13 MDD, 28 HC).

FIGURE 3

Smaller CA2/3 subfield volume in the right hippocampus of TRD 
patients compared to controls using ASHS.
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FIGURE 4

Regression plots of the identified significant negative associations between hippocampus subfield CA1, combined CA4/DG, total subiculum, left whole 
hippocampus, and right whole hippocampus and life stressors rated by the LSC.

TABLE 4 Regression analysis findings for LSC score and hippocampal subfield volumes in MDD patients and healthy controls.

Hippocampal subfield
Left hemisphere Right hemisphere

Raw/Adj p Cohen’s f2 Raw/Adj p Cohen’s f2

CA1 0.04*/0.04* 0.419 0.13/0.13 0.271

CA2/3 0.08/0.08 0.389 0.18/0.18 0.281

CA4/DG 0.01*/0.02* 0.584 0.14/0.14 0.696

Subiculum total 0.23/0.23 0.423 0.04*/0.04* 0.354

Hippocampus total 0.02*/0.02* 0.134 0.03*/0.04* 0.11

*Significant p-value < 0.05 in left hemisphere CA1 and CA4/DG, right hemisphere subiculum total, and hippocampus total in the left and right hemispheres, corrected for multiple comparisons by 
brain side using the adaptive false discovery method; local effect sizes f 2 ≥ 0.02, f 2 ≥ 0.15, and f 2 ≥ 0.35 represent small, medium, and large effect sizes, respectively; (n = 54; 26 MDD, 28 HC).

4.2. Associations between hippocampal 
subfield volumes and LSC scores

Significant negative associations were found between LSC scores 
and subfield volumes, specifically left CA1, left CA4/DG, and right 
entire subiculum. Significant negative associations were also found 
between LSC and total hippocampal volume in the left and right 
hemispheres. Investigating associations between LSC score and 
hippocampal subfields in depression is important to understanding the 
effects of stress on the hippocampal anatomy, specifically dendritic 
shrinkage and other neurotoxic effects (24). These findings are 
concordant with the effects of stress on hippocampal anatomy, 
specifically affecting the CA fields (21).

4.3. Limitations and future directions

A limitation of this study is the small sample size. Despite this, 
significant differences were found between MDD patients and healthy 

controls in this dataset, suggesting potential 7T benefits of resolving and 
identifying subtle structural changes in small subregions including 
hippocampal subfields. There were also a few subfields with medium to 
large effect sizes that showed a trend toward an association with MDD, 
such as the right CA2/3  in Table  2 and right CA4/DG in Table  4. 
We estimated the post hoc power for detecting the difference in right 
CA2/3 between the MDD patients and the healthy controls to be 43%, 
with a significance level (alpha) of 0.01 using the Wilcoxon Mann–
Whitney test. Caution should be exercised in interpreting the results as 
low study power can lead to not only decreased likelihood of finding a 
true association but also overestimation of effect size and low 
reproducibility. Analysis with a larger sample size or performance of 
meta-analysis would be necessary to validate these findings (42).

In studying MDD and its relationship to different depression 
related symptoms, we  found that hippocampal subfield CA2/3 was 
reduced in MDD patients compared to controls as well as in TDR 
patients versus controls and that reductions in CA1, CA4/DG, and 
subiculum correlated with lifetime stressors. Leveraging the benefits of 
ultrahigh field 7T MRI, including superior signal and resolution over 
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clinical field strength MRI, to investigate the hippocampus and its 
subfields and using a 7T-trained and validated automated segmentation 
software to that end, can enable overall enhanced detection of imaging 
markers for MDD and treatment-resistant MDD. Hippocampal subfield 
volumes may serve as imaging biomarkers for MDD, which may help 
design more targeted treatments for the disease in the future. 
Furthermore, we found that there is value in studying MDD and its 
relationship to different depression related symptoms, especially 
lifetime stressors, rather than analyzing depression as a binary diagnosis.
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