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A B S T R A C T   

Background: Adult studies have reported atypicalities in the hippocampus and subfields in patients with 
schizophrenia (SCZ) and major depressive disorder (MDD). Both affective and psychotic disorders typically onset 
in adolescence, when human brain develops rapidly and shows increased susceptibility to adverse environments. 
However, few in vivo studies have investigated whether hippocampus subfield abnormalities occur in adoles
cence and whether they differ between SCZ and MDD cases. 
Methods: We recruited 150 adolescents (49 SCZ patients, 67 MDD patients, and 34 healthy controls) and obtained 
their structural images. We used FreeSurfer to automatically segment hippocampus into 12 subfields and 
analyzed subfield volumetric differences between groups by analysis of covariance, covarying for age, sex, and 
intracranial volume. Composite measures by summing subfield volumes were further compared across groups 
and analyzed in relation to clinical characteristic. 
Results: SCZ adolescents showed significant volume reductions in subfields of CA1, molecular layer, subiculum, 
parasubiculum, dentate gyrus and CA4 than healthy controls, and almost significant reductions, as compared to 
the MDD group, in left molecular layer, dentate gyrus, CA2/3 and CA4. Composite analyses showed smaller 
volumes in SCZ group than in healthy controls in all bilateral composite measures, and reduced volumes in 
comparison to MDD group in all left composite measures only. 
Conclusions: SCZ adolescents exhibited both hippocampal subfield and composite volumes reduction, and also 
showed greater magnitude of deviance than those diagnosed with MDD, particularly in core CA regions. These 
results indicate a hippocampal disease process, suggesting a potential intervention marker of early psychotic 
patients and risk youths.   

1. Introduction 

Both psychotic and affective disorders are prevalent types of mental 
disorders that have significant impact on daily life and increase the so
cial burden (Masquelier et al., 2021). Extensive research has examined 
the mechanisms of pathophysiology for psychotic disorders, such as 
schizophrenia (SCZ), and affective disorders, such as major depressive 
disorder (MDD) (Gratton et al., 2020; Schmaal et al., 2020; Xia et al., 
2019). Evidence suggests that core features of these psychiatric patients 

include memory deficits, reward and executive dysfunctions (Fox and 
Lobo, 2019; Yamashita et al., 2018; Zelazo, 2020). As a limbic structure, 
the hippocampus is likely to be involved in defects of memory, reward, 
and control processes as observed in mental disorders in general (Rolls 
et al., 2022) and in adult SCZ and MDD studies in particular (Haukvik 
et al., 2018; Roddy et al., 2019; Treadway et al., 2015). 

Structural neuroimaging studies have consistently revealed smaller 
hippocampus volumes in SCZ patients (Roeske et al., 2021), but het
erogeneous findings were found in patients with MDD (Ancelin et al., 
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2019; Brown et al., 2019; Ho et al., 2022; Shen et al., 2017). The hip
pocampus has been reported to be consisted of anatomically distinct and 
functionally specialized subfields that are diffusely connected with the 
cerebral cortex, thus forming "what," "where," and "reward" streams 
(Rolls et al., 2022). Various studies of SCZ patients have found reduced 
volumes in hippocampal subfields including CA1, CA2/3, CA4, which 
extended to other subfields, such as dentate gyrus and subiculum 
(Haukvik et al., 2015; Ho et al., 2017). These atypical volumes were 
systematically related to the cognitive and psychosis symptoms (Lang 
et al., 2022; Xiu et al., 2021). Other studies also reported severe hip
pocampal atrophy in individuals at high risk of SCZ (Choi et al., 2022). 

For depression, some (but not all) neuroimaging studies have 
revealed hippocampal atypicalities in adult patients with MDD (Camp
bell et al., 2004; McKinnon et al., 2009). For example, the so far largest 
meta-analysis, based on cohorts from the ENIGMA (Enhancing Neuro
Imaging Genetics through Meta-Analysis) MDD Working Group, 
confirmed decreased hippocampal volumes in patients with MDD 
(Schmaal et al., 2016). However, opposite findings have also been re
ported (Shen et al., 2017). A recent 7T MRI study in MDD patients found 
no significant reductions in hippocampal volume, although these pa
tients had an average 6.7-year episode (Brown et al., 2019). Overall, 
despite inconsistent findings, previous studies indicated that volumetric 
reductions in the hippocampal might be a biomarker for MDD and 
longer illness duration and increased numbers of episodes might 
aggravate hippocampal alterations (Schmaal et al., 2020). 

Hippocampal in vivo studies revealed different kinds of damages in 
subfields in SCZ and MDD. SCZ has been found to impact the volume of 
almost all hippocampal subfields preferentially in CA regions, while 
MDD showed more alteration in the subiculum and dentate gyrus 
(Yeung and Brickman, 2020). Ota et al. (2017) directly compared the 
hippocampal volumes between SCZ and MDD and found that adults with 
SCZ exhibited significant volume reductions in the dentate gyrus, as 
compared to MDD patients and healthy controls. Although different 
degrees of severity of atypicalities in hippocampal subfields between in 
MDD and SCZ have been demonstrated, it remains unclear at what age 
these differences occur. 

Psychiatric disorders including SCZ and MDD typically emerge in 
adolescence, during which human brain develops rapidly and encom
passes increased susceptibility to adverse environments (Foulkes and 
Blakemore, 2018). Focusing on the early signs of damage to the hippo
campus during adolescence may thus help facilitate detection and 
treatment. As for adolescents, inconsistent findings about hippocampal 
reductions have also been reported. The ENIGMA MDD study (Ho et al., 
2022) and another one on hippocampus subfield (Zhang et al., 2021) 
demonstrated smaller hippocampal and subfield volumes in patients 
with adolescent onset of MDD, which was in line with several previous 
studies (Barch et al., 2019; Kim et al., 2019; MacMaster et al., 2008). A 
longitudinal, risk-enriched community study suggested that volumetric 
changes and attenuated growth of the hippocampus were associated 
with the onset of MDD (Whittle et al., 2014). However, other studies 
found lower hippocampal volumes in adult patients only, but not ado
lescents (Shen et al., 2016). These inconsistent findings might be due to 
the heterogeneity of patients (Kiviruusu et al., 2020), as more than half 
of adolescent-onset patients had a recurrent episode of MDD (Schmaal 
et al., 2020). Another reason might be related to the differential neu
roplasticity of the adolescent brain through learning, social support, and 
family economic status (Fandakova and Hartley, 2020). For adolescents 
with SCZ, there are unfortunately only few studies on structural atypi
calities in the hippocampal subfields and only few in vivo studies have 
explored whether hippocampus atypicalities occur in adolescence and 
whether they differ between SCZ and MDD. 

To sum up, the hippocampus is a critical brain structure that plays a 
crucial role in both SCZ and MDD. Given the insufficient availability of 
data regarding the hippocampal deficiencies in adolescent SCZ and 
MDD, we aimed to investigate the diagnostic efficacy of SCZ and MDD 
on the early development of the hippocampus and its subfields. To 

achieve this, we analyzed 3-T structural MRI data from adolescent pa
tients with SCZ and MDD, using an advanced automated hippocampal 
segmentation technique (Iglesias et al., 2015). We expected to identify 
shared and distinct atypicalities in hippocampal subfields. We hypoth
esized that patients with SCZ would show significant hippocampal at
rophy and such effects would be more prominently compared to patients 
with MDD. Additionally, we investigated the association between 
duration of episodes and hippocampal subfield volumes in patients with 
SCZ or MDD, hypothesizing that longer duration would be linked to 
more pronounced alterations in these subfields. More generally 
speaking, our study was supposed to serve two more general goals: to 
demonstrate the neuroprogressive nature of early or first-episode psy
chiatric disorder, if possible, and to identify neural biomarkers of these 
disorders—which both will be useful for the development of successful 
interventions in the future. 

2. Methods 

2.1. Participants 

A total of 175 adolescents was recruited from the Department of 
Psychiatry of the First Affiliated Hospital of Chongqing Medical Uni
versity, China. After excluding three participants who were either aged 
younger than 10 years or older than 20 years, and additional 22 par
ticipants who had poor quality MRI images, the current study finally 
included 150 participants (49 adolescents with SCZ, 67 adolescents with 
MDD, and 34 healthy controls, HC). These subjects were also reported in 
a previous study (Zhou et al., 2021). All adolescent patients were 
diagnosed with either SCZ or MDD using the Structured Clinical Inter
view for DSM-IV-TR Axis I Disorders, Research Version, Patient Edition 
(SCID-I/P, Chinese version) administered by two clinical psychiatrists. 

The inclusion criteria for SCZ patients were as follows: a) presence of 
two or more of DSM-IV psychotic symptoms (delusions, hallucinations, 
disorganized thinking, grossly disorganized or catatonic behavior, 
negative symptoms) for the majority of the same month; b) absence of 
major depressive, manic, or combined episodes. The inclusion criteria 
for MDD patients were as follows: a) occurrence of five or more DSM-IV 
depressive symptoms, with at least one of these symptoms being 
depressed state or lack of interest or pleasure, within the recent two- 
week period; b) symptoms causing clinically significant distress or 
functional impairment in social, work, or other important areas; and c) 
symptoms not attributed to substances (e.g., drugs) or general medical 
conditions. Exclusion criteria for all these patients included: a) comor
bidity with another psychiatric disorder, such as substance use disorders 
or dissociative disorders; b) any neurological disease or morphologic 
atypicalities in the brain; c) any MRI contraindication, such as claus
trophobia; d) current or prior history of psychotic symptoms (halluci
nation, delusion, etc) for adolescents with MDD. All HC subjects were 
recruited via public advertisements and had no diagnoses of current or 
historical psychiatric, neurological diseases. 

This study was approved by the local ethics committees of both First 
Affiliated Hospital of Chongqing Medical University and Shandong 
Normal University. All participants and their legal guardians provided 
written informed consents. 

2.2. MRI data acquisition, preprocessing and segmentation of 
hippocampal subfields 

All adolescent participants were scanned on a 3 T GE Signa Medical 
Systems scanner (Milwaukee, Wisconsin, USA) using a 12-channel head 
coil at the First Affiliated Hospital of Chongqing Medical University. We 
acquired 3D high-resolution anatomical T1-weighted images that 
covered the whole brain (TE = 3272 ms, TR = 8348 ms, flip angle = 12◦, 
field of view = 240.128 × 240.128 mm2, voxel size = 0.469 × 0.469 ×
1.00 mm3). 

T1-weighted scans were preprocessed using the standard procedure 
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of FreeSurfer (version 6.0.0, http://surfer.nmr.harvard.edu) image 
analysis suite for volumetric and surface segmentation of the whole 
brain (Dale et al., 1999; Fischl and Dale, 2000). The original and pro
cessed brain images were visually inspected by two specialists for any 
anatomical or segmentation anomalies. Then, the advanced automated 
segmentation of the hippocampus was performed using Bayesian infer
ence (Iglesias et al., 2015), resulting in the segmentation of both left and 
right hippocampus into 12 subfields. These subfields included the hip
pocampal tail, subiculum, CA1, fissure, presubiculum, parasubiculum, 
molecular layer, dentate gyrus, CA2/CA3, CA4, fimbria, and HATA 
(Fig. 1). Additionally, composite measures were computed by summing 
substructure volumes as suggested by a previous study (Roddy et al., 
2019), which resulted in 7 composite measures for each hemisphere. 
These composite measures including Hippocampal Extended (HE, all 
computed hippocampal substructures except the fissure), Hippocampal 
Formation (HF, comprising of CA, dendate gyrus, subiculum and the tail 
components), Hippocampal Proper (HP, consisting of the all CA re
gions), combined dentate (CA4 and dentate gyrus), CA Only (CA1, 
CA2/3), Combined dentate/CA (dentate and CA regions), and CA2-CA4 
(CA2/3 and CA4). The novel definition of hippocampal volumes could 
improve inter-subject inconsistencies and highlight the core of CA sub
fields in the process of disorder (Roddy et al., 2019). 

2.3. Statistical analysis 

Statistical analyses were performed using SPSS 26.0. Analyses of 
variance (ANOVA), two-sample t-test, and χ2 test were performed to 
assess the groupwise differences in demographics and clinical charac
teristics among HC, MDD, and SCZ groups. Then, a mixed factorial 
ANOVA model was applied to assess the main effects and interactions of 
the diagnosis and hemisphere factors on the volume of hippocampal 
subfields. The 3 × 2 mixed ANOVA model included one dichotomous 
between-subjects variable (Diagnosis, 3 factors, HC, MDD and SCZ) and 
one dichotomous within-subjects variable (Hemisphere, 2 factors, left 
and right). Additional post-hoc analyses were performed to examine 
between-diagnosis differences (HC vs MDD vs SCZ, HC vs MDD, HC vs 
SCZ and MDD vs SCZ) in 12 hippocampal subfields. In these analyses, 
gender, age, and total intracranial volume (TIV) were included as 

covariates. False discovery rate (FDR) correction was applied for mul
tiple comparisons to control type I error with R 4.1.1 (Genovese et al., 
2002). Additionally, these models were applied to the composite mea
sures of the hippocampus to demonstrate whether CA regions exhibited 
core effects. Finally, the associations between duration of episodes and 
hippocampus subfields and composite measures were examined by 
partial correlation analyses, separately for MDD and SCZ groups, co
varying for gender, onset age, and TIV. 

3. Results 

3.1. Demographic and clinical characteristics 

The demographic and clinical characteristics of all adolescent par
ticipants (HC, n = 34; MDD, n = 67; SCZ, n = 49) are presented in 
Table 1. Between group comparisons demonstrated no significant dif
ferences regarding gender (χ2 = 0.60, p = 0.742), age (F = 0.21, p =
0.810) and TIV (F = 0.82, p = 0.444) among all three groups. 

With regard to clinical characteristics, no significant differences 
were found between the MDD and SCZ groups in terms of current 
episode duration (MDD: 7.88 ± 9.19; SCZ: 6.24 ± 12.29; t = 0.82, p =
0.412), number of participants with their first episode (MDD: n = 48; 
SCZ: n = 42; χ2 = 3.22, p = 0.073), and family history of mental dis
orders (MDD: n = 7; SCZ: n = 8; χ2 = 0.87, p = 0.352). As for treatment, 
a greater number of SCZ patients received medication (MDD: n = 34; 
SCZ: n = 42; χ2 = 15.32, p < 0.001) and physical therapy (MDD: n = 12; 
SCZ: n = 27; χ2 = 17.54, p < 0.001) than MDD patients, including 
transcranial magnetic stimulation and electric shock, which was 
consistent with the pathology of mental disorders (Kellner et al., 2020). 

3.2. Volumetric measures of hippocampus subfields 

For these 12 hippocampus subfields (descriptive values and their 
distribution were shown in Table S1 and Fig. 2), the mixed factorial 
ANOVA model yielded no significant interaction effects (Table S2) be
tween diagnosis and hemisphere after FDR correction (all ps > 0.05). 
However, significant main effects were observed for diagnosis in several 
subfields, including subiculum (F = 4.44,η2 = 0.03, p = 0.022), CA1 (F 
= 12.47,η2 = 0.08, p < 0.001), molecular layer (F = 10.49,η2 = 0.07, p 
< 0.001), dentate gyrus (F = 5.88,η2 = 0.04, p = 0.009), CA2/3 (F =

Fig. 1. Automated segmentation of hippocampal subfields using Freesurfer 
software. CA, cornu ammonis; HATA, hippocampal amygdalar transition area. 

Table 1 
Demographic and clinical characteristics of the adolescent sample.  

Characteristics HC (N =
34) 

MDD (N =
67) 

SCZ (N =
49) 

p-value F/t/ 
χ2 

Gender (Male, %) 15 
(44.12) 

28 (41.79) 24 
(48.98) 

0.742 0.60 

Age (year, Mean 
± SD) 

16.32 ±
2.99 

16.22 ±
2.02 

16.02 ±
1.80 

0.810 0.21 

TIV (year, Mean ±
SD) 

1484.68 
± 108.24 

1459.73 ±
127.77 

1448.33 
± 141.57 

0.444 0.82 

Current episode 
duration 
(month, Mean 
± SD) 

– 7.88 ±
9.19 

6.24 ±
12.29 

0.412 0.82 

First episode (N, 
%) 

– 48 
（71.64） 

42(85.71) 0.073 3.22 

Treatment with 
medicine (N, %) 

– 34 (50.75) 42 
(85.71) 

<0.001* 15.32 

Physical 
intervention (N, 
%) 

– 12 
（17.91） 

27(55.10) <0.001* 17.54 

Family history of 
mental disorders 
(N, %) 

– 7 
（10.45） 

8(16.33) 0.352 0.87 

HC, healthy control; MDD, major depressive disorder; SCZ, schizophrenia; TIV, 
total intracranial volume. p values with “*” indicated the significance with 
<0.05. 

K. Wang et al.                                                                                                                                                                                                                                   

http://surfer.nmr.harvard.edu


Journal of Psychiatric Research 165 (2023) 56–63

59

4.49,η2 = 0.03, p = 0.022), CA4 (F = 5.20,η2 = 0.04, p = 0.014) and 
fimbria (F = 7.31,η2 = 0.05, p = 0.003). Main effects for hemisphere also 
revealed significances in subfields of CA1 (F = 41.53,η2 = 0.13, p <
0.001), fissure (F = 20.99,η2 = 0.07, p < 0.001), presubiculum (F =

21.38,η2 = 0.07, p < 0.001), molecular layer (F = 28.59,η2 = 0.09, p <
0.001), dentate gyrus (F = 27.78,η2 = 0.09, p < 0.001), CA2/3 (F =
51.65,η2 = 0.15, p < 0.001), and CA4 (F = 33.59,η2 = 0.10, p < 0.001). 

Further post-hoc analyses of covariance for each hippocampus 

Fig. 2. Distribution of bilateral 12 hippocampal subfield volumes in HC, MDD and SCZ groups. Violin plots illustrating the data distributions (probability density), 
median and interquartile ranges. CA, cornu ammonis; HATA, hippocampal amygdalar transition area. 

Table 2 
Between group differences in volumetric substructures of hippocampus.   

HC vs. MDD vs.SCZ p 
Value 

Effect Size, HC vs. MDD 
vs.SCZ, η2 

Pairwise Comparison HC vs. 
MDD p Value 

Pairwise Comparison HC vs. 
SCZ, p Value 

Pairwise Comparison MDD vs. 
SCZ p Value 

Left Substructure 
Tail 0.261 0.022 0.715 0.155 0.182 
Subiculum 0.134 0.033 0.750 0.076 0.135 
CA1 0.020 * 0.082 0.275 0.021 * 0.066 
Fissure 0.400 0.014 0.597 0.206 0.919 
Presubiculum 0.617 0.007 0.597 0.444 0.919 
Parasubiculum 0.067 0.047 0.107 0.075 0.919 
Molecular 

layer 
0.020 * 0.076 0.597 0.021 * 0.066 

Dentate gyrus 0.067 0.046 0.597 0.076 0.089 
CA2/3 0.067 0.046 0.597 0.100 0.066 
CA4 0.067 0.048 0.597 0.076 0.066 
Fimbria 0.083 0.041 0.107 0.376 0.182 
HATA 0.272 0.020 0.597 0.155 0.294 

Right Substructure 
Tail 0.642 0.008 0.487 0.472 0.832 
Subiculum 0.318 0.027 0.694 0.156 0.399 
CA1 0.032* 0.079 0.192 0.010 * 0.390 
Fissure 0.642 0.007 0.487 0.464 0.832 
Presubiculum 0.618 0.011 0.705 0.323 0.552 
Parasubiculum 0.823 0.003 0.720 0.836 0.766 
Molecular 

layer 
0.059 0.062 0.382 0.018 * 0.390 

Dentate gyrus 0.246 0.034 0.487 0.100 0.399 
CA2/3 0.382 0.019 0.487 0.265 0.487 
CA4 0.318 0.025 0.491 0.156 0.399 
Fimbria 0.064 0.056 0.023* 0.273 0.399 
HATA 0.359 0.021 0.487 0.156 0.585 

HC, health control; MDD, major depressive disorder; SCZ, schizophrenia. p values indicated the survived FDR correction. p values with “*” indicated significant 
differences (<0.05). 
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subfield of each hemisphere were conducted to investigate the diagnosis 
and hemisphere effects (Table 2), covarying for gender, age, and TIV. 
The results revealed that, compared to HCs, the SCZ group had signifi
cantly smaller volumes of bilateral CA1 (left, F = 9.72,η2 = 0.11, p =
0.021; right, F = 12.12,η2 = 0.13, p = 0.010), bilateral molecular layer 
(left, F = 9.08,η2 = 0.10, p = 0.021; right, F = 9.43,η2 = 0.11, p =
0.018), and a trend toward significance for left subiculum (F = 4.68,η2 

= 0.06, p = 0.076), parasubiculum (F = 5.77,η2 = 0.07, p = 0.075), 
dentate gyrus (F = 4.75,η2 = 0.06, p = 0.076) and CA4 (F = 4.45,η2 =

0.05, p = 0.076) (Table 2 and Fig. 3). In addition, the MDD group had a 
significant smaller volumes of right fimbria (F = 10.17,η2 = 0.10, p =
0.023) compared to the HC group. Results also revealed that SCZ group 
showed a trend toward significance of decreased volume in subfields of 
the left molecular layer (F = 7.45,η2 = 0.06, p = 0.066), dentate gyrus 
(F = 4.45,η2 = 0.04, p = 0.089), CA2/3 (F = 5.65,η2 = 0.05, p = 0.066) 
and CA4 (F = 5.40,η2 = 0.05, p = 0.066) compared to adolescents with 
MDD (Table 2 and Fig. 3). Finally, we added the medicine treatment and 
physical intervention as additional covariates for the SCZ vs. MDD 
analysis. The results showed no significant differences in any subfield 
volumes between the two groups (Table S3). 

3.3. Composite measures of hippocampus 

In the mixed factorial ANOVA analysis of composite measures, we 
did not find any significant interaction effects between diagnosis and 
hemisphere for the 7 composites examined (all ps > 0.05, Table S4). 
However, we observed significant main effects of diagnosis (all ps <

0.005) and hemisphere (all ps < 0.001) (Table S4). We then performed 
post-hoc analysis of covariance for each hippocampus composite mea
sure, also covarying for gender, age, and TIV. In both the left and right 
hippocampus, the SCZ group exhibited significantly smaller volumes 
than the HC group (Table 3) for all 7 composite measures (all ps < 0.05), 
except for the right CA2-CA4 composite, which showed a marginal 
significance (p = 0.083). Additionally, SCZ group showed significantly 
smaller composite volumes than the MDD group for left hemispheric 
composite measures only (all ps < 0.05, Table 3). Finally, for the SCZ 
and MDD comparison analysis, we included the medicine treatment and 
physical intervention as additional covariates. Results found that SCZ 
group still showed significantly smaller volumes than MDD groups for 

left composite measures (all ps = 0.06, Table S5). 

3.4. Associations with clinical symptom 

In the MDD group, partial correlation analyses revealed a significant 
correlation between the duration of episodes and subfields of bilateral 
CA2/3, with negative correlations observed for both left (r = − 0.29, p =
0.022) and right (r = − 0.28, p = 0.025) hippocampus. However, no 
significant correlation was found between the duration of episodes and 
any composite measures in adolescents with MDD. On the other hand, in 
the SCZ group, no significant correlation was found between the dura
tion of episodes and any hippocampus subfields or composite measures. 

4. Discussion 

The present study aimed to investigate possible differences in hip
pocampus subfield volumes between adolescents with MDD and SCZ. 
Using an adolescent MRI dataset and an automated hippocampal sub
fields segmentation algorithm, we found the following results of interest. 
Firstly, compared to healthy controls, adolescents with SCZ demon
strated significant hippocampal volume reduction, with the impaired 
area spreading outwards with CA regions as the core. Additionally, SCZ 
patients exhibited a reductive trend in the hippocampal subfields 
compared to those with MDD. Furthermore, increased duration of epi
sodes was significantly associated with greater atypicality in bilateral 
CA2/3 for the MDD group. 

Our study found that the influence of SCZ on the hippocampus were 
preferentially reflected in CA1 and molecular layers, and with a trend 
towards regions of subiculum, parasubiculum, dentate gyrus, and CA4. 
As the intergral part of hippocampal circuitry, CA1 contains pyramidal 
neurons that generate much of output to subiclum and other regions 
(Tannous et al., 2018). The molecular layer includes interneurons that 
connects the subiclum and other CA regions. Subiculum and para
subiculum make up the outflow parts of hippocampal circuitry and 
receive the signal from the hippocampal intergral part. Prior studies also 
found that CA1 was involved in self-awareness (Danjo et al., 2018), 
contextual memory retrieval (Dimsdale-Zucker et al., 2018), and auto
biographical memory (Bartsch et al., 2011), and was particularly 
vulnerable to a variety of cytotoxic and metabolic challenges (Bartsch 

Fig. 3. Group comparisons of hippocampal subfield volumes. (a) Differences in hippocampal subfield volumes between adolescents with SCZ and HC; (b) differences 
in hippocampal subfield volumes between adolescents with SCZ and MDD; (c) differences in hippocampal subfield volumes between adolescents with MDD and HC. 
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et al., 2015). The decreased volumes in these subfields found in ado
lescents with SCZ suggested that disruption of hippocampal circuitry 
occurred through the internal to output way. Taken together, these 
findings may explain why patients with SCZ show severe cognitive 
deficits besides the positive symptoms. Moreover, our findings are in 
line with previous studies of adult SCZ patients (Ho et al., 2017), indi
cating that the age of onset for psychotic disorder does predict differ
ential damages to the hippocampus. 

Compared to affective disorders, the structural atypicalities of the 
hippocampus might be more extensive in patients with psychotic dis
orders. The main symptoms of SCZ include hallucinations, delusions, 
disorganized speech, lack of motivation, trouble with thinking and other 
cognitive functions, such as memory (Aleman et al., 1999), attention 
(Carter et al., 2010)—all of which are relate to the hippocampus (Tyng 
et al., 2017). In affective disorders, there are considerable individual 
differences across patients with MDD. Although the majority of 
depressed patients show long-term mood atypicalities, there seems no 
significant impairment of orientation and spatial memory in some pa
tients with MDD. For example, Tannous et al. (2018) found significantly 
smaller volumes in the hippocampal subfields, including right CA1, 
bilateral molecular layer, in adolescents with bipolar disorder, but no 
significant differences in hippocampus in adolescents with MDD, 
compared to both bipolar disorder and healthy controls. Overall, exist
ing evidence suggests that symptom severity might be critical for the 
greater significances of hippocampal atypicalities in psychotic disorders. 

This study focused on adolescents, and the results may provide some 
insights into future interventions in adolescent mental disorders. 
Currently, the treatment of severe cases of SCZ and MDD has mainly 
focused on drug intervention, such as escitalopram and aripiprazole 
treatment (Islam et al., 2022), and physical intervention, including 
electroconvulsive therapy (Jiang et al., 2022). The significant volu
metric reduction of the hippocampus in adolescents with SCZ and as
sociations between the duration of episode and atypicality of subfields in 
MDD suggested that cognitive intervention and non-invasive brain 
stimulation targeting the hippocampus might be useful in reducing the 
severity of symptoms. In addition, as a treatment without side effects, 
these non-invasive interventions might effectively prevent the transition 
from MDD to SCZ and stop the deterioration of depressive symptoms. In 

conclusion, non-invasive stimulation and cognitive training targeting 
the hippocampus might be useful for early prevention and interventions 
in individuals with mental disorders. 

There are several limitations in this study that should be acknowl
edged. First, the sample size of this study is relatively small, which might 
reduce the statistical power and limit the generalizability of the findings 
to larger populations. Future studies with larger sample sizes of ado
lescents are needed to replicate these results. Second, as the hippo
campus is a subcortical structure, its imaging is more susceptible to the 
artifacts and technical limitations that could decrease the segmentation 
performance. We scanned the hippocampus with 3T MRI and a 12-chan
nel head coil, which might increase the artifacts and lower the micro
structural detection. Together with the novel segmentation method used 
in this study, the use of ultra-high field MRI, such as 7T or higher (Brown 
et al., 2019), and auxiliary imaging data, such as T2-weighted structural 
images (Roddy et al., 2019), could potentially improve the accuracy of 
hippocampal segmentation in future studies. Third, the participants of 
the current study were not assessed for memory or other 
cognition-related functions, which precluded the investigation on po
tential associations between hippocampal volume and cognitive im
pairments. Future studies that include comprehensive cognitive 
assessments would provide a more complete understanding of the role of 
hippocampus in cognitive functioning in adolescents with mental 
disorders. 

5. Conclusions 

In summary, our study included an adolescent MRI dataset and 
adopted a hippocampal segmentation algorithm and revealed that psy
chotic disorders in adolescence were strongly associated with hippo
campal CA regions, the core subfields of the hippocampus, and the 
outflow parts of hippocampal circuitry. Additional subfield and com
posite analyses suggested that adolescents with SCZ showed greater 
volume reduction than MDD patients in core CA regions of the hippo
campus. These findings indicated a hippocampal disease process and 
suggested a potential invention marker in early psychotic patients and 
at-risk youths. 

Table 3 
Between group differences in volumetric composite measures of hippocampus.   

HC vs. MDD vs.SCZ 
p Value 

Effect Size, HC vs. MDD 
vs.SCZ, η2 

Pairwise Comparison HC vs. 
MDD p Value 

Pairwise Comparison HC vs. 
SCZ, p Value 

Pairwise Comparison MDD vs. 
SCZ p Value 

Left Hippocampal Composite 
Hippocampal 

Extended 
0.017 * 0.059 0.472 0.013 * 0.021 * 

Hippocampal 
Formation 

0.009 * 0.077 0.450 0.013 * 0.021 * 

Hippocampal Proper 0.009 * 0.075 0.417 0.013 * 0.021 * 
Left Anatomical Composite 
Combined Dentate 0.031 * 0.047 0.472 0.040 * 0.029 * 
CA Only 0.009 * 0.079 0.417 0.013 * 0.021 * 
Combined Dentate/ 

CA 
0.009 * 0.070 0.417 0.013 * 0.021 * 

CA2-4 0.026 * 0.051 0.472 0.040 * 0.021* 

Right Hippocampal Composite 
Hippocampal 

Extended 
0.037 * 0.051 0.135 0.014 * 0.211 

Hippocampal 
Formation 

0.037 * 0.049 0.135 0.015 * 0.211 

Hippocampal Proper 0.037 * 0.058 0.135 0.014 * 0.211 
Right Anatomical Composite 
Combined Dentate 0.130 0.030 0.318 0.043 * 0.211 
CA Only 0.037 * 0.065 0.135 0.014* 0.211 
Combined Dentate/ 

CA 
0.037 * 0.054 0.135 0.014 * 0.211 

CA2-4 0.172 0.024 0.318 0.083 0.217 

HC, health control; MDD, major depressive disorder; SCZ, schizophrenia. p values indicated the survived FDR correction. p values with “*” indicated significant 
differences (<0.05). 

K. Wang et al.                                                                                                                                                                                                                                   



Journal of Psychiatric Research 165 (2023) 56–63

62

Funding 

This research was supported by the National Natural Science Foun
dation of China (32000760), China Postdoctoral Science Foundation 
Funded Project (2019M662433), Postdoctoral Innovation Project 
(239735) in Shandong Province, and the Youth Innovation Team in 
Universities of Shandong Province (2022KJ252). 

Authors’ contributions 

Kangcheng Wang: conceptualization, methodology, software, 
formal analysis, and writing. Xingyan Li: conceptualization, method
ology, software, and formal analysis. Xiaotong Wang: figure drawing 
by hands. Bernhard Hommel: writing. Xiaodi Xia: data collection. 
Jiang Qiu: data collection, and writing. Yixiao Fu: data collection, and 
writing. Zheyi Zhou: conceptualization, methodology, software, formal 
analysis, and writing. 

Declaration of competing interest 

The authors declare that there are no conflicts of interest. 

Acknowledgments 

None. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.jpsychires.2023.07.012. 

References 

Aleman, A., Hijman, R., de Haan, E.H., Kahn, R.S., 1999. Memory impairment in 
schizophrenia: a meta-analysis. Am. J. Psychiatr. 156 (9), 1358–1366. https://doi. 
org/10.1176/ajp.156.9.1358. 

Ancelin, M.L., Carriere, I., Artero, S., Maller, J., Meslin, C., Ritchie, K., Ryan, J., 
Chaudieu, I., 2019. Lifetime major depression and grey-matter volume. J. Psychiatry 
Neurosci. 44 (1), 45–53. https://doi.org/10.1503/jpn.180026. 

Barch, D.M., Tillman, R., Kelly, D., Whalen, D., Gilbert, K., Luby, J.L., 2019. 
Hippocampal volume and depression among young children. Psychiatry Res. 
Neuroimaging. 288, 21–28. https://doi.org/10.1016/j.pscychresns.2019.04.012. 

Bartsch, T., Dohring, J., Reuter, S., Finke, C., Rohr, A., Brauer, H., Deuschl, G., 
Jansen, O., 2015. Selective neuronal vulnerability of human hippocampal CA1 
neurons: lesion evolution, temporal course, and pattern of hippocampal damage in 
diffusion-weighted MR imaging. J. Cerebr. Blood Flow Metabol. 35 (11), 1836–1845. 
https://doi.org/10.1038/jcbfm.2015.137. 

Bartsch, T., Dohring, J., Rohr, A., Jansen, O., Deuschl, G., 2011. CA1 neurons in the 
human hippocampus are critical for autobiographical memory, mental time travel, 
and autonoetic consciousness. Proc. Natl. Acad. Sci. U. S. A. 108 (42), 17562–17567. 
https://doi.org/10.1073/pnas.1110266108. 

Brown, S.S.G., Rutland, J.W., Verma, G., Feldman, R.E., Alper, J., Schneider, M., 
Delman, B.N., Murrough, J.M., Balchandani, P., 2019. Structural MRI at 7T reveals 
amygdala nuclei and hippocampal subfield volumetric association with Major 
Depressive Disorder symptom severity. Sci. Rep. 9 (1), 10166 https://doi.org/ 
10.1038/s41598-019-46687-7. 

Campbell, S., Marriott, M., Nahmias, C., MacQueen, G.M., 2004. Lower hippocampal 
volume in patients suffering from depression: a meta-analysis. Am. J. Psychiatr. 161 
(4), 598–607. https://doi.org/10.1176/appi.ajp.161.4.598. 

Carter, J.D., Bizzell, J., Kim, C., Bellion, C., Carpenter, K.L., Dichter, G., Belger, A., 2010. 
Attention deficits in schizophrenia–preliminary evidence of dissociable transient and 
sustained deficits. Schizophr. Res. 122 (1–3), 104–112. https://doi.org/10.1016/j. 
schres.2010.03.019. 

Choi, S., Kim, M., Park, H., Kim, T., Moon, S.Y., Lho, S.K., Lee, J., Kwon, J.S., 2022. 
Volume deficits in hippocampal subfields in unaffected relatives of schizophrenia 
patients with high genetic loading but without any psychiatric symptoms. Schizophr. 
Res. 240, 125–131. https://doi.org/10.1016/j.schres.2021.12.037. 

Dale, A.M., Fischl, B., Sereno, M.I., 1999. Cortical surface-based analysis. I. Segmentation 
and surface reconstruction. Neuroimage 9 (2), 179–194. https://doi.org/10.1006/ 
nimg.1998.0395. 

Danjo, T., Toyoizumi, T., Fujisawa, S., 2018. Spatial representations of self and other in 
the hippocampus. Science 359 (6372), 213–218. https://doi.org/10.1126/science. 
aao3898. 

Dimsdale-Zucker, H.R., Ritchey, M., Ekstrom, A.D., Yonelinas, A.P., Ranganath, C., 2018. 
CA1 and CA3 differentially support spontaneous retrieval of episodic contexts within 

human hippocampal subfields. Nat. Commun. 9 (1), 294. https://doi.org/10.1038/ 
s41467-017-02752-1. 

Fandakova, Y., Hartley, C.A., 2020. Mechanisms of learning and plasticity in childhood 
and adolescence. Dev Cogn Neurosci 42, 100764. https://doi.org/10.1016/j. 
dcn.2020.100764. 

Fischl, B., Dale, A.M., 2000. Measuring the thickness of the human cerebral cortex from 
magnetic resonance images. Proc. Natl. Acad. Sci. U. S. A. 97 (20), 11050–11055. 
https://doi.org/10.1073/pnas.200033797. 

Foulkes, L., Blakemore, S.J., 2018. Studying individual differences in human adolescent 
brain development. Nat. Neurosci. 21 (3), 315–323. https://doi.org/10.1038/ 
s41593-018-0078-4. 

Fox, M.E., Lobo, M.K., 2019. The molecular and cellular mechanisms of depression: a 
focus on reward circuitry. Mol. Psychiatr. 24 (12), 1798–1815. https://doi.org/ 
10.1038/s41380-019-0415-3. 

Genovese, C.R., Lazar, N.A., Nichols, T., 2002. Thresholding of statistical maps in 
functional neuroimaging using the false discovery rate. Neuroimage 15 (4), 
870–878. https://doi.org/10.1006/nimg.2001.1037. 

Gratton, C., Kraus, B.T., Greene, D.J., Gordon, E.M., Laumann, T.O., Nelson, S.M., 
Dosenbach, N.U.F., Petersen, S.E., 2020. Defining individual-specific functional 
neuroanatomy for precision Psychiatry. Biol. Psychiatr. 88 (1), 28–39. https://doi. 
org/10.1016/j.biopsych.2019.10.026. 

Haukvik, U.K., Tamnes, C.K., Soderman, E., Agartz, I., 2018. Neuroimaging hippocampal 
subfields in schizophrenia and bipolar disorder: a systematic review and meta- 
analysis. J. Psychiatr. Res. 104, 217–226. https://doi.org/10.1016/j. 
jpsychires.2018.08.012. 

Haukvik, U.K., Westlye, L.T., Morch-Johnsen, L., Jorgensen, K.N., Lange, E.H., Dale, A. 
M., Melle, I., Andreassen, O.A., Agartz, I., 2015. In vivo hippocampal subfield 
volumes in schizophrenia and bipolar disorder. Biol. Psychiatr. 77 (6), 581–588. 
https://doi.org/10.1016/j.biopsych.2014.06.020. 

Ho, N.F., Iglesias, J.E., Sum, M.Y., Kuswanto, C.N., Sitoh, Y.Y., De Souza, J., Hong, Z., 
Fischl, B., Roffman, J.L., Zhou, J., Sim, K., Holt, D.J., 2017. Progression from 
selective to general involvement of hippocampal subfields in schizophrenia. Mol. 
Psychiatr. 22 (1), 142–152. https://doi.org/10.1038/mp.2016.4. 

Ho, T.C., Gutman, B., Pozzi, E., Grabe, H.J., Hosten, N., Wittfeld, K., Volzke, H., 
Baune, B., Dannlowski, U., Forster, K., Grotegerd, D., Redlich, R., Jansen, A., 
Kircher, T., Krug, A., Meinert, S., Nenadic, I., Opel, N., Dinga, R., Veltman, D.J., 
Schnell, K., Veer, I., Walter, H., Gotlib, I.H., Sacchet, M.D., Aleman, A., 
Groenewold, N.A., Stein, D.J., Li, M., Walter, M., Ching, C.R.K., Jahanshad, N., 
Ragothaman, A., Isaev, D., Zavaliangos-Petropulu, A., Thompson, P.M., Samann, P. 
G., Schmaal, L., 2022. Subcortical shape alterations in major depressive disorder: 
findings from the ENIGMA major depressive disorder working group. Hum. Brain 
Mapp. 43 (1), 341–351. https://doi.org/10.1002/hbm.24988. 

Iglesias, J.E., Augustinack, J.C., Nguyen, K., Player, C.M., Player, A., Wright, M., Roy, N., 
Frosch, M.P., McKee, A.C., Wald, L.L., Fischl, B., Van Leemput, K., Alzheimer’s 
Disease Neuroimaging, I., 2015. A computational atlas of the hippocampal formation 
using ex vivo, ultra-high resolution MRI: application to adaptive segmentation of in 
vivo MRI. Neuroimage 115, 117–137. https://doi.org/10.1016/j. 
neuroimage.2015.04.042. 

Islam, F., Marshe, V.S., Magarbeh, L., Frey, B.N., Milev, R.V., Soares, C.N., Parikh, S.V., 
Placenza, F., Strother, S.C., Hassel, S., Taylor, V.H., Leri, F., Blier, P., Uher, R., 
Farzan, F., Lam, R.W., Turecki, G., Foster, J.A., Rotzinger, S., Kennedy, S.H., 
Muller, D.J., 2022. Effects of CYP2C19 and CYP2D6 gene variants on escitalopram 
and aripiprazole treatment outcome and serum levels: results from the CAN-BIND 1 
study. Transl. Psychiatry 12 (1), 366. https://doi.org/10.1038/s41398-022-02124- 
4. 

Jiang, Y., Duan, M., He, H., Yao, D., Luo, C., 2022. Structural and functional MRI brain 
changes in patients with schizophrenia following electroconvulsive therapy: a 
systematic review. Curr. Neuropharmacol. 20 (6), 1241–1252. https://doi.org/ 
10.2174/1570159X19666210809101248. 

Kellner, C.H., Obbels, J., Sienaert, P., 2020. When to consider electroconvulsive therapy 
(ECT). Acta Psychiatr. Scand. 141 (4), 304–315. https://doi.org/10.1111/ 
acps.13134. 

Kim, J.H., Suh, S.I., Lee, H.J., Lee, J.H., Lee, M.S., 2019. Cortical and subcortical gray 
matter alterations in first-episode drug-naive adolescents with major depressive 
disorder. Neuroreport 30 (17), 1172–1178. https://doi.org/10.1097/ 
WNR.0000000000001336. 

Kiviruusu, O., Strandholm, T., Karlsson, L., Marttunen, M., 2020. Outcome of depressive 
mood disorder among adolescent outpatients in an eight-year follow-up. J. Affect. 
Disord. 266, 520–527. https://doi.org/10.1016/j.jad.2020.01.174. 

Lang, X., Wang, D., Chen, D., Xiu, M., Zhou, H., Wang, L., Cao, B., Zhang, X., 2022. 
Association between hippocampal subfields and clinical symptoms of first-episode 
and drug naive schizophrenia patients during 12 Weeks of risperidone treatment. 
Neurotherapeutics 19 (1), 399–407. https://doi.org/10.1007/s13311-021-01174-8. 

MacMaster, F.P., Mirza, Y., Szeszko, P.R., Kmiecik, L.E., Easter, P.C., Taormina, S.P., 
Lynch, M., Rose, M., Moore, G.J., Rosenberg, D.R., 2008. Amygdala and 
hippocampal volumes in familial early onset major depressive disorder. Biol. 
Psychiatr. 63 (4), 385–390. https://doi.org/10.1016/j.biopsych.2007.05.005. 

Masquelier, B., Hug, L., Sharrow, D., You, D., Mathers, C., Gerland, P., Alkema, L., 
Estimation, U.N.I.-a.G.f.C.M, 2021. Global, regional, and national mortality trends in 
youth aged 15-24 years between 1990 and 2019: a systematic analysis. Lancet 
Global Health 9 (4), e409–e417. https://doi.org/10.1016/S2214-109X(21)00023-1. 

McKinnon, M.C., Yucel, K., Nazarov, A., MacQueen, G.M., 2009. A meta-analysis 
examining clinical predictors of hippocampal volume in patients with major 
depressive disorder. J. Psychiatry Neurosci. 34 (1), 41–54. 

Ota, M., Sato, N., Hidese, S., Teraishi, T., Maikusa, N., Matsuda, H., Hattori, K., 
Kunugi, H., 2017. Structural differences in hippocampal subfields among 

K. Wang et al.                                                                                                                                                                                                                                   

https://doi.org/10.1016/j.jpsychires.2023.07.012
https://doi.org/10.1016/j.jpsychires.2023.07.012
https://doi.org/10.1176/ajp.156.9.1358
https://doi.org/10.1176/ajp.156.9.1358
https://doi.org/10.1503/jpn.180026
https://doi.org/10.1016/j.pscychresns.2019.04.012
https://doi.org/10.1038/jcbfm.2015.137
https://doi.org/10.1073/pnas.1110266108
https://doi.org/10.1038/s41598-019-46687-7
https://doi.org/10.1038/s41598-019-46687-7
https://doi.org/10.1176/appi.ajp.161.4.598
https://doi.org/10.1016/j.schres.2010.03.019
https://doi.org/10.1016/j.schres.2010.03.019
https://doi.org/10.1016/j.schres.2021.12.037
https://doi.org/10.1006/nimg.1998.0395
https://doi.org/10.1006/nimg.1998.0395
https://doi.org/10.1126/science.aao3898
https://doi.org/10.1126/science.aao3898
https://doi.org/10.1038/s41467-017-02752-1
https://doi.org/10.1038/s41467-017-02752-1
https://doi.org/10.1016/j.dcn.2020.100764
https://doi.org/10.1016/j.dcn.2020.100764
https://doi.org/10.1073/pnas.200033797
https://doi.org/10.1038/s41593-018-0078-4
https://doi.org/10.1038/s41593-018-0078-4
https://doi.org/10.1038/s41380-019-0415-3
https://doi.org/10.1038/s41380-019-0415-3
https://doi.org/10.1006/nimg.2001.1037
https://doi.org/10.1016/j.biopsych.2019.10.026
https://doi.org/10.1016/j.biopsych.2019.10.026
https://doi.org/10.1016/j.jpsychires.2018.08.012
https://doi.org/10.1016/j.jpsychires.2018.08.012
https://doi.org/10.1016/j.biopsych.2014.06.020
https://doi.org/10.1038/mp.2016.4
https://doi.org/10.1002/hbm.24988
https://doi.org/10.1016/j.neuroimage.2015.04.042
https://doi.org/10.1016/j.neuroimage.2015.04.042
https://doi.org/10.1038/s41398-022-02124-4
https://doi.org/10.1038/s41398-022-02124-4
https://doi.org/10.2174/1570159X19666210809101248
https://doi.org/10.2174/1570159X19666210809101248
https://doi.org/10.1111/acps.13134
https://doi.org/10.1111/acps.13134
https://doi.org/10.1097/WNR.0000000000001336
https://doi.org/10.1097/WNR.0000000000001336
https://doi.org/10.1016/j.jad.2020.01.174
https://doi.org/10.1007/s13311-021-01174-8
https://doi.org/10.1016/j.biopsych.2007.05.005
https://doi.org/10.1016/S2214-109X(21)00023-1
http://refhub.elsevier.com/S0022-3956(23)00352-7/sref32
http://refhub.elsevier.com/S0022-3956(23)00352-7/sref32
http://refhub.elsevier.com/S0022-3956(23)00352-7/sref32


Journal of Psychiatric Research 165 (2023) 56–63

63

schizophrenia patients, major depressive disorder patients, and healthy subjects. 
Psychiatry Res. Neuroimaging. 259, 54–59. https://doi.org/10.1016/j. 
pscychresns.2016.11.002. 

Roddy, D.W., Farrell, C., Doolin, K., Roman, E., Tozzi, L., Frodl, T., O’Keane, V., 
O’Hanlon, E., 2019. The Hippocampus in depression: more than the sum of its parts? 
Advanced hippocampal substructure segmentation in depression. Biol. Psychiatr. 85 
(6), 487–497. https://doi.org/10.1016/j.biopsych.2018.08.021. 

Roeske, M.J., Konradi, C., Heckers, S., Lewis, A.S., 2021. Hippocampal volume and 
hippocampal neuron density, number and size in schizophrenia: a systematic review 
and meta-analysis of postmortem studies. Mol. Psychiatr. 26 (7), 3524–3535. 
https://doi.org/10.1038/s41380-020-0853-y. 

Rolls, E.T., Deco, G., Huang, C.C., Feng, J., 2022. The effective connectivity of the human 
hippocampal memory system. Cerebr. Cortex. https://doi.org/10.1093/cercor/ 
bhab442. 

Schmaal, L., Pozzi, E., T, C.H., van Velzen, L.S., Veer, I.M., Opel, N., Van Someren, E.J. 
W., Han, L.K.M., Aftanas, L., Aleman, A., Baune, B.T., Berger, K., Blanken, T.F., 
Capitao, L., Couvy-Duchesne, B., K, R.C., Dannlowski, U., Davey, C., Erwin- 
Grabner, T., Evans, J., Frodl, T., Fu, C.H.Y., Godlewska, B., Gotlib, I.H., Goya- 
Maldonado, R., Grabe, H.J., Groenewold, N.A., Grotegerd, D., Gruber, O., 
Gutman, B.A., Hall, G.B., Harrison, B.J., Hatton, S.N., Hermesdorf, M., Hickie, I.B., 
Hilland, E., Irungu, B., Jonassen, R., Kelly, S., Kircher, T., Klimes-Dougan, B., 
Krug, A., Landro, N.I., Lagopoulos, J., Leerssen, J., Li, M., Linden, D.E.J., 
MacMaster, F.P., A, M.M., Mehler, D.M.A., Nenadic, I., Penninx, B., Portella, M.J., 
Reneman, L., Renteria, M.E., Sacchet, M.D., P, G.S., Schrantee, A., Sim, K., Soares, J. 
C., Stein, D.J., Tozzi, L., van Der Wee, N.J.A., van Tol, M.J., Vermeiren, R., Vives- 
Gilabert, Y., Walter, H., Walter, M., Whalley, H.C., Wittfeld, K., Whittle, S., 
Wright, M.J., Yang, T.T., Zarate Jr., C., Thomopoulos, S.I., Jahanshad, N., 
Thompson, P.M., Veltman, D.J., 2020. Enigma MDD: seven years of global 
neuroimaging studies of major depression through worldwide data sharing. Transl. 
Psychiatry 10 (1), 172. https://doi.org/10.1038/s41398-020-0842-6. 

Schmaal, L., Veltman, D.J., van Erp, T.G., Samann, P.G., Frodl, T., Jahanshad, N., 
Loehrer, E., Tiemeier, H., Hofman, A., Niessen, W.J., Vernooij, M.W., Ikram, M.A., 
Wittfeld, K., Grabe, H.J., Block, A., Hegenscheid, K., Volzke, H., Hoehn, D., 
Czisch, M., Lagopoulos, J., Hatton, S.N., Hickie, I.B., Goya-Maldonado, R., 
Kramer, B., Gruber, O., Couvy-Duchesne, B., Renteria, M.E., Strike, L.T., Mills, N.T., 
de Zubicaray, G.I., McMahon, K.L., Medland, S.E., Martin, N.G., Gillespie, N.A., 
Wright, M.J., Hall, G.B., MacQueen, G.M., Frey, E.M., Carballedo, A., van Velzen, L. 
S., van Tol, M.J., van der Wee, N.J., Veer, I.M., Walter, H., Schnell, K., Schramm, E., 
Normann, C., Schoepf, D., Konrad, C., Zurowski, B., Nickson, T., McIntosh, A.M., 
Papmeyer, M., Whalley, H.C., Sussmann, J.E., Godlewska, B.R., Cowen, P.J., 
Fischer, F.H., Rose, M., Penninx, B.W., Thompson, P.M., Hibar, D.P., 2016. 
Subcortical brain alterations in major depressive disorder: findings from the 
ENIGMA Major Depressive Disorder working group. Mol. Psychiatr. 21 (6), 806–812. 
https://doi.org/10.1038/mp.2015.69. 

Shen, X., Reus, L.M., Cox, S.R., Adams, M.J., Liewald, D.C., Bastin, M.E., Smith, D.J., 
Deary, I.J., Whalley, H.C., McIntosh, A.M., 2017. Subcortical volume and white 
matter integrity abnormalities in major depressive disorder: findings from UK 
Biobank imaging data. Sci. Rep. 7 (1), 5547. https://doi.org/10.1038/s41598-017- 
05507-6. 

Shen, Z., Cheng, Y., Yang, S., Dai, N., Ye, J., Liu, X., Lu, J., Li, N., Liu, F., Lu, Y., Sun, X., 
Xu, X., 2016. Changes of grey matter volume in first-episode drug-naive adult major 
depressive disorder patients with different age-onset. Neuroimage Clin 12, 492–498. 
https://doi.org/10.1016/j.nicl.2016.08.016. 

Tannous, J., Amaral-Silva, H., Cao, B., Wu, M.J., Zunta-Soares, G.B., Kazimi, I., Zeni, C., 
Mwangi, B., Soares, J.C., 2018. Hippocampal subfield volumes in children and 
adolescents with mood disorders. J. Psychiatr. Res. 101, 57–62. https://doi.org/ 
10.1016/j.jpsychires.2018.03.003. 

Treadway, M.T., Waskom, M.L., Dillon, D.G., Holmes, A.J., Park, M.T.M., 
Chakravarty, M.M., Dutra, S.J., Polli, F.E., Iosifescu, D.V., Fava, M., Gabrieli, J.D.E., 
Pizzagalli, D.A., 2015. Illness progression, recent stress, and morphometry of 
hippocampal subfields and medial prefrontal cortex in major depression. Biol. 
Psychiatr. 77 (3), 285–294. https://doi.org/10.1016/j.biopsych.2014.06.018. 

Tyng, C.M., Amin, H.U., Saad, M.N.M., Malik, A.S., 2017. The influences of emotion on 
learning and memory. Front. Psychol. 8, 1454. https://doi.org/10.3389/ 
fpsyg.2017.01454. 

Whittle, S., Lichter, R., Dennison, M., Vijayakumar, N., Schwartz, O., Byrne, M.L., 
Simmons, J.G., Yucel, M., Pantelis, C., McGorry, P., Allen, N.B., 2014. Structural 
brain development and depression onset during adolescence: a prospective 
longitudinal study. Am. J. Psychiatr. 171 (5), 564–571. https://doi.org/10.1176/ 
appi.ajp.2013.13070920. 

Xia, M., Womer, F.Y., Chang, M., Zhu, Y., Zhou, Q., Edmiston, E.K., Jiang, X., Wei, S., 
Duan, J., Xu, K., Tang, Y., He, Y., Wang, F., 2019. Shared and distinct functional 
architectures of brain networks across psychiatric disorders. Schizophr. Bull. 45 (2), 
450–463. https://doi.org/10.1093/schbul/sby046. 

Xiu, M.H., Lang, X., Chen, D.C., Cao, B., Kosten, T.R., Cho, R.Y., Shi, H., Wei, C.W., 
Wu, A.S., Zhang, X.Y., 2021. Cognitive deficits and clinical symptoms with 
hippocampal subfields in first-episode and never-treated patients with 
schizophrenia. Cerebr. Cortex 31 (1), 89–96. https://doi.org/10.1093/cercor/ 
bhaa208. 

Yamashita, M., Yoshihara, Y., Hashimoto, R., Yahata, N., Ichikawa, N., Sakai, Y., 
Yamada, T., Matsukawa, N., Okada, G., Tanaka, S.C., Kasai, K., Kato, N., 
Okamoto, Y., Seymour, B., Takahashi, H., Kawato, M., Imamizu, H., 2018. 
A prediction model of working memory across health and psychiatric disease using 
whole-brain functional connectivity. Elife 7. https://doi.org/10.7554/eLife.38844. 

Yeung, L.K., Brickman, A.M., 2020. Structural Neuroimaging of Hippocampal Subfields 
in Healthy Aging, Alzheimer’s Disease, Schizophrenia, and Major Depressive 
Disorder. The Wiley Encyclopedia of Health Psychology, pp. 99–107. 

Zelazo, P.D., 2020. Executive function and psychopathology: a neurodevelopmental 
perspective. Annu. Rev. Clin. Psychol. 16, 431–454. https://doi.org/10.1146/ 
annurev-clinpsy-072319-024242. 

Zhang, Q., Hong, S., Cao, J., Zhou, Y., Xu, X., Ai, M., Kuang, L., 2021. Hippocampal 
subfield volumes in major depressive disorder adolescents with a history of suicide 
attempt. BioMed Res. Int., 5524846 https://doi.org/10.1155/2021/5524846, 2021.  

Zhou, Z., Wang, K., Tang, J., Wei, D., Song, L., Peng, Y., Fu, Y., Qiu, J., 2021. Cortical 
thickness distinguishes between major depression and schizophrenia in adolescents. 
BMC Psychiatr. 21 (1), 361. https://doi.org/10.1186/s12888-021-03373-1. 

K. Wang et al.                                                                                                                                                                                                                                   

https://doi.org/10.1016/j.pscychresns.2016.11.002
https://doi.org/10.1016/j.pscychresns.2016.11.002
https://doi.org/10.1016/j.biopsych.2018.08.021
https://doi.org/10.1038/s41380-020-0853-y
https://doi.org/10.1093/cercor/bhab442
https://doi.org/10.1093/cercor/bhab442
https://doi.org/10.1038/s41398-020-0842-6
https://doi.org/10.1038/mp.2015.69
https://doi.org/10.1038/s41598-017-05507-6
https://doi.org/10.1038/s41598-017-05507-6
https://doi.org/10.1016/j.nicl.2016.08.016
https://doi.org/10.1016/j.jpsychires.2018.03.003
https://doi.org/10.1016/j.jpsychires.2018.03.003
https://doi.org/10.1016/j.biopsych.2014.06.018
https://doi.org/10.3389/fpsyg.2017.01454
https://doi.org/10.3389/fpsyg.2017.01454
https://doi.org/10.1176/appi.ajp.2013.13070920
https://doi.org/10.1176/appi.ajp.2013.13070920
https://doi.org/10.1093/schbul/sby046
https://doi.org/10.1093/cercor/bhaa208
https://doi.org/10.1093/cercor/bhaa208
https://doi.org/10.7554/eLife.38844
http://refhub.elsevier.com/S0022-3956(23)00352-7/sref48
http://refhub.elsevier.com/S0022-3956(23)00352-7/sref48
http://refhub.elsevier.com/S0022-3956(23)00352-7/sref48
https://doi.org/10.1146/annurev-clinpsy-072319-024242
https://doi.org/10.1146/annurev-clinpsy-072319-024242
https://doi.org/10.1155/2021/5524846
https://doi.org/10.1186/s12888-021-03373-1

	In vivo analyses reveal hippocampal subfield volume reductions in adolescents with schizophrenia, but not with major depres ...
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 MRI data acquisition, preprocessing and segmentation of hippocampal subfields
	2.3 Statistical analysis

	3 Results
	3.1 Demographic and clinical characteristics
	3.2 Volumetric measures of hippocampus subfields
	3.3 Composite measures of hippocampus
	3.4 Associations with clinical symptom

	4 Discussion
	5 Conclusions
	Funding
	Authors’ contributions
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	References


