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[ Abstract] Objective To investigate the possible association between cross-domain associative
memory (AM) impairment and hippocampal subfield volumes in patients with schizophrenia (SCZ).
Methods We enrolled 28 SCZ patients from Shanghai Mental Health Center, Shanghai Jiao Tong
University School of Medicine, and 28 healthy controls (HCs) between 2019 and 2021. Based on an
innovative AM paradigm and automated segmentation, 3D-T1 weighted data of the objects were processed

with PhiPipe and FreeSurfer. Differences in subfield volums between the two groups were analyzed using
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ANCOVA, while their relationship with AM scores was assessed using Pearson correlation.  Results
SCZ patients exhibited significantly poorer AM performance across three conditions compared with HCs.
Marginally significant reductions were observed in the total volume of bilateral hippocampus,
encompassing both the hippocampal head and body. Significant volume reductions were identified in the
bilateral presubiculum and parasubiculum. The volumes of bilateral presubiculum head (r=0.273, P=
0.042) , parasubiculum (7=0.397, P=0.002) , and CA1 head (r=0.382, P=0.004) exhibited positive
correlations  with cross-domain AM performance.  Conclusion  The bilateral presubiculum and
parasubiculum, as hippocampal subregions significantly associated with cross-modal AM deficits in SCZ,
may play a crucial role in the pathology of AM.
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Fig1 Experimental paradigm of associative memory
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Tab 1 Demographics, cognitive and clinical characteristics of

the objects in the two groups [n(%) orT *s]

Demographic

Age (y) 27.46+7.51 31.21£9.93  1.594 0.117

Gender (M/F) 14/14 16/12 0.287 0.592

Education (y) 14.64+2.67 14.46+3.07 1.711 0.817
AM

Aud-Aud 0.58+0.35  0.32+0.30 2950  0.005

Aud-Vis 0.62+0.51  0.38+0.28  2.253  0.030

Vis-Vis 0.53+0.41  0.28+0.35 2508  0.015
MCCB

Neurocog comp  46.18+9.13 3439+ 12.11 4.113 <10.001

Overall comp 47.14+£8.21 34.64+12.82 4.345 <10.001

HC: Healthy control; SCZ: Schizophrenia; M/F: Male/female;
AM: Associative memory; Aud: Auditory; Vis: Visual; MCCB:

MATRICS  consensus  cognitive  battery; Neurocog comp:

Neurocognitive composite score; Overall comp: Overall composite

score.
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Tab 2 Differences in the volumes of whole hippocampal and subfield between health controls and patients with schizophrenia

(T£s)

Hippocampal tail 1208.87 £ 136.62 1179.75+114.21 0.941 0.337 0.018
Subiculum head 412.52+ 48.47 388.46 £ 51.15 2.819 0.099 0.052
Subiculum body 513.52%47.94 505.64 £ 48.19 1.196 0.279 0.023
Hippocampal fissure 294.66 = 49.46 311.55+51.83 1.702 0.198 0.032
Presubiculum head 294.35+32.16 274.11%26.86 7.345 0.009 0.126
Presubiculum body 354.37 £50.73 328.84 £ 42.59 5.004 0.030 0.089
CA1 head 1066.53+116.20 1015.61+103.31 3.363 0.073 0.062
CA1 body 252.33+36.78 245.04 £ 30.68 0.823 0.368 0.016
Parasubiculum 126.25+ 14.36 113.51+15.42 7.960 0.007 0.135
Molecular layer head 677.99 £ 64.86 651.42 £ 60.40 2.784 0.101 0.052
Molecular layer body 464.15+35.97 449.341+40.29 3.117 0.083 0.058
GC_ML _DG _head 303.41+32.35 297.71+32.29 0.287 0.594 0.006
GC_ML _DG _body 269.72£21.45 262.60 £ 24.19 1.478 0.230 0.028
CA3 head 231.97 £28.90 232.06 £ 29.87 0.006 0.940 0.000
CA3 body 170.46 £ 26.58 173.83 +24.27 0.075 0.786 0.001
CA4 head 249.10£24.98 247.14£25.21 0.037 0.849 0.001
CA4 body 238.48£19.43 234.29+21.34 0.687 0.411 0.013
Fimbria 182.21 + 30.21 175.15 % 34.45 0.255 0.616 0.005
HATA 116.30 + 16.34 108.07 + 16.38 2.029 0.160 0.038
Whole hippocampus 7 132.54 £ 554.88 6 882.57 £ 550.29 3.550 0.065 0.065
Whole hippocampus head 3 478.43 £ 323.87 3328.09 % 307.51 3.372 0.072 0.062
Whole hippocampus body 2 445.24+171.35 2374.73+200.13 3.129 0.083 0.058

The statistical results adjusted for age, gender and estimated total intracranial volume (eTIV). HC: Healthy control; SCZ: Schizophrenia;

CA': Cornu ammonis; GC-ML-DG: Granule cells in the molecular layer of the dentate gyrus; HATA : Hippocampal-amygdaloid transition area.
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A': Hippocampal subfield segmentation visualized by Freeview; B: Hippocampal subfield volumes stratified by diagnostic group. Distribution of

volumetric data in each group is displayed as raincloud plots, which consists of box plots, jittered raw data points and halved violin plots. HC:

Healthy control; SCZ: Schizophrenia; CA: Cornu ammonis; GC-ML-DG: Granule cells in the molecular layer of the dentate gyrus; HATA :

Hippocampal-amygdaloid transition area.
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Fig2 Volumetric differences in hippocampal subfields with significance between health controls and patients with schizophrenia



TR, S5 NG Pl 23 0T R 0 O I AR I 12 B B 15 1 D DX U ) R DG 1k 781

A
Presubiculum head

r=0.273, P=0.042

_10 1 1 L J
200 250 300 350 400
Volume (mm?)
C
CAl_head
=1 2 —
20 F r=0.382, P=0.004
[
15 F L
°
" 1.0
=
- 057
z
0 b
_05 =
_I.U 1 1 1 1
600 800 1 000 1200 1 400

Volume (mm?*)

B
Presubiculum body
20 - r=0.134, P=0.324
,;‘
!
<
s 0 1 1 1 1 1
250 300 350 400 450 500
Volume (mm?)
D

Parasubicuium

r=0.397, P=0.002

Aud-Vis

80 100 120 140 160
Volume (mm?)

3 BODIXEREEIEE(Aud-Vis) AM B8 K53 17

Fig 3 Correlations between volumes of hippocampal subfields and AM performance in the across-domain ( Aud-Vis) condition
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