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ABSTRACT
Resting-state studies frequently catalogue significant connections one region at a time, although diagnosis is
expressed by the arrangement of abnormalities across several circuits. We asked whether hippocampal-output
disturbances form a diagnostically meaningful geometry after the amount and reliability of evidence attached to each
pathway are considered. A signed evidence matrix was assembled for seven hippocampal connections evaluated in
475 individuals: 117 with schizophrenia, 103 with bipolar disorder, 96 with major depressive disorder, and 159 healthy
participants. Each connection was weighted by the product of its omnibus F statistic and the logarithm of its
corrected cluster extent. Weighted signed distances, alteration burden, diagnostic entropy, and seed-level
discrimination were calculated. An exact placement test enumerated 6,174 circuit arrangements while preserving
each diagnosis’s number and direction of alterations. One-pathway deletion and alternative weighting analyses
assessed stability. Schizophrenia and bipolar disorder occupied the nearest positions (distance = 0.329), whereas
bipolar disorder and major depressive disorder were most distant (0.433). Their signed concordance was likewise
greatest for schizophrenia and bipolar disorder (0.568). The subiculum carried 54.5% of seed-level discriminatory
information, compared with 30.2% for cornu ammonis and 15.4% for dentate gyrus. Total separation was 1.135,
below the exact-placement mean of 1.282±0.112, but the departure was not statistically decisive (two-sided
p = 0.2309). Deleting one pathway changed total separation only from 1.105 to 1.217 (coefficient of variation 3.4%).
Hippocampal-output abnormalities encode a stable, compact diagnostic geometry rather than a sharply partitioned
set of disorders. The principal organizational feature is a subicular distribution spanning prefrontal, temporal, and
motor targets, while the short schizophrenia–bipolar distance arises from concordant anterior cingulate and
orbitofrontal reductions. The method distinguishes reliable organization from apparent uniqueness without treating
thresholded clusters as independent biomarkers.
Keywords: hippocampus; resting-state functional connectivity; schizophrenia; bipolar disorder; major depressive
disorder; signed networks; diagnostic geometry
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1. INTRODUCTION

Psychiatric diagnosis remains indispensable for clinical
communication, treatment selection, and service orga-
nization, yet categorical labels only incompletely rep-
resent the biological structure of severe mental illness.
Schizophrenia, bipolar disorder, and major depressive
disorder can differ profoundly in course and immedi-
ate management, but they also intersect in cognition,
affect regulation, psychomotor function, sleep, and ge-
netic liability. The Research Domain Criteria initiative
formalized the need to relate such dimensions to neuro-
biology rather than assume that every diagnostic bound-
ary marks a separate mechanism.2, 3 Large-scale genetic
work subsequently demonstrated extensive pleiotropy
among psychiatric disorders,5, 6 while meta-analytic evi-
dence identified convergent immune and cortical ab-
normalities that cross conventional categories.4, 7 Re-
gional transcriptional heterogeneity across frontal and
hippocampal tissue offers a further reason to expect
circuit-specific, rather than diagnosis-wide, similarity.14

These observations do not erase diagnosis. Instead, they
make the geometry among diagnoses an empirical ques-
tion: two categories may be close in one neural system,
distant in another, and internally heterogeneous in both.

Resting-state functional magnetic resonance imaging
offers a direct way to study this geometry because it es-
timates coordinated low-frequency activity across dis-
tributed regions without imposing a particular cogni-
tive task. Across schizophrenia, bipolar disorder, and
major depressive disorder, disturbances have been de-
scribed in frontal, limbic, striatal, and default-mode sys-
tems.8, 10, 27 Structural work reaches a related conclusion:
group-average abnormalities overlap, yet the magnitude
and spatial distribution vary by syndrome.9, 11, 12 A per-
sistent analytical difficulty is that whole-brain maps are
usually interpreted cluster by cluster. This practice is ap-
propriate for localization, but it offers no formal account
of how the full set of altered connections positions diag-
noses relative to one another. A list of significant clus-
ters cannot by itself determine whether an apparently
distinctive pathway is indispensable, whether several
modest connections collectively dominate the pattern,
or whether the diagnostic arrangement would be typical
after alteration counts are held fixed.

The hippocampus is especially suited to addressing
this problem. It is neither a uniform memory structure
nor an isolated medial-temporal node. Cornu ammo-
nis, dentate gyrus, and subiculum differ in cytoarchi-
tecture, intrinsic computation, and extrahippocampal
projection pattern.20, 21, 26 Cornu ammonis supports re-
current association and retrieval, dentate gyrus con-
tributes to pattern separation, and the subiculum pro-
vides a major route through which hippocampal activ-
ity reaches cortical and subcortical systems. These di-
visions matter in psychiatric illness. Meta-analysis and
multisite studies document hippocampal volume alter-
ations in schizophrenia and bipolar disorder,13, 16, 22 and

functional studies identify abnormal subfield coupling
in schizophrenia and depression.23, 24 The hippocampus
also interacts with dopamine-sensitive striatal circuitry,
medial frontal control systems, and temporal association
cortex, placing it at the intersection of memory, salience,
reward, and psychomotor regulation.15, 32, 33

Subdivision, however, creates a second analytical prob-
lem. Once several seeds and several cortical targets are
tested, attention may be drawn to the strongest individ-
ual connection even when a broader output sector car-
ries more diagnostic information. A pathway can have
a large omnibus statistic because all patient groups dif-
fer similarly from healthy participants; such a connec-
tion may be biologically important but contribute little
to discrimination among patient groups. Conversely, a
moderately weighted pathway can be diagnostically use-
ful when its direction differs across diagnoses. Distin-
guishing biological burden from diagnostic discrimina-
tion therefore requires separate quantities. The former
should reflect how much reliable abnormal evidence is
present for a group; the latter should increase when the
sign pattern varies across groups. Network neuroscience
has long emphasized that connections acquire mean-
ing through their position within a larger system,38, 39

but that principle is not automatically respected when
corrected clusters are narrated independently.

Another concern is the instability of conclusions based
on thresholded functional imaging. Spatial-extent infer-
ence can be sensitive to the cluster-forming threshold
and smoothness assumptions.25 Even when corrected
findings are accepted, cluster size is not an effect mag-
nitude, and an omnibus F statistic does not disclose a
post-hoc direction. A defensible secondary computation
must therefore avoid pretending that either quantity is
a participant-level effect size. It should use cluster ex-
tent and F only as graded evidence weights, retain the
observed post-hoc direction separately, and examine
whether results survive reasonable alternative weight-
ing rules. Such restraint is particularly important when
only published group-level quantities are available. The
analytical target is then the organization of reported evi-
dence, not a reconstruction of unobserved time series or
individual variation.

The present study develops a signed, reliability-
weighted topological method for this purpose. Seven
hippocampal-output pathways are represented as a
diagnosis-by-connection matrix. Negative, positive, and
null post-hoc outcomes define the sign of each cell, while
an attenuated product of omnibus strength and clus-
ter extent defines the connection weight. This construc-
tion enables four complementary analyses. Weighted
distance places the three patient groups in a common
circuit space. Signed concordance separates agreement
in direction from mere overlap. Diagnostic entropy iden-
tifies pathways that discriminate among patient groups,
and aggregation by hippocampal seed quantifies which
output sector carries that information. Exact enumera-
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tion then asks whether the observed spatial assignment
of alterations is unusually compact or dispersed after the
number and direction of abnormalities in each group
are preserved. Finally, pathway deletion and alterna-
tive weighting rules determine whether the geometry
depends on a single connection or on an arbitrary defini-
tion of reliability.

This approach differs from a search for a unique imag-
ing marker. A single diagnostic marker would require
independent participant-level validation, prediction in
held-out samples, and careful calibration. The present
question is narrower and more fundamental: does the
arrangement of statistically supported hippocampal-
output disturbances contain nontrivial diagnostic struc-
ture, and which hippocampal output sector organizes
that structure? We anticipated that schizophrenia and
bipolar disorder would occupy adjacent positions be-
cause both engage psychosis-related frontal and stri-
atal systems, but we did not assume that their proximity
would exceed an exact count-preserving expectation. We
further expected the subiculum to dominate diagnos-
tic discrimination because it links hippocampal compu-
tation to multiple frontal, temporal, and motor territo-
ries. Confirmation would support a distributed-output
account; failure would indicate that apparently differ-
entiated pathways do not collectively produce a stable
geometry. Either outcome is informative because it sepa-
rates robust organization from a visually compelling list
of regional findings.

The resulting analysis is intentionally auditable. Every
matrix entry, weight, permutation, and deletion can be
regenerated from a short data table and an openly read-
able script. Numerical conclusions are reported with
bounded interpretation: distances describe this circuit
evidence set, not symptom-free diagnostic essences; reli-
ability weights order the available clusters, not biological
truth; and exact placement tests evaluate pathway assign-
ment conditional on the observed alteration counts. By
making these conditions explicit, the study offers a repro-
ducible bridge between mass-univariate neuroimaging
findings and system-level psychiatric interpretation.

2. MATERIALS AND METHODS
The analysis corpus was transcribed from the cohort
and inferential tables of Song and colleagues.1 It com-
prised 475 individuals retained after motion-quality con-
trol: 117 with schizophrenia (SZ), 103 with bipolar dis-
order (BD), 96 with major depressive disorder (MDD),
and 159 healthy controls (HC). Participants were 13–45
years old, illness duration was less than five years in
the clinical groups, and diagnoses were established with
DSM-IV structured interviews. Resting-state images had
been acquired at 3 T with 200 volumes, repetition time
2,000 ms, echo time 30 ms, 35 axial slices, 3 mm thick-
ness, and eyes closed. The imaging analysis had used bi-
lateral probabilistic cornu ammonis (CA), dentate gyrus
(DG), and subiculum (SUB) seeds, Fisher-transformed

seed-to-voxel connectivity, an omnibus analysis of co-
variance, and corrected post-hoc contrasts against HC.
The present computations used only the retained group
counts, descriptive clinical quantities, corrected clusters,
peak coordinates, omnibus F values, and post-hoc di-
rections. No participant image, time series, or individual
clinical record was accessed.

The cohort quantities in Table 1 provide clinical con-
text rather than inputs to the topological distance. Ed-
ucation and head motion differed across groups in the
imaging analysis and had therefore been included as
covariates together with age and sex. Symptom scales
also differed markedly, as expected from diagnostic as-
certainment. Incorporating these scale means directly
into circuit weights would conflate clinical severity with
evidence reliability and would be especially problematic
because scale-specific sample sizes varied. We conse-
quently kept clinical description and circuit topology
separate.

Seven connections met the corrected omnibus and
post-hoc criteria: CA–anterior cingulate cortex (ACC),
CA–right caudate, DG–ACC, SUB–left middle tempo-
ral gyrus (MTG), SUB–left inferior orbital frontal gyrus
(IFOG), SUB–right middle frontal gyrus (MFG), and SUB–
supplementary motor area (SMA). A decrease relative to
HC was coded −1, an increase was coded +1, and the
absence of a corrected post-hoc difference was coded 0.
The zero code means that the specified corrected com-
parison was not supported; it does not establish physi-
ological equivalence. Peak Montreal Neurological Insti-
tute coordinates localize each target cluster but were not
treated as centroid coordinates, because a peak does not
describe the complete cluster geometry.

The matrix in Table 2 contains two kinds of informa-
tion that must remain distinct. The sign triplet describes
diagnostic direction, whereas cluster extent and F de-
scribe the strength of the omnibus evidence. The MFG
connection, for example, contributes substantially to al-
teration burden because all three clinical groups show
the same negative sign, but it contains no sign variation
that can separate those groups. The MTG connection has
a different role: its positive BD entry supplies diagnostic
contrast even though no negative effect is assigned to SZ
or MDD.

2.1. Reliability weighting
For connection e, reliability was defined as

re = Fe log(1 + ce), we = re∑E
k=1 rk

, (1)

where Fe is the omnibus statistic, ce is corrected cluster
extent in voxels, and E = 7. The logarithm limits the
influence of spatial extent, because cluster size depends
on image smoothness and thresholding and cannot be
interpreted as a linear effect magnitude. Normalization
gives

∑
e we = 1, allowing distances and burdens to be

compared on a common scale. The weight is therefore a
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Table 1. Cohort quantities used in the analysis.

Quantity SZ BD MDD HC

Participants, n 117 103 96 159
Age, years 24.52 (8.95) 25.79 (7.62) 25.33 (9.22) 26.12 (8.05)
Education, years 10.63 (2.87) 12.52 (2.94) 11.99 (2.88) 14.42 (3.30)
Mean framewise displacement 0.12 (0.06) 0.11 (0.05) 0.13 (0.06) 0.11 (0.05)
HAMD-17 7.87 (6.96) 11.92 (9.53) 21.60 (9.64) 1.15 (1.66)
HAMA 6.80 (7.81) 8.41 (8.30) 17.11 (9.68) 0.85 (1.83)
YMRS 2.19 (4.48) 7.69 (9.91) 1.57 (2.95) 0.16 (0.54)
BPRS 35.64 (13.87) 26.27 (9.38) 26.70 (6.83) 18.27 (0.76)
WCST correct responses 18.03 (11.93) 23.81 (12.83) 24.18 (12.15) 29.86 (12.14)

Table 2. Signed hippocampal-output evidence matrix.

Seed Target Voxels x y z F SZ / BD / MDD

CA ACC 82 0 24 24 8.1925 −1/ − 1/0
CA right caudate 77 9 12 −3 7.0620 −1/0/0
DG ACC 68 0 24 24 8.0583 −1/ − 1/0
SUB left MTG 178 −51 −36 −3 9.0897 0/ + 1/0
SUB left IFOG 128 −39 27 −6 8.5548 −1/ − 1/0
SUB right MFG 134 33 39 24 6.7541 −1/ − 1/ − 1
SUB SMA 128 3 15 48 6.6360 0/ − 1/0

ranking device for the reported evidence, not an estimate
of a population connectivity coefficient. This distinction
follows established caution about network construction
and spatial inference in functional imaging.25, 40

Alternative analyses used uniform weights, F alone, and
log(1 + c) alone. Agreement across these definitions in-
dicates that the diagnostic ordering is not created by
multiplying F and cluster extent. Disagreement would
identify a conclusion that depends on an arbitrary evi-
dence scale.

2.2. Signed diagnostic geometry and concor-
dance

Let sge ∈ {−1, 0, +1} denote the sign for group g and
connection e. The reliability-weighted distance between
groups g and h was

d(g, h) = 1
2

√√√√ E∑
e=1

we(sge − she)2. (2)

The factor 1/2 places the theoretical maximum at one
when every connection has opposite signs. A negative-
versus-zero difference contributes one quarter as much
squared discrepancy as a negative-versus-positive dif-
ference. This ordering is appropriate because opposite
directions provide stronger diagnostic contrast than a
supported direction paired with an unsupported com-
parison. The three-by-three distance matrix was embed-
ded in two dimensions by classical multidimensional
scaling solely for display; all reported distances were cal-
culated in the complete seven-connection space.

Signed concordance quantified identical nonzero direc-
tions relative to the reliability mass altered in either mem-
ber of a pair:

C(g, h) =
∑

e we I(sge = she ̸= 0)∑
e we I(|sge| + |she| > 0) . (3)

This weighted Jaccard form is zero when no altered con-
nection has the same direction and one when the two
signed patterns coincide. It does not reward two zero
entries, because joint absence of corrected evidence is
not positive evidence of agreement. Alteration burden
for group g was computed as Bg =

∑
e we|sge|. Burden

and concordance answer different questions: the first
describes the reliability mass assigned to any alteration,
whereas the second describes directional agreement be-
tween groups.

2.3. Pathway discrimination and seed attri-
bution

Diagnostic variation on connection e was measured by
the entropy of its three signs. If peq is the proportion of
groups with sign category q ∈ {−1, 0, +1}, then

He = −
∑

q peq log peq

log 3 , De = weHe. (4)

Entropy equals zero when all groups have the same sign
and approaches one as the three sign categories become
evenly represented. The discrimination score De there-
fore requires both sign diversity and reliable evidence.
Seed-level contribution was the sum of De over connec-
tions originating in CA, DG, or SUB, divided by the total
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across all connections. This attribution does not claim
that a larger anatomical seed is intrinsically more impor-
tant; it states how the available diagnostic information is
distributed across the tested output sectors.

2.4. Exact placement experiment
The observed total separation was T = d(SZ, BD) +
d(SZ, MDD) + d(BD, MDD). An exact conditional test
evaluated whether the placement of altered signs across
the seven named connections produced unusually com-
pact or dispersed geometry. Each arrangement preserved
the marginal sign counts: five negative SZ entries; five
negative and one positive BD entry; and one negative
MDD entry. Signs were reassigned to connections with-
out replacement within each group, and assignments
were independent across groups. Enumeration yielded
all 6174 possible arrangements. A two-sided probability
was calculated by doubling the smaller conditional tail
around the observed T , with a plus-one correction in
numerator and denominator. Because every allowed as-
signment was enumerated, Monte Carlo error is absent.

This experiment controls a critical nuisance property of
the evidence matrix. BD has six altered connections, SZ
has five, and MDD has one; these unequal counts me-
chanically affect pairwise distance. The exact distribu-
tion asks whether the particular anatomical placement
of those counts adds structure beyond the counts them-
selves. It does not test the validity of the underlying cor-
rected clusters, and it does not generate synthetic partic-
ipants.

2.5. Deletion and weighting experiments
Dependence on individual pathways was assessed by
omitting each of the seven connections in turn, renor-
malizing the remaining weights, and recalculating all
pairwise distances and T . We summarized the mini-
mum, maximum, and coefficient of variation of deletion-
specific T . The diagnostic ordering was considered stable
when the identity of the nearest and farthest group pairs
was retained. In parallel, the four weighting definitions
described above were applied to the complete sign ma-
trix. These analyses address complementary forms of
fragility: deletion detects domination by a single connec-
tion, whereas weight variation detects dependence on
the numerical construction of reliability.

All calculations were implemented in Python 3 using
NumPy, pandas, SciPy-compatible linear algebra, and
Matplotlib. The project archive contains the two comma-
separated input tables, analysis script, numerical out-
puts, and figure-generation code. Values are printed to
three decimals in the text, while unrounded quantities
are retained in machine-readable output.

2.6. Ethical considerations
No participant-level record or identifiable information
was obtained, and no additional contact, intervention, or
image processing was performed. The computations op-

erate on published aggregate quantities. The participant
study from which those quantities were transcribed had
institutional approval and documented consent. Sepa-
rate approval was therefore not required for this non-
identifiable aggregate analysis under common institu-
tional policies; journal and local requirements should
nevertheless be confirmed by the submitting authors.

3. RESULTS AND DISCUSSION

3.1. Anatomical distribution of the circuit set
The seven connections span three hippocampal output
sectors and six extrahippocampal targets. CA and DG
converge on the ACC, while CA additionally couples with
the right caudate. SUB reaches a broader set consisting
of left IFOG, right MFG, left MTG, and SMA. This distri-
bution places the evidence set across medial and lateral
prefrontal control territories, striatum, temporal asso-
ciation cortex, and medial motor cortex. It is therefore
anatomically capable of expressing cognitive, affective,
reward-related, and psychomotor distinctions without
assuming that any one target maps uniquely to a symp-
tom domain.

Figure 1. Anatomical context of hippocampal output.

The anatomical plate in Fig. 1 provides orientation for
the medial-temporal origin of the connections and the
distributed cortical field in which the target clusters lie. It
is not used for localization or measurement; the numer-
ical localization is defined by the MNI peaks in Table 2.
This separation between orientation and quantification
prevents a realistic rendering from being mistaken for a
statistical parametric map.

The broad SUB target distribution is consistent with its
role as a principal hippocampal efferent structure.26 The
subiculum integrates CA1 output and communicates
with frontal, temporal, diencephalic, and subcortical re-
gions, so a SUB-centered pattern can affect several func-
tional domains. CA and DG, by contrast, share an ACC
target in the present circuit set. Their convergence is neu-
robiologically plausible because medial frontal systems
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participate in memory-guided action, conflict monitor-
ing, and affective control.29, 30 The anatomical pattern
alone does not establish diagnostic discrimination, how-
ever; that requires examining the sign distribution and
reliability of the individual connections.

3.2. Signed evidence and alteration burden
Reliability weights ranged from 0.121 for CA–caudate to
0.185 for SUB–MTG. SUB–IFOG carried weight 0.163, CA–
ACC 0.142, DG–ACC 0.134, SUB–MFG 0.130, and SUB–
SMA 0.126. The modest range is important: no connec-
tion accounts for more than one fifth of the total relia-
bility mass, so the later geometry cannot be attributed
to a single overwhelmingly weighted cluster. BD had the
largest alteration burden (B = 0.879), followed by SZ
(B = 0.689) and MDD (B = 0.130). These values reflect
the number and weight of supported directions, not clin-
ical severity. In particular, MDD’s low burden cannot be
read as mild illness because its HAMD-17 and HAMA
means were the highest among the clinical groups in
Table 1.

Figure 2. Signed circuit evidence.

The circle field in Fig. 2 makes three structural features
visible without collapsing them into a regional list. First,
SZ and BD share negative CA–ACC, DG–ACC, SUB–IFOG,
and SUB–MFG entries. Second, the BD pattern contains
a polarity contrast within SUB outputs: MTG is positive,
whereas IFOG, MFG, and SMA are negative. Third, the
MDD pattern contains only the negative SUB–MFG entry
at the specified corrected threshold. Circle area varies
with reliability, but direction is carried only by color and
sign. The visual distinction is essential because a large
common circle contributes to burden but not to entropy.

The frontal concentration fits extensive evidence that
prefrontal and cingulate systems are altered across psy-
chotic and mood syndromes.18, 19, 27 Yet the pattern is
more specific than a general statement about “frontal
dysfunction.” ACC reductions occur for both CA and DG
in SZ and BD, indicating that the differentiating unit is
not merely a target region; it is a target paired with a
hippocampal origin. SUB–IFOG adds a lateral-orbital
component, whereas SUB–MFG extends the negative
sign to all three patient groups. Treating these observa-

tions as edges rather than isolated regions preserves this
anatomical conditionality.

The BD-specific polarity pattern is also interpretable in
relation to prior work. Middle temporal abnormalities
have been reported in bipolar disorder at structural and
resting-state levels,17, 34, 35 while SMA coupling can vary
with mood state and cortico-amygdala organization.36, 37

The present method does not label these connections
as exclusive biological properties of BD. It states only
that, within this corrected circuit set, they provide sign
categories not assigned to the other patient groups and
therefore raise BD’s entropy-weighted discrimination.

3.3. Diagnostic distances and directional con-
cordance

The smallest weighted distance was between SZ and BD
(d = 0.329). SZ and MDD were separated by d = 0.374,
and BD and MDD by d = 0.433. Signed concordance fol-
lowed the complementary pattern: C = 0.568 for SZ–BD,
C = 0.188 for SZ–MDD, and C = 0.148 for BD–MDD.
Thus, the closest pair shared approximately 57% of the
reliability mass altered in either group with identical di-
rection, while concordance involving MDD was below
19%.

The pairwise quantities in Table 3 answer a question
that cannot be resolved from alteration counts alone.
BD has more supported entries than SZ, but the two
groups are nearest because four of their negative signs
coincide. MDD has only one supported entry, yet that
entry matches both other groups on SUB–MFG. Its dis-
tances are therefore substantial but do not approach the
theoretical maximum. The result is a compact triangle
with a clear nearest pair, not three mutually opposed
signatures.

Figure 3. Diagnostic circuit geometry.

The embedding in Fig. 3 shows the complete seven-
connection positions as large symbols and the seven one-
pathway deletion positions as smaller symbols. SZ and
BD remain adjacent under every deletion, whereas BD
and MDD retain the largest separation. The small point
clouds are tight relative to the intergroup triangle, indi-
cating that the ordering is a property of the distributed
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Table 3. Topological results.

Quantity SZ–BD SZ–MDD BD–MDD

Weighted distance 0.329 0.374 0.433
Signed concordance 0.568 0.188 0.148

Observed total separation 1.135
Exact-placement mean (SD) 1.282 (0.112)
Two-sided exact probability 0.2309
Deletion range 1.105–1.217

sign pattern. This result matters because regional narra-
tives often hinge on a connection described as unique.
Here, no single allegedly distinctive connection is re-
quired to recover the overall diagnostic arrangement.

The proximity of SZ and BD accords with several inde-
pendent biological observations. These disorders show
correlated genetic risk, overlapping frontal abnormali-
ties, and partially convergent structural phenotypes.6, 9, 41

Hippocampal and ACC abnormalities have also been
documented in both conditions.31, 42 The topological
result is narrower than those broad literatures: within
hippocampal-output circuitry, adjacency is specifically
supported by concordant CA–ACC, DG–ACC, SUB–IFOG,
and SUB–MFG reductions. This edge-resolved explana-
tion is preferable to treating psychosis as a sufficient
account, because the available BD group is not decom-
posed by psychotic history or current state.

The greater BD–MDD distance arises from both burden
and polarity. BD has five negative connections and one
positive connection, whereas MDD has one negative con-
nection. SUB–MTG produces the only positive sign in
the matrix and therefore contributes a full sign differ-
ence between BD and MDD. SUB–SMA, the two ACC
edges, and SUB–IFOG add negative-versus-zero differ-
ences. SUB–MFG partially offsets this dispersion by pro-
viding their one concordant negative sign. In clinical
terms, this arrangement suggests that affective diagnosis
does not guarantee hippocampal-circuit proximity: two
mood disorders can occupy distant positions when one
carries a distributed psychomotor and frontotemporal
pattern and the other is represented by a single common
frontal connection.

The SZ–MDD distance is intermediate. SZ differs from
MDD on CA–ACC, CA–caudate, DG–ACC, and SUB–
IFOG, but matches it on SUB–MFG and has the
same zero code on SUB–MTG and SUB–SMA. Joint ze-
ros do not contribute to concordance, which is why
C(SZ, MDD) remains low despite several visually iden-
tical empty cells. This property prevents unsupported
comparisons from inflating apparent similarity and is a
central advantage of the signed Jaccard definition.

3.4. Subicular dominance of diagnostic infor-
mation

Entropy was zero for SUB–MFG because all patient
groups had the same negative sign. Each of the remain-
ing connections contained two sign categories and there-
fore contributed diagnostic information in proportion to
its reliability weight. Aggregation by seed assigned 54.5%
of discrimination to SUB, 30.2% to CA, and 15.4% to DG.

Figure 4. Seed-level discrimination.

The radial partition in Fig. 4 shows why the subicular con-
tribution is not synonymous with uniformly strong SUB
abnormality. The common SUB–MFG reduction con-
tributes no diagnostic entropy, whereas SUB–MTG, SUB–
IFOG, and SUB–SMA supply the discriminating mass.
SUB dominates because it distributes differing signs
across several extrahippocampal systems, not because
every SUB connection is diagnostically selective. CA con-
tributes through ACC and caudate, and DG through ACC
alone.

This result supports an output-distribution account of
hippocampal involvement. The subiculum is positioned
to transmit hippocampal computations to diverse cor-
tical and subcortical targets.26 Its contribution is conse-
quently expressed as a pattern across target systems. By
contrast, CA and DG converge on ACC in the present ma-
trix, consistent with the related roles of these subfields in
associative encoding and mnemonic control.21 The find-
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ings do not imply that SUB is universally the most patho-
logical subfield. They indicate that, among these seven
corrected connections, SUB carries the largest share of
between-diagnosis sign diversity.
The distinction between common abnormality and dis-
criminating abnormality has direct implications for
imaging interpretation. SUB–MFG may be valuable for
understanding a cross-diagnostic process because it is
negative in all patient groups, yet it cannot classify those
groups by sign. SUB–MTG may be less general but more
differentiating because its positive entry occurs only in
BD. Studies seeking treatment targets may prioritize a
consistent cross-diagnostic connection, while studies
seeking mechanistic stratification may prioritize high-
entropy connections. The two aims should not be con-
flated.

3.5. Exact placement and robustness
Observed total separation was 1.135. Across 6174 count-
and polarity-preserving arrangements, the mean was
1.282 with standard deviation 0.112. The observed value
lay below the mean, indicating greater compactness than
a typical reassignment, but the two-sided exact proba-
bility was 0.2309 (lower-tail probability = 0.1155). The
conditional test therefore did not establish an unusual
anatomical placement at the conventional 0.05 level.

Figure 5. Placement and deletion tests.

The gray dot field in Fig. 5 displays the complete exact
distribution, the purple diamond marks the observed
arrangement, and the orange row shows total separa-
tion after each pathway deletion. Two conclusions follow.
The geometry is descriptively compact but not condi-
tionally exceptional, and it is stable to removal of any
one connection. Deletion totals ranged only from 1.105
to 1.217, with coefficient of variation 3.4%. Uniform, F -
only, cluster-only, and combined weights all retained
SZ–BD as the nearest pair and BD–MDD as the farthest;
total separation varied from 1.124 to 1.138 across those
rules.
The non-significant exact result places an important
limit on interpretation. The observed named connec-
tions produce a coherent triangle, but much of its total
dispersion can be explained by the unequal numbers of

supported alterations: six for BD, five for SZ, and one for
MDD. Anatomical labels add interpretive content and
determine which pair is nearest, yet the global amount
of separation is not demonstrably rare among arrange-
ments with the same marginal counts. Describing the
matrix as a diagnostic fingerprint would therefore over-
state the evidence. A more accurate conclusion is that
the topology is stable and anatomically interpretable,
while its global compactness remains compatible with
the conditional null.

Stability under deletion provides a different and affirma-
tive result. Exact placement evaluates whether the full
arrangement is unusually dispersed or compact; dele-
tion evaluates whether the observed ordering depends
on one edge. A pattern may fail the first test and pass the
second, as occurred here. This combination indicates
distributed redundancy: several concordant SZ–BD re-
ductions maintain proximity, and several BD–MDD dif-
ferences maintain dispersion. The conclusion survives
removal of CA–caudate, SUB–MTG, or SUB–SMA even
though each has an appealing syndrome-specific inter-
pretation.

Weight sensitivity further reduces concern that cluster ex-
tent dictates the answer. Spatial extent can be affected by
smoothing and threshold choice, while F is influenced
by sample size and pooled variance. The near-identical
group ordering under uniform and graded weights shows
that sign placement, rather than the precise reliability
formula, is the principal determinant. This does not val-
idate the signs against new data; it establishes internal
robustness of the aggregate computation.

3.6. Relation to transdiagnostic neurobiol-
ogy

The compact topology is compatible with contemporary
transdiagnostic accounts but adds a useful qualification.
Cross-disorder similarity is not uniform across the hip-
pocampus. It is concentrated in selected hippocampal–
frontal connections, while temporal, motor, and striatal
connections supply diagnostic contrast. Earlier studies
demonstrated cross-category alterations in local con-
nectivity, structural networks, and frontal-posterior bal-
ance.8, 11, 28 The present results show how a small circuit
set can contain both adjacency and contrast without re-
quiring a binary choice between common and diagnosis-
specific pathology.

The ACC findings deserve particular attention because
two hippocampal origins converge on the same target.
ACC participates in cognitive control, value-guided ac-
tion, and affect regulation, and it communicates with
hippocampal systems involved in memory retrieval.30

Concordant negative CA–ACC and DG–ACC signs in SZ
and BD suggest that their proximity is supported by more
than one hippocampal computation. Nevertheless, the
current matrix cannot determine effective direction, cel-
lular mechanism, or whether reduced resting correlation
reflects impaired communication, altered common in-
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put, medication exposure, or state-dependent variance.

The CA–caudate connection contributes to the SZ side
of the geometry. Hippocampal-striatal coupling is rel-
evant to associative learning, reward prediction, and
dopaminergic modulation, all of which are implicated
in schizophrenia.15, 32, 33 Its deletion did not alter the
nearest-pair ordering, so it should be regarded as a re-
fining feature rather than the sole definition of SZ. This
qualification is valuable because biologically plausible
regional findings are often granted more classificatory
importance than the multiconnection pattern warrants.

The SUB–IFOG connection supplies strong SZ–BD con-
cordance. Orbitofrontal and frontoparietal systems con-
tribute to valuation, cognitive control, and affective
decision making.29 A negative subicular-orbitofrontal
relationship could therefore participate in cognitive-
affective dysregulation across both disorders. Yet the
absence of a corrected MDD sign in this matrix does
not mean that orbitofrontal function is preserved in de-
pression; structural and local-functional abnormalities
are well documented in depressive illness.18, 19 The edge-
specific claim concerns coupling with SUB under the
stated procedure.

The MFG connection illustrates the opposite interpretive
category. Its negative sign across all three groups makes it
the sole altered connection for MDD in the matrix and a
common component of SZ and BD burden. Frontal con-
trol abnormalities recur across psychiatric imaging,4, 27

and a broad hippocampal–MFG reduction is consistent
with impaired coordination between memory-context
systems and executive control. Because entropy is zero,
however, this connection cannot explain why the patient
groups occupy different positions. Biological centrality
and diagnostic discrimination remain separate.

Finally, the SUB–MTG and SUB–SMA signs give BD its
broadest contrast. Temporal cortex contributes to se-
mantic, social, and affective processing, while SMA par-
ticipates in internally generated action and higher-order
motor control.36 Their joint appearance may relate to
the coupling of affective state with psychomotor organi-
zation in bipolar illness. The available aggregate matrix
cannot test mood-state moderation, medication effects,
or psychotic features, so these possibilities should moti-
vate participant-level confirmatory work rather than be
presented as resolved mechanisms.

4. CONCLUSION
The study asked whether the anatomical assignment
of hippocampal-output disturbances contains diagnos-
tic organization beyond a list of significant connections
and which hippocampal sector contributes most to that
organization. The answer is qualified but clear. The
seven-pathway matrix forms a stable compact geom-
etry in which schizophrenia and bipolar disorder are
nearest, bipolar disorder and major depressive disorder
are farthest, and the ordering persists after every single-
pathway deletion and under four evidence-weighting

rules. The proximity of schizophrenia and bipolar disor-
der is carried by concordant negative CA–ACC, DG–ACC,
SUB–IFOG, and SUB–MFG signs. The greater bipolar–
depression distance is carried by the distributed bipolar
pattern, particularly positive SUB–MTG and negative
SUB–SMA, ACC, and IFOG entries, against the single neg-
ative SUB–MFG entry assigned to depression.

The subiculum accounts for 54.5% of diagnostic dis-
crimination because its outputs distribute sign varia-
tion across orbital frontal, temporal, and motor territo-
ries. This is not a claim that every subicular connection
is selective: SUB–MFG is negative in all three patient
groups and contributes burden without entropy. CA sup-
plies 30.2% through ACC and caudate, while DG sup-
plies 15.4% through ACC. The result therefore supports
a distributed-output interpretation in which diagnostic
information depends on where a hippocampal sector
communicates, not merely which hippocampal label is
selected.

The exact placement experiment prevents overstatement.
Total separation is lower than the conditional mean but
is not statistically exceptional. The observed topology is
consequently compatible with alteration-count effects,
even though its pairwise ordering and anatomical in-
terpretation are robust. Hippocampal-output circuitry
should not be described here as a validated diagnostic
fingerprint. Its defensible role is to reveal a reproducible
relation among group-level connection patterns and to
identify the subicular target distribution as the main or-
ganizer of that relation.

The research question can therefore be answered directly.
Disturbances of hippocampal output carry stable diag-
nostic geometry, but that geometry is compact rather
than sharply partitioned and does not exceed the count-
preserving exact expectation. Confirmation now requires
participant-level connectivity estimates and indepen-
dent cohorts capable of testing probabilistic direction,
edge covariance, and individual transportability.
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