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ABSTRACT

Background: Hippocampal atrophy is a hallmark of cognitive decline observed in
dementia and mild cognitive impairment (MCI). This study investigated hippo-
campal volumes across individuals with dementia, MCI, and healthy controls to

DOI: explore structural changes and their association with cognitive performance.
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Methods: The present study included 62 participants categorized into three
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INTRODUCTION ment (MCI). Advanced radiological techniques, particu-

larly hippocampal volumetry by MRI, have gained promi-
The hippocampus, a crucial brain region responsible for  nence for their capacity to enhance diagnostic sensitivity
memory formation and cognitive function, undergoes and accuracy.[1-5] Quantitative volumetric analysis is
pathological alterations in neurodegenerative disorders instrumental in identifying seizure lateralization and eval-
like Alzheimer’s disease (AD) and mild cognitive impair-  uating the potential for effective seizure control in mesial
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temporal lobe sclerosis (MTLS).[6] Moreover, volumetric
assessments are pivotal in distinguishing between types
of dementias and identifying pseudodementia a condi-
tion frequently confused with true dementia.[7] Bilateral
hippocampal atrophy remains a hallmark of AD, where
patients experience progressive cognitive decline and
difficulty forming new memories. The significance of the
hippocampus in cognitive functions underscores the
growing demand for radiological measurements as pre-
dictive and diagnostic tools.[7] Early detection through
hippocampal volume analysis not only helps differentiate
MCI from AD but also provides critical insights into the
risk of transition from MCI to full-blown dementia. De-
spite the increasing global interest in hippocampal as-
sessment, a significant gap exists in normative data on
hippocampal volumes among older Kashmiri adults.
While existing data from younger and adult populations
have proven valuable in epilepsy diagnostics, there re-
mains an unmet need for comprehensive volumetric ref-
erences that are directly applicable to aging-related con-
ditions such as AD and MCI.[6]

This study assesses hippocampal volumes in cognitively
healthy older adults from Kashmir and compared them
with those of individuals diagnosed with dementia and
mild cognitive impairment (MCI). The research is
grounded in the increasing evidence that hippocampal
atrophy serves as a key hallmark of dementia and a pre-
dictor of the progression from MCI to dementia. By do-
ing so, it underscores the clinical importance of hippo-
campal radiological assessment and highlights its poten-
tial to become a routine component in the diagnostic
evaluation of dementia and related disorders.

MATERIALS AND METHODS

This study was conducted at the Department of Radiodi-
agnosis and Imaging, SKIMS Medical College and Hospi-
tal Bemina, Srinagar, with the primary objective of
measuring and comparing hippocampal volumes in cog-
nitively normal older adults, patients diagnosed with de-
mentia, and those with mild cognitive impairment (MCI).
A total of 62 participants were enrolled in the study, all
referred from the Department of Psychiatry for radio di-
agnostic evaluation. The cohort comprised 22 individuals
with dementia, 15 with mild cognitive impairment (MCI),
and 25 cognitively healthy controls. The study spanned
from December 2022 to June 2024. Participants were
selected based on predefined eligibility criteria. The in-
clusion criteria specified adults aged 45 to 85 years with
a confirmed diagnosis of dementia or MCI by a psychia-
trist, or cognitively healthy individuals undergoing rou-
tine brain imaging. Exclusion criteria encompassed a his-
tory of stroke, traumatic brain injury, major psychiatric
disorders unrelated to dementia or MCI, or other signifi-
cant neurological conditions. Dementia and MCI diagno-
ses were established by an experienced psychiatrist us-
ing standardized clinical assessments and diagnostic
guidelines. Dementia was diagnosed following the DSM-
5 guidelines, which require evidence of significant cogni-
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tive decline affecting daily functioning, supported by clin-
ical evaluation and cognitive testing.[8] MCI was diag-
nosed using Petersen’s criteria, characterized by subjec-
tive cognitive complaints, objective evidence of impair-
ment on neuropsychological tests, preserved functional
abilities, and no evidence of dementia.[9] Cognitive func-
tion was assessed using the Mini-Mental State Examina-
tion (MMSE), a well-established and validated tool for
detecting cognitive impairment. MMSE scores were rec-
orded for all participants and used for further correlation
analyses with hippocampal volumes. Participants under-
went brain MRI scans for various clinical reasons. Pa-
tients with dementia and MCI were referred to for imag-
ing due to memory loss, cognitive decline, or other neu-
rological symptoms, primarily to assess brain structures
and rule out other causes of cognitive dysfunction. Cog-
nitively healthy controls were selected from individuals
undergoing MRI for reasons such as headache evalua-
tion, wellness screening, or investigation of minor non-
specific complaints, with no prior or current evidence of
cognitive decline.

All imaging procedures were performed using a 1.5 Tes-
la MRI scanner, utilizing high-resolution T1-weighted se-
quences for volumetric assessment of the hippocampus.
Hippocampal volumes were manually segmented using
Siemens syngo software and measured independently
by two radiologists. Inter-rater agreement was calculated
using Cohen’s kappa, with discrepancies defined as dif-
ferences in hippocampal measurements exceeding 5%.
Hippocampal atrophy was characterized as a hippocam-
pal volume that deviated by *2 standard deviations from
the means of the control group. Statistical analysis was
conducted using SPSS. ANOVA was employed to com-
pare hippocampal volumes across groups, with post hoc
Tukey’s HSD for pairwise comparisons. Pearson's corre-
lation coefficient was used to evaluate the association
between hippocampal volumes and MMSE scores, with
statistical significance set at p <0.05.

RESULTS

The DEM group had the highest mean age (73 + 6.6
years) and lowest MMSE scores (13.49 * 4.2). The du-
ration of illness was longest in the DEM group (2.98 +
0.85 years) compared to the MCI group (2.01 £ 1.9
years). Healthy controls had the highest MMSE scores
(28 + 0.93). ANOVA showed significant differences in
MMSE scores (p <0.005). Pairwise comparisons re-
vealed no significant difference between DEM and MCI
(p = 0.32), but both DEM (p = 0.003) and MCI (p =
0.024) had significantly lower scores than the healthy
group. These findings indicate a cognitive decline from
MCI to dementia.

In the DEM group, hippocampal volume showed a signif-
icant positive correlation with MMSE scores (r = 0.55, p
< 0.05), indicating that greater atrophy was associated
with lower cognitive performance. A similar trend was
observed in both the DEM and MCI groups, where re-
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duced hippocampal volume corresponded with declining  MMSE scores.
Table 1: Demographic and Clinical Aspects of Study Participants

Diagnosis Mean Duration of MMSE Between Group Pairwise Comparison
Age lliness Comparison (Independent t-test; P-value)
(years) (years) (ANOVA; p-value) DEM vs. DEM vs. MCI vs.
MclI Healthy Healthy
DEM (N=22) 73+6.6 2.98 £ 0.85 13.49+£4.2 <0.005 0.32 0.003 0.024
MCI (N=15) 71%5.1 2.01+19 26.97 £ 2.21
Healthy (N=25) 65.81 £8.9 NA 28 +0.93
Table 2: Correlation of Hippocampal Volume (HV) with Cognitive and Demographic Variables
Group/s Variables Pearson Correlation Coefficient (r) P Value
DEM MMSE and HV r=0.55 <0.05
MCI MMSE and HV r=0.25 > 0.05
DEM/MCI Education and HV r=0.22 >0.05
DEM/MCI Age and HV r=0.31 > 0.05
Healthy Age and HV r=0.32 >(0.05
Healthy MMSE and HV r=0.22 > (0.05

Table 3: Comparison of Hippocampal Volumes Across Study Groups

Group DEM (N=22)  MCI (N=15)  Healthy (N=25) P Value Between Groups (ANOVA)
Right Hippocampal Volume (cm?) 1.69 + 0.47 212+0.23 2.64+0.33 <0.0001
Left Hippocampal Volume (cm?) 1.67 £ 0.49 2.14 +0.21 2.6+ 0.42 <0.0001

However, this association was not evident in the healthy
group. Hippocampal atrophy was defined as a volume
deviation of *2 standard deviations from the mean.
Among the 22 DEM patients, 12 (54%) exhibited hippo-
campal atrophy®. However, correlations between hippo-
campal volume and MMSE, education, or age were not
statistically significant in the MCI, DEM/MCI, and healthy
groups.

The right hippocampal volume was observed to be low-
est in the DEM group (1.69 £ 0.47 cm?®), followed by MCI
(2.12 + 0.23 cm?®), and highest in the Healthy group
(2.64 £ 0.33 cm?®). A similar pattern was noted for left
hippocampal volumes, with values recorded at 1.67 *
0.49 cm? for DEM, 2.14 £ 0.21 cm? for MCI, and 2.60 *
0.42 cm?® for Healthy participants. ANOVA results indi-
cated statistically significant differences across groups
for both right and left hippocampal volumes (p <
0.0001). In the MCI group, hippocampal atrophy was
observed in only one of the 15 patients (odds ratio [OR]
= 6.5, 95% confidence interval [Cl] = 0.9474-54.12),
whereas no cases of atrophy were detected among the
healthy participants. Compared to healthy individuals,
hippocampal volume loss in DEM patients was 49%, and
in MCI patients, it was 16.3%, indicating a 34.7% volume
loss progression from MCI to DEM. High intra- and inter-
rater agreement was achieved between two independent
raters (Cohen’s kappa = 0.71). Agreement was defined
as differences in hippocampal volume measurements of
less than 5%; discrepancies exceeding this threshold
were considered disagreements.

Table 4 provides the results of post-hoc Tukey HSD
tests for pairwise comparisons. Significant differences in
right hippocampal volume were found between DEM and

MCI (p <0.0024), DEM and Healthy (p < 0.001), and
MCI and Healthy (p < 0.01). Similarly, left hippocampal
volume showed significant differences across groups:
DEM vs. MCI (p = 0.003), DEM vs. Healthy (p <0.001),
and MCI vs. Healthy (p < 0.001). These findings highlight
a progressive reduction in hippocampal volumes across
the groups, with DEM participants exhibiting the smallest
volumes, further underscoring the structural changes
associated with cognitive impairment.

Table 4: Post-Hoc Tukey HSD Analysis for Hippocampal
Volumes

Comparison Right Hippocampal  Left Hippocampal
Volume (p-value) Volume (p-value)

DEM vs. MCI <0.0024 0.003

DEM vs. Healthy ~ <0.001 <0.001

MCI vs. Healthy <0.01 <0.001

DISCUSSION

The hippocampus and its volume loss have gained im-
portance in diagnosing and predicting neurocognitive
disorders. Hippocampal volume aids in differentiating
cognitively healthy older adults from those with demen-
tia, facilitates drug trials, and forecasts the progression
from MCI to dementia. It also differentiates dementia
from pseudodementia and various dementia types when
combined with clinical data. While automated measure-
ment techniques are faster, manual methods remain the
gold standard. Although normative hippocampal volume
data exist globally, such information for older Indian
adults is currently lacking. Hippocampal damage is influ-
enced by factors such as depression, stress, seizures,
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hypertension, and diabetes, along with biochemical
markers like vitamin D3, serum cortisol, and homocyste-
ine. This study examined individuals with normal bio-
chemical and clinical profiles to compare hippocampal
volumes in healthy older adults, MCI, and AD cases,
emphasizing volume loss in the absence of known con-
tributing factors.

The findings of this study indicate that patients in the AD
group had the highest mean age (73 + 6.6 years) and
the lowest MMSE scores (13.49 + 4.2), highlighting the
progressive cognitive decline associated with DEM. The
longer duration of illness in the DEM group (2.98 + 0.85
years) compared to the MCI group (2.01 + 1.9 years)
aligns with the typical clinical trajectory from MCI to
more severe dementia stages, as documented in previ-
ous studies (Duff K et al, 2014; Petersen et al.,
2014).[9,10] Healthy controls exhibited the highest
MMSE scores (28 * 0.93), reflecting preserved cognitive
function in the absence of neurodegenerative pathology.
The significant variation in MMSE scores among the
groups (P < 0.005, ANOVA) corroborates previous litera-
ture indicating that cognitive assessment tools like
MMSE are effective in differentiating between healthy
aging, MCI, and DEM (Folstein et al., 1975).[11] These
results are inconsonance with the reports by Petersen et
al. (2014), who observed significant cognitive differ-
ences between MCI and DEM patients and emphasized
the importance of early diagnosis to slow disease pro-
gression.® Additionally, the relatively shorter duration of
illness in the MCI group suggests an opportunity for
timely interventions, which have been linked to a slower
progression of cognitive decline (Ritchie et al,
2015).[12]

This study revealed important insights into hippocampal
volume changes among individuals with DEM, MCI, and
healthy individuals. The findings indicated a progressive
reduction in hippocampal volume from healthy individu-
als to those with MCI and DEM, with significant varia-
tions evident between these groups (P < 0.0001). These
results align with established literature underscoring
hippocampal atrophy as a hallmark of neurodegenerative
conditions, particularly in dementia-related diseases
(Jack et al., 2010; Schuff et al., 2009).[13,14] The find-
ings showed a 49% reduction in hippocampal volume in
DEM patients compared to healthy controls, while pa-
tients with MCI exhibited a 16.3% reduction in hippo-
campal volume. This gradual loss from MCI to DEM (a
34.7% progression) highlights the pivotal role of hippo-
campal degeneration in cognitive decline. Studies by
Apostolova et al. (2010) and Morra et al. (2009) similarly
documented that hippocampal atrophy starts in the early
stages of cognitive impairment, with measurable chang-
es present even before clinical symptoms of dementia
become pronounced.[15,16]

The association between hippocampal volume and
MMSE scores supports the link between structural
changes and cognitive decline. In the DEM group, a sig-
nificant positive correlation (r = 0.55, p < 0.05) was ob-
served, indicating that greater hippocampal atrophy cor-

Bashir S et al.

responds to lower cognitive function. This finding indi-
cates that lower hippocampal volumes are associated
with poorer cognitive performance, consistent with prior
research linking hippocampal atrophy to disease severity
in dementia (Dickerson & Eichenbaum, 2010; Schuff et
al., 2009).[14,17] In contrast, MMSE scores showed no
significant correlation with hippocampal volume in the
MCI and healthy groups. This lack of association may
suggest that hippocampal degeneration in MCI is less
extensive or not yet severe enough to produce measur-
able cognitive deficits. Alternatively, other brain regions
beyond the hippocampus may play a more dominant role
in early cognitive changes during MCI (Petersen et al.,
1999).[9] Furthermore, the absence of statistically sig-
nificant correlations between hippocampal volume and
demographic factors such as age and education in the
DEM and MCI groups diverges from some earlier studies
(Raz et al., 2005).[18] This discrepancy may be due to
the greater influence of pathological changes in demen-
tia, which overshadow the effects of aging or cognitive
reserve factors such as education.

The observation that 54% of DEM patients exhibited hip-
pocampal atrophy, compared to only one case in the
MCI group (OR = 6.5, 95% CI = 0.9474-54.12), high-
lights the specificity of hippocampal atrophy in advanced
cognitive decline. None of the healthy participants
showed signs of hippocampal atrophy, reinforcing its
association with pathological cognitive deterioration.
Apostolova et al. (2010) similarly noted that hippocampal
atrophy serves as a reliable biomarker for differentiating
between healthy aging, MCI, and dementia.[15] Tukey’s
HSD post hoc analysis showed significantly lower hippo-
campal volumes in DEM and MCI patients compared to
healthy individuals (P <0.01). This reinforces the clinical
utility of hippocampal volume assessment as a diagnos-
tic tool. The strong intra- and inter-rater agreement (Co-
hen’s kappa = 0.71) further underscores the reliability of
manual segmentation methods employed in the study.
The clinical implications of these findings are significant.
Early detection of hippocampal atrophy in MCI may offer
a window for therapeutic interventions aimed at slowing
disease progression. Recent studies have suggested that
volumetric assessments of the hippocampus, combined
with neuropsychological testing, can improve diagnostic
accuracy and predict conversion from MCI to dementia
(Schuff et al., 2009; Morra et al., 2009).[14,16]

CONCLUSION

This study highlights the critical role of hippocampal at-
rophy in cognitive decline, with a progressive reduction
in hippocampal volume observed from healthy individu-
als to those with MCI and dementia. The significant as-
sociation between hippocampal volume and cognitive
performance, particularly in the DEM group, underscores
its value as a potential biomarker for disease severity
and progression. Although no significant correlations
were found between hippocampal volume and demo-
graphic variables such as age or education, the findings
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suggest that structural changes in the hippocampus may
precede and contribute to cognitive deficits. Future stud-
ies should explore longitudinal changes in hippocampal
volume and examine other brain regions involved in
cognitive decline to better understand the progression
from MCI to dementia.
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