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Purpose: Knee osteoarthritis (KOA) has been linked to increased cognitive decline risk, but the specific mechanisms underlying this
phenomenon remain unclear. Research suggests neuroimaging changes and chronic low-grade inflammation may play key roles as
common pathways linking osteoarthritis (OA) to cognitive decline.

Patients and Methods: This cross-sectional study recruited 36 individuals diagnosed with KOA and 25 healthy controls (HCs).
Cognition was assessed using the Montreal Cognitive Assessment (MoCA) and the Digit Cancellation Test (DCT). The gray matter
volume of 12 hippocampal subfields and the serum TIM-3 levels were also measured.

Results: KOA patients had significantly lower MoCA scores (P < 0.01) and fewer correct responses on the DCT (P < 0.01). They also
exhibited a larger volume of the right hippocampal tail (FDR-corrected P = 0.010) and a smaller volume of the right hippocampal
fissure (FDR-corrected P = 0.036). Correlation analysis revealed that the volume of the right hippocampal tail was associated with the
number of correct responses on the DCT (r = —0.356, P = 0.049). Additionally, a smaller volume of the left hippocampal fissure was
linked to higher serum TIM-3 levels (r = —0.404, P = 0.030) in KOA patients.

Conclusion: The hippocampal tail and hippocampal fissure exhibited reduced volume in KOA patients, and these changes were
associated with alterations in attention and serum TIM-3 levels, respectively. These findings suggest a potential link between KOA and
cognitive decline through inflammation and neuroscience, offering a theoretical basis for further study. Meanwhile, serum TIM-3 and
right hippocampal fissure/tail volume might be potential biomarkers for detecting cognitive decline in KOA patients. Further studies
are necessary for the investigation of this possibility.
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Introduction
Knee osteoarthritis (KOA) is a degenerative disease and imposes a substantial burden on individuals’ daily functioning
due to its high prevalence, incidence, and disability, especially in elder adults.'> Meta-analysis showed that OA has
a higher risk of cognitive decline and dementia.* Rapidly cognitive decline, a primary symptom of dementia, is
a prognostic factor for the exacerbation of KOA symptoms.’

Neuroimaging evidence indicated that cognitive decline was associated with structural changes in the brain.® The
hippocampus, a key component of the limbic system, has been suggested as a sensitive biomarker for cognitive decline.’
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This complex structure comprised multiple subfields, each performing distinct cognitive functions. For instance, the
posterior hippocampus (including the hippocampal tail) served as a critical region for local detailed memories,® while the
subiculum played a significant role in spatial navigation, particularly inefficiently binding complex spatial information.”
Volume loss in the subiculum had been linked to the progression of dementia,'® and an enlarged hippocampal fissure had
been observed in mild cognitive impairment, an early stage of Alzheimer’s disease.'' These findings highlighted the
importance of examining all hippocampal subregions to fully understand their roles in cognitive decline.

Furthermore, neuroimaging findings have provided evidence for structural modifications occurring in the hippocam-
pus of individuals diagnosed with KOA. Prior studies have documented a decrease in volume observed bilaterally across

both hippocampus among KOA patients'* '

while also highlighting an accelerated rate of decline specifically within the
hippocampal region for those affected by osteoarthritis compared to unaffected individuals.'® Nevertheless, these
investigations predominantly concentrated on alterations in the global hippocampal volume, thereby leaving uncertainties
regarding the precise patterns of modification within distinct subfields of the KOA-affected hippocampus and their
association with cognitive decline.

Chronic low-grade inflammation has been recognized as a common pathway linking osteoarthritis (OA) and cognitive
decline.'” This inflammation was not limited to knee OA but had been observed across other types of OA. OA patients,
including those with knee OA, often exhibited increased synovial inflammation and elevated levels of pro-inflammatory
cytokines, which could spread throughout the body via the bloodstream or lymphatic system.'® Chronic low-grade
inflammation has also been identified as a hallmark of cognitive decline.'® In response to Ap deposition, microglia, and

astrocytes became activated, triggering a neuroinflammatory response that could be exacerbated by peripheral
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inflammation.?® Peripheral inflammation such as those associated with joint inflammation might have damaged the
central nervous system through various mechanisms, including disruption of the blood-brain barrier’' and interactions
with the gut-brain axis.”” The convergence of these inflammatory factors likely played a significant role in cognitive
decline among OA patients.”*

T-cell immunoglobulin and mucin-domain containing-3 protein (TIM-3), a transmembrane protein expressed on the
surface of differentiated Th1 cells, is crucial in the release of proinflammatory cytokines.”* Higher serum levels of TIM-
3 have been reported in individuals with KOA, specifically in a certain genotype.”” Elevated expression of TIM-3 has
been observed in inflammatory brain tissue.”® TIM-3 can promote microglial activation and disrupt hippocampal
neurogenesis.”’ A negative correlation between specific proinflammatory cytokines in blood serum and cognitive
function has been documented.”® We hypothesize that an association may exist between structural alterations in the
hippocampal subfields and serum levels of TIM-3.

This cross-sectional case-control study compared cognitive performance between individuals with knee osteoarthritis
(KOA) and healthy controls (HCs). The researchers collected gray matter volume data and serum TIM-3 samples to
investigate the association among hippocampal subfields, peripheral inflammation, and cognitive decline in KOA. To
explore the overlapping factors of cognitive decline and inflammation, correlation analyses were conducted between
TIM-3 levels and affected brain regions in KOA patients. The hypothesis was that cognitive decline in KOA was closely
linked to hippocampal subfield volumes and serum TIM-3 levels.

Materials and Methods

Participants

A total of 61 participants, including 36 with KOA and 25 HCs, were recruited from local community centers in Fuzhou
through the use of posters, WeChat, and phone calls. The diagnosis of KOA was made by a rheumatologist from the
Affiliated Rehabilitation Hospital of Fujian University of Traditional Chinese Medicine based on the criteria established
by the American College of Rheumatology.”® This study was approved by the Medical Ethics Committee at the same
hospital. Informed consent was obtained from all participants before the research. The study was initiated only after the
participants had signed the consent forms.

The inclusion criteria for individuals with KOA were as follows: (i) age between 40 and 70, and right-handed; (ii)
diagnosis of chronic KOA in either the right or left knee based on the diagnostic criteria of the American Rheumatism
Association; (iii) Kellgren-Lawrence grade 2 or 3 confirmation through X-ray;*® (iv) Body mass index (BMI) <30kg/m?.
Individuals with KOA were excluded if they met any of the following exclusion criteria: (i) history of knee surgery
within the past 6 months or intra-articular corticosteroid injection within the past 3 months; (ii) knee pain caused by
rheumatic or other inflammatory diseases; (iii) presence of abnormal mental state or inability to cooperate with
assessments; (iv) MRI contraindications such as dentures, porcelain teeth, and pacemakers; (v) Fasting blood sample
contraindications such as bleeding disorders.

The HC control participants met any of the following inclusion criteria: (i) aged between 40 and 70 years old and
right-handed; (ii) free from any pain disorders; (iii) BMI<30kg/m>. Exclusion criteria for healthy controls were as
follows: (i) presence of abnormal mental state or inability to cooperate with the assessment; (ii) MRI contraindications,
such as dentures, porcelain teeth, and pacemakers.

Clinical Data Collection

We recorded demographic characteristics such as age, gender, body mass index (BMI), and years of education. The
Chinese version of the Brief Pain Inventory (BPI) scale was used to measure the average pain intensity in KOA
individuals over the past 24 hours.>’ The BPI employed a 0 to 10 numeric scale for rating items, where 0 indicated
“no pain” and 10 indicated “pain as bad as you can imagine”. Additionally, the BPI assessed the impact of pain on
patients’ ability to function, using the same 0 to 10 scale, where 0 indicated “no interference” and 10 indicated “complete
interference”. In our study, the BPI scores reflected the pain intensity experienced by KOA individuals over the past
24 hours.
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Additionally, the Knee Injury and Osteoarthritis Outcome Score (KOOS) was used to assess various aspects of knee
function in both KOA patients and HCs, with a score range from zero to one hundred. The KOOS comprised five
subscales-pain, symptoms, activities of daily living (ADLs), sport and recreation function (Sport), and knee-related
quality of life (Quality of life).** For the pain subscale, higher scores indicated lower pain intensity. For the other four
subscales, higher scores reflected better functioning.

Cognitive Assessments

The Montreal Cognitive Assessment (MoCA)>® was employed to assess overall cognitive function, encompassing 7
domains including visual-executive function, naming, attention, verbal fluency, abstraction, recall, and orientation.
MoCA scores ranged from 0 to 30 with higher scores indicating superior cognitive function. Furthermore, the digit

34,35

cancellation test (DCT) was administered to evaluate subjects’ attention, measuring both correct responses and

omission and error rates.

Serum TIM-3 Levels Measurement

Fasting blood samples were collected from the antecubital veins of 36 individuals diagnosed with KOA. After clotting
for 15 minutes at room temperature, serum was obtained by centrifugation at 3000xg for 10 minutes and immediately
stored frozen at -80°C. Serum TIM-3 levels were quantified using an enzyme-linked immunosorbent assay following the
manufacturer’s instructions (ELISA, ELISA kits: Huamei Biological Engineering Co. LTD, Wuhan, China). An ELISA
reader (Bio Tek, Model ELX800, Winooski, VT, USA) was used to measure the absorbance of both TIM-3 standard and
test samples.

MRI Data Acquisition

MRI data were acquired using an eight-channel phased-array head coil on a 3.0-T GE scanner (General Electric,
Milwaukee, WI, USA). Participants were instructed to maintain wakefulness and immobility with their eyes closed
during the scan. T1-weighted images were obtained with the following parameters: a flip angle of 15°, slice thickness of
1 mm, field of view (FOV) of 240 mm, and acquisition consisting of 160 slices.

MRI Data Processing

The T1-weighted images were processed using the FreeSurfer software (version 7.1.0, http://surfer.nmr.mgh.harvard.edu/).

Hippocampal volume was extracted from the subcortical nucleus segmentation file of each subject generated by pre-
processing based on Iglesias et al’s study,*® utilizing FreeSurfer software. To ensure accurate segmentation, individual
subjects’ images were registered to the standard space provided by FreeSurfer. Following the hippocampus segmentation
template available on the official website of FreeSurfer, each subject’s hippocampus was parcellated into 19 regions and
subsequently combined into specific areas including the hippocampal tail, subiculum, cornu ammonis (CA) 1-4, hippo-
campal fissure, presubiculum, parasubiculum, molecular layer of dentate gyrus (GC-ML-DQG), fimbria and hippocampal
amygdala transition area (HATA).*® Notably, CA2 was consistently included within CA3.

Statistical Analysis
The statistical analysis was conducted using IBM SPSS Statistics software (version 25, Armonk, NY, United States).
Shapiro—Wilk’s test was employed to assess the distribution of continuous variables. For normally distributed continuous
variables, mean + standard deviation (SD) was used for statistical description. For non-normally distributed continuous
variables, the statistical description included the median and interquartile range (25-75th percentile). Qualitative values
were presented as n (%) for the statistical description and a chi-square test was performed to compare between the two
groups.

Demographic characteristics of individuals with KOA and healthy controls were compared using either the indepen-
dent samples t-test (for variables with a normal distribution) or the Mann—Whitney U-test (for variables without a normal
distribution).
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A general linear model or generalized linear model was employed to assess the differences between groups in (i) BPI,
KOOS subscales, and cognitive function while controlling for age, gender, and years of education; (ii) the volume of
hippocampal subfields while adjusting for age, gender, years of education, and the volume of left/right whole hippo-
campus. The differences in the volume of the hippocampal subfields between groups were corrected for false discovery
rate (FDR) with the Benjamini-Hochberg method.

The partial correlations were conducted to examine the associations between cognitive scores and hippocampal
subfield volume while controlling for age, gender, years of education, and the volume of the left/right whole hippo-
campus. Additionally, cognitive scores were examined concerning KOOS subscales while controlling for age, gender,
and years of education. Furthermore, the association between hippocampal subfield volume and serum levels of TIM-3
was investigated while controlling for age, gender, years of education, and the volume of the left/right whole hippo-

campus. A significance level of P < 0.05 was used with a two-tailed test.

Results

In our study, we initially screened 76 individuals for eligibility. Of these, 15 were excluded based on the following
criteria: i) MRI contraindications (n=5); ii) A history of knee surgery within the past six months or intra-articular
corticosteroid injection within the preceding three months (n=3); iii) Presence of pain in regions other than the knee
(n=5); iv) BMI exceeding 30 kg/m? (n=2). After applying the inclusion and exclusion criteria, a total of 61 participants
were included in the final analysis: 36 with knee osteoarthritis (KOA) and 25 healthy controls (HCs). The participant
selection process is summarized in Figure S1.

Demographic Characteristics

There were no significant differences observed between individuals with KOA and HCs in terms of age, gender, BMI,
and years of education (Table 1). Table 2 showed that KOA patients experienced significantly higher pain intensity
compared to HCs, as indicated by the pain subscale of the KOOS. The BPI scores also reflected the pain levels
experienced by KOA individuals.

Comparisons of Clinical and Cognitive Assessments

The individuals with KOA demonstrated significantly poorer performance in terms of symptoms (P < 0.001), ADL(P <
0.001), sports (P < 0.001), and quality of life (P < 0.001) compared to the HCs, as presented in Table 2. Furthermore,
the KOA group exhibited significantly lower scores on the MoCA test, indicating worse global cognitive function (P <
0.001). Additionally, they displayed a reduced number of correct responses in the DCT, suggesting attention decline
(P <0.001).

Table | Demographic Characteristics of Study Participants

KOA (n=36) HCs (n=25) tZIy? P
Age (years)® 60.00 (59.00~66.75) | 62.00 (57.50~68.00) | —0.757 | 0.449
Gender [n (%)]°
Male [n (%)]° 8 (22.20) 8 (32.00) 0.729 | 0.393
Female [n (%)]° 28 (77.80) 17 (68.00)
BMI (kg/m?)© 22.98+2.72 23.41£2.56 —-0.620 | 0.537
Education (years)* 11.28+3.90 11.324£2.97 —0.046 | 0.964

Notes: *Median (25~75th percentile) was used for statistical description, and the Mann—Whitney
U-test was adopted. °n (%) was used for statistical description, and a chi-square test was adopted.
Mean * SD was used for statistical description, and the independent sample t-test was adopted.

Abbreviations: KOA, knee osteoarthritis; HCs, healthy controls; BMI, body mass index.
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Table 2 Comparisons

of Clinical and Cognitive Assessments in KOA Individuals and HCs

KOA (n=36)

HCs (n=25)

BPI*

KOOS

Pain®
Symptoms™®
ADL*®

Sport™®

Quality of life*®

4.00 (4.00~5.00)

69.44 (66.67~76.39)
64.29 (55.36~71.43)
83.82 (79.41~87.50)
65.00 (55.00~75.00)
56.25 (46.88~62.50)

100.00 (100.00~100.00)
100.00 (98.21~100.00)
100.00 (100.00~100.00)
100.00 (100.00~100.00)
100.00 (93.75~100.00)

MoCA scores™”
DCT
Correct responses™®

Omission errors®®

Error responses™®

26.00 (24.00~27.00)

40.00 (36.25~47.50)
4.00 (1.00~7.75)
0.00 (0.00~0.00)

28.00 (27.00~29.00)

48.00 (42.00~55.50)
4.00 (1.00~5.50)
0.00 (0.00~0.00)

Standardized S P
0.838 <0.001
0.877 <0.001
0.827 <0.001
0912 <0.001
0.594 <0.001
0.398 <0.001

—-0.077 0.547
—0.197 0.102

Notes: *Median (25~75th percentile) was used for statistical description. °A generalized linear model was carried out with
age, gender, and years of education as covariates.
Abbreviations: KOA, knee osteoarthritis; HCs, healthy controls; BPI, Brief Pain Inventory; KOOS, Knee injury and
Osteoarthritis Outcome Score; ADL, the KOOS subtest of activities of daily living; Sport, the KOOS subtest of sport
and recreation function; Quality of life, the KOOS subtest of knee-related quality of life; MoCA, the Montreal Cognitive
Assessment; DCT, the digit cancellation test; Correct responses, the number of digits of correct responses; Omission
errors, the number of digits of omission errors; Error responses, the number of digits of error responses.

Comparisons of Hippocampal Subfield Volume

In the left hippocampal subfields, patients with KOA exhibited a significantly smaller volume of the hippocampal fissure
compared to HCs (P = 0.044), as demonstrated in Table 3 and Figure 1A. In the right hippocampal subfields, KOA
patients showed a significantly larger volume of the hippocampal tail (P = 0.003) and significantly smaller volumes of
both the subiculum (P = 0.038) and hippocampal fissure (P < 0.001), as shown in Table 3 and Figure 1B. After corrected
by FDR with the Benjamini-Hochberg method, significant differences were still observed in the right hippocampal tail
(FDR-corrected P = 0.010) and the right hippocampal fissure (FDR-corrected P = 0.036) between KOA and HCs. No
significant group differences were observed in other areas of the hippocampal subfields. To better illustrate the spatial

Table 3 Comparisons of Hippocampal Subfield Volume in KOA Individuals and HCs

KOA (n=36) HCs (n=25) Standardized g P
Left hippocampal tail® 576.90+77.09 547.30+80.84 —-0.171 0.061
Left subiculum® 451.58 (421.88~481.95) | 457.95 (429.30~495.05) —0.028 0.651
Left CAI® 627.50 (609.50~683.19) | 646.21 (595.98~693.23) 0.062 0.239
Left hippocampal fissure® 128.87 (119.18~158.52) | 152.97 (127.37~183.08) 0217 0.044
Left presubiculum® 287.35 (266.82~319.54) | 295.88 (264.57~362.32) 0.033 0.724
Left parasubiculum® 62.55+12.47 65.25+17.44 0.049 0.654
Left molecular layer HP® 570.19 (524.52~600.33) | 577.73 (532.21~605.51) 0.026 0.273
Left GC-ML-DG* 302.85+33.94 305.66+30.47 0.038 0413
Left CA3® 220.64+30.88 224.45+28.70 0.057 0.544
Left CA4* 263.68+30.81 266.43+25.95 0.033 0.540
Left fimbria® 73.76+12.14 74.97+17.36 0.085 0.505
Left HATA® 53.12+8.74 55.31+9.01 0.127 0.250
Right hippocampal tail“® 631.82+80.91 587.59+57.92 -0.277 0.003
Right subiculum®? 458.20 (428.99~495.10) | 477.03 (451.49~507.17) 0.097 0.038
Right CAI* 686.34 (637.64~715.96) | 698.59 (664.03~744.94) 0.093 0.132
Right hippocampal fissure®™® | 139.63 (124.36~167.12) | 173.16 (147.83~193.04) 0.369 <0.001
Right presubiculum® 289.97+37.08 294.99+38.17 0.049 0.581
(Continued)
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Table 3 (Continued).

KOA (n=36) HCs (n=25) Standardized g P
Right parasubiculum® 59.02+9.82 60.33£12.68 0.049 0.685
Right molecular layer HP® 592.32 (568.64~631.71) | 605.41 (580.36~636.97) 0.043 0.120
Right GC-ML-DG* 324.64+36.16 326.11+28.19 0.057 0.337
Right CA3“ 252.97+29.36 248.42+27.01 —0.049 0.604
Right CA4° 285.01+32.50 287.83+25.14 0.074 0.238
Right fimbria © 70.48+14.12 70.13£12.77 0.046 0.689
Right HATA 56.51+8.33 56.83+8.4I 0.054 0.656

Notes: *Mean + SD was used for statistical description, and a general linear model was carried out with age, gender, years of education, and
the volume of the left whole hippocampus as covariates. ®Median (25~75th percentile) was used for statistical description, and a generalized
linear model was carried out with age, gender, years of education, and the volume of the left whole hippocampus as covariates. “Mean + SD
was used for statistical description, and a general linear model was carried out with age, gender, years of education, and the volume of the
right whole hippocampus as covariates. “Median (25~75th percentile) was used for statistical description, and a generalized linear model was
carried out with age, gender, years of education and the volume of the right whole hippocampus as covariates. ®After corrected by FDR with
the Benjamini-Hochberg method, significant differences between groups were still observed.

Abbreviations: KOA, knee osteoarthritis; HCs, healthy controls; GC-ML-DG, molecular layer of the dentate gyrus; HATA, hippocampal

amygdala transition area.

relationships of hippocampal subfields, we included the visualization of hippocampal subfield segmentations for a single

subject in Figure S2.

Partial Correlation Analyses

In individuals with KOA, there was a significant negative correlation between the volume of the right hippocampal tail
and the number of correct responses in the DCT (r = —0.356, P = 0.049) (Figure 2A). Among HCs, the volume of the left
hippocampal fissure showed a significant negative association with the MoCA scores (r = —0.554, P = 0.009)
(Figure 2B), while both the volume of the right hippocampal tail (r = 0.643, P = 0.002) (Figure 2C) and right subiculum
(r =0.441, P = 0.045) (Figure 2D) exhibited significant positive associations with MoCA scores. Table S1 also showed
the result of partial correlation between cognitive scores and hippocampal subfield volume.

A B - .
Hippocampal tail Hippocampal tail*
HATA 700 | Subiculum HATA | 700 Subiculum*
600 600
500
Fimbria 400 CA1 Fimbria CA1
Hippocampal Hippocampal
CA4 Fissure* ohd Fissure**
CA3 Presubiculum CA3 Presubiculum
GC-ML-DG 1 Parasubiculum GC-ML-DG Parasubiculum
Molecular layer HP Molecular layer HP
KOA —o— HCs KOA —o— HCs
Figure | Radar charts of the hippocampal subfield volume in KOA individuals and HCs.

Notes: (A) In the left hippocampal subfields, a smaller hippocampal fissure volume was shown in KOA compared to HCs (P = 0.044). (B) In the right hippocampal subfields,
a larger volume of the hippocampal tail (P = 0.003), a smaller volume of the subiculum (P = 0.038), and the hippocampal fissure (P < 0.001) were shown in KOA. The unit of

volume is cubic millimeters. *P < 0.05, **P < 0.001.

Abbreviations: KOA, knee osteoarthritis; HCs, healthy controls; GC-ML-DG, molecular layer of the dentate gyrus; HATA, hippocampal amygdala transition area.
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Figure 2 Partial correlations in KOA individuals and HCs.

Notes: (A) In KOA individuals, the volume of the right hippocampal tail was negatively correlated with the number of correct responses in DCT (r = —0.356, P = 0.049). (B)
In HCs, the volume of the left hippocampal fissure was negatively associated with MoCA scores (r = —0.554, P = 0.009). (C) Also in HCs, the volume of the right
hippocampal tail showed a positive correlation with MoCA scores (r = 0.643, P = 0.002). (D) The volume of the right subiculum in HCs was positively associated with MoCA
scores (r = 0.441, P = 0.045). (E) In KOA individuals, KOOS-ADL scores were positively associated with MoCA scores (r = 0.444, P = 0.014). (F) In KOA, the volume of the
left hippocampal fissure was negatively correlated with TIM-3 levels (r = —0.404, P = 0.030).

Abbreviations: DCT-Correct responses, the number of digits of correct responses on the digit cancellation test; MoCA, the Montreal Cognitive Assessment; KOOS-ADL,
activities of daily living on the Knee injury and Osteoarthritis Outcome Score; TIM-3, T-cell immunoglobulin and mucin-domain containing-3 protein.

The partial correlation analysis revealed a significant positive association between the scores on the KOOS subtest of
ADL and MoCA scores (r = 0.444, P = 0.014) in individuals with KOA (Table S2, Figure 2E). Moreover, there was
a negative correlation observed between the volume of left hippocampal fissure and TIM-3 levels (r = —0.404, P = 0.030)
in KOA patients (Table S3, Figure 2F). No other significant associations were found in this study.

Discussion

This study compared cognitive function and hippocampal subfield volumes between individuals with KOA and HCs. The
findings revealed that individuals with KOA exhibited significant cognitive decline, particularly in global cognitive
function and attention, which was associated with impaired ADL. The study observed that KOA patients had a larger
volume in the right hippocampal tail and a smaller volume in the right hippocampal fissure, after applying FDR
correction. In the KOA group, we observed that a larger volume in the right hippocampal tail was linked to fewer
correct responses in the digit cancellation test. However, significant correlations were observed between the volume of
the right hippocampal tail/subiculum, the left hippocampal fissure, and the MoCA scores in HCs rather than in KOA.
Additionally, we found a significant negative association between the serum levels of TIM-3 and the volume of the left
hippocampal fissure. The results indicate that changes in certain subfields of the hippocampus and peripheral TIM-3
levels may be significant factors in the cognitive decline of individuals with KOA.

The analysis of cognitive differences between groups revealed that individuals with KOA exhibited poorer cognitive
performance compared to HCs, consistent with previous research findings.*’*® Additionally, our study identified
a significant decline in attention among KOA patients. Previous studies have suggested that attention decline in the
elderly is associated with chronic pain,®” which is one of the most common symptoms experienced by KOA patients.*° It
has been proposed that chronic pain may compete with other attention-demanding stimuli and impair top-down

attentional control mechanisms, consequently leading to attention impairment.*!
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In our study, KOA individuals showed a smaller volume of bilateral hippocampal fissure and a larger volume of right
hippocampal tail, indicating hypertrophy within the hippocampus. The hippocampal tail is part of the posterior
hippocampus.** The hippocampal fissure is a space that remains between the dentate gyrus, CA fields, and subiculum
of the hippocampus.*® The increased volume of hippocampal subfields may be associated with abnormal activation of
their function. A previous study confirmed that individuals with KOA exhibited higher fALFF values in the bilateral
hippocampus,'? demonstrating that the hippocampus is overactivated in KOA. In addition, expansion of microglial
territory and volume,** more dendritic branching, increased spine density,*> and inflammatory edema® may explain
volume changes in hippocampal subfields at the microscopic level. Further research is warranted to elucidate the
molecular mechanisms underlying these distinct changes.

Our study found a significant association between attention decline in KOA and a larger volume of the right
hippocampal tail, suggesting a relationship between the right hippocampal tail and attention impairment in this popula-
tion. The hippocampal tail is primarily activated during episodic memory retrieval, relying on internally focused attention
rather than encoding.*”*** Additionally, it is worth noting that attentional systems tend to exhibit lateralization towards
the right hemisphere,*” which aligns with our research findings.

Interestingly, our findings revealed a strong and significant positive relationship between the volume of the right
hippocampal tail and MoCA scores in the HC group, as well as between the right hippocampal subiculum and MoCA
scores. However, these correlations were not observed in the KOA group. Additionally, in the KOA group, the
correlation between the volume of the left hippocampal fissure and MoCA scores also disappeared. These findings
suggest that there may be other confounding factors at play, influencing the relationship between hippocampal subfields
and cognition in KOA patients.

One possible explanation for the disappearance of these correlations in the KOA group is the presence of other factors
that can impact the relationship between hippocampal subfields and cognitive function. For instance, previous studies
have reported that factors such as sensitization,’® tolerance,”’ and duration of pain®® are associated with changes in gray
matter volume. These factors may introduce complexity and disrupt the simple linear relationship between gray matter
volume and global cognition as measured by MoCA.

These findings highlight the need for further investigation to better understand the underlying mechanisms and
potential confounding factors that contribute to the relationship between hippocampal subfields and cognition in the
context of KOA. By elucidating these factors, we can gain a more comprehensive understanding of the complex interplay
between structural brain changes and cognitive function in KOA patients.

Regarding the relationship between pain intensity and cognition in KOA patients, our study did not observe
a significant association. These findings are consistent with previous research, such as the study conducted by Bell

et al,>?

which also reported no significant correlation between pain intensity and cognitive performance. However, it is
worth noting that some studies did find a dose-dependent relationship between pain intensity and cognitive impairment,
suggesting that higher levels of pain intensity may increase the risk of developing cognitive deficits.”*>> Therefore,
further investigations are warranted to explore how different levels of pain intensity may influence the association
between cognition and volume changes in hippocampal subfields. In KOA patients, long-term peripheral pain has been
observed to lead to central sensitization, which is characterized by increased sensitivity of primary nociceptors and
a disrupted balance between pain facilitation and inhibition.® This sensitization process is characterized by the
impairment of descending antinociceptive mechanisms and the enhancement of pain facilitation pathways.’’
Orthopedic interventions have been clinically recognized for their efficacy in alleviating the pain abnormalities asso-
ciated with this central sensitization.’®

Interestingly, our study did reveal a significant relationship between global cognition and activities of daily living in
KOA patients, which were influenced by the presence of KOA-related pain in various life scenarios. These findings
highlight the multifaceted impact of KOA pain on cognitive function and daily functioning, underscoring the need for
comprehensive management strategies that address both pain and cognitive impairments in KOA patients.

Furthermore, we observed atrophy in the right hippocampal subiculum. The subiculum, which lies beneath the dentate
gyrus and the CA fields, plays a crucial role in connecting the hippocampal system and cerebral cortex.”>” Gupta et al
discovered that mice with induced osteoarthritis and dementia exhibited a reduction in neuronal count.”® Additionally,
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researchers have reported that a smaller volume of the subiculum is associated with an increased risk of incident
dementia and suggests progression of Alzheimer’s disease based on the rate of volume loss.®"**> We propose that the
atrophy observed in our study within the right hippocampal subiculum may be linked to neuronal reduction. Further
investigations are necessary to validate our hypothesis.

As a prominent cytokine involved in inflammation and immune response, TIM-3 may have an impact on hippocampal
plasticity. Although serum levels of HCs were not measured in our study, a previous investigation reported higher serum
levels of TIM-3 in specific genotypes among individuals with KOA.? In our current study, elevated levels of TIM-3 in
KOA patients showed a significant association with reduced volume of the left hippocampal fissure (hypertrophy
surrounding the left hippocampal fissure). Recent research suggests that TIM-3 could serve as a crucial link between
neuroinflammation and microglia polarization, which is implicated in impaired neurogenesis within the
hippocampus.®*** We hypothesize that microglia polarization might induce the release of proinflammatory cytokines
such as TIM-3,%* subsequently impacting neural precursor proliferation within the hippocampus®® in KOA. Furthermore,
prior evidence has indicated that higher levels of certain proinflammatory cytokines in blood serum are associated with
poorer cognition,”® suggesting a potential connection between proinflammatory cytokines and cognitive function. Large-
scale studies are needed to validate this potential relationship specifically within individuals affected by KOA.

Maintaining awareness of cognitive decline in KOA patients had significant practical implications. For instance,
health education plays a pivotal role in the conservative management of elderly patients with KOA or hip OA.%®
However, cognitive decline in these patients might weaken the efficacy of rehabilitation. Therefore, future rehabilitation
plans for elderly patients with OA should have incorporated cognitive support strategies to enhance overall treatment
outcomes.

Notably, a limitation of this study was that it did not account for the impact of lifestyle differences on OA patients.
Increased physical activity has been shown to reduce inflammation and oxidative damage,®® whereas sleep fragmentation
and intermittent hypoxia may exacerbate inflammation and lead to cognitive dysfunction.” However, evidence linking
lifestyle to OA was inconsistent. Although some studies suggest that sleep disturbances may be associated with OA,
further evidence is needed.®® In addition, associations between physical activity and molecular biomarkers might be weak
or absent.®” Therefore, future studies should investigate the specific effects of lifestyle factors on cognitive function,
hippocampal subregion volume, and inflammatory factors in patients with OA. This research might help clarify the
complex relationships among these variables and provide a more comprehensive understanding of how lifestyle
influences OA.

The present study has certain limitations. First, the inadequate sample size included in this study may lead to unstable
research findings. Second, our cross-sectional design precludes longitudinal observation of hippocampal subfield
progression in KOA. Future investigations should involve large-scale, multi-center, and longitudinal studies to explore
both structural and functional changes occurring within hippocampal subfields during KOA progression. Additionally,
examining correlations between these changes and cognition as well as serum biomarkers would be beneficial.

Conclusion

In summary, our study has yielded compelling evidence of cognitive decline and the volume of hippocampal subfields
among patients with KOA. The hippocampal tail and hippocampal fissure exhibited reduced volume in KOA patients,
and these changes were associated with alterations in attention and serum TIM-3 levels, respectively. This finding offers
a theoretical basis for understanding cognitive decline in KOA. Further research is warranted to elucidate the potential
role of TIM-3 in driving changes within different hippocampal subfields. Meanwhile, serum TIM-3 and right hippo-
campal fissure/tail volume might be potential biomarkers for detecting cognitive decline in KOA patients. Further studies
are necessary for the investigation of this possibility.
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