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Abstract

Osteoarthritis (OA) is a highly prevalent joint disorder that is emerging as a global threat to health. OA is
associated with low-grade chronic systemic inflammation that can affect overall health, leading to a
sedentary lifestyle and potentially increased risk of neurological disorders (ND) such as Alzheimer's disease
(AD), Parkinson's disease (PD), and multiple sclerosis (MS). A meta-analysis was conducted following the
Preferred Reporting Items for 2020 Systematic Reviews and Meta-Analyses (PRISMA) guidelines. MEDLINE,
Web of Science, and Embase databases were searched to identify records. The inclusion criteria for this
analysis were original research articles reporting on OA and neurological disorder diagnoses (AD, PD, or MS)
with non-OA comparator groups. Logarithmic odds ratios (LORs) were calculated and input into a random-
effects meta-analysis using the restricted maximum-likelihood estimator. Subgroup analyses examined the
associations between OA, AD, PD, and MS. A subsequent meta-regression analysis was performed to explore
potential sources of heterogeneity, focusing on comorbidities and demographic factors. Publication bias was
evaluated using funnel plots, Egger's test, and trim-and-fill analysis. Nine studies were included in this
meta-analysis (six case-control designs, two cross-sectional designs, and one population-based cohort
design) of 1,837,716 cases. The pooled odds ratio (OR) indicated a significant association between OA and
ND diagnosis (OR = 1.246; confidence interval (CI): 1.01-1.53). Subsequent subgroup analyses were not
statistically significant but indicated an association with PD (OR = 1.31, CI: 0.80-2.12), MS (OR = 1.12, CI:
0.80-2.81), and AD (OR = 1.50, CI: 0.80-2.81). This meta-analysis revealed that individuals with OA have
approximately 25% higher odds of an accompanying ND diagnosis compared to those without OA.
Importantly, these findings represent statistical associations only and do not imply causation or
directionality but provide insight into factors, including shared risk factors, overlapping symptoms, or other
underlying mechanisms that may influence the observed relationships.

Categories: Neurology, Epidemiology/Public Health, Rheumatology
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Introduction And Background

Osteoarthritis (OA) is a prevalent degenerative joint disorder affecting over 595 million adults globally, with
cases projected to increase by 48%-95% from 2020 until 2050 [1]. OA is characterized by the breakdown of
cartilage, inflammation of the joints, and restructuring of bone tissue. While commonly linked to aging, hip
and knee OA can manifest as early as 18 years old, resulting in long-term pain, limited physical activity, and
reduced quality of life, making it a pressing issue across the lifespan [2]. Furthermore, persistent local
inflammation caused by OA can affect overall health and is associated with a sedentary lifestyle and
heightened risk of cardiovascular disease [3-5]. OA-induced mobility limitations can exacerbate the
management of comorbidities such as hypertension, diabetes, and blood lipid disorders, increasing patient
healthcare costs [6]. Thus, understanding the widespread impact of OA on overall health and its potential
interactions with other major health issues is vital for informing comprehensive patient care strategies and
enhancing long-term health outcomes.

Neurological disorders encompass a variety of conditions that may be either hereditary or idiopathic, leading
to gradual dysfunction or overactivation of nervous system structures [7]. Recent research has suggested
potential associations between OA and certain neurological diagnoses [8,9]. For instance, a meta-analysis
found that individuals diagnosed with OA have a 20% higher likelihood of also being diagnosed with
dementia compared to those without OA [10]. Moreover, higher associations have been observed in
individuals with lower extremity OA, particularly those with hip and knee OA, who are 41% more likely to
receive an accompanying diagnosis of Parkinson's disease (PD) [11]. While OA has been associated with an
increased likelihood of PD and dementia diagnosis, recent attention has also been drawn to its connection
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with other neurological disorders, such as Alzheimer's disease (AD) and multiple sclerosis (MS) [12,13].
These findings underscore the need for a comprehensive understanding of the quantitative association
between OA and neurological disorder diagnosis.

The emphasis on PD, AD, and MS concerning OA is warranted due to accumulating evidence. All three
conditions have been connected to chronic inflammation, oxidative stress, and immune dysregulation,
which are key factors in OA pathogenesis [14-16]. Additionally, systemic inflammation caused by OA is
associated with neuroinflammation [3,8]. Previous findings indicated that individuals with OA may be at an
increased risk of being diagnosed with AD, as they tend to have higher beta-amyloid and tau deposits in the
primary motor and somatosensory cortices [13]. There is also evidence that suggests individuals with
symptomatic OA and PD are at an increased risk of mortality due to OA-induced mobility disability [17]. On
the other hand, current evidence suggests that there is no association between OA and MS diagnosis [12].
Despite evidence suggesting no association, including MS in this analysis is a prudent approach as it
acknowledges the limitations of individual studies and the potential for population-specific findings. By
examining all three conditions collectively, this meta-analysis aims to provide a more complete picture of
the potential relationships between OA and neurological disorders.

The purpose of this study is to employ a meta-analytic approach to quantitatively evaluate if people
diagnosed with OA are at an increased risk of being diagnosed with neurological disorders such as PD, AD,
and MS compared to those without OA. By pooling data from multiple studies, this meta-analysis aims to
provide a more precise and comprehensive estimate of the association between OA and these conditions
while accounting for variations in study design, population characteristics, and methodological factors. This
approach allows for assessing the consistency and robustness of findings across different studies,
strengthening the evidence for the association between OA and neurological diagnoses.

Methods

Search Strategy

This meta-analysis was conducted per the 2020 Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines [18]. The search query was developed with the help of a librarian and an
associate professor from the Library Sciences Department at Auburn University. Two reviewers (BP and GR)
performed the electronic search using the following three databases: Web of Science (Clarivate), MEDLINE
(Ovid), and Embase (Elsevier). Search terms were Osteoarthritis AND Parkinson's, Osteoarthritis AND
Alzheimer’s, and Osteoarthritis AND Multiple Sclerosis. Search articles were limited to articles published in
English until May 2024, and medical subject heading (MeSH) terms and free-text words were used in our
search strategy (Table 1). Search results were exported as Research Information Systems files (.ris) and
imported into the Covidence Systematic Review Tool (Veritas Health Innovation, Melbourne, AU). Finally, all
duplicates were removed automatically and manually within Covidence.
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Databases Keywords Search Strategy Filters

Osteoarthritis, joint degeneration,

Parkinson's, Parkinson’s disease, exp Osteoarthritis OR Osteoarthritis OR Joint degeneration AND basal English,
Web of Parkinsonism, multiple sclerosis, ganglia OR parkinsonian disorders OR Lewy body disease OR Parkinson* full-text,
Science chronic progressive multiple disease OR secondary Parkinson OR multiple sclerosis OR chronic 1966-
(Clarivate)  sclerosis, relapsing-remitting progressive/or multiple sclerosis, relapsing-remitting OR Alzheimer* OR March

multiple sclerosis, Alzheimer’s, Alzheimer's disease 2023

Alzheimer’s disease

Osteoarthritis, joint degeneration, (‘osteoarthritis'/exp OR 'osteoarthritis' OR ‘joint degeneration'/exp OR 'joint
Parkinson's, Parkinson's disease, degeneration') AND (‘Alzheimer disease' OR 'Alzheimer') AND English,
MEDLINE Parkinsonism, multiple sclerosis, (‘osteoarthritis'/exp OR 'osteoarthritis' OR ‘joint degeneration'/exp OR 'joint full-text,
(Ovid) chronic progressive multiple degeneration') AND (‘'multiple sclerosis' OR 'progressive multiple sclerosis' 1966-
Vi
sclerosis, relapsing-remitting OR 'relapsing remitting multiple sclerosis') AND (‘osteoarthritis'/exp OR March
multiple sclerosis, Alzheimer’s, ‘osteoarthritis' OR 'joint degeneration'/exp OR ‘joint degeneration’) AND 2023
Alzheimer’s disease (‘parkinson disease' OR parkinsonism)
Osteoarthritis, joint degeneration, , . , e . L .
o, ) . (‘'osteoarthritis'/exp OR 'osteoarthritis' OR ‘joint degeneration'/exp OR 'joint
Parkison’s, parkinsonian, . . ) . .
) . . . degeneration') AND (‘Alzheimer disease' OR 'Alzheimer’) AND English,
Parkinson's disease, Parkinsonism, . . . i .
) . . (‘'osteoarthritis'/exp OR 'osteoarthritis' OR ‘joint degeneration'/exp OR ‘joint full-text,
multiple sclerosis, chronic ) . . . . .
Embase . . . degeneration') AND ('multiple sclerosis' OR 'progressive multiple sclerosis' 1966-
progressive multiple sclerosis, ) i L i N \ e
. L ) OR 'relapsing remitting multiple sclerosis') AND (‘osteoarthritis'/exp OR March
relapsing-remitting multiple , e . L . .
osteoarthritis' OR 'joint degeneration'/exp OR 'joint degeneration') AND 2023

sclerosis, Alzheimer's, Alzheimer's

) ('Parkinson disease' OR parkinsonism)
disease

TABLE 1: The search strategy used in each database with keywords and filter criteria

Inclusion/Exclusion Criteria and Screening Process

The inclusion criteria for this meta-analysis were original research, such as observational, case-control,
cross-sectional, population, or longitudinal designs. Additionally, included studies must have reported OA
and non-OA comparator groups or at least demographic information about these groups and report a
diagnosis of PD, MS, or AD. Reviews, editorials, commentaries, meta-analyses, and studies lacking either an
OA or non-OA comparator group were excluded from this meta-analysis. Articles that did not report on the
specified neurological disorders as exposures or outcomes were also excluded. The screening process was
performed within the Covidence platform. Two independent reviewers (BP and GR) screened all research
article titles and abstracts based on the inclusionary and exclusionary criteria. In the event of a
disagreement, all conflicts were resolved by a third reviewer (DB) in Covidence. Next, the full texts of all
potentially relevant articles were reviewed. Studies were included only if they met the following criteria:
reported diagnosis criteria for OA and neurological disease and provided data to dichotomized participants’
neurological disorder diagnosis within OA and non-OA groups. In case of any conflicts, a third reviewer (DB)
resolved them.

Study Selection

We employed a standardized data collection form using the form function within Microsoft Excel (Microsoft
Corporation, Redmond, Washington) to extract all relevant study information. Two reviewers (BP and GR)
extracted data, creating columns with data sources within the Excel file. We extracted country, study design,
the total number of individuals with both OA and a neurological disease, individuals with OA but without a
neurological disease, individuals with a neurological disease but without OA, and individuals without OA or
a neurological disease. Additionally, information on the neurological disease, the effect size, the type of
effect size, the 95% confidence interval (CI), how OA and neurological disease were confirmed, and any
additional notes on the joint-specific location of OA, the percentage of individuals under 50, the percentage
of individuals with diabetes, hypertension, hyperlipidemia, and the percentage of females in the population
were extracted. For studies reporting incidence rates, we calculated sample sizes for comparison groups
using the provided rates and population figures. For instance, in one study examining PD [12], we used
incidence rates of 124.1 and 67.1 per 100,000 for the OA and non-OA groups, respectively, both with
populations of 130,112. In another study [19] focusing on MS, we derived the number of individuals with
both OA and MS (approximately 69) using the reported incidence rate of 16.1 per 1000 person-years in a
population of 4,300 MS patients. The remaining MS patients without OA were calculated as the difference
between the total MS population and those with both conditions. These derived values were then used in our
meta-analysis to accurately represent event rates across studies.
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Effect Size Metric

The primary goal of this analysis was to determine if OA is associated with an increased risk of being
diagnosed with a neurological disorder. To accomplish this, natural logarithm calculations of the odds ratio
(logOR) as each study's effect size and variance (logOR variance) were calculated. The logOR was selected in
lieu of the log risk ratio because it measures the magnitude of the effect independently of the prevalence of
the outcome in the study [20,21]. The formulas for the logOR and logOR variance are as follows:

andlogO Rvariance = 1/A+1/B +1/C + 1/ D, where A
represents the total number of people with OA who reported a neurological disorder, B represents the total
number of people with OA who did not report a neurological disorder, C represents the total number of
people without OA who did report a neurological disorder, and D represents the total number of people
without OA who did not report a neurological disorder. Finally, the logOR was converted back to an OR for
all interpretations.

Meta-Analysis

The present meta-analysis used a weighted random-effects (RE) model with the restricted maximum-
likelihood estimator (REML) developed by Viechtbauer in 2005 [22]. The estimated amount of heterogeneity

across studies was measured using the estimated tau-squared (Tz). The Q-test for heterogeneity was also
reported, computed by the sum of weights for each study multiplied by the study effect size minus the mean

effect of all studies squared [23]. Additionally, the 12 statistic representing the extent of true heterogeneity
by dividing the difference between the Q and degrees of freedom by the Q and multiplying it by 100 to get a

percentage was reported [24]. If any amount of heterogeneity was detected (i.e., 2> 0), a prediction interval
for the true outcomes was provided [25]. A subgroup moderator analysis was conducted to determine the
effect of each neurological disorder. We conducted a meta-regression analysis to explore the potential
sources of heterogeneity and investigate the impact of study-level characteristics on the observed effect
sizes. We used a mixed-effects model with REML estimation. The dependent variable was the OR of the
study's impact on neurological disorder diagnosis. Independent variables were the percentages of patients
who reported comorbidities such as diabetes mellitus, lipid disorders (dyslipidemia, hypercholesterolemia,
or dyslipidemia), hypertension, and the percentage of female participants. Finally, sensitivity analyses and

exploratory meta-regressions were conducted if the I2 for the overall effect was considered high following
the subgroup analysis.

Risk of Publication Bias, Sensitivity Analysis, and Outlier Detection

Studentized residuals and Cook's distances were used to examine whether any studies were outliers and/or
influential in the context of the model. Studies with a studentized residual larger than the
100x%(1-0.05/(2xk))th percentile of a standard normal distribution as potential outliers (using a Bonferroni
correction with two-sided a= 0.05 for the number of studies included in the meta-analysis represent by k)
were considered. Studies with a Cook's distance larger than the median plus six times the interquartile range
of the Cook's distances as influential were considered [26]. To check for funnel plot asymmetry, the rank
correlation and regression tests were implemented using the standard error of the observed outcomes as
predictors [27,28].

Statistical Analysis

The data extracted from each study were stored in Microsoft Excel for Microsoft 365 MSO (Version 2403
Build 16.0.17425.20176) 64-bit. All statistical analyses and visualizations in this meta-analysis were
conducted in R studio (Posit Software, version 2023.12.0, PBC, Build 369, Boston, Massachusetts) using R
(version 4.3.1) (R Core Team 2020, Vienna, Austria) and the metafor package (version 4.6.0) [29].

Protocol Registration

This meta-analysis protocol was retrospectively registered on the Open Science Framework (OSF) on July 10,
2024 (tmup7). While prospective registration is ideal, this retrospective registration aims to enhance the
transparency and reproducibility of our research process.

Review
Results

Search Results

A total of 783 studies were found following the initial search. After the removal of 334 duplicates, 449
potential studies were left. Two blinded reviewers used the Covidence Systematic Review tool to rate the
studies based on detailed inclusion and exclusion criteria. Only studies where both reviewers agreed were
moved to full-text review. A third party resolved any conflicts between the reviewers before progressing to
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full-text review (DB). Only 37 studies were eligible for full-text review following abstract title and screening.
Of these, only nine studies remained eligible for data extraction [11,12,30-35]. A total of 28 studies were
excluded for various reasons, including not having the correct comparator and not exclusively reporting on
OA and non-OA groups [10,17,356-58]. Figure I illustrates the PRISMA flow diagram of our study selection
process, which was generated using the PRISMA flow diagram tool [59].

Identification of new studies via databases and registers

c Records identified from: Records removed before screening:
2 ngal;:';s; ((:2 (=n7—8::5)(:)1) Duplicate records (n = 334)
8 = Records marked as ineligible by automation
= PEubMed (n=242) tools (n = 334)
o mbase (n = 40) . N
] Registers (n = 0) Records removed for other reasons (n = 0)
Records screened Records excluded
(n = 449) (n=412)
2 Reports sought for retrieval Reports not retrieved
£ (n=37) (n=0)
§
8
Reports excluded:
Reports assessed for eligibility Did Not Report Specified ND (n = 13)
(n=37) No OA or Non-OA Comparator Group (n = 8)
Wrong Study Design (n =7)
New studies included in review
k: n=9)
©
3 Reports of new included studies
& (n=9)

FIGURE 1: PRISMA flow diagram adapted from the PRISMA 2020
guidelines

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Study Characteristics

The present meta-analysis includes studies conducted between 2015 and 2022 involving 1,837,716 cases
from Germany, Spain, Taiwan, the United Kingdom, and the United States. Of the nine studies, six were
case-control, two were cross-sectional, and one was a population-based cohort design (Table 2). All studies
provided data to extrapolate the prevalence of OA and non-OA groups and the occurrence of neurological
diseases in each respective group. The female cases accounted for 63.6% (1,168,481) of all participants
across all studies, which aligns with the known factors contributing to OA. Interestingly, only 14.5%
(265,754) of all cases were in individuals below the age of 50. Most of the studies included revealed
comorbidities across both groups, including diabetes mellitus 14.2% (260,271), hypertension 31.8%
(584,271), and lipid disorders, such as dyslipidemia, hyperlipidemia or hypercholesterolemia, at 22.1%
(405,492).
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Study

Huang SW, Wang WT, Chou LC, et al.[32]
lkram M, Innes K, Sambamoorthi U[33]
Jacob L, Smith L, Koyanagi A, et al.[11]

Tortajada-Soler M, Sanchez-Valdeon L,
Blanco-Nistal M, et al. [19]

Wang JH, Wu YJ, Tee BL, et al.[35]
Peterson MD, Lin P, Kamdar N, et al.[34]
Chou JJ, Kuo CF, Tanasescu, et al.[30]
Feng SH, Chuang HJ, Yeh KC, et al.[31]

Jacob L, Smith L, Koyanagi A, et al.[12]

Year

2015

2019

2021

2020

2018

2022

2020

2022

2021

Design Count Sample
. = Size
cC Taiwan 105,447
Cs USA 25,009
PB UK 260,224
CS Spain 200
cC Taiwan 7,854
CsS USA 1,351,156
Ccs UK 12,506
cC Taiwan 66,720
cC Germany 8,600

NDD

PD

AD

PD

AD

AD

MS

PD

MS

DM Hypertension

(%)

25.9
26.7

8.7

19.5

23.7
10.8
1.6

10.7

(%)

55.3
0

60.7

57.5

53.4
28.2
8.7

22.4

Lipid
Disorder
(%)

31.7
67.7

7.8

42

18.3
19.1
29

9.2

TABLE 2: Included Study Characteristics with total sample size and reported comorbidities

CC: case-control; CS: cross-sectional; PB: population-based cohort; NDD: neurological disorder diagnosis; DM: diabetes mellitus; lipid disorders:

dyslipidemia, hyperlipidemia, or hypercholesterolemia.

Female
(%)
63.2
59.9

62

61

59

62.3
70.9
64.7

69.3

Meta-Analysis

A weighted RE model using REML, comprising nine studies with 1,854,194 participants, revealed a

significant association between OA and the risk of being diagnosed with a neurological disorder, as depicted
in Figure 2. The pooled OR was 1.24 (95% CI: 1.01-1.53, p <.05), indicating that individuals with OA have a

24% higher odds of being diagnosed with a neurological disorder than those without OA. However,

substantial heterogeneity was observed among the studies (I2 =95.6%, Q = 72.02, df(8), p <.001). Individual
study ORs ranged from 0.80 (95% CI: 0.66-0.96) to 3.55 (95% CI: 1.57-8.05). Five studies reported

statistically significant positive associations, while four showed no significant association or a slight

negative trend. The largest study by Peterson et al. [34], which included 1,351,156 participants, reported an
OR of 1.38 (95% CI: 1.32-1.45), aligning closely with the overall effect estimate. The study by Tortajada-Soler
et al. [19], despite its smaller sample size, demonstrated the largest effect estimate(OR = 3.55, 95% CI: 1.57-

8.05). These findings suggest a complex relationship between OA and the neurological disorder diagnosis

risk, with considerable variability across studies that warrant further investigation into potential moderating

factors.
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on NoOA
Author(s) and Year OA+ND(n)  OA-ND(n) NoOA+ND (1) No OA = ND (n) 0dds Ratio [95% CI)
Huang SW, Wang WT, Chou LC, et al. [32}, 2015 1283 33866 1745 68553 - 1.49[1.38, 1.60]
Tkram M, Innes K, Sambamoorthi U [33], 2019 178 5948 549 18334 HH 1.00(0.84,1.19)
Jacob L, Smith L, Koyanagi, A, et al. [11], 2021 162 129950 87 130025 . 1.86 (1.4, 2.42)
Tortajada-Soler M, Sanchez-Valdeon L, etal. [19), 2020 2 74 0 o — 3.55[1.57,8.05]
Wang JH, Wu YJ, Tee BL, et al. 35], 2018 1001 1617 1677 3559 - 1.31[1.19, 1.45]
Peterson MD, Lin P, Kamdar N, et al. [34], 2022 2041 249266 6474, 1093375 - 1.38[1.32, 1.45)
Chou JJ, Kuo CF, Tanasescu, et al. [30], 2020 63 260 2463 9720 .— 0.96[0.72, 1.26]
Feng SH, Chuang HJ, Yeh KC, et al. [31], 2022 205 33155 256 33104 - 0.80[0.66, 0.96]
Jacob L, Smith L, Koyanagi A, et al. [12], 2021 69 4231 72 4228 e 0.96[0.69, 1.34]
RE Model (Q = 72.02, df = 8, p < 0.001; I = 95.6%, t* = 0.08) - 1.24[1.01,153]
| N I |

Odds Ratio (log scale)

FIGURE 2: Forest plot of the random-effects meta-analysis

The forest plot of the random-effects meta-analysis examines the risk of being diagnosed with a neurological
disorder in people diagnosed with OA compared to those without osteoarthritis (OA) using the odds ratio

(OR). The forest plot displays the individual study estimates, their corresponding confidence intervals, and the
pooled effect for all studies. A pooled effect of >1 indicates an increased risk of being diagnosed with a
neurological disorder in people diagnosed with OA (OR = 1.24). The Q-test was statistically significant, suggesting
that the true outcomes are heterogenous, Q(8) = 72.02, p < .0001. The estimated amount of total heterogeneity

() is 0.08. The 12 is 95.6%, indicating that most variability is due to heterogeneity between studies rather than
sampling variability. A 95% prediction interval for the true outcomes ranges from -0.19 to 0.81. OA+ND represents
individuals with OA and a neurological diagnosis; OA-ND represents individuals with OA and without a
neurological diagnosis; No OA + ND represents individuals without OA but with a neurological disorder diagnosis;
and No OA-ND represents individuals without OA and no neurological diagnosis.

Subgroup Analysis

The subgroup analysis revealed varying associations between OA, PD, MS, and AD (illustrated in Figure 3).
For PD, the RE model yielded a pooled OR of 1.30 (95% CI: 0.80, 2.12), indicating a potential positive
association, albeit not statistically significant. Heterogeneity was substantial (I2 =96.3%,12=0.18, p <.001).
For MS, the RE model showed a pooled OR of 1.09 (95% CI: 0.86, 1.47), also not reaching statistical
significance. Moderate heterogeneity was observed (I2 =77.6%, 1% =0.04, p =.004). AD demonstrated the
strongest association with OA, with the RE model producing a pooled OR of 1.50 (95% CI: 0.80, 2.81),
although the wide CI suggests considerable uncertainty. Heterogeneity for this subgroup was high (2=
96.5%, 12 = 0.26, p = .001). The overall pooled effect across all studies using the RE model indicated a
significant positive association between OA and these neurological disorders (OR = 1.24 CI: 1.01, 1.53, p <
.001), with substantial heterogeneity (I* = 95.6%, T2 = 0.08). These results suggest a potential link between
OA and neurodegenerative disorders, particularly PD and AD. However, the high heterogeneity and wide CIs
warrant cautious interpretation and indicate the need for further research to elucidate these relationships.
The consistent use of RE models across subgroups accounts for the observed heterogeneity, providing more
conservative estimates of the associations.
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oA No OA

Author(s) and Year OA+ND 0A-ND No OA*ND  No OA-ND 0dds Ratio [95% CI]
Parkinson's Disease
Feng SH, Chuang HJ, Yeh KC, etal. [31], 2022 205 33155 256 33104 .- 0.80[0.66, 0.96]
Jacob L, Smith L, Koyanagi, A, et al. [11], 2021 162 129950 87 130025 e 1.86 (1.4, 2.42)
Huang SW, Wang WT, Chou LC, et al. [32], 2015 1283 33866 1745 68553 - 1.49(1.38, 1.60]
RE Model for Subgroup (Q = 42.76, df = 2, p < 0.001; I = 96.3%, ©* = 0.18) —— 1.30(0.80, 2.12]
Multiple Sclerosis
Jacob L, Smith L, Koyanagi A, et al. [12], 2021 69 4231 72 4228 —— 096[0.69, 1.34]
Chou JJ, Kuo CF, Tanasescu, et al. [30], 2020 63 260 2463 9720 —a— 0.96[0.72, 1.26]
Peterson MD, Lin P, Kamdar N, et al. [34], 2022 2041 249266 6474 1093375 - 1.38(1.32, 1.45]
RE Model for Subgroup (Q = 10.82, df = 2, p = 0.004; I* = 77.6%, 7 = 0.04) - 1.12[0.86, 1.47)
Alzheimer's Disease
Wang JH, Wu YJ, Tee BL, et al. [35), 2018 1001 1617 1677 3559 - 1.31[1.19, 1.45]
Tortajada-Soler M, Sanchez-Valdeon L, et al. [19], 2020 26 74 9 91 — 3.55(1.57, 8.05]
Ikram M, Innes K, Sambamoorthi U (33, 2019 178 5948 549 18334 - 1.00(0.84, 1.19]
RE Model for Subgroup (Q = 13.77, df = 2, p = 0.001; I” = 96.5%, ¥’ = 0.26) —— 1,50 0.80, 2.81]
RE Model for Al Studies (Q = 72.02, df = 8, p < 0.001; I’ = 95.6%, 7* = 0.08) - 1.24[1.01,1.53]
Test for Subgroup Differences: Qy, = 0.64, df =2, p = 0.73
r T 1
005 025 1 4

Odds Ratio (log scale)

FIGURE 3: Forest plot of the subgroup analysis by neurological
disorder

Forest plot of the association between osteoarthritis (OA) and neurological disorders, namely Parkinson's disease
(PD), multiple sclerosis (MS), and Alzheimer's disease (AD). OA+ND represents individuals with OAand a
neurological diagnosis; OA-ND represents individuals with OA and without a neurological diagnosis; No OA + ND
represents individuals without OA but with a neurological disorder diagnosis; and No OA-ND represents
individuals without OA and no neurological diagnosis. The forest plot shows individual study odds ratios (OR) and
95% confidence intervals (Cl), as well as pooled estimates for each subgroup and overall. The diamond shapes
indicate pooled estimates, and the horizontal lines represent 95% Cls for individual studies. The vertical dashed
line represents an OR of 1 (no association). Values to the right of this line indicate increased odds of neurological
disorders in OA patients, while values to the left indicate decreased odds.

RE model: random-effects model.

Meta-Regression

The meta-regression analysis revealed a significant association between OR and the percentage of patients
who reported hypertension. The overall model was statistically significant (Q = 10.97 (1), p < .001),

explaining 65.7% of the observed heterogeneity R2= 0.657). The percentage of people with hypertension
emerged as a significant moderator (8 = 0.001, SE = 0.003, p < .001), indicating that as the percentage of
people who were diagnosed with hypertension increased, the risk of being diagnosed with a neurological
disorder increased. The percentage of patients with diabetes mellitus, lipid disorders, or female was not
significantly associated with an increased risk of neurologic disorder diagnosis. The strong association
between hypertension prevalence and increased odds of neurological disorder diagnosis in OA patients
highlights the importance of cardiovascular health in the context of both musculoskeletal and neurological
conditions. This finding highlights the potential for shared pathophysiological mechanisms or risk factors
between hypertension and neurological disorders in OA patients. Figure 4 depicts a paneled image of the
meta-regression analyses.
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FIGURE 4: Meta-regression analysis of the association of osteoarthritis
and neurological disorders for other moderators

(A) Relationship between the reported percentage of people with diabetes and the odds ratio of neurological
disorders. (B) Relationship between the reported percentage of people with hypertension and the odds ratio of
neurological disorders. (C) Relationship between the reported percentage of people with lipid disorder(s) and the
odds ratio of neurological disorders. (D) Relationship between the reported percentage of female patients and the
odds ratio of neurological disorders. Each panel shows individual studies (gray circles), the regression line (solid
black line), and the 95% confidence interval (shaded area). The horizontal gray line represents an odds ratio of 1
(no effect). The size of each circle is proportional to the study's weight in the meta-analysis.

Publication Bias, Outlier Detection, and Sensitivity Analysis

In order to account for publication bias and potential outliers, we performed a secondary outlier detection
and sensitivity analysis. The funnel plot in Figure 5 is symmetrical, indicating no strong publication bias.
Additionally, the studentized residuals were examined, and none of the studies had a value larger than
+2.6901, indicating the absence of outliers in the model. According to Cook's distances, none of the studies
could be considered overly influential. Both the rank correlation and regression test did not indicate funnel
plot asymmetry (p =.77 and p = .13, respectively).
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FIGURE 5:

Log Odds Ratio

Funnel plot of study estimates

The image depicts a funnel plot of the nine studies included in this meta-analysis. The inverted funnel shape
represents the expected distribution of the studies without publication bias. Each point represents a study: the y-
axis is a measure of precision reported as standard error, and the x-axis is the log odds ratio for each study. The
shaded regions represent the different levels of statistical significance for each study. The unshaded area in the
middle of the plot corresponds with p-values of .10 or greater, while the areas outside of the funnel correspond
with a p-value less than .01. No imputed studies are present, suggesting relative symmetry in the distribution of

study effects.

Table 3 presents the results of the sensitivity and influence analyses for each study included in this meta-
analysis. No extreme outliers were apparent, suggesting the REML model fit is consistent (Figure 6).

IS[:udy Author rstudent dffits cook
1 Huang SW, Wang WT, Chou LC, et al.[32] 0.61 0.21 0.05
2 lkram M, Innes K, Sambamoorthi U[33] -0.74 -0.30 0.10
3 Jacob L, Smith L, Koyanagi A, et al.[11] 1.50 0.57 0.26
4 T?najada-SoIer M, Sanchez-Valdeon L, Blanco- 219 045 0419
Nistal M, et al. [19]
5] Wang JH, Wu YJ, Tee BL, et al.[35] 0.16 0.02 0.00
6 Peterson MD, Lin P, Kamdar N, et al.[34] 0.34 0.09 0.01
7 Chou JJ, Kuo CF, Tanasescu, et al.[30] -0.84 -0.31 0.10
8 Feng SH, Chuang HJ, Yeh KC, et al.[31] -1.81 -0.60 0.26
9 Jacob L, Smith L, Koyanagi A, et al.[12] -0.80 -0.29 0.09

TABLE 3: Sensitivity and influence analyses

.d cov.r tau2.del QE.del hat weight dfbs
129  0.10 62.65 0.13 13.16  0.21
128  0.10 59.89 0.12 12.26

0.30
0.90 0.07 6594 0.11 11.06 0.57
0.84 0.07 66.60 0.04 437 048
140 0.11 7174 013 1299 0.02
138 0.10 69.82 0.13 13.27 0.09
121 0. A3 011 107
0.09 66.13 079 .,
81 0. 4011 042 1211
0.81 0.06 0 0 0.60
121 0. 7.94 010 997
0.09 67.94 010 9.9 0.29

rstudent: residuals; dffits: differences in fit(s); dfbetas: differences in betas; cook.d: Cook's distance; cov.r: covariance ratio; tau2.del: tau-squared deletion
diagnostics; QE.del: QE deletion diagnostics; hat: leverage.
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FIGURE 6: Plots of influence and sensitivity analysis outcomes

Residuals (rstudent) were relatively stable across studies, with minor fluctuation. Differences in fit(s) (dffits)
indicate that no study was overly influential in the model, although fluctuations are observed. Differences in betas
(dfbetas) depict small, consistent values across iterations, indicating no single iteration has an overly large
influence on the model coefficients. Cook's distance (cook.d) indicated some visible variations, with peaks around
studies 3-4 and 8-9. However, values remain below 1, suggesting no severely influential points. The covariance
ratio (cov.r) fluctuated around 1 (the dotted line), with some dips below 1, indicating some studies may slightly
affect the precision of coefficient estimates. Tau-squared deletion diagnostics (tau2.del) indicate some variability,
with notable dips in studies 3-4 and 8. This suggests that these studies may affect the between-study variance
estimate. QE deletion diagnostics (QE.del) was mostly stable with a sharp drop at study 8, indicating this iteration
may significantly influence the heterogeneity statistic. Leverage (hat) is very stable across all iterations,
suggesting a consistent influence of each data point on the fitted values. The weights were highly consistent
across iterations, indicating stable weighting of studies in the meta-analysis.

Discussion

This meta-analysis investigated the relationship between OA and the association of neurological

disorder diagnosis. Our analysis revealed three key findings: individuals with OA have an approximately 25%
higher likelihood of being diagnosed with PD, AD, or MS. The subgroup analysis of these neurological
disorders revealed that AD had the strongest association with OA (50% increased risk), followed by PD (30%)
and MS (12%) but were not statistically significant. Hypertension emerged as a significant factor in the
relationship between OA and neurological disorder diagnosis. These findings underscore the complexity
between OA, neurological diagnoses, and cardiovascular health.

These results support the hypothesis that local inflammation observed in OA may contribute to systemic
inflammation, which is associated with increased neurological disorder diagnosis [60-62]. This aligns with a
previous meta-analysis by Weber et al., which linked OA to an increased risk of dementia [10]. The chronic
inflammation and systemic effects associated with OA, characterized by elevated levels of pro-inflammatory
markers such as interleukins, tumor necrosis factors, and C-reactive proteins, may be crucial in exacerbating
neuroinflammation and increasing the risk of neurological disorder diagnosis [7,63]. The potential
mechanisms linking OA and neurological disorders merit further discussion. Chronic systemic inflammation
associated with OA may increase blood-brain barrier permeability, allowing pro-inflammatory molecules to
enter the central nervous system [8]. This permeability could trigger or exacerbate neuroinflammatory
processes, contributing to the development or progression of neurological disorders [8]. Additionally, shared
risk factors such as oxidative stress and mitochondrial dysfunction may play a role in both OA and
neurodegenerative processes [3,64,65].

The varied strength of association between OA and different neurological disorders (AD > PD > MS) may be
due to shared genetic factors and inflammatory pathways [13,66]. For instance, the apolipoprotein E (Apo-E)
gene variants, especially e4, have been linked to both OA development and increased AD risk, potentially
explaining the stronger association with AD [13,67]. Microglial-mediated inflammatory reactions have also
been identified as contributing factors in both conditions. Cai et al.'s work in 2022 further supports a
potential relationship between PD and OA through their recent Mendelian randomization study [66].
Moreover, Sun et al. discussed the potential links between peripheral inflammation and the coexistence of
AD [8]. Specific genetic variants have also been implicated in glial activity and amyloid-beta processing in
AD plaques, highlighting the association of inflammation in AD pathology [13,15,68]. The weaker
association with MS might indicate a less direct neuroinflammatory link or the involvement of other
pathological mechanisms.
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Interestingly, our analysis did not find significant associations between OA and other factors such as
diabetes mellitus, lipid disorders, or sex. Our meta-regression findings suggest that the link between OA and
neurological disorder diagnosis may be primarily mediated through inflammatory pathways and
cardiovascular health, as evidenced by the significant moderating effect of hypertension [69,70]. However, it
is important to note that these findings do not rule out the potential influence of other confounding factors
not captured in our analysis. OA, specifically within the lower extremities, often leads to limited mobility,
resulting in a sedentary lifestyle that exacerbates hypertension. Moreover, hypertension itself may affect
microvascular function, impacting joint health and disrupting the blood flow to other areas of the body
[71,72]. Exploring vascular health markers such as flow-mediated dilation as predictors of OA progression
and neurological risks could provide valuable tools for early intervention and prevention strategies

[72]. Future research should prioritize the development of mobility-centric interventions that
simultaneously address joint health, cardiovascular function, and neurological outcomes in OA patients.

Recent evidence suggests that OA itself may have neurological underpinnings. McDougall (2019) postulated
that OA could be conceptualized as a neurological disease, emphasizing the role of the joint nervous system
in maintaining articular homeostasis [73]. This hypothesis is supported by observations of compromised
neurovascular control in OA, resulting in altered blood supply and subsequent decline in joint tissue
integrity [73]. The vascular dysfunction associated with hypertension may not only contribute to joint
degeneration in OA but also increase the risk of cerebrovascular events and potentially exacerbate or
contribute to the development of various neurological conditions, including vascular dementia.
Furthermore, McDougall's work highlighted that chronic pain in OA can induce neuroplastic changes in pain
pathways and alter brain morphology and activity.

Our meta-regression analysis indicated that hypertension was the primary source of the heterogeneity
observed in our primary analysis. Hypertension explains 65.7% of the observed heterogeneity, which
uncovered this key factor influencing the strength of the association between OA and neurological disorders
diagnosis risk. While this finding does not alter the statistical significance of our pooled estimate, it provides
important context for interpreting and applying our results. Essentially, our meta-regression suggests that
the association between OA and neurological disorders varies systematically with the prevalence of
hypertension rather than being consistent across all populations or studies. This insight enables a more
conservative and precise interpretation of our pooled estimate, meaning the risk of neurological disorders
diagnosis in OA patients is likely higher in populations with higher hypertension prevalence and potentially
lower in those with lower prevalence. To mitigate any remaining heterogeneity, consistent reporting of
clinical, lifestyle, and demographic factors would improve the accuracy of the pooled estimate. Additionally,
providing details on the specific site of OA and the duration of OA or ND diagnosis could further address any
remaining heterogeneity. These findings further highlight the importance of understanding the shared
pathophysiological mechanisms or risk factors between hypertension and neurological disorders in OA
patients.

Our study has several strengths and limitations. Our strengths include a comprehensive systematic literature
review following the 2020 PRISMA guidelines, a professionally developed search strategy, and blinded review
processes to prevent bias. All included studies were retrospective with large sample sizes and had both OA
and non-OA comparators. However, there are limitations, including a relatively small number of studies
meeting our strict inclusion criteria, which may have limited our ability to perform more extensive subgroup
analyses. We also did not investigate site-specific reporting to determine if the site of OA (i.e., upper or
lower extremity) moderated neurological disorder diagnosis risk. Finally, these limitations may affect the
generalizability of our findings in the context of site-specific OA.

Clinically, these findings emphasize the importance of neurological health monitoring in OA patients and
suggest that managing cardiovascular risk factors, particularly hypertension, may be required in mitigating
neurological risks in this population. Practitioners should consider incorporating cognitive assessments and
neurological screenings into the routine care of OA patients, especially those with hypertension. Moreover,
our research underscores the importance of patient education that acknowledges the cognitive effects of OA.
Including patient education could facilitate early intervention and identification of neurological disorder
risk factors, thereby improving patient outcomes.

Conclusions

In conclusion, our meta-analysis reveals a significant association between OA and an increased risk of
neurological disorder diagnosis, specifically AD, PD, and MS. Individuals with OA were found to have an
approximately 25% higher likelihood of being diagnosed with these neurological disorders than those
without OA. Importantly, this relationship was moderated by hypertension, suggesting a complex interplay
between OA, cardiovascular health, and neurological disorder risk. These findings underscore the
importance of considering OA's broader impact on physical and neurological health. While our findings
reveal an increased risk between OA and neurological disorder diagnoses, we cannot infer causality from
these retrospective studies. Future research should focus on longitudinal studies to elucidate potential
causal mechanisms and explore the interactions between OA, cardiovascular function, and neurological
disorder diagnosis risk. These efforts could inform the development of targeted screening protocols and
integrated management strategies for individuals with OA who are at increased risk of a neurological
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