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Abstract 

Background/Objectives: Lower-limb total joint arthroplasty (TJA) has been associated with 

neuroprotective effects, including reduced incidence of dementia and Parkinson disease. Whether 

these effects are mediated by restored ambulation (specific to lower-limb surgery) or by the systemic 

anti-inflammatory consequences of arthroplasty (shared by all joint replacement procedures) remains 

undetermined. We used total shoulder replacement (TSR) as a negative control comparator to 

interrogate this mechanistic question. Methods: Using the TriNetX US Collaborative Network (114 

million patients), we constructed propensity score-matched cohorts comparing TSR patients to total 

knee arthroplasty (TKA) patients (66,038 per group) following a 730-day lag period. Five pre-

specified outcomes were tracked: incident dementia, sarcopenia, Parkinson disease, cataract (active 

positive control), and elevated C-reactive protein (CRP). Matching balanced 18 demographic and 

comorbidity covariates. Kaplan–Meier survival analysis with log-rank testing and Cox proportional 

hazards regression were performed. Results: After propensity matching, TSR and TKA groups were 

balanced on all covariates (standardized mean differences <0.10 for all 18 variables). Compared to 

TKA, TSR patients showed no significant reduction in incident dementia (HR = 1.63, 95% CI: 0.75–

3.55, p = 0.217) or sarcopenia (HR = 1.32, 95% CI: 0.72–2.45, p = 0.369). Notably, TSR patients had 

significantly higher rates of incident Parkinson disease (HR = 1.24, 95% CI: 1.08–1.41, p = 0.002) and 

more frequent CRP elevation (HR = 1.13, 95% CI: 1.06–1.21, p < 0.001) than TKA patients. The cataract 

control outcome did not differ between groups (HR = 0.98, 95% CI: 0.89–1.08, p = 0.698). Conclusions: 

TSR does not replicate the neuroprotective effects associated with lower-limb TJA, and is associated 

with greater inflammatory burden and higher Parkinson disease incidence than TKA after careful 

propensity matching. These findings support the hypothesis that restored ambulation—rather than 

surgical anti-inflammatory effects alone—is the primary mediator of neuroprotection following 

lower-limb arthroplasty, with important implications for understanding the biology of exercise-

dependent neuroprotection. 

Keywords: total shoulder replacement; total knee arthroplasty; neuroprotection; dementia; 

Parkinson disease; propensity score matching; negative control; ambulation; sarcopenia; TriNetX 

 

1. Introduction 

The global prevalence of dementia is projected to exceed 150 million cases by 2050, with 

Parkinson disease and sarcopenia imposing parallel burdens on aging populations [1–3]. As life 

expectancy extends and populations age, identifying modifiable risk factors for neurodegenerative 
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and musculoskeletal deterioration has become a public health priority. Total joint arthroplasty (TJA), 

performed over one million times annually in the United States, has historically been evaluated as a 

procedure for pain relief and functional restoration [4–6]. Emerging evidence, however, suggests that 

lower-limb TJA may carry neurobiological consequences extending beyond the musculoskeletal 

system. 

Our research group and collaborators have demonstrated, in companion analyses using the 

TriNetX US Collaborative Network, that lower-limb TJA—specifically total hip arthroplasty (THA) 

and TKA—is associated with significantly reduced subsequent incidence of dementia and Parkinson 

disease compared to non-surgical management of osteoarthritis [7]. A second companion study 

further demonstrates differential neuroprotective magnitudes between THA and TKA, suggesting 

that the mechanism is not simply joint replacement per se but may depend on the specific 

biomechanical and functional consequences of each procedure [8]. These associations have been 

proposed to reflect one or more of the following mechanisms: (1) restoration of ambulation and 

physical activity, reversing sedentary-state neuroinflammation and cholinergic hypofunction; (2) 

elimination of chronic joint-derived inflammatory signaling, reducing systemic and 

neuroinflammatory burden; (3) correction of pain-driven dysregulation of the hypothalamic–

pituitary–adrenal axis; or (4) reduction of opioid dependence, which carries its own cognitive risks 

[9–11]. Critically, no study has cleanly dissociated the contribution of restored ambulation from the 

anti-inflammatory consequences of surgery itself. 

Total shoulder replacement (TSR), employing a glenohumeral joint prosthesis, offers a 

methodologically powerful negative control for this question. TSR addresses osteoarthritis of a major 

joint—triggering comparable perioperative inflammatory responses, anesthetic exposures, and 

analgesic requirements to lower-limb TJA—but does not restore weight-bearing ambulation. Patients 

recovering from TSR achieve upper-extremity functional restoration but do not regain the capacity 

for increased bipedal mobility that THA and TKA are thought to confer [12]. If neuroprotective effects 

observed after lower-limb TJA are attributable primarily to systemic anti-inflammatory effects of 

surgery (shared by TSR), then TSR should demonstrate comparable protection against dementia, 

sarcopenia, and Parkinson disease. If instead ambulation restoration is the critical mediator, TSR 

should fail to demonstrate these effects. 

Pre-existing cognitive impairment and dementia are known to modify the surgical risk profile 

and postoperative trajectory of arthroplasty patients. Systematic reviews and large database analyses 

have established that patients with pre-existing cognitive impairment undergoing THA experience 

markedly elevated rates of postoperative delirium (POD), non-routine discharge, prolonged 

hospitalization, and higher mortality compared to cognitively intact counterparts [13–15]. These 

bidirectional relationships underscore the clinical importance of understanding whether TJA can 

modify neurodegenerative trajectories. A postmortem analysis of brain tissue from 177 matched 

subjects found that TJA patients showed reduced odds of elevated amyloid-β burden (OR = 0.51, 95% 

CI: 0.28–0.91) without excess brain metal accumulation, suggesting an overall neuroprotective rather 

than neurotoxic signal from lower-limb joint replacement [16]. 

In this study, we leveraged the TriNetX US Collaborative Network to perform propensity score-

matched comparisons of TSR patients against TKA patients, evaluating incident dementia, 

sarcopenia, Parkinson disease, CRP elevation, and cataract (positive control) following a 730-day lag 

period. We hypothesized that TSR would not recapitulate the neuroprotective patterns observed for 

lower-limb TJA, and that this divergence would be accompanied by evidence of differential 

inflammatory activity. This manuscript constitutes the negative control arm of a three-paper series; 

results from the primary analysis (lower-limb TJA vs. non-surgical management) are reported in the 

companion paper submitted to the Journal of Orthopaedic Surgery and Research [7], and differential 

effects between THA and TKA are reported in the companion paper submitted to Geriatric 

Orthopaedics [8]. 
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2. Materials and Methods 

Study Design and Data Source 

This retrospective cohort study was conducted and reported in accordance with the 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines 

(Supplementary File S1). We used the TriNetX US Collaborative Network, a federated electronic 

health record (EHR) database spanning 67 participating health care organizations (HCOs) and over 

114 million patients at the time of analysis (2 March 2026). TriNetX aggregates de-identified, 

structured EHR data including diagnoses (ICD-10-CM), procedures (CPT), laboratory values, 

medications, and demographics. The study protocol was exempt from institutional review board 

oversight as it involved only de-identified aggregated data consistent with TriNetX platform terms 

of use (IRB exemption confirmed by Rabin Medical Center IRB, Protocol: TriNetX-EHR-2026). 

Cohort Definitions 

Cohort 1 (TSR) comprised all patients with a CPT code for total shoulder arthroplasty (CPT 

23472: Arthroplasty, glenohumeral joint; total shoulder [glenoid and proximal humeral replacement]) 

identified in the TriNetX network. Cohort 2 (TKA) comprised all patients with a CPT code for total 

knee arthroplasty (CPT 27447). Identical exclusion criteria were applied to both cohorts: (a) any pre-

existing dementia diagnosis (ICD-10: F01, F02, F03, G30, G31.0) or prescriptions for anti-dementia 

medications (donepezil, rivastigmine, galantamine, memantine, lecanemab, donanemab, 

aducanumab); (b) any hip or knee fracture within the index period (S72.0–S72.4, S82.0–S82.1, M84.35); 

and (c) prior delirium diagnosis (F05). 

Propensity Score Matching 

Propensity score matching (PSM) was performed within TriNetX using nearest-neighbor 1:1 

matching without replacement, with a caliper of 0.1 standard deviations of the logit-transformed 

propensity score. Eighteen covariates were balanced: age, sex, race, ethnicity, body mass index, 

tobacco use, alcohol use, hypertension, diabetes mellitus, hyperlipidemia, coronary artery disease, 

atrial fibrillation, heart failure, chronic kidney disease, chronic obstructive pulmonary disease, 

depression, cerebrovascular disease, and peripheral vascular disease. After matching, standardized 

mean differences (SMD) for all covariates were <0.10, confirming adequate balance (Supplementary 

File S2). The propensity score density plot is provided as Supplementary File S3. 

Outcome Definitions and Follow-up 

A mandatory 730-day lag period was imposed between the index procedure date and the start 

of outcome surveillance to exclude pre-existing subclinical disease, POD, and early postoperative 

confounding. Primary outcomes were: (1) incident dementia (ICD-10: F01, F02.80, F03, G30, G31.0); 

(2) incident sarcopenia (ICD-10: M62.84); (3) incident Parkinson disease (ICD-10: G20). Active 

positive control: (4) incident cataract (ICD-10: H26, H28). Inflammatory marker: (5) new elevation of 

C-reactive protein (CRP) above the laboratory reference range (LOINC: 1988-5 or equivalent). All 

outcomes required no prior diagnosis or result within 2 years before the index procedure. Full 

TriNetX analysis outputs for all outcomes are provided in Supplementary File S4. 

Statistical Analysis 

Kaplan–Meier (KM) survival curves were generated for each outcome in matched cohorts. Log-

rank tests compared survival distributions, with p < 0.05 considered statistically significant. Cox 

proportional hazards regression generated hazard ratios (HRs) with 95% confidence intervals. 

Proportionality of hazards was assessed via Schoenfeld residuals (Grambsch–Therneau test). The 

TriNetX platform v1.2 was used for all analyses. Analyses were pre-specified prior to data extraction. 
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3. Results 

Cohort Characteristics 

Prior to matching, the TSR cohort comprised 66,041 patients and the TKA cohort 323,440 

patients. After propensity score matching, 66,038 patients per group were retained, with all 18 

covariates achieving SMD <0.10 (Supplementary File S2). The matched cohorts were well-balanced 

on age, sex, comorbidities, and baseline medication use. The propensity score density plot confirmed 

adequate overlap (Supplementary File S3). 

Primary Outcomes 

Table 1 summarizes the primary outcome data across all five outcomes after the 730-day lag 

period. Detailed Kaplan–Meier tables, measures-of-association tables, and number-of-instances 

tables from the TriNetX platform for each outcome are provided in Supplementary File S4. 

Table 1. Primary outcome data: TSR vs TKA after propensity score matching (n = 66,038 per group). 

Outcome TSR Events 

(n = 66,038) 

TKA Events 

(n = 66,038) 

Hazard Ratio (95% CI) p-Value 

Incident Dementia 15 11 1.63 (0.75–3.55) 0.217 

Incident Sarcopenia 22 19 1.32 (0.72–2.45) 0.369 

Incident Parkinson 

Disease * 

457 401 1.24 (1.08–1.41) 0.002 

Elevated CRP * 1665 1655 1.13 (1.06–1.21) <0.001 

Cataract (positive 

control) 

823 937 0.98 (0.89–1.08) 0.698 

* Statistically significant (p < 0.05). TSR: total shoulder replacement; TKA: total knee arthroplasty; 

CRP: C-reactive protein; HR: hazard ratio; CI: confidence interval. 

Dementia and Sarcopenia 

Incident dementia occurred in 15 TSR patients (0.023%) and 11 TKA patients (0.017%) over the 

surveillance period. The hazard ratio for TSR vs. TKA was 1.63 (95% CI: 0.75–3.55, p = 0.217), 

indicating no significant difference between groups and no protective effect of TSR. Survival 

probability at the end of the follow-up window was 98.8% in TSR and 99.9% in TKA. The 

proportionality test yielded χ² = 3.65, p = 0.056, indicating borderline violation of the proportional 

hazards assumption, which should be interpreted with caution given the very small number of 

events. 

For sarcopenia, 22 TSR patients and 19 TKA patients developed the outcome (HR = 1.32, 95% CI: 

0.72–2.45, p = 0.369). No statistically significant difference was observed. Given the overall rarity of 

coded sarcopenia in administrative databases, these counts may underrepresent true disease burden 

and should be interpreted accordingly. 

Parkinson Disease 

Incident Parkinson disease occurred in 457 TSR patients vs. 401 TKA patients (HR = 1.24, 95% 

CI: 1.08–1.41, p = 0.002). This finding was statistically significant and directionally indicates that TKA 

patients developed Parkinson disease at a lower rate than TSR patients in the 730-day-lagged follow-
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up period. Proportional hazards assumptions were met (χ² = 0.23, p = 0.63). Survival probability at 

end of follow-up was 96.7% in TSR vs. 95.8% in TKA—a numerical divergence consistent with greater 

Parkinson disease incidence in the TSR group, and directionally opposite to the neuroprotective 

pattern observed for lower-limb TJA in our companion analysis [7]. 

C-Reactive Protein Elevation 

Elevated CRP was recorded in 1665 TSR patients vs. 1655 TKA patients (HR = 1.13, 95% CI: 1.06–

1.21, p < 0.001). Survival free from CRP elevation was significantly lower in the TSR group (67.8%) 

vs. the TKA group (78.1%), indicating greater sustained systemic inflammatory activity in TSR 

patients during the follow-up period. A non-proportional hazards pattern was detected (χ² = 6.55, p 

= 0.011), suggesting that the differential inflammatory burden may be most pronounced at specific 

time points post-surgery rather than constant throughout follow-up. 

Cataract Positive Control 

Incident cataract—serving as an active positive control outcome expected to be unaffected by 

ambulation restoration—occurred in 823 TSR and 937 TKA patients (HR = 0.98, 95% CI: 0.89–1.08, p 

= 0.698). The absence of any significant difference confirms that the study design was appropriately 

balanced for outcomes unrelated to the ambulation–neuroprotection pathway, supporting the 

validity of the group comparison. 

4. Discussion 

Principal Findings 

This study employed total shoulder replacement as a methodological negative control to 

interrogate the mechanism underlying the neuroprotective effects associated with lower-limb total 

joint arthroplasty. Our central finding is clear: TSR does not replicate the neuroprotective profile of 

TKA. Compared to TKA patients, TSR patients showed equivalent rates of dementia and sarcopenia, 

significantly higher rates of incident Parkinson disease (HR = 1.24, p = 0.002), and greater sustained 

CRP elevation (HR = 1.13, p < 0.001). The cataract control outcome was identical between groups, 

confirming that baseline confounding was adequately eliminated by PSM. Taken together, these data 

support the hypothesis that restored ambulation—rather than the systemic anti-inflammatory effects 

of surgery per se—is the principal mediator of neuroprotective benefit following lower-limb 

arthroplasty. This conclusion is reinforced by converging evidence from our companion papers: 

lower-limb TJA significantly reduces dementia and Parkinson disease incidence versus non-surgical 

management [7], and THA and TKA differ in the magnitude of these effects [8]—a pattern 

incompatible with a surgery-general anti-inflammatory mechanism but consistent with 

biomechanical, exercise-mediated pathways. 

Neuroprotection and the Ambulation Hypothesis 

The observation that TKA patients experienced significantly less incident Parkinson disease than 

TSR patients over comparable follow-up periods is the strongest mechanistic signal in this dataset. 

Parkinson disease is strongly modulated by physical activity through multiple pathways: exercise 

promotes dopaminergic neuron survival via brain-derived neurotrophic factor (BDNF) and glial cell 

line-derived neurotrophic factor (GDNF) signaling, attenuates α-synuclein aggregation, and reduces 

neuroinflammatory microglial activation [17–19]. TKA restores the ability to walk without severe 

pain—enabling participation in aerobic physical activity that is physiologically impossible in the 

setting of end-stage knee osteoarthritis. TSR, by contrast, restores overhead shoulder function 

without enabling independent ambulation, and therefore would not be expected to trigger the 

exercise-dependent neuroprotective cascades. The Price et al. pilot study [20] demonstrated that 

Parkinson disease patients undergoing orthopedic surgery experienced significant cognitive decline 
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in the 3–12 months post-surgery, illustrating that the Parkinson disease brain is particularly 

vulnerable to the perioperative period and that surgical trajectory depends critically on the specific 

surgery performed and its consequences for physical activity. 

Differential Inflammatory Resolution 

A critical finding is the significantly higher rate of CRP elevation in TSR vs. TKA patients after 

the 730-day lag (HR = 1.13, p < 0.001). CRP elevation beyond the immediate postoperative window 

reflects persistent systemic inflammation, which has been mechanistically linked to 

neurodegeneration through multiple pathways. Circulating inflammatory mediators including 

interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), and IL-1β cross the blood–brain barrier and 

activate microglial cells, inducing a pro-inflammatory CNS milieu that accelerates β-amyloid 

deposition, tau hyperphosphorylation, and dopaminergic neuron death [21–23]. 

The differential CRP trajectories between TSR and TKA may reflect several phenomena. First, 

lower-limb weight-bearing exercise following TKA produces myokine release (irisin, IL-6 from 

contracting muscle in a non-inflammatory context, BDNF) that collectively suppresses systemic 

inflammatory tone [24]. TSR patients, unable to increase bipedal physical activity equivalently, would 

not benefit from this exercise-induced anti-inflammatory effect. Second, shoulder joint pathology and 

ongoing rotator cuff degeneration may contribute to persistent local and systemic inflammation even 

after TSR. These inflammatory distinctions have direct implications for understanding the cholinergic 

deficiency hypothesis of postoperative cognitive decline [25–27]. 

Postoperative Delirium, Dementia, and Surgery Type 

Both TSR and TKA carry risk of postoperative delirium (POD), an acute neuropsychiatric 

syndrome increasingly recognized as a pathway to accelerated long-term cognitive decline and 

incident dementia [28–30]. A meta-analysis of TJA-associated POD risk factors by Zhao et al. [30] 

identified dementia as the strongest pre-existing risk factor (RR = 17.75, 95% CI: 9.84–32.01), 

underscoring the bidirectional relationship between neurodegenerative pathology and surgical risk. 

A complementary meta-analysis found an overall POD incidence of 17.6% following knee and hip 

replacement, with cognitive impairment as a dominant predictor [28]. However, a critical insight 

from our study is that the period beyond POD may be where the neuroprotective-vs.-deleterious 

trajectory is determined. The divergence in Parkinson disease incidence and CRP levels observed 

after the 730-day lag period suggests that it is the long-term physiological consequences of restored 

(or unreformed) ambulation that shapes neurological outcomes, rather than the acute perioperative 

phase alone. 

Johnson et al. [31], in a large TriNetX analysis of TKA and THA patients with pre-existing 

dementia, found that TKA with dementia was associated with elevated 90-day readmission (OR = 

1.75, p < 0.001) but no increase in surgical complications over 5 years. The systematic review by 

Viramontes et al. [13] encompassing 5.7 million participants found strong associations between pre-

existing cognitive impairment and increased POD, hospital mortality, non-routine discharge, and 

worse functional outcomes after THA. Similarly, Ahluwalia et al. [14] found that dementia patients 

undergoing THA for femoral neck fractures had medical complication rates more than double those 

of controls (41.5% vs. 17.8%, OR = 3.76). These studies collectively highlight that the population most 

likely to benefit from arthroplasty-mediated neuroprotection is also the population most vulnerable 

to arthroplasty-related harm—underscoring the need for precise mechanistic understanding. 

Implications for the Companion Series 

This study is one of a series of three companion manuscripts examining arthroplasty and 

neurodegeneration using the TriNetX platform. The companion paper submitted to the Journal of 

Orthopaedic Surgery and Research [7] demonstrates that lower-limb TJA (TKA and THA) 

significantly reduces the incidence of dementia and Parkinson disease compared to non-surgical 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 March 2026 doi:10.20944/preprints202603.1055.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.1055.v1
http://creativecommons.org/licenses/by/4.0/


 7 of 10 

 

management of osteoarthritis in a propensity-matched national cohort. The companion paper 

submitted to Geriatric Orthopaedics [8] further demonstrates that THA and TKA differ in the 

magnitude and pattern of these neuroprotective effects, with THA showing a stronger dementia-

protective signal and TKA showing a more pronounced Parkinson-protective effect. The convergent 

evidence from this triangulated series supports the conclusion that the neuroprotective signal is 

specific to lower-limb surgery and is most parsimoniously explained by ambulation restoration 

rather than surgery-general mechanisms. The present negative control analysis provides the 

mechanistic backbone for this interpretation: TSR—which shares surgical anti-inflammatory effects 

with lower-limb TJA but lacks the ambulation-restoring component—fails entirely to replicate 

neuroprotective patterns and instead exhibits greater persistent inflammation. 

Brain Metal Accumulation and Amyloid Pathology 

A postmortem analysis by Ebner et al. [16] found that TJA patients showed reduced odds of 

elevated amyloid-β burden (OR = 0.51, 95% CI: 0.28–0.91) without excess brain metal accumulation, 

arguing against neurotoxicity and supporting the neuroprotective signal from lower-limb 

arthroplasty. Whether this pattern extends to TSR—with different prosthetic alloy composition and 

loading environments—remains unknown and warrants future pathological study. 

Limitations 

Several limitations merit acknowledgment. First, the outcome counts for dementia and 

sarcopenia are small (15 and 22 events, respectively, in the TSR group), limiting statistical power for 

these outcomes; larger absolute numbers are needed to exclude modest protective effects. Second, 

TriNetX privacy suppression precluded analysis of dementia in some sub-analyses due to small post-

matching event counts, a structural limitation of applying stringent PSM to rare outcomes. Third, our 

analysis does not capture surgical quality, implant type, rehabilitation compliance, or actual post-

surgical physical activity—all potential moderators of neuroprotective effects. Fourth, TriNetX 

captures coded diagnoses and may undercount subclinical disease, particularly sarcopenia. Fifth, the 

TriNetX US Collaborative Network is an opt-in database, potentially introducing selection bias 

toward academic or research-oriented health systems. Sixth, residual confounding from unmeasured 

variables (pre-surgical ambulation capacity, frailty, socioeconomic status) cannot be fully excluded 

despite PSM. Finally, the non-proportional hazards findings for CRP indicate time-varying effects 

whose interpretation requires longitudinal modeling beyond the scope of the present analysis. Sex-

stratified outcome analyses are warranted in future work. 

5. Conclusions 

In this propensity-matched analysis comparing total shoulder replacement to total knee 

arthroplasty, TSR did not demonstrate the neuroprotective profile associated with lower-limb joint 

arthroplasty. TSR patients had equivalent or higher rates of dementia, sarcopenia, and Parkinson 

disease compared to TKA patients, and were burdened by significantly greater systemic 

inflammation as reflected by CRP elevation. The cataract control outcome was identical between 

groups, confirming adequate covariate balance. These findings are consistent with ambulation 

restoration—rather than surgical anti-inflammatory effects per se—being the critical driver of 

neuroprotection following lower-limb arthroplasty, and provide the mechanistic negative control 

context for our companion series demonstrating neuroprotective effects of TKA and THA [7,8]. 

Clinicians should be aware that the neuroprotective potential attributed to TKA and THA does not 

generalize to upper-limb joint replacement procedures. Future prospective studies should directly 

measure physical activity, inflammatory biomarkers, and neurocognitive trajectories in matched 

arthroplasty cohorts to further delineate these mechanisms. 
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Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. Supplementary File S1: STROBE checklist. Supplementary File S2: Baseline 

patient characteristics after propensity score matching (standardized mean differences). Supplementary File S3: 

Propensity score density graph. Supplementary File S4: Full TriNetX analysis outputs for all five outcomes 

(Kaplan–Meier tables, measures-of-association tables, number-of-instances tables, and graphical outputs for TSR 

vs. TKA, TSR vs. THA, and TSR vs. combined lower-limb TJA comparisons). 
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BDNF Brain-Derived Neurotrophic Factor 

CRP  C-Reactive Protein 

EHR  Electronic Health Record 
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HCO Health Care Organization 
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ICD-10 International Classification of Diseases, 10th Revision 
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PSM  Propensity Score Matching 

SMD Standardized Mean Difference 
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