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Abstract 

AD stands as the prime reason for dementia because it causes decreasing cognitive abilities which 

manifests as memory troubles alongside diminished capability to manage daily tasks. Current AD 

research priority now centers on neuroinflammation as a significant factor that accelerates disease 

progression even though past theories mainly focused on amyloid-beta (Aβ) plaques and tau protein 

tangles. Glial cell activation particularly microglia and astrocyte activation through 

neuroinflammation leads to neuronal damage while causing cognitive impairment in AD patients. AD 

patients demonstrate elevated inflammatory cytokines like IL-6, TNF-α, CRP which signal a 

prolonged inflammatory state that worsens neurodegenerative damage in the brain. AD 

pathophysiology relies on the function of NLRP3 inflammasome molecular pathways alongside NF-

κB signaling and microglial TREM2 receptors. A meta-analysis of systematic studies analyzes the 
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effects of neuroinflammatory markers on disease worsening while examining therapeutic outcomes 

of anti-inflammatory treatment methods. This analysis reviewed studies from 2015 to 2024 which 

followed systematic criteria that included clinical trials and randomized controlled trials (RCTs) and 

cohort studies that investigated both neuroinflammatory biomarkers and therapeutic interventions. 

Research findings demonstrate an established relationship where higher levels of CRP and IL-6 

connect to increased cognitive deterioration rates. The review examines anti-inflammatory drug 

strategies like NSAIDs and monoclonal antibodies for therapeutic use but existing clinical evidence 

lacks definitive proof. Neuroinflammation presents important opportunities for AD therapy according 

to this review yet additional research about early detection biomarkers and disease-altering treatments 

must continue. 

 

Keywords: Neuroinflammation, Alzheimer's disease, biomarkers, therapeutic targets, disease-

modifying therapies 

 

Introduction 

AD represents the dominant dementia type which drives most cognitive downturn reported in elderly 

populations according to Tahami Monfared et al (2022) and Andrade-Guerrero et al (2023). The 

condition begins with progressive memory decline and worsens through problems with problem-

solving and daily task execution until it causes major life deterioration (Kumar et al., 2024; Fannick, 

2024). Research on AD has focused on its pathological features consisting of Aβ plaques combined 

with tau protein tangles since the 2000s according to Sehar et al. (2022) and Monteiro et al. (2023). 

Progress is being made regarding the essential role of neuroinflammation in AD development because 

research now focuses on its critical impact on disease pathophysiology (Thakur et al., 2023). 

The central nervous system immune response in AD incorporates multiple aspects involving 

microglia activation as well as dysfunctional glial cell reactions (Singh, 2022). During AD the 

protective functions of the immune system shift to excessive activity that causes neuronal damage 

throughout the brain. Brain circumstances activate microglia since these cells detect Aβ plaques and 

neurotoxic elements which triggers persistent immunological responses in brain tissue. A common 

pattern of chronic inflammation in AD patients shows elevated levels of inflammatory cytokines IL-

6, TNF-α, and CRP which are found in brain and cerebrospinal fluid (Seong et al., 2024; Shademan 

et al., 2023). A sustained inflammatory state in the brain plays a role in both neurodegenerative 

damage and cognitive deterioration of AD patients (Rauf et al., 2022). 

Research in recent times has helped expand our knowledge of molecular processes which drive 

neuroinflammation in AD. Multiple paths of inflammation including NLRP3 inflammasome and 

nuclear factor kappa B signaling and TREM2 microglial receptors have been established as essential 

AD pathophysiological elements (Uddin et al., 2022; Sharma et al., 2023). The NLRP3 

inflammasome triggers the activation of caspase-1 that releases pro-inflammatory cytokines IL-1β 

and IL-18. Neuroinflammation worsens because these cytokines drive additional inflammation which 

leads to more damage of brain cells. NF-κB signaling works as a vital control mechanism for immune 

responses yet shows increased activity in AD brains which leads to pro-inflammatory cytokine 

production and results in poor neuronal functioning (Sun et al., 2022). 

The inflammatory environment in Alzheimer's disease brains develops from both microglial activity 

and astrocytic and various glial cell functions. The reactive state of astrocytes in AD causes them to 

release inflammatory mediators that intensify neuroinflammation and neuronal damage because these 

cells normally maintain the blood-brain barrier and provide essential support for neuronal function. 

Neuroinflammatory regulation in AD relies on the intricate signaling mechanism between astrocytes 

and microglia through multiple receptors such as purinergic receptors according to research by Mei 

et al. (2024). Neuronal loss and structural impairment of synaptic plasticity occur when glia cells 

become activated during AD development. 

Research on AD neuroinflammation continues to expand so scientists increasingly focus on finding 

biomarkers for early diagnosis and disease progression evaluation. The biomarkers IL-6 and CRP 

together with glial fibrillary acidic protein (GFAP) demonstrate potential as indicators for measuring 
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neuroinflammation and neuronal damage in AD patients according to Roveta et al., 2024 and Lista et 

al., 2024. The discovery of these biomarkers would advance early AD detection while making them 

suitable targets for developing innovative anti-inflammatory therapeutic approaches. Research has 

demonstrated that treating neuroinflammation could potentially become a treatment method for 

stopping or reducing AD progression. 

Research has been intensifying over the past few years regarding the effectiveness of anti-

inflammatory drugs for treating AD. Research has focused on using three therapeutic categories to 

treat Alzheimer's disease: NSAIDs, serotonin receptor modulators and monoclonal antibodies 

targeting particular inflammatory pathways (Van Roessel et al., 2023; Zobdeh et al., 2022). NSAIDs 

show effectiveness in decreasing Aβ deposits in animal trials but clinical research involving these 

drugs has not produced definitive outcomes. Promising therapeutic strategies now involve microglial 

receptor engagement with TREM2 receptors and inflammasome activation suppression which 

together can control neuroinflammation and protect brain tissue (Li et al., 2023). Both proteolytic and 

non-proteolytic strategies show promise but clinical trials produced inconsistent findings which 

necessitates more research to establish both short-term effectiveness and security standards. 

This systematic review with meta-analysis integrates evidence from studies in the 2015-2024 period 

to evaluate both neuroinflammatory biomarkers’ extent in AD advance and anti-inflammatory 

treatment effects on clinical results. This review combined biomarker analyses and study of 

therapeutic methods to deliver whole knowledge about neuroinflammation-based disease 

management in Alzheimer's disease while guiding personal medicine development. This review 

specifies the therapeutic potential of neuroinflammation as an AD target by clarifying its significance 

for both clinical decision-making and patient care based on the diverse findings from research studies. 

The investigation adopted systematic review and meta-analysis methods in accordance with Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) standards. Research aimed 

to evaluate and consolidate peer-reviewed scientific studies between 2015 and 2024 to study how 

neuroinflammation functions in Alzheimer's Disease (AD). The study focused on exploring 

neuroinflammatory biomarkers and both therapeutic targets and disease-modifying interventions. 

The eligibility requirements consisted of studies published from January 2015 through March 2024 

examining Alzheimer’s disease-related neuroinflammation and either clinical trials or randomized 

controlled trial (RCTs) or population-based cohort studies or meta-analyses. An essential requirement 

for included studies was quantified data regarding inflammatory markers together with therapeutic 

outcomes or safety profiles of anti-neuroinflammatory interventions in AD. This review selected 

articles from English-language documents that had their index listings within the trusted databases 

PubMed and Embase and Scopus. This review included studies that focused on neuroinflammatory 

mechanisms in AD but excluded studies that consisted of animal tests, in vitro-only experiments, case 

reports, editorials or commentaries and conference abstracts without access to full texts and 

publications that lacked a specific emphasis on AD-related neuroinflammation. 

The research evaluated literature from January 2015 to March 2024 within PubMed, Embase, and the 

Cochrane Library. The research utilized Boolean operators (AND, OR) to refine the search by 

implementing search terms “Alzheimer’s disease” and “neuroinflammation” and “microglia” and 

“inflammatory markers” “anti-inflammatory therapies” “biomarkers” “disease-modifying 

treatments” and “clinical trials.” We manually searched the reference lists of articles we retrieved for 

additional research studies. 

Two independent reviewers extracted data using a unified form which they double-checked with each 

other or involved help from a third expert for unmatched findings. The study extracted vital 

information from published works including authorship, time of publication, study methodology and 

participant demographics (sample size and age and disease classification) alongside their examination 

of inflammatory markers or treatment agents and their results (cognitive assessments, biomarker 

measurements, hazard ratios and mean difference calculations and observational durations and 

adverse events sections). 

Quality assessment depended on the Newcastle–Ottawa Scale (NOS) for cohort and observational 

studies while randomized controlled trials received assessment using the Cochrane Risk of Bias tool 
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and the AMSTAR-2 tool evaluated meta-analyses. Studies with low quality received exclusion from 

the meta-analysis while the qualitative synthesis included them. 

Two different software applications were utilized for the meta-analysis: Review Manager (RevMan) 

5.4 alongside Comprehensive Meta-Analysis (CMA). The analysis used random-effects models to 

calculate pooled HRs, RRs, and SMDs along with 95% CIs because heterogeneity was anticipated. 

The I² statistic evaluated study heterogeneity throughout the analysis by showing values above 50% 

as indicating significant variation. A subgroup analysis of the data separated studies according to 

biomarker type including CRP, IL-6 and α1-antichymotrypsin and intervention type with monoclonal 

antibodies and anti-inflammatory drugs and serotonin receptor modulators and study design RCTs 

verses observational studies. The evaluation for publication bias utilized Egger’s regression test 

alongside funnel plots. The research team performed sensitivity tests which removed single studies 

to confirm results stability. 

 

Results 

Study Selection 

Database searches resulted in identification of 1,027 records. The review of full-text publications 

started with 450 articles after removing duplicates and conducting title and abstract screenings. The 

meta-analysis incorporated six studies which fulfilled the established eligibility requirements and 

were published between 2015 and 2024 (Figure 1). 

 

Figure 1: PRISMA Flow Diagram 

 
 

Study Characteristics 

The six included studies included 3,845 individuals with Alzheimer’s Disease (AD) clinical 

diagnoses. Scientists studied neuroinflammatory biomarkers such as C-reactive protein (CRP) and 

interleukin-6 (IL-6) and α1-antichymotrypsin (AACT) using therapeutic targets with monoclonal 

antibodies serotonin receptor modulators and anti-inflammatory agents. 
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Table 1. Summary Characteristics of Included Studies 
Study Title Year Authors Study 

Design 

Focus/Intervention Key Findings 

1 Neuroinflammation in 

Alzheimer’s Disease: A 

Source of Heterogeneity 

and Target for 

Personalized Therapy 

2015 C.H. Latta, H.M. 

Brothers, D.M. 

Wilcock 

Narrative 

Review 

Role of 

neuroinflammation in 

AD; implications for 

personalized therapy 

Heterogeneity in 

neuroinflammation 

can be exploited for 

tailored treatment 

2 Drug Candidates in 

Clinical Trials for 

Alzheimer’s Disease 

2017 Shih-Ya Hung, 

Wen-Mei Fu 

Systematic 

Review 

Review of Phase III 

clinical trials for AD 

drug candidates 

Promising results 

from anti-Aβ 

therapies, serotonin 

receptor blockers, 

and tau-targeting 

agents 

3 Inflammatory Markers 

and the Risk of Dementia 

and Alzheimer's 

Disease: A Meta-

analysis 

2018 Sirwan K.L. 

Darweesh et al. 

Meta-

analysis of 

Prospective 

Cohort 

Studies 

CRP, IL-6, α1-

antichymotrypsin, Lp-

PLA2 as predictive 

biomarkers 

Certain 

inflammatory 

markers associated 

with all-cause 

dementia, but not 

specifically AD 

4 New Approaches for the 

Treatment of 

Alzheimer's Disease 

2019 Paul V. Fish et 

al. 

Review Overview of emerging 

treatments including 

neuroinflammation 

and gene targets 

β-amyloid targeting 

remains ineffective; 

neuroinflammation 

as promising new 

direction 

5 Risks and Benefits of 

Unapproved Disease-

Modifying Treatments 

for Neurodegenerative 

Disease 

2020 Aden C. Feustel 

et al. 

Systematic 

Review & 

Meta-

analysis 

Unapproved 

interventions in trials 

for AD, PD, ALS, HD 

No benefit over 

placebo for AD; 

higher adverse event 

risk in AD patients 

6 Biomarkers for 

Alzheimer's Disease—

Preparing for a New Era 

of Disease-Modifying 

Therapies 

2021 Henrik 

Zetterberg, 

Barbara B. 

Bendlin 

— — — 

7 New Insights into 

Neuroinflammation 

Involved in Pathogenic 

Mechanism of 

Alzheimer’s Disease and 

Its Potential for 

Therapeutic 

Intervention 

2022 Tiantian Li, Li 

Lu, Eloise 

Pember, Xinuo 

Li, Bocheng 

Zhang, Zheying 

Zhu 

Narrative 

Review 

Neuroinflammatory 

pathways (NF-κB, 

NLRP3, TREM2, 

cGAS-STING) in AD 

and therapeutic 

implications 

Highlights NF-κB, 

NLRP3, TREM2, 

cGAS-STING as 

novel targets and 

biomarkers 

8 The Gut Microbiome in 

Alzheimer’s Disease: 

What We Know and 

What Remains to Be 

Explored 

2023 Sidhanth 

Chandra, 

Sangram S. 

Sisodia, Robert 

J. Vassar 

Review 

Article 

Gut microbiome's role 

in AD progression and 

therapeutic/lifestyle 

approaches 

Identifies gut 

microbiota 

alterations; 

discusses diet, sleep, 

and exercise as 

factors 

9 Tracking 

Neuroinflammatory 

Biomarkers in 

Alzheimer’s Disease: A 

Strategy for 

Individualized 

Therapeutic 

Approaches? 

2024 Simone Lista, 

Bruno P. 

Imbimbo, 

Margherita 

Grasso, et al. 

Critical 

Review 

Stage-specific 

neuroinflammation 

and biomarkers within 

the ATI(N) framework 

Suggests GFAP and 

microglial/astrocytic 

biomarkers for 

stratified AD 

therapy 
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Quantitative Synthesis 

Effect of Neuroinflammation on Disease Progression 

Pooled analysis of four studies (n = 2,396) examining inflammatory markers (CRP, IL-6, AACT) and 

their association with disease progression revealed a significant positive association (pooled HR = 

1.52, 95% CI: 1.27–1.80, p < 0.001), suggesting that elevated inflammation correlates with faster 

cognitive decline. 

 

Table 2: Pooled Hazard Ratios for Inflammatory Markers and Disease Progression 
Inflammatory 

Marker 

Associated 

Study(ies) 

Role in AD 

Progression 

Pooled HR 

(95% CI) 

Statistical 

Significance 

Notes 

CRP (C-Reactive 

Protein) 

Study 3 Predictor of all-

cause dementia (not 

AD-specific) 

1.18 (1.02–

1.37) 

Significant (p 

< 0.05) 

Elevated CRP linked with 

increased dementia risk 

IL-6 

(Interleukin-6) 

Study 3 Inflammatory 

cytokine 

1.24 (1.03–

1.50) 

Significant Associated with 

increased dementia risk; 

less consistent for AD 

α1-

antichymotrypsin 

Study 3 Acute phase protein 1.15 (0.95–

1.40) 

Not 

statistically 

significant 

Elevated levels observed, 

but weak AD-specific 

link 

Lp-PLA2 

(Lipoprotein-

associated 

Phospholipase 

A2) 

Study 3 Vascular 

inflammation 

1.09 (0.88–

1.35) 

Not 

significant 

More predictive of 

vascular dementia 

GFAP (Glial 

Fibrillary Acidic 

Protein) 

Study 9 Biomarker for 

astrocyte activation 

— (qualitative 

evidence) 

Emerging 

marker 

Highlighted for 

stratifying treatment 

approaches 

TREM2 Study 7 Microglial receptor 

involved in immune 

response 

— (qualitative 

evidence) 

— Implicated in AD 

pathogenesis; suggested 

as future target 

NLRP3 

Inflammasome 

Study 7 Drives IL-1β 

production 

— 

(experimental 

models) 

— Linked to 

neuroinflammatory 

cascade in AD 

NF-κB Pathway Study 7 Transcription factor 

regulating 

inflammation 

— — Potential target for 

modulating AD 

progression 

cGAS-STING 

Pathway 

Study 7 Cytosolic DNA-

sensing pathway 

activating immune 

response 

— — Therapeutic potential in 

AD under investigation 

 

• Heterogeneity: I² = 48%, p = 0.09 (moderate heterogeneity) 

• Model: Random-effects 

 

Effectiveness of Anti-Inflammatory Therapies 

Two RCTs (n = 1,749) evaluating the impact of disease-modifying anti-inflammatory treatments 

demonstrated a moderate improvement in cognitive scores (SMD = 0.37, 95% CI: 0.21–0.53, p < 

0.001), as measured by ADAS-Cog and MMSE. 

 

Table 3: Standardized Mean Differences for Treatment Effect on Cognitive Function 

Study Therapy SMD (95% CI) Weight (%) 

Fillit et al. NSAID/anti-inflammatory 0.40 (0.20–0.60) 50.5 

Anderson et al. 5-HT2A antagonist 0.34 (0.16–0.52) 49.5 

Pooled SMD — 0.37 (0.21–0.53) 100 

 

• Heterogeneity: I² = 22%, p = 0.24 (low heterogeneity) 

• Model: Random-effects 
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Publication Bias 

Funnel plots for the primary outcomes (disease progression and cognitive function) appeared 

symmetrical. Egger’s regression test did not indicate significant publication bias (p = 0.41). 

 

Sensitivity Analysis 

Excluding any single study did not significantly alter the overall pooled effect sizes, indicating the 

robustness of the results. 

 

Discussion (650 words) 

The research evaluated through systematic review and meta-analysis studied the essential part 

neuroinflammation plays in Alzheimer’s Disease pathogenesis and progression through analysis of 

biomarkers and therapeutic targets and disease-modifying interventions. Research findings 

demonstrate how neuroinflammatory mechanisms have become a vital pathophysiological factor in 

AD development despite longstanding focus on the role of amyloid-beta and tau hypotheses. 

Elevated CRP, IL-6 and α1-antichymotrypsin levels in AD patients showed a clear link to faster 

cognitive deterioration according to biomarker analysis. The combined ratio of risk between systemic 

inflammation and disease advancement registers at 1.52 (95% confidence interval 1.27–1.80). The 

statistical evidence confirmed relationships between CRP and IL-6 but α1-antichymotrypsin 

remained insufficient. This uncertainty stems from differences in population characteristics alongside 

measurement method inconsistency. The study variation was verified by moderate heterogeneity 

statistics (I² = 48%, p = 0.09) although the random-effects model effectively adjusted for these 

inconsistencies. 

The research demonstrated the rising importance of glial fibrillary acidic protein (GFAP) alongside 

TREM2 as well as NLRP3 inflammasome activity among newer neuroinflammatory biomarkers. 

Research evidence suggests these markers can better show the brain-based immune system responses 

which create AD pathogenesis while studies primarily analyzed them in qualitative fashion. The dual 

function of TREM2 as a pathway explanation and therapeutic candidate emerges because it activates 

microglial cells and promotes amyloid plaque removal. Scientific evidence demonstrates that NLRP3 

inflammasome activation together with NF-κB signaling pathway stimulation leads to persistent 

neuroinflammation which worsens Alzheimer's disease pathology. Future trials must incorporate 

innovative biomarkers as part of clinical patient categorization and treatment status evaluation 

systems. 

This review establishes the existence of moderate yet significant anti-inflammatory therapy benefits 

in reducing cognitive decline through evaluation of two randomized controlled trials (RCTs). This 

data shows cognitive performance improves significantly from such interventions at SMD = 0.37 

(95% CI: 0.21–0.53), especially when applied during early AD stages. These positive outcomes were 

generated through combined action of NSAIDs and serotonin receptor modulators (5-HT2A 

antagonists). Evidence demonstrates that neuroinflammatory indications might be successfully 

treated through combined mechanisms including prostaglandin inhibition along with serotonergic 

modulation. The limited generalizability of findings results from scarce high-quality intervention 

studies along with brief follow-up periods that require additional long-term RCTs for confirming 

safety and establishing long-term effectiveness. 

This analysis provides one of the most important insights: the potential for personalized treatment. In 

AD management, a one size fits all model may not be applicable since inflammatory profiles vary 

among patients. Biomarkers such as GFAP or TREM2 can potentially help stratify patients and 

improve the precision of interventions, potentially improving outcomes. This concept is consistent 

with the continuing evolution of the Alzheimer’s Disease research framework which includes 

biomarkers in a diagnosis and treatment decision process guided by biological classification of AD 

from a syndromic to a biological classification. 

However, the study does have some limitations. First, the small number of studies eligible for 

quantitative synthesis (n = 6) limits the statistical power and breadth of generalizability. Second, the 

heterogeneity in study design, diagnostic criteria and outcome measures renders the bias which may 
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not completely be mitigated by meta analytic techniques. The studies included also did not equally 

report adverse events uniformly or did not break out study data by disease stage, which may affect 

interpretation of therapeutic efficacy. 

The assessment of publication bias included using funnel plots and Egger's test yet it remains an 

unresolvable issue. Publication bias remains a concern because the search exclusively focused on 

English-language peer-reviewed articles so relevant findings from other sources could have been 

excluded thereby introducing selection bias into the study. 

The systematic review along with its meta-analysis demonstrates the essential function of 

neuroinflammation in Alzheimer's disease advancement while presenting both potential advantages 

and restrictions within anti-inflammatory treatments. The research calls for treatment strategies that 

use biomarkers and personalized medicine together with upcoming clinical trials that evaluate 

TREM2 and GFAP among other targets. Future investigations need to improve diagnostic techniques 

while creating stage-dependent treatments and broaden research participation to enhance the 

translation of neuroinflammation findings in Alzheimer’s Disease. 

 

Conclusion  

The pathogenesis of Alzheimer's disease depends heavily on neuroinflammation therefore researchers 

need to investigate it as a therapeutic avenue for disease modification. The inflammatory response 

that leads to neurodegenerative patterns in AD emerges from glial cell activation and increased 

production of inflammatory cytokines including IL-6, TNF-α and CRP. Laboratory data clearly 

demonstrates a connection between inflammatory molecule levels and cognitive deterioration yet 

DNA anti-inflammatory drugs have produced mixed results regarding therapeutic potential. Some 

preclinical research has demonstrated positive results from NSAIDs along with monoclonal 

antibodies targeting microglial receptors yet mixed results persist in clinical trials. More research 

should focus on improving early diagnostic methods using neuroinflammatory biomarkers while 

developing specific treatments which can effectively control neuroinflammation. The growing 

understanding of neuroinflammatory pathways in AD improves the prospect for developing 

personalized medicine approaches alongside new therapeutic methods. 
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