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ABSTRACT 

Background: Neurodegenerative disorders (NDDs), particularly Alzheimer’s disease (AD) and Parkinson’s disease (PD), 
present a profound and growing global health burden with a notable lack of disease-modifying therapies. Emerging 
epidemiological and preclinical evidence suggests that habitual coffee consumption may confer significant neuroprotective 
benefits, driven by its complex matrix of bioactive phytochemicals. 
Objective: This systematic review aims to critically evaluate the efficacy and underlying molecular mechanisms of coffee-
derived compounds in the prevention and progression of Alzheimer’s and Parkinson’s diseases. 
Methods: A comprehensive literature search was conducted across PubMed and Google Scholar databases using predefined 
Medical Subject Headings (MeSH) and keywords. The review synthesized data from epidemiological cohorts, clinical trials, 
and preclinical models focusing on caffeine and non-caffeine constituents, such as chlorogenic acids and phenylindanes. 
Results: Coffee exerts neuroprotective effects through a synergistic, multi-target approach. Caffeine primarily acts via 
adenosine A2A receptor antagonism, enhancing dopaminergic signaling and reducing excitotoxicity, which strongly 
correlates with a reduced risk of PD (relative risk ranging from 0.65 to 0.80). Non-caffeine constituents provide robust 
antioxidant and anti-inflammatory activity, upregulating the Nrf2 pathway and directly inhibiting the aggregation of 
amyloid-beta, tau, and alpha-synuclein proteins. While epidemiological evidence for PD is highly consistent, data regarding 
AD is more variable; however, regular midlife coffee consumption is significantly associated with a reduced risk of late-life 
cognitive decline. Individual responses are notably modulated by genetic polymorphisms (e.g., CYP1A2). 
Conclusion: Coffee represents a potent, biologically plausible dietary intervention with significant potential to mitigate 
NDD pathology. While its multifaceted mechanisms position it as a promising neuroprotective agent, particularly against 
PD, further rigorous randomized controlled trials are essential to establish causality and define optimal, personalized 
consumption guidelines. 
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1. Introduction 

Neurodegenerative disorders (NDDs), with Alzheimer's disease (AD) and Parkinson's disease (PD) 

being the most prevalent, represent an escalating and formidable challenge to global public health [1–3]. As 

the global population ages, the socioeconomic and healthcare burdens associated with these debilitating 

conditions are expanding exponentially. The pathophysiology of AD is classically hallmarked by the 
extracellular accumulation of amyloid-beta plaques and the formation of intracellular neurofibrillary tangles 

composed of hyperphosphorylated tau proteins. These pathological events drive progressive synaptic 

dysfunction, severe neuronal loss, and irreversible cognitive decline [1–3]. Conversely, PD is characterized by 

the preferential and progressive degeneration of dopaminergic neurons residing in the substantia nigra pars 

compacta, coupled with the propagation of intracellular inclusions known as Lewy bodies, which are primarily 

composed of misfolded alpha-synuclein aggregates [4–6]. Because the currently available pharmacotherapies 

for both of these devastating conditions are predominantly symptomatic and entirely lack disease-modifying 

efficacy, identifying modifiable lifestyle factors that can successfully halt, delay, or prevent neurodegeneration 

has become a primary focus of modern preventative medicine and neurobiology [7, 8]. 

Over the past two decades, extensive epidemiological data have consistently revealed a compelling 

inverse relationship between habitual, long-term coffee consumption and the incidence of several NDDs [9–

11]. As one of the most universally consumed beverages across the globe, coffee is not merely a mild central 

nervous system stimulant; rather, it is a highly complex and pharmacologically active phytochemical matrix 



2(50) (2026): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 3 

 

comprising thousands of distinct bioactive compounds [15, 16]. Furthermore, population-based cohort studies 

have repeatedly demonstrated that moderate consumers typically exhibit a slower rate of cognitive decline 

compared to abstainers, reinforcing the hypothesis that sustained exposure to this beverage confers substantial 

long-term neurophysiological benefits. Historically, the primary focus of research was directed almost 

exclusively toward caffeine (1,3,7-trimethylxanthine), the principal psychoactive constituent of the beverage. 

Caffeine exerts its well-documented neuroprotective effects primarily through the non-selective antagonism 

of adenosine A2A receptors in the brain, which subsequently modulates neurotransmitter release and limits 

excitatory neurotoxicity [12–14]. However, emerging preclinical and clinical evidence strongly highlights the 

critical, independent contributions of other intrinsic non-caffeine phytomolecules [15, 16]. 

Among these diverse constituents, polyphenols such as chlorogenic acids and their primary metabolite, 

caffeic acid, have garnered significant scientific attention. Additionally, specific diterpenes, including cafestol 

and kahweol, alongside phenylindanes—which are unique compounds formed during the extensive roasting 

process of coffee beans—have demonstrated robust biological activity [17, 18]. These non-caffeine fractions 

exhibit potent antioxidant and anti-inflammatory properties, effectively mitigating oxidative stress by 

upregulating endogenous defense systems, such as the Nrf2/ARE signaling pathway. Furthermore, they are 

capable of modulating profound neuroinflammatory responses by suppressing the activation of microglia and 

astrocytes, thereby reducing the localized release of neurotoxic pro-inflammatory cytokines like tumor 
necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) [19]. 

Crucially, recent in vitro and in vivo models suggest that these specific phytochemicals may possess 

direct disease-modifying capabilities. For instance, certain coffee derivatives have been shown to directly 

interfere with and inhibit the oligomerization and fibrillogenesis of amyloid-beta, tau, and alpha-synuclein 

proteins, effectively preventing the formation of toxic oligomers that drive neuronal death [20]. This targeted 

disruption of protein aggregation pathways highlights a critical therapeutic avenue, as controlling the spread 

of misfolded proteins is paramount to halting disease progression at a fundamental level. Despite these highly 

promising molecular findings, the seamless translation of these complex mechanisms into definitive, 

universally applicable clinical recommendations remains significantly complicated. The existing scientific 

literature is fraught with heterogeneous study designs, highly variable coffee preparation and brewing methods, 

differing roast profiles, and confounding individual genetic interactions, such as polymorphisms in the 

CYP1A2 gene responsible for caffeine metabolism. Therefore, a highly comprehensive and critically updated 

synthesis of the current body of literature is essential to bridge the gap between basic science and clinical 

application. This systematic review aims to meticulously evaluate the neuroprotective potential of various 

coffee-derived compounds in both the prevention and progression of Alzheimer’s and Parkinson’s diseases. 

By comprehensively dissecting both the large-scale epidemiological correlations and the specific underlying 

molecular mechanisms, this review seeks to determine whether specific coffee phytomolecules can be 

effectively leveraged as viable, evidence-based, non-pharmacological interventions in the ongoing global fight 

against progressive neurodegeneration. 

 

2. Methodology 

A comprehensive literature search was performed across the PubMed and Google Scholar databases to 

identify relevant studies on the neuroprotective potential of coffee compounds in the prevention and 

progression of neurodegenerative disorders, with a specific focus on Alzheimer's and Parkinson's diseases. The 

search strategy utilized combinations of the following keywords and Medical Subject Headings (MeSH): 

"coffee," "caffeine," "chlorogenic acid," "neuroprotection," "Alzheimer's disease," "Parkinson's disease," 

"cognitive decline," and "disease progression". Search terms were combined using Boolean operators (AND, 

OR) to ensure an exhaustive retrieval of evidence. 
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3. Results 

3.1 Mechanisms of Action of Coffee in the Context of Neurodegenerative Disorders 

The neuroprotective effects of coffee are mediated through a complex interplay of bioactive compounds 

acting across multiple converging molecular pathways. While caffeine has historically been considered the 

principal active compound, recent evidence emphasizes that the overall neuroprotective profile of coffee 

results from synergistic interactions between caffeine and non-caffeine phytochemicals [16, 21]. Caffeine 

exerts its central effects primarily through the non-selective antagonism of adenosine receptors, particularly 

the A2A subtype, which is highly expressed in the basal ganglia and hippocampus. Experimental studies 

demonstrate that A2A receptor blockade enhances dopaminergic neurotransmission and reduces glutamate-

mediated excitotoxicity, thereby promoting neuronal survival [20, 22]. In animal models of neurodegeneration, 

A2A receptor inactivation has been associated with a significant attenuation of neuronal loss and improved 

motor and cognitive outcomes [22]. 

In addition to its effects on neurotransmission, caffeine exerts potent anti-inflammatory activity. Chronic 

neuroinflammation, characterized by sustained microglial activation and elevated levels of pro-inflammatory 

cytokines such as TNF-α and IL-6, is a key contributor to neurodegeneration. Caffeine-mediated A2A receptor 

antagonism has been shown to suppress microglial activation and reduce inflammatory signaling pathways, 

leading to decreased neuronal damage [16, 20]. 
Oxidative stress represents another critical mechanism underlying neurodegenerative processes. Coffee-

derived polyphenols, particularly chlorogenic acids, exhibit strong antioxidant activity by scavenging reactive 

oxygen species and activating endogenous defense systems such as the Nrf2 pathway [18]. These effects 

contribute to mitochondrial protection and a reduction of apoptosis in neuronal cells. Emerging evidence 

suggests that coffee compounds may directly interfere with protein aggregation. Phenylindanes formed during 

coffee roasting have been shown to inhibit amyloid-beta and tau aggregation in vitro, indicating a potential 

disease-modifying effect [17]. Additionally, caffeine has been implicated in the modulation of autophagic 

pathways, facilitating the clearance of misfolded proteins [20]. 

Importantly, these mechanisms are highly interconnected and likely act synergistically. The 

simultaneous modulation of neurotransmission, inflammation, oxidative stress, and protein aggregation 

supports the concept of coffee as a multi-target neuroprotective agent [16, 21]. However, it should be noted 

that the majority of mechanistic evidence is derived from in vitro and animal studies, which may limit direct 

clinical translation. Furthermore, the magnitude of these effects may vary depending on factors such as coffee 

preparation methods, roasting degree, and inter-individual variability in caffeine metabolism, particularly 

related to CYP1A2 polymorphisms [21]. 

 

3.2 Findings on Parkinson's Disease 

A substantial body of epidemiological evidence supports a strong inverse association between coffee 

consumption and the risk of Parkinson's disease. Large prospective cohort studies and meta-analyses 

consistently report that habitual coffee consumption is associated with a significant reduction in PD risk, with 

relative risk (RR) estimates typically ranging from 0.65 to 0.80 for high versus low consumption [8, 23, 24]. 

A dose-response relationship has been demonstrated in several analyses; a meta-analysis by Qi et al. reported 

that each additional cup of coffee per day was associated with an approximately 3–7% reduction in PD risk, 

with the strongest protective effect observed at 3–5 cups per day [24]. Similarly, large cohort studies have 

shown that individuals in the highest caffeine intake categories exhibit up to a 25–30% lower risk of developing 

PD compared to non-consumers (HR ≈ 0.70–0.75) [23]. 

Recent biomarker-based studies further strengthen these findings, demonstrating that higher 

prediagnostic plasma caffeine metabolite levels are associated with a significantly reduced risk of Parkinson's 

disease, supporting a biological basis for the observed epidemiological associations [25]. Sex-specific 

differences have also been observed; the protective association between caffeine intake and PD appears to be 

more consistent in men, while results in women are less robust, potentially due to interactions between caffeine 

metabolism and estrogen levels. Hormonal status, including the use of hormone replacement therapy, may 

further modulate these effects [8]. 

Mechanistic studies provide strong biological support for these epidemiological findings. In animal 

models, caffeine administration significantly attenuates dopaminergic neuron loss induced by neurotoxins such 

as MPTP, reducing neuronal degeneration and improving motor outcomes [22, 26]. These effects are primarily 

mediated through A2A receptor antagonism, which modulates basal ganglia circuitry and enhances 

dopaminergic signaling. The translational relevance of this pathway is underscored by the clinical development 



2(50) (2026): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 5 

 

of selective A2A receptor antagonists, such as istradefylline, which has been approved as an adjunctive therapy 

in Parkinson's disease [27]. Additional pathways, including anti-inflammatory effects, modulation of synaptic 

plasticity, and potential interactions with the gut-brain axis, may further contribute to the observed 

neuroprotective effects. Genetic variability, particularly in the CYP1A2 and ADORA2A genes, may also 

influence individual susceptibility to caffeine's effects [21]. Despite the overall consistency of findings, some 

heterogeneity remains across studies, potentially reflecting differences in study design, population 

characteristics, and assessment of coffee intake. Reverse causation, related to prodromal PD symptoms 

influencing caffeine consumption, also cannot be entirely excluded. Taken together, the available evidence 

strongly supports a protective association between coffee consumption and Parkinson's disease risk. 

 

3.3 Findings on Alzheimer's Disease and Cognitive Decline 

The association between coffee consumption and Alzheimer's disease is supported by a growing but less 

consistent body of evidence compared to Parkinson's disease. Several longitudinal studies and meta-analyses 

suggest that moderate coffee consumption is associated with a reduced risk of cognitive decline and dementia, 

particularly when exposure occurs during midlife [9, 28]. For example, findings from the CAIDE study 

indicate that individuals consuming 3–5 cups of coffee per day in midlife had approximately a 60–65% lower 

risk of developing dementia or Alzheimer's disease later in life (OR ≈ 0.35–0.40) [9]. Meta-analyses of 
prospective cohort studies have reported a pooled relative risk reduction of approximately 15–20% for 

moderate coffee consumers compared to low or non-consumers [28]. Recent systematic reviews further 

suggest that higher caffeine intake (>200 mg/day) is associated with a reduced risk of cognitive decline and 

may delay progression from mild cognitive impairment to Alzheimer's disease, although effect sizes remain 

moderate and are influenced by genetic and lifestyle factors [29]. 

At the molecular level, caffeine has been shown to modulate key pathological processes associated with 

AD. Experimental studies demonstrate that caffeine reduces amyloid-beta production by influencing secretase 

activity and inhibits tau hyperphosphorylation, thereby mitigating two central features of AD pathology [14, 

20]. Non-caffeine compounds also contribute significantly to neuroprotection. Polyphenols such as 

chlorogenic acids exhibit antioxidant and anti-inflammatory effects, which may reduce oxidative stress and 

neuroinflammation, both of which are implicated in cognitive decline [18, 30]. Additionally, coffee 

consumption has been associated with improved cerebral perfusion and enhanced neuronal resilience. 

Neuroimaging studies provide further support for these observations; higher coffee intake has been associated 

with lower amyloid-beta deposition in the brain, as measured by PET imaging, suggesting a direct effect on 

disease pathology [19]. Furthermore, umbrella reviews of meta-analyses involving large populations suggest 

that coffee consumption is associated with an approximately 10% reduction in dementia risk (RR ≈ 0.90), 

although heterogeneity across studies remains moderate [31]. 

However, inconsistencies across studies remain a significant limitation. Variability in results may be 

attributed to differences in study design, duration of follow-up, genetic factors, and the timing of consumption. 

Notably, midlife coffee consumption appears to demonstrate stronger protective associations than late-life 

intake [9, 32]. Furthermore, the relationship between coffee consumption and cognitive outcomes appears to 

be nonlinear, with moderate intake conferring benefits and excessive intake potentially leading to adverse 

effects such as sleep disruption. 

 

4. Discussion 

An additional critical aspect that warrants further consideration is the role of lifestyle clustering and 

residual confounding in observational studies investigating coffee consumption. Individuals who consume 

coffee regularly may differ systematically from non-consumers in terms of diet quality, socioeconomic status, 

physical activity, and other health-related behaviors. Although most large cohort studies attempt to adjust for 

these variables, the possibility of residual confounding cannot be entirely excluded, particularly in long-term 

observational designs [33]. 

Moreover, reverse causation represents a significant methodological challenge, especially in Parkinson's 

disease research. Prodromal symptoms of PD, such as hyposmia, depression, and gastrointestinal dysfunction, 

may precede clinical diagnosis by years and could influence behavioral patterns, including reduced coffee 

consumption. This may partially explain the observed inverse association between caffeine intake and PD risk, 

although longitudinal studies with extended follow-up periods suggest that this effect does not fully account 

for the relationship [8]. 
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Another important consideration is the heterogeneity in coffee composition. Coffee is not a standardized 

product, and its chemical profile varies depending on bean type, roasting degree, brewing method, and 

preparation techniques. For instance, espresso, filtered coffee, and boiled coffee differ significantly in their 

concentrations of caffeine, diterpenes, and polyphenols. These variations may influence biological activity and 

contribute to the inconsistencies observed across studies [15]. The issue of dosage also remains insufficiently 

resolved. While moderate consumption appears to confer neuroprotective benefits, excessive intake may lead 

to adverse effects, including sleep disturbances, anxiety, and cardiovascular complications. Sleep disruption, 

in particular, has been linked to impaired glymphatic clearance of amyloid-beta, suggesting that excessive 

caffeine consumption could paradoxically exacerbate neurodegenerative processes [34]. Therefore, identifying 

an optimal therapeutic window for coffee consumption is essential. 

In addition, genetic variability plays a crucial role in modulating the effects of coffee. Polymorphisms 

in genes involved in caffeine metabolism (e.g., CYP1A2) and adenosine receptor signaling (e.g., ADORA2A) 

may lead to substantial inter-individual differences in response to caffeine intake. Slow metabolizers, for 

example, may experience prolonged exposure to caffeine, potentially altering both its beneficial and adverse 

effects [35]. This highlights the importance of incorporating genetic profiling into future research to better 

understand personalized responses. 

The gut-brain axis has also emerged as a potential mediator of coffee's neuroprotective effects. Coffee 
consumption has been shown to influence gut microbiota composition, promoting the growth of beneficial 

bacterial species and reducing systemic inflammation. Given the growing evidence linking gut dysbiosis to 

neurodegenerative diseases, particularly Parkinson's disease, this pathway represents a promising area for 

future investigation [36]. 

From a translational perspective, the identification of specific bioactive compounds responsible for 

neuroprotection opens new avenues for therapeutic development. Compounds such as phenylindanes, 

chlorogenic acids, and caffeine derivatives may serve as candidates for the development of nutraceuticals or 

pharmacological agents targeting key pathological mechanisms, including protein aggregation and 

neuroinflammation [37]. However, translating these findings into clinical applications requires rigorous 

validation in human trials. 

Finally, it is important to emphasize that coffee consumption should be considered within the broader 

context of dietary and lifestyle patterns. Neurodegenerative diseases are multifactorial, and single dietary 

components are unlikely to exert strong effects in isolation. Instead, coffee may contribute to neuroprotection 

as part of a comprehensive approach encompassing diet, physical activity, and other environmental factors 

[38]. 

 

5. Conclusions 

This systematic review provides a comprehensive evaluation of the current evidence on the 

neuroprotective potential of coffee and its bioactive compounds in the prevention and progression of 

neurodegenerative disorders, with particular emphasis on Alzheimer's disease and Parkinson's disease. The 

findings support the hypothesis that habitual, moderate coffee consumption is associated with a reduced risk 

of Parkinson's disease and may contribute to the attenuation of cognitive decline and Alzheimer's disease 

pathology. The strongest and most consistent evidence is observed in Parkinson's disease, where 

epidemiological findings are supported by robust mechanistic data and clinical translation through adenosine 

A2A receptor-targeted therapies. In contrast, while the evidence in Alzheimer's disease is less consistent, 

multiple experimental and observational studies indicate that coffee-derived compounds may modulate key 

pathogenic processes, including amyloid-beta accumulation, tau pathology, oxidative stress, and 

neuroinflammation. 

Importantly, the neuroprotective effects of coffee appear to arise from the synergistic action of multiple 

bioactive compounds rather than caffeine alone. Polyphenols, diterpenes, and roasting-derived compounds 

such as phenylindanes contribute to a broad spectrum of biological activities, reinforcing the concept of coffee 

as a multi-target neuroprotective agent. Despite these promising findings, several limitations must be 

acknowledged. The predominance of observational studies limits causal inference, while variability in coffee 

composition, dosage, timing of exposure, and individual genetic factors complicates the interpretation of 

results. Therefore, although coffee represents a widely accessible and potentially beneficial lifestyle factor, 

current evidence does not yet support its use as a formal preventive or therapeutic intervention. 

Future research should focus on well-designed randomized controlled trials and longitudinal studies to 

establish causality and define optimal consumption patterns. Additionally, advances in precision nutrition, 
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metabolomics, and microbiome research may facilitate the development of personalized dietary 

recommendations and targeted therapeutic strategies based on coffee-derived compounds. In conclusion, 

coffee represents a biologically plausible and globally relevant modifiable factor with potential neuroprotective 

effects. While further high-quality evidence is required, its multifaceted mechanisms of action and consistent 

epidemiological associations position it as a promising component in strategies aimed at reducing the burden 

of neurodegenerative diseases. 
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