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ABSTRACT 

Background: 

Neurodegenerative diseases (NDDs) such as Alzheimer’s disease, Parkinson’s disease, and 

amyotrophic lateral sclerosis (ALS) pose as a growing clinical and socioeconomic challenge 

due to population aging and the lack of causal therapies. Shared pathological mechanisms 

include oxidative stress, mitochondrial dysfunction, and chronic neuroinflammation. Regular 

physical activity shows neuroprotective effects, and irisin—an exercise-induced myokine 

generated by proteolytic cleavage of FNDC5 under PGC-1α control—may be an important 

mediator of the muscle–brain axis. 

Aim: 

To present the current state of knowledge on irisin, with particular emphasis on its role in the 

pathogenesis, diagnosis, and potential treatment of neurodegenerative diseases. 

Material and methods: 

This narrative review summarizes available evidence on the biological properties of irisin, its 

proposed mechanisms of action (including signaling via αV/β5 integrin receptors and MAPK, 

AMPK, and PI3K/AKT pathways), and its effects on energy metabolism, inflammation, 

oxidative stress, and neuroplasticity in the context of NDDs. 

Results: 

Experimental studies indicate that irisin increases hippocampal BDNF expression, promotes 

neurogenesis and synaptic plasticity, and reduces neuronal apoptosis. In Alzheimer’s disease 

models, FNDC5/irisin levels were reduced in the hippocampus and cerebrospinal fluid, whereas 

increasing FNDC5/irisin improved memory and attenuated amyloid-related pathology. In 

Parkinson’s disease models, irisin reduced α-synuclein aggregation, protected dopaminergic 

neurons, and improved motor performance. In ALS, irisin has been proposed to modulate 

oxidative stress and neuroinflammation through NRF2 activation and NF-κB inhibition, 

although clinical evidence remains limited. 

Conclusions: 

Irisin is a promising biomarker and potential therapeutic target in neurodegenerative diseases. 

Despite encouraging preclinical results, clinical translation requires well-designed human 

studies. At present, regular physical activity remains the most practical strategy to modulate 

endogenous irisin levels and may support prevention and management of NDDs. 

Keywords: 

 irisin; FNDC5; neurodegenerative diseases; Alzheimer’s disease; Parkinson’s disease; 

amyotrophic lateral sclerosis; physical activity; BDNF; muscle–brain axis 

 

1. Introduction 

Neurodegenerative diseases (NDDs), characterised by the progressive degeneration of 

the structure and function of the nervous system, result in a variety of symptoms and 

impairments. [1] Although these conditions present differently, they share certain mechanisms, 

including the formation of misfolded protein aggregates and abnormal protein accumulation. 

These disorders affect millions of people worldwide and their etiology is complex. Age is 

considered to play a significant role in the pathogenesis of neurodegenerative disorders, 

https://orcid.org/0009-0004-1800-8825
mailto:izabela.maria.grzyb@gmail.com
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however, genetics, environmental and lifestyle factors also contribute. [2-4] Increasing life 

expectancy has led to a corresponding rise in the prevalence of NDDs, resulting in a growing 

socio-economic burden associated with neurodegenerative diseases. NDDs are often chronic 

and debilitating with no curative treatment, making them a significant challenge for both 

patients and healthcare providers. [5] 

Physical activity is acknowledged as a safe, feasible and effective intervention to 

improve metabolic and neurological health. [6] Due to its highly modifiable characteristics and 

potential as a non-pharmacological strategy for the prevention of several chronic diseases, it 

has been extensively investigated in the medical field. Studies have shown that MVPA 

(moderate-to-vigorous physical activity) is correlated with a decreased incidence of 

neurodegenerative diseases, like Parkinsonism and dementia. Moreover, cardiovascular 

disorders and their traditional risk factors, such as active lifestyle, are known to be strongly 

linked with the development of NDDs. [7-9] 

Myokines, secreted by myocytes in response to muscle contractions, especially during 

resistance and high-intensity exercise, exert autocrine, paracrine, and endocrine effects on 

tissues. Some myokines can cross the blood-brain barrier, providing neuroprotective and 

neuromodulatory effects and forming part of the muscle-brain axis (MBA), through which 

muscle activity influences CNS function. Key myokines mediating exercise-induced brain 

benefits include BDNF, IGF-1, cathepsin B, VEGF, L-lactate, and irisin. [10-11] Irisin has been 

shown to counteract processes such as insulin resistance, inflammation, and cognitive decline. 

These effects play a key role in the prevention of NDDs. Increased irisin levels have been 

associated with improved cognitive function and memory performance. [12-13] Owing to these 

properties, irisin represents a potential therapeutic target for the prevention and treatment of 

metabolic disorders, neurodegenerative diseases, and related conditions. 

In this work we aim to present the current state of knowledge on irisin, with a particular 

focus on its role in the diagnosis and treatment of neurodegenerative diseases. We review the 

available literature to summarize its biological functions, mechanisms of action, and potential 

clinical applications. This overview highlights the therapeutic and diagnostic relevance of irisin 

in the context of neurodegenerative pathology 

 

2. Irisin – characteristics and biological role 

 

Discovery and origin 

 

Irisin is an exercise-induced myokine discovered in 2002, primarily characterized as an 

unknown gene expressed in the heart, brain, skeletal muscles and other tissues of mice; it was 

then named PeP - peroxisomal protein or FRCP2 - fibronectin type III repeat containing protein 

2 [14,15]. Later, this gene became annotated as fibronectin type III domain containing protein 

5 (FNDC5) and that is how it is known today. Irisin came into the spotlight again in 2012 when 

it was identified as one of the target genes of peroxisome proliferator-activated receptor γ 

coactivator 1α (PGC-1α; PPARGC1A), a multispecific transcriptional coactivator induced in 

muscle by exercise [16]. It was reported to be a molecule capable of inducing changes in adipose 

tissue and named after Iris, the Greek messenger goddess [16]. The main source of irisin 

secretion is skeletal muscles [16]; however, it has also been found to be expressed in the 

pancreas, testicles, liver, spleen, stomach and other organs [17]. Physical exercise elevates the 

level of irisin in the human body by stimulating the expression of peroxisome proliferator-

activated receptor γ coactivator-1α (PGC-1α), thereby enhancing the transcription of FNDC5, 

which leads to increased synthesis and secretion of irisin [18]. Therefore, systemic 

concentration of irisin varies between individuals: in those with a sedentary lifestyle, irisin 

circulates at approximately 3.6 ng/ml, whereas in individuals undergoing aerobic interval 
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training it reaches about 4.3 ng/ml [19]. Apart from exercise, irisin secretion has also been 

shown to be stimulated by other factors, such as obesity, high temperature, and exposure to cold 

[17,20,21]. 

Structure and mechanism of action 

From a molecular point of view, irisin is a polypeptide composed of 112 amino acids. It 

is produced by cleavage of FNDC5 (a transmembrane glycoprotein encoded by the FNDC5 

gene) under the control of PGC-1α [22,23]. Irisin acts as a link between skeletal muscles and 

other tissues. Although the receptor for irisin has not been fully identified, it has been suggested 

that this myokine exerts its effects via binding to αV/β5 integrins [24]. Integrins are 

transmembrane heterodimers located on the surface of the cell, serving as major adhesion 

receptors, transmitting signals across the plasma membrane [25]. At the intracellular level, there 

are several signaling pathways through which irisin elicits its biological functions, the main 

being the MAPK signaling pathways. Other signaling cascades include the AMPK, PI3K/AKT 

and STAT3/Snail pathway [26]. 

Functions of irisin 

The function of irisin in the human body is multi-target and multi-effect. It has been 

shown to promote the conversion of white adipose tissue into brown adipose tissue, thereby 

increasing glucose and lipid metabolism as well as overall energy expenditure [27]. Moreover, 

irisin inhibits the secretion of pro-inflammatory cytokines, such as IL-6 and TNF-α, therefore 

reducing systemic inflammation. It also exhibits antioxidative properties by decreasing 

oxidative stress in macrophages and increasing the expression of antioxidant enzymes [28,29]. 

It was also found to promote antidepressant effects through activation of the PGC-1α/BDNF 

pathway [30]. Irisin also contributes to bone health - it reduces the risk of bone fractures and 

bone loss, as well as stimulates bone formation and mineralization [31–33]. The myokine can 

also contribute to adipocyte function modulation, improving insulin sensitivity and decreasing 

inflammation in adipose tissue. Due to its properties, irisin plays a role in maintaining 

cardiovascular health and preventing arterial stiffness and cardiovascular diseases. [34]. 

Moreover, risin was reported to affect the nervous system. It was discovered that irisin 

stimulates the expression of brain-derived neurotrophic factor (BDNF) in the hippocampus—a 

brain region associated with learning and memory—therefore promoting synaptic plasticity and 

neurogenesis [35]. BDNF enhances neuronal survival and migration as well as reduces neuronal 

damage caused by oxidative stress [36–38]. This raises the possibility that irisin could be a 

protective agent against neurodegenerative disorders and a key mediator of the beneficial effect 

of exercise on cognitive function. The myokine also plays a crucial role in the activation of 

autophagy, therefore exhibiting a protective role against inflammation [39]. It was also 

suggested that irisin alleviates the neuronal apoptosis and post-ischemic inflammation and 

reduces ischemia-induced neuronal injury [40,41]. 

3. Neurodegenerative diseases – a brief review 

Alzheimer’s disease 

AD is an incurable, neurodegenerative, fatal disorder. It is rather sporadic than familial 

and has a multifactorial etiology, as both environmental factors and genetic predispositions 

influence its development. The main risk factors for AD include age, level of education, social 

relationships, and polymorphism of the APOE (apolipoprotein E) gene, which is the only well-
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documented genetic risk factor. Rare forms of AD may be caused by mutations in single genes. 

Currently, three forms of AD have been identified: APP, PSEN1, and PSEN2 mutations. The 

pathophysiology of AD is based on the accumulation of extracellular β-amyloid (Aβ) deposits 

and intracellular aggregations of hyperphosphorylated tau protein. These plaques promote 

apoptosis of neural cells, which ultimately leads to a reduction in neurotransmitter levels in the 

brain [42]. 

Parkinson’s disease 

Parkinson’s disease (PD) is a progressive neurodegenerative disorder associated with 

degeneration of brain structures, the exact etiology of which remains largely unclear. Current 

evidence suggests multifactorial causes, including both environmental and genetic factors, 

mainly related to mitochondrial genome dysfunction. PD is characterized by a slowly 

progressive, idiopathic loss of dopaminergic neurons in the substantia nigra, as well as glial 

proliferation. Parkinson’s disease presents with both motor and non-motor symptoms [43]. 

Currently, PD is considered a generalized synucleinopathy. In the cytoplasm of neurons, α-

synuclein and ubiquitin aggregates form Lewy bodies, which are a distinctive sign of central 

nervous system degeneration. During disease progression, dopamine levels are gradually 

reduced. Pathological changes initially occur in the substantia nigra and subsequently spread to 

the midbrain and cerebral cortex [44]. 

Amyotrophic lateral sclerosis 

Amyotrophic lateral sclerosis (ALS) is an incurable disease of the nervous system 

characterized by progressive neurodegeneration of motor neurons. The damage affects both 

upper and lower motor neurons, leading to progressive muscle weakness and impairment of 

movement, communication and swallowing. The etiology of ALS is not fully understood; 

however, approximately 7.5% of cases are familial and genetically determined. A characteristic 

feature of ALS is fasciculations presented as muscle twitches. Over time, muscles undergo 

atrophy, eventually resulting in respiratory failure due to weakening of the respiratory muscles 

[45]. Oxidative stress has been reorted as a possible factor contributing to the development of 

the disease. By analyzing ALS mouse models. It has been reported that nerve terminals are 

sensitive to ROS (reactive oxygen species), indicating that oxidative stress, compromised 

mitochondria, and increased intracellular Ca2+ amplify the presynaptic decline in 

neuromuscular junctions (NMJ). Further, inflammatory agents and the loss of trophic support 

are conducive to neurodegeneration. [46]. 

 

4. Irisin in neurodegenerative disorders 

Alzheimer’s disease 

Alzheimer's disease is the most common cause of dementia worldwide.[47] It is 

estimated that 6.7 million Americans aged 65 and older currently live with Alzheimer's 

dementia, with a projected increase to 13.8 million by 2060. Alzheimer's disease has been 

officially listed as the sixth leading cause of death in the United States.[48] Although the 

incidence of Alzheimer's disease is gradually increasing worldwide, no effective therapeutic 

solutions have been found. Due to the scale of the problem and its impact on healthcare in many 

countries, it is the subject of interest for scientists around the world who are looking for potential 

new avenues of treatment and therapy for the disease. Currently, researchers are looking for it 

in irisin. 

Studies have shown its presence in many brain structures, including cerebrospinal fluid, 

the hypothalamus [49], Purkinje cells of the cerebellum, and intercellular nerve endings [50]. 
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In rodents, FNDC5 is expressed in several brain regions, including the midbrain and 

hippocampus [51]. Studies have shown that FNDC5/irisin expression levels are reduced in the 

hippocampus and cerebrospinal fluid in Alzheimer's disease, impairing long-term synaptic 

strengthening and recognition memory of new objects in mice. Conversely, increasing 

FNDC5/irisin levels in the brain restored synaptic plasticity and memory in mice with 

Alzheimer's disease. Overexpression of FNDC5/irisin in the peripheral system alleviated the 

symptoms of dementia.[52] Irisin is essential for neuronal differentiation in mouse embryonic 

stem cells [53]. Studies have shown that irisin affects hippocampal neurogenesis and induces 

neuronal proliferation.[54], inhibits oxidative stress-induced neuronal damage and attenuates 

pro-inflammatory cytokine secretion [55]. Integrin αV/β5 has recently been detected in the 

hippocampus and cerebral cortex [56], indicating that irisin binds to integrin αV/β5, exerting a 

protective effect on the brain. It is a protein that acts as a key energy sensor, maintaining energy 

balance and mitochondrial haemostasis [57]. It has been suggested that irisin contributes to 

neuronal differentiation by modulating metabolic responses in the central nervous system [58] 

via BDNF production stimulation [59]. BDNF is a neurotrophic factor of brain origin, a widely 

distributed neurotrophin in the brain, playing a significant role in synapse function [60]. It 

inhibits the cytotoxic response of neurons and moderates learning deficits in relation to Aβ 

toxicity in Alzheimer's disease [61], controls dopamine-3 signalling pathways, affecting the 

action of dopamine on the central nervous system [62], and modulates synaptic plasticity and 

neurogenesis in the amygdala, prefrontal cortex, and hippocampus [63]. BDNF induces LTP 

and increases synaptic strength [64]. Furthermore, BDNF is essential for hippocampal 

neurogenesis and hippocampal neural circuitry [65]. Recent studies have shown that the irisin-

BDNF axis may enhance learning and memory functions [66]. Several studies have shown that 

administering BDNF to patients with Alzheimer's disease alleviates the symptoms of the 

disease [67]. FNDC5/irisin contributes to increased learning and reward motivation by 

increasing BDNF production [66]. Furthermore, increased FNDC5 expression in primary 

cortical neurons promotes BDNF expression, while decreased FNDC5 expression leads to 

decreased BDNF expression [68]. Overexpression of BDNF mitigated neurodegeneration and 

restored impaired memory in non-human primates [69]. Given that BDNF expression can 

potentially improve cognitive function in Alzheimer's disease [70], stimulation of the BDNF-

irisin axis in the brain may be a promising avenue for the treatment of Alzheimer's disease, 

since increased irisin levels have been observed after aerobic exercise. [71]. Alzheimer's 

Disease International recommends 150 minutes of moderate aerobic exercise or 75 minutes of 

vigorous aerobic exercise per week for adults to maintain proper heart function, weight control 

and mental health. There is evidence that exercise can be an effective intervention in the early 

stages of Alzheimer's disease [72]. 

Interestingly, recent studies have highlighted the link between metabolic disorders and 

Alzheimer's disease (AD). It has been shown that a high-fat diet increases APP expression and 

APP processing enzyme levels [73]. In addition, rats fed a high-fat diet showed increased levels 

of the APP-cleaving enzyme and Aβ in the hippocampus [74]. Clinical studies have shown that 

obesity causes cognitive decline, disrupts the blood-brain barrier, and increases the risk of 

Alzheimer's disease [75]. For this reason, the potential use of irisin in the treatment of 

Alzheimer's disease is being explored. It has been proven that irisin levels are higher in patients 

with metabolic syndrome than in healthy individuals [76], and its reduction is associated with 

the onset of insulin resistance [77]. Increased expression of FNDC5/irisin improves insulin 

resistance and lowers blood glucose levels in mice fed a high-fat diet [78]. Given the link 

between metabolic disorders and the onset of Alzheimer's disease, the use of irisin in the 

prevention or treatment of this neurodegenerative disorder seems promising. 
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Parkinson’s disease 

 

 Parkinson’s disease (PD) is the second most common neurodegenerative disorder after 

Alzheimer’s disease. Its prevalence is expected to double over the next 30 years and an accurate 

diagnosis remains challenging. [79-80] Besides pharmacotherapy, physical exercise has shown 

promising effects in PD patients, including reduced of postural and gait instability, improved 

overall mobility and cognitive functions, as well as lower deterioration on daily 

living activities. [81-82]  

 Kam et al. used the α-synuclein preformed fibril (a-syn PFF) model of Parkinson’s 

disease, showing that irisin reduces α-synuclein pathology and neuronal loss. Irisin protected 

cultured neurons, preserved dopaminergic neurons and striatal dopamine in vivo and improved 

motor performance in mice. The study indicates that irisin reduces α-synuclein pathology 

through at least three distinct mechanisms: downregulating ApoE4, reduction of a-syn 

internalization by neurons and promoting its degradation via the endolysosomal pathway. [83] 

 Zarbakhsh et al. developed a rat model of Parkinson’s disease using intranasal 

administration of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). They showed that co-

treatment with irisin and bone marrow stromal cells (BMSCs) protected dopaminergic neurons 

from apoptosis and degeneration. In particular, irisin promoted the migration of BMSCs to the 

damaged brain regions, increased the number of tyrosine hydroxylase positive neurons in 

substantia nigra and striatum and improved PD-related symptoms. [84] 

 In PD patients, plasma α-synuclein levels increase while irisin levels decrease as the 

disease progresses with a negative correlation between the two. Irisin levels are inversely 

related to motor symptom severity (UPDRS-III) and positively related to cognitive function 

(MoCA). Higher irisin levels are associated with improved striatal DOPA uptake, particularly 

on the side opposite the affected limb, suggesting a neuroprotective role through α-synuclein 

reduction and enhanced striatal function. [85] 

 In Parkinson’s disease, CREB is crucial for expressing neuroprotective genes like 

NURR1, essential for dopaminergic neuron survival, and its inactivation worsens neuronal 

degeneration [86] Irisin can activate upstream pathways such as AKT and MAPK1/3, 

potentially enhancing CREB activity and supporting neuroprotection. While direct evidence in 

PD is limited, irisin’s effects suggest it may help modulate CREB-mediated neuroprotective 

mechanisms [87] 

Amyotrophic Lateral Sclerosis 

 

 Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease 

affecting upper and lower motor neurons. While the exact causes of neuronal damage are 

unclear, neuroinflammation—driven by activated microglia and astrocytes releasing pro-

inflammatory cytokines—plays a key role in disease progression. [88] 

 Irisin has been reported to activate the NRF2 pathway, leading to increased expression 

of antioxidant enzymes and reduced oxidative stress. Additionally, irisin inhibits NF-κB 

activation, thereby reducing the production of pro-inflammatory cytokines. These effects 

suggest that irisin may offer therapeutic potential in ALS by modulating oxidative stress and 

inflammation pathways. Studies in genetically modified SOD1 mice, the main model for ALS, 

have shown elevated levels of the peripheral canonical PGC1α system, whereas specific PGC1α 

isoforms are decreased in the CNS. These results imply that disruptions in the PGC1α system 

may be involved in the neurodegenerative processes of ALS. [89-90] 
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 A human study demonstrated that ALS patients with metabolic disturbances exhibited 

higher serum irisin levels compared to normo-metabolic ALS patients and healthy controls. [91] 

 No studies have yet directly linked irisin to ALS, but given its anabolic effects on 

skeletal muscle and the muscle damage seen in ALS, irisin may hold potential as a biomarker 

for muscle degeneration in neurodegenerative diseases. 

5. Irisin as a potential therapeutic factor 

Correlation between irisin levels and particular exercise types 

Irisin, being a myokine secreted by skeletal muscles during physical exercise and 

simultaneously promoting hippocampal neurogenesis, may mediate the beneficial effects of 

physical activity on the brain, thereby contributing to improvements in cognitive functions.[92-

93] This suggests that exercise may represent an effective strategy for modulating irisin levels, 

gaining importance in the prevention and treatment of cognitive disorders. Research findings 

indicate that the exercise-induced increase in irisin levels is not uniform and depends on 

multiple variables, such as exercise intensity, type of physical activity, the individual’s training 

status, duration of activity, and the timing of blood sample collection after exercise. 

 A study by Nygaard et al. demonstrated that both intense endurance exercise and heavy 

resistance training led to a transient increase in circulating irisin concentrations. Peak levels 

were observed immediately after endurance exercise and one hour after resistance training, 

followed by a gradual return to baseline values. Moreover, the increase in irisin concentration 

in response to resistance exercise consistently showed a strong negative correlation with lean 

body mass proportions.[94] 

 Similarly, Daskalopoulou et al. (2014) reported that irisin levels increased after exercise, 

with a greater rise observed at maximal workload.[95] 

In the context of regular physical activity, numerous studies have also documented changes in 

irisin concentrations. In a systematic review and meta-analysis by Torabi et al., statistical 

analysis revealed a significant increase in serum irisin levels in overweight and obese 

individuals who engaged in exercise compared to a passive control group. High-intensity 

interval training (HIIT) exerted a more pronounced effect on increasing serum irisin levels than 

other types of exercise. Additionally, exercise effectiveness varied depending on participants’ 

body mass status (significant changes in overweight individuals and non-significant changes in 

obese individuals), age (significant changes in individuals under 40 years of age and non-

significant changes in those over 40), and sex (significant changes in men and non-

significant changes in women).[96] 

 Studies conducted by Huh et al. also reported an increase in irisin levels immediately 

after high-intensity interval exercise (HIIE), continuous moderate exercise (CME), and 

resistance exercise (RE), followed by a decrease after one hour. The increase was greater in 

response to resistance exercise compared with high-intensity or continuous moderate exercise. 

Changes in irisin concentrations in response to exercise did not differ between individuals 

with and without metabolic syndrome.[97] 

 In research conducted by Cosio et al. (2023), an analysis of studies involving a single 

exercise session in healthy adults showed that continuous endurance training resulted in a 

significant increase in irisin levels, whereas interval training did not produce a significant 

change.[98] 
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Potential applications of irisin in therapy (experimental perspective) 

Irisin exerts a significant influence on the pathogenesis of neurodegenerative diseases 

by modulating inflammation and oxidative stress, affecting energy metabolism and 

mitochondrial function, as well as pathways related to neuroplasticity and cognitive 

functions.[99-100] Consequently, interest in irisin as a therapeutic target for these disorders has 

increased. 

Studies conducted by Bretland et al. demonstrated that irisin treatment significantly reduced 

levels of phosphorylated tau (PTAU) and TNFα in the hippocampus and serum of female 

HTAU mice compared to control groups, while no changes in PTAU levels were observed in 

male HTAU mice.[101] 

 Wang et al. reported that irisin administration stimulated the expression of 

mitochondrial transcription factor A (TFAM), thereby counteracting microglial aging and 

alleviating cognitive decline in P301S mice. This finding suggests a promising new avenue 

for therapeutic strategies targeting tauopathies.[102] 

 However, therapeutic applications of irisin remain largely at the experimental stage. 

Barriers to its clinical use include the lack of standardized dosing regimens and routes of 

administration in preclinical studies, as well as the absence of large-scale clinical trials 

confirming the efficacy and safety of such interventions. In practice, within the field of 

neurodegeneration, the most readily implementable application of the irisin concept remains 

exercise and movement-based therapy, whereas strictly “irisin-based” strategies should 

currently be regarded as a research direction rather than a clinical solution. 

6. Conclusions 

Available evidence indicates that irisin is a biologically plausible link between physical 

activity and neuroprotection in neurodegenerative diseases. Experimental studies demonstrate 

that FNDC5/irisin signaling influences the pathogenic processes of Alzheimers disease and 

Parkinsons disease and possibly amyotrophic lateral sclerosis. The signaling contributes to 

BDNF-dependent synaptic plasticity, reduces the α-synuclein and tau pathology, lowers 

oxidative stress by NRF2 activation, suppresses NF-κB-driven neuroinflammation, enhances 

mitochondrial function and cellular energy balance. The multimodal effect of irisin positions it 

as a molecule that targets several converging neurodegenerative pathways. Moreover, earlier 

studies indicate that an increase or restoration of FNDC5/irisin alleviates cognitive deficits, 

maintains dopamine neurons, and enhances behavior. The clinical studies indicate that the level 

of irisin in the blood is related to the severity of the disease and cognitive function, which could 

be a useful biomarker. Nevertheless, human studies remain limited and somewhat conflicting, 

hence there is a need to standardize measurement techniques and conduct proper long-term 

studies to establish cause-effect relationships and predictive value. Although mechanistic and 

experimental research shows potential, irisin-based pharmacological interventions are still in 

the primary investigative phase. Its receptor interactions have not been fully characterized, 

optimal therapeutic dosing has not been established, and there is inadequate clinical trial 

evidence to evaluate its effectiveness and safety. Overall, existing research findings justify 

further translational research of the FNDC5/irisin pathway as a promising diagnostic biomarker 

and therapeutic intervention in neurodegenerative diseases. Until pharmacological approaches 

are established, physical activity is still the most evidence-based and clinically feasible 

approach to regulate endogenous irisin levels and promote neuroprotective effects. More studies 
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on the molecular mechanisms and clinical implications of irisin may contribute to the 

development of  new mechanism-based therapies to prevent neurodegenerative disorders. 
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