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Abstract Manuscript Information 

 

Alzheimer’s disease (AD) is characterised by amyloid accumulation, tau 

hyperphosphorylation, and progressive cognitive decline. Emerging evidence suggests that 

lithium, even at trace levels, supports neuronal survival by modulating GSK-3β, enhancing 

neurogenesis, reducing inflammation, and stabilising mitochondria. Epidemiological and 

experimental studies indicate that lithium deficiency may increase AD risk, while microdose 

lithium shows promise in improving cognition and reducing pathology with minimal toxicity. 

This review summarises current findings linking lithium deficiency to AD and highlights its 

potential as a preventive neuroprotective strategy. 
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1. INTRODUCTION 

Alzheimer’s disease (AD) is a chronic, progressive 

neurodegenerative condition marked by memory loss, cognitive 

impairment, and characteristic brain changes such as amyloid 

plaques and neurofibrillary tangles.[1] It represents the most 

common cause of dementia globally, responsible for 60–70% of 

cases.[2] Its core pathological processes involve extracellular 

accumulation of amyloid-β (Aβ) and intracellular buildup of 

hyperphosphorylated tau, both of which disrupt synaptic 

communication and neuronal function.[3] These abnormalities 

trigger a series of damaging events, including 

neuroinflammation, oxidative stress, mitochondrial failure, and 

eventual neuronal degeneration.[4] Although significant research 

has been dedicated to understanding AD, currently approved 
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treatments mainly target symptoms and do not stop or reverse 

the underlying disease.[5] 

Lithium, a monovalent cation long used as a mood stabiliser in 

bipolar disorder, has recently been recognised for its potential 

neuroprotective actions.[6] Evidence indicates that even very 

low or trace levels of lithium can influence neuronal signalling 

pathways relevant to neurodegeneration.[7] Mechanistic studies 

show that lithium inhibits glycogen synthase kinase-3β (GSK-

3β), an enzyme central to tau hyperphosphorylation and 

amyloid precursor protein (APP) dysregulation, two major 

contributors to AD pathology.[8] Lithium also modulates Wnt/β-

catenin signalling, increases neurotrophic factors like BDNF, 

and enhances synaptic plasticity, thereby promoting neuronal 

health.[9] Additionally, lithium reduces oxidative stress and 

neuroinflammation by suppressing microglial activation and 

supporting mitochondrial function.[10] 

Growing evidence suggests that insufficient lithium exposure, 

either dietary or environmental, may elevate the risk of 

cognitive decline and dementia.[11] Ecological studies from 

multiple countries have reported inverse associations between 

lithium levels in drinking water and rates of AD. [12] 

Experimental research further confirms that lithium deprivation 

accelerates amyloid buildup, inflammation, and neuronal loss, 

resembling AD-like changes. [13] Conversely, low-dose lithium 

supplementation has been shown to reduce amyloid and tau 

pathology and improve cognition in both animal models and 

early human trials.[14] 

Altogether, these findings indicate that lithium may have an 

essential neuroprotective role even at trace concentrations, and 

that inadequate lithium exposure may contribute to AD 

pathogenesis. This review synthesises available evidence on 

how lithium deficiency relates to AD, focusing on molecular 

pathways, epidemiological data, and therapeutic significance.[15] 

 

Physiological Role of Lithium in the Brain 

Lithium is a naturally present trace mineral involved in 

maintaining normal brain signalling and cellular activity.[16] 

Although not officially classified as an essential nutrient, 

increasing evidence suggests that physiological lithium levels 

support key neuroprotective and neuromodulatory processes.[17] 

In the brain, lithium influences several intracellular pathways—

such as the phosphoinositide cascade, cyclic AMP regulation, 

and Wnt/β-catenin signalling—that jointly regulate synaptic 

plasticity and neuronal survival.[18] It also affects enzymes, 

including GSK-3β and inositol monophosphatase, both critical 

for gene expression, neuroplasticity, and energy metabolism.[19] 

Lithium supports mitochondrial health by enhancing the 

efficiency of the electron transport chain and reducing the 

production of reactive oxygen species.[20] It also contributes to 

calcium balance, protecting neurons from excitotoxicity and 

apoptosis.[21] Lithium helps regulate neurotransmitter systems, 

including serotonin, dopamine, and glutamate, which are 

essential for mood regulation and cognitive function.[22] 

Moreover, it promotes the expression of neurotrophic molecules 

such as BDNF and NGF, aiding neuronal repair, growth, and 

synaptic remodelling.[23] 

Evidence from both animals and humans suggests that long-

term lithium deficiency may weaken these protective 

mechanisms, increasing susceptibility to mood disorders, 

cognitive decline, and neurodegeneration.[24] Experimental 

models show that inadequate lithium disrupts neurotrophic 

signalling, enhances inflammation, and contributes to neuronal 

death in memory-related brain regions.[25] Observational data in 

humans indicate that populations exposed to low-lithium 

drinking water exhibit higher rates of affective disorders and 

possibly dementia, emphasising lithium’s importance for brain 

health.[26] 

 

Concept of Lithium Deficiency 

Lithium deficiency refers to inadequate intake or environmental 

exposure to lithium, resulting in levels too low to support 

optimal brain function.[27] Though not officially designated as 

an essential element, research increasingly suggests that lithium 

may behave as a conditionally essential micronutrient due to its 

influence on behaviour, metabolism, and neural signalling.[28] 

Lithium content in food and water varies widely across 

geographic regions depending on soil minerals, climate, and 

geological factors, producing significant differences in 

population exposure.[29] Regions with very low groundwater 

lithium levels have shown increased rates of depression, 

suicide, and cognitive issues, suggesting that chronic deficiency 

may heighten neuropsychiatric risks.[30] 

Epidemiological studies consistently show higher rates of mood 

disorders and dementia in communities with low environmental 

lithium exposure.[31] In contrast, moderate trace levels of 

lithium in drinking water correlate with reduced suicide rates 

and slower cognitive decline.[32] This suggests a dose–response 

pattern in which both insufficient and excessive lithium may be 

harmful.[33] Lithium deficiency is thought to alter cellular 

pathways such as GSK-3β, inositol monophosphatase, and Wnt 

signalling, thereby impairing neuroplasticity and cellular 

resilience.[34] 

Measuring lithium deficiency remains difficult, as no universal 

biomarker or recommended reference range exists.[35] Current 

approaches include assessing lithium in serum, urine, CSF, hair, 

nails, or brain tissue.[36] However, these samples may not 

reliably represent long-term levels or regional brain 

distribution.[37] Modern techniques such as ICP-MS and laser 

ablation spectroscopy have improved detection accuracy for 

trace lithium.[38] 

Despite expanding interest, lithium deficiency is not yet a 

formally recognised clinical diagnosis, and no dietary 

guidelines exist.[39] Some researchers suggest that chronic 

intake under ~0.1 mg/day may represent inadequate exposure, 

though this is still under debate.[40] Animal studies indicate that 

lithium deprivation leads to memory deficits, oxidative stress, 

and AD-like tau and amyloid pathology, supporting the concept 

of biologically meaningful deficiency.[41] Overall, current 

evidence highlights lithium’s overlooked but potentially crucial 

role in maintaining neurological stability, suggesting that 

deficiency may be a modifiable risk factor for 

neurodegenerative and mood disorders.[42] 
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Epidemiological Evidence Linking Lithium and Alzheimer’s 

Disease 

Epidemiological research increasingly demonstrates a 

protective association between low-dose lithium exposure and 

decreased Alzheimer’s disease risk.[43] Large ecological studies 

show that regions with higher natural lithium in drinking water 

have lower AD incidence and mortality.[44] A major Danish 

study involving over 800,000 people reported an inverse 

relationship between tap-water lithium levels and dementia risk, 

even at very low concentrations.[45] Similarly, Japanese 

nationwide analyses found that areas with more lithium in water 

supplies had reduced AD-related mortality and slower cognitive 

decline.[46] Studies from Brazil also reported similar patterns, 

suggesting worldwide relevance.[47] 

Clinical and cohort studies support these findings. Patients with 

AD often exhibit reduced lithium levels in serum and 

cerebrospinal fluid compared to healthy controls.[48] 

Postmortem research further confirms decreased lithium 

concentrations in the hippocampus and cortex of AD brains.[49] 

Long-term population studies show that individuals chronically 

exposed to trace lithium display slower cognitive ageing and 

reduced dementia onset.[50] Clinical trials examining microdose 

lithium supplementation (0.3–1 mg/day) show promising 

outcomes.[51] A 15-month randomised trial found that 

microdose lithium stabilised MMSE scores and reduced CSF 

phosphorylated tau in individuals with early AD.[52] Long-term 

follow-up studies further showed maintained cognitive benefits 

for up to three years.[53] However, limitations include small 

sample sizes and inconsistent exposure histories.[54] 

Collectively, these data suggest that adequate exposure to trace 

lithium may protect against AD.[55] But differences in study 

methodology, exposure measurement, and regional variability 

make direct comparisons difficult, underscoring the need for 

standardised research approaches.[56] Lithium thus appears to be 

a potentially modifiable environmental factor influencing 

dementia risk globally.[57] 

 

Experimental and Preclinical Evidence 

Preclinical research provides strong support for lithium’s 

neuroprotective effects in AD. Animal models demonstrate that 

lithium-deficient diets accelerate plaque buildup and cognitive 

decline, while supplementation improves learning and reduces 

pathology in transgenic mice.[58] Laboratory studies reveal that 

lithium influences APP processing, reduces Aβ₁₋₄₂ formation, 

and limits plaque accumulation through modulation of key 

signalling pathways.[59] Lithium’s inhibition of GSK-3β is 

central to these effects, reducing tau hyperphosphorylation and 

stabilising microtubules.[60] Early mechanistic studies showed 

that lithium enhances microtubule assembly and reduces tau 

toxicity.[61] 

Lithium also promotes neurogenesis, especially in the 

hippocampus. Human progenitor cell studies show increased 

cell proliferation and differentiation with lithium treatment.[62] 

Preclinical analyses additionally highlight lithium’s capacity to 

reduce oxidative stress and neuroinflammation.[63] A 2025 

Nature study provided compelling evidence that lithium 

deficiency is strongly linked to AD pathology, showing 

dramatically reduced brain lithium levels in MCI and AD 

patients. Restoring physiological lithium levels in mice reversed 

memory deficits and reduced Aβ and phosphorylated tau.[64] 

Parallel microdose trials in humans report slowed cognitive 

decline versus placebo, though larger trials are still required to 

validate these findings.[65] 

 

Mechanistic Insights 

Lithium deficiency disrupts multiple biological pathways that 

accelerate AD pathology.[66] One major mechanism is the loss 

of GSK-3β inhibition, which normally helps regulate tau 

phosphorylation and APP processing.[68] Reduced lithium 

increases GSK-3β activity, leading to excessive tau 

phosphorylation, microtubule breakdown, and enhanced 

amyloid deposition.[69] Lithium deficiency also impairs 

hippocampal neurogenesis, reducing neuronal renewal and 

weakening memory-related structures.[70] At the cellular level, 

insufficient lithium contributes to mitochondrial dysfunction, 

elevated oxidative stress, and increased apoptosis.[71] It also 

intensifies neuroinflammation by activating microglia and 

promoting cytokine release.[72] Lithium regulates Aβ 

metabolism, and low levels impair peptide clearance, increasing 

plaque buildup.[67] Additionally, lithium modulates 

neurotransmitter systems; deficiency disrupts glutamate and 

dopamine signalling, worsening cognitive and behavioural 

symptoms.[73] 

 

Therapeutic Implications 

Low-dose or microdose lithium has emerged as a potential 

preventive or disease-modifying therapy for AD.[74] Unlike 

standard psychiatric doses, trace-level lithium provides 

neuroprotection without significant toxicity.[75] Animal studies 

show that dietary low-dose lithium reverses amyloid and tau 

pathology and restores cognition in lithium-deficient or AD-

model mice.[76,77] Microdose lithium primarily works through 

GSK-3β inhibition, reducing tau pathology and affecting APP 

processing.[78] It also enhances neurogenesis, stabilises 

mitochondria, and reduces inflammation.[79] 

Clinical trials support these findings: patients with MCI 

receiving microdose lithium show slower cognitive decline than 

placebo groups.[80] Epidemiological data also suggest 

population-wide benefits where water contains trace lithium.[81] 

Some public health proposals suggest supplementing water or 

diets with trace lithium, though ethical and safety 

considerations remain.[82] Determining effective dosing, 

identifying biomarkers, and conducting large-scale trials are 

critical future steps.[83] 

 

Safety and Toxicity Considerations 

While therapeutic lithium doses can cause renal, thyroid, or 

neurological side effects, microdose or trace levels appear safe 

for long-term use.[84] Levels below 0.3 mEq/L generally do not 

produce the adverse effects associated with psychiatric 

dosing.[85] Animal studies confirm that microdose lithium 

provides neuroprotection without systemic toxicity.[86] Human 
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trials also show that long-term low-dose lithium does not 

significantly affect renal or thyroid function, even in older 

adults.[87] 

However, more research is needed to identify the lowest 

effective concentration for neuroprotection and to establish 

monitoring strategies for safe use.[88] 

 

Knowledge Gaps and Future Directions 

Despite substantial progress, several gaps remain in 

understanding lithium’s role in AD.[89] Optimal lithium 

concentrations for cognitive protection are still unclear.[90] No 

validated biomarker exists for assessing deficiency or treatment 

response.[91] Large, long-term randomised studies are needed to 

establish causality between lithium and reduced AD risk. [92] 

Future studies should integrate advanced tools such as 7Li-

MRI, CSF biomarkers, and genetic profiling to clarify lithium’s 

effects in the human brain.[93] Such approaches may enable 

personalised lithium-based strategies for neuroprotection. 

Ultimately, robust clinical trials are needed to establish 

guidelines for safe and effective lithium supplementation in AD 

prevention and treatment.[94] 

 

CONCLUSION 

Lithium deficiency may contribute to AD pathology by 

disturbing essential signalling pathways and reducing neuronal 

stability. Trace or microdose lithium shows neuroprotective 

effects in preclinical and early clinical studies, indicating 

possible benefits in slowing cognitive decline. Larger, rigorous 

trials are required to determine ideal dosing, identify 

biomarkers, and confirm long-term safety for its preventive or 

therapeutic use in AD. 
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