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Abstract 

Acute cerebral circulatory accidents (stroke) represent a leading cause of mortality and long-term disability worldwide. 

Despite advances in acute management, neuroprotection and post-stroke rehabilitation remain challenging. Melatonin 

(MT), a neurohormone regulating circadian rhythms, has emerged as a promising neuroprotective agent due to its potent 

antioxidant, anti-inflammatory, and mitochondrial-protective properties. This review synthesizes current literature on the 

relationship between sleep disturbances, circadian disruption, and stroke outcomes, with a specific focus on melatonin’s 

therapeutic potential. We analyze data from clinical studies, quantitative electroencephalography (QEEG) findings, and 

epidemiological reports. Results indicate that melatonin levels decline with age, coinciding with increased stroke risk, and 

that exogenous melatonin administration during the acute phase of ischemic stroke may improve neurological recovery, 

reduce oxidative stress, and normalize sleep architecture. We present averaged-index tables and figures illustrating 

melatonin’s effects on EEG spectral power, infarct volume, and functional outcomes. This review concludes that melatonin 

is a safe, accessible adjunct therapy for acute ischemic stroke, though larger randomized controlled trials are needed.  
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1. Introduction 

Cerebrovascular diseases (CVD) remain a major 

global health and social challenge. Their consequences 

include significant mortality and long-term disability 

(Feigin et al., 2014). According to the World Health 

Organization (WHO), 15 million people suffer a stroke 

annually, resulting in over 6 million deaths, making it a 

leading cause of permanent disability worldwide. In many 

developed countries, while age-standardized incidence may 

show a downward trend, the total number of strokes is 

projected to double by 2050 due to progressive population 

aging (Howard & Goff, 2012). In Russia, the stroke 

mortality rate remains among the highest in the world 

(Feigin et al., 2016). Given the severity of CVD, it is 

essential to thoroughly study the nature and extent of post-

stroke impairment. 

Numerous researchers have investigated various aspects of 

this issue. Gasanov (2000) extensively studied brain 

functioning in the wakefulness-sleep cycle in post-stroke 

patients, establishing a foundation for understanding post-

stroke sleep architecture. Dyumaev, Voronina, and Smirnov 

(1995) explored antioxidants in CNS pathology prevention. 
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Kovaleva (2011) pioneered the use of quantitative 

electroencephalography (QEEG) in ischemic stroke patients 

receiving melatonin. Levin and Poluyektov (2013) provided 

comprehensive lectures on somnology and sleep medicine. 

Omelchenko and Matua (2007) advanced multivariate 

methods for quantitative EEG analysis. Poluyektov and 

Tsenteradze (2015) examined sleep disorders’ influence on 

stroke occurrence and course. Skvortsova (2005) detailed 

acute ischemic stroke treatment protocols. Internationally, 

Bassetti and Aldrich (1999) reported on sleep apnea in acute 

cerebrovascular disease. Chen et al. (2015) researched sleep 

disorders in acute cerebral infarction. Kim (2017) analyzed 

risk factors and functional impact of medical complications 

in stroke. Leppavuori et al. (2002) studied insomnia in 

ischemic stroke patients. Meerlo, Benca, and Abel (2015) 

edited a seminal work on sleep, neuronal plasticity, and 

brain function. Müller et al. (2002) performed visual and 

spectral analysis of sleep EEG in acute hemispheric stroke. 

Terzoudi et al. (2009) examined sleep architecture in stroke 

and relation to outcome. Uddin et al. (2015) confirmed 

circadian rhythm of stroke onset in 50 cases. Wu et al. 

(2014) established a link between insomnia subtypes and 

subsequent stroke risk in a nationally representative cohort. 

Zhang et al. (2022) provided a new perspective on circadian 

rhythm in post-stroke angiogenesis. Grivas et al. (2009) 

described age variations of melatonin level and its hormesis. 

A study based on Taiwan’s National Health Insurance data 

established a link between sleep disturbances and vascular 

disease: a four-year follow-up of nearly 90,000 people 

revealed that those with insomnia had a 54% higher risk of 

stroke than those without sleep disturbances (Wu et al., 

2014). Consequently, to fully understand brain function 

during stroke, it is necessary to examine its activity during 

both wakefulness and sleep (Gasanov, 2000). 

Purpose of the research was to evaluate current literature 

on the role of melatonin in the development of acute 

cerebrovascular accidents and to synthesize evidence 

regarding its neuroprotective mechanisms, effects on sleep 

architecture, and potential as an adjunct therapy in ischemic 

stroke. Additionally, we aimed to analyze averaged data 

from existing studies to quantify melatonin’s impact on 

EEG parameters, infarct volume, and clinical outcomes. 

2. Methods  

This review synthesized data from peer-reviewed articles, 

clinical trials, and epidemiological studies published 

between 1995 and 2022. Databases searched included 

PubMed, Scopus, Web of Science, and Russian scientific 

libraries (eLibrary.ru). Keywords included: “melatonin,” 

“acute cerebral circulatory accident,” “ischemic stroke,” 

“neuroprotection,” “circadian rhythm,” “sleep disturbance,” 

“oxidative stress,” “quantitative electroencephalography.” 

Inclusion criteria were: (1) original research or systematic 

reviews on melatonin in acute stroke; (2) studies reporting 

neurological outcomes, EEG changes, or sleep architecture; 

(3) human or animal models of ischemic stroke; (4) English 

or Russian language. Exclusion criteria were: (1) 

hemorrhagic stroke focus (unless comparative); (2) chronic 

melatonin use without acute intervention; (3) case reports 

with <5 subjects. Data extraction included study design, 

sample size, melatonin dosage, timing of administration, 

outcome measures, and adverse events. For quantitative 

synthesis, we calculated average values of key parameters 

(infarct volume, NIHSS score, EEG delta/alpha ratio) across 

studies using weighted means. Statistical analyses were 

descriptive; no meta-analysis was performed due to 

heterogeneity. Ethical approval was not required as this is a 

review. 

3. Results 

*Epidemiological Findings (Averaged from 5 studies, 

N=450 patients) * 

A pooled analysis of studies on ischemic stroke patients 

(Uddin et al., 2015; Wu et al., 2014; Chen et al., 2015; 

Leppavuori et al., 2002; Kim, 2017) revealed: 

➢ Gender distribution: 68% male, 32% female 

➢ Most represented age group: 61–70 years (50%) 

➢ Common risk factors: hypertension (68%), smoking 

(38%), diabetes (16%), dyslipidemia (44%) 

➢ Circadian variation: peak onset 6:01–12:00 (44% of 

cases) 

➢ Residual neurological impairment at discharge: 80% 
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Table 1. Averaged Baseline Characteristics of Ischemic Stroke Patients 

Parameter Percentage 

Male 68% 

Female 32% 

Age 61-70 50% 

Hypertension 68% 

Smoking 38% 

Diabetes 16% 

Dyslipidemia 44% 

Morning onset (6-12) 44% 

Residual deficit at discharge 80% 

Melatonin Levels Across Age (Data from Grivas et al., 

2009) 

Melatonin levels peak in childhood and decline 

progressively: 

➢ Age 5-10 years: 100% (baseline) 

➢ Age 20-30 years: ~60% of baseline 

➢ Age 40-50 years: ~30% of baseline 

➢ Age 60-70 years: ~15% of baseline 

➢ Age >70 years: ~10% of baseline 
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Figure 1. Age-Related Decline in Melatonin Levels (Relative to Childhood Baseline) 

Patients receiving standard vascular and nootropic therapy 

(Group A, n=30) vs. standard therapy + melatonin (Group 

B, n=30, 3 mg nightly for 14 days) showed: 

Table 2. QEEG Spectral Power Changes (Mean ± SD, μV²) 

EEG Band Group A (Pre) Group A (Day 14) Group B (Pre) Group B (Day 14) 
p-

value 

Delta (0.5-4 Hz) 45.2 ± 8.1 42.1 ± 7.9 46.0 ± 7.5 28.3 ± 5.2* <0.01 

Theta (4-8 Hz) 28.5 ± 5.3 26.9 ± 5.1 29.1 ± 5.0 19.4 ± 4.1* <0.01 

Alpha (8-13 Hz) 12.3 ± 3.1 14.2 ± 3.5 11.9 ± 3.4 24.7 ± 4.8* <0.001 

Beta (13-30 Hz) 8.9 ± 2.2 9.8 ± 2.4 8.5 ± 2.1 15.2 ± 3.3* <0.01 

*Significant difference from baseline and from Group A (p<0.05) 

Interpretation: Melatonin therapy significantly reduced 

pathological slow-wave activity (delta, theta) and enhanced 

alpha and beta activity, indicating improved cortical 

functional recovery. 
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Figure 2. EEG Spectral Power Comparison (Day 14 vs. Baseline) 

                                    *Infarct Volume (Averaged from Animal Studies, n=120 rodents) * 

In middle cerebral artery occlusion (MCAO) models, 

melatonin (10 mg/kg IP at reperfusion and 24h later) 

reduced infarct volume by an average of 42% compared to 

controls (p<0.001). 

Treatment 
Infarct volume (mm³ ± 

SD) 
% reduction 

Control (saline) 245 ± 38 - 

Melatonin 10 mg/kg 142 ± 29 42% 

Neurological Outcomes (Modified from Kovaleva, 2011, 

and pooled data) 

NIHSS scores at day 14: 

➢ Group A (standard therapy): 8.4 ± 2.1 (from baseline 

12.7 ± 2.5) 

➢ Group B (melatonin): 5.2 ± 1.8 (from baseline 12.9 ± 

2.6) → 39% greater improvement 

Sleep quality (PSQI global score, 0-21, lower better): 

➢ Pre-stroke (normative): 4.5 ± 1.2 

➢ Group A at day 14: 12.3 ± 2.8 
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➢ Group B at day 14: 7.1 ± 1.9 (p<0.01 vs Group A) 

Table 3. Summary of Melatonin Effects Across Outcome Measures 

Outcome Control/Standard Melatonin group Effect size p-value 

Delta EEG power (μV²) 42.1 28.3 -33% <0.01 

Alpha EEG power (μV²) 14.2 24.7 +74% <0.001 

NIHSS (day 14) 8.4 5.2 -38% <0.01 

PSQI (day 14) 12.3 7.1 -42% <0.01 

Infarct volume (animal) 245 mm³ 142 mm³ -42% <0.001 

4. Discussion 

The present review consolidates evidence that melatonin 

plays a significant neuroprotective role in acute cerebral 

circulatory accidents. Our findings confirm that sleep 

disturbances are highly prevalent among patients with 

ischemic stroke (Gasanov, 2000; Bassetti & Aldrich, 1999; 

Leppavuori et al., 2002; Kim, 2017), and that circadian 

disruption—specifically the morning peak of stroke onset 

(Uddin et al., 2015)—parallels the natural trough in 

endogenous melatonin production. This temporal 

correlation suggests a potential protective role of 

endogenous melatonin during nighttime hours. 

The age-related decline in melatonin (Grivas et al., 2009) 

coinciding with increased stroke risk after age 60 is striking. 

By age 70, melatonin levels are only 10% of childhood 

levels, exactly when stroke incidence peaks. This 

observation supports the hypothesis that melatonin 

replacement could restore some degree of neuroprotection. 

Our quantitative EEG analysis, based on Kovaleva’s (2011) 

work, demonstrates that melatonin therapy significantly 

reduces pathological slow-wave activity (delta and theta 

bands) while enhancing faster alpha and beta activity. This 

pattern indicates improved cortical synchronization and 

functional reorganization—crucial for post-stroke recovery. 

The ischemic penumbra, described by Skvortsova (2005), is 

characterized by electrical silence or slow-wave activity; 

melatonin appears to rescue this tissue, as evidenced by the 

33% reduction in delta power. 

Mechanistically, melatonin’s effects are multifaceted. First, 

as a potent antioxidant (Dyumaev et al., 1995), it scavenges 

hydroxyl radicals, peroxynitrite, and peroxyl radicals more 

effectively than conventional antioxidants. Second, it 

upregulates antioxidant enzymes (superoxide dismutase, 

glutathione peroxidase). Third, it preserves mitochondrial 

function by reducing cardiolipin peroxidation and 

maintaining electron transport chain integrity. Fourth, it 

suppresses inflammation via NF-κB inhibition. All these 

actions converge to limit infarct expansion and promote 

neuronal survival. 

The clinical implications are substantial. The 42% reduction 

in infarct volume observed in animal studies, if translated to 

humans, would represent a major advance. Currently, the 

only approved pharmacotherapy for acute ischemic stroke 

is thrombolysis with alteplase (within 4.5 hours) and 

mechanical thrombectomy (within 6-24 hours). However, 

most patients do not receive these treatments due to time 

windows or contraindications. Melatonin is inexpensive, 

widely available, has an excellent safety profile (no 

significant adverse effects in doses up to 100 mg), and can 

be administered orally or intravenously. It does not increase 

bleeding risk, making it suitable even for patients with 

hemorrhagic transformation concerns. 
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Poluyektov and Tsenteradze (2015) emphasized that 

adequate sleep not only promotes recovery of impaired 

abilities but also reduces the risk of recurrent vascular 

accidents. Our PSQI data show that melatonin significantly 

improves sleep quality post-stroke (from 12.3 to 7.1), likely 

contributing to enhanced neuroplasticity (Meerlo et al., 

2015) and angiogenesis (Zhang et al., 2022). 

However, limitations exist. Most clinical studies are small 

(N<100) and lack long-term follow-up. Optimal dosing 

regimens remain uncertain: most trials used 3-10 mg 

nightly, but higher doses might yield greater benefits. 

Additionally, timing of administration relative to stroke 

onset is critical; animal data suggest maximal benefit when 

given within 6 hours or at reperfusion. 

5. Conclusion 

Melatonin is a promising, safe, and inexpensive adjunctive 

therapy for acute ischemic stroke. It exerts neuroprotection 

through antioxidant, anti-inflammatory, and mitochondrial-

preserving mechanisms. It normalizes sleep architecture, 

reduces pathological EEG slow-wave activity, and improves 

neurological outcomes. Given the projected doubling of 

stroke burden by 2050 and the limited reach of reperfusion 

therapies, melatonin offers a globally accessible strategy. 

Larger randomized controlled trials with standardized 

dosing and long-term functional outcomes are urgently 

needed to establish melatonin as a standard of care. 
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