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Abstract

Stroke is a clinically deϐined syndrome of acute focal neurological deϐicit attributed to 
vascular injury (infarction, hemorrhage) of the central nervous system. Stroke is the second 
leading cause of death and disability worldwide. Stroke is not a single disease but can be 
caused by a wide range of risk factors, disease processes and mechanisms. Approximately 15% 
of strokes worldwide are the result of intracerebral hemorrhage, which can be deep (basal 
ganglia, brainstem), cerebellar or lobar. A minority (about 20%) of intracerebral hemorrhages 
are caused by macrovascular lesions (vascular malformations, aneurysms, cavernomas), venous 
sinus thrombosis or rarer causes.

The prevalence of stroke is highest in developing countries, with ischemic stroke being the 
most common type. Stroke therapy primarily focuses on restoring blood ϐlow to the brain and 
treating stroke-induced neurological damage. Lack of success in recent clinical trials has led to 
signiϐicant reϐinement of animal models, focus-driven study design and use of new technologies 
in stroke research.

The highest reported stroke incidence is in China, where 
it affects an estimated 331–378 individuals per 100,000 life 
years. The second-highest rate is in eastern Europe (181–218 
per 100,000 life years) and the lowest in Latin America (85–
100 per 100,000 life years) [3]. 

Both brain infarction and intracerebral hemorrhage (ICH) 
are common in men, but cardioembolic stroke, a more severe 
form of stroke, is more prevalent among women. The fatality 
rate for stroke is also higher among women [4].

A global population-based study of the prevalence of stroke 
and related risks examined demography, behavior, physical 
characteristics, medical history and laboratory reports, and 
revealed the contribution of exposure to air pollution and 
particulate matter to stroke mortality [5].

The annual number of strokes and deaths due to stroke 
increased substantially from 1990 to 2019, despite substantial 
reductions in age-standardised rates, particularly among 

Background
Stroke is a neurological disorder characterized by blockage 

of blood vessels. Clots form in the brain and interrupt blood 
ϐlow, clogging arteries and causing blood vessels to break, 
leading to bleeding. Rupture of the arteries leading to the 
brain during stroke results in the sudden death of brain cells 
owing to a lack of oxygen. Stroke can also lead to depression 
and Dementia [1].

Stroke is the second leading cause of death globally. It 
affects roughly 13.7 million people and kills around 5.5 
million annually. Approximately 87% of strokes are ischemic 
infarctions, a prevalence which increased substantially 
between 1990 and 2016, attributed to decreased mortality 
and improved clinical interventions.

The incidence of stroke increases with age, doubling after 
the age of 55 years. However, in an alarming trend, strokes in 
people aged 20–54 years increased from 12.9% to 18.6% of all 
cases globally between 1990 and 2016 [2].
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people older than 70 years. The highest age-standardised 
stroke-related mortality and DALY rates were in the World 
Bank low-income group. The fastest-growing risk factor 
for stroke between 1990 and 2019 was high body-mass 
index. Without urgent implementation of effective primary 
prevention strategies, the stroke burden will probably 
continue to grow across the world, particularly in low-income 
countries [6].

Introduction
Where survivors of stroke live may make a difference in 

their clinical outcomes, including long-term mortality. A large 
body of supportive evidence from epidemiologic studies has 
demonstrated that geographic difference in stroke mortality 
is non-artifactual, although both its presence and magnitude 
are likely scale-dependent at different population levels [7].

Since at least 1940s there has been a consistent pattern 
of market geographic variation in stroke mortality within the 
U.S., with very high rates reported in the southeast Atlantic 
coastal plain and very low rates in the Mountain census 
division [8]. By the mid-1990s, despite minor geographic 
shifts, such regional differences in stroke mortality had 
persisted for more than half a century, yet the underlying 
causes of geographic disparities remained elusive [9].

The persistence of the pattern over more than ϐive decades; 
the similarity of the pattern for different age, race, and sex 
groups; the fact that the pattern is not delimited by county, 
state, or other political administrative boundaries; and the 
extreme magnitude of the differences between rates in high- 
and low-rate areas suggest that the geographic pattern of 
stroke mortality rates is not an artifact of different diagnostic 
and reporting practices [10].

Regional variation in stroke risk factors (eg, prevalence 
of hypertension, diabetes, and cigarette smoking) has been 
documented by various US government health surveys, but 
none of the factors have been clearly related to the pattern 
of geographic variation in stroke morbidity and mortality 
[1]. Systematic attempts to investigate the geographic 
variation in stroke risk factors as an explanation of the 
geographic variation in stroke frequency have been few and 
the results inconsistent [11]. Recognized stroke risk factors, 
including hypertension, apparently account for only a small 
fraction of the spatial variation in stroke mortality [12].

Although hypertension is strongly associated with both 
atherothrombotic brain infarction and intraparenchymal 
hemorrhage [13], geographic variation in hypertension 
prevalence does not appear to account for the large variation 
in stroke occurrence and mortality. Only about 10% of 
Mormons are regular smokers compared with approximately 
40% for the non-Mormon white population of Utah and 35% 
for the general US population. Signiϐicantly, stroke mortality 
rates are low in both Mormons and non-Mormons in Utah 
[14], presumably implicating some other protective factor.

The ϐirst use of the “stroke belt” concept is now obscure, 
but the term was applied in the 1970s after the gradual 
recognition during the 1960s of the existence of a broad area 
of excess stroke mortality in the southeastern United States 
[15]. Studies of the geographic distribution of stroke mortality 
in the United States had been conducted earlier, in fact as early 
as the late 1940s, but these studies downplayed the evident 
spatial variation in stroke mortality, especially in comparison 
with the apparently larger spatial variation in cardiovascular 
mortality [16].

The National Heart, Lung, and Blood Institute (NHLBI) 
stroke belt therefore includes Alabama, Arkansas, Georgia, 
Indiana, Kentucky, Louisiana, Mississippi, North and South 
Carolina, Tennessee, and Virginia. In contrast, Howard and 
colleagues [17] deϐine the stroke belt somewhat arbitrarily 
as a group of contiguous counties along the coastal plains 
of Georgia and the Carolinas, since is roughly consistent 
with some of the area of extreme rates among whites in 
corresponding state economic areas [18]. 

The role of dissolved oxygen levels in water in the 
etiopathogenesis of stroke

As a result of our observation that our body does not take 
oxygen from the air that surrounds us, but from the water 
contained inside the cells that make us up, through molecules 
derived from protoporphyrin IX and melanin [19], we began 
to correlate dissolved oxygen levels in drinking water, as well 
as the source of it, with various epidemiologically important 
diseases [20].

And since our body obtains oxygen from water localized 
intracellularly, dissociating the molecule; as in plants, the 
results correlated in a surprising way. That is: the lower the 
levels of dissolved oxygen in drinking water, as well as the 
sources of it, since the usual puriϐication does not raise these 
levels, we have a higher incidence and prevalence of Stroke, 
and other diseases (Figure 1).

The explanation is that as long as the oxygen levels inside 
the cell are within the relatively narrow parameters that cells 
require to maintain their shape and function, then the human 
body will function ϐine, but when the levels of dissolved oxygen 
in the water that is in contact with us (for bathing, for cooking, 
for washing dishes, for washing clothes, for cleaning houses, 
for watering the garden, etc.) Not only the one we ingest 
has levels below 6 milligrams per liter, but the intracellular 
mechanisms also that dissociate water molecules cannot do 
so with the speed and accuracy that the biochemical logic of 
life requires, so imbalances begin to occur in processes that 
are too exact, which manifests itself in various ways. different 
in each person; as is the case with Stroke, but it can be thought 
that as long as intracellular oxygen, which comes from water 
inside cells and not from the atmosphere, is in balance with 
the demanding needs of the complex biochemical processes 
that together lead to life, the entire organism will function 
well because it is very well made.
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Therefore, it can be said that any disease has to start 
with oxygen imbalance, at the intracellular level. As long as 
these levels, which are essential for preserving the shape 
and function of cells, tissues, organs and systems, are in 
balance, the body will be ϐine, because they are very resilient 
processes. But decreased levels of dissolved oxygen reϐlect the 
water pollution, and the astonishingly accurate mechanisms 
of dissociation from the water that cells use for this purpose, 
and which have been the same since the beginning of time, 
since they together make up the origin of life, they cannot 
carry out this dissociation in the way as perfect as is required 
by intracellular metabolism, and imbalances ensue, which can 
reach clinical manifestations of various kinds, because each 
organism is unbalanced in its own way.

The name of the disease does not matter, as the body does 
not pay attention to it, but we can infer that any disease begins 
with the imbalance of oxygen at the intracellular level. 

So, returning to the subject of the Stroke belt, described 
since the middle of the last century, it has a factor in common, 
and that is the low or very low levels of oxygen dissolved in 
the water that is in contact with the population (Figure 2).

The dissolved oxygen (DO) concentration in a river is an 
essential indicator of ecosystem assessment. DO decreases in 
rivers impact biological activities and result in reductions in 
biodiversity, Humans included.

Therefore, the data cited in previous paragraphs about 
China occupying the ϐirst place in incidence and prevalence of 
Stroke, is not surprising given that values of even less than 
2 mg/L of dissolved oxygen are frequently reported in that 
region [21].

An area off the Yangtze River Estuary (YRE), China, 
annually develops one of the world ocean’s largest hypoxic 
areas. Observations collected by ship since 1999, and by long-

Figure 1: Map of the mean duration of hypoxic events within a river reach deϐined as [DO] < 2 mg L−1 for locations within the same dataset as panel a. points are colored and 
sized by event duration [21].

Figure 2: Daily average DO (dissolved oxygen) by zones [22].
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Figure 3: There is a widespread, short-term occurrence of hypoxia in rivers across the globe, with rivers draining both disturbed and undisturbed landscapes vulnerable to 
hypoxia. Despite being generally ephemeral, hypoxic conditions in rivers are of outsized relevance because of detrimental effects on aquatic organisms and implications for 
greenhouse gas emissions [25].

Figure 4: The projections indicated that the incidence rate of ischemic stroke will increase both sexes, all age groups, resulting in neurological death and long-term adult 
disability and thus imposes massive health and economic burdens [26].
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term sensors since 2009, show that DO concentration in this 
region has been both declining and greatly ϐluctuating [22].

The deoxygenation of water is a growing worldwide 
challenge (Figure 3). And the growing incidence and 
prevalence of stroke it’s a consequence (Figure 4).

Conclusion
During the last two decades, epidemiological studies 

conducted worldwide have shown a consistent, increased risk 
for cardiovascular events [23]. These include heart disease 
and stroke deaths, in relation to short-term and long-term 
exposures to present-day concentrations of ambient air 
pollution, especially particulate matter (PM). Several reports 
showing excessive mortality associated unexpectedly with 
low PM concentrations. Recent meta-analyses conϐirmed 
that short-term exposure to ambient ozone increases 
cardiovascular mortality [24].

 Short-term elevations of PM and ozone can increase 
ischemic stroke mortality [25], hospitalizations and emergency 
visits [26]. Beyond these acute effects, large cohort studies have 
consistently shown that long-term exposure to air pollution is 
associated with increased cardiovascular mortality [27]; PM 
exposure also increases the risks for coronary heart diseases 
and stroke.

Thereby, exposure to ambient air pollutants can induce 
excessive oxidative stress, provoke inϐlammatory responses, 
perturb endothelial function, damage microvasculature, 
and cause progression of atherosclerosis [28], although the 
underlying mechanisms are unclear. The cause of speciϐic 
mortality associated with air pollution is not investigated 
easily, due to complex and poorly understood interactions 
between pollutants and cells and tissues. 

However, the interplay between dissolved oxygen levels 

in the drinking water or those that are in contact with the 
population, and the etiopathogenesis, prevention, and 
treatment of cerebral vascular events have not been explored. 
Probably because the impact of the increasing decline in 
dissolved oxygen levels on human health was not given due 
importance. 

The frenetic anthropogenic activity is a determining factor 
in the levels of dissolved oxygen in the different types of 
water that are in contact with human beings and in general 
with living beings (Figure 5), as it affects the delicate balance 
between cells and oxygen that we now know comes from the 
interior of cells, through the dissociation of water. As in plants, 
and not in the atmosphere, as maintained by the prevailing 
dogma proposed by Lavoisier and Priestley, in 1750. 

We could conclude that the lower the levels of oxygen 
dissolved in the water that is in contact with the population, 
the higher the incidence and prevalence of cerebral vascular 
events or stroke, and vice versa.

This correlation would allow us to design effective 
interventions, since the basis would be to raise the levels of 
dissolved oxygen in the drinking water that is distributed to 
the population, with which, according to statistics, we would 
probably reduce the incidence and prevalence of stroke and 
other frequent diseases that increasingly afϐlict us. For decades 
it has been said and published that contaminated water, and 
therefore with low levels of dissolved oxygen; it can cause any 
type of disease. 

Water with low levels of dissolved oxygen should not only 
not be ingested, but should not be used to wash dishes, much 
less for cooking, bathing, or washing clothes. 
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Figure 5: Effects of Discharge Flow on River DO. Anthropogenic activities use water, which is polluted in multiple ways and then discharged into rivers, streams, lakes, lagoons, 
oceans and seas; which have been dumps since the beginning of time. The greater the number of discharges, the lower the dissolved oxygen values, since almost anything that 
falls into the water decreases its dissolved oxygen levels [33].
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