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This issue of the NEHRI Report examines the current evidence on the links between 
environmental factors—notably air pollution and temperature extremes—and the risk of 
stroke. We begin with a global overview, summarizing key findings and proposed biological 
mechanisms from international literature. The report then turns to Israel, presenting a 
synthesis of all locally conducted studies to date, highlighting unique climatic and 
demographic contexts, and outlining their implications for future research and public health 
policy. 
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Executive Summary 
Stroke remains one of the leading causes of death and disability worldwide. A growing 
body of evidence links environmental exposures—notably air pollution and temperature 
extremes—to both the incidence and outcomes of stroke. These exposures act as acute 
triggers and, in some cases, contribute to long-term cerebrovascular risk. 

Globally, fine particulate matter (PM₂.₅) from traffic, industry, and other sources is 
associated with a higher risk of ischemic stroke, transient ischemic attack (TIA), and, to a 
lesser extent, intracerebral hemorrhage. Temperature extremes, especially heatwaves, 
can precipitate stroke through physiological stress, dehydration, and blood pressure 
variability. Vulnerable groups include older adults, individuals with cardiovascular 
comorbidities, and socioeconomically disadvantaged populations. 

Israeli studies confirm and extend these findings, showing that: 

• Short-term PM₂.₅ exposure raises ischemic stroke risk even at levels below Israeli 
air quality standards. 

• Temperature effects are season- and age-dependent, with younger adults more 
affected in summer and older adults in winter. 

• Socially vulnerable groups, including non-Jewish populations and those with pre-
existing cardiovascular disease, face disproportionate risks. 

Policy Implication: Environmental mitigation, reducing air pollution exposure and 
protecting populations during temperature extremes, is a risk-free intervention with 
potential for substantial stroke prevention impact. Strategies include: 

• Integrated heat + air quality warning systems. 

• Targeted outreach to at-risk populations. 

• Urban planning for cooling and clean air access. 

• Public and clinical education on minimizing exposure during high-risk periods. 

Environmental health interventions have no adverse medical side effects and can be 
implemented at the population scale, offering a unique “no-regrets” strategy for 
reducing the burden of stroke. 
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 םילהנמ םוכיס

 םירבטצמ םירקחמ .םלועה יבחרב תוכנלו התומתל תוליבומה תוביסה תחא אוה יחומ ץבש
 ןיבל – תוינוציק תורוטרפמטו ריווא םוהיז רקיעבו – תיתביבס הפישח ןיב רורב רשק לע םיעיבצמ
 קלחבו םיידיימ םירגירטכ שמשל תולולע ולא תופישח .ויתואצות תרמחהו יחומ ץבש תועראיה
 .חווטה ךורא ןוכיסל םורתל ףא םירקמהמ

 ץבשל ןוכיסב היילעל םירשקנ ,םירחאו היישעת ,הרובחת תורוקממ (PM₂.₅) יקיקלח םוהיז  ,םלועב
 תולולע ,םוח ילג רקיעבו ,תוינוציק תורוטרפמט .יחומ ךות םומיד – התוחפ הדימבו TIA ,ימכסיא
 תוללוכ תועיגפ תויסולכוא .םדה ץחלב םייונישו תושבייתה ,יגולויזיפ סמוע ךרד יחומ עוריאל םורגל
 .תימונוקא-ויצוס הניחבמ תושלחומ תויסולכואו ,םד ילכו בל תולחמ םע םילוח ,םישישק

 :הלא םיאצממ םיביחרמו םירשאמ םירקחמ ,לארשיב

 ןקתהמ תוכומנ תומרב םג ימכסיא ץבשל ןוכיסה תא הלעמ PM₂.₅-ל הרצק הפישח •
 .ילארשיה

 רתוי םירגובמהו ,ץיקב רתוי םיעפשומ םיריעצה – ליגו הנוע תויולת הרוטרפמטה תועפשה •
 .ףרוחב

 ןוכיסב תואצמנ ,םד ילכו בל תולחמב םילוחו םידוהי-אל תוברל ,תושלחומ תויסולכוא •
 .רבגומ

 תעב הייסולכואה לע הנגהו ריווא םוהיז תתחפה ,תיתביבס הפישח םוצמצ :תוינידמל תוכלשה
 יתועמשמ לאיצנטופ םע ,תויאופר יאוול תועפות אללו החוטב תוברעתה אוה ,תוינוציק תורוטרפמט
 :םיללוכ םיצלמומ םידעצ .ץבש תעינמל

 .ריווא םוהיזו םוחל תובלושמ הערתה תוכרעמ •

 .ןוכיסב תויסולכואל תדקוממ היינפ •

 .יקנ ריוואל השיגו רוריק רשפאמה ינוריע ןונכת •

 .הובג ןוכיסב םימיב הפישח תתחפה לע םייאופרה םיתווצהו רוביצה ךוניח •

 תולעב ,בחר הדימ הנקב םושייל תנתינה ןוכיס תרסח היגטרטסא םה תיתביבס תוברעתה ידעצ
 .הייסולכואב ץבשה לטנ תתחפהל לאיצנטופ םע ,הכומנ
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Methodology 
A systematic literature search was conducted to identify peer-reviewed studies 
examining the relationship between environmental factors—specifically air pollution, 
temperature, and other climatic variables—and stroke incidence or outcomes in Israel. 
Searches were performed in PubMed and Web of Science using combinations of 
keywords and MeSH terms, including stroke, cerebrovascular disease, air pollution, 
temperature, climate, dust, and Israel. No date restrictions were applied, and results 
were limited to articles published in English. Full-text articles meeting these criteria were 
reviewed in detail. Global context was established through a targeted review of recent 
systematic reviews and high-quality international studies on environmental determinants 
of stroke. Findings were synthesized narratively, with Israeli studies summarized 
chronologically to illustrate the evolution of local evidence and interpreted considering 
the broader international literature. 

 

What is Known Globally: Stroke and 
Environmental Factors 
Stroke is a leading cause of death and disability worldwide. While traditional risk factors 
such as hypertension, diabetes, smoking, and atrial fibrillation remain central to 
prevention efforts, there is growing recognition that environmental conditions play a 
significant role in shaping stroke risk. Among these, air pollution and temperature 
extremes have emerged as the most consistently implicated exposures. Extensive 
epidemiological studies from multiple continents have shown that fine particulate 
matter, particularly particles smaller than 2.5 microns in diameter (PM₂.₅), is linked to an 
increased likelihood of both ischemic stroke and transient ischemic attack, with less 
consistent associations for intracerebral hemorrhage. These effects are observed not 
only during chronic exposure over years, which may accelerate atherosclerosis and 
vascular aging, but also in the hours and days following acute increases in pollution, 
when transient physiological changes can precipitate an event. Importantly, elevated 
risks have been documented even when pollutant concentrations fall below current 
national air quality standards, suggesting the absence of a clear safe threshold. 

Temperature is another environmental driver of cerebrovascular events. Both extreme 
heat and extreme cold have been associated with higher stroke incidence, though the 
underlying pathways differ. Heatwaves can provoke dehydration, reduce plasma volume, 
concentrate the blood, and disrupt blood pressure regulation, all of which strain the 
cardiovascular system and may trigger clot formation or vessel rupture. In contrast, cold 
exposure tends to increase sympathetic nervous system activity, raise blood pressure, 
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and promote vasoconstriction, which may contribute to plaque rupture or thrombus 
formation. Seasonal fluctuations in stroke incidence have been reported across diverse 
climates, with variation by age, comorbidity, and stroke subtype. 

The biological plausibility of these associations is supported by mechanistic evidence 
from both human and animal studies. Air pollution and thermal stress can cause 
endothelial dysfunction, oxidative stress, and systemic inflammation, leading to a pro-
thrombotic state and destabilization of atherosclerotic plaques. They can also influence 
cardiac rhythm and autonomic balance, which may serve as triggers for embolic events. 
Because environmental exposures affect entire populations simultaneously, even modest 
relative increases in risk translate into large absolute numbers of additional strokes. 

From a public health perspective, environmental determinants are particularly 
compelling targets for intervention. Reducing exposure to air pollution and mitigating the 
impact of temperature extremes can be achieved through policies in transportation, 
energy production, building design, and urban planning, and these measures carry no 
direct medical risk. Moreover, the benefits extend beyond cerebrovascular disease to 
other major health outcomes, including respiratory illness and cardiovascular morbidity. 
Addressing these exposures represents a “no-regrets” strategy—an opportunity to 
reduce the burden of stroke while improving overall population health and resilience in 
the face of climate change. 

 

Israeli Findings: Stroke and Environmental 
Factors 
Israel offers a unique setting for studying environmental triggers of stroke, combining 
extreme heat and marked climatic variability with nearly complete, population-wide 
medical data. This rare overlap allows patterns to be detected that are often impossible 
to study in countries where only one of these elements is available. 

The earliest Israeli investigation into environmental triggers of stroke was conducted by 
Berginer et al. (1989) in the Negev Desert. This study examined the clustering of stroke 
events in relation to meteorological conditions over a two-year period. The authors 
reported a noticeable increase in stroke incidence on days with high ambient 
temperatures, suggesting that acute heat exposure could act as a precipitating factor in 
susceptible individuals. This work was among the first to draw attention to 
environmental conditions as immediate triggers for cerebrovascular events in a semi-arid 
climate. 
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More than two decades later, Zeevi et al. (2012) analyzed seasonal variation in 
spontaneous intracerebral hemorrhage in northern Israel. Using hospital records, they 
demonstrated a clear winter peak in hemorrhagic strokes, aligning with the hypothesis 
that cold temperatures may promote blood pressure elevation and vascular stress, 
thereby increasing the likelihood of vessel rupture. This study highlighted that 
temperature effects are not confined to ischemic stroke but may extend to hemorrhagic 
subtypes, with different seasonal patterns. 

Yitshak-Sade et al. (2015) advanced the field by integrating high-resolution air pollution 
monitoring data with a case-crossover design to investigate ischemic stroke risk among 
young adults in the Negev. They found that short-term exposure to particulate matter, 
particularly PM₂.₅, was associated with a significantly increased risk of ischemic stroke in 
individuals under 55 years of age. The effect was strongest for those living close to major 
roads, implicating traffic-related pollutants as a key source of risk. This was one of the 
first Israeli studies to quantify pollution–stroke associations using modern exposure 
assessment techniques. 

Honig et al. (2016) investigated the relationship between meteorological changes and 
spontaneous intracerebral hemorrhage (SICH) subtypes in Jerusalem over five years. In 
206 patients with primary supratentorial hemorrhage, they found that drops in 
barometric pressure 2–3 days before symptom onset were significantly associated with 
deep, but not lobar, hemorrhages, a pattern consistent with hypertensive vasculopathy. 
Deep ICH clustered in February, coinciding with larger pressure fluctuations, whereas 
lobar events, often related to probable cerebral amyloid angiopathy, showed no seasonal 
pattern. The authors propose that impaired vascular responses in hypertensive patients 
may make them susceptible to pressure-related blood pressure surges, precipitating 
hemorrhage 

In 2017, Yitshak-Sade et al. examined whether environmental exposures could improve 
long-term cardiovascular risk prediction. By incorporating air pollution and greenness 
metrics into predictive models for myocardial infarction, stroke, and cardiovascular 
mortality, they found minimal improvement in predictive accuracy, suggesting that these 
exposures are more relevant as acute triggers than as long-term individual risk modifiers. 
Nonetheless, the study confirmed that chronic exposure to low greenness and high 
pollution correlates with worse cardiovascular outcomes. 

Vered et al. (2020) conducted a nationwide time-stratified case-crossover study to assess 
the relationship between high ambient temperatures and stroke or transient ischemic 
attack (TIA). They observed that increased mean daily temperature in summer was 
associated with a higher risk of ischemic events within one to six days, particularly among 
working-age adults. Interestingly, a greater diurnal temperature range (cooler nights) 
appeared to mitigate this risk, suggesting a protective role of nighttime cooling. 
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Also in 2020, Yitshak-Sade et al. published a large national analysis on air pollution and 
ischemic stroke. Using registry data and high-resolution PM₂.₅ exposure models, they 
reported a non-linear exposure–response curve, with stroke risk increasing even at levels 
well below the Israeli 24-hour PM₂.₅ standard. No association was observed for 
intracerebral hemorrhage, and the relationship with TIA was similar in magnitude but not 
statistically significant. Stratified analyses indicated stronger effects in women, older 
adults, non-Jewish populations, and those with diabetes, hypertension, or ischemic heart 
disease. 

 

In 2023, Gaines et al. revisited the air pollution–stroke relationship with an emphasis on 
high-risk subgroups. Their findings reinforced earlier observations that vulnerable 
populations experience greater absolute and relative risk from particulate matter 
exposure, and they argued for lowering Israeli air quality standards in light of evidence 
that harm occurs below current thresholds. 

Most recently, Libruder et al. (2024) analyzed over two decades of national stroke 
registry data to explore age-dependent seasonality in stroke incidence. They found that 
ischemic stroke and TIA peaked in the summer among individuals younger than 70, 
whereas in older adults, the peak occurred in winter. Intracerebral hemorrhage incidence 
was highest in winter and autumn, independent of age. These results underscore the 
complexity of temperature–stroke relationships and suggest that prevention strategies in 
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Israel should be tailored not only to environmental conditions but also to patient age and 
stroke subtype. 

Summary of the Israeli findings  
Israeli research offers a distinctive view on environmental determinants of stroke, 
shaped by the country’s varied climates, pollution sources (traffic, industry, desert dust), 
and high-resolution environmental monitoring. The main findings are: 

• Heat and temperature variability: Short-term heat exposure increases stroke and 
TIA risk. Ischemic events peak in summer among adults <70 and in winter among 
older adults, while ICH peaks mainly in winter/autumn. 

• Barometric pressure: Drops in atmospheric pressure 2–3 days before onset are 
linked to deep ICH but not lobar ICH, suggesting vulnerability in patients with 
hypertensive vasculopathy. 

• Air pollution: PM₂.₅ exposure increases ischemic stroke risk even below current 
Israeli standards, with stronger effects in younger adults, women, non-Jewish 
populations, and those with cardiovascular comorbidities; no clear association is 
seen for ICH. 

• Greenness: Residential greenness shows limited added value for long-term stroke 
risk prediction, supporting a role for environmental factors mainly as acute 
triggers. 

• Mechanisms: Findings align with global evidence, implicating dehydration, blood 
pressure instability, inflammation, and hypercoagulability as key pathways. 

Future Projections 
Climate projections suggest that Israel will experience higher temperatures, more 
frequent and intense heatwaves, and increased Saharan dust events. Combined with 
ongoing urbanization, traffic-related air pollution, population aging, and rising 
cardiovascular comorbidity, these trends are expected to increase the number of 
environmentally triggered strokes, with risks varying by season, age, and stroke subtype. 

Policy and Research Implications 
Israeli evidence shows that stroke prevention must be climate-specific and population-
targeted, reflecting hot summers, temperature variability, dust storms, and urban traffic. 
Because risks vary by age, stroke subtype, and environmental trigger, prevention 
strategies must be tailored accordingly. Below we are few clinically relevant suggestions. 

Integrated Environmental Health Alerts: 

Establish a national early-warning system combining air quality, weather, and 
barometric pressure data. 
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Include thresholds to protect high-risk hypertensive individuals. 

Deliver targeted, potentially personalized alerts (using geolocation and health 
data) for: 

- Older adults during winter cold spells and pressure drops 

- Working-age adults during summer heatwaves and pollution events 

- Residents of high-exposure areas, including traffic corridors and dust-
prone regions 

Urban planning: Reduce traffic-related PM₂.₅, expand urban cooling/greening, and 
mitigate desert dust exposure. 

Clinical care: Integrate environmental risk alerts into EMRs and prepare hospitals for 
surge periods. 

Public education: Provide targeted guidance on heat, pollution, and pressure-related 
risks. 

Data integration: Link national stroke registries with high-resolution environmental data. 

Research & prevention: adopt a non-regrets environmental mitigation strategy by 
studying combined environmental stressors and implementing targeted interventions 
during high-risk periods, supported by barometric pressure–based early-warning systems 
for high-risk populations.  
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