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ABSTRACT

Introduction and aim of the study. Strokes are a leading cause of global mortality
and disability. While diet is a key modifiable risk factor, the impact of specific proteins
requires clarification. This review evaluates evidence on how unprocessed red meat,
processed meat, white meat, and fish affect stroke risk to inform dietary guidelines.

Materials and methods. A literature search of PubMed, Embase, and the Cochrane
Library focused on large-scale meta-analyses, prospective cohort studies, and established
pathophysiology linking specific meat types with stroke outcomes.

State of knowledge. Evidence shows a distinct stroke risk gradient by meat type.
Processed meat is a potent risk factor; a 50 g/day intake raises stroke risk by 11-17%, driven
by sodium and nitrites inducing hypertension. Unprocessed red meat shows a modest
association; a 100 g/day increase is linked to an 11-13% higher ischemic stroke risk, likely
mediated by heme iron and the gut metabolite TMAO. Conversely, white meat has a neutral
or slightly protective effect. Fish offers robust protection; its consumption reduces stroke risk
by 14%, attributed to marine n-3 polyunsaturated fatty acids.

Conclusions. Protein choices significantly influence stroke risk. Limiting processed
and unprocessed red meats, and substituting them with fish or white meat, is an effective
stroke prevention strategy. Further research should clarify the impact of preparation methods
and specific stroke subtypes.

KEYWORDS stroke; stroke risk; stroke mortality; meat consumption; red meat consumption;
unprocessed red meat consumption; fish consumption; white meat consumption

1. Introduction and Aim of the Study

Cerebrovascular accidents, or strokes, represent a leading cause of mortality and long-
term disability worldwide, imposing a massive global health and economic burden [1, 2].
With a growing and aging population, identifying and effectively managing modifiable risk
factors for stroke is a critical global public health priority [2]. Among these modifiable risk
factors, dietary habits play a fundamental and self-manageable role in both primary and
secondary stroke prevention [1, 2].

Over recent decades, global meat consumption has steadily increased, driven
significantly by economic development and nutritional transitions across the globe [3, 4].
While meat serves as a valuable dietary source of protein, essential amino acids, iron, and
vitamins, excessive intake has raised substantial health concerns [3, 5]. High consumption of

red meat and processed meat has been frequently implicated in the pathogenesis of major



chronic non-communicable diseases, including type 2 diabetes, cardiovascular disease, and
various malignancies [3, 5].

Recent large-scale meta-analyses of prospective cohort studies have increasingly
demonstrated a dose-response relationship wherein high intake of red meat, and particularly
processed meat, is positively associated with an elevated risk of total and ischemic stroke [2,
5, 6]. These adverse cerebrovascular effects are hypothesized to be driven by high
concentrations of saturated fatty acids, cholesterol, and heme iron in red meat, alongside the
high sodium and nitrite preservatives typical of processed meats [6]. Furthermore, emerging
evidence suggests that the gut microbiome's metabolism of meat-derived nutrients into pro-
atherosclerotic compounds, such as trimethylamine N-oxide (TMAQ), may serve as a crucial
mechanistic pathway for vascular damage [4].

Conversely, the consumption of white meat, such as poultry, appears to exhibit a
neutral or even inverse (protective) relationship with stroke risk, highlighting the critical
importance of differentiating meat types in nutritional research [1, 7]. Therefore, the objective
of this literature review is to comprehensively evaluate the current epidemiological and
mechanistic evidence regarding the impact of unprocessed red meat, processed meat, and
white meat consumption on stroke incidence and mortality, thereby informing evidence-based

clinical practice and dietary guidelines.

2. Material and Methods

A comprehensive literature review was conducted using electronic databases such as
PubMed, Web of Science, Embase, and Google Scholar. The search strategy incorporated a
combination of keywords, including: “stroke”, “stroke risk”, “stroke mortality”, “meat
consumption”, “red meat consumption”, “unprocessed red meat consumption”, “fish

consumption”, and “white meat consumption”.



3. State of Knowledge
3.1. Unprocessed Red Meat
The Influence of Unprocessed Red Meat Consumption on Stroke Incidence and Mortality

Epidemiological evidence evaluating the relationship between unprocessed (fresh) red
meat consumption—such as beef, veal, pork, and lamb—and the incidence of stroke presents
a complex and occasionally conflicting picture. Several comprehensive dose-response meta-
analyses of prospective cohort studies have demonstrated a modest but statistically significant
positive association between unprocessed red meat consumption and stroke risk. For instance,
meta-analyses have reported that an increase of one serving per day (or approximately 100
g/day) of fresh red meat is associated with an 11% to 13% increased risk of total stroke [5, 6].
When stratified by stroke subtype, high consumption of unprocessed red meat is consistently
associated with an elevated risk of ischemic stroke (relative risks ranging from 1.13 to 1.15),
but no statistically significant associations have been observed for hemorrhagic stroke [2, 5,
6].

Conversely, findings from individual large-scale prospective studies, such as the
cohorts of Swedish Men and the Swedish Mammography Cohort, did not find a significant
association between the consumption of fresh, unprocessed red meat and the incidence of total
stroke or any stroke subtype, despite finding strong associations for processed meat [8, 9].
Furthermore, evidence syntheses by the NutriRECS consortium concluded that reducing
unprocessed red meat intake by 3 servings per week yields only a very small decrease in
stroke risk (Relative Risk 0.94), grading the certainty of this evidence as low due to the
observational nature of the data and potential residual confounding [10]. In terms of stroke-
specific mortality, multiple meta-analyses have concluded that unprocessed red meat

consumption is not significantly associated with an increased risk of stroke-related death [1].



Pathophysiology and Underlying Mechanisms

While unprocessed red meat lacks the high sodium and nitrate/nitrite preservatives
that strongly drive hypertension and endothelial dysfunction in processed meats [1, 6, 9],
fresh red meat exerts pathophysiological effects on the cerebrovascular system through its
intrinsic nutritional profile. Several plausible biological mechanisms have been proposed to

explain its role in atherothrombosis and ischemic stroke:

* Heme Iron and Oxidative Stress: Unprocessed red meat is a primary dietary source
of highly bioavailable heme iron [8, 9]. As a redox-active transitional metal, free iron can
catalyze the formation of highly reactive hydroxyl free radicals via the Fenton reaction [6].
Elevated systemic iron stores impose significant oxidative stress, leading to the peroxidation
of lipids, protein modification, and DNA damage [6, 11]. In the vasculature, iron-mediated
oxidative injury initiates atherogenesis by promoting endothelial dysfunction, vascular
inflammation, and monocyte recruitment, thereby increasing the risk of cerebrovascular
ischemia [9]. « Gut Microbiota and Trimethylamine N-oxide (TMAO): Unprocessed red meat
is particularly rich in the nutrient L-carnitine. Upon ingestion, commensal intestinal
microbiota metabolize L-carnitine into trimethylamine (TMA), which is subsequently
absorbed and oxidized in the liver by flavin monooxygenases into trimethylamine N-oxide
(TMAO) [4, 12]. Elevated circulating levels of TMAO are strongly atherogenic; they enhance
platelet hyperreactivity, promote foam cell formation, decrease reverse cholesterol transport,
and increase the overall risk of thrombosis and atherosclerosis, establishing a direct
mechanistic link to ischemic stroke [4, 12]. * Saturated Fatty Acids and Cholesterol:
Unprocessed red meat contains varying amounts of saturated fatty acids (SFAs) and dietary
cholesterol. High intake of SFAs can elevate plasma total cholesterol, low-density lipoprotein

(LDL) cholesterol, and triglycerides. This dyslipidemia accelerates the development of



atherosclerotic plaques in the large cerebral and carotid arteries, directly contributing to
disruptions in cerebral blood flow and the pathogenesis of cerebral infarction [6, 8, 9].

3.2. Processed Meat Consumption

The Influence of Processed Red Meat Consumption on Stroke Incidence

Epidemiological evidence strongly and consistently links the consumption of
processed red meat—such as bacon, sausages, hot dogs, ham, and salami—to a significantly
elevated risk of cerebrovascular events. Unlike unprocessed red meat, which shows modest or
occasionally neutral associations with stroke, processed meat emerges as a potent and
independent risk factor for stroke incidence and cardiovascular mortality.

Extensive dose-response meta-analyses have demonstrated that the consumption of
processed meat is associated with a markedly higher risk of total and ischemic stroke. For
instance, an increase of just 50 g/day of processed meat (approximately equivalent to one hot
dog or two slices of bacon) is associated with an 11% to 17% increased risk of total stroke [2,
13]. Cohort studies, including the Cohort of Swedish Men and the Swedish Mammography
Cohort, have corroborated these findings, reporting substantial increases in the incidence of
cerebral infarction (ischemic stroke) among individuals in the highest quintiles of processed
meat consumption [8]. Similar to unprocessed red meat, processed meat consumption shows

no statistically significant association with the incidence of hemorrhagic stroke [5].

Pathophysiology and Underlying Mechanisms: The Effect of Processing

The deleterious cerebrovascular effects of processed red meat extend beyond its
inherent saturated fat and cholesterol content. The specific methods used to preserve, cure,
and flavor these meats introduce novel, highly atherogenic and vasoactive compounds. The
processing itself is the primary driver of the excess stroke risk observed in epidemiological

studies, operating through the following key mechanisms:



* Extreme Sodium Load and Hypertension: The most profound effect of meat
processing is the massive addition of sodium. Processed red meats contain approximately
400% more sodium than fresh, unprocessed red meats. This extreme sodium load is a primary
driver of elevated systemic blood pressure, which is the single most important modifiable risk
factor for stroke [8, 14]. High dietary sodium significantly increases peripheral vascular
resistance, impairs arterial compliance, and promotes vascular stiffness, directly precipitating
the hemodynamic stress that leads to cerebrovascular events [6, 8]. ¢ Nitrate and Nitrite
Preservatives: To prevent bacterial growth and improve color and flavor, processed meats are
treated with chemical preservatives, resulting in approximately 50% higher nitrate levels
compared to unprocessed meat [3, 15, 16]. In the gastrointestinal tract and systemic
circulation, these nitrites and nitrates are converted into highly reactive nitrogen species,
including peroxynitrite and N-nitroso compounds (nitrosamines) [3, 17]. These processing
byproducts induce severe endothelial dysfunction and promote atherosclerosis by increasing
oxidative stress and vascular inflammation [17, 18]. ¢ Metabolic Dysregulation from
Additives: The chemical additives introduced during processing also exert systemic metabolic
effects that compound stroke risk. Nitrosamines and related compounds have been shown to
be toxic to pancreatic beta-cells, impairing glucose tolerance and reducing insulin secretion [3,
6, 16]. By promoting insulin resistance and endothelial dysfunction simultaneously, these
processing chemicals accelerate the atherothrombotic processes that culminate in ischemic
stroke [6, 17].

3.3. White Meat Consumption
The Influence of White Meat Consumption on Stroke Incidence
In contrast to the deleterious cerebrovascular effects associated with red and processed

meats, epidemiological evidence evaluating the consumption of white meat—primarily



poultry such as chicken and turkey—generally demonstrates a neutral or slightly protective
association with the risk of stroke.

Comprehensive meta-analyses of prospective cohort studies highlight this divergent
risk profile. For example, a large-scale meta-analysis demonstrated that the highest category
of white meat consumption was associated with a statistically significant 13% reduction in the
incidence of total stroke compared to the lowest category of intake [1]. Similarly, another
recent and extensive evidence synthesis found a robust inverse association between white
meat consumption and all-cause mortality, alongside a neutral association for both
cardiovascular mortality and non-fatal cardiovascular events, including ischemic and
hemorrhagic stroke [7].

It is crucial to note that the preparation methods of poultry can significantly confound
these associations. While fresh poultry is generally neutral or protective—with one cohort
even observing that saturated fatty acids derived specifically from poultry were associated
with a significantly lower stroke incidence [19]—other studies have reported conflicting data.
For instance, a recent large cohort study identified a small but significant positive association
between poultry intake and incident cardiovascular disease; however, researchers noted this
finding was likely heavily driven by the high consumption of deep-fried poultry (e.g., fried
chicken), introducing atherogenic compounds generated during high-temperature frying [20,

21].

Pathophysiology and Underlying Mechanisms
The differing cerebrovascular impact of white meat compared to red meat is largely
attributed to its distinct macronutrient and micronutrient composition, which avoids the

primary drivers of atherosclerosis [7]:

* Favorable Fatty Acid Profile and Cholesterol Lowering: Poultry is characterized by a

lower total fat content and a substantially higher proportion of polyunsaturated fatty acids



(PUFASs) compared to mammalian meat [7, 22]. When PUFAs act as a primary dietary source
of fatty acids, they effectively lower plasma total cholesterol and low-density lipoprotein
(LDL) cholesterol concentrations [1, 23]. By mitigating hyperlipidemia, white meat
consumption avoids driving the atherogenesis and plaque formation in large cerebral arteries
that typically precipitates ischemic stroke [1]. « Reduced Heme Iron Content and Oxidative
Stress: The defining characteristic of white meat is its markedly lower concentration of
myoglobin and highly bioavailable heme iron [1, 7, 24]. Because it lacks this high iron load,
white meat consumption does not provoke the systemic iron-catalyzed oxidative stress and
lipid peroxidation associated with red meat [1, 7]. Consequently, substituting white meat for
red meat helps preserve endothelial function, limits vascular inflammation, and prevents the
oxidative damage that actively promotes cerebrovascular ischemia [1, 7].
3.4. Fish Consumption
The Influence of Fish Consumption on Stroke Incidence

In stark contrast to the cardiovascular risks associated with red and processed meats,
epidemiological evidence consistently demonstrates that fish consumption is inversely
associated with the risk of stroke, offering a highly protective cerebrovascular profile.

Large-scale, dose-response meta-analyses of prospective cohort studies have firmly
established this inverse relationship, particularly concerning ischemic stroke [25]. For
example, comprehensive data syntheses have revealed that each additional 100 g/day of fish
consumed is associated with a 14% reduction in the risk of stroke [13]. Furthermore,
compared to individuals who never or rarely consume fish, those who eat just one serving of
fish per week exhibit a statistically significant 14% lower stroke risk, while consuming 2 to 4
servings per week reduces the risk by 9%, and 5 or more servings per week reduces it by 13%

[2]. Studies exploring dietary substitutions within the UK Biobank cohort also demonstrated



that "fish eaters" (who exclude mammalian meat but eat fish) had a 21% lower incident risk
of stroke compared to regular meat-eaters [26].

The protective effects of fish become especially clear when analyzed through the lens
of specific ischemic stroke subtypes. Studies using statistical substitution models have shown
that replacing unprocessed or processed red meat with fish is associated with a significantly
lower incidence of large artery atherosclerosis [27]. Similarly, substituting unprocessed red
meat specifically with fatty fish correlates with a significantly reduced risk of small-vessel
occlusion [27].

However, researchers have noted an important nuance regarding cardioembolic stroke.
While fish protects against atherothrombotic events, some cohort data suggest that a high
intake of marine n-3 polyunsaturated fatty acids (PUFAs), or substituting poultry with lean
fish, may paradoxically be associated with a higher rate of cardioembolism [27, 28]. It is
hypothesized that this could be mediated by a potential positive association between very high
fish intake and the development of atrial fibrillation, the primary driver of cardioembolic
strokes, though these findings require cautious interpretation due to smaller sample sizes for

this specific subtype [27].

Pathophysiology and Underlying Mechanisms

The cerebrovascular benefits of fish are primarily attributed to its unique lipid profile,
particularly its high concentration of marine n-3 polyunsaturated fatty acids (PUFAs), mainly
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) [13, 27, 28]. These long-chain
fatty acids fundamentally alter vascular biology and hemodynamics through several key

mechanisms:

* Anti-atherosclerotic and Endothelial Function: Marine n-3 PUFAs exert potent anti-
inflammatory effects and directly improve endothelial function [2, 13]. High tissue

concentrations of EPA are strongly linked to the preservation of microvascular function and
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the inhibition of atherosclerotic plaque progression in large cerebral arteries [28, 29]. « Lipid
Modulation and Hemodynamics: Consuming fish in place of saturated fat-rich mammalian
meat favorably modulates the lipid profile by lowering plasma triglycerides [2, 27].
Furthermore, n-3 PUFAs are known to reduce systemic blood pressure, a primary modifiable
risk factor for stroke [30]. ¢ Anti-thrombotic Properties: Long-chain n-3 PUFAs actively
inhibit platelet aggregation and adhesion, reducing overall thrombosis risk and protecting
against the ischemic blockages that cause cerebral infarctions [2, 31]. « Additional Nutrients:
Beyond omega-3s, fish is a prime source of other cardioprotective nutrients, including vitamin
D, iodine, selenium, and specific amino acids like taurine, which has been independently
suggested to have a protective cerebrovascular effect [26, 27].

Table 1. Summary of the Association Between Meat Type, Stroke Risk, and Underlying

Pathophysiology
]S)(l)flt:crey Impact on Stroke Risk Key Pathophysiological Mechanisms

Heme Iron: Catalyzes hydroxyl free
radicals, leading to oxidative stress and
lipid peroxidation.

Modest increase in risk: A 100 g/day increase is TMAO: Gut microbiota metabolize L.

associated with an 11% to 13% higher risk of total

Unprocessed stroke. Consistently linked to ischemic stroke but carnitine mto TMAO’ promoting foam
Red Meat L L . . cell formation and platelet
shows no significant association with hemorrhagic .
stroke hyperreactivity.

’ Lipid Profile: High saturated fats
elevate LDL cholesterol, accelerating
atherosclerosis.

Sodium Overload: Contains ~400%
more sodium than fresh meat, directly
driving  hypertension and vascular

. . . . stiffness.

Potent increase in risk: Coonsumption. of just 50.g/day Nitrates/Nitrites: Converted into
Processed is associated with an 11% to 17% increased risk of . . )
. . . . nitrosamines  that induce  severe
Meat total stroke. Considered an independent and strong risk . .
endothelial dysfunction and vascular
factor. : ;
inflammation.
Metabolic Stress: Additives can impair
insulin secretion and promote systemic
insulin resistance.
Favorable Lipids: Higher proportion of
PUFAs helps lower plasma LDL
White  Meat Neutral to slightly protective: High consumption levels cholesterol.
(Poultry) are associated with a 13% reduction in total stroke Low Heme Iron: Reduced
¥ incidence compared to low intake. concentrations of myoglobin prevent the

iron-catalyzed oxidative damage seen
with red meat.
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Dietary

Source Impact on Stroke Risk Key Pathophysiological Mechanisms

n-3 PUFAs (EPA/DHA): Exert potent
anti-inflammatory effects and improve

Robust protection: Each 100 g/day increase is endc;thehal . .functlon.
. . . . . | Anti-thrombotic: Long-chain fatty|

. associated with a 14% reduction in stroke risk.[ . Ry .
Fish . . - acids inhibit platelet aggregation,
Replacing red meat with fish significantly lowers the rotecting acainst ischemic blockages
incidence of large artery atherosclerosis. p & ag £eS-
Hemodynamics: Helps reduce systemic
blood pressure and lower plasma

triglycerides.

4. Conclusions

Current epidemiological and mechanistic evidence underscores a clear gradient of
cerebrovascular risk associated with different types of meat consumption. Processed red meat
emerges as the most significant dietary threat, demonstrating a strong and consistent dose-
response relationship with increased stroke incidence, primarily driven by excessive sodium
loads and pro-oxidative preservatives. Unprocessed red meat confers a more modest, yet
significant, risk specifically for ischemic stroke, likely mediated by heme iron-induced
oxidative stress and the gut microbiota-derived metabolite TMAO.

Conversely, the consumption of white meat appears largely neutral or mildly
protective, while fish consumption provides robust cerebrovascular benefits, significantly
reducing the risk of ischemic events through the anti-inflammatory and anti-thrombotic
actions of marine n-3 polyunsaturated fatty acids.

From a clinical and public health perspective, stroke prevention strategies should
prioritize the limitation of processed and unprocessed red meats. Dietary guidelines should
emphasize the substitution of these high-risk proteins with fish, poultry, or plant-based
alternatives to mitigate the global burden of stroke. Further research is warranted to better
understand the nuances of stroke subtypes—particularly the potential association between
high fish intake and cardioembolism—and to account for the confounding effects of various

cooking and preparation methods.
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