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ABSTRACT

Stroke is a very serious life-threatening condition. It is the second cause of death worldwide [5],
while even in non-fatal cases it can result in severe disability and complications [5, 8].

Of all cases, ischaemic stroke is the most common, accounting for 87% of all ischaemic stroke
cases [4].

Some hope is offered by the fact that modifiable risk factors are responsible for 90% of
ischaemic stroke cases [7, 14]. Consequently, a number of recommendations have been made
regarding health-promoting behaviours and treatment goals for diseases associated with an
increased risk of stroke in high-risk populations.

The aim of this work is to present risk groups, i.e. patient groups at higher than population risk
of stroke, and to assess the effectiveness of the recommendations and the impact of their
application on stroke risk.

Methods and materials

We reviewed the literature available on PubMed and Google Scholar using the words: Stroke,

ischemic stroke, prevention, epidemiology

Summary

The data analysed clearly indicate that modifiable risk factors are responsible for the majority
of cases (up to 90%) of stroke. Identifying risk groups on the basis of the Life's Essential 8
proposed by the American Heart Association for the prevention of cardiovascular disease,
yields measurable results in lowering the risk of stroke among patients. Clearly defined
standards can also set therapeutic targets for the treatment of conditions and diseases strongly
associated with stroke risk and further improve population health.

Primary care plays a very important role, as it is often the patient's first contact with the health

care system.
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Introduction

According to the 1970 definition by the World Health Organization, a stroke is a sudden onset
of rapidly developing clinical symptoms of focal or generalized brain dysfunction, with
symptoms lasting at least 24 hours (or leading to death), having an exclusively vascular origin.
According to this definition, a stroke includes cerebral infarction (ischemic stroke),
intracerebral haemorrhage, and subarachnoid haemorrhage [2].

The definition has been updated by American Heart Association/American Stroke Association
in 2013 when the silent infarctions (inclusive of cerebral, spinal and retinal) and silent
haemorrhages have been added to the definition [3].

Stroke is an immediate life-threatening condition. It is the second most common cause of death
worldwide [5] and even in non-fatal cases can result in serious complications. A study of 220
patients over the age 65 with ischemic stroke, indicated that they suffered from the following
complications: hemiparesis (50%), cognitive deficits (46%), hemianopia (20%), aphasia (19%),
sensory deficits (15%) [8].

Stroke is the third leading cause of death and disability combined [6].

Unfortunately from 1990 to 2019, the absolute number of incident strokes has increased by
70%, from 12.2 million to 101 million. In addition, it should be remembered that approximately
87% of all strokes are ischemic strokes[4]. Number of deaths from stroke has increased by 85%
and it resulted also in increase of DALY s due to stroke by 32% [6].

These figures are worrying, but there is some hope of reversing the trend in the fact that 10
modifiable risk factors are responsible for 90% of stroke risk [7,14] The factor that correlates
most closely with the increase in stroke incidence in recent years is obesity [6].

Therefore, primary prevention and education of the public about healthy lifestyles and the
health consequences of stroke is very important. The aim of this study is to identify factors and
behaviours that can be applied in primary prevention of ischaemic stroke and to evaluate their

effectiveness.

Modifiable Risk Factors and prevention



Correctly identifying and minimising risk factors is the most important step in the prevention
of cardiovascular disease (CVD) [10]. Modifiable cardiovascular risk factors have been
grouped by the American Heart Association into eight main categories. The clear identification
of risk factors is intended to promote an approach based on the prevention rather than the
treatment of certain disease entities. In-depth analysis resulted in defining 8 categories, such as:
diet, physical activity, nicotine exposure, sleep health, body weight, blood lipids, blood glucose
and blood pressure. The analysis of the factors resulted in the definition of Life’s Essential 8,
which is a good model of therapeutic goals and behaviours that may influence the occurrence
of stroke [9].

«

Life’s

Essential

1 Life's Essential 8. Source https://pubmed.ncbi.nlm.nih.qov/35766027/#&qid=article-
figures&pid=figure-1-uid-0

Diet
Diet has a very important place among risk factors because it can indirectly influence other

parameters such as blood glucose levels, body mass index, lipid concentrations or blood
pressure [12]. Over recent years, the importance of this factor has increased as the trend in
weight and Body Mass Index has increased in the general population [6, ]. Adjusting patients
diet is very complex task. It requires reinforcing positive eating patterns, such as high intake of
vegetables, fruits, legumes, nuts and also non-fried fish [11] but also drawing attention to areas
for improvement which is reducing intake of animal protein, oils with polyunsaturated fats and
other foods, excessive consumption of which may be associated with an increased
cardiovascular risk, for example: processed food, red meat, sugar, food with high sodium levels.
The type of diet with the greatest impact on cardiovascular risk reduction among patients is the
Mediterranean diet with folic acid and B-complex vitamins [1,13].

Physical activity


https://pubmed.ncbi.nlm.nih.gov/35766027/#&gid=article-figures&pid=figure-1-uid-0
https://pubmed.ncbi.nlm.nih.gov/35766027/#&gid=article-figures&pid=figure-1-uid-0

The protective effect of physical activity on stroke risk is indicated in the scientific literature.
People who regularly participate in sport have a significantly lower risk of stroke and a lower
stroke-related mortality compared to those with a sedentary lifestyle.

It is highly recommended to have 150 minutes of moderate intensity exercise or 75 minutes of
vigorous-intensity exercise per week. Muscle strengthening activities are recommended twice
a week [15]. However data clearly indicates that any type of physical activity is better for
lowering cardio-vascular risk than being inactive. Graph below clearly indicates that any type
of physical activity significantly reduces events of coronary heart disease and cardio-vascular
risk. Coronary heart disease and stroke are categorised as cardiovascular diseases that are
included together in the SCORE 2 risk scale due to their common ethology, therefore factors

that reduce the risk of coronary heart disease will reduce the risk of stroke.

Beneficial effects of any physical activity on coronary heart disease

Event rate per 1000 person-years

Inactive Occasional Light Moderate  Moderately
vigorous/
Vigorous

Physical activity

2 Beneficial effects of any physical activity on coronary heart disease. Data from:
Wannamethee SG, Shaper AG, Alberti KG. Arch Intern Med 2000; 160:2108.

Blood glucose
Increased blood glucose levels most commonly affect adults over 45 years of age, but type one

diabetes and type two diabetes are increasingly affecting younger people [16]. Factors

contributing to normalisation of plasma sugar levels include, of course, adequate physical



activity and a good diet, but if diabetes or pre-diabetes is diagnosed, pharmacotherapy may need
to be introduced according to specialist advice.

Fasting plasma | 2-h Plasma glucose
Hemoglobin | glucose level, from oral glucose

Result Alclevel, % | mg/dL tolerance test, mg/dL
MNormal <h.7 <100 <140

- Prediabetes | 5.7-6.4 | 100-125 | 140-189

- Diabetes | =6.5 | =126 | =200

3 Methods and Ranges of Diabetes Diagnosis Source: MeBushnell C, Kernan WN, Sharrief AZ,
Chaturvedi S, Cole JW, Cornwell WK 3rd, Cosby-Gaither C, Doyle S, Goldstein LB, Lennon
O, Levine DA, Love M, Miller E, Nguyen-Huynh M, Rasmussen-Winkler J, Rexrode KM,
Rosendale N, Sarma S, Shimbo D, Simpkins AN, Sp

In type one diabetes the mainstay of therapy is insulin[18]. Drugs used to control glycaemia in
type 2 diabetes before insulin therapy is implemented are metformin, which is associated with
a significant reduction in the incidence of type 2 diabetes, and thiazolidinediones and a-
glucosidase drugs which also reduce the risk of diabetes [17]. GLP-1 analogues are also gaining
popularity. Semaglutide was more effective than placebo in reducing the risk of stroke in
patients with type 2 diabetes in a clinical trial. Event rate 1.6% vs. 2.7%; HR, 0.61 [95% ClI,
0.38-0.99]; P=0.04 [19].

Studies indicate that for every 1 % increase in haemoglobin Alc, the risk of stroke increases by
12 % [20], but maintaining haemoglobin Alc < 6.5 % has no beneficial effect in preventing

stroke [1].

Body weight
As mentioned in introduction overweight is a factor that has increased its contribution to stroke

risk in recent years.

The BMI result will allow us to classify the patient into one of 3 classes of obesity;
e Class I: BMI: 30.0-34.9 kg/m?
e Class Il: BMI: 35.0-35.9 kg/m?
e Class I11: BMI: >40 kg/m?



The BMI informs us about the risk of stroke accident. Every 5 unit increase in Body Mass Index
score is associated with a 10 % increase in the risk of stroke [21]. This helps identify high-risk
patients and implement appropriate management to prevent and reduce risk. Treatment of
obesity may be based on a change in eating habits or increased physical activity, but often
pharmacotherapy or surgical treatment is necessary.
The challenge, however, is to diagnose the patient correctly. The popular Body Mass Index has
its limitations. For example, it does not take into account the increased proportion of muscular
tissue in the patient's total weight, which will affect the final result of the index [1].
There are some different measurement methods that helps to objectify the diagnosis and also
carries measurable information about cardio-vascular or stroke risk.
e Waist circumference (WC) measured at midpoint between lower margin of the
least palpable rib and top of the iliac crest [1]
o Men
= >04 cm; increased cardiometabolic risk [22]
o Women

= >80 cm; increased cardiometabolic risk [22]

Moreover, for each 10 cm more relative risk of stroke increases by 10% [23]
e Waist to hip ratio (WHR) measured as WC/hip circumference measured around
the widest portion of the buttocks [1]
o Men
= >0.90; increased cardiometabolic risk [22]
o Women

= >(.85; increased cardiometabolic risk [22]

Moreover 0.1 unit increase in WHR corresponds to 16% increase in stroke risk [23]

Blood lipids
The effect of lipid disorders on stroke risk is not fully understood. It has been determined that

increased total cholesterol increases the risk of stroke, whereas HDL cholesterol appears to have
a stroke risk-reducing effect [13].

Monitoring cholesterol levels is an important factor in reducing the risk of stroke.

For individuals at very-high risk, whether in primary or secondary prevention, the therapeutic
goal is to achieve a reduction in LDL-C by at least 50% from baseline, with an LDL-C target
of less than 1.4 mmol/L (less than 55 mg/dL). If the patient is not currently using statins, this

will likely require high-intensity LDL-lowering therapy. For those already on LDL-lowering



treatment, an increase in treatment intensity is necessary. For those at high risk, the goal is also
to achieve a reduction in LDL-C by at least 50% from baseline, with an LDL-C target of less
than 1.8 mmol/L (less than 70 mg/dL). For individuals at moderate risk, the LDL-C target is
less than 2.6 mmol/L (less than 100 mg/dL). For those at low risk, the LDL-C target is less than
3.0 mmol/L (less than 116 mg/dL) [26].

For individuals at very-high risk, the secondary goal for non-HDL cholesterol is to keep it below
2.2 mmol/L (85 mg/dL). For those at high risk, the target is to maintain non-HDL cholesterol
levels under 2.6 mmol/L (100 mg/dL). For people at moderate risk, the aim is to have non-HDL
cholesterol below 3.4 mmol/L (130 mg/dL) [26].

Statins are used for this purpose, as they lower cholesterol levels, thereby reducing the risk of
stroke [13]. In the past, some studies indicated an increased risk of bleeding during statin
therapy. However, it is now believed that statins seem to reduce the risk of total and ischemic

stroke without a significant increase in the risk of haemorrhagic stroke [24, 25].

Blood pressure (BP)
Hypertension is defined based on repeated office Systolic BP (SBP) values 140 mmHg and/or

Diastolic BP (DBP) 90 mmHg. Hypertension is classified into grades based on the BP [40]
[Table below].

Category Systolic (mmHg) Diastolic (mmHg)
Optimal <120 and <80
Normal 120-129 and 80-84
High normal 130-139 and/or 85-89
Grade 1 hypertension 140-159 and/or 90-99
Grade 2 hypertension 160-179 and/or 100-109
Grade 3 hypertension >180 and/or >110
Isolated systolic hypertension >140 and <90
Isolated diastolic <140 and >90
hypertension

4 Classification of office BP and definitions of hypertension grades [40].
The National Health Fund of Poland reported that in 2020 there were 9.9 million adults with
hypertension in Poland, who accounted for 31.5 % of the adult population. This shows how

massive part of our population is affected by this disease.



Strong, continuous, and progressive association between BP (especially SBP) and risk of
ischemic and haemorrhagic stroke is documented by many cohort and electronic records linkage
studies [37, 38]. High BP is also associated with other CVD complications and CVD risk can
wary >30-fold at any level of BP [39].

To prevent stroke in adults with stage 2 hypertension or stage 1 hypertension with a higher risk
of atherosclerotic CVD, lifestyle improvements and treatment with antihypertensive drugs are
recommended to lower systolic/diastolic blood pressure (SBP/DBP) to below 130/80 mm Hg
[1, 42-45]. Thiazide and thiazide like diuretics, calcium channel blockers, angiotensin-
converting enzyme inhibitors and angiotensin receptor blockers are recommended as initial
antihypertensive drug therapies [1, 46, 47] The latest ESH (European Society of Hypertension)
guidelines recommend the use of 2 or more antihypertensive drugs from the start of
hypertension therapy to achieve recommended blood pressure values [40].

Screening for hypertension in adults is essential to identify individuals eligible for treatment
and at higher risk of stroke [1, 41]. There is a cardiovascular disease prevention programme in
primary care in Poland, which an increasing number of facilities are joining.

[https://www.gov.pl/web/zdrowie/narodowy-program-chorob-ukladu-krazenia2]

Nicotine exposure
Smoking is associated with a significant increase in stroke risk and is strongly correlated with

the number of cigarettes smoked and duration of smoking. Active smokers have a 2.6 higher
chance of stroke than non-smokers [48], while the level of risk falls back to population risk as
early as 2-4 years after smoking cessation [13], which is a good predictor and draws attention
to the relevance and effectiveness of smoking education and control.

Avoiding passive smoking is also an important factor, as its effects are similar to those of active
smoking. It is estimated that about 1% of smoking-related deaths are in people who were not

active smokers, but were exposed to second-hand smoke [49].

Sleep
Sleep disorders are currently attracting increasing interest among researchers as potential risk

factors for stroke. Most studies focus on disorders related to apnoea during sleep.

Obstructive sleep apnoea (OSA) could be called another disease of affluence as it is closely
related to the prevalence of obesity [27]. In middle-aged population in North America almost
30% of men and 15% women suffers from OSA [27]. OSA can be characterized by recurrent

episodes of apnoea or hypopnea caused by obstruction of the upper airway during sleep [28]
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and was not only classified as an independent risk factor for stroke [29, 30] but also have
indirect effect on hypertension [31]. There are studies suggesting that continuous positive
airway pressure (CPAP) as a treatment for OSA might reduce the risk of stroke [32, 33, 34],
however direct evidence of this effect is lacking and there is need for further research in that
matter.

Unfortunately, there are still few studies focusing on other sleep disorders in stroke prevention.
In one prospective study, long sleep duration was associated with increased risk of total and
ischemic stroke [35] and analysis of The INTERSTROKE study showed that sleep disturbance
symptoms were common and associated with a graded increased risk of stroke [36]. It remains
unclear whether these symptoms represent individual factor or present as the marker of
increased individual risk [36].

One thing is certainly clear — the relationship between sleep disorders and stroke needs further

attention and may provide new targets for stroke prevention research.

Summary

Correct identification of risk factors is part of the American Heart Association's strategy to
prevent the onset of cardiovascular disease, as this has better outcomes than treating diseases
that have already occurred [10]. A review of the available literature has shown that 90 % of
modifiable risk factors are responsible for the occurrence of such a serious disease as stroke.
The categories identified in the recommendations are objective and measurable and
improvements in individual parameters bring tangible benefits in the form of significant
reductions in stroke incidents and their complications. The vast majority of health-promoting
actions can be performed by the patient and translate directly into health and quality of life.
Education of the public plays a very important role.

Primary health care plays an extremely important role as the first point of contact between the
patient and the health care system and by virtue of providing regular care for the patient. Health
education and prevention and screening programmes should be increasingly widespread and
primary prevention should come to the forefront in planning community health

strategies/policies.

11



Disclosure

Authors contribution:

Conceptualisation: Borys Bondos [BB], Aleksandra Stepien [AS], Robert Kochan [RK]
Methodology: Jagoda Niewiadomska [JN], Alicja Paluch [AP], Aleksandra Niekra [AN]
Formal analysis: Borys Bondos [BB], Alicja Paluch [AP], Ewelina Wieczorek [EW]
Investigation: Aleksandra Stepien [AS], Jakub Skrzypek [JS], Lukasz Fussek [LF], Kacper Lee
[KL]

Writing - Rough Preparation: Borys Bondos [BB], Lukasz Fussek [LF], Ewelina Wieczorek
[EW]

Writing - Review and Editing: Borys Bondos [BB], Robert Kochan [RK], Kacper Lee [KL]
Visualisation: Jagoda Niewiadomska [JN], Jakub Skrzypek [JS], Aleksandra Niekra [AN]

All authors have read and agreed with the published version of the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.

Funding Statement: No external funding was received to perform this review.

Board Statement: Not applicable — this review included an analysis of the available literature.
Statement of Informed Consent: Not applicable.

References:

1. Bushnell C, Kernan WN, Sharrief AZ, Chaturvedi S, Cole JW, Cornwell WK 3rd,
Cosby-Gaither C, Doyle S, Goldstein LB, Lennon O, Levine DA, Love M, Miller E,
Nguyen-Huynh M, Rasmussen-Winkler J, Rexrode KM, Rosendale N, Sarma S,
Shimbo D, Simpkins AN, Spatz ES, Sun LR, Tangpricha V, Turnage D, Velazquez G,
Whelton P. 2024 Guideline for the Primary Prevention of Stroke: A Guideline From the

American Heart Association/American Stroke Association. Stroke. 2024 Oct 21. doi:
10.1161/STR.0000000000000475. Epub ahead of print. PMID: 39429201.

12



. Aho K, Harmsen P, Hatano S, Marquardsen J, Smirnov VE, Strasser T. Cerebrovascular
disease in the community: results of a WHO collaborative study. Bull World Health
Organ. 1980;58(1):113-30. PMID: 6966542; PMCID: PMC2395897.

. Coupland AP, Thapar A, Qureshi Ml, Jenkins H, Davies AH. The definition of stroke.
J R Soc Med. 2017 Jan;110(1):9-12. doi: 10.1177/0141076816680121. Epub 2017 Jan
13. PMID: 28084167; PMCID: PMC5298424.

. Tsao CW, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL, Baker-Smith
CM, Beaton AZ, Boehme AK, Buxton AE, Commodore-Mensah Y, Elkind MSV,
Evenson KR, Eze-Nliam C, Fugar S, Generoso G, Heard DG, Hiremath S, Ho JE, Kalani
R, Kazi DS, Ko D, Levine DA, Liu J, Ma J, Magnani JW, Michos ED, Mussolino ME,
Navaneethan SD, Parikh NI, Poudel R, Rezk-Hanna M, Roth GA, Shah NS, St-Onge
MP, Thacker EL, Virani SS, Voeks JH, Wang NY, Wong ND, Wong SS, Yaffe K,
Martin SS; American Heart Association Council on Epidemiology and Prevention
Statistics Committee and Stroke Statistics Subcommittee. Heart Disease and Stroke
Statistics-2023 Update: A Report From the American Heart Association. Circulation.
2023 Feb 21;147(8):e93-e621. doi: 10.1161/CIR.0000000000001123. Epub 2023 Jan
25. Erratum in: Circulation. 2023

Feb 21;147(8):€622. doi: 10.1161/CIR.0000000000001137. Erratum in: Circulation.
2023 Jul 25;148(4):e4. doi: 10.1161/CIR.0000000000001167. PMID: 36695182.

. Btazejewska-Hyzorek, B., Czernuszenko, A.,Cztonkowska, A., Ferens, A., Gasecki, D.,
Kaczorowski, R., Karaszewski, B., Karlinski, M.,Kazmierski, R., Ktysz, B., et al., 2019.
Wytyczne postepowania w udarze méozgu. Polski Przeglad Neurologiczny 15, 1-156.

. GBD 2019 Stroke Collaborators. Global, regional, and national burden of stroke and its
risk factors, 1990-2019: a systematic analysis for the Global Burden of Disease Study
2019. Lancet Neurol. 2021 Oct;20(10):795-820. doi: 10.1016/S1474-4422(21)00252-0.
Epub 2021 Sep 3. PMID: 34487721; PMCID: PMC8443449.

13



8.

10.

11.

O'Donnell MJ, Chin SL, Rangarajan S, Xavier D, Liu L, Zhang H, Rao-Melacini P,
Zhang X, Pais P, Agapay S, Lopez-Jaramillo P, Damasceno A, Langhorne P, McQueen
MJ, Rosengren A, Dehghan M, Hankey GJ, Dans AL, Elsayed A, Avezum A, Mondo
C, Diener HC, Ryglewicz D, Czlonkowska A, Pogosova N, Weimar C, Igbal R, Diaz
R, Yusoff K, Yusufali A, Oguz A, Wang X, Penaherrera E, Lanas F, Ogah OS, Ogunniyi
A, lversen HK, Malaga G, Rumboldt Z, Oveisgharan S, Al Hussain F, Magazi D,
Nilanont Y, Ferguson J, Pare G, Yusuf S; INTERSTROKE investigators. Global and
regional effects of potentially modifiable risk factors associated with acute stroke in 32
countries (INTERSTROKE): a case-control study. Lancet. 2016 Aug
20;388(10046):761-75. doi: 10.1016/S0140-6736(16)30506-2. Epub 2016 Jul 16.
PMID: 27431356.

Kelly-Hayes M, Beiser A, Kase CS, Scaramucci A, D'Agostino RB, Wolf PA. The
influence of gender and age on disability following ischemic stroke: the Framingham
study. J Stroke Cerebrovasc Dis. 2003 May-Jun;12(3):119-26. doi: 10.1016/S1052-
3057(03)00042-9. PMID: 17903915.

Lloyd-Jones DM, Allen NB, Anderson CAM, Black T, Brewer LC, Foraker RE,
Grandner MA, Lavretsky H, Perak AM, Sharma G, Rosamond W; American Heart
Association. Life's Essential 8: Updating and Enhancing the American Heart
Association's Construct of Cardiovascular Health: A Presidential Advisory From the
American Heart Association. Circulation. 2022 Aug 2;146(5):e18-e43.
d0i:10.1161/CIR.0000000000001078. Epub 2022 Jun 29. PMID: 35766027; PMCID:
PMC10503546.

Caldwell M, Martinez L, Foster JG, Sherling D, Hennekens CH. Prospects for the
Primary Prevention of Myocardial Infarction and Stroke. J Cardiovasc Pharmacol Ther.
2019 May;24(3):207-214. doi: 10.1177/1074248418817344. Epub 2018 Dec 18. PMID:
30563358.

14



12.

13.

14.

15.

16.

Krittanawong C, Isath A, Hahn J, Wang Z, Narasimhan B, Kaplin SL, Jneid H, Virani
SS, Tang WHW. Fish Consumption and Cardiovascular Health: A Systematic Review.
Am J Med. 2021 Jun;134(6):713-720. doi: 10.1016/j.amjmed.2020.12.017. Epub 2021
Jan 11. PMID: 33444594,

Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Sacks FM, Bray GA,
Vogt TM, Cutler JA, Windhauser MM, Lin PH, Karanja N. A clinical trial of the effects
of dietary patterns on blood pressure. DASH Collaborative Research Group. N Engl J
Med. 1997 Apr 17;336(16):1117-24. doi: 10.1056/NEJM199704173361601. PMID:
9099655.

Boehme AK, Esenwa C, Elkind MS. Stroke Risk Factors, Genetics, and Prevention.
Circ Res. 2017 Feb 3;120(3):472-495. doi: 10.1161/CIRCRESAHA.116.308398.
PMID: 28154098; PMCID: PMC5321635.

O'Donnell MJ, Chin SL, Rangarajan S, Xavier D, Liu L, Zhang H, Rao-Melacini P,
Zhang X, Pais P, Agapay S, Lopez-Jaramillo P, Damasceno A, Langhorne P, McQueen
MJ, Rosengren A, Dehghan M, Hankey GJ, Dans AL, Elsayed A, Avezum A, Mondo
C, Diener HC, Ryglewicz D, Czlonkowska A, Pogosova N, Weimar C, Igbal R, Diaz
R, Yusoff K, Yusufali A, Oguz A, Wang X, Penaherrera E, Lanas F, Ogah OS, Ogunniyi
A, lversen HK, Malaga G, Rumboldt Z, Oveisgharan S, Al Hussain F, Magazi D,
Nilanont Y, Ferguson J, Pare G, Yusuf S; INTERSTROKE investigators. Global and
regional effects of potentially modifiable risk factors associated with acute stroke in 32
countries (INTERSTROKE): a case-control study. Lancet. 2016 Aug
20;388(10046):761-75. doi: 10.1016/S0140-6736(16)30506-2. Epub 2016 Jul 16.
PMID: 27431356.

US Preventive Services Task Force; Krist AH, Davidson KW, Mangione CM, Barry
MJ, Cabana M, Caughey AB, Donahue K, Doubeni CA, Epling JW Jr, Kubik M,
Landefeld S, Ogedegbe G, Pbert L, Silverstein M, Simon MA, Tseng CW, Wong JB.
Behavioral Counseling Interventions to Promote a Healthy Diet and Physical Activity

for Cardiovascular Disease Prevention in Adults With Cardiovascular Risk Factors: US

15



17.

18.

19.

20.

21.

22.

Preventive Services Task Force Recommendation Statement. JAMA. 2020 Nov
24;324(20):2069-2075. doi: 10.1001/jama.2020.21749. PMID: 33231670.

Mayer-Davis EJ, Lawrence JM, Dabelea D, Divers J, Isom S, Dolan L, Imperatore G,
Linder B, Marcovina S, Pettitt DJ, Pihoker C, Saydah S, Wagenknecht L; SEARCH for
Diabetes in Youth Study. Incidence Trends of Type 1 and Type 2 Diabetes among
Youths, 2002-2012. N Engl J Med. 2017 Apr 13;376(15):1419-1429. doi:
10.1056/NEJM0al1610187. PMID: 28402773; PMCID: PMC5592722.

Jonas DE, Crotty K, Yun JDY, Middleton JC, Feltner C, Taylor-Phillips S, Barclay C,
Dotson A, Baker C, Balio CP, Voisin CE, Harris RP. Screening for Prediabetes and
Type 2 Diabetes: Updated Evidence Report and Systematic Review for the US
Preventive Services Task Force. JAMA. 2021 Aug 24;326(8):744-760. doi:
10.1001/jama.2021.10403. PMID: 34427595.

von Scholten BJ, Kreiner FF, Gough SCL, von Herrath M. Current and future therapies
for type 1 diabetes. Diabetologia. 2021 May;64(5):1037-1048. doi: 10.1007/s00125-
021-05398-3. Epub 2021 Feb 17. PMID: 33595677; PMCID: PMC8012324.

Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jodar E, Leiter LA, Lingvay I,
Rosenstock J, Seufert J, Warren ML, Woo V, Hansen O, Holst AG, Pettersson J,
Vilsbell T; SUSTAIN-6 Investigators. Semaglutide and Cardiovascular Outcomes in
Patients with Type 2 Diabetes. N Engl J Med. 2016 Nov 10;375(19):1834-1844. doi:
10.1056/NEJM0al607141. Epub 2016 Sep 15. PMID: 27633186.

Duan D, Kengne AP, Echouffo-Tcheugui JB. Screening for Diabetes and Prediabetes.
Endocrinol  Metab  Clin  North  Am. 2021  Sep;50(3):369-385.  doi:
10.1016/j.ecl.2021.05.002. Epub 2021 Jul 12. PMID: 34399951; PMCID:
PMC8375583.

Moussa O, Ardissino M, Heaton T, Tang A, Khan O, Ziprin P, Darzi A, Collins P,

Purkayastha S. Effect of bariatric surgery on long-term cardiovascular outcomes: a

16



23.

24,

25.

26.

27.

nationwide nested cohort study. Eur Heart J. 2020 Jul 21;41(28):2660-2667. doi:
10.1093/eurheartj/ehaa069. PMID: 32188981.

World Health Organization, Waist Circumference and Waist—Hip Ratio: Report of a
WHO Expert Consultation, Geneva, 8 - 11 December 2008. World Health Organization;
2011

Zhong CK, Zhong XY, Xu T, Zhang YH. Measures of Abdominal Adiposity and Risk
of Stroke: A Dose-Response Meta-analysis of Prospective Studies. Biomed Environ Sci.
2016 Jan;29(1):12-23. doi: 10.3967/bes2016.002. PMID: 26822509.

Amarenco P, Labreuche J, Lavallée P, Touboul PJ. Statins in stroke prevention and
carotid atherosclerosis: systematic review and up-to-date meta-analysis. Stroke. 2004
Dec;35(12):2902-9. doi: 10.1161/01.STR.0000147965.52712.fa. Epub 2004 Oct 28.
PMID: 15514180.

Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollicino C, Kirby A, Sourjina
T, Peto R, Collins R, Simes R; Cholesterol Treatment Trialists' (CTT) Collaborators.
Efficacy and safety of cholesterol-lowering treatment: prospective meta-analysis of data
from 90,056 participants in 14 randomised trials of statins. Lancet. 2005 Oct
8;366(9493):1267-78. doi: 10.1016/S0140-6736(05)67394-1. Epub 2005 Sep 27.
Erratum in: Lancet. 2005 Oct 15-21;366(9494):1358. Erratum in: Lancet. 2008 Jun
21;371(9630):2084. PMID: 16214597.

Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, Chapman MJ,
De Backer GG, Delgado V, Ference BA, Graham IM, Halliday A, Landmesser U,
Mihaylova B, Pedersen TR, Riccardi G, Richter DJ, Sabatine MS, Taskinen MR,
Tokgozoglu L, Wiklund O; ESC Scientific Document Group. 2019 ESC/EAS
Guidelines for the management of dyslipidaemias: lipid modification to reduce
cardiovascular  risk. Eur Heart J. 2020 Jan 1;41(1):111-188. doi:
10.1093/eurheartj/ehz455. Erratum in: Eur Heart J. 2020 Nov 21;41(44):4255. doi:
10.1093/eurheartj/ehz826. PMID: 31504418.

17



28.

29.

30.

31.

32.

33.

34.

Peppard PE, Young T, Barnet JH, Palta M, Hagen EW, Hla KM. Increased prevalence
of sleep-disordered breathing in adults. Am J Epidemiol. 2013 May 1;177(9):1006-14.
doi: 10.1093/aje/kws342. Epub 2013 Apr 14. PMID: 23589584; PMCID:
PMC3639722.

Yeghiazarians Y, Jneid H, Tietjens JR, Redline S, Brown DL, EI-Sherif N, Mehra R,
Bozkurt B, Ndumele CE, Somers VK. Obstructive Sleep Apnea and Cardiovascular
Disease: A Scientific Statement From the American Heart Association. Circulation.
2021 Jul 20;144(3):e56-e67. doi: 10.1161/CIR.0000000000000988. Epub 2021 Jun 21.
Erratum in: Circulation. 2022 Mar 22;145(12):e775. doi:
10.1161/CIR.0000000000001043. PMID: 34148375.

Yaggi HK, Concato J, Kernan WN, Lichtman JH, Brass LM, Mohsenin V. Obstructive
sleep apnea as a risk factor for stroke and death. N Engl J Med. 2005 Nov
10;353(19):2034-41. doi: 10.1056/NEJM0a043104. PMID: 16282178.

Khot SP, Morgenstern LB. Sleep and Stroke. Stroke. 2019 Jun;50(6):1612-1617. doi:
10.1161/STROKEAHA.118.023553. Epub 2019 May 2. PMID: 31043150; PMCID:
PMC6640639.

Peppard PE, Young T, Palta M, Skatrud J. Prospective study of the association between
sleep-disordered breathing and hypertension. N Engl J Med. 2000 May
11;342(19):1378-84. doi: 10.1056/NEJM200005113421901. PMID: 10805822.

Lin HJ, Yeh JH, Hsieh MT, Hsu CY. Continuous positive airway pressure with good
adherence can reduce risk of stroke in patients with moderate to severe obstructive sleep
apnea: An updated systematic review and meta-analysis. Sleep Med Rev. 2020
Dec;54:101354. doi: 10.1016/j.smrv.2020.101354. Epub 2020 Jul 15. PMID:
32755811.

Kim Y, Koo YS, Lee HY, Lee SY. Can Continuous Positive Airway Pressure Reduce

the Risk of Stroke in Obstructive Sleep Apnea Patients? A Systematic Review and

18



35.

36.

37.

38.

Meta-Analysis. PLoS One. 2016 Jan 5;11(1):e0146317. doi:
10.1371/journal.pone.0146317. PMID: 26731604; PMCID: PMC4701420.

McEvoy RD, Antic NA, Heeley E, Luo Y, Ou Q, Zhang X, Mediano O, Chen R, Drager
LF, Liu Z, Chen G, Du B, McArdle N, Mukherjee S, Tripathi M, Billot L, Li Q, Lorenzi-
Filho G, Barbe F, Redline S, Wang J, Arima H, Neal B, White DP, Grunstein RR, Zhong
N, Anderson CS; SAVE Investigators and Coordinators. CPAP for Prevention of
Cardiovascular Events in Obstructive Sleep Apnea. N Engl J Med. 2016 Sep
8;375(10):919-31. doi: 10.1056/NEJM0al606599. Epub 2016 Aug 28. PMID:
27571048.

Titova OE, Michaélsson K, Larsson SC. Sleep Duration and Stroke: Prospective Cohort
Study and Mendelian Randomization Analysis. Stroke. 2020 Nov;51(11):3279-3285.
doi: 10.1161/STROKEAHA.120.029902. Epub 2020 Sep 8. Erratum in: Stroke. 2020
Nov;51(11):e347. doi: 10.1161/STR.0000000000000351. PMID: 32895015; PMCID:
PMC7587241.

Mc Carthy CE, Yusuf S, Judge C, Alvarez-lglesias A, Hankey GJ, Oveisgharan S,
Damasceno A, lversen HK, Rosengren A, Avezum A, Lopez-Jaramillo P, Xavier D,
Wang X, Rangarajan S, O'Donnell M; for INTERSTROKE. Sleep Patterns and the Risk
of Acute Stroke: Results From the INTERSTROKE International Case-Control Study.
Neurology. 2023 May 23;100(21):€2191-e2203. doi:
10.1212/WNL.0000000000207249. Epub 2023 Apr 5. PMID: 37019662; PMCID:
PMC10238154.

Lewington S, Clarke R, Qizilbash N, Peto R, Collins R; Prospective Studies
Collaboration. Age-specific relevance of usual blood pressure to vascular mortality: a
meta-analysis of individual data for one million adults in 61 prospective studies. Lancet.
2002 Dec 14;360(9349):1903-13. doi: 10.1016/s0140-6736(02)11911-8. Erratum in:
Lancet. 2003 Mar 22;361(9362):1060. PMID: 12493255.

19



39.

40.

41.

42.

Rapsomaniki E, Timmis A, George J, Pujades-Rodriguez M, Shah AD, Denaxas S,
White IR, Caulfield MJ, Deanfield JE, Smeeth L, Williams B, Hingorani A, Hemingway
H. Blood pressure and incidence of twelve cardiovascular diseases: lifetime risks,
healthy life-years lost, and age-specific associations in 1-25 million people. Lancet.
2014 May 31;383(9932):1899-911. doi: 10.1016/S0140-6736(14)60685-1. PMID:
24881994; PMCID: PMC4042017.

Muntner P, Whelton PK. Using Predicted Cardiovascular Disease Risk in Conjunction
With Blood Pressure to Guide Antihypertensive Medication Treatment. J Am Coll
Cardiol. 2017 May 16;69(19):2446-2456. doi: 10.1016/j.jacc.2017.02.066. PMID:
28494981; PMCID: PMC5873607.

Mancia G, Kreutz R, Brunstrom M, Burnier M, Grassi G, Januszewicz A, Muiesan ML,
Tsioufis K, Agabiti-Rosei E, Algharably EAE, Azizi M, Benetos A, Borghi C, Hitij JB,
Cifkova R, Coca A, Cornelissen V, Cruickshank JK, Cunha PG, Danser AHJ, Pinho
RM, Delles C, Dominiczak AF, Dorobantu M, Doumas M, Fernindez-Alfonso MS,
Halimi JM, Jarai Z, Jelakovi¢ B, Jordan J, Kuznetsova T, Laurent S, Lovic D, Lurbe E,
Mahfoud F, Manolis A, Miglinas M, Narkiewicz K, Niiranen T, Palatini P, Parati G,
Pathak A, Persu A, Polonia J, Redon J, Sarafidis P, Schmieder R, Spronck B, Stabouli
S, Stergiou G, Taddei S, Thomopoulos C, Tomaszewski M, Van de Borne P, Wanner
C, Weber T, Williams B, Zhang ZY, Kjeldsen SE. 2023 ESH Guidelines for the
management of arterial hypertension The Task Force for the management of arterial
hypertension of the European Society of Hypertension: Endorsed by the International
Society of Hypertension (ISH) and the European Renal Association (ERA). J Hypertens.
2023 Dec 1;41(12):1874-2071. doi: 10.1097/HJH.0000000000003480. Epub 2023 Sep
26. Erratum in: J Hypertens. 2024  Jan 1;42(1):194. doi:
10.1097/HJH.0000000000003621. PMID: 37345492.

Kaczorowski J, Chambers LW, Dolovich L, Paterson JM, Karwalajtys T, Gierman T,
Farrell B, McDonough B, Thabane L, Tu K, Zagorski B, Goeree R, Levitt CA, Hogg
W, Laryea S, Carter MA, Cross D, Sabaldt RJ. Improving cardiovascular health at

20



43.

44,

45.

46.

population level: 39 community cluster randomised trial of Cardiovascular Health
Awareness Program (CHAP). BMJ. 2011 Feb 7;342:d442. doi: 10.1136/bmj.d442.
PMID: 21300712; PMCID: PMC3034422.

Prevention of stroke by antihypertensive drug treatment in older persons with isolated
systolic hypertension. Final results of the Systolic Hypertension in the Elderly Program
(SHEP). SHEP Cooperative Research Group. JAMA. 1991 Jun 26;265(24):3255-64.
PMID: 2046107.

Bundy JD, Li C, Stuchlik P, Bu X, Kelly TN, Mills KT, He H, Chen J, Whelton PK, He
J. Systolic Blood Pressure Reduction and Risk of Cardiovascular Disease and Mortality:
A Systematic Review and Network Meta-analysis. JAMA Cardiol. 2017 Jul 1;2(7):775-
781. doi: 10.1001/jamacardio.2017.1421. PMID: 28564682; PMCID: PMC5710614.

Blood Pressure Lowering Treatment Trialists' Collaboration. Pharmacological blood
pressure lowering for primary and secondary prevention of cardiovascular disease
across different levels of blood pressure: an individual participant-level data meta-
analysis. Lancet. 2021 May 1;397(10285):1625-1636. doi: 10.1016/S0140-
6736(21)00590-0. Erratum in: Lancet. 2021 May 22;397(10288):1884. doi:
10.1016/S0140-6736(21)01069-2. PMID: 33933205; PMCID: PMC8102467.

Zhang W, Zhang S, Deng Y, Wu S, Ren J, Sun G, Yang J, Jiang Y, Xu X, Wang TD,
Chen Y, LiY, Yao L, Li D, Wang L, Shen X, Yin X, Liu W, Zhou X, Zhu B, Guo Z,
Liu H, Chen X, Feng Y, Tian G, Gao X, Kario K, Cai J; STEP Study Group. Trial of
Intensive Blood-Pressure Control in Older Patients with Hypertension. N Engl J Med.
2021 Sep 30;385(14):1268-1279. doi: 10.1056/NEJMo0a2111437. Epub 2021 Aug 30.
PMID: 34491661.

21



47.

48.

49,

50.

Ettehad D, Emdin CA, Kiran A, Anderson SG, Callender T, Emberson J, Chalmers J,
Rodgers A, Rahimi K. Blood pressure lowering for prevention of cardiovascular disease
and death: a systematic review and meta-analysis. Lancet. 2016 Mar 5;387(10022):957-
967. doi: 10.1016/S0140-6736(15)01225-8. Epub 2015 Dec 24. PMID: 26724178.

Thomopoulos C, Parati G, Zanchetti A. Effects of blood pressure-lowering on outcome
incidence in hypertension: 5. Head-to-head comparisons of various classes of
antihypertensive drugs - overview and meta-analyses. J Hypertens. 2015
Jul;33(7):1321-41. doi: 10.1097/HJH.0000000000000614. PMID: 26039526.

Bhat VM, Cole JW, Sorkin JD, Wozniak MA, Malarcher AM, Giles WH, Stern BJ,
Kittner SJ. Dose-response relationship between cigarette smoking and risk of ischemic
stroke in  young  women. Stroke. 2008  Sep;39(9):2439-43.  doi:
10.1161/STROKEAHA.107.510073. Epub 2008 Aug 14. PMID: 18703815; PMCID:
PMC3564048.

Gallus S. Second-hand smoke in Italy. Eur J Paediatr Dent. 2015 Dec;16(4):257. PMID:
26637246.

22



