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Disclosure: This case study uses published scientific results available at the time of content development (January–April 2021). Due to the evolving nature of COVID-19-related research, the scientific information presented may not be current at the time of case study use. It is not intended to provide clinical teachings about COVID-19. The case study is a teaching tool to enhance epidemiologic skills and critical thinking that can be generalized beyond the current pandemic when considering the intersection of noncommunicable and infectious diseases.
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[bookmark: _Toc93672683][bookmark: H2_Field_Epidemiology_Training_Program_N]Field Epidemiology Training Program: Noncommunicable Disease COVID‑19 Toolkit Overview
This resource is part of the Field Epidemiology Training Program (FETP): Noncommunicable Disease (NCD) and COVID-19 Toolkit. The Toolkit intends to build the capacity of Intermediate and Advanced FETP residents to incorporate NCDs within the context of their Coronavirus Disease 2019 (COVID-19) pandemic response activities. The Toolkit includes a literature synthesis of key associations between COVID-19 and NCD comorbidities, a list of field project topics and questions for investigation by intermediate and advanced level field epidemiologists and suggestions for types of data needed to conduct field projects, and two case study exercises, one for intermediate and one for advanced level field epidemiologists. For this Toolkit, the NCDs of primary interest are cardiovascular disease, diabetes, chronic obstructive pulmonary disease, cancers, and mental health conditions. Please see the U.S. Centers for Disease Control and Prevention (CDC) website for a listing of medical conditions, including many NCDs and risk factors, that increase the risk of severe illness or mortality from COVID-19.
[bookmark: H2_Product_Purpose_Case_Study]Product Purpose: Case Study
Case studies are a critical part of field epidemiology training. They are exercises that encourage participants to apply their problem-solving skills and knowledge of epidemiologic principles and practices in an interactive learning environment. The FETP: NCD and COVID-19 Toolkit case studies are designed to provide real-life scenarios that illustrate the process of examining NCD comorbidities during the COVID-19 response. The exercises require participants to apply and extend their field investigation skills to the NCD context and build new competencies to address NCDs. 
The case study is led by a facilitator(s) for a group of 8-20 participants and can be held either in-person or virtually. Depending on the group size, the facilitator(s) can conduct the exercises in one group or ask participants to complete the exercises in small groups.
Part B Learning Objectives:
· Examine reported findings of stroke in patients with SARS-CoV-2 infection. Compare the associations between two major stroke types and COVID-19.
· Construct a data analysis plan modeled on CDC FETP guidance.
· Select and perform relevant statistical tests to compare the case and control subjects, focusing on odd-ratios, confidence intervals, and correlations. Formulate a plan for determining and handling confounding variables. 
· Assess study limitations and supporting data.
Target Audience: Residents or alumni of the Field Epidemiology Training Programs (FETPs), Epidemic Intelligence Service (EIS) Officers, and others who have an interest in expanding their skill set to include noncommunicable diseases (NCDs).
Level of Skill Required for Case Study: Advanced epidemiology skills 
Part B Estimated Completion Time: Approximately 6.5 hours
Case Study Format: Instructions and suggestions for the facilitator are written in italics and highlighted in blue (⌂ Facilitator Overview/Note). The case study narrative will lead participants through an evolving scenario, which is highlighted in boxes as “Updates.” 
Equipment and Supplies Needed: In-person sessions will require the facilitator to have a laptop computer that can connect to a presentation screen. Virtual settings will require a laptop, strong internet connection, and an online meeting platform. Participants in both settings are recommended to print their Participant Guide and use a laptop with the required additional electronic files pre-downloaded in order to conduct case study exercises and calculations. 


[bookmark: _Toc93672684]⌂ Facilitator Overview: 
Facilitators and participants will each receive specific materials for the case study, as outlined below. 
Facilitator files 
	Material and Electronic File Name
	Material Description

	Case Study Preparatory Reading – <<NCD COVID Case Study_Advanced_Preparatory Reading.pdf>>
	· These supplemental materials are for review before case study participation. The materials are meant to enhance the case study experience and refresh participants in the epidemiological research concepts needed to complete the case study effectively. They include recent publications and short online video tutorials on COVID-19 and stroke. The preparatory material should be sent to participants in advance, allowing enough time to review. At the facilitator’s discretion, these supplements can be substituted with more locally relevant material or reduced to accommodate schedules.

	Case Study Exercise Agenda – <<NCD COVID Case Study_Advanced_Part B_Agenda.docx>>
	· An agenda with suggested timings to help the facilitator manage time during the case study.

	Case Study Exercise, Facilitator Version – <<NCD COVID Case Study_Advanced_Part B_Facilitator.docx>>
	· The facilitator version of the case study exercise includes a detailed script, facilitation notes, and the answer key to the case study exercise. 

	PowerPoint Presentation, Facilitator Version – <<NCD COVID Case Study_Advanced_Part B_Facilitator Presentation.pptx>>
	· The facilitator version of the PowerPoint presentation accompanies the delivery of the case study exercise. The PowerPoint presentation follows the case study exercise step by step and allows the facilitator to display the updates on the screen as participants progress through the work. It also displays the exercise questions and answers and includes a more detailed script with prompts that can be read word for word.


Additionally, there are optional “Knowledge Check” questions included in Appendix 9 of the Facilitator Guide. These “Knowledge Check” questions allow for a pause and review of contents covered in the case study. 


Participant Files
	Material and Electronic File Name
	Material Description

	Case Study Preparatory Reading – <<NCD COVID Case Study_Advanced_Preparatory Reading.pdf>>
	· These supplemental materials are for review before case study participation. The materials are meant to enhance the case study experience and refresh participants in the epidemiological research concepts needed to complete the case study effectively. They include recent publications and short online video tutorials on COVID-19 and stroke. The preparatory material should be sent to participants in advance, allowing enough time to review. At the facilitator’s discretion, these supplements can be substituted with more locally relevant material or reduced to accommodate schedules.

	Case Study Exercise, Participant Version – <<NCD COVID Case Study_Advanced_Part B_Participant.docx>>
	· Participants will receive a participant version of the case study exercise that includes all relevant information required to complete the exercise but does not include the answers

	PowerPoint Presentation, Participant Version – <<NCD COVID Case Study_Advanced_Part B_Participant Presentation.pptx>>

	· Participants will receive a participant version of the PowerPoint presentation without a script.

	Supplementary files – <<NCD COVID Case Study_Advanced_Data Analysis Plan Template.docx>>
	· The Data Analysis Plan template is provided to participants to facilitate the case study exercises. Additional materials for participants to use are also found in the Appendix. 


[bookmark: _Hlk70520736]Structure: The case study is broken into two parts (A and B) that can be administered separately or together. Instructions are built into the case study to guide use as a single continuous exercise.
For planning purposes, the time needed to complete the exercise is estimated to be:
· Preparatory reading and viewing of videos: 1–2 hours (reading only abstracts and discussion sections of articles)
· Part A: approximately 4.5–5 hours
Part B: approximately 6.5 hours
The facilitator can reduce the amount of discussion related to types of stroke and the mechanisms of stroke and SARS-CoV-2 infection/COVID-19. This scientific background is provided as context for the exercise. The case study’s main aim is to strengthen epidemiologic research skills.
Now, let us begin! 


⌂ Facilitator Note: To begin the case study exercise, you (the facilitator) should:
· Open the PowerPoint presentation titled <<NCD COVID Case Study_Advanced_Part B_Facilitator Presentation.pptx>> so that the title slide is displayed on the screen. For virtual delivery, be sure the facilitator is sharing their screen and confirm that all participants can see the presentation.
· Welcome the participants. Introduce yourself and any co-facilitators or support staff who are present. 
· Ask the participants to introduce themselves briefly (name, institution/country, and occupation).
· Thank the participants for their willingness to participate, and provide a brief overview of the purpose. Here is a description of the overall project:
The U.S. Centers for Disease Control and Prevention (CDC) and RTI International are developing the Field Epidemiology Training Program: Noncommunicable Disease COVID-19 Toolkit to raise awareness and build capacity to address noncommunicable diseases (NCDs) in the COVID-19 response. The Toolkit includes a literature synthesis of key associations between COVID-19 and NCD comorbidities, a list of suggested field project topics, questions, and types of data needed for investigations, and two case study exercises, one for intermediate and one for advanced level field epidemiologists. 
The Toolkit is structured for field epidemiologists to use in low- and middle-income countries (LMICs). The tools are designed to expand NCD capacity of epidemiologists conducting field investigations. The case studies present real-life scenarios in LMICs and enable participants to develop skills needed to effectively respond to COVID-19 and NCD comorbidities and to conduct other investigations that require a similar integrated response. 
· Remind participants that the case study exercise may require about six and a half hours to complete (for Part B). 
· Ask if participants were able to read parts of the supplemental research articles and view the videos. This can provide the facilitator an understanding of the participants’ level of preparation.
· Next, introduce the case study by reading the title aloud.
[bookmark: H3_Case_Study_Title_]Case Study Title: 
An Epidemiological Study to Examine Stroke Hospitalizations During the COVID-19 Pandemic – Planning and Conducting Analysis; Part B, Performing Analysis


⌂ Facilitator Note: Continue to the next PowerPoint slide. Defer to the script provided in the PowerPoint presentation and read aloud the case study’s planned learning objectives. Three to five minutes should be spent reviewing learning objectives. 
[bookmark: H3_Part_B_Learning_Objectives]Part B Learning Objectives:
· Examine reported findings of stroke in patients with SARS-CoV-2 infection. Compare the associations between two major stroke types and COVID-19.
· Construct a data analysis plan modeled on CDC FETP guidance.
· Select and perform relevant statistical tests to compare the case and control subjects, focusing on odd-ratios, confidence intervals, and correlations. Formulate a plan for determining and handling confounding variables. 
· Assess study limitations and supporting data.
⌂ Facilitator Note: If participants have completed Part A, skip ahead to Update H. If participants are only completing Part B, continue to the next slide. 
Ask for a volunteer to read the update aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the update aloud. One to two minutes should be allotted for the update to be read. Note that labeling of updates and numbering of questions continues from Part A and may be non-sequential.


[bookmark: _Toc69300519][bookmark: H3_Participant_Instructions_]Participant Instructions: 
This case study examines an increase in stroke hospitalizations following COVID-19-related health service disruptions. You build on an earlier investigation conducted by Field Epidemiology Training Program (FETP) residents in an urban hospital in an LMIC. Your task is to plan analysis for a research study that examines possible associations between SARS-CoV-2 infection and stroke. The case study asks you to think critically about issues, such as the selection of subjects, study data, and data quality. You create a data analysis plan, identify variables for analysis, and assess study limitations. 
Please read the scenario updates and perform tasks in order. Do not skip ahead. Your facilitator will ask you to view supporting/supplementary materials when needed. These materials are in the appendix of your participant guide. A complete list of resource links is included in Appendix 8.
⌂ Facilitator Note: Continue to the next PowerPoint slide and ask for a volunteer to read Stroke Overview.


[bookmark: _Toc93672685]Stroke Overview: (If participants have completed Part A, skip ahead to Update H)
[bookmark: _Hlk76997552]There are two primary forms of stroke: ischemic, the blockage of a blood vessel to the brain, and hemorrhagic, bleeding into or around the brain.1 Ischemic is more common than hemorrhagic, although they share many common risk factors. Both require rapid intervention. In ischemic stroke, the blockage reduces the blood flow and oxygen to the brain, causing damage or death of brain cells. The bleeding of hemorrhagic stroke causes pressure on the brain and loss of blood to surrounding areas.2 
[image: Diagram of the two types of stroke, the first where a blood clot blocks an artery in or to the brain, also known as an ischaemic stroke (embolic and thrombotic), and the second where there is a bleed in the brain, also known as a haemorrhagic stroke (subarachnoid and intracerebral).]
⌂ Facilitator Note: Show the video about COVID-19 and stroke. Then, go to the next slide and ask a volunteer to read Setting the Stage.


[bookmark: _Toc93672686][bookmark: _Toc91673678]Setting the Stage: (If participants have completed Part A, skip ahead to Update H)
Increasing evidence suggests that patients with COVID-19 may present with neurological symptoms or cerebrovascular diseases.3 Acute cerebrovascular disease is a common complication of SARS-CoV-2 infection, the virus that causes COVID-19.4 COVID-19-related research on the association between stroke and SARS-CoV-2 infection has estimated a 0.5%–5% increase in the risk of stroke among COVID-19 patients.5 Numerous factors could contribute to this increase, including the behavior of the virus itself in the body. The exact physiologic mechanism continues to be explored; however, much research has been published examining this associations between SARS-Co-2 and several of these factors. 
ACE2 is an enzyme that modulates blood pressure and maintains blood pressure homeostasis. It is found on the surface of many cell types and acts as a “doorway” or receptor that allows the SARS-CoV-2 spike protein to attach and enter the cells. SARS-CoV-2 binds to the ACE2 receptor enzyme, causing a reduction in this enzyme. This reduction can lead to abnormally elevated blood pressure and can increase the risk of hemorrhagic stroke. Moreover, when the immune system releases excessive amounts of inflammatory proteins called cytokines into the bloodstream (known as a cytokine storm) to fight the viral infection, the risk of acute stroke increases. Heightened inflammation from severe COVID-19 can also cause the body to generate high levels of the enzyme thrombin that triggers coagulation. Test results from COVID-19 patients show increased levels of a protein that is created as blood clots dissolve (D-dimer), which indicates significant blood clot formation and breakdown and suggests an association between SARS-CoV-2 infection and ischemic stroke. Furthermore, preexisting conditions such as coronary artery disease (CAD) and atherosclerosis (tissue buildup on artery walls) also increase risk of ischemic stroke.6
⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the Scenario Introduction aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading it aloud. One to two minutes should be allotted for the scenario introduction to be read. 
[bookmark: _Toc91673679][bookmark: _Toc93672687][bookmark: _Toc69300539]Scenario Introduction: (If participants have completed Part A, skip ahead to Update H)
During the COVID-19 pandemic, Capital City Hospital, had pandemic-related interruptions to health services and delivery, restrictions on in-person visits, and shortened inpatient stays. When normal services resumed, Capital City Hospital experienced an increase in admissions for stroke. A preliminary investigation conducted by your FETP colleagues found that service interruptions did increase stroke cases because of reduced screening for hypertension, difficulty obtaining antihypertensive medications, and delays in seeking treatment and care before of patient concerns over infection. The hospital is now interested in learning about other factors that may be associated with the increase in stroke admissions and asks you to conduct a research study to explore further. 


⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the update aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the update aloud. One to two minutes should be allotted for the update to be read. 
[bookmark: _Toc93672688][bookmark: _Toc91673680]Update A: (If participants have completed Part A, skip ahead to Update H)
Capital City Hospital asks you to conduct a research study to examine the increase in stroke admissions following the resumption of routine services during the COVID-19 pandemic. You reviewed published studies (pre-reading, Appendices 1–4) and found reports of an increase in ischemic and hemorrhagic stroke among people infected with SARS-CoV-2. You tell the hospital that your study could look at the stroke hospitalizations for association with SARS-CoV-2 infection. Your research team receives approval from the hospital/Ministry of Health institutional review board to examine de-identified patient records. 
For teaching purposes, we will refer to stroke as both ischemic and hemorrhagic stroke in this case study.
⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the question aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the question aloud. Allow participants sufficient time to work through the question. Ten minutes of discussion is suggested. When you are ready to review and discuss the answer with the group, continue to the next slide.
Question 1: What aspects of the published findings (Appendices 1-4) support looking at the association of stroke increase with the local COVID-19 pandemic?
Suggested Answer: 
Findings presented in Appendices 1-4 substantial evidence of increased stroke in COVID-19 patients in many countries:
· The molecular mechanisms of immune response create conditions in the body that are linked to stroke, including aggressive inflammatory response, reduced ability to maintain stable blood pressure, and increased production of clotting factors. 
· Existing risk factors may have worsened during the pandemic because of service interruptions and behavior changes.
[bookmark: _Toc69300529]⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the update aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the update aloud. Allow 20 minutes to work through Update H, which includes reviewing and adding to the Partial Data Analysis Plan in Appendix 5. 
For the remainder of the case study the numbering of questions and updates continues sequentially from Part A.


[bookmark: _Toc93672689]Update H:
The next step is to define the statistical tests you will use to explore variable relationships that are important to proving or disproving your hypothesis. Before thinking about the tests to perform, take some time to review the analysis plan that is in progress (Appendix 5). At this point, the data analysis plan contains these completed sections:
· Hypothesis 
· Design and sample size 
· Dataset
· Study sample, case definition, inclusion/exclusion criteria
· Variables for analysis (the main exposure, outcome, and stratifying variables)
· Addressing bias
This review will help you understand the data available for your analysis and can guide which statistical tests to use. The description of your approach to analysis is important when you summarize findings. The steps you take to arrive at the reported results must be clear and justifiable. After your team agrees on statistical tests that can be used, add the planned analytic tests in the appropriate section of the file <<NCD COVID Case Study_Advanced_Data Analysis Plan Template.docx>>.
⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the question aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the question aloud. Allow participants sufficient time to work through the question. Ten minutes of discussion is suggested. When you are ready to review and discuss the answer with the group, continue to the next slide.
Question 13: What analytic methods and statistical tests can be used for this unmatched case control study? 
Suggested Answer:
Analytic methods can include:
· Conducting univariate analysis to describe how the values are distributed for each variable (means, frequency, proportion) 
· Conducting bivariate analysis to explore association between two variables
· Calculating measures of association (odds ratio; 95% confidence intervals)
· Conducting stratified analysis (chi-square, T-tests/ANOVA tests)
· Assessing potential effect modification by comparing different strata estimates 
· Conducting Mantel-Haenszel statistic (test considers the possibility that there are different effects for the different strata such as confounding); Fisher’s exact test (used if an expected cell size is <5)
· Conducting unadjusted and adjusted logistic regression models (used to simultaneously adjust for multiple confounders). You may consider also assessing the joint effects of two exposures against a common reference category.
⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the update aloud to the rest of the group. Allow 30 minutes to build table shells and update <<NCD COVID Case Study_Advanced_Data Analysis Plan Template.docx>>, which is also presented in Appendix 5.
[bookmark: _Toc69300530][bookmark: _Toc93672690]Update I:
You can see the relationships between two variables by organizing them in several ways, such as sorting, graphing, tabulating etc. You chose statistical tests to show if the relationships and comparisons between your variables are statistically significant. Now, you will create table shells to help you think through the analytic process. The shells include titles, labels, measures, and statistics to be calculated but, for now, contain no numbers. Table shells can guide your team’s discussion of analytic plans. The analytic table shells are the basis for result tables included in peer-reviewed journals. After your teams agrees on which table shells to use, describe these in the appropriate section of <<NCD COVID Case Study_Advanced_Data Analysis Plan Template.docx>> / Appendix 5 and 6.
⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the question aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the question aloud. Allow participants sufficient time to work through the question. Fifteen minutes of discussion is suggested. When you are ready to review and discuss the answer with the group, continue to the next slide.
Question 14: What table shells did you create to guide analysis and describe the study data based on your hypothesis?
Suggested Answer: 
Table shells can include:
· Table 1 – Descriptive: Frequency distributions by case-control status for demographics and stroke risk factors
	Blank cell
	Case-Control Status
	Blank cell

	Sex
	Case
	Control
	Blank cell

	Male
	Blank cell
	Blank cell
	Blank cell

	Female
	Blank cell
	Blank cell
	Blank cell

	Blank cell
	Blank cell
	Blank cell
	Blank cell




· Table 2 – Basic 2x2 table showing exposure and outcome by cases and controls
	[bookmark: ColumnTitle_4]
	Case-Control Status
	Blank cell

	Exposure
	Case
	Control
	Blank cell

	SARS-CoV-2 infection
	Yes
	Blank cell
	Blank cell
	Blank cell

	
	No
	Blank cell
	Blank cell
	Blank cell

	Blank cell
	Blank cell
	Blank cell
	Blank cell
	Blank cell


· Additional tables: 
· Table 2 data stratified by specific covariates
· [bookmark: _Hlk92100174]Tables displaying results of clinical information (e.g., frequencies of ischemic stroke versus hemorrhagic stroke, frequencies for exposure status)
· Tables displaying results of multivariable analysis or subgroup analyses
[bookmark: _Toc69300531]⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the update aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the update aloud. One to two minutes should be allotted for the update to be read. 
[bookmark: _Toc93672691]Update J: 
Before starting to work with the data, take a final review of the completed data analysis plan below (also Appendix 6). 
⌂ Facilitator Note: Continue to the next PowerPoint slide. Give the group time to review the entire data analysis plan individually and then discuss its utility as a group. Allow up to 15 minutes for review and discussion.


Data Analysis Plan Template
Research question or hypothesis
Hypothesis: Patients with a history of SARS-CoV-2 infection are more likely to be diagnosed with stroke than those without a history of SARS-CoV-2 infection in admissions to Capital City Hospital in 2020.
Design and sample size
This is a case-control study using patient records from 300 cases and 300 unmatched controls.
Dataset 
Capital City Hospital will provide the existing dataset from a previous investigation and has agreed to supplement these data with the balance of records from 2020 for patients who meet eligibility criteria. Additional data elements that are essential to the study will also be made available for all records. 
Study sample, case definition, inclusion/exclusion criteria
A case includes patients with any coded diagnosis of a first occurrence of stroke (ischemic or hemorrhagic) during a hospital stay in calendar year 2020, whether it was the reason for the admission. Recurrent stroke will not meet the case criteria. Controls will be selected randomly from admissions for any diagnosis other than the stroke diagnosis codes that define the case population. Subjects are 18 years of age or older. 
Variables for analysis (the main exposure, outcome, and stratifying variables)
	Demographic/Descriptive
	Risk Factors
	Medical History

	Subject ID
	Hypertension (Y/N)
	Exposure: Positive COVID-19 TEST RESULT (Y/N)

	Outcome: Diagnosis Code
	BMI (+/--)
	Exposure: Self-report COVID-19

	Age
	Tobacco Use (Y/N)
	Hospitalized for COVID-19 (Y/N)

	Sex
	High cholesterol (Y/N)
	ICU for COVID19 (Y/N)

	District
	Diabetes (Y/N)
	Elevated D-dimer (>500 ng/mL) (Y/N)

	Month of hospitalization
	History CVD (Y/N)
	Use of ARB/ACEI (Y/N)

	Outcome – Death (Y/N)
	Blank cell
	Blank cell


Statistical methods (and software)
Analytic methods: (1) conducting descriptive analysis, (2) calculating measures of association (odds ratio [OR]), (3) calculating confidence intervals, (4) assessing potential effect modification and confounding, (5) assessing the joint effects of two exposures against a common reference category, and (6) conducting multivariable analysis. Statistical tests include: chi-square 2×2 analysis, Mantel-Haenszel statistic (test considers the possibility that there are different effects for the different strata such as confounding, Fisher’s exact test (used if an expected cell size is <5), unconditional logistic regression (used to simultaneously adjust for multiple confounders). 
Addressing bias
· Clear inclusion and exclusion criteria are applied uniformly to both cases and controls.
· Controls are selected randomly.
· To minimize selection bias, controls are drawn from the patient population from the same hospital during the same time period as the case patients. This method is meant to ensure that controls represent the population from which the cases arose.
· Because a hospital-based study population can carry its own bias in not reflecting the community at large where the admissions arose, we will stratify by district to consider socioeconomic and ecological factors shared by the larger community.
Primary table shells (univariate, bivariate and stratified—include table title, row/column labels):
· Table 1. Univariate : Frequency distributions x case-control status for demographics and stroke risk factors
· Table 2. Basic 2x2 table
· Tables 3–4+. Table 2 stratified by potential covariates (Note: specific covariates will be provided in the answer key)
· Additional table shells might include:
· Tables to display results of clinical information (e.g., frequencies of ischemic stroke versus hemorrhagic stroke, frequencies for exposure status)
· Tables to display results of multivariable analysis or subgroup analyses
* It is advantageous to develop these table shells in Excel. They can be quickly sorted and rearranged to reveal patterns and they are easy to transfer into Word to include the final tables in reports. 
[bookmark: _Toc69300532]

⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the update aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the update aloud. Allow 20 minutes to review information in the update and prepare answers to the upcoming question.
[bookmark: _Toc93672692]Update K: 
You are now ready to conduct your analyses. Your first step is to calculate the association between SARS-CoV-2 infection and stroke using the 2x2 table shell you prepared earlier. You classify study subjects into case or control, based on whether they were admitted for stroke or another medical issue. For each group, you tabulate those with and without a confirmed result of SARS-CoV-2 infection. Use the following numbers to populate the table:
a = cases with SARS-CoV-2 infection: 135
b = cases without SARS-CoV-2 infection: 165
c = controls with SARS-CoV-2 infection: 58
d = controls without SARS-CoV-2 infection: 242
	[bookmark: ColumnTitle_6]Blank cell
	Case-Control Status
	Blank cell

	Exposure
	Case
	Control
	Blank cell

	SARS-CoV-2 infection
	Yes
	a
	b
	(a + b)

	
	No
	C
	d
	(c + d)

	Blank cell
	Blank cell
	(a + c)
	(b + d)
	Blank cell


Note: These numbers were adapted from a study published by Belani et al. (Appendix 2), in which 46% of cases and 18% of controls were SARS-CoV-2 positive.7
Here we have:
Cases: 135/300 = 45%
Controls: 58/300 = 19%

⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the question aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the question aloud. Allow participants sufficient time to work through the question. Five minutes of discussion is suggested. When you are ready to review and discuss the answer with the group, continue to the next slide
Question 15: Share your 2x2 table populated with the distribution of subjects.
Suggested Answer: 
	[bookmark: ColumnTitle_7]Blank cell
	Case-Control Status
	Blank cell

	Exposure
	Case
	Control
	Blank cell

	SARS-CoV-2 infection
	Yes
	135 (a)
	58 (b)
	193 (a + b)

	
	No
	165 (c)
	242 (d)
	407 (c + d)

	Blank cell
	Blank cell
	300 (a + c)
	300 (b + d)
	600


[bookmark: _Toc69300533]⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the update aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the update aloud. One to two minutes should be allotted for the update to be read. 
[bookmark: _Toc93672693]Update L:
You are now ready to do some calculations! Using the 2x2 table you populated above, you quantify the association between SARS-CoV-2 infection (exposure) and stroke (outcome) in the cases and controls by calculating a crude (unadjusted) OR. Refresh your understanding of ORs here. It is called the unadjusted OR because it does not break down results by characteristics that could influence association between exposure and outcome, such as the patient’s age and gender. It looks at the exposure of all cases and all controls as a single unit. In epidemiology, an unadjusted OR will estimate the odds between a certain event in an exposed group with a certain event in an unexposed group. An OR of 1 means the exposure does not affect the outcome. An OR ratio greater than 1 shows higher odds of the outcome, while a ratio less than 1 shows lower odds of the outcome. 
Use the following formula: OR = (a/c) / (b/d) = (a*d) / (b*c).
⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the question aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the question aloud. Allow participants time to work through the question. You can either reveal, review, and discuss answers to each question one at a time or you can allow participants to complete all three questions before continuing through the reveal, review, and discussion. Twenty minutes of work time is suggested.


Question 16: What is the crude (unadjusted) OR?
Suggested Answer: Crude (unadjusted) OR = (135/165) / (58/242) = (135*242) / (58*165) = 3.4
Question 17: Describe or interpret your results in one sentence for a scientific audience. 
Suggested Answer: 
Possible statements:
· The odds of SARS-CoV-2 infection among cases are 3.4 times the odds of SARS-CoV-2 infection among controls in this study.
· The odds of stroke among SARS-Cov-2-infected patients are 3.4 times the odds among patients without SARS-CoV-2 infection in this study.
· The odds of having SARS-CoV-2 infection are 3.4 times the odds among case patients compared to controls in this study.
Question 18: Describe your results for a lay audience. 
Suggested Answer: 
Possible statement: 
· This study showed that those who had SARS-COV-2 infection had 3.4 times higher odds of having a stroke than those who did not have a SARS-COV-2 infection.
⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the update aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the update aloud. Allow five minutes to view the video included in the update.
[bookmark: _Toc69300534][bookmark: _Toc93672694]Update M:
You have calculated the association between SARS-CoV-2 infection and stroke using the crude (unadjusted) OR. As part of this analysis, you also calculated the confidence interval (CI). 
For a brief review of CI, see this short video.


⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the question aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the question aloud. Allow participants sufficient time to work through the question. Fifteen minutes of discussion is suggested. When you are ready to review and discuss the answer with the group, continue to the next slide.
Question 19: You have calculated a 95% CI of 2.4 to 4.9 for the OR = 3.4. What additional information does the CI provide?
Suggested Answer:
· The CI provides information about the precision (random error) and magnitude of the point estimate (OR). 
· If data collection and analysis were replicated many times, the CI should include within it the correct value of the measurement 95% of the time.
· In this case, because the CI does not include 1.0, the CI also indicates statistical significance of the association at an alpha level = .05.
[bookmark: _Toc69300535]⌂ Facilitator Note: Go to the next slide. Ask a volunteer to read the next update. Allow time to view the videos included in the update.
[bookmark: _Toc93672695]Update N: 
[bookmark: _Hlk69978668]The unadjusted OR suggests there are increased odds of stroke among patients who have had SARS-CoV-2 infection. You share this finding with your colleagues, who agree that it merits further investigation. Your next step is to assess whether effect modification or confounding are present to understand what factors might be associated with the increased odds of stroke among patients with a history of SARS-CoV-2 infection. An article on confounding is available in Appendix 7, as well as additional resources in the Resource List (Appendix 8) and in this video. Effect modification is discussed in this video. 
⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the question aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the question aloud. Allow participants sufficient time to work through the question. Ten minutes of discussion is suggested. When you are ready to review and discuss the answer with the group, continue to the next slide.


Question 20: What is effect modification and how do you test for it?
Suggested Answer: 
· Effect modification is associated with the outcome. It occurs when the magnitude of the association of exposure on outcome differs depending on a third variable.
· Effect modification occurs when the effect of a factor is different for different groups. 
· To check for effect modification, conduct a stratified analysis. If the stratum-specific measures of association are different across subgroups and the unadjusted OR falls between them, then it is likely that the variable in question is acting as an effect modifier. 
⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the question aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the question aloud. Allow participants sufficient time to work through the question. Ten minutes of discussion is suggested. When you are ready to review and discuss the answer with the group, continue to the next slide.
Question 21: What is confounding and how do you look for it? 
Suggested Answer: 
· A confounder is a third variable that biases the measure of association calculated for the exposure/outcome pair. 
· A confounder must meet three conditions: 1) the confounder has to be associated with the exposure variable, 2) the confounder has to be independently associated with the outcome variable, and 3) the confounder is NOT in the causal pathway between the exposure and the outcome variable. 
· Confounders include variables that are imbalanced across exposure (SARS-CoV-2 infection) or outcome (stroke).
· There are two main options for controlling for confounders during the analysis stage: 1) stratifying (creating a different 2x2 table for each level of the potential confounder) and 2) adjustment for possible confounders in logistic regression or other statistical regression models You may consider also assessing the joint effects of two exposures against a common reference category.
· If the crude and adjusted estimates of association are more than 15%–20% different, the variable should be considered a confounder. In this case, you report the adjusted estimate, because it controls for the confounder.
⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the question aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the question aloud. Allow participants sufficient time to work through the question. Ten minutes of discussion is suggested. When you are ready to review and discuss the answer with the group, continue to the next slide.


Question 22: Identify variables that are potential confounders or potential effect modifiers.
Suggested Answer: 
Answers may include: age, sex, vascular risk factors (e.g., hypertension, coronary artery disease), diabetes, congestive heart failure, dyslipidemia, current or former smoking status, evidence of prior stroke, and body mass index indicating overweight (25–29.9 kg/m2) or obese (≥30 kg/m2).8
[bookmark: _Toc69300536]⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the update aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the update aloud. One to two minutes should be allotted for the update to be read.
[bookmark: _Toc93672696]Update O: 
You know that increased age is an established risk factor for stroke and decide to explore whether age is an effect modifier of the relationship between SARS-CoV-2 infection and stroke. You stratify your dataset by age group and calculate stratified (adjusted) ORs to populate the table shells you developed in your analysis plan.
⌂ Facilitator Note: Go to the next slide. Ask a volunteer to read the question. Allow time to work through the question. Twenty minutes is suggested. As with previous questions, you can either reveal, review, and discuss answers to each question one at a time or you can allow participants to complete all the questions before working through the reveal, review, and discussion. Note: Tables are already populated with numbers. Participants calculate category-specific ORs.


Question 23a: Use the 2x2 tables provided to calculate the ORs within each age group and then answer Question 24. 
	[bookmark: ColumnTitle_8]Age category 1 (<60 years) 95% CI, 1.9-6.1
	Case-Control Status
	Blank cell

	Exposure
	Case
	Control
	Blank cell

	SARS-CoV-2 infection
	Yes
	46
	35
	81

	
	No
	35
	90
	125

	Blank cell
	Blank cell
	81
	125
	206


Suggested Answer: Adjusted OR = 3.4
	[bookmark: ColumnTitle_9]Age category 2 (60-74 years) 95% CI, 2.0-7.9
	Case-Control Status
	Blank cell

	Exposure
	Case
	Control
	Blank cell

	SARS-CoV-2 infection
	Yes
	42
	15
	57

	
	No
	52
	74
	126

	Blank cell
	Blank cell
	94
	89
	183


Suggested Answer: Adjusted OR = 4.0
	[bookmark: ColumnTitle_10]Age category 3 (≥75 years) 95% CI, 2.6-13.2
	Case-Control Status
	Blank cell

	Exposure
	Case
	Control
	Blank cell

	SARS-CoV-2 infection
	Yes
	47
	8
	55

	
	No
	78
	78
	156

	Blank cell
	Blank cell
	125
	86
	211


Suggested Answer: Adjusted OR = 5.9


Question 23b: You may consider also assessing the effects of age in absence of SARS-CoV-2 infection for stroke against a common reference category (age <60 years). Calculate the ORs using 2X2 tables below.
	[bookmark: ColumnTitle_11]Age category (60-74)
95%CI, 1.1-3.1
	Case-Control Status
	Blank cell

	Exposure
	Case
	Control
	Blank cell

	Age (years)
	60-74
	52
	74
	126

	
	<60
	35
	90
	125

	Blank cell
	Blank cell
	87
	164
	251


Suggested Answer: OR = 1.8
	[bookmark: ColumnTitle_12]Age category (≥75)
95%CI, 1.6-4.2
	Case-Control Status
	Blank cell

	Exposure
	Case
	Control
	Blank cell

	Age (years)
	≥75
	78
	78
	126

	
	<60
	35
	90
	125

	Blank cell
	Blank cell
	113
	168
	281


Suggested Answer: OR = 2.6


Question 23c: You may also summarize all ORs to assess the joint effects of two exposures (age and SARS-CoV-2 infection) for stroke. Complete the table below. 
	[bookmark: ColumnTitle_13]Exposure
	Case-Control Status
	OR

	Age
	SARS-CoV-2 infection
	Case
	Control
	

	<60
	No
	35
	90
	1.0*

	<60
	Yes
	46
	35
	Blank cell

	60-74
	No
	52
	74
	Blank cell

	60-74
	Yes
	42
	15
	Blank cell

	≥75
	No
	78
	78
	Blank cell

	≥75
	Yes
	47
	8
	Blank cell

	Total
	300
	300
	 Blank cell


*reference group 
Suggested Answer:
	[bookmark: ColumnTitle_14]Exposure
	Case-Control Status
	OR

	Age
	SARS-CoV-2 infection
	Case
	Control
	

	<60
	No
	35
	90
	1.0*

	<60
	Yes
	46
	35
	3.4

	60-74
	No
	52
	74
	1.8

	60-74
	Yes
	42
	15
	4.0

	≥75
	No
	78
	78
	2.6

	≥75
	Yes
	47
	8
	5.9

	Total
	300
	300
	Blank cell


*reference group 


Question 24: What do the age-adjusted ORs based on your calculations in Question 23 tell you about the relationship between age, exposure, and outcome?
Suggested Answer: 
The ORs for the three strata increase with each age group in absence and presence of SARS-CoV-2 infection. Age does not appear to be the effect modifier in the relationship between SARS-CoV-2 infection and stroke. 
[bookmark: _Toc69300537]⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the update aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the update aloud. One to two minutes should be allotted for the update to be read. 
[bookmark: _Toc93672697]Update P:
Your stratified analyses show that age is not an effect modifier of the relationship between SARS-CoV-2 infection and stroke. Next, you decide to examine whether age is a confounder of the relationship between SARS-CoV-2 infection and stroke, using the Mantel-Haenszel formula. For more information about this formula, watch the video listed in Appendix 8. 
⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the question aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the question aloud. Allow time to work through the next 2 questions. Twenty minutes of work time is suggested. As with previous multi-part questions, you can either reveal, review, and discuss answers to each question one at a time or you can allow participants to complete all questions before working through the reveal, review, and discussion.


Question 25: Calculate the OR adjusted for age using the Mantel-Haenszel formula for case control studies:
[image: ]
Suggested Answer:
· Numerator: (46*90)/206 + (42*74)/183 + (47*78)/211 = 54.5
· Denominator: (35*35)/206 + (15*52)/183 + (8*78)/211 = 13.2
· ORMH = 54.5/13.2= 4.1
Question 26: Based on your calculations, do you think confounding is present?
Suggested Answer: Yes, because the difference between crude OR and the adjusted OR is more than 15%.
[bookmark: _Toc69300538]⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the update aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the update aloud. One to two minutes should be allotted for the update to be read. 
[bookmark: _Toc93672698]Update Q:
From your literature review, you also know that hypertension is a risk factor for stroke and want to explore whether hypertension is an effect modifier of the association between SARS-CoV-2 infection and stroke. You stratify subjects by presence/absence of hypertension.
⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the question aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the question aloud. Allow time to work through the question. Fifteen minutes is suggested. As with previous multi-part questions, you can either reveal, review, and discuss answers to each question one at a time or you can allow participants to complete all questions before working through the reveal, review, and discussion. 


Question 27a: Use the 2x2 tables provided to calculate ORs within each hypertension (yes/no) category and answer the following questions. 
	[bookmark: ColumnTitle_15]
Hypertension (Yes)
95% CI, 2.6-6.4
	Case-Control Status
	Blank cell

	Exposure
	Case
	Control
	Blank cell

	SARS-CoV-2 infection
	Yes
	120
	34
	154

	
	No
	119
	137
	256

	Blank cell
	Blank cell
	239
	171
	410


Suggested Answer: OR = 4.1
	[bookmark: ColumnTitle_16]Hypertension (No)
95% CI, 0.7-3.0
	Case-Control Status
	Blank cell

	Exposure
	Case
	Control
	Blank cell

	SARS-CoV-2 infection
	Yes
	15
	24
	39

	
	No
	46
	105
	151

	Blank cell
	Blank cell
	61
	129
	190


Suggested Answer: OR = 1.4
Question 27b: You may consider also assessing the effects of hypertension in absence of SARS-CoV-2 infection for stroke. Calculate the ORs using 2X2 table below.
	[bookmark: ColumnTitle_17]Hypertension (Yes/No)
95%CI, 1.3-3.0
	Case-Control Status
	Blank cell

	Exposure
	Case
	Control
	Blank cell

	Hypertension
	Yes
	119
	137
	256

	
	No
	46
	105
	151

	Blank cell
	Blank cell
	165
	242
	407


Suggested Answer: OR = 2.0


Question 27c: You may also summarize all ORs to assess the joint effects of two exposures (hypertension and SARS-CoV-2 infection) for stroke. Complete the table below.
	[bookmark: ColumnTitle_18]Exposure
	Case-Control status
	Blank cell

	Hypertension
	SARS-CoV-2 infection
	Case
	Control
	OR

	No
	No
	46
	105
	1.0*

	No
	Yes
	15
	24
	Blank cell

	Yes
	No
	119
	137
	Blank cell

	Yes
	Yes
	120
	34
	Blank cell

	Total
	300
	300
	 Blank cell


*Reference group
Suggested Answer: 
	[bookmark: ColumnTitle_19]Exposure
	Case-Control status
	Blank cell

	Hypertension
	SARS-CoV-2 infection
	Case
	Control
	OR

	No
	No
	46
	105
	1.0*

	No
	Yes
	15
	24
	1.4

	Yes
	No
	119
	137
	2.0

	Yes
	Yes
	120
	34
	4.1

	Total
	300
	300
	Blank cell


*Reference group
Question 28: Is hypertension an effect modifier for this relationship?
Suggested Answer: The ORs for the two strata are appreciably different and the unadjusted OR falls between these ORs. Hypertension may modify the relationship between SARS-CoV-2 infection and stroke. In absence of SARS-CoV-2 infection, a history of hypertension independently increases the odds of having stroke than without a history of hypertension.
⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the update aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the update aloud. One to two minutes should be allotted for the update to be read. 


[bookmark: _Toc93672699]Update R:
Now that you have made some fundamental calculations, take a few minutes to discuss with your team additional data analyses you would like to perform to support the hypothesis. 
⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the question aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the question aloud. Allow participants sufficient time to work through the question. Ten minutes of discussion is suggested. When you are ready to review and discuss the answer with the group, continue to the next slide.
Question 29: What variables could be used to perform additional stratified analysis? Are there any additional variables you wish were part of the data set?
Suggested Answer: 
Additional stratifications that can provide information on possible risk factor associations include:
· COVID-19 severity
· Use of antihypertensive medications
· Self-report of SARS-CoV-2 infection versus actual test results
· District of residence for investigating sociodemographic associations of stroke and COVID-19
· Dates of exposure
· Which patients had strokes while hospitalized for COVID-19
⌂ Facilitator Note: If participants have completed Part A, skip Questions 30 and 31 and proceed to Conclusion/Wrap-Up. 
If not, continue to the next PowerPoint slide. Ask for a volunteer to read the update aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the update aloud. One to two minutes should be allotted for the update to be read. 
[bookmark: _Toc93672541][bookmark: _Toc93672700]Update S: (If participants have completed Part A, skip ahead to Conclusion/Wrap-Up)
Before we conclude, take a few minutes to discuss with your team aspects of the study design and data collection methods that could limit the findings’ accuracy and generalizability. 


⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the question aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the question aloud. Allow participants sufficient time to work through the question. Ten minutes of discussion is suggested. When you are ready to review and discuss the answer with the group, continue to the next slide.
[bookmark: _Hlk92100226]Question 30: What limitations do you find with your study? 
Suggested Answer: 
· Medical records as a data source can be problematic. Data can be missing, difficult to find, or difficult to read, and it requires coding into an analyzable format. This coding can be time-consuming and prone to quality issues. For some variables, there may be social desirability bias due to over-reporting of good behavior and selection bias due to lack of data (not asked or unknown). 
· Using controls selected only from hospitalized patients limits the ability to generalize the findings beyond the hospital to the community at large.
· Depending on availability of testing, patients may have had undiagnosed COVID-19, resulting in inaccurate classification of exposure. Self-report of COVID-19 diagnosis may also result in misclassification.
· [bookmark: _Hlk92100248]Conducting a hospital-based study will not capture individuals who suffered a stroke but did not seek medical care.
⌂ Facilitator Note: Continue to the next PowerPoint slide. Ask for a volunteer to read the question aloud to the rest of the group. If no one volunteers, either choose a participant to read it or continue by reading the question aloud. Allow participants sufficient time to work through the question. Ten minutes of discussion is suggested. When you are ready to review and discuss the answer with the group, continue to the next slide.


Question 31: Is there an alternative study design that could be considered?
Suggested Answer: 
An alternative study design could be a prospective cohort study. The prospective cohort study allows the examination of multiple exposures and multiple outcomes in one population. This table compares features of case-control to prospective cohort design:
	[bookmark: ColumnTitle_20]Prospective Cohort Study
	Case-Control Study

	Compares the frequency of disease in exposed and non-exposed individuals 
	Compares the frequency and amount of possible exposure(s) in individuals with and without a specific disease 

	Can calculate incidence rate, risk, and relative risk
	Mostly estimates relative risk

	Potentially greater strength for causal investigations
	Potentially weaker causal investigation

	Long-term study
	Short-term study

	May require large sample size
	Can be powerful with small sample of cases

	Efficient design for rare exposure
	Efficient design for rare disease

	Good for multiple outcomes
	Good for multiple exposures

	Less potential for bias
	More potential for bias

	More potential for loss to follow-up
	There is no follow-up

	Possibly generalizable
	Probably not generalizable

	Allows examination of natural course of disease, survival
	Does not allow examination of natural course of disease, survival




⌂ Facilitator Note: Continue to the final PowerPoint slide. The Facilitator should read aloud the Conclusion/Wrap-Up.
[bookmark: _Toc91501531][bookmark: _Toc91501838][bookmark: _Toc93499425][bookmark: _Toc93672701]Part B Conclusion/Wrap Up:
Congratulations! You have reached the end of this case study exercise. You now should understand how you can use your valuable outbreak investigation and analytical skills to explore the important nuances of NCDs in the context of field epidemiology, especially during a pandemic or other public health emergency.
Thank you very much for your interest and willingness to participate in this case study.
⌂ Facilitator Note: Allow time for any parting thoughts or questions from the participants. 
[bookmark: _Toc70850267][bookmark: _Toc77862715]
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[bookmark: H3_COVID19_Associated_Ischemic_Stroke_an]COVID-19 Associated Ischemic Stroke and Hemorrhagic Stroke: Incidence, Potential Pathological Mechanism, and Management
Zilan Wang 1†, Yanbo Yang 1†, Xiaolong Liang 2, Bixi Gao 1, Meirong Liu3, Wen Li4, Zhouqing Chen 1*• and Zhong Wang 1*
1Department of Neurosurgery and Brain and Nerve Research Laboratory. The First Affiliated Hospital of Soochow University, Suzhou, China, 2Department of Orthopedics, The First Affiliated Hospital of Soochow University, Suzhou, China, 3Department of Neurology, The First Affiliated Hospital of Soochow University, Suzhou, China, 4Department of Neurology, The Second Affiliated Hospital of Soochow University, Suzhou, China
The outbreak of the novel coronavirus infectious disease 2019 (COVID-19) caused by the SARS-CoV-2 virus has rapidly spread around the world. Increasing evidence has suggested that patients with COVID-19 may present neurological symptoms, and cerebrovascular diseases are one of the most frequent comorbidities. The markedly elevated D-dimer levels in patients with acute ischemic stroke suggests that SARS-CoV-2 infection may induce an inflammatory response and trigger a hypercoagulation state, thus leading to acute ischemic stroke. Cardioembolism and atherosclerosis in patients with COVID-19 infection may also increase the risk of ischemic stroke. The reduction of the angiotensin-converting enzyme II (ACE2) caused by SARS-CoV-2 binding to the ACE2 receptor can lead to abnormally elevated blood pressure and increase the risk of hemorrhagic stroke. Additionally, the cytokine storm induced by the immune response against the viral infection increases the risk of acute stroke. The management for COVID-19 patients with stroke is not only based on the traditional guidelines, but also based on the experience and new instructions from healthcare workers worldwide who are combatting COVID-19.
Keywords: COVID-19, SARS-CoV-2, ischemic stroke, hemorrhagic stroke, nervous system
[bookmark: H4_INTRODUCTION]INTRODUCTION
As COVID-19 has rapidly spread worldwide, increasing evidence suggests that SARS-CoV-2 may also invade the central nervous system and induce neurological symptoms (1–3). Research from Wuhan reported neurologic manifestations in 36.4% of214 COVID-19 patients (4). An increasing number of studies have revealed that in addition to the typical respiratory symptoms such as fever and dry cough, patients with COVID-19 may develop neurological manifestations, ranging from mild to severe (4–9).
Stroke presents as one of the most frequent causes of death and disability all around the world. More than 9,000 new stroke cases occur each day in China (10). Previous studies have suggested that cerebrovascular disease is an independent risk factor for severe cases of COVID-19 infection (11). The risk of cross-infection and lack of experienced stroke care experts during the COVID-19
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pandemic have impacted stroke centers and caused a worldwide drop of over 30% in the number of patients with stroke or transient ischemic attacks (TIA) seeking emergency care, which could affect the prognosis in these patients (10, 12–15). What is worse, being in quarantine alone during the epidemic may increase the risk of missing the therapeutic window if the patient does not seek care in a timely way. Thus, new guidelines for the management of patients with stroke in the context of the COVID-19 pandemic are urgently needed. This review aims to summarize current evidence of the epidemiology and potential mechanisms of various cerebrovascular diseases with COVID-19 to provide clinical insight for the management of such patients.
[bookmark: H4_POSSIBLE_MECHANISMS_UNDERLYING_THE_CE]POSSIBLE MECHANISMS UNDERLYING THE CENTRAL NERVOUS SYSTEM INVASION
As with other neurotropic respiratory viruses, two major pathways, the hematogenous and neuronal retrograde, have been proposed as possible routes for SARS-CoV-2 to enter the central nervous system (CNS) (16–18) (Figure 1) After systemic circulatory dissemination following infection of the lung, the virus may enter the brain via cerebral circulation (17). According to a postmortem examination of a COVID-19 patient, viral-like particles in the brain capillary endothelium were observed actively budding across endothelial cells, suggesting the hematogenous route as the most likely pathway for SARS-CoV-2 entering the brain (19). Second, cases of olfactory dysfunction in COVID-19 patients suggests retrograde axonal transport via the olfactory bulb as another possible entry route (9, 20, 21).
Similar to SARS-CoV, SARS-CoV-2 exploits the angiotensin­converting enzyme II (ACE2) receptor for cell entry (22). Previous studies identified that ACE2 receptors were expressed in the brain, which suggests the potential for nervous system invasion of SARS-CoV and SARS-CoV-2 (17, 23, 24). Both SARS-CoV and SARS-CoV-2 have been detected in postmortem examinations from the brains of SARS or COVID-19 infected patients (19, 24). Given that the SARS-CoV-2 spike protein can interact with ACE2 expressed in the capillary endothelium, the virus may also damage the blood-brain barrier and enter the CNS by attacking the vascular system (17). Moreover, a case of COVID-19 with encephalitis has also been confirmed to contain SARS-CoV-2 in the cerebrospinal fluid (CSf) (6).
[bookmark: H4_COVID19_INFECTION_MAY_INDUCE_VENOUS_A]COVID-19 INFECTION MAY INDUCE VENOUS AND ARTERIAL THROMBOEMBOLISM
Severe COVID-19 infection can cause the release of pro­inflammatory cytokines, which induce the expression of tissue factor (TF) by endothelial and mononuclear cells and leads to coagulation activation and thrombin generation (25, 26). It has been reported that the procoagulant state caused by COVID-19 infection may induce venous and arterial thromboembolism. A retrospective analysis from Wuhan revealed that abnormal coagulation parameters, especially markedly elevated D-dimer

and fibrin degradation product levels arc associated with poor prognosis in patients with COVID-19 (P < 0.05) (27). D­dimer is a degradation product of cross-linked fibrin and is a frequently used marker of hypercoagulable and thrombotic events (28). Moderately elevated levels of D-dimer are associated with the risk of venous and arterial events in patients with vascular disease (28). A multi-center study evaluated the incidence of the composite outcome of the venous and arterial thrombotic complications (including symptomatic acute pulmonary embolism, deep-vein thrombosis, ischemic stroke, myocardial infarction, or systemic arterial embolism) in all 184 COVID-19 patients admitted to the ICU (29). The cumulative incidence of the composite outcome was 31%, of which venous thromboembolism made up 27% and arterial thrombotic events (all ischemic strokes) made up 3.7% (29). Another similar study from Italy also analyzed the venous and arterial thromboembolic complications in 388 COVID-19 patients (30). The results showed that, despite the use of anticoagulant prophylaxis, the rate of venous and arterial thromboembolic complications in hospitalized COVID-19 patients accounts for ~8% of the included patients (30). Additionally, more than half of these diagnoses of thromboembolic events were made within the first 24 h of hospital admission (30). Ischemic stroke was diagnosed in nine (2.5%) patients, and in six patients stroke was the primary reason for hospitalization. They also showed that the D-dimer levels rapidly increased in non-survivors during hospitalization (30). These clinical studies suggest the urgent need for developing pharmacological thrombosis prophylaxis strategies in severe COVID-19 patients.
[bookmark: H4_COVID19_INFECTION_WITH_THE_NEW_ONSET_]COVID-19 INFECTION WITH THE NEW ONSET OF ISCHEMIC STROKE
The reported incidence of acute ischemic stroke in COVID-19 patients ranges from 2.5 to 5%. Stroke usually develops several days after COVID-19 infection. In rare cases, it can be the primary reason for the hospitalization of COVID-19 infection (25). According to research conducted during the epidemic, large vessel occlusion was more common in COVID-19 infected patients with stroke.
The first study focused on the neurological manifestations of patients with COVID-19 from the epicenter of the pandemic in Wuhan, China, and reported neurological complications in 78 (36.4%) of 214 patients (4). Acute cerebrovascular disease was more common among patients with severe COVID-19 than those with a non-severe disease (5 [5.7%]: four patients with ischemic stroke and one with cerebral hemorrhage who died later of respiratory failure; vs. 1 [0.8%]: one patient with ischemic stroke; P = 0.03) (4). Of the six patients with acute cerebrovascular disease, two arrived at the emergency department presenting with sudden onset of hemiplegia but without any typical symptoms of COVID-19 (4). To note, reported patients with severe infection were found to have higher D-dimer levels than that of patients with non-severe infection (4). A retrospective study by Li et al. (31) on acute cerebrovascular disease from
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FIGURE 1 I Possible routes for SARS-CoV-2 to enter the brain. SARS-CoV-2 may enter the central nervous system through hematogenous or neuronal routes. The virus may enter the brain via cerebral circulation after systemic circulatory dissemination. Moreover, the virus may enter the brain via central or peripheral nerve, especially the retrograde axonal transport from the olfactory bulb. Additionally, SARS-CoV-2 can bind and engage with the ACE2 receptor in the capillary endothelium to damage the blood-brain barrier. ACE2, angiotensin-converting enzyme II.


Wuhan, China showed that of the 219 patients with COVID-19, 10 (4.6%) developed acute ischemic stroke and one (0.5%) had a cerebral hemorrhage. The median duration from the first symptoms of COVID-19 infection to stroke was 10 days. Of the 10 patients with ischemic stroke, five were large vessel occlusion, two were small vessel occlusion, and three were of cardioembolic type according to the Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification (31). Moreover, older patients (75.7 ± 10.8 vs. 52.1 ± 15.3 years) with risk factors such as hypertension, diabetes, and previous medical history of cerebrovascular disease are more likely to develop acute cerebrovascular disease (31). ln addition, an increased inflammatory response and hypercoagulable state were observed in these patients as reflected in C-reaction protein [51.1 (1.3- 127.9) vs. 12.1 (0.1-212.0) mg/L, P < 0.05] and D-dimer [6.9 (0.3-20.0) vs. 0.5 (0.1-20.0) mg/L, P < 0.001] (31). According to their findings, the significantly increased inflammatory response could be the cause of abnormal blood coagulation function in the early-stage and could be one of the main reasons for the new onset of cerebrovascular disease (31).
A case series (25) from the UK reported six patients with acute ischemic stroke and COVID-19. All six patients had large vessel occlusion with markedly elevated D-dimer levels (≥ 1,000 µg/L), and most of the strokes occurred 8-24 days after the onset of COVID-19 symptoms (25). However, a causal relationship between COVID-19 and ischemic stroke cannot be confirmed, as competing vascular risk factors such as atrial fibrillation were present. Another case series (32) from New York reported on four COVID-19 patients older than 70, all of whom had acute large vessel occlusion. A similar study conducted by Oxley et al. (7) from New York reported five cases of large vessel occlusion

in COVID-19. To note, all of these patients are under 50 years of age and only presented with mild symptoms of COVID-19. These findings suggest that COVID-19 primarily causes large vessel occlusion.
[bookmark: H4_THE_POTENTIAL_MECHANISM_OF_COVID19_RE]THE POTENTIAL MECHANISM OF COVID-19 RELATED ISCHEMIC STROKE
Previous studies indicate that acute bacterial and viral infections, especially respiratory-related infections, are transiently independent risk factors for stroke (33, 34). The association between acute infection and stroke is believed to be caused by the systemic inflammatory response to infection, which can lead to endothelial dysfunction and induce a procoagulant state (34, 35). It has been proposed that the inflammatory response in COVID- 19 patients is associated with multiple pathways. As shown in Figure 2, after the infection of SARS-CoV-2, the activated monocyte-derived macrophages can release massive amounts of pro-inflammatory cytokines such as interleukin (IL), tumor necrosis factor (TNF) (35-37). In response to pro-inflammatory cytokines (mainly IL-6), TF is released from monocyte-derived macrophages and endothelial cells (35, 38, 39). TF is known to activate the extrinsic coagulation pathway and leads to fibrin deposition and blood clotting. Moreover, when ACE2 is endocytosed together with SARS-CoV, ACE2 on cells is reduced, followed by an increase of serum angiotensin II (Ang2), which will also induce a pro-inflammatory effect (40-42). The markedly elevated D-dimer levels in patients with acute onset of ischemic stroke also supports that SARS-CoV-2 may cause an acute
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FIGURE 2 | SARS-CoV-2 attacking the vascular system When the SARS-CoV-2 virus invades the human body, activated monocyte-derived macrophages can release massive amounts of pro-inflammatory cytokines such as IL and TNF to combat the infection. Moreover, when ACE2 receptors on the cell surface are occupied by SARS-CoV-2, the expression and function of ACE2 are reduced, Ang2 in the serum then increases, which also has a pro-inflammatory effect. These pro-inflammatory cytokines can induce the expression of TF. TF expressed by activated monocyte-derived macrophages and endothelial cells can activate the extrinsic coagulation pathway, leading to fibrin deposition and blood clotting. All these factors may increase the risk of acute ischemic stroke. On the other hand, the intracranial cytokine storms induced by SARS-CoV-2 infection may result in the breakdown of the blood-brain-barrier, thus causing hemorrhagic stroke. In addition, the binding of SARS-CoV-2 to ACE2 receptors may increase the synthesis of Ang2, and may thus elevate blood pressure and increase the risk of hemorrhagic stroke. ACE2, angiotensin-converting enzyme Il; Ang2, angiotensin Il; BP. blood pressure; IL , interleukin; TF, tissue facto; TNF, tumor necrosis factor.


inflammatory response in the blood vessel walls and trigger a hypercoagulation state.
The traditional causes of stroke in these patients with COVID-19 infection cannot be overlooked. Etiologically, ischemic stroke is caused by cardioembolism, artery-to-artery embolism, or in­situ small vessel disease (43). The TOAST classification system has classified ischemic stroke into five subtypes: large artery atherosclerosis, cardioembolism, small artery occlusion, stroke of other determined etiology, and stroke of undetermined etiology (44). Atherosclerosis in patients with a COVID-19 infection may increase the risk of ischemic stroke as a viral infection can potentially destabilize atherosclerotic plaques through systemic inflammatory responses, a cytokine storm, as well as specific changes of immune cell polarization toward more unstable phenotypes (45). In addition, COVID-19 infected patients with cardiovascular comorbidities may have the potential risk of dysrhythmia, which can cause cardioembolism and increase the risk of stroke. A study from Northern Italy showed that the rate of thromboembolic events was higher in COVID-19 patients with a history of cardiovascular disease (23 vs. 6%) (46). What’s worse, as COVID-19 is known to have a great effect on the cardiovascular system, the subsequent cardiac dysfunction needs to be considered (13, 47). A recent study reported that 16.7% of 138 hospitalized COVID-19 patients developed dysrhythmia, which presented as a common complication (8). Moreover, viral infections could induce metabolic dysfunction, myocardial inflammation, and activation of the sympathetic nervous system, which would contribute to the development of dysrhythmia (45).

COVID-19 INFECTION WITH THE NEW ONSET OF HEMORRHAGIC STROKE
There are fewer cases of hemorrhagic stroke compared with ischemic stroke in patients with COVID-19, and it remains uncertain whether hemorrhagic stroke is directly related to COVID-19 infection.
Sharifi-Razavi et al. (48) reported a case of a 79-years-old man with a fever and cough who developed acute loss of consciousness 3 days later. The patient had a blood pressure of 140/65 mmHg at admission and no history of hypertension or anticoagulation therapy (48). A cerebral CT scan revealed a massive intracerebral hemorrhage (ICH) in the right hemisphere, accompanied by an intraventricular and subarachnoid hemorrhage (48). An oropharyngeal swab confirmed COVID-19 infection, however, a CSF analysis was not performed in this case.
The retrospective study (31) of 11 COVID-19 patients with acute cerebrovascular disease from Wuhan, previously mentioned, also reported on a 60-years-old male who developed cerebral hemorrhage 10 days after severe COVID- I 9 infection. The patient had increased blood pressure (150/80 mmHg) and died 13 days after the stroke (31).
Poyiadji et al. (49) reported on a female in her late 50's who was diagnosed with COVID-19-associated acute necrotizing hemorrhagic encephalopathy (ANE). Her brain MRI images showed hemorrhagic rim enhancing lesions in the bilateral thalami, medial temporal lobes, and subinsular regions (49). However, testing for the presence of SARS-CoV-2 in the CSF was not performed (49). ANE is a rare CNS complication
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secondary to viral infections. It has been related to intracranial cytokine storms, which result in blood-brain-barrier breakdown but without direct viral invasion or parainfectious demyelination (49). As evidence shows that severe COVTD-19 infection may be associated with cytokine storms (36), we need to be alert to these patients with regard to the occurrence of ANE and other nervous system diseases induced by intracranial cytokine storms.
THE POTENTIAL MECHANISM OF COVID-19 RELATED HEMORRHAGIC STROKE
ACF2 is known as a critical enzyme in the renin-angiotensin system (RAS) that regulates blood pressure, fluid, and electrolyte balance, and vascular resistance. It is also the inactivator of Ang2 (50, 51). As shown in Figure 2, the downregulation of ACE2 expression during SARS-CoV-2 infection may increase Ang2 in the serum, which can impair endothelial function and contribute to dysregulation of blood pressure, thus increasing the risk of hemorrhagic stroke (52). As for patients with hypertension, the expression of ACE2 is already low; when SARS-CoV-2 binds to ACE2 receptors, the ability of ACE2 to lower blood pressure is concomitantly reduced, so COVID-19 infection is more likely to induce a cerebral hemorrhage in such patients (53, 54). Thus, it is reasonable to hypothesize that in patients with COVTD-19, the cytokine storm and elevated blood pressure can increase the risk of hemorrhagic stroke. However, whether or not hemorrhagic stroke is directly related to COVlD-19 infection is difficult to ascertain.
[bookmark: H4_MANAGEMENT_OF_COVID19_INFECTION_WITH_]MANAGEMENT OF COVID-19 INFECTION WITH STROKE
Neurologists and neurosurgeons worldwide are sharing their experience with the management of COVID-19 patients with neurological manifestation (55-60). What we need to note is that due to the delay in hospital admission caused by the screening of potentially infected patients during the epidemic, stroke patients may miss the optimal therapeutic window.
As ischemic stroke can occur in a systemic prothrombotic state under COVID-19 infection, anticoagulant treatment seems to be reasonable. In the retrospective study from Li et al. (31) previously mentioned, of the 10 patients with ischemic stroke, four received anticoagulant treatment with low-molecular­ weight heparin (LMWH) and only one of them died, while six received antiplatelet treatment with Aspirin or Clopidogrel and three of them died. A retrospective analysis of 449 patients with severe COVID-19 performed by Tang et al. (61) revealed that anticoagulant therapy mainly with LMWH appears to be associated with a better prognosis in severe COVID-19 patients meeting sepsis-induced coagulopathy criteria or with markedly elevated D-dimer. The case series (25) from the UK also supports early therapeutic anticoagulation with LMWH. A systematic review of COVID-19 literature reporting on measures of clotting activation also suggests that for COVID-19 patients with elevated D-dimer, antithrombotic treatment may be used

(62). However, the efficacy and safety of these anticoagulants in patients with COVID-19 require further investigation, with particular consideration for the risk of bleeding. A detailed assessment of the coagulation profile is necessary. It also needs to be determined by the comprehensive judgment of TOAST classification, clinical syndrome, National Institutes of Health Stroke Scale (NIHSS) score, and laboratory findings.
Thrombectomy also plays a crucial role in treating acute stroke patients. However, endovascular treatments have been reduced in stroke units during the epidemic era. A significant decrease of 61% in the number of patients for thrombectomy was observed in a multicenter study (15). Yaeger et al. reported 10 patients with large vessel occlusion undergoing thrombectomy with a successful reperfusion rate of 90% and concluded that thrombectomy continues to be an effective therapy (63). A study on acute ischemic stroke patients with large artery occlusion who underwent endovascular thrombectomy (EVT) showed that the rate of successful reperfusion was not significantly different in the pre-pandemic group vs. the pandemic group [88.2% (n = 30) vs. 85.7% (n = 18) (64)]. However, the successful reperfusion rate between COVID-19 infected patients and non-infected patients was unknown. Wang et al. reported on five patients with COVID-19 with large vessel occlusions who underwent EVT and concluded that those patients were more likely to have worse radiographic and clinical outcomes after EVT (64, 65). It cannot be denied that reperfusion therapy during the COVID-19 pandemic could be challenging and that personal protective equipment is necessary to minimize the infection of healthcare workers.
Blood pressure destabilization increases the incidence of heart failure, stroke, and other cardiovascular diseases (66, 67). Accordingly, the management of blood pressure might require specific attention during the hyper-acute and acute stroke phases (68). Angiotensin II receptor blockers (ARBs) and angiotensin-converting enzyme inhibitors (ACEIs) are both antihypertensive drugs for blocking the RAS and lowering blood pressure. Recently, there has been a debate on whether the use of ACEIs/ARBs increases the expression of ACE2, thereby increasing the susceptibility to SARS-CoV-2 (69-71). A single­ center retrospective study (72) on the effects of ARBs and ACETs on COVTD-19 patients with pre-existing hypertension showed that ARBs/ACEIs treatment significantly reduced the concentrations of CRP [1 1.5 (4.0-58.2) vs. 33.9 (5.1-119.2); P = 0.049] and procalcitonin [0.061 (0.044-0.131) vs. 0.121 (0.052- 0.295); P = 0.008], when compared with non-ARBs/ACEIs treatment. Furthermore, a lower proportion of critical patients (9.3 vs. 22.9%; P = 0.061), and a lower death rate (4.7 vs. 13.3%; P = 0.216) were observed in the ARBs/ACEIs group, although these differences failed to reach statistical significance (72). These findings thus support the use of ARBs/ACFIs in COVID-19 patients with pre-existing hypertension (72). Some literature reviews also support the use of ARBs/ACEIs in COVID-19 patients (73, 74). Other treatments that target the RAS system may also be promising therapies for COVTD-19 (73, 75). For example, angiotensin (1-7) has already shown promise in preclinical stroke models and it is in a clinical trial for patients with COVID-19 (NCT04332666). Recombinant human
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ACE2 (APN01), developed in 2010, has been demonstrated to be able to reduce levels of both Ang2 and IL-6 in a phase II study of acute respiratory distress syndrome. It is also under investigation in China in severe cases of COVID- 19 infection (76). On the other hand, treatment of hypertension patients with ACEIs or ARBs can reduce the synthesis or function of Ang2, thus downregulating the production of inflammatory cytokines (77), which may benefit COVID-19 patients with stroke. As there are fewer reports of hemorrhagic stroke in COVID-19 infection, most of the suggestions are concluded from small and retrospective analyses, and more clinical trials are needed to determine the safety and efficacy of these medicines.
To conclude, stroke involves multiple pathophysiological mechanisms. Although COVID-19 may directedly lead to stroke, the common vascular risk factors cannot be overlooked. The management protocol for COVID-19 patients with stroke should also depend on the traditional guidelines. Furthermore, the importance of the use of personal protective equipment and other strategies to minimize exposure during the treatment of stroke patients with COVID-19 cannot be understated.
[bookmark: H4_CONCLUSION]CONCLUSION
Based on current evidence, the causative relationship between cerebrovascular events and COVID-19 is not conclusive. However, previous studies show that acute inflammatory response to COVID-19 infection could induce a procoagulant state and increase the risk of ischemic stroke. Furthermore, the cytokine storm and abnormally elevated blood pressure resulting from the reduction of ACE2 caused by SARS-CoV-2, can increase

the risk of hemorrhagic stroke. Given that SARS-CoV-2 could interact with ACE2 expressed in the capillary endothelium, the virus may also damage the blood-brain barrier and enter the CNS, The occurrence of cerebrovascular events is, potentially, related to a direct effect of the viral infection itself. Thus, it is prudent to account for cerebrovascular events and cerebrovascular risk factors as crucial components in the risk model for COVlD-19 infection. More studies are needed to establish the mechanisms of cerebrovascular diseases associated with COVID-19. Strategies are urgently needed for specific stroke management during the COVID-19 outbreak and to ensure that stroke patients can get appropriate treatment in time.
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[bookmark: H4_ABSTRACT]ABSTRACT
BACKGROUND AND PURPOSE: Coronavirus disease 2019 (COVID-19) is an active worldwide pandemic with diverse complications. Stroke as a presentation has not been strongly associated with COVID-19. The authors aimed to retrospectively review a link between COVID-19 and acute stroke.
MATERIALS AND METHODS: We conducted a retrospective case-control study of 41 cases and 82 control subjects matched by age, sex, and risk factors. Cases were patients who underwent stroke alert imaging with confirmed acute stroke on imaging between March 16 and April 5, 2020, at 6 hospitals across New York City. Control subjects were those who underwent stroke alertimaging during the same timeframe without imaging evidence of acute infarction. Data pertaining to diagnosis of COVID-19 infection, patient demographics, and risk factors were collected. A univariate analysis was performed to assess the covariate effect of risk factors and COVID-19 status on stroke imaging with positive findings.
RESULTS: The mean age for cases and controls was 65.5 ± 75.3 years and 68.8 ± 73.2 years, respectively. Of patients with acute ischemic stroke, 46.3% had COVID-19 infection compared with 78.3% of controls (P = .007). After adjusting for age, sex, and risk factors, COVID-19 infection had a significant independent association with acute ischemic stroke compared with control subjects (OR, 3.9; 95% Cl, 1.7-8.9; P =.001).
CONCLUSIONS: We demonstrated that COVID-19 infection is significantly associated with imaging confirmation of acute ischemic stroke, and patients with COVID-19 should undergo more aggressive monitoring for stroke.
ABBREVIATIONS: COVID-19 coronavirus disease 2019; SARS-CoV-2 = Severe Acute Respiratory Syndrome coronavirus 2; RT-PCR - reverse transcriptase polymerase chain reaction


In December 2019, a novel Severe Acute Respiratory Syndrome coronavirus 2 (SARS-CoV-2) emerged in Wuhan, China.1 Coronavirus disease 2019 (COVID-19), the clinical manifestation of SARS-CoV-2 infection, has since spread into a worldwide pandemic.2 According to the World Health Organization, as of April 22, 2020, at least 2.5 million confirmed cases of COVID-19 have been detected in 213 countries, with at least 169,000 patients dying from their disease or complications thereof.3
From the initial outbreak in China, transmission was identified from respiratory droplets and fomites, with symptoms initially
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reported as fever, dyspnea, cough, and severe hypoxia. With greater clinical experience, a broader spectrum of symptoms has emerged, such as gastrointestinal disease, headache, altered mental status, anosmia, and confusion.4˗6 An acute hemorrhagic necrotizing encephalopathy has also been noted secondary to COVID-19 infection.7
Even before COVID-19, antecedent respiratory infections have been known to increase the short-term risk of ischemic stroke.8˗16 Early reports from China indicate that neurologic symptoms are seen in approximately 36% of patients hospitalized with COVlD-19.16 Poor outcomes with COVlD-19 infection have an association with vascular risk factors such as hypertension, coronary artery disease, and diabetes mellitus.17 It has been proposed that the SARS-CoV-2 virus can cause a cytokine storm through angiotensin-converting enzyme 2 receptor binding, leading to a hypercoagulable state and an increased incidence of vascular thromboses in patients with COVID-19.18,19 
To our knowledge, no peer-reviewed study has been published in the literature evaluating the incidence of acute ischemic stroke associated with COVID-19 when controlling for traditional
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vascular risk factors. With the dramatic rise in patients with COVID-19 in New York City in March 2020, the authors began to observe a disproportionately greater incidence of stroke among patients with COVID-19 compared with the non-COVID-19 population. The authors believe there may be an association between COVID-19 infection and stroke risk. In this study, our objectives were the following: 1) to determine whether infection with COVID-19 is indeed associated with increased incidence of stroke, and 2) to assess whether COVlD-19 is an independent risk factor for stroke when controlling for conventional vascular risk factors.
[bookmark: H4_MATERIALS_AND_METHODS]MATERIALS AND METHODS
[bookmark: H5_Patient_Selection]Patient Selection
The project was conducted as a retrospective case-control study with data gathered from 6 hospitals spread across the boroughs of Manhattan, Queens, and Brooklyn in New York City. The 6 hospitals consisted of 1 large academic hospital and 5 smaller community hospitals. Institutional review board approval was obtained on an expedited basis. A total of 139 patients had stroke alert for acute neurologic symptoms between March 16 and April 5, 2020. All patients with stroke alert had a noncontrast head CT performed followed by vascular imaging (generally a CT angiography) unless there was a medical contraindication or clinical instability. Patients were included for the following reasons: 1) They had activated stroke alert, 2) CT head and vascular imaging, and 3) clinical data documenting COVID-19 status. Patients presenting primarily with hemorrhage, tumor, and vasculitis were excluded (n = 12). Patients with no clinical data were excluded (n = l). This step yielded a total of 126 patients. Patients with acute ischemic stroke (small- or large-vessel occlusions) were matched with patients without stroke by age, sex, and major vascular risk factors on a 1:2 case-to-control ratio, which resulted in 41 cases and 82 control patients (3 patients were excluded from the control group to maintain this ratio). Thus, the final cohort number was 123 patients. The presence or absence of stroke was confirmed on CT and/or MR imaging by a board-certified radiologist with fellowship training in neuroradiology. Patients were deemed to have acute stroke on imaging if they had acute loss of gray-white differentiation on CT or a diffusion-restricting focus on MR imaging consistent with infarct. If the initial CT findings were negative but there was a persistent clinical suspicion for stroke, it was confirmed or refuted on brain MR imaging unless there was a contraindication.
Control subjects were defined as inpatients and those in the emergency department with negative neurologic findings on imaging (CT or MR imaging) for acute stroke in the setting of a clinical suspicion for acute stroke. Patients with initial negative imaging findings were followed up clinically and also on repeat imaging (if deemed clinically necessary) to verify the absence of acute stroke. Vascular risk factors, which were obtained from the medical record, included hypertension, coronary artery disease, diabetes mellitus type 2, atrial fibrillation, congestive heart failure, dyslipidemia, current or former smoking status, evidence of prior stroke, and body mass index corresponding to over­weight (25-29.9 kg/m2) or obesity (≥30 kg/m2). Data pertaining to a concurrent diagnosis of COVID-19 infection and patient
1362	Belani	Aug 2020	www.ajnr.org

demographics were also collected from the electronic medical record. COVID-19 infection was confirmed by in-house in vitro reverse transcriptase polymerase chain reaction (RT-PCR) of nasopharyngeal swabs performed on the cobas 6800/8800 systems (Roche Diagnostics) under emergency authorization from the US Food and Drug Administration. Patients were considered negative for COVID-19 negative if the RT-PCR test findings were negative.
[bookmark: H5_Statistical_Analysis]Statistical Analysis
Patients whose imaging and clinical findings were consistent with acute ischemic infarct were matched by age, sex, and the number of major vascular risk factors against controls whose imaging and clinical findings were inconsistent with acute ischemic infarct. There were 2 controls for every case.
A Pearson X2 test was performed for categoric variables, and a t test was performed for continuous variables for evaluation of the statistical difference between case and control groups. All tests were 2-tailed, and a P value of .05 was considered statistically significant. All statistical analyses were conducted with the SPSS statistical package for Windows, Version 25 (IBM).
[bookmark: H4_RESULTS]RESULTS
[bookmark: H5_Clinical_Characteristics_of_the_Patie]Clinical Characteristics of the Patient Population
Stroke alerts were most commonly activated for patients with hemiplegia, hemisensory loss, dysarthria, facial droop, aphasia, and acute altered mental status. Our patient population consisted of 123 patients, of whom 41 patients who had an acute ischemic stroke (anterior or posterior circulation) were matched for age, sex, and vascular risk factors with 82 patients without stroke. The mean age for cases and controls was 65.5 ± 15.3 years and 68.8 ± 13.2 years, respectively. Sex composition was identical between groups, with 56.1% men in each.
[bookmark: H5_Risk_Factor_Analysis]Risk Factor Analysis
There was no statistically significant difference in age, sex, or major vascular risk factors between case and control subject groups (Table). COVID-19 infection was confirmed in 19 of 41 patients (46.3%) with acute ischemic stroke, compared with 15 of 82 patients (18.3%) in the control group. The COVID-19 infection rate was significantly higher in patients with acute ischemic stroke compared with control subjects (P = .001).
After we adjusted for age, sex, and major vascular risk factors, COVID-19 infection was found to be independently and significantly associated with patients with acute ischemic stroke compared with control subjects with an OR of 3.9 (95% CI, 1.7-8.9; P=.001).
[bookmark: H4_DISCUSSION]DISCUSSION
We found that COVID-19 is an independent risk factor for imaging-confirmed acute ischemic stroke during stroke alerts evaluation, after controlling for traditional vascular risk factors. This finding suggests that COVID-19 infection is associated with increased morbidity and mortality that transcends the primary cardiopulmonary sequelae from the infection. It has been observed that a large number of patients affected with COVID-19 have underlying vascular disease. A meta-analysis of 6 published

Demographic characteristics of case and control subjects
	Variables
	Cases (n = 41)
	Controls 
(n = 82)
	P Value

	Age (mean) (yr)
	65.6 ± 15
	68.8 ± 13
	.24

	Male sex
	56.1% (23)
	56.1% (46)
	1.00

	COVID-19 (+)
	46.3% (19)
	18.3% (15)
	.001

	Diabetes mellitus type 2
	48.8% (20)
	43.9% (36)
	.61

	Hypertension
	73.2% (30)
	73.2% (60)
	1.00

	Coronary artery disease
	29.3% (12)
	34.1% (28)
	.59

	Congestive heart failure
	12.2% (5)
	15.9% (13)
	.59

	Dyslipidemia
	43.9% (18)
	46.3% (38)
	.80

	Atrial fibrillation
	29.3% (12)
	18.3% (15)
	.18

	Prior stroke
	22% (9)
	31.7% (26)
	.26

	BMI = 25-29.9 kg/m2
	22% (9)
	32.9% (27)
	.21

	BMI >30 kg/m2
	39% (16)
	23.2% (19)
	.09

	Smoking status
	34.1% (14)
	28.0% (23)
	.31

	Current
	12.2% (5)
	7.3% (6)
	.29

	Former
	22% (9)
	20.7% (17)
	.53


Note:-BMI indicates body mass index
studies from China including 1527 patients with COVID-19 reported common comorbid conditions, including diabetes (9.7%), cardiovascular disease (16.4%), and hypertension (17.1%). 20 In particular, patients with severe COVID-19 had a 3-fold higher incidence of cardiovascular disease than those with mild-to -moderate disease.
Multiple studies have reported that recent respiratory infections are known to increase the short-term risk of ischemic stroke.8,9,11,12,14,15 For example, Grau et al11 reported that bacterial and viral infections were risk factors for embolic and thrombotic infarcts. They found that infection within the preceding week was a risk factor for cerebral ischemia in age-adjusted multiple logistic regression analysis (OR, 2.9; 95% CI, 1.31-6.4). Of 221 patients with COVID-19 at a hospital in Wuhan20 (5%) developed acute ischemic stroke. This patient group was significantly older and more likely to have cardiovascular risk factors and severe COVID-19 infection. They were more likely to have an increased inflammatory response and a hypercoagulable state manifested by elevated C-reactive protein and D-dimer levels.21
Our study attempts to evaluate the impact of COVID-19 on stroke irrespective of other vascular risk factors. Patients with acute stroke and controls without stroke belonged to the same medical system and clinical setting. Our study confirms that there was a significantly greater incidence of acute ischemic stroke in patients with COVID-l9 infection compared with those without the infection. After we adjusted for major vascular risk factors, a diagnosis of COVID-19 was associated with significantly more cases than in control subjects.
Several theories link infectious/inflammatory syndromes with an increased risk of stroke, probably due to the different mechanisms involving prothrombotic state, changes in lipid metabolism and platelet aggregation, alterations in endothelial function, and plaque instability and rupture .22,23 The current favored mechanism involves SARS-CoA-2 binding to the angiotensin-converting enzyme 2 receptor, 

potentially leading to a cytokine storm and ultimately to a hypercoagulable state in patients with COVID-19.18,19 Additionally, critically ill patients with SARS­CoV-2 often show elevated D-dimer levels and platelet counts, which may render patients prone to acute cerebrovascular disease.24 It has been shown in a mouse influenza model that after the selective blocking of cytokines, there was a reduction in infarction volume and improved survival.25
Limitations of our study are those that apply to all retrospective case-control studies. We tried to limit confounding variables like demographics and medical risk factors for stroke to reduce bias. We reduced referral bias by incorporating stroke alert cases from multiple hospitals across various communities in New York City. Another limitation is our sample size of 123 patients; however, these are all patients with stroke alerts presenting at 6 hospitals, which consisted of 1 large academic hospital and 5 smaller community hospitals, during a short time span of 2.5 weeks, Additionally, it is possible that some patients with clinical and radiologic signs of infection who tested positive for COVID-19 on RT-PCR could be falsely positive and with other viral or bacterial respiratory infections instead.
The sensitivity and specificity of the RT-PCR test used for the diagnosis of COVID-19 has not been definitively established because the test is approved under emergency use authorization. It is also possible that we may have under-represented the number of patients with COVID-19 (ie, clinically asymptomatic carriers who were not tested for COVID-19), but this could affect both the stroke and nonstroke outcomes. Finally, another important consideration is the possibility of unexpected selection bias with higher thresholds for presentation to the hospital due to social distancing/fear of a hospital setting during the pandemic. This coupled with an overall increased prevalence of COVID-19 may confound the true effect of COVID - l 9 on stroke risk.
[bookmark: H4_CONCLUSIONS]CONCLUSIONS
To our knowledge, this is the first study to link SARS-CoV-2 with an increased risk of imaging-confirmed acute ischemic stroke when accounting for confounding risk factors. Future endeavors may assess whether this relationship holds true in a larger population and with the pathophysiologic mechanisms (such as the proinflammatory prothrombotic state and Cytokine storm) inherent in COVID-19 that drive this association. Attempts should also be made to see whether the association holds true for large-vessel and small-vessel strokes. Patients with COVID-l9 should be evaluated early for acute neurologic changes, and timely workup should be performed in patients suspected of having stroke to reduce morbidity and mortality.
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COVID-19 CASES
To rapidly communicate information on the global clinical effort against Couid-19, the Journal has initiated a series of case reports that offer important teaching points or novel findings. The case reports should be viewed as observations rather than as recommendations for evaluation or treatment. In the interest of timeliness, these reports are evaluated by in-house editors, with peer review reserved for key points as needed.
[bookmark: H4_LargeVessel_Stroke_as_a_Presenting_Fe]Large-Vessel Stroke as a Presenting Feature of Covid-19 in the Young

We report five cases of large-vessel stroke in patients younger than 50 years of age who presented to our health system in New York City. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection was diagnosed in all five patients.
Cough, headache, and chills lasting 1 week developed in a previously healthy 33-year-old woman (Patient 1) (Table 1). She then had progressive dysarthria with both numbness and weakness in the left arm and left leg over a period of 28 hours. She delayed seeking emergency care because of fear of Covid-19. When she presented to the hospital, the score on the National Institutes of Health Stroke Scale (NIHSS) was 19 (scores range from 0 to 42, with higher numbers indicating greater stroke severity), and computed tomography (CT) and CT angiography showed a partial infarction of the right middle cerebral artery with a partially occlusive thrombus in the right carotid artery at the cervical bifurcation. Patchy ground-glass opacities in bilateral Jung apices were seen on CT angiography, and testing to detect SARS-CoV-2 was positive. Antiplatelet therapy was initiated; it was subsequently switched to anticoagulation therapy. Stroke workup with echocardiography and magnetic resonance imaging of the head and neck did not reveal the source of the thrombus. Repeat CT angiography on hospital day 10 showed complete resolution of the thrombus, and the patient was discharged to a rehabilitation facility.
Over a 2-week period from March 23 to April 7, 

2020, a total of five patients (including the aforementioned patient) who were younger than 50 years of age presented with new-onset symptoms of large-vessel ischemic stroke. Ali five patients tested positive for Covid-19. By comparison, every 2 weeks over the previous 12 months, our service has treated, on average, 0.73 patients younger than 50 years of age with large-vessel stroke.
On admission of the five patients, the mean NIHSS score was 17, consistent with severe large-vessel stroke. One patient had a history of stroke. Other pertinent clinical characteristics are summarized in Table 1.
A retrospective study of data from the Covid-19 outbreak in Wuhan, China, showed that the incidence of stroke among hospitalized patients with Covid-19 was approximately 5%; the youngest patient in that series was 55 years of age.1 Moreover, large-vessel stroke was reported in association with the 2004 SARS­ CoV-1 outbreak in Singapore.2 Coagulopathy and vascular endothelial dysfunction have been proposed as complications of Covid-19.3 The association between large-vessel stroke and Covid-19 in young patients requires further investigation.
Social distancing, isolation, and reluctance to present to the hospital may contribute to poor outcomes. Two patients in our series delayed calling an ambulance because they were concerned about going to a hospital during the pandemic.
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Table 1. Clinical Characteristics of Five Young Patients Presenting with Large-Vessel Stroke.*
	Variable
	Patient 1
	Patient 2
	Patient 3
	Patient 4
	Patient 5

	Age — yr
	33
	37
	39
	44
	49

	Sex
	Female
	Male
	Male
	Male
	Male

	Medical history and risk factors for stroke †
	None
	None
	Hyperlipidemia, hypertension
	Undiagnosed diabetes
	Mild stroke, diabetes

	Medications
	None
	None
	None
	None
	Aspirin (81 mg), atorvastatin (80 mg)

	NIHSS score‡
	Blank cell

	On admission
	19
	13
	16
	23
	13

	At 24 hr
	17
	11
	4
	19
	11

	At last follow-up
	13 
(on day 14)
	5 
(on day 10)
	NA; intubated and sedated, with multiorgan failure
	19 
(on day 12)
	7 
(on day 4)

	Outcome status
	Discharged to rehabilitation facility
	Discharged home
	Intensive care unit
	Stroke unit
	Discharged to rehabilitation facility

	Time to presentation — hr
	28
	16
	8
	2
	8

	Signs and symptoms of stroke
	Hemiplegia on left side, facial droop, gaze preference, homonymous hemianopia, dysarthria, sensory deficit
	Reduced level of consciousness, dysphasia, hemiplegia on right side, dysarthria, sensory deficit
	Reduced level of consciousness, gaze preference to the right, left homonymous hemianopia, hemiplegia on left side, ataxia
	Reduced level of consciousness, global dysphasia, hemiplegia on right side, gaze preference
	Reduced level of consciousness, hemiplegia on left side, dysarthria, facial weakness

	Vascular territory
	Right internal carotid artery
	Left middle cerebral artery
	Right posterior cerebral artery
	Left middle cerebral artery
	Right middle cerebral artery

	Imaging for diagnosis
	CT, CTA, CTP, IMRI
	CT, CTA, MRI
	CT, CTA, CTP, MRI
	CT, CTA, MRI
	CT, CTA, CTP

	Treatment for stroke
	Apixaban (5 mg twice daily)
	Clot retrieval, apixaban (5 mg twice daily)
	Clot retrieval, aspirin (81 mg daily)
	Intravenous t-PA, clot retrieval, hemicraniectomy, aspirin (81 mg daily)
	Clot retrieval, stent, aspirin (325 mg daily), clopidogrel (75 mg daily)

	Covid-19 symptoms
	Cough, headache, chills
	No symptoms; recently exposed to family member with PCR-positive Covid-19
	None
	Lethargy
	Fever, cough, lethargy

	White-cell count — per mm3
	7800
	9900
	5500
	9000
	4900

	Platelet count— per mm3
	427,000
	299,000
	135,000
	372,000
	255,000

	Prothrombin time — sec
	13.3
	13.4
	14.4
	12.8
	15.2

	Activated partial-throm- boplastin time — sec
	25.0
	42.7
	27.7
	26.9
	37.0

	Fibrinogen — mg/dI
	501
	370
	739
	443
	531

	D-dimer— ng/ml
	460
	52
	2230
	13,800
	1750

	Ferritin — ng/ml
	7
	136
	1564
	987
	596


*Reference range are as follows: platelet count, 150,000 to 450,000 per cubic millimeter; prothrombin time, 12.3 to 14.9 seconds; activated partial thromboplastin time, 25.4 to 34.9 seconds; fibrinogen, 175 to 450 mg per deciliter; D-dimer, 1 to 500 ng per milliliter; and ferritin, 30 to 400 ng per milliliter. CT denotes computed tomography, CTA CT angiography, CTP CT perfusion, MRI magnetic resonance imaging, NA not applicable, PCR polymerase chain reaction, and t-PA tissue plasminogen activator.
†The patients were screened for smoking, hypertension, hyperlipidemia, diabetes, atrial fibrillation, congestive heart failure, illicit drug use, and neck trauma.
‡Scores on the National Institutes of Health Stroke Scale (NIHSS) range from 0 to 42, with higher numbers indicating more severe stroke.
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[bookmark: H4_Summary]Summary
Objective: There is scarcity of reliable information on stroke in Lebanon. We aim to determine the potential risk factors for stroke in the Lebanese population.
Design: A retrospective case-control study was conducted between January 1st, 2012 and December 31st, 2014 at two different tertiary hospitals in Lebanon. Data were collected through a designed data collection sheet. A multiple logistic regression determined stroke risk factors. The strength of association between the dependent variable and independent variables was expressed in odds ratio (OR) through 95% confidence interval.
Setting: Lebanon
Participants: Lebanese hospitalized patients.
Main outcome measures: Stroke risk factors
Results: Overall, 202 stroke cases and 530 stroke-free controls were included. The mean age of stroke was 68 ± 13 years. Age, smoking and a history of hypertension, cardiac arrhythmia, coronary heart disease/myocardial infarction, deep venous thrombosis/pulmonary embolism, and migraine were significantly associate with high risk of stroke. Grade 3 blood pressure had the highest OR (44.112; 95% Cl, 16.144- 120.528).
Conclusions: The results of this study confirm the significant contribution of certain well-identified risk factors with stroke. Modifying, treating and controlling major stroke risk factors though medications or lifestyle change would result in having a second change in the Lebanese population. Therefore, we recommend implementing preventive strategies on those pathologies to reduce the risk of total stroke in Lebanon.
[bookmark: H4_Keywords]Keywords
risk factors, stroke/cerebrovascular disease, epidemiology, Lebanon

Introduction
Stroke, or cerebrovascular accident, is a common cause of morbidity and mortality worldwide. In 2013 alone, there were 10.3 million new strokes, 6.5 million stroke deaths, 25.7 million stroke survivors and 113 million disability-adjusted life years due to stroke.1 Developing countries had the greatest share of global stroke burden and death compared to developing countries, comprising 75.2% of stroke mortality and 81.0% of stroke-related disability-adjusted life years.1
Lebanon is a developing country in the Middle East. The provision of health service by governmental hospitals has declined during the last few decades mainly due to managerial and medical issues, where only half of the 24 public hospitals were left operational with an average of 20 active beds per hospital. On the other hand, private hospitals have developed in both quality and quantity and today they represent about 90% of the total hospital beds in the country. The majority are owned by physicians and localised in Beirut and surrounding Mount Lebanon.2
There is a scarcity of reliable information on stroke in Lebanon. The adjusted stroke prevalence in Lebanon was 0.50% (95% confidence interval, 0.33-0.66) in 2012, and the rate of stroke mortality reached 62.7/100,000 population in 2011. 3,4 Despite having stroke intervention rate in Lebanon higher than other reported rates in developing countries (administration rate of recombinant tissue plasminogen activator is 10.3%, for stroke cases at the largest tertiary care center in Lebanon), this intervention is still very limited due to large time interval between arrival at the hospital and computed tomography completion (average time 49.4 min) and therefore large tin1e interval between arrival and IV recombinant tissue plasminogen activator (average time interval 102.4 min).5
Risk factors for cerebrovascular accident are now well established, and validated tools, which predict risk or stroke, are included in clinical guidelines. However, even with respect to those well-established stroke risk factors, significant ambiguity persists about the strength of their association with stroke risk due to substantial differences between
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populations, including genes, cultural factors, environmental risk factors and ethnicity. We aimed to conduct a hospital-based case-control study to determine the potential risk factors for stroke in the Lebanese population.
[bookmark: H4_Methods]Methods
[bookmark: H5_Study_design]Study design
A retrospective, hospital-based, case-control study was conducted on ail stroke patients over 18 years old admitted to two Lebanese tertiary hospitals located in the capital Beirut (one private and another governmental) between 1 January 2012 and 31 December 2014. The Ethics committee of the Lebanese University has approved this study and waived the need for informed consent from the patients whose data were used in this study since it was observational with no traceability for patients. The basic ethical principles were respected including respect for persons, beneficence and justice.6
[bookmark: H5_Study_sample_size]Study sample size
No study has been published in Lebanon concerning stroke risk factors and the strength of association between stroke and well-known risk factors. Therefore, sample size was calculated with an α risk or 5%, a β risk or 20%, a ratio or controls to cases or 2:1 and a minimal exposure probability of 36.9%, representing the prevalence or hypertension among Lebanese people older than 21 years.7 The minimal sample size necessary in order to show a 2.98 increase in the risk of stroke among hypertensive people, according to the INTERSTROKE study, is 123 subjects with 41 cases and 82 controls based on Epi info.8 In regard to smoking, the prevalence of cigarette smoking in Lebanon among those aged 15 years or more is 30.7%9. The sample size required to detect a 1.67 increase in the risk of stroke among cigarette smokers, according to the INTERSTROKE study, is 566 subjects with 189 cases and 377 controls.8 However, we considered ail stroke patients admitted to the two interested hospitals within the study period and we increased the number of controls in order to improve the statistical power of the study.
[bookmark: H5_Development_of_data_collection_sheet]Development of data collection sheet
The data collection sheet was based on different publications’ findings, written in English language and included four parts. The first part included patients’ socio-demographic characteristics, diagnosis, imaging techniques and medications. The second 

part included patients’ symptoms on admission. The third part addressed ail potential risk factors of stroke. The fourth part was related to patients’ laboratory data upon admission to hospitals.
[bookmark: H5_Data_collection_and_definition_of_str]Data collection and definition of stroke and certain diagnostic categories
Ali variables were collected retrospectively based on information present in patients’ files. Evidence of medical history was based on the laboratory tests results stated, the presence of a reported disease history or treatment history and the definition of certain diagnostic categories, including stroke and transient ischemic attack, hypertension and blood pressure grades, diabetes, dyslipidemia and overweight and obesity. 10-14
[bookmark: H5_Inclusion_and_exclusion_criteria]Inclusion and exclusion criteria
Hospitalised stroke patients were included if they were 18 years or older and diagnosed with stroke by computed tomography or magnetic resonance imaging. Stroke patients were excluded if clinical information was unavailable or computed tomography scan or magnetic resonance imaging were not performed.
Control patients were included if they were 18 years or older and admitted to the same hospitals as stroke patients but with disorders or procedures unrelated to stroke or transient ischemic attack. Controls were chosen from the departments related to infectious diseases, cancer, endocrinology diseases, respiratory diseases, kidney diseases and digestive diseases as well as orthopaedic surgeries.
[bookmark: H5_Statistical_methods]Statistical methods
Data were analysed using SPSS version 21; p value <0.05 determined statistical significance. Continuous variables were presented as means with standard deviation and categorical variables as percentages. The differences in baseline characteristics between stroke patients and stroke-free patients were analysed using chi-square test for qualitative variables and sample t-test for quantitative variables. Fisher’s exact test was used when the expected cell size was less than live.
A stepwise ascending logistic regression was conducted. The strength of association between the dependent variable (presence of stroke or not) and independent variables was expressed in odds ratio through 95% confidence interval. The independent variables’ list included the potential risk factors such as medication history, history of certain diagnosis, smoking history, family history of stroke and heart attack and the different categories of blood pressures.
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Results
[bookmark: H5_Summary_of_primary_results]Summary of primary results
Two hundred and fifty stroke cases were admitted to the interesting hospitals between 1 January 2012 and 31 December 20l4. Among those, 48 stroke cases were not diagnosed with stroke by computed tomography scan or magnetic resonance imaging and therefore were excluded. Overall, 732 patients were included in the present study with 202 cases diagnosed with stroke and 530 stroke-free controls. The mean age of stroke was 68 ±13 years. Males constituted 53.5% of stroke patients. Among stroke patients, 25.7% had transient ischaemic stroke (transient ischaemic attack), 59.4% had ischaemic stroke and 14.9% had haemorrhagic stroke. The in-hospital stroke mortality rate was 7.4%, with haemorrhagic rate higher than ischaemic rate, 20% versus 7.5%, respectively.
Due to missing data in regard to patients' addresses (43.7% of the sample), this sample mainly represented Lebanese patients living in Beirut (46.6%, of patients with available address in their hospital file) and Mount Lebanon (44.2%). Only 4.6% of patients with available address lived in Beqaa, 3.6% live in North Lebanon and 1 % live in South Lebanon.
There was a statistically significant difference between private and governmental hospital stroke patients in regard to the age, insurance type, time to computed tomography scan or magnetic resonance imaging, antihypertensive and lipid-lowering treatment as well as to cardiac arrhythmia and migraine history (Table 1).
There was a statistically significant difference between stroke and stroke-free patients in regard to insurance type. Stroke patients statistically differed from stroke-free patients in respect to age (≥65 years old), antihypertensive, lipid-lowering medication, antidiabetic medication, aspirin and clopidogrel treatment There was also a statistically significant difference in respect to the medical history including hypertension, cardiae arrhythmia, coronary heart disease/myocardial infarction, peripheral artery disease, heart failure, deep venous thrombosis/pulmonary embolism, chronic kidney disease, migraine, diabetes, dyslipidemia and previous transient ischemic attack/cerebrovascular accident as well as cigarette smoking. Those patients also showed significantly higher values of systolic blood pressure and diastolic blood pressure than stroke-free patients (Table 2).
Stepwise ascending logistic regression was per­formed by considering the potential of confounding. 

Gender and type of insurance were considered as covariates and controlled in this logistic regression. The adjusted odds ratio showed that age (≥65 years old) is a major risk factor for total stroke as well as a history of hypertension, cardiac arrhythmia, coronary heart disease/myocardial infarction, deep venous thrombosis/pulmonary embolism, migraine and cigarette smoking. Having a grade 3 blood pressure had the highest odds ratio (44.112; 95% confidence interval, 16.144-120.528). Antihypertensive and anti­coagulant treatments were significantly associated with reduced risk of total stroke (Table 3).
Subjects were stratified on the basis of age range and sex. The incidence of ischaemic stroke and haemorrhagic stroke was more common after the age of 65 years. Most of the ischaemic stroke incidences occurred in the age range of 65-69 years and 70-74 years, 20.0% and 16.7%, respectively, while most of the haemorrhagic stroke incidences occurred in the age range of 70-74 years and 75-79 years, 16.7% and 20.0%, respectively. In stratification by sex, males predominated females in number of ischaemic stroke, but in haemorrhagic stroke, we had 50% of males and 50% of females.
For the determination of the potential risk factors for ischaemic stroke and haemorrhagic stroke, ischaemic stroke patients were compared to ail stroke-free patients and haemorrhagic stroke patients were compared to all stroke-free patients, separately. Results were presented in Table 4. Being a smoker and having an age ≥65 years old and a history of hypertension, cardiac arrhythmia/atrial fibrillation, coronary heart disease/myocardial infarction, deep venous thrombosis/pulmonary embolism and migraine were significantly associated with the risk of ischaemic stroke. However, antihypertensive treatment, cardiac arrhythmia/atrial fibrillation history, coronary heart disease/myocardial infarction history, migraine history and grades 2 and 3 blood pressure were statistically significant between haemorrhagic stroke patients and stroke­ free patients. Interestingly, being a female had a higher risk of haemorrhagic stroke than male, adjusted odds ratio, 16.392 (95% CI, 2.020-133.004) (Table 4).
Discussion
In this study, we were able to confirm that age, smoking and the presence of a history of hypertension, cardiac arrhythmia, coronary heart disease/myocardial infarction, deep venous thrombosis/pulmonary embolism and migraine arc associated with increased odds ratio of a risk or total stroke among the Lebanese population.
Similar to many high-income and Middle East countries, the mean age of our stroke patients was 
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Table 1. Characteristics of stroke patients in the private and governmental hospitals.
	Variables
	Total (n = 202)
	Private hospital 
(n = 94)
	Governmental 
hospital (n = 108)
	p

	Age (years; mean ± SD)
	67.9 ± 13.4
	64.2 ± 13.5
	71.1 ± 12.6
	<0.001

	Gender, N (%)
	Blank cell
	Blank cell
	Blank cell
	0.942

	Male
	108 (53.5)
	50 (53.2)
	58 (53.7)
	Blank cell

	Female
	94 (46.5)
	44 (46.8)
	50 (46.3)
	Blank cell

	Insurance, N (%)
	Blank cell
	Blank cell
	Blank cell
	0.018

	Social
	22 (10.9)
	6 (6.4)
	16 (14.8)
	Blank cell

	Ministry of Health
	97 (48)
	56 (59.6)
	41 (38)
	Blank cell

	Military
	17(8.4)
	5 (5.3)
	12 (11.1)
	Blank cell

	Government
	1 (0-5)
	1 (1.1)
	0(0)
	Blank cell

	Insurance
	19 (9.4)
	5 (5.3)
	14(13)
	Blank cell

	Private
	1 (0.5)
	0(0)
	1 (0.9)
	Blank cell

	Others
	45 (22.3)
	21 (22.3)
	24 (22.2)
	Blank cell

	Time to CT or MRI, N (%)
	Blank cell
	Blank cell
	Blank cell
	0.029

	≤24 h
	119 (58.7)
	50 (53.8)
	68 (63)
	Blank cell

	25—48 h
	31 (15.4)
	11 (11.8)
	20 (18.5)
	Blank cell

	>48 h
	52 (25.9)
	32 (34.4)
	20 (18.5)
	Blank cell

	Medication history, N (%)

	Antihypertensive
	129 (63.9)
	51 (54.3)
	78 (72.2)
	0.008

	Lipid-lowering medication
	50 (24.8)
	17 (18.1)
	33 (30.6)
	0.050

	Medical history, N (%)

	Cardiac arrhythmia
	53 (26.2)
	16(17)
	37 (34.3)
	0.006

	Migraine
	24 (11.9)
	16(17)
	8 (7.4)
	0.049


CT: computed tomography; MRI: magnetic resonance imaging; SD: standard deviation.

within the sixth and the seventh decades; male patients constituted the majority of our stroke patients, and ischaemic stroke was the most reported type of stroke.15,16
Hypertension is a common disease considered as an important risk factor leading to stroke. In a cross­sectional survey conducted in Lebanon with people older than 21 years, the crude prevalence of hypertension was 36.9% with about three quarters of Lebanese aged 65 years and older having hypertension.7 In this study, a total of 43.7%, of included 

patients (72.3% of cases and 32.8% of controls) were hypertensive. Only 63.9% of stroke cases were under antihypertensive treatment compared to 43.6% of controls who were taking antihypertensive medication for hypertension treatment or prevention. These results highlighted the necessity of conducting a prospective study in order to assess patients’ adherence to antihypertensive medication and whether this is related to decreasing stroke risk in Lebanon. However, our study suggests that the risk of stroke is seven times higher among hypertensive patients
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Table 2. Characteristics of the study sample.
	Variables
	Total (n = 732)
	Stroke patients (n = 202)
	Stroke-free patients 
(n = 530)
	p

	Age (years; mean ± SD)
	64.5 ± 13.4
	67.9 ± 13.4
	63.2 ± 13.2
	<0.001

	Age in years categories, N (%)
	Blank cell
	Blank cell
	Blank cell
	<0.001

	18-14
	8.5
	12 (5.9)
	50 (9.4)
	Blank cell

	45-49
	5.5
	12 (5.9)
	28 (5.3)
	Blank cell

	50-54
	6.7
	13 (6.4)
	36 (6.8)
	Blank cell

	55-59
	12.0
	15(7.4)
	73 (13.8)
	Blank cell

	60-64
	20.8
	15 (7.4)
	137 (25.8)
	Blank cell

	65-69
	9.0
	31 (15.3)
	35 (6.6)
	Blank cell

	70-74
	12.8
	40 (19.8)
	54 (10.2)
	Blank cell

	75-79
	11.1
	28 (13.9)
	53 (10)
	Blank cell

	80-84
	5.7
	12 (5.9)
	30 (5.7)
	Blank cell

	≥85
	7.9
	24 (11.9)
	34 (6.4)
	Blank cell

	Gender, N (%)
	Blank cell
	Blank cell
	Blank cell
	0.678

	Male
	401 (54.8)
	108 (53.5)
	293 (55.3)
	Blank cell

	Female
	331 (45.2)
	94 (46.5)
	237 (44.7)
	

	Insurance, N (%)
	Blank cell
	Blank cell
	Blank cell
	<0.001

	Social
	136 (18.6)
	22 (10.9)
	114 (21.5)
	Blank cell

	Ministry of Health
	348 (47.5)
	97 (48)
	251 (47.4)
	Blank cell

	Military
	59 (8.1)
	17 (8.4)
	42 (7.9)
	Blank cell

	Government
	5 (0.7)
	1 (0.5)
	4 (0.8)
	Blank cell

	Insurance
	76 (10.4)
	19 (9.4)
	57 (10.8)
	Blank cell

	Private
	10 (1.4)
	1 (0.5)
	9(1.7)
	Blank cell

	Others
	98 (13.4)
	45 (22.3)
	53 (10)
	Blank cell

	Body mass index (kg/m2; mean ± SD)
	26.4 ±5.6
	26.5 ±5.6
	26.3 ±5.6
	0.801

	Medication history, N (%)
	Blank cell
	Blank cell
	Blank cell
	Blank cell

	Antihypertensive
	360 (49.2)
	129 (63.9)
	231 (43.6)
	<0.001

	Lipid-lowering medication
	128 (17.5)
	50 (24.8)
	78 (14.7)
	0.002

	Anticoagulant
	62 (8.5)
	20 (9.9)
	42 (7.9)
	0.378

	Antidiabetes
	191 (26.1)
	68 (33.7)
	123 (23.2)
	0.005

	Aspirin
	173 (23.6)
	81 (40.1)
	92 (17.4)
	<0.001

	Clopidogrel
	46 (6.3)
	30(14.9)
	16 (3.0)
	<0.001

	Antidepressant
	57 (7.8)
	17 (8.4)
	40 (7.5)
	0.758

	Medical history, N (%)
	Blank cell
	Blank cell
	Blank cell
	Blank cell

	Hypertension
	320 (43.7)
	146 (72.3)
	174 (32.8)
	<0.001

	Cardiac arrhythmia
	104 (14.2)
	53 (26.2)
	51 (9.6)
	<0.001

	Coronary heart disease/myocardial infarction
	101 (13.8)
	67 (33.2)
	34 (6.4)
	<0.001

	Peripheral artery disease
	49 (6.7)
	21 (10.4)
	28 (5.3)
	0.020

	Heart failure
	73 (10)
	34 (16.8)
	39 (7.4)
	<0.001

	Deep venous thrombosis/pulmonary embolism
	43 (5.9)
	26 (12.9)
	17 (3.2)
	<0.001

	Chronic kidney disease
	106 (14.5)
	42 (20.8)
	64 (12.1)
	0.005

	Migraine
	39 (5.3)
	24(11.9)
	15 (2.8)
	<0.001

	Diabetes mellitus
	226 (30.9)
	87 (43.1)
	132 (26.2)
	<0.001

	Dyslipidemia
	197 (26.9)
	75 (37.1)
	122 (23)
	<0.001

	Obesity
	259 (35.4)
	68 (33.7)
	191 (36)
	0.604

	Hypothyroidism
	56 (7.7)
	13 (6.4)
	43 (8.1)
	0.535

	Previous TIA/CVA
	58 (7.9)
	58 (28.9)
	0 (0)
	<0.001

	Smoking status, N (%)
	Blank cell
	Blank cell
	Blank cell
	0.003

	Smokers
	273 (37.5)
	92 (46.2)
	181 (34.2)
	Blank cell

	Family history of CVA, N (%)
	8 (1.1)
	4 (2)
	4 (0.8)
	0.225

	Family history of cardiac disease, N (%)
	20 (2.7)
	4 (2)
	16 (3)
	0.613

	Systolic blood pressure (mmHg; mean ± SD)
	133.8 ± 25.9
	154.1 ± 30.2
	126.1 ± 19.1
	<0.001

	Systolic blood pressure classification, N (%)
	Blank cell
	Blank cell
	Blank cell
	<0.001

	Grade 1
	185 (25.3)
	61 (30.2)
	124 (23.4)
	Blank cell

	Grade 2
	86 (11.7)
	54 (26.7)
	32 (6)
	Blank cell

	Grade 3
	44 (6.0)
	37 (18.3)
	7 (1.3)
	Blank cell

	Diastolic blood pressure (mmHg; mean ± SD)
	76.6 ± 14.9
	86.5 ± 17.8
	72.8 ± 11.6
	<0.001

	Diastolic blood pressure classification, N (%)
	Blank cell
	Blank cell
	Blank cell
	<0.001

	Grade 1
	93 (12.7)
	54 (26.7)
	39 (7.4)
	Blank cell

	Grade 2
	39 (5.3)
	29 (14.4)
	10 (1.9)
	Blank cell

	Grade 3
	26 (3.6)
	24 (11.9)
	2 (0.4)
	Blank cell

	Blood pressure classification, N (%)
	Blank cell
	Blank cell
	Blank cell
	<0.001

	Grade 1
	187 (25.5)
	60 (29.7)
	127 (24)
	Blank cell

	Grade 2
	85 (11.6)
	48 (23.8)
	37 (7)
	Blank cell

	Grade 3
	55 (7.5)
	47 (23.3)
	8 (1.5)
	Blank cell


SD: standard deviation; TIA/CVA: transient ischaemic attack/cerebrovascular accident.
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Table 3. Factors predicting stroke risk in the Lebanese population (-2 log likelihood, 417.511 and Nagelkerke R Square, 0.651).
	Variable
	OR adjusted
	95% Cl
	p

	Age  65 years
	1.81
	1.07‒3.08
	0.028*

	History of cardiac arrhythmia/atrial fibrillation
	2.67
	1.16‒6.11
	0.020*

	History of coronary heart disease/myocardial infarction
	6.50
	2.69‒15.72
	<0.001*

	History of deep venous thrombosis/pulmonary embolism
	5.62
	1.97‒16.01
	0.001*

	History of migraine
	6.26
	2.34‒16.74
	<0.001*

	History of hypertension
	7.09
	2.78‒18.14
	<0.001*

	Current grade 1 BP
	4.31
	2.35‒7.89
	<0.001*

	Current grade 2 BP
	9.04
	4.30‒18.99
	<0.001*

	Current grade 3 BP
	44.11
	16.14‒120.53
	<0.001*

	Taking antihypertensive treatment
	0.15
	0.06‒0.41
	<0.001*

	Taking anticoagulant medication
	0.17
	0.05‒0.60
	0.006*

	Current cigarette smoking
	2.02
	1.19‒3.44
	0.009*


BP: blood pressure; Cl: confidence interval; OR: odds ratio; *statistically significant (P < 0.05).

than those with normal blood pressure, which is in agreement with the results of other studies.17, 18 The strength of the association between hypertension and cerebrovascular accident in Lebanon is stronger com­ pared to what was reported by the INTERSTROKE study (odds ratio 2.98),7 Qatar (odds ratio 2.73),19 Pakistan (odds ratio 4.16)20 and the Netherlands (relative risk 1.6).21
Our findings confirm the significant association between cardiac arrhythmia and coronary heart disease/myocardial infarction and stroke which is in concurrence with other studies.20, 22 Our results also suggest a six-fold increase in the risk of stroke in patients with migraine, similarly to what was suggested by other studies.23, 24 Moreover, this study

demonstrates a significant association between smoking and stroke risk, confirming the results of numerous studies performed across different ethnicities and populations. 25
The relative role of risk factors in ischaernic or haemorrhagic stroke remains inconsistent. In one study, a risk factor might favour one stroke type; in another, it might favour another stroke type and in another, it might not favour either of the stroke subtypes.26
In the multivariate analysis, an increased age was associated with ischaemic stroke but not with haemorrhagic stroke. This is in accordance with a population-based observational study to predict ischaemic stroke, but not with the hospital-based Copenhagen

8	Journal of the Royal Society of Medicine Open 8(6)
Table 4. Factors predicting ischaemic and haemorrhagic stroke risk in the Lebanese population.
	[bookmark: ColumnTitle_26]Variable
	Ischaemic stroke
	Haemorrhagic stroke

	
	ORa (95% Cl)
	p
	ORa (95% Cl)
	p

	Age  65 years
	1.92 (1.01‒3.66)
	0.047*
	1.55 (0.3‒8.10)
	0.603

	History of cardiac arrhythmia/atrial fibrillation
	3.54 (1.33‒9.41)
	0.011*
	13.20 (1.08‒161.53)
	0.043*

	History of coronary heart disease/myocardial infarction
	5.35 (1.93‒14.81)
	0.001*
	19.95 (1.34‒297.12)
	0.03

	History of deep venous thrombosis/ pulmonary embolism
	7.33 (2.15‒24.99)
	0.001*
	0.09 (0.01‒8.72)
	0.306

	History of migraine
	6.23 (1.98‒19.55)
	0.002*
	22.65 (1.19‒431.57)
	0.038*

	Anticoagulant
	0.21 (0.06‒0.83)
	0.025*
	0.04 (0.01‒1.46)
	0.080*

	Antihypertensive treatment
	0.16 (0.05‒0.51)
	0.002*
	0.04 (0.01‒0.71)
	0.028*

	History of hypertension
	6.46 (2.17‒19.27)
	0.001*
	5.76 (0.50‒66.39)
	0.160

	Grade 1 BP
	4.80 (2.34‒9.85)
	<0.01*
	6.56 (0.64‒67.25)
	0.113

	Grade 2 BP
	4.29 (1.64‒11.2)
	0.003*
	34.55 (2.76‒432.93)
	0.006*

	Grade 3 BP
	25.44 (7.23‒89.50)
	<0.01*
	204 (87.43‒47530.93)
	<0.01*

	Gender (female)
	1.15 (0.61‒2.16)
	0.676
	16.39 (2.02‒133.00)
	0.009*

	Cigarette smoking
	2.001 (1.04‒3.84)
	0.037*
	2.89 (0.55‒15.28)
	0.212


BP: blood pressure; Cl: confidence interval; ORa: adjusted odds ratio; *statistically significant.


Stroke Study and Danish National Indicator Project where age did not predict any type of stroke.26
Being a female was associated with the risk of haemorrhagic stroke in our study; however, this might be due to older age at the incidence of stroke and longer life expectancy among women. Nevertheless, sex did not herald stroke type in many studies including the Danish National Indicator Project.26
Hypertension is a well-documented risk factor for both types of strokes. Hypertension was only associated with the risk of ischaemic stroke in this study hut not of haemorrhagic stroke when we separated our stroke cases based on types of strokes, which is in occurrence with the population-based case­ controlled Perth study.27 However, it is unclear whether the presence of hypertension is a favour of either of the stroke subtypes especially given that many studies showed different results where hypertension did not favour either of the stroke subtypes, or was associated to ischacmic stroke alone or haemorrhagic stroke versus ischaemic stroke.27 Moreover, we can assume that we did not find hypertension to be associated with the risk of haemorrhagic stroke in our

population due to a limited number of haemorrhagic cases included. Antihypertensive treatment was found to reduce the risk of both stroke subtypes, ischaemic stroke and haemorrhagic stroke, confirming the 40- year results of clinical trials.28, 29
Cigarette smoking favoured ischaemic stroke alone and not haemorrhagic stroke, which contradicts the findings of many studies including the Hemorrhagic Stroke Project and the Danish National Indicator Project, but confirms the findings of a systematic review of 14 case-control studies and 11 cohort studies as well as the Atherosclerosis Risk in Communities Study.26, 30‒32
Cardiac arrhythmia/atrial fibrillation and coronary heart disease/myocardial infarction were also found to be associated with the risk of both stroke subtypes in our study. The Danish National Indicator Project only found them to be associated with ischaemic stroke rather than haemorrhagic strokc.26 Anticoagulant treatment has also been associated with a decreased risk of ischaemic stroke in our population, which is also confirmed by a meta-analysis of six randomised trials.33
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Migraine was found to be a predictor of ischaemic stroke. A systematic review and meta-analysis of 14 observational studies confirmed the fact that migraine is a risk factor for ischaemic strokc.23 Other studies reported a relationship with ischaemic stroke based on migraine type.24, 34
Modifying, treating and controlling major stroke risk factors through medications or lifestyle change would result in having a second change in the Lebanese population in particular and in the Middle East in general especially when someone knows his/ her score risk.
The strength of our study is the limitation of the common types of potential biases in case-control stu­ dies. To reduce the selection bias, control patients were selected from the same hospitals as case patients; com­ munity-based controls were unfeasible. To minimise observer's bias, a standardised collection sheet was used to collect data and a protocol was developed for collecting, measuring and interpreting information.
There are, however, numerous potential limitations in our study. This study has been conducted retro­ spectively and patients’ files were missing for certain data, which might have limited certain data value and affected the results including specific diets, alcohol con­ sumption and physical activity. Moreover, the large odds ratios and the wide 95%, confidence intervals found in the multivariate analysis of certain risk factors with haemorrhagic stroke indicate that we have a limited number of cases to fit the analysis we are con­ ducting and that more infom1ation is needed to be precise in the magnitude of the effect of certain risk factors. A larger and prospective study would be of interest to address the issue of the association between stroke and other well-defined risk factors, which did not reach statistical significance in our study.
In conclusion, the results of this study confirm the significant contribution of age, cigarette smoking, hypertension, coronary heart disease/myocardial infarction, deep venous thrombosis/pulmonary embolism and migraine to increase the prediction of total stroke risk in the Lebanese population. Therefore, we recommend implementing preventive strategies on those pathologies to reduce the risk of total stroke.
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[bookmark: _Toc70850275][bookmark: _Toc77862721][bookmark: H2_Appendix_5_Partial_Data_Analysis_Plan]Appendix 5: Partial Data Analysis Plan
(Update H)
[bookmark: H3_Research_question_or_hypothesis]Research question or hypothesis
Hypothesis: Patients with a history of SARS-CoV-2 infection are more likely to be diagnosed with stroke than those without a history of SARS-CoV-2 infection in admissions to Capital City Hospital in 2020.
[bookmark: H3_Design_and_sample_size]Design and sample size
This is a case-control study using patient records from 300 cases and 300 unmatched controls.
[bookmark: H3_Dataset_]Dataset 
Capital City Hospital will provide the existing dataset from a previous investigation and has agreed to supplement these data with the balance of records from 2020 for patients that meet eligibility criteria. Additional data elements deemed essential to the study will also be made available for all records. 
[bookmark: H3_Study_sample_case_definition_inclusio]Study sample, case definition, inclusion/exclusion criteria
A case includes patients with any coded diagnosis of a first occurrence of stroke (ischemic or hemorrhagic) during a hospital stay in calendar year 2020, whether it was the reason for the admission. Recurrent stroke will not meet the case criteria. Controls will be selected randomly from admissions for any diagnosis other than the stroke diagnosis codes that define the case population. Subjects are 18 years of age or older. 
[bookmark: H3_Variables_for_analysis_]Variables for analysis 
	Demographic/Descriptive
	Risk Factors
	Medical History

	Subject ID
	Hypertension (Y/N)
	Exposure: Positive COVID-19 TEST RESULT (Y/N)

	Outcome: Diagnosis Code
	BMI (+/--)
	Exposure: Self-report COVID-19

	Age
	Tobacco Use (Y/N)
	Hospitalized for COVID-19 (Y/N)

	Sex
	High cholesterol (Y/N)
	ICU for COVID-19 (Y/N)

	District
	Diabetes (Y/N)
	Elevated D-dimer (>500 ng/mL) (Y/N)

	Month of hospitalization
	History CVD (Y/N)
	Use of ARB/ACEI (Y/N)

	Outcome – Death (Y/N)
	Blank cell
	


[bookmark: H3_Statistical_methods_and_software]Statistical methods (and software)
[bookmark: H4_Addressing_bias]Addressing bias
· Clear and unambiguous inclusion/exclusion criteria uniformly to both cases and controls.
· Controls are selected randomly.
· To minimize selection bias, controls are drawn from the patient population from the same hospital during the same time period as the case patients. This method is meant to assure that controls are representative of the case group. 
· As a hospital-based study population may carry its own bias in not reflecting the community at large from which the admissions arose, we are to stratify by district to consider socio-economic and ecological factors shared by the larger community.
Primary table shells


[bookmark: _Toc70850276][bookmark: _Toc77862722][bookmark: H2_Appendix_6_Complete_Data_Analysis_Pla]Appendix 6: Complete Data Analysis Plan
(Update J)
Research question or hypothesis
Hypothesis: Patients with a history of SARS-CoV-2 infection are more likely to be diagnosed with stroke than those without a history of SARS-CoV-2 infection in admissions to Capital City Hospital in 2020.
Design and sample size
This is a case-control study using patient records from 300 cases and 300 unmatched controls.
Dataset 
Capital City Hospital will provide the existing dataset from a previous investigation and has agreed to supplement these data with the balance of records from 2020 for patients that meet eligibility criteria. Additional data elements deemed essential to the study will also be made available for all records. 
[bookmark: H3_Case_definition_inclusionexclusion_cr]Case definition, inclusion/exclusion criteria
A case includes patients with any coded diagnosis of a first occurrence of stroke (ischemic or hemorrhagic) during a hospital stay in calendar year 2020, whether it was the reason for the admission. Recurrent stroke will not meet the case criteria. Controls will be selected randomly from admissions for any diagnosis other than the stroke diagnosis codes that define the case population. Subjects are 18 years of age or older. 
[bookmark: H3_Variables_for_analysis]Variables for analysis
	Demographic/Descriptive
	Risk Factors
	Medical History

	Subject ID
	Hypertension (Y/N)
	Exposure: Positive COVID-19 TEST RESULT (Y/N)

	Outcome: Diagnosis Code
	BMI (+/--)
	Exposure: Self-report COVID-19

	Age
	Tobacco Use (Y/N)
	Hospitalized for COVID-19 (Y/N)

	Sex
	High cholesterol (Y/N)
	ICU for COVID-19 (Y/N)

	District
	Diabetes (Y/N)
	Elevated D-dimer (>500 ng/mL) (Y/N)

	Month of hospitalization
	History CVD (Y/N)
	Use of ARB/ACEI (Y/N)

	Outcome – Death (Y/N)
	
	


Statistical methods (and software)
Analytic methods: (1) conducting descriptive analysis, (2) calculating measures of association (OR), (3) calculating confidence intervals, (4) assessing potential effect modification and confounding, and (5) conducting multivariable analysis. Statistical tests include: chi-square 2×2 analysis, Mantel-Haenszel statistic (test considers the possibility that there are different effects for the different strata such as effect modification), Fisher’s exact test (this test is used if an expected cell size is <5), unconditional logistic regression (method is used to simultaneously adjust for multiple confounders), and multivariable analysis.
Addressing bias
· Clear and unambiguous inclusion/exclusion criteria uniformly to both cases and controls.
· Controls are selected randomly.
· To minimize selection bias, controls are drawn from the patient population from the same hospital during the same time period as the case patients. This method is meant to assure that controls are representative of the case group. 
· As a hospital-based study population may carry its own bias in not reflecting the community at large from which the admissions arose, we are to stratify by district to consider socio-economic and ecological factors shared by the larger community.
Primary table shells 
· Table 1. Descriptive: Frequency distributions x case-control status for demographics and stroke risk factors
· Table 2. Basic 2x2 table
· Tables 3-4+. Table 2 stratified by potential covariates (Note: specific covariates will be provided in the answer key)
· Additional table shells might include:
· Tables used to display enrollment characteristics
· Tables to display results of clinical information (e.g., frequencies of ischemic stroke versus hemorrhagic stroke)
· Tables to display results of multivariable analysis or subgroup analyses
* It is advantageous to develop these table shells in Excel. They can be quickly sorted and rearranged to reveal patterns and they are easy to transfer into Word to include the final tables in reports. 
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ABSTRACT
A Confounder is a variable whose presence. affects the variables being studied so that the. results do not reflect the actual relationship. There are various ways to exclude or control confounding variables including Randomization, Restriction and Matching. But all these methods are applicable at the time of study design. When experimental designs are premature, impractical, or impossible, researchers must rely on statistical methods to adjust for potentially confounding effects. These Statistical models (especially regression models) are flexible to eliminate the effects of confounders .
Keywords : Confounders, Statistical models, Adjustment.
(Please cite as: Pourhoseingholi MA, Baghestani AR, Vahedi M. How to control confounding effects by statistical analysis. Gastroenterol Hepatol Bed Bench 2012;5(2):79-83.)

Introduction
Confounding variables or confounders are often defined as the variables correlate (positively or negatively) with both the dependent variable and the independent variable (1). A Confounder is an extraneous variable whose presence affects the variables being studied so that the results do not reflect the actual relationship between the variables under study.
The aim of major epidemiological studies is to search for the causes of diseases, based on associations with various risk factors. There may be also other factors that are associated with the exposure and affect the risk of developing the disease and they will distort the observed association between the disease and exposure under study. A hypothetical example would be a study of relation between coffee drinking and lung
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cancer. If the person who entered in the study as a coffee drinker was also more likely to be cigarette smoker, and the study only measured coffee drinking but not smoking, the results may seem to show that coffee drinking increases the risk of lung cancer, which may not be true, However, if a confounding factor (in this example, smoking) is recognized, adjustments can be made in the study design or data analysis so that the effects of confounder would be removed from the final results. Simpson’s paradox too is another classic example of confounding (2). Simpson’s paradox refers to the reversal of the direction of an association when data from several groups are combined to form a single group.
The researchers therefore need to account for these variables - either through experimental design and before the data gathering, or through statistical analysis after the data gathering process. In this case the researchers are said to account for their effects to avoid a false positive (Type I) error 
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(a false conclusion that the dependent variables are in a casual relationship with the independent variable). Thus, confounding is a major threat to the validity of inferences made about cause and effect (internal validity). There are various ways to modify a study design to actively exclude or control confounding variables (3) including Randomization, Restriction and Matching.
In randomization the random assignment of study subjects to exposure categories to breaking any links between exposure and confounders. This reduces potential for confounding by generating groups that are fairly comparable with respect to known and unknown confounding variables.
Restriction eliminates variation m the confounder (for example if an investigator only selects subjects of the same age or same sex then, the study will eliminate confounding by sex or age group). Matching which involves selection of a comparison group with respect to the distribution of one or more potential confounders.
Matching is commonly used in case-control studies (for example, if age and sex are the matching variables, then a 45 year old male case is matched to a male control with same age).
But all these methods mentioned above are applicable at the time of study design and before the process of data gathering. When experimental designs are premature, impractical, or impossible, researchers must rely on statistical methods to adjust for potentially confounding effects (4).
[bookmark: H4_Statistical_Analysis_to_eliminate_con]Statistical Analysis to eliminate confounding effects
Unlike selection or information bias, confounding is one type of bias that can be, adjusted after data gathering, using statistical models. To control for confounding in the analyses, investigators should measure the confounders in the study. Researchers usually do this by collecting data on all known, previously 

identified confounders. There are mostly two options to dealing with confounders in analysis stage; Stratification and Multivariate methods.
[bookmark: H5_1_Stratification]1. Stratification
Objective of stratification is to fix the level of the confounders and produce groups within which the confounder does not vary. Then evaluate the exposure-outcome association within each stratum of the confounder. So within each stratum, the confounder cannot confound because it does not vary across the exposure-outcome.
After stratification, Mantel-Haenszel (M-H) estimator can be employed to provide an adjusted result according to strata. If there is difference between Crude result and adjusted result (produced from strata) confounding is likely. But in the case that Crude result dose not differ from the adjusted result, then confounding is unlikely.
[bookmark: H5_2_Multivariate_Models]2. Multivariate Models
Stratified analysis works best in the way that there are not a lot of strata and if only 1 or 2 confounders have to be controlled. If the number of potential confounders or the level of their grouping is large, multivariate analysis offers the only solution.
Multivariate models can handle large numbers of covariates (and also confounders) simultaneously. For example in a study that aimed to measure the relation between body mass index and Dyspepsia, one could control for other covariates like as age, sex, smoking, alcohol, ethnicity, etc in the same model.
[bookmark: H5_21_Logistic_Regression]2.1. Logistic Regression
Logistic regression is a mathematical process that produces results that can be interpreted as an odds ratio, and it is easy to use by any statistical package. The special thing about logistic regression is that it can control for numerous confounders (if there is a large enough sample size). Thus logistic regression is a mathematical model that can give an odds ratio which is 

Gastroenterol Hepatol Bed Bench 2012;5(2):79-83


Pourhoseingholi MA, et al 81


controlled for multiple confounders. This odds ratio is known as the adjusted odds ratio, because its value has been adjusted for the other covariates (including confounders ).
[bookmark: H5_22_Linear_Regression]2.2. Linear Regression
The linear regression analysis is another statistical model that can be used to examine the association between multiple covariates and a numeric outcome. This model can be employed as a multiple linear regression to see through confounding and isolate the relationship of interest (5). For example, in a research seeking for relationship between LDL cholesterol level and age, the multiple linear regression lets you answer the question, "How does LDL level vary with age, after accounting for blood sugar and lipid (as the confounding factors)? In multiple linear regression (as mentioned for logistic regression), investigators can include many covariates at one time. The process of accounting for covariates is also called adjustment (similar to logistic regression model) and comparing the results of simple and multiple linear regressions can clarify that how much the confounders in the mode) distort the relationship between exposure and outcome.
[bookmark: H5_23_Analysis_of_Covariance]2.3. Analysis of Covariance
The Analysis of Cova1iance (ANCOVA) is a type of Analysis of Variance (ANOVA) that is used to control for potential confounding variables. ANCOVA is a statistical linear model with a continuous outcome variable (quantitative, scaled) and two or more predictor variables where at least one is continuous (quantitative, scaled) and at least one is categorical (nominal, non-scaled). ANCOVA is a combination of ANOVA and linear regression. ANCOVA tests whether certain factors have an effect on the outcome variable after removing the variance for which quantitative covariates (confounders) account. The inclusion of this analysis can increase the statistical power.
[bookmark: H4_Practical_example]
Practical example
Suppose that, in a cross-sectional study, we are seeking for the relation between infection with Helicobacter.Pylori (HP) and Dyspepsia Symptoms. The study conducted on 550 persons with positive H.P and 440 persons without HP. The results are appeared in 2*2 crude table (table 1) that indicated that the relation between infection with H.P and Dyspepsia is a reverse association (OR=0.60, 95% CI: 0.42-0.94). Now suppose that weight can be a potential confounder in this study. So we break the crude table down in two stratum according to the weight of subjects (normal weight or over weight) and then calculate OR’s for each stratum again. If stratum-specific OR is similar to crude OR, there is no potential impact from confounding factors. In this example there are different OR for each stratum (for normal weight group OR= 0.80, 95% CI: 0.38-1.69 and for overweight group OR= 1.60, 95% CI: 0.79- 3.27).
This shows that there is a potential confounding affects which is presented by weight in this study. This example is a type of Simpson’s paradox, therefore the crude OR is not justified for this study. We calculated the Mantel-Haenszel (M-H) estimator as an alternative statistical analysis to remove the confounding effects (OR= 1.16, 95% CI: 0.71-1.90). Also logistic regression model (in which, weight is presented in multiple model) would be conducted to control the confounder, its result is similar as M-H estimator (OR= 1.15, 95% Cl: 0.71-1.89).
The results of this example clearly indicated that if the impacts of confounders did not account in the m1alysis, the results can deceive the researchers with unjustified results.
Table 1. The crude contingency table of association between H. Pylori and Dyspepsia
	[bookmark: Title_29]Blank cell
	Dyspepsia (positive)
	Dyspepsia (negative)

	
	
	

	H. Pylori (positive)
	50
	500

	H. Pylori (negative)
	60
	380
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Table 2. The contingency table of association between H. Pylori and Dyspepsia for person who are in normal weight group
	Blank cell
	Dyspepsia (positive)
	Dyspepsia (negative)

	H. Pylori (positive)
	10
	50

	H. Pylori (negative)
	50
	200


Table 3. The contingency table of association between H. Pylori and Dyspepsia for person who are in over weight group
	Blank cell
	Dyspepsia (positive)
	Dyspepsia (negative)

	H. Pylori (positive)
	40
	450

	H. Pylori (negative)
	10
	180


Conclusion
Confounders are common causes of both treatment/exposure and of response/outcome. Confounding is better taken care of by randomization at the design stage of the research (6). 
A successful randomization minimizes confounding by unmeasured as well as measured factors, whereas statistical control that addresses confounding by measurement and can introduce confounding through inappropriate control (7-9).
Confounding can persist, even after adjustment. In many studies, confounders are not adjusted because they were not measured during the process of data gathering. In some situation, confounder variables are measured with error or their categories are improperly defined (for example age categories were not well implied its confounding nature) (10). Also there is a possibility that the variables that are controlled as the confounders were actually not confounders.
Before applying a statistical correction method, one has to decide which factors are confounders. This sometimes is a complex issue (11-13). Common strategies to decide whether a variable is a confounder that should be adjusted or not, rely mostly on statistical criteria. The research strategy should be based on the knowledge of the field and on conceptual framework and causal model. So expertise' criteria should be involved for evaluating the confounders. Statistical models (especially regression models) are a flexible way of investigating the separate or joint effects of several risk factors for disease or ill health (14). But the researchers should notice that wrong assumptions about the form of the relationship between confounder and disease can lead to wrong conclusions about exposure effects too.
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	Title
	Media Type
	Location 
	Link

	Background on Noncommunicable Diseases

	NCD Training Modules (Centers for Disease Control and Prevention)
	Website
	Blank cell
	https://www.cdc.gov/globalhealth/healthprotection/fetp/ncd_modules.htm 

	Stroke Epidemiology

	Stroke Risk (CDC)
	Website
	Blank cell
	https://www.cdc.gov/stroke/risk_factors.htm 

	Stroke risks and prevention (World Stroke Organization)
	Website
	Blank cell
	https://www.world-stroke.org/world-stroke-day-campaign/why-stroke-matters/stroke-prevention/stroke-risks-and-prevention

	Does COVID-19 Cause Strokes? (Dr. Christy Risinger)
	Video
	Pre-Work; Setting the Stage
	https://www.youtube.com/watch?v=YLMFiDSGmFU 

	Cerebrovascular disease in COVID-19: Is there a higher risk of stroke? (Brain, behavior, & immunity)
	Article
	Blank cell
	https://doi.org/10.1016/j.bbih.2020.100092 

	Conditions That Increase Risk for Stroke (CDC)
	Website
	Blank cell
	https://www.cdc.gov/stroke/conditions.htm 

	Modifiable stroke risk factors in Africa: lessons from SIREN. (The Lancet. Global health)
	Article
	Blank cell
	https://doi.org/10.1016/S2214-109X(18)30030-5 

	Dominant modifiable risk factors for stroke in Ghana and Nigeria (SIREN): a case-control study (The Lancet. Global health)
	Article
	Blank cell
	https://doi.org/10.1016/S2214-109X(18)30002-0 

	The epidemiology of stroke in Africa: A systematic review of existing methods and new approaches (Journal of clinical hypertension)
	Article
	Blank cell
	https://doi.org/10.1111/jch.13152 

	COVID-19 and stroke: Red flags for secondary movement disorders? (eNeurologicalSci)
	Article
	Blank cell
	https://doi.org10.1016/j.ensci.2020.100289 

	Statistical Analysis

	Statistical Tests — When to use which? (Towards Data Science)
	Website
	Blank cell
	https://towardsdatascience.com/statistical-tests-when-to-use-which-704557554740

	Sample Size Calculator for Unmatched Case-Control Studies (Emory Rollins School of Public Health)
	Website
	Blank cell
	http://web1.sph.emory.edu/users/cdckms/sample%20size%202%20grps%20case%20control.html

	The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for reporting observational studies
	Report
	Blank cell
	https://www.strobe-statement.org/fileadmin/Strobe/uploads/checklists/STROBE_checklist_v4_combined.pdf

	Sampling: Simple Random, Convenience, systematic, cluster, stratified (Dr Nic’s Maths and Stats)
	Video
	Update E
	https://www.youtube.com/watch?v=be9e-Q-jC-0 

	Types of Sampling Methods (Simple Learning Pro)
	Video
	Blank cell
	https://www.youtube.com/watch?v=pTuj57uXWlk 

	“Creating an Analysis Plan” (CDC)
	Report
	Update F
	https://www.cdc.gov/globalhealth/healthprotection/fetp/training_modules/9/creating-analysis-plan_pw_final_09242013.pdf

	Understanding Confidence Intervals (Dr Nic’s Maths and Stats)
	Video
	Update M
	https://www.youtube.com/watch?v=tFWsuO9f74o&t=7s 

	Calculating the Confidence interval for a mean using a formula (Dr Nic’s Maths and Stats)
	Video
	Blank cell
	https://www.youtube.com/watch?v=s4SRdaTycaw 

	Null Hypothesis, p-Value, Statistical Significance, Type 1 Error and Type 2 Error (Stomp on Step 1)
	Video
	Blank cell
	https://www.youtube.com/watch?v=YSwmpAmLV2s 

	Epidemiological Study Designs and Analysis

	Case-Control Studies: A Brief Overview (Terry Shaneyfelt)
	Video
	Pre-Work; Question 8
	https://www.youtube.com/watch?v=HYSv4rvUHsA 

	Types of Bias in Research (Dr. Rock Britto)
	Video
	Question 7
	https://www.youtube.com/watch?v=UuW3q5_5Ivc 

	What are the different types of bias? (EDUHelp)
	Video
	Blank cell
	https://www.youtube.com/watch?v=bDDGomrRwA4

	Clearing Up Confounding (ACER Consulting)

	Video
	Update N
	https://www.youtube.com/watch?v=fjdb4ID7HVg

	Epidemiology: Confounding (Maurice Zeegers)

	Video
	Blank cell
	https://www.youtube.com/watch?v=YlQRaF1hy5A 

	Controlling Confounding During the Design Phase of a Study (Terry Shaneyfelt)
	Video
	Blank cell
	https://www.youtube.com/watch?v=4s_QTi2AJ4k 

	Effect Modification (Terry Shaneyfelt)
	Video
	Update N
	https://www.youtube.com/watch?v=stCCd7CUTVY 

	Epidemiology: Effect Modification (Maurice Zeegers)
	Video
	Pre-work
	https://www.youtube.com/watch?v=2IbrMhJlAhA 

	What is internal validity? (Dr EW)
	Video
	Blank cell
	https://www.youtube.com/watch?v=SxU59eGT5wI 

	What is external validity? (Dr EW)
	Video
	Blank cell
	https://www.youtube.com/watch?v=4jX38E5mtNk 

	Confounding: Mantel Haenszel (Data Learner)

	Video
	Update P
	https://www.youtube.com/watch?v=LPr5tdAhhPA 

	The (mis)use of overlap of confidence intervals to assess effect modification (European journal of epidemiology)
	Article
	Blank cell
	https://doi.org/10.1007/s10654-011-9563-8 

	Why match? Investigating matched case-control study designs with causal effect estimation (The international journal of biostatistics)
	Article
	Blank cell
	https://doi.org/10.2202/1557-4679.1127 

	The Difference Between Relative Risk and Odds Ratios. The Analysis Factor (The Analysis Factor)
	Website
	Blank cell
	www.theanalysisfactor.com/the-difference-between-relative-risk-and-odds-ratios/ 

	Short Course on Biostatistics and Epidemiology (Med-Ace)

	Introduction to USMLE Biostatistics and Epidemiology
	Video
	Blank cell
	https://www.youtube.com/watch?v=OkV_naKKA9A 

	Research Questions, Types of Variables, & Types of Data
	Video
	Blank cell
	https://www.youtube.com/watch?v=j-IGygjoYYg 

	Precision, Accuracy, Internal & External Validity
	Video
	Blank cell
	https://www.youtube.com/watch?v=wD4S_CvsK18 

	Types of Samples, Study Populations & Randomization
	Video
	Blank cell
	https://www.youtube.com/watch?v=eK2UNu8rCOA 

	Systematic & Random Error, Selection Bias & Methods to Control It
	Video
	Blank cell
	https://www.youtube.com/watch?v=pNERjfybp44 

	Measurement/Information Bias and Methods to Control It
	Video
	Blank cell
	https://www.youtube.com/watch?v=AZ3KzkJQ3Rk 

	Confounding Bias & Methods to Control It
	Video
	Blank cell
	https://www.youtube.com/watch?v=MdtvWUGj_hA 

	Effect Modification

	Video
	Blank cell
	https://www.youtube.com/watch?v=NgjnvllLNEk 



[bookmark: _Toc93672709][bookmark: H2_Appendix_9_Basic_NCD_Knowledge_Check_]Appendix 9: Basic NCD Knowledge Check Questions
The following appendix includes several basic NCD knowledge questions. Including these questions in the case study exercise delivery is optional. Feel free to use these questions throughout the delivery of the case study. These questions can be content breaks or icebreakers to engage participants and promote discussion among the group.
1. What are the risk factors for stroke? 
Answer: There are both modifiable and nonmodifiable risk factors associated with stroke.9 
Potentially modifiable risk factors include high blood pressure or hypertension; high blood cholesterol; tobacco use, diabetes; a diet that is high in salt, saturated fat, or trans-fat; low intake of fruits and vegetables; physical inactivity; being overweight or obese; and cardiovascular diseases such as atrial fibrillation and carotid artery disease.
Nonmodifiable risk factors include family history; being over 65 years old; and prior stroke or heart attack.
2. What is meant by a modifiable NCD risk factor? 
Answer: Modifiable risk factors are factors that can be reduced or controlled by intervention, such as tobacco use, which can be modified via tobacco cessation programs. An example of a nonmodifiable risk factor would be genetics or age.10 
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Summary

Objective: There is scarcity of reliable information on
stroke in Lebanon. We aim to determine the potential
risk factors for stroke in the Lebanese population.
Design: A retrospective case-control study was conducted
between January 1st, 2012 and December 31st, 2014 at
two different tertiary hospitals in Lebanon. Data were col-
lected through a designed data collection sheet. A multiple
logistic regression determined stroke risk factors. The
strength of association between the dependent variable
and independent variables was expressed in odds ratio
{OR) through 95% confidence interval.

Setting: Lebanon

Participants: Lebanese hospitalized patients.

Main outcome measures: Stroke risk factors

Results: Overall, 202 stroke cases and 530 stroke-free con-
trols were included. The mean age of stroke was 68413
years. Age, smoking and a history of hypertension, cardiac
arrhythmia, coronary heart disease/myocardial infarction,
deep venous thrombosis/pulmonary embolism, and
migraine were significantly associated with high risk of
stroke, Grade 3 blood pressure had the highest OR
(44.112; 95% Cl, 16.144-120.528).

Conclusions: The results of this study confirm the signifi-
cant contribution of certain well-identified risk factors with
stroke. Modifying, treating and controlling major stroke risk
factors though medications or lifestyle change would result
in having a second change in the Lebanese population.
Therefore, we recommend implementing preventive stra-
tegies on those pathologies to reduce the risk of total
stroke in Lebanon.

Keywords
risk factors, stroke/cerebrovascular disease, epidemiology,
Lebanon

Introduction

Stroke, or cercbrovascular aceident, is a common
cause of morbidity and mortality worldwide.
In 2013 alone, there were 10.3 million new strokes,
6.5 million stroke deaths, 25.7 million stroke

survivors and 113 million disability-adjusted life
years due 1o stroke.! Developing countries had the
greatest share of global stroke burden and death com-
pared to developing countries, comprising 75.2% of
stroke mortality and 81.0% of stroke-related disabil-
ity-adjusted life years.!

Lebanon is a developing country in the Middle
East. The provision of health service by governmental
hospitals has declined during the last few decades
mainly due to managerial and medical issues, where
only half of the 24 public hospitals were left oper-
ational with an average of 20 active beds per hospital.
On the other hand, private hospitals have developed
in both quality and quantity and today they represent
about 90% of the total hospital beds in the country.
The majority are owned by physicians and localised
in Beirut and surrounding Mount Lebanon.?

There is a scarcity of reliable information on stroke
in Lebanon. The adjusted stroke prevalence in Lebanon
was 0.50% (95% confidence interval, 0.33-0.66) in
2012, and the rate of stroke mortality reached 62.7/
100,000 population in 2011.>* Despite having stroke
intervention rate in Lebanon higher than other reported
rates in developing countries (administration rate of
recombinant tissue plasminogen activator is 10.3%
for stroke cases at the largest tertiary care center in
Lebanon), this intervention is still very limited due to
large time interval between arrival at the hospital and
computed tomography completion (average time
49.4 min) and therefore large time interval between arri-
val and IV recombinant tissue plasminogen activator
(average time interval 102.4 min).

Risk factors for cerebrovascular accident are now
well established, and validated tools, which predict
risk of stroke, arc included in clinical guidelines.
However, cven with respect to those well-cstablished
stroke risk factors, significant ambiguity persists
about the strength of their association with stroke
risk due to substantial differences between
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