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Abstract

Background and purpose: We investigated the prevalence, awareness and control of vascular 

risk factors (VRFs) and the use of antithrombotic and statin agents in Hispanic Community Health 

Study/Study of Latinos (HCHS/SOL) participants with self-reported history of stroke or transient 

ischemic attack.

Methods: Sociodemographic characteristics, medications, and prevalence of different VRFs were 

recorded. VRF diagnoses and goals were based on the recommendations of professional 

organizations. Factors associated with optimal VRF control and use of antithrombotic and statin 

agents were investigated using multivariate logistic regression.

Results: The analysis included 404 participants (39% males). The prevalence of hypertension, 

dyslipidemia, and diabetes mellitus (DM) were 59%, 65%, and 39%, respectively. Among those 

who met the diagnostic criteria for these diagnoses, the frequencies of awareness were 90%, 75% 

and 83% respectively. In participants who were aware of their VRFs, the prevalence of controlled 

hypertension, dyslipidemia, and DM were 46%, 32%, and 54%. Approximately 46% of the 

participants were on antithrombotics, 39% on statins, and 26% on both. Only 38% of those with 
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atrial fibrillation received anticoagulation. In multivariate analyses adjusted for baseline 

sociodemographic characteristics, older age was associated with uncontrolled HTN and DM. 

Residing in the US for ≥10 years and born in the US were associated with uncontrolled DM, 

female sex with uncontrolled dyslipidemia, and lack of health insurance with decreased use of 

statins and hyperlipidemia.

Conclusion: Hispanic/Latino adults in the US have high prevalence and awareness of VRFs but 

low adherence to secondary stroke prevention strategies. Older adults, females, and uninsured 

persons are vulnerable groups that may benefit from targeted interventions.

Clinical Trial Registration: http://www.clinicaltrials.gov. Unique identifier: NCT02060344
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stroke prevention; Latino; Hispanic

Introduction

Stroke is the leading cause of disability and a major cause of death in the US. Prior 

epidemiologic studies suggest that with the extended life expectancy in the US, the number 

of strokes between 2010 and 2050 will more than double, with the majority of the increase 

occurring in the elderly and underrepresented groups1,2. The burden of cerebrovascular 

diseases in Hispanic/Latino individuals, the fastest growing ethnic group in the US, is 

particularly elevated at younger ages, leading to early disability and substantial direct and 

indirect costs3,4.

Hispanic/Latino individuals have high prevalences of modifiable vascular risk factors 

(VRFs) and stroke 3,4. In addition, observational studies done in this population have shown 

concerning percentages lack of awareness and control of VRFs with noticeable variations 

between males and females 5–8. Recent studies showed that almost 90% of the stroke risk is 

attributable to modifiable VRFs9. Numerous trials confirmed the beneficial effect of VRF 

control in stroke prevention. The implementation of stroke prevention strategies constitutes 

the most effective method to reduce the burden of stroke. The American Heart Association/

American Stroke Association (AHA/ASA) developed scientific statements with specific 

recommendations for the prevention of recurrent stroke or transient ischemic attack (TIA) 
10. However, the adoption of these preventable measures in the general population remains 

suboptimal11. Different factors including language barrier, distrust in the medical system, 

and limited access to health care are common in Hispanic/Latino individuals and make them 

particularly vulnerable to experiencing health-related disparities4,12,13. In this study, we 

investigated the prevalence, awareness and control of VRFs and the use of antithrombotic 

and statin agents in US Hispanic/Latino adults with a history of stroke/TIA in the Hispanic 

Community Health Study/ Study of Latinos (HCHS/SOL) and the factors influencing them.
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Methods

Study Population

The HCHS/SOL study is a multicenter, prospective, population-based cohort study. The 

details of the sampling methods and design have been previously published14. Briefly, 

16,415 self-identified Hispanic/Latino adults aged 18 to 74 years, randomly selected in four 

US urban communities (Bronx, New York; Chicago, Illinois; Miami, Florida; San Diego, 

California), were enrolled in the study between March 2008 and June 2011. The HCHS/SOL 

included participants from Cuban, Dominican, Mexican, Puerto Rican, Central American, 

and South American backgrounds. The study was approved by institutional review boards at 

each participating institution, and written informed consent was obtained from all 

participants. For the purpose of this study, we utilized data from the first exam. On inquiry, 

the HCHS/SOL data used here can be made available. Information on how to access data 

and study protocols are included in https://sites.cscc.unc.edu/hchs/

Variables

Age, education, country of origin, household income, preferred language, years of residence 

in the US of foreign-born participants, health insurance status, and history of coronary heart 

disease (CHD), stroke/TIA, physical activity, and current cigarette smoking were self-

reported. CHD was defined as reported history of myocardial infarction, coronary bypass 

surgery, balloon angioplasty, or stent placement in coronary arteries. Adherence to a healthy 

diet was determined using a dietary score as previously described5. Briefly, two 24-hour 

dietary recalls of predefined foods categories were averaged. Participants were assigned a 

score of 1–5 according to their sex-specific quintile of daily intake of saturated fatty acids, 

potassium, calcium, and fiber. A score of five denotes the most favorable quintile. The four 

scores were summed and participants in the highest 40th percentile were considered to have 

a healthy diet14. Participants were asked to bring all prescription and nonprescription 

medications taken in the past month to the study visit. Weekly averages of physical activity 

were calculated based on the self-reported daily engagement in moderate or vigorous 

physical activity multiplied by 7. Alcohol use was self-reported and defined as “at-risk” or 

“heavy alcohol use” based the criteria of National Institute on Alcohol Abuse and 

Alcoholism by having more than five drinks on any day or 14 drinks per week for males, and 

more than four drinks on any day or seven drinks per week for females15. The 

methodologies used to measure the different VRFs were previously described14,16.

In brief, blood pressure was measured on the right arm using an automatic 

sphygmomanometer, with the participant in the seated position and the arm resting. Three 

blood pressures measurements were obtained 1 minute apart following an initial 5-minute 

rest period. The average of these 3 blood pressure values was used in this analysis. 

Hypertension (HTN) was defined as blood pressure ≥140/90 mmHg or on a blood pressure 

lowering medication. Due to recent changes in the definition of HTN and for reference 

purposes only, we also present baseline information using the new definition of HTN of 

≥130/80 mmHg17. Dyslipidemia was defined as total cholesterol ≥240 mg/dL, LDL-

cholesterol ≥160 mg/dL, HDL-cholesterol ≤40 mg/dL, or on a cholesterol lowering 

medication. Diabetes mellitus (DM) was defined as fasting glucose ≥126 mg/dL, 2-hour post 

Bai et al. Page 3

Stroke. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://sites.cscc.unc.edu/hchs/


load glucose ≥200 mg/dL, HbA1c ≥6.5%, or on a glucose control medication5. Atrial 

fibrillation (AFib) was based on self-reported history of AFib or findings on 

electrocardiography. Peripheral arterial disease (PAD) was defined as ankle brachial index 

≤0.9 or reported history of intermittent claudication. Chronic kidney disease (CKD) was 

defined by glomerular filtration rate <60 ml/min/1.73m2. HCHS/SOL participants were 

asked to wear an Apnea Risk Evaluation System for one night which allows the computation 

of the apnea hypopnea index (AHI). Sleep apnea (OSA) was self-reported or based on an 

apnea-hypopnea index (AHI) of at least 15 events per hour14,18. Weight and height were 

determined as previously described14,16. Overweight was defined as body mass index (BMI) 

of ≥25 kg/m2 and obesity as BMI ≥30 kg/m2 3.

Secondary stroke prevention measures included control of major VRFs and use of 

pharmacologic treatments recommended by the AHA/ASA. VRF goals and lifestyle 

recommendation are summarized in Table 1 10,17,19–21. Pharmacologic treatments included 

use of antithrombotic agents (antiplatelet agents or anticoagulants), treatment with statin 

agents (regardless of the type or dose), or the concomitant use of antithrombotic and statin 

agents10. Prevalence was calculated as the percentage of individuals that met the diagnostic 

criteria for each VRF. Participants were considered aware for a VRF if they met the 

diagnostic criteria and reported having it. Participants who were aware for a VRF and met 

the goals shown in Table 1 were categorized as controlled.

Statistical Analyses

Continuous variables were described by means and standard deviations. Categorical 

variables were reported as frequencies with weighted percentages. Baseline 

sociodemographic characteristics and prevalence of VRFs for HCHS/SOL participants with 

and without history of stroke/TIA were calculated. Sex-specific differences were reported in 

the distribution of different VRFs 5–8. Thus, among those with history of stroke/TIA, data 

were compared for males and females. Among stroke/TIA participants, the awareness for 

each VRF was calculated among those who met the diagnostic criteria for it. The 

frequencies of controlled VRF were calculated among those who admitted having the VRF. 

The burden of vascular disease was determined by calculating the cumulative number of 

stroke risk factors (ie, HTN, dyslipemia, DM, sleep apnea, current smoker, alcohol at risk, 

physical activity not at goal, and overweight/obesity) and the number of comorbid 

atherosclerotic diseases (i.e., history of CHD, PAD, and chronic kidney disease). Results for 

males and females were compared using ANOVA test or Pearson Chi-square test. 

Multivariate logistic regression analysis was used to investigate the factors associated with 

VRF at goal and use of secondary stroke prevention medications. Results were adjusted for 

variables that influence the adoption of VRF control measures4. These include age, sex, 

level of education, household income, health insurance status, language preference, and 

years of residence in the US. Seven multi-covariate logistic regression analysis were 

performed adjusting simultaneously for the other six variables. Odds ratios (ORs) with 95% 

confidence intervals (95% CI) were computed and p values less than 0.05 were considered 

statistically significant. All analyses were performed in SAS version 9.4 (SAS institute, 

Cary, NC).

Bai et al. Page 4

Stroke. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Results

Out of the 16,331 HCHS/SOL participants, 404 (males=159) had a self-reported history of 

stroke/TIA. Participants with history of stroke/TIA were older and more likely to be males. 

They also had longer residency in the US, lower household income, and attained lower 

levels of education. Furthermore, they were more likely to be insured and, as expected, had 

higher prevalences of VRF (Supplemental Table I).

In the subpopulation of participants with stroke/TIA, the mean±SD age was 55±1 years with 

females being slightly older (55±1 vs. 54±2 years; p<0.001) than males. The frequencies of 

other baseline sociodemographic characteristics were comparable in males and females. 

Approximately three quarters of the participants were insured immigrants and two thirds 

reported residing in the US 50 states for at least 10 years. In addition, only a quarter reported 

English as their preferred language, suggesting a limited degree of acculturation (Table 2). 

Approximately, 98% of the participants had at least one modifiable stroke risk factor and 

50% had four or more (Supplemental Table IIA–B). The cumulative number of stroke risk 

factors was comparable in males and females. The most commonly encountered VRF was 

overweight/obesity with a prevalence of 84%. The prevalence of HTN, dyslipidemia, DM, 

and OSA were 59%, 65%, 39%, and 28%, respectively (Table 3). Comorbid vascular 

diseases represented by CHD, PAD, and CKD, were observed in 22%, 41%, and 34% of the 

participants and these were equally represented in males and females; however, males were 

more likely to have no comorbid vascular diseases (48% vs. 32%; p=0.025) (Supplemental 

Table IIA–B). In terms of lifestyle, about 1 in 5 of the participants were current smokers and 

6% were at-risk drinkers. In addition, 58% achieved the physical activity goal and only 30% 

had a favorable diet score (Table 3). No significant sex-specific differences were observed 

with the exception of heavy alcohol use which was almost 10 times higher in males (10.9% 

vs. 1.1%, p<0.001).

Among subjects with stroke/TIA, 90%, 75%, and 83% were aware of their HTN, 

dyslipidemia, and DM, respectively. No differences were observed between males and 

females. The awareness of OSA was low (39%), particularly in males (16% vs. 60%; 

p<0.001). HTN, dyslipidemia, and DM were at goal for 46%, 32%, and 54% of the 

participants, respectively. About 38% of participants with AFib were on anticoagulants and 

only 23% of those with OSA were on continuous positive airway pressure. No significant 

sex-specific differences were noted in the frequencies of VRFs at goal with the exception of 

controlled dyslipidemia (41% vs. 23%, p=0.018) and AFib on treatment with anticoagulants 

which were less common in females (62% vs. 18%, p=0.047). In addition, 46% of the 

participants were on antithrombotic agents, 39% on statins, and 26% on both, with no 

differences among males and females (Table 3).

Supplemental table III depicts the prevalence of VRF at goal as well as the use of 

antithrombotic agents and statins by baseline characteristics. In multivariate logistic 

regression analyses, older age was associated with poor control of HTN and DM but more 

frequent use of antithrombotic agents and statins. In addition, females were more likely to 

have uncontrolled dyslipidemia and lack of health insurance was associated with decreased 

odds of using statins and achieving optimal lipid control. Furthermore, participants that 
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preferred using English, immigrants who had resided in the US for more than 10 years and 

those born in the US were less likely to achieve optimal DM control (Table 4).

Discussion

Our study shows that Hispanic/Latino adults with stroke/TIA had high prevalence and 

awareness of acquired VRFs but suboptimal control of modifiable VRFs and use of 

antithrombotic and statin agents. Several observational studies demonstrated that modifiable 

VRFs are prevalent among Hispanic/Latino individuals with history of stroke. In the Brain 

Attack Surveillance in Corpus Christi (BASIC) study, the prevalence of HTN, dyslipidemia, 

and DM were 78%, 33%, and 53%22. In addition, in the Northern Manhattan Stroke Study 

(NOMASS), the prevalences were 81%, 37%, and 39%, respectively23. In comparison, in 

our cohort we observed a frequency of 56% for HTN and 64% for dyslipidemia. These 

differences can be explained, at least partially, by methodological factors. The BASIC study, 

for example, included Mexican Americans and NOMASS included, primarily, Caribbean 

American Hispanic adults. In addition, the average age in these two studies was between 65–

70 years and the diagnosis of stroke was based on hospital screening logs. In comparison, 

our study had a more diverse composition. In addition, the mean age of our cohort was 54 

years and the inclusion criteria were based on reported history of stroke/TIA. Similar to 

NOMASS, HCHS/SOL is collecting longitudinal information on new strokes and this 

information will be reported in future studies.

The AHA has identified four healthy habits that are associated with ideal cardiovascular 

health. These include adopting a healthy diet, living an active life, maintaining an 

appropriate weight, and smoking cessation24. Here we observed that only 30% of the 

participants with stroke/TIA had a healthy diet suggesting that Hispanic/Latino adults may 

benefit from post-stroke dietary education and nutritional coaching. We also observed lower 

frequencies of physical activity at goal in participants with history stroke/TIA than in those 

without such history. This observation may be associated, at least in part, with the high 

prevalence of overweight/obesity noted in the stroke/TIA group. Stroke survivors typically 

suffer from cognitive, neuropsychiatric and/or physical impairments which compromise 

physical endurance, balance and mobility. Our study cannot conclusively identify if 

suboptimal physical activity and overweight/obesity are a consequence or the cause of the 

stroke. However, they support further research in the development of strategies that facilitate 

the adoption of healthy lifestyles. Obesity predisposes to OSA which is commonly seen in 

stroke survivors10,25. Mechanistically, OSA is associated with inflammation, refractory 

hypertension, and AFib, which are all risk factors for stroke and CHD. Observational studies 

showed that OSA is common in Hispanic individuals3,26. The prevalence of OSA varies 

based on the AHI cutoff used to make the diagnosis. In our study, using the conservative 

cutoff of AHI≥15 events per hour, we observed that OSA is particularly prevalent among 

participants with stroke/TIA (28%). In comparison, the prevalence of OSA in participants 

without this history was only 11% (p<0.001).

There is limited information about awareness of VRFs in Hispanic/Latino individuals with 

stroke/TIA. In our study, the frequencies of awareness for HTN, DM, and dyslipidemia were 

90%, 83% and 75%, respectively. In comparison, the awareness for OSA was particularly 
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low (39%). Recall-bias may play a role in the reporting of OSA. In the 2014 AHA/ASA 

Secondary Stroke Prevention Guidelines, performing OSA screening did not receive class I 

recommendation. Thus, these studies are not routinely performed in all patients. Therefore, 

it is plausible that our participants were not screened for OSA at the time of the stroke/TIA, 

as opposed to not recalling the diagnosis. It should be noted that only a fourth of those that 

knew about the diagnosis of OSA were on treatment with continuous positive airway 

pressure. Thus, the possibility of undertreatment should also be considered.

The most striking finding of our study is the low frequency of optimal VRF control among 

stroke/TIA patients. Approximately half of the stroke participants who knew about the 

diagnosis of HTN and DM achieved the recommended goals and 32% of those with 

dyslipidemia had an optimal lipid profile. According to data from the National Health and 

Nutrition Examination Survey, Mexican Americans have low frequencies of blood pressure, 

HbA1c and LDL-cholesterol at goal 3. In addition, in mixed cohorts of Hispanic/Latino 

individuals with and without stroke, the frequencies of HbA1c and lipid profile at goal were 

44–56% and 61–69%, respectively 6,8. Our findings expand on these observations and 

confirm that a substantial number of stroke survivors do not meet ideal VRF targets. In 

relation to pharmacologic treatment, anticoagulants are the mainstay of stroke prevention in 

AFib. Cross-sectional studies have repeatedly shown that underutilization of anticoagulants 

in AFib constitutes a major challenge in stroke prevention27. In our study, though the 

number of subjects with AFib was very small to draw solid conclusions, we observed that 

40% of them received treatment with anticoagulants. A similar trend was observed in the 

Florida Puerto Rico Atrial Fibrillation Stroke Study where only 25–30% of the Hispanic 

individuals with stroke and AFib were treated with anticoagulants28.

In our final model, we observed that older patients had higher odds of having uncontrolled 

HTN and DM. In contrast, dyslipidemia was not associated with age, an observation that 

correlates with the increased use of statins noted in older participants. Uncontrolled 

dyslipidemia was associated with female sex. Though our study did not investigate the 

possible causes for this association, data from a previous study of Hispanic/Latino adults 

with hypercholesterolemia showed that females, particularly those older than 45 years, are 

less likely to be on lipid-lowering drugs than males6. The association between uncontrolled 

diabetes with preferential use of English and extended residence in the US, determined as 

US born or immigrants residing in the US ≥10 years, merits a special note. Migration to the 

US and advanced acculturation are accompanied by changes in nutritional behaviors which 

increase the risk of overweight/obesity, hyperinsulinism, and hyperglycemia4,8,29. Increased 

acculturation also correlates with higher frequency of insurance coverage4. In our study we 

observed that lack of insurance is independently associated with uncontrolled lipid profile 

and decreased use of statins. This suggests that interventions aiming to enhance the use of 

secondary stroke prevention medications in Hispanic/Latino individuals must address 

barriers to accessing health coverage.

Our study has several limitations. Several outcomes were self-reported with the consequent 

possibility of recall bias as well as diagnostic bias such that drug-treated individuals were 

more likely to be included in the groups with HTN, DM and dyslipidemia. Therefore, 

subjects who did not recall that they had received a diagnosis of VRF but who were 
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controlled with life-style modifications were not captured in our study. AFib and sleep apnea 

had a low frequency, which limits our ability to draw solid conclusions about them. In 

addition, we were not able to differentiate participants by stroke subtype. Approximately 

85% of the strokes in the community are ischemic in origin3. In addition, a significant 

number of stroke/TIA participants in our study had coexisting CHD, PVD, dyslipidemia, 

and DM which are conditions that are commonly treated with antithrombotic agents and 

statins. Thus, it is unlikely that the approximately 46% utilization of antithrombotic agents 

observed in our study could be completely explained by the inclusion of hemorrhagic cases. 

Furthermore, history of cerebral hemorrhage is no longer considered a contraindication for 

treatment with statins. Thus, the possible inclusion of hemorrhagic stroke does not explain 

the frequency of statin use of only 39% observed in our cohort30. Finally, in this study we 

used the conservative goals recommended by the 2014 AHA/ASA stroke prevention 

guidelines10. VRF goals evolve and may differ from one patient to another. As an example, a 

blood pressure goal of <140/90 mmHg is typically recommended after stroke 10,17,31. The 

2017 AHA guidelines for the management of hypertension, however, recommend lower 

goals for particular populations, such as individuals at high risk of CHD17. Similarly, the 

LDL-Cholesterol goal of <100 mg/dL used in this study was indicated for secondary stroke 

prevention by the AHA/ASA when our patients were assessed. More recently, however, a 

lower goal of <70 mg/dL was recommended for particular populations, including patients 

with atherosclerotic cardiovascular disease20. Using this new goal may be indicated in many 

of our participants and doing so would likely produce different results.

In conclusion, our results indicate that wide areas for improvement exist in the 

implementation of stroke prevention strategies in Hispanic/Latino adults with stroke/TIA. 

The elderly, individuals with extended residence in the US, females, and those without 

health insurance constitute vulnerable groups that may benefit from targeted interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CKD chronic kidney disease
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PAD Peripheral arterial disease
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VRF vascular risk factors

References

(1). Howard G, Goff DC. Population shifts and the future of stroke: forecasts of the future burden of 
stroke. Ann N Y Acad Sci. 2012;1268:14–20. [PubMed: 22994216] 

(2). Brown DL, Boden-Albala B, Langa KM, Lisabeth LD, Fair M, Smith MA, Sacco RL, 
Morgenstern LB. Projected costs of ischemic stroke in the United States. Neurology. 
2006;67:1390–1395. [PubMed: 16914694] 

(3). Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW, Carson AP, Chamberlain AM, 
Chang AR, Cheng S, Das SR, et al. Heart Disease and Stroke Statistics-2019 Update: A Report 
From the American Heart Association. Circulation. 2019;5:56–528.

(4). Rodriguez CJ, Allison M, Daviglus ML, Isasi CR, Keller C, Leira EC, Palaniappan L, Pina IL, 
Ramirez SM, Rodriguez B, et al. Status of cardiovascular disease and stroke in Hispanics/Latinos 
in the United States: a science advisory from the American Heart Association. Circulation. 
2014;130:593–625. [PubMed: 25098323] 

(5). Daviglus ML, Talavera GA, Aviles-Santa ML, Allison M, Cai J, Criqui MH, Gellman M, 
Giachello AL, Gouskova N, Kaplan RC, et al. Prevalence of major cardiovascular risk factors and 
cardiovascular diseases among Hispanic/Latino individuals of diverse backgrounds in the United 
States. JAMA. 2012;308:1775–1784. [PubMed: 23117778] 

(6). Rodriguez CJ, Cai J, Swett K, Gonzalez HM, Talavera GA, Wruck LM, Wassertheil-Smoller S, 
Lloyd-Jones D, Kaplan R, Daviglus ML. High Cholesterol Awareness, Treatment, and Control 
Among Hispanic/Latinos: Results From the Hispanic Community Health Study/Study of Latinos. 
J Am Heart Assoc. 2015;4:10.1161/JAHA.115.001867.

(7). Sorlie PD, Allison MA, Aviles-Santa ML, Cai J, Daviglus ML, Howard AG, Kaplan R, Lavange 
LM, Raij L, Schneiderman N, et al. Prevalence of hypertension, awareness, treatment, and 
control in the Hispanic Community Health Study/Study of Latinos. Am J Hypertens. 
2014;27:793–800. [PubMed: 24627442] 

(8). Schneiderman N, Llabre M, Cowie CC, Barnhart J, Carnethon M, Gallo LC, Giachello AL, Heiss 
G, Kaplan RC, LaVange LM, et al. Prevalence of diabetes among Hispanics/Latinos from diverse 
backgrounds: the Hispanic Community Health Study/Study of Latinos (HCHS/SOL). Diabetes 
Care. 2014;37:2233–2239. [PubMed: 25061138] 

(9). Feigin VL, Roth GA, Naghavi M, Parmar P, Krishnamurthi R, Chugh S, Mensah GA, Norrving B, 
Shiue I, Ng M, et al. Global burden of stroke and risk factors in 188 countries, during 1990–
2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet Neurol. 
2016;15:913–924. [PubMed: 27291521] 

(10). Kernan WN, Ovbiagele B, Black HR, Bravata DM, Chimowitz MI, Ezekowitz MD, Fang MC, 
Fisher M, Furie KL, Heck DV, et al. Guidelines for the prevention of stroke in patients with 
stroke and transient ischemic attack: a guideline for healthcare professionals from the American 
Heart Association/American Stroke Association. Stroke. 2014;45:2160–2236. [PubMed: 
24788967] 

Bai et al. Page 9

Stroke. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(11). Kronish IM, Diefenbach MA, Edmondson DE, Phillips LA, Fei K, Horowitz CR. Key barriers to 
medication adherence in survivors of strokes and transient ischemic attacks. J Gen Intern Med. 
2013;28:675–682. [PubMed: 23288379] 

(12). Jamison J, Graffy J, Mullis R, Mant J, Sutton S. Barriers to medication adherence for the 
secondary prevention of stroke: a qualitative interview study in primary care. Br J Gen Pract. 
2016;66:568.

(13). Tong X, Chu EK, Fang J, Wall HK, Ayala C. Nonadherence to Antihypertensive Medication 
Among Hypertensive Adults in the United States horizontal line HealthStyles, 2010. J Clin 
Hypertens (Greenwich). 2016;18:892–900. [PubMed: 26841710] 

(14). Sorlie PD, Aviles-Santa LM, Wassertheil-Smoller S, Kaplan RC, Daviglus ML, Giachello AL, 
Schneiderman N, Raij L, Talavera G, Allison M, et al. Design and implementation of the 
Hispanic Community Health Study/Study of Latinos. Ann Epidemiol. 2010;20:629–641. 
[PubMed: 20609343] 

(15). The National Institute on Alcohol Abuse and Alcoholism. Drinking Levels Defined. Available at: 
https://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/moderate-binge-
drinking. Accessed 04/14, 2017.

(16). Lavange LM, Kalsbeek WD, Sorlie PD, Aviles-Santa LM, Kaplan RC, Barnhart J, Liu K, 
Giachello A, Lee DJ, Ryan J, et al. Sample design and cohort selection in the Hispanic 
Community Health Study/Study of Latinos. Ann Epidemiol. 2010;20:642–649. [PubMed: 
20609344] 

(17). Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Dennison Himmelfarb C, 
DePalma SM, Gidding S, Jamerson KA, Jones DW, et al. 2017 ACC/AHA/AAPA/ABC/
ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, 
Evaluation, and Management of High Blood Pressure in Adults: Executive Summary: A Report 
of the American College of Cardiology/American Heart Association Task Force on Clinical 
Practice Guidelines. Hypertension. 2018;71:1269–1324. [PubMed: 29133354] 

(18). Epstein LJ, Kristo D, Strollo PJ Jr, Friedman N, Malhotra A, Patil SP, Ramar K, Rogers R, 
Schwab RJ, Weaver EM, et al. Clinical guideline for the evaluation, management and long-term 
care of obstructive sleep apnea in adults. J Clin Sleep Med. 2009;5:263–276. [PubMed: 
19960649] 

(19). The Office of Disease Prevention and Health Promotion. Physical Activity Guidelines for 
Americans. Available at: https://health.gov/paguidelines/second-edition/pdf/
Physical_Activity_Guidelines_2nd_edition.pdf. Accessed 11/16, 2018.

(20). Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, Braun LT, de Ferranti 
S, Faiella-Tommasino J, Forman DE, et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/
ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on the Management of Blood 
Cholesterol: A Report of the American College of Cardiology/American Heart Association Task 
Force on Clinical Practice Guidelines. Circulation. 2019;139:e1082–e1143. [PubMed: 30586774] 

(21). American Diabetes Association. 6. Glycemic Targets: Standards of Medical Care in 
Diabetes-2019. Diabetes Care. 2019;42:S61–S70. [PubMed: 30559232] 

(22). Morgenstern LB, Smith MA, Sanchez BN, Brown DL, Zahuranec DB, Garcia N, Kerber KA, 
Skolarus LE, Meurer WJ, Burke JF, et al. Persistent ischemic stroke disparities despite declining 
incidence in Mexican Americans. Ann Neurol. 2013;74:778–785. [PubMed: 23868398] 

(23). White H, Boden-Albala B, Wang C, Elkind MS, Rundek T, Wright CB, Sacco RL. Ischemic 
stroke subtype incidence among whites, blacks, and Hispanics: the Northern Manhattan Study. 
Circulation. 2005;111:1327–1331. [PubMed: 15769776] 

(24). Gorelick PB, Furie KL, Iadecola C, Smith EE, Waddy SP, Lloyd-Jones DM, Bae HJ, Bauman 
MA, Dichgans M, Duncan PW, et al. Defining Optimal Brain Health in Adults: A Presidential 
Advisory From the American Heart Association/American Stroke Association. Stroke. 2017.

(25). Johnson KG, Johnson DC. Frequency of sleep apnea in stroke and TIA patients: a meta-analysis. 
J Clin Sleep Med. 2010;6:131–137. [PubMed: 20411688] 

(26). Yaggi HK, Concato J, Kernan WN, Lichtman JH, Brass LM, Mohsenin V. Obstructive sleep 
apnea as a risk factor for stroke and death. N Engl J Med. 2005;353:2034–2041. [PubMed: 
16282178] 

Bai et al. Page 10

Stroke. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/moderate-binge-drinking
https://www.niaaa.nih.gov/alcohol-health/overview-alcohol-consumption/moderate-binge-drinking
https://health.gov/paguidelines/second-edition/pdf/Physical_Activity_Guidelines_2nd_edition.pdf
https://health.gov/paguidelines/second-edition/pdf/Physical_Activity_Guidelines_2nd_edition.pdf


(27). Hsu JC, Maddox TM, Kennedy KF, Katz DF, Marzec LN, Lubitz SA, Gehi AK, Turakhia MP, 
Marcus GM. Oral Anticoagulant Therapy Prescription in Patients With Atrial Fibrillation Across 
the Spectrum of Stroke Risk: Insights From the NCDR PINNACLE Registry. JAMA Cardiol. 
2016;1:55–62. [PubMed: 27437655] 

(28). Sur NB, Wang K, Di Tullio MR, Gutierrez CM, Dong C, Koch S, Gardener H, Garcia-Rivera EJ, 
Zevallos JC, Burgin WS, et al. Disparities and Temporal Trends in the Use of Anticoagulation in 
Patients With Ischemic Stroke and Atrial Fibrillation. Stroke. 2019;50:1452–1459. [PubMed: 
31084325] 

(29). Casagrande SS, Aviles-Santa L, Corsino L, Daviglus ML, Gallo LC, Espinoza Giacinto RA, 
Llabre MM, Reina SA, Savage PJ, Schneiderman N, et al. Hemoglobin A1c, Blood Pressure, and 
Ldl-Cholesterol Control among Hispanic/latino Adults with Diabetes: Results from the Hispanic 
Community Health Study/study of Latinos (Hchs/sol). Endocr Pract. 2017;23:1232–1253. 
[PubMed: 28816530] 

(30). Chen CJ, Ding D, Ironside N, Buell TJ, Elder LJ, Warren A, Adams AP, Ratcliffe SJ, James RF, 
Naval NS, et al. Statins for neuroprotection in spontaneous intracerebral hemorrhage. Neurology. 
2019;93:1056–1066. [PubMed: 31712367] 

(31). Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker K, Biller J, 
Brown M, Demaerschalk BM, Hoh B, et al. Guidelines for the Early Management of Patients 
With Acute Ischemic Stroke: 2019 Update to the 2018 Guidelines for the Early Management of 
Acute Ischemic Stroke: A Guideline for Healthcare Professionals From the American Heart 
Association/American Stroke Association. Stroke. 2019;50:e344–e418. [PubMed: 31662037] 

Bai et al. Page 11

Stroke. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bai et al. Page 12

Table 1.

Goals for Secondary Stroke Prevention

Vascular risk factor Goal

Hypertension10,17 <140/90 mmHg

Dyslipidemia10,20 LDL-cholesterol <100 mg/dL

Diabetes10,21 HbA1c <7%

Obstructive Sleep Apnea10 On treatment with continuous positive airway pressure

Atrial Fibrillation10 On treatment with anticoagulants (warfarin, low-molecular weight heparin, dabigatran, apixaban, rivaroxaban, or 
edoxaban)

Healthy Diet10 Diet scores among the highest 40th percentile

Physical Activity19 ≥150 minutes per week of moderate-intensity or ≥75 minutes per week of vigorous-intensity aerobic exercise
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Table 2:

Baseline sociodemographic characteristics of stroke/TIA participants by sex

Variables All N=404 Males N=159 Females N=245 P

Age* 54.6 (1.1) 54.2 (1.6) 55.0 (1.5) <0.001

Age > 60 years** 140 (38.2) 60 (38.1) 80 (38.2) 0.980

Education **

 Less than high school 180 (39.5) 73 (39.6) 107 (39.4) 0.984

 Complete high school 87 (21.4) 33 (22.5) 54 (20.3) 0.719

 More than high school 135 (39.0) 52 (37.8) 83 (40.1) 0.738

Household income**

 < $ 20,000 251 (59.4) 95 (55.4) 156 (63.4) 0.238

 $ 20,000–50,000 100 (28.1) 44 (33.4) 56 (22.8) 0.094

 > $ 50,000 18 (4.0) 9 (4.8) 9 (3.2) 0.506

 Not reported 35 (8.5) 11 (6.5) 24 (10.6) 0.235

Immigrant <10 years in the US ** 47 (15.1) 23 (17.2) 24 (13.0) 0.509

Immigrant ≥10 years in the US** 278 (62.8) 107 (58.7) 171 (67.0) 0.509

US born 78 (22.0) 28 (24.1) 50 (19.956) 0.509

English as preferred language** 108 (26.9) 37 (24.9) 71 (28.9) 0.518

No health insurance** 104 (23.3) 37 (22.2) 67 (24.5) 0.680

*
Mean (SE)

**
n (%)
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Table 3:

Prevalence, awareness, frequency of optimal vascular risk factor control and pharmacologic treatment among 

stroke/TIA participants by sex

Variables All n (%) Men n (%) Females n (%) P

Prevalence

Vascular Risk Factors

 Hypertension 244 (58.5) 97 (56.3) 147 (60.7) 0.536

 Dyslipidemia 256 (64.7) 109 (65.9) 147 (63.6) 0.726

 Diabetes 158 (39.3) 61 (39.3) 97 (39.4) 0.988

Behavioral Risk Factors

 Sleep apnea 92 (28.4) 41 (30.3) 51 (26.6) 0.601

 Alcohol at risk 10 (5.6) 8 (10.9) 2 (1.1) 0.002

 Overweight/obesity 336 (83.7) 128 (81.1) 208 (86.3) 0.296

 Obesity 213 (51.0) 74 (46.3) 139 (55.7) 0.174

 Diet score >40th percentile 133 (29.4) 52 (31.1) 81 (27.8) 0.610

 Physical activity at goal 220 (57.5) 97 (62.5) 123 (52.4) 0.145

 Current smoker 92 (22.4) 39 (22.3) 53 (22.5) 0.979

Comorbid Vascular Conditions

 Atrial fibrillation 23 (6.1) 9 (7.0) 14 (5.2) 0.569

 Coronary heart disease 97 (22.1) 38 (17.9) 59 (26.3) 0.142

 Peripheral arterial disease 133 (41.3) 46 (34.0) 87 (48.2) 0.072

 Chronic kidney disease 121 (33.5) 43 (31.82) 78 (35.1) 0.613

Awareness

Vascular Risk Factors

 Hypertension 217 (89.8) 87 (91.4) 130 (88.3) 0.527

 Dyslipidemia 202 (74.6) 78 (67.8) 124 (81.4) 0.111

 Diabetes 131 (82.5) 131 (82.5) 78 (75.2) 0.062

Behavioral Risk Factors

 Sleep apnea 35 (38.7) 10 (19.0) 25 (60.0) <0.001

Comorbid Vascular Conditions

 Peripheral arterial disease 27 (22.5) 10 (27.1) 17 (19.4) 0.397

 Chronic kidney disease 91 (74.7) 34 (72.3) 57 (76.9) 0.677

Optimal control of vascular risk factors

Vascular Risk Factors

 Hypertension 113 (45.8) 46 (45.2) 67 (46.3) 0.899

 Dyslipidemia 82 (31.9) 42 (40.7) 40 (22.7) 0.018

 Diabetes 80 (54.3) 30 (51.6) 50 (56.9) 0.646

Behavioral Risk Factors

 Sleep apnea 23 (23. 4) 7 (16.1) 16 (31.3) 0.187

Pharmacologic treatment
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Variables All n (%) Men n (%) Females n (%) P

Antithrombotic agents 208 (45.8) 77 (43.7) 131 (47.8) 0.561

Statins 151 (39.0) 60 (39.5) 91 (38.6) 0.906

Antithrombotic agents and statins 111 (26.4) 45 (27.8) 66 (25.0) 0.651
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