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Abstract
Background: Stroke is the fourth leading cause of death in US. Amongst other factors such as age, sex, race, genetics, obesity, diabetes etc., hypertension
continues to be the leading contributing factor towards stroke. Studies regarding stroke in Hispanics are sparse and inconclusive. Objectives: The objective of the present study is to investigate the potential association between
blood pressure elevation and risk of ischemic stroke among the Mexican Hispanic population. Methods: A retrospective data analysis was carried out for a
planned case-control study with case-control ratios of 1:2. Mexican Hispanic
cases were from the ElPasoStroke database with diagnosed hypertension that
had sustained an ischemic stroke (n = 505) and Mexican Hispanics diagnosed
with hypertension who were stroke-free as controls from the 2005-2010
NHANES databases (n = 1010). In this analysis, we included subjects who had
data on systolic, diastolic or mean arterial blood pressures for cases (327) and
controls (772). In cases, blood pressure was determined by the initial admission measurement, and in controls, the first measured blood pressure was
used. The unadjusted and adjusted effects of continuous measurements of
systolic, diastolic and mean arterial blood pressure on stroke were determined
using logistic regression analyses. Subjects were further classified into groups
based on prehypertension and hypertension ranges, as established by the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure (JNC7). Unadjusted and adjusted logistic regression
models were also used to determine the effect of categorized blood pressures.
Results: Our data indicate that per unit increase in systolic, diastolic or mean
arterial blood pressure elevates the odds of stroke among the Mexican Hispanic population. Adjusted analysis of categorized blood pressures showed
that mild or moderate/severe high blood pressure significantly associated with
odds of stroke. Maintaining and controlling blood pressure at more stringent
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and lower levels, specifically lowering mean arterial pressure may effectively
reduce the odds of ischemic stroke among the Mexican Hispanic population.
Conclusion: Elevation of blood pressure increases the odds of stroke among
the Mexican Hispanic population. Our results provide new strategies to manage the stroke prevention and health disparity issues among the Mexican
Hispanic population.

Keywords
Blood Pressure, Risk Factors, Ischemic Stroke, Mexican Hispanic,
Epidemiology

1. Introduction
Stroke has remained one of the most significant causes of morbidity and mortality in the United States despite advances in treatment and management. As of
2011, it is the fourth leading cause of death in the United States [1]. The most
noteworthy non-modifiable risk factors for stroke are age, sex, race and genetic
factors. The risk of stroke substantially increases with age, particularly in those
older than 65 years, in which 75% of all strokes occur [2]. Several modifiable risk
factors that have been identified are hypertension, obesity, diabetes, metabolic
syndrome, and hyperlipidemia. Among all of the modifiable risk factors the
most prevalent is hypertension [3] [4] [5] [6]; million American adults (31%)
have high blood pressure [7]. Billions of dollars each year are devoted to the total
cost of care for patients affected by stroke. Stroke costs the U.S. an estimated
$38.6 billion each year [8]. This total includes the cost of health care services,
medications, and missed days of work.
In regard to race, stroke continues to have disproportionate morbidity and
mortality rates in the minority populations [9] [10] [11] [12] [13]. Several factors
have been shown to contribute to this aspect of health disparities [14]. For instance, minorities tend to have high rates of hypertension, diabetes mellitus and
obesity, lower income, lower educational background, and report inadequate
physical activity compared to non-Hispanic whites [11]. In addition, Hispanics
have been found to be affected at younger ages and have the greater rate of recurrence of stroke [12]. The improvement on racial and ethnic health disparities
in stroke awareness is urgently needed [13] [15] [16] [17] [18] [19].
The studies and data regarding stroke in the Hispanic population are generally
sparse and often inconclusive. Overall, Mexican Americans make up the largest
subgroup of Hispanic Americans but are frequently underrepresented in studies.
Studies tend to group together all Hispanics [20] and do not take into account
the various subgroups from Mexico, South America, and the Caribbean basin,
individually. It has been established that those of Mexican origin must be considered independently from other Hispanic populations based on genetic differences [21] [22]. According to 2010 U.S. census data, 82% of the population of El
952
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Paso, Texas is Hispanic and predominantly of Mexican origin. Therefore, we
consider this population unique and aim to study risk factor modifications, such
as ideal goals for hypertension specific to this population. Even though there
continues to be growing evidence that stroke risk factors differ between race
groups, national guidelines for prevention of stroke focuses on risk factors in the
general population do not address the specific differences of race groups. In our
previous study [23], we evaluated the effect of metabolic syndrome on ischemic
stroke in a case control study. Recently, some progresses in risk factors associated with ischemic stroke among Mexican Americans have been made [24]
[25]. This study aimed to evaluate the association of blood pressures along with
individual components of metabolic syndrome with ischemic stroke. Our specific aim was to evaluate the effect of blood pressure on ischemic stroke as compared with controls in Mexican Hispanic population only.

2. Objectives
The objective of the present study is to investigate the potential association between blood pressure elevation and risk of ischemic stroke among the Mexican
Hispanic Population. Based on our previous finding that hypertension increases
the odds of ischemic stroke nearly forty times in this population, we hypothesize
that subtle elevation of ether systolic, diastolic or mean arterial blood pressure is
associated with ischemic stroke among the Mexican Hispanic Population.

3. Patients and Methods
3.1. Study Design
A case-control study was conducted using Mexican Hispanic cases from the El-

PasoStroke database with diagnosed hypertension that had sustained an ischemic stroke (n = 505) and Mexican Hispanics diagnosed with hypertension without
a prior history of stroke as controls from the 2005-2010 National Health and
Nutrition Examination Survey (NHANES) databases (n = 1010) consists of The
inclusion criteria for this study is that the ischemic stroke subjects were identified with a diagnosis of cerebral thrombosis with/without infarction, cerebral
embolism with/without infarction, and cerebral artery occlusion, unspecified
with/without infarction, by searching through the ElPasoStroke database as we
described before [23]. Data were collected from those admitted during 2005 to
2010 at University Medical Center, El Paso. Data from 2005-2010 NHANES of
Mexican Hispanic subjects were used as the control group [26]. We retrospectively analyzed all the available cases and controls for the evaluating the relationship of blood pressures (BP) and ischemic stroke.

3.2. Study Variables
In cases, blood pressure was determined by the initial admission blood pressure
measurement obtained in the ElPasoStroke data base. In controls, the first
measured blood pressure during the study exam (out of three) was used in at953
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tempt to match admission measurements of the cases. Subjects were further
classified based on prehypertension and hypertension ranges, as established by
the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC7) (Table 1) [27], including, prehypertension
and Stage 1 (mild) and Stage 2 (moderate) hypertension, and Hypertensive Crisis (Severe) based on the values of systolic blood pressure (SBP) and diastolic
blood pressure (DBP). Other variables, such as gender, tobacco use, diabetes,
heart disease, alcohol abuse, dyslipidemia, drug use and lung disease were also
analyzed as cofactors with ischemic stroke.

3.3. Statistical Analysis
We examined the effect of continuous and categorized blood pressures on stroke
(cases) as compared with controls. Continuous variables (e.g., age, blood pressure, arterial pressure, and body mass index) were described using mean and
standard deviation (SD) while categorical variables with frequency and proportion. Unadjusted and adjusted logistic regressions were used determining the
associations of blood pressures with cases as compared with controls. Multivariable logistic models were developed: 1) using continuous blood pressure measurements, 2) using mean arterial pressure, and 3) using JNC7 classifications. All
the significant variables in univariate analysis at 15% level of significance were
included in the stepwise multivariable logistic regression analysis. In the stepwise selection, the entry level section was specified at 10% while stay level selection was kept at 5%. Although we developed descriptive models, the goodness of
fit of the developed logistic regression model was summarized using area under
the curve (AUC), correct classification and Hosmer-Lemeshow (H-L) test to
confirm interval validations. The high values of AUC and correct classification
show high discriminatory ability of the developed model while non-significant
p-value (p > 0.05) of H-L test shows improved fit. The results of logistic regression analysis were reported using odds ratio (OR) along with 95% confidence
interval (CI) and p-values. P-values less than 5% were considered as significant
results. All statistical analyses were carried out using SAS 9.3.

4. Results
We identified a total of 337 ischemic stroke subjects from whom an initial blood
pressure was recorded at time of presentation to the hospital. The controls
Table 1. 7th Joint national committee hypertension classifications (JNC7).
Classification (JNC7)
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Systolic BP (mmHg)

Diastolic BP (mmHg)

Normal

90 - 119

60 - 79

Pre-hypertension

120 - 139

80 - 89

Stage 1 hypertension (mild)

140 - 159

90 - 99

Stage 2 hypertension (moderate)

≥160

≥100

Hypertensive Crisis (severe)

>180

>110
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included a total of 772 Mexican Hispanic subjects with similar demographics. To
identify the potential association with stroke, we measured the distribution of
cases and controls and the level of systolic (SBP), diastolic (DBP) and mean arterial pressure (MAP) (Table 2).
Table 2. Summary and comparison of cofactors according to ischemic stroke and controls.
Control
(N = 772)
N (%)

Stroke
(N = 337)
N (%)

OR
(95% CI)

Pvalue

Age (years): mean (SD)

43.39 (16.84)

61.78 (10.70)

1.08 (1.07, 1.10)

<0.0001

BMI (kg/m 2): mean (SD)

29.35 (6.20)

28.87 (5.63)

0.99 (0.96, 1.01)

0.2366

SBP (mmHg): mean (SD)

122.56 (18.24)

180.20 (33.19)

1.09 (1.08, 1.10)

<0.0001

DBP (mmHg): mean (SD)

69.59 (11.45)

94.96 (19.01)

1.15 (1.13, 1.17)

<0.0001

MAP (mmHg): mean (SD)

87.24 (11.59)

123.37 (21.94)

1.16 (1.14, 1.18)

<0.0001

637 (82.51)

26(7.72)

1.00

Mild

99(12.82)

74(21.96)

18.31(11.17 - 30.03)

<0.0001

Moderate and severe

36(4.66)

237(70.33)

161.29 (95.32 - 272.93)

<0.0001

Male

393 (50.91)

162 (48.07)

1.00

Female

379 (49.09)

175 (51.93)

1.12 (0.87, 1.45)

No

499 (64.64)

193 (57.27)

1.00

Yes

271 (35.10)

144 (42.73)

1.37 (1.06, 1.79)

No

742 (96.11)

124 ( (36.80)

1.00

Yes

30 (3.89)

144 (42.73)

15.28(11.07, 21.09)

No

742 (96.11)

193 (57.27)

1.00

Yes

30 (3.89)

144 (42.73)

18.45(12.08, 28.20)

No

592 (76.68)

257 (76.26)

1.00

Yes

180 (23.32)

80 (23.74)

1.02 (0.76, 1.38)

No

605 (78.37)

164 (48.66)

1.00

Yes

167 (21.63)

172 (51.34)

3.82 (2.91, 5.03)

No

559 (72.41 )

318 (94.36)

1.00

Yes

213 (27.59)

19 (5.64)

0.16 (0.10, 0.26)

No

745 (96.50)

325 (96.44)

1.00

Yes

25 (3.50)

12 (3.56)

1.02 (0.51, 2.04)

Variables

JNC7
Normal/Prehypertension

Gender

0.3852

Tobacco

0.0173

Diabetes

<.0001

Heart Disease
<.0001

Alcohol Abuse
0.8782

Dyslipidemia
<.0001

Drug Use
<.0001

Lung Disease
0.9578

*SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; BMI: body mass
index; SD: standard deviation; OR: odds ratio; CI: confidence interval.
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Unadjusted association of continuous systolic, diastolic and mean arterial
pressure measurements and categorized blood pressures along with other metabolic syndrome factors and baseline cofactors are also shown in Table 2. Per
unit increase in systolic blood pressure increases the odds of ischemic stroke by
9% (OR: 1.09; 95%CI: 1.08 - 1.10, p < 0.0001). Odds of ischemic stroke was
found to be 1.15 times more likely with per unit increase in diastolic blood pressure (OR: 1.15; 95%CI: 1.13 - 1.17, p < 0.0001). Odds of ischemic stroke was
found to be 16% higher with per unit increase in mean atrial pressure (MAP)
(OR: 1.16; 85%CI: 1.14 - 1.18, p < 0.0001). Categorized blood pressure according
to JNC7 was also found to be associated with ischemic stroke. Both mild (OR:
18.31; 95%CI: 11.17 - 30.03, p < 0.0001) and moderate/severe (OR: 161.29;
95%CI: 95.32 - 272.93, p < 0.0001) categories had significantly higher odds of
ischemic stroke compared to normal/prehypertension. In addition, the other
considered cofactors were also associated with ischemic stroke except lung disease and alcohol abuse.
Table 3 shows the adjusted association of blood pressures with ischemic
stroke. All the significant variables in univariate analysis were included in the
stepwise multivariable logistic regression analysis. Since MAP was high collinear
variable with systolic BP and diastolic BP, we excluded MAP from the first multivariable regression analysis. In adjusted analysis, we found systolic blood pressure and diastolic blood pressure were positively associated with ischemic stroke
in model 1. In addition, the body mass index, diabetes, dyslipidemia, drug use,
heart disease and tobacco use were also associated with ischemic stroke in model
1. The developed model 1 showed high discriminatory ability (AUC = 0.98, correct classification = 80%) and improved fit. Model 2 was developed to determine
association of mean arterial pressure along with other cofactors with ischemic
stroke compared to controls. All the factors were remained significant in model
2 as well. The predictive performance of the developed model 2 was found to be
very similar as model 1. Model 3 also showed that JNC7 categorized blood pressure was found to be significantly associated with ischemic stroke. All the cofactors associated with ischemic stroke in model 1 & 2 were remained significant in
model 3 as well along with JNC7 categorized blood pressures. The considered
model indices demonstrated improved fit for model 3. In sum, categorized and
quantitative forms of blood pressures significantly increased the odds of stroke
compared to controls. Diabetes, and dyslipidemia also increased the odds of
stoke compared to control. However, the higher level of BMI was negatively associated with odds of stroke. Super singly, age did not find to be associated with
stroke in any models.
Table 4 displays the factors associated with ischemic stroke in each subcategory of blood pressure according JNC7 classification. Diabetes and heart
disease were found to be associated with ischemic stroke in each blood pressure
category. Body mass index was only associated with ischemic stroke in normal
or mild categories of blood pressure. Dyslipidemia was only associated with
stroke in moderate/severe category of blood pressure.
956
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Table 3. Adjusted associations of blood pressures with stroke as compared with controls.
Model 1

Model 2

Model 3

OR(95%C), p-value

OR(95%C), p-value

OR(95%C), p-value

SBP (mmHg)

1.06(1.04, 1.07),
<0.0001

DBP(mmHg)

1.09(1.06, 1.12),
<0.0001
1.16(1.13, 1.19),
<0.0001

MAP(mmHg)
JNC7
Normal/Prehypertension

13.21(6.67, 26.19),
<0.0001

Mild

114.39(56.53, 231.48),
<0.0001

Moderate and severe
BMI(kg/m 2)

0.94(0.89, 0.99),
0.0146

0.94(0.89, 0.99),
0.0131

0.95(0.9, 0.99),
0.0178

Diabetes—Yes

6.33(3.34, 12.01),
<0.0001

6.71(3.56, 12.63),
<0.0001

6.08(3.45, 10.72),
<0.0001

Dyslipidemia—Yes

1.87(1.02, 3.44),
0.0441

1.86(1.01, 3.41),
0.0461

2.00(1.16, 3.46),
0.0125

Drug Use—Yes

0.14(0.05, 0.43),
0.0005

0.14(0.05, 0.4),
0.0003

0.28(0.11, 0.72),
0.0086

12.54(5.87, 26.82),
<0.0001

12.83(5.98, 27.54),
<0.0001

9.96(5.06, 19.59),
<0.0001

2.63(1.42, 4.9),
0.0022

2.59(1.4, 4.8),
0.0025

2.19(1.26, 3.78),
0.0052

0.98

0.98

0.97

H-L test (p-value)

0.8042

0.8017

0.1747

Correct classification

89.60%

89.50%

87.5%

Heart Disease—Yes
Tobacco—Yes
AUC

Model 1: adjusted effects of continuous blood pressures on stroke; Model 2: adjusted effects of mean arterial
pressure according to JNC7 on stroke; Model 3: adjusted effects of categorized blood pressures according to
JNC7 on stroke; SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure;
BMI: body mass index; OR: odds ratio; CI: confidence interval; AUC: area under the curve; H-L: hosmer-lemeshow test.

5. Discussion
Continuous blood pressure measurements have recently been used to predict the
onset of ischemic stroke [28] and the severity of ischemic stroke [29] in other
ethnic groups. Although Mexican Americans had a much higher cumulative incidence for ischemic stroke in the US [16], the relationship between continuous
blood pressure measurements and ischemic stroke remain largely unknown to
date. In this report, using univariate analysis, we demonstrate that all continuous
blood pressure measurements (SBP, DBP and MAP) are significantly associated
with increased odds of ischemic stroke, suggesting a strong association between
957
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Table 4. Factors associated with ischemic stroke compared to controls in each JNC7 category of blood pressure.
JNC7 category

Cofactors

OR

95%CI

p-value

BMI (kg/m 2)

0.89

0.8

1

0.0462

Diabetes—Yes

104.51

19.35

564.56

<0.0001

Heart Disease—Yes

32.46

7.11

148.17

<0.0001

BMI (kg/m 2)

0.89

0.82

0.96

0.0039

Diabetes—Yes

3.11

1.31

7.33

0.0098

Heart Disease—Yes

7.17

2.6

19.77

0.0001

Diabetes—Yes

2.86

1.23

6.67

0.0149

Dyslipidemia—Yes

4.77

1.79

12.7

0.0017

Heart Disease—Yes

7.96

2.26

27.98

0.0012

Normal/ Prehypertension

Mild

Moderate and severe

BMI: body mass index; OR: odds ratio; CI: confidence interval.

elevated blood pressure and increased odds of ischemic stroke, which is further
supported from our categorized blood pressure measurements (JNC7). These
findings correlate well with our previous findings that demonstrated hypertension as the most significant independent risk factor for stroke in this population
[23], which is also consistent with other studies in that borderline isolated
hypertension is associated with increased odds of ischemic stroke [30].
Interestingly in our analysis, diastolic blood pressure appears to have a greater
impact on ischemic stroke over systolic blood pressure. Further, joint systolic
and diastolic blood pressure measured as mean arterial pressure (MAP) appears
to be strongly associated with independent systolic and diastolic blood pressures.
In our adjusted analysis of categorized blood pressure measurements, even
mild elevation in blood pressure significantly increases the odds of ischemic
stroke, consistent with previous studies that there is increased odds of ischemic
stroke with prehypertension, especially high range prehypertension [6], suggesting that in the Mexican Hispanic population, especially among those at high
risk of stroke (obesity, diabetes, metabolic syndrome, and hyperlipidemia),
blood pressure goals ought to be below mild blood pressure ranges. Extreme
high blood pressures are well known to have a profound impact on stroke pathogenesis [31] [32] [33]. We found that remarkable 114-fold increased odds of
ischemic stroke within moderate and severe hypertension group, even after adjustment of effects, there is still a significant increased odds of ischemic stroke
within this group, indicating that blood pressure control goals ought to be focus
on moderate and severe hypertension in Mexican Hispanic population.
This analysis was conducted only among Mexican Hispanics who had ever
been diagnosed with hypertension, without knowledge of them receiving treat958
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ment or not. This could be a major factor in the results and it is probable to assume those who did not suffer stroke controlled their hypertension medically.
Another issue was the use of a single blood pressure measurement, (at time of
admission for stroke patients, at first check for controls) as blood pressure is
elevated during ischemic injury as a protective measure to enhance perfusion
[34]. Our sub-analysis showed that among moderate and severely large blood
pressure group, dyslipidemia seem to be an important factor for stroke in this
ethnic group. Diabetes and heart disease seem to be independent factors associated with ischemic stroke irrespective of the blood pressure categories. This
further suggests that metabolic marker such as diabetes and dyslipidemia are
critical for ischemic stroke especially in patients with moderate/severe blood
pressures.
One of the major limitations of this study is a retrospective study. Retrospective nature of the study yielded some missing data on body mass index and
missed to record some important risk factors such as smoking and cholesterol.
Due to case-control design, this study could not estimate the prevalence of blood
pressure sub-categories in Hispanic stroke patients. Further, the controls were
not selected from the same clinic. Despite that, this study carries some significant strength such as this study extensively examined the blood pressure measurements along with other metabolic markers association with ischemic stroke
in Mexican American population. In this population, majority of the ischemic
stroke patients were observed with moderate/severe blood pressures followed by
dyslipidemia and heart disease/diabetes. The effect size for mean atrial pressure
was larger compared to systolic and diastolic blood pressure measures. Dyslipidemia was only associated with increase odds of ischemic stroke in moderate/
severe blood pressure category.
If hypertension coexists with at least two other conditions (either obesity, elevated triglycerides, diminished high-density lipoprotein, dyslipidemia, or elevated fasting glucose), it becomes metabolic syndrome which is highly associated
with stroke as a major risk factor [35] [36], particularly among patients with
ischemic stroke [37] [38]. Actually, the metabolic syndrome has been defined as
a major determinant of ischemic stroke in Asian population [39] [40] [41], we
found the similar result among the Mexican Hispanic population [23].
It has been noted that hypertension is the most important modifiable risk factor for stroke [42]. However, managing DBP was the main focus to reduce stroke
for a long time. Recently, SBP has become the target for stroke prevention [43].
Our data indicate that stroke prevention and blood pressure management
should be focused on mild, moderate and severe hypertension groups, specifically lowering both systolic and diastolic pressures may effectively reduce
ischemic stroke among the Mexican Hispanic population. For individuals with
other risk factors for ischemic stroke such as diabetes, and heart disease, it is
imperative to maintain blood pressure under mild ranges and possibly even
lower. Specifically focusing on mean arterial blood pressure control may itself
significantly reduce the odds of ischemic stroke ischemic stroke among the
959
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Mexican Hispanic population. Our results provide new strategies to manage the
stroke prevention and health disparity issues among the Mexican Hispanic population.

Acknowledgements
We would like to thank Pallavi Dubey, Christopher Dodoo, Benjamin Buchanan,
Katrina DeLeon, and Chau Vu for their efforts and help with this project.

Authors’ Contribution
Derek Senior, Michael F Osborn, Alok Dwivedi and Jun Zhang designed the
study and prepared the paper. Alok Dwivedi and Jun Zhang contributed to data
analysis. Derek Senior, Michael F Osborn, Katherene Tajnert, and Ahmed Badr
contributed to data collection. All authors contributed to writing the paper,
reading and approving the final draft of the paper.

Funding/Support
This study was partially funded by Coldwell foundation (JZ). JZ is also supported by the National Institute of Neurological Disorders and Stroke of the National Institutes of Health.

References
[1]

960

Hoyert, D.L. and Xu, J.Q. (2012) Deaths: Preliminary Data for 2011. National Vital

Statistics Reports, 61, 52 p.

[2]

Lucke-Wold, B.P., Turner, R.C., Lucke-Wold, A.N., Rosen, C.L. and Huber, J.D.
(2012) Age and the Metabolic Syndrome as Risk Factors for Ischemic Stroke: Improving Preclinical Models of Ischemic Stroke. The Yale Journal of Biology and
Medicine, 85, 523-539.

[3]

Cuffe, R.L., Howard, S.C., Algra, A., Warlow, C.P. and Rothwell, P.M. (2006) Medium-Term Variability of Blood Pressure and Potential Under Diagnosis of Hypertension in Patients with Previous Transient Ischemic Attack or Minor Stroke. A
Journal of Cerebral Circulation, 37, 2776-2783.
https://doi.org/10.1161/01.STR.0000244761.62073.05

[4]

Pierdomenico, S.D., Pierdomenico, A.M. and Cuccurullo, F. (2014) Morning Blood
Pressure Surge, Dipping, and Risk of Ischemic Stroke in Elderly Patients Treated for
Hypertension. American Journal of Hypertension, 27, 564-570.
https://doi.org/10.1093/ajh/hpt170

[5]

Tanaka, F., Makita, S., Onoda, T., Tanno, K., Ohsawa, M., Itai, K., et al. (2010) Prehypertension Subtype with Elevated C-Reactive Protein: Risk of Ischemic Stroke in
a General Japanese Population. American Journal of Hypertension, 23, 1108-1113.
https://doi.org/10.1038/ajh.2010.134

[6]

Huang,Y., Cai, X., Li, Y., Su, L., Mai, W., Wang, S., et al. (2014) Prehypertension
and the Risk of Stroke: A Meta-Analysis. Neurology, 82, 1153-1161.
https://doi.org/10.1212/WNL.0000000000000268

[7]

Centers for Disease Control and Prevention (2011) Vital Signs: Prevalence, Treatment, and Control of Hypertension—United States, 1999-2002 and 2005-2008.
Morbidity and Mortality Weekly Report, 60, 103-108.

D. Senior et al.
[8]

Heidenreich, P.A., Trogdon, J.G., Khavjou, O.A., Butler, J., Dracup, K., Ezekowitz,
M.D., et al. (2011) Forecasting the Future of Cardiovascular Disease in the United
States: a Policy Statement from the American Heart Association. Circulation, 123,
933-944. https://doi.org/10.1161/CIR.0b013e31820a55f5

[9]

Gillum, R.F. (1995) Epidemiology of Stroke in Hispanic Americans. Stroke, 26,
1707-1712. https://doi.org/10.1161/01.STR.26.9.1707

[10] Sacco, R.L., Boden-Albala, B., Gan, R., Chen, X., Kargman, D.E., Shea, S., et al.
(1998) Stroke Incidence among White, Black, and Hispanic Residents of an Urban
Community: the Northern Manhattan Stroke Study. American Journal of Epidemiology, 147, 259-268. https://doi.org/10.1093/oxfordjournals.aje.a009445
[11] Smith, M.A., Risser, J.M., Lisabeth, L.D., Moye, L.A. and Morgenstern, L.B. (2003)
Access to Care, Acculturation, and Risk Factors for Stroke in Mexican Americans:
the Brain Attack Surveillance in Corpus Christi (BASIC) Project. Stroke, 34,
2671-2675. https://doi.org/10.1161/01.STR.0000096459.62826.1F
[12] Trimble, B. and Morgenstern, L.B. (2008) Stroke in Minorities. Neurologic Clinics,
26, 1177-1190. https://doi.org/10.1016/j.ncl.2008.05.010
[13] Lisabeth, L.D., Risser, J.M., Brown, D.L., Al-Senani, F., Uchino, K., Smith, M.A., et
al. (2006) Stroke Burden in Mexican Americans: The Impact of Mortality Following
Stroke. Annals of Epidemiology, 16, 33-40.
https://doi.org/10.1016/j.annepidem.2005.04.009
[14] Ojike, N., Ravenell, J., Seixas, A., Masters-Israilov, A., Rogers, A., Jean-Louis, G., et
al. (2016) Racial Disparity in Stroke Awareness in the US: An Analysis of the 2014
National Health Interview Survey. Journal of Neurology & Neurophysiology, 7,
361-365.https://doi.org/10.4172/2155-9562.1000365
[15] Sajatovic, M., Tatsuoka, C., Welter, E., Colon-Zimmermann, K., Blixen, C., Perzynski, A.T., et al. (2017) A Targeted Self-Management Approach for Reducing
Stroke Risk Factors in African American Men Who Have Had a Stroke or Transient
Ischemic Attack. American Journal of Health Promotion (AJHP).
https://doi.org/10.1177/0890117117695218
[16] Morgenstern, L.B., Smith, M.A., Lisabeth, L.D., Risser, J.M., Uchino, K., Garcia, N.,
et al. (2004) Excess Stroke in Mexican Americans Compared with Non-Hispanic
Whites: the Brain Attack Surveillance in Corpus Christi Project. American Journal
of Epidemiology, 160, 376-383. https://doi.org/10.1093/aje/kwh225
[17] Skolarus, L.E., Wing, J.J., Morgenstern, L.B., Brown, D.L. and Lisabeth, L.D. (2016)
Mexican Americans are Less Likely to Return to Work Following Stroke: Clinical
and Policy Implications. Journal of Stroke and Cerebrovascular Diseases, 25, 18511855. https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.03.015
[18] Springer, M.V., Labovitz, D.L. and Hochheiser, E.C. (2017) Race-Ethnic Disparities
in Hospital Arrival Time after Ischemic Stroke. Ethnicity & Disease, 27, 125-132.
https://doi.org/10.18865/ed.27.2.125
[19] Morgenstern, L.B., Sais, E., Fuentes, M., Ifejika, N.L., Jiang, X., Horn, S.D., et al.
(2017) Mexican Americans Receive Less Intensive Stroke Rehabilitation Than
Non-Hispanic Whites. Stroke, 48, 1685-1687.
https://doi.org/10.1161/STROKEAHA.117.016931
[20] Dong, C., Rundek, T., Wright, C.B., Anwar, Z., Elkind, M.S. and Sacco, R.L. (2012)
Ideal Cardiovascular Health Predicts Lower Risks of Myocardial Infarction, Stroke,
and Vascular Death across Whites, Blacks, and Hispanics: the Northern Manhattan
Study. Circulation, 125, 2975-2984.
https://doi.org/10.1161/CIRCULATIONAHA.111.081083

961

D. Senior et al.
[21] Crimmins, E.M., Kim, J.K., Alley, D.E., Karlamangla, A. and Seeman, T. (2007)
Hispanic Paradox in Biological Risk Profiles. American Journal of Public Health,
97, 1305-1310. https://doi.org/10.2105/AJPH.2006.091892
[22] Pabon-Nau, L.P., Cohen, A., Meigs, J.B. and Grant, R.W. (2010) Hypertension and
Diabetes Prevalence among U.S. Hispanics by Country of Origin: the National
Health Interview Survey 2000-2005. Journal of General Internal Medicine, 25, 847852. https://doi.org/10.1007/s11606-010-1335-8
[23] Osborn, M.F., Miller, C.C., Badr, A. and Zhang, J. (2014) Metabolic Syndrome Associated with Ischemic Stroke among the Mexican Hispanic Population in the El
Paso/US-Mexico Border Region. Journal of stroke and Cerebrovascular Diseases,
23, 1477-1484. https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.12.017
[24] Wing, J.J., Adar, S.D., Sanchez, B.N., Morgenstern, L.B., Smith, M.A. and Lisabeth,
L.D. (2015) Ethnic Differences in Ambient Air Pollution and Risk of Acute Ischemic Stroke. Environmental Research, 143, 62-67.
https://doi.org/10.1016/j.envres.2015.09.031
[25] Morgenstern, L.B., Brown, D.L., Smith, M.A., Sanchez, B.N., Zahuranec, D.B., Garcia, N., et al. (2014) Loss of the Mexican American Survival Advantage after Ischemic Stroke. Stroke, 45, 2588-2591.
https://doi.org/10.1161/STROKEAHA.114.005429
[26] Curtin, L.R., Mohadjer, L.K., Dohrmann, S.M., Kruszon-Moran, D., Mirel, L.B.,
Carroll, M.D., et al. (2013) National Health and Nutrition Examination Survey:
Sample Design, 2007-2010. Vital and Health Statistics, 160, 1-32.
[27] Chobanian, A.V., Bakris, G.L., Black, H.R., Cushman, W.C., Green, L.A., Izzo, J.L.,
Jr., et al. (2003) The Seventh Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure: The JNC 7 Report.
JAMA, 289, 2560-2572. https://doi.org/10.1001/jama.289.19.2560
[28] Zheng, L., Sun, Z., Li, J., Zhang, R., Zhang, X., Liu, S., et al. (2008) Pulse Pressure
and Mean Arterial Pressure in Relation to Ischemic Stroke among Patients with
Uncontrolled Hypertension in Rural Areas of China. Stroke, 39, 1932-1937.
https://doi.org/10.1161/STROKEAHA.107.510677
[29] Mikdashi, J., Handwerger, B., Langenberg, P., Miller, M. and Kittner, S. (2007)
Baseline Disease Activity, Hyperlipidemia, and Hypertension Are Predictive Factors
for Ischemic Stroke and Stroke Severity in Systemic Lupus Erythematosus. Stroke,
38, 281-285. https://doi.org/10.1161/01.STR.0000254476.05620.14
[30] Qureshi, A.I., Suri, M.F., Mohammad, Y., Guterman, L.R. and Hopkins, L.N. (2002)
Isolated and Borderline Isolated Systolic Hypertension Relative to Long-Term Risk
and Type of Stroke: A 20-year Follow-Up of the National Health and Nutrition
Survey. Stroke, 33, 2781-2788. https://doi.org/10.1161/01.STR.0000039402.05613.0F
[31] Sakamoto, Y., Koga, M., Yamagami, H., Okuda, S., Okada, Y., Kimura, K., et al. (2013)
Systolic Blood Pressure after Intravenous Antihypertensive Treatment and Clinical
Outcomes in Hyperacute Intracerebral Hemorrhage: The Stroke Acute Management with Urgent Risk-Factor Assessment and Improvement-Intracerebral Hemorrhage Study. Stroke, 44, 1846-1851.
[32] MacMahon, S. and Rodgers, A. (1994) Blood Pressure, Antihypertensive Treatment
and Stroke Risk. Journal of Hypertension Supplement, 12, 5-14.
[33] Gil-Nunez, A.C. and Vivancos-Mora, J. (2005) Blood Pressure as a Risk Factor for
Stroke and the Impact of Antihypertensive Treatment. Cerebrovascular Diseases,
20, 40-52. https://doi.org/10.1159/000089356
[34] Kvistad, C.E., Logallo, N., Oygarden, H., Thomassen, L., Waje-Andreassen, U. and
Naess, H. (2013) Elevated Admission Blood Pressure and Stroke Severity in Acute
962

D. Senior et al.
Ischemic Stroke: The Bergen NORSTROKE Study. Cerebrovascular Diseases, 36,
351-354. https://doi.org/10.1159/000355685
[35] Towfighi, A. and Ovbiagele, B. (2008) Metabolic Syndrome and Stroke. Current Dia
betes Reports, 8, 37-41. https://doi.org/10.1007/s11892-008-0008-z
[36] Lekoubou, A., Ovbiagele, B., Markovic, D., Sanossian, N. and Towfighi, A. (2017)
Age, Sex, and Race/Ethnic Temporal Trends in Metabolic Syndrome Prevalence
among Individuals with Myocardial Infarction or Stroke in the United States. Journal of the Neurological Sciences, 376, 24-28.
https://doi.org/10.1016/j.jns.2017.01.073
[37] Li, X., Li, X., Lin, H., Fu, X., Lin, W., Li, M., et al. (2017) Metabolic Syndrome and
Stroke: A Meta-Analysis of Prospective Cohort Studies. Journal of Clinical Neuroscience, 40, 34-38. https://doi.org/10.1016/j.jocn.2017.01.018
[38] Noda, H., Iso, H., Saito, I., Konishi, M., Inoue, M., Tsugane, S., et al. (2009) The
Impact of the Metabolic Syndrome and Its Components on the Incidence of
Ischemic Heart Disease and Stroke: the Japan Public Health Center-Based Study.
Hypertension Research, 32, 289-298. https://doi.org/10.1038/hr.2009.14
[39] Okada, K. (2008) Which Diagnostic Criteria of Metabolic Syndrome Can Better
Predict the Risk of Ischemic Heart Disease and Stroke in Japanese and Asian Populations? Hypertension Research, 31, 2103-2104.
https://doi.org/10.1291/hypres.31.2103
[40] Chei, C.L., Yamagishi, K., Tanigawa, T., Kitamura, A., Imano, H., Kiyama, M., et al.
(2008) Metabolic Syndrome and the Risk of Ischemic Heart Disease and Stroke
among Middle-Aged Japanese. Hypertension Research, 31, 1887-1894.
https://doi.org/10.1291/hypres.31.1887
[41] Iso, H., Sato, S., Kitamura, A., Imano, H., Kiyama, M., Yamagishi, K., et al. (2007) Metabolic Syndrome and the Risk of Ischemic Heart Disease and Stroke among Japanese Men and Women. Stroke, 38, 1744-1751.
https://doi.org/10.1161/STROKEAHA.106.469072
[42] Pedelty, L. and Gorelick, P.B. (2004) Chronic Management of Blood Pressure after
Stroke. Hypertension, 44, 1-5. https://doi.org/10.1161/01.HYP.0000129170.50448.5f
[43] Elliott, W.J. (2007) Systemic Hypertension. Current Problems in Cardiology, 32,
201-259. https://doi.org/10.1016/j.cpcardiol.2007.01.002

Submit or recommend next manuscript to SCIRP and we will provide best
service for you:
Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.
A wide selection of journals (inclusive of 9 subjects, more than 200 journals)
Providing 24-hour high-quality service
User-friendly online submission system
Fair and swift peer-review system
Efficient typesetting and proofreading procedure
Display of the result of downloads and visits, as well as the number of cited articles
Maximum dissemination of your research work

Submit your manuscript at: http://papersubmission.scirp.org/
Or contact health@scirp.org
963

