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Abstract

Background and Aim: It is unclear whether blood pressure (BP) is associated with cognition 

after stroke. We examined associations between systolic and diastolic BP (SBP, DBP), pulse 

pressure (PP), mean arterial pressure (MAP), and cognition, each measured 90 days after stroke.

Methods: Cross-sectional analysis of prospectively obtained data of 432 dementia-free subjects 

≥45 (median age, 66; 45% female) with stroke (92% ischemic; median NIH stroke score, 3 [IQR, 

2-6]) from the population-based Brain Attack Surveillance in Corpus Christi (BASIC) project in 

2011-2013. Primary outcome: Modified Mini-Mental Status Examination (3MSE; range, 0-100). 

Secondary outcomes: Animal Fluency Test (AFT; range, 0-10) and Trail Making Tests A and B 

(number of correct items [range, 0-25]/completion time [Trails A: 0-180 seconds; Trails B: 0-300 

second]). Linear or tobit regression adjusted associations for age, education, and race/ethnicity as 

well as variables significantly associated with BP and cognition.

Results: Higher SBP, lower DBP, higher PP, and lower MAP each were associated with worse 

cognitive performance for all 4 tests (all P<0.001). After adjusting for patient factors, no BP 
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measures were associated with any of the 4 tests (all P>0.05). Lower cognitive performance was 

associated with older age, less education, Mexican American ethnicity, diabetes, higher stroke 

severity, more depressive symptoms, and lower BMI. Among survivors with hypertension, anti-

hypertensive medication use 90 days after stroke was significantly associated with higher AFT 

scores (P=0.02) but not other tests (P>0.15).

Conclusion: Stroke survivors’ BP levels were not associated with cognitive performance at 90 

days independent of sociodemographic and clinical factors.

Introduction

Incident stroke is associated with an acute decline in cognitive function and also accelerated 

and persistent cognitive decline over years.1, 2 Poststroke cognitive decline (PSCD) 

increases mortality3 and disability4. The identification of modifiable risk factors that lessen 

PSCD is critical. Based on some observational studies5-7 and the results from the SPRINT 

MIND randomized controlled trial8, high blood pressure (BP) might be a modifiable risk 

factor to reduce risk of PSCD.

Although it is known that high BP, particularly in mid-life, is associated with late-life 

cognitive impairment9, it is unknown whether BP levels are associated with PSCD. High BP 

is common in stroke survivors affecting most Mexican Americans and non-Hispanic whites.
10 Control of high BP is sub-optimal in stroke survivors, especially for minorities.11, 12 

Worse BP control and high BP levels might lead to higher rates of PSCD.13

We performed primary data collection to measure BP among survivors of acute stroke in the 

Brain Attack Surveillance in Corpus Christi (BASIC) project, a population-based stroke 

surveillance project of Mexican Americans and non-Hispanic whites. We combined these 

new clinical measures with anti-hypertensive medication use and cognition function to 

determine associations between systolic and diastolic BP (SBP and DBP) levels and anti-

hypertensive medication use and cognitive function 90 days after stroke. We hypothesized 

that higher BP levels are associated with worse cognitive function after stroke whereas use 

of anti-hypertensive medication is associated with better cognitive function.

Methods

Study Population

The Brain Attack Surveillance in Corpus Christi (BASIC) project is a population-based 

stroke surveillance project of a non-immigrant community of Mexican Americans and non-

Hispanic whites in Nueces County, Texas.14 Details are described elsewhere.14 Briefly, 

Nueces County is a predominantly urban location, where 95% of the population resides in 

the city of Corpus Christi on the Texas gulf coast.15 Corpus Christi is situated approximately 

150 miles from potential referral centers in San Antonio and Houston.15 The geographic 

location and distance provide the opportunity for complete case capture of stroke in the 

county.15

Stroke cases presenting between March 2011 and December 2013 were ascertained Through 

active and passive surveillance, BASIC ascertains all cases of acute cerebrovascular disease 
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presenting to the emergency department or directly admitted to any of the 7 hospitals in 

Nueces County. Trained abstractors verify stroke diagnoses based on rigorous criteria. 

Neurologists validated stroke cases using source documentation following international 

clinical criteria.16 At the time of their stroke hospitalization, patients or proxies for patients 

unable to participate completed an in-person, structured interview. Bilingual abstractors 

conducted the interview and cognitive testing in English (94%) or Spanish (6%) per patient 

preferences. It is plausible that a small percentage of individuals in the study sample 

requested cognitive testing in Spanish because most of the Mexican American participants 

are second- and third-generation Americans.15 Interview participation is similar by ethnicity. 

Patients with their first BASIC stroke (ischemic or hemorrhagic) were included. This project 

was approved by both the University of Michigan and Corpus Christi Health Systems’ 

Institutional Review Boards. All subjects or their proxies provided informed consent.

We required participants to have measurements of BP and cognition at the 90 day in-person 

outcome assessment. We excluded participants who were unable to complete the baseline 

interview. We also excluded participants with a history of dementia at the time of the index 

stroke defined as medical record documentation of dementia or Alzheimer’s disease or an 

Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) score ≥ 3.44 at 

baseline, this cut-point for prestroke dementia is based on previous research.17 The short 

form of the IQCODE is a validated instrument to assess pre-stroke cognitive status17, 18 has 

been validated in Spanish,19 and has been shown to be relatively unaffected by education 

level.18 It asks an informant to report on changes in functional and cognitive status over time 

and focuses on the pre-stroke time period.

Cognitive Function Assessments

Trained BASIC interviewers administered cognitive function tests at the 90-day outcome 

assessment in-person. The cognitive tests were focused on stroke survivors without language 

dysfunction (e.g., aphasia). Each test was administered in the primary language (English or 

Spanish) of the subject or the preferred language of administration of bilingual subjects. All 

testing was conducted by bilingual/bicultural interviewers. The primary outcome was the 

Modified Mini-Mental Status Examination (3MSE). The 3MSE assesses global cognitive 

function (scores range, 0-100).20 Secondary outcomes were the Animal Fluency Test (AFT) 

and Trail Making Test, Parts A and B (Trails A and B). The AFT assesses executive 

function, with scores representing the number of animals generated in 30 seconds (scores 

range, 0-10).20, 21 The Trails A and B tests assess visuomotor tracking, information 

processing speed, divided attention, and cognitive flexibility. A large number of participants 

(n=44 for Trails A; n=78 for Trails B) could not complete the test within the allotted time 

limits (180 seconds for Trails A; 300 seconds for Trails B). So, we used derived Trails 

scores, rather than completion time, in order to improve measurement precision in light of 

the number of participants that could not complete the task within the allotted time limits. 

Derived scores reflected the number of correctly completed items (0-25 items) divided by 

completion time (0-180 seconds for Trails A and 0-300 seconds for Trails B which were the 

specified test discontinuation criteria).22 This approach to calculate a derived score (i.e., 

number of correctly completed items divided by completion time) is an accepted approach 

for use in elderly cognitively-impaired populations.23 For all cognitive tests, higher scores 
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indicate better performance. These tests are used in the Vascular Cognitive Impairment 

Harmonization Standards24 and have been validated in Mexican Americans and whites.25 

English and Spanish versions of the 3MSE and Trial Making Tests are valid and 

consistent26, 27 and have been used to study post-stroke cognitive decline.28

Measurement of Blood Pressure

Trained BASIC interviewers measured BP at the 90-day outcome assessment using a 

standard protocol (see Online Supplement). Following a 5-minute rest, BP was measured 

three times in the right arm of seated participants at 15-second intervals using an 

appropriately sized cuff and a standard automated BP measurement arm monitor (OmROn 

model 700 series; Omron, Mannheim, Germany), that has been validated by the Association 

for the Advancement of Medical Instrumentation to be accurate. The BP of record was the 

average of the 3 BP measurements. The primary independent variables were SBP and DBP. 

Secondary independent variables were mean arterial pressure (MAP) ([DBPx2)+SBP]/3) 

and pulse pressure (PP) (SBP-DBP).

Covariates

Variables measured at baseline (time of index stroke)—Participants self-reported 

age, gender, race/ethnicity (non-Hispanic White, Mexican American, Other), education 

(<high school, high school, >high school), and marital status (single/never married, married/

living with someone, widowed, divorced/separated) in baseline interview at time of index 

stroke. Co-morbidities were abstracted from the medical record: dementia or Alzheimer’s 

disease, hypertension, history of stroke, diabetes, coronary artery disease, atrial fibrillation, 

high cholesterol, excessive alcohol use, cigarette smoking, heart failure, chronic lung 

disease, and chronic renal disease. National Institutes of Health Stroke Scale (NIHSS) score 

was also abstracted from the medical record. Body mass index was calculated from height 

and weight. Stroke type was validated by study neurologists (ischemic, hemorrhagic, other). 

The Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) was assessed 

in an informant.

Variables measured at 90-day outcome assessment (90 days after index 
stroke)—Participants reported depressive symptoms the 8-item Patient Health 

Questionnaire (PHQ-8). Participants reported use of anti-hypertensive medication and 

BASIC interviewers confirmed participants’ reports by reviewing their medication bottles. 

Participants reported the frequency of missed doses of each prescribed medication in a 

typical week using a 5-point Likert scale (never, rarely, occasional, often, very often).29 We 

defined adherence to BP medication as never missing a dose of any BP medications in a 

typical week based on previous studies. 29, 30

Statistical Analysis

We followed a pre-specified analysis plan. We performed descriptive analyses of patient 

characteristics and cognitive measures and assessed bivariate associations between 

covariates, BP, and cognitive measures using visual plots, ANOVA and χ2 tests as 

appropriate. We transformed the left-skewed 3MSE outcome using –log(c – y), where 

y=3MSE and c=max(3MSE) + 1 so that lower scores indicated worse cognition. The NIHSS 
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scores were not normally distributed and were transformed using the natural logarithm. We 

used single imputation for missing values of IQCODE at baseline (n=57) and depressive 

symptom scores (n=11) at 90 days after stroke.

We tested for associations between continuous BP measures and each continuous cognitive 

outcome using linear regression (3MSE, Trail Making Tests A and B) and Tobit regression 

(AFT) before and after adjusting for patient characteristics. Model 1 included SBP only. 

Model 2 included DBP only. Model 3 included both SBP and DBP. Model 4 included SBP, 

DBP, age, education, and race/ethnicity. Model 5 added body mass index, diabetes, NIHSS 

score at time of index stroke, and depressive symptoms at 90 days to Model 4. Other 

variables that did not reach statistical significance (defined as P<0.05) were not included in 

models; these were: stroke type, sex, marital status, IQCODE, history of stroke, coronary 

artery disease, atrial fibrillation, high cholesterol, alcohol use, cigarette smoking, heart 

failure, chronic renal disease, and chronic lung disease. We also performed analyses adding 

anti-hypertensive medication use to the fully adjusted Model 5. There was no evidence of 

non-linear associations between SBP or DBP and cognition. We examined residual plots to 

examine assumptions of models. We reran models replacing SBP and DBP with mean 

arterial pressure (MAP) ([DBPx2) + SBP]/3) and pulse pressure (PP) (SBP-DBP).

Among BASIC stroke survivors with a diagnosis of hypertension (n=348), we created a 3-

level anti-hypertensive medication adherence variable (adherent to anti-hypertensive 

medication, non-adherent to anti-hypertensive medication [missing 1 or more doses of any 

BP medication in a typical week], and not using anti-hypertensive medication) and we 

examined the effect of medication adherence on 90-day cognition. We included those not 

prescribed anti-hypertensive medication in the medication adherence variable so we could 

compare results of the final model (Model 5) before and after adding the medication 

adherence variable in the full sample of stroke survivors with hypertension.

Sensitivity Analysis

Trails A and B are written tests requiring use of one’s hand. When individuals were not able 

to write with their dominant hand due to weakness, they completed this test with their non-

dominant hand. So we examined the association between writing hand weakness (i.e., either 

use of dominant, weak hand or use of non-dominant hand due to dominant hand weakness) 

and completion of the Trails tests, and we also repeated analyses excluding individuals with 

writing hand weakness. Some participants completed the 3MSE but not the Trails tests so we 

examine adjusted associations between patient factors and completion of the Trails A test 

among patients who completed the 3MSE using logistic regression models that included 

covariates in Model 5. We repeated separate analyses after a) excluding individuals with 

Trails A and B tests exceeding the specified test discontinuation criteria; b) excluding those 

with any residual point over 4/n (where n is the number of sample in the analysis); and C) 

those with a Cook’s D more than 3 times the mean.

Statistical significance for all analyses was set at P<0.05 (2-sided). We performed all 

analyses using SAS version 9.4 (SAS Institute Inc., Cary, NC).
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Results

The study sample include 432 participants. Figure 1 presents the derivation of the cohort. 

Table 1 presents patient characteristics. Median age was 66 (IQR, 58-76) and 45% were 

female. Most strokes were ischemic (92%) and median NIHSS score was 3 (IQR, 2-6). At 

90 days after stroke, median SBP was 132 (118-150) and median DBP was 79 (72-88).

BP and Global Cognition

SBP was not significantly associated with 3MSE (Model 1, Table 2) unless DBP was 

included in the model (Model 2, Table 2). Higher SBP and lower DBP each were 

significantly associated with lower 3MSE scores (difference per 10 mmHg increase in SBP: 

−0.10 points [95% CI, −0.15, −0.05]; P<0.001; difference per 10 mmHg increase in DBP: 

0.28 points [95% CI, 0.19, 0.37]; P<0.001) (Model 3, Table 2). After adjusting for age, 

education, and race/ethnicity, DBP remained significantly associated with 3MSE scores 

(difference per 10 mmHg increase: 0.11 points [95% CI, 0.02, 0.20]; P=0.02) but SBP did 

not (Model 4, Table 2). With further adjustment for clinical factors (body mass index, 

diabetes, baseline NIHSS, depressive symptoms at 90 days), DBP did not remain 

independently associated with 3MSE scores (difference per 10 mmHg increase: 0.06 points 

[95% CI, −0.03, 0.15]; P=0.17) (Model 5, Table 2).

BP and Secondary Cognitive Outcomes

Similar to the 3MSE, SBP was not significantly associated with the AFT, Trails A, and 

Trails B (Model 1, Table 2) unless DBP was included in the model (Model 2, Table 2). 

Higher SBP and lower DBP each were significantly associated with worse cognitive 

performance for all 3 tests (Model 3, Table 2). After adjusting for age, education, and race/

ethnicity, neither SBP nor DBP remained significantly associated with AFT or Trails A. 

Lower DBP remained significantly associated with worse Trails B scores (difference per 10 

mmHg increase: 0.02 points [95% CI, 0.004, 0.03]; P=0.01) but SBP did not (Model 4, 
Table 2). With further adjustment for clinical factors, the association between DBP and 

Trails B scores was attenuated (difference per 10 mmHg increase: 0.01 points [95% CI, 

0.0001, 0.03]; P=0.05) (Model 5, Table 2).

Factors Associated with Poststroke Cognition

Lower cognitive performance 90 days after stroke was significantly associated with older 

age (P<.01 for all 4 tests), less education (P≤.03 for all tests), Mexican American ethnicity 

(P≤.05 for all tests), diabetes (P≤.01 for all tests except AFT), higher stroke severity (P≤.01 

for all tests except Trails B), more depressive symptoms (P=.03 for 3MSE), and lower BMI 

(P<.02 for 3MSE and Trails B) (see Supplemental Table 1).

Antihypertensive Medication Use and Poststroke Cognition

Most stroke survivors with hypertension were adherent to anti-hypertensive medication 

(247/348; 71%) whereas fewer survivors were non-adherent to anti-hypertensive medication 

(67/348; 19%) and not prescribed medication (36/348; 10%). Results of the effect of SBP 

and DBP on cognitive outcomes were similar in models that included the 3-level anti-

hypertensive medication adherence variable in the subgroup of stroke survivors with 
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hypertension (see Supplemental Table 2). Nonadherence to antihypertensive medication was 

not significantly associated with cognition scores. However, among hypertensive stroke 

survivors, those who did not use antihypertensive medication had significantly lower animal 

fluency test scores than those who adhered to prescribed antihypertensive medication 

(adjusted difference, −1.21 points [95% CI, −2.24 to −.19]; P=.02) although this association 

was not observed for the 3MSE or Trails tests.

Sensitivity Analysis

Results were similar in analyses excluding 34 of 335 (10.1%) individuals with writing hand 

weakness from the Trails A analysis and 24 of 283 (8.5%) individuals from Trails B 

analysis. Multivariable logistic regression showed that completion of the Trails A test was 

significantly associated with lower NIHSS scores (P=.002) but not SBP (P=.15) and DBP 

(P=.83). Completion of the Trails B test was significantly associated with higher education 

(P<.001), lower NIHSS scores (P<.001), and lower age (P<0.001) but not SBP (P=.80) and 

DBP (P=.29). Results were similar in analyses excluding outliers.

In analyses replacing SBP and DBP with PP and MAP, higher PP and lower MAP each were 

associated with worse cognitive performance for all 4 tests (Model 3, Table 3). After 

adjusting for age, education, and race/ethnicity, MAP remained significantly associated with 

3MSE (P=.003) and Trails B (P=.03); whereas, PP remained significantly associated with 

Trails B (P=.02) but not the other tests (Model 4, Table 3). With further adjustment for 

clinical factors, MAP did not remain independently associated with cognition (all P>.08) 

and PP was non-significantly associated with Trails B (P=.05) (Model 5, Table 3).

Discussion

In this population-based cohort of Mexican Americans and non-Hispanic white Americans 

45 years or older with stroke, worse cognitive performance in global cognition, executive 

function, and visuomotor tracking/processing speed 90 days after stroke was associated with 

higher SBP, lower DBP, higher PP, and lower MAP, however, socio-demographic and 

clinical factors appeared to explain these associations. Lower cognitive performance after 

stroke was observed among stroke survivors who had older age, less education, Mexican 

American ethnicity, diabetes, higher stroke severity, more depressive symptoms, and lower 

BMI. There was no evidence that nonadherence to antihypertensive medication was 

significantly associated with worse cognition scores. However, among hypertensive stroke 

survivors, those who did not use antihypertensive medication had significantly lower 

executive function scores than those who adhered to prescribed antihypertensive medication 

although this association was not observed for the 3MSE or Trails tests.

Our data suggest that patients with higher SBP and PP have worse cognition 90 days after 

stroke but the association is largely explained by patients with higher SBP and higher PP 

being more likely to have older age, less education, Mexican American ethnicity, diabetes, 

higher stroke severity, greater depressive symptoms, and lower BMI. Our data are consistent 

with a previous meta-analysis31 suggesting that older age, less education, non-white race/

ethnicity, diabetes, and higher stroke severity are independent predictors of PSCD. Cognitive 

status might have bi-directional relationships with mood and BMI so our findings that 
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greater depressive symptoms and lower BMI are associated with poststroke cognition 

warrant cautious interpretation and confirmation.

While hypertension is a major risk factor for stroke, it is unclear whether BP is associated 

with PSCD independent of the index stroke or recurrent stroke. Several potential 

explanations might explain this discordance. One possibility is that BP has an indirect effect 

on post-stroke cognition through a pathway mediated by stroke but BP does not have a direct 

effect on post-stroke cognition independent of stroke. This hypothesis seems implausible 

given the results of both observational studies13 and clinical trials8 showing that high BP is 

associated with worse cognitive function. Another possibility is that BP has a modest effect 

on post-stroke cognition so larger sample sizes of stroke survivors and cognitive measures 

sensitive to detect vascular cognitive impairment are needed. It is plausible that we did not 

detect a significant association between BP and cognition after stroke after adjusting for 

patient socio-demographics and clinical factors because the sample size was small and/or the 

cognitive measures were not sensitive to detect vascular cognitive impairment. One study of 

selected stroke survivors (i.e., those with NIHSS ≥ 4, arm and leg weakness, and 

hypertension) in a Chinese registry found that mean SBP within 7 days of stroke onset had a 

U-shaped association with post-stroke cognitive impairment at 90 days after stroke; 

however, the association was modest accounting for multiple comparisons and BP was not 

associated with cognitive impairment at 4 other time points after stroke.7 Our results might 

differ because we measured BP at 90 days after stroke, we used different cognitive 

measures, and we studied a Mexican Americans and non-Hispanic white Americans.

Our study has limitations. Results are generalizable to stroke survivors not represented by a 

proxy (e.g., those without aphasia). A large number of stroke patients were excluded due to 

incomplete data which might bias results toward or away from the null if missingness was 

not at random. Most strokes were ischemic and mild severity. We were unable to account for 

stroke features (e.g., site of lesion, lesion volume, and laterality) or structural brain features 

(cerebral atrophy) associated with poststroke cognition.31 BP was measured only at 90 days 

after stroke. The cognitive outcomes were assessed only at 90 days after stroke. The 

IQCODE might have inadequately captured prestroke cognitive decline. We did not have 

cognitive measures during the hyperacute period because many acute stroke patients were 

unable to complete cognitive testing during the index stroke hospitalization. While PSCD 

might be underestimated because stroke survivors with worse cognition at baseline or after 

stroke die, drop out, or require a proxy, research suggests that selection attrition does not 

change results.1 This cross-sectional analysis of BP and cognition 90-days poststroke does 

not allow us to assess the directionality of the relationship. Ethnic differences in cognitive 

performance might be due to cultural factors influencing test performance.32 Relatively 

small sample size might reduce ability to detect significant associations between BP and 

cognition after adjusting for potential confounders.

Our study has clinical and policy implications. Some observational studies, but not all33, 

have suggested that BP lowering is associated with lower risk of PSCD in specific patient 

subgroups such as patients with recurrent stroke5, and patients with ischemic stroke without 

atrial fibrillation6. Although results of the SPRINT MIND trial suggest that aggressive 

lowering of SBP reduces cognitive decline in older adults at high cardiovascular risk8, the 
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trial excluded patients with stroke. Another trial showed that anti-hypertensive medication 

use improves executive function in older hypertensive adults.34 Our results raise the 

hypothesis that anti-hypertensive medication use might modestly improve executive function 

in stroke survivors with hypertension.

Summary and Conclusion

Patients with higher SBP and PP are more likely to have worse cognitive performance after 

stroke but sociodemographic and clinical factors might explain these associations. Among 

stroke survivors with hypertension, anti-hypertensive medication use is significantly 

associated with higher executive function.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Derivation of Analytic Cohort: BASIC, 2011-2013
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Table 1:

Characteristics of Participants in the Study Sample (n=432): BASIC 2011 to 2013

Variables measured at baseline (time of index stroke) N(%) or Median(IQR)

Age 66 (58-76)

Stroke type

 Ischemic 399 (92)

 Hemorrhagic 32 (7)

 Other 1 (0.2)

National Institutes of Health Stroke Scale score 3 (2-6)

Women 196 (45)

Race/ethnicity

 Non-Hispanic White 150 (35)

 Mexican American 246 (57)

 Other 36 (8)

Education

 <high school 140 (33)

 High school 131 (30)

 >high school 161 (37)

Marital status (n=431)

 Single/Never married 27 (6)

 Married/Living with someone 220 (51)

 Widowed 82 (19)

 Divorced/Separated 102 (24)

IQCODE score (n=375) 3.0 (3.0-3.3)

Hypertension 348 (81)

Body mass index 29 (25-34)

History of stroke 108 (25)

Diabetes 204 (47)

Coronary artery disease 131 (30)

Atrial fibrillation 44 (10)

High cholesterol 225 (52)

Excessive alcohol use 51 (12)

Cigarette smoking 180(42)

Heart failure 25 (6)

Chronic lung disease 48 (11)

Chronic renal disease 14 (3)

Variables measured at 90 days after stroke

Depressive symptoms (n= 420) 14 (11-20)

Systolic BP 132 (118-150)

Diastolic BP 79 (72-88)
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Variables measured at baseline (time of index stroke) N(%) or Median(IQR)

Anti-hypertensive medication use 365 (84)

3MSE score 89 (78-95)

AFT score (n=431) 8 (6-10)

Trails A score* (n=335) 0.34 (0.22-0.47)

Trails B score* (n=283) 0.13 (0.09-0.20)

Abbreviations: IQR is interquartile range. BASIC= Brain Attack Surveillance in Corpus Christi. IQCODE=Informant Questionnaire on Cognitive 
Decline in the Elderly and measured prestroke cognitive decline. BP=blood pressure. 3MSE= Modified Mini-Mental Status Examination. 
AFT=Animal Fluency Test. Trails=Trail Making Test.

*
scores reflected task accuracy [0-25 correct items] divided by completion time [0-180 seconds for Trails A and 0-300 seconds for Trails B which 

were the specified test discontinuation criteria]).

Depressive symptoms were measured with the 8-item Patient Health Questionnaire (PHQ).
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Table 2:

Association between Blood Pressure and Cognition 90 days after Stroke: Brain Attack Surveillance in Corpus 

Christi Project, 2011-2013

Estimates (95% Confidence Intervals)

Coefficient
Model 1 with

SBP only
Model 2 with

DBP only
Model 3 with
SBP and DBP

Model 4 with
SBP, DBP,
and Socio-

demographics

Model 5 with
SBP, DBP,
and Socio-

demographics
, and Clinical

Factors

Outcome: 3MSE (n=432)

Difference per 10 mmHg increase in SBP .01
(−.02, .05)

P=.44
NA

−.10*
(−.15, −.05)

P<.001

−.01
(−.06, .03)

P=.57

−.01
(−.05, .04)

P=.74

Difference per 10 mmHg increase in DBP
NA

.16*
(.09, .22)
P<.001

.28*
(.19, .37)
P<.001

.11*
(.02, .20)

P=.02

.06
(−.03, .15)

P=.17

Outcome: Animal Fluency Test (n=431)

Difference per 10 mmHg increase in SBP .014
(−.11, .14)

P=.83
NA

−.20*
(−.38, −.02)

P=.03

−.03
(−.22, .15)

P=.73

−.03
(−.22, .15)

P=.72

Difference per 10 mmHg increase in DBP
NA

.29*
(.06, .53)

P=.01

.56*
(.23, .89)
P=.001

.22
(−.16, .59)

P=.25

.13
(−.24, .51)

P=.48

Outcome: Trails A (n=335)

Difference per 10 mmHg increase in SBP .0002
(−.01, .01)

P=.96
NA

−.02*
(−.04, −.01)

P<.001

−.004
(−.02, .009)

P=.54

−.003
(−.02, .01)

P=.68

Difference per 10 mmHg increase in DBP
NA

.04*
(.02, .06)
P<.001

.07*
(.04, .09)
P<.001

.02
(−.006, .05)

P=.13

.01
(−.02, .04)

P=.46

Outcome: Trails B (n=283)

Difference per 10 mmHg increase in SBP −.002
(−.01, .003)

P=0.37
NA

−.01*
(−.02, −.008)

P<.001

−.006
(−.01, .0001)

P=.05

−.005
(−.01, .001)

P=.10

Difference per 10 mmHg increase in DBP
NA

.015*
(.01, .024)

P=.001

.03*
(.02, .04)
P<.001

.02*
(.004, .03)

P=.01

.01*
(.0001, .03)

P=.05

Abbreviations: NA=not applicable. SBP=systolic blood pressure. DBP=diastolic blood pressure.

*
The 95% confidence intervals do not contain zero.

The Modified Mini-Mental Status Examination (3MSE) assesses global cognitive function (scores range, 0-100). The 3MSE outcome was 
transformed using the natural logarithm and reverse coded to have participants with worse cognition having lower scores. The Animal Fluency Test 
assesses executive function (complex cognitive processing), with scores representing the number of animals generated in 30 seconds (scores range 
0-10). The Trailmaking Tests A and B assess visuomotor tracking, information processing speed, divided attention, and cognitive flexibility (scores 
reflected task accuracy [0-25 correct items] divided by completion time [0-180 seconds for Trails A and 0-300 seconds for Trails B]. For all 
cognitive tests, higher scores indicate better performance.

Linear regression used for Modified Mini-Mental Status Examination and Trailmaking Tests A and B. Tobit regression used for Animal Fluency 
Test.

Model 1 included SBP. Model 2 included DBP. Model 3 included SBP and DBP. Model 4 included SBP, DBP, age, education and race/ethnicity. 
Model 5 added body mass index, diabetes, NIH stroke severity score at time of index stroke, and depressive symptoms at 90 days to Model 4.
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Table 3:

Association between Mean Arterial Pressure, Pulse Pressure and Cognition 90 days after Stroke: Brain Attack 

Surveillance in Corpus Christi Project, 2011-2013

Estimates (95% Confidence Intervals)

Coefficient
Model 1 with

MAP only
Model 2 with

PP only
Model 3 with
MAP and PP

Model 4 with
MAP, PP, and

Socio-
demographics

Model 5 with
MAP, PP, and

Socio-
demographics,

and Clinical
Factors

Outcome: 3MSE (n=432)

Difference per 10 mmHg increase in MAP .09*
(.03, .14)
P=.003

NA
.19*

(.12, .25)
P<.001

.10*
(.03, .16)
P=.003

.05
(−.01, .12)

P=.09

Difference per 10 mmHg increase in PP
NA

−.06*
(−.11, −.01)

P=.01

−.16*
(−.22, −.10)

P<.001

−.05
(−.10, .01)

P=.12

−.03
(−.08, .03)

P=.37

Outcome: Animal Fluency Test (n=431)

Difference per 10 mmHg increase in MAP .15
(−.05, .35)

P=.14
NA

.36*
(.12, .60)
P=.004

.18
(−.08, .45)

P=.17

.10
(−.16, .37)

P=.45

Difference per 10 mmHg increase in PP
NA

−.14
(−.31, −.04)

P=.13

−.32*
(−.53, −.11)

P=.003

−.09
(−.33, .14)

P=.43

−.07
(−.30, .17)

P=.57

Outcome: Trails A (n=335)

Difference per 10 mmHg increase in MAP .02*
(.002, .03)

P=.02
NA

.04*
(.02, .06)
P<.001

.02
(−.003, .03)

P=.09

.01
(−.01, .03)

P=.45

Difference per 10 mmHg increase in PP
NA

−.02*
(−.03, −.01)

P=.005

−.04*
(−.05, −.02)

P<.001

−.01
(−.03, .01)

P=.26

−.01
(−.02, .01)

P=.53

Outcome: Trails B (n=283)

Difference per 10 mmHg increase in MAP .01
(−.002, .01)

P=.13
NA

.02*
(.01, .03)
P<.001

.01*
(.001, .02)

P=.03

.01
(−.002, .02)

P=.11

Difference per 10 mmHg increase in PP
NA

−.01*
(−.02, −.006)

P<.001

−.02*
(−.03, −.01)

P<.001

−.01*
(−.02, −.002)

P=.02

−.01
(−.02, .0001)

P=.05

Abbreviations: NA=not applicable. MAP=mean arterial pressure. PP=pulse pressure.

*
The 95% confidence intervals do not contain zero.

The Modified Mini-Mental Status Examination (3MSE) assesses global cognitive function (scores range, 0-100). The 3MSE outcome was 
transformed using the natural logarithm and reverse coded to have participants with worse cognition having lower scores. The Animal Fluency Test 
assesses executive function (complex cognitive processing), with scores representing the number of animals generated in 30 seconds (scores range 
0-10). The Trailmaking Tests A and B assess visuomotor tracking, information processing speed, divided attention, and cognitive flexibility (scores 
reflected task accuracy [0-25 correct items] divided by completion time [0-180 seconds for Trails A and 0-300 seconds for Trails B]. For all 
cognitive tests, higher scores indicate better performance.

Linear regression used for Modified Mini-Mental Status Examination and Trailmaking Tests A and B. Tobit regression used for Animal Fluency 
Test. Model 1 included MAP. Model 2 included PP. Model 3 included MAP and PP. Model 4 included MAP, PP, age, education and race/ethnicity. 
Model 5 added body mass index, diabetes, NIH stroke severity score at time of index stroke, and depressive symptoms at 90 days to Model 4.
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