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ABSTRACT

BACKGROUND: Blood pressure control has been shown to reduce risk of vascular events and mortality after

an ischemic stroke or transient ischemic attack (TIA). Yet, questions remain about effectiveness, timing,

and targeted blood pressure reduction.

METHODS: We analyzed data from a retrospective cohort of 18,837 veterans cared for 12 months prior and up

to 12months after an emergency department visit or inpatient admission for stroke or TIA. Latent class growth

analysis was used to classify patients into systolic blood pressure trajectories. With Cox proportional hazard

models, we examined relationships between blood pressure trajectories, intensification of antihypertensive

medication, and stroke (fatal or non-fatal) and all-cause mortality in 12months following the index event.

RESULTS: The cohortwas classified into 4 systolic blood pressure trajectories: 19%with a low systolic blood pres-

sure trajectory (mean systolic bloodpressure =116mmHg); 65%with amediumsystolic bloodpressure trajectory

(mean systolic blood pressure = 136 mm Hg); 15% with a high systolic blood pressure trajectory (mean systolic

blood pressure = 158 mmHg), and 1% with a very high trajectory (mean systolic blood pressure = 183 mmHg).

After the stroke or TIA, individuals in the high andvery high systolic bloodpressure trajectories experienced a sub-

stantial decrease in systolic blood pressure that coincided with intensification of antihypertensive medication.

Patientswith very lowand very high systolic bloodpressure trajectories had a significantly greater (P< .05) hazard

ofmortality,whilemedication intensificationwas related significantly (P< .05) to lower hazard ofmortality.

CONCLUSIONS: These findings point to the importance of monitoring blood pressure over multiple time

points and of instituting enhanced hypertension management after stroke or TIA, particularly for individu-

als with high or very high blood pressure trajectories.
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license (http://creativecommons.org/licenses/by-nc-nd/4.0/) � The American Journal of Medicine (2022)

135:889−896

KEYWORDS: Antihypertensive agent; Blood pressure; Cohort studies; Hypertension; Stroke
work was supported by the US Department of Veterans

ervices Research and Development (HSR&D) grants

(to JJS) and HSR&D Precision Monitoring to Transform

ality Enhancement Research Initiative (QUERI) (QUE

ing agencies had no role in the design of the study, data

s, interpretation, or in the writing of this manuscript.

nterest: GA, AP, LJM, JJS, and DMB report grant

Department of Veterans Affairs during the conduct

e views expressed in this article are those of the

authors and do not necessarily represent the view of the Department

of Veterans Affairs.

Authorship: Each author participated in the writing of the manuscript,

saw and approved the submitted version, had access to the data, and was

involved in the conception and design of the study, or the analysis of the data.

Requests for reprints should be addressed to Greg Arling, PhD, School

of Nursing, Purdue University, 502 N University Street, West Lafayette,

IN 47907-2069.

E-mail address: garling@purdue.edu

The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license

mons.org/licenses/by-nc-nd/4.0/)

1016/j.amjmed.2022.02.012

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjmed.2022.02.012&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:garling@purdue.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.amjmed.2022.02.012


890 The American Journal of Medicine, Vol 135, No 7, July 2022
INTRODUCTION
Hypertension is the leading risk factor for stroke and transient

ischemic attack (TIA).1 Providing high quality, guideline-

concordant management of cerebrovascular risk factors,

especially hypertension, is therefore an essential prevention

strategy.2-7 Patients who have experienced a stroke or TIA
CLINICAL SIGNIFICANCE

� Prior to their ischemic stroke or tran-
sient ischemic attack (TIA), about
one-sixth of patients had high systolic
blood pressure (SBP) trajectories.

� Intensification of hypertension medi-
cation after the index stroke or TIA
was associated with lowered blood
pressure and reduced the risk of mor-
tality.

� Clinicians should exercise caution in
medication intensification for patients
with very low SBP trajectories because
of their heightened risk of mortality.
are at greatly elevated risk for a sub-

sequent stroke, other vascular events,

and mortality.8,9 Blood pressure con-

trol and intensification of antihyper-

tensive medications after stroke or

TIA have been associated with a

reduced risk of recurrent stroke.10,11

Yet, questions remain about the

overall effectiveness, timing, and tar-

geted level of blood pressure

reduction.12,13 Most observational,

population-based studies of blood

pressure and vascular events or mor-

tality have measured blood pressure

or antihypertensive medication at

single time points prior to an index

cardiovascular event, at discharge

from an index hospitalization, or dur-

ing a limited follow-up period, for
example, 90 days after the event.

Only a handful of observational studies have classified

individuals into blood pressure trajectories. Three studies

modeled blood pressure trajectories over multiple years

in the general population and examined the association of

these trajectories with cardiovascular disease, stroke, or

mortality.14-16 Only one study modeled blood pressure

trajectories after stroke, but only for a 24-hour period in the

hospital.17 None of the studies examined the relationships

between blood pressure trajectories over extended periods,

prior to and after a stroke or TIA.

The aims of our study were to model blood pressure tra-

jectories for a cohort of patients in the 12 months prior to

their index stroke or TIA; and to examine relationships

between blood trajectories, intensification of antihyperten-

sive medication, and recurrent stroke or mortality in the 12

months after the index event.
METHODS

Data Sources
The Department of Veterans Affairs (VA) Corporate Data

Warehouse was used to identify veterans with TIA or ische-

mic stroke who were cared for in the emergency department

(ED) or inpatient setting from October 2014 to September

2018.2,5,18,19 Primary diagnosis codes (International Classi-

fication of Diseases, Ninth Revision and Tenth Revision

[ICD-9 and ICD-10]) were used to identify patients with

ischemic stroke (ICD-9 433.X1, 434.00, 434.X1, and 436;

ICD-10 I63, I66, I67.89, I97.81, I97.82) and TIA (ICD-9

435.0, 435.1, 435.3, 435.8, and 435.9; ICD-10 G45.0,
G45.1, G45.8, G45.9, I67.848) during the index ED visit or

inpatient admission.2,19,20 Mortality was obtained from the

VA Vital Status File.21 Recurrent stroke events were identi-

fied using a combination of both VA and fee-basis data (ie,

covering services paid for by the VA but obtained in non-

VA facilities). The study was approved by the human sub-

jects committee at the Indiana University Institutional
Review Board and the Roudebush

VAMC Research and Development

Committee.
Study Cohort
The patient sample consisted ini-

tially of 32,950 patients who experi-

enced an index cerebrovascular

event, defined as presenting at the

ED or having an inpatient admis-

sion after a stroke or TIA, from

October 1, 2014 to September 30,

2018. A total of 5976 patients were

excluded because they did not meet

study criteria: 327 died at dis-

charge; 1199 left against medical

advice; 2614 transferred to another

non-VA inpatient facility; 473 had
a history of dialysis; and 1363 were hospice/palliative care

patients.

Data for the cohort ranged from up to 12 months prior to

and 12 months after the index event. For purposes of the tra-

jectories analysis, the date range was divided into 4 90-day

periods prior to the index event (Q1-Q4), the index event

(Q5), and 4 periods after the index event (Q6-Q9). The

modeling required blood pressure readings in at least 2 90-

day periods in the 12 months leading up to the index event.

A total of 8137 patients were excluded because they did not

meet this criterion. This left 18,837 patients in the analysis

cohort.
Measures
Systolic blood pressure readings were obtained from VA

outpatient NEXUS+ clinics (eg, Primary Care, Cardiology,

Endocrinology, Neurology). Aside from the index event,

we excluded blood pressure readings during ED visits, inpa-

tient stays, or visits to specialty clinics. If a patient had mul-

tiple blood pressure readings recorded during a visit, then

we used the last reading for the analysis. If a patient had

blood pressure readings from multiple visits during the 90-

day period, then we took the mean of the blood pressure

recorded during the multiple visits. The coefficient of varia-

tion (CV) for all systolic blood pressure readings during the

4 quarters leading up to the index event served as an indica-

tor of systolic blood pressure variability; the larger the CV,

the greater the variability.

The measure of antihypertensive medication was based

on filled prescriptions from VA pharmacy records for each

of 6 medication classes (beta-blockers, a1-adrenergic
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receptor antagonists, angiotensin-converting enzyme inhib-

itors/angiotensin II receptor blockers, loop diuretics, and

other diuretics) commonly prescribed in the VA.22,23 We

determined the span of days for prescriptions in a class, and

then we allocated the days for that class to 90-day periods.

If a span ran between 2 or more 90-day periods, the days

were assigned proportionately to each period.

Intensification of the antihypertensive medication regi-

men was measured by calculating the day-weighted number

of classes in the 90 days after the stroke or TIA (Q6) minus

the number of classes in the 90 days prior to the event (Q4).

In addition to intensification, we included a variable for the

number of antihypertensive medication classes in the 90-

day period following discharge (Q6).

The study’s outcomes were all-cause mortality and

recurrent fatal and non-fatal stroke over the 12 months fol-

lowing discharge from the index stroke or TIA, with death

served as a competing risk for recurrent stroke.
Statistics
We identified systolic blood pressure trajectories with latent

class growth analysis, a person-centered approach that iden-

tifies distinct classes or sub-populations of individuals.24-26

The observed distribution of outcomes (ie, change in

systolic blood pressure) in the overall sample is assumed

to be a mixture of subpopulation distributions, representing

different latent trajectories not directly observable

empirically.

We modeled systolic blood pressure trajectories leading

up to the index event. Each individual patient could have

systolic blood pressure readings in up to 4 90-day periods

(Q1-Q4). A total of 7664 patients had systolic blood pres-

sure values in 2 periods, 6704 patients had 3 periods with

values, and 4469 patients had 4 periods with values. Miss-

ing blood pressure measurements were assumed to be at

random. This simplifying assumption restricts generaliz-

ability of the findings to individuals with regular primary

care visits, which we note as a study limitation.

This latent class growth analysis model assumes that

within each latent class, outcomes are independent

Bernoulli random variables, and associations between out-

comes are incorporated into the model as the probability of

belonging to the latent class variable.27 We began by speci-

fying a 2-class model and then expanded the model with

additional classes until achieving the best fit and arriving at

classes that were most meaningful clinically. We evaluated

model fit with Bayesian Information Criteria, entropy and

overall model interpretability, and parsimony. The model-

ing software was Mplus Version 8.27
RESULTS

Study Sample
A very high percentage of this 18,837-veteran sample was

male (96%), 24% was African American, and the mean age

was 71 years (Table 1). Over half of the sample (57%) had
a stroke as their index event and the remainder had a TIA.

About half (52%) of patients had a history of stroke and

31% had a history of TIA, both occurring in >12 months

prior to the index stroke or TIA. Most individuals (83%)

were admitted as inpatients; the remainder was discharged

from the ED. The mean systolic blood pressure in the pre-

index event period (Q1-Q4) ranged from 135.8 to

136.0 mm Hg (SDs, 18.2 to 18.5).
Systolic Blood Pressure Trajectories
The latent class growth analysis of systolic blood pressure

yielded 4 trajectories (classes) that were distinctly different

in their patterns over the 4 90-day periods prior to their

index stroke or TIA. The Vuong-Lo-Mendell-Rubin likeli-

hood ratio test for testing 4 classes (null hypothesis) vs 5

classes had a P value of 0.2691, indicating that the 5-class

model was not significantly different from the 4-class

model. All prior testing 1 vs 2, 2 vs 3, and 3 vs 4 were sig-

nificant (P < .05).

Nineteen percent of the sample followed a low systolic

blood pressure trajectory (T1), 65% a medium systolic

blood pressure trajectory (T2), 15% a high systolic blood

pressure trajectory (T3), and 1% a very high systolic blood

pressure trajectory (T4). Over the 4 90-day periods leading

up to the index event, the majority of the sample had mean

systolic blood pressure meeting a goal of <140 mm Hg.

Individuals in T1 had the lowest average systolic blood

pressure (mean 115.0-117.8 mm Hg, SD 10.2-12.) T2 had a

higher average systolic blood pressure but still within goal

(mean 135.7-136.0 mm Hg, SD 11.2-14.0); T3 had elevated

systolic blood pressure (mean 154.1-159.8 mm Hg, SD

12.6-15.5); and the small number of individuals (266) in T4

had highly elevated systolic blood pressure (mean 180.5-

186.4 mm Hg, SD 15.5-18.7).
Characteristics of Individuals with Different
Trajectories
Individuals in the 4 trajectories differed significantly in sev-

eral respects. The low systolic blood pressure trajectory

(T1) had the lowest percentage, and the very high trajectory

(T4) had the highest percentage of individuals with an index

stroke, inpatient admission, and history of hypertension,

stroke, and chronic kidney disease. In contrast, the low sys-

tolic blood pressure trajectory (T1) had the highest percent-

age with a history of TIA, dementia, myocardial infarction,

chronic heart failure, peripheral vascular disease, and

obstructive sleep apnea. These patterns were confirmed in a

multiple variable generalized logit model comparing the

medium trajectory (T2) to each of the other trajectories

(Supplementary Table 1, available online).
Mean Systolic Blood Pressure and Medication
Patterns Over Time
The mean systolic blood pressures in each 90-day period

are reported in Table 1 and displayed graphically in



Table 1 Demographic Distributions by Each Class − At Least 2 Prior, Only 4 Prior Quarters (n = 18,837)

Total Sample
100%
(n = 18,837)

T1 (Low)
19%
(n = 3546)

T2 (Medium)
65%
(n = 12,213)

T3 (High)
15%
(n = 2812)

T4 (Very High)
1%
(n = 266)

P Value

Mean (SD) systolic (Q1-Q4) 136.1 (15.3) 115.9 (6.4) 135.9 (7.6) 158.0 (6.8) 183.3 (9.3) < .001
% with mean systolic <140 mm Hg 63.0 (11,870) 100.0 (3546) 68.2 (8323) 0.0 (1) 0.0 (0) < .001
Systolic coefficient of variation 9.6 (4.8) 10.1 (5.4) 9.2 (4.7) 10.6 (4.5) 10.4 (4.8) < .001
Mean age (SD) 70.6 (10.6) 70.0 (11.2) 70.8 (10.5) 70.9 (10.3) 69.0 (10.3) < .001
% Male (n) 95.7 (18,031) 94.5 (3350) 96.0 (11,726) 95.8 (2695) 97.7 (260) < .001
% African-American 24.4 (4593) 19.3 (686) 24.2 (2955) 30.6 (860) 34.6 (92) < .001
% Index stroke (n) 56.8 (10,698) 48.4 (1716) 56.8 (6933) 65.5 (1842) 77.8 (207) < .001
% Admitted (n) 83.4 (15,711) 81.5 (2891) 82.9 (10,130) 86.9 (2444) 92.5 (246) < .001
% Current smoker (n) 32.5 (6113) 33.2 (1178) 32.2 (3936) 32.4 (912) 32.7 (87) .743
% History of TIA (n) 30.6 (5763) 36.7 (1302) 30.6 (3739) 24.0 (675) 17.7 (47) < .001
% History of stroke (n) 52.0 (9794) 46.1 (1636) 51.6 (6305) 59.4 (1670) 68.8 (183) < .001
% History of diabetes (n) 50.4 (9500) 45.7 (1620) 50.1 (6119) 57.1 (1606) 58.3 (155) < .001
% History of heart failure (n) 17.4 (3280) 25.8 (914) 15.9 (1938) 14.1 (397) 11.7 (31) < .001
% History of hypertension (n) 85.5 (16,108) 74.3 (2635) 86.3 (10,536) 95.2 (2678) 97.4 (259) < .001
History of hyperlipidemia 69.9 (186) 70.4 (2495) 69.9 (8533) 69.7 (1961) 69.9 (186) .945
% History of chronic kidney disease (n) 20.8 (3925) 19.7 (698) 19.9 (2427) 25.5 (717) 31.2 (83) < .001
% History of dementia (n) 7.9 (1496) 9.0 (320) 7.8 (947) 7.5 (211) 6.8 (18) .057
% History of myocardial infarction (n) 8.2 (1547) 11.7 (416) 7.4 (907) 7.2 (202) 8.3 (22) < .001
% History of peripheral vascular disease (n) 15.9 (2996) 19.4 (688) 15.0 (1835) 15.2 (428) 16.9 (45) < .001
% History of obstructive sleep apnea (n) 20.5 (3856) 22.6 (803) 20.3 (2481) 19.0 (533) 14.7 (39) < .001
Systolic blood pressures, mm Hg
Mean systolic (SD) Q1 135.8 (18.2) 115.1 (10.2) 135.7 (11.2) 159.8 (12.6) 186.4 (15.5) < .001
Mean systolic (SD) Q2 135.8 (18.4) 115.0 (10.8) 135.8 (11.6) 159.4 (13.3) 181.4 (16.6) < .001
Mean systolic (SD) Q3 136.0 (18.5) 116.6 (11.7) 136.0 (12.9) 157.3 (15.3) 183.0 (17.6) < .001
Mean systolic (SD) Q4 135.8 (18.4) 117.8 (12.8) 136.0 (14.0) 154.1 (15.5) 180.5 (18.7) < .001
Mean systolic (SD) - index 148.8 (25.0) 133.5 (21.3) 149.3 (23.1) 163.3 (25.8) 175.2 (27.8) < .001
Mean systolic (SD) Q5 132.7 (16.7) 120.5 (13.9) 133.0 (14.5) 144.2 (17.1) 155.7 (22.4) < .001
Mean systolic (SD) Q6 133.0 (17.5) 120.9 (14.6) 133.5 (15.5) 144.2 (18.5) 154.3 (22.2) < .001
Mean systolic (SD) Q7 133.2 (17.3) 122.6 (15.3) 133.5 (15.6) 143.8 (18.0) 150.9 (22.2) < .001
Mean systolic (SD) Q8 133.2 (17.7) 121.9 (15.1) 133.7 (16.0) 143.9 (18.8) 151.5 (24.2) < .001

Mean # classes weighted
Mean # classes (SD) Q1 1.5 (1.2) 1.4 (1.2) 1.5 (1.2) 1.6 (1.2) 1.5 (1.3) < .001
Mean # classes (SD) Q2 1.5 (1.2) 1.4 (1.2) 1.5 (1.2) 1.7 (1.1) 1.7 (1.3) < .001
Mean # classes (SD) Q3 1.5 (1.2) 1.4 (1.2) 1.5 (1.1) 1.7 (1.1) 1.7 (1.2) < .001
Mean # classes (SD) Q4 1.5 (1.2) 1.4 (1.2) 1.5 (1.1) 1.7 (1.1) 1.8 (1.3) < .001
Mean # classes (SD) - Index 1.6 (1.2) 1.4 (1.2) 1.6 (1.2) 1.9 (1.3) 2.1 (1.4) < .001
Mean # classes (SD) Q5 1.7 (1.1) 1.4 (1.1) 1.6 (1.1) 2.0 (1.1) 2.4 (1.2) < .001
Mean # classes (SD) Q6 1.5 (1.1) 1.3 (1.1) 1.5 (1.1) 1.9 (1.1) 2.0 (1.2) < .001
Mean # classes (SD) Q7 1.5 (1.2) 1.2 (1.1) 1.5 (1.1) 1.8 (1.2) 2.0 (1.3) < .001
Mean # classes (SD) Q8 1.5 (1.2) 1.2 (1.1) 1.5 (1.1) 1.8 (1.2) 2.0 (1.3) < .001

Outcomes
% Death 365 days 8.4 (1581) 10.9 (388) 7.6 (934) 8.1 (229) 11.3 (30) < .001
% Stroke 365 days 7.8 (1460) 6.3 (225) 7.4 (908) 10.7 (301) 9.8 (26) < .001
% Death 365 days no stroke 7.4 (1393) 10.1 (357) 6.7 (815) 6.9 (194) 10.2 (27) < .001
% Stroke no death 365 days 6.8 (1272) 5.5 (194) 6.5 (789) 9.5 (266) 8.7 (23) < .001
% Death 365 days with stroke 1.0 (188) 0.9 (31) 1.0 (119) 1.2 (35) 1.1 (3) 0.494

Note: P-values represent Kruskal-Wallis Test for continuous measures and Chi-squared tests for categorical variables.

SD = standard deviation.
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Figure 1. The mean systolic blood pressures for the 4 trajec-

tories showed a consistent pattern of separation prior to the

index stroke or TIA (Figure 1). The 3 lower systolic blood

pressure trajectories (T1-T3) spiked during the index ED

visit or inpatient admission (Q5). The trajectories
converged after the index event with a sharp decrease in

systolic blood pressure for the 2 highest trajectories (T3 and

T4). It is noteworthy that T4 with the highly elevated sys-

tolic blood pressure prior to the index event had the greatest

decrease after the index event.
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Figure 1 Mean number of day-weighted antihyperten-

sive drug classes for systolic blood pressure trajectories

by 90-day periods prior to (Quarter 1-4) and after (Quarter

6-9) the index event (Quarter 5).
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The weighted mean number of antihypertensive medica-

tion classes for the 4 trajectories are also reported in Table 1

and shown in Figure 2. The pattern of intensification corre-

sponds directly with the pattern of systolic blood pressure

reduction for the 2 highest trajectories. Individuals in the 2

highest trajectories (T3 and T4) had a sharp increase in the

number of medication classes during the index inpatient

admission or ED visit and in the subsequent 90-day periods.

For example, patients within the T4 trajectory (green

dashed lines in Figures 1 and 2) had the highest mean sys-

tolic blood pressure but lowest mean number of medication

classes in Q1, indicating either possible undertreatment of

hypertension or severe hypertension in the pre-event period,

and then a marked increase in antihypertensive medication

classes during the index event (Q5), with a sharp decrease

in systolic blood pressure immediately after the index

event.

To confirm the patterns of intensification, we estimated

multiple regression models for hypertensive medication

intensification (number of Q6 classes − number of Q4 clas-

ses) by systolic blood pressure trajectories while controlling

statistically for covariates (Table 2). The table shows results

for models without trajectory variables (first two colums)

and with trajectory variables included (last 2 columns).
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Figure 2 Mean systolic blood pressure for systolic blood

pressure trajectories by 90-day periods prior to (Quarter

1-4) and after (Quarter 6-9) the index event (Quarter 5).
When we compared intensification for each of the other tra-

jectories to the medium trajectory (T2), we found a negative

coefficient for the low trajectory (T1), indicating a decrease

in number of drug classes. In contrast, intensification

increased significantly for the high and very high trajecto-

ries (T3 and T4).
Mortality and Recurrent Stroke
Results from Cox-proportional hazard models for 365-day

mortality and recurrent stroke are presented in Table 3.

Among covariates, the hazard ratios (HR) for mortality

were significantly higher with: advancing age, an index

stroke (vs TIA), a history of diabetes, chronic kidney dis-

ease, dementia, myocardial infarction, peripheral vascular

disease, and congestive heart failure, and current smoking.

The hazard ratios for a recurrent stroke were significantly

higher with a history of stroke or an index stroke, current

smoking, or a history of diabetes, hypertension, chronic kid-

ney disease, or myocardial infarction.

The HRs for the 4 trajectories displayed a J-curve pattern

in predicting 365-day mortality. In comparison with the

medium trajectory (HR 1.00), the low systolic blood pres-

sure trajectory (T1) had an HR of 1.37 (95% confidence

interval [CI], 1.21-1.54); the high trajectory had an HR of

1.08 (CI, 0.93-1.25); and the very high trajectory had an

HR of 1.59 (CI,1.10-2.29). Hypertensive medication inten-

sification had a significant HR of 0.92 (CI, 0.86-0.98);

although the number of medication classes was not signifi-

cant. Finally, the greater the variability of systolic blood

pressure readings (% CV) in the 90-day periods prior to the

index event, the greater the hazard of mortality (HR 1.02;

CI, 1.01-1.03).

In the model for a recurrent stroke (Table 3), individuals

in the high systolic blood pressure trajectory (T3) had a sig-

nificantly higher HR than the medium systolic blood pres-

sure trajectory (T2 reference category). Unlike the

mortality outcome, we found no evidence of a J-curve. The

HR for T1 trajectory was not significantly different from

the HR for T2. Nor was medication intensification signifi-

cantly related to a recurrent stroke. Also, the HR for T4 tra-

jectory (very high systolic blood pressure) was not

significantly different from the T2 HR. This finding could

have been due to insufficient statistical power; the number

of people with the T4 trajectory was relatively small

(n = 266). The 365-day recurrent stroke rate for the T4 tra-

jectory was 9.8%, compared with 6.3% for T1, 7.4% for

T2, and 10.7% for T3 (Table 1). In a model duplicating the

analysis in Table 3, but combining T3 and T4, we found a

significant positive HR of 1.29 for the T3/T4 combined tra-

jectories (Supplementary Table 2).
DISCUSSION
Earlier research with a 2007 cohort of stroke patients in VA

Medical Centers documented inadequate blood pressure

control despite numerous opportunities to improve control

through better management of hypertensives and adherence



Table 2 Linear Model Results for Medication Intensification

Estimate (SE) P Value Estimate (SE) P Value

Age �0.003 (0.001) < .001 �0.003 (0.001) < .001
Male 0.052 (0.029) .073 0.047 (0.029) .101
African-American 0.059 (0.014) < .001 0.047 (0.014) .001
Admitted 0.085 (0.019) < .001 0.079 (0.019) < .001
Index stroke 0.060 (0.021) .004 0.050 (0.021) .015
History of TIA �0.020 (0.020) .309 �0.008 (0.020) .697
History of stroke �0.068 (0.017) < .001 �0.066 (0.017) < .001
History of diabetes �0.033 (0.012) .006 �0.039 (0.012) .001
History of hypertension 0.015 (0.018) .410 �0.025 (0.018) .168
History of chronic kidney disease �0.040 (0.015) .008 �0.049 (0.015) .001
History of dementia �0.054 (0.022) .014 �0.046 (0.022) .035
History of myocardial infarction �0.021 (0.022) .338 �0.011 (0.022) .597
History of peripheral vascular disease �0.037 (0.016) .023 �0.033 (0.016) .046
History of heart failure �0.037 (0.016) .023 �0.014 (0.016) .401
Current smoker 0.038 (0.013) .004 0.040 (0.013) .002
Trajectory
Low (mean systolic = 116 mm Hg) �0.098 (0.015) < .001
Medium (mean systolic = 136 mm Hg) 0.00
High (mean systolic = 158 mm Hg) 0.160 (0.017) < .001
Very high (mean systolic = 183 mm Hg) 0.418 (0.049) < .001

Notes: Mean Systolic is average of systolic blood pressure readings in the 12 months prior to the index event. Difference in medications is number of

classes in the 90-day period prior to the index event minus the number of classes in the 90-day period prior to the event.

SE = standard error; TIA = transient ischemic attack.

Table 3 Proportional Hazards Models for Mortality or a Recurrent Stroke within 12 Months After Discharge

Mortality Within 12 Months Recurrent Stroke
Death as Competing Risk

HR (95% CI) P Value HR (95% CI) P Value

Age 1.06 (1.05-1.06) < .001 0.99 (0.98-0.99) < .001
Male 1.02 (0.75-1.37) .922 0.99 (0.76-1.28) .942
African-American 0.94 (0.83-1.06) .314 1.13 (1.01-1.27) .039
Admitted 1.05 (0.88-1.25) .610 0.70 (0.58-0.83) < .001
Index stroke 1.47 (1.21-1.78) < .001 2.11 (1.71-2.61) < .001
History of TIA 1.09 (0.91-1.30) .338 1.10 (0.91-1.33) .328
History of stroke 1.16 (1.00-1.35) .052 1.34 (1.13-1.61) .001
History of diabetes 1.18 (1.07-1.31) .002 1.24 (1.11-1.39) < .001
History of hypertension 0.98 (0.83-1.17) .850 1.29 (1.06-1.56) .011
History of chronic kidney disease 1.35 (1.21-1.51) < .001 1.15 (1.01-1.30) .032
History of hyperlipidemia 0.71 (0.63-0.80) < .001 0.97 (0.86-1.10) .626
History of dementia 1.90 (1.68-2.16) < .001 0.88 (0.72-1.09) .240
History of myocardial infarction 1.29 (1.11-1.50) .001 1.22 (1.02-1.45) .026
History of peripheral vascular disease 1.25 (1.11-1.41) < .001 1.09 (0.94-1.25) .250
History of heart failure 1.70 (1.52-1.91) < .001 0.98 (0.85-1.12) .731
Current smoker 1.29 (1.15-1.44) < .001 1.15 (1.03-1.29) .012
Trajectory
Low (mean systolic = 116 mmm Hg) 1.36 (1.21-1.54) < .001 0.92 (0.79-1.06) .244
Medium (mean systolic = 136 mm Hg) 1.00 1.00
High (mean systolic = 158 mm Hg) 1.04 (0.90-1.21) .561 1.32 (1.15-1.51) < .001
Very high (mean systolic = 183 mm Hg) 1.56 (1.08-2.25) .017 1.05 (0.71-1.56) .797
Increase in medications 0.92 (0.86-0.97) .005 0.98 (0.92-1.05) .616
Greater systolic variability 1.02 (1.01-1.03) < .001 1.00 (0.99-1.01) .978

Notes: Mean systolic is average of systolic blood pressure readings in the 12 months prior to the index event. Increase in medications is number of clas-

ses in the 90-day period after the index event minus the number of classes in the 90-day period prior to the event.

CI = confidence interval; HR = hazard ratio; TIA = transient ischemic attack.
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counseling.22,23 Our findings from 10 years later suggest

substantial improvement in blood pressure control. After

their index stroke or TIA, individuals in our study with

high and very high systolic blood pressure trajectories

experienced substantial decrease in systolic blood pressure.

The post-discharge decrease in systolic blood pressure

coincided with the intensification of antihypertensive medi-

cation. Medication intensification was, in turn, related sig-

nificantly to lower all-cause mortality.

An important finding from our study was the J-curve pat-

tern of significantly higher mortality for individuals in both

the lowest and very highest systolic blood pressure trajecto-

ries, a pattern observed in some prior research.1,10,13,28-31

The higher all-cause mortality for individuals with a low

systolic blood pressure trajectory may have been due to

their greater prevalence of dementia and cardiovascular dis-

ease, for example, myocardial infarction, chronic heart fail-

ure, and peripheral vascular disease.

We also found that inpatient admission (compared with

discharge directly from the ED) was more likely for patients

with higher systolic blood pressure trajectories, and it was

associated with greater medication intensification and lower

hazard of recurrent stroke. In earlier studies, we found inpa-

tient admission to be associated with expeditious stroke/

TIA evaluation, increased likelihood of receiving preven-

tive measures, and improved care coordination with outpa-

tient providers and services.5,20

Finally, the relationship between greater variability in

blood pressure readings and increased hazard of mortality

is noteworthy clinically. Prior studies have found that vari-

ability in systolic blood pressure between visits was a

strong predictor of stroke.32-35 Although we did not find the

association between systolic blood pressure variability and

recurrent stroke, its relationship to mortality offers evidence

for its prognostic value and in targeting for hypertension

treatment.
Limitations
The study findings have limited generalizability because

they are based on a population of largely male veterans in

the VA health care system. Our sample was restricted fur-

ther to patients with at least 2 systolic blood pressure read-

ings, and thus, these individuals could have better managed

blood pressure and antihypertensive medications than the

average patient in the VA or other settings. In addition, our

sample included individuals with either stroke or TIA and

with either an ED visit only or with an inpatient admission.

Prior research on outcomes after a vascular event has

focused on inpatient admissions after stroke, a narrower

population at higher risk for a subsequent stroke or mortal-

ity. The very highest systolic blood pressure trajectory (T4)

was small (1% of the sample), with relatively high systolic

blood pressure variance. Thus, we have difficulty inferring

about mortality or recurrent stroke for this group of

patients. Finally, although we observed significant

decreases, many individuals with high or very high
trajectories (T3 and T4) still had mean systolic blood pres-

sures above goals of 140 or 130 mm Hg.
CONCLUSIONS
Individuals in our study could be successfully classified

into 4 relatively stable systolic blood pressure trajecto-

ries. Those with a high or very high pre-event systolic

blood pressure trajectory had significantly increased med-

ication intensity, a substantial decrease in systolic blood

pressure, and a significantly reduced risk of mortality

after their stroke or TIA. These findings point to the

importance clinically of monitoring blood pressure over

multiple time points and of instituting enhanced hyperten-

sion management.
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Supplementary Table 1 Generalized Logit Model with Trajectories as Outcomes

T1 vs T2 T3 vs T2 T4 vs T2

OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value

Age 0.99 (0.99-1.00) < .001 1.00 (1.00-1.01) .419 0.98 (0.97-0.99) .002
Male 0.77 (0.65-0.93) 0.005 0.87 (0.70-1.07) .194 1.70 (0.75-3.87) .204
African-American 0.79 (0.71-0.87) < .001 1.28 (1.16-1.40) < .001 1.32 (1.01-1.72) .042
Admitted 1.02 (0.90-1.15) 0.798 1.24 (1.07-1.43) .003 1.95 (1.17-3.24) .010
Index stroke 0.77 (0.67-0.88) 0.000 1.07 (0.92-1.25) .376 1.93 (1.15-3.24) .013
History of TIA 1.18 (1.04-1.34) 0.010 0.71 (0.61-0.82) < .001 0.69 (0.42-1.14) .150
History of stroke 1.11 (0.99-1.24) 0.069 0.97 (0.85-1.09) .573 0.87 (0.60-1.25) .436
History of diabetes 0.91 (0.84-0.99) 0.028 1.17 (1.08-1.28) < .001 1.07 (0.83-1.38) .596
History of hypertension 0.41 (0.37-0.46) < .001 2.91 (2.41-3.51) < .001 4.81 (2.24-10.34) < .001
History of chronic kidney disease 1.00 (0.91-1.11) 0.938 1.25 (1.13-1.39) < .001 1.73 (1.31-2.28) < .001
History of dementia 1.29 (1.12-1.48) < .001 0.90 (0.76-1.05) .175 0.87 (0.53-1.43) .575
History of myocardial infarction 1.45 (1.27-1.66) < .001 0.93 (0.79-1.10) 0.398 1.06 (0.67-1.67) .797
History of peripheral vascular disease 1.28 (1.16-1.42) < .001 0.98 (0.87-1.10) 0.746 1.14 (0.82-1.60) .439
History of CHF 1.96 (1.78-2.16) < .001 0.76 (0.67-0.85) < .001 0.53 (0.36-0.79) .002
Current smoker 1.02 (0.93-1.11) 0.692 0.98 (0.90-1.08) 0.734 0.83 (0.63-1.09) .183

CHF = congestive heart failure; CI = confidence interval; OR = odds ratio; TIA = transient ischemic attack.

Supplementary Table 2 Proportional Hazards Models for Mortality or a Recurrent Stroke within 12 Months After Discharge − High and
Very High Systolic Blood Pressure Trajectories (T3 and T4) Combined

Mortality within 12 Months Recurrent Stroke
Death as Competing Risk

HR (95% CI) P Value HR (95% CI) P Value

Age 1.06 (1.05-1.06) < .001 0.99 (0.98-0.99) < .001
Male 1.02 (0.76-1.37) .907 0.99 (0.76-1.28) .928
African-American 0.94 (0.83-1.06) .326 1.13 (1.01-1.27) .039
Admitted 1.05 (0.88-1.25) .594 0.70 (0.58-0.83) < .001
Index stroke 1.47 (1.22-1.78) < .001 2.11 (1.71-2.60) < .001
History of TIA 1.09 (0.91-1.30) .344 1.10 (0.91-1.34) .324
History of stroke 1.16 (1.00-1.34) .055 1.34 (1.13-1.61) .001
History of diabetes 1.18 (1.07-1.31) .002 1.24 (1.11-1.39) < .001
History of hypertension 0.99 (0.83-1.17) .863 1.29 (1.06-1.56) .011
History of chronic kidney disease 1.36 (1.21-1.51) < .001 1.15 (1.01-1.30) .034
History of hyperlipidemia 0.71 (0.63-0.80) < .001 0.97 (0.86-1.10) .627
History of dementia 1.90 (1.67-2.16) < .001 0.88 (0.72-1.09) .243
History of myocardial infarction 1.29 (1.11-1.50) .001 1.22 (1.02-1.44) .026
History of peripheral vascular disease 1.25 (1.11-1.41) < .001 1.09 (0.94-1.25) .253
History of CHF 1.70 (1.51-1.90) < .001 0.98 (0.85-1.12) .740
Current smoker 1.29 (1.15-1.44) < .001 1.15 (1.03-1.29) .011
Trajectory
Low (mean systolic = 116 mm Hg) 1.36 (1.21-1.54) < .001 0.92 (0.79-1.06) .242
Medium (mean systolic = 136 mm Hg) 1.00 1.00
High andvery high (mean systolic = 160 mm Hg) 1.09 (0.94-1.25) .249 1.29 (1.14-1.47) < .001
Difference in medications 0.92 (0.86-0.98) .005 0.98 (0.92-1.05) .587
Systolic coefficient of variation 1.02 (1.01-1.03) < .001 1.00 (0.99-1.01) .971

Notes: Mean Systolic is average of blood pressure readings in the 12 months prior to the index event. Difference in medications is number of classes in

the 90-day period prior to the index event minus the number of classes in the 90-day period prior to the event.

CHF = congestive heart failure; CI = confidence interval; HR = hazard ratio; OR = odds ratio; TIA = transient ischemic attack.
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