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It is unclear whether antihypertensive treatment before
stroke affects acute ischemic stroke severity and outcome.
To evaluate this association, the authors studied 482
consecutive patients (age 78.8+6.7 years) admitted with
acute ischemic stroke. Stroke severity was assessed at
admission with the National Institutes of Health Stroke Scale
(NIHSS). The outcome was assessed with rates of adverse
outcome (modified Rankin scale at discharge >2). Indepen-
dent predictors of severe stroke (NIHSS >16) were female
sex and atrial fibrillation. Treatment with diuretics before

stroke was associated with nonsevere stroke. At discharge,
patients with adverse outcome were less likely to be treated
before stroke with B-blockers or with diuretics. Independent
predictors of adverse outcome were older age, higher
NIHSS at admission, and history of ischemic stroke. Treat-
ment with diuretics before stroke appears to be associated
with less severe neurologic deficit in patients with
acute ischemic stroke. J Clin Hypertens (Greenwich).
2015;17:275-280. © 2015 Wiley Periodicals, Inc.

Stroke represents a leading cause of mortality and the
first cause of functional disability in the developed
world.! Hypertension is the most important modifiable
risk factor for stroke.”? Moreover, antihypertensive
treatment 51gn1ﬁcantly reduces the risk of first and
recurrent stroke.”” In contrast, poor adherence to
antihypertensive treatment is associated with increased
incidence of cerebrovascular events.®’

Large meta-analyses suggest that the major classes of
antihypertensive agents (ie, B-blockers, diuretics, cal-
cium channel blockers [CCBs]|, angiotensin-converting
enzyme [ACE] inhibitors, and angiotensin receptor
blockers [ARBs]) yield comparable reductions in the
risk for stroke.*> However, direct comparisons between
different antihypertensive classes are limited and there-
fore the optimal antihypertensive agent for reducing the
risk of stroke is uncertain.” However, in the setting of
acute stroke, experimental data suggest that some
antihypertensive agents have direct neuroprotective
effects that can reduce stroke severity and improve
functional outcome.® However, controversial clinical
data have been reported regardlng the effect of the use
of different classes of antihypertensive drugs
before stroke on acute ischemic stroke severity and
outcome.” ' Some studies have reported a beneficial
effect of pretreatment w1th B-blockers,'* CCBs,'"* ACE
inhibitors,'®!! or ARBs.” In contrast, others have not
identified an association between antihypertensive
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treatment and stroke severlty or outcome? or reported
an adverse effect of diuretics'® or B-blockers.™

The aim of the present study was to evaluate the effect
of treatment with the five main categories of antihyper-
tensive agents before stroke on stroke severity, func-
tional outcome at discharge, and in-hospital mortality in
patients hospitalized with acute ischemic stroke.

PATIENTS AND METHODS

We studied all patients who were admitted to our
department with acute ischemic stroke between Sep-
tember 2010 and June 2013 (n=482; 40.2% men, age
78.8+6.7 years).

At admission, demographic data (age, sex), history of
cardiovascular risk factors (hypertension, type 2 diabe-
tes mellitus, atrial fibrillation, smoking, alcohol con-
sumption, family history of premature cardiovascular
disease (CVD), chronic kidney disease), history of
concomitant CVD (coronary heart disease, previous
stroke, congestive heart failure), and pharmacologic
treatment were recorded. Anthropometric parameters
(weight, height, waist and hip circumference, waist to
hip ratio) and systolic blood pressure and diastolic
blood pressure (DBP) were also measured. The severity
of stroke was assessed at admission with the National
Institutes of Health Stroke Scale (NIHSS). Stroke was
classified as severe (NIHSS score at admission >16) and
nonsevere (NIHSS score at admission <15).

Routine laboratory investigations were performed
after overnight fasting on the first day after admission
and included serum levels of glucose, total cholesterol,
high-density lipoprotein cholesterol, triglycerides, cre-
atinine, and uric acid. Low-density lipoprotein choles-
terol levels were calculated using Friedewald’s
formula."® Glomerular filtration rate (GFR) was esti-
mated using the Modification of Diet in Renal Disease
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equation.'® Chronic kidney disease was defined as
estimated GFR <60 mL/min/1.73 m®.

All patients underwent brain computed tomography
at admission and a second brain computed tomography
was performed if clinically indicated.

The outcome was assessed with the modified Rankin
scale (mRS) at discharge and with in-hospital mortality.
Adverse outcome was defined as mRS at discharge >2.
This cutoff was used because it separates patients who
are independent (ie, have mRS 0 or 1) from those who
have some degree of dependency (ie, have mRS between
2 and 5) or are dead (ie, mRS 6).

Statistical Analysis

All data were analyzed with the statistical package SPSS
(version 17.0; SPSS, Chicago, IL). Data are presented as
percentages for categorical variables and as mean and
standard deviation for continuous variables. Differences
in categorical variables between groups were assessed
with the chi-square test. Differences in continuous
variables between groups were assessed with one-way
analysis of variance and post hoc tests were performed
with the Holm-Sidak test. Binary logistic regression
analysis was used to identify independent predictors of
severe stroke, adverse outcome, and in-hospital mortal-
ity. Variables were entered into the initial regression
model if the probability of their score statistic was <.05
and were removed if the probability was >.10. In all
cases, a two-tailed P value <.05 was considered signif-
icant.

RESULTS

Characteristics of the study population at admission are
shown in Table 1. At admission, 38.0%, 27.0%, 31.1%,
21.8%, and 30.5% of the study population were being
treated with B-blockers, diuretics, CCBs, ACE inhibi-
tors, and ARBs, respectively, alone or in combination.
Moreover, 9.9%, 0.8%, 7.5%, 3.5%, and 3.9% of the
study population were receiving monotherapy with
B-blockers, diuretics, CCBs, ACE inhibitors, and ARBs,
respectively, and 24.7% were not receiving any antihy-
pertensive agent.

At admission, the NIHSS score did not differ between
patients who were receiving before-stroke monotherapy
with B-blockers, diuretics, CCBs, ACE inhibitors, or
ARBs and those who were not being treated with any
antihypertensive agent (12.1+£10.7, 2.5+1.3, 9.6+8.5,
10.4+10.3, 10.6+£10.6, and 8.7+10.2, respectively;
P=not significant [NS]). The NIHSS score was lower
in patients who were being treated before stroke with
diuretics (alone or in combination with other antihy-
pertensive agents) than in those not treated with
diuretics (6.54+6.7 and 9.449.6, respectively; P=.001).
In contrast, the NIHSS did not differ between patients
who were being treated before stroke with B-blockers
(alone or in combination with other antihypertensive
agents) and those who were not (8.4+8.8 and 8.749.2,
respectively; P=NS), between patients treated before
stroke with CCBs (alone or in combination with other

TABLE I. Characteristics of the Study Population at
Admission

Characteristic Value
Age, y 78.8+£6.7
Male, % 40.2
Systolic blood pressure, mm Hg 147+25
Diastolic blood pressure, mm Hg 81+13
Heart rate 79+15
Hypertension, % 81.7
Smoking (current/past), % 12.0/21.2
Package-years 15435
Type 2 diabetes mellitus, % 32.2
Type 2 diabetes mellitus duration, y 10.3+8.4
Atrial fibrillation, % 35.9
Alcohol consumption, units per wk 1.6+9.7
Weight, kg 74.7+13.6
Body mass index, kg/m? 27.545.1
Waist, cm 104+12
Waist/hip 0.98+0.07
Overweight/obese, % 40.4/25.6
Family history of cardiovascular disease, % 14.9
Coronary heart disease, % 27.6
Previous ischemic stroke, % 40.0
Chronic kidney disease, % 34.6
Chronic heart failure, % 19.7
Glucose, mg/dL 115448
Low-density lipoprotein cholesterol, mg/dL 111440
High-density lipoprotein cholesterol, mg/dL 46+15
Triglycerides, mg/dL 120+52
Uric acid, mg/dL 5.7+1.8
Estimated glomerular filtration rate, mL/min/1.73 m? 6923
Treatment before stroke with statins, % 27.2
Treatment before stroke with antiplatelet agents, % 39.8
Treatment before stroke with anticoagulants, % 11.4

antihypertensive agents) and those who were not
(8.1£7.8 and 8.9+9.5, respectively; P=NS), between
patients treated before stroke with ACE inhibitors
(alone or in combination with other antihypertensive
agents) and those who were not (8.0+£8.2 and 8.8+9.3,
respectively; P=NS), or between patients treated before
stroke with ARBs (alone or in combination with other
antihypertensive agents) and those who were not
(8.1£8.3 and 8.849.3, respectively; P=NS).
Characteristics of patients with severe and nonsevere
stroke are shown in Table II. Patients with severe stroke
were older, more often women, had higher prevalence
of atrial fibrillation, and less likely to be treated before
stroke with diuretics. In binary logistic regression
analysis, independent predictors of severe stroke were
female sex (odds ratio [OR], 2.21; 95% confidence
interval [CI], 1.23-3.96; P=.008) and atrial fibrillation
(OR, 2.45; 95% CI, 1.42-4.19; P=.001). Treatment
with diuretics before stroke was associated with nonse-
vere stroke (OR, 0.22; 95% CI, 0.09-0.51; P<.001).
At discharge, 64.3% of the study population had an
adverse outcome. Characteristics of patients with
adverse and favorable outcomes are shown in Table III.
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TABLE Il. Characteristics of Patients With Severe and Nonsevere Stroke
Characteristic Patients With Severe Stroke (n=89) Patients With Nonsevere Stroke (n=393) P Value
Age, y 80.5+6.3 78.5+6.6 .023
Male, % 43.6 28.4 .023
Systolic blood pressure, mm Hg 145+26 146+24 .756
Diastolic blood pressure, mm Hg 82+15 80+13 132
Heart rate 82+18 78+14 .065
Hypertension, % 75.7 82.2 .259
Smoking (current/past), % 10.8/17.6 13.2/22.7 .468
Package-years 10+23 17+39 .098
Type 2 diabetes mellitus, % 31.1 32.5 .920
Type 2 diabetes mellitus duration, y 10.0£6.9 10.9+8.6 .685
Atrial fibrillation, % 56.8 32.8 <.001
Alcohol consumption, units per wk 2.8+20.3 1.44+3.9 .560
Weight, kg 72.7+15.1 76.1+13.4 A7
Body mass index, kg/m? 27.21+6.6 27.7+4.9 .665
Waist, cm 9446 105+12 21
Waist/hip 1.01+0.09 0.98+0.07 .098
Overweight/obese, % 18.8/43.8 41.3/31.6 .051
Family history of cardiovascular disease, % 13.5 16.6 .638
Coronary heart disease, % 31.1 28.2 727
Previous ischemic stroke, % 48.6 42.3 .390
Chronic kidney disease, % 36.7 37.5 1.000
Chronic heart failure, % 23.0 19.3 .584
Glucose, mg/dL 123457 112+47 114
Low-density lipoprotein cholesterol, mg/dL 106+41 112140 .358
High-density lipoprotein cholesterol, mg/dL 48+20 45+14 .345
Triglycerides, mg/dL 12145 124+52 .354
Uric acid, mg/dL 5.8+2.2 5.8+1.8 .856
Estimated glomerular filtration rate, mL/min/1.73 m? 69+21 69+23 977
Treatment before stroke with statins, %2 25.7 27.3 .889
Treatment before stroke with antiplatelet agents, % 37.8 1.4 .665
Treatment before stroke with anticoagulants, % 16.2 11.0 .299
Treatment before stroke with B-blockers, %? 41.9 37.4 .561
Treatment before stroke with diuretics, %2 12.2 30.1 .003
Treatment before stroke with CCBs, %2 21.6 32.8 .081
Treatment before stroke with ACE inhibitors, %2 16.2 23.6 .220
Treatment before stroke with ARBs, %? 28.4 30.1 .885
Abbreviations: ACE, angiotensin-converting enzyme; ARBs, angiotensin receptor blockers; CCBs, calcium channel blockers. Alone or in combination
with other antihypertensive agents.

Patients with an adverse outcome were older, had lower
prevalence of hypertension and higher prevalence of
previous ischemic stroke, and had higher NIHSS score
and lower serum triglyceride levels at admission.
Patients with adverse outcome were also less likely to
be treated before stroke with statins, diuretics, or
B-blockers. In binary logistic regression analysis, inde-
pendent predictors of adverse outcome were older age
(OR, 1.13; 95% CI, 1.05-1.22; P=.001), NIHSS at
admission (OR, 1.52; 95% CI, 1.33-1.74; P<.001), and
history of ischemic stroke (OR, 2.69; 95% CI, 1.18-
6.15; P=.018).

During hospitalization, 9.5% of the study population
died. Significant differences between patients who died
during hospitalization and patients who were dis-
charged as well as antihypertensive treatment in the
two groups are shown in Table IV. Patients who died

during hospitalization were older, had higher prevalence
of atrial fibrillation, and had higher NIHSS, DBP, and
heart rate at admission. Antihypertensive treatment
before stroke did not differ between patients who died
during hospitalization and those discharged (Table III).
In binary logistic regression analysis, independent pre-
dictors of in-hospital mortality were higher DBP at
admission (OR, 1.09; 95% CI, 1.05-1.13; P<.001),
higher NIHSS score at admission (OR, 1.19; 95% CI,
1.14-1.26; P<.001), and the presence of atrial fibrilla-
tion (OR, 2.81; 95% CI, 1.07-7.43; P=.037).

Because of the small number of patients on antihy-
pertensive monotherapy, we analyzed as a group the
patients who were treated with B-blockers only (n=48),
diuretics only (n=4), or B-blockers in combination with
diuretics (n=8). Stroke severity and outcome did not
differ between this group (N=60) and patients who were
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TABLE Illl. Characteristics of Patients With Adverse and Favorable Outcome

Patients With Adverse

Patients With Favorable

with other antihypertensive agents.

Characteristic Outcome (n=310) Outcome (n=172) P Value
Age, y 80.2+6.6 76.7+£6.4 <.001
Male, % 38.6 41.4 .640
Systolic blood pressure, mm Hg 146+26 150+£23 110
Diastolic blood pressure, mm Hg 82+14 8112 .761
Heart rate 81+16 77+14 124
Hypertension, % 77.3 87.0 .018
Smoking, (current/past), % 12.0/18.7 10.1/29.0 .052
Package-years 12+32 17+36 .205
Type 2 diabetes mellitus, % 34.3 30.8 521
Type 2 diabetes mellitus duration, y 10.2+7.5 11.448.9 437
Atrial fibrillation, % 39.0 33.1 .259
Alcohol consumption, units per wk 1.9+12.9 1.4+4.1 .598
Weight, kg 73.9+13.9 76.4+14.2 123
Body mass index, kg/m? 27.5+5.5 28.0+5.0 .390
Waist, cm 101+12 105+12 126
Waist/hip 0.99+0.09 0.98+0.07 .589
Overweight/obese, % 37.5/35.9 39.8/30.9 .694
Family history of cardiovascular disease, % 15.5 16.0 1.000
Coronary heart disease, % 26.7 30.8 425
Previous ischemic stroke, % 47.8 32.0 .002
Chronic kidney disease, % 40.7 32.7 .235
Chronic heart failure, % 19.5 19.5 1.000
National Institutes of Health Stroke Scale score at admission 12.6+9.4 2.2+25 <.001
Glucose, mg/dL 118450 107+41 .054
Low-density lipoprotein cholesterol, mg/dL 107+41 11742 .066
High-density lipoprotein cholesterol, mg/dL 46+16 47+14 747
Triglycerides, mg/dL 110+43 13258 .001
Uric acid, mg/dL 5.6+1.8 5.841.7 .329
Estimated glomerular filtration rate, mL/min/1.73 m? 66+23 71+24 .105
Treatment before stroke with statins, %2 22.7 39.1 <.001
Treatment before stroke with antiplatelet agents, % 40.6 41.4 .953
Treatment before stroke with anticoagulants, % 12.0 13.0 .862
Treatment before stroke with B-blockers, %? 35.1 46.2 .029
Treatment before stroke with diuretics, %* 231 34.9 .011
Treatment before stroke with CCBs, %2 32.3 32.0 1.000
Treatment before stroke with ACE inhibitors, %?® 21.5 23.1 .796
Treatment before stroke with ARBs, %2 28.3 36.7 .088

Abbreviations: ACE, angiotensin-converting enzyme; ARBs, angiotensin receptor blockers; CCBs, calcium channel blockers. Alone or in combination

not treated with either B-blockers or diuretics (data not
shown). We also evaluated stroke severity and outcome
in patients treated with diuretics in combination with
either ACE inhibitors or ARBs (n=49) and in patients
treated with CCBs in combination with either ACE
inhibitors or ARBs (n=34). Neither stroke severity nor
outcome differed between patients treated with these
combinations and those who were not (data not shown).

DISCUSSION

The main finding of the present study is that treatment
with diuretics before stroke is independently associated
with less severe ischemic stroke. On the other hand,
treatment with either diuretics or B-blockers before
stroke was related to better functional outcome at

discharge, but this association did not persist in multi-
variate analysis after adjusting for age, stroke severity,
and history of ischemic stroke. Finally, treatment with
CCBs, ACE inhibitors, or ARBs before stroke does not
appear to affect either stroke severity or in-hospital
outcome.

In the present study, pretreatment with B-blockers,
either as monotherapy or in combination with other
antihypertensive agents, was associated with reduced
risk for adverse outcome in univariate analysis. This
observation, however, was not confirmed in multivar-
iate analysis when age, stroke severity, and history of
stroke were considered. In contrast, previous studies did
not report an association between pre-stroke use of
B-blockers and outcome at discharge.”'*'* However,
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TABLE IV. Significant Differences Between Patients
Who Died During Hospitalization and Patients
Discharged and Antihypertensive Treatment in the
Two Groups
Patients Who Patients Who
Died During Were
Hospitalization Discharged
(n=46) (n=436) P Value
Age, y 81.54+7.2 78.6+6.7 .009
Atrial fibrillation, % 69.6 32.3 <.001
National Institutes of 23.3+9.6 6.9+7.3 <.001
Health Stroke Scale
score at admission
Diastolic blood pressure 89+18 80+12 .003
at admission, mm Hg
Heart rate 89+16 78+15 <.001
Treatment before stroke 39.1 37.8 991
with B-blockers, %2
Treatment before stroke 15.2 28.2 .087
with diuretics, %2
Treatment before stroke 28.3 31.4 .785
with CCBs, %?
Treatment before stroke 19.6 22.0 .845
with ACE inhibitors, %?
Treatment before stroke 23.9 31.2 .394
with ARBs, %2
Abbreviations: ACE, angiotensin-converting enzyme; ARBs, angio-
tensin receptor blockers; CCBs, calcium channel blockers. 2Alone or
in combination with other antihypertensive agents.

one of the former studies used a different cutoff for
adverse outcome (mRS >4),'* the other evaluated
outcome at 3 months after stroke,'® whereas in the
third a very small proportron of patients (9.9%) were
receiving B-blockers.” A possible explanation for the
potential benefit of treatment with B-blockers before
stroke on stroke outcome is that these agents reduce
heart rate. In turn, lower heart rate is associated with
better stroke outcome.'””'® Indeed, in our study,
patients treated with B-blockers had lower heart rate
(77415 vs 80415 in patients not treated with f-
blockers; P=.048), and increased heart rate was associ-
ated with higher mortality risk in univariate analysis.
However, this relationship did not persist in multivar-
iate analysis. Despite the trend for a favorable effect of
treatment with B-blockers before stroke on outcome,
stoke severity was not affected b;/ these agents, in
agreement with previous studies.”'® However, an ear-
lier small study (N=111) reported less severe stroke in
patients who were taking B-blockers before stroke.'? In
contrast, a more recent and larger study (N=5568)
reported more severe stroke in patients treated with B-
blockers before stroke.'* The use of different scales for
evaluating stroke severity and the application of differ-
ent cutoffs for defining severe stroke might explain these
discrepant results. On the other hand, it should be
mentioned that some trials showed that B-blockers are

Antihypertensive Therapy and Stroke Outcome | Tziomalos et al.

less effective in reducing the risk for stroke than CCBs
or ARBs, despite similar reductions in blood pres-
sure.'”?

Another important finding of the present study is that
treatment with diuretics before ischemic stroke, alone or
in combination with other antihypertensive drugs, was
associated with better functional outcome at discharge in
univariate analysis. This beneficial effect of diuretics
appears to be mostly the result of a neuroprotective effect,
since patients who were receiving diuretics before stroke
hadless severe stroke. Moreover, treatment with diuretics
was not independently associated with favorable out-
come when stroke severity was included in multivariate
analysis. Diuretics increase the activity of the renin-
angiotensin system and experimental data suggest that
the activation of angiotensin II receptor type 2 receptors
might increase cerebral blood flow, exert antioxidant
effects, and reduce neuronal apoptosis.*! >* In contrast to
our findings, a previous study reported no effect of
treatment with diuretics before stroke on stroke severity
and 0utcome,9 whereas another reported more severe
stroke 1n patients who were taking diuretics before

stroke.'® However, the latter studies included patients
with first-ever 1schem1c stroke only and primarily aimed
to evaluate the effect of treatment with ACE inhibitors or
ARBS before stroke on stroke severlty

In agreement with most previous reports,”'” treatment
with CCBs before stroke had no effect on stroke severity
or outcome in our population. Only one study reported
less severe stroke in patients who were taking CCBs
before stroke.'* However, the latter study used a different
scale for the evaluation of stroke severity.'* Moreover, no
effect of CCBs on outcome at discharge or in- hosprtal
mortality was observed.'* In addition, the Morbidity and
Mortality After Stroke, Eprosartan Compared With
Nitrendipine for Secondary Prevention (MOSES) study
suggested that nitrendipine is less effective than eprosar-
tan in the secondary preventron of stroke despite a similar
reduction in blood pressure.?> On the other hand, some
previous studies reported a favorable effect of treatment
with ACE inhibitors'®!" or ARBs’ before stroke on
stroke severity and short-term outcome. Experimental
data suggest that ACE inhibitors and ARBs exert neuro-
protective actions. These actions appear to be mediated
by an anti- 1nﬂammatory effect and by the 1nductron of
vasodilation in the peripheral area of ischemia.?® %% In
contrast, we did not observe this beneficial effect of either
ACE inhibitors or ARBs. Notably, most studies also did
notreport an association between pretreatment with ACE
inhibitors™!*'* or ARBs'®!'* and stroke severity or
outcome. Moreover ARBs do not appear to affect
cerebral blood flow.2® Given these conflicting results, it
remains unclear whether ACE inhibitors or ARBs exert
neuroprotective effects in patients who experience an
acute ischemic stroke.

CONCLUSIONS
Our study suggests that treatment with diuretics before
stroke is independently related to less severe stroke.
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Pre-stroke use of either diuretics or B-blockers was also
associated with better functional outcome at discharge,
but this benefit did not persist in multivariate analysis.
The other major classes of antihypertensive agents, ie,
CCBs, ACE inhibitors, and ARBs, do not appear to
affect either stroke severity or outcome. These findings
highlight the important role of diuretics in the manage-
ment of hypertension and the prevention of target organ
damage, particularly cerebrovascular disease.
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