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Association of age and admission mean arterial blood
pressure in patients with stroke—data from a national

stroke registry

Yoav Eizenbergl’s, Silvia Koton®°, David Tanne> and Ehud Grossman

4

Elevated blood pressure (BP) upon admission is common in patients with ischemic stroke (IS) and intracerebral hemorrhage (ICH).
Older patients have a higher prevalence of stroke, but data on admission mean arterial pressure (MAP) patterns in older patients
with stroke are scarce. All 6060 patients with IS (72%), ICH (8%) and transient ischemic attack (TIA; 20%) with data on BP and
hypertension status on admission in the National Acute Stroke Israeli Registry were included. Admission MAP in the emergency
department was studied by age group (<60, 60-74 and > 75 years) and stroke type. Linear regression models for admission MAP
were produced, including age group, gender, hypertension status and stroke severity as covariates. Interactions between
hypertension and age were assessed. Lower MAP (s.d.) was associated with older ages in hypertensive patients

(113 (18) mm Hg for age <60 years, 109 (17) for age 60-74 years and 108 (19) for age > 75 years, P<0.0001) but not in
non-hypertensive IS patients. Among patients with ICH and TIA, a significant negative association of MAP with age was observed
for hypertensive patients (P=0.015 and P=0.023, respectively), whereas a significant positive association with age was found in
non-hypertensive patients (P=0.023 and P=0.038, respectively). In adjusted regression models, MAP was significantly associated
with hypertension in IS, ICH and TIA patients. The interaction between hypertension and age was significantly associated with
MAP in IS and ICH patients. In hypertensive patients, the average admission MAP was lower in persons at older ages.
Hypertension Research (2016) 39, 356-361; doi:10.1038/hr.2015.147; published online 7 January 2016
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INTRODUCTION

Ischemic stroke (IS) and intracerebral hemorrhage (ICH) are the
most deleterious manifestations of cerebrovascular disease and their
incidence increases with age.! About 85% of all stroke cases are
categorized as IS,' and the number of elderly patients with IS is likely
to increase significantly with the expected increase in life expectancy
over the next decades. For each successive decade after the age of 55
years, IS rates double in both men and women.?

High systolic blood pressure (SBP) upon admission to the hospital
is present in 75% of IS patients.’ This finding has been attributed to
several factors, including preexisting hypertension,* activation of the
neuroendocrine systems (sympathetic nervous system,’ renin-angio-
tensin axis and glucocorticoid system®), increased cardiac output” and
emotional factors.® It has been speculated that hypertension during the
acute phase of IS might be advantageous by improving cerebral
perfusion of the ischemic tissue.” Elevated admission blood pressure

(BP) is also frequently encountered in ICH, with BP values often
exceeding those observed in IS.? It is thought that the hypertensive
response in ICH is triggered by increased intracranial pressure as well
as the aforementioned mechanisms.!? Following this line of thought, it
is not surprising that recent trials failed to show a beneficial effect of
high BP treatment on short-term prognosis in IS'! and ICH.!?

Older hypertensive patients have a higher prevalence of
cerebrovascular atherosclerosis, including increased arterial stiffness!'?
and impaired cerebral autoregulation,'* but data on admission BP
patterns in different age groups in acute stroke are scarce. Mean
arterial pressure (MAP) is a major determinant of cerebral blood flow
(CBF),!> which is critical to compromised brain tissue, and can be
easily calculated from BP measurements.

We aimed to study admission emergency department MAP patterns
among patients with acute stroke and transient ischemic attack (TIA)
across age groups.
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Table 1 Baseline characteristics of patients with IS, ICH and TIA by hypertension status and age group, NASIS 2004-2010

Hypertensive stroke patients, n= 4917

Non-hypertensive stroke patients, n= 1143

Overall Age <60 Age 60-74 years, Age > 75 years, P for Age <60 Age 60-74 Age >75 P for
N = 6060 years, n=879 n= 1809 n=2229 trend years, n=535  years, n=322  years, n=286 trend
Patients' characteristics and risk factors
Men, n (%) 3271 (53.98) 577 (65.64) 1085 (59.98) 952 (42.71) <0.0001 309 (57.76) 199 (61.80) 149 (52.10) 0.218
Age, mean (s.d.), 69.83 (13.45) 52.72 (5.93) 67.71 (4.36) 82.34 (5.26) <0.0001 48.13(8.77) 66.77 (4.50) 82.28 (5.42) <0.0001
years
Admission MAP, 108.43 (18.07) 113.17 110.71 (17.97) 107.94 (18.39) <0.0001 100.35 103.30 (14.76) 104.16 0.0008
mm Hg (18.52) (14.71) (16.39)
Atrial fibrillation, 1089 (18.20) 73 (8.47) 242 (13.55) 696 (31.72)  <0.0001 11 (2.06) 20 (6.21) 47 (16.49)  <0.0001
n (%)
Diabetes, n (%) 2369 (39.33) 408 (46.68) 959 (53.19) 788 (35.72) <0.0001 54 (10.09) 92 (28.66) 68 (23.86) <0.0001
Current smoking, 1215 (20.39) 348 (40.14) 368 (20.78) 143 (6.55) <0.0001 240 (45.03) 87 (27.02) 29 (10.18) <0.0001
n (%)
Dyslipidemia, 3575 (59.41) 607 (69.61) 1245 (69.09) 1218 (65.31) <0.0001 243 (45.42) 159 (49.53) 103 (36.14) 0.033
n (%)
Prior stroke, n (%) 1625 (27.00) 204 (23.37) 531 (29.52) 723 (32.80) <0.0001 54 (10.09) 56 (17.39) 57 (19.93) <0.0001
History of AMI, 1049 (17.46) 137 (15.71) 364 (20.35) 487 (22.11) 0.0001 18 (3.36) 17 (5.28) 26 (9.09) 0.0006
n (%)
Peripheral artery 386 (6.48) 50 (5.79) 150 (8.49) 156 (7.14) 0.536 6(1.13) 11 (3.44) 13 (4.59) 0.002
disease, n (%)
Cancer, n (%) 517 (8.86) 21 (2.46) 148 (8.57) 263 (12.31) <0.0001 23 (4.36) 30 (9.49) 32 (11.55) 0.0001
Prior dementia, 534 (9.15) 7 (0.82) 75 (4.35) 375(17.58) <0.0001 3(0.57) 13 (4.10) 61 (21.79) <0.0001
n (%)
Stroke characteristics
Type of event <0.0001 <0.0001
Ischemic stroke, 4366 (72.05) 608 (69.17) 1330 (73.52) 1685 (75.59) 325 (60.75) 211 (65.53) 207 (72.38)
n (%)
ICH, n (%) 473 (7.81) 61 (6.94) 143 (7.90) 208 (9.33) 21 (3.93) 18 (5.59) 22 (7.69)
TIA, n (%) 1221 (20.15) 210 (23.89) 336 (15.07) 336 (15.07) 189 (35.33) 93 (28.88) 57 (19.93)
NIHSS score <0.0001 <0.0001
NIHSS 0-5, 2415 (50.04) 414 (61.88) 820 (55.86) 729 (38.65) 251 (72.75) 117 (51.09) 84 (36.68)
n (%)
NIHSS 6-10, 1234 (25.57) 151 (22.57) 371 (25.27) 530 (28.10) 44 (12.75) 75 (32.75) 63 (27.51)
n (%)
NIHSS >11, 1177 (24.39) 104 (15.55) 277 (18.87) 627 (33.24) 50 (14.49) 37 (16.16) 82 (35.81)
n (%)

Abbreviations: AMI, acute myocardial infarction; ICH, intracerebral hemorrhage; IS, ischemic stroke; MAP, mean arterial pressure; NASIS, National Acute Stroke Israeli Survey; NIHSS, National

Institutes of Health Stroke Scale; TIA, transient ischemic attack.
Stroke severity shown for patients with IS or ICH.

METHODS

Study design and setting

The National Acute Stroke Israeli Survey (NASIS) registry is an ongoing
hospital-based project including all patients hospitalized owing to acute stroke
or TIA in all hospitals treating stroke patients in Israel. Data are collected
during 2-month periods triennially.!®!7 During the first three periods of NASIS
(February—March 2004, March—April 2007 and April-May 2010), data on 6182
stroke and TIA patients were collected. The present study included 6060
patients (72.1% IS, 7.8% ICH and 20.1% TIA) with complete data on age,
hypertension status and admission BP. The NASIS registry was approved by the
ethical committees of the participating medical centers.

Data collection and definition of study variables

IS was differentiated from ICH per findings on brain imaging (computed
tomography/magnetic resonance imaging). ICH required evidence of intracer-
ebral bleed per imaging; subarachnoid hemorrhage was excluded. A structured
form was used for collection of data on patients’ characteristics, clinical
diagnoses, stroke management, in-hospital complications and outcome at

discharge. A coordinating physician at each medical center was assigned who
was responsible for data collection per all information in the medical records.
In cases of doubt regarding the diagnosis of a cerebrovascular event, the
decision was made by a central adjudication committee. First SBP and diastolic
blood pressure (DBP) on admission at the emergency department were
recorded. MAP was calculated as DBP plus one-third times the pulse pressure
on admission. Hypertension was defined by medical records, self-report or use
of BP-lowering agents >1 week before stroke onset. History of acute
myocardial infarction (AMI) was determined by self-report and medical
records. Severity of stroke was categorized into three NIH Stroke Scale
(NIHSS)!8 levels (NIHSS 0-5, 6-10, >11).

Statistical analysis

Results are presented as mean and s.d. for continuous variables and frequency
(%) for categorical variables. Three age groups were defined: <60, 60-74,
and >75 years. Patients’ characteristics, prevalence of risk factors and
co-morbidities, stroke severity and etiology were studied by age group, and
differences in rates were assessed with Mantel-Haenszel Chi-Square tests.
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Differences in MAP by age group were evaluated using General Linear
Models overall and separately for hypertensive and non-hypertensive patients.
Associations between age and MAP were studied using linear regression
models, and interactions between age and prevalent hypertension were assessed.
Three models were studied: model 1 including age group only; model 2
including in-addition hypertension and interaction between age and
hypertension, and model 3 including in-addition sex, history of AMI, stroke
severity, atrial fibrillation, dyslipidemia, prior dementia and cancer. Analyses
were performed with SAS 9.3 (SAS, SAS Institute, Cary, NC, USA).

RESULTS

Patients’ characteristics

Characteristics of patients by age group are shown in Table 1. Of the
6060 patients, 3271 (54.0%) were men. Mean (s.d.) age of participants
was 69.8 (13.5) years, range 18-105 years. Mean (s.d.) BP levels
(mm Hg) were: SBP 157.1 (28.7); DBP 84.1 (15.9) and MAP 108.4
(18.1). Hypertension was reported in 4917 patients (81.1%). Rates of
hypertension ranged from 62.2% in the < 60-year-old group to 84.9%
in 60-74 years and 88.6% in patients aged >75 years (P<0.0001).
The proportion of men significantly differed by age in hypertensive
(P<0.0001) but not in non-hypertensive patients. Substantial differ-
ences in rates of almost all risk factors and co-morbidities were found
between age groups. Rates of TIA were lower at older ages, and the
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proportion of minor strokes (NIHSS<5) was substantially lower at
older ages in patients with and without hypertension.

Age, hypertension and MAP at admission

In non-hypertensive stroke patients, mean (s.d.) SBP was significantly
higher at older ages (139.07 (22.31) mm Hg for age <60 years vs.
153.15 (25.64) for age >75 years, P<0.0001) while DBP was not
significantly different. Among hypertensive stroke patients, no clear
trend was observed in mean SBP, but DBP (s.d.) was significantly
lower at older ages (89.28 (16.24) mm Hg for age <60 years vs. 81.84
(16.33) for age > 75 years, P<0.0001). MAP at admission was higher
in patients with ICH (mean (s.d.)=117.1 (21.8) mm Hg) than in
those with IS (108.4 (17.8)) and TIA (105.2 (16.2), P<0.0001) and
was generally lower at older ages (Figure 1). However, the change in
admission MAP differed by type of event and hypertension status
(Figure 1, Table 2). In hypertensive patients, MAP was significantly
higher at older ages in those with IS, ICH or TIA (Table 2; P<0.0001).
In non-hypertensive patients, MAP did not differ across age categories
in those with IS and was higher at older ages in those with ICH and
TIA (Figure 1, Table 2; P<0.05).

Unadjusted regression models showed a negative association
between age and MAP in IS patients aged > 75 years compared with
<60 years. However, associations between MAP and age were not
significant for any event type (IS, ICH or TIA) following adjustment
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Figure 1 Mean arterial pressure (MAP) in patients with acute cerebrovascular events by event type, age group and hypertension status. (a) Patients with
ischemic stroke. (b) Patients with intracerebral hemorrhage. Note: Data not presented for ICH patients without hypertension aged 65-69 years (n=2).
(c) Patients with transient ischemic attack. A full color version of this figure is available at the Hypertension Research journal online.
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Age <60 years Age 60-74 years Age > 75 years P-value
Ischemic stroke
Overall, n=4366 109.60 (17.66) 108.31 (17.36) 107.20 (18.41) 0.0014
Hypertensive patients, n=3623 112.58 (17.81) 109.01 (17.49) 107.72 (18.60) <0.0001
Non-hypertensive patients, n=743 101.90 (14.71) 103.43 (15.67) 102.66 (15.95) 0.5145
Intracerebral hemorrhage
Overall, n=473 119.06 (25.54) 116.36 (19.74) 115.82 (19.52) 0.3644
Hypertensive patients, n=412 122.97 (24.84) 117.45 (19.76) 115.68 (19.84) 0.0148
Non-hypertensive patients, n=61 100.11 (20.12) 109.25 (18.52) 117.24 (16.19) 0.0227
Transient ischemic attack
Overall, n=1221 104.08 (15.48) 106.67 (16.24) 104.81 (16.80) 0.0583
Hypertensive patients, n=882 108.80 (15.40) 107.77 (16.88) 105.12 (16.84) 0.0232
Non-hypertensive patients, n=339 98.83 (13.82) 102.71 (13.01) 102.95 (16.61) 0.0378
Abbreviations: MAP, mean arterial pressure; NASIS, National Acute Stroke Israeli Survey; TIA, transient ischemic attack.
Table 3 Linear regression models for admission MAP, patients with stroke or TIA, NASIS 2004-2010
IS coefficient (B) P-value ICH coefficient (B) P-value TIA coefficient (B) P-value
Model 1
Age group, years
<60 1 (Ref.) — 1 (Ref.) — 1 (Ref.) —
60-74 0.07 0.92 1.84 0.54 2.59 0.021
>75 -2.33 0.001 -0.97 0.73 0.73 0.52
Model 2
Age group, years
<60 1 (Ref.) — 1 (Ref.) — 1 (Ref.) —
60-74 0.26 0.76 4.59 0.20 2.12 0.10
>75 0.23 0.84 5.75 0.22 1.49 0.43
Hypertension 21.28 <0.0001 35.55 0.001 15.41 0.0007
Age/hypertension interaction -0.20 <0.0001 -0.35 0.025 -0.14 0.046
Model 3
Age group, years
<60 1 (Ref.) — 1 (Ref.) — 1 (Ref.) —
60-74 0.75 0.38 6.18 0.08 2.67 0.05
>75 0.81 0.51 7.49 0.12 2.30 0.25
Hypertension 21.26 <0.0001 33.28 0.002 15.34 0.0007
Age/hypertension interaction -0.18 <0.0001 -0.31 0.045 -0.13 0.07
Female -0.12 0.84 -1.06 0.61 -0.05 0.96
History of AMI -3.91 <0.0001 -4.13 0.18 -2.57 0.06
Atrial fibrillation -2.38 0.001 -5.54 0.03 -3.32 0.022
Dyslipidemia -2.04 0.0003 0.30 0.88 -2.00 0.05
Cancer -2.72 0.005 -2.02 0.54 -0.46 0.80
Prior dementia -1.63 0.10 -0.72 0.82 -1.29 0.50
NIHSS score
NIHSS 0-5 1 (Ref.) — 1 (Ref.) — — —
NIHSS 6-10 0.57 0.39 1.35 0.64 — —
NIHSS >11 1.65 0.04 3.61 0.13 — —

Abbreviations: AMI, acute myocardial infarction; ICH, intracerebral hemorrhage; MAP, mean arterial pressure; NASIS, National Acute Stroke Israeli Survey; NIHSS, National Institutes of Health

Stroke Scale; TIA, transient ischemic attack.

for risk factors. Hypertension was positively associated with MAP,
but older age significantly modified the effect of hypertension on
MAP in IS and ICH patients such that older hypertensive patients with
IS or ICH had lower MAP (P<0.0001 and P=0.045, respectively;

Table 3).

Associations between other risk factors and MAP at admission

Negative association was observed between atrial fibrillation and MAP
in patients with IS, ICH and TIA (P=0.001, P=0.03 and P=0.022,
respectively; Table 3). Negative associations were also observed
between history of AMI and MAP in patients with IS (P<0.0001),
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between dyslipidemia and MAP in patients with IS (P=0.0003) and
between cancer and MAP in patients with IS (P=0.005; Table 3).
Stroke severity was positively associated with MAP in patients with IS
and NIHSS>11 (P=0.04). Sex, prior dementia and other stroke
severity score categories were not associated with MAP at admission.

DISCUSSION

In the present study, we used data from a national stroke registry
(NASIS) to examine admission MAP in patients with IS, ICH and TIA.
Our results show a previously unrecognized negative association of
MAP with age in hypertensive patients with stoke or TIA. In non-
hypertensive patients, admission MAP was not associated or positively
associated with age in all types of events.

A decrease in CBF, as in IS and possibly in ICH, triggers
autoregulatory mechanisms to attenuate the changes and preserve
CBE. When these mechanisms reach their full compensatory capacity,
CBF remains in direct correlation with MAP. A decline in MAP at this
point would cause a further decrease in CBF. Older hypertensive
stroke patients are therefore presumed to show higher than average
admission MAP. However, our observation does not support this
conception.

There are several possible explanations for our findings. First, as
increased admission MAP may be the result of increased cardiac
output,” failure to increase MAP following a stroke event in older
hypertensive patients may result from a diminished cardiac reserve,
which is prevalent in this population.!” Hypertension is a major
risk factor for heart diseases and the negative association of atrial
fibrillation and prior AMI with admission MAP strongly supports this
theory. Further support to this explanation can be derived from the
observation of Balci et al?® who demonstrated lower admission
MAP in warfarin-associated ICH compared with aspirin and
no-drug-associated ICH. As warfarin is usually prescribed for atrial
fibrillation, this observation can be seen as consistent with ours. Both
atrial fibrillation and a history of AMI are more prevalent in
hypertensive older patients and can be considered a surrogate of
cardiac dysfunction, resulting in decreased cardiac reserve in these
patients. Also, Kobayashi et al.?! have shown that a previous history of
percutaneous coronary intervention is independently associated with a
decrease in CBF in hemodialysis patients. Cancer and dyslipidemia
were also negatively associated with admission MAP; however; because
of the broad definitions of these conditions in the NASIS it is difficult
to underline their contribution to our findings.

It is noteworthy that even after adjustment for prior MI, atrial
fibrillation, dyslipidemia and cancer the interaction between age and
hypertension remained significantly associated with admission MAP in
IS and ICH with a similar trend in TIA. Complementary to our
observation, Aparicio et al?> have shown that in a multivariate
adjusted model self-measured MAP predicted stroke in patients aged
> 60 years but not in younger patients.

An alternative explanation to our observation may be through the
effect of age on autonomic activity. It has been suggested that the
hypertensive response to stroke is caused by an imbalanced autonomic
activity mediated by injured neurons.?* As autonomic dysfunction is
related to stroke severity,24 and moderate-to-severe strokes were more
common in the older population in our study, the decrease in MAP
may reflect increased damage to the autonomic system. Indeed,
Kvistad et al? reported that non-elevated admission BP was
independently associated with severe stroke.

However, this explanation is unlikely as, in the fully adjusted model,
stroke severity was generally not associated with admission MAP.
These findings are consistent with several previous studies that showed
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no association between admission BP and IS severity?® or all-type
stroke severity.?”

Finally, the explanation of our findings may be related to stroke
etiology. Marcheselli et al?® have shown that in patients with
cardioembolic stroke the acute BP response was blunted as compared
with other stroke types. Compatible with that, in our study
cardioembolic stroke was more prevalent at older ages (data not
shown). However, the cardioembolic group in the former study
consisted of a small number of patients (n=25) with a wide age
range (29-89 years), so a more detailed comparison could not be
carried out. Vemmos et al.?’ have demonstrated a negative association
between age and DBP in lacunar stroke and infarct of undetermined
cause, but a potential interaction between hypertension and age was
not assessed in their study.

In the present study, admission MAP was lower in patients with
TIA than in those with IS or ICH, perhaps reflecting the milder
underlying pathology of TIA. In addition, Fischer et al.>* have shown
that acute phase SBP does not exceed average long-term premorbid
SBP in 37% of IS patients and 14% of ICH patients. It can be
speculated that these proportions are even larger in TTA.

Our study carries several strength points. These include its
consistent methodology over medical centers and time periods, large
number of patients, lack of hospital referral bias and use of a
structured form for data gathering.

On the other hand, our study has some limitations. First, there were
significant differences in cardiovascular risk factors, co-morbidities
and stroke severity between the different age groups. Although
we adjusted findings for several variables, confounding by other
known or unknown risk factors cannot be ruled out. Second, the
study included hospitalized patients only, therefore the generalizability
of findings to stroke patients not admitted is questionable. Finally,
hypertension was defined in part according to self-report and use of
antihypertensive medication, which might have resulted in imprecise
categorization of hypertension status.

In conclusion, we report here of a previously unrecognized
association between age and admission BP in patients with stroke
and TIA, in which admission MAP is lower in older hypertensive
patients. As recent studies have shed light on the possible benefit of
rapid BP lowering in ICH,*"*? our findings may contribute to a
more personalized 'tailored treatment' for patients with acute
cerebrovascular events.

Our findings need to be validated in future large studies. Interesting
areas for further research may be assessing cardiac function in
hypertensive IS patients aged >75 years or the effect of different
antihypertensive medications on the aforementioned pattern.
Moreover, the study of associations between admission MAP and
neurological outcome after stroke is an interesting topic for future
studies.
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