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Abstract
BACKGROUND: Stroke has been the second leading cause of death and the third cause of disability worldwide. 
A record of hypertension and an increase in diastolic blood pressure (DBP) after the first stroke were associated with 
an increased risk of a second stroke. DBP has historically been considered as the leading cause of cardiac arrest in 
adults with hypertension. In the previous studies, it was found a relationship between DBP with stroke and functional 
outcomes.

AIM: This research was carried out to determine the relationship between DBP and the event of ischemic stroke for 
the 1st time in hypertension patients.

METHODS: This research is a case–control that was selected using a consecutive sampling technique, where 47 
hypertensive patients with ischemic stroke as the case group were matched with 47 hypertensive patients without 
stroke as the control group. The research was conducted at H. Adam Malik Hospital, Medan and a network hospital.

RESULTS: In this research, most samples in the case and control groups were men with 30 subjects (63.8%) with a 
mean age value of 58.11 ± 10.85 years. At TDD ≥90 mmHg, 34 subjects (72.3%) had ischemic stroke and 21 subjects 
(44.7%) did not. At TDD <90 mmHg, the percentage of ischemic stroke was 13 subjects (27.7%) and 26 subjects 
(55.3%) were non-ischemic stroke with p = 0.006, OR = 3.02.

CONCLUSION: There is a significantly close relationship between diastolic blood pressure and the event of ischemic 
stroke.
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Introduction

Stroke has been the second leading cause of 
death and the third cause of disability in the world. In 
Europe, stroke is the second leading cause of death 
with the incidence of 1.1 million deaths per year. In 
America, stroke is currently the fourth leading cause of 
death [1].

According to data in Indonesia, stroke occupies 
the third rank of the group of degenerative diseases after 
heart disease and malignancy. The highest prevalence 
of stroke (permil) based on a doctor’s diagnosis is in the 
East Kalimantan at 14.7% and the lowest is in Papua at 
4.1%. The highest prevalence of stroke at the age of 75 
and above is 50.2%. The prevalence of stroke per mil in 
the population aged 15 and above based on a doctor’s 
diagnosis in 2018 was the highest in those who were 
not/not yet in school at 21.2%, and the lowest was at 
junior high school graduate at 6.8% [2].

Based on the research at 25 hospitals in 
North Sumatra, it was found that stroke occurred in 
women (52.7%) not much different from men (47.3%), 
and the mean age of the subjects was 59 years (age 
ranged between 20 and 95  years), and the highest 
number of subjects is in the age of 40–59 (46.5%) and 

60–79  (42.5%). Head CT scan results in this study 
showed cerebral infarction in 302  (53.7%) patients, 
hemorrhagic in 152  (27%) patients, and hemorrhagic 
infarction in 12  (2.1%) patients. Ninety-six patients 
(17.1%) did not undergo a head CT scan [3].

Hypertension is a major cause of stroke, with an 
increased risk of blood pressure above 115/75 mmHg. 
Evidence from clinical trials suggests that this risk can 
be reversed by controlling blood pressure [4]. In a study 
conducted by Chen et al. (2019), it was found that the 
incidence of ischemic stroke increased by 50% in TDD 
between 80 and 90 mmHg and 131% at diastolic blood 
pressure (DBP) 90 mmHg and was safe in the range of 
70–80 mmHg [5].

A study by Bangalor et al. (2017) revealed 
that there was a relationship between DBP and stroke 
outcome in ischemic stroke patients undergoing 
thrombolytic therapy for every 10 mmHg change from 
the reference value (70  mmHg) [6]. Furthermore, 
according to Stead et al. (2005), it was found that DBP 
of 70–105  mmHg had a better outcome than DBP 
<70 mmHg [7].

The purpose of this study is to determine 
the relationship between DBP and the incidence of 
ischemic stroke for the 1st time in hypertension patients 
at H. Adam Malik Hospital, Medan.

Since 2002
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Methodology

This research is a case–control. The case 
group was ischemic stroke patients who had a history of 
hypertension who had done the ECG and had a history 
of LVH or myocardial infarction. The case group was 
taken from patients who had a history of hypertension 
yet no history of ischemic stroke and performed an 
ECG and had a history of LVH or myocardial infarction. 
The research sample was taken at H. Adam Malik 
Hospital Medan from May 2021 to August 2021 using 
the consecutive method. Cases and control groups in 
the study were 47 people and matched according to 
gender, age, and patient risk factors.
Table 1 : Description of research subject characteristics
Characteristics Ischemic stroke

Yes n (%) No n (%)
Age (years) (Mean) 58.11 ± 10.8 58.11 ± 10.8
Gender

Man 30 (63.8) 30 (63.8)
Women 17 (36.2) 17 (36.2)

Occupational
Housewife 12 (25.0) 11 (23.4)
Entrepreneur 9 (19.1) 10 (21.3)
Retired 5 (10.6) 6 (12.8)
Farmer 17 (36.2) 12 (25.5)
Government employees 4 (8.5) 8 (17.1)

Race
Java 7 (14.9) 14 (29.8)
Bataknese 33 (70.2) 19 (40.4)
Malay 3 (6.4) 5 (10.6)
Padang 2 (4.3) 6 (12.8)
Aceh 2 (4.3) 3 (6.4)

Education
Primary school 3 (6.4) 6 (12.5)
Junior high school 8 (15.6) 5 (10.6)
Senior high school 23 (48.9) 24 (51.1)
Bachelor 13 (27.7) 12 (25.5)

SBP (mmHg) (Mean) 153.83 ± 22.58 139.57 ± 14.73
DBP (mmHg) (Mean) 98.85 ± 15.99 89.15 ± 8.55
Clinical outcome (NIHSS days 7) 

Mild 13 (27.7)
Moderate 23 (48.9)
Severe 11 (23.4)

Electrocardiogram
LVH 41 (87.2) 27 (57.4)
Miokard Infark 6 (12.8) 20 (42.6)

Blood pressure measurement is done during 
the patient’s visit to the hospital. The inclusion criteria 
in the case group were acute ischemic stroke patients, 
aged over 18 years, had a history of hypertension for 
at least 2  years, had a head CT scan, performed an 
ECG, and had a history of myocardial infarction and 
LVH. The control group was adjusted to the case group. 
Exclusion criteria for recurrent stroke cases, patients 
with malignancy, and (systemic inflammation response 
syndrome) conditions, to determine the functional 
outcome of ischemic stroke patients using the NIHSS 
(National Institute of Health Stroke Scale) score on day 
7. Then, the criteria for control exclusion were patients 
with history of stroke and patients with malignancy. To 
determine the functional outcome of ischemic stroke 
patients, the NIHSS score was used.

The research data were analyzed statistically 
with Windows SPSS (Statistical Product and Science 
Service) computer program version 22.0. To determine 
the relationship between DBP and the incidence of 
ischemic stroke, Chi-square test and logistic regression 
were performed.

Results

The mean age of all subjects was 58.11 ± 
10.85 years. The most gender was male of 30 subjects 
(62.5%). The highest level of education in the two 
groups was senior high with 23 subjects (48.9%) and 
24 subjects (51.14%). In the occupational status, most 
subjects in the ischemic stroke group were farmers, as 
many as 17 subjects (36.2%) and in the non-ischemic 
stroke group as many as 12 subjects (25.5%), followed 
by housewives as many as 12 subjects (25%) in the 
ischemic stroke group and 11 subjects (23.4%) in the 
non-ischemic stroke group. The characteristics of the 
most ethnic groups in the two groups were the Batak, 
as many as 33 subjects (70.2%) in the ischemic stroke 
group and 19 subjects (40.4%) in the non-ischemic 
stroke group. The mean systolic blood pressure for 
the ischemic stroke group was 153.83 ± 22.58 mmHg 
and non-ischemic stroke was 139.5 ± 14.7 mmHg. The 
mean diastolic pressure in the ischemic stroke group 
was 98.8 ± 15.9  mmHg (Table 1). and non-ischemic 
stroke was 89.15 ± 8.5 mmHg. Numerical data in this 
study are normally distributed; thus, it uses the mean in 
its delivery.
Table 2: Relationship between diastolic blood pressure and first 
ischemic stroke incidence in stroke patients with hypertension
DBP Ischemic stroke p‑value OR (95% CI)

Yes n (%) No n (%)
≥90 mmHg 34 (72.3) 21 (44.7) 0.006 3.02 (1.37–7.65)
<90 mmHg 13 (27.7) 26 (55.3)

Uji Chi‑square.

Ischemic stroke patients had clinical 
outcomes with the highest NIHSS score on day 7 in 
the moderate category 23  (48.9%). Characteristics of 
disease risk factors in both groups were DM with 26 
subjects, 26 smoking subjects, and 18 subjects with 
hypercholesterolemia. In both groups, the most ECG 
images were LVH as many as 41 subjects (87.2%) and 
27 subjects (57.4%).
Table 3: Multivariate analysis of the relationship diastolic blood 
pressure with the 1st‑time ischemic stroke in hypertension 
patients
Characteristics Coeffisient S.E. Wald df p OR CI 95%

Min. Max.
Age 0.002 0.040 0.004 1 0.952 1.002 0.928 1.083
Gender 0.854 1.298 0.432 1 0.511 2.348 0.184 29.915
SBP −0.037 0.019 3.882 1 0.049 0.964 0.930 1
DBP −0.065 0.028 5.398 1 0.020 0.937 0.887 0.990
DM −0.262 0.652 0.161 1 0.688 0.770 0.214 2.765
Smoke −0.071 0.933 0.006 1 0.940 0.932 0.150 5.798
Hypercholesterolemia −0,508 0.603 0.708 1 0.400 0.602 0.185 1.963
ECG −1.973 0.647 9.289 1 0.002 0.139 0.039 0.494
Housewife 5.532 4 0.237
Entrepreneur −1.153 1.445 0.637 1 0.425 0.316 0.019 5.357
Retired −2.033 1.169 3.027 1 0.082 0.131 0.013 1.294
Government 
employees

−2.303 1.449 2.526 1 0.112 0.100 0,006 1.711

Farmer −2.417 1.089 4.926 1 0.026 0.089 0.011 0.754
Constant 15.493 4.231 13.406 1 0.000 5352388.569

In this study, the incidence of ischemic stroke 
and non-ischemic stroke experienced by hypertensive 
patients was obtained from the history and physical 
examination as well as supporting examinations that 
had previously been adjusted to the research criteria. 
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At DBP ≥90 mmHg, the percentage of ischemic stroke 
was 34 subjects (72.3%), while the non-ischemic 
stroke was 21 subjects (44.7%). At DBP <90 mmHg, 
the percentage of ischemic stroke was 13 subjects 
(27.7%) and 26 subjects (55.3%) were non-ischemic 
strokes (Table 2).

Table  4: The relationship between diastolic blood pressure 
and functional outcome in ischemic stroke patients with 
hypertension
DBP Functional outcome p value

Mild n (%) Moderate n (%) Severe n (%)
≥90 mmHg 6 (46.2) 17 (73.9) 11 (100) 0.013
<90 mmHg 7 (53.8) 17 (26.1) 0 (0)

Uji Mann–Whitney.

Based on the Chi-square test, p = 0.006 and 
OR 3.02  (95% Confidence interval (CI) 1.37–7.65), 
thus, it can be concluded that there is a significant 
relationship between DBP and the incidence of 
ischemic stroke, where DBP ≥90 mmHg can have a risk 
of ischemic stroke as much as 3.02 times compared to 
DBP <90 mmHg.

Regresi logistic

In the multivariate analysis, it was found that 
the variables that had a significance value below 
0.05 were SBP, DBP, ECG, and occupation of farmer 
(Table 3). This means that the variables of SBP, DBP, 
ECG, and occupation of farmer affect the incidence of 
ischemic stroke in the analysis model.

In this study, to assess the functional outcome 
in patients with ischemic stroke, the NIHSS score was 
used on day 7. At DBP >90  mmHg, the functional 
outcome was mild category in ischemic stroke as many 
as six subjects (46.2%), moderate category as many 
as 17 subjects (73.9%), and the heavy category as 
many as 11 subjects (100%). Meanwhile, in the DBP 
group <90 mmHg, the functional outcome in the mild 
category of ischemic stroke was 7 subjects (53.8%), the 
moderate category was 17 subjects (26.1%), and the 
severe category was 0 subjects (0%) (Table 4). Based 
on the Mann–Whitney test, p = 0.013, therefore, it can 
be concluded that there is a significant relationship 
between DBP and functional outcome in ischemic 
stroke.

Discussion

In this study, it was found that the age 
characteristics of all subjects in the case and control 
groups had a mean value about 58.11 ± 10.85 years. 
This is in a line with the research of McEvoy et al. in 2016 
which stated that the age of hypertensive patients in the 
study carried out had a mean of 56.7 ± 5.7 years [8]. In 
the study conducted by Flint et al., it was also found that 

the median age in hypertensive patients was around 
53 years [9]. This is because the increase in pressure 
is largely related to changes in arterial and arteriolar 
stiffness. Stiffness of the great arteries is mainly due 
to arteriosclerotic structural changes and calcifications. 
The increase in DBP at the age of 50 years is largely 
due to an increase in peripheral vascular resistance in 
small blood vessels. Other pathophysiological factors 
that contribute to the increase in blood pressure with 
aging include decreased baroreceptor sensitivity, 
increased response to sympathetic nervous system 
stimulation, changes in renal and sodium metabolism, 
and changes in renin-aldosterone [10].

The dominant gender was male with 30 
subjects (63.8%). This is in line with research conducted 
by Steviyani in 2018 and El-Harizah in 2016 mentioning 
that there are more men than women. Gender 
differences in stroke are due to the female hormone of 
estrogen that plays an important role in vasodilation of 
blood vessels [10], [11].

The most ethnic groups in both groups are 
Batak, with 33 subjects (70.2%) and 19 subjects (40.4%). 
This is in line with research by Rambe et al. (2013) in 
the ischemic stroke group found as many as (40.7%) 
Batak ethnicity and research conducted by El-Harizah 
on 100 stroke patients at the neurology polyclinic and 
inpatient ward of USU Medical Faculty/H. Adam Malik 
Hospital, Medan in the period of December 2015–April 
2016, it was found that the most tribes suffering from 
stroke were the Batak, for 63 patients (63%).

The cause of the high incidence of stroke in 
the Batak ethnic group compared to non-Batak may 
be caused by non-modifiable risk factors, namely, 
genetic and modifiable stroke risk factors. Batak 
culinary contains high levels of cholesterol. The Batak 
has a greater tendency to be obese and is more 
temperamental and emotional than other ethnic groups 
so that it can cause blood pressure to increase more 
easily [3], [11], [12], [13], [14].

In this study, the incidence of ischemic stroke 
and non-ischemic stroke experienced by hypertensive 
patients was obtained from the history and physical 
examination as well as supporting examinations that 
had previously been adjusted to the research criteria. 
At DBP 90 mmHg, the percentage of ischemic stroke 
was 34 subjects (72.3%) and 21 subjects (44.7%). At 
DBP <90  mmHg, the percentage of ischemic stroke 
was 13 subjects (27.7%) and non-ischemic stroke was 
26 subjects (55.3%). Based on the Chi-square test, 
p = 0.006 and OR of 3.02 (95% CI 1.37–7.65), thus, it 
can be concluded that there is a significant relationship 
between DBP and the incidence of ischemic stroke, 
where DBP is ≥90 mmHg, 3.02  times more at risk of 
having an ischemic stroke for the 1st  time than DBP 
<90 mmHg.

This is in line with research conducted by Chen 
et al. in 2019 which showed a relationship between 
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diastolic pressure and the incidence of ischemic stroke 
for the 1st  time in elderly patients with hypertension, 
where DBP ≥90 mmHg had a 2.31 times risk of having 
an ischemic stroke for the 1st  time compared to DBP 
<90  mmHg with p = 0.02. The incidence of ischemic 
stroke increases by 50% in blood pressure between 80 
and 90 mmHg and 131% at blood pressure ≥90 mmHg 
and is safe in the range 70–80  mmHg [19]. Reshef 
et al. stated that there was a relationship between DBP 
>80 mmHg with ischemic stroke, where blood pressure 
diastolic >80 mmHg risk of 1.83 times having ischemic 
stroke with p = 0.031 (HR = 1.83, p = 0.031, 95% CI: 
1.06–3.15). In atherosclerotic blood vessels, an increase 
in blood pressure can form turbulence, especially at the 
bifurcation point which accelerates thrombus formation 
and releases emboli into the narrowed blood vessel 
area which causes impaired perfusion and increases 
the risk of infarction [5], [16].

This study has inclusion criteria in research 
subjects who have a history of LVH and myocardial 
infarction due to increased diastolic pressure 
characterized by low cardiac output which can cause 
the left ventricular wall to hypertrophy (increased left 
ventricular mass/volume ratio) which will later cause 
left ventricular stiffness. At the beginning of diastole, 
there will be relaxation and subsequently cause a 
greater resistance to filling at the end of diastole. This 
will cause the diastolic pressure to increase and lead 
to diastolic heart failure. Mechanisms that contribute 
to left ventricular diastolic abnormalities include great 
artery stiffness, hypertension, ischemia, diabetes, and 
intrinsic myocardium with or without hypertrophy [17].

The mechanism of stroke in heart failure can 
be caused by embolism or cerebral hypoperfusion. 
The cause of LV dysfunction is an increase in the left 
ventricular end-diastolic volume which promotes blood 
stasis in the left ventricle and left atrium, increasing the 
likelihood of thrombus formation and the risk of embolic 
stroke. Various factors associated with heart failure 
predispose to thrombosis, including vascular pathology, 
increased coagulability, and impaired blood flow. Several 
studies have shown that patients with heart failure have 
increased plasma concentrations of fibrinopeptide A, 
D-dimer, von Willebrand factor, fibrinolytic products, beta-
thromboglobulin, and endothelial procoagulants [18].

The previous studies have linked White 
Matter Lession (WML) with DBP. WML represents a 
region of the brain that is susceptible to the decrease 
in perfusion pressure that occurs during diastole. In a 
healthy brain, autoregulatory mechanisms are able to 
adjust mean arterial pressure low or high (between 50 
and 150 mmHg), enough to meet the needs of various 
cerebral regions. Areas of the brain that have impaired 
perfusion will experience further hemodynamic 
insufficiency, which, in turn, can lead to ischemic stroke. 
Micro emboli are common in patients with severe 
arterial stenosis, and hypoperfusion can lead to emboli 
formation [15], [16].

To assess the functional outcome in patients 
with ischemic stroke, the NIHSS score on day 7 was 
used. At DBP ≥90  mmHg, the functional outcome in 
the mild category of ischemic stroke was six subjects 
(46.2%), moderate category was 17 subjects (73.9%), 
and weight category as many as 11 subjects (100%). 
Meanwhile, in the DBP group <90 mmHg, the functional 
outcome in the mild category of ischemic stroke was 
seven subjects (53.8%), the moderate category was 17 
subjects (26.1%), and weight category as many as 0 
subjects (0%).

Based on the Mann–Whitney test, p = 0.013, 
thus, it can be concluded that there is a significant 
relationship between DBP and functional outcome in 
ischemic stroke. This is in line with research conducted 
by Naito et al. which showed that DBP was a predictor 
used to see poor functional outcomes compared to 
others. A  previous report showed that an increase 
in DBP over SBP during the acute phase of stroke 
was independently associated with worse functional 
outcome at 3 months [19].

In the study of Bangalor et al. (2017), there 
was an association between DBP and stroke outcome 
in ischemic stroke patients undergoing thrombolytic 
therapy for every 10-mm-Hg change from the reference 
value (70 mm  Hg) [6]. In a study conducted by 
Nathanson et al., they compared DBP by gender. In 
patients, high DBP predicts poor functional outcome in 
men, but not in women. High DBP can increase edema 
formation because the main cause of cerebral edema is 
an increase in capillary pressure which depends on the 
mean arterial blood pressure [20].

This study has some limitations including 
not analyzing the factors that affect blood pressure 
in research subjects. Furthermore, in ischemic stroke 
patients, there is no differentiation between thrombus 
and embolic strokes.
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