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لاكشلأاددعتملانيسنتويجنلأللوحملاميزنلإاةقلاعمييقتل:ثحبلافادهأ
،يعولاىوتسمو،خملالخاديومدلامرولامجحو،مدلاطغضعافتراعمةينيجلا

.خملالخادفزنبنيباصملاىضرملانيبضرملاةجيتنو

ماعلانيدباعلانيزىفشتسميفةيضرعةيعطقمةساردتيرجأ:ثحبلاقرط
لسلستملاةرملبلالعافتمدختسا.٢٠١٧وينويىلإ٢٠١٦ويامنمةرتفلاللاخ
لاكشلأاددعتملانيسنتويجنلأللوحملاميزنلإليثارولابيكرتلاىلعلوصحلل
.مجحلاريدقتةغيصمادختسابخملالخاديومدلامرولامجحمييقتمتامك.ةينيجلا

ضرملاةجيتنمييقتو.ةبوبيغللوجسلاجسايقمةطساوبيعولاىوتسممييقتمتو
عميثارولابيكرتللةقلاعلارابتخاليلحتو.جئاتنللوجسلاجسايقممادختساب

وجسلاجسايقمو،خملالخاديومدلامرولامجحو،مدلاطغضعافتراةلاح
مادختسابخملالخادفزنبةباصملاتلااحللجئاتنللوجسلاجسايقمو،ةبوبيغلل
.ددعتملايتسجوللارادحنلاا

،ءلاؤهنم.خملالخادفزنباضيرم٧٥هعومجمامةساردلاتنمضت:جئاتنلا
يومدلامرولامجحهيدلاضيرم٢٤و،مدلاطغضعافتراباباصماضيرم٥٩

≤ةبوبيغللوجسلاجسايقمهيدلاضيرم١٦و،ابعكمارتميتنس٦٠≥خملالخاد
نيجلانأانجئاتنترهظأ.٣-١جئاتنللوجسلاجسايقمهيدلاضيرم٧٢و،٨
ريبكلكشباطبترمناكةينيجلالاكشلأاددعتملانيسنتويجنلأللوحملاميزنلإل
لخاديومدلامرولامجحعمسيلنكلو،ةرم٣.٦بمدلاطغضعافترادايدزاب
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Abstract

Objectives: To evaluate the correlation of angiotensin-

converting enzyme (ACE) G2350A gene polymorphisms

with hypertension, brain hematoma volume (BHV), level

of consciousness, and disease outcome among intracere-

bral haemorrhage (ICH) patients.

Methods: A cross-sectional study was conducted in Zai-

noel Abidin General Hospital from May 2016 to June

2017. Polymerase chain reaction was used to genotype

ACE G2350A gene polymorphisms. BHV was assessed

using the ABC/2 volume estimation formula. Level of

consciousness was assessed by Glasgow coma scale

(GCS). Disease outcome was assessed using Glasgow

outcome scale (GOS). Association tests for ACE G2350A

genotype in the context of hypertension status, BHV,

GCS score, and GOS score in subjects with ICH was

analysed by multiple logistic regression.

Results: A total of 75 ICH patients were included in the

study. Of those, 59 patients exhibited hypertension, 24

patients had BHV �60 cm3, 16 patients possessed GCS
y. This is an open access article under the CC BY-NC-ND license
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scores �8, and 72 patients had GOS scores of 1e3. Our

analysis determined that the A allele of the ACE G2350A

gene polymorphism was significantly associated with a

3.6-fold increase in hypertension; however, this poly-

morphism was not associated with BHV, level of con-

sciousness, and disease outcome among ICH patients.

Conclusion: The A allele of the ACE G2350A gene

polymorphisms is associated with hypertension among

ICH patients.

Keywords: ACE G2350A gene polymorphism; Hypertension;

Intracerebral haemorrhage

� 2019 The Authors.

Production and hosting by Elsevier Ltd on behalf of Taibah

University. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
Introduction

Intracerebral haemorrhage (ICH), the second most com-
mon sub-type of stroke, is a devastating critical disease

associated with the highest morbidity and mortality of all
stroke sub-types.1,2 Serious morbidity and mortality of ICH
had been reported, where it was revealed that more than one

third of patients with ICH did not survive, and functional
independence was regained by only approximately 20% of
the patients.3 The morbidity rate of ICH varies, ranging
from 22.9 to 51.8 per 100 000 population,2 and the

mortality rate (the 30-day mortality rate) ranges from 35%
to 52% of all ICH patients.4 The high mortality rate
observed for ICH is triggered by several factors including

hypertension,5 brain hematoma volume (BHV),6 level of
consciousness, and disease outcome.7 Of these factors, it
has been suggested that hypertension plays a central role in

affecting the other factors. In the pathophysiology of ICH,
higher blood pressure is directly proportional to larger
BHV,8 and this pathological state has a crucial impact on

decreased consciousness and poor prognosis in ICH
patients.9 Additionally, a recent study found that
hypertension was considered the main predictor for in-
hospital mortality among ICH patients.5

In the pathogenesis of hypertension, it has been disclosed
that angiotensin-converting enzyme (ACE) plays an impor-
tant role in the renin-angiotensin-aldosterone system

(RAAS) to cause vasoconstriction. In the RAAS, angio-
tensinogen is cleaved by renin into angiotensin I, and
angiotensin I is subsequently cleaved into angiotensin II by

ACE. Angiotensin II mainly affects the RAAS, where it in-
duces vasoconstriction, sodium retention, and proliferative
effects. These mechanisms are the forerunners for the
development of hypertension.10,11 Therefore, it has been

hypothesized that ACE may possess a potential correlation
with these aggravating factors that include hypertension,
BHV, level of consciousness, and disease outcome among

ICH patients. The ACE G2350A gene is one of ACE genes
that play a significant role in determining the ACE level
within the circulation.12 Therefore, our study aimed to
evaluate the association of ACE G2350A gene
polymorphisms with hypertension, BHV, level of

consciousness, and disease outcome among patients with
ICH.

Materials and Methods

Study designs and patients

FromMay 2016 to June 2017, a cross-sectional study was

conducted in Zainoel Abidin General Hospital, Banda Aceh,
Indonesia to evaluate the correlation of ACE G2350A gene
polymorphism with hypertension, level of consciousness,

disease outcome, and BHV among patients with ICH. All
enrolled ICH patients were treated in our Hospital, and all
patients were Acehnese, which is one of the ethnic groups in
Indonesia. To confirm the diagnosis of ICH, brain computed

tomography (CT) scans (Dual Source CT Scanner, Siemens
Healthcare, Erlangen, Germany) was performed on all pa-
tients with clinical conditions and neurological examination

related to ICH.13 Blood pressure (supine), performed at least
three times, was measured after the patients had rested for at
least 15 min using both a blood pressure monitor and an

auscultatory method.14 The hypertension diagnosis was
assessed using standard criteria formulated by the Joint
National Committee VII.15 BHV was measured using the
ABC/2 volume estimation as described by previous

studies.16,17 Additionally, Glasgow coma scale (GCS) score
was used to evaluate level of consciousness,18 and disease
outcome was determined using Glasgow outcome scale

(GOS) score.19 Patients experiencing severe infection,
abnormal blood electrolyte levels, patients with ICH
related to trauma, neoplasms, coagulation disorders or

thrombolytic therapy, aneurysms, or other vascular
malformations were excluded.

Genotyping of ACE G2350A gene polymorphism

Blood samples were collected in 10 ml Natrium - Ethyl-
enediaminetetraacetic acid (NaeEDTA) tubes and kept
frozen at �20 �C. DNA was extracted using standard pro-

tocols adapted from previous studies.11,20e22 A set of primers
(forward 50-CTGACGAATGTGATGGCCGC-30 and
reverse 50-TTGATGAGTTCCACGTATT TCG-30) was

designed to cover the polymorphic region of the ACE
G2350A gene. A thermal cycler (Perkin Elmer 2400,
Boston, USA) was used to amplify the DNA. A 10 mL

total reaction volume contained 100e200 ng DNA
templates, 125 mM dNTPs, 2.5 mM MgCl2, 0.3 mM
primers, and 1U Taq polymerase. DNA was amplified for

35 cycles, and each cycle consisted of pre-denaturation at
95 �C for 5 min, denaturation at 94 �C for 30 s, annealing at
58 �C for 30 s, extension at 72 �C for 30 s, and post-extension
at 72 �C for 10 min. DNA sequencing was performed using

BioEdit software (BioEdit, Carlsbad, USA). A fast digest
BstU1 (Thermo Fisher Scientific, Waltham, USA) was used
to digest the PCR products. We used 2% agarose gel

(Hoeffer, Holliston, USA) to separate the digested frag-
ments, and digested fragments were identified using ethidium
bromide staining under ultraviolet transillumination. A 122-

bp fragment was visualized as allele G2350, 100-bp and 22-

http://creativecommons.org/licenses/by-nc-nd/4.0/
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bp fragments were visualised as allele A2350, and 122e100
and 22 bp were visualised as the GA genotype.

Statistical analysis

The association of ACE G2350A gene polymorphism

with hypertension, level of consciousness, disease outcome,
and BHV among patients with ICH was analysed using
multiple logistic regression. All significance tests were two

tailed, and P-values of <0.05 were considered statistically
significant. Statistical Package of Social Sciences 17.0
software (SPSS Inc., Chicago, IL) was used to analyse the
data.

Results

During the study period, a total of 75 ICH patients were
recruited for the study. Of those, hypertension was observed
in 59 patients. The mean age for the normotension group was

54.50 years, and for hypertension group the mean age was
55.88 years. Approximately 56.25% and 52.54% patients
were male for the normotension and the hypertension group,
respectively. Other baseline characteristics of the patients

included in our study are described in Table 1. Our analysis
Table 2: Genotypes and allele frequencies of ACE G2350 gene

polymorphisms in hypertensive subjects among ICH patients.

Genotypes

and alleles

Normotension

(n ¼ 16)

Hypertension

(n ¼ 59)

OR

(95%CI)

p

GG vs.

GAþAA

13 (81.25) 29 (49.15) 0.22

(0.06e0.87)
0.030

GA vs.

GGþAA

3 (18.75) 28 (47.46) 3.91

(1.01e15.18)

0.048

AA vs.

GGþGA

0 (0.00) 2 (3.39) 1.44

(0.07e31.39)
0.819

G vs. A 29 (90.63) 86 (72.88) 0.28

(0.08e0.98)

0.046

A vs. G 3 (9.38) 32 (27.12) 3.60

(0.41e2.43)
0.046

Notes; Data were presented as n (%); ACE, angiotensin-

converting enzyme; ICH, intracerebral hemorrhage; OR, odds

ratio; CI, confidence interval.

Table 1: Baseline characteristics of the patients included in this stud

Baseline characteristics Normotension/Normotensive

Age (years) 54.50 � 11.08

Male 9 (56.25)

Hemoglobin (gr/dl) 12.27 � 2.61

Leukocyte(*103/ml) 8.90 � 2.83

Thrombocyte (*103/ml) 252.06 � 70.49

Urea (mg/dl) 34.00 � 11.68

Creatinine (mg/dl) 0.91 � 0.09

Total cholesterol (mg/dl) 190.56 � 25.45

HDL (mg/dl) 37.88 � 8.50

LDL (mg/dl) 122.38 � 46.13

Triglyceride (mg/dl) 178.94 � 16.97

Blood glucose (mg/dl) 150.00 � 19.62

Notes; Data were presented as mean�SD or n (%); HDL, high-densi

confidence interval; SD, standard deviation.
found that the baseline characteristics between the
normotension and the hypertension groups were not

significantly different (P > 0.05), and therefore, our data
were considered homogeneous.

Table 2 shows the distributions of the genotypes

frequencies of ACE G2350A gene polymorphisms in the
normotension and the hypertension groups. The genotype
frequencies were 81.25% for GG, 18.75% for GA, 0% for

AA in patients with normotension, and they were 49.15%
for GG, 47.46% for GA, and 3.39% for AA in subjects
exhibiting hypertension. For the allele frequencies,
approximately 90.63% for G and 9.38% for A were

observed in the normotension group, and 72.88% and
27.12% for the G and the A allele, respectively, were
observed in hypertension group. Our analysis found that

the A allele was associated with a 3.60-fold increased risk
for hypertension among ICH patients.

The distributions of genotype frequencies of ACE

G2350A gene polymorphisms for GCS �8 and GCS �9 are
described in Table 3. The genotype frequencies were 56.25%,
43.75%, and 0.00% for GG, GA, and AA respectively in
patients exhibiting a GCS �8. For patients with a GCS

�9, the frequencies for GG, GA, and AA were 55.93%,
40.68%, and 3.39%, respectively. Our analysis found no
y.

(n ¼ 16) Hypertension (n ¼ 59) p

55.88 � 12.16 0.852

31 (52.54) 0.983

12.43 � 2.40 0.875

8.80 � 2.77 0.922

245.25 � 68.87 0.901

33.63 � 9.15 0.259

0.94 � 0.08 0.224

197.27 � 16.70 0.331

41.92 � 7.86 0.398

143.17 � 43.89 0.224

188.02 � 18.70 0.164

142.29 � 29.41 0893

ty lipoprotein; LDL, low-density lipoprotein; OR, odds ratio; CI,

Table 3: The association between genotypes and allele fre-

quencies of ACE G2350 gene polymorphisms and level of

consciousness among ICH patients.

Genotypes

and alleles

GCS �8

(n ¼ 16)

GCS � 9

(n ¼ 59)

OR

(95%CI)

p

GG vs.

GAþAA

9 (56.25) 33 (55.93) 1.01

(0.33e3.08)

0.982

GA vs.

GGþAA

7 (43.75) 24 (40.68) 1.13

(0.37e3.46)

0.825

AA vs.

GGþGA

0 (0.00) 2 (3.39) 0.70 (0.03e15.25) 0.819

G vs. A 25 (78.13) 90 (76.27) 1.11 (0.43e2.84) 0.826

A vs. G 7 (21.87) 28 (23.73) 0.90 (0.35e2.30) 0.826

Notes; Data were presented as n (%); ACE, angiotensin-

converting enzyme; ICH, intracerebral hemorrhage; GCS, gla-

gow coma scale; OR, odds ratio; CI, confidence interval.



Table 4: The association between genotypes and alleles fre-

quencies of ACE G2350 gene polymorphisms and glasgow

outcome scale among ICH patients.

Genotypes

and alleles

GOS 1e3

(n ¼ 72)

GOS 4e5

(n ¼ 3)

OR

(95%CI)

p

GG vs.

GAþAA

40 (55.56) 2 (66.67) 0.63

(0.05e7.21)

0.706

GA vs.

GGþAA

30 (41.67) 1 (33.33) 1.43

(0.12e16.48)

0.775

AA vs.

GGþGA

2 (2.78) 0 (0.00) 0.25

(0.01e6.22)

0.396

G vs. A 110 (76.39) 5 (83.33) 0.65 (0.07e5.73) 0.696

A vs. G 34 (23.61) 1 (16.67) 1.55 (0.17e13.68) 0.696

Notes; Data were presented as n (%); ACE, angiotensin-

converting enzyme; ICH, intracerebral hemorrhage; GOS, glas-

gow outcome scale; OR, odds ratio; CI, confidence interval.

Table 5: The association between genotypes and alleles fre-

quencies of ACE G2350 gene polymorphisms and brain he-

matoma volume among ICH patients.

Genotypes

and alleles

BHV0-

60

cm3

(n ¼ 51)

BHV

� 61 cm3

(n ¼ 24)

OR

(95%CI)

p

GG vs.

GAþAA

30 (58.82) 12 (50.00) 0.70

(0.26e1.86)

0.474

GA vs.

GGþAA

19 (37.25) 12 (50.00) 1.68

(0.63e4.49)

0.298

AA vs.

GGþGA

2 (3.92) 0 (0.00) 0.40

(0.02e8.75)

0.564

G vs. A 79 (77.45) 36 (75.00) 0.87 (0.39e1.95) 0.741

A vs. G 23 (22.55) 12 (25.00) 1.15 (0.51e2.55) 0.741

Notes; Data were presented as n (%); ACE, angiotensin-

converting enzyme; ICH, intracerebral hemorrhage; BHV,

brain hematoma volume; OR, odds ratio; CI, confidence interval.
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association between level of consciousness and ACE
G2350A gene polymorphisms among ICH patients.

We summarize the genotype frequencies of ACE G2350A
gene polymorphisms in patients with GOS of 1e3 and GOS
of 4e5 in Table 4. The genotype frequencies for patients with

GOS of 1e3 were 55.56% for GG, 41.67% for GA, and
2.78% for AA. For patients with GOS of 4e5, the
frequencies were 66.67%, 33.33%, and 0.00% for GG,

GA, and AA, respectively. Our findings indicated no
Figure 1: Forest plot of the as
association between GOS and ACE G2350A gene
polymorphisms among ICH patients.

Table 5 summarizes the genotype frequencies of ACE
G2350A gene polymorphisms in patients with BHV of 0e
60 and BHV >60. We observed 58.82% for GG, 37.25%

for GA, and 3.92% for AA in patients with BHV of 0e60.
For BHV >60, the frequencies for GG, GA, and AA were
50.00%, 50.00%, and 0.00%, respectively. Our analysis

found no association between BHV and ACE G2350A
gene polymorphisms among ICH patients.

Discussion

It is widely established that ICH patients have widely
varying prognoses, and these are influenced by several fac-

tors including hypertension, level of consciousness, disease
outcome, and BHV. In addition to the factors, genetic
polymorphisms may also play a crucial role in determining

ICH prognosis. Our study reported the correlation of ACE
G2350A gene polymorphisms with the risk of hypertension,
level of consciousness, disease outcome, and BHV among
patients with ICH.

Our results indicated that the A allele of ACE G2350A
gene polymorphisms was associated with an increased risk
for hypertension among patients with ICH. It has been re-

ported that hypertension plays a crucial role in the devel-
opment of ICH,23 and the pathogenesis of hypertension is
closely influenced by ACE.24 Hypertension is a

pathological state characterized by narrowing of the
arteriolar lumen.25 This abnormality is closely related to
vasoconstriction and vascular hypertrophy. This narrowing
of the arteriolar lumen may occur due to complex

mechanisms involving the autonomic nervous system and
both circulating and local vasoconstrictors including
ACE.26 It has been reported that ACE plays an important

role in influencing the levels of the potent vasoconstrictor
angiotensin24. In hypertension, angiotensin II, through
various mechanisms, leads to direct vasoconstriction of

precapillary arterioles and post-capillary venules and stim-
ulates hypertrophy of vascular smooth muscle cells.27 This
mechanism may explain the correlation between

hypertension and ACE G2350A gene polymorphisms
among ICH patients as reported in our results.

Until now, no study reports the influence of ACE G2350A
gene polymorphisms in hypertensive subjects with ICH.

Therefore, we could not compare our results systematically
with the results of previous studies. Previous studies have only
reported the correlation between ACE G2350A gene
sociation between ACE G.
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polymorphisms and hypertension. Of those, four studies20,28e
30 found that ACE G2350A gene polymorphisms were

associated with the risk of hypertension, and in contrast,
four other studies31e34 indicated no association. We
attempted to combine the data from those previous studies

with our data, and our pooled calculation found that ACE
G2350A gene polymorphisms were not associated with the
risk of hypertension (Figure 1). The results of our pooled

calculation were contrary to those of a previous meta-
analysis.12 This previous study found that the A allele was
associated with a protective effect against the risk of
hypertension; however, data discrepancies between the report

and the references were observed in the meta-analysis. There-
fore, the accuracy of the meta-analysis is still in doubt. In the
near future, we expect that there will be a meta-analysis report

involving a larger and more accurate data set.
The prognosis of ICH patients is influenced by several

aggravating factors includingBHV, level of consciousness, and

disease outcome. Although it is difficult to describe the exact
mechanism regarding the association between ACE and these
aggravating factors, there is an assumption that a linear cor-
relationmay exist betweenACE and these aggravating factors.

Elevated BHV scores usually lead to a decreased level of con-
sciousness asa result of increased intracranial pressure, and this
condition is associated with a poor prognosis9 and low GOS

score.35,36 Indeed, BHV was considered more important than
GCS in determining the treatment option in patients with
ICH.37 Additionally, a large BHV was demonstrated to be

associated with elevated blood pressure,38 and hypertension
was shown to correlate with ACE G2350A gene
polymorphisms.20,28e30 This suggested that ACE G2350A

gene polymorphisms should have an impact on BHV and
other aggravating factors; however, our study failed to show
a correlation between these aggravating factors and ACE
G2350A gene polymorphisms. These results are puzzling, and

the absence of a clear correlation theory may be the main
reason for these results. Additionally, the currently existing
assumption was based solely on the low rational possibilities.

In addition, no study reports the correlation between ACE
and these aggravating factors among patients with ICH. This
may explain the existence of no correlation between ACE

G2350A gene polymorphisms and several aggravating factors
including BHV, level of consciousness, and disease outcome
as reported in our results.

There were several limitations in our current study. First,
several precipitating factors including smoking status,
alcohol consumption, and the use of sympathomimetic drugs
were not included in the study. Second, false positive findings

may occur due to small sample size. Third, our samples were
only recruited from a single centre, and therefore the bias
probability could not be ruled out.
Conclusions

In our population, the A allele of ACE G2350A gene
polymorphisms is associated with increased risk for hyper-
tension among ICH patients, and ACE G2350A gene poly-

morphisms exhibit no significant correlation with BHV, level
of consciousness, and disease outcome. Our results provide
the first evidence concerning ACE G2350A gene poly-

morphisms in hypertensive subjects with ICH.
Source of funding

There is no external funding for our study.

Conflict of interest

The authors have no conflict of interest to declare.

Ethical approval

The study was approved by the Institutional Review
Board of Universitas Syiah Kuala, Banda Aceh, Indonesia
(No. 039/KE/FK/2016) in accordance with the Declaration

of Helsinki. All subjects and/or their family provided written
informed consent prior to participation in this study.

Authors’ contributions

Idea/concept: II. Design: II; SS. Control/supervision: II;
SS; SS. Data collection/processing: II; SS; SS; FF; NM; JKF.

Extraction/Analysis/interpretation: II; SS; SS; FF; NM;
JKF. Literature review: II; JKF. Writing the article: II; JKF.
Critical review: II; SS; JKF. All authors have critically

reviewed and approved the final draft and are responsible for
the content and similarity index of the manuscript.

References
1. Carpenter AM, Singh IP, Gandhi CD, Prestigiacomo CJ. Ge-

netic risk factors for spontaneous intracerebral haemorrhage.

Nat Rev Neurol 2016; 12(1): 40e49.

2. An SJ, Kim TJ, Yoon BW. Epidemiology, risk factors, and

clinical features of intracerebral hemorrhage: an update.

J Stroke 2017; 19(1): 3e10.

3. Sahni R, Weinberger J. Management of intracerebral hemor-

rhage. Vasc Health Risk Manag 2007; 3(5): 701e709.
4. Caceres JA, Goldstein JN. Intracranial hemorrhage. Emerg

Med Clin N Am 2012; 30(3): 771e794.

5. Hevesi M, Bershad EM, Jafari M, Mayer SA, Selim M,

Suarez JI, Divani AA. Untreated hypertension as predictor of

in-hospital mortality in intracerebral hemorrhage: a multi-

center study. J Crit Care 2018; 43: 235e239.

6. Panchal HN, Shah MS, Shah DS. Intracerebral hemorrhage

score and volume as an independent predictor of mortality in

primary intracerebral hemorrhage patients. Indian J Surg 2015;

77(Suppl 2): 302e304.

7. Nilsson OG, Lindgren A, Brandt L, Säveland H. Prediction of
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