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Abstract

Background: We have reported that hypertension on admission in el-
derly patients with acute cerebral infarction is an independent predic-
tor for the development of acute pneumonia. However, the relationship 
between blood pressure on admission owing to cerebral hemorrhage 
and the development of pneumonia has not been fully investigated. In 
this study, we evaluated the relationship between blood pressure levels 
on admission and the development of pneumonia in elderly patients 
with cerebral hemorrhage who were in the acute phase.

Methods: Subjects consisted of 117 elderly patients with cerebral 
hemorrhage who were in the acute phase and were emergently ad-
mitted to the Department of Geriatric Medicine, Kanazawa Medical 
University between 2005 and 2015 (59 males and 58 females, the 
mean age ± standard deviation (SD) of 80 ± 8 years, and the range 
of 65 - 98 years). Blood pressure levels on admission were clas-
sified into the following four groups: normal blood pressure/mild 
hypertension group (systolic blood pressure of < 160 mm Hg and 
diastolic blood pressure of < 100 mm Hg), moderate hypertension 
group (systolic hypertension of 160 - 179 mm Hg or diastolic blood 
pressure of 100 - 109 mm Hg), severe hypertension group (systolic 
hypertension of 180 - 199 mm Hg or diastolic blood pressure of 110 
- 119 mmHg), and serious hypertension group (systolic blood pres-
sure of ≥ 200 mm Hg or diastolic blood pressure of ≥ 120 mm Hg). 
Between the two groups (group of patients with acute pneumonia 
and group of those with absence of pneumonia), age, sex, body mass 
index (BMI), history of stroke, history of heart disease, chronic kid-
ney disease, diabetes, dyslipidemia, prehypertension, blood pres-
sure on admission, Japan Coma Scale (JCS) on admission, white 
blood cell count, C-reactive protein (CRP), albumin, bleeding sites, 
bleeding amount, and the presence or absence of centerline shift 

on brain computed tomography (CT) images were retrospectively 
evaluated. Furthermore, factors related to cerebral hemorrhage in 
the development of acute pneumonia in patients with cerebral hem-
orrhage were verified.

Results: Of the 117 patients, 30 (25.6%) had acute pneumonia. 
Age, sex, bleeding amount, midline shift, blood pressure classifi-
cation on admission, JCS, white blood cell count, CRP, albumin, 
diabetes were adopted as confounding factors in the development 
of acute pneumonia. Results of multiple logistic regression analy-
sis showed significant differences between these two groups in the 
following four items: CRP, white blood cell count, JCS, and blood 
pressure classification on admission. After adjustment of these con-
founding factors, the incidence of acute pneumonia in the blood 
pressure groups other than serious hypertension group was set as 
1, and the odds ratio of pneumonia onset in serious hypertension 
group was revealed to be 5.54, with the 95% confidence interval 
of 1.49 - 20.6.

Conclusions: We found that serious hypertension on admission is a 
risk factor for the development of acute pneumonia in elderly patients 
with cerebral hemorrhage who are in the acute phase.
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Introduction

In Japan, cerebral hemorrhage used to account for the major-
ity of strokes, but the proportion has been decreasing due to 
the spread of antihypertensive therapy and the improvement 
of dietary habits. However, in recent years, the decrease 
seems to have reached its limit, and the rate of cerebral hem-
orrhage is still higher in Japan compared to Europe and the 
USA [1, 2].

Pneumonia is known as one of the diseases most fre-
quently observed as a complication of cerebral hemorrhage 
in the acute phase [3, 4]. In addition, patients who have devel-
oped pneumonia are also vulnerable to other complications; 
and pneumonia is a factor that makes condition worsen even 
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in relatively mild cerebral hemorrhage with poor prognosis 
[4]. On the other hand, preventive measures such as early 
resting deposition/sitting encouragement, early intervention 
of a speech therapist or speech-language-hearing therapist 
(ST), and rapid administration of antibiotics in patients with 
fever have also been shown to reduce the complication rate 
of pneumonia [3]. Therefore, prediction of pneumonia onset 
in the acute phase of cerebral hemorrhage is very important.

We have also reported that serious hypertension of elderly 
patients with acute cerebral infarction on admission is an inde-
pendent predictor for the development of acute pneumonia [5], 
and it is expected that the same association will be found for 
cerebral hemorrhage. However, the number of reports that have 
shown the association between hypertension on admission and 
the development of pneumonia in elderly patients who were 
in the acute phase of cerebral hemorrhage is still quite limited.

In this study, we investigated the relationship between 
blood pressure on admission and the onset of acute pneumonia 
in elderly patients with cerebral hemorrhage who were in the 
acute phase.

Materials and Methods

Subjects

Subjects consisted of successive 117 patients who were emer-
gently diagnosed by cerebral computed tomography (CT) with 
cerebral hemorrhage and were admitted to the Department of 
Geriatric Medicine, Kanazawa Medical University between 
2005 and 2015 (59 males and 58 females, the mean age ± 
standard deviation (SD) of 80 ± 8 years, and the range of 65 - 
98 years). While patients for whom the cerebral CT scan and 
blood test were not conducted are excluded, there were no ex-
cluded patients during this study.

Methods

For 117 patients described above, we retrospectively evaluated 
the clinical survey items which will be described later to com-
pare the differences between the two groups: acute pneumonia 
group and group of those with the absence of pneumonia (to be 
described as “non-pneumonia group” hereinafter).

Statistical analysis

In the univariate analysis of comparing these two groups that 
had been classified according to the presence or absence of 
acute pneumonia, we used Mann-Whitney U test for continu-
ous values and χ2 test for categorical variables. Furthermore, 
we performed multiple logistic regression analysis with age, 
sex, and all the other factors showing the tendency to involve 
the P value of < 0.1 as the confounding factors in our uni-
variate analysis between the two groups. In multiple logistic 
regression analysis, we determined it to be statistically signifi-
cant with P value of < 0.05.

Classification of blood pressure levels on admission

Blood pressure level on admission was defined as the maxi-
mum blood pressure which was measured within 72 h after 
admission. During this period, vital signs, including noninva-
sive cuff blood pressure, pulse rate and body temperature, were 
measured by the nurses at least every 2 h during the first 24 h 
and continued every 2 - 8 h up to 72 h. We classified the blood 
pressure levels into the following four groups by referring to 
the report of Bath et al and Vaughan et al [6, 7]. 1) Normal 
blood pressure/mild hypertension group: systolic blood pres-
sure of less than 160 mm Hg and diastolic blood pressure of 
less than 100 mm Hg; 2) Moderate hypertension group: sys-
tolic blood pressure of 160 - 179 mm Hg, or diastolic blood 
pressure of 100 - 109 mm Hg; 3) Severe hypertension group: 
systolic blood pressure of 180 - 199 mm Hg, or diastolic blood 
pressure of 110 - 119 mm Hg; 4) Serious hypertension group: 
systolic blood pressure of 200 mm Hg or higher, or diastolic 
blood pressure of 120 mm Hg or higher.

Clinical survey items

Regarding clinical background, we investigated the age, sex, 
body mass index (BMI), history of stroke, and history of heart 
disease. As underlying diseases, we investigated the presence 
or absence of chronic kidney disease (estimated glomerular fil-
tration rate (eGFR) < 60 mL/min), diabetes (hemoglobin A1c 
(HbA1c) (National Glycohemoglobin Standardization Program 
(NGSP)) > 6.5%, or the use of hypoglycemic agents and insu-
lins), dyslipidemia (fasting plasma of low-density lipoprotein 
cholesterol (LDL-C) > 140 mg/dL, or triglycerides of > 150 
mg/dL), and pre-hypertension (untreated hypertension at the 
stage before the onset of cerebral hemorrhage, or administra-
tion of antihypertensive agent). We investigated blood pressure 
levels on admission, Japan Coma Scale (JCS) on admission, 
white blood cell count, C-reactive protein (CRP), serum albu-
min value, bleeding sites, bleeding amount (ABC/2 on brain 
CT images; A = maximum diameter, maximum diameter per-
pendicular to B = A, C = slice width [8]), and midline shift on 
brain CT images both on admission and after hospitalization.

Diagnostic criteria for objective variables

Referring to the report by Indredavik et al [9], acute pneumo-
nia was defined as appearance of rale sounds during chest aus-
cultation within 14 days of admission, pyrexia of 37.5 °C or 
more, abnormally high value of CRP, increase in peripheral 
white blood cell count of 9,000/µL or more, appearance of pul-
monary infiltrative shadow in chest CT, or viscous sputum, and 
requiring treatment and antibiotics.

Ethical considerations

This study has been approved by the Ethics Committee (ap-
proval number I-098) at the facility and is carried out in ac-
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cordance with the guidelines of Declaration of Helsinki.

Results

Of the 117 patients, 30 (25.6%) had acute pneumonia. The 
group of patients with pneumonia (pneumonia group) showed 
a tendency of age higher than the non-pneumonia group, but 
no significant differences were observed in sex, BMI, or bleed-
ing sites. On the other hand, bleeding amount and midline 
shift were significantly higher in the pneumonia group. In the 
pneumonia group, moreover, blood pressure levels and JCS 
on admission were significantly higher than those of the non-
pneumonia group. In the test results, white blood cell count 
and CRP on admission showed high values, but serum albu-
min levels were significantly lower instead. In the items such 
as the past medical history and the underlying diseases, the 
pneumonia group showed a tendency of higher rate of hav-
ing diabetes complication, but there were no significant differ-
ences observed in other items. In the blood pressure before the 
emergency visits, no significant differences were observed in 
prehypertension, untreated hypertension, or the use of antihy-
pertensive agents or their types between the pneumonia group 
and non-pneumonia group (Table 1).

Considering what have been stated so far, age, sex, amount 
of hemorrhage, midline shift, JCS, white blood cell count, 
CRP, serum albumin value, and diabetes were taken as the 
confounding factors for the occurrence of acute pneumonia.

Results of multiple logistic regression analysis showed 
that CRP, white blood cell count, and JCS as well as blood 
pressure classification on admission were considered inde-
pendent significant factors related to the development of acute 
pneumonia in patients with cerebral hemorrhage (Table 2).

After these confounding factors had been adjusted, the in-
cidence of acute pneumonia in the serious hypertension group 
was evaluated. When the rate of acute pneumonia onset was 
set as 1 for other blood pressure groups, the odds ratio of pneu-
monia onset in the serious hypertension group was 5.54, with 
the 95% confidence interval of 1.49 - 20.6 (Table 3).

Discussion

In this study, acute pneumonia was noted in 25.6% of the sub-
jects. Pneumonia is said to develop in 21.1- 26.9% of the pa-
tients with cerebral hemorrhage who are in the acute phase [4, 
10], and the study revealed similar results in terms of incidence 
of acute pneumonia as have been reported in previous studies.

In this study, the group who presented with acute pneu-
monia showed a tendency to have significantly higher blood 
pressure levels on admission, and the classification of blood 
pressure levels on admission was considered to be one of the 
independent and significant related factors for the develop-
ment of pneumonia. On the other hand, no significant differ-
ences were noted in the presence or absence of hypertension 
before the onset of cerebral hemorrhage or the types of antihy-
pertensives between the pneumonia group and non-pneumonia 
group. The result suggests that a group in which the blood 

pressure rapidly increases following the onset of cerebral hem-
orrhage actually exists, and the group is more vulnerable to de-
velop pneumonia. It is unlikely that increased blood pressure 
is directly related to the development of pneumonia, and it is 
considered that there are some other factors involved in both 
increased blood pressure and the development of pneumonia 
in patients with cerebral hemorrhage.

Increased catecholamine occurs at the onset of cerebral 
hemorrhage, and is known to be one of the conditions that can 
explain the involvement of both increased blood pressure and 
the onset of pneumonia. In the acute phase of cerebral hem-
orrhage and cerebral infarction, adrenaline and noradrenaline 
concentrations in the blood and cerebrospinal fluid are known 
to increase due to the sympathetic nervous system being over-
active [11]. Moreover, a report indicates that immunity de-
creased due to overactivity of the sympathetic nervous system 
in the stroke model using mice [12, 13]. Overactivity of the 
sympathetic nervous system triggered by the onset of cerebral 
hemorrhage induces increased catecholamine concentration, 
leading to increased blood pressure, followed by the patients 
becoming even more vulnerable to develop pneumonia, be-
cause their immunity is decreased.

In addition, gene polymorphism such as angiotensin-con-
verting enzyme (ACE) is also considered to be involved. ACE 
is an enzyme that produces angiotensin II that has a strong vaso-
pressor effect. Angiotensin I is a substrate of angiotensin II. It is 
considered likely that, in patients in whom ACE concentration 
is high, blood pressure is likely to increase more easily [14-17].

In addition, ACE is also responsible for decomposing brad-
ykinin and substance P, both of which are important for cough 
reflex and swallowing reflex; and it has also been reported that 
I/D polymorphism may be associated with cough reflex [18]. 
In our previous studies, patients with ACE-DD polymorphism 
showed significantly more number of pneumonia onset and 
death caused by pneumonia, as compared with patients with 
ACE-ID polymorphism or ACE-II polymorphism. It is consid-
ered that ACE D allele reduces local concentrations of brady-
kinin and substance P by increased ACE activity in the blood 
and tissues, leading to decreased cough reflex and the patients 
becoming more vulnerable to the onset of pneumonia [19].

Furthermore, we have previously reported the relationship 
between acute cerebral infarction, blood pressure, and pneu-
monia in the elderly [5], and the results of this study suggest 
that the same association is found in patients with cerebral 
hemorrhage. We consider that the relationship between blood 
pressure on admission and the onset of pneumonia is a matter 
commonly observed in patients with stroke in general. How-
ever, in this study, it is difficult to sufficiently verify whether 
the backgrounds and disease images of pneumonia in patients 
with cerebral infarction/cerebral hemorrhage are the same, and 
the accumulation of future findings is awaited.

This study suggested the relationship between blood pres-
sure and the onset of pneumonia in patients with the acute 
phase of cerebral hemorrhage, but it is unknown whether an-
tihypertensive treatment in the acute phase leads to the pre-
vention of pneumonia onset. As mentioned above, if some 
factors generated from cerebral hemorrhage were involved 
in both increased blood pressure and the onset of pneumonia, 
solo hypotensive treatment after hospitalization may not pre-
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vent the onset of pneumonia. Moreover, from the viewpoint of 
dysfunction and safety, the Japanese guidelines have already 
recommended to reduce systolic blood pressure to < 140 mm 
Hg for patients with cerebral hemorrhage [20]. Even if anti-
hypertensive treatment is useful for the prevention of pneu-
monia, the results of this study indicate that antihypertensive 
treatment above the current guidelines is not recommended. As 
the preventive measures of pneumonia associated with stroke, 
early resting deposition, ST intervention, rapid administration 
of antibiotics at the onset of fever, and administration of ACE 

inhibitors and cilostazole are considered to be useful [3, 21, 
22]. If blood pressure levels on admission are high in patients 
with cerebral hemorrhage, especially in the patients presenting 
serious hypertension, they are considered a high-risk group of 
pneumonia onset. It is considered desirable to take these pre-
ventive measures for pneumonia onset aggressively and inten-
sively in such patients.

Further, microbiological examination of tracheal speci-
mens and/or blood cultures did not detected atypical pathogens, 
such as Chlamydia pneumoniae, Mycoplasma pneumoniae or 

Table 1.  Clinical Background at the Time of Hospitalization

Pneumonia group (n = 30) Non-pneumonia group (n = 87) P value
Age (years old) 81.7 ± 8.7 78.7 ± 7.0 0.059*
Sex (male/female) 14:16 44:43 0.833
BMI (kg/m2) 21.4 ± 3.1 21.6 ± 4.0 0.793
Imaging site diagnosis
  Subcortical hemorrhage, n (%) 11 (36.7) 26 (29.9) 0.502
  Thalamic hemorrhage, n (%) 10 (33.3) 27 (31.0) 0.823
  Basal ganglia hemorrhage, n (%) 6 (20.0) 22 (25.3) 0.628
  Bridge brain stem hemorrhage, n (%) 2 (6.7) 2 (2.3) 0.275
  Cerebellar hemorrhage, n (%) 1 (3.3) 10 (11.5) 0.285
Bleeding amount (mL), n (%) 32.8 ± 43.7 15.1 ± 26.5 0.028*
Midline shift, n (%) 16 (53.3) 19 (21.8) 0.002*
Blood pressure levels on admission
  Maximum systolic blood pressure (mm Hg) 194 ± 21 176 ± 24 < 0.001*
  Maximum diastolic blood pressure (mm Hg) 105 ± 16 93 ± 14 < 0.001*
  Pulse pressure (mm Hg) 89 ± 18 83 ± 21 0.098*
JCS (0 - 9) 5.3 ± 2.7 2.2 ± 3.1 < 0.001*
White blood cells (× 109/L) 10.4 ± 3.9 7.7 ± 3.1 < 0.001*
CRP (mg/dL) 4.56 (0.1 - 40.1) 1.83 (0.1 - 26.4) < 0.001*
Serum albumin (g/dL) 3.36 ± 0.56 3.74 ± 0.52 0.001*
History of stroke, n (%) 6 (20.0) 18 (20.7) 0.936
Heart disease, n (%) 5 (16.7) 14 (16.1) 0.941
Chronic kidney disease, n (%) 11 (36.7) 27 (31.0) 0.598
Diabetes, n (%) 6 (20.0) 6 (6.9) 0.074*
Dyslipidemia, n (%) 4 (13.3) 10 (11.5) 0.79
Pre-hypertension, n (%) 18 (60.0) 52 (59.8) 0.982
Previously-untreated hypertension, n (%) 6 (20.0) 13 (14.9) 0.517
Previous administration of antihypertensives, n (%) 12 (40.0) 39 (44.8) 0.646
  ARB only, n (%) 5 (16.7) 11 (12.7) 0.58
  ACEI only, n (%) 0 (0) 1 (1.1) 0.555
  CCB only, n (%) 2 (6.7) 10 (11.5) 0.452
  Thiazide only, n (%) 1 (3.3) 1 (1.1) 0.426
  Beta-blockers only, n (%) 0 (0) 1 (1.1) 0.555
Combination of two or more antihypertensives, n (%) 4 (13.3) 15 (17.2) 0.617

Mann-Whitney U test, χ2 test. *P < 0.1. BMI: body mass index; JCS: Japan Coma Scale; CRP: C-reactive protein; ARB: angiotensin II receptor 
blocker; ACEI: angiotensin-converting enzyme inhibitor; CCB: calcium channel blocker.
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Legionella pneumophila (data not shown). Research including 
the pathogen is required in order to clarify the mechanism of 
serious hypertension.
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