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Relationship between senile osteoporosis and
cardiovascular and cerebrovascular diseases

XIAOYING HU, SHUCAN MA, CAIXIA YANG, WEIWEI WANG and LIMAN CHEN

The First Department of Geriatric Medicine, Harrison International Peace Hospital, Hengshui, Hebei 053000, P.R. China

Received November 20, 2018; Accepted March 18, 2019

DOI: 10.3892/etm.2019.7518

Abstract. The relationship between senile osteoporosis and
cardiovascular hypertension, coronary heart disease and
cerebral infarction was investigated. A retrospective study
on 428 elderly patients hospitalized in Harrison International
Peace Hospital from June 2014 to January 2017 was conducted.
There were 207 cases of coronary heart disease, 102 cases of
hypertension and 119 cases of cerebral infarction. According
to bone density measurement results, the subjects were divided
into the osteoporosis group and the non-osteoporosis group.
Risk factors for osteoporosis were analyzed, and the incidence
of osteoporosis in hypertension, coronary heart disease, and
cerebral infarction populations of different severity was
analyzed. Hypertension, coronary heart disease and cerebral
infarction were the main risk factors for osteoporosis in the
elderly. Incidence of osteoporosis in the double-vessel disease
group and the three-vessel disease group was significantly
higher than that in the single-vessel disease group. Incidence
of osteoporosis was significantly higher in the three-vessel
disease group than that in the double-vessel disease group
(P<0.05). Incidence of osteoporosis was significantly higher in
the moderate hypertension and severe hypertension groups than
that in the mild hypertension group. Incidence of osteoporosis
was significantly higher in patients with severe hyperten-
sion than that in the moderate hypertension group (P<0.05).
Incidence of osteoporosis in patients with moderate cerebral
infarction and severe cerebral infarction was significantly
higher than that in the mild cerebral infarction group (P<0.05).
Incidence of osteoporosis in patients with severe cerebral
infarction was significantly higher than that in the moderate
cerebral infarction group (P<0.05). The results indicated that
there is a close correlation between senile osteoporosis and
hypertension, coronary heart disease and cerebral infarction.
Osteoporosis can be used as a predictor of early screening for
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hypertension, coronary heart disease and cerebral infarction in
the elderly population.

Introduction

Osteoporosis is an orthopaedic disease characterized by
reduced bone mass and microstructural degradation of bone.
Osteoporosis can be divided into primary and secondary
types, of which primary osteoporosis is the main type in
clinical practice (1,2). Primary osteoporosis mainly affects
the elderly population. With the growth of aging popula-
tion in China, the incidence of osteoporosis also shows
an increasing trend. The risk of cardiovascular disease is
increased with aging. Common cardiovascular diseases in
China include hypertension, coronary heart disease, and
cerebral infarction. Previous studies have revealed that
many elderly patients with osteoporosis are associated with
cardiovascular diseases such as hypertension, coronary heart
disease, and cerebral infarction. Osteoporosis and various
cardiovascular diseases have a common pathophysiological
basis (3,4). However, studies on the correlation between
senile osteoporosis and cardiovascular and cerebrovascular
diseases, especially the correlation between osteoporosis
and the severity of cardiovascular and cerebrovascular
diseases are rare. In this study, patients with hypertension,
coronary heart disease and cerebral infarction were used
as the research subjects to explore the correlation between
senile osteoporosis and cardiovascular disease. This study
provides a theoretical basis for screening high-risk groups
of cardiovascular and cerebrovascular diseases based on the
diagnosis of early osteoporosis.

Patients and methods

Research subjects. A retrospective study on 600 elderly
patients hospitalized in Harrison International Peace Hospital
(Hengshui, China) from June 2014 to January 2017 was
conducted. There were 207 cases of coronary heart disease,
102 cases of hypertension and 119 cases of cerebral infarc-
tion. Two hundreds and seven patients with coronary heart
disease including 120 males and 87 females, aged 60-81 years,
with a mean age of 68.85+6.52 years. A hundred and two
patients with hypertension including 62 males and 40 females,
aged 60-80 years, with a mean age of 67.73+6.58 years. A
hundred and nineteen cases of cerebral infarction including
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60 males and 59 females, aged 61-79 years, with a mean age
of 67.48+6.38 years. Coronary heart disease was diagnosed
according to the guidelines for the diagnosis and treatment
of chronic stable angina pectoris established by the Chinese
Medical Association Cardiovascular Branch. Cerebral infarc-
tion was diagnosed according to the 2010 guidelines for the
diagnosis and treatment of acute ischemic stroke in China.

Inclusion criteria. Inclusion criteria were: i) patients with
complete medical records; ii) patients older than 60 years old;
iii) patients with no chronic wasting disease and malignant
tumors, and iv) patients with no autoimmune disease and
infectious diseases.

Exclusion criteria. Exclusion criteria were: i) patients with
thyroid or parathyroid disease; ii) patients with renal tubular
and glomerular diseases; iii) patients with diabetes or chronic
liver disease; iv) patients with bone metastases and osteoma;
v) patients with a history of abdominal surgery; vi) patients
who were combined with other serious physical diseases and
other liver, kidney, and endocrine diseases that affect bone
metabolism; vii) patients who were taking hormones or
other drugs that affect bone metabolism; viii) patients with
a history of mental illness, and ix) patients with incomplete
medical record.

The study was approved by the Ethics Committee of
Harrison International Peace Hospital. Signed informed
consents were obtained from the patients or guardians.

Severity of coronary artery disease. Left and right coronary
arteries of patients with coronary heart disease were imaged
by contrast instrument. Severity of coronary artery disease was
evaluated according to the results of coronary angiography.
According to coronary artery lesions, patients were divided
into the single-vessel disease group, the double-vessel disease
group and the three-vessel disease group (5).

Severity of hypertension. Blood pressure of hypertension
patients was measured according to standard blood pressure
measurement method, and the severity of hypertension was
evaluated according to the measured diastolic blood pres-
sure and systolic blood pressure. Mild hypertension: diastolic
blood pressure is 90-99 mmHg and systolic blood pressure
is 140-159 mmHg. Moderate hypertension: diastolic blood
pressure is 100-109 mmHg and systolic blood pressure is
160-179 mmHg. Severe hypertension: diastolic blood pressure
=110 mmHg and systolic blood pressure =180 mmHg (6).

Severity of cerebral infarction. The US National Institutes of
Health Stroke Scale was used to assess the severity of cere-
bral infarction patients. Mild cerebral infarction: 2-4 points,
moderate cerebral infarction: 5-20 points, severe cerebral
infarction: >21 points (7).

Bone density measurement. Lumbar spine and left hip
bone mineral density of all subjects were measured using
a dual-energy X-ray density meter, and the results were
compared with the peak bone mass (T) of healthy indi-
viduals of the same sex. According to the Chinese Medical
Association's guidelines for clinical diagnosis and treatment of
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osteoporosis, the criterion for the determination of bone mass
is T score. T<-1.0 indicates normal bone mass. Bone mass is
reduced when T>-1.0 - <-2.5. Osteoporosis was diagnosed
when T=-2.5. According to the bone mineral density measure-
ment results of the study subjects and the diagnostic criteria
for osteoporosis, patients with hypertension, coronary heart
disease and cerebral infarction were divided into the osteopo-
rosis and non-osteoporosis groups (8).

Statistical analysis. Statistical analyses were performed using
SPSS 19.0 statistical software (IBM Corp., Armonk, NY,
USA). Count data were expressed as % and the differences
between groups were compared by % test. Factors affecting
osteoporosis were analyzed by Logistic regression analysis,
and the test level was a=0.05. Differences were statistically
significant at P<0.05.

Results

Logistic regression analysis of senile osteoporosis and cardio-
vascular and cerebrovascular diseases. With osteoporosis
as a dependent variable, BMI, blood glucose, triglyceride,
cholesterol, high-density lipoprotein, low-density lipoprotein,
serum calcium, serum enzymes, hypertension, coronary heart
disease, cerebral infarction and other factors were introduced
into the two-class logistic model. Results showed that hyper-
tension, coronary heart disease and cerebral infarction are the
main risk factors for osteoporosis in the elderly (Table I).

Comparison of incidence of osteoporosis in patients with
coronary heart disease of different severity. Incidence
of osteoporosis in patients with different severity of coro-
nary heart disease was compared. Results showed that the
incidence of osteoporosis in the double-vessel disease and
three-vessel disease groups was significantly higher than
that in the single-vessel disease group (P<0.05). Incidence
of osteoporosis in the three-vessel disease group was signifi-
cantly higher than that in the double-vessel disease group
(P<0.05) (Table II).

Comparison of incidence of osteoporosis in patients with
hypertension of different severity. Incidence of osteopo-
rosis in patients with hypertension of different severity was
compared. Results showed that incidence of osteoporosis was
significantly higher in the moderate hypertension and severe
hypertension groups than that in the mild hypertension group
(P<0.05). Incidence of osteoporosis was significantly higher
in patients with severe hypertension than that in the moderate
hypertension group (P<0.05) (Table III).

Comparison of incidence of osteoporosis in patients with
different severity of cerebral infarction. Incidence of osteopo-
rosis in patients with different severity of cerebral infarction
was compared. Results showed that incidence of osteoporosis
in patients with moderate cerebral infarction and severe cere-
bral infarction was significantly higher than that in the mild
cerebral infarction group (P<0.05). Incidence of osteoporosis
in patients with severe cerebral infarction was significantly
higher than that in patients with moderate cerebral infarction
(P<0.05) (Table IV).
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Table I. Logistic regression analysis of senile osteoporosis and cardiovascular and cerebrovascular diseases.
Factors § SE Wald P-value OR 95% C1
BMI index 1.277 0.670 2.811 0.091 3.090 0.827-11.543
Blood glucose 0.891 0.342 2.984 0.099 3.225 0.873-10.632
Triglyceride 1.046 0.568 2.764 0.064 2.536 0.672-9.621
Cholesterol 1.116 0.579 3.682 0.058 2.791 0.566-7.287
High-density lipoprotein 1.268 0.683 2.578 0.068 2.686 0.673-9.632
Low-density lipoprotein 1.673 0.883 2.637 0.082 3.872 0.737-6.782
Serum calcium 1.767 0.577 2.687 0.067 2.683 0.472-7.827
Serum enzyme 1.350 0.737 2.673 0.073 3.682 0.682-8.732
Hypertension 1.872 0.777 6.838 0.021 5.373 2.683-14.682
Coronary heart disease 2.111 0.578 8.035 0.045 8.683 2.016-34.626
Brain infarction 1.597 0.745 4.037 0.044 4.286 1.376-20.863

Table II. Comparison of incidence of osteoporosis in patients
with coronary heart disease of different severity.

Table IV. Comparison of incidence of osteoporosis in patients
with different severity of cerebral infarction.

Groups Cases Osteoporosis (cases %)  Groups Cases Osteoporosis (cases %)
Single-vessel disease 67 15/22.39 Mild cerebral infarction 45 9/20.00
Double-vessel disease 71 26/36.62° Moderate cerebral infarction 33 12/36.36*
Three-vessel disease 69 34/49.28° Severe cerebral infarction 41 20/48.78*°

. 10.643 ¥ 7.943

P-value 0.005 P-value 0.019

"P<0.05, compared with the single-vessel disease group; "P<0.05,
compared with the double-vessel disease group.

1P<0.05, compared with the mild cerebral infarction group; °P<0.05,
compared with the moderate cerebral infarction group.

Table III. Comparison of incidence of osteoporosis in patients
with hypertension of different severity.

Groups Cases Osteoporosis (cases %)
Mild hypertension 31 8/25.81
Moderate hypertension 40 14/35.00°
Severe hypertension 31 15/48.39%°

N 7.257
P-value 0.027

"P<0.05, compared with the mild hypertension group; "P<0.05, com-
pared with the moderate hypertension group.

Discussion

Aging causes a series of changes in the human body. Organ
function reduction during aging leads to cardiovascular
and vascular diseases and osteoporosis, which are common
diseases in the elderly population. Epidemiological studies
have shown a close correlation between cardiovascular and
cerebrovascular diseases and osteoporosis (9,10). Incidence of
cardiovascular and cerebrovascular diseases such as hyperten-
sion, coronary heart disease and cerebral infarction in the

elderly osteoporosis group is higher than that of the elderly
population with normal bone density. In addition, studies
have shown that the use of low bone density as a risk factor
for cardiovascular and cerebrovascular events and death may
predict the occurrence of cardiovascular and cerebrovascular
diseases and the progress of the disease and is more accurate
than traditional risk factors such as smoking and hyperlipid-
emia (11). Logistic regression analysis in this study showed
that hypertension, coronary heart disease, and cerebral infarc-
tion were the main risk factors for osteoporosis in the elderly.
Our findings are consistent with previous studies.
Hypertension is caused by a variety of factors such as
increased peripheral vascular resistance and increased cardiac
output. Renin-angiotensin-aldosterone system plays an impor-
tant role in the regulation of blood pressure in the human body.
Some scholars believe that renin-angiotensin-aldosterone
system plays an important role not only in the regula-
tion of blood pressure, but also in bone tissue. Moreover,
renin-angiotensin-aldosterone system is also present in bone
tissue to regulate the production and absorption of bone cells,
and angiotensin I and angiotensin II can also regulate the
production and absorption of osteoclasts. Angiotensin II can
regulate the proliferation of vascular endothelial cells and the
formation of osteoblasts during bone remodeling (12). Animal
experiments have shown that the level of angiotensin II in
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rats with essential hypertension increases, while the level of
BMD in the bone decreases, the blood vessels have spasms
and harden, apoptosis of bone cells increases, the number of
osteoblasts decreases, the number of osteoclasts increases,
bone mass decreases, and characteristics of osteoporosis can
be observed (13). Coronary heart disease is a heart disease
characterized by myocardial ischemia, hypoxia or necrosis
caused by coronary angiogenic atherosclerotic lesions, which
lead to stenosis or obstruction of blood vessels. Osteoporosis
patients have decreased conversion rate of osteoclasts to
osteoblasts, which in turn lead to increased osteolysis and
increased calcium ion concentration in blood circulation.
High levels of calcium ions in the blood circulation deposit
on the intima of the inner wall of the arterial vessel. Over
time, atherosclerosis and calcification of the vessel wall
including the coronary artery may occur, eventually leading
to coronary heart disease (14). Cerebral infarction is caused
by a variety of causes of blood supply disorders in the local
brain tissue. Cerebral infarction leads to local tissue ischemia
and hypoxia, brain cell necrosis, and impaired neurological
function. Increased osteolysis in patients with osteoporosis
leads to increased calcium levels in the blood circulation.
High levels of calcium ions deposit on the intima of the
inner wall of the cerebral blood vessels and cause cerebral
vascular atherosclerosis and calcification, eventually leading
to reduced blood supply to the brain (15). In this study, it was
revealed that with the increase in the severity of hypertension,
coronary heart disease and cerebral infarction, incidence of
osteoporosis was significantly increased. These data suggest
that there is a close correlation between hypertension, coro-
nary heart disease and cerebral infarction and osteoporosis,
which can be used to predict the occurrence and development
of cardiovascular and cerebrovascular diseases.

In summary, there is a close correlation between senile
osteoporosis and hypertension, coronary heart disease and
cerebral infarction. Osteoporosis can be used as a predictor of
early screening for hypertension, coronary heart disease and
cerebral infarction in the elderly population.
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