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Left ventricular diastolic dysfunction is associated
with cerebral infarction in young hypertensive
patients: A retrospective case-control study
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Abstract. Studies have indicated that hypertension is asso-
ciated with the occurrence of acute cerebral infarction (CI)
in young patients (18-45 years). However, the association
between CI and left ventricular diastolic (LVD) dysfunc-
tion in young patients with hypertension has rarely been
reported. The purpose of the present study was to investigate
the association between LVD dysfunction and acute CI in
young patients with hypertension. A total of 92 patients with
acute CI who had hypertension were selected as the study
group (CI group) and 98 young patients with only hyper-
tension were selected as the control group (non-CI group).
Blood pressure measurements, LVD functional assessment
and cerebral MRI were performed. The %2 test was used to
compare the left ventricular diastolic function between the CI
and non-CI groups. The results indicated that LVD function
of young patients was associated with hypertension and there
was a correlation between the decrease in LVD function and
the occurrence of acute CI in young patients with hyperten-
sion. The incidence of acute CI was higher in patients with
decreased LVD function than in those with normal LVD
function. In conclusion, hypertension in the young is associ-
ated with decreased LVD function and is a risk factor for
diastolic dysfunction of the left ventricle. LVD function may
be an independent predictor of acute CI in young patients
with hypertension and should be considered by clinicians. By
predicting the risk of acute CI in young patients with hyper-
tension, LVD testing may aid in the primary prevention of CI
or guide early treatment.
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Introduction

It has been speculated that the occurrence of cerebral infarc-
tion (CI) caused by most heart diseases may be associated with
the reduction of cardiac output (1). Hooghiemstra et al (2)
think that the hemodynamic balance of the ‘heart-brain axis’
is the key factor in maintaining brain structure and any node
problem may lead to cerebrovascular disease in the vascular
pathway from the heart to the brain. Recent studies have
indicated that left ventricular diastolic (LVD) dysfunction
may occur in hypertensive patients when their heart structure
is still normal (3). Left atrium, left ventricular configuration
and functional changes have been associated with acute CI
in patients with hypertension or coronary heart disease (4).
According to Nam et al (5), LVD function is an independent
risk factor for cerebral small vessel disease. There has even
been an increase in the incidence, prevalence and duration of
hypertension along with a significant rise in the incidence of
cerebrovascular atherosclerosis and small vessel disease (6),
whose cumulative effects cause vascular endothelial damage
and ultimately lead to cerebral vascular occlusion.

A study by Shimizu et al (7) determined a positive corre-
lation between LVD dysfunction and cerebral white matter
lesions in elderly patients. A multicenter prospective cohort
study indicated that the left atrial diameter index was signifi-
cantly associated with the risk of stroke recurrence (8). Youth
hypertension is defined as hypertension occurring in patients
aged between 18 and 45 years. Importantly, the proportion of
young individuals among patients with stroke is increasing and
the risk of disease increases even further with age (9). It should
be noted that lifestyle changes, early intervention in hyperten-
sion, exercise, regular examination and other precautions are
all important for the prevention of CI in young individuals (10).
In fact, a combination of several effective approaches is the
most effective way to restrict the occurrence and development
of CI (11). Although studies have suggested that the decline
of LVD function is a transfer from a physiological to a patho-
logical process and that an early manifestation of hypertension
in heart damage is the reduction of diastolic function (12),
there have been no clinical reports on the association between
LVD dysfunction and CI among young patients with hyperten-
sion, to the best of our knowledge. The present study aimed to
identify the association between LVD and acute CI in young
patients with hypertension.
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Materials and methods

Patients. The present study was approved by the Ethics
Committee of the Medical Ethics Committee of Baoji Central
Hospital (Baoji, China). All procedures performed in studies
involving human participants were in accordance with the
ethical standards of the 1964 Helsinki Declaration and its later
amendments. Written informed consent for data collection was
obtained. A retrospective case-control study was performed. A
total of 92 patients were diagnosed as hypertensive with acute CI
(CI group), comprising 55 males and 37 females aged 35-44 years
(mean age, 35.26+8.36 years) who were treated or hospitalized at
the Department of Neurology at Baoji Central Hospital. A total
of 98 patients were diagnosed with hypertension (non-CI group),
comprising 65 males and 33 females aged 36-45 years (mean
age, 36.59+9.07 years); the patients were retrospectively selected
based on their general medical examination records obtained
between January 2014 and February 2018. Blood pressure
measurements, LVD functional assessment and brain MRI were
performed in all patients. According to the results of echocar-
diography, patients were divided into the LVD function reduction
group and the normal LVD function group. A flow chart of the
scheme of the present study is provided in Fig. 1.

Major equipment. The following pieces of equipment were
employed: i) Echocardiography detector: Siemens s2000 echo-
cardiograph instrument (Siemens AG); ii) Magnetic resonance
diffusion weighted imaging: SIEMENS ESSENZA 1.5T
magnetic resonance scanner (Siemens AG); iii) Biochemical
analyzer: AU2700 biochemical analyzer (Olympus).

Determination of LVD function. According to a system
described in the international literature (13), the degree of
LVD dysfunction was classified into grades numbered 0-3
with a higher number indicating greater severity; grades 1
and above indicated clinical diastolic dysfunction. The left
ventricular isovolumic relaxation time (IVRT) was measured
by quantitative tissue velocity imaging (QTVI) on tissue
Doppler echocardiography (normal values: Age of <40 years,
69+12 msec; age of >40 years, 76+13 msec). The peak velocity
between the early filling and late filling of the left atrioven-
tricular (AV) plane motion (Ea/Aa) (normal value: >1) and the
left atrial annulus systolic velocity (A'value) (normal value:
4.89+0.67 cm/sec) are used to assess LVD function in patients.
The higher the IVRT and A'value or the lower the Ea/Aa, the
more severe is the LVD function damage (14-18).

Diagnosis of CI. The inclusion criteria were as follows:
1) Stroke onset had occurred within the past 7 days; ii) the case
conformed to the diagnostic criteria of the 2014 Chinese Acute
Ischemic Stroke Diagnosis and Treatment Guidelines (19), in
that the symptoms and signs of neurological deficits were well
defined and persisted for 24 h without any significant relief
and the lesion was identified by cranial MRI; iii) the patient
consented to participate in the study and was able to cooperate
with the examination; iv) the patient had primary CI. The exclu-
sion criteria were as follows: i) The patient was <18 years or
>45 years of age at the time of the study; ii) the stroke did not
conform to the diagnostic criteria in the 2014 Chinese Acute
Ischemic Stroke Diagnosis and Treatment Guidelines; iii) the

clinical data were incomplete; iv) due to stroke, a patient
suffering from aphasia, mental disorders or dementia was not
able to provide a complete medical history and the family
members were not able to provide the information either; v) the
patient had hemorrhagic stroke; vi) the patient had cardiogenic
CI or CI due to autoimmune or blood system disorders; vii) the
stroke was accompanied by severe heart, liver or kidney disease;
viii) the patient was using hormones, immunosuppressants or
non-steroidal anti-inflammatory drugs prior to and after the
onset of CI; ix) the patient had CI due to the onset of arteritis.

Lipid abnormalities. Blood was collected from the elbow
vein of the subject with a fasting time of >8 h and the serum
was isolated within 2 h. Blood lipids were determined
with the Cobas-8000 automatic biochemical analyzer
(Roche). In the present study, lipid abnormality refers to
abnormalities in the quantity and quality of lipids in plasma.
The 2013 American College of Cardiology/American Heart
Association American Adult Guidelines for the Reduction of
Atherosclerosis Lipids recommend low-density lipoprotein
cholesterol (LDL-C) <1.8 mmol/l (20).

Laboratory biochemical indicators. Fasting blood glucose
and LDL-C were measured using an Olympus AU2700
biochemical analyzer (Olympus Corp.).

Statistical analysis. The statistical software SPSS 20.0
(IBM Corp.) was used for statistical analysis. Clinical data
were manually collected, and statistical software was used to
organize and analyze data to draw meaningful conclusions
based on the experimental results. The Wilcoxon rank-sum
test was used in the analysis of count data. Values of measure-
ment data are expressed as the mean + standard deviation. The
%2 test was used to compare blood pressure and LVD function
between patients in the CI group and non-CI group. The 2 test
was also used to compare pre-infarction and post-infarction
diastolic function in patients of the CI group.

Results

Comparison of baseline data between the two groups. Patients
were excluded if they had lesions that may affect the blood
pressure, including secondary hypertension, arrhythmia,
coronary heart disease, valvular heart disease, anemia or
hyperthyroidism. The factors of gender, age, blood lipids, blood
glucose, smoking, alcohol consumption and family history of
vascular disease exhibited no statistically significant differ-
ence between the CI group and the non-CI group (P>0.05),
meaning that the groups were comparable with respect to
these factors (Table I). There was no significant difference
in blood pressure between the two groups, meaning that they
were comparable in this regard as well (Table II).

Grading comparison of left ventricular diastolic function in
all patients included in the study. According to the left heart
function grading standards reported in the international litera-
ture (3), the data of the present study indicated the following:
Among the 190 patients, 18 (9.47%) had grade O diastolic
dysfunction (normal ventricular diastolic function) and 172
(90.53%) had diastolic dysfunction. Among the patients with
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190 cases of primary hypertension in young patients
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Figure 1. Flow chart of the study. A total of 190 patients with hypertension were enrolled and their blood pressure, cardiac function, brain DWI and blood
biochemical indicators were determined. The CI group (92 cases) and non-CI group (98 cases) were divided according to their brain DWI results. The left
ventricular diastolic function of 190 patients was measured. There were 4 cases with normal left ventricular diastolic function and 88 cases with abnormal left
ventricular diastolic function in the CI group. In the non-CI group, there were 14 cases with normal left ventricular diastolic function and 84 cases with abnormal
left ventricular diastolic function. The data were collected, statistical analysis was performed and final conclusions were drawn. DWI, diffusion-weighted
imaging; CI, cerebral infarction; IVRT, isovolumic relaxation time; Ea/Aa, peak flow velocity of the left atrioventricular annulus at the early stage of filling/peak
flow velocity of the left atrioventricular annulus at the late stage of filling; A'value, atrial tissue velocity of the left atrioventricular valve annulus.

diastolic dysfunction, 117 cases (61.58%) had grade 1, 47 cases
(24.74%) had grade 2 and 8 cases (4.21%) had grade 3 diastolic
dysfunction (Table III).

Comparison of left ventricular diastolic function before and
after infarction in patients with cerebral infarction. The LVD
function indexes of the CI group prior to infarction and after
infarction were compared. The IVRT and A'values of the CI
group after infarction were higher than those of prior to infarc-
tion, whereas the Ea/Aa value was lower. The difference was
statistically significant (P<0.05; Table IV).

Comparison of left ventricular diastolic function between the
cerebral infarction group after infarction and the non-infarc-
tion group. The LVD function indexes of the CI group after
infarction and the non-CI group were compared. The IVRT
and A'values of the CI group after infarction were higher than
those of the non-CI group, whereas the Ea/Aa value was lower.
The difference was statistically significant (P<0.05; Table V
and Fig. 2).

Discussion

Young ischemic stroke (YIS) refers to ischemic stroke occur-
ring in patients aged 45 or under and its incidence is increasing
annually (14). The reason is probably its characteristics of
early onset, early disability and high recurrence. At present,
YIS accounts for an estimated 5-10% of all cases of CI and
the most common pathogenetic origin of the disease is athero-
sclerosis caused by hypertension (21). The pathogenic effect
of hypertension has been indicated to be directly correlated
with its severity and duration, which indicates a connection
between hypertension and an increased risk of YIS (22).
Young patients pay insufficient attention to blood pressure
and frequently remain untreated (23). This long-term elevation
of peripheral blood pressure increases cardiac after-loading,
while increased peripheral vasoconstriction tension and
retention of sodium and water increase myocardial oxygen
consumption, deteriorate myocardial compliance and augment
ventricular end-diastolic pressure (24). As a result, cardiac
preload increases and left ventricular hypertrophy occurs,
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Table I. Comparison of baseline data between the two groups.

Group CI(92) Non-CI (98)

Age (years) 3526+8.36 36.59+9.07

Male sex 55(28.95%) 65 (34.21%)
Dyslipidemia 48 (25.26%) 42 (22.11%)
Abnormal fasting blood glucose 6 (3.16%) 4 (2.11%)
Smoking 36 (18.95%) 32 (16.84%)
Alcohol consumption 28 (14.74%) 23 (12.11%)
Family history of vascular disease 4 (2.11%) 3(1.58%)

Values are expressed as n or the mean + standard deviation. There
were no significant inter-group differences. CI, cerebral infarction.

Table II. Comparison of hypertension between the two groups.

Group N SBP (mmHg) DBP (mmHg)
CI group 92 167.18x12.75 103.36+£7.03
Non-CI group 98 159.26+15.92 105.28+6.74
X2 25.436 16.125
P-value 0.062 0.057

Values are expressed as the mean + standard deviation. SBP, systolic
blood pressure; DBP, diastolic blood pressure.

Table III. Classification of left ventricular diastolic function in
the patients of the present study (n=190).

Classification Grade n (%)
Normal diastolic function 0 18 (9.47)
Early diastolic dysfunction 1 117 (61.58)
False normalization 2 47 (24.74)
Restrictive filling disorder 3 8421

whereas diastolic function is significantly reduced (25).
Cerebral hypoperfusion, combined with intracranial arterio-
sclerosis and even occlusion caused by high blood pressure,
eventually leads to CI (26). It has been indicated that an early
onset of hypertension always triggers reduced LVD func-
tion (3). The decrease precedes a change in ventricular systolic
function and leads to an altered cardiac configuration (24,25).
Cerrato et al (6) reported that heart problems accounted for
24% of the causes of YIS. Another study reported that acute
CI may be associated with LVD dysfunction, which has an
important role in the pathogenesis and prognosis of acute
CI (26). In the present study, 172 patients with LVD dysfunc-
tion accounted for 90.53% of the 190 patients enrolled, which
suggests that hypertension may cause LVD dysfunction in
young patients. Diastolic function of grades I and II accounted
for the largest proportion, indicating that the incidence of early
diastolic dysfunction is high in young hypertensive patients.
These results suggest a requirement to actively perform early

Table IV. Comparison of left ventricular diastolic function
indexes prior to and after infarction in the cerebral infarction
group (n=92).

Time-point IVRT (msec) Ea/Aa  A'value (cm/sec)
Prior to infarction 81.37 1.15+0.12 5.10+0.92
After infarction 114.97+10.16 0.79+0.11 5.21+1.03

%2 19.146 16.541 15.019
P-value 0.048 0.040 0.046

Values are expressed as the mean + standard deviation. IVRT,
isovolumic relaxation time; Ea/Aa, peak flow velocity of the left
atrioventricular annulus at the early stage of filling/peak flow velocity
of the left atrioventricular annulus at the late stage of filling; A'value,
atrial tissue velocity of the left atrioventricular valve annulus.

Table V. Comparison of left ventricular diastolic function
indexes between the two groups.

Group IVRT (msec) Ea/Aa A'value (cm/sec)
CI group 114.97+10.16 0.79+0.11 5.21x1.03
(post-infarction, 92)

Non-CI group (98) 72.86+8.75 1.3+0.25 5.02+0.82

%2 23.124 17.026 14.351
P-value 0.039 0.037 0.042

Values are expressed as the mean + standard deviation. IVRT,
isovolumic relaxation time; Ea/Aa, peak flow velocity of the left
atrioventricular annulus at the early stage of filling/peak flow velocity
of the left atrioventricular annulus at the late stage of filling; A'value,
atrial tissue velocity of the left atrioventricular valve annulus;
CI, cerebral infarction.

diagnosis and early treatment to prevent the occurrence of
acute cerebrovascular events, which is essentially consistent
with the conclusions of previous studies.

The reason why LVD dysfunction induces abnormal
peripheral hemodynamics followed by cerebral hypoperfusion
has yet to be identified. First, we surmise that with decreasing
diastolic function, the left ventricle cannot effectively expand,
causing the returned blood volume and cerebral perfusion
blood to decrease (27). Second, the decreased LVD func-
tion leads to a decrease in blood flow and friction between
the endothelia of blood vessels, atherosclerosis is promoted,
acute cerebrovascular occlusion is created and CI ultimately
occurs (28). Early detection, accurate evaluation and timely
prevention of LVD dysfunction are clinically significant for
the prevention of CI.

According to the American Society of Echocardiography
guidelines (13), LVD function depends mainly on left ventric-
ular flaccidity and left ventricular compliance. The pressure
indexes measured by left cardiac catheterization, including left
ventricular end-diastolic pressure, maximum left ventricular
pressure drop rate and the left ventricular relaxation time
constant are regarded as the gold standard for assessing LVD
dysfunction. The guideline recommends the Ea/Aa ratio from
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velocity of the left atrioventricular valve annulus.

non-invasive Doppler ultrasound measurements as the indi-
cator of LVD (13).

At present, the evaluation of LVD function is mainly based
on left ventricular filling (hemodynamic changes), myocardial
motion (particularly at the mitral annulus) and the structure of
the left atrium and left ventricle (29). Doppler tissue imaging
is able to reflect myocardial velocity in patients and the occur-
rence and cessation of the motion waveforms near the diastolic
and systolic phases in the same cardiac cycle, based on which
the LVD function of patients is scientifically evaluated (30).

LVD function is currently evaluated by the ratio of the
early diastolic peak at the mitral valve (E) to the mitral annulus
velocity (Em) measured by echocardiographic pulses and
tissue Doppler imaging. An E/Em value of >15 suggests that
the left ventricular filling pressure is elevated and an E/Em
of <8 is considered normal (13). This indicator is not affected
by ejection fraction, atrial fibrillation or sinus tachycardia and
is rarely influenced by left ventricular filling pressure or the
pressure gradient across the mitral valve. Ishikawa er al (31)
reported LVD function and silent brain infarction in patients
with non-valvular atrial fibrillation by tissue Doppler measure-
ments. Olsen et al (32) recommend the use of tissue Doppler
imaging to predict diastolic myocardial dysfunction in patients
with CI. However, the feasibility of predicting acute CI by
examining LVD function with tissue Doppler imaging in
young hypertensive patients has not been previously reported,
to the best of our knowledge. The present clinical study fills
this research gap.

From the closure of the aortic valve, the LVD process
may be divided into the isovolumetric relaxation period, the
rapid filling period, the reduced filling period and the left
atrial systolic period. The contribution rates of these different
periods are 45-50, 35-40, 5 and 5-15%, respectively (33).
QTVI by tissue Doppler imaging may, in turn, reflect LVD
function during the isovolumetric relaxation period, rapid
filling period and left atrial systolic period by measuring
IVRT, Ea/Aa and A' (34). The higher the IVRT and A'values
and the lower the Ea/Aa, the more severe is the LVD function
damage.

In the present study, the LVD function of CI patients prior
to infarction was lower than that of patients post-infarction
and the difference was statistically significant. The LVD
function of CI patients post-infarction was lower than that of
patients with non-CI patients and the difference was statis-
tically significant. These data indicate that LVD function

has a certain influence on the occurrence of CI in young
hypertensive patients. It was indicated that the LVD func-
tion of patients with acute CI was lower than that of patients
with hypertension alone and the difference was statistically
significant. Conversely, the risk of acute CI is also signifi-
cantly higher in young hypertensive patients with lower
left ventricular function than in patients with normal left
ventricular function. This difference in risk further indicates
that early monitoring of left ventricular function has impor-
tant clinical significance for young hypertensive patients to
prevent acute CI. Furthermore, the probability of acute CI in
young hypertensive patients with decreased left heart func-
tion is significantly elevated and the outcome indicated that
the LVD function during the isovolumetric relaxation period
and rapid filling period was severely impaired in patients
with acute YIS. There are two probable reasons why impaired
LVD function tends to occur during these two phases and
trigger acute CI: i) In the majority of cases, CI occurs in
these two phases; diastolic filling is obviously limited when
damage is present and the blood volume return is reduced.
In turn, the amount of blood ejection in the left ventricular
systolic phase is insufficient and the peripheral circulatory
blood volume is decreased, causing the cerebral perfusion
blood volume to decline significantly. ii) The impairment
of LVD function during these two phases results in reduced
fluid shear stress on the vessel wall. In the long term, the
conditions of reduced shear stress may induce and promote
atherosclerosis. Furthermore, head or neck vascular athero-
sclerosis is well known as the most common cause of acute
CI (35). Together, these two causes significantly increase the
incidence of acute CI.

In conclusion, the present clinical study suggests that
hypertension in young individuals is associated with decreased
LVD function and is a risk factor for diastolic dysfunction in
the left ventricle. An association exists between acute YIS and
LVD dysfunction, which may help predict the onset of acute
YIS. Hence, LVD functional measurement is relevant to the
individualized treatment and prognostic evaluation of patients
with YIS.

However, the present study had certain shortcomings.
First, the association between hypertension grading and LVD
function grading in young hypertensive patients remains to
be fully established. In addition, the LVD function of young
patients with acute CI is not regularly assessed. Furthermore,
the effect of anti-hypertensive drugs on LVD and CI was not
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assessed in the present study, and this may be determined in
future studies. Therefore, the dynamics of these indicators and
associated changes were not observed. Finally, the literature
on the association between LVD function classification and the
CI area was sparse and further large-scale, multicenter clinical
studies may be required to assess this.
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