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The authors investigated whether high-density lipoprotein
(HDL) cholesterol plays a role in arterial stiffening and left
diastolic dysfunction in essential hypertension. Carotid
arterial stiffness parameter and left ventricular (LV) diastolic
function index were evaluated in 217 patients with essen-
tial hypertension. The correlations of dyslipidemia, espe-
cially low HDL cholesterol, to LV diastolic function and
arterial stiffness were investigated in these patients.
Arterial stiffness parameter increased with the increasing
of E ⁄ Em (LV diastolic function index: the ratio of transmi-
tral peak velocity of early filling to peak early diastolic
motion velocity of mitral annulus) (r=0.26, P<.01). In
univariate regression analysis, HDL cholesterol was inverse-
ly associated with arterial stiffness parameter and E ⁄ Em

(r=)0.23 and r=)0.27, respectively, P<.01). The associa-
tion of HDL cholesterol with arterial stiffness and LV
diastolic function was observed in both men and women.
Triglycerides were weakly correlated with arterial stiffness
parameter and E ⁄ Em, while low-density lipoprotein and
total cholesterol were not. In multiple regression analysis,
only low HDL cholesterol was found as an independent
predictor for both arterial stiffness and LV diastolic dys-
function. Enhanced arterial stiffness is associated with LV
diastolic dysfunction. Low HDL cholesterol may lead to the
deterioration of both arterial stiffness and LV diastolic
function in patients with essential hypertension. J Clin
Hypertens (Greenwich). 2011;13:710–715. �2011 Wiley
Periodicals, Inc.

Both left ventricular (LV) diastolic dysfunction and
arterial stiffening, which are common cardiovascular
consequences of hypertension, are independent risk
factors for cardiovascular morbidity and mortality.1,2

Many well-known risk factors for diastolic dysfunc-
tion, such as hypertension, advanced age, and athero-
sclerosis, are also associated with an increase in
arterial stiffness.3 These could prompt an etiologically
homologous disease of artery and myocardium. Some
studies have defined the association between arterial
stiffness and ventricular structural or functional
effects.4,5 However, the common mechanism of ven-
tricular-vascular stiffness is still unclear.

While abnormalities in glucose and insulin metabo-
lism have been found to accelerate the deterioration of
arterial stiffness and LV diastolic function,6,7 dyslipi-
demia is also the metabolic abnormality observed most
frequently in hypertensive patients. However, the influ-
ence of serum lipids on both arterial stiffness and
ischemia-independent cardiac functional changes is still
not fully elucidated.8 In the presented study, the major
aim was to investigate the correlation of dyslipidemia,
especially low high-density lipoprotein (HDL) choles-
terol, to arterial stiffness and LV diastolic function in
patients with essential hypertension.

METHODS

Study Population
We conducted a health survey in the Shijingshan com-
munity, Beijing, China, where inhabitants were homo-
geneous Chinese. This survey was funded by the
National Natural Science Foundation of China. All
patients had signed the consent for the use of collected
data without disclosure of personal identity. The study
protocol was approved by the local research ethics
committee of PLA General Hospital, Beijing, China.

Of the target population, 217 hypertensive patients,
who did not receive medication for hypertension, were
enrolled at random from the Shijingshan community.
Characteristics of the study population are shown in
Table I.

Patients with secondary hypertension, coronary heart
disease, valvular heart disease, atrial fibrillation, con-
gestive heart failure, renal failure (serum creatinine
�133 lmol ⁄ L [1.5 mg ⁄ dL]), overt diabetes mellitus,
or unsatisfactory echocardiographic finding were
excluded from this study. Those treated with lipid-
lowering drugs were also excluded from the study.
Hypertension was defined as systolic blood pressure
(BP) �140 mm Hg and ⁄ or diastolic BP �90 mm Hg by
repeated measurements.

Arterial Evaluation
The arterial stiffness parameter b on the right carotid
artery was evaluated by an ultrasound echo-tracking sys-
tem (Aloka a-10, Tokyo, Japan) with a 7.5-MHz linear
array probe. Stiffness parameter was calculated accord-
ing to the formula: b=ln [(Ps ) Pd)] ⁄ [(Ds ) Dd) ⁄ Dd],

Address for correspondence: Ping Ye, Department 2 of Geriatric
Cardiology, Chinese PLA General Hospital, 28 Fuxing Road,
Beijing 100853, China
E-mail: yep123@sina.cn

Manuscript received January 6, 2011; Revised: April 27, 2011;
Accepted: May 13, 2011
DOI: 10.1111/j.1751-7176.2011.00501.x

710 The Journal of Clinical Hypertension Vol 13 | No 10 | October 2011 Official Journal of the American Society of Hypertension, Inc.



where Ps and Pd were the systolic and diastolic BP in
the brachial artery, respectively. The average of 3 mea-
sured systolic and diastolic BPs determined by an auto-
mated sphygmomanometer (Omron 705CP; Omron,
Kyoto, Japan) was used for analysis. Ds and Dd are
the maximal and minimal diameters of the common
carotid artery, respectively. The average of the mea-
sured Ds and Dd during 5 cardiac cycles by ultrasonic
high-resolution wall tracking was used for analysis.
The collecting image of arterial stiffness measured by
echo-tracking technology on carotid ultrasonography
is shown in the Figure.

Echocardiographic Examination
Comprehensive 2-dimensional and tissue Doppler
echocardiography were performed using a cardiac
ultrasound unit (Aloka a-10) with a 1.5- to 2.5-MHz
transducer. Standard views and techniques were used
according to the guidelines of the American Society of
Echocardiography (ASE).9

Echocardiographic parameters were measured by
the consensus of 2 experienced investigators who were
blinded to the metabolic data of the patients. To assess
LV diastolic function, the diastolic filling of LV (LV
inflow) was examined using Doppler echocardiogra-
phy. The peak velocity of the early diastolic filling
wave (E wave) was recorded. Tissue imaging was used
to derive peak early diastolic motion velocity (Em)
and peak atrial systolic motion velocity (Am) at the 4
margins of the mitral annulus. The LV diastolic filling
pattern was obtained with the sample volume at the

tips of the mitral valve in the apical 4-chamber view
and recorded at the end-expiratory phase during quiet
breathing. The average values for Em and Am were
calculated from 4 margins of the mitral annulus.
E ⁄ Em and Em ⁄ Am were determined as indirect indices
of LV filling pressure.10

Biochemistry Parameters Measurements
Blood biochemistry parameters were determined using
a Cobas e 601 analyzer (Roche Diagnostics, Basel,
Switzerland). Blood samples were obtained in the
morning after overnight (>12-hour) fasting. Fasting
plasma glucose, serum total cholesterol, serum HDL
cholesterol, and serum triglycerides were determined
by standard laboratory measurements. Serum low-den-
sity lipoprotein (LDL) cholesterol was calculated using
the Friedewald formula.11

Statistical Analysis
Data were present as mean�standard deviation or per-
centage. Unpaired t test was used for comparison
between groups. The significance of differences among
�3 groups was evaluated by an unpaired analysis of
variance. Age, sex, body mass index (BMI), smoking,
and heart rate were used as covariates in the adjusted
analysis. Relationships between variables were ana-
lyzed by the univariate linear regression and Pearson’s
correlation coefficient. Stepwise multiple regression
analysis was performed to identify independent predic-
tors of arterial stiffness and LV diastolic function.
Age, sex, BMI, smoking, systolic and diastolic BP,
fasting plasma glucose, triglycerides and total, LDL,
and HDL cholesterol were included as potential inde-
pendent variables. Arterial stiffness, LV mass index,
and heart rate were added as independent variables in
the analysis of diastolic function. All statistical analy-
sis was performed with SPSS 13.0 statistical software

TABLE I. Clinical Characteristics, Arterial Stiffness,
and LV Diastolic Function of the Study Patients

Characteristic

All

(N=217)

Men

(n=112)

Women

(n=105)

Age, y 61�12 60�10 62�13

Body mass index, kg ⁄ m2 24.7�3.3 24.9�2.8 24.3�3.8

Systolic blood pressure,

mm Hg

143�16 144�15 142�13

Diastolic blood pressure,

mm Hg

81�8 83�10 80�11

Total cholesterol, mmol ⁄ L 5.23�0.88 5.16�0.75 5.37�0.77a

HDL cholesterol, mmol ⁄ L 1.34�0.38 1.29�0.27 1.42�0.32a

LDL cholesterol, mmol ⁄ L 3.30�0.71 3.29�0.65 3.32�0.61

Triglycerides, mmol ⁄ L 1.38�0.39 1.47�0.38 1.36�0.37a

Fasting plasma glucose,

mmol ⁄ L
5.42�0.80 5.40�0.76 5.43�0.69

E ⁄ Em 10.2�5.75 9.8�6.28 10.6�3.17

Em ⁄ Am 0.71�0.18 0.72�0.16 0.68�0.19

Arterial stiffness parameter 10.8�5.69 11.2�4.88 9.89�3.43

Abbreviations: Em ⁄ Am, the ratio of peak early diastolic motion
velocity to peak later diastolic motion velocity of mitral annulus (Em
to Am ratio); E ⁄ Em, the ratio of transmitral peak velocity of early
filling to peak early diastolic motion velocity of mitral annulus (E to
Em ratio); HDL, high-density lipoprotein; LDL, low-density lipoprotein;
LV, left ventricular. Data are presented as means�standard
deviation. aP<.05, vs men.

FIGURE. The collecting image of arterial stiffness measured by
echo-tracking technology on carotid ultrasonography. Adjustable gates
were positioned at the junctions of the intima and media, and diameter
was calculated and displayed in real time as the difference between
the displacement waveforms of the anterior and posterior walls.
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package (SPSS Inc, Chicago, IL). A P value <.05 was
considered statistically significant.

RESULTS

Clinical Characteristics, Arterial Stiffness, and LV
Diastolic Function of the Patients
There were no significant differences between men and
women in age, BMI, systolic BP, diastolic BP, heart
rate, and fasting plasma glucose (Table I).

Serum levels of total and HDL cholesterol were
higher in women compared with men, while that of
triglycerides was lower in women. No significant dif-
ference was observed in the E ⁄ Em ratio, Em ⁄ Am ratio,
indices of LV diastolic function, and arterial stiffness
parameter between sexes.

Univariate Correlation of Lipid Levels With Arterial
Stiffness and LV Diastolic Function
Arterial stiffness parameter increased with the increas-
ing of E ⁄ Em (r=0.26, P<.01) and Em ⁄ Am (r=)0.42,

P<.01). No significant correlation was found between
total or LDL cholesterol and arterial stiffness or LV
diastolic function. However, significant negative corre-
lations of HDL cholesterol with all parameters of
arterial stiffness and LV diastolic dysfunction were
observed in both men and women. A positive correla-
tion of triglycerides with arterial stiffness was found in
women, while a weak correlation with the E ⁄ Em ratio
was observed only in men (Table II).

Comparison of Clinical Findings in Groups of
Various HDL Cholesterol and Triglyceride Levels
We subdivided each study group by tertiles of HDL cho-
lesterol and triglycerides and then examined the influ-
ence of the lowest HDL cholesterol tertile (�1.14
mmol ⁄ L [44 mg ⁄ dL]) or the highest triglyceride tertile
(�1.56 mmol ⁄ L [138 mg ⁄ dL]) on arterial stiffness and
LV diastolic function. All patients were divided into 4
groups according to the lipid levels (Table III): patients
without the lowest HDL cholesterol or the highest
triglyceride tertile (group 1, n=102); patients with the
highest triglyceride tertile alone (group 2, n=36); patients
with the lowest HDL cholesterol tertile alone (group 3,
n=38); and patients with both the lowest HDL choles-
terol and the highest triglyceride tertile (group 4, n=41).

There were no significant differences in age, sex
(percentage of men), or systolic BP among the 4
groups. BMI was higher in groups 2, 3, and 4 than in
group 1. The smoking ratio and heart ratio were
higher in group 4 than in group 1. Diastolic BP was
higher in group 4 than in the others. All lipid parame-
ters had group-specific differences as shown in Table
III. The fasting plasma glucose level in group 2 and 4
was higher than in groups 1 and 3. The E ⁄ Em ratio in
groups 3 and 4 (patients who were in the lowest tertile
of HDL cholesterol) was significantly higher than in
the others, and group 4 had the highest E ⁄ Em ratio
among the 4 groups. The arterial stiffness parameter
and Em ⁄ Am ratio in groups 2, 3, and 4 were signifi-
cantly lower than in group 1, while those in group 4
were lowest and those in group 3 were lower than in
group 2 (Table IV).

Multivariate Correlates of Arterial Stiffness
Parameter and Diastolic Dysfunction
To confirm whether the effect of low HDL cholesterol
on arterial stiffness was independent of other factors
(especially high triglycerides, glucose levels, obesity,
and sex) and whether its effect on LV diastolic func-
tion was independent of LV hypertrophy and arterial
stiffness, we investigated possible predictive factors for
arterial stiffness and E ⁄ Em ratio using a stepwise
regression analysis in all patients. As a result, low
HDL cholesterol, age, systolic BP, and fasting plasma
glucose was an independent determinant of arterial
stiffness (Table V). As for the association with LV dia-
stolic function, low HDL cholesterol was a significant
predictor of both E ⁄ Em ratio and Em ⁄ Am ratio (data
not shown) independently of other predictive factors,

TABLE II. Correlation Between Lipid Levels and
Indices of Stiffness Parameter and LV Diastolic
Function

Stiffness Parameter E ⁄ Em Em ⁄ Am

Total cholesterol

All 0.05 0.06 )0.03

Men 0.07 0.07 )0.04

Women 0.03 0.04 )0.02

LDL cholesterol

All 0.08 0.06 )0.10

Men 0.05 0.04 )0.08

Women 0.10 0.09 )0.12

HDL cholesterol

All )0.23a )0.27a 0.18b

Men )0.21b )0.22b 0.15b

Women )0.26a )0.31a 0.20b

Triglycerides

All 0.16 b 0.12 )0.08

Men 0.06 0.14b )0.11

Women 0.20b 0.10 )0.07

Abbreviations: Em ⁄ Am, the ratio of peak early diastolic motion
velocity to peak later diastolic motion velocity of mitral annulus (Em
to Am ratio); E ⁄ Em, the ratio of transmitral peak velocity of early
filling to peak early diastolic motion velocity of mitral annulus (E to
Em ratio); HDL, high-density lipoprotein; LDL, low-density
lipoprotein. aP<.01. bP<.05.

TABLE III. Criterion of High-Density Lipoprotein
(HDL) Cholesterol and Triglycerides for the 4 Groups

HDL Cholesterol Tertile Triglyceride Tertile

Group 1 �1.14 mmol ⁄ L (44 mg ⁄ dL) �1.56 mmol ⁄ L (138 mg ⁄ dL)

Group 2 �1.14 mmol ⁄ L (44 mg ⁄ dL) �1.56 mmol ⁄ L (138 mg ⁄ dL]

Group 3 �1.14 mmol ⁄ L (44 mg ⁄ dL) �1.56 mmol ⁄ L (138 mg ⁄ dL)

Group 4 �1.14 mmol ⁄ L (44 mg ⁄ dL) �1.56 mmol ⁄ L (138 mg ⁄ dL)
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such as age, systolic BP, LV mass index, and arterial
stiffness. In addition to total and LDL cholesterol, a
high level of triglycerides could not be adopted as an
independent determinant of arterial stiffness or LV
diastolic dysfunction.

DISCUSSION
The presented study showed that the development
of LV diastolic dysfunction was accompanied by
enhanced arterial stiffness. Metabolic factors may be

involved in the progress of both LV diastolic dysfunc-
tion and arterial stiffening. Consistent with recent stud-
ies,12–14 low HDL cholesterol instead of total or LDL
cholesterol was independently associated with arterial
stiffening and LV diastolic dysfunction. While ventricu-
lar-vascular structural and functional changes are
increased by normal aging, the presence of cardiovascu-
lar risk factors accelerates their changes.15 Stiffening in
both medium and large elastic arteries is associated
with multiple cardiovascular risk factors, including
hypertension, dyslipidemia, obesity, smoking, diabetes,
and aging, all of which have also promoted the devel-
opment of atherosclerosis in previous studies.15,16

The relationship between arterial stiffness and HDL
cholesterol levels has been reported only indirectly in
some studies. Ferrier and colleagues17 reported that
atorvastatin treatment reduced artery stiffness in
patients with isolated systolic hypertension accompa-
nied with increased HDL cholesterol and reduced total
and LDL cholesterol. Moreover, cholesterol-lowering
therapy was efficacious in reducing arterial stiffness in
patients with hypercholesterolemia.18 Brouwers and
colleagues19 studied patients with familial combined
hyperlipidemia and found that they had increased arte-
rial stiffness compared with controls. In our study, the
significant association of HDL cholesterol with arterial
stiffness was observed not only in women but also in
men by univariate and multivariate regression analysis.

E ⁄ Em and E ⁄ Am, which usually reflect LV filling
pressure by echocardiographic technology, were used
as diastolic function in our study. LV isovolumic
relaxation time starts from aortic valve closing to
mitral valve opening, which is a process of initiative
and energy consumption. The insufficiency of LV

TABLE V. Independent Predictors for Arterial
Stiffness and LV Diastolic Dysfunction by Stepwise
Regression Analysis

Independent Variable

Standarized

Regression

Coefficient

Adjusted

R2 P Value

Arterial stiffness parameter

Age 0.307 0.418 <.0001

Systolic BP 0.253

Fasting plasma glucose 0.169

HDL cholesterol )0.122

E ⁄ Em

Age 0.274 0.342 <.0001

Systolic BP 0.188

Arterial stiffness parameter 0.151

HDL cholesterol )0.136

In the model of arterial stiffness as dependent variable, age, sex,
body mass index, smoking, systolic and diastolic blood pressure
(BP), fasting plasma glucose, total cholesterol, low-density
lipoprotein (LDL), high-density lipoprotein (HDL), and triglycerides
were included as potential independent variables. Besides those,
arterial stiffness, left ventricular (LV) mass index and heart rate were
added as independent variables in the analysis for diastolic function.

TABLE IV. Comparison of Clinical Findings Among the 4 Groups Divided by HDL Cholesterol and Triglyceride
Levels

Variable Group 1 (n=102) Group 2 (n=36) Group 3 (n=38) Group 4 (n=41)

Age, y 60�12 59�13 61�11 63�11

Men, % 49.0 58.3 57.9 46.3

Body mass index, kg ⁄ m2 23.2�2.9 25.0�2.3a 25.1�3.5a 25.9�3.1a

Heart rate, bpm 72�10 75�9 73�11 76�10a

Smoking ratio, % 46.9 51.7 61.4 78.2a

Systolic blood pressure, mm Hg 141�9 144�10 143�11 145�16

Diastolic blood pressure, mm Hg 80�8 82�8 80�11 84�10a

Total cholesterol, mmol ⁄ L 5.20�0.68 5.49�0.65a 4.96�0.67b 5.33�0.82c

HDL cholesterol, mmol ⁄ L 1.52�0.29 1.40�0.28a 1.10�0.12a,b 1.07�0.17a,b

LDL cholesterol, mmol ⁄ L 3.27�0.43 3.30�0.52 3.49�0.71a 3.45�0.68

Triglycerides, mmol ⁄ L 1.15�0.19 2.07�0.78a 1.25�0.27a,b 2.15�0.47a,b,c

Fasting plasma glucose, mmol ⁄ L 5.38�0.63 5.67�0.52a 5.47�0.89 5.81�0.82a

E ⁄ Em 7.85�2.05 8.05�3.21 10.6�3.18a,b 13.6�3.50a,b,c

Em ⁄ Am 0.80�0.15 0.74�0.10a 0.62�0.22a,b 0.51�0.19a,b,c

Arterial stiffness parameter 8.12�2.04 9.35�2.42a 11.5�3.3a,b 14.6�6.3a,b,c

Abbreviations: bpm, beats per minute; E ⁄ Em, the ratio of transmitral peak velocity of early filling to peak early diastolic motion velocity of mitral
annulus (E to Em ratio); Em ⁄ Am, the ratio of peak early diastolic motion velocity to peak later diastolic motion velocity of mitral annulus (Em to Am
ratio); HDL, high-density lipoprotein; LDL, low-density lipoprotein. Data are presented as means�standard deviation or percentage. aP<.05 vs group
1. bP<.05 vs group 2. cP<.05 vs group 3. Age, sex, body mass index, heart rate, and smoking ratio were used as covariates in the adjusted analysis
for E ⁄ Em, Em ⁄ Am and arterial stiffness.
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relaxation would delay the start of diastolic filling. LV
filling pressure increases in proportion to diastolic
function and decreases in early and middle diastolic
dysfunction. Severe diastolic dysfunction involves myo-
cardial fibrosis and passive filling limitation. When the
increasing LV filling pressure was followed by the
compensatory left atrial expansion and high pulmo-
nary pressure, LV filling pressures could not be used
as an index of diastolic dysfunction. Patients in this
study came from the same community and were also
in stable condition. In addition, these hypertensive
patients did not have severe diastolic dysfunction on
echocardiographic examination; therefore, their LV
filling pressure accurately reflected their LV diastolic
function.

While impaired LV diastolic relaxation is another
common cardiac change observed in hypertensive
patients, some significant metabolic factors, which are
independent of BP and LV mass index, have been asso-
ciated with this diastolic dysfunction.20 In fact, abnor-
malities in glucose and insulin metabolism have been
shown to accelerate the deterioration of arterial stiffness
and LV diastolic function.6,7 Dyslipidemia is one of
metabolic abnormalities. Nonetheless, the correlation
between serum lipids and LV diastolic function in essen-
tial hypertension was limited. Similar with Horio and
colleagues’ study,21 our findings suggest that only low
HDL cholesterol may pose an independent adverse
effect on LV diastolic function in hypertensive patients
independently of age, sex, BMI, smoking status, BP,
total cholesterol, LDL cholesterol, triglycerides, glu-
cose, LV mass index, heart rate, and arterial stiffness.
Furthermore, Mizuguchi and associates reported that
statin therapy could promote LV diastolic function
accompanied with the improvement of blood lipid level,
which is consistent with our findings.22

Our study showed that total and LDL cholesterol
had no significant association with impairments of LV
diastolic relaxation and arterial stiffness. Brinkley and
colleagues believe that plasma oxidized LDL levels
(ox-LDL, a marker of oxidative stress), a key player in
the pathogenesis of atherosclerosis, might also play a
role in arterial stiffening.23 In addition, Rietzschel and
coworkers proved that ox-LDL cholesterol was associ-
ated with decreases in cardiac function and also a risk
marker for early ventricular remodeling independently
of vascular alterations.24 Ox-LDL cholesterol may be
one of the key points in our future research.

In the present study, triglyceride levels showed a
weak correlation with arterial stiffness and LV dia-
stolic function, although total and LDL cholesterol did
not at all. In addition, arterial stiffening and LV dia-
stolic dysfunction were most advanced in a subgroup
with both low HDL cholesterol and high triglycerides.
Individuals in this group also had increased BMI,
plasma glucose level, and diastolic BP, all of which
appeared to be associated with the metabolic syn-
drome, a cluster of multiple interrelated abnormalities
in lipid and glucose metabolism along with hyperten-

sion and obesity.25,26 Therefore, the influence of trigly-
cerides was considered only as a part of multiple
interrelated metabolic factors.

Clinical Implications and Potential Limitations
Because arterial stiffness may be modifiable,27 HDL
cholesterol might be a potential target for intervention
in our future study of diastolic heart failure. HDL cho-
lesterol, as one of complex metabolic factors, has an
important role in this ‘‘heart-vessel coupling dis-
ease,’’28 but the exact mechanism needs to be explored
further. The limitation of the present study lies in its
purely cross-sectional design. We performed only asso-
ciation analysis, but long-term follow-up of our
patients would be needed to corroborate the proposed
value of HDL cholesterol in predicting arterial stiffness
and LV diastolic function.

CONCLUSIONS
Enhanced arterial stiffness is associated with LV dia-
stolic dysfunction. Low HDL cholesterol may lead to
the deterioration of arterial stiffness and LV diastolic
properties in patients with hypertension. Low HDL
cholesterol would be a risk factor not only for coro-
nary heart disease but also for hypertensive cardiovas-
cular disease.
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