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Abstract
Background: It is plausible that subclinical atherosclerosis alters coronary reserve and impairs diastolic function of the 
left ventricle. However, the relationship between subclinical stages of atherosclerosis and diastolic function has not 
been established in subjects free of cardiovascular disease.

Objective: To test the hypothesis that subclinical atherosclerosis has a negative association with diastolic function.

Methods: Individuals ≥ 35 years old, free of cardiovascular disease, with normal blood pressure and negative treadmill 
stress test, were selected to have common carotid intima-media thickness (IMT) assessed by ultrasound and parameters 
of diastolic function by echocardiography, primarily tissue Doppler E’/A’ ratio.

Results: Forty-eight subjects were studied, aged 56 ± 10 years, 67% females. Composite common carotid IMT had a 
significant negative correlation with tissue Doppler E’/A’ ratio (r = - 0.437, p = 0.002). Individuals in the fourth quartile 
of IMT had a significant lower tissue Doppler E’/A’ ratio (0.76 ± 0.25), as compared with the first (1.2 ± 0.29), second 
(1.2 ± 0.36) and third quartiles (1.1 ± 0.25) - p = 0.002. Composite common carotid IMT in the fourth quartile (≥ 0.8 
mm) independently predicted E’/A’ ratio (p = 0.02), after adjustment for potentially confounding variables, such as age, 
female gender, waist circumference, diastolic blood pressure, HDL-cholesterol and Framingham Risk.

Conclusion: Early stage of subclinical atherosclerotic disease is negatively associated with diastolic function parameters 
in healthy individuals, regardless of age and clinical characteristics. (Arq Bras Cardiol 2010; 95(4): 473-479)
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population, known to be free of myocardial ischemia 
assessed by provocative non-invasive tests. 

In order to test the hypothesis that subclinical atherosclerosis 
is a predictor of diastolic function, regardless of chronic 
myocardial ischemia, we studied a highly selected sample 
of individuals free of any cardiovascular disease and with 
negative maximal treadmill stress test. Atherosclerotic burden 
was measured by carotid intima-media thickness and diastolic 
function by pulsed and tissue Doppler echocardiography.

Methods

Study population
Asymptomatic men and women, aged ≥ 35 years, who 

spontaneously presented to our outpatient clinic for preventive 
evaluation from June 2006 to June 2007, were considered 
candidates to the study. Exclusion criteria consisted of any 
cardiovascular condition or systemic disease with a potential 
to affect the diastolic function: history of hypertension, 
coronary artery disease, heart failure, valvular disease, 
cardiac pacemaker, atrioventricular block, current use of 
cardiovascular drugs, renal dysfunction, COPD, diabetes, 
thyroid disease or collagen diseases. After this first screening, 

Introduction
Atherosclerotic disease develops early in life and usually 

progresses for decades as a silent process. This condition, 
so-called subclinical atherosclerosis, is highly prevalent in 
the general adult population1. During this period, non-
obstructive atherosclerotic plaques do not cause ischemia in 
a clinical sense, but promote functional changes in vascular 
tone2, related to vasoactive mediators release and impaired 
production of nitric oxide by a dysfunctional endothelium3. 

Diastolic function is the first to be impaired in ischemic 
heart disease4. It is possible that the pathophysiological 
process of subclinical atherosclerosis, usually not sufficient 
to reduce systolic function, is able to alter the diastolic 
function of the left ventricle. Preliminary data have shown 
that atherosclerotic burden has an inverse relationship 
with measurements of diastolic dysfunction5,6. However, 
no previous study evaluated this issue in a healthy adult 
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subjects underwent the following evaluation to further select 
those free of cardiovascular disease: 1) initially, blood pressure 
was measured at rest in the sitting position and those with 
systolic blood pressure ≥ 140 mmHg or diastolic blood 
pressure ≥ 90 mmHg were excluded; 2) a resting 12-lead 
electrocardiogram was performed and those with a non-sinus 
rhythm, evidence of ischemia (T wave inversion ≥ 1 mm 
or ST-depression ≥ 0.5 mm) or presence of Q waves were 
excluded; 3) echocardiography was performed and those with 
any structural or functional abnormality (such as ventricular 
hypertrophy or dilatation, systolic dysfunction, non-trivial 
valvular dysfunction or pericardial disease) were excluded; 
4) finally, exercise stress test was performed with a maximal 
graded treadmill protocol and individuals were excluded if the 
test was positive for ischemia: exercise induced ST-segment 
depression ≥ 1 mm at the J point or typical angina symptom. 
The study was approved by the local review board and all the 
participants provided written informed consent.

Sample size calculation
Based on prior literature evidence, which describes a 

coefficient of correlation between IMT and pulsed Doppler 
E/A ratio of 0.467, we estimated that 46 patients were required 
to detect the same correlation coefficient between IMT and 
tissue Doppler E’/A’ ratio, with a power of 90 % at the 5% 
level of significance. 

Study protocol
Individuals underwent physical examination to obtain 

resting blood pressure, weight, height and waist circumference. 
Body mass index was defined as weight (kg)/height2 (m). A 
fasting blood sample was drawn to measure plasma lipids, 
glucose and high-sensitivity C-reactive protein. Commercial 
enzymatic methods were used for the determination of total 
cholesterol, HDL-cholesterol and triglycerides (Dimension 
Clinical Chemistry System, Dade-Behring, Delaware, USA)8. 
LDL-cholesterol was calculated by Friedewald’s formula. 
High-sensitivity C-reactive protein was measured using a 
commercially available immunoenzymatic nephelometric 
method (Dade-Behring, Newark, Delaware, USA) with 
precision limit of 0.3 mg/l and variation coefficient of 7.6%9. 
Based on clinical and laboratory data, the Framingham Risk 
Score was calculated for each patient10. On a subsequent 
day, echocardiography was performed to evaluate exclusion 
criteria and to provide a comprehensive diastolic evaluation 
if the individual was selected for the study. After that, carotid 
ultrasound was performed to assess subclinical atherosclerosis 
as described below. Both echocardiography and carotid 
ultrasound images were acquired and stored directly from 
the ultrasound system for later offline and blinded evaluation. 

Subclinical atherosclerosis assessment
Individuals were examined in the supine position, with 

the head turned 45° from the side being scanned. Right 
and left carotid arteries were evaluated with high-resolution 
B-mode ultrasonography (Envisor C, Philips Medical Systems) 
connected to a 7.5 MHz linear-array transducer, preferably 
at a standard depth of 4 cm. One independent observer 

measured carotid intima-media thickness (IMT) in all subjects, 
by a previously validated method11. Longitudinal images were 
obtained at the level of the common carotid artery, gated to 
diastole, specifically at the ECGR-wave. IMT was defined as 
the distance between the leading edge of the first bright line 
and the leading edge of the second bright line of the far wall. 
On each right and left carotid arteries, three measurements 
were made at 1 cm before carotid bifurcation. Common 
carotid IMT was defined as the mean of these three values12-14. 
The average of common carotid IMT on both sides was the 
composite common carotid IMT, which was the primary IMT 
variable in data analysis.

To test interobserver reproducibility, 20% of individuals 
had carotid measurements performed offline by a second 
independent observer. Pearson’s correlation coefficient 
between the two observers was 0.90 (p < 0.001). The 95% 
limits of agreement for these measurements was 0 to 0.11 mm. 

Diastolic function assessment
Transthoracic echocardiography Doppler examination 

were performed in all subjects, using commercially available 
ultrasound system (Envisor C, Philips Medical Systems) 
equipped with a 2 to 4 MHz transducer. Assessment of 
left ventricular diastolic function was performed by pulsed 
Doppler and tissue Doppler imaging. Pulsed Doppler spectral 
recordings were obtained at the apical 4-chamber view from 
a sample volume positioned at the tips of the mitral leaflets to 
record mitral valve flow, during 3 consecutive cardiac cycles. 
Tissue Doppler velocities were obtained from the lateral mitral 
annulus at the apical 4-chamber view. One independent 
observer measured diastolic parameters for all subjects. The 
following diastolic indices were derived by pulsed Doppler: 
peak early diastolic velocity (E), deceleration time from peak 
early diastolic wave to baseline, peak atrial systolic velocity 
(A), the E/A ratio and isovolumetric relaxation time. Tissue 
Doppler indices were: peak systolic motion velocity, peak 
early diastolic motion velocity (E’), peak atrial systolic motion 
velocity (A’) and the E’/A’ ratio. The known negative correlation 
between E’ and A’ reflects the internal dependency between 
these parameters and supports their analysis together, not 
individually15. The E/E’ ratio was not selected for these 
analyses, as it is not a robust measurement in healthy subjects 
with preserved ejection fraction16. 

In addition, chamber dimensions and left ventricle ejection 
fraction were measured by M-mode echocardiogram and left 
atrium volume was determined by Simpson’s rule using the 
4-chamber view indexed to body surface area17. Left ventricle 
(LV) mass was calculated according to Devereux’s equation 
and indexed to body surface area18. 

To test interobserver reproducibility, 20% of individuals 
had their diastolic measurements performed offline by a 
second independent observer. Pearson’s correlation coefficient 
was 0.99 (p < 0.001) for E’/A´ ratio and the 95% limits of 
agreement for these measurements was - 0.074 to + 0.12.

Data analysis
Firstly, linear association was tested between composite 

common carotid IMT and diastolic parameters by Person’s 
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Table 1 - Clinical, laboratory and echocardiography characteristics 
of the study population

Characteristics (n = 48)

Age (yrs) 56±10

Female gender 67%

White ethnicity 60%

Body mass index (kg/m²) 25 ± 4

Waist circumference (cm) 89 ± 10

Systolic blood pressure (mmHg) 118 ± 10

Diastolic blood pressure (mmHg) 76 ± 5

Glucose level (mg/dl) 89 ± 11

Total cholesterol (mg/dl) 210 ± 43

HDL-cholesterol (mg/dl) 49 ± 10

LDL-cholesterol (mg/dl) 131 ± 35

Triglycerides (mg/dl) 156 ± 16

C-reactive protein (median - mg/l) 1.1

10-year Framingham Risk (median) 3.5%

LV ejection fraction (%) 77 ± 5

LA diameter index (mm/m²) 19 ± 2

LV mass index (g/m²) 71±17

Tissue Doppler E’ wave (cm/s) 12 ± 3

Composite common carotid IMT (mm) 0.75 ± 0.16

HDL - high-density lipoprotein; IMT - intima-media thickness; LA - left atrium; 
LDL - low-density lipoprotein; LV - left ventricle.

Table 2 - Common carotid intima-media thickness correlation with 
diastolic function parameters

Diastolic parameters (n = 48) Correlation 
coefficient p value

E/A ratio - 0.26 0.07

Deceleration time + 0.26 0.08

Isovolumetric relaxation time - 0.21 0.16

Tissue Doppler E’ wave - 0.32 0.03

Tissue Doppler E’/A’ ratio - 0.44 0.002

correlation coefficient and linear regression approach. 
Secondly, diastolic variables were compared among quartiles 
of IMT by analysis of variance (ANOVA), followed by a 
comparison between two extreme groups according to the 
degree of atherosclerotic burden: those with composite 
common carotid IMT in the fourth quartile of our sample 
distribution (≥ 0.8 mm) vs those with IMT below the fourth 
quartile. Numeric diastolic parameters were compared 
by Student’s t test and those variables with a non-normal 
distribution were log-transformed before statistical comparison. 
Thirdly, baseline characteristics were compared between these 
two groups and those with a significant association with 
IMT (p < 0.05) were considered potentially confounding 
variables in the association between atherosclerosis and 
diastolic function. For these comparisons, Student’s t test 
was used for continuous variables and the chi-square test for 
categorical variables. Fourthly, in order to adjust the effect of 
atherosclerosis on diastolic function, an analysis of covariance 
(ANCOVA) was performed taking E’/A’ ratio as the continuous 
dependent variable, composite common carotid IMT in the 
fourth quartile as the predictive variable and potentially 
confounding variables as covariates (either continuous or 
categorical variables). Two-sided probability values < 0.05 
were considered statistically significant. Data were presented 
as mean ± standard deviation for continuous variables and 
percentage for categorical variables. SPSS 13.0 for Windows 
(SPSS Inc, Chicago, Il) was the statistical software utilized for 
all data analysis.

Results
Forty-eight subjects were studied, aged 56 ± 10 years 

(range from 37 to 81 years), 67% females and 60% of white 
ethnicity. As depicted in table 1, blood pressure and glycemic 
levels were in normal range, while body mass index, total 
cholesterol and triglycerides were slightly elevated. The sample 
consisted of a low-risk population, with a median 10-year risk 
of death or myocardial infarction estimated on 3.5% based on 
the Framingham Risk Score. Echocardiography measurements 
of LV mass, ejection fraction and left atrium volume averaged 
normally. Composite common carotid IMT averaged 0.75 ± 
0.16 mm, indicating a sample population with only initial 
degree of atherosclerosis. Tissue Doppler E’ wave mean was 
12 ± 3.0 cm/s, indicating a predominantly normal population 
regarding diastolic function.

Composite common carotid IMT had negative correlations 
with E/A ratio, isovolumetric relaxation time, E’ wave and E’/A’ 
ratio and a positive correlation with mitral inflow deceleration 
time, indicating a negative association between atherosclerotic 
burden and diastolic function - Table 2. These associations 
were especially significant when tissue Doppler indices of 
diastolic function were utilized, such as E’ wave (r = - 0.32, 
p = 0.03) and E’/A’ ratio (r = - 0.437, p = 0.002 - Figure 1A). 
When E’/A’ ratio was compared between quartiles of IMT, 
the first (1.2 ± 0.29), second (1.2 ± 0.36) and third quartiles 
(1.1 ± 0.25) had similar values, while the fourth quartile was 
significantly lower (0.76 ± 0.25, p = 0.002 by ANOVA). 
This observation suggests that the influence of atherosclerosis 
on diastolic function has a threshold around the limit of the 
fourth quartile. Thus, we further compared the differences 

between the fourth quartile of IMT (≥ 0.8 mm) and the first 
three quartiles taken together (E’/A’ ratio: 0.76 ± 0.25 vs 1.2 
± 0.3; p < 0.001 - Figure 1b). Individuals in the fourth quartile 
had a lower mitral inflow E/A ratio (0.98 ± 0.27 vs 1.23 ± 
0.30; p = 0.01), a longer deceleration time (260 ± 69 ms 
vs 198 ± 61 ms; p = 0.005), while isovolumetric relaxation 
time had a trend towards being shorter in the fourth quartile, 
as compared to the first three quartiles (67 ± 24 ms vs 82 ± 
22 ms; p = 0.05) - Table 3.

Baseline characteristics analysis identified the following 
differences between individuals in the forth vs first three 
quartiles of IMT, which were potentially confounding variables 
in the associations of IMT and diastolic function: age, gender, 
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Fig. 1 - Panel A correlates common carotid intima-media thickness with tissue Doppler E’/A’ ratio. Panel B compares E’/A’ ratio between individuals in the fourth (≥ 0.8 
mm) and first three quartiles of intima-media thickness.

Table 3 - Comparison of diastolic indexes between individuals in 
the fourth (≥ 0.8 mm) and first three quartiles of common carotid 
intima-media thickness

Diastolic Indexes
1st three quartiles

IMT < 0.8 mm 
(n = 36)

Fourth quartile 
IMT ≥ 0.8 mm 

(n = 12)
p value

E/A ratio 1.2 ± 0.30 0.98 ± 0.27 0.01

Deceleration time 
(ms) 198 ± 61 260 ± 69 0.005

Isovolumetric 
relaxation time (ms) 82 ± 22 67 ± 24 0.05

Tissue Doppler E’ 
wave (cm/s) 12 ± 3.0 9.4 ± 2 0.01

Tissue Doppler E’/A’ 
ratio 1.20 ± 0.30 0.76 ± 0.25 < 0.001

IMT - Composite common carotid intima-media thickness.

waist circumference, Framingham risk, HDL-cholesterol and 
diastolic blood pressure - Table 4. After adjustment for these 
confounding variables by analysis of covariance, common 
carotid IMT in the forth quartile (≥ 0.8 mm) remained a 
significant predictor of E’/A’ ratio (p = 0.02). Similarly, age 
was a predictor of the E’/A’ ratio regardless of atherosclerosis 
(p < 0.001) and Framingham risk tended to be a predictor 
(p = 0.07) - Table 5.

Discussion
This study provided evidence of a negative association of 

subclinical atherosclerosis with diastolic function in a highly 
selected sample of healthy subjects: mostly young adults, 
with absence of hypertension, very low cardiovascular 
risk according to Framingham assessment, no myocardial 
ischemia on stress test or any type of cardiac abnormality 

on echocardiogram. Thus, the atherosclerosis studied here 
is usually not considered a pathological process in a clinical 
sense. Indeed, it is a very early stage of the disease, as 
demonstrated by our average values of IMT. Nonetheless, our 
data suggests that this subclinical condition, beyond a certain 
level, is associated with a relatively impaired diastolic function.

Because carotid IMT is related to age, we controlled 
the influence of aging on diastolic function as a potential 
confounder in the relationship between atherosclerosis 
and diastolic function. These analyses showed that after 
adjustment to age, the effect of atherosclerosis remained 
highly significant, demonstrating the independent nature 
of the association between atherosclerosis and diastolic 
function. In fact, the only two predictors of diastolic 
function were age and atherosclerotic burden. Considering 
that the first three quartiles of IMT did not have a gradient 
of diastolic function, which decreased only in the fourth 
quartile, atherosclerosis has a threshold to start impairing 
diastole, which was around 0.8 mm of IMT. This threshold 
value should not be considered a precise estimation, due to 
our small sample size. Thus, it must be confirmed in future 
studies. Nevertheless, it was interesting to note that it is the 
same cut-off that determines increase in cardiovascular risk 
according to most longitudinal studies19-22. At lower degrees 
of IMT, the thickening may reflect an adaptive response to 
changes in shear stress, but beyond this level IMT most likely 
represents a disease process22. 

Our findings are in line with recent data regarding the 
association between atherosclerosis and diastolic function23. 
Fernandes et al24 addressed this issue in the population-
based cohort of the Multi-ethnic Study of Atherosclerosis 
(MESA) and demonstrated that greater carotid IMT is 
associated with incipient systolic and diastolic myocardial 
dysfunction assessed by regional strain rates on magnetic 
resonance imaging24. Compared to our study, the MESA 
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Table 4 - Comparison of clinical characteristics between individuals 
in the fourth (≥ 0.8 mm) and first three quartiles of common carotid 
intima-media thickness

Characteristics
1st three quartiles

IMT < 0.8 mm 
(n = 36)

Fourth quartile 
IMT ≥ 0.8 mm 

(n = 12)
p value

Age (yrs) 54 ± 9 65 ± 11 0.001

Female gender 75% 42% 0.04

White ethnicity 83% 52% 0.09

Body mass index 
(kg/m²) 25 ± 3 26 ± 6 0.47

Waist 
circumference 
(cm)

87 ± 9.0 95 ± 11 0.02

Systolic blood 
pressure (mmHg) 117 ± 10 123 ± 9.0 0.09

Diastolic blood 
pressure (mmHg) 76 ± 5 79 ± 5 0.04

Current smoker 17% 0 0.32

Physical inactivity 39% 58% 0.32

10-year 
Framingham risk 
(median)

1.75% 4,28% < 0.001

Glucose level 
(mg/dl) 88 ± 11 89 ± 7 0.08

C-reactive protein 
(median - mg/l) 1.10 2.4 0.30

Total cholesterol 
(mg/dl) 208 ± 42 217 ± 46 0.52

HDL-cholesterol 
(mg/dl) 51 ± 10 44 ± 7 0.04

LDL-cholesterol 
(mg/dl) 126 ± 32 143 ± 43 0.16

Triglycerides 
(mg/dl) 137 ± 82 141 ± 52 0.88

Lipid-lowering 
therapy 13% 25% 0.34

Estrogen therapy 19% 0 0.17

LV ejection 
fraction (%) 77 ± 5 78 ± 5 0.22

LV mass index 
(g/m²) 71 ± 17 70 ± 18 0.51

Table 5 - Multivariate analysis by ANCOVA, taking E’/A’ ratio as the 
dependent variable and all variables significantly associated with 
intima-media thickness at the univariate analysis as covariates

Covariates Initial model Final model

Age 0.001 < 0.001

Female gender 0.37

Waist circumference 0.97

Diastolic blood pressure 0.84

HDL-Cholesterol 0.99

10-year Framingham risk 0.07

IMT > 0.80 mm 0.018 0.02

HDL - high-density lipoprotein; IMT - composite common carotid intima-media 
thickness.

population were 10 years older in average, not totally free 
of cardiovascular risk factors (40% had hypertension, 18% 
had diabetes), the mean IMT was higher (0.86 ± 0.20 mm) 
and myocardial ischemia was not ruled out by provocative 
tests. Therefore, our data expand the MESA findings to a 
more normal and younger population, with no myocardial 
ischemia. Other preliminary data demonstrated similar 
finding in hypertensive patients6 and elderly individuals25. 
Thus, the originality of the present study relies on the 
normal nature of a highly selected sample population, 
which prevents a complex interaction of confounding 
factors and emphasizes the impact of atherosclerosis in its 

earliest stages. We must recognize that electrocardiography 
stress is not a highly sensitive test to rule-out significant 
coronary disease. On the other hand, the very low pre-test 
probability of coronary disease of our population leads to a 
very high negative predictive value of the stress test in our 
study. Therefore, the post-test probability of myocardial 
ischemia after the negative stress test must be very low in 
our sample population. 

Mechanisms underlying the relationship of subclinical 
atherosclerosis and diastolic function are probably related to 
vascular function. Firstly, it is already known that thickened 
intima is an indicator of reduced myocardial flow reserve26. 
This may be the result of coronary microvascular obstruction 
and/or reduced vasodilator reserve of epicardial vessels, due 
to endothelial dysfunction. These phenomena may take 
place in the absence of obstructive coronary disease and 
chronic ischemia. Secondly, atherosclerosis may enhance 
arterial stiffness of major arteries, such as the carotid artery 
and aorta, increasing afterload to the left ventricle, with a 
negative impact on diastolic function. Indeed, increased 
arterial stiffness is related not only to atherosclerosis but also 
to diastolic dysfunction27. Since endothelial function, coronary 
flow reserve and arterial stiffness were not evaluated in the 
present study, a more comprehensive understanding of the 
pathophysiological process should be the focus of future 
research. Due to the cross-sectional nature of the study, one 
cannot guarantee that the observed association is the result 
of atherosclerosis impairing diastolic function. However, 
several scientific criteria of causation (such as consistency 
with previous literature, statistical strength, lack of alternate 
explanation and, mainly, biological plausibility) suggest that 
it is atherosclerosis that impairs diastolic function, and not 
the contrary.

The practical meaning of our finding remains to be 
better studied. We did not treat diastolic dysfunction 
as a categorical variable, but only evaluated diastolic 
parameters as continuous variables. Therefore, it remains 
to be determined whether the negative association 
between atherosclerosis and diastolic dysfunction is 
clinically important. Other application to be tested in future 
studies is whether diastolic function can be considered a 
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surrogate for subclinical atherosclerosis in certain groups 
of patients. In other words, are individuals with isolated 
diastolic dysfunction at a higher risk for events related to 
atherosclerotic disease? Moreover, our findings may be the 
basis for future tests of the hypothesis that lipid-lowering 
therapy improves diastolic function. Regarding all these 
issues, studies of longitudinal nature will bring insights not 
provided by the cross-sectional design of our study. 

In conclusion, the present study adds evidence to the 
independent and negative association between subclinical 
atherosclerosis and diastolic function and expands this 
knowledge by encompassing individuals at lower cardiovascular 
risk and lower degree of subclinical atherosclerosis.
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