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Aims To assess the independent and combined effects of diabetes and hypertension on left ventricular (LV) diastolic func-
tion in a community-based cohort at high cardiovascular risk.

Methods
and results

Two-dimensional echocardiography was performed in 708 subjects from the Cardiac Abnormalities and Brain
Lesions (CABL) study. Peak diastolic early (E) and late (A) transmitral flow, and tissue Doppler-derived early
mitral annulus velocity (E0) were recorded, and E/A and E/E0 ratios were calculated. The population was divided
into four groups: those without hypertension or diabetes (HT2/DM2), those with only hypertension (HT), only
diabetes (DM), and with hypertension plus diabetes (HT þ DM). In multivariate analysis, hypertension and diabetes
were independent predictors of worse diastolic function. The coexistence of hypertension and diabetes was associ-
ated with greater impairment of diastolic function (higher E/E0 ratio than HT2/DM2, HT, or DM, all P , 0.05), inde-
pendent of covariates. The negative, synergistic effect of hypertension and diabetes on LV diastolic function was
present both in lean participants and in overweight/obese ones. An E/E0 ratio .15, suggestive of increased LV
filling pressure, was found in 2.2% of HT2/DM2, 8.9% of HT, 5.9% of DM, and 14.7% of HT þ DM (P , 0.01).

Conclusion Hypertension and diabetes are independently associated with impaired LV diastolic function, independent of the
effect of overweight/obesity and other covariates. Their coexistence results in a negative synergistic effect on LV dias-
tolic mechanics and is associated with higher LV filling pressures than either condition alone.
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Introduction
Diastolic dysfunction is associated with future occurrence of heart
failure, is a predictor of cardiovascular morbidity and mortality in
the general population,1,2 and is associated with a reduced exercise
performance in asymptomatic subjects.3 Diabetes mellitus is
associated with high morbidity and mortality, mainly because of
its association with arterial atherosclerosis and related compli-
cations, in particular coronary artery disease and congestive
heart failure.4– 7 Several reports have shown that impairment of
left ventricular (LV) diastolic function can be present in subjects
with diabetes even in the absence of alterations of LV systolic

function.8 –11 However, especially in the elderly, diabetes is often
associated with arterial hypertension,6 which is in turn associated
impaired diastolic dysfunction and unfavourable cardiovascular
outcome.12– 14 Also, hypertension and diabetes often share
comorbidities and conditions, like obesity and LV hypertrophy,
that can impact LV structure and mechanics.15 Therefore, it is dif-
ficult to quantify the individual and synergistic roles of diabetes and
hypertension on LV diastolic function. So far, studies that have
investigated this association have relied on echocardiographic
Doppler flow methods that cannot distinguish between normal
and pseudo-normal LV diastolic patterns, or did not take into
account important variables that affect diastolic function, such as
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left ventricular mass (LVM) and geometry, and heart rate. A
pseudo-normal diastolic function pattern has been demonstrated
in up to 28% of asymptomatic patients with diabetes9,16 and in
27% of newly diagnosed hypertensive patients.17

Tissue Doppler imaging (TDI) is a newer echocardiographic tool
that has been proved more sensitive in the early detection of LV
diastolic function alterations than traditional Doppler flow
methods.18 In particular, the combination of transmitral flow
with TDI-derived diastolic phase parameters provides an esti-
mation of LV diastolic performance that is less dependent on
cardiac preload, and, unlike transmitral flow, is not affected by
pseudo-normalization.19,20

The aim of this study was to assess, in a high-risk community
sample without overt cardiac disease and with normal LV systolic
function, the individual and combined effects of diabetes and
hypertension on LV diastolic function, as evaluated by transmitral
flow and TDI parameters.

Methods

Study population
The study cohort of the Cardiac Abnormalities and Brain Lesions
(CABL) study was derived from the Northern Manhattan Study
(NOMAS), an epidemiological study that evaluates the incidence,
risk factors, and clinical outcome of stroke in the multiethnic popu-
lation of Northern Manhattan. The study design and methodological
details regarding NOMAS have been described previously.21 Briefly,
community subjects from Northern Manhattan were eligible if they:
(i) had never been diagnosed with a stroke, (ii) were aged 40 or
older, and (iii) resided in Northern Manhattan for at least 3
months in a household with telephone. NOMAS subjects over age
50 that voluntarily agreed to undergo a brain MRI study and a
more extensive echocardiographic evaluation including assessment
of diastolic function were included in the CABL study. This subset
of individuals constitutes the study population of the present
report. Informed consent was obtained from all study participants.
The study was approved by the Institutional Review Board of
Columbia University Medical Center.

Risk factors assessment
Cardiovascular risk factors were ascertained through direct examin-
ation and interview by trained research assistants. Hypertension was
defined as systolic blood pressure �140 mmHg or diastolic blood
pressure �90 mmHg at the time of the visit (mean of two readings),
or patient’s self-reported history of hypertension or of anti-
hypertensive medications. Diabetes mellitus was defined as fasting
blood glucose �126 mg/dL or patient’s self-reported history of
diabetes or of diabetes medications. Hypercholesterolaemia was
defined as total serum cholesterol .240 mg/dL, a patient’s self-report
of hypercholesterolaemia or of use of lipid-lowering treatment. Sub-
jects with coronary artery disease, defined as a history of myocardial
infarction, coronary artery bypass grafting, or percutaneous coronary
intervention, were excluded from the study.

Echocardiographic assessment
Transthoracic echocardiography evaluation was performed using a
commercially available system (iE 33, Philips, Andover, MA, USA)
by a trained registered sonographer according to a standardized pro-
tocol. Left ventricular end-diastolic (LVDD) and end-systolic (LVSD)

diameters, inter-ventricular septum thickness, and posterior wall
thickness (PWT) were measured at end-diastole from a parasternal
long-axis view according to the recommendations of the American
Society of Echocardiography (ASE).22 Left ventricular mass, calculated
with the Devereaux formula,23 and left atrial (LA) antero-posterior
diameter were indexed by body surface area to account for the
effect of body size. Left ventricular relative wall thickness (RWT),
an index of LV geometry, was calculated with the formula: (2 �
PWT)/LVDD.24 Left ventricular ejection fraction (LVEF) was calcu-
lated by the biplane modified Simpson’s rule as recommended by
the ASE,22 this was replaced by a semi-quantitative method or
visual estimation in case of technically suboptimal images. Subjects
with an EF � 50% or with LV segmental wall motion abnormalities
were excluded from analysis.

Transmitral diastolic flow was obtained by pulsed-wave Doppler
from an apical four-chamber view. Colour Doppler was used to visu-
alize the transmitral flow; the pulsed Doppler sample volume was
placed at the level of mitral valve leaflet tips, with the ultrasonic
beam perpendicular to the inflow jet. Doppler baseline and velocity
scale were adjusted to obtain optimal visualization of the inflow spec-
trum. At least four cardiac cycles were recorded during patient
apnoea, and the images were stored in digital format for off-line
analysis. Peak velocities of the early (E-wave) and late (A-wave)
phase of the mitral inflow pattern from Doppler recordings were
measured and their ratio (E/A) was calculated. Left ventricular myo-
cardial velocities were evaluated by pulsed TDI and sampled on the
longitudinal axis from the apical four-chamber view. Two-
dimensionally guided pulsed TDI sample volume was placed at the
level of the lateral and septal mitral valve annulus, Doppler gain
and wall filter were adjusted to reduce artefacts, and velocity scale
was set to +20 cm/s. Four consecutive beats were recorded at a
sweep rate of 100 mm/s during patient apnoea and stored in digital
format for off-line analysis. The peak systolic (S) and peak early dias-
tolic (E0) velocities of the lateral and septal mitral annulus by
pulsed-TDI were measured and the average value was calculated
and used in all subsequent analyses.25 The ratio between the E and
the E0 wave (E/E0) was calculated as a pre-load independent index
of LV filling pressures. Diastolic dysfunction was defined, according
to ASE guidelines25 and taking into consideration the mean age of
our population, as: (i) E/A ratio �0.7 (impaired relaxation); (ii) E/A
ratio .0.7 and �1.5 and E0 velocity ,7 cm/s (pseudo-normalized
pattern); or (iii) E/A ratio .1.5 and E0 velocity ,7 cm/s (restrictive
pattern).

Statistical analysis
Data are presented as mean+ standard deviation for continuous
variables and as proportions for categorical variables. The x2 test
was used to test differences between proportions. Multiple linear
regression were performed to assess the independent association
of hypertension and diabetes with diastolic function parameters.
Hypertension and diabetes were entered together in the models
(see Results section). Differences between hypertension/diabetes
groups were assessed by one-way analysis of variance. The
Kruskal–Wallis non-parametric test was applied to confirm statistical
findings when the normality assumptions were not met. Analysis of
covariance was conducted separately for each diastolic function par-
ameter to assess differences between groups after adjustment for
covariates. Estimated marginal means adjusted for covariates and
95% confidence intervals were derived. Partial h2 was used as an
effect size indicator to estimate the contribution of each factor to
the overall model.
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For all statistical analyses, a two-tailed P , 0.05 was considered sig-
nificant. Statistical analyses were performed using SAS software
version 9.1 (SAS Institute, Inc., Cary, NC, USA).

Results

Population characteristics
General characteristics of the study cohort are shown in Table 1.
Our study cohort consisted of 708 subjects, mean age was
70.4+9.6 years, and 450 subjects (63.6%) were women. Hyper-
tension was present in 496 (70.1%) and diabetes in 204 (28.8%).
According to the inclusion criteria, intended to avoid the possible
interference of associated conditions on the assessment of dias-
tolic parameters, no subjects had an LVEF ,50% or coronary
artery disease.

To test the individual and combined effects of diabetes and
hypertension on diastolic function, we divided the population
into four groups: those who had neither hypertension nor diabetes
(HT2/DM2), those with hypertension but not diabetes (HT),
those with diabetes but not hypertension (DM), and those with
both hypertension and diabetes (HT þ DM). Clinical and echocar-
diographic characteristics of the four groups are shown in Table 1.
Age, BMI, creatinine, heart rate, and LV RWT were higher in HT
and HT þ DM than in HT2/DM2. Left ventricular mass index
was higher in HT and HT þ DM than in DM and HT2/DM2. S
velocity was lower in HT than in HT2/DM2, and LVEF was
higher in HT þ DM than in HT2/DM2. Prevalence of hypercho-
lesterolaemia was higher in HT þ DM than in the other groups.

Left atrial size was significantly higher in HT, DM, and HT þ DM
than in HT2/DM2.

Correlations of hypertension and diabetes
with diastolic function parameters
The independent association between diastolic function par-
ameters and diabetes and hypertension were tested in three
models (Table 2): (i) a model only including hypertension and dia-
betes; (ii) a model adjusted for age, sex, and body mass index
(BMI), and (iii) a model adjusted for clinical and echocardiographic
covariates. In the final multivariate model (Table 2, Model 3),
hypertension was an independent predictor of lower E0-wave
[B ¼ 20.60, standard error (SE) 0.13] and higher E/E0 ratio (B ¼
0.70, SE 0.24; both P , 0.01). In the same model, diabetes was
an independent predictor of higher E-wave (B ¼ 4.00, SE 1.40,
P , 0.05), higher A-wave (B ¼ 5.64, SE 1.57, P , 0.01), and
higher E/E0 ratio (B ¼ 0.79, SE 0.24, P , 0.01).

Blood pressure, blood glucose, and left
ventricular diastolic function
Partial correlations, accounting for age, were assessed between
systolic blood pressure, diastolic blood pressure, blood glucose,
and diastolic function parameters (Table 3). Systolic blood pressure
was significantly correlated to A-wave, E/A ratio, E,0 and E/E0 ratio
(all P , 0.01); diastolic blood pressure showed significant corre-
lations with E-wave, A-wave, E0 velocity (all P , 0.01), and E/A
ratio (P , 0.05). Blood glucose was significantly correlated to
A-wave, E0 velocity (both P , 0.01), and E/E0 ratio (P , 0.05).
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Table 1 Demographic and clinical variables in the overall sample and according to the presence of hypertension and/or
diabetes

Overall sample
(n 5 708)

HT2/DM2
(n 5 178)

HT (n 5 326) DM (n 5 34) HT 1 DM
(n 5 170)

Age (year) 70.4+9.6 67.3+9.8 71.6+10.0** 70.6+10.7 71.2+7.5**

Women, n (%) 450 (63.6) 100 (56.2) 214 (65.6)* 22 (64.7) 114 (67.1)*

Body mass index (kg/m2) 28.2+4.9 26.3+4.7 28.3+4.5** 27.8+4.8 30.2+5.1**‡§§

SBP (mmHg) 135.2+7.6 122.1+11.8 140.7+17.1** 124.2+10.4‡ 140.6+16.7**§§

DBP (mmHg) 78.1+9.5 74.0+7.8 80.6+9.6** 74.4+8.4‡ 78.3+9.6**‡§

Blood glucose (mg/dL) 99.7+32.5 87.0+12.2 89.8+12.0 132.1+51.4**‡ 124.5+47.1**‡

Creatinine (mg/dL) 0.92+0.26 0.88+0.18 0.94+0.26* 0.88+0.30 0.96+0.33**

Hypercholesterolaemia, n (%) 419 (59.3) 98 (55.1) 187 (57.5) 15 (44.1) 119 (70.0)**‡§§

Heart rate (b.p.m.) 70.3+11.4 68.0+10.7 70.6+11.2* 68.8+10.4 72.3+12.2**

LVEDD (cm/m2) 2.55+0.30 2.57+0.31 2.55+0.31 2.50+0.23 2.53+0.28

LVMI (g/m2) 102.7+25.0 95.2+22.2 105.0+25.9** 93.5+20.2‡ 108.1+25.3**§§

Relative wall thickness 0.50+0.09 0.47+0.07 0.51+0.09** 0.49+0.07 0.52+0.08**

LVEF (%) 64.3+5.3 63.5+4.7 64.5+5.5 63.7+5.2 65.0+5.2**

S velocity (cm/s) 8.7+1.9 9.0+1.7 8.6+1.9** 8.4+1.9 8.6+2.0

Stroke index (mL/m2) 35.0+7.9 35.3+8.2 34.9+7.9 34.2+8.2 34.9+7.7

LA size (mm/m2) 22.2+3.2 21.1+2.8 22.6+3.3** 22.3+3.0* 22.6+3.1**

HT2/DM2, absence of hypertension and diabetes; HT, hypertension only; DM, diabetes only; HT þ DM, hypertension and diabetes; SBP, systolic blood pressure; DBP, diastolic
blood pressure; LVEDD, LV end-diastolic diameter; LVMI, LV mass index; LVEF, LV ejection fraction; LA, left atrial.
*P , 0.05 and **P , 0.01 vs. HT2/DM2.
§P , 0.05 and §§P , 0.01 vs. DM.
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Separate and combined effect of
hypertension and diabetes on left
ventricular diastolic function
Diastolic parameters were compared between the four groups
after adjusting for covariates (Table 4). The HT group had signifi-
cantly lower E0 velocity (P , 0.01) and higher E/E0 ratio (P ,

0.05) compared with HT2/DM2. DM subjects had a significantly
higher A-wave (P , 0.05) and a non-significant trend towards a
lower E/A ratio, lower E0 and higher E/E0 than HT2/DM2. No sig-
nificant differences were observed between HT and DM groups in
any of the diastolic function parameters. The HT þ DM group
showed a significantly higher E/E0 ratio compared with the
HT2/DM2, HT (both P , 0.01), and DM (P , 0.05) groups.
HT þ DM also had significantly higher A-wave and lower E0 than
HT2/DM2 (both P , 0.01), and higher E- and A-waves than
HT (both P , 0.01). Partial h2 was 0.072 for age, 0.021 for sex,
0.018 for heart rate, 0.010 for BMI, 0.011 for LVM, 0.004 for
RWT, and 0.036 for the combination of hypertension and diabetes.

Prevalence of diastolic dysfunction of any grade, in the entire
study population was 52.8%. HT, DM, and HT þ DM had signifi-
cantly higher prevalence of diastolic dysfunction than HT2/
DM2 (61.4% in HT, 53.0% in DM, 60.2% in HT þ DM vs. 30.1%
in HT2/DM2; all P , 0.01 vs. HT2/DM2). The differences
between HT, DM, and HT þ DM were not statistically significant

(Figure 1A). Of note, the prevalence of a pseudo-normal filling
pattern, which would not have been unmasked without the use
of TDI, was 20.7% in HT, 14.7% in DM, and 20.5% in HT þ DM,
but only 8.5% in HT2/DM2 (P , 0.01). An E/E0 ratio .15, sug-
gestive of increased LV filling pressure, was found in 2.2% of
HT2/DM2, 8.9% of HT, 5.9% of DM, and 14.7% of HT þ DM
(P , 0.01 for HT þ DM and HT vs. HT2/DM2; P , 0.05 for
HT þ DM vs. HT, Figure 1B).

In a sub-analysis aimed to evaluate the impact of hypertension
and diabetes on the E/E0 ratio separately in lean patients and
in overweight/obese patients, hypertensives and diabetics were
stratified according to a BMI, or �25 kg/m2. The analysis
was adjusted for age, gender, and heart rate. As can be seen in
Figure 2, within the lean patients (Figure 2A), E/E0 ratio was higher
in the HT þ DM group (11.0, SE 0.52) than in HT (9.6, SE 0.32,
P ¼ 0.03), DM (10.0, SE 0.93, P ¼ 0.38), and HT2/DM2 (8.9,
SE 0.34, P ¼ 0.001). Similarly, in the overweight/obese patients
(Figure 2B), E/E0 was significantly higher in HT þ DM (11.6, SE
0.24) than in HT (10.6, SE 0.18, P ¼ 0.002), DM (9.9, SE 0.55,
P ¼ 0.006), and HT2/DM2 (9.7, SE 0.28, P , 0.001).

Discussion
Diastolic dysfunction is a risk factor for the development of
congestive heart failure, and has prognostic value in population set-
tings.1,26 In our study, we demonstrated that in a community-based
unselected cohort without overt cardiac disease, diabetes, and
hypertension have an independent negative impact on LV diastolic
function. We showed that diabetes and hypertension were inde-
pendently associated with a higher E/E0 ratio, an index of LV end-
diastolic pressure, even after adjustment for covariates that signifi-
cantly affect diastolic function such as age, LVM, geometry, heart
rate, and LVEF. The finding of a higher LV end-diastolic pressure
when diabetes and hypertension coexist, compared with either
condition alone, could explain in part the additional risk of
developing heart failure in patients with combined diabetes and
hypertension compared with patients with hypertension alone.5,7

In this respect, the exclusion, from our study, of subjects with
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Table 2 Association of diabetes and hypertension with diastolic function parameters

E-wave A-wave E/A ratio E0-wave E/E0 ratio

Model 1 R2 ¼ 0.01 R2 ¼ 0.06 R2 ¼ 0.02 R2 ¼ 0.10 R2 ¼ 0.08

Hypertension 21.36 (1.38) 6.43 (1.62)** 20.07 (0.02)** 21.15 (0.14)** 1.44 (0.25)**

Diabetes 4.10 (1.40)** 7.62 (1.63)** 20.02 (0.02) 20.20 (0.14) 0.97 (0.26)**

Model 2 R2 ¼ 0.03 R2 ¼ 0.17 R2 ¼ 0.06 R2 ¼ 0.27 R2 ¼ 0.18

Hypertension 21.85 (1.43) 2.59 (1.58) 20.04 (0.02) 20.79 (0.13)** 0.89 (0.25)**

Diabetes 3.66 (1.41)* 6.17 (1.56)** 20.01 (0.02) 20.10 (0.13) 0.81 (0.25)**

Model 3 R2 ¼ 0.13 R2 ¼ 0.23 R2 ¼ 0.14 R2 ¼ 0.36 R2 ¼ 0.29

Hypertension 21.05 (1.45) 1.13 (1.63) 20.02 (0.03) 20.60 (0.13)** 0.70 (0.24)**

Diabetes 4.00 (1.40)* 5.64 (1.57)** 20.005 (0.02) 20.07 (0.13) 0.79 (0.24)**

Values are unstandardized estimate coefficients (B) and relative standard errors. Model 1: univariate. Model 2: adjusted for age, sex, and BMI. Model 3: adjusted for age, BMI, sex,
heart rate, LVEF, S velocity, LVMI, relative wall thickness, creatinine, hypercholesterolaemia.
*P , 0.05; **P , 0.01.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Partial correlations of systolic blood pressure,
diastolic blood pressure, and blood glucose with
diastolic function parameters

E-wave A-wave E/A ratio E0-wave E/E0 ratio

Systolic BP 0.03 0.17** 20.10** 20.19** 0.16**

Diastolic BP 20.15** 0.12** 20.22* 20.24** 0.05

Blood glucose 0.04 0.16** 20.06 20.10** 0.12*

Values are partial correlation coefficients adjusted for age.
*P , 0.05; **P , 0.01.
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evidence of coronary artery disease or with abnormal LV systolic
function allowed us to derive important information on the
effect of the two most prevalent cardiovascular risk factors on
diastolic function at early stages of disease (Stages A and B of
the American Heart Association classification of heart failure

development). To better separate the effect of diabetes and hyper-
tension, as well as to assess their combined effect, we evaluated
the diastolic function in groups with only diabetes, only hyperten-
sion, or both, compared with subjects without either condition.
The prevalence of diastolic dysfunction was higher in HT, DM,
and HT þ DM than in HT2/DM2. When we considered the pro-
portion of subjects with elevated LV end-diastolic pressure (ident-
ified by an E/E0 ratio .15), we found it to be significantly greater in
the HT þ DM group (14.7%) than in HT and DM groups (8.9 and
5.9%, respectively). As expected, the HT þ DM group was older
and had higher BMI, whereas the HT and DM groups were in an
intermediate position between HT þ DM and HT2/DM2. Inter-
estingly, LVM index was higher in the groups with hypertension,
but was not significantly different between HT2/DM2 and DM
groups. This finding is consistent with previous studies that
reported no increase in LVM in diabetic compared with non-
diabetic subjects when the effect of hypertension is
removed.18,27– 29 After adjustment for all the covariates, we
found that the group with both hypertension and diabetes had sig-
nificantly worse diastolic function than the others. E0 velocity was
lower in HT þ DM than in HT2/DM2, but not significantly differ-
ent from HT and DM, whereas the E/E0 ratio was significantly
higher in HT þ DM than in HT and DM, suggesting an additive
effect of hypertension and diabetes on the LV end-diastolic
pressure independent of other covariates. However, although
the E/A ratio showed a trend toward lower values in patients
with hypertension and/or diabetes, no significant differences
were found among the four groups. This observation may appear
surprising, but it is consistent with the pathophysiology of the LV
diastolic dynamics. The E/A ratio is strongly dependent on
cardiac load, and follows a U-shaped curve in the natural history
of LV diastolic dysfunction, with a reduction in the earlier stages
of dysfunction. In this stage, the relaxation of the LV is delayed
and the early diastolic flow (E-wave) becomes slower; therefore,
as a compensatory mechanism, the atrial contribution to the LV
filling increases, and the E/A ratio decreases (diastolic dysfunction,
Stage 1). With the progression of diastolic dysfunction, the increas-
ing pressure gradient between the left atrium and the LV acts as
a propelling force, causing an increase in the E-wave velocity.
As a consequence, the E/A ratio increases as well, becoming
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Table 4 Adjusted means and 95% confidence intervals of diastolic function parameters by the presence of hypertension
and/or diabetes

HT2/DM2 HT DM HT 1 DM

E-wave (cm/s) 70.9 (68.2–73.5) 68.7 (66.9–70.6) 71.3 (65.5–77.0) 73.7 (71.1–76.4)‡

A-wave (cm/s) 85.6 (82.7–88.6) 86.8 (84.7–88.9) 92.7 (86.3–99.1)* 92.6 (89.6–95.6)**‡

E/A ratio 0.86 (0.82–0.91) 0.83 (0.79–0.86) 0.79 (0.69–0.89) 0.84 (0.79–0.89)

E0-wave (cm/s) 7.9 (7.6–8.1) 7.2 (7.0–7.4)** 7.6 (7.0–8.1) 7.2 (6.9–7.4)**

E/E0 ratio 9.6 (9.1–10.0) 10.2 (9.8–10.5)* 10.0 (9.1–11.0) 11.1 (10.7–11.6) **‡§

HT2/DM2, absence of hypertension and diabetes; HT, hypertension only; DM, diabetes only; HT þ DM, hypertension and diabetes. Standard set of covariates: age, BMI, sex,
LV mass index, LV relative wall thickness, LV ejection fraction, and heart rate.
*P , 0.05 and **P , 0.01 vs. HT2/DM2.
‡P , 0.01 vs. HT.
§P , 0.05.

Figure 1 Prevalence of LV diastolic dysfunction of any grade
(A) and of an E/E0 ratio .15 (B) according to the presence of
hypertension, diabetes, or both. HT2/DM2: absence of hyper-
tension and diabetes; HT: hypertension only; DM: diabetes only;
HT þ DM: hypertension and diabetes.
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indistinguishable from a normal flow pattern. In this regard, the
analysis of other Doppler flow-derived parameters (mitral isovolu-
mic relaxation time and E-wave deceleration time) that are load-
dependent is not useful for identifying the apparent reversal of
the mitral inflow to a normal pattern30,31 (also known as ‘pseudo-
normalization’ of the mitral inflow) as actual progression of the
disease (diastolic dysfunction, Stage 2). The mitral annulus early
diastolic velocity assessed by pulsed TDI (E0) has been shown to
be less pre-load dependent, and its decrease with the progressive
impairment of the LV diastolic mechanics allows the identification
of LV abnormal relaxation and reduced LV compliance, and can
identify diastolic dysfunction even in the presence of a pseudo-
normal mitral flow.32 In fact, the combination of flow and tissue
Doppler analysis allowed us to detect subjects with impaired LV
relaxation and increased LV stiffness who would have been con-
sidered normal by simple transmitral flow analysis in a relevant

proportion of hypertensive and diabetic patients (20.7, 14.7%)
and in the control group (8.5%). These proportions are compar-
able to those reported in other studies that used different LV dias-
tolic parameters in similar populations.9,17,18

In elderly populations with high cardiovascular risk profile,
several cofactors are often associated to both conditions. In par-
ticular, obesity is strictly linked to both high blood pressure and
insulin-resistance and diabetes. We were able to demonstrate
that the synergistic effect of hypertension and diabetes on LV
diastolic function is present in both lean and overweight/obese
patients. We also demonstrated that a BMI �25 kg/m2 was
associated with worse diastolic function, even in the
HT2/DM2 group. Therefore, our data confirm the negative
effect of increased BMI on LV diastolic mechanics,33,34 but also
show that the impact of hypertension and diabetes on LV diastole
recognizes disease-specific mechanisms that go beyond the simple
effect of obesity. These findings suggest several considerations.
First, it is known that diabetes is associated with changes in myo-
cardial metabolism and structure that contribute to diastolic
abnormalities. Multiple metabolic alterations have been identified
that contribute to diabetic cardiomyopathy. In diabetic hearts,
glucose metabolism is reduced in favour of energy production
from beta-oxidation of free fatty acids.35,36 The altered glucose
metabolism results in an accumulation of toxic intermediates
that affect calcium handling, promote apoptosis, and affect myo-
cardial mechanics.37,38 Hyperglycaemia has also been linked to
the activation of the renin–angiotensin system, which in turn is
responsible for increased oxidative damage and cell apoptosis
and necrosis, resulting in increased interstitial fibrosis.39 In
addition, an increased resting tension of the cardiomyocytes has
been documented in diabetic patients with diastolic heart failure
as a prominent cause of increased LV stiffness.40 Therefore, it is
reasonable, to hypothesize that the myocardial damage secondary
to diabetes may add to the hypertensive cardiac disease, resulting
in a more severe impairment of LV diastolic function. In autopsy
studies, interstitial and perivascular fibrosis was more represented
in diabetic than in hypertensive hearts, and it was greatest in
hypertensive-diabetic hearts.41 Second, the observation that the
negative effect of diabetes and hypertension on LV diastole is
independent of LVM has therapeutic implications. Recent data
from the VALIDD (Valsartan in Diastolic Dysfunction) study
showed that, in patients with hypertension, a better control of
blood pressure resulted in an improvement of diastolic function
regardless of the type of anti-hypertensive drug used, even in
the absence of LV hypertrophy.42 On the other hand, despite
the good correlation found in our and other studies between
glucose and LV diastolic parameters, it is not clear whether
tight glycaemic control would exert beneficial effects on LV dias-
tolic function in diabetic patients. After some encouraging results
from preliminary experiences,43 negative data were recently
reported from the DADD (Diabetes mellitus And Diastolic Dys-
function) study, in which the authors failed to demonstrate an
improvement in diastolic function in diabetic patients under
strict insulin-based glycaemic control.44 Given these combined
observations, the therapeutic goals of LVM reduction and
glycaemic control may not be enough to obtain improvement in
diastolic function when diabetes and hypertension coexist.

Figure 2 E/E0 ratio (adjusted for age, gender, and heart rate)
according to the presence of hypertension, diabetes, or both in
patients with body mass index ,25 kg/m2 (A) or �25 kg/m2

(B). HT2/DM2: absence of hypertension and diabetes; HT:
hypertension only; DM: diabetes only; HT þ DM: hypertension
and diabetes.
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Surprisingly, our finding of a decreased diastolic function when
hypertension and diabetes coexisted was not associated with a
parallel increase in LA size in the HT þ DM group. Left atrial
size is related to LV diastolic function and is considered to be an
indicator of a chronic exposure to elevated LV filling pressures.45

However, as the main determinant of LA size is the body size,
and given the elevated mean BMI in the HT, DM, and HT þ DM
groups, a significant overlap in the distribution of the LA size
exists in those groups that may have prevented the detection of
disease-specific effects on LA diameter. Moreover, it is known
that LA antero-posterior diameter, although prognostically rel-
evant in the population, is not an accurate measure of LA size,
because the expansion of the LA in the antero-posterior axis is
limited by the anatomical constraints of the spine and sternum.46

Therefore, atrial enlargements over the latero-lateral and cranio-
caudal axes are not identified by the LA antero-posterior diameter.
In this regard, the evaluation of LA volumes might be more sensi-
tive in detecting smaller differences in LA size than the antero-
posterior dimension.

Previous studies have investigated the relations of LV diastolic
function with diabetes and hypertension. These studies, however,
used older criteria for the definition of diabetes,47,48 or did not
use TDI for the assessment of diastolic function,47 or did not
adjust the comparisons for important covariates such as
LVM.18,28 A report from the Strong Heart Study showed that
the combination of hypertension and diabetes was associated
with greater impairment of diastolic relaxation after adjusting for
covariates such as age and LVM.47 That study, however, used trans-
mitral flow parameters only, which could not distinguish a pseudo-
normal pattern from truly normal LV diastolic function, resulting in
an underestimation of the prevalence of diastolic dysfunction. In
fact, a pseudo-normal diastolic filling pattern has been observed
in a significant proportion of asymptomatic hypertensive and dia-
betic subjects (up to 27 and 28%, respectively).9,16,17 Another
study showed that in hypertensive patients the presence of dia-
betes was associated with worse diastolic function, but the
lack of a control group without hypertension and the high preva-
lence of coronary artery disease made the results difficult to
interpret.29

Our study has several limitations. The population of the study is
at high cardiovascular risk because of the high prevalence of dia-
betes and hypertension. Therefore, the results of our study
should not be extrapolated to different populations with lower
risk profiles. Because of the high prevalence of hypertension in
the cohort, the group with diabetes alone was small, and this
could have prevented the detection of potentially significant
differences in the pair-wise comparisons between DM and
HT2/DM2. Finally, we did not perform measurement of mitral
valve deceleration time, pulmonary venous flow velocities, and Val-
salva manoeuvre for the diastolic function evaluation. However,
the combination of traditional flow Doppler with tissue Doppler
data is considered adequate in the assessment of diastolic function
in large cohort studies, and in our study it was able to detect a
pseudonormalized transmitral flow in a significant number of
patients.

In conclusion, our study demonstrates that hypertension and
diabetes have an independent negative impact on LV diastolic

function that goes beyond the effect of an increased body size
and is independent of other covariates possibly affecting LV dias-
tolic function. The combination of hypertension and diabetes
exerts a synergistic effect on the parameters of LV diastolic func-
tion, and results in higher LV filling pressure than either condition
alone.
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