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We hypothesized that an amlodipine-based regimen would have more favorable effects on left ventricular (LV)
diastolic function.

Different antihypertensive therapies may vary in their effect on LV diastolic function.

The HACVD (Hypertension Associated Cardiovascular Disease) substudy of ASCOT (Anglo-Scandinavian Cardiac
Outcomes Trial) collected detailed cardiovascular phenotypic data on a subset of 1,006 participants recruited
from 2 centers (St. Mary’s Hospital, London, and Beaumont Hospital, Dublin). Conventional and tissue Doppler
echocardiography and measurement of plasma B-type natriuretic peptide (BNP) were performed approximately
1 year after randomization to atenolol-based or amlodipine-based antihypertensive treatment to assess LV dia-
stolic function.

On-treatment blood pressure (BP) (mean £ SD) was similar in both groups: atenolol-based regimen, systolic BP of
137 = 17 mm Hg, diastolic BP of 82 = 9 mm Hg; amlodipine-based regimen, systolic BP of 136 = 15 mm Hg, dia-
stolic BP of 80 = 9 mm Hg. Ejection fraction did not differ between groups, but early diastolic mitral annular velocity
(E’), a measure of diastolic relaxation, was lower in patients on the atenolol-based regimen: atenolol-based regimen,
7.9 + 1.8; amlodipine-based regimen, 8.8 = 2.0. A measure of left ventricular filling pressure, E/E’, and BNP were
significantly higher in patients on the atenolol-based regimen. Differences in E’, E/E’, and BNP remained significant
after adjustment for age and sex. Further adjustment for systolic BP, LV mass index, and heart rate had no impact on
differences in mean E’ or BNP. The difference in E/E’ was attenuated.

Patients receiving treatment with an amlodipine-based regimen had better diastolic function than patients
treated with the atenolol-based regimen. Treatment-related differences in diastolic function were independent of
BP reduction and other factors that are known to affect diastolic function. (J Am Coll Cardiol 2010;55:
1875-81) © 2010 by the American College of Cardiology Foundation

Heart failure is a common consequence of hypertension (1),
and in many patients is related to impaired left ventricular
(LV) systolic function. However, heart failure is also com-
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monly associated with diastolic dysfunction and apparently
preserved systolic function. This accounts for approximately
one-third to one-half of heart failure cases (2,3), and most
of these patients have a history of hypertension (1), often
with LV hypertrophy and remodeling (4-8).

While many studies have focused on the effectiveness of
hypertension treatment in reducing cardiac hypertrophy,
less is known about the impact of treatment on LV diastolic
function (8,9). Previous studies addressing the impact of
different antihypertensive agents on LV diastolic function
have largely used conventional echocardiography assessing
transmitral filling and isovolumic relaxation. These conven-
tional assessments have limitations as measures of LV
diastolic function are load dependent, which makes it
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Abbreviations
and Acronyms

BNP = B-type natriuretic
peptide

difficult to separate alterations in
loading conditions from intrinsic
changes in LV diastolic function
due to treatment. Second, the
conventional parameters can un-
dergo “pseudonormalization,”
where the ratio of the early to
atrial transmitral peak velocity
(E/A ratio) paradoxically in-
creases with progressive diastolic
impairment. Tissue Doppler
echocardiography (TDE) offers
improved assessment of diastolic
function (10). TDE measure-
ments of myocardial velocities are
significantly less load dependent
than conventional echocardio-
graphic measurements; these mea-
surements do not show pseudo-
normalization and independently
predict cardiovascular events and mortality (11~13). Few stud-
ies to date have used TDE to assess diastolic function in
relation to the effects of different antihypertensive agents.

The ASCOT (Anglo-Scandinavian Cardiac Outcomes
Trial) study was a large multicenter randomized clinical trial
that compared the effects of a beta-blocker plus diuretic
(atenolol and bendroflumethiazide-K) regimen with a
calcium-antagonist plus angiotensin-converting enzyme
(amlodipine and perindopril) regimen on nonfatal myocar-
dial infarction and fatal coronary heart disease (14). The
study showed the amlodipine-based regimen was superior to
the atenolol-based regimen on all major cardiovascular end
points and all-cause mortality. As part of this ASCOT
substudy, extensive data on LV diastolic function were
collected using both conventional echocardiography and
TDE. This provides the ideal setting to determine the
impact of different antihypertension treatment regimens
on LV diastolic function. We hypothesized that the
amlodipine-based regimen would have more favorable
effects on LV diastolic function in this large group of
well-controlled hypertensive subjects.

BP = blood pressure

E' = early diastolic mitral
annular velocity

E/A ratio = early
transmitral peak velocity

E/E' = transmitral E-wave/
E-wave velocity ratio

LV = left ventricular
LVMI = left ventricular
mass index

SBP = systolic blood

pressure

TDE = tissue Doppler
echocardiography

Methods

Patients. The population, methods, and response rate for
the ASCOT study are described in detail elsewhere (15). In
brief, the ASCOT study was a clinical trial of blood pressure
(BP)-lowering regimens in 19,342 men and women, age 40
to 79 years, with hypertension. Patients eligible for inclusion
had hypertension and =3 pre-specified cardiovascular risk
factors. Risk factors included male sex, current smoking, age
=55 years, microalbuminuria/proteinuria, type 2 diabetes
mellitus, left ventricular hypertrophy (LVH), electrocardio-
graphic abnormalities, a history of early coronary heart
disease in a first-degree relative, ratio of plasma total
cholesterol to high-density lipoprotein cholesterol of =6,
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peripheral vascular disease, and a history of cerebrovascular
events. All participants were randomly assigned to either
atenolol * bendroflumethiazide-K (atenolol-based regi-
men) or amlodipine * perindopril (amlodipine-based reg-
imen). In addition, patients with a nonfasting cholesterol
level of =6.5 mmol/l not already receiving lipid-lowering
therapy were randomly assigned to either atorvastatin 10 mg
or placebo. Participants had no history of heart failure,
myocardial infarction, angina, uncontrolled arrhythmias, or
cerebrovascular event within the past 3 months. They did
not have fasting triglycerides >4.5 mmol/l or any important
hematological or biochemical abnormality on routine
screening.

Detailed cardiovascular phenotypic data were collected in
the HACVD (Hypertension-Associated Cardiovascular
Disease) substudy after approximately 1 year of treatment
from a subset of 1,006 participants recruited from 2 centers
(St. Mary’s Hospital, London, and the Adapt Center,
Beaumont Hospital, Dublin). Echocardiography was per-
formed using an ATL HDI 5000 ultrasound machine
equipped with a standard multifrequency transducer 12
months after initiation of treatment. All scans were per-
formed by 3 experienced echocardiographers with the pa-
tient semirecumbent in the left lateral position. Interob-
server reproducibility data were acquired and showed
variations for all echocardiographic parameters between
3.5% and 7.5%. This is within acceptable limits as per
previous studies (16). The LV measurements were per-
formed using M-mode from the parasternal long-axis view
according to the American Society of Echocardiography
conventions (17), and LV mass was calculated according to
the formula:

LV mass =
0.8 [(IVSd + LVIDd + PWTd)* — (LVIDd)}] + 0.6 g

where IVSd = intraventricular septal thickness in diastole,
LVIDd = left ventricular diameter in diastole, and PWTd
= posterior wall thickness in diastole. This was then
indexed for body surface area to give the left ventricular
mass index (LVMI). Ejection fraction was calculated using
the Teicholz formula from the parasternal long-axis view
using M-mode, or if not technically possible, Simpson’s rule
was used.

Transmitral Doppler was assessed using a 5-mm sample
volume placed at the tips of the mitral leaflets in passive
end-expiration. A standardized loop of 10 cardiac cycles was
downloaded to computer for off-line analysis of the early
filling phase (E-wave) and the late filling phase (A-wave).
The TDE was performed in the apical 4-, 2-, and
3-chamber views, with the 5-mm sample volume placed
over the myocardium on the septal, lateral, and inferior walls
at the level of the mitral annulus and the free wall of the
right ventricle at the level of the tricuspid annulus. Using
minimal gain settings, a series of 10 cardiac cycles were
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recorded. These were then downloaded for oftf-line anal-
ysis, with measurements made of systolic velocity (S'-
wave), early diastolic velocity (E’-wave), and late dia-
stolic velocity (A’-wave) at each location, and these were
averaged. Analysis was performed using the HDI Lab-
oratory software (Philips, Surrey, United Kingdom) by a
single researcher who was blinded to all patient details.
Each value represents the mean of 3 measurements taken
from 3 consecutive representative cardiac cycles.

Blood pressure was measured after resting in a seated
position for 5 min, using an Omron HEM 705-CP semiau-
tomatic oscillometric recorder (Philips). Height and weight
were measured in light clothing by a trained observer. Body
mass index was calculated as weight (kg)/height (m?). Infor-
mation on history of diabetes was obtained by interview.
Plasma glucose and serum total cholesterol were measured
using standard enzymatic methods on a Roche/Hitachi 921
(Roche Diagnostics, Basel, Switzerland) automated analyzer.

B-type natriuretic peptide (BNP) was analyzed with the
Bayer BNP assay (Bayer Diagnostics, Newbury, Great
Britain) with standard quality control methods. Results
quoted are in pg/ml. The ADVIA Centaur BNP assay
(Bayer Diagnostics) is a fully automated 2-site sandwich
immunoassay using 2 monoclonal antibodies, which mea-
sures only the physiologically active BNP (77-108) mole-
cule. The assay has been well validated (18).

The study conformed to good clinical practice guidelines
and was approved by the respective local hospital ethics
committees (St. Mary’s Hospital, London, and Beaumont
Hospital, Dublin). Written informed consent for the study
was obtained from all participants.

Statistical methods. Data analysis was performed with
SPSS version 15.0.0 for Windows (SPSS Inc., Chicago,
Illinois). Descriptive information for each of the variables
was obtained and distributions assessed. The BNP and
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triglycerides values were skewed and were therefore log-
transformed to permit subsequent parametric analysis. Data
are presented as mean (SD), or median (interquartile range)
for skewed data), and percentages. Statistical comparisons
were made using a Student ¢ test (or a Mann-Whitney U
test as appropriate) for metric variables and a chi-square test
for categorical variables. Multivariate analysis of variance
was also used to assess the difference between treatments
with covariate adjustment; because BNP data were skewed,
they were log-transformed before multivariate analysis to
permit subsequent parametric analysis. Geometric mean =
standard error are quoted for BNP. All p values <0.05 were
considered statistically significant.

Results

Baseline demographic and clinical characteristics of the 2
treatment groups were similar (T'able 1). After 12 months of
treatment, systolic BP was reduced to a similar extent by
both treatment regimens (Table 2), but, predictably, heart
rate was significantly lower in the atenolol-based regimen.
Ejection fraction did not differ between groups. The LVMI
tended to be lower in patients treated with the amlodipine-
based regimen, although this did not achieve statistical
significance (p = 0.089). Treatment with the amlodipine-
based regimen was associated with higher early diastolic
mitral annular velocity (E’), lower plasma BNP, lower
E/E’, a smaller atrial diameter, and a shorter E-wave
deceleration time, whereas E/A ratio was higher in people
randomly assigned to the atenolol-based regimen (Table 2).

After adjustment for age and sex, E’ remained signifi-
cantly lower in patients treated with the atenolol-based
regimen compared to patients randomly allocated to the
amlodipine-based regimen (p < 0.001 adjusted for age and
sex) (Table 3), and the intergroup difference remained

I 3Bl Characteristics of the Population at Baseline

Atenolol-Based Regil Amlodipine-Based Reg
(n =411) (n = 413) p Value
Eligibility risk factors
Age =55 yrs 349 (85) 349 (85) 0.870
Male 332(81) 325 (79) 0.456
Peripheral arterial disease 25 (6) 25 (6) 0.986
Prior known ECG or echocardiogram LVH 16 (4) 13 (3) 0.557
Diabetes mellitus 82 (20) 90 (22) 0.516
Smoker 85 (21) 99 (24) 0.257
Baseline characteristics
Age, yrs 62.1+7.9 624 +7.8 0.542
Systolic blood pressure, mm Hg 159.9 + 17.5 159.9 + 18.7 0.965
Diastolic blood pressure, mm Hg 929 £ 9.7 923 £9.6 0.349
Heart rate, beats/min 711 +12.0 709 + 125 0.766
Body surface area, m? 2.0 +0.2 1.9 = 0.2 0.720
BMI, kg/m2 28.2 £ 4.5 28.8 = 4.6 0.971
Total cholesterol, mmol/I 58+ 1.0 58 +1.0 0.932
Triglycerides, mmol/I* 1.6(1.1-2.1) 15(1.1-2.1) 0.714

Values are n (%) or mean = SD. *Data are median and interquartile range.

BMI = body mass index; ECG = electrocardiogram; LVH = left ventricular hypertrophy.
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I Characteristics of the Population at Year 1

Atenolol-Based Regimen

Amlodipine-Based Regimen

(n =411) (n = 413) p Value
Blood pressure and heart rate
Systolic blood pressure, mm Hg 137.8 + 17.4 136.2 + 14.6 0.167
Diastolic blood pressure, mm Hg 81.6 9.3 80.1 = 8.6 0.012
Heart rate, beats/min 57.8 =+ 10.0 728 =114 <0.001
2nd-line antihypertensive, % 40 43 0.386
Cardiac structural and functional measures
LV structural measures
Interventricular septum, diastole, cm 1.27 £ 0.23 1.26 = 0.23 0.170
LV internal dimension, diastole, cm 4.92 + 0.55 4.84 + 0.60 0.046
Posterior wall thickness, diastole, cm 117 = 0.18 1.18 = 0.18 0.761
Interventricular septum, systole, cm 1.65 + 0.25 1.63 = 0.27 0.352
LV internal dimension, systole, cm 3.27 £ 0.55 3.22 + 0.56 0.180
Posterior wall thickness, systole, cm 1.58 + 0.25 1.59 = 0.23 0.510
LV ejection fraction, % 69.48 + 11.32 69.21 + 12.19 0.759
LVMI, g/m? 122.66 = 30.92 118.80 = 31.56 0.089
Relative wall thickness 0.51 + 0.10 0.51 = 0.10 0.412
Left atrial size, cm* 4.25 + 0.59 4.14 + 0.64 0.022
Transmitral Doppler
E wave, cm/s 60.08 + 14.87 63.41 + 15.01 0.001
A wave, cm/s 68.25 * 14.63 75.08 = 15.76 <0.001
E/A ratio 0.91 + 0.29 0.86 = 0.22 0.004
E-wave deceleration time, ms 0.20 = 0.05 0.18 £ 0.05 <0.001
Tissue Doppler
Systolic velocity (S’), cm/s 82 +175 95+221 <0.001
Early diastolic velocity (E'), cm/s 791 +184 8.76 £ 2.04 <0.001
Late diastolic velocity (A’), cm/s 10.76 = 2.15 12.34 + 231 <0.001
Mean E/E' ratio 8.14 = 2.38 7.76 £ 2.05 0.013
BNP, pg/mlt 37 (20-56) 19 (10-34) <0.001
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Values are mean * SD unless otherwise indicated. *Data available for only 661 patients for left atrial size. T Data are median and interquartile range.
BNP = B-type natriuretic peptide; LV = left ventricular; LVMI = left ventricular mass index.

highly significant (p < 0.001) after further adjustment for
systolic BP and LVMI. Further adjustment for heart rate, a
factor directly related to hypertension treatment, had no
impact on difference in E’ (p < 0.001). Differences in E/E’
and E/A ratio remained significant after adjustment for age,
sex, systolic BP, and LVMI (Table 3). Further adjustment
for heart rate attenuated the difference in E/E’ and E/A
between the treatment regimens (p = 0.703 and p = 0.139,
respectively). Similar associations were observed for BNP
comparing the treatment regimens (T'able 3). No significant
differences in LVMI between treatment groups were ob-
served in unadjusted or adjusted data (Table 3).

Discussion

This is one of the first large randomized clinical trials to
compare the effect of antihypertensive medications on LV
diastolic function assessed using TDE. In the present
study, after approximately 12 months of intensive ther-
apy, patients treated with the amlodipine-based regimen
had evidence of better LV diastolic function compared
with patients treated with the atenolol-based regimen
(i.e., higher E', lower plasma BNP, lower E/E’, smaller
atrial diameter, and shorter E-wave deceleration time).

These effects were independent of other factors associ-
ated with diastolic dysfunction including the BP-
lowering effect of the drug and LVMI. Differences in
E/E’ between the 2 treatment regimens could be ac-
counted for by differences in heart rate, but this did not
explain the differences in E' or BNP. The difference in
E/A ratio, a widely used indicator of diastolic function,
was discordant with other more sensitive measures of
diastolic function, in that unadjusted E/A was higher in
the atenolol-based regimen. This difference was also
accounted for by differences in heart rate. A previous
study also observed an improvement in the E/A ratio
after 48 weeks of treatment with atenolol, which was
highly correlated with the reduction in heart rate (8). We,
therefore, suggest that E/A ratio is not a particularly
useful indicator of diastolic function when heart rate
differs between treatments. Differences in diastolic func-
tion seen in this study could be a consequence of
differences in mechanisms of action of the drugs: amlo-
dipine, perindopril, and bendroflumethiazide reduce
blood pressure principally by reducing peripheral resis-
tance, whereas atenolol has negative cardiac inotropic and
chronotropic effects (19).
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Atenolol-Based Regimen Amlodipine-Based Regimen p Value

Left ventricular mass index

Model 1 adjusted for age and sex 121.02 £ 1.81 117.25 + 1.80 0.096

Model 2 adjusted for model 1 and SBP 119.92 + 1.78 116.77 = 1.80 0.155

Model 3 adjusted for model 1, SBP, HR 118.26 + 1.92 118.67 = 1.94 0.879
E/A ratio

Model 1 adjusted for age and sex 0.90 = 0.02 0.85 = 0.02 0.007

Model 2 adjusted for model 1 and LVMI 0.90 = 0.02 0.85 * 0.02 0.004

Model 3 adjusted for model 1 and SBP 0.91 + 0.02 0.85 + 0.02 0.004

Model 4 adjusted for model 1, LVMI, SBP, HR 0.87 = 0.02 0.90 * 0.02 0.139
Mean early diastolic velocity (E’') cm/s

Model 1 adjusted for age and sex 7.76 = 0.11 8.59 = 0.10 <0.001

Model 2 adjusted for model 1 and LVMI 7.78 * 0.11 8.54 = 0.11 <0.001

Model 3 adjusted for model 1 and SBP 7.80 £ 0.41 8.62 = 0.11 <0.001

Model 4 adjusted for model 1, LVMI, SBP, HR 7.72 £ 0.12 8.64 = 0.12 <0.001
Mean E/E’ ratio

Model 1 adjusted for age and sex 8.32 £ 0.13 8.00 = 0.13 0.043

Model 2 adjusted for model 1 and LVMI 8.32 £ 0.13 8.03 = 0.13 0.060

Model 3 adjusted for model 1 and SBP 8.31 +0.13 8.00 = 0.13 0.031

Model 4 adjusted for model 1, LVMI, SBP, HR 8.20 = 0.14 812 + 0.14 0.703
BNP pg/ml

Model 1 adjusted for age and sex 35.80 + 1.05 19.26 + 1.05 <0.001

Model 2 adjusted for model 1 and LVMI 35.69 = 1.05 19.57 + 1.05 <0.001

Model 3 adjusted for model 1 and SBP 35.87 = 1.05 19.36 = 1.05 <0.001

Model 4 adjusted for model 1, LVMI, SBP, HR 32,52 + 1.05 22.02 =+ 1.05 <0.001

1879

All values are mean = standard error; BNP data were log transformed for use in multivariate analysis of variance.
HR = heart rate; SBP = systolic blood pressure; other abbreviations as in Table 2.

Among patients 65 years of age and more with evidence
of diastolic dysfunction, approximately 15% will have heart
failure within 5 years (20). Effective treatment could poten-
tially delay or reduce the number of people having LV
diastolic dysfunction and later progression to heart failure.
Previous research has suggested that antihypertensive med-
ications vary in their ability to maintain or improve LV
diastolic function and filling pressure (8,21,22). In particu-
lar, many studies have focused on effectiveness of hyperten-
sion treatments on LV mass; however, because of serious
limitations of the study designs and methodologies, conclu-
sions from these studies have been viewed with great caution
(23). In general, studies have used small samples sizes
(8,21,24-26) and have been underpowered to detect a
difference between therapies. The majority of study dura-
tions have ranged from just a few weeks to 6 months
(21,25,26), and very few studies have extended to a year of
follow-up (8,24,27). Moreover, conventional echocardiog-
raphy alone, which has been used in the majority of
published studies, has limitations as a means of assessing LV
diastolic function (28,29).

As far as we are aware, no previous large randomized
clinical trials have evaluated the effect of antihypertensive
treatment on LV diastolic function using TDE. Two small
studies that have used TDE to compare the effectiveness of
antihypertensive treatments on LV diastolic function have
yielded conflicting results (8,30). In a recent study of 134
subjects, irbesartan, an angiotensin AT, -receptor blocker,

produced greater improvement in E/E’ compared with
atenolol among subjects with and without hypertensive LV
hypertrophy (8). In contrast, in a study of 186 subjects with
evidence of diastolic dysfunction, valsartan, an AT;-
receptor blocker, was shown to be no more effective than
standard treatment in improving LV diastolic function over
38 weeks (30). Our findings, based on a large number of
participants, demonstrate clear benefits in terms of diastolic
function in those randomized to the amlodipine-based
regimen compared with those randomized to the atenolol-
based regimen. This finding is of interest since TDE
measures of diastolic function have been reported to predict
cardiovascular events and mortality (11,12). Similarly, al-
though the BNP values were largely within the normal
range, data from the Framingham study indicate a signifi-
cantly increased cardiovascular event rate is associated with
small increases in BNP levels, even at levels thought to be
within the normal range (31).

Study limitations. The majority of participants were male,
elderly, and of white European ethnicity, and so our
observations may not necessarily be extrapolated to other
hypertensive patients. Additionally, patients were required
to have at least 3 other cardiovascular disease risk factors;
however, these included age =55 years and male sex.
Opverall in the ASCOT study, the total primary event rate
(i-e., nonfatal myocardial infarction, including silent, plus
fatal coronary heart disease) was 8.5 per 1,000 patient years
(14), so the participants should not be regarded as a
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particularly high risk group. Measures of LV diastolic
function were not recorded at baseline, and therefore we
cannot comment on how treatment changed diastolic func-
tion from the pre-treatment state. However, this limitation
does not extend to the comparison of treatment regimens,
because randomization is likely to balance time effects of
unmeasured covariates (32). Finally, approximately 40%
of participants in both treatment groups received 2
antihypertensive agent as part of the treatment regimen,
so differences cannot be attributed to any individual drug
in each regimen.

Conclusions

This prospective randomized study in hypertensive patients
showed that those receiving treatment with the amlodipine-
based regimen have better diastolic function than those
treated with the atenolol-based regimen. Treatment-related
differences in diastolic function were independent of BP
reduction and other factors that are known to affect diastolic
function.

Acknowledgments

The authors thank all trial participants, physicians, nurses,
and medical practices in the participating centers for their
important contribution to the study.

Reprint requests and correspondence: Dr. Robyn Tapp, Inter-
national Centre for Circulatory Health, NHLI, Imperial College
London, St. Mary’s Campus, London W2 1PG, United Kingdom.
E-mail: r.tapp@imperial.ac.uk.

REFERENCES

1. Haider AW, Larson MG, Franklin SS, Levy D. Systolic blood
pressure, diastolic blood pressure, and pulse pressure as predictors of
risk for congestive heart failure in the Framingham Heart Study. Ann
Intern Med 2003;138:10—6.

2. Owan TE, Hodge DO, Herges RM, Jacobsen SJ, Roger VL, Redfield
MM. Trends in prevalence and outcome of heart failure with preserved
ejection fraction. N Engl ] Med 2006;355:251-9.

3. Carson P, Massie BM, McKelvie R, et al. The irbesartan in heart
failure with preserved systolic function (I-PRESERVE) trial: rationale
and design. ] Card Fail 2005;11:576—85.

4. Kapuku GK, Seto S, Mori H, et al. Impaired left ventricular filling in
borderline hypertensive patients without cardiac structural changes.
Am Heart ] 1993;125:1710-6.

5. Sagie A, Benjamin EJ, Galderisi M, et al. Echocardiographic assess-
ment of left ventricular structure and diastolic filling in elderly subjects
with borderline isolated systolic hypertension (the Framingham Heart
Study). Am J Cardiol 1993;72:662-5.

6. Marabotti C, Genovesi-Ebert A, Palombo C, Giaconi S, Michelassi
C, Ghione S. Echo-Doppler assessment of left ventricular filling in
borderline hypertension. Am J Hypertens 1989;2:891-7.

7. Shapiro LM, McKenna W]J. Left ventricular hypertrophy. Relation of
structure to diastolic function in hypertension. Br Heart ] 1984;51:
637-42.

8. Muller-Brunotte R, Kahan T, Malmqvist K, Ring M, Edner M.
Tissue velocity echocardiography shows early improvement in diastolic
function with irbesartan and atenolol therapy in patients with
hypertensive left ventricular hypertrophy. Results from the Swedish
Irbesartan Left Ventricular Hypertrophy Investigation vs Atenolol
(SILVHIA). Am J Hypertens 2006;19:927-36.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

JACC Vol. 55, No. 17, 2010
April 27, 2010:1875-81

. Solomon SD, Janardhanan R, Verma A, et al. Effect of angiotensin

receptor blockade and antihypertensive drugs on diastolic function in
patients with hypertension and diastolic dysfunction: a randomised
trial. Lancet 2007;369:2079—-87.

Yu CM, Sanderson JE, Marwick TH, Oh JK. Tissue Doppler imaging
a new prognosticator for cardiovascular diseases. ] Am Coll Cardiol
2007;49:1903-14.

Okura H, Takada Y, Kubo T, et al. Tissue Doppler-derived index of
left ventricular filling pressure, E/E’, predicts survival of patients with
non-valvular atrial fibrillation. Heart 2006;92:1248-52.

Hillis GS, Moller JE, Pellikka PA, et al. Noninvasive estimation of left
ventricular filling pressure by E/e’ is a powerful predictor of survival
after acute myocardial infarction. ] Am Coll Cardiol 2004;43:360-7.
McMahon CJ, Nagueh SF, Pignatelli RH, et al. Characterization of
left ventricular diastolic function by tissue Doppler imaging and
clinical status in children with hypertrophic cardiomyopathy. Circula-
tion 2004;109:1756—62.

Dahlof B, Sever PS, Poulter NR, et al. Prevention of cardiovascular
events with an antihypertensive regimen of amlodipine adding perin-
dopril as required versus atenolol adding bendroflumethiazide as
required, in the Anglo-Scandinavian Cardiac Outcomes Trial-Blood
Pressure Lowering Arm (ASCOT-BPLA): a multicentre randomised
controlled trial. Lancet 2005;366:895-906.

Stanton A, Fitzgerald D, Hughes A, et al. An intensive phenotyping
study to enable the future examination of genetic influences on
hypertension-associated cardiovascular disease. ] Hum Hypertens
2001;15:513-8.

Jarnert C, Mejhert M, Ring M, Persson H, Edner M. Doppler tissue
imaging in congestive heart failure patients due to diastolic or systolic
dysfunction: a comparison with Doppler echocardiography and the
atrio-ventricular plane displacement technique. Eur ] Heart Fail
2000;2:151-60.

Schiller NB, Shah PM, Crawford M, et al. Recommendations for
quantitation of the left ventricle by two-dimensional echocardiogra-
phy. American Society of Echocardiography Committee on Standards,
Subcommittee on Quantitation of Two-Dimensional Echocardio-
grams. ] Am Soc Echocardiogr 1989;2:358-67.

Yeo KT, Wu AH, Apple FS, et al. Multicenter evaluation of the
Roche NT-proBNP assay and comparison to the Biosite Triage BNP
assay. Clin Chim Acta 2003;338:107-15.

Williams B, Poulter NR, Brown MJ, et al. Guidelines for management
of hypertension: report of the fourth working party of the British
Hypertension Society, 2004-BHS IV. ] Hum Hypertens 2004;18:
139-85.

Aurigemma GP, Gottdiener JS, Shemanski L, Gardin J, Kitzman D.
Predictive value of systolic and diastolic function for incident conges-
tive heart failure in the elderly: the Cardiovascular Health Study. ] Am
Coll Cardiol 2001;37:1042-8.

Kamp O, Sieswerda GT, Visser CA. Comparison of effects on systolic
and diastolic left ventricular function of nebivolol versus atenolol in
patients with uncomplicated essential hypertension. Am ] Cardiol
2003;92:344-8.

Moller JE, Dahlstrom U, Gotzsche O, et al. Effects of losartan and
captopril on left ventricular systolic and diastolic function after acute
myocardial infarction: results of the Optimal Trial in Myocardial
Infarction with Angiotensin II Antagonist Losartan (OPTIMAAL)
echocardiographic substudy. Am Heart ] 2004;147:494-501.

Diez ], Gonzalez A, Lopez B, Ravassa S, Fortuno MA. Effects of
antihypertensive agents on the left ventricle: clinical implications.
Am ] Cardiovasc Drugs 2001;1:263-79.

Schiffrin EL, Pu Q, Park JB. Effect of amlodipine compared to
atenolol on small arteries of previously untreated essential hypertensive
patients. Am ] Hypertens 2002;15:105-10.

Fountoulaki K, Dimopoulos V, Giannakoulis ], Zintzaras E, Triposki-
adis F. Left ventricular mass and mechanics in mild-to-moderate
hypertension: effect of nebivolol versus telmisartan. Am J Hypertens
2005;18:171-7.

Ilgenli TF, Kilicaslan F, Kirilmaz A, Uzun M. Bisoprolol improves
echocardiographic parameters of left ventricular diastolic function in
patients with systemic hypertension. Cardiology 2006;106:127-31.
Agabiti-Rosei E, Trimarco B, Muiesan ML, et al. Cardiac structural
and functional changes during long-term antihypertensive treatment
with lacidipine and atenolol in the European Lacidipine Study on
Atherosclerosis (ELSA). ] Hypertens 2005;23:1091-8.


mailto:r.tapp@imperial.ac.uk

JACC Vol. 55, No. 17, 2010
April 27, 2010:1875-81

28. Garcia M], Thomas JD, Klein AL. New Doppler echocardiographic
applications for the study of diastolic function. ] Am Coll Cardiol
1998;32:865-75.

29. Boyer J, Thanigaraj S, Schechtman K, Perez J. Prevalence of ventric-
ular diastolic dysfunction in asymptomatic, normotensive patients with
diabetes mellitus. Am J Cardiol 2003;93:870-5.

30. Solomon SD, Janardhanan R, Verma A, et al. Effect of angiotensin
receptor blockade and antihypertensive drugs on diastolic function in
patients with hypertension and diastolic dysfunction: a randomised

trial. Lancet 2007;369:2079—-87.

Tapp et al. 1881
Antihypertensive Treatment and Diastolic Function

31. Wang TJ, Larson MG, Levy D, et al. Plasma natriuretic peptide levels
and the risk of cardiovascular events and death. N Engl ] Med
2004;350:655-63.

32. Senn S. Baseline balance and valid statistical analyses: common
misunderstandings. Appl Clin Trials 2005;14:24-7.

Key Words: antihypertension treatment ® left ventricular diastolic
function ® tissue Doppler echocardiography.

Call for Papers Prevention / Outcomes

This is a call for submission of manuscripts dealing with Prevention / Qutcomes.

In recognition of the increasing research advances and number of manuscripts
submitted to JACC on certain topics, we have established a recurring program
of expanded Focus Issues devoted to these topics.

In rotation, the last issue of each month is expanded to include additional

papers related to Heart Failure, Heart Rhythm Disorders or
Prevention/Outcomes. Thus, four issues per year will highlight each of these
subjects. The articles accepted for these issues are in addition to those submitted and
published on these topics on a regular basis in our regular issues.

Prevention/Outcomes will be the subject of the December 14/21, 2010 Focus
Issue. We are soliciting manuscripts on this topic to be submitted by June 25, 2010.
Please submit manuscripts online in the usual fashion at jaccsubmit.org.




	Differential Effects of Antihypertensive Treatment on Left Ventricular Diastolic Function
	Methods
	Patients
	Statistical methods

	Results
	Discussion
	Study limitations

	Conclusions
	Acknowledgments
	REFERENCES


