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ABSTRACT
Objectives: We previously demonstrated that a
calcium channel blocker, azelnidipine, improves left
ventricular relaxation in patients with hypertension and
diastolic dysfunction in a multicentre, Clinical impact of
Azelnidipine on Left VentricuLar diastolic function and
OutComes in patients with hypertension (CALVLOC)
trial. The objectives of the present subanalysis were to
investigate the differences in diastolic function in
hypertensive patients with and without diabetes, and
the efficacy of azelnidipine on diastolic function among
them.
Design: Subanalysis of a prospective single-arm
multicentre study.
Participants: 228 hypertensive patients with normal
ejection fraction and impaired left ventricular relaxation
(septal e0 velocity <8 cm/s on echocardiography)
enrolled for CALVLOC trial. They were divided into two
groups based on presence or absence of diabetes.
Interventions: Administration of 16 mg of
azelnidipine for 8 months (range 6–10 months).
Main outcome measures: Septal e0 velocity before
and at the end of the study.
Results: Whereas patients with diabetes (n=53,
23.2%) had lower systolic blood pressure (BP) than
patients without diabetes (155±17 vs 161±16 mm Hg,
p=0.03), they had lower e0 velocity (5.7±1.5 vs 6.1
±1.4 cm/s, p=0.04) at baseline. Azelnidipine decreased
BP and heart rate, and increased e0 velocity similarly in
patients with diabetes (5.7±1.5 to 6.3±1.5 cm/s,
p=0.0003) and without diabetes (6.1±1.4 to 6.9
±1.4 cm/s, p<0.0001). Increase in e0 velocity was not
influenced by presence of diabetes, and patients with
diabetes still had lower e0 velocity after treatment
(p=0.006). There was a significant correlation between
increase in e0 velocity and decrease in systolic BP
(R=0.25, p=0.0001), which was not influenced by
diabetes.
Conclusions: Comorbid diabetes could impair left
ventricular relaxation independently in patients with

hypertension, which might not be improved solely by
BP lowering.

Hypertension and diabetes are two major
risk factors for heart failure with preserved
ejection fraction, and both of them are
highly associated with left ventricular (LV)
diastolic dysfunction.1–3 These two diseases
frequently coexist and often share comorbid-
ities and conditions that can affect LV func-
tion, such as obesity and LV hypertrophy.
Therefore, it is not easy to clarify how hyper-
tension and diabetes are interacted in the
development of LV diastolic dysfunction.

Strengths and limitations of this study

▪ Based on a prospective, multicentre trial, the dif-
ference in left ventricular (LV) relaxation in
hypertensive patients with or without diabetes
was investigated.

▪ Azelnidipine, a unique calcium channel blocker
that lowers blood pressure without increasing
heart rate, was used as an intervention to
improve LV relaxation.

▪ LV relaxation was more impaired in hypertensive
patients with diabetes than in those without dia-
betes, and azelnidipine improved LV relaxation in
both groups to the same degree.

▪ The persistence of diastolic dysfunction in dia-
betic patients after azelnidipine treatment implied
that hypertension and diabetes might impair dia-
stolic function through different mechanisms.

▪ This was a subanalysis of a one-arm, open-label
study including only 228 patients and, therefore,
the results might be inconclusive as to the
impact of diabetes on diastolic function.
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Appropriate blood pressure (BP) control is the most
important treatment in patients with heart failure with
preserved reduction.2 3 Calcium channel blockers
(CCBs) are not recommended for routine treatment in
patients with heart failure with reduced ejection frac-
tion,2 because they might reduce the myocardial con-
tractility. However, their effects on LV diastolic function
are still not fully elucidated. A combination of CCB and
an angiotensin receptor blocker could improve LV relax-
ation effectively in hypertensive patients.4 On the other
hand, dihydropyridine CCBs might have unfavourable
effects on diastolic function due to reflex tachycardia.
Azelnidipine is a unique dihydropyridine CCB that
lowers BP as well as amlodipine without increasing heart
rate, and even slightly decreasing it.5 We previously
demonstrated that azelnidipine improved LV relaxation
in hypertensive patients with LV diastolic dysfunction in
the prospective multicentre, Clinical impact of
Azelnidipine on Left VentricuLar diastolic function and
OutComes in patients with hypertension (CALVLOC)
trial.6

In this post hoc analysis of the CALVLOC study, we
investigated: (1) whether there was a difference in LV
diastolic function between hypertensive patients with
and without diabetes; and (2) whether azelnidipine
could improve diastolic function in patients with dia-
betes as well as in patients without diabetes.

METHODS
Study design
The CALVLOC trial was a multicentre, prospective
single-arm trial to evaluate the effects of azelnidipine
treatment on LV relaxation in hypertensive patients. The
study design and main results were reported elsewhere.6

We enrolled patients with stage 1 or 2 essential hyperten-
sion (mean systolic BP >140 mm Hg or diastolic BP
>90 mm Hg) who had impaired LV relaxation, defined
as septal mitral annular relaxation velocity (e0) <8 cm/s
on echocardiography, irrespective of history of antihy-
pertensive treatment. The exclusion criteria were LV
ejection fraction of <50%, atrial fibrillation and the
administration of CCBs other than amlodipine. The
study patients were enrolled between January 2006 and
October 2007 in 11 participating institutes within Osaka,
Hyogo, Aichi and Gifu prefectures, Japan.
Azelnidipine (16 mg/day) was administered to

patients who had not received CCBs. If patients had
been on amlodipine at the time of enrolment, amlodi-
pine was substituted with 16 mg of azelnidipine. No
other medications were changed throughout the study
period. Patients were assessed at 4–8-week intervals at
least for 24 weeks, and BP and heart rate were measured
at each study visit. Blood and urine tests were performed
at baseline and at the end of the study, including meas-
urement of fasting blood glucose, glycosylated haemo-
globin (HbA1c), brain natriuretic peptide, high
sensitivity C reactive protein and urine albumin.

Echocardiography was recorded before enrolment and
at the end of the study. The primary end points were
changes in septal e0 velocity and the ratio of transmitral
E wave velocity to the e0 (E/e0 ratio) from the baseline
to follow-up. Secondary end points included changes in
BP, heart rate, LV wall thickness, LV mass index and left
atrial volume index on echocardiography. Written
informed consent was obtained from each patient
enrolled in the study.
The present study was conducted as a post hoc analysis

of the CALVLOC trial. We divided the study patients
into two groups based on the presence or absence of
diabetes, which was diagnosed according to the guide-
lines of Japan Diabetes Society.7 We compared the differ-
ences in the primary and secondary end points,
described above, between the two groups.

Analysis of echocardiography
We performed standard echocardiography examination in
all patients. Doppler echocardiographic assessment
included the peak velocities of transmitral E and A wave
and deceleration time of the E wave. We recorded tissue
Doppler images from the apical four-chamber view and
measured septal e0 velocity on the pulse-wave Doppler
spectrum. LV mass was calculated as 0.80×(1.04×[{septal
wall thickness in diastole+LV end-diastolic dimension+pos-
terior wall thickness in diastole}3−LV end-diastolic dimen-
sion3])+0.6 (grams) and indexed to body surface area as
LV mass index. Relative wall thickness was calculated as
2×(posterior wall thickness in diastole)/LV end-diastolic
dimension. Left atrial volume (mL) was determined by
the prolate ellipse method at ventricular end systole, and it
was indexed to body surface area as left atrial volume
index. All echocardiography data were measured and
determined by two independent doctors or sonographers
blinded to the patients’ clinical data. All parameters were
measured once except E and e0 velocities, which were mea-
sured as an average of three consecutive cardiac cycles.

Statistics
All continuous variables were expressed as mean±SD
and were compared by one-way analysis of variance
(ANOVA). Significance of difference was calculated with
Tukey’s HSD test for factor analysis. Categorical variables
were compared with Fisher’s exact test. The influence of
age and body mass index on e0 velocity was adjusted
using analysis of covariance (ANCOVA). The correla-
tions between e0 and fasting blood glucose or HbA1c
were analysed using linear correlation analysis. The
changes in BP, heart rate and e0 velocity during treat-
ment were compared between patients with and without
diabetes using two-way repeated measure ANOVA. The
influence of diabetes on the relation between decrease
in BP and increase in e0 velocity was analysed using
ANCOVA. StatView V.5.0 (SAS Institute Inc) was used for
statistical analysis.
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RESULTS
Patients’ characteristics
The original CALVLOC trial enrolled 253 patients; 21
patients were excluded because of failure to follow-up
(15 patients) and protocol violation (6 patients). For the
present analysis, four more patients were excluded
because of insufficient data on diabetic status. Thus, the
final study group for the present analysis consisted of
228 patients. Their mean age was 66±11 (range 31–95)
years old; 120 (52.6%) were men. Diabetes was diag-
nosed in 53 patients (23.2%), all of whom were diag-
nosed with type 2 diabetes. Patients with diabetes
showed higher fasting blood glucose (139±37 vs 99
±11 mg/dL, p<0.0001) and higher HbA1c (6.9±0.7 vs 5.7
±0.3%, p<0.0001) than patients without diabetes. Table 1
demonstrates the baseline characteristics. There were no
differences in age, gender, body size, the prevalence of
ischaemic heart disease or stroke, and renal function
between patients with and without diabetes. No differ-
ences were observed in antihypertensive drugs including
amlodipine administered before enrolment between the
two groups. Statins were more frequently administered
(45.3% vs 28.0%, p=0.03) in patients with diabetes.
High-density lipoprotein cholesterol was significantly
lower in patients with diabetes (50±13 vs 56±16 mg/dL,
p=0.01) while no differences were observed in other
lipid profiles.

Effects of azelnidipine on haemodynamics
Table 2 demonstrated BP and heart rate on enrolment
(baseline) and at the end of study. The mean interval
between baseline and follow-up study was 8 months
(range 6–10 months). Patients with diabetes had lower
systolic BP at baseline than patients without diabetes
(155±17 vs 161±16 mm Hg, p=0.03). No differences were
observed in diastolic BP and heart rate at baseline
between the two groups.
Azelnidipine treatment significantly decreased systolic

and diastolic BP and heart rate in patients with and
without diabetes. There were no differences in systolic
and diastolic BP and in heart rate after azelnidipine
treatment between the two groups. Two-way repeated
measure ANOVA was conducted to compare changes of
parameters between the two groups before and after
treatment. The test for the interaction between systolic
BP change and diabetes was significant (F=4.49, p=0.04),
while the interactions between diabetes and diastolic
pressure reduction or heart rate change were not signifi-
cant (F=0.53, p=0.47 and F=0.48, p=0.49, respectively).
These results indicated that azelnidipine lowered systolic
BP, but not diastolic BP or heart rate, more effectively in
patients without diabetes than patients with diabetes.

Diabetes and echocardiography parameters
The echocardiography parameters at baseline and at
follow-up study were demonstrated in table 3. There
were no significant differences in LV dimensions and
ejection fraction at baseline between patients with and

without diabetes. Also, there were no differences in wall
thickness and LV mass index between the two groups.
Patients with diabetes showed lower e0 velocity than
patients without diabetes (5.7±1.5 vs 6.1±1.4 cm/s,
p=0.04). Patients with diabetes still had lower e0 velocity
after adjustment with age and body mass index (p=0.04
by ANCOVA). Patients with diabetes had significantly
lower E/A ratio (0.72±0.18 vs 0.86±0.24 cm/s, p=0.0003).
Left atrial volume index tended to be larger in patients
with diabetes (p=0.07), but no difference was observed
in E/e0 ratio between the two groups. HbA1c was weakly
but significantly correlated with e0 velocity at baseline
(R=0.21, p=0.002), while there was no correlation
between fasting blood glucose and e0 velocity (p=0.37).
Azelnidipine treatment significantly increased e0 vel-

ocity in patients with diabetes (5.7±1.5 to 6.3±1.5 cm/s,
p=0.0003) as well as in patients without diabetes (6.1±1.4
to 6.9±1.4 cm/s, p<0.0001). Two-way repeated measure
ANOVA demonstrated that the interaction between
change of e0 velocity and diabetes was not significant
(F=0.48, p=0.48), indicating that increase in e0 velocity
was not influenced by diabetes (figure 1). The differ-
ence in e0 velocity between the two groups still remained
after azelnidipine treatment (p=0.006). The increase in
e0 velocity was significantly correlated with decrease in
systolic BP during treatment (R=0.25, p=0.0001). This
relation was not interacted with presence or absence of
diabetes (F=0.27, p=0.60, by ANCOVA). No significant
correlation was observed between changes in e0 velocity
and those in heart rate (R=0.13, p=0.06).
The increase in e0 velocity was also weakly but signifi-

cantly correlated with changes in HbA1c (R=0.16,
p=0.03). There were no significant differences in HbA1c
during treatment between patients with diabetes (6.9
±0.7 to 6.8±0.6%, p=0.29) and without diabetes (5.7±0.3
to 5.7±0.3%, p=0.34), therefore, the contribution of
changes in HbA1c would be very small even if present.
E/e0 was significantly decreased in patients without

diabetes (11.4±3.4 to 10.1±2.9, p<0.0001) but not in
patients with diabetes (11.5±4.2 to 10.8±3.6, p=0.11).
Left atrial volume index was decreased only in patients
with diabetes (20.2±8.9 to 19.6±8.3 mL/m2, p=0.004).
E/A ratios were increased during treatment in patients
with diabetes (0.72±0.18 to 0.86±0.24, p=0.02) while the
change did not reach statistical significance in patients
without diabetes (0.86±0.24 to 0.89±0.23, p=0.06). The
difference in E/A ratio between the two groups was not
observed after treatment (p=0.50). No significant
changes in LV diameters, ejection fraction, wall thickness
or LV mass index were observed after azelnidipine treat-
ment in the two groups.

DISCUSSION
We investigated the relation between diabetes and LV
relaxation in 228 hypertensive patients who received
azelnidipine treatment. Patients with diabetes had sig-
nificantly lower e0 velocity and lower E/A ratio at
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baseline than those without it, while no difference was
observed in E/e0 ratio. Azelnidipine treatment for a
mean of 8 months significantly lowered heart rate, sys-
tolic and diastolic BP in patients with and without dia-
betes, and patients with diabetes showed larger systolic
BP reduction than patients without diabetes.
Azelnidipine increased e0 velocity in both groups simi-
larly and patients with diabetes still had lower e0 velocity
after treatment. The changes in e0 velocity were almost
parallel between patients with and without diabetes
(figure 1). The increase in e0 velocity was correlated
with the decrease in systolic BP by azelnidipine, and this
correlation was not affected by presence or absence of
diabetes. These results demonstrated that LV relaxation

among the hypertensive patients was more impaired in
patients with diabetes than in patients without diabetes
and that the improvement of e0 velocity by azelnidipine
was little affected by presence or absence of diabetes.
The latter suggested that hypertension and diabetes
might impair LV relaxation through different mechan-
isms, and that the impairment associated with diabetes
might not be improved by adequate BP control.
Prior studies had demonstrated that patients with

hypertension as well as diabetes had lower LV diastolic
function than those with hypertension or diabetes
alone.8–10 Hypertension and diabetes impaired left atrial
performance, which could reflect diastolic function in
an additive fashion,11 suggesting that diabetes and

Table 1 Patients’ characteristics

Diabetes Non-diabetes p Value

Number of patients, n (%) 53 (23.2%) 175 (76.8%)

Age, year 68±10 65±12 0.09

Gender, male/female 31/22 89/86 0.35

Height, cm 158.1±9.5 159.5±9.7 0.35

Weight, kg 62.9±12.8 62.1±11.3 0.64

Body mass index 25.0±3.3 24.3±3.3 0.20

Dyslipidaemia, n (%) 30 (56.6) 76 (43.4) 0.12

Smoker, n (%) 13 (24.5) 61 (34.9) 0.18

History of myocardial infarction, n (%) 2 (3.8) 7 (4.0) 0.99

Angina pectoris, n (%) 7 (13.2) 27 (15.4) 0.83

Myocardial infarction+angina, n (%) 8 (15.1) 31 (17.7) 0.84

History of stroke, n (%) 3 (5.7) 10 (5.7) 0.99

Medications

Amlodipine, n (%) 14 (26.4) 58 (33.1) 0.40

Renin-angiotensin-aldosterone system inhibitors, n (%) 28 (52.8) 78 (44.6) 0.35

β-blockers, n (%) 8 (15.6) 26 (14.7) 0.99

Diuretics, n (%) 4 (7.5) 10 (5.7) 0.74

Statins, n (%) 24 (45.3) 49 (28.0) 0.03

Fasting blood glucose, mg/dL 139±37 99±11 <0.0001

HbA1c, % 6.9±0.7 5.7±0.3 <0.0001

Total cholesterol, mg/dL 198±35 207±31 0.08

Low-density lipoprotein cholesterol, mg/dL 115±35 120±30 0.38

High-density lipoprotein cholesterol, mg/dL 50±13 56±16 0.01

Triglyceride, mg/dL 163±87 158±109 0.76

Serum creatinine, mg/dL 0.90±0.48 0.88±0.63 0.88

Estimated glomerular filtration rate, mL/min/1.73 m2 61.4±15.5 63.2±16.3 0.50

Brain natriuretic peptide, pg/dL 33.4±40.5 39.3±66.7 0.56

High sensitive C reactive protein, mg/dL 1.60±2.60 1.71±2.48 0.79

Each value depicts mean±SD or number of patients (%).
HbA1c, glycosylated haemoglobin.

Table 2 Haemodynamic parameters

Baseline Follow-up study

Diabetes Non-diabetes p Value Diabetes Non-diabetes p Value

Systolic blood pressure, mmHg 155±17 161±16 0.03 138±12* 139±11* 0.86

Diastolic blood pressure, mmHg 85±13 88±13 0.11 77±10* 79±9* 0.16

Heart rate, bpm 73±10 73±10 0.99 69±10† 69±9* 0.58

Each value depicts mean±SD.
*p<0.0001; †p<0.001 versus baseline.
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hypertension would impair LV diastolic function
through different mechanisms. Hypertension is asso-
ciated with increased collagen deposition, increased
interstitial fibrosis and disturbance of calcium homoeo-
stasis in the myocardium,12 all of which may contribute
to deteriorating diastolic function. Diabetes may increase
LV mass independently of arterial BP.13 Collagen depos-
ition around intramural vessels and between myofibres is
increased, and collagen type III is accumulated in
patients with diabetes, which could mechanically impair

diastolic function.14 It is unclear how the changes asso-
ciated with diabetes and those with hypertension are
overlapped or interacted in the development of diastolic
dysfunction.
The present study was a relatively small one and not con-

ducted as a prespecified subgroup analysis and, therefore,
the results were not fully conclusive. Improvement of dia-
stolic function in hypertensive patients is correlated with
the degree of systolic BP reduction regardless of antihyper-
tensive agents.4 However, it is unclear whether the changes
in e0 velocity were caused by BP lowering or by a unique
action of azelnidipine. The follow-up period might not be
long enough to detect the clinical outcomes.15 We did not
determine the variability of e0 velocity measurement
among the institutions, although e0 velocity could be a rela-
tively robust parameter. We measured only septal e0 velocity
for the original CALVLOC study.14 Although septal e0 vel-
ocity might be sufficient for the evaluation of LV relaxation
in most cases, wall motion abnormality within the septum
might affect the septal velocity. We did not assess myocar-
dial ischaemia directly, and subclinical coronary artery
disease might be dismissed. We did not analyse the dur-
ation of diabetes and the effects of antidiabetic treatment
or those of antihypertensive drugs concomitantly used.
Despite the limitations described above, the present

study provided an important insight into the mechan-
isms of LV diastolic dysfunction in hypertension and dia-
betes. Standard BP lowering might not be enough for
improvement of diastolic function in hypertensive
patients with diabetes. It is unclear whether diabetic
control has an additive or synergic effect with BP lower-
ing on diastolic function. The correlation between
HbA1c and e0 velocity in the present study was very
weak. Intensive glycaemic control might not be as effect-
ive as BP lowering for LV diastolic dysfunction, as sug-
gested in the large-scale trials.16–18

Table 3 Echocardiography parameters

Baseline study Follow-up study

Diabetes Non-diabetes p Value Diabetes Non-diabetes p Value

LV end-diastolic dimension, cm 4.7±0.5 4.7±0.5 0.55 4.6±0.5 4.6±0.4 0.98

LV end-systolic dimension, cm 2.9±0.5 2.8±0.4 0.12 2.9±0.5§ 2.8±0.4 0.11

LV ejection fraction, % 68±7 69±8 0.10 69±9 70±7 0.37

Septal wall thickness, cm 1.0±0.2 1.0±0.2 0.14 1.0±0.2 1.0±0.2 0.14

Posterior wall thickness, cm 1.0±0.2 1.0±0.2 0.64 1.0±0.2 1.0±0.1 0.09

Relative wall thickness 0.43±0.09 0.43±0.08 0.98 0.44±0.08 0.42±0.08 0.20

LV mass index, g/m2 99.9±42.3 92.5±36.1 0.21 91.3±40.8§ 90.4±37.2 0.88

Left atrial volume index, mL/m2 22.9±9.4 20.2±8.9 0.07 22.6±8.2 19.6±8.3‡ 0.02

Peak E velocity, cm/s 60.8±14.1 66.8±15.4 0.01 64.8±16.0 67.4±15.9 0.31

Peak A velocity, cm/s 84.4±15.0 81.4±17.0 0.25 84.4±15.0 81.4±17.0† 0.25

E/A 0.72±0.18 0.86±0.24 0.0003 0.86±0.42§ 0.89±0.23 0.50

Deceleration time of E wave, ms 234±57 230±56 0.68 218±50§ 222±46 0.64

e0, cm/s 5.7±1.5 6.1±1.4 0.04 6.3±1.5† 6.9±1.4* 0.006

E/e0 11.5±4.2 11.4±3.4 0.78 10.8±3.6 10.1±2.9* 0.19

Each value depicts mean±SD.
*p<0.0001; †p<0.0005; ‡p<0.005; §p<0.05 versus baseline study.
LV, left ventricle.

Figure 1 Changes in e0 velocity during azelnidipine

treatment. Patients with diabetes showed lower e0 velocity than

patients without diabetes (5.7±1.5 vs 6.1±1.4 cm/s, p=0.04).

Azelnidipine treatment significantly increased e0 velocity in

patients with diabetes (p=0.0003) as well as in patients without

diabetes (p<0.0001). The changes in e0 velocity were parallel

between the two groups, implying that the effects of

azelnidipine were similar between them. Patients with diabetes

had lower e0 velocity than patients without diabetes even after

treatment (6.3±1.5 vs 6.9±1.4 cm/s, p=0.006). *p=0.04,

†p=0.006 versus patients without diabetes.
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