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Conclusion: Atorvastatin might benefit patients with heart failure and diabetes mel-
litus by improving ventricular electrical stability and decelerating deterioration of
renal function.
© 2009 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights
reserved.

Introduction criteria [17], and diabetes mellitus diagnosed by

Previous randomized clinical trials have shown that
statins reduce cardiovascular events in patients
with and/or without coronary artery disease.
Statins have been shown to improve endothelial
function [1], decrease plasma levels of proinflam-
matory cytokines [2], and exert antihypertrophic
[3,4], antioxidant [5], and antifibrotic [6] effects on
myocardium. Furthermore, other reports suggested
that statins have beneficial effects on immune
function, macrophage metabolism, and cell pro-
liferation irrespective of changes in low-density
lipoprotein (LDL) cholesterol concentrations [7].

Recent clinical trials suggested that statins
might benefit patients with heart failure [8—13].
Short-term statin therapy improved cardiac func-
tion, neurohumoral imbalance, and symptoms in
patients with idiopathic dilated cardiomyopathy
[8]. Long-term atorvastatin therapy suppressed
neurohumoral activation and improved cardiac
function in mild to moderate heart failure [9]. Com-
pared with a lower dose, high-dose treatment with
atorvastatin in patients with stable coronary dis-
ease significantly reduced hospitalization for heart
failure [10]. However, it remains unknown how
statins impact pathophysiology of heart failure with
diabetes mellitus, which is known to have delete-
rious effects on heart failure [14,15] and coronary
artery disease [16].

The aim of this study was to investigate the
effects of atorvastatin on pathophysiology of heart
failure with diabetes mellitus. The results indicated
that atorvastatin might benefit heart failure with
diabetes mellitus by improving ventricular elec-
trostability and decelerating the deterioration of
renal function.

Subjects and methods

Patient populations

We retrospectively studied patients with symp-
tomatic acute heart failure and diabetes mellitus
who were admitted to Aso lizuka Hospital from
January 2003 to December 2005. The criteria for
enrollment in the study were the clinical evidence
of acute heart failure diagnosed by Framingham

the guideline of diabetes mellitus of the Japan
Diabetes Society. In those patients, the New York
Heart Association (NYHA) functional classification
on admission ranged between Il and IV. We excluded
chronic obstructive pulmonary disease, right heart
failure, and patients who had already taken ator-
vastatin or other statins. All patients were treated
for acute heart failure, and were discharged after
the improvement of heart failure. We enrolled 128
patients with heart failure and diabetes mellitus.
Among them, 80 patients started to receive ator-
vastatin (10mg) and the remaining 48 patients did
not receive any statins (non-statin group). We fol-
lowed up both groups for two years. As biochemical
biomarkers, we measured plasma brain natriuretic
peptide (BNP) and hemoglobin A1c (HbA1c). We
calculated estimate of glomerular filtration rate
(eGFR) from serum creatinine value and age using
Japanese-coefficient-modified MDRD study [18]. As
physiological biomarkers, we conducted echocar-
diography and 24-h Holter monitoring, and the
severity of ventricular arrhythmias was evaluated
in terms of Lown grade [grade 0: no premature
ventricular contraction (PVC); grade I: <30 PVC/h,
grade Il: >30 PVC/h; grade lll: multiform PVC;
grade IVa: couplets; grade IVb; ventricular tachy-
cardia runs] [19]. We acquired those biomarkers
just before the statin therapy in the statin group
and before discharge in the non-statin group, and
one and two years after the discharge in both
group. Hospitalizations due to worsening heart fail-
ure were diagnosed by the Framingham criteria, as
described above.

Statistical analysis

Normally distributed variables were expressed as
mean £ 5.D. Unpaired t test or Mann—Whitney U
test was used to compare the differences in nor-
mally distributed variables, respectively, between
the statin and non-statin groups. The rate of
re-hospitalization due to worsening heart failure
between the statin and non-statin groups was com-
pared by Kaplan—Meier analysis. All statistical tests
were carried out against the baseline characteris-
tics. Differences were considered significant at a p
value of <0.05.
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Table 1  Patient characteristics.
Statin Non-statin P-value

n 80 48 NS
Male/female 54/26 34/14 NS
Age 65+7 61+5 NS
BMI 22+4 233 NS
Current smoker 18 (23%) 10 (20%) <0.05
Causes of heart failure

Coronary artery disease 22 (27%) 9 (18%) NS

Dilated cardiomyopathy 25 (32%) 13 (28%) NS

Hypertensive heart disease 14 (18%) 10 (21%) NS

Valvular heart disease 15 (19%) 11 (23%) NS
Systolic blood pressure (mmHg) 130£17 128 + 14 NS
Diastolic blood pressure (mmHg) 72+14 68+9 NS
Heart rate (bpm) 8219 79+5 NS
Medications

Diuretics 74 (92%) 44 (92%) NS

B-Blockers 53 (66%) 34 (71%) NS

ACE inhibitors 75 (94%) 46 (96%) NS

Angiotensin receptor blocker 3 (4%) 2 (4%) NS

Sulfonylurea 12 (15%) 8 (17%) NS

Data are presented as number (%) or mean=S5.D. BMI, body mass index; bpm, beats per minute; ACE, angiotensin-converting

enzyme.

Results

Patient characteristics at baseline

The patient profiles at enrollment are summarized

there were no significant differences in age, gen-

der, or the prevalence of dilated cardiomyopathy,
hypertensive heart disease, or valvular heart dis-
ease between the non-statin group and statin group

in Tables 1 and 2. As can be seen in Table 1,

Table 2 Patient characteristics (2).

just before statin therapy. Medications did not
differ either. The frequency of patients taking

Statin Non-statin P-value

Total cholesterol (mg/dl) 227 +17 200+10 0.042
LDL cholesterol (mg/dl) 156 = 11 122 +13 0.008
HDL cholesterol (mg/dl) 4448 47 +7 NS
Triglycerides (mg/dl) 12947 132+ 11 NS
FBS (mg/dl) 12+7 119£5 NS
HbA1c (%) 6.6+0.7 6.3+0.4 NS
BNP (pg/ml) 128 £27 142 4+ 36 NS
eGFR (ml/min/1.73m?) 62.4+7.9 66.8+4.4 NS
LVEF (%) 35+7 33:E£5 NS
LVEDD (mm) 56+5 ST+ NS
LVESD (mm) 4044 42+7 NS
PVC per 24h 1288 + 362 1194 + 443 NS
Lown grade

| 28 (35%) 15 (31%) NS

Il 43 (54%) 26 (54%) NS

1] 8 (10%) 6 (13%) NS

IVa/IVb 1 (1%)/0 (0%) 1 (2%)/0 (0%) NS/NS

Data are presented as mean £5.D. LDL, low-density lipoprotein; HDL, high-density lipoprotein; FBS, fasting blood glucose; HbA1c,
hemoglobin Alc; BNP, brain natriuretic peptide; eGFR, creatinine-based estimate of glomerular filtration rate; LVEF, left ventricular
ejection fraction; LVDDD, left ventricular end-diastolic dimension; LVESD, left ventricular end-systolic dimension; PVC, premature

ventricular contraction.
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angiotensin receptor blockers or oral hypoglycemic
agents also did not differ between the non-statin
and statin groups. All patients with hypoglycemic
agents took sulfonylurea. There is no patient with
insulin-therapy for diabetes mellitus in the present
study. As anticipated, the statin group had a higher
prevalence of coronary artery disease than the non-
statin group.

As shown in Table 2, fasting blood glucose (FBG),
HbA1c, BNP, or eGFR did not differ between the two
groups. As anticipated, however, total cholesterol
and LDL cholesterol were higher in the statin group
than in the non-statin group. Left ventricular ejec-
tion fraction (LVEF), left ventricular end-diastolic
dimension (LVEDD), left ventricular end-systolic
dimension (LVESD), the frequency of PVC and the
frequency of patients who had Lown grade |, Il, IlI,
or |V did not differ between the two groups. There
is no patient with Lown grade 0 in the present study.

Effects of atorvastatin on biochemical and
physiological biomarkers

Effects of atorvastatin on biochemical biomarkers
are summarized in Table 3. Atorvastatin markedly
decreased total cholesterol and LDL cholesterol.
As a result, LDL cholesterol values at the follow-
up period of one year were comparable between
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Figure 1 Changes in eGFR at entry, one and two
years. Open circle and solid line indicate statin group.
Closed circle and dotted line indicate non-statin group.
*p <0.05. eGFR, creatinine-based estimate of glomerular
filtration rate.

the two groups and got lower at two years in the
statin group than the non-statin group. BNP was
lower at one year and got lower at two years in
the statin group than the non-statin group. Sys-
tolic blood pressure, LVEF, LVEDD, LVESD, and HbA1c
remained not different between the two groups.
As shown in Fig. 1, eGFR decreased more in the
non-statin group than in the statin-group (—-10.6 £
2.8ml/min/1.73m? vs. —6.1+3.3ml/min/1.73

Table 3 Changes in LDL-C, BNP, LVEF, LV dimension, systolic blood pressure, and HbA1c at one and two years.

Statin Non-statin P-value

LDL-C (mg/dl)

1 year 98+ 16 116+13 NS

2 years 9449 112+ 11 <0.05
BNP (pg/ml)

1 year 101 +£12 136 +13 <0.05

2 years 76 =11 132+13 <0.05
LVEF (%)

1 year 3846 35+6 NS

2 years 4047 38+7 NS
LVEDD/LVESD (mm)

1 year 57+6/41+4 59+4/44+5 NS/NS

2 years 58+4/424+4 60+7/46+7 NS/NS
Systolic blood pressure (mmHg)

1 year 118 £13 122+15 NS

2 years 116 + 11 120+13 NS
HbA1c (%)

1 year 6.44+0.3 6.5+0.4 NS

2 years 6.1+0.4 6.5+0.3 NS

Data are presented as mean£5.D. LDL-C, low-density lipoprotein cholesterol; BNP, brain natriuretic peptide; LVEF, left ventric-
ular ejection fraction; LVEDD, left ventricular end-diastolic dimension; LVESD, left ventricular end-systolic dimension; HbA1c,

hemoglobin A1c.
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Figure 2 Changes in PVCs at entry, one, and two years.
Open circle and solid line indicate statin group. Closed
circle and dotted line indicate non-statin group. *p <0.05.
PVC, premature ventricular contraction.

mZ, p<0.05) at one year. The difference increased
at two years (—16.8+4.1ml/min/1.73m? vs.
—8.3+5.4ml/min/1.73m2, p<0.05). Atorvas-
tatin might have decelerated deterioration of
renal function, and thereby might have a potent
protective effect on renal function.

Shown in Fig. 2 is the effect of atorvastatin
on the frequency of PVCs. Atorvastatin markedly
decreased PVCs at one year and two years. There
were no changes in PVCs in the non-statin group.
Furthermore, the frequency of patients who had
Lown grade =Il was significantly lower in the statin
group than in the non-statin group at one year and
two years (Fig. 3).
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Table 4 Cardiovascular events, hospitalization, and
mortality at one and two years.

Statin Non-statin P-value

Cardiovascular events

1 year 5 (6%) 4 (8%) NS

2 years 8 (10%) 6 (13%) NS
CHF with hospitalization

1 year 7 (9%) 8 (17%) 0.003

2 years 16 (20%) 15 (31%) 0.005
All-cause mortality

1 year 0 0 NS

2 years 0 1 NS

Data are presented as number (%) or mean =5.D. CHF, con-
gestive heart failure.

Cardiovascular events and hospitalization

No patient died in the statin group, whereas one
patient suddenly died in the non-statin group.
Treatment with atorvastatin did not significantly
reduce cardiovascular events, which was defined as
nonfatal myocardial infarction, nonfatal ischemic
stroke, coronary revascularization, or cardiovas-
cular death (Table 4). However, the frequency of
re-hospitalization due to worsening heart failure
was significantly reduced in the statin group than in
the non-statin group, determined by Kaplan—Meier
analysis (Fig. 4). For the patients with atorvastatin,
the hazard ratio for re-hospitalization due to wors-
ening heart failure was 0.68 (95% Cl, 0.51-0.84)
(Fig. 4).
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Figure 3 Kaplan—Meier analysis estimates for re-hospitalization due to heart failure. Solid line indicates non-statin

group, and dotted line indicates statin-group. *p <0.05.
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Figure 4 Lown grades at entry, one year, and two years after (grade 0: no PVC; grade I: <30 PVC/h, grade II: >30
PVC/h; grade Ill: multiform PVC; grade IV: couplets and/or ventricular tachycardia runs). *p<0.05.

Discussion

In the present study, we demonstrated that
atorvastatin reduced the frequency of re-
hospitalization due to worsening heart failure,
BNP, the frequency of PVCs, Lown grade and
decelerated deterioration of GFR in the patients
with heart failure and diabetes mellitus. These
results suggested that atorvastatin might ben-
efit patients with heart failure and diabetes
mellitus by improving ventricular electrostability
and decelerating deterioration of renal function.
Recent clinical trials and basic studies suggested
that statins might benefit patients with heart
failure [8—13,20—24]. In the present study, atorvas-
tatin reduced the frequency of re-hospitalization
due to worsening heart failure and BNP. These
results are comparable to previous studies, which
showed that statins might benefit patients with
heart failure. Furthermore, the present study sug-
gested that atorvastatin has beneficial effects on
the pathophysiology of heart failure with diabetes
mellitus, which is known to have deleterious effects
on heart failure [14,15]. In the statin group, the LDL
cholesterol level was significantly higher than in the
non-statin group at entry. Atorvastatin markedly
decreased the LDL cholesterol level, and the LDL
cholesterol levels at the follow-up period of one
year were comparable between the two groups. The
LDL cholesterol levels were significantly lower at
two years in the statin group than the non-statin
group. The statin group had a higher prevalence
of coronary atherosclerotic diseases than the non-
statin group. These differences of backgrounds
between the statin and non-statin groups might be
responsible for the results in this study. However,
these results indicate that the risks for atheroscle-

rosis and ischemic heart diseases were higher in
the statin group than in the non-statin group.
Despite those with a background predisposed to
coronary heart disease, atorvastatin significantly
benefits the patients with heart failure. It is con-
ceivable that atorvastatin might be a novel strategy
of treatment for heart failure and diabetes melli-
tus.

The mechanism by which atorvastatin ben-
efits patients with heart failure and diabetes
mellitus remains unknown. We conjecture three
mechanisms: anti-oxidant, anti-inflammatory, and
improvement of the sympatho-vagal balance. In
patients with heart failure, increased oxidative
stress is associated with reduced LV function
and severity of heart failure [25,26]. Previous
studies suggested that statins inhibited vascu-
lar and myocardial oxidative stress by inhibiting
rac-induced nicotinamide adenine dinucleotide
phosphatase oxidase activity [27,28], and reducing
oxidized LDL concentration [9], which is a marker
of oxidative stress and a useful predictor of mortal-
ity in patients with heart failure [29]. Furthermore,
diabetes mellitus increases the risk of heart failure
and oxidative stress may contribute to the devel-
opment of cardiac dysfunction [30]. With regard
to the anti-inflammatory effects of atorvastatin,
previous studies reported that statins suppressed
the inflammatory process in patients with heart
failure [8,21,22]. Heart failure is associated with
increased levels of proinflammatory cytokines that
exert negative inotropic effects and induce apopto-
sis in cardiac myocytes [31]. Yamada et al. reported
that atorvastatin tended to decrease interleukin 6
and high sensitive C-reactive protein in patients
with heart failure [9]. Finally, we consider that
atorvastatin might improve the imbalance between
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reduction of stroke and cardiovascular complications (1). Ca channel blocker is widely
used as the blood pressure-lowering agents. However, it has been reported that Ca chan-
nels blocker increases heart rate with lowering blood pressure. Among the Ca channels
blockers, cilnidipine is known not to increase the heart rate and plasma norepinehrine
concentrations in spite of the strong blood pressure lowering effects (2—4). Cilnidipine
is a long-acting dihydropyridine calcium channel blocker by inhibiting L-type calcium
channels directly associated with vascular tone, and N-type calcium channels related to
sympathetic nervous activity (5-7). Whereas cilnidipine inhibits N-type calcium chan-
nels, it has not been well established whether cilnidipine decreases the sympathetic
nerve activity and increases the parasympathetic nerve activity in the patients with
hypertension.

Analysis of spontaneous heart rate and blood pressure variability offers insights into
different features of autonomic control of circulation (8), including the arterial baroreflex
regulation (9). In this context, heart rate spectral powers in the so-called high-frequency
(HF; 0.15-0.40 Hz) and low-frequency (LF; 0.04-0.15 Hz) regions and blood pressure
spectra powers in the LF regions have been repeatedly reported to provide relevant
information (8, 10-12). The LF power of blood pressure was reported to be increased in
parallel with the sympathetic nerve activation (13). Furthermore, the baroreflex control is
one of the key mechanisms responsible for the short-term control of blood pressure.
Impairment of this reflex has been found in a number of conditions, such as aging (14),
heart failure (15), post-myocardial infarction (16), and the impairment of baroreflex sensi-
tivity (BRS) is known as the predictive factor of mortality in hypertension (17). Baroreflex
sensitivity was originally assessed by intra-arterial measurement of the change in pulse
interval following a pharmacologically induced change in blood pressure. However, for
some time now, noninvasive monitoring of blood pressure using finger plethysmography
has been available (18), and is an accepted method for tracking beat-to-beat changes
in blood pressure (19). Added to this, a further method for measuring BRS has been devel-
oped, which assesses spontaneous changes in blood pressure and pulse interval, and does
not require pharmacological manipulation of blood pressure-spectral analysis (20,21).
However, it has not been determined whether the cilnidipine improves the impaired
BRS or not.

Therefore, the aim of the present study was to evaluate the effect of cilnidipine on the
sympathetic nerve activity, parasympathetic nerve activity, and BRS in the patients with
hypertension. We evaluated the sympathetic and parasympathetic nerve activity using the
analysis of systolic blood pressure and heart rate variability, and BRS was measured by
the spontaneous sequence method.

Materials and Methods

Subjects

The present study was conducted prospectively on 10 outpatients with hypertension
(5 males and 5 females; mean age: 58.6 years; range 44-74 years) whose blood pressure
was over 140/90 mmHg. No patients were currently receiving anti-hypertensive medica-
tion and all of them were newly diagnosed. Patients with the secondary hypertension
were excluded. All studies were performed between 9 and 11 a.m., with each subject
examined at the same time of day on each visit to reduce the possible influence of circa-
dian variation in BRS. This study was performed in a quiet room, and every effort was
made to keep stimuli to a minimum during the study period. Each subject gave informed








