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Summary

Among the components of renin-angiotensin-aldosterone system, aldosterone facilitates the progression of
cardiovascular organ injuries not only by promoting renal tubular Na reabsorption but also by causing oxida-
tive stress, inflammation and cardiovascular tissue hypertrophy and fibrosis. Therefore, mineral corticoid re-
ceptor blockers (MRB) supposedly exhibit protective effects against cardiovascular organ injuries in hyper-
tensive patients. In this study, the therapeutic effects of MRB in the combination antihypertensive treatment
were examined in hypertensive patients.

Fifty mg eplerenone (EPL) was added to 24 hypertensive patients under antihypertensive drug therapy
who had not achieved the target blood pressure. The combination was continued for 3 to 4 months and the
effects on blood pressure (BP) and laboratory data including renal function and cardiovascular endocrine sys-
tem were evaluated.

After 3-4 months, office BP was lowered from 148/91 to 135/86 mmHg (p<0.001/p=0.002) as well as the
home BP (morning 150/86 to 134/81, p = 0.001/p = 0.033; evening 139/80 to 127/74, p = 0.005/p = 0.030). Se-
rum K (4.2 to 4.3 mEq/L, p = 0.014) and creatinine (0.82 to 0.87 mg/dL, P<0.001) increased slightly but signifi-
cantly. Serum uric acid also increased significantly from 5.8 to 6.4 mg/dL (p = 0.015). However, the indices of
glucose metabolism and serum lipids were not affected. In addition to the natural increases in plasma renin
and aldosterone, plasma B-type natriuretic peptide (BNP: 23 to 17 pg/mL, p = 0.028) and urinary albumin ex-
cretion (111 to 70 mg/gCr, p = 0.009) were significantly decreased.

In the combination antihypertensive drug therapy, MRB is expected to reduce cardiac and renal injuries
and the influences on glucose and lipid metabolisms seem negligible, however, care should be taken for the
development of hyperuricemia and renal dysfunction in addition to hyperkalemia.
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Introduction

High blood pressure facilitates the progression of ar-
teriosclerosis which increases the incidence of cardio-
vascular diseases such as stroke and coronary heart
disease. Hypertension is also a major risk factor for the
development of cardiovascular organ damages such as
heart failure and renal dysfunction. The occurrence of
these adverse cardiovascular events greatly impairs
the quality of later life as well as shortening the life
prognosis. Considering that hypertension is most
prevalent lifestyle-related diseases, it is obviously im-
portant to control the blood pressure (BP) in optimal
range and prevent the development of cardiovascular
disorders™.

According to the epidemiological follow-up studies,
the lower BP is associated with lower risk of cardio-
vascular diseases such as cerebrovascular disease and
ischemic heart disease even to the level as low as 115/
75 mmHg”. The results of meta-analyses of randomized
and controlled interventional studies also show that
the strict BP control is more effective in reducing car-
diovascular events and death than the usual BP con-
trol targeting <140/90 mmHg*”. Therefore, the latest
versions of guidelines for the management of hyper-
tension recommend the strict target BP level lower
than 130/80 mmHg in principle*".

In order to achieve such strict target BP level, the
combination of multiple antihypertensive drugs is usu-
ally needed in addition to lifestyle modification. Consid-
ering that the insufficient sodium excretion and the in-
creased peripheral vascular resistance play pivotal
roles in the etiology of hypertension, the use of diuret-
ics is indispensable to lower BP effectively. For the
purpose of antihypertensive therapy, the thiazide diu-
retics have been widely used so far because of the es-
tablished evidence of improving the prognosis of hy-
pertensive patients'. On the other hand, the evidence
does not seem sufficiently accumulated as to the ef-
fects of mineral corticoid blockers, as diuretics, on the
long-term prognosis of hypertensive patients.

In the present study, we evaluated the changes in
cardiovascular risk profile by the addition of epleren-
one (EPL), a selective antagonist of mineral corticoid

receptor, in hypertensive patients.

Methods

The subjects enrolled in this study were 24 hyper-
tensive outpatients whose blood pressure (BP) had not
achieved the target level. The target BP was <130/80
mmHg for patients with diabetes mellitus or chronic
kidney disease presenting proteinuria and <140/90
mmHg for other patients". Patients with severe hyper-
tension exceeding 180/110 mmHg or secondary causes
of hypertension other than chronic kidney disease
were excluded. According to the drug use regulations
in Japan, we did not include patients diagnosed with
diabetic nephropathy or patients with reduced renal
function whose creatinine clearance (CCr) calculated

2 indicated below was less

by Cockcroft-Gault formula
than 50 mL/min.

CCr = (140 — age) X body weight (kg)/(72 X serum
creatinine (mg/dL)) (X 0.85 for women)

We also excluded patients already taking mineral
corticoid receptor blocker (MRB) such as spironolac-
tone.

The patients were given 50 mg eplerenone (EPL)
once daily in the morning for 12 to 16 weeks in addi-
tion to taking other drugs which are not changed dur-
ing the study period. The medications having been
given were not changed and continued during the
study period. Office BP was measured with a sphyg-
momanometer in the sitting position after resting for
at least 20 min at each visit every 4 weeks. Home BP
was measured consecutively for 7 days before each
visit using an arm-cuff oscillometric automatic ma-
nometer within 1 hour of awakening (before drug ad-
ministration) as morning blood pressure and before go-
ing to bed as evening blood pressure, and the mean
values were obtained. The patients used their own ma-
nometers equipped with arm cuffs.

Before and after 12 to 16 weeks starting EPL, non-
fasting blood samples were drawn from the antecubital
subcutaneous vein. In addition to the routine blood
chemistry and blood cell counts, plasma renin activity
(PRA) and plasma concentrations of aldosterone (PAC)
and B-type natriuretic peptide (BNP) were determined
by enzyme immunoassay, immune-radiometric assay
and chemiluminescent enzyme immunoassay, respec-
tively. The estimated glomerular filtration rate (eGFR)

was calculated from the serum creatinine level (sCr)
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Table 1 Baseline characteristics of the study subjects.

Age, years 584 + 12.6
Gender, male/female 13/11
Body mass index, kg/m? 267 £ 55
Systolic blood pressure, mmHg 1475 + 10.1
Diastolic blood pressure, mmHg 914 = 103
Heart rate, bpm 750 = 11.8
Duration of hypertension, years 132 =73
Complications
Diabetes mellitus 8 (33.3%)
Dyslipidemia 10 (41.7%)
Hyperuricemia 4 (16.7%)
Chronic kidney disease 11 (45.8%)
Cardiovascular disease 3 (12.5%)

Data are the mean * SD.

and age by the following equation®: eGFR = 194 x
Age ™ x sCr'™ (x 0.739 for females) mL/min/1.73
m? Casual urine samples were also collected at the vis-
its before and after 12 to 16 weeks. Urinary albumin
was measured by an immunoturbidimetric method and
corrected using the urinary creatinine level. Then, the
urinary albumin excretion (UAE) was expressed in mg
albumin to g creatinine ratio (mg/gCr).

The study protocol was in accordance with the rec-
ommendations of the World Medical Association for
biomedical research involving human subjects (For-
taleza version, 2013) and was approved by the institu-
tional review board (C-260-02). Informed consent was
obtained from all subjects after explaining the study
objective and design.

Clinical data were expressed as means * standard
deviations (SD) or medians with interquartile ranges.
Values before and after the study period were com-
pared by paired t-test, however, Wilcoxon signed-rank
test was applied for the data with skewed distribution.
A P value of less than 0.05 was considered to be statis-
tically significant.

Results

All the 24 patients who started EPL showed good
adherence to the therapy and fulfilled the whole study
periods. Table 1 shows the baseline characteristics of
these 24 patients. The 12 patients were overweight
with body mass index (BMI) higher than 25 kg/m* and
8 patients were obese with BMI higher than 30 kg/m?*

resulting in the overweight level of averaged BMIL

Table 2 Medications concurrently given with eplerenone
in study subjects.

Number of

D
e subjects (%)

Antihypertensive drug

Thiazide diuretic 3 (12.5%)
B-blocker 3 (12.5%)
a-blocker 3 (12.5%)
Calcium channel blocker 15 (62.5%)
ACE inhibitor 1 (4.2%)
Angiotenisn II receptor blocker 18 (75.0%)
Oral hypoglycemic agent 4 (16.7%)
Lipid-lowering drug 6 (25.0%)
Antihyperuricemic drug 2 (8.3%)
Antiplatelet drug 4 (16.7%)
Anticoagulant 1 (4.2%)
Antiarrhythmic drug 3 (12.5%)

The considerable percentage of patients were compli-
cated with lifestyle-related diseases other than hyper-
tension such as diabetes, dyslipidemia and hyperurice-
mia. In addition, 12.5% patients had cardiovascular dis-
ease such as arrhythmia and nearly half patients had
been diagnosed with having renal diseases such as
glomerulonephritis and nephrosclerosis.

Table 2 lists the drugs concurrently prescribed be-
fore and during the study period of 12 to 16 weeks. As
antihypertensive medications, angiotenisn II receptor
blockers and calcium channel blockers were frequently
used. In addition, certain percentages of patients were
taking drugs for lifestyle-related diseases such as dia-
betes mellitus, dyslipidemia and hyperuricemia. The
doses of these drugs were unchanged throughout the
study periods.

All the 24 patients showed good adherence to the
therapy and fulfilled the whole study period. The
physical findings of study subjects before and after
taking EPL are shown in Table 3. Body weight was
not significantly changed after the 12- to 16-week pe-
riod given EPL. The systolic and diastolic office BP
measured at hospital visits were significantly reduced
by 12.7/48 mmHg after taking eplerenone for 12 to 16
weeks, while the heart rate was not significantly af-
fected. Fig. 1 shows the effects of EPL on home BP in
the morning and the evening. As well as the office BP,
the morning and the evening home BPs were signifi-
cantly lowered by 16.2/4.8 mmHg (p=0.001/0.033) and
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Table 3 Blood pressure, heart rate and body weight before and after 12

to 16 weeks after starting eplerenone.

Variable Before After 12-16 weeks P value
Systolic BP, mmHg 1475 = 10.1 1348 = 9.3 < 0.001
Diastolic BP, mmHg 914 = 102 86.6 + 10.2 0.002
Heart rate, bpm 750 = 11.8 764 = 11.2 0.498
Body weight, kg 685 * 16.1 685 + 15.1 0.862

Data are the mean * SD. BP, blood pressure.
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Figure 1 Average home blood pressure and heart rate before and after taking eplerenone for 12 to 16 weeks. Data are mean

+ SD.* p <005 ™ p <001, T p <0.005.

12.1/5.2 mmHg (p=0.005/0.030), respectively, at the end
of 12- to 16-week treatment period with EPL. However,
the heart rates in the morning or the evening were
not significantly different between before and after the
EPL administration.

Table 4 shows the changes in blood cell counts be-
fore and 12 to 16 weeks after starting EPL. The num-
ber of erythrocytes, hemoglobin concentration, hema-
tocrit and the numbers of white blood cells and plate-
lets were not significantly changed by the EPL treat-
ment. The changes in blood chemistry data are shown
in Table 4. The serum total protein, albumin and liver
enzymes such as aspartate transaminase (AST) and
alanine transaminase (ALT) were not significantly
changed after taking EPL for 12 to 16 weeks. also re-
duced significantly at the end of study period. Al-
though the serum sodium (Na) was not significantly
changed, the serum potassium (K) and uric acid were
significantly increased after the 12 to 16 weeks of EPL
therapy. As for the parameters of glucose and lipid

metabolism, plasma glucose, hemoglobin Alc and se-

rum lipids such as triglycerides and high-density lipo-
protein (HDL)-cholesterol and low-density lipoprotein
(LDL)-cholesterol were not significantly affected by
EPL.

Fig. 2 depicts the changes in cardiovascular endo-
crine factors after taking EPL. As expected naturally,
PRA and PAC were markedly enhanced from 22+19
to 3625 ng/mL/hr (p=0.021) and from 112+61 to
158 =50 pg/mL (p=0.019), respectively, by EPL, a selec-
tive blocker of mineral corticoid receptor. In addition,
the plasma BNP was significantly reduced from 20.1 =
145 pg/mL to 158119 pg/mL (p=0.044) after the 12
to 16 weeks of EPL treatment.

Fig. 3 shows the effects of EPL on renal parameters
of study subjects. Corresponding to the increase in se-
rum creatinine, the calculated eGFR was significantly
decreased from to 69.4 = 21.3 to 65.5+21.0 mL/min/1.73
m? (p=0.001) after taking EPL for 12 to 16 weeks (Fig.
3, left panel). On the other hand, the UAE was signifi-
cantly reduced from 287 =469 to 185+412 mg/gCr (p<
0.001) by the EPL treatment Fig. 3, right panel).
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Table 4 Data of peripheral blood cell counts and blood chemistry before and after

12 to 16 weeks after starting eplerenone.

Variable Before After 12-16 weeks P value
White blood cell, X103/mms3 6.08 = 1.79 640 = 1.79 0.242
Red blood cells, x106/mm3 453 = 042 442 = 040 0.130
Blood hemoglobin, g/dL 140 £ 1.2 137 £ 12 0.162
Hematocrit, % 422 + 37 414 = 36 0.224
Platelet, X 103/mm3 257 = 60 266 + 54 0.382
Aspartate transaminase, U/L 26 = 10 27 £ 9 0.552
Alanine transaminase, U/L 27 £ 9 26 = 18 0.469
Total protein, g/dL 69 = 04 70 = 04 0.160
Albumin, g/dL 41 = 04 41 = 03 0.224
Na, mEq/L 1409 + 14 1410 = 1.7 0.784
K, mEq/L 42 + 03 43 + 03 0.014
Creatinine, mg/dL 082 = 0.17 087 = 0.18 < 0.001
Uric acid, mg/dL 58 = 09 64 = 1.1 < 0.001
Plasma glucose, mg/dL 105 (89-139) 101 (89-142) 0.179
Hemoglobin Alc, % 61 = 1.1 6.0 = 09 0.356
HDL-cholesterol, mg/dL 61 £16 61 =15 0.893
LDL-cholesterol, mg/dL 118 = 27 112 = 26 0.206
Triglycerides, mg/dL 128 (71-191) 121 (76-145) 0.141

Data are the mean * SD or the median (interquartile range). AST: aspartate trans-
aminase, ALT: alanine transaminase, HDL: high-density lipoprotein, LDL: low-densi-

ty lipoprotein.
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Figure 2 Changes in plasma renin activity (PRA, left panel), plasma aldosterone concentration (PAC, middle panel) and plas-

ma B-type natriuretic peptide (BNP, right panel) before and after taking eplerenone for 12 to 16 weeks. Data are

mean = SD.* p < 0.05.

Discussion

Although strict BP control is required to sufficiently
prevent the incidence of cardiovascular events in the
treatment of hypertension, a large part of hypertensive
patients have not been noticed, treated or have their
hypertension controlled”. Even in patients under anti-
hypertensive drug therapy, two thirds have been
shown to fail to achieve BP levels lower than 140/90

mmHg". For such cases, intensification of antihyper-
tensive medication combining multiple agents is
needed to achieve sufficiently low BP levels for the
prevention of cardiovascular events. In combining the
antihypertensive drugs, the addition of thiazide diuret-
ics is effective in lowering BP by promoting natriuresis
and strengthen the hypotensive effects of other classes
of antihypertensive drugs concurrently given which

generally have vasodilative actions and reduce periph-
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eral vascular resistance.

MRB also cause diuresis by antagonizing the action
of aldosterone and inhibiting Na reabsorption in the
distal and collecting tubules of nephron. In
PATHWAY-2 study®, spironolactone, B-blocker (bi-
soprolol) or a-blocker (doxazosin) was added to pa-
tients with treatment-resistant hypertension whose
systolic BP was not lower than 140 mmHg even with
the combination of ACE inhibitors/ARB, calcium chan-
nel blockers and diuretics. As a result, spironolactone
was most effective in lowering BP with the affordable
occurrence rate of adverse events such as hyperka-
lemia. Also in the present study, the addition of EPL, a
newer and selective MRB, significantly reduced not
only the office BP but also the home BP in the morn-
ing and evening and no patients experienced needs for
stopping or reducing the dose of EPL by the occur-
rence of any adverse effects. Thus, it is suggested that
the addition of EPL, as well as spironolactone, is toler-
able and useful for achieving the 24-hour BP control in
hypertensive patients who needs the combination of
multiple antihypertensive drugs™”.

The thiazide diuretics often cause adverse effects
such as hypokalemia, hyperuricemia and unfavorable
influences of glucose and lipid metabolism which are
supposed to lessen the preventive effects against the
incidence of cardiovascular diseases. Indeed, in the
Systolic Hypertension in the Elderly Program (SHEP)

used chlorthalidone for elderly hypertensive patients,

the incidence of stroke or coronary artery disease
failed to reduce significantly in participants who devel-
oped hypokalemia lower than 35 mEq/L or the in-
crease in serum uric acid by 1 mg/dL or more .

In contrast to thiazide diuretics, MRB are known to
increase serum K. EPL has high selectivity to mineral
corticoid receptor and causes less side effects such as
gynecomastia and menstruation disturbances than spi-
ronolactone. However, EPL increased serum K slightly
but significantly in the present study and care should
be taken for the development of hyperkalemia in the
use of MRB including EPL especially when ACE in-
hibitors or angiotensin II receptor blockers (ARB) are
concurrently used. The influences of EPL on the glu-
cose and lipid metabolisms are not apparent in this
study, but the serum uric acid was significantly in-
creased with EPL and the development hyperuricemia
is also a matter of concern in the use of EPL.

Aldosterone, as well as promoting Na reabsorption
by renal tubules and increasing body fluid volume and
BP, has been shown to cause deleterious effects on the
cardiovascular tissues and organs such as vasoconstric-
tion, cellular hypertrophy, tissue fibrosis and endothe-
lial injuries®®. In addition, cardiovascular tissues them-
selves are thought to have the ability to produce the
components of renin-angiotensin-aldosterone (RAA)
system, such as renin, angiotensinogen, ACE and al-
dosterone®®. Furthermore, mineral corticoid receptors

have been shown to express in the cardiac and vascu-
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lar tissues™. Therefore, it is speculated that MRB is
expected to exert protective effects against the devel-
opment and progression of cardiovascular tissue and
organ injuries by the mechanisms independent of BP
reduction. In this context, the results of randomized
and controlled large-scale clinical studies have indi-
cated that MRB, including EPL, improve the prognosis
of patients with heart failure or myocardial infarction
%5  Also in the current study, EPL reduced plasma
BNP in the hypertensive patients. Circulating BNP,
produced mainly in the cardiac ventricles, increases by
pressure and volume load to the heart and is supposed
to be a predictive factor of the prognosis of cardiac dis-
eases™?. Thus, it is speculated that EPL may reduce
the incidence of heart failure in the long-term treat-
ment of hypertensive patients.

With regard to the indices of renal function and inju-
ries, thiazide diuretics have been shown to reduce the
glomerular filtration rate (GFR) and albuminuria in hy-

¥  These renal effects were

pertensive patients
shared by EPL as a diuretic in this study. The reduc-
tion of blood volume by the diuretics may decrease re-
nal blood flow and intraglomerular capillary pressure.
On the one hand the reduction in albuminuria is sup-
posed to reflect the alleviation of renal injury, on the
other hand the reduction in GFR may bring about the
progression of renal dysfunction. However, it has been
indicated that the temporary decrease in GFR by ACE
inhibitors or ARB is predictive of long-term preserva-
tion of renal function®™. Similar effects have been ob-
served in recent clinical studies enrolled diabetic pa-
tients and used sodium-glucose co-transporter (SGLT)
2 inhibitors which cause osmotic diuresis by promoting
glucosuria®™. The SGLT2 inhibitors such as empagli-
flozin and canagliflozin have shown to reduce albumin-
uria and long-term incidences of renal outcomes such
as doubling of serum creatinine and needs for renal re-

%% Even in non-diabetic patients

placement therapy
with chronic kidney disease, dapagloflizin, a SGLT2 in-
hibitor, has been reported to exhibit similar effects on
the risk of renal outcomes®. Taken together, the re-
ductions in eGFR and UAE by EPL observed in this
study are possibly associated with renoprotective ef-
fects in hypertensive patients.

In summary, the addition of EPL significantly low-

ered the office and home BP in hypertensive patients

under antihypertensive medication in the present
study. EPL did not significantly alter the indices of glu-
cose and lipid metabolisms but the serum K and uric
acid were significantly increased. The plasma BNP,
eGFR and UAE were significantly reduced after the 3
to 4 months of EPL treatment. It is concluded that
EPL is effective in intensifying the BP control in com-
bination antihypertensive drug therapy with possibly
beneficial effects on the risks of cardiac and renal
events, however, care should be taken for the develop-
ment of hyperkalemia and hyperuricemia.
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