reflect the different conditions of the pathophysiological
abnormalities related to arterial stiffness (11,12).
Although several studies have reported abnormal central
hemodynamics and increased PWV in subjects with end-
stage renal disease (6,7), a recent community-based

population cohort study showed that the out-of-office
ambulatory BP level (24-h systolic BP) may be superior
to cSBP in the prediction of cardiovascular mortality

(13). Thus, this study aimed to determine whether
ambulatory BP profiles, central hemodynamics, and

PWYV are significantly related to renal function para-
meters in hypertensive patients with CKD in a cross-
sectional design.

SUBJECTS AND METHODS

Subjects

This study was conducted on 25 consecutive hyperten-
sive patients with CKD (stage 2, 5 patients; stage 3, 6
patients; stage 4, 7 patients; and stage 5, 7 patients) who
were admitted to our hospital from October 2009 to June
2011. Chronic kidney disease patients on dialysis therapy
were excluded. The patients were maintained under
stable sodium chloride intake (6 g/d). They underwent
ambulatory BP monitoring and measurements of coeffi-
cient of variation R-R interval (CVRR), central hemo-
dynamics, and brachial-ankle pulse wave velocity
(baPWV). Written informed consent was obtained, in
the formal style approved by the Ethics Committee of
the Yokohama City University Hospital, before any per-
son was enrolled in this study.

Ambulatory BP and the HR Profile

The ambulatory blood pressure and the heart rate (HR)
profile were monitored every 30 minutes with a fully
automated device (TM-2425, A&D, Tokyo, Japan),
essentially as described previously (14-16). The ambu-
latory blood pressure monitoring was repeated in
patients who had >20% missing values out of the
expected number of readings, a >30% error rate for the
total readings, or missing values for more than 2 conse-
cutive hours. The following readings were omitted
because of technical artifacts: systolic BP >250 mm Hg
or <70 mm Hg; diastolic BP >130 mm Hg or <30 mm Hgj;
pulse pressure >160 mm Hg or <20 mm Hg; systolic
differences >60 mm Hg; or diastolic differences >30 mm
Hg, compared with the immediately preceding or succes-
sive values (17). The patients were instructed to keep a
diary to record the time of sleeping, rising, and daytime
activities. Therefore, the term “day” and “night” hours in
this study reflect the average period during which the
subjects were awake/upright and asleep/supine, respec-
tively. Short-term blood pressure variability, which is
comprised of the coefficients of variation of the BP values
obtained from ambulatory BP monitoring, is defined as
the within-subject standard deviation (SD) of all systolic
and diastolic readings at 30-minute intervals divided by
the mean BP during the course of the measurement
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period. The heart rate variability, which is comprised of
the coefficients of variadon of the HR values, is defined as
the within-subject SD of all HR values at 30-minute inter-
vals divided by the mean HR (18-23).

Laboratory Measurements

Blood sampling was performed between 8 and 10 am
after an overnight fast. After the patients had spent 30
minutes of quiet rest in a recumbent position, blood
samples were withdrawn for the measurement of labora-
tory parameters by routine methods in the Department of
Clinical Chemistry, Yokohama City University School
Hospital. We calculated the estimated glomerular filera-
tion rate (¢GFR) with an application of a revised equation
for the Japanese population: eGFR (mI/min/1.73 m?)
= 194 x serum creatinine %% x age_o‘z87 x 0.739
(if female) (24).

Central Hemodynamics

The central systolic BP and augmentation index were
measured by HEM-9000AI (Omron Healthcare, Kyoto,
Japan) using an automatic tonometry probe wrapped onto
the wrist to record radial waveforms, which are calibrated
against the contralateral brachial BP measured by an arm
cuff immediately after tonometry. An algorithm is then
applied based on a linear regression model to estimate
the cSBP from the “late systolic shoulder” (pSBP2) of
the radial pulse waveform, which has been shown to
agree closely with ¢SBP (25-28). The device uses the
maxima of the “mulddimensional derivatives” on the
recorded pressure waveforms to detect the first and sec~
ond inflection points corresponding to the early and late
systolic (pSBP2) pressure readings.

Brachial-Ankle Pulse Wave Velocity

The brachial-ankle pulse wave velocity values were deter-
mined with a PP analyzer (model: BP-203RPEII; Nihon
Colin, Tokyo, Japan). Pulse volume waveforms were
recorded with sensors placed over the right brachial
artery and both tibial arteries. The brachial-ankle pulse
wave velocity values measured by this method are
reported to significantly correlate with the aortic PWV
determined by the catheter method (21,22,29).

Coefficient of Variation of R-R Interval

Coefficient of variation of R-R interval was measured
(with) using a Cardiofax ECG-1550 (Nihon Kohden,
Tokyo, Japan) with the patient in the supine position
after 5-minute rest, essentially as described previously
(30).

Statistical Analysis

The quantitative data are expressed as the means *+
SD. Pearson’s correlation coefficient was used for the
continuous scale. Spearman’s correlation coefficient
was used for all other scales. Analysis was performed
with IBM SPSS statistics (version 19, IBM SPSS
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Statistics, Chicago, IL, USA). A P value < .05 was con-
sidered statistically significant.

RESULTS

Baseline Patient Characteristics, Including Ambulatory
BP and the HR Profile, Central Hemodynamics, and
Arterial Stiffness

Table 1 shows the baseline characteristics of the 25
hypertensive participants with CKD consisting of 5
patients in stage 2, 6 in stage 3, 7 in stage 4, and 7 in
stage 5. The mean age was 66.2 + 11.6 years, and there
were 15 males and 10 females. The body mass index was
25.6 + 4.3 kg/m?, suggesting that the participants were
obese hypertensive patients having moderate-to-severe
impairment with albuminuria. The variables of the
ambulatory BP and the HR monitoring, central hemo-
dynamics, and arterial stiffness are shown in Table 2.

Variables Related to Renal Function Parameters

As shown in Table 3, there were significant positive
relationships between UACR and 24-hour, daytime,
and nighttime ambulatory systolic BP. In addition, there

Table 1. Patient characteristics (N = 25)

Sex (male/female) 15/10
Age (y) 66.2 £11.6
BMI (kg/m?) 25.6 +4.3
Smoking (%) 60
Cerebrovascular disease (%) 20
Coronary artery disease (%) 8
Diabetes (%) 44
Dyslipidemia (%) 64
Medication
Renin-angiotensin system inhibitor (%) 84
Calcium channel blocker (%) 84
a-Blocker (%) 32
B-Blocker (%) 12
Thiazide diuretic (%) 16
Loop diuretic (%) 32

Metabolism parameters

Total cholesterol (mg/dL) 190.9 £ 34.2

HbAlc (%) 59+1.0

HOMA-R 29429
Endocrine parameters

BNP (pg/mL) 51.5 £ 81.2

PRA (ng/mlL/h) 7.5+ 175
Oxidative stress marker

Pentosidine (ng/mL) 46.1 + 28.3
Autonomic function

CVRR (%) 21420
Cardiac function

Ejection fracton (%) 69.1 8.5

LVMI (g/m?) 175.0 £ 116.2
Renal function

eGFR (ml/min/1.73 m?) 33.1 +£23.1

UACR (mg/gCr) 820.3 +1225.2

Abbreviations: BMI — body mass index; BNP — B-type natriuretic
peptide; CVRR — coefficient of variation R-R interval; eGFR —
estimated glomerular filtration rate; HbAlc — hemoglobin Alc;
HOMA-R — homeostasis model assessment ratio; LVMI — left
ventricular mass index; PRA — plasma renin activity; UACR —
urine albumin excretion rate.

Table 2. Ambulatory BP profile, central hemodynamics, and
arterial stiffness

Ambulatory BP profile
24-h
Systolic BP (mm Hg) 134 £ 17
Diastolic BP (mm Hg) 79 + 14
HR (beats/min) 69 £ 10
Systolic BP variability (%) 11.0£3.1
Diastolic BP variability (%) 13.1+4.3
HR variability (%) 127+ 4.1
Daytime
Systolic BP (mm Hg) 136 £ 16
Diastolic BP (mm Hg) 82+13
HR (beats/min) 71+9
Systolic BP variability (%) 10.2+£3.2
Diastolic BP variability (%) 11.8 4.7
HR variability (%) 12.4+4.0
Nighttime
Systolic BP (mm Hg) 129 + 21
Diastolic BP (mm Hg) 74 + 14
HR (beats/min) 65 1+ 12
Systolic BP variability (%) 9.1 +3.1
Diastolic BP variability (%) 11.4+3.8
HR variability (%) 7.8+3.7
Central hemodynamics
cSBP (mm Hg) 148 + 20
Al (%) 80 + 15
Arterial stiffness
baPWV (cm/s) 1776 + 363

Abbreviations: Al — augmentation index; baPWV - brachial-ankle
pulse wave velocity; BP — blood pressure; cSBP — central systolic
blood pressure; HR — heart rate.

Values are means + SD.

were significant negative relationships between UACR
and 24-hour and daytime HR variability. Furthermore,
the circulating B-type natriuretic peptide (BNP) level and
hemoglobin Alc (HbAlc) were positively related to
UACR. With respect to eGFR, while the 24-hour and
nighttime HR variability were positively associated with
eGFR, the circulating pentosidine and nighttime HR had
negative relationships with eGFR. On the other hand,
neither the central hemodynamics (cSBP, AI) nor the
arterial stiffness (baPWV) exhibited any significant asso-
ciation with renal function parameters.

DISCUSSION

The main finding of this cross-sectional study is that the
renal function parameters UACR and eGFR, which are
key components of the assessment of the severity of
CKD, were associated with the ambulatory BP and the
HR profile. On the other hand, parameters of central
hemodynamics and arterial stiffness did not exhibit any
significant relationship with renal functon. These asso-
ciations between the ambulatory BP profile and renal
function status deserve further discussion.

Previous studies have reported strong correlations
between the ambulatory BP levels and urinary albumin
or protein excretion in both hypertensive patients and
CKD patients (31-33). In this study, UACR was
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Table 3. Ambulatory BP and other variables related to renal

function
UACR eGFR
Variables R (Pvalue) R (Pvalue)
Ambulatory BP profile
24-h
Systolic BP (mm Hg) 0. 639 (.001) NS
Diastolic BP (mm Hg) NS NS
HR (beats/min) NS NS
Systolic BP variability (%) NS NS
Diastolic BP variability (%) NS NS
HR variability (%) ~0.555 (.007) 0.474 (.017)
Daytime
Systolic BP (mm Hg) 0. 542 (.009) NS
Diastolic BP (mm Hg) NS NS
HR (beats/min) . NS NS
Systolic BP variability (%) NS NS
Diastolic BP variability (%) NS NS
HR variability (%) -0.507 (.016) NS
Nighttime
Systolic BP (mm Hg) 0.720 (<.001) NS
Diastolic BP (mmm Hg) NS NS
HR (beats/min) 0.459 (.031) —0.418 (.038)
Systolic BP variability (%) NS NS
Diastolic BP variability (%) NS NS
HR variability (%) NS 0.520 (.008)
Central hemodynamics
cSBP (mm Hg) NS NS
AT (%) NS NS
Arterial stiffness -
baPWV (cm/s) NS NS
Other variables
Age () —0.434 (.043) NS
BMI (kg/m?) NS NS
Total cholesterol (mg/dL) NS NS
HbAlc (%) 0.442 (.040) NS
BNP (pg/ml) 0.724 (<.001) NS
Pentosidine (ng/mlL) NS —0.602 (.004)
CVRR (%) NS NS

Abbreviations: Al — augmentation index; baPWV — brachial-ankle
pulse wave velocity; BMI —body mass index; BNP — B-type natriuretic
peptide; BP — blood pressure; cSBP — central systolic blood pressure;
CVRR - coefficient of variation R-R interval; eGFR ~ estimated
glomerular filtration rate; HR — heart rate; NS — nonsignificant;
UACR — urine albumin excretion rate; HbAlc— hemoglobin Alc.
Values are means + SD.

positively correlated to 24-hour, daytime, and nighttime
systolic ambulatory BP, with the strongest association
being that between UACR and nighttime systolic
BP. This is consistent with previous studies showing
that nocturnal BP is critically important for urinary albu-
min or protein excretion in both hypertensive and CKD
patients (17,34,35). Since the circulating BNP level and
HbAlc also showed positive correlations with UACR,
the patients with increased UACR are thought to have
an increased circulating blood volume with relatively
high blood glucose and high BP levels.

The analysis of the relationship between the ambulatory
BP and the HR profile and renal function parameters
unexpectedly revealed that eGFR was positively correlated
to 24-hour and nighttime HR variability. The recent
resulis of the Avoiding Cardiovascular Events through
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Combination Therapy in Patients Living with Systolic
Hypertension (ACCOMPLISH) study and meta-analysis
of several large-scale cohort studies showed that the pre-
servation of eGFR concomitant with a reduction in albu-
minuria is important for the management of cardiovascular
complications in patients with CKD (36-38). The heart
rate variability is a noninvasive measure of autonomic
functon that actually reflects the beat-to-beat variability
in HR. It is best assessed by continuous electrocardiogra-
phy over a 24-hour period, although shorter-term record-
ings have also been utilized, as estimated with CVRR
in this study.

Utilization of the ambulatory BP monitoring device
TM-2425 enabled us to assess HR variability during 24-
hour, daytime, and nighttime periods. A lower heart rate
variability has been associated with adverse cardiovascular
outcomes in settings such as post-myocardial infarcton,
coronary artery disease, congestive heart failure, diabetes,
and end-stage renal disease (39—41). Although it has not
been systematically studied in the nondialysis CKD popu-
lation, a recent study showed that a lower HR variability
occurs commonly in advanced stage CKD patents due to
cardiac autonomic neuropathy, and this is associated with
increased cardiovascular complications and mortality in
CKD patients, thereby suggesting an important role of
HR variability in both the progression of CKD and the
development of cardiorenal syndrome (42).

There is evidence that diabetes and renal dysfunction
are associated with persistent oxidative and carbonyl
stress, as well as inflammation (38,43). Advanced glyca-
tion end products (AGEs) are made up of a protein
carbonyl compound which is produced by protein—reac-
tive oxygen species interactions. Furthermore, the eleva-
tion of oxidative/carbonyl stress end products, including
AGEs, is likely to be, at least partly, responsible for the
increased cardiovascular disease in diabetic patients
(44,45). Pentosidine, one of the well-defined AGEs, is
synthesized through nonenzymatic reactions of pentose,
and its formation is closely related to oxidative processes
(46). Its relationship with the relative severity of various
diseases has been reported (47), and in this study, it was
demonstrated that the circulating level of pentosidine
was inversely correlated with eGFR.

Finally, although several variables of ambulatory BP
monitoring disclosed significant relationships with the
key renal function markers UACR and eGFR, central
hemodynamics and arterial stiffness did not exhibit any
significant association with these renal function markers.
However, an interesting recent study demonstrated that
the combination of CKD and increased arterial stiffness
is a predictor of stroke and cardiovascular disease in
hypertensive patients (48), which warrants further
large-scale investigation. These results indicate that the
ambulatory BP and the HR profile are affected by renal
function deterioration and further studies on the causal
link in CKD are needed. A limitation of this study is that
the cross-sectional analysis of many variables is statisti-
cally inadequate with this small patient number.
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In conclusion, the results of this study suggest that
alteration in the ambulatory BP and the HR profile is
closely associated with renal function deterioration in
hypertensive patients with CKD, and further studies are
needed to examine the influence of this association on
the progression of CKD and the development of cardior-
enal syndrome, as well as the relation to renal structural
abnormalities (49,50).
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Abstract

Recent guidelines recommend combination antihypertensive therapyto achieve the target blood pressure (BP) and to suppress
target organ damage. This study aimed to examine the beneficial effects -of combination therapy with candesartan and
amlodipine on BP control and markers of target organ function in Japanese essential hypertensive patients (N = 20) who did
not achieve the target BP level during the monotherapy period with either candesartan or amlodipine. After the monotherapy
period, for patients already being treated with amiodipine; a once~da|ly 8 mg dose of candesartan was added on during the
combination therapy period (angiotensin I receptor blocker [ARB] add-on group, N = 10), and a once-daily 5 mg dose of
amlodipine was added on for those already being treated with candesartan (calcium channel blocker [CCB] add-on group, N =
10). Combination therapy with candesartan and amlodipine for 12 weeks significantly decreased clinic and home systolic blood
pressure (SBP) and diastolic blood pressure (DBP). In addition, the combination therapy was able to significantly reduce urine
albumin excretion without decrease in estimated glomerular filtration ratio and resulted in significant improvements in brachial-
ankle pulse wave velocity, central SBP, and insulin sensitivity. Furthermore; the CCB add-on group showed a signifi cantly
greater decrease in clinic and home DBP than the ARB add-on group. The calcium channel blocker add-on group also exhibited
better improvements in vascular functional parameters than the ARB add-on group. These results suggest that combination
therapy with candesartan and amlodipme is an efficient therapeutic strategy for hypertension with pleiotropic benefits.

Keywords: hypertension, the\rapy,‘rye’nal function, central syétolic blood pressure, arterial stiffness, insulin resistance

INTRODUCTION - . amlodipine on BP profile and several target organ func-

.. . ) tions in Japanese essential hypertensive patients who did
Accumulated results of clinical tt:xals shovyed that strict not achieve the target BP level according to the Japanese
control of blood pressure (BP) is essential to prevent Society of Hypertension Guidelines for the Management
target organ damage and to reduce ca;giiOVascular mor- of Hypertension during the monotherapy period with
tality in hypertensive patients (1,2). The angiotensin II cither candesartan or amlodipine (4).

receptor blocker (ARB) and dihydropyridine calcium
channel blocker (CCB) are the first-line anthypertensive

drugs for most patients with hypertension, but mono-
therapy with either ARB or CCB achieves the target BP SUBJECTS AND METHODS

recommended by the hypertension guidelines in only a Study Population and Design
limited number of patients and, thus, combination ther- The study participants, aged 26-76 years, were recruited
apy is required in a majority of patients (3). from the Qutpatients Department of Internal Medicine,

This study aimed to examine the beneficial effects of Yokohama City University Hospital (Yokohama, Japan).
combination therapy with ARB candesartan and CCB The entry period was from January 2010 to January
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2011. This study consisted of a 4-week monotherapy
period and 12-week combination therapy period. The
eligible subjects were mild-to-moderate essential hyper-
tensive patients who were already treated with a once-
" daily 5 mg dose of amlodipine monotherapy or with a
once-daily 8 mg dose of candesartan monotherapy at the
initiation of the monotherapy period and did not achieve
the target BP level according to the Japanese Society of
Hypertension Guidelines for the Management of
Hypertension (JSH2009) during the monotherapy per-
iod (4). The subjects were treated with either monother-
apy for more than 4 weeks. After the monotherapy
period, for the patients already being treated with amlo-
dipine, a once-daily 8 mg dose of candesartan was added
on during the combination therapy period (ARB add-on
group), and a once-daily 5 mg dose of amlodipine was
added on for those already being treated with candesar-
tan (CCB add-on group). Exclusion criteria included
patients who exhibited severe hypertension (clinic systo-
lic BP [SBP] > 180 mm Hg and/or diastolic BP [DBP] >
110 mm Hg), patients with renal insufficiency (estimated
glomerular filtration rate [eGFR] < 30 mL/min/1.73
m?), women who were nursing or pregnant, and patients
with clinically significant heart disease, moderate-to-
severe hepatic dysfunction, and known hypersensitivity
to any component of the study medications.
Measurements of clinic BP and home BP (HBP) were
performed before and 12 weeks after the start of the
combination treatment. Venous blood and urine samples
for the hematological, biochemical, and renal parameters
were drawn and collected in the morning after an over-
night fast on the same day the measurements of clinic BP,
brachial-ankle pulse wave velocity (baPWV), and central
systolic blood pressure (cSBP) were performed. We cal-
culated eGFR with an application of a revised equation
for the Japanese population: eGFR (mIL/min/1.73 m?) =
194 x serum creatinine™ %% x Age %287 x 0.739 (f
female) (5). This study was approved by the Ethics
Committees of Yokohama City University Hospital,
and written informed consent was obtained from every
participant.

Clinic BP and Home BP Measurements

Clinic blood pressure was measured in the sitting posi-
tion after at least 5-minute rest using a sphygmoman-
ometer. Two measurements were taken 1 minute apart,
and their average was used for calculation. The home
blood pressure measurement was performed using a
validated cuff oscillometric device Omron 705IT
(HEM-759-E; Omron Healthcare, Kyoto, Japan)
according to the Japanese Society of Hypertension
Guidelines for the Management of Hypertension (4,6).
The patients were instructed to measure their morning
HBP (measured after awakening and before breakfast
and taking antihypertensive medication) in a sitting posi-
tion, and the average of morning HBP values for the 3-
day period before visiting was calculated.

Central Systolic Blood Pressure and Brachial-Ankle Pulse
Wave Velocity

The central systolic blood pressure was measured by
HEM-9000AI (Omron Healthcare) using an automatic
tonometry probe wrapped onto the wrist to record radial
waveforms, which are then calibrated against the contral-
ateral brachial BP measured by an arm cuff immediately
after tonometry. An algorithm based on a linear regres-
sion model is then applied to estimate cSBP from the
“late systolic shoulder” (pSBP2) of the radial pulse wave-
form, which has been shown to agree closely with ¢cSBP
(7-10). The device uses the maxima of the “multidimen-
sional derivatives” on the recorded pressure waveforms
to detect first and second inflection points corresponding
to early and late systolic (pSBP2) pressures.

The brachial-ankle pulse wave velocity values were
determined with a PP analyzer (BP-203RPEII; Nihon
Colin, Tokyo, Japan). Pulse volume waveforms were
recorded with sensors placed over the right brachial
artery and both tibial arteries. The brachial-ankle pulse
wave velocity values measured by this method are
reported to significantly correlate with the aortic pulse
wave velocity (PWV) measured by the catheter method
(11-13).

Statistical Analysis

The quantitative data are expressed as means =+
SEM. For the statistical analysis of difference between
monotherapy and combination therapy, Wilcoxon
signed-rank test was performed, and for the statistical
analysis of difference between the ARB add-on group
and CCB add-on group, Mann-Whitney’s U-test was
performed, by using SPSS software (version 16.0,
SPSS, Chicago, IL, USA). A P value of <.05 was con-
sidered as statistically significant.

RESULTS

Baseline Patient Characteristics

Table 1 shows the baseline characteristics of the total 20
participants consisting of 10 hypertensive patients (ARB
add-on group) precedingly being treated with amlodi-
pine (5 mg/day) and 10 hypertensive patients (CCB
add-on group) precedingly being treated with candesar-
tan (8 mg/day) before the start of the combination ther-
apy. Mean age was 62.0 £ 3.1 years, and the number of
males and females was 12 and 8, respectively. Body mass
index was 25.6 + 1.1 kg/m?, suggesting that the partici-
pants correspond to obese hypertensive patients as a
whole.

With respect to BP control, HBP as well as clinic BP
did not achieve the target BP level according to the
JSH2009 guideline (home SBP/DBP 150 4+ 1/87 £ 1
mm Hg; clinic SBP/DBP 153 + 1/89 + 2 mm Hg).
Eleven patients were with slightly impaired renal func-
tion and albuminuria (urine albumin-to-creatinine ratio
[UACR] 373 + 124 mg/g-creatinine; eGFR 73.3 4 4.6
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Table 1. Baseline patient characteristics (N = 20)

4 a panvaies WOV Uiy

ARB versus
Total (N = 20) ARB add-on group (N = 10) CCB add-on group (N = 10) CCB

Sex (male/female) 12/8 7/3 ' 5/5 NS
Age (v) 62.0 + 3.1 63.1+3.1 60.8 £ 5.2 NS
CKD (stage 110 3) 11 5 6 NS

Stage 1 4 0 1

Stage 2 3 2 4

Stage 3 4 3 1
Diabetes mellitus 2 1 1 NS
BMI (kg/m®) 25.6 £ 1.1 253+ 1.1 259+ 1.8 NS
Clinic BP

SBP (mm Hg) 153+ 1 152 4+ 1 154+ 1 NS

DBP (mm Hg) 89+2 87+t 4 91+2 NS

PR (beats/min) 75+ 1 75+ 1 74+ 1 NS
HBP morning . .

SBP (mm Hg) 150 £ 1 148 + 1 151 +£1 NS

DBP (mm Hg) 87+ 1 86+ 1 88 +1 NS
Renal function

UACR (mg/g-Cr) 373+ 124 374 + 190 373 + 150 NS

eGFR (mL/min/1.73 m?) 73.3+ 4.6 73.9+7.3 72.6 £ 5.3 NS
Cardiac function

BNP (pg/mL) 25.9+ 6.9 13.9+2.4 33.8+9.3 NS
Vascular function

baPWV (cm/s) 1912 £ 79 1953 + 122 1871 + 91 NS

Al (%) 88+t 4 8443 92+ 6 NS

c¢SBP (mm Hg) 165+ 4 159+ 5 17145 NS
Glucose metabolism

HOMA-R 3.9+0.5 3.7+£0.7 4.14+0.7 NS

Abbreviations: ARB — angiotensin II receptor blocker; CCB ~ calcium channel blocker; CKD - chronic kidney disease; BMI — body mass
index; SBP — systolic blood pressure; DBP — diastolic blood pressure; HBP — home blood pressure; PR — pulse rate; UACR — urine albumin-
to-creatinine ratio; eGFR ~ estimated glomerular filtration rate; BNP — brain natriuretic peptide; baPWV —brachial-ankle pulse wave velocity;
AT — augmentadon index; cSBP — central systolic blood pressure; HOMA-R — homeostasis model assessment ratio; NS — not significant.

Data are shown as means = SEM or percentages.

mI/min/1.73 m? and also with slightly impaired sys-
temic insulin sensitivity (homeostasis model assessment
ratio [HOMA-R], 3.9 + 0.5). Briefly, participants were
characterized as middle-aged, obese, mild-to-moderate
hypertensive patients with impaired renal function and
insulin resistance. There were no significant differences
in patient characteristics between ARB add-on group
and CCB add-on group at baseline.

Effects of Combination Therapy with ARB and CCB on BP
Profile

As a whole, combination therapy with candesartan and
amlodipine for 12 weeks significantly decreased clinic
SBP and DBP, although the reduction of DBP in the
ARB add-on group did not reach a statistical significance
(Figure 1A). With respect to changes in clinic BP by
combination therapy, the CCB add-on group showed a
significantly greater decrease in clinic DBP and a mar-
ginally larger reduction of clinic SBP than the ARB add-
on group (Figure 1B). Achievement of target BP control,
which was defined as BP values less than 130/80 mm Hg
in patients with diabetes or chronic kidney disease
(CKD) or less than 140/90 mm Hg in those without
diabetes or CKD, according to the JSH2009, was

© 2012 Informa Healthcare USA, Inc.

attained in an average of 50% of patients in the CCB
add-on group and 40% in the ARB add-on group.

Similar to clinic BP, combination therapy with cande-
sartan and amlodipine significantly decreased home
morning SBP and DBP (Figure 2A). Again, the CCB
add-on group showed a greater reduction of home morn-
ing DBP than the ARB add-on group (Figure 2B).

Effects of Combination Therapy with ARB and CCB on
Renal Function, Vascular Function, Cardiac Function, and
Insulin Sensitivity

Combination therapy with candesartan and amlodipine
for 12 weeks significantly decreased UACR (Figure 3A)
and there was no significant difference in the decrease in
UACR between the ARB add-on group and the CCB
add-on group (Figure 3B). In addition, the reduction of
UACR by the combination therapy was not accompanied
with decline in eGFR in either the ARB add-on group or
the CCB add-on group (Figure 3A and B).

Concerning parameters of vascular function, combi-
nation therapy with candesartan and amlodipine for 12
weeks significantly improved both baPWV and cSBP as a
whole (Figure 4A and B). However, while the CCB add-
on group showed significant reductions of baPWV and
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Figure 1. Effects of combination therapy with candesartan and amlodipine on clinic BP profile. (A) Effects of combination therapy on clinic
SBP and DBP. Black bars indicate values at baseline and gray bars indicate values after 12 wk combination therapy. **P< .01, ***P< 001,
12 wk versus baseline. (B) Comparison of change in clinic BP between the ARB add-on group and the CCB add-on group. Values are

expressed as means + SEM.

cSBP, the ARB add-on group failed to exhibit statisti-
cally significant improvements in baPWV and
¢SBP. With respect to cardiac function, the circulating
brain natriuretic peptide level was significantly improved
only in the CCB add-on group (Figure 4C). Finally, the
combination therapy significantly improved HOMA-R
and there was no difference in the degree of improvement
between the ARB add-on group and the CCB add-on

group (Figure 4D).

DISCUSSION

The main finding of this study was that the combination
antihypertensive therapy with candesartan and amlodi-
pine successfully decreased clinic BP and HBP in both

hypertensive patients precedingly being treated with
amlodipine and in those precedingly being treated with
candesartan before the start of the combination therapy.
In addition, the combination therapy was able to signifi-
cantly reduce UACR without decrease in eGFR and
resulted in significant improvements in vascular function
and insulin sensitivity. These pleiotropic effects by com-
bination therapy with candesartan and amlodipine
deserve further discussion.

Recent clinical guidelines for hypertensive patients
recommend combination therapy such as renin—angio-
tensin system inhibitors and CCB or diuretics, and in this
study, the combination therapy with candesartan and
amlodipine was effective for efficient lowering of clinic
BP and HBP in Japanese essential hypertensive patients.
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Figure 2. Effects of combination therapy with candesartan and amlodipine on home morning BP profile. (A) Effects of combination therapy
on clinic SBP and DBP. Black bars indicate values at baseline and gray bars indicate values after 12 wk combination therapy. **P < .01,
***P < 001, 12 wk versus baseline. (B) Comparison of change in home morning BP between the ARB add-on group and the CCB add-on

group. Values are expressed as means += SEM.

Interestingly, with respect to BP lowering efficacy, the
CCB add-on group exerted greater reductions of clinic
BP and HBP than the ARB add-on group, which would
be consistent with a previous result of CASE-] trial in
Japan showing that the BP level achieved with candesar-
tan treatment was not as low as that achieved with amlo-
dipine treatment (14).

Accumulated evidence indicates that ARB is able to
improve albuminuria better than CCB through the
reduction of intraglomerular pressure (15). However,
the decreases in UACR by combination therapy were
comparable in the ARB add-on group and the CCB
add-on group in this study. Previous results of VALUE
and CASE-] trials showed that the BP lowering effects of
the CCB-based regimen were more pronounced than the
ARB-based regimen, especially in the early several
months period (14,16), and another study demonstrated

© 2012 Informa Healthcare USA, inc.

that the decreases in BP significantly contributed to the
decreases in albuminuria by combination therapy with
ARB and CCB in CKD patients (17). Since the CCB
add-on group showed a significantly greater decrease in
clinic DBP and a marginally larger reduction of clinic
SBP than the ARB add-on group in this study, the com-
parable reduction of UACR in the ARB add-on group
and the CCB add-on group seems to be consistent with
these previous findings.

Analysis of patient characteristics at baseline unex-
pectedly revealed that substantial participants were com-
plicated with CKD and overt albuminuria. However, the
combination therapy with candesartan and amlodipine
for 12 weeks succeeded to efficiently suppress albumi-
nuria, irrespective of preceding medication, without
further decline in eGFR. This is likely to be an important
advantage of the combination therapy with ARB and
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Figure 3. Effects of combination therapy with candesartan and amlodipine on parameters of renal function. (A) Effects of combination
therapy on urine albumin excretion ratio (UACR) and estimated glomerular filtration ratio (eGFR). Black bars indicate values at baseline and
gray bars indicate values after 12 wk combination therapy. **P < .01, 12 wk versus baseline. (B) Comparison of change in UACR and eGFR
between the ARB add-on group and the CCB add-on group. Values are expressed as means = SEM.

CCB, since several recent epidemiological studies and
intervention trials demonstrated that efficient reduction
of albuminuria with preserved eGFR is important to
inhibit the progression of CKD and to prevent the devel-
opment of cardiovascular complication (18-20).

The calcium channel blocker add-on group exhibited
better improvements in vascular functional parameters
such as baPWV and cSBP than the ARB add-on group in
this study. A previous study showed that the add-on amlo-
dipine therapy had benefits in terms of the vascular func-
tion and vascular structure of hypertensive patients
precedingly treated with an ARB, which were independent
of its depressor effects but with a concomitant decrease in
ambulatory BP variability (21), and a recent study also
demonstrated that amlodipine had a stronger inhibitory
effect on ambulatory short-term BP variability than inda-
pamide and candesartan in essential hypertensive patients
(22). Ambulatory short-term BP variability has been shown

to depend on sympathetic vascular modulation and on
atherosclerotic vascular changes (23,24). Several previous
animal studies showed that exaggerated short-term BP
variability without significant changes in mean BP impaired
endothelial function by inhibiting NO production and
induced chronic cardiovascular inflammation and remo-
deling (25,26). Ambulatory short-term BP variability is
suggested to be clinically relevant by the fact that hyperten-
sive patients with similar 24-hour mean BP values exhibit
more severe organ damage when the short-term BP varia-
bility is greater (12,13,24,27-30). We also demonstrated
that intensified multifactorial intervention, with tight glu-
cose regulation and the use of valsartan and fluvastatin,
improved ambulatory BP profile, preserved renal function,
and reduced urinary albumin excretion in type 2 diabetic
hypertensive patients with overt nephropathy (31).
Recent post hoc and meta-analyses also showed that
several parameters of BP variability, such as visit-to-visit
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Figure 4. Effects of combination therapy with candesartan and amlodipine on parameters of vascular function, cardiac function, and insulin
sensitivity. Effects of combination therapy on brachial-ankle pulse wave velocity (A, baPWV), central SBP (B, cSBP), brain natriuretic
peptide (C, BNP), and homeostasis model assessment ratio (D, HOMA-R). Black bars indicate values at baseline and gray bars indicate
values after 12 wk combination therapy. *P < .05, **P < .01, 12 wk versus baseline. Values are expressed as means + SEM.

BP variability and home-measure BP variability in addition
to ambulatory BP variability, reflect organ damages and are
potendal predictors of cardiovascular events, including
stroke independently of mean SBP (32-40).
Furthermore, these analyses also displayed that CCB is
the most effective drug class for reduction of BP variability.
Nevertheless, since the clinic BP and HBP lowering effects
were larger in the CCB add-on group than in the ARB add-
on group in this study, it is still possible that a preferential
improvement in vascular function parameters in the CCB
add-on group is derived from the better BP control.

In this study the combination therapy with candesar-
tan and amlodipine improved insulin resistance compar-
ably in the ARB add-on group and the CCB add-on
group. This observation would be consistent with a pre-~
vious result showing that CCB reduced glucose

© 2012 Informa Healthcare USA, Inc.

intolerance in diabetic mice via different mechanism
than ARB, thereby suggesting the clinical possibility
that the combination of CCB and ARB could be more
efficacious than monotherapy in the treatment of insulin
resistance (41). A limitation of this study is the study
design. Because the aim of the study was to examine
the beneficial effect of combination therapy, the control
group should be under monotherapy for strict compar-
ison. However, this study compared the parameters dur-
ing the period of monotherapy and during the
combination therapy. Thus, this study design could not
fully exclude the time effect of therapy.

Finally, although only the beneficial effects of combi-
nation treatment with ARB and CCB were examined in
this study, combination treatment with ARB (or angio-
tensin-converting enzyme [ACE] inhibitor) and diuretics
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is also recommended in the guidelines. Since previous
studies reported differential effects between CCB and
diuretics when used in combination with ARB on central
hemodynamics, arterial stiffness, metabolic profile, and
albuminuria in hypertensive patents (5,42—44), further
studies are needed to estimate a potential advantage of
the ARB + CCB combination over the ARB + diuretics
combination for the treatment of hypertension. In con-
clusion, the results of this study suggest that combination
therapy with candesartan and amlodipine is an efficient
therapeutic strategy for hypertension with pleiotropic
benefits.
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