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Abstract Recent epidemiological research revealed that
dyslipidemia is a risk factor for development and pro-
gression of diabetic nephropathy. Results from interven-
tional studies revealed the possibility that anti-
hyperlipidemic agents have a better effect on diabetic
nephropathy through improvement of albuminuria and loss
of renal function. In addition, dyslipidemia may be a
consequence of albuminuria and renal dysfunction, thereby
perpetuating kidney damage. Today, the proportion of
diabetic patients receiving statins is increasing due to their
beneficial effect on cardiovascular mortality. However,
treatment for patients should be determined based on
consideration of the risk and benefit of the treatment. More
insight into the pathogenesis of diabetic nephropathy and
the effects of life-style changes is required.
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Introduction

In the past, epidemiological research in diabetes has found
that albuminuria and renal dysfunction are dominant risk
factors for the progression of diabetic nephropathy. Some
interventional studies have revealed that strict glycemic
control reduces the risk of development and progression of
albuminuria [1, 2].

It is a crucial fact that diabetic patients are at high risk of
cardiovascular events. To prevent these events, dyslipide-
mia should be carefully controlled because it is one of the
well-known risk factors. Statins and fibrates are represen-
tative drugs for dyslipidemia. Besides reducing plasma
cholesterol levels they are thought to have many pleiotro-
pic effects including improvement of endothelial function
and inflammation [3, 4]. However, treatment of patients
with dyslipidemia is complicated because it is not a simple
metabolic disorder but closely related to the patient’s
lifestyle. For this reason, lowering the level of cholesterol
will not always result in a reduction of the risks.

Here, we focus on the treatment and impact of dyslipi-
demia on the progression of diabetic nephropathy.

Dyslipidemia as a complication of diabetic nephropathy

One cross-sectional study implied that patients with dia-
betic nephropathy had significant increases in triglycerides
and total cholesterol levels, reduced levels of apolipopro-
tein A (ApoA)-I and ApoA-II, and increased levels of
ApoC-1I and ApoC-III [5]. Other cross-sectional studies of
patients from the Diabetic Control and Complications
Trial/Epidemiology of Diabetic Interventions and Com-
plications study group revealed that high levels of tri-
glycerides, low-density lipoprotein (LDL) cholesterol, total
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cholesterol, and ApoB are associated with albuminuria [6].
ApoB is thought to be related to cardiovascular events in
some studies [7, 8]. In this way, the studies revealed the
relationships  between lipid profiles and diabetic
nephropathy.

Cardiovascular events are also important complications
in diabetic patients [9]. A meta-analysis reported the rela-
tionship between dyslipidemia and cardiovascular risk
[10]; however, risks for diabetic patients are not well
known.

Dyslipidemia and loss of renal function

The ‘lipid nephrotoxicity’ hypothesis was advocated by
Moorhead et al. in 1982 as a description of the effect of
dyslipidemia on renal dysfunction [11]. Under this hypoth-
esis, mesangial proliferation caused by accumulation of
lipoprotein into mesangial cells induces glomerulosclerosis.
This theory has been updated recently including the concept
of inflammation stress modifying lipid homeostasis and tis-
sue lipid accumulation [12]. With regard to diabetes and
lipids, Hartroft [13] discovered in 1954 that intraluminal fat
was found in both preglomerular and postglomerular vessels
of diabetics patients with Kimmelstiel-Wilson lesions. In
addition to this study, a lot of basic research has discovered
the mechanisms between dyslipidemia and diabetic
nephropathy [14]. Studies revealed that transforming growth
factor-B signaling [15], renin—angiotensin system [16],
S100A8/TLR4 signaling [17], and oxidative stress [18] may
play an important role in the progression of diabetic nephr-
opathies. Concerning the development of albuminuria, the
importance of the deterioration of glycocalyx, which is on
the surface of endothelium, was highlighted [19]. These
factors orchestrated each other, thereby perpetuating the
progression of diabetic nephropathy. Further studies will be
required for a better understanding of diabetic nephropathy.

Some epidemiological studies of general cohorts have
elucidated the relationships between dyslipidemia and loss
of renal function. The Framingham Offspring Study which
consists of 1,916 general population subjects with a follow-
up of 9.5 years, revealed that low high-density lipoprotein
(HDL) cholesterol levels are one of the risk factors for
incident albuminuria [20]. An analysis of 1,440 general
Japanese cohorts that participated in the Hisayama study
revealed that metabolic syndrome defined as the presence
of components including high triglyceride levels and low
HDL cholesterol levels are associated with a risk of
developing chronic kidney disease (CKD) [21]. A study of
4,483 healthy males revealed that dyslipidemia including
high total cholesterol levels, high non-HDL cholesterol
levels, and low HDL cholesterol levels are associated with
a risk of renal dysfunction [22].

@ Springer

According to these facts, dyslipidemia may be one of the
potential risk factors for loss of renal functions in a healthy
subject.

Relationships between dyslipidemia and progression
or regression of diabetic nephropathy

The stages in diabetic renal disease were reported by
Mogensen et al. [23] in 1983. According to their theory,
elevated urinary albumin excretion and following persis-
tent proteinuria are important manifestations of diabetic
nephropathy, and many studies defined them as surrogate
markers for end-stage renal disease.

Some cohort studies of diabetic patients have proven the
risk factors associated with the progression or regression of
the staging. Regarding the development of micro- and
macroalbuminuria, a cohort study of 27,805 patients with
type 1 diabetes followed up for 2.5 years revealed that,
besides diabetes duration and glycosylated hemoglobin,
dyslipidemia is a risk factor for developing albuminuria
[24]. A cohort study of 574 patients with type 2 diabetes
followed up for 7.8 years also revealed that, as well as high
mean blood pressure and hyperglycemia, high plasma
cholesterol levels are the main risk factors for development
of dyslipidemia [25]. In this study, the participants with a
combination of these three risk factors are a high-risk
group for progression to diabetic nephropathy.

Associations between reduction of urinary albumin and
dyslipidemia were reported in a cohort study of 386
patients with type 1 diabetes [26]. In this study, along with
low levels of glycosylated hemoglobin and low systolic
blood pressure, low levels of both cholesterol and triglyc-
erides were independently associated with regression of
microalbuminuria. Moreover, these factors had additive
effects on regression of microalbuminuria.

A small number of studies reported an association
between dyslipidemia and loss of renal functions.
Regarding the rate of decline in glomerular filtration rate
(GFR), a prospective study of 30 patients with type 1
diabetes revealed that high serum cholesterol, triglycerides
and apolipoprotein B were correlated to a rapid decline in
glomerular filtration rate [27].

As described above, evidence has been accumulated to
suggest that dyslipidemia is one of the risk factors for
progression and regression of diabetic nephropathy. How-
ever, as far as we knew, there have been few studies
reporting the association with end-stage renal disease, or
renal replacement therapy. A report of a scientific work-
shop sponsored by the National Kidney Foundation (NKF)
and the US Food and Drug Administration (FDA) indicated
that evidence was insufficient to use a change of albu-
minuria as a surrogate marker as a clinical endpoint [28].
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Long-term follow-up studies are needed to demonstrate the
causal relationships between dyslipidemia and end-stage
renal disease from diabetic nephropathy.

Treatment of dyslipidemia and diabetic nephropathy

With regard to the treatment of dyslipidemia in patients with
diabetes, there were some interventional trials of anti-
hypercholesterolemic agents including fibrates and statins.

The Diabetes Atherosclerosis Intervention Study (DAIS)
is a randomized study that assessed the effect of fenofibrate
on type 2 diabetic patients [29]. In this study. fenofibrate
reduced the worsening of urine albumin excretion and the
effects were mainly observed in the progression from nor-
moalbuminuria to microalbuminuria. The Fenofibrate
Intervention and Event Lowering in Diabetes (FIELD) study
also evaluated the effect of fenofibrate on type 2 diabetes
[30]. From this study, it was proved that fenofibrate is
effective in lowering the decline of the estimated glomerular
filtration rate (¢GFR) and reducing the progression of albu-
minuria. Additionally in this study, patients treated with fe-
nofibrate had higher rates of regression of albuminuria than
the placebo group. This evidence suggests that fenofibrate is
effective in ameliorating diabetic nephropathy. In a meta-
analysis of these two studies, the significant effect on the
regression from microalbuminuria to normoalbuminuria was
proved; however, progression from microalbuminuria to
macroalbuminuria was not significant [31].

The effect of statins on diabetic nephropathy was exam-
ined in the Collaborative Atorvastatin Diabetes Study
(CARDS) [32]. Treatment with atorvastatin was compared
with a placebo in this study, and was associated with an
improvement in annual changes in eGFR (0.18 mL/min/
1.73 m?/year). It is noteworthy that atorvastatin ameliorated
eGFR without improving albuminuria, when comparing
angiotensin-converting enzyme inhibitors which have ren-
oprotective effects and prevent the onset of albuminuria [33].

There is still a lot of uncertainty about the effect of
statins. The effect on renal protection was not demonstrated
in the Study of Heart and Renal Protection (SHARP) which
included 2,094 (33 %) patients with diabetes [34], and the
Antihypertensive and Lipid-Lowering Treatment to Pre-
vent Heart Attack Trial (ALLHAT) which included 3,638
(36 %) patients with diabetes [35]. A meta-analysis also
showed that regression of albuminuria [31] and changes in
eGFR [36] were not observed in patients with diabetes
treated with statins.

There seems to be no definite answer for treatment of
dyslipidemia in diabetic patients from the viewpoint of
anti-hyperlipidemic agents. One of the supposed causes of
inconsistency in results is that kidney diseases in patients
with diabetes may not be uniform, but consist of many

renal diseases [37]. In some cases, renal biopsies might be
needed to assess the accurate risks [38].

Diabetic patients are at higher risk for cardiovascular
mortality compared with non-diabetic patients [10, 39].
There is sufficient evidence, such as SHARP [34], to show
that statins reduce the risk of cardiovascular events. Con-
sidering these facts, many diabetic patients might benefit
from statin treatment. An increasing number of patients are
now receiving this treatment. In the analysis of the
National Health and Nautrition Examination Survey
(NHANES) 2005-2006, 93.5 % of diabetic men aged
65-69 without cardiovascular disease received statins [40].

On the other hand, administration of statin may have
adverse side-effects, including myopathy [41], renal tox-
icity [42]. and incident diabetes [43]. A study comparing
the risks and benefits of statins concluded that cardiovas-
cular benefits outweigh the increased risk of new-onset
diabetes [44]. It is beyond doubt that each patient’s risk
must be taken into account before administration of statins.

It is also important to consider changes in life-style;
however, the difficulty lies in improving renal and car-
diovascular events through life-style changes [45]. It
remains a challenge for future research to examine the
impact of life-style changes.

Concluding remarks and future directions

In considering the complexity of the problem of diabetic
nephropathy, many aspects of a patient’s condition and
treatment should be taken into account. Further insight into
the pathogenesis of dyslipidemia, and the risk and benefits
of each treatment may be beneficial for each patient.
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{Abstract)

The Committee on Diabetic Nephropathy revised the classification of diabetic nephropathy in view of the cur-
rent status of eGFR and CKD in Japan. To make revisions for the classification of diabetic nephropathy 2014, the
Committee carefully evaluated the report of the Research Group on Diabetic Nephropathy, Ministry of Health,
Labour, and Welfare of Japan. The major revisions made were as follows : 1. eGFR can be used for the evalua-
tion of GFR ; 2. In stage 3 (overt nephropathy), A and B were combined; 3. Stage 4 (renal failure) was defined
as GFR less than 30 mL/min/1.73 m?, regardless of albuminuria ; and 4. The importance of differential diagnosis

was stressed in all stages.
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WEISETHE (B LLE BB 28% L4258 THS (URL: http//mhlw-grants.niph.go.jp/, Wada
T, Haneda M, Furuichi K, Babazono T, Yokoyama H, Iseki K, Araki SI, Ninomiya T, Hara S, Suzuki Y,
Iwano M, Kusano E, Moriya T, Satoh H, Nakamura H, Shimizu M, Toyama T, Hara A, Makino H ; The
Research Group of Diabetic Nephropathy, Ministry of Health, Labour, and Welfare of Japan. Clinical
impact of albuminuria and glomerular filtration rate on renal and cardiovascular events, and all-cause
mortality in Japanese patients with type 2 diabetes. Clin Exp Nephrol. 2013 Oct 17.[Epub ahead of
print])
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Original Article

Combinations of olmesartan and a calcium channel
blocker or a diuretic in elderly hypertenswe patients:
a randomized, controlled trial’

Toshio Ogihara®, Takao Saruta®, leomn Rakugi®, lkuo Saito®, Kazuaki Shimamoto

Hiroaki Matsuoka®, Kazuyuki Shlmada Sadayoshi ltog Masatgugu Honuchl Tsutomu Imaizumi',
Shuichi Takishital, Jatsuo ngakl , Shigehiro Katayama®, Genjiroh Kamura Satosha Umemura™
Nobuyuki Ura", Koichi Hayashi®, Masato Odawara®, Norio Tanahashi®, Toshihiko Ishimitsu®,
Naoki KashiharaP®, Satoshi Morita"™, Satoshi Teramukalq, for the COLM Investigators

Objective: The aim of the present study was to compare
the cardiovascular effects of olmesartan, an angiotensin |l
receptor blocker, combined with a calcium channel blocker
(CCB) or a diuretic, in a prospecttve randomtzed open-
label, blinded endpomt trlal '

Methods: Japanese hypertens:ve patcents aged at least 65
to less than 85 years with SBP at least 140 mmHg and/or
DBP-at least 90 mmHg with antihypertensive treatment, or
SBP at least 160 mmHg and/or DBP at least 100 mmHg
without antihypertensive treatment were randomized to
receive olmesartan with either a dihydropyridine CCB or a
low-dose diuretic. If SBP and/or DBP remained at least 140
and/or at least 90 mmHg, the other antihyperten’s'lve'drug :
was added. The primary endpoint was a composite of fatal
and nonfatal cardmvascular events. The medlah follow-up
tame was 3. 3 years e

Results Blood pressure decreased sumslariy m both groups
, The primary endpoint occurred in 116/2568 patlents :
(4.5%) in the olmesartan plus CCB group and in 135/2573
patients (5.3%) in the olmesartan plus diuretic group
i [hazard ratio 0. 83 95% confldence interval (Cl) 0. 65—
107, P=0.16]. Rates of all-cause death and cardiovascular
deaths were similar. Among pat!enm aged at least 75
years, the incidence of stroke tended to be lower in the -
olmesartan plus CCB group than in the olmesartan plus
dluretlc group (hazard ratio 0.63, 95% i 0.38-1.02,
P=0.059, interaction P= O 019) Fewer patients in the
olmesartan plus CCB group (8.2%, 211/2568) than i m
~ the olmesartan plus diuretic group (9.8%, 253/2573
P=0. 046) expenenced serious adverse events.

Conclusion: Despite no significant difference in =~
cardiovascular events, the different safety profiles suggest
that the combmation of olmesartan and CCB may. be
preferable to that of olmesartan and diuretic.

- Keywords: blood pressure, calcsum channel blockers

i trlal

,'Abbrewatlons ACCOMPL!SH /—\voudlng Card|ovascular
Events Through Combmatlon Therapy in Patients Lrvmg

2054 www.jhypertension.com

dluretlcs hypertensxon olmesartan randomlzed controlled:

With Systolic Hypertension; ACE, angiotensin-converting
enzyme; ARB, angiotensin Il receptor blocker; 8P, blood
pressure; CCB, calcium channel blocker; COLM,
Combinations of OLMesartan; SAE, serious adverse event

INTRODUCTION

ypertension is a major risk factor for cardiovascular
H morbidity and mortality [1]. Tight control of blood

pressure (BP) is recommended for the prevention
of cardiovascular diseases [2] and often requires combi-
nations of two or more antihypertensive drugs [3]. Current
clinical guidelines for the management of hypertension list
several combinations of drugs [4-0]. Only a few studies,
however, such as the Avoiding Cardiovascular Events
Through Combination Therapy in Patients Living With
Systolic Hypertension (ACCOMPLISH) [7] and Combination
Therapy of Hypertension to Prevent Cardiovascular Events
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[8] trials, have directly compared the effects of different
combinations.

Combinations of an angiotensin II receptor blocker
(ARB) and a calcium channel blocker (CCB) or an ARB
and a diuretic are widely used to treat hypertension, and
both combinations are recommended in clinical guidelines
[4-6]. No studies, however, have compared these combi-
nations in terms of preventing cardiovascular disease.

With the aim of addressing this issue, we conducted the
Combinations of OLMesartan (COLM) study to compare the
effects of an ARB combined with a CCB with those of an
ARB combined with a diuretic on cardiovascular endpoints
in a high-risk cohort of Japanese elderly hypertensive
patients. In this study, we used olmesartan as the ARB in
both groups because it had good antihypertensive effects in
several large-scale, international clinical trials [9—13].

METHODS
Study design

The rationale, study design, and implementation of the
COLM study are described in more detail in our previous
report [14]. This multicentre prospective, randomized,
open-label blinded-endpoint trial was conducted between
April 2007 and September 2011 at 707 primary care and
cardiology centres in Japan. Patient recruitment was com-
pleted in September 2008. After randomization, all patients
were followed up for at least 3 years until the trial was
terminated at the prespecified time. The trial was conducted
in accordance with the Declaration of Helsinki. The pro-
tocol was reviewed and approved by institutional review
boards at each participating centre.

Patients

Hypertensive patients aged at least 65 to less than 85 years
with a history of cardiovascular disease or risk factors for
cardiovascular disease, including diabetes mellitus or dys-
lipidemia, were eligible for the study. Patients were
enrolled if their clinic-measured SBP was at least 140 mmHg
and/or their DBP was at least 90 mmHg during treatment
with one or more antihypertensive drugs at enrolment, or if
their SBP was at least 160 mmHg and/or DBP was at least
100 mmHg without antihypertensive treatment. All patients
provided written informed consent.

Randomization and treatments

Patients were randomized 1:1 using a dynamic allocation
method with stratification for sex, age (>75/<75 years),
history of cardiovascular disease, BP (mild/moderate or
severe hypertension according to the Japanese guideline
for the management of hypertension [15]), prior use of
antihypertensive agents, and centre. Randomization was
conducted using a computerized system by the COLM study
data centre, and the random allocation sequence was con-
cealed until the end of the enrolment period. Patients were
treated with olmesartan (5—-40 mg/day) and either a long-
acting dihydropyridine CCB [amlodipine (2.5 or Smg/day)
or azelnidipine (8 or 16 mg/day)] or a low-dose diuretic
(trichlormethiazide <1 mg, hydrochlorothiazide <12.5mg,
or indapamide <1mg and other diuretics). Wherever
possible, low doses of diuretics were preferred [16].

Journal of Hypertension

Olmesartan plus CCB or diuretic

Medication was administered orally, once a day, usually
after breakfast. The choice of which CCB and diuretic were
used concomitantly with olmesartan was at the discretion of
the investigator in charge of each patient [14].

Study protocol

The target SBP and DBP were less than 140 and less than
90 mmHg, respectively, in both groups. For patients with
BP exceeding these targets, the dose of each drug was to be
increased. If the target BP was not achieved with maximal
doses of the allocated drug, the other class of antihyper-
tensive drug was added, followed by the addition of other
antihypertensive drugs, including B-blockers, a-blockers,
and angiotensin-converting enzyme (ACE) inhibitors. If
the BP decreased excessively, the doses of antihypertensive
agents other than the study drugs were reduced, or the
other drugs were discontinued with the aim of continuing
the combination for as long as possible [14].

Outcomes

Measurement of BP, assessment of cardiovascular events,
and laboratory tests were conducted at 1, 3, and 6 months
after randomization, and then every 6 months thereafter. BP
was measured at least twice at intervals of 1-2min, and the
mean value of two stable measurements that differed by less
than SmmHg was used. The primary endpoint was a
composite of fatal and nonfatal cardiovascular events.
Cardiovascular events included sudden death; new occur-
rence or recurrence of cerebral infarction, cerebral haemor-
rhage, subarachnoid haemorrhage, or transient ischaemic
attack; new occurrence or recurrence of myocardial infarc-
tion; coronary revascularization (percutaneous intervention
or coronary artery bypass grafting); hospitalization for
angina pectoris or heart failure; and renal events (doubling
of serum creatinine, serum creatinine >2.0 mg/100 ml, and
end-stage renal disease).

Secondary endpoints included cardiovascular death,
nonfatal myocardial infarction, nonfatal stroke except
transient ischaemic attack, all-cause deaths, composite
of hard endpoints (cardiovascular death, nonfatal myo-
cardial infarction, and nonfatal stroke except transient
ischaemic attack), new-onset diabetes, incidence of
specific events (sudden death, cerebrovascular events,
cardiac events, and renal events), new occurrence of atrial
fibrillation, adverse events, and the proportion of patients
who withdrew from the allocated treatment. Adverse
events, classified as drug-related or nondrug-related and
serious or nonserious, were monitored throughout the
study. All events contributing to the primary and secondary
endpoints and all serious adverse events (SAEs) reported
by the participating physicians were adjudicated by the
Endpoint Committee, which was blinded to the study

group.

Sample size

The rationale for the sample size is reported elsewhere [14].
Briefly, the incidence of cardiovascular events (i.e., the
primary endpoint) was estimated to be 2% per year, and
the relative difference in the incidence of cardiovascular
events between the two groups was estimated to be 33%.
Therefore, more than 2000 patients were needed for each
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group to provide a significance level of 5% (two-sided) at a
power of 80%,

Statistical methods

All analyses were conducted according to the intention-to-
treat principle. Time-to-event curves for cardiovascular
events were plotted using the Kaplan—Meier method. Strati-
fied log-rank tests were conducted with sex, age, and
history of cardiovascular disease as strata. Hazard ratios
and 95% confidence intervals (Cls) were calculated using
the stratified proportional hazards model. Exploratory
analyses of prespecified subgroup analyses were con-
ducted, and interactions between treatment group and each
subgroup were investigated. Patient characteristics at base-
line, BP at the end of the trial, and the frequency of adverse
events between two groups were compared using the f-test
(for continuous variables) and Fisher's exact test (for categ-
orical variables). The t-test was used to compare the change
in BP, and the analysis of covariance adjusted by baseline
data was conducted to compare the average change in heart
rate between two groups. Two interim analyses were
planned to either continue or discontinue the study on
the basis of ethical and scientific considerations, with
adjustment for repeated comparisons using the O’Brien—
Fleming a-spending function, and the results were eval-
uated by the Independent Data Monitoring Committee. The
prespecified significant levels for stopping criteria were
0.00001 for the first interim analysis and 0.003 for the
second interim analysis. If these were met, the Data
Monitoring Committee would ask the Steering Committee
to either amend the study protocol or discontinue the study.
For the primary endpoint, the significance level for the final
analysis was set at 0.049 (two-sided) considering the two

interim analyses. In other analyses, the level of significance
was 0.05 (two-sided). All statistical analyses were done
using SAS 9.1 (SAS Institute, Inc., Cary, North Carolina,
USA),

RESULTS

Patients

OFf 5658 patients assessed for eligibility, 489 patients met the
exclusion criteria and 28 patients withdrew consent before
enrolment. Therefore, 5141 patients were randomized,
Overall, 46 patients in the olmesartan plus CCB group
and 72 patients in the olmesartan plus diuretic group were
lost to follow-up, leaving 2508 and 2573 patients in these
groups, respectively (Fig. D). The results of two interim
analyses in October 2009 and December 2010 did not meet
the prespecified early stopping criteria. The median follow-
up period was 3.3 years (range 1 day to 4.3 years), and the
follow-up rate was 98.0%. The baseline characteristics,
including BP at randomization, are shown in Table 1.
The mean age of patients was 73.6 years, and 51.6% were
men. There were no significant differences in baseline
characteristics between the two groups. Approximately
24% of patients had a history of cardiovascular diseases,
including stroke (14.6%) and ischaemic heart disease
(11.0%). Approximately 81% of patients were treated with
antihypertensive agents at enrolment; the most common
types were ARBs (49%) and CCBs (37%).

At 3 years, the mean number of antihypertensive drugs
used, including the allocated drugs, was 2.1 in the olme-
sartan plus CCB group and 2.1 in the olmesartan plus
diuretic group (P=10.64). The median number of drugs
was two in both groups.

n = 5658

Assessed for eligibility

Excluded: 517

« Did not meet eligibility criteria: n = 489
» Withdrew consent before randomization: n = 28

Randomized
n=5141

Olmesartan plus CCB group
n = 2568

Olmesartan plus diuretic group
n = 2573

Lost to follow-up: n = 46
Withdrew consent: n = 89

Lost to follow-up: n =72
Withdrew consent: n = 93

Available for intension-to-treat analyses
n = 2568

Available for intension-to-treat analyses

n=2573

FIGURE 1 Patient disposition.
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Data are n (%) or mean =+ standard deviation. ACE: angiotensin-converting enzyme; ARB: angiotensin receptor blocker; CCB: calcium channel blocker; eGFR: estimated glomerular
filtration rate, calculated using the Japanese formula 194 x Cr — 1.094 x age — 0.287 (x0.739 for women).
Excludes 16 patients for whom data were not collected after randomization (n==2563 in the olmesartan plus CCB group, n=2562 in the olmesartan plus diuretic group).

The following drugs were used in the olmesartan plus
CCB group: amlodipine (44.9%) and azelnidipine (49.8%),
and in the olmesartan plus diuretic group: trichlormethia-
zide (62.4%), indapamide (22.8%), hydrochlorothiazide
(2.3%), and other thiazides (3.5%). The mean doses of
olmesartan were 183+8.1 and 18.5+8.6mg/day for
patients in the olmesartan plus CCB and olmesartan plus
diuretic groups, respectively.

Blood pressure and heart rate

BP at baseline was approximately 158/87 mmHg, and was
similar in both groups (Table 1). The time-course of
changes in SBP and DBP was similar in both groups
(Fig. 2). At the end of the trial, the mean SBP/DBP was
132.9+12.6/73.2+ 9.8 mmHg in the olmesartan plus CCB
group and 132.9 + 13.6/73.5 + 9.8 mmHg in the olmesartan
plus diuretic group, corresponding to mean reductions in
SBP/DBP of 244416.4/13.8+12.0 and 24.9+17.3/
13.7 £12.4 mmHg (P=0.30/0.79), respectively. There were
no significant differences in mean SBP or DBP at each visit
between the two groups.

Overall, 69.2% (1735/2568) of patients in the olmesartan
plus CCB group and 70.5% (1759/2573) of patients in the
olmesartan plus diuretic group (P=0.30) achieved the
target BP levels (SBP <140 mmHg and DBP <90 mmHg).

Heart rate was 73.1 and 72.9 bpm (P=0.49) at baseline in
the olmesartan plus CCB and olmesartan plus diuretic
groups, respectively, and decreased slightly to 69.7 £11.2

Journal of Hypertension

and 70.5 £ 11.7 bpm, respectively, at 3 years. The decrease
in heart rate was significantly greater in the olmesartan plus
CCB group than in the olmesartan plus diuretic group
(P=0.01), with a mean difference of 0.55bpm.

Primary outcome

Kaplan—Meier analysis of the time to the first primary
endpoint is shown in Fig. 3. The incidence and hazard
ratio of the primary endpoint are shown in Fig. 4. The
primary endpoint occurred in 116/2568 patients (4.5%) in
the olmesartan plus CCB group, and in 135/2573 patients
(5.3%) in the olmesartan plus diuretic group (hazard ratio
0.83, 95% CI 0.65-1.07, P=0.16). The incidence of the
primary endpoint per 1000 patient-years was 14.8 in
the olmesartan plus CCB group and 17.6 in the olmesartan
plus diuretic group. There were no significant differences
in the rates of each type of event between the two groups
(Fig. 9.

Secondary and other prespecified endpoints

Overall, 64/2568 patients (2.5%) in the olmesartan plus CCB
group (8.0/1000 patient-years) and 76/2573 patients (3.0%)
in the olmesartan plus diuretic group (9.7/1000 patient-
years) died during the study (hazard ratio 0.83, 95% CI
0.59-1.15, P=10.27). The rates of all-cause death and car-
diovascular death were not significantly different between
the two groups. The composite of hard endpoints occurred
in 72/2568 patients (2.8%) in the olmesartan plus CCB
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Blood pressure {mmHg)
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—@— Olmesartan plus CCB
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0 1 3 6 12 18 24 30 36 42
Time (months)
Ma, at risk
Olmesartan
plus CCB 2008 2456 2454 2424 2353 2269 2211 2110 2085 643
Qlmesartan . X
plus diuratic 2573 2440 2433 2404 2326 2219 2143 2071 2020 841

FIGURE 2 Time-course of changes in blood pressure

group and in 88/2573 patients (3.4%) in the olmesartan plus
diuretic group (hazard ratio 0.80, 95% CI 0.58-1.09,
P=0.16). The rates of new-onset atrial fibrillation and
diabetes were not significantly different between the two
groups (Fig. 4).

Table 2 shows the results of prespecified subgroup
analyses. The incidence rates of the primary endpoint
among older patients (>75 years old), in patients without
diabetes, and in patients without dyslipidemia were lower
in the olmesartan plus CCB group than in the olmesartan
plus diuretic group; however, the interactions were not
statistically significant.

Among older patients (>75 years old), the incidence of
the composite of hard endpoints was also lower in the
olmesartan plus CCB group than in the olmesartan plus
diuretic group (hazard ratio 0.64, 95% CI 0.42-0.97,

P=0.03), although the interaction was not significant
(P=0.12). In this subgroup, the incidence of stroke was
also lower in the olmesartan plus CCB group (hazard ratio
0.63, 95% CI 0.38-1.02, P=0.059) and the interaction
between treatment and age subgroup was statistically signi-
ficant (P=10.019).

Safety and adverse events

A total of 77/2568 patients (3.0%) in the olmesartan plus
CCB group and 131/2573 patients (5.1%) in the olmesartan
plus diuretic group (£ < 0.001) were withdrawn because of
SAEs. The incidence of SAEs was lower in the olmesartan
plus CCB group (211/2568 patients, 8.2%) than in the
olmesartan plus diuretic group (253/2573 patients, 9.8%)
(P=0.046). The three most frequent SAEs were malignancy
(olmesartan plus CCB vs. olmesartan plus diuretic: 2.5 vs.

10 -
0 ——— Olmesartan plus CCB (14,8/1000 patient-years)
------ Olmesartan plus diuretic (17.6/1000 patient-years)
g -
S
e P =0.16 (log-rank test) Pl
S 6 HR 0.83 (95% Cl: 0.65-1.07) [
=
Q
£
@
2
=]
8
p=l
£
pl
Q
ni T T T T T T T
0 6 12 18 24 30 36 42
No. at risk Time (months)
Olmesartan 555 2497 2381 2085 2014 2154 2114 798
plus CCB
Olmesartan 5 2475 2352 2245 2162 2098 2043 776
plus diuretic

FIGURE 3 Kaplan—-Meier curves for the primary composite endpoint of fatal and nonfatal cardiovascular events.
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Sudden death 6(0.2) 11(0.4) 0.53 (0.19-1.44) ———O—IE— 0.20

Stroke (fatal and non-fatal) 63 (2.5) 66 (2.6) 0.93 (0.66-1.32) —-i:— 0.70

Cardiac events (fatal and non-fatal) 37(1.4) 47 (1.8) 0.76 (0.50-1.18) "“.'é- 0.23

Renal events 14 (0.6) 14 (0.5) 0.98 (0.47-2.06) —'il——— 0.96
1

Secondary endpoints i
1

All-cause mortality 64 (2.5) 76 (3.0) 0.83 (0.59-1.15) —.1:‘ 0.27
1
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1
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i
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New-onset diabetes 10 (0.4) 15 (0.6) 0.66 (0.29-1.47) —‘—E— 0.30

FIGURE 4 Incidence rates and hazard ratios of the primary composite endpoint, of individual components of the primary endpoint, and of the secondary endpoints.
The hazard ratios and 95% Cls were determined using a stratified Cox proportional hazards model taking into account sex, age, and baseline cardiovascular disease.
The P-values were derived from a log-rank test, stratified by sex, age, and baseline cardiovascular disease. CCB, calcium channel blocker; Cl, confidence interval.

TABLE 2. Results ofprespecified subgroup analyses for the primary endpoint

Age
%275 years old 58/1459 (4.0) 55/1459 (3.8) 103 (0.71-1.49) 0.14
>75 years old 581109 (5.2) 80/1114 (7.2) 0.70 (0.50-0.99)
<25 (k) 3/1527 ( 074
o 2250kgm) 41018400 S
eGFR
<60 ml/min per 1.73m? 43/622 (6.9) 52/642 (8.1) 0.82 (0.55-1.24) 0.94

>60ml/min per 1.73m?

260 mi/mir 47/1230 3.8)
‘Diabetes mellitus - o

 48/684 (7

55/1224 (4.5)

awmen

0.83 (0.56-1.23)

“No 68/1884(3.6) ~.93/1895 (4.9) ©071(052-097)
Dyslipidemia
Yes 68/1165 (5.8) 66/1172 (5.6) 1.01 (0.72-1.41) 0.08
_ 48/1398 (3.4) 69/1390 (5.0) ~ 0.68(0.47-0.98)
55/610(90) 590615 (96) 090 (0.62-1.30) 061

611958 3.1)

7611958 (39)

8 (0.56-1.

Data are n of patients reaching the primary endpoint/total n (%). CCB, calcium channel blocker; Cl, confidence interval; eGFR, estimated glomerular filtration rate.

3.1%; P=0.17), gastrointestinal disorders (1.1 vs. 1.1%;
P=0.79), and infection (0.9 vs. 0.9%; P=0.76). New-onset
diabetes occurred in 10 patients (0.4%) in the olmesartan
plus CCB group and 15 patients (0.6%) in the olmesartan
plus diuretic group (hazard ratio 0.66, 95% CI 0.29-1.47,
P=0.30). Regarding laboratory events, the incidence of
hyperuricaemia was greater in the olmesartan plus diuretic

Journal of Hypertension

group than in the olmesartan plus CCB group (6.5 vs. 2.6%,
P<0.001).

DISCUSSION

Over a median follow-up period of 3.3 years, there were no
differences in the cardiovascular risk reduction conferred
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using olmesartan, an ARB, in combination with either a CCB
or a diuretic, The incidence of SAEs, however, was signifi-
cantly lower in the olmesartan plus CCB group than in the
olmesartan plus diuretic group. Patients in the present study
were well matched in terms of age, obesity, history of
cardiovascular disease, cardiovascular risk factors, and anti-
hypertensive medications. BP at baseline and 3 years were
similar in both groups, with comparable reductions in BP in
both groups.

Several studies have examined the effects of combi-
nations of antihypertensive drugs with different mechan-
isms of action, For example, the ACCOMPLISH trial showed
that the combination of an ACE inhibitor and a CCB was
superior to that of an ACE inhibitor and a diuretic for
preventing cardiovascular events [7], and the Combination
Therapy of Hypertension to Prevent Carcdliovascular Events
trial showed that the combination of a CCB and a diuretic
was superior to that of a CCB and a B-blocker [8]. Among
studies examining the efficacy of add-on antihypertensive
drugs, the Losartan Intervention For Endpoint reduction in
hypertension study showed that an ARB-based regimen
with an add-on diuretic was superior to a B-blocker—based
regimen with an add-on diuretic for preventing cardiovas-
cular events [17], whereas the Anglo-Scandinavian Cardiac
Outcomes Trial — Blood Pressure Lowering Arm showed
that a CCB-based regimen with an add-on ACE inhibitor
was superior to a B-blocker—based regimen with an add-on
diuretic [18]. The results of these two studies suggested that
the combination of an ARB and a diuretic or a CCB and an
ACE inhibitor had some advantages over that of a $-blocker
and a diuretic for treating hypertension. In the present
study, we compared two widely used combinations of
hypertensive drugs: an ARB and a CCB, and an ARB and
a diuretic.

The primary endpoint, a composite of cardiovascular
morbidity and mortality, and its individual components
were not significantly different between the two groups
in our study, indicating that both combinations conferred
similar reductions in cardiovascular risk in elderly hyper-
tensive patients, consistent with earlier studies showing that
BP lowering is essential to reduce cardiovascular morbidity
and mortality in hypertensive patients [19-21]. Although
the present results do not support the conclusion of the
ACCOMPLISH trial [7] that the combination of a renin-
angiotensin system (RAS) inhibitor and a CCB is superior to
that of a RAS inhibitor and diuretic, we could not consider a
smaller relative risk reduction such as 19.6% in the ACCOM-
PLISH trial, because the present study was specifically
powered to detect a relative risk reduction of 33% between
the two groups [14]. Nevertheless, the reason why the
present results do not support those of the ACCOMPLISH
trial may be differences in the races of study patients and the
use of an ACE inhibitor vs. an ARB. The higher salt sensi-
tivity in the older Japanese patients (mean age: 73.6 years)
in our study than that in the slightly younger predominantly
white (83.5%) (mean age: 68.4 years) patients in the
ACCOMPLISH trial may have caused greater efficacy of
the combination of the RAS inhibitor and diuretic in our
study relative to theirs. Another important issue is that
stroke was the most common component of the primary
endpoint (51.4%) in our study, whereas myocardial
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infarction (23.1%) and coronary revascularization (58.5%)
were more common in the ACCOMPLISH trial. The different
pattern of endpoints between the two trials may be related
to differences in ethnicity and the severity of cardiac risk at
enrolment. It is well known that the incidence of stroke is
more strongly associated with BP than is myocardial infarc-
tion. Indeed, the two groups in our study achieved similar
SBP with a similar incidence of stroke. Although the inci-
dence of the primary endpoint was not significantly differ-
ent between the two groups, the prespecified subgroup
analyses showed that the incidence of stroke among
patients aged at least 75 years tended to be lower in the
olmesartan plus CCB group (P=0.059), with a statistically
significant interaction (P=0.019), which should be con-
firmed in future studies.

There were more SAEs and also SAEs that required
treatment discontinuation in the olmesartan plus diuretic
group than in the olmesartan plus CCB group. Furthermore,
hyperuricaemia was more common in the olmesartan plus
diuretic group, even though low doses of diuretics were
used. On the basis of these tolerability issues, we suggest
that the combination of an ARB and CCB may be preferable
to that of an ARB and diuretic for elderly hypertensive
patients.

Guidelines for the treatment of hypertension currently
recommend target SBP/DBP less than 140/less than
90 mmHg for general hypertensive patients [4-6]. To
achieve such targets, it is often necessary to use multiple
antihypertensive drugs of different classes. Consequently,
numerous clinical trials have used two or more antihyper-
tensive drugs [21,22]. In recent years, various combination
antihypertensive drugs have been launched, and fixed
combinations of two antihypertensive drugs are now
widely used in clinical practice. In the United States, the
combination of a RAS inhibitor and a diuretic or a CCB is the
preferred one, whereas that of a CCB and B-blocker or a
diuretic is an acceptable one [23]. These recommendations,
however, are not fully supported by clinical evidence. There-
fore, further studies are necessary to provide adequate
clinical evidence to either support or change the current
clinical recommendations. Additionally, it will also be
necessary to determine the safety profiles and cardiovascular
risk reduction associated with the use of other ARBs in
combination with a B-blocker, CCB, or diuretic.

Some limitations warrant mention. First, we used the
method of prospective, randomized, open-label blinded-
endpoint trial, which may lead to some investigator bias.
Because BP control was similar in both groups, however, it
is unlikely that some investigator bias affected the main
outcomes of this study. Regarding statistical power, the
incidence of the primary endpoint was close to the
expected incidence. Because the sample size was designed
to detect a relative difference of 33%, however, more
patients were necessary to detect the smaller than expected
difference in the incidence of the primary endpoint.
Another limitation is that we only enrolled Japanese elderly
hypertensive patients, so the results may not be general-
izable to other populations.

In conclusion, antihypertensive drugs are widely pre-
scribed to reduce the risk of serious cardiovascular events
in patients deemed to be at high risk of such events. The
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current clinical guidelines for the management of hyper-
tension advocate the use of multiple antihypertensive drugs
in combination to help reach BP targets. Although there is
abundant evidence supporting the use of combination
therapy, very few studies have compared different combi-
nations of drugs. We found no marked differences in the
cardiovascular risk reduction by using olmesartan together
with either a CCB or a diuretic. When considering the safety
aspects, however, a regimen consisting of olmesartan and a
CCB may be preferable to olmesartan in combination with a
diuretic. Well designed studies are needed to compare the
cardiovascular risk reduction profiles and safety profiles of
combination regimens based on an ARB, ACE inhibitor,
or CCB.
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