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Both strict blood pressure (BP) control and improvements in BP profile such as BP variability are important for suppression of
renal deterioration and cardiovascular complication in hypertension and chronic kidney disease (CKD). In the present study, we
examined the beneficial effects of the single pill-based combination therapy of amlodipine and atorvastatin on achievement of
the target BP and clinic BP profile, as well as markers of vascular and renal damages in twenty hypertensive CKD patients. The
combination therapy with amlodipine and atorvastatin for 16 weeks significantly decreased clinic BP, and achievement of target
BP control was attained in an average of 45% after the combination therapy in spite of the presence of no achievement at baseline.
In addition, the combination therapy significantly decreased the within-visit BP variability. With respect to the effects on renal
damage markers, combination therapy with amlodipine and atorvastatin for 16 weeks significantly decreased albuminuria (urine
albumin-to-creatinine ratio, 1034 ± 1480 versus 733 ± 1218mg/g-Cr, 𝑃 < 0.05) without decline in estimated glomerular filtration
rate. Concerning parameters of vascular function, the combination therapy significantly improved both brachial-ankle pulse wave
velocity (baPWV) and central systolic BP (cSBP) (baPWV, 1903 ± 353 versus 1786 ± 382 cm/s, 𝑃 < 0.05; cSBP, 148 ± 19 versus
129 ± 23mmHg, 𝑃 < 0.01). Collectively, these results suggest that the combination therapy with amlodipine and atorvastatin may
exert additional beneficial effects on renal and vascular damages as well as BP profile in addition to BP lowering in hypertension
with CKD.

1. Introduction

Chronic kidney disease (CKD) patients are reportedly
increasing in number, and cardiovascular complications are
the most common cause of death in these patients. Thus,
it would be a considerable advance in the management of
this condition to elucidate the mechanisms involved in the
renal deterioration and the cardiovascular events associated
with hypertension complicated by CKD and to identify
therapeutic approaches to treat them. Accumulated results of

clinical trials also showed that strict control of blood pressure
(BP) is essential to prevent target organ damage and to reduce
cardiovascular mortality in hypertensive CKD patients [1, 2].
The dihydropyridine calcium channel blocker (CCB) is one
of the first-line antihypertensive drugs for most patients with
hypertension and is known to exert an efficient BP lowering
effect and a strong inhibitory effect on cardiovascular events
[3, 4].

In addition, therapies that lower lipid levels also slow
the progression of atherosclerosis and reduce morbidity and
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mortality in patients with hypertension or atherosclerotic
disease. The Anglo-Scandinavian Cardiac Outcomes Trial
(ASCOT) demonstrated an additive benefit of combined
antihypertensive and lipid-lowering therapy on the preven-
tion of cardiovascular complication in high-risk hyperten-
sion [5]. Vascular dysfunction, with associated changes in
endothelial function and vascular structure, is a risk factor
for cardiovascular events through its contribution to the
development of atherosclerotic vascular disease. Previous
investigations demonstrated improved vascular function and
arterial compliance with statins and several antihypertensive
drugs such as renin-angiotensin system inhibitors and CCB
[6–8]. Both amlodipine and atorvastatin have independently
been noted to exert favorable effects on arterial compliance
and endothelial dysfunction [8, 9]. This study aimed to
examine the beneficial effects of single pill-based combi-
nation therapy with amlodipine and atorvastatin on clinic
BP profile including within-visit BP variability, a recently
emerging marker of linking between kidney and vasculature,
and parameters of vascular and renal function in Japanese
hypertensive CKD patients who did not achieve the target
BP level according to the Japanese Society of Hypertension
Guidelines for the Management of Hypertension (JSH2009)
[10].

2. Materials and Methods

This study was conducted in accordance with the ethical
principles of the Declaration of Helsinki andwas approved by
the Ethics Committees of YokohamaCity University Hospital
(UMIN 000009045; http://www.umin.ac.jp/ctr/). All of the
patients provided written informed consent prior to the start
of the study.

2.1. Study Participants and Design. Hypertensive patients
with CKD who have already been treated with antihyper-
tensive therapy were eligible for the study if they could not
achieve the BP goal (clinic systolic BP ≥ 130mmHg and/or
diastolic BP ≥ 80mmHg), and their low-density lipoprotein
(LDL) cholesterol levels were 100mg/dL or more. CKD
was diagnosed by the presence for more than 3 months
of albuminuria (urine albumin-to-creatinine ratio, UACR ≥
30mg/g-Cr), proteinuria (urine protein-to-creatinine ratio,
UPCR ≥ 0.15 g/g-Cr), or estimated glomerular filtration
rate (eGFR) < 60mL/min/1.73m2. We calculated the eGFR
using a revised equation for the Japanese population:
eGFR (mL/min/1.73m2) = 194 × serum creatinine−1.094 ×
age−0.287 × 0.739 (if female) [11]. The exclusion criteria
included CKD patients of G5 category, patients who were 19
years old or younger, women who were nursing or pregnant,
clinically significant heart disease, stroke, renal artery steno-
sis, hepatic dysfunction, and known hypersensitivity to any
ingredient in the study medications.

After the run-in period, eligible patients were given
a single pill of amlodipine/atorvastatin tablet (CADUET,
amlodipine besylate/atorvastatin calcium; 2.5/5, 2.5/10, 5/5,
and 5/10mg) for 16 weeks. The starting dose of the single
amlodipine/atorvastatin tablet was determined according to

each physician’s choice, and it was titrated up as needed to
achieve the BP and lipid goal (clinic systolic BP < 130mmHg,
diastolic BP < 80mmHg, and LDL-cholesterol < 100mg/dL).
If patients had already been treated with another calcium
channel blocker or statin before the start of the study,
they were switched to the single amlodipine/atorvastatin
tablet of same dose during the run-in period. If the BP
and lipid goal could not be achieved by maximum doses
of amlodipine and atorvastatin (10mg/day and 20mg/day),
another antihypertensive drug and lipid-lowering drug were
considered to be added.The doses of other drugs such as oral
glucose lowering agents and anticoagulant agents were not
changed during the treatment period.

2.2. Clinic BP and Within-Visit BP Variability. The clinic BP
was measured in sitting position using a calibrated standard
mercury sphygmomanometer and the recommended cuff
size [12]. Three measurements were taken at 1-minute inter-
val, and their average was regarded as the clinic BP. Within-
visit BP variability, which has been reported to be associated
with the risk of stroke and cardiovascular risk factors [13,
14], is defined as the within-patient standard deviation (SD)
of three measurements of clinic systolic and diastolic BP
(within-visit BP variability, SD) and those divided by the each
mean clinic BP (within-visit BP variability, CV%).

2.3. Central Hemodynamics. The central systolic blood pres-
sure (cSBP) and augmentation index (AI) were measured
using an HEM-9000AI (Omron Healthcare, Kyoto, Japan)
with an automatic tonometry probe wrapped onto the wrist
to record radial waveforms, which were calibrated against the
contralateral arm cuff brachial BP taken immediately after
tonometry. An algorithm based on a linear regression model
was then applied to estimate the cSBP from the “late systolic
shoulder” (pSBP2) of the radial pulse waveform, which has
been shown to closely agreewith the cSBP [15–18].This device
uses themaxima of the “multidimensional derivatives” on the
recorded pressure waveforms to detect the first and second
inflection points corresponding to the early and late systolic
(pSBP2) pressure readings.

2.4. Brachial-Ankle Pulse Wave Velocity (baPWV). The
baPWV values were determined by a PP analyzer (model:
BP-203RPE2; Omron Healthcare, Kyoto, Japan), as described
previously [19–21]. The baPWV values obtained by this
method are reported to be significantly correlated with the
aortic PWV determined by the catheter method [22].

2.5. Laboratory Measurements. Blood and urine sampling
were performed in fasted state at baseline and after a period
of 16-week treatment, respectively. All parameters were deter-
mined by routine methods in the Department of Clinical
Chemistry, Yokohama City University School Hospital.

2.6. Statistical Analysis. All data were presented as the mean
± SD or as a percentage. For the statistical analysis of
the difference between baseline and 16 weeks of treatment,
analysis of variance was compared by a paired comparison
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Table 1: Baseline characteristics.

Variables Mean ± SD or %
Age (y) 67.7 ± 12.4

Sex (male/female) 14/6
Body mass index (kg/m2) 26.8 ± 4.9

Alcohol (%) 40
Smoking (%) 20
Diabetes mellitus (%) 40
Dyslipidemia (%) 85
Previous cardiovascular disease (%) 20
Clinic blood pressure

SBP (mmHg) 151 ± 15

DBP (mmHg) 81 ± 8

Glucose-lipid metabolism
Fasting plasma glucose (mg/dL) 130 ± 51

Glycated hemoglobin (%) 6.1 ± 0.8

Total cholesterol (mg/dL) 230 ± 33

LDL-cholesterol (mg/dL) 143 ± 27

HDL-cholesterol (mg/dL) 63 ± 21

Triglycerides (mg/dL) 195 ± 140

Renal function
Serum creatinine (mg/dL) 1.04 ± 0.44

eGFR (mL/min/1.73m2) 60.4 ± 25.8

UACR (mg/g-Cr) 1034 ± 1480

Serum cystatin C (mg/L) 1.30 ± 0.45

Inflammatory and oxidative stress markers
hs-CRP (mg/dL) 0.18 ± 0.24

Serum pentosidine (𝜇g/mL) 0.036 ± 0.013

Medication
Statin (%) 30
Calcium channel blockers (%) 100
RAS inhibitors (%) 85

Values are means ± SD. SBP: systolic blood pressure; DBP: diastolic blood
pressure; eGFR: estimated glomerular filtration rate; UACR: urine albumin-
to-creatinine ratio; CRP: C-reactive protein; RAS: renin-angiotensin system.

𝑡-test. Univariate and multivariate linear regression analyses
were performed to identify the factors affecting the changes
in cSBP and UACR. The independent variables entered into
the multivariate model were those that were significantly
associated in the univariate analyses or were significantly
different after a period of 16-week treatment. Analysis was
performed using SPSS version 19.0 (IBM Corporation), and
a value of 𝑃 < 0.05 was considered statistically significant.

3. Results

3.1. Baseline Patient Characteristics. Table 1 shows the base-
line characteristics of the total 20 hypertensive CKD patients
enrolled from September, 2012, to November, 2013. The
causes of CKD were hypertensive nephrosclerosis (𝑛 = 11),
diabetic nephropathy (𝑛 = 6), chronic glomerulonephritis
(𝑛 = 2), and obstructive nephropathy due to urinary tract
stones (𝑛 = 1). None of the enrolled patients discontinued

Table 2: Effects of single-pill amlodipine/atorvastatin-based ther-
apy on clinic blood pressure profile.

Baseline Week 16
Clinic blood pressure

SBP (mmHg) 151 ± 15 131 ± 11
∗∗

SBP-SD 6.1 ± 2.5 3.1 ± 2.2
∗∗

SBP-CV (%) 4.1 ± 1.6 2.4 ± 1.8
∗∗

DBP (mmHg) 81 ± 8 74 ± 10
∗∗

DBP-SD 4.6 ± 2.6 2.3 ± 1.7
∗∗

DBP-CV (%) 5.6 ± 3.1 3.1 ± 2.3
∗

Pulse rate (beat/min) 74 ± 7 69 ± 7
∗∗

Values are means ± SD. SBP: systolic blood pressure; DBP: diastolic blood
pressure. ∗𝑃 < 0.05, ∗∗𝑃 < 0.01.

participation in the study.Mean age was 67.7±12.4 years, and
the number of males and females was 14 and 6, respectively.
Body mass index was 26.8 ± 4.9 kg/m2, suggesting that
the participants correspond to obese hypertensive patients
as a whole. With respect to BP control, clinic BP did
not at all achieve the target BP level according to the
JSH2009 guideline (clinic SBP/DBP 151 ± 15/81 ± 8mmHg)
[10].

3.2. Effects of Combination Therapy with Amlodipine and
Atorvastatin on BP Profile, Glucose and LipidMetabolism, and
Inflammatory and Oxidative Stress Markers. As a whole, the
combination therapy with amlodipine and atorvastatin for 16
weeks significantly decreased clinic SBP and DBP (Table 2),
and clinic pulse rate was also reduced by the combination
therapy (Table 2). In addition, achievement of target BP con-
trol, which was defined as BP values less than 130/80mmHg
for CKD patients according to the JSH2009, was attained
in an average of 45% after the combination therapy in spite
of the presence of no achievement at baseline. Further-
more, the combination therapy significantly decreased the
within-visit SBP and DBP variability (BP-SD and BP-CV)
(Table 2).

With respect to the glucose and lipid metabolism, the
combination therapy with amlodipine and atorvastatin sig-
nificantly lowered total and LDL-cholesterol levels, without
evident changes in parameters of glucose metabolism and
inflammation (Table 3). In addition, achievement of the
lipid goal, which was defined as LDL-cholesterol level less
than 100mg/dL, was attained in an average of 70% after
the combination therapy in spite of the presence of no
achievement at baseline. On the other hand, the serum pen-
tosidine level was significantly increased by the combination
therapy (Table 3). During a period of 16-week treatment,
only two patients who could not achieve the BP goal by the
maximum dose of amlodipine (10mg/day) were additionally
administered valsartan 80mg/day and hydrochlorothiazide
12.5mg/day, respectively. On the other hand, none of patients
was additionally administered lipid-lowering drugs other
than atorvastatin. The average doses of amlodipine and
atorvastatin were 7.1 ± 2.6mg/day and 7.0 ± 3.0mg/day,
respectively.
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Table 3: Effects of single-pill amlodipine/atorvastatin-based ther-
apy on glucose-lipid metabolism and inflammatory and oxidative
stress markers.

Baseline Week 16
Glucose-lipid metabolism

Fasting plasma glucose
(mg/dL) 130 ± 51 127 ± 56

Glycated hemoglobin (%) 6.1 ± 0.8 6.2 ± 0.9

Total cholesterol (mg/dL) 230 ± 33 180 ± 37
∗∗

LDL-cholesterol (mg/dL) 143 ± 27 97 ± 30
∗∗

HDL-cholesterol (mg/dL) 63 ± 21 61 ± 19

Triglycerides (mg/dL) 195 ± 140 180 ± 134

Inflammatory and oxidative stress
markers

hs-CRP (mg/dL) 0.18 ± 0.24 0.09 ± 0.10

Serum pentosidine (𝜇g/mL) 0.036 ± 0.013 0.046 ± 0.018
∗∗

Values are means ± SD. CRP: C-reactive protein. ∗∗𝑃 < 0.01.

Table 4: Effects of single-pill amlodipine/atorvastatin-based ther-
apy on renal and vascular functions.

Baseline Week 16
Renal function

Serum creatinine (mg/dL) 1.04 ± 0.44 1.09 ± 0.50

eGFR (mL/min/1.73m2) 60.4 ± 25.7 58.8 ± 25.6

UACR (mg/g-Cr) 1034 ± 1480 733 ± 1218
∗

Serum cystatin C (mg/L) 1.30 ± 0.45 1.31 ± 0.49

Vascular function
baPWV (cm/s) 1903 ± 353 1786 ± 382

∗

AI (%) 84 ± 15 81 ± 14

cSBP (mmHg) 148 ± 19 129 ± 23
∗∗

Values are means ± SD. eGFR: estimated glomerular filtration rate; UACR:
urine albumin-to-creatinine ratio; baPWV: brachial-ankle pulse wave veloc-
ity; AI: augmentation index; cSBP: central systolic blood pressure.
∗
𝑃 < 0.05, ∗∗𝑃 < 0.01.

3.3. Effects of Combination Therapy with Amlodipine and
Atorvastatin on Renal and Vascular Function Parameters.
Combination therapy with amlodipine and atorvastatin for
16 weeks significantly decreased UACR (Table 4; UACR,
1034 ± 1480 versus 733 ± 1218mg/g-Cr, 𝑃 < 0.05). In
addition, the reduction of UACR by the combination therapy
was not accompanied with decline in eGFR (Table 4; eGFR,
60.4 ± 25.7 versus 58.8 ± 25.6mL/min/1.73m2). Concerning
parameters of vascular function, the combination therapy
with amlodipine and atorvastatin for 16 weeks significantly
improved both baPWV and cSBP (Table 4; baPWV, 1903 ±
353 versus 1786 ± 382 cm/s, 𝑃 < 0.05; cSBP, 148 ± 19 versus
129 ± 23mmHg, 𝑃 < 0.01).

3.4. Multivariate Regression Analysis for Assessment of Factors
Contributing to Improvements in Central BP andAlbuminuria.
Multivariate regression analysis of the independent variables,
which showed significant correlations in the univariate anal-
yses or were significantly different after a period of 16-week

Table 5:Multivariate linear regression analyses of factors associated
with changes in cSBP and UACR.

Variables 𝛽 P value
Change in cSBP (mmHg)

Change in SBP (mmHg) 0.654 0.001
Change in total cholesterol (mg/dL) 0.439 0.020

(Model 𝑅2 = 0.679)
Change in UACR (mg/g-Cr)

Change in SBP (mmHg) −0.027 0.885
Change in serum creatinine (mg/dL) −0.729 0.002
Change in total cholesterol (mg/dL) 0.418 0.034

(Model 𝑅2 = 0.643)
𝑅
2: coefficient of determination. cSBP: central systolic blood pressure;

UACR: urine albumin-to-creatinine ratio. These values are adjusted by age
and sex.

treatment, indicated that there were significant associations
between the changes in cSBP and those in SBP and total
cholesterol and changes in UACR and those in serum crea-
tinine and total cholesterol (Table 5).

4. Discussion

The main finding of this study was that the single pill-
based administration for combinatorial antihypertensive and
LDL cholesterol-lowering therapy with amlodipine and ator-
vastatin successfully decreased clinic BP so as to improve
the achievement of target BP in hypertensive CKD patients
already being treated before the start of the combination
therapy. In addition, the combination therapy was able to
significantly reduce UACR without decrease in eGFR and
resulted in significant improvements in vascular function
and lipid metabolism. These pleiotropic therapeutic effects
by combination therapy with amlodipine and atorvastatin
on biomarkers of renal and vascular damage deserve further
discussion.

Recent clinical guidelines for hypertensive patients rec-
ommend combination therapy such as renin-angiotensin
system inhibitors and CCB or diuretics, and, in this study,
the combination therapy with amlodipine and atorvastatin
was effective for efficient lowering of clinic BP and inhibition
of within-visit BP variability in Japanese hypertensive CKD
patients. With respect to BP-lowering efficacy of amlodipine,
we previously showed that the amlodipine add-on group
exerted greater reductions of clinic BP and home BP than the
ARB add-on group [23].

Accumulated evidence indicates that renin-angiotensin
system inhibitors such as ARB and ACE inhibitors are able
to improve albuminuria better than CCB such as amlodipine
through the reduction of intraglomerular pressure [24].
However, the combination therapywith amlodipine and ator-
vastatin exerted a significant reduction in albuminuria in the
present study. Of note, in multivariate analysis, the decrease
in total-cholesterol level was an independent contributing
factor to the decrease inUACR.This result suggests that statin
therapy may have a favorable effect on albuminuria and is
confirmed with previous studies [25–28].
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A previous study showed that the decreases in BP signifi-
cantly contributed to the decreases in albuminuria by CCB in
hypertensive and CKD patients [23, 29]. Although analysis
of patient characteristics at baseline unexpectedly revealed
that all participants were already treated with CCB in spite
of only 30% of the participants being treated with statin,
the combination therapy with amlodipine and atorvastatin
for 16 weeks succeeded to efficiently suppress albuminuria,
irrespective of precedingmedication, without further decline
in eGFR. This is likely to be an important advantage of
the combination therapy with amlodipine and atorvastatin,
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 development of cardiovascular
complication [30–32].

The combination therapy with amlodipine and ator-
vastatin exhibited a significant improvement in vascular
functional parameters such as baPWVand cSBP in this study.
A previous study showed that the add-on amlodipine therapy
had benefits in terms of the vascular function and vascular
structure of hypertensive patients already treated with renin-
angiotensin inhibitors, which were independent of its depres-
sor effects but with a concomitant decrease in ambulatory
BP variability [33]. Also, these results are consistent with a
previous study showing that coadministered amlodipine and
atorvastatin produced early improvements in arterial wall
compliance in hypertensive patients with dyslipidemia [34].
Since statins may exert their vascular beneficial effects by
inhibiting small GTPase protein synthesis, such as Ras and
Rho kinase [35, 36], the combination therapy of amlodipine
and atorvastatin may have an additive beneficial effect on the
vasculature so as to improve vascular atherosclerotic changes
[8, 9].

Recently, parameters of BP variability obtained by clinic
BP measurement are suggested to be associated with target
organ damage including CKD and cardiovascular complica-
tion [37–39]. Variation in BP that is captured at sequential
office visits is called visit-to-visit variability, and BP variation
that is captured within each office visit is called within-
visit BP variability. Accumulated evidence has indicated that
greater degrees of clinic BP variability such as visit-to-visit
BP variability and within-visit BP variability are associated
with renal deterioration and cardiovascular complication
[14, 37–40]. Almost all reported results showed that these
parameters of BP variability, such as clinic BP variability and
home-measured BP variability in addition to ambulatory BP
variability, reflect organ damages and are potential predictors
of cardiovascular events [37, 41, 42]. Furthermore, these
analyses also displayed that CCB is the most effective drug
class for reduction of BP variability [43].

A recent study showed that alteration of vascular function
is an important factor in the correlation between clinic BP
variability and cardiovascular disease [44], and clinic BP
variability is recently suggested to correlate significantly with
renal function and renal arteriosclerotic change as an emerg-
ing candidate of linking factor between vascular alteration
and renal damage [38]. The results of the present study
demonstrated that the combination therapy with amlodipine

and atorvastatin significantly decreased clinic BP and its
variability concomitant with improvements in parameters
of vascular and renal function. In the present study, there
was no significant relationship between the improvement
in lipid metabolism and that in clinic BP and within-
visit BP variability on univariate analysis (data not shown).
Therefore, the association between statin therapy and BP or
BP variability is still to be determined in the future study.

In the present study, pulse rate was significantly decreased
by combination therapy of amlodipine and atorvastatin in
spite of BP reduction. It has been reported that amlodipine
tends to increase pulse rate via the reflex stimulation of
sympathetic nervous system [45]. On the other hand, there
are several previous studies suggesting that statins can reduce
sympathetic activity, thereby resulting in pulse rate reduction
[46, 47]. Thus, the decrease in pulse rate may be caused
by concomitant statin therapy. However, since there is no
direct data which support this possibility in the present study,
further investigation is needed to elucidate this issue.

There are several limitations in the present study. Firstly,
the present study is not randomized parallel-group control
trial, and the numbers are small. Secondly, the patient’s
adherence was not examined in the present study. Since
there are several previous studies suggesting that single-
pill amlodipine/atorvastatin rather than 2-pill regimen may
reduce cardiovascular events by improving the patient’s
adherence [48, 49], the improving effect of single-pill
amlodipine/atorvastatin therapy on patient’s adherence may
have an influence on the results of this study. Further studies
are needed to estimate the true long-term advantage of
the amlodipine/atorvastatin combination in lowering blood
pressure and improve vascular damage.

5. Conclusions

In summary, the results of the present study suggest that
the combination therapy with amlodipine and atorvastatin
may exert additional beneficial effects on renal and vascular
damages as well as BP profile in addition to BP lowering in
hypertension with CKD.
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