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1 | INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death and one
of the major public health issues affecting approximately 200 mil-
lion individuals worldwide.? The global cost of CVD is expected
to increase to $1044 billion by 2030.% To reduce the global burden
of CVD and improve public health, it is important to screen and
manage the modifiable risk factors of CVD. Hypertension and dys-
lipidemia are major risk factors for the development of CVD such
as coronary artery disease (CHD).** These two diseases frequently
coexist. More than 60% of patients with hypertension have dyslip-
idemia, and inversely, about 50% of patients with dyslipidemia have
hypertension.” In the United States, the prevalence of combined hy-
pertension and dyslipidemia has been reported to be approximately
18%.8 Patients with both hypertension and dyslipidemia had more
than a 2-fold increase in CHD prevalence compared to patients with
either disease alone. A similar trend was also observed for stroke
and peripheral artery disease.'°

Despite the clinical significance of hypertension and dyslipid-
emia, the global prevalence of each disease still remains high® and is
expected to increase continuously as the prevalence increases with
age.!* Although lipid-lowering agents and antihypertensive agents
are effective treatment methods to achieve the target levels, the
rate of well-controlled patients is still low.*?** In one study, only 9%
of American hypertensive patients with dyslipidemia achieved the
target levels for BP and lipid profile.® This suboptimal situation may
be partially due to poor compliance.'> Since most patients require
long-term administration and are asymptomatic for long periods of
time until complications from both diseases occur, low compliance
is common in patients with both diseases. In addition, polyphar-
macy and complexity of treatment regimen are factors related to
decreased compliance.’’” Low compliance leads to increased CVD
risk and mortality, resulting in an annual global economic burden of
$3.96 billion to $792 million.*¢181?

Previous studies have shown that integrated management of
blood pressure (BP) and lipid levels together tends to decrease the
incidence of CVD-related events rather than separated manage-
ment.'®2° Based on these results, the importance of multifactorial
intervention with respect to CVD risk factors has been emphasized

in clinical practice.?*%®

msDBP decreased 210 mm Hg was also highest in this group (74.29%). The mean + SD
percentage change in low-density lipoprotein cholesterol (LDL-C) level from baseline
after 8 weeks was -52.53% + 11.21% in the rosuvastatin + amlodipine group, the
most decreased among the treatment groups. More patients in the rosuvastatin + am-
lodipine group achieved their target LDL-C goal at 8 weeks, compared with the other
treatment groups (97.14%). No serious adverse events or adverse drug reactions were
observed in all groups. In hypertensive patients with dyslipidemia, combination treat-
ment with rosuvastatin 20 mg + amlodipine 10 mg effectively reduced blood pressure

and LDL-C levels while maintaining safety.

Based on these previous studies, the efficacy and safety of a
single-pill combination of atorvastatin and amlodipine have been

17,24-26 and

demonstrated in hypertensive patients with dyslipidemia,
they are commercially available in the real clinical world. However,
single-pill combination consisting of rosuvastatin, one of the most
potent statins in patients with dyslipidemia, has never been studied.
In this study, we aimed to investigate the efficacy and safety of the

rosuvastatin + amlodipine combination.

2 | METHODS
2.1 | Study population

This study was conducted in patients with hypertension and dys-
lipidemia over the age of 19 years who met the following criteria:
(a) mean sitting systolic BP (msSBP) <180 mm Hg; (b) mean sitting
diastolic BP (msDBP) <110 mm Hg; (c) low-density lipoprotein cho-
lesterol (LDL-C) <250 mg/dL; (d) triglyceride <400 mg/dL; and (e)
voluntary written consent for participation in this clinical trial. After
screening, patients who fulfilled the criteria of adherence to medi-
cation 280% in the wash-out/run-in period, triglyceride <400 mg/
dL, 140 mm Hg < msSBP < 180 mm Hg, msDBP <110 mm Hg, and
required treatment according to the National Cholesterol Education
Program Adult Treatment Panel Ill (NCEP ATP lIl) guidelines were
finally enrolled in the study and randomly assigned.

Patients who had differences in BP on both arms (msSBP = 20 mm
Hg or msDBP > 10 mm Hg) during screening were excluded. Patients
with the following history or laboratory abnormalities were also ex-
cluded: (a) history of hypersensitivity reaction to study drugs; (b) his-
tory of unstable angina, myocardial infarction, percutaneous coronary
intervention, or coronary artery bypass surgery within 24 weeks of
screening; (c) history of transient ischemic attack, cerebrovascular dis-
ease within 24 weeks of screening; (d) history of severe ocular diseases
such as retinal hemorrhage, visual disturbances within 24 weeks of
screening; (e) rhabdomyolysis or myopathy; (f) history of autoimmune
diseases such as rheumatoid arthritis or systemic lupus erythemato-
sus; (g) history of alcohol or drug abuse; (h) history of major psychiatric
ilinesses such as schizophrenia, major depressive disorder, and bipolar

disorder; (i) history of gastrointestinal surgery except for appendectomy
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or herniorrhaphy, or gastrointestinal diseases such as Crohn's disease,
acute, or chronic pancreatitis that may affect the absorption of study
drugs; (j) history of malignancy within the last 5 years; (k) history of
galactose intolerance, Lapp lactose deficiency, or glucose-galactose
malabsorption; (l) hypertrophic obstructive cardiomyopathy, severe
obstructive coronary artery disease, or hemodynamically significant
aortic or mitral stenosis; (m) orthostatic hypotension with symptoms;
(n) ventricular tachycardia, atrial fibrillation, atrial flutter, or arrhyth-
mia that the investigator determined to be clinically meaningful; (o)
diseases causing secondary hypertension such as coarctation of the
aorta, hyperaldosteronemia, renal artery stenosis, Cushing's syn-
drome, pheochromocytoma, or polycystic kidney disease; (p) thyroid
dysfunction (thyroid-stimulating hormone 21.5 times the upper limit
of normal); (q) uncontrolled diabetes mellitus (Hb,, > 9%); (r) severe
heart failure (NYHA I1l/1V); (s) renal insufficiency (CrCl < 30 mL/min);
(t) aspartate aminotransferase or alanine aminotransferase levels >2
times the upper limit of normal; (u) creatinine phosphokinase >2 times
the upper limit of normal; (v) all chronic inflammatory diseases requir-
ing anti-inflammatory therapy; or (w) HIV-positive. In addition, patients
who were expected to require drugs that may affect the study, pa-
tients who had participated in other clinical trials within 12 weeks prior
to screening or within five times the half-life of the study drug, and

women who were pregnant or breastfeeding were excluded.

2.2 | Study design

This multicenter, randomized, double-blind, parallel-group phase Il
clinical trial was conducted at 15 institutions in Korea from May 2017
to January 2018. Patients who met the inclusion/exclusion criteria
were instructed to make therapeutic lifestyle changes for at least
4 weeks from the screening. The placebo run-in period was 4 weeks in
parallel with therapeutic lifestyle changes. After a wash-out/run-in pe-
riod, patients eligible for randomization were finally enrolled and ran-
domly assigned to 1 of 3 treatment groups: single-pill combination of
rosuvastatin (20 mg) plus amlodipine (10 mg), amlodipine (10 mg), and
rosuvastatin (20 mg). Randomization was performed in a 1:1:1 ratio
by using SAS version 9.4 (SAS Institute Inc) with the block randomiza-
tion method. All patients were given three tablets consisting of one
tablet for the test medicine and two tablets for placebos. During the
placebo run-in period, patients were orally administered a placebo for
run-in once a day at the same time (morning) as far as possible. During
the 8-week treatment period, the assigned drugs were administered
once a day at the same time (morning) if possible. A double-dummy
technique was used to maintain a double-blind study. All patients were
asked to visit the institution at 4 and 8 weeks after randomization to
assess the efficacy and safety and were also educated to maintain ad-
herence to medication of 80% or more at each visit during the study.
This study complied with the Declaration of Helsinki and Good
Clinical Practice Guideline defined by the International Council for
Harmonization (ICH). It was approved by the Korea Food and Drug
Administration and the institutional review board of each participat-

ing institution.

WILEY-2%

2.3 | Efficacy and safety assessment

The primary end point was to investigate the efficacy of combi-
nation therapy with rosuvastatin and amlodipine in hypertensive
patients with dyslipidemia via changes in msSBP and percentage
changes in LDL-C from baseline after 8 weeks of treatment, com-
pared with each individual therapy. The secondary end points
were the percentage change in LDL-C from baseline after 4 weeks
of treatment; the percentage change in total cholesterol (TC), tri-
glyceride (TG), high-density lipoprotein cholesterol (HDL-C), Apo
B, Apo A-l, high-sensitivity C-reactive protein (hsCRP) from base-
line after 4 and 8 weeks of treatment; the change in msDBP from
baseline after 4 and 8 weeks of treatment; and the percentage
of patients who achieve target goal in LDL-C and blood pressure
(BP) after 8 weeks of treatment. We also compared the BP re-
sponse rate defined as the percentage of patients whose msSBP
decreased 220 mm Hg or msDBP 210 mm Hg after 8 weeks of
treatment.

Patients were instructed to visit the institution of the study at
4 and 8 weeks after randomization to perform laboratory tests and
BP measurements. During the study, the patients were instructed to
measure BP daily. We assessed the safety by collecting the records
of adverse events (AEs) and checking vital signs, laboratory tests,
electrocardiograms, and physical examination results at each visit.
The treatment-emergent adverse events (TEAEs), adverse drug re-
actions (ADRs), and serious adverse events (SAEs) were compared
among the treatment groups. In addition, the incidence of myop-
athies and the proportion of patients who had serum aspartate or
alanine aminotransferase levels twice consecutively 23x the upper
limit of normal were compared.

An AE was defined as any harmful and unintended sign,
symptom, or disease that occurred in the patient, regardless of
whether it was related to the study drug. TEAEs were defined as:
(a) AEs that occurred after the first administration of the study
drug; and (b) symptoms that occurred prior to the first adminis-
tration of the study drug, with severity worse after the first ad-
ministration of the study drug. ADRs were defined as all harmful
and unintended reactions that occur with any dose of the study
drug, which can be suspected to be causally related to the drug.
SAEs were defined as any of the following AEs occurring at any
dose of the study drug: (a) AE that resulted in death or life-threat-
ening condition; (b) AE that required the patient to be admitted
or need to extend the length of hospitalization; (c) AE that lead
to permanent or significant disability; and (d) other cases of med-
ically important situations such as drug dependence, abuse, or

blood diseases.

2.4 | Statistical analysis

Continuous data were presented as mean #* standard deviation
(SD), and categorical data were presented as number with percent-

ages. When comparisons were made between groups, we stratified
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FIGURE 1 Study design of the Clinical
Screening Trial
N=246
Screening Failure
N=140
Patients Randomized
N=106
Rosuvastatin/Amlodipine Amlodipine Rosuvastatin
N=35 (Not treated: N=0) N=35 (Not treated: N=1) N=36 (Not treated: N=0)
Completion Discontinuation Completion Discontinuation Completion Discontinuation
N=35 N=0 N=33 N=2 N=32 N=4
patients into groups I, II, and I, and performed analyses using the 3.2 | Efficacy outcomes

Cochran-Mantel-Haenszel (CMH) test. The CMH test results pro-
vided odds ratios, corresponding 95% confidence intervals, and
bilateral P-values. Efficacy was analyzed using an analysis of covari-
ance (ANCOVA) model with the treatment group as the effect and
the relevant baseline measurements as the covariate. The ANCOVA
model results showed least-square mean (LSM), standard deviation,
LSM difference between treatment group (test group vs control
group), corresponding 95% confidence interval, and bilateral P-value.
To demonstrate the difference between the groups by ANCOVA, the
hypothesis of superiority was confirmed through a 95% confidence

interval.

3 | RESULTS

3.1 | Study population

In 15 institutions, 246 patients were screened after written con-
sent, and a total of 106 patients who were finally identified as eli-
gible were randomly assigned to three groups (Figure 1). Among
them, one participant had not taken the study drug, five partici-
pants dropped out, and a total of 100 patients completed the clini-
cal trial.

Baseline demographic and clinical characteristics were similar
among the three treatment groups (Table 1). The mean age was
63.07 + 10.03 years and 81 (77.88%) were males. The mean duration
of hypertension was 130.62 + 98.21 months, and the mean duration
of dyslipidemia was 74.48 + 66.11 months. According to the LDL-C
risk criteria at baseline, eight participants (7.69%) were in group |
(LDL-C; 160-250 mg/dL), 26 participants (25.00%) were in group Il
(LDL-C; 130-250 mg/dL), and 70 participants (67.31%) were in group
Il (LDL-C; 100-250 mg/dL).

The mean drug adherence for rosuvastatin + amlodipine, am-
lodipine, and rosuvastatin was 98.29 + 3.62%, 99.18 + 5.17%, and
97.22 + 5.72%, respectively, and 98.21 + 4.94% for a total of 105
participants (Table S1).

Of the 106 randomized patients, 104 were included in the full analy-
sis set, and 2 were excluded due to missing data. The mean changes
in msSBP at 8 weeks were -22.82 + 12.99 mm Hg in the rosuvas-
tatin + amlodipine group, -15.89 + 11.50 mm Hg in the amlodipine
group, and -5.80 + 17.37 mm Hg in the rosuvastatin group (Table S2).
BP lowering was significantly greater in the rosuvastatin + amlodi-
pine group than in the rosuvastatin group (LSM; -23.41% vs -5.22%,
P <.0001; Figure 2A). The mean changes in msDBP at 4 and 8 weeks
as well as in msSBP at 4 weeks were also significantly greater in the
rosuvastatin + amlodipine group than in the rosuvastatin group.
The proportion of patients who achieved target blood pressure for
8 weeks as well as the proportion of BP responders were significantly
higher in the rosuvastatin + amlodipine group compared to the rosu-
vastatin group (Figure 2B, Table S3). Between the rosuvastatin + am-
lodipine group and amlodipine group, there were no significant
differences in all parameters (mean changes in msSBP and msDBP,
rate of target BP achievement, and rate of BP responder; Figure 2).
The mean percentage changes in LDL-C from baseline after
8 weeks were -52.53 + 11.21% in the rosuvastatin + amlodipine
group, -1.25 + 17.90% in the amlodipine group, and -49.96 + 15.60%
in the rosuvastatin group (Table S4). LDL-C lowering was significantly
greater in the rosuvastatin + amlodipine group than in the amlodip-
ine group (LSM; -52.00% vs -1.79%, P < .0001; Figure 3A, Table S4).
The percentage changes in LDL-C at 4 weeks, the secondary end
point, was also significantly greater in the rosuvastatin + amlodip-
ine group. The proportion of patients who achieve the target for
LDL-C at 8 weeks was significantly higher in the rosuvastatin + am-
lodipine group compared to the amlodipine group (Figure 3B, Table
S5). Between the rosuvastatin + amlodipine group and rosuvasta-
tin group, there were no significant differences in the percentage
changes in LDL-C and rate of target LDL-C achievement (Figure 3).
Compared with the amlodipine group, the efficacy of rosuvas-
tatin + amlodipine in terms of lipid lowering was also consistent
with respect to changes in total cholesterol, triglyceride, and HDL-

C. Except for TG at 4 weeks, the changes of all lipid parameters at
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TABLE 1 Demographic and clinical

. .. . Ch teristi
baseline characteristics (full analysis set) aracteristics

Age, mean (SD), y
Sex, n (%)

Male

Female

Height, mean (SD),
cm

Weight, mean (SD),
kg

BMI, mean (SD),
kg/m?

Smoking, n (%)
Never
Current
Former

msSBP, mm Hg

msDBP, mm Hg

LDL-C, mg/dL

TC, mg/dL

TG, mg/dL

HDL, mg/dL

APO B, mg/dL

APO A-1, mg/dL

hsCRP, mg/dL

Duration of
hypertension, mean
(SD), mo

Duration of

dyslipidemia, mean
(SD), mo

Categories of risk at baseline, n (%)

Group |
Group Il
Group Il

WILEY-2%

RSV/AML AML RSV Total
35 34 35 104
61.63 (8.74) 64.65 (10.97) 62.97 (10.34) 63.07 (10.03)
27 (77.14) 23 (67.65) 31(88.57) 81(77.88)
8(22.86) 11(32.35) 4(11.43) 23(22.12)
163.40 (8.35) 164.16 (7.98) 165.02 (6.83) 164.20 (7.70)
69.29 (11.90) 71.05(11.43) 72.50(10.75) 70.95(11.33)
25.87 (3.37) 26.34(3.59) 26.51(2.62) 26.24 (3.20)
0(28.57) 16 (47.06) 10 (28.57) 36 (34.62)
9(25.71) 7(20.59) 16 (45.71) 32(30.77)
6(45.71) 11 (32.35) 9(25.71) 36 (34.62)
155.46 (10.56) 151.58 (10.46) 157.22 (9.48)
92.45 (7.25) 88.82(9.73) 94.65 (7.62)
152.94 (28.18) 145.18 (25.67) 157.34 (25.19)
217.60 (32.14) 210.94 (31.26) 224.37 (30.53)
179.46 (78.47) 148.59 (62.61) 175.06 (87.17)
44.14 (10.57) 48.06 (13.65) 45.69 (9.80)
135.09 (24.28) 122.09 (19.33) 133.29 (20.62)
133.34 (21.59) 137.21 (26.21) 135.60(21.43)
2.45(3.01) 1.64(1.74) 1.31(1.58)
122.57 135.78 133.66 (79.30) 130.62
(111.52) (103.47) (98.21)

74.90 (76.16) 80.65 (70.03) 68.07 (50.98) 74.48 (66.11)
5(14.29) 2(5.88) 1(2.86) 8(7.69)
9(25.71) 3(8.82) 14 (40.00) 26 (25.00)

21 (60.00) 29 (85.29) 20(57.14) 70 (67.31)

Note: Duration of hypertension (month) =
hypertension + 1) x 12/365.25.

Duration of dyslipidemia (month) =

dyslipidemia + 1) x 12/365.25.
Abbreviations: AML, amlodipine (10 mg); BMI, body mass index; RSV, rosuvastatin (20 mg); RSV/
AML, rosuvastatin (20 mg) + amlodipine (10 mg); SD, standard deviation.

4 weeks and 8 weeks in the rosuvastatin + amlodipine group were
significantly greater than in the amlodipine group (P < .05; Tables
S6-511). The percentage changes in non-HDL-C, Apo B, LDL-C/HDL
ratio, TC/HDL-C ratio, non-HDL-C/HDL-C ratio, and Apo B/Apo A-l
ratio were also significantly greater with rosuvastatin + amlodipine
than with amlodipine, but there was no difference between the two
groups in terms of Apo A-l and hsCRP levels.

In terms of CVD risk reduction, the benefits of combination were
also maintained. The Framingham Risk Score has not been proven to

assess the response to treatment, but when all groups were scored

(randomization date - diagnosis date of

(randomization date - diagnosis date of

under the same conditions, the combination group had the best re-

sults in terms of risk reduction (Figure S1).

3.3 | Safety outcomes

Among 106 randomly assigned patients, 105 patients who re-
ceived at least one drug were included in the Safety Set. TEAEs
occurred in 5/35 (14.29%) patients treated with rosuvastatin/am-
lodipine, 3/34 (8.82%) patients treated with amlodipine, and 4/36
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5257 49.92

(11.11%) patients treated with rosuvastatin (Table $12). Of these,
ADRs that were considered to be causally related to the study
drug occurred in 2 (5.71%) patients in the rosuvastatin + am-
lodipine group, 1 (2.94%) patient in the amlodipine group, and
1 (2.78%) patient in the rosuvastatin group; peripheral edema in
two patients in the rosuvastatin + amlodipine group, headache in

one patient in the amlodipine group, and dizziness in one patient

in the rosuvastatin group. During the study period, TEAEs or
ADRs leading to study drug discontinuation, or leading to death
did not occur in all treatment groups. No patients were found to
have myopathy or serum aspartate or alanine aminotransferase
levels twice consecutively 23x the upper limit of normal. No pa-
tients showed clinically significant changes in vital signs and on

electrocardiography.
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4 | DISCUSSION

The main findings of this study are as follows. In hypertensive pa-
tients with dyslipidemia, (a) BP-lowering and lipid-modulating ef-
fects of the rosuvastatin + amlodipine combination were superior to
those of rosuvastatin or amlodipine alone; (b) target level achieve-
ment rate of the combination was superior to that of each single drug
while them also being tolerable in terms of safety.

Since the use of a combination pill rather than the use of a reg-
imen with free-drug components can improve the efficacy by in-
creasing compliance, there have been many attempts to develop a
single-pill, fixed-dose combination for the treatment of various dis-
eases.”’ A previous meta-analysis reported that the fixed-dose com-
bination reduced the risk of non-compliance by 26% compared with
that of a regimen with free-drug components.?” In hypertensive pa-
tients with dyslipidemia, the safety and efficacy of co-administered

d,17’24‘26’28 and

amlodipine and atorvastatin have been demonstrate
single-pill combinations of amlodipine and atorvastatin have been
shown to improve compliance, thus resulting in a reduction in CVD
events 151628

Rosuvastatin, a 3-hydroxy-3-methyl-glutaryl-CoA reductase
inhibitor, is one of the highly potent statins that is quickly ab-
sorbed, reaches peak plasma concentrations in a short time, has a
long half-life, and is widely prescribed worldwide.?? In our knowl-
edge, there has been no study of a two-drug combination with
rosuvastatin + amlodipine for hypertensive patients with dyslip-
idemia, unlike those for atorvastatin + amlodipine. Interestingly,
the safety and efficacy of a triple combination including rosuvas-
tatin + amlodipine have been recently reported.3®3! However, it
is still necessary to confirm the efficacy and safety of the dual
combination with rosuvastatin + amlodipine since results regard-
ing the efficacy and safety of a drug combination are not always
positive.*?

Beyond the improvement in compliance that can be achieved
by reducing the pill burden, the exact mechanism by which BP low-
ering and lipid modulation are synergistic with each other in the
combination group is unknown. Statins are thought to be able to
slightly lower the blood pressure by contributing to restoring the
endothelial dysfunction of the vessel wall through increasing the
bioavailability of nitric oxide, reducing oxidative stress, and inhib-
iting inflammatory responses.®® Similarly, amlodipine has been re-
ported to have anti-inflammatory and antioxidative stress actions
in addition to BP lowering, which may have a positive effect on
lipid modulation.* Although there was no statistical significance,
it is interesting that patients treated with amlodipine + rosuvas-
tatin had a greater decrease in BP at 4 and 8 weeks than those
treated with amlodipine in this study. Similarly, patients treated
with amlodipine + rosuvastatin had a greater reduction in LDL
than patients treated with rosuvastatin.

There has been a continuing interest in the hypotensive ef-

t,%> and some stud-

fects of statin beyond the lipid-lowering effec
ies have demonstrated a small but meaningful decrease in BP.3¢%’

However, there is still a debate that does not show consistent

WILEY-22

results.>®3? This is because most studies were designed with a
small sample size and a relatively short period, and the concomi-
tant antihypertensive therapy makes it difficult to clearly identify
the BP-lowering effects of statins. Additionally, there have been
no studies where rosuvastatin was used for BP lowering, com-
pared with other types of statins. In this study, the short duration
of 8 weeks and the small number of patients did not result in sig-
nificant changes in BP in both groups, and therefore, additional
well-designed studies are required.

There are also some limitations to this study. The small sample
size and relatively short follow-up period are certain limitations of
this study. Ultimately, it is important to confirm that this single-pill
combination retains the CVD protective effect that was proven
for each individual drug, and whether there is a more synergic ef-
fect. However, it was difficult to confirm this effect on CVD by
this study design alone, and additional studies in this regard are

needed.

5 | CONCLUSIONS

In hypertensive patients with dyslipidemia, the single-pill, fixed-dose
combination of rosuvastatin (20 mg)+amlodipine (10 mg) effectively
reduced BP and LDL-C levels while maintaining safety. Furthermore,
this single-pill combination is expected to help patients achieve
the goals for hypertension and dyslipidemia through long-term
compliance.
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