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Background: Is the timing of dosing for amlodipine and atorvastatin important with regard to therapeutic efficacy? To an-
swer this question, we designed an outpatient, practice-based, case-control study lasting 8 weeks.
Material/Methods: Two hundred patients were divided into 2 groups: in Group |, patients were provided with a single pill contain-
ing amlodipine/atorvastatin (5/20 mg) to be taken each night at 10 pm, and in Group Il, patients were taking
amlodipine (5 mg) and atorvastatin (20 mg) each morning at 7 am.

Results: Our results indicated no obvious difference in blood pressure control between the 2 groups. Taking amlodipine
at night not only lowered blood pressure, but it also provided better control during the peak blood pressure in
the morning. Hypercholesterolemia control in the 2 groups was also not significantly different, taking atorvas-
tatin in the morning was as effective as dosing at night in patients with hypercholesterolemia. While the ca-
rotid IMT, hs-CRP, and LVMI were significantly lower after treatment, no differences were found between the
2 groups. Although no obvious difference was found in adverse drug reactions between the 2 groups, compli-
ance was much better in the single-pill group than in patients taking the 2 medications separately.

Conclusions: In conclusion, single-pill amlodipine-atorvastatin taken at night can lower blood pressure and reduce the morn-
ing peak blood pressure levels the next day. Additionally, this dosing method could improve patient adherence
to the therapy.
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Background

According to the data from the 2002 National Hypertension
Survey of China [1], the prevalence rate of hypertension in
Chinese adults over 18 years of age is 18.8%, and estimates
are that there are more than 200 million hypertensive people
in China. This means that 1 in 10 adults have hypertension,
and that approximately 1/5 of the total global population is hy-
pertensive. However, the awareness, treatment, and control of
hypertension in developing countries are still quite poor when
compared with those of developed countries, especially in ru-
ral or remote areas. The death rate related to stroke in rural ar-
eas exceeds that of stroke deaths in cities. At present, approx-
imately 130 million hypertensive people in China do not know
they have hypertension, and there are also close to 3 million pa-
tients diagnosed with hypertension who are not receiving any
treatment. Of the patients receiving antihypertensive therapy,
75% have not reached target blood pressure levels. Prevention
and treatment of hypertension in China is still an arduous task.

At the same time, with the development of the social economy,
the improvements in standard of living and changes in lifestyle
have led to the gradual increase of the blood lipid levels of Chinese
people and the prevalence of dyslipidemia. Elevated total choles-
terol (TC) and low-density lipoprotein cholesterol (LDL-C) are in-
dependent risk factors for coronary heart disease and ischemic
stroke. Many studies have confirmed that patients with hyper-
tension and primary hyperlipidemia are at high risk for experi-
encing cardiovascular events [2]. Therefore, these patients need
to simultaneously control both hyperlipidemia and hypertension.

A common question with regard to treatment with medica-
tion is, “when is the best time to take the medication?” Blood
pressure tends to be highest between 8:00 and 11:00 in the
morning or 3:00 to 5:00 in the afternoon and may be too low
at night. The onset of the effect of medication commonly oc-
curs 30 min after taking it, and its efficacy peaks 2 to 3 h there-
after. If patients with hypertension often forget to take their
medicine in the daytime and instead take their medication at
night, the result may be low blood pressure. For the majori-
ty of patients, taking antihypertensive medications at 7:00 in
the morning or at 2:00 in the afternoon is the most appropri-
ate. Statins work via the inhibition of cholesterol synthesis by
hydroxyl-methylglutaric-acyl coenzyme A (HMG-CoA) reduc-
tase, which mainly exists in the liver, with its typical circadi-
an rhythm creating the highest levels at night and lower lev-
els during the day. The best time for taking statins, therefore,
may be at night. Statins also have demonstrated a capability
to reduce the rate of cardiovascular events [3-6]. Data from
the Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT) sup-
port the view that statins protect hypertensive patients from
end-organ damage, not only through cholesterol reduction,
but also through other pathways [7].
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Given this background, there arose another question regard-
ing the use of the fixed-dose combination of amlodipine and
atorvastatin. The best time to take amlodipine is 7:00 am or
2:00 pm, while the best time for dosing atorvastatin may be
at night. Therefore, what is the best time of day for taking the
single-pill combination of amlodipine and atorvastatin? There
are 3 questions that need to be answered: Is taking amlodip-
ine at night safe?; Are the antihypertensive effects the same
between day and night?; and Does taking atorvastatin in the
daytime lead to better lipid-lowering effects?

Material and Methods

Ethics statement

The study was conducted with prior institutional ethics ap-
proval under the requirements of the Chinese Prevention of
Cruelty to Human Subjects and the Code of Practice for the
Care and Use of Human Subjects for Scientific Purposes. All
human subjects of this study were inspected by members of
the Human Subject Ethics Committee of West China Medical
Centre (HSPC20120407-17468) and in compliance with the
Helsinki Declaration.

Patients

Patients who were seen in the outpatient department of the
West China Hospital from May 2012 to September 2014 and
who were at least 18 years of age were eligible if they had the
primary diagnoses of hypertension and hypercholesterolemia
(TC »5.70 mmol/L). The diagnosis of hypertension was made
following ambulatory blood pressure monitoring (ABPM) [8],
with the following levels considered to be hypertensive: aver-
age blood pressure >130/80 mmHg, daytime blood pressure
>135/85 mmHg or nocturnal blood pressure >125/75 mmHg.
To ensure the safety of the single-pill therapy, the daytime
blood pressure was required to be lower than 160/100 mmHg.
Patients were excluded if they were previously treated with any
lipid-lowering therapy or if they had a diagnosis of secondary
hypertension, any cerebrovascular disease within the past 6
months, an acute myocardial infarction, congestive heart fail-
ure, congenital or rheumatic heart disease, autoimmune dis-
ease, severely abnormal liver or kidney values, severe trauma,
infection, major surgery, or secondary hyperlipidemia caused
by drug therapy. Before entering the study, all patients signed
informed consent forms approved by the institutional review
boards. A total of 200 patients were enrolled in the study.

Study design and conduct

The clinical trial was an outpatient, practice-based, case-con-
trol study lasting 8 weeks. To evaluate the efficacy and safety
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Untreated patients (n=200)

Figure 1. Flow diagram of this research.
AML - Amlodipine; ATO — Atorvastatin.

by the new patients

If any patients withdraw from the
experiment, they would be replaced

AML-ATO (5/20 mg, N=100)
Drug were taken at 10 pm

AML (5 mg) and ATO (20 mg), N=100
Drug were taken at 7 am

| 8 weeks

|——| Safety and compliance |

| BP, serum lipid levels, hs-CRP, IMT and LVMI were all measured |

of single-pill combination of amlodipine and atorvastatin, 200
patients were divided into 2 groups. In Group |, patients were
provided with single-pill amlodipine/atorvastatin (5/20 mg,
Hisun-Pfizer Pharmaceutical, LTD, Tai Zhou, China, which is also
the only dose could be used in China) at 10 pm every night. In
Group ll, patients were instructed to take the amlodipine tablet
(5 mg, Pfizer Chinese Pharmaceutical, LTD., Beijing, China) every
morning at 7 am. At the same time, atorvastatin (20 mg, Pfizer
Chinese Pharmaceutical, LTD., Beijing, China) was also been giv-
en. The patients were allowed to take the necessary drugs for
cardiovascular indications other than hypertension. All patients
from Group | and Il then returned for the final visit after 8 weeks.

Study procedures

At first visit, the average, daytime, nocturnal, and morning
blood pressures were measured and recorded by ABPM. Other
variables collected at this visit included age, sex, smoking sta-
tus, serum lipid levels, presence of diabetes mellitus, and coro-
nary heart disease (CHD). Other laboratory examination index-
es, including high-sensitivity C-reaction protein (hs-CRP), left
ventricular mass index (LVMI), carotid intima-media thickness
(IMT), and concurrent medications, were also recorded. At the
second visit, BP measurements by ABPM, serum lipid levels,
hs-CRP, LVMI, and IMT were repeated. Other variables collect-
ed at this visit included the occurrence of adverse drug reac-
tions (ADRs) and the number of pills missing from their pre-
scription bottle (see flow program below in Figure 1).

Measurement of laboratory examination index before and
after the experiment

Serum lipid levels were measured by fasting blood samples,
which were collected in the early morning. Total cholester-
ol (TC) and triglycerides (TG), as well as low- and high-densi-
ty lipoprotein cholesterol (LDL-C and HDL-C) were all included
and analyzed by routine enzymatic assays. hs-CRP was also

determined by the same blood samples with double-antibody
avidin-biotin complex-ELISA (ABC ELISA) method.

Carotid IMT was detected by the same highly qualified doc-
tor in our hospital. For bilateral carotid artery detection, we
used the IE 33 type ultrasonic diagnosis instrument, produced
by PHILIPS Company, with probe frequency 7. 0 MHz. We put
the probe at the distal carotid artery, 1-1.5 cm below the fork
level, avoiding the plaques in accordance with the synchroni-
zation ECG in end-diastolic, measured 5 times on every side,
and the average index was recorded as the measured value
of carotid IMT.

LVMI was inspected by using the HP 5500 color Doppler ultra-
sonic diagnostic instrument, with probe frequency 3.5 MHz.
We measured left ventricular end-diastolic ventricular sep-
tal thickness (IVST), left ventricular posterior wall thickness
(PWT), left ventricular end-diastolic diameter (LVIDd), and left
ventricular mass (LVM), according to the formula of Devereux:
the LVM (g) = 1.04 x [(IVST + LVIDd + PWT)? — (LVIDd)*] - 13.6.
LVMI = LVM/body surface area (S), $=0.0061xHeight (cm)
+0.0128 x Weight (kg) — 0.1529.

Data analyses
All statistical tests were two-tailed, and all analyses were con-
sidered statistically significant if p<0.05. Baseline demographic

and clinical characteristics, as well as efficacy variables, were
compared between Group | and Group Il using the paired t test.

Results

Baseline demographics of patients

The baseline demographic characteristics for the 200 patients
included in this analysis are shown in Table 1. In Group I, 52% of
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Table 1. Baseline demographics of patients.

Sex (number)
Characteristics

Blood pressure

CHD, number

DRUG CONTROLLED STUDIES

Group | Group Il p-value
Male (52) Male (51)
Female (48) Female (49)
53.1+9.7 52.7+£10.6 p=0.486
”””””””” 14356118 14574109 p=0541
””””””””” 862:72 851186  p=0379
”””””””” 15526107 1565:118  p=0492
””””””””” 968:81 947477  p=0358
”””””””” 1306£124  1330:117  p=0621
””””””””” 753668 762471 p=0577
”””””””” 1573:116  1580£104  p=0396
””””””””” 986473 979475  p=0439
””””””””” 2026134 198:172  p=038
””””””””” 599:162  601:136  p=0692
””””””””” 396:145  4ll:l54  p-04ld
””””””””” 1196049 1221055 p=0583
””””””””””” o s
””””””””””” w s
S wm

the patients were male and 48% were female. The average age
was 53.1 years, and the overall average, daytime, nocturnal, and
morning blood pressures were 143.5/86.2 mmHg, 155.2/96.8
mmHg, 130.6/75.3 mm Hg, and 157.3/98.6 mmHg, respectively.
The mean baseline serum lipid levels were: TG (2.02 mmol/L), TC
(5.99 mmol/L), LDL-C (3.96 mmol/L), and HDL-C (1.19 mmol/L).
The frequency of the other risk factors included smoking (40%),
diabetes mellitus (42%), and CHD (37%). In Group II, 51% of
the patients were male and 49% were female. The average age
of the patients was 52.7 years, and the average overall, day-
time, nocturnal, and morning blood pressures were 145.7/85.1
mmHg, 156.5/94.7 mmHg, 133.0/76.2 mmHg, and 158.0/97.9
mmHg, respectively. The mean baseline serum lipid levels were:
TG (1.98 mmol/L), TC (6.01 mmol/L), LDL-C (4.11 mmol/L), and
HDL-C (1.22 mmol/L). The frequency of the other risk factors in-
cluded smoking (38%), diabetes mellitus (48%), and CHD (32%).

Changes in blood pressure in Group | and Group Il

In Group I, the overall average, daytime, nocturnal, and morn-
ing peak blood pressures from baseline to week 8 declined from
143.5/86.2 mmHg, 155.2/96.8 mmHg, 130.6/75.3 mmHg, and
157.3/98.6 mmHg to 129.4/75.9 mmHg, 139.7/85.4 mmHg,

117.9/66.2 mmHg, and 139.5/85.2 mmHg, respectively. In
Group I, the overall average, daytime, nocturnal, and morning
peak blood pressures from baseline to week 8 declined from
145.7/85.1 mmHg, 156.5/94.7 mmHg, 133.0/76.2 mmHg, and
158.0/97.9 mmHg to 131.2/74.4 mmHg, 138.9/82.1 mmHg,
121.6/68.4 mmHg, and 149.9/92.7 mmHg, respectively. The BP
reduction from baseline at week 8 was statistically significant in
both groups (p<0.001), but there was no statistically significant
change in the D-value except for in the morning peak group. In
Group |, the morning peak BP reduction in SBP and DBP at week
8 was markedly less than in Group Il (see Table 2, Figure 2).

Changes in serum lipid levels, hs-CRP, LVMI, and
carotid-IMT

Serum concentrations of TC, TG, and LDL-C were significantly
lower after 8-week treatment (P<0.01), but HDL-C was increased
(P<0.05) in both groups. However, there was no significant dif-
ference in D-value (P>0.05) after 8-week treatment compared
with index before (see Table 3, Figure 3). Also, there were no
significant differences between before and after 8-week treat-
ment in either group with regard to the hs-CRP, LVMI, and ca-
rotid -IMT (P>0.05) (see Table 4, Figure 4).

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




ZengR.etal.:

DRUG CO NTRO LLED STU D I ES Is time an important problem in management of hypertension...

© Med Sci Monit, 2016; 22: 2648-2655

Table 2. Comparison of blood pressure before and after treatment in both groups.

Baseline Change to 8 weeks D-value P-value
SBP 143.5+11.8 129.4+12.1 14.1+4.6 0.0006

AV ETa g el I bl 2 I SR s
DBP 86.2+7.2 75.9+7.7 10.3+3.3 0.0010
SBP 155.2+10.7 139.7+12.3 15.545.1 0.0018

D Ayt e (T T £ ) I S
DBP 96.8+8.1 85.4+8.8 11.4+2.7 0.0005

L 0T o
SBP 130.6+12.4 117.9+11.6 12.7+4.4 0.0016

N0 Gt A (T 2 I MM
DBP 75.3+6.8 66.2+7.0 9.1+2.9 0.0004
SBP 157.3+11.6 139.5+12.1 17.8+4.1* 0.0003

e i1 ST 1 ) I s S
DBP 98.6+7.3 85.2+6.7 13.4+3.6* 0.0006
SBP 145.7+10.9 131.2+11.5 14.5+4.7 0.0025

Average (MMHE)
DBP 85.1+8.6 74.4+8.8 10.7+3.1 0.0004
SBP 156.5+11.8 138.9+10.8 17.6+4.2 0.0015

Daytime (MMHE) o
DBP 94.7+7.7 82.1+8.3 12.6+3.0 0.0008

GrOUP [l oo
SBP 133.0+11.7 121.6+10.2 11.4+4.6 0.0002

N O G (T ) ] I i ASSAMRe R
DBP 76.2+7.1 68.4+6.9 8.8+2.7 0.0008
SBP 158.0+13.4 149.9+11.8 9.1+2.3 0.0170

O 12 (1 I e
DBP 97.9+7.5 92.7+6.6 5.2+1.9 0.0104

* Compared with Group I, P-value=0.0003; # Compared with Group Il, P-value=0.0001.

Figure 2. Comparison of blood pressure before
and after treatment in both groups.
There was no statistically significant
change in D-value except in the
morning peak group. In Group |, the
morning peak BP reduction in SBP and
DBP at week 8 was markedly less than
in Group Il (P<0.05).

Average Daytime Night Morning peak

_5_
-10
B9 40 Dy

-20 -17.6 —17.8#
M Group |

M Group I

Mean changes in SBP (mmHg)

Average Daytime Morning peak

-104

Mean changes in DBP (mmHg)

-154

Safety and compliance Group Il. The incidence of headache was 1% (1/100) in Group

I and 2% (2/100) in Group . Facial flushing (1% in Group II)
The overall percent of patients with adverse events was 10% and palpitations (1% in Group I) had the lowest incidences. No
(20/200). Ankle edema, the most frequent adverse event, serious adverse drug reactions were found in our research. The
was experienced by 7% (7/100) in Group | and 8% (8/100) in number of pills missing was much higher in Group Il (Once: 29;
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Table 3. Comparison of serum lipid levels before and after treatment in both groups.

Baseline Change to 8 weeks D-value P-value
TC (mmol/L) 5.99+1.62 4.23+1.18 1.76+0.95 0.0003
TG (mmoy) 204134 1326061 070:082 00006
crove oLC(mmot) 396+145 2724177 1245069 00004
CHDLC(mmolt) 110049 1545078 0358047 00017
""""""""""""""""" TC(mmo)  601+l26  413:133  188+112 00003
TG mmoy 198172 1364121 0626099 00007
GrOUP [l
LDL-C (mmol/L) 4.11+1.54 2.95+1.05 1.16+0.76 0.0004
CHDLC(mmoll) 1224055 1526078 030:084 00018

Figure 3. Comparison of serum lipid levels

03 before and after treatment in both

groups. There were no significant

differences in the D-values of TC, TG,

=g:gﬁg :I and LDL-C or HDL-C before and after
8-week treatment (P>0.05).

TC TG LDL-C HDL-C
0.35

Mean changes in serum
lipid levels (mmol/L)
L L 5 s o
w o v o w
1 1 1 1 1

—204 -176

-1.88

Table 4. Comparison of serum hs-CRP, LVMI, and carotid IMT before and after treatment.

Baseline Change to 8 weeks D-value P-value
hs-CRP (mg/L) 4.15+1.08 3.22+1.46 0.93+0.66 0.0005
Group | IMT (mm) 1.07+0.39 0.82+0.25 0.25+0.14 0.0009
LVMI (g/m?) 124.83+36.77 111.46+37.08 13.3749.85 0.0061
hs-CRP (mg/L) 3.99+1.77 3.04+1.38 0.95+0.72 0.0005
Group Il IMT(mm) 1.11+0.21 0.88+0.68 0.23+0.11 0.0011
LVMI (g/m?) 121.65+35.19 108.07+36.92 13.5848.71 0.0059
= i Twice: 16; 3 times: 10; More than 3 times: 7) than in Group |
=R hs-CRP (mg/L) IMT (mm) LVMI (g/m’) (Once: 7; Twice: 5; 3 times: 2; More than 3 times: 1).
s — -0.23
= 093 —0.95 055
=
g . .
S M Group | Discussion
2 M Group I
= -10
) To address whether the timing of dosing for amlodipine and
€ b 1337 -13.8 atorvastatin is important with regard to therapeutic effica-
2 cy, our results showed no obvious differences between the
different dosing times for amlodipine-atorvastatin in blood
Figure 4. Comparison of hs-CRP, LVMI, and carotid -IMT before pressure control between the 2 groups. Taking amlodipine at
and after treatment in both groups. There were no night not only lowered blood pressure, but it also provided
significant differences in the D-values of hs-CRP, LVMI, better control during the peak blood pressures in the morn-

and IMT before and after 8-week treatment (P>0.05). ing. Hypercholesterolemia control in the 2 groups was also
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not significantly different; taking atorvastatin in the morning
was equally as effective as taking it at night in patients with
hypercholesterolemia. Although no obvious difference was
found in adverse drug reactions between the 2 groups, com-
pliance was much better in the single-pill group than in those
patients taking the 2 drugs separately.

Hypertension is one of the most important causes of and risk
factors for a variety of cardiovascular and cerebrovascular dis-
eases, and also affects important organs such as the structure
and function of the heart, brain, and kidneys, eventually leading
to organ failure. In recent years, studies have determined that
there is a close relationship between endothelial dysfunction
and hypertension. Hypertension is regarded as one of the ini-
tiating factors of endothelial injury [9,10]. Impaired endothe-
lial function could promote the occurrence and development
of atherosclerosis. Carotid IMT could be used to evaluate early
atherosclerosis. A prospective follow-up study has confirmed
that carotid IMT can strongly and independently forecast heart
or cerebrovascular disease, with the increase of carotid IMT
corresponding to an increase in the incidence of myocardial
infarction and stroke [11]. Leiboritz [12] has confirmed that
atorvastatin can improve the small artery elasticity of patients
with hyperlipidemia and reduce the diastolic and systolic blood
pressures. The PREVENT study observed that the carotid IMT
in the amlodipine group was reduced by 0.013 mm on aver-
age, while it increased by an average of 0.033 mm in the pla-
cebo group; this difference was statistically significant [11].
Amlodipine is a long-acting calcium antagonist with powerful,
stable, and long-lasting effects on hypertension; it promotes
arterial endothelial function, may effectively improve arterial
elasticity, and reduces carotid IMT [13,14], thus inhibiting the
progression of atherosclerosis. The results of our study corrob-
orated these findings. Compared with before treatment, ca-
rotid IMT was significantly lower after treatment, but no dif-
ference was found between the 2 groups.

Hypertension and its related complications are often attend-
ed by vascular epithelial damnification and other pathologi-
cal changes. The effect of inflammation may be related to its
pathological role. As one of the important inflammatory mark-
ers, serum hs-CRP is considered to participate in the process
of left ventricular hypertrophy and hypertension [15. During
the treatment of patients with hypertension, we need not
only effectively control blood pressure, but also must moni-
tor and improve endothelial inflammation and left ventricular
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remodeling. The effect of the oxidative stress induced by en-
dothelial dysfunction can destroy the function of nitric oxide.
Many studies have proven that combination therapy can ef-
fectively stimulate the endothelial cells to release nitric oxide
and maintain normal vascular function. Statins can reduce the
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ventricular hypertrophy caused by changes in arterial struc-
ture and function [16-18]. In addition, atorvastatin can reduce
the levels of serum CRP and other inflammatory markers [19],
reduce inflammation, and improve endothelial function [20].
Atorvastatin can inhibit hypertrophy and cell proliferation by
reducing angiotensin 1 [21,22] and improve left ventricular hy-
pertrophy. Our experiment achieved similar results: compared
to before treatment, the hs-CRP and LVMI were significantly
lower after treatment, but no significant difference was found
between the 2 groups.

There is another problem which deserves attention: The blood
pressure was decreased significantly but not normalized in
some patients by using amlodipine 5 mg per day, which in-
dicated that the daily dose of 5 mg of amlodipine was prob-
ably too low for these patients. For solving this problem, we
designed and conducted Part Il of this experiment, in which
all patients in Part | were divided into 4 groups and different
doses of SPC were been given to these patients. This clinic re-
search may provide answers allowing us to know how to cor-
rect and reasonably use the SPC of amlodipine-atorvastatin.

Conclusions

Taking the single-pill amlodipine-atorvastatin combination at
night lowered blood pressure and reduced the morning peak
blood pressure levels on the second day. This dosing strate-
gy may also improve patient adherence to therapy. In combi-
nation with amlodipine, atorvastatin reduced systolic blood
pressure, inhibited cardiac hypertrophy in left ventricle and
inflammation, then the whole progress of left ventricular re-
modeling during hypertension could be affected. All suggests
that this combination could be a better choice for hyperten-
sive patients with primary hypercholesterolemia.
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