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In	an	8-	week	 randomized	 trial	of	patients	with	mild	or	moderate	hypertension,	 the	
authors	 investigated	 the	 efficacy	 and	 tolerability	 of	 initial	 high	 (5.0	mg/d)	 vs	 low	
(2.5	mg/d)	doses	of	S-	(-	)-	amlodipine	(equivalent	to	5	and	10	mg	of	racemic	amlodipine,	
respectively).	In	the	S-	(-	)-	amlodipine	2.5-	mg	group	(n=263),	24-	hour	ambulatory	sys‐
tolic/diastolic	 blood	 pressure	 (±standard	 deviation)	 decreased	 from	 131.5± 
15.0/82.1±10.7	mm	Hg	 at	 baseline	 to	 126.0±13.5/78.5±9.5	mm	Hg	 at	 8	weeks	 of	
follow-	up	by	a	least	square	mean	(±standard	error)	change	of	6.0±0.6/3.8±0.4	mm	Hg.	
In	 the	 S-	(-	)-	amlodipine	5-	mg	 group	 (n=260),	 the	 corresponding	 changes	were	 from	
133.6±13.7/83.1±9.9	mm	Hg	to	125.0±12.0/78.2±8.9	mm	Hg	by	8.1±0.6/4.7±0.4	mm	
Hg,	respectively.	The	between-	group	differences	in	changes	in	24-	hour	systolic/dias‐
tolic	blood	pressure	were	2.1/0.9	(P=.02/.17)	mm	Hg.	Similar	trends	were	observed	
for	daytime	and	nighttime	ambulatory	and	clinic	blood	pressure.	The	 incidence	rate	
was	similar	 for	all	adverse	events.	An	 initial	high	dose	of	S-	(-	)-	amlodipine	 improved	
ambulatory	blood	pressure	 control	with	 similar	 tolerability	 as	 an	 initial	 low	dose	 in	
hypertension.

1  | INTRODUCTION

For	 mild	 and	 moderate	 hypertension,	 current	 hypertension	 guide‐
lines	 recommend	 initial	 low-	dose	 monotherapy	 of	 antihypertensive	
drugs.1,2	If	the	goal	blood	pressure	(BP)	is	not	achieved	with	the	low-	
dose	monotherapy	within	a	few	weeks,	the	initial	therapy	can	either	
be	uptitrated	to	a	higher	or	maximum	dose	or	combined	with	another	
drug	of	different	mode	of	action.	A	major	advantage	of	the	initial	low-	
dose	monotherapy	approach	is	the	possible	low	incidence	of	adverse	
effects.3	However,	 this	 approach	may	delay	 the	 goal-	attaining	 time,	
discouraging	patients	from	achieving	BP	control,	and	negatively	influ‐
ence	adherence	to	treatment.	This	may,	to	some	extent,	contribute	to	
the	low	control	rates	in	many	countries.4,5

There	is	a	trend	that	long-	acting	antihypertensive	drugs,	especially	
angiotensin	 receptor	blockers	 such	as	 telmisartan,	be	 started	at	 the	
maximum	 dosage.6	 However,	 amlodipine,	 the	most	 commonly	 used	
long-	acting	 calcium	 channel	 blocker,	 is	 usually	 started	 at	 the	 lower	
dosage	of	5	mg	daily	or	 the	even	 lower	dosage	of	2.5	mg	daily.1,2	A	
major	concern	is	adverse	effects,	eg,	ankle	edema.7	In	a	recent	study	

in	Chinese	patients	with	mild	and	moderate	hypertension,	two	differ‐
ent	dosages	of	the	S-	(-	)	enantiomer	of	amlodipine	(2.5	and	5	mg)	were	
compared	as	initial	therapy.8	S-	(-	)-	amlodipine	is	the	enantiomer	with	
calcium	 channel	 affinity	 and	 BP-	lowering	 action.9	 S-	(-	)-	amlodipine	
2.5	mg	and	5	mg	are	equivalent	 to	5	mg	and	10	mg	of	 racemic	am‐
lodipine,	respectively.

In	the	present	analysis,8	we	investigated	the	ambulatory	BP–low‐
ering	efficacy	and	tolerability	of	initial	high	(5	mg)	vs	low	(2.5	mg)	doses	
of	S-	(-	)-	amlodipine	in	patients	with	mild	and	moderate	hypertension.

2  | METHODS

2.1 | Study design

The	present	study	was	a	multicenter,	open-	label,	randomized,	parallel-	
group	trial	(ClinicalTrials.gov	number,	NCT01131546)	conducted	from	
October	2010	to	May	2011	in	22	hospitals	across	China.	The	spon‐
sor	 of	 the	 trial,	 Simcere	 Pharmaceutical	 (Nanjing,	 Jiangsu	 Province,	
China),	 together	with	the	principal	 investigator	of	 the	trial	 (Dayi	Hu	

www.wileyonlinelibrary.com/journal/jch
http://orcid.org/0000-0001-8511-1524
mailto:jiguangwang@aim.com


974  |     CHEN Et al.

from	 Peking	 University	 People’s	 Hospital),	 designed	 the	 study	 and	
supervised	 the	 conduct	 of	 the	 trial	 and	 collection	 of	 the	 data.	 The	
study	complied	with	the	International	Conference	on	Harmonization	
Guidelines	for	Good	Clinical	Practice	local	regulations	and	the	ethical	
principles	of	the	Declaration	of	Helsinki.	The	study	protocol	was	ap‐
proved	by	the	ethics	committees	of	all	participating	hospitals.	Written	
informed	consent	was	obtained	from	all	patients.	The	study	protocol	
was	previously	 published	 in	detail	 in	 the	Chinese	 literature	with	 an	
English	abstract.8	The	trial	included	three	groups	(racemic	amlodipine	
maleate	 5	mg/d	 and	 S-	(-	)-	amlodipine	 besylate	 2.5	mg/d	 or	 5	mg/d)	
with	two	comparisons:	amlodipine	maleate	5	mg/d	vs	S-	(-	)-	amlodipine	
besylate	2.5	mg/d	 for	efficacy	equivalence	and	S-	(-	)-	amlodipine	be‐
sylate	2.5	vs	5	mg/d	for	efficacy	superiority	of	the	high	dose.	The	pre‐
sent	analysis	was	restricted	to	the	latter	superiority	trial	and	focused	
on	ambulatory	BP–lowering	efficacy.

The	 study	 included	 two	 clinic	 visits	 during	 an	 8-	week	 random‐
ized	treatment	period	for	the	assessment	of	efficacy	and	safety.	After	
screening	 at	 the	 first	 clinic	visit,	 eligible	 patients	were	 immediately	
randomized	 in	a	1:1	 ratio	 to	 receive	a	once-	daily	oral	dose	of	S-	(-	)-	
amlodipine	2.5	mg/d	or	5	mg/d	and	followed	up	at	the	second	clinic	
visit	 at	 8	weeks.	 During	 the	 study	 treatment	 period,	 patients	were	
instructed	 to	 take	 their	 study	medication	between	7	am and 10 am. 
Clinic	BP	measurement,	laboratory	tests	of	blood	and	urine,	electro‐
cardiography,	and	physical	examinations	were	performed	at	 the	 ini‐
tial	and	terminating	visits	for	all	patients.	Ambulatory	BP	monitoring	
(ABPM)	was	also	performed	at	the	two	clinic	visits	if	the	patients	were	
willing	 and	 could	 tolerate	 the	measurement.	 The	 study	medication	
was	 supplied	 free	of	 charge	 for	 the	entire	 study	period	by	Simcere	
Pharmaceutical.

2.2 | Study population

Eligible	patients	were	men	and	women	aged	18	to	75	years	with	mild	
or	 moderate	 hypertension.	 Previously	 untreated	 patients	 were	 re‐
quired	to	have	a	systolic/diastolic	BP	of	140	to	179/90	to	109	mm	
Hg	(mean	of	three	readings	at	the	initial	clinic	visit).	Patients	with	pre‐
viously	 treated	 hypertension	 but	 uncontrolled	 BP	 (systolic/diastolic	
BP	of	140–179/90–109	mm	Hg)	with	antihypertensive	monotherapy	
could	enter	the	trial	if	they	were	willing	to	switch	their	previous	treat‐
ment	to	the	study	treatment.

Exclusion	 criteria	 included	 secondary	 hypertension;	 severe	 hy‐
pertension	 (systolic	 BP	 ≥180	mm	Hg	 or	 diastolic	 BP	 ≥110	mm	Hg);	
use	of	medication	that	may	affect	BP	(monoamine	oxidase	inhibitors,	
anesthetics,	antidepressant	drugs	of	the	third	or	fourth	ring,	cortico‐
steroids,	thyroid	hormones,	nasal	decongestant	drugs	containing	high	
doses	of	sympathomimetic	medicine);	allergy	to	dihydropyridine	cal‐
cium	channel	blockers;	acute	cardiovascular	events	within	3	months	
prior	 to	enrollment;	congestive	heart	 failure,	unstable	angina,	or	 se‐
vere	 cardiac	 arrhythmia;	 hepatic	 impairment	 (aspartate	 or	 alanine	
aminotransferase	two	or	more	times	the	upper	limit	of	normal	for	the	
respective	 institution);	 renal	 impairment	 (serum	 creatinine	 ≥2.5	mg/
dL);	 cancer;	 drug	 abuse;	 mental	 disorders;	 taking	 contraceptives	 or	
being	of	childbearing	potential;	participation	in	another	investigational	

drug	 trial	within	3	months	prior	 to	enrollment;	 and	an	 investigator’s	
opinion	that	the	patient	would	be	inappropriate	for	the	study.

Diabetes	 mellitus	 was	 not	 an	 exclusion	 criterion,	 regardless	 of	
whether	it	was	self-	reported,	documented	in	the	medical	records,	or	
defined	as	a	fasting	plasma	glucose	of	at	least	126	mg/dL	(7.0	mmol/L)	
or	as	the	use	of	antidiabetic	drugs.

2.3 | Efficacy and safety evaluations

The	primary	 efficacy	 variable	was	 the	 change	 from	baseline	 in	 am‐
bulatory	 systolic/diastolic	BP.	Secondary	efficacy	variables	 included	
change	 from	baseline	 in	 clinic	 systolic/diastolic	BP	and	control	 rate	
of	clinic	systolic/diastolic	BP	(<140/90	mm	Hg,	respectively).	Safety	
evaluations	 included	adverse	events	and	serious	adverse	events,	 in‐
cluding	any	clinically	significant	abnormalities	on	physical	examination	
or	laboratory	tests.	Information	about	symptoms,	severity,	relation	to	
the	study	medication,	 intervention,	and	outcome	were	documented	
for	all	adverse	events.

2.4 | BP measurement

Clinic	BP	was	measured	between	8	am and 10 am	 using	a	 standard	
mercury	sphygmomanometer	after	the	patients	had	rested	for	at	least	
5	minutes	 in	 the	 sitting	position.	A	 cuff	with	 an	appropriately	 sized	
bladder	was	used.	On	each	occasion,	three	consecutive	readings	were	
taken	with	an	interval	of	1	minute	and	averaged	for	analysis.

ABPM	was	performed	with	the	ambulatory	BP	monitors	and	the	
protocol	of	each	participating	hospital.	Ambulatory	BP	monitors	were	
programmed	to	obtain	ambulatory	BP	readings	during	daytime/night‐
time	at	20/30	minutes	(n=364)	in	11	hospitals,	30/60	minutes	(n=92)	
in	four	hospitals,	30/30	minutes	(n=41)	in	three	hospitals,	20/60	min‐
utes	(n=13)	in	one	hospital,	and	60/60-	minute	intervals	(n=21)	in	one	
hospital.	On	the	monitoring	day,	the	study	participants	were	instructed	
to	follow	their	usual	daily	activities,	avoid	vigorous	exercise,	and	re‐
main	 still	with	 the	 forearm	extended	during	 each	BP	measurement.	
ABPM	data	were	collected	on	case	report	forms	with	the	hours	but	
not	the	minutes	or	seconds	of	the	measurement	time.	In	the	analysis,	
daytime	was	defined	as	the	period	from	8	am	to	9	pm	and	nighttime	as	
the	period	from	10	pm	to	7	am.	A	recording	was	considered	valid	and	
included	 in	 the	analysis	 if	 there	were	at	 least	14	BP	readings	 in	 the	
daytime	and	at	least	seven	in	the	nighttime.10

2.5 | Statistical analysis

We	 used	 SAS	 software	 version	 9.2	 (SAS	 Institute	 Inc)	 for	 statisti‐
cal	 analysis.	 Sample	 size	 estimation	 was	 based	 on	 the	 hypothesis	
of	 efficacy	 equivalence	 between	 amlodipine	 maleate	 5	mg/d	 vs	 S-	
(-	)-	amlodipine	 besylate	 2.5	mg/d,	with	 a	 projected	 clinic	BP	 control	
rate	 of	 30%	 and	boundary	 of	 10%,	 an	α	 level	 of	 0.05,	 and	80%	of	
power.	The	number	of	patients	per	group	was	estimated	to	be	330.	
Assuming	 a	 dropout	 rate	 of	 10%,	 approximately	 360	 patients	 per	
group	would	be	required.	For	the	superiority	trial	of	high-		vs	low-	dose	
S-	(-	)-	amlodipine,	with	a	projected	clinic	BP	control	 rate	of	45%	and	
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30%,	 respectively,	 only	 160	 patients	 per	 group	would	 be	 required.	
However,	 to	have	an	equal	sample	size	 in	all	 three	groups,	360	pa‐
tients	per	group	were	enrolled.8

The	 efficacy	 analysis	 was	 performed	 in	 all	 randomized	 patients	
who	had	a	valid	ambulatory	recording	both	at	baseline	and	at	the	end	
of	the	study.	The	safety	analysis	was	performed	in	the	patients	who	
took	at	least	one	dose	of	study	treatment.	Means	and	proportions	at	
baseline	were	 compared	by	Student	 t	 test	 and	χ2	 test,	 respectively.	
We	 performed	 analysis	 of	 covariance	 to	 compute	 the	 least	 square	
mean	(±standard	error)	change	from	baseline	and	the	between-	group	
differences	(95%	CIs),	with	baseline	values	as	covariates.	The	change	
from	baseline	was	computed	by	subtracting	the	values	at	the	end	of	
follow-	up	from	those	at	baseline.	Positive	values	therefore	indicate	a	
decrease	from	baseline.	The	between-	group	difference	was	computed	
by	subtracting	the	change	in	the	S-	(-	)-	amlodipine	2.5-	mg/d	group	from	
that	in	the	S-	(-	)-	amlodipine	5.0-	mg/d	group.	Positive	values	therefore	
indicate	a	larger	reduction	in	the	S-	(-	)-	amlodipine	5.0-	mg/d	group.

We	 performed	 subgroup	 analysis	 in	 previously	 treated	 and	 un‐
treated	hypertensive	patients	separately	and	in	patients	with	sustained	

hypertension	 and	 those	 with	 white-	coat	 hypertension	 at	 baseline.	
Sustained	hypertension	was	defined	as	a	clinic	BP	of	≥140	mm	Hg	sys‐
tolic	or	≥90	mm	Hg	diastolic	and	a	daytime	BP	of	≥135	mm	Hg	systolic	
or	≥85	mm	Hg	diastolic,	irrespective	of	treatment	status.	White-	coat	
hypertension	was	defined	as	a	 clinic	BP	of	≥140	mm	Hg	systolic	or	
≥90	mm	Hg	diastolic	and	a	daytime	ambulatory	BP	of	<135	mm	Hg	
systolic	and	<85	mm	Hg	diastolic,	irrespective	of	treatment	status.

3  | RESULTS

3.1 | Characteristics of the study participants

Of	the	701	randomized	patients	in	the	S-	(-	)-	amlodipine	2.5-	mg	(n=351)	
and	 S-	(-	)-	amlodipine	 5-	mg	 (n=350)	 groups,	 one	 patient	 in	 the	 S-	(-	)-	
amlodipine	2.5-	mg	group	did	not	 take	 any	 study	medication,	 leaving	
700	patients	in	the	safety	analysis.	In	both	groups	combined,	634	pa‐
tients	completed	the	study	and	523	patients	were	included	in	the	effi‐
cacy	analysis	(Figure	1).	Of	these	523	patients,	263	and	260	were	in	the	
S-	(-	)-	amlodipine	2.5-	mg	and	S-	(-	)-	amlodipine	5-	mg	groups,	respectively,	

F IGURE  1 Flow	of	study	patients.	ABPM	indicates	ambulatory	blood	pressure	monitoring
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with	97.0%	and	99.2%	of	patients	who	used	>90%	of	their	study	medi‐
cations,	 respectively,	and	none	and	0.4%	of	patients	who	used	other	
antihypertensive	drugs,	respectively,	during	the	8-	week	follow-	up	pe‐
riod.	The	baseline	characteristics	were	comparable	between	the	2.5-	mg	
daily	and	5-	mg	daily	S-	(-	)-	amlodipine	treatment	groups	(Table	1).

3.2 | Antihypertensive efficacy

In	 the	 S-	(-	)-	amlodipine	 2.5-	mg	 treatment	 group	 (n=263),	 24-	
hour	 systolic/diastolic	 BP	 (±standard	 deviation)	 decreased	 from	
131.5±15.0/82.0±10.7	mm	Hg	at	baseline	to	126.0±13.5/78.5±9.5	mm	
Hg	at	8	weeks	of	follow-	up	by	a	least	square	mean	(±standard	error)	
change	 of	 6.0±0.6/3.8±0.4	mm	 Hg	 (Figure	2	 and	 Tables	1	 and	 2).	
The	 corresponding	 changes	 in	 the	 S-	(-	)-	amlodipine	 5.0-	mg	 treat‐
ment	 group	 (n=260)	 were	 from	 133.6±13.7/83.1±9.9	mm	 Hg	 to	
125.0±12.0/78.2±8.9	mm	 Hg	 by	 8.1±0.6/4.7±0.4	mm	 Hg,	 respec‐
tively.	 The	 between-	group	 least	 square	 mean	 differences	 in	 the	
changes	 in	 24-	hour	 ambulatory	 systolic	 and	 diastolic	 BP	 were	 2.1	
mm	Hg	(95%	CI,	0.4–3.8;	P=.02)	and	0.9	mm	Hg	(95%	CI,	−0.2	to	2.0;	

P=.17),	respectively	 (Table	2).	Similar	trends	were	observed	for	day‐
time	and	nighttime	ambulatory	BP	and	clinic	BP	(Table	2).	Clinic	pulse	
rate	slightly	and	significantly	(P≤.04)	decreased	from	baseline	to	the	
end	of	 follow-	up	 in	both	S-	(-	)-	amlodipine	2.5-	mg	 (1.3±0.5	beats	per	
min)	 and	5.0-	mg	 treatment	 groups	 (1.6±0.5	beats	per	min),	with	no	
difference	between	the	two	groups	(P=.60).

The	 control	 rate	 was	 significantly	 (P≤.003)	 higher	 in	 the	 S-	(-	)-	
amlodipine	 5.0-	mg	 than	 the	 2.5-	mg	 treatment	 group	 for	 clinic	 sys‐
tolic	BP	(90.8%	vs	81.8%)	and	diastolic	BP	(94.2%	vs	84.0%)	and	both	
(87.3%	vs	75.7%).

We	performed	further	subgroup	analysis	 in	previously	untreated	
(n=162)	and	treated	hypertensive	patients	(n=361,	Table	3)	and	in	pa‐
tients	with	sustained	(n=321)	and	white-	coat	(n=202,	Table	4)	hyper‐
tension.	Changes	from	baseline	to	8	weeks	of	follow-	up	for	clinic	BP	
were	similar	in	previously	untreated	and	treated	hypertensive	patients	
(P≥.07),	 except	 for	 systolic	 BP	 at	 high	 dosage	 (P<.0001).	 However,	
changes	 from	 baseline	 to	 8	weeks	 of	 follow-	up	 for	 ambulatory	 BP	
were	 significantly	 greater	 in	 previously	 treated	 hypertensive	 pa‐
tients	(P≤.04),	except	for	nighttime	systolic	BP	at	high	dosage	(P=.48).	

TABLE  1 Characteristics	of	the	study	
participants	at	baseline

Characteristic
S- (- )- amlodipine 
2.5 mg/d (n=263)

S- (- )- amlodipine 
5 mg/d (n=260) P value

Women,	No.	(%) 134	(51.0) 139	(53.5) .57

Age,	y 56.6±10.5 57.3±10.4 .42

Body	mass	index,	kg/m² 24.8±3.2 25.0±2.7 .34

Current	smoking,	No.	(%) 62	(23.6) 53	(20.4) .38

Alcohol	intake,	No.	(%) 67	(25.5) 67	(25.8) .94

Diabetes	mellitus,	No.	(%) 36	(13.7) 33	(12.7) .74

Previous	antihypertensive	treatment,	No.	
(%)

183	(69.6) 178	(68.5) .78

Calcium	channel	blockers 88	(48.1) 84	(47.2) .86

Angiotensin-	converting	enzyme	
inhibitors

33	(18.0) 26	(14.6) .38

Angiotensin	receptor	blockers 24	(13.1) 30	(16.9) .32

β-	Blockers 10	(5.5) 11	(6.2) .77

Diuretics 3	(1.6) 9	(5.1) .08

Other 25	(13.7) 21	(11.8) .70

Clinic	BP,	mm	Hg

Systolic 150.6±10.0 151.3±9.8 .43

Diastolic 94.5±8.1 94.9±7.7 .53

Clinic	pulse	rate,	beats	per	min 71.0±8.2 71.6±12.0 .52

Ambulatory	BP,	mm	Hg

24-	h	systolic 131.5±15.0 133.6±13.7 .10

24-	h	diastolic 82.0±10.7 83.1±9.9 .24

Daytime	systolic 134.2±15.8 135.9±13.6 .19

Daytime	diastolic 84.1±11.4 84.9±10.3 .38

Nighttime	systolic 126.2±15.3 129.1±15.8 .03

Nighttime	diastolic 78.2±10.6 79.6±10.5 .12

Abbreviation:	BP,	blood	pressure.	Values	are	expressed	as	mean±standard	deviation	or	number	of	pa‐
tients	(percentage).	For	the	definition	of	diabetes	mellitus,	see	Section	2.	The	P	value	is	for	the	compari‐
son	between	the	S-	(-	)-	amlodipine	2.5-	mg/d	and	5-	mg/d	groups.
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The	 between-	group	 differences	 in	 favor	 of	 the	 high	 dose	 of	 S-	(-	)-	
amlodipine	were	greater	 in	previously	treated	than	untreated	hyper‐
tensive	patients.	Statistical	significance	was	achieved	for	clinic	systolic	
and	diastolic	BP	and	nighttime	systolic	BP	 (P≤.03,	Table	3).	Changes	
from	baseline	 to	8	weeks	of	 follow-	up	were	significantly	greater	 for	
ambulatory	 (P≤.0001)	but	not	clinic	 (P≥.06)	BP	 in	patients	with	sus‐
tained	hypertension	than	those	with	white-	coat	hypertension,	regard‐
less	of	the	dosage	of	S-	(-	)-	amlodipine.	The	between-	group	differences	
in	favor	of	the	high	dose	of	S-	(-	)-	amlodipine	were	significantly	greater	
in	patients	with	sustained	hypertension	for	clinic	BP	and	ambulatory	
systolic	BP	(P≤.01)	but	not	for	ambulatory	diastolic	BP	(P≥.06,	Table	4).

We	performed	additional	sensitivity	analysis	in	487	patients	who	
had	at	least	20	daytime	readings	and	seven	nighttime	readings,	as	rec‐
ommended	in	the	2013	position	paper11	and	2014	European	Society	
of	Hypertension	practice	guidelines12	for	ABPM.	The	results	remained	
unaltered.

3.3 | Safety

Safety	was	assessed	in	700	patients	who	took	at	least	one	pill	of	the	
study	medication.	The	incidence	rate	was	similar	in	the	two	groups	for	

all	adverse	events	(20.0%	[n=70]	vs	17.7%	[n=62];	P=.50)	(Table	5).	In	
general,	the	incidence	rate	was	low	and	the	severity	was	mild	for	all	
adverse	events.	Only	one	serious	adverse	event	was	reported	in	the	
study,	which	was	in	the	2.5-	mg	S-	(-	)-	amlodipine	group.	No	death	was	
reported	during	the	study	in	either	group.

4  | DISCUSSION

Our	randomized	study	demonstrated	that	an	initial	high	dose	(5	mg)	
of	S-	(-	)-	amlodipine	significantly	improved	BP	control	on	both	ambula‐
tory	and	clinic	measurements,	especially	systolic	BP,	with	similar	tol‐
erability	as	the	initial	 low	dose	(2.5	mg).	The	advantage	of	the	initial	
high	dose	is	approximately	2	mm	Hg	in	ambulatory	systolic	BP	in	all	
patients	during	24	hours,	in	the	daytime	and	at	night.	According	to	the	
epidemiological	estimation	of	risks	associated	with	24-	hour,	daytime,	
and	nighttime	BP,	the	expected	risk	reductions	could	be	4.4%	to	5.1%	
for	stroke,	1.9%	to	2.7%	for	coronary	events,	and	3.5%	to	3.7%	for	all	
cardiovascular	events.13

To	the	best	of	our	knowledge,	our	study	was	the	first	to	compare	
high	with	 low	 initial	dose	of	amlodipine	for	ambulatory	BP–lowering	

F IGURE  2 Twenty-	four-	hour	blood	pressure	profile	at	baseline	and	at	8	weeks	of	treatment	with	S-	(-	)-	amlodipine	2.5	mg/d	or	5	mg/d.	
Symbols	denote	hourly	mean.	Vertical	lines	denote	standard	error
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efficacy	and	tolerability	in	Asians.	Nonetheless,	our	study	can	be	com‐
pared	with	a	recent	study	in	562	North	American	patients	with	a	clinic	
diastolic	BP	of	95	to	115	mm	Hg.14	In	this	8-	week,	4×4	factorial	de‐
sign	trial,	patients	were	randomly	assigned	to	receive	 initial	placebo,	
telmisartan	 (20,	40,	or	80	mg),	 and/or	 amlodipine	 (2.5,	5,	or	10	mg).	
The	between-	group	(5	mg	[n=52]	vs	10	mg	[n=58]	amlodipine	mono‐
therapy)	mean	differences	in	the	changes	in	24-	hour	systolic/diastolic	
BP	were	2.6/1.5	mm	Hg	in	all	patients	and	2.6/2.3	mm	Hg	in	patients	
with	stage	2	diastolic	hypertension.	The	corresponding	between-	group	
mean	differences	for	telmisartan	monotherapy	(40	mg	[n=52]	vs	80	mg	
[n=58])	were	comparable	for	all	patients	(2.6/1.5	mm	Hg)	and	patients	
with	stage	2	diastolic	hypertension	(3.9/1.8	mm	Hg).14	In	spite	of	sim‐
ilar	efficacy	 results	between	 this	 trial14	and	our	study,	 the	 incidence	
of	peripheral	edema	was	much	higher	in	the	amlodipine	(racemic)	10-	
mg/d	monotherapy	group	(13.8%)	than	the	lower-	dose	monotherapy	
groups	(rate	not	reported)	and	the	telmisartan/amlodipine	combination	
groups	(overall	pooled	5.2%,	P<.0001).15	Taken	the	efficacy	and	toler‐
ability	results	of	this14,15	and	our	study	results	together,	an	initial	high	
dose	of	amlodipine	is	probably	more	appropriate	for	Asian	patients.

Although	 the	 between-	group	 differences	 were	 similar	 for	 clinic	
and	ambulatory	BP,	the	relative	reductions	from	baseline	were	much	
smaller	for	ambulatory	than	clinic	BP	(difference	between	ambulatory	
and	clinic	pressure	reductions,	14.3/8.8	and	15.3/9.5	mm	Hg	 in	 the	
S-	(-	)-	amlodipine	2.5-		and	5-	mg	daily	groups,	respectively).	This	differ‐
ence	to	a	 large	extent	can	be	attributed	to	the	white-	coat	effect	on	
BP	measurements	at	baseline.11,12,16	Indeed,	the	differences	between	
the	 clinic	 and	 daytime	 ambulatory	 systolic/diastolic	 BP	 at	 baseline	
were	14.8/9.1	mm	Hg.	The	ambulatory	BP	was	low	at	baseline.	On	the	
other	hand,	the	placebo	effect	can	also	explain	at	least	a	part	of	the	

much	larger	mean	reductions	from	baseline	in	clinic	than	ambulatory	
BP.11,12,17	These	observations	provided	 further	evidence	 that	ABPM	
may	 be	 devoid	 of	white-	coat	 and/or	 placebo	 effect,11,12	 and	 there‐
fore	may	 improve	 cardiovascular	 outcomes	 in	 patients	with	 treated	
hypertension.18–23

Our	study	on	ambulatory	BP	measurement	also	provides	further	
evidence	on	 the	24-	hour	effect	of	amlodipine	at	both	 low	and	high	
doses.	The	relative	changes	from	baseline	were	similar	for	daytime	and	
nighttime	 BP.	 The	 between-	group	 differences	were	 also	 similar	 for	
daytime	and	nighttime	BP.	These	findings	are	in	line	with	the	results	
of	 several	previous	 studies	on	 the	ambulatory	BP–lowering	efficacy	
of	amlodipine	monotherapy	in	patients	with	mild	or	moderate	hyper‐
tension.24–26	 Indeed,	 daytime	 and	 nighttime	 ambulatory	 BPs	 were	
reduced	with	5-	mg	amlodipine	monotherapy	by	a	mean	of	13/7	mm	
Hg	and	12/7	mm	Hg	in	23	patients	with	both	clinic	(≥140/90	mm	Hg	
and	 <120	mm	 Hg	 diastolic)	 and	 ambulatory	 daytime	 hypertension	
(≥135/85	mm	Hg),24	respectively,	and	by	a	mean	of	17.6/8.9	mm	Hg	
and	17.5/8.9	mm	Hg	in	359	patients	with	stage	1	and	2	clinic	hyper‐
tension,25	respectively.	The	corresponding	BP	reductions	with	2.5-	mg	
to	10-	mg	amlodipine	treatment	were	12/8	mm	Hg	and	11/8	mm	Hg,	
respectively,	 in	 43	 patients	 with	 clinic	 hypertension	 (systolic	 140–
200	mm	Hg	and/or	diastolic	90–110	mm	Hg),	type	2	diabetes	mellitus,	
and	overt	nephropathy.26

5  | STUDY STRENGTHS AND LIMITATIONS

Our	study	should	be	 interpreted	within	 the	context	of	 its	 strengths	
and	 limitations.	 The	 sample	 size	 was	 relatively	 large	 for	 an	 ABPM	

S- (- )- amlodipine 
2.5 mg/d (n=263)

S- (- )- amlodipine 
5 mg/d (n=260)

Least square mean 
difference (95% CI) P value

Clinic	BP,	mm	Hg

Systolic 20.6±0.6 23.6±0.6 3.0	(1.3–4.7) .0005

Diastolic 12.7±0.4 14.3±0.4 1.6	(0.5–2.7) .01

Clinic	pulse	rate,	
beats	per	min

1.3±0.5 1.6±0.5 0.3	(−1.1	to	1.7) .60

Ambulatory	BP,	mm	Hg

24-	h	systolic 6.0±0.6 8.1±0.6 2.1	(0.4–3.8) .02

24-	h	diastolic 3.8±0.4 4.7±0.4 0.9	(−0.2	to	2.0) .17

Daytime	systolic 6.3±0.7 8.3±0.7 2.0	(0.1–3.9) .04

Daytime	diastolic 3.9±0.5 4.8±0.5 0.9	(−0.5	to	2.3) .18

Nighttime	systolic 5.6±0.7 7.6±0.7 2.0	(0.1–3.9) .04

Nighttime	diastolic 3.8±0.5 4.3±0.5 0.5	(−0.9	to	1.9) .37

Abbreviation:	BP,	blood	pressure.
Values	are	expressed	as	least	square	mean±standard	error	unless	otherwise	indicated.	We	performed	
analysis	of	covariance	to	calculate	the	least	square	mean	(±standard	error)	change	from	baseline	and	
the	between-	group	difference	(95%	CIs)	with	the	baseline	values	as	covariates.	The	change	from	base‐
line	was	computed	by	subtracting	the	values	at	the	end	of	follow-	up	from	those	at	baseline.	Positive	
values	therefore	indicate	a	decrease	from	baseline.	The	between-	group	difference	was	computed	by	
subtracting	the	change	in	the	S-	(-	)-	amlodipine	2.5-	mg/d	group	from	that	in	the	S-	(-	)-	amlodipine	5.0-	
mg/d	 group.	 Positive	 values	 therefore	 indicate	 a	 larger	 reduction	 in	 the	 S-	(-	)-	amlodipine	 5.0-	mg/d	
group.	The	P	value	is	for	the	comparison	between	the	S-	(-	)-	amlodipine	2.5-	mg/d	and	5-	mg/d	groups.

TABLE  2 Least	square	mean	change	at	
8	weeks	of	treatment	from	baseline	in	
clinic	and	ambulatory	BP	and	pulse	rate	in	
all	patients
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study.	Nonetheless,	our	study	had	an	open	design	and	short	duration	
of	 follow-	up.	These	design	features	may	 lead	to	underestimation	of	
treatment	 effect.	 Second,	 our	 study	 did	 not	 include	 a	washout	 pe‐
riod	 before	 randomization.	 Previously	 treated	 study	 participants	
(69.0%)	directly	 switched	 their	previous	 antihypertensive	 treatment	
to	the	study	medication.	Previously	untreated	study	participants	may	
have	had	insufficient	evaluation	of	their	BP	level.	This	design	feature	
may	also	influence	the	estimation	of	treatment	effect.	Third,	a	 large	
proportion	(17.5%)	of	patients	had	to	be	excluded	from	the	efficacy	
analysis	 because	 they	 did	 not	 have	 valid	 ambulatory	BP	 recordings	
either	at	baseline	or	at	the	end	of	follow-	up.	This	might	have	caused	
exclusion	of	 incompliant	patients	who	had	 reduced	drug	adherence	
during	 follow-	up.	 Finally,	 during	 the	 8-	week	 follow-	up	 period,	 the	

randomized	participants	had	only	one	clinic	visit	at	the	end	of	the	trial.	
Thus,	the	time	to	treatment	target	achievement	could	not	be	properly	
evaluated.

6  | CONCLUSIONS

Our	 study	demonstrated	 superiority	 of	 an	 initial	 high	dose	of	 S-	(-	)-	
amlodipine	 in	ambulatory	BP	 lowering	with	similar	 tolerability	as	an	
initial	low	dose.	This	approach	may	improve	BP	control	and,	if	widely	
used	in	clinical	practice,	should	increase	the	control	rate	of	hyperten‐
sion.	Nonetheless,	because	of	the	abovementioned	limitations	of	our	
study,	more	research	is	required	before	making	recommendations	on	

S- (- )- amlodipine 
2.5 mg/d 
(n=263)

S- (- )- amlodipine 
5 mg/d (n=260)

Least square 
mean difference 
(95% CI) P value

Previously	untreated,	No. 80 82

Clinic	BP,	mm	Hg

Systolic 20.7±1.0 21.3±1.0 0.6	(−2.2	to	3.4) .71

Diastolic 13.5±0.8 13.6±0.8 0.1	(−2.1	to	2.3) .92

Clinic	pulse	rate,	beats	
per	min

1.2±0.8 2.6±0.8 1.4	(−0.8	to	3.6) .23

Ambulatory	BP,	mm	Hg

24-	h	systolic 8.7±1.2 9.5±1.2 0.8	(−2.5	to	4.1) .64

24-	h	diastolic 6.4±0.9 6.6±0.9 0.2	(−2.3	to	2.7) .89

Daytime	systolic 9.3±1.3 10.4±1.3 1.1	(−2.5	to	4.7) .53

Daytime	diastolic 6.9±0.9 7.1±0.9 0.2	(−2.3	to	2.7) .88

Nighttime	systolic 8.2±1.3 8.1±1.3 −0.1	(−3.7	to	3.5) .97

Nighttime	diastolic 6.0±0.9 5.9±0.9 −0.1	(−2.6	to	2.4) .95

Previously	treated,	No. 183 178

Clinic	BP,	mm	Hg

Systolic 20.6±0.7 24.6±0.7 4.0	(2.1–5.9) <.0001

Diastolic 12.4±0.5 14.6±0.5 2.2	(0.8–3.6) .004

Clinic	pulse	rate,	beats	
per	min

1.3±0.6 1.2±0.6 −0.1	(−1.8	to	1.6) .90

Ambulatory	BP,	mm	Hg

24-	h	systolic 4.8±0.8 7.5±0.8 2.7	(0.5–4.9) .01

24-	h	diastolic 2.6±0.5 3.8±0.5 1.2	(−0.2	to	2.6) .07

Daytime	systolic 4.9±0.8 7.4±0.8 2.5	(0.3–4.7) .03

Daytime	diastolic 2.5±0.5 3.9±0.5 1.4	(−0.2	to	2.9) .08

Nighttime	systolic 4.5±0.8 7.4±0.8 2.9	(0.7–5.1) .01

Nighttime	diastolic 2.6±0.5 3.6±0.5 1.0	(−0.4	to	2.4) .22

Abbreviation:	BP,	blood	pressure.
Values	are	expressed	as	least	square	mean±standard	error	unless	otherwise	indicated.	We	performed	
analysis	of	covariance	to	calculate	the	least	square	mean	(±standard	error)	change	from	baseline	and	
the	between-	group	difference	(95%	CIs)	with	the	baseline	values	as	covariates.	The	change	from	base‐
line	was	computed	by	subtracting	the	values	at	the	end	of	follow-	up	from	those	at	baseline.	Positive	
values	therefore	indicate	a	decrease	from	baseline.	The	between-	group	difference	was	computed	by	
subtracting	the	change	in	the	S-	(-	)-	amlodipine	2.5-	mg/d	group	from	that	in	the	S-	(-	)-	amlodipine	5.0-	
mg/d	 group.	 Positive	 values	 therefore	 indicate	 a	 larger	 reduction	 in	 the	 S-	(-	)-	amlodipine	 5.0-	mg/d	
group.	The	P	value	is	for	the	comparison	between	the	S-	(-	)-	amlodipine	2.5-	mg/d	and	5-	mg/d	groups.

TABLE  3 Least	square	mean	change	at	
8	weeks	of	treatment	from	baseline	in	
clinic	and	ambulatory	BP	and	pulse	rate	in	
previously	treated	and	untreated	
hypertensive	patients	separately
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the	initial	high	dose	of	antihypertensive	drugs	in	future	hypertension	
guidelines.
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TABLE  4 Least	square	mean	change	at	8	weeks	of	treatment	from	baseline	in	clinic	and	ambulatory	BP	and	pulse	rate	in	patients	with	
sustained	hypertension	and	those	with	white-	coat	hypertension

S- (- )- amlodipine 
2.5 mg/d (n=263)

S- (- )- amlodipine 
5 mg/d (n=260)

Least square mean difference 
(95% CI) P value

Sustained	hypertension n=154 n=167

Clinic	BP,	mm	Hg

Systolic 20.1±0.8 24.3±0.8 4.2	(2.0–6.4) .0002

Diastolic 12.4±0.6 14.8±0.6 2.4	(0.7–4.1) .007

Clinic	pulse	rate,	beats	per	min 0.7±0.5 1.8±0.5 1.1	(−0.3	to	2.5) .19

Ambulatory	BP,	mm	Hg

24-	h	systolic 9.3±0.9 12.9±0.8 3.6	(1.2–6.0) .003

24-	h	diastolic 6.0±0.6 7.5±0.6 1.5	(−1.7	to	3.2) .09

Daytime	systolic 10.0±1.0 13.3±0.9 3.3	(0.7–5.9) .01

Daytime	diastolic 6.2±0.7 7.7±0.7 1.5	(−0.4	to	3.4) .11

Nighttime	systolic 8.0±0.9 12.2±0.9 4.2	(1.7–6.7) .0009

Nighttime	diastolic 5.6±0.7 6.9±0.6 1.3	(−0.5	to	3.1) .15

White-	coat	hypertension n=109 n=93

Clinic	BP,	mm	Hg

Systolic 21.2±0.8 22.6±0.9 1.4	(−1.0	to	3.8) .26

Diastolic 12.9±0.6 13.8±0.6 0.9	(−0.8	to	2.6) .30

Clinic	pulse	rate,	beats	per	min 2.1±0.7 1.2±0.8 −0.9	(−3.0	to	1.2) .43

Ambulatory	BP,	mm	Hg

24-	h	systolic 0.61±0.9 0.18±1.0 −0.4	(−3.1	to	2.2) .75

24-	h	diastolic 0.25±0.6 0.11±0.6 −0.1	(−1.8	to	1.5) .87

Daytime	systolic 0.26±1.0 0.19±1.0 −0.1	(−2.9	to	2.7) .96

Daytime	diastolic 0.24±0.6 0.11±0.7 −0.1	(−1.9	to	1.7) .89

Nighttime	systolic 1.70±1.0 0.13±1.1 −1.6	(−4.5	to	1.3) .30

Nighttime	diastolic 0.57±0.7 0.10±0.7 −0.5	(−2.4	to	1.5) .64

Values	are	expressed	as	least	square	mean±standard	error	unless	otherwise	indicated.	We	performed	analysis	of	covariance	to	calculate	the	least	square	
mean	(±standard	error)	change	from	baseline	and	the	between-	group	difference	(95%	CIs)	with	the	baseline	values	as	covariates.	The	change	from	baseline	
was	computed	by	subtracting	the	values	at	the	end	of	follow-	up	from	those	at	baseline.	Positive	values	therefore	indicate	decrease	from	baseline.	The	
between-	group	difference	was	computed	by	subtracting	the	change	in	the	S-	(-	)-	amlodipine	2.5-	mg/d	group	from	that	in	the	S-	(-	)-	amlodipine	5.0-	mg/d	
group.	Positive	values	therefore	indicate	a	larger	reduction	in	the	S-	(-	)-	amlodipine	5.0-	mg/d	group.	The	P	value	is	for	the	comparison	between	the	S-	(-	)-	
amlodipine	2.5-	mg/d	and	5-	mg/d	groups.	Sustained	hypertension	was	defined	as	a	clinic	blood	pressure	(BP)	of	≥140	mm	Hg	systolic	or	≥90	mm	Hg	dias‐
tolic	and	daytime	BP	of	≥135	mm	Hg	systolic	or	≥85	mm	Hg	diastolic	at	baseline.
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Wang,	n=36);	PLA	Nanjing	General	Hospital,	Nanjing,	Jiangsu	Province	

(Shi-	Sen	Jiang,	n=33);	Tongji	Hospital,	Huazhong	University	of	Science	
and	Technology,	Wuhan,	Hubei	Province	 (Jiang-	Tao	Yan,	n=29);	An	
Zhen	 Hospital,	 Capital	 Medical	 University,	 Beijing	 (Chang-	Sheng	

TABLE  5  Incidence	of	adverse	events
S- (- )- amlodipine 
2.5 mg (n=350)

S- (- )- amlodipine 
5 mg (n=350) P value

Symptoms	or	diseases

Ankle	edema 3 2

Headache 3 3

Dizziness 2 3

Fractures 2 0

Flushing 1 1

Palpitation 1 0

Chest	distress 0 1

Pneumonia 0 1

Upper	respiratory	tract	infection 0 1

Urinary	tract	infection 0 1

Electrocardiographic	abnormalities

T-	wave	abnormalities 2 3

Ventricular	ectopic	beats 0 2

Bradycardia 0 2

ST-	segment	depression 1 0

PR	interval	prolongation 0 1

Left	axis	deviation 1 0

Sick	sinus	syndrome 1 0

Blood	biochemical	abnormalities

Blood	glucose	elevation 10 8

Triglycerides	elevation 3 6

Transaminase	elevation 5 3

Total	cholesterol	elevation 3 4

HDL	cholesterol	decline 2 5

LDL	cholesterol	elevation 0 3

Total	bilirubin	elevation 0 2

C-	reactive	protein	elevation 0 1

Blood	glucose	decline 0 1

Routine	blood	test	abnormalities

Anemia 2 0

Thrombocythemia 0 2

Lymphocytosis 1 0

Polycythemia 1 0

Hemoglobin	elevation 1 0

Routine	urine	test	abnormalities

Hematuria 3 6

Proteinuria 5 4

Urine	white	blood	cell	count 4 3

Glucosuria 5 1

Total 62	(17.7) 70	(20.0) .50

Values	are	expressed	as	number	of	patients	(percentage).	The	P	value	is	for	the	comparison	between	
the	 S-	(-	)-	amlodipine	 2.5-	mg/d	 and	 5.0-	mg/d	 groups.	 Abbreviations:	 HDL,	 high-	density	 lipoprotein;	
LDL,	low-	density	lipoprotein.
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