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Abstract

It has been almost 5 years since the publication of the 2010 hypertension guidelines of the Taiwan Society of Cardiology (TSOC). There is
new evidence regarding the management of hypertension, including randomized controlled trials, non-randomized trials, post-hoc analyses,
subgroup analyses, retrospective studies, cohort studies, and registries. More recently, the European Society of Hypertension (ESH) and the
European Society of Cardiology (ESC) published joint hypertension guidelines in 2013. The panel members who were appointed to the Eighth
Joint National Committee (JNC) also published the 2014 JNC report. Blood pressure (BP) targets have been changed; in particular, such targets
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have been loosened in high risk patients. The Executive Board members of TSOC and the Taiwan Hypertension Society (THS) aimed to review
updated information about the management of hypertension to publish an updated hypertension guideline in Taiwan.

We recognized that hypertension is the most important risk factor for global disease burden. Management of hypertension is especially
important in Asia where the prevalence rate grows faster than other parts of the world. In most countries in East Asia, stroke surpassed coronary
heart disease (CHD) in causing premature death. A diagnostic algorithm was proposed, emphasizing the importance of home BP monitoring and
ambulatory BP monitoring for better detection of night time hypertension, early morning hypertension, white-coat hypertension, and masked
hypertension. We disagreed with the ESH/ESH joint hypertension guidelines suggestion to loosen BP targets to <140/90 mmHg for all patients. We
strongly disagree with the suggestion by the 2014 JNC report to raise the BP target to <150/90 mmHg for patients between 60-80 years of age. For
patients with diabetes, CHD, chronic kidney disease who have proteinuria, and those who are receiving antithrombotic therapy for stroke pre-
vention, we propose BP targets of <130/80 mmHg in our guidelines. BP targets are <140/90 mmHg for all other patient groups, except for patients
>80 years of age in whom a BP target of <150/90 mmHg would be optimal.

For the management of hypertension, we proposed a treatment algorithm, starting with life style modification (LSM) including S-ABCDE (Sodium
restriction, Alcohol limitation, Body weight reduction, Cigarette smoke cessation, Diet adaptation, and Exercise adoption). We emphasized a low-salt
strategy instead of a no-salt strategy, and that excessively aggressive sodium restriction to <2.0 gram/day may be harmful. When drug therapy is
considered, a strategy called “PROCEED” was suggested (Previous experience, Risk factors, Organ damage, Contraindications or unfavorable
conditions, Expert's or doctor's judgment, Expenses or cost, and Delivery and compliance issue). To predict drug effects in lowering BP, we proposed
the “Rule of 10” and “Rule of 5”. With a standard dose of any one of the 5 major classes of anti-hypertensive agents, one can anticipate approximately a
10-mmHg decrease in systolic BP (SBP) (Rule of 10) and a 5-mmHg decrease in diastolic BP (DBP) (Rule of 5). When doses of the same drug are
doubled, there is only a 2-mmHg incremental decrease in SBP and a 1-mmHg incremental decrease in DBP. Preferably, when 2 drugs with different
mechanisms are to be taken together, the decrease in BP is the sum of the decrease of the individual agents (approximately 20 mmHg in SBP and
10 mmHg in DBP). Early combination therapy, especially single-pill combination (SPC), is recommended.

When patient’s initial treatment cannot get BP to targeted goals, we have proposed an adjustment algorithm, “AT GOALSs” (Adherence, Timing of
administration, Greater doses, Other classes of drugs, Alternative combination or SPC, and LSM + Laboratory tests). Treatment of hypertension in
special conditions, including treatment of resistant hypertension, hypertension in women, and perioperative management of hypertension, were also
mentioned.

The TSOC/THS hypertension guidelines provide the most updated information available in the management of hypertension. The guidelines are
not mandatory, and members of the task force fully realize that treatment of hypertension should be individualized to address each patient's cir-
cumstances. Ultimately, the decision of the physician decision remains of the utmost importance in hypertension management.

Copyright © 2014 Elsevier Taiwan LLC and the Chinese Medical Association. All rights reserved.
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1. Introduction

High blood pressure (BP) is the most important risk factor
for global disease burden.” > Among the 25 leading risk
factors for global DALYs (Disability-Adjusted Life-Years),
high BP was ranked number 4 in 1990, but moved up to
number 1 in 2010.” The number of deaths attributable to high
BP rose from 7.2 million in 1990 to 9.4 million in 2010.
Appromimately 54% of stroke and 47% of coronary heart
disease (CHD) worldwide were attributable to high BP.*
Hypertension is also a very common disease, in fact, the
life time risk of having hypertension is about 90%.” Addi-
tionally, it has been noted that the prevalence rate of hyper-
tension is rapidly growing. There was 972 million patients
with hypertension (26.4%) in 2000 and that number will
reach 1.56 billion (29.2%) in 2025, an alarmingly 60% in-
crease in just 25 years.”

Despite being a major risk factor for cardiovascular
morbidity and mortality, the control rate of hypertension is
generally low. Except for in the United States, the control rate
for hypertension in most countries is generally below 50%.’
For instance, the control rate in 2009 was 32.0% in England,
and 24.8% in Japan.” In a survey in 2002 in Taiwan, the
control rate was only 21% in men, and 29% in women.®

The Taiwan Society of Cardiology (TSOC) has previously
published its 2010 guidelines for the management of hyper-
tension.” More recently, the European Society of Hypertension
(ESH) and the European Society of Cardiology (ESC) have
published their joint hypertension guidelines in 2013.'"" The
panel members who were appointed to the Eighth Joint Na-
tional Committee (JNC) also published the 2014 JNC report."'
Based on some new data from clinical trials, post-hoc ana-
lyses, and meta-analyses, the Executive Board Members of
TSOC and the Taiwan Hypertension Society (THS) decided to
publish an updated hypertension guidelines in Taiwan.

1.1. How were the guidelines created?

The Executive Board of TSOC appointed a chairperson to
nominate a task force of 15 members, based on their expertise,
from both TSOC and THS. Each member was assigned a
specific writing task. Systemic review was performed by
searching for all available evidences, including randomized
controlled trials (RCTs), non-randomized trials, post-hoc an-
alyses, subgroup analyses, retrospective studies, cohort
studies, and registries. Eight face-to-face advisory board
meetings have been held in 2013 (Table 1). In these meetings,
members of the task force gave presentations, and were joined
by other advisory board members (38 experts in total) for
detailed discussions. All the presentations were recorded and
could be viewed on line (http://tw.i519.org/tsoc). Thereafter,
the text was finalized over a period of 6 months.

The task force uses evidence-based methodologies similar
to those developed by the American College of Cardiology
(ACC) and the American Heart Association (AHA).'”> The
Class of Recommendation (COR) is an estimate of the size of
the treatment effect, with consideration given to risks versus

Table 1

Advisory board meetings for 2015 TSOC/THS hypertension
guidelines.

Time Location
May 11, 2013, AM Taichung
May 11, 2013, PM Taipei
May 25, 2013, AM Taipei
May 25, 2013, PM Taichung
July 27, 2013, AM Kaohsiung
July 27, 2013, PM Taichung
November 10, 2013, AM Tainan
November 24, 2013, PM Taipei

THS = Taiwan Hypertension Society; TSOC = Taiwan Soci-
ety of Cardiology.

benefits, as well as evidence and/or agreement that a given
treatment or procedure is or is not useful/effective or in some
situations may be harmful (Table 2). The Level of Evidence
(LOE) is an estimate of the certainty or precision of the
treatment effect. The task force reviewed and ranked evidence
supporting each recommendation, with the weight of evidence
ranked as LOE A, B, or C, according to specific definitions
that are included in Table 3.

1.2. Comparison of hypertension guidelines

Similarities and differences between the 2013 ESH/ESC
hypertension guidelines,'’ the 2014 JNC report,'' and the
present TSOC/TSH hypertension guidelines were shown in
Table 4. The most important differences are the BP targets.
The rationale of BP targets in the present TSOC/THS hyper-
tension guidelines were discussed in other parts of this paper
(Section 6.2 to Section 6.9). To make the guidelines simple,
we did not cover treatment of associated risk factors-such as
high cholesterol or elevated blood sugar. In general, each of
these 3 hypertension guidelines fulfilled the standards for
guideline formation, suggested by the Institute of Medicine
(IOM)."? The present TSOC/THS hypertension guidelines
emphasized the importance of stroke when considering the
cardiovascular endpoints, making it more Asian-oriented.

2. Epidemiology
2.1. Hypertension in Asia

The age-adjusted prevalence rate of hypertension is around
20—30% in Asian countries,® '* similar to that in developed
countries in the Western world.® However, the expected in-
crease in prevalence is higher in Asians than in the rest of the
world.® Between the years 2000 to 2025, there will be a 65.4%
increase in prevalence of hypertension in Asia compared with
a 51.2% increase in the rest of the world. This change is even
more severe in females, with a 81.6% increase in Asia
compared to a 54.4% increase in the rest of the world.’

In east Asian countries (China, Japan, and Korea), the death
rate attributable to stroke is higher than that due to CHD.'> '°
While hypertension is the most important risk factor for
stroke,'” the impact of hypertension on stroke and CHD in
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Table 2
Classes of recommendations.

Classes of recommendation Definition

Strength

Evidence and/or general agreement that a given treatment of procedure

Is recommended/is indicated

Conflicting evidence and/or a divergence of opinion about the usefulness/

Should be considered
May be considered

Class I
is beneficial, useful, effective
Class 1I
efficacy of the given treatment or procedure
Class Ila Weight of evidence/opinion is in favor of usefulness/efficacy
Class 1Ib Usefulness/efficacy is less well established by evidence/opinion
Class III

Evidence or general agreement that the given treatment or procedure is

Is not recommended

not useful/effective, and in some cases may be harmful

Asians is higher than that in Caucasians.'® '? With a similar
increase in systolic BP (SBP) of 15 mmHg, the hazard ratio for
CHD and stroke is higher for Asians than that for Cauca-
sians.'® In a clinical trial in patients with a history of stroke or
transient ischemic attack, treatment of hypertension resulted in
a 38% reduction in the risk of recurrent stroke in Asian pa-
tients, compared to a 20% reduction in Caucasians, with a
similar decrease in BP.”’ This information suggested that
controlling hypertension is the most important strategy to
decrease cardiovascular events in Asian countries, especially
stroke.

2.2. Hypertension in Taiwan

In a previous survey in Taiwan, the nationwide prevalence
rates of hypertension (defined by SBP > 140 mmHg or diastolic
BP [DBP] > 90 mmHg) were 25% in men and 18% in women,
and that rate increased to 47% among individuals of age >60
years.” The prevalence of hypertension in Taiwan is increasing
due to a surge in the prevalence rates of prehypertension, obesity
and metabolic syndrome.”' Prehypertension is an important risk
factor for the development of hypertension in Taiwan, with an
odds ratio of 1.71, compared to normotensives.”' It is estimated
that 59% of patients with prehypertension would develop hy-
pertension after 8 years.”' Interestingly, in patients less than 60
years of age, the prevalence rate of hypertension is higher in men
than in women.® After that threshold age, women are more likely
to have hypertension than men. These findings were similar to
those from the US.””

In the report of the Nutrition and Health Survey in Taiwan
(NAHSIT) (1993—1996), the control rate of hypertension (by
JNC VI definition)*” in patients >19 years of age was only
2% in men and 5% in women.”" In the Taiwanese Survey on
Hypertension, = Hyperglycemia, and  Hyperlipidemia

Table 3
Level of evidence.

Level of evidence A Data derived from multiple (>2) randomized
clinical trials

Data derived from a single randomized
clinical trial, meta-analyses, or large
non-randomized studies

Subgroup analyses, post-hoc analyses,
retrospective studies, cohort studies, registries,
small studies, or expert opinion

Level of evidence B

Level of evidence C

(TwSHHH) in 2002,” the control rate in patients >19 years
of age was improved to 21.0% in men and 28.5% in women.
It is reasonable to believe that the implementation of the
National Health Insurance system since 1995 has contributed
to the improvement of hypertension control. More recently,
the control rate of hypertension has been further improved to
58.8% in a report from Southern Taiwan,” by way of
implementation of the 2010 hypertension guidelines of
TSOC and frequent phone contacts by study nurses. How-
ever, the control rate of hypertension varies in different areas
in Taiwan; it reached as high as approximately 50% for
women in the northern area, but was less than 10% for men
in eastern parts of Taiwan, reflecting the disparity in medical
resources.’

The impact of controlling hypertension in Taiwan has been
demonstrated in the decrease in cardiovascular mortality. The
mortality rate attributed to stroke decreased from 64.8/100,000
in 1994 to 53.5/100,000 in 2002, and in heart disease, from
56.9/100,000 in 1994 to 50.9/100,000 in 2002.% Stroke had
been the second leading cause of death in Taiwan for more
than 30 years until 2007, when CHD surpassed stroke to
become the second leading cause of death.

3. Definition and classification of hypertension

Both stroke and CHD mortality are positively correlated
with both office SBP (down to 115 mmHg) and office DBP
(down to 75 mmHg).z(’ It would be difficult to draw a line to
differentiate hypertensives from normotensives. But for
descriptive purposes and therapeutic guidance, cut-off BP
values are universally used. Hypertension is defined as values
>140 mmHg in SBP, and/or >90 mmHg in DBP, using office
BP measurement, based on the evidence from randomized
controlled trials (RCTs) suggesting that treatment-induced
BP reductions are beneficial to patients with these BP
values (Table 5). We further stratified stages of hypertension
by a 20-mmHg increase in SBP and a 10-mmHg increase in
DBP, because doubling of CHD death has been observed by
the same increments in BPs in an epidemiological study”®
(Table 5). For patients with diabetes, CHD, or proteinuric
chronic kidney disease (CKD) (special patient groups), a
SBP > 130 mmHg and/or a DBP > 80 mmHg were
considered high BPs (Sections 6.4, 6.5, 6.7). The staging of
hypertension was defined by the highest level of BPs, whether
systolic or diastolic.
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Table 4

Comparison of the 2013 ESH/ESC hypertension guidelines, the 2014 JNC Report, and the 2015 TSOC/THS hypertension guidelines.

2013 ESH/ESC

2014 JNC Report

2015 TSOC/THS

Diagnosis flow chart — — +
Treatment flow chart — + 4
Adjustment flow chart — + +
Life style modification + — +
Blood pressure targets + + +
Universally <140/90 <140/90 (<150/90 for age>60) <140/90 (or <130/80 for special patient groups™)
Treatment in special conditions + — +
Treatment of associated risk factors + - -
Standards of IOM
Transparency ? ? 4P
Conflict of interests Full disclosure Full disclosure Full disclosure
Group compositions N=>55 N =51 N=353
Advisory board member
Systemic review + 44 4
Strength of recommendation + + +
Articulation + 9 +
External review + + +
Updating + + +
Appropriateness for Asians ? ? +

ESC = European Society of Cardiology; ESH = European Society of Hypertension; IOM = Institute of Medicine; JNC = Joint National Committee; THS =

Taiwan Hypertension Society; TSOC = Taiwan Society of Cardiology.

% Patients with diabetes, or coronary heart disease, or proteinuric chronic kidney disease.

P All presentations can be viewed on website (http://tw.i519.org/tsoc).
¢ Randomized controlled trials, meta-analyses, and cohort studies.
4 Only randomized controlled trials.

e

studies, small studies, especially focused on available data for Asians.

4. Diagnosis
4.1. Blood pressure measurement

The diagnosis of hypertension depends of office BP mea-
surement, complemented by home BP monitoring (HBPM),
and ambulatory BP monitoring (ABPM).

4.1.1. Office blood pressure measurement

The measurement of BP is likely the single clinical pro-
cedure of greatest importance that is actually performed in the
sloppiest manner. The measurement of BP should follow the
noted recommendations.”’ Table 6 summarized correct
methods for office BP measurement. Patient BP should be
measured in both arms during the initial visit, and then the arm

Table 5
Definition and classification of hypertension by office blood pressure
measurement.

Staging Systolic BP (mmHg) Diastolic BP (mmHg)
Normal <120 and <80
Prehypertension 120-139 or 80-89

Stage 1 hypertension 140-159 or 90-99

Stage 2 hypertension 160-179 or 100-109

Stage 3 hypertension >180 or >110
Isolated systolic hypertension >140 and <90

Systolic BP >130 mmHg or diastolic BP>80 mmHg are considered high
blood pressures in special patient groups (coronary heart disease, diabetes, and
proteinuric chronic kidney disease), and also in patients who receive antith-
rombotics for stroke prevention. (Modified from Chiang et al.” with
permission.)

Randomized controlled trials, meta-analyses, non-randomized trials, subgroup analyses, post-hoc analyses, retrospective studies, cohort studies, registration

with a higher BP should be used in the following visits. When
orthostatic hypotension is suspected, especially in elderly
patients or diabetic patients, BP should be measured at 1
minute and 3 minute intervals after assumption of standing
position. Orthostatic hypotension is a strong predictor of CV
events and total mortality.”® *°

The “gold standard” device for office BP measurement has
been the mercury sphygmomanometer, but these are being
removed from clinical practice because of environmental
concerns about mercury contamination.”’ Therefore, auscul-
tatory or oscillometric semiautomatic sphygmomanometers
are typically used in most practices. Validated devices are
recommended, and several lists of wvalidated devices are
available online (http://www.bhsoc.org; or http://www.
hypertension.ca).

Although the data from the Framingham Heart Study
showed that DBP is a stronger predictor for CHD than SBP in
patients less than 50 years of age,”” it is generally believed that
SBP is a more important predictor for overall cardiovascular
risk in elderly patients (65 years or older).’’* Because about
75% of people with high BP are over the age of 50, the burden
of disease is mainly due to elevation of SBP.** It has also been
shown that anti-hypertensive drugs improved patient outcomes
mainly through lowing SBP.** % However, SBP is more
difficult to control compared with DBP.*

4.1.2. Ambulatory blood pressure monitoring (ABPM)
ABPM has become a useful tool in the diagnosis and
management of hypertension.”® ABPM is superior to office BP


http://www.bhsoc.org
http://www.hypertension.ca
http://www.hypertension.ca
http://tw.i519.org/tsoc
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Table 6
Correct methods for office blood pressure measurement.

Table 7
Definition of hypertension by HBPM and ABPM.

Before measurement

Timing
1 hour Avoiding coffee, food, smoking, decongestants
30 minutes Avoiding exercise
5 minutes Sitting calmly

Preparation Emptying bladder and bowel, and removing

all clothing that covers the location of cuff

placement
Environment Calm and warm place
During measurement
Body position Seated, back supported, legs uncrossed, feet

flat on floor, and relaxed

Arm Supported, using the arm with higher value
Cuff at heart level, using appropriate sized one
Measurement Taking two measurement, spaced 1-2 minutes

apart, and additional measurement if needed
Measuring heart rate by pulse palpation
(at least 30 seconds) after the second
measurement
For patients with atrial fibrillation, measuring
blood pressure manually, using direct
auscultation over the brachial artery
‘When suspecting orthostatic hypotension,
measuring blood pressure 1 and 3 minutes
after assumption of standing position

After measurement

Blood pressure readings ~ Averaging, but not rounding them
Recording

measurement in the prediction of future cardiovascular
events.””” *® In 2001, the Centers for Medicare and Medicaid
Services in the United States approved ABPM for reim-
bursement for the identification of individuals with white-coat
hypertension; in 2011 the National Institute for Health and
Care Excellence (NICE) in the United Kingdom recommended
that ABPM be offered as a cost-effective technique for all
people suspected of having hypertension.’® Unfortunately, the
National Health Insurance Administration in Taiwan has not
included ABPM in its reimbursement lists.

The ABPM devices are typically programmed to take
readings every 15 to 30 minutes throughout the day and night.
At the end of the recording period, the readings are down-
loaded into a computer. Standard protocols are used to eval-
uate the accuracy of the devices. Approved devices are usually
accurate to within 5 mm Hg of readings taken with a mercury
sphygmomanometer.”” Methodological details can be referred
to the practice guidelines of ESH,”® and would not be
mentioned here. Cut-off values for the definition of hyper-
tension for ABPM were shown in Table 7. Additionally, ad-
vantages and weaknesses of ABPM were shown below:

4.1.2.1. Advantages of ABPM™°

e Is a much stronger predictor of cardiovascular events than
office BP

e Provides larger number of BP readings

e Identifies  white-coat  hypertension, and
hypertension

e Discloses nocturnal hypertension, and dipping patterns

masked

Category Systolic blood Diastolic blood
pressure (mmHg) pressure (mmHg)
HBPM >135 or >85
ABPM >130 or >80
Daytime >135 or >85
Nighttime >120 or >70

ABPM = ambulatory blood pressure monitoring; HBPM = home blood
pressure monitoring. (Modified from Chiang et al.” with permission.)

e Provides averaged daytime, night-time, and 24-hour
values

e Assesses BP variability over 24 hours

e Evaluates the 24-hour efficacy of antihypertensive drugs

4.1.2.2. Weaknesses of ABPM™°

e Cost (reimbursement issue)

e Limited availability in private practice

e Discomfort in patients

e Repeated measurement not likely in short term.

The averaged night-time BP has become a stronger pre-
dictor than averaged daytime BP.""** The sleep-time BP mean
has also been reported to be the most significant prognostic
predictor of cardiovascular morbidity and mortality.”> A pa-
tient's BP normally decreases during the night, defined as a
“dipping” pattern.** It is generally agreed that a night-time BP
fall of >10% of daytime values (night-day ratio <0.9) is the
cut-off value for normal dipping.”’ Approximately 70% of
individuals dip >10% at night, while 30% have non-dipping
patterns.”* A different degree of dipping has been proposed,
but the reproducibility of dipping pattern is limited.'”

Early morning hypertension defined as elevation of
averaged BP over the 2 hours after awaking has been re-
ported to be associated with higher risk of stroke.”” Both
HBPM and ABPM were interchangeable methods for the
assessment of early morning hypertension.’® Circumstantial
evidence for the validity of early morning hypertension as
an index of disease risk is provided by a peak in myocardial
infarction and stroke compared with other periods of the
day.”” A morning BP surge, on the other hand, is an in-
crease in BP occurring from the night-time to the early
morning.”” Morning BP surge can be measured reliably by
ABPM. Similar to early morning hypertension, it has been
reported to be a risk factor for cardiovascular events,"
especially hemorrhagic stroke.”” In a recent analysis of
5,645 individuals recruited from eight different countries,
the morning BP surge was associated with a 30—45% in-
crease in the risk of cardiovascular events.”

4.1.3. Home blood pressure monitoring (HBPM)

High BP detected by HBPM is more closely related to
hypertension-related TOD and predicts the risk of cardiovas-
cular events better than office BP measurement.”" °> Some
studies and meta-analyses have suggested that HBPM is as
good as ABPM and superior to office measurements in regard
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to their association with preclinical organ damage.’* > Home
BP should be measured by validated semi-automated oscillo-
metric (electric) devices, and under similar requirements as
office BP measurement (Table 6).

A minimum of 12 measurements and up to 25 measure-
ments over a few days might be desirable.”® Two morning
readings and 2 evening readings for 7 days immediately before
each visit, excluding the readings from the first day, would be
measured and stored in devices for HBPM.’” Thus, there
would be 12 readings either in the morning or in the evening,
with a total of 24 readings. These readings can be averaged for
each visit. Physicians may use separated averages of morning
or evening BP to adjust the timing of administration of anti-
hypertensive drugs. Cut-off values for the definition of hy-
pertension for HBPM were shown in Table 7. Advantages and
weakness of HBPM were shown below:

4.1.3.1. Advantages of HBPM’* °7

e Is a stronger predictor of cardiovascular events than office
BP

e Provides a larger number of BP readings

e Can be repeated more frequently than ABPM

e [dentifies  white-coat  hypertension, and
hypertension

e Evaluates the efficacy of antihypertensive drugs at
different times of the day and night, except sleep

e High acceptance by patients

e Relatively low cost

masked

4.1.3.2. Weaknesses of HBPM* 7

e Necessity for patient training (simple for automated
devices)

e Possible use of un-validated devices

e Lack of night time recordings.

The investigators of the TASMIN-SR (The Targets and
Self-Management for the Control of Blood Pressure in Stroke
and at Risk Groups) recently studied the impact of BP self-
monitoring at home with self-titration of antihypertensive
medication, compared with usual care, on SBP among high-
risk patients with existing cardiovascular disease, diabetes
mellitus, or CKD.”® The mean baseline BP was 143.1/
80.5 mmHg and 143.6/79.5 mmHg in the intervention and the
control groups, respectively. The mean BP decreased to 128.2/
73.8 mmHg and 137.8/76.3 mmHg in the intervention and the
control groups, respectively, after 12 months.”® There was a
difference of 9.2 mmHg (p < 0.05) in SBP and 3.4 mmHg in
DBP between groups. The authors concluded that self-
management of BP in patients with or at high risk of cardio-
vascular disease resulted in lower SBP at 12 months.”®

4.2. White-coat hypertension
White-coat hypertension is defined in subjects who have

elevated office BP (>140/90 mmHg), but with ABPM < 130/
80 mmHg,’® or HBPM < 135/85 mmHg.”” The term should be

reserved for un-treated patients. In patients who have received
treatment, the term “white-coat effect” is preferred.44 The
prevalence of white-coat hypertension was estimated to be
around 10—15%.°% °° However, in patients with elevated of-
fice BP, white-coat hypertension was common, particularly in
the untreated group (42.9%).°" The long-term prognosis of
untreated patients with white-coat hypertension is controver-
sial. In a meta-analysis using IDACO (International Database
on Ambulatory Blood Pressure Monitoring in relation to
Cardiovascular Outcomes) Population data, the adjusted haz-
ard ratio of subjects with white-coat hypertension was similar
to subjects with normal BP (1.17, p = 0.29).°" On the contrary,
data from IDHOCO population (International Database of
Home Blood Pressure in Relation to Cardiovascular Outcome)
show that among untreated subjects cardiovascular risk was
higher in those with white-coat hypertension compared with
normotensive subjects (adjusted hazard ratio of 1.42,
p = 0.02).°" In a recent study from Taiwan using ABPM to
define white-coat hypertension, 15-year cardiovascular mor-
tality was higher in subjects with white-coat hypertension.®” It
is suggested that ABPM and HBPM are complementary for
the diagnosis of white-coat hypertension.”’ This view was
supported by a recent analysis of the PAMELA general pop-
ulation study.®® Among subjects with white-coat hypertension,
those with low home and ambulatory BP had lower cardio-
vascular mortality than those with only one of them being
low.®

It is debatable that subjects with white-coat hypertension
need treatment. The majority of evidence supports increased
TOD in cross-sectional studies of subjects with white-coat
hypertension, including left ventricular hypertrophy and
increased carotid intima-media thickness.®" ® Furthermore, a
higher prevalence of metabolic derangement has been re-
ported,”” °® including increased new-onset diabetes.”” In a
Taiwanese study, subjects with white-coat hypertension were
characterized by higher arterial stiffness and lower estimated
glomerular filtration rate.’” We suggest that patients with
white-coat hypertension should be treated with life style
modification (LSM), and regularly followed up by ABPM or
HBPM to detect any evidence of progression to sustained
hypertension.

For treated patients who have “white-coat effect”, the car-
diovascular events were lower than in those with resistant
hypertension, but similar to patients with well-controlled hy-
pertension.®® °” Notably, 20 to 25% of patients with white-
coat effect would develop true resistant hypertension within
3 to 6-months of follow-up.m Therefore, continued HBPM or
ABPM are advised.

4.3. Masked hypertension

Masked hypertension is defined in untreated subjects who
have normal office BP (<140/90 mmHg), but with elevated
ABPM (>130/80 mmHg),”® or elevated HBPM (>135/
85 mmHg).”’ Masked uncontrolled hypertension is defined in
treated patients utilizing similar criteria.”® °” The prevalence
of masked hypertension was estimated to be around 10-
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15%,>” - 7' higher in patients with prehypertension than in
patients with normal BP.”' In the Masked Hypertension Study
in the untreated subjects, it was shown that the prevalence of
masked hypertension increased to 34% in subjects with pre-
hypertension, and reached 52% in subjects with higher pre-
hypertensive BP (SBP 130—139 mmHg or DBP
80—89 mmHg), whereas the prevalence of masked hyperten-
sion was only 3.9% in participants with normal office BP (SBP
<120 mmHg and DBP < 80 mmHg).”' Other studies have
similarly shown that office BP in the upper prehypertensive
range predicts masked hypertension.”” Masked hypertension
was not uncommon in patients with diabetes,73 CKD,74 and
obstructive sleep apnea syndrome.”” On the other hand, the
prevalence of masked uncontrolled hypertension was high (up
to 41.4%),° and highlights the need for ABPM or HBPM in
all treated patients.”” Meta-analyses of prospective studies
demonstrated that subjects with masked hypertension had two-
fold higher cardiovascular event rates than normotensives,
similar to the event rates in patients with sustained hyperten-
sion.5% 76 77

Anti-hypertensive management may be considered in pa-
tients with masked hypertension, but there are currently no
RCTs that have evaluated this strategy, and the best method to
identify subjects with masked hypertension has not yet been
established.” A diagnostic algorithm using ABPM (or HBPM)
for follow-up has been proposed to evaluate subjects with
masked hypertension, if their office BP is in the pre-
hypertensive range.’”® If office BP is <120/80 mmHg, there
will be no need to arrange ABPM, as the prevalence of masked
hypertension is quite low in this group.

4.4. Diagnosis algorithm

A diagnosis algorithm was proposed in Fig. 1. For patients
presenting with office BP > 140/90 mmHg (or >130/
80 mmHg in special patient groups, i.e. diabetes, CHD, and
proteinuric CKD), physical examination (Section 5.2) and
routine laboratory tests (Section 5.3) (Table 8) should be
performed, and a medical history obtained (Section 5.1).
After 2 weeks to 1 month, office BP can be rechecked. If
office BP is still <140/90 mmHg (or <130/80 mmHg in
special patient groups), continued outpatient clinic follow-up
is suggested (unless in patients who have office BP in the
prehypertension range [120-139/80-89 mmHg, or 120-129/
70-79 mmHg in special patient groups] in whom ABPM or
HBPM can be performed in 3-6 months to confirm the
diagnosis of masked hypertension). For patients who have
repeated office BP >140/90 mmHg (or >130/80 mmHg in
special patient groups), physicians should look for evidence
of TOD (including left ventricular hypertrophy by electro-
cardiogram, microalbuminuria, or asymptomatic atheroscle-
rosis [carotid intima-media thickening or aortic plaque],
ankle-brachial index<0.9, or increased pulse wave velocity).
In case of positive TOD, physicians should proceed to the
Treatment Algorithm (Fig. 2). If there is no evidence of TOD,
HBPM or ABPM should be performed to rule out the pos-
sibility of white-coat hypertension. If HBPM is >135/
85 mmHg or ABPM >130/80 mmHg, physicians should
proceed to the Treatment Algorithm (Fig. 2). For patients
with normal HBPM and normal ABPM, continued follow-up
is suggested. Physicians can arrange ABPM or ask patients to

Office BP > 140/90*

!

» Medical history
» Physical examination
» Routine laboratory tests

! ! !
| < 120780 |[ 120-139/ [ > 140190+ [<135/85 | |>135/85 | [<130/80 | |>130/80 |
80-89*

[ ToD (+) | [ToD (9 |

Treatment
algorithm

|Fu1y|

LSM
FU 3-6m

Treatment
algorithm

LSM
FU 3-6m

Treatment
algorithm

Fig. 1. Diagnosis algorithm. This algorithm does not apply to very elderly patients (age >80 years) because their treatment threshold and targets are 150/90 mmHg.
For special patient groups (coronary heart disease, diabetes, or proteinuric chronic kidney disease), lower BPs are applied (* >130/80 mmHg; * 120—129/
70—79 mmHg; ¥ <120/70 mmHg). ABPM = ambulatory blood pressure monitoring; BP = blood pressure; FU = follow-up; HBPM = home blood pressure
monitoring; LSM = life style modification; m = month; TOD = target organ damage (including left ventricular hypertrophy by electrocardiogram, micro-
albuminuria, or asymptomatic atherosclerosis [carotid intima-media thickening or aortic plaque], ankle-brachial index<0.9, or increased pulse wave velocity); y =

year. (Modified from Chiang et al.” with permission.)
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Table 8
Laboratory tests.

Routine tests
Hemoglobin and hematocrit
Serum creatinine with estimated creatinine clearance (Cockroft-Gault
formula) or glomerular filtration rate (Modification of Diet in Renal Disease
formula)
Serum sodium, potassium and calcium
Fasting glucose
Total cholesterol, LDL-cholesterol, HDL-cholesterol and triglycerides
Serum uric acid
Urinalysis
Electrocardiogram
Chest X-ray

Recommended tests
Oral glucose tolerance test or HbA1C (if fasting plasma glucose >100 mg/
dL)
High sensitivity C reactive protein
Quantitative microalbuminuria/proteinuria
Fundoscopy
Echocardiography
Carotid ultrasound
Home and ambulatory blood pressure monitoring
Ankle-brachial index
Pulse wave velocity

Extended evaluation (domain of the specialist)
Further search for cerebral, cardiac, renal and vascular damage. Mandatory
in complicated hypertension
Search for secondary hypertension when suggested by history, physical
examination or routine tests: measurement of renin, aldosterone,
corticosteroids, catecholamines in plasma and/or urine; angiographies; renal
and adrenal ultrasound; computer-assisted tomography; magnetic resonance
imaging

(Modified from Chiang et al.” with permission.)

provide HBPM data at the second visit (2 weeks to 1 month
after the first visit), and manage patients accordingly.
Although the cut-off values of 135/85 mmHg for HBPM and
130/80 mmHg for ABPM are well established, the cut-off
values of HPBM and ABPM for special patient groups
(diabetes, CHD, proteinuric CKD) are unknown. We may
consider that the cut-off values for HBPM and ABPM should
be lower than office BP thresholds (130/80 mmHg) in special
patient groups.

5. Evaluation
5.1. Medical history

A complete medical history should be taken during the first
visit for patients with high BP. The information of interest to
clinicians is related to treatment threshold, BP targets, and
choice of management strategy. Medical history includes:

e Previous cardiovascular events and diseases: CHD, stroke
or transient ischemic attack, diabetes, heart failure, CKD,
peripheral artery disease, and sleep apnea.

e Personal history: dietary habit, salt intake, alcohol intake,
smoking history, and exercise habit.

e Previous drug history: anti-hypertensive drugs, non-steroid
anti-inflammatory drugs (NSAIDs), cyclooxigenase-2
(COX-2) inhibitors, steroids, oral contraceptives,
migraine medications, cold remedies (containing pseu-
doephedrine), systemic or intra-vitreal use of anti-vascular
endothelial growth factor (anti-VEGF), etc.

Life Style Modification (S-ABCDE) |

i

R: Risk factors
O: Organ damage

E: Expense or cost

P: Previous experience of patient

C: Contraindication or unfavorable
E: Expert or doctor judgment

D: Delivery and compliance

¥

¥

Non-special patient groups
(plus age < 80)

Special patient groups
(DM, CHD, CKD with proteinuria)
(plus age < 80)

v ¥ v ! ¥
140-159/ || 160-179/ || >180/110 | | 130-149/ || 150-169/ || >170/100
90-99 100-109 80-89 90-99
1drug| [2drugs| |3 drugs 1drug 2drugs| |3drugs
or SPC or SPC or SPC or SPC

Fig. 2. Treatment algorithm. This algorithm is not applicable in very elderly patients (age >80 years). CHD = coronary heart disease; CKD = chronic kidney
disease; DM = diabetes mellitus; SPC = single-pill combination. (Modified from Chiang et al.” with permission.)



C.-E. Chiang et al. / Journal of the Chinese Medical Association 78 (2015) 1—47 11

5.2. Physical examination

Physical examination plays an essential role in the assess-
ment of hypertensive patients. The purposes of physical ex-
aminations include establishing the diagnosis and determining
the severity of hypertension, searching for signs of secondary
hypertension and TOD, and refining global cardiovascular
risk.” Initially, BP should be measured correctly (Section
4.1.1) (Table 6). Physical examination should include the
followings: 1) calculation of body mass index (BMI); 2) in-
spection of Cushingoid appearance including moon face,
buffalo hump, truncal obesity, and wide purple striae; 3)
evaluation of optic fundi for hypertensive retinopathy; 4)
palpation of the thyroid gland for hyperthyroidism; 5)
auscultation of carotid, abdominal and femoral bruits for
renovascular disease and peripheral artery disease; 6) auscul-
tation over the back for a loud murmur suggesting coarctation
of aorta; 7) comprehensive examination of the heart and lungs
for left ventricular hypertrophy, and ventricular gallop of
congestive heart failure; 8) examination of the abdomen for
enlarged kidneys, masses, and pulsation of abnormal aorta; 9)
palpation of the lower extremities for edema and pulses; and
10) a complete neurological assessment.” The aforementioned
evaluation should be undertaken in every patient in the first
Visit.

5.3. Laboratory tests

Laboratory tests aim to search for additional risk factors,
provide evidence of secondary hypertension, and look for
TOD (Table 8). A more detailed diagnostic work-up should be
performed in younger patients, patients with very high BP, and
patients with TOD. Routine tests should be considered in
every patient at the first visit. Recommended studies are
optional (Table 8). Measurement of urinary albumin excretion
or albumin/creatinine ratio is strongly recommended in
Taiwan, a country with the highest prevalence of ESRD in the
world.”” High-sensitivity C reactive protein (hs-CRP) predicts
the incidence of cardiovascular events and optimizes the use of
statins in hypertensive patients who have a high cardiovascular
risk.®

5.4. Central blood pressure

All the traditional ways of measuring BP, including office
BP measurement, HBPM, and ABPM, use recordings from the
brachial arteries, and may be different from the central BP
measured in the ascending aorta or carotid arteries, due to the
well-recognized BP amplification from the central aorta to the
peripheral arteries.®' Recent data suggested that central BP
may be more relevant than peripheral BP in predicting TOD
and cardiovascular outcomes.®” although central and periph-
eral BP may respond differently to antihypertensive medica-
tion in RCTs,* end-organ changes after antihypertensive
medication are more strongly related to changes in central BP
than peripheral BP.** The individual discrepancies between
central BP and peripheral BP may be substantial and highly

variable, and may be magnified during hemodynamic changes
or after pharmacological interventions.”’ Thus, BP measure-
ments in the peripheral arteries cannot serve as a direct sub-
stitute for their central counterpart.”> More importantly, an
office measurement of central BP is not inferior to ambulatory
BP in the prediction of future outcomes.*®

Currently, central BP can be obtained non-invasively with
either tonometry-based®’ or cuff-based techniques.® Using an
outcome-driven approach to examine the discriminatory abil-
ity of central BP for long-term cardiovascular outcomes,” an
operational threshold for central BP has been derived and
validated in two independent Taiwanese cohorts.”” °' A cen-
tral BP cut-off value of 130/90 mm Hg has a greater
discriminatory power for long-term events, and can be
considered to be implemented for the management of hyper-
tension in routine daily practice.”” Central BP may have
higher sensitivity and negative pred1ct1ve value than peripheral
BP in the diagnosis of hypertension.””

Recommendation
e Measurement of central BP with a cut-off value of 130/
90 mmHg is recommended when a diagnosis of hyper-
tension is clinically suspected but cannot be established by
current conventional BP criteria. (COR IIb, LOE B)

5.5. Blood pressure variability

BP is not static but has significant fluctuations. The phe-
nomenon of BP variability (BPV) is well-recognized as short-
term fluctuation occurring within a 24-hour period, including
beat-to beat, minute-to-minute, hour-to-hour, and day-to-night
variations. Long-term variations including day-to-day as well
as more prolong interval such as week-to-week, month-to-
month, and even seasonal changes are noted.”* BPV is thought
to be the result of complex interactions between intrinsic
cardiovascular physiologic regulation and extrinsic environ-
mental and behavior factors, but are not yet completely
elucidated. Although previous studies have shown increased
BPV was associated with adverse cardiovascular conse-
quences, the clinical utility of BPV is not yet well
established.'”

Most of the evidence suggesting an association between
BPV and cardiovascular events are based on observational
studies and post-hoc analyses of clinical trials.”” Prospective
studies have provided evidence that increased short-term BPV
with 24 hours independently predicted progression of sub-
clinical organ damage, structural cardiac and vascular
changes, cardiovascular events, and cardiovascular mortal-
ity.”*”® ABPM is used for assessment of BPV within 24 hours.
It is possible to perform the calculation of standard deviation
(SD) of average systolic, diastolic, and mean arterial pressure
values over the 24-hour period, or during the daytime and
night-time sub-periods.”” The SD can be weighted by the 24-
hour mean value, and has been proposed as a method to
exclude day-to-night BP changes from the quantification of
overall 24-hour SD.”* Since BPV is largely dependent on
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mean BP, the average SD of BP can also be divided by the
corresponding mean BP and multiplied by 100 to express a
normalized measure of BPV as a coefficient of variation.”
ABPM also provides information on diurnal BP changes.
The prognostic relevance of nocturnal BP and reduced night-
time BP dipping has been assessed in several studies. A
community study in Taiwan has shown that night-time BP
drop was associated with TOD.'”"

Evidence also suggests that increased mid-term (such as
day-to-day) BPV is associated with increased cardiovascular
events. The Ohasama study provided the evidence that
increased day-to-day variability in SBP assessed by HBPM is
associated with an increased risk of cardiovascular mortal-
ity.'’! HBPM is an appropriate method for the assessment of
mid-term and long-term BPV.”* HBPM allows day-to-day BP
measurement in fairly standardized conditions, and the use of
HBPM is recommended in current international guidelines.'”
Increased long-term BPV such as visit-to-visit variability is
associated with TOD and cerebral damage in previous
studies.'”” ' Longitudinal studies and post-hoc analyses of
clinical trials in hypertension have shown that increased intra-
individual visit-to-visit variability is predictive of fatal and
non-fatal cardiovascular and cerebrovascular events, and all-
cause mortality.' %%

Currently, no large randomized placebo-controlled trials are
available to study the effect of antihypertensive drugs. A post-
hoc analysis of data from ASCOT and MRC-elderly showed
that long-term intra-individual visit-to-visit variability might
be affected differently by various classes of antihypertensive
drugs, and that these differences might reflect various effects
of different drugs on BP.'”* The most important finding of the
analysis was calcium-channel blocker-based regimen was
associated with lower intra-individual BPV and a lower inci-
dence of stroke than a beta-blocker-based regimen. However,
before BPV is recommended as a routine measure or as a
target for antihypertensive treatment, further prospective
outcome studies should be conducted.

5.6. Screening for secondary hypertension

The causes of secondary hypertension are listed in Table 9.
A secondary form of hypertension should be suspected in
patients with younger or older onset of hypertension, marked
BP elevation, sudden onset or worsening of hypertension, poor
BP response to drug therapy, and significant TOD at initial
presentation. Screening for secondary hypertension includes
history taking, physical examination, and laboratory tests.

Renal parenchymal disease is the leading cause of sec-
ondary hypertension. Bilateral upper abdominal masses upon
physical examination could be detected in patients with
polycystic kidney disease. Renal ultrasound provides the
necessary anatomical data including kidney size and shape,
cortical thickness, urinary tract obstruction and renal masses.
Serum creatinine concentration and urinalysis are screening
tests for renal parenchymal disease.

Renovascular hypertension is the second most common
cause of secondary hypertension. Renal artery stenosis due to

Table 9
Causes of secondary hypertension.

Acute stress-related secondary
hypertension

Diseases of the aorta
Coarctation of the aorta
Rigidity of the aorta

Isolated systolic hypertension due

to an increased cardiac output

Neurological causes
Guillain—Barre syndrome
Idiopathic, primary, or familial

dysautonomia
Drugs and exogenous hormones Increase intracranial pressure
Endocrine Quadriplegia

Acromegaly
Adrenal cortical
Apparent mineralocorticoid
excess
Cushing syndrome
Primary aldosteronism

Obstructive sleep apnea (OSA)
Pregnancy induced hypertension
Renal

Increased intravascular volume
Primary sodium retention
(Liddle's syndrome)

Renal parenchymal disease
Renin-producing tumors

Renal vascular disease

Adrenal medulla
Carcinoid syndrome
Pheochromocytoma

Hyperparathyroidism

Hyperthyroidism

Hypothyroidism

(Modified from Chiang et al.” with permission.)

atherosclerosis or fibromuscular dysplasia is the leading cause
in the elderly and younger population, respectively. It should
be considered in those with renal artery bruit, unexplained
hypokalemia, hypertension onset before age 30 years or
worsening after age 55 years, resistance to antihypertensive
therapy, sustained rise in creatinine after initiation of angio-
tensin converting enzyme (ACE) inhibitor or angiotensin re-
ceptor blocker (ARB), presence of hypertensive retinopathy, or
flash pulmonary edema.'’’” Renal ultrasound can be used as a
screening tool to determine the longitudinal diameter of both
kidneys, and a difference of >1.5 cm in length between two
kidneys suggested a diagnosis of renal artery stenosis.'”®
Color Doppler ultrasonography is helpful for detection of
renal artery stenosis. Three-dimensional, gadolinium-
enhanced magnetic resonance renal angiography or spiral
computed tomography renal angiography is the diagnostic
choice for renovascular hypertension. Digital subtraction
angiography is the gold standard for detection.

Pheochromocytoma should be considered in patients with
paroxysmal BP elevation. The typical symptoms of this dis-
ease include headache, perspiration, palpitations, and pallor.
The diagnosis is confirmed by an increase in plasma or urinary
catecholamines or their metabolites.

Serum potassium level is a routine screening test. It has
been suggested that patients with unprovoked hypokalemia or
truly resistant hypertension should be evaluated for primary
aldosteronism.'”’ The disease can be confirmed by the flu-
drocortisone suppression test of aldosterone and renin, under
standardized conditions.''” A cut-off of aldosterone to renin
ratio >100 ng/dL per ng/mL/hr and plasma aldosterone
>20 ng/dL after captopril differentiates bilateral aldosterone-
producing adenoma from bilateral adrenal hyperplasia.'"'

About 80% of patients with Cushing's syndrome have hy-
pertension. The syndrome is usually suggested by the typical
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body habitus such as moon face, buffalo hump and central
obesity. The determination of 24-hour urinary cortisol excre-
tion is the most practical and reliable diagnostic test and a
value >110 mmol (40 mg) is highly suggestive of Cushing's
syndrome.

It is important to consider sleep apnea in obese hyperten-
sive patients. Signs and symptoms include daytime somno-
lence, impaired concentration, unrefreshing and restless sleep,
choking episodes during sleep, witnessed apneas, nocturia,
irritability and personality changes, decreased libido, and
increased motor vehicle accidents. Furthermore, hypertensive
patients with “non-dippers” on ABPM should be investigated
for obstructive sleep apnea. The gold standard diagnostic tool
for assessing obstructive sleep apnea is polysomnography.

Coarctation of the aorta is a rare form of hypertension in
children and young adults. A mid-systolic murmur can be
heard over the anterior part of the chest and back. The femoral
pulse is weak or delayed relative to the radial pulse. Hyper-
tension is found in the upper extremities concomitantly with
low or unmeasurable BP in the legs.

Finally, medication history should be reviewed carefully.
Substances or drugs that can raise BP include pills used to
treat common colds such as licorice in antitussive syrup, oral
contraceptives, steroids, NASIDs, cocaine, amphetamines,
erythropoietin, cyclosporin, tacrolimus, and anti-VEGF.

6. Blood pressure thresholds and targets

In the most robust meta-analysis of individual data from 1
million adults in 61 prospective studies (11 million person-
years), both stroke and CHD mortality increased continu-
ously from a nadir of 115 mmHg in SBP and a nadir of
75 mmHg in DBP.” Similarly, in the Asia Pacific Cohort
Study Collaboration study consisting of data from 425,325
participants (3 million patient-years), the risk of stroke and
CHD started to increase from 115 mmHg in SBP and from
75 mmHg in DBP."'* More recently, in a study of a cohort of
1.25 million patients from United Kingdom, the lowest risk for
cardiovascular disease was in people with SBP of 90-
114 mmHg and DBP of 60-74 mmHg.”” In contrast, in a recent
publication from the Atherosclerosis Risk in Communities
Study (ARIC) it was found that there was no difference in
incident cardiovascular event-free survival among those in the
standard SBP group (120-139 mmHg) vs the low SBP group
(<120 mmHg)."" It would be difficult to define thresholds for
starting treatment, and it would be even more difficult to set
targets for BP control.

Recently, 2013 ESH/ESC hypertension guidelines defined a
universal target of <140/90 mmHg for all patients, except the
very elderly (target of <150/90 mmHg for age >80 years).'
The 2014 JNC report took similar steps, and further raised
the target to <150/90 mmHg for patients aged >60 years,''
though 5 members of the committee of 2014 JNC report
published a minority view refusing to compromise with a
target of 150/90 mmHg for aged >60 years.''* It has been
estimated that the proportion of older patients (>60 years)
with treatment-eligible hypertension would decrease from

68.9% under INC7'"” to 61.2% under the 2014 JNC report.' '
This translates to a decrease in treatment-eligible patients of
5.8 million in the US in whom treatment is no longer
needed.''® The proportions of patients reaching BP goals
would, however, artificially increase from 40.0% under
INC7'"3 to 65.8% under the 2014 JNC report.' '

Because only a few RCTs were available to compare
different BP targets, disparity in BP targets among different
hypertension guidelines is not uncommon. Two ongoing trials
are much anticipated. The Systolic Blood Pressure Interven-
tion Trial (SPRINT) is an RCT that compares two targets
(<140 mmHg and <120 mmHg) in patients aged >50 years
with evidence of cardiovascular disease, CKD, 10-year Fra-
mingham cardiovascular disease risk score >15%, or age >75
years.''” The SPRINT trial has completed the enrollment
(n = 9361) and the results will be available in the Fall of 2017.
The Optimal Blood Pressure and Cholesterol Targets for
Preventing Recurrent Stroke in Hypertension (ESH-CHL-
SHOT) is an RCT (NCT01563731) that compares three SBP
targets (<145 mmHg, <135 mmHg, and <125 mmHg) in
patients aged >65 years with prior stroke or transient ischemic
attack. The ESH-CHL-SHOT trial will enroll 7500 patients
and has been started in the Fall of 2012.

6.1. J-curve revisit

The J-curve (or U-curve) phenomenon was first mentioned
in 1979."'® A study conducted in 169 patients with severe
hypertension disclosed a relative 5-fold risk of myocardial
infarction in those who had achieved a DBP <90 mmHg
compared with a DBP in the range of 100—109 mmHg.'"®
Coronary blood flow, which occurs predominantly in the
diastole, may cease at a myocardial perfusion pressure
<40 mmHg.'"” More recently, there have been some data on
the J-curve phenomenon for SBP.'*’ It is generally believed
that the “J-curve” phenomenon is true, and there must be a
lowest value of BP (nadir), which represents a point at which
BP is too low to maintain perfusion of vital organs, particu-
larly the heart. The precise question remains-where is the
nadir?

In general, data from large-scaled epidemiological studies
did not support the concept of the J-curve phenomenon. In 1
million subjects with or without risk factors, but free from
cardiovascular diseases, both  CHD and stroke mortality
appeared to begin at around 115/75 mmHg, without any J-
curve phenomenon.”® In a cohort of 1.25 million subjects,
initially free from cardiovascular disease, the lowest risk for
cardiovascular disease was in people with SBP of 90-
114 mmHg and DBP of 60-74 mmHg, without any evidence of
J-curve phenomenon.’” In the Multiple Risk Factor Interven-
tion Trial (MRFIT) which enrolled 332,554 subjects without
end organ damage, the lowest risk of ESRD was found in
subjects with a BP of <120/80 mmHg, without any J-curve
phenomenon.'”’ In the UK prospective diabetes study
(UKPDS) 36, the lowest risk of all-diabetes related macro- and
micro-vascular endpoints were in those patents with SBP less
than 120 mm Hg, without any J-curve phenomenon.'** In the
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Asia Pacific Cohort Studies enrolling 425,325 subjects, the
lowest risk of CHD and stroke was found in patients with a BP
<120/80 mmHg, without a J-curve phenomenon.''”

Among RCTs, it is also uncommon to find any J-curve
phenomenon if cardiovascular endpoints were evaluated pro-
spectively, though the BP levels obtained in RCTs were
generally higher than what we have mentioned in the epide-
miological studies. In the three most important RCTs in iso-
lated systolic hypertension (SHEP, Syst-Eur, Syst-China),
stroke risk was significantly decreased in the treatment group
compared to the placebo group.'**”'? No J-curve phenomenon
was observed. In fact, the DBP in the treatment group in the
SHEP trial was only 68 mmHg, and the risk of myocardial
infarction was still significantly decreased by 33%.'*

Most of the data suggesting a J-curve phenomenon came
from post-hoc analyses of RCTs.'”” '?°'?° One should be
aware that these RCTs were not designed to compare the ef-
fects of different BP targets, and they were mostly comparing
different drugs. As pointed out by a recent review, *” the main
limitations of post-hoc analyses are 1) lack of randomization,
and 2) very small number of patients in the group of patient
with low or very low achieved BP.

1). Lack of randomization: There are very few RCTs
comparing different BP targets. Most of the RCTs were
compared the effects of different drug or different drug
combinations. In post-hoc analyses, investigators tried to
study the outcomes based on different ranges of achieved
BP in trials. Therefore, patients were not randomized into
different BP categories, and the baseline risk factors or co-
morbidities were not evenly distributed in different BP
groups. Both measurable and un-measured confounding
factors were imbalanced, a major weakness in these kind
of analyses. For instance, in a key post-hoc analysis of the
INVEST trial, the achieved systolic and diastolic BPs were
categorized into 7 groups respectively (SBP: < 110, >110-
<120, >120-<130, >130-<140, >140-<150, >150-
<160, >160 mmHg; DBP: < 60, >60-<70, >70-<80,
>80-<90, >90-<100, >100-<110, >110 mmHg)."'*® Pa-
tients with an achieved SBP <110 mmHg, when compared
to patients with an achieved SBP of >130-<140, had
higher baseline cardiovascular diseases or co-morbidities
including: myocardial infarction (47.9% vs 30.1%), cor-
onary artery bypass graft (32.9% vs 27.9%), stroke or
transient ischemic attack (8.5% vs 7.1%), left ventricular
hypertrophy (28.6% vs 19.8%), heart failure (15.0% vs
4.4%), and cancer (6.8% vs 3.2%). Similar trends were
observed when comparing patients with a DBP of
<60 mmHg vs >80-<90 mmHg. These observations have
repetitively been shown in other post-hoc analyses.'*" '*7-
'2% In fact, when all these confounders were fully adjusted
in the post-hoc analyses of the INVEST trial, the J-curve
phenomenon disappeared.'”® The worse outcome in pa-
tients with lower BP is attributable not to a lower BP, but
to the effect of concomitant diseases (“reverse causality”).
The “reverse causality” has also been observed in another
meta-analysis of 7 randomized trial of 40,233 patients

using individual-patient data.'”' A J-shaped relationship
was observed between DBP and mortality in both treated
and untreated hypertensive subjects. There was also a J
curve for non-cardiovascular mortality in the treated group
(but not in the untreated subjects). It was concluded that
the increased risk for events observed in patients with low
BP was not related to antihypertensive treatment and was
not specific to BP-related events. Poor health conditions
leading to low BP and an increased risk for death probably
explain the J-curve phenomenon.'”'

2). Low patient number: The patient number in the lowest BP
group was generally small. In the INVSET host-hoc
analysis, there were only 234 of 22,576 patients, who
had SBP of <110 mmHg and only 176 patients had a DBP
of <60 mmHg.lz(’ It would be difficult to draw conclu-
sions from these data due to skewed distribution attribut-
able to patient numbers.

6.2. Overall BP thresholds and targets

Table 10 shows the overall BP targets for various clinical
conditions. These values are also BP thresholds. Treatment
should be considered when BP readings, confirmed in the
office or by ABPM or HBPM, are higher than these values
(Please also see Fig. 1). The thresholds and targets for patients
with diabetes, CHD, and proteinuric CKD (special patient
groups) are 130/80 mmHg, lower than other patient groups,
and lower than those suggested in the 2013 ESH/ESC hyper-
tension guidelines'’ and in the 2014 JNC report.'' The ratio-
nale for defining these thresholds and targets are described in
the following sections.

6.3. Primary prevention

In patients aged less than 80 years of age, earlier hyper-
tension studies such as the Medical Research Council (MRC)
trial (age 35-64 years)'*? and the Felodipine Event Reduction
(FEVER) trial (age 50-79 years)133 showed that a final SBP
<140 mmHg in the treatment group conferred a decreased
incidence of cardiovascular events in comparison to that in the
control group (138 mmHg versus 149 mmHg in the MRC

Table 10
Blood pressure targets.
Categories Targets (mmHg) COR LOE
Primary prevention <140/90 ITa B
Secondary prevention
Diabetes <130/80 I B
CHD <130/80 I B
Stroke <140/90 I A
CKD <140/90 I A
CKD with proteinuria <130/80 1Ib C
Very elderly (age >80 years) <150/90 IIa B
Patients receiving <130/80 I B

antithrombotics for stroke
prevention

CHD = coronary heart disease; CKD = chronic kidney disease; COR = class
of recommendation; LOE = level of evidence.
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trial, and 137 mmHg versus 142 mmHg in the FEVER trial,
respectively). Recently, the Studio Italiano Sugli Effetti
CARDIOvascolari del Controllo della Pressione Arteriosa
SiIStolica (Cardio-Sis) trial (age > 55 years) has shown that
patients with tight BP control (SBP = 131.9 mmHg) had a
better secondary cardiovascular outcome than those with usual
BP control (SBP = 135.6 mmHg)."** Subgroup analysis of
FEVER trials disclosed that a SBP <140 mmHg resulted in a
39% reduction in stroke in patients without previous cardio-
vascular disease and diabetes (p = 0.0016), and a 44%
reduction of stroke in patients aged >65 years
(p = 0.0001)."* Additional important information came from
a recent publication from the Atherosclerosis Risk in Com-
munities Study (ARIC).""? In patients with hypertension but
without CV disease at baseline, those with a treated BP in the
range of 120-139 mmHg had the lowest CV events compared
to those with a treated BP >140 mmHg, or a treated BP
<120 mmHg.'"”

In the Hypertension Optimal Treatment (HOT) trial, pa-
tients were randomized into 3 groups, aiming to achieve DBPs
<80, <85, or <90 mmHg.B(’ The lowest risk of CV events
was observed at a DBP of 82.6 mmHg, while a decrease of
DBP below this level had no effect on the reduction of risk of
cardiovascular complications. The study did not demonstrate
any increase in cardiovascular events in the group of patients
with a DBP <70 mmHg.'*°

Recommendation
e For patients <80 years of age and without diabetes, CHD,
and proteinuric CKD, BP targets are <140/90 mmHg.
(COR IIa, LOE B)

6.4. Patients with diabetes

In a prospective observation study in the UK (UKPDS 36),
4,801 patients were followed up for 10 years.'”* The incidence
of clinical complications was significantly associated with
SBP. Each 10 mm Hg decrease in mean SBP was associated
with 12% reductions in the risk of any complication related to
diabetes (p < 0.0001), 15% reduction in deaths related to
diabetes (p < 0.0001), 11% reduction in myocardial infarction
(p < 0.0001), and 13% reduction in micro-vascular compli-
cations (p < 0.0001). No threshold of risk was observed for
any end point. The risk of all diabetes-related macro- and
microvascular endpoints were lowest in those patients with a
SBP less than 120 mm Hg, without any J-curve
phenomenon.'**

Several RCTs have been done to compare aggressive BP
lowering vs standard BP lowering in patients with type 2
diabetes. In the SANDS trial, an aggressive SBP lowering
strategy (<115 mmHg) was compared with a standard
strategy (<130 mmHg), and the final values of SBP were
117 vs 129 mmHg."”” There was a significant regression of
carotid intimal medial thickness and greater decrease in left
ventricular mass in the aggressive treatment group. How-
ever, clinical events did not differ significantly between

3
groups.'”’

There were only 2 RCTs to prospectively evaluate CV
outcomes with more aggressive vs conventional BP lowering
in type 2 diabetes. In the UKPDS 38 trial, a tight control
strategy aiming at a BP of <150/85 mm Hg was compared
with less tight control strategy aiming at a BP of <180/
105 mm Hg in 1148 hypertensive patients with type 2 diabetes
(mean age 56, mean BP at entry 160/94 mm Hg)."*® After a
median follow-up of 8.4 years, mean BP was significantly
reduced in the group assigned to tight BP control (144/82 mm
Hg) compared with the group assigned to less tight control
(154/87 mm Hg) (p < 0.0001). There was significant reduction
in almost all of the macro- and microvascular events: —24% in
diabetes-related end points (p = 0.0046), —32% in deaths
related to diabetes (p = 0.019), —44% in strokes (p = 0.013),
and —37% in microvascular end points (p = 0.0092)."** There
was also a non-significant reduction in all-cause mortality. In
the ACCORD trial, patients with type 2 diabetes were
randomly assigned to intensive therapy, targeting a SBP
<120 mmHg, or standard therapy, targeting a
SBP<140 mmHg."”” At 1 year, the mean SBP was
119.3 mmHg in the intensive-therapy group and 133.5 mmHg
in the standard-therapy group. After a mean follow-up of 4.7
years, the annual rate of the primary outcome was 1.87% in
the intensive-therapy group and 2.09% in the standard-therapy
group (hazard ratio with intensive therapy, 0.88; p = 0.20)."*”
Non-fatal myocardial infarction was decreased by 13% in the
intensive-therapy group (p = 0.25). Though there was no
significant difference in total mortality, the annual rate of
stroke, a pre-specified secondary outcome, was decreased by
41% (p = 0.01).”9 The serious adverse events was, however,
more common in the intensive-therapy group (3.3% vs 1.3%,
p < 0.001)."*? It should be known that the ACCORD trial was
comparing BP targets of <120 mmHg vs <140 mmHg, not
<130 mmHg vs 140 mmHg. While a SBP target <120 mmHg
was not supported by the ACCORD trial, one cannot deny the
intensive BP target of <120 mmHg was beneficial in reducing
stroke risk, which is the most important cardiovascular event
in East Asia. It should also be noted that there was no increase
in the risk of myocardial infarction. In fact, non-fatal
myocardial infarction was decreased by 13%, though not
statistically significant.'”’

The HOT trial is the most important RCT to test optimal
DBP in hypertensive patients. A total of 18,790 hypertensive
patients from 26 countries, with a DBP between 100 mm Hg
and 115 mm Hg (mean 105 mm Hg), were randomly assigned
to 3 target DBP groups: <90, <85, and <80 mmHg.'*° The
lowest incidence of major cardiovascular events occurred at a
mean achieved DBP of 82.6 mmHg. Further reduction below
this level was safe. In a subgroup analysis of patients with
diabetes, there was a 51% reduction in major cardiovascular
events, including myocardial infarction, stroke, and CV
deaths, in target group <80 mm Hg compared with the group
<90 mmHg (p = 0.005)."*° The percentages of previous car-
diovascular diseases and risk factor were well balanced be-
tween the 3 groups. There was also a trend favoring a target of
<80 mmHg in reducing total mortality (relative risk = 1.77 for
a target of <90 mmHg, p = 0.068)."*
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Concerns about the risk of lowering BP in diabetic patients or
in patients with high CV risk mainly came from post-hoc ana-
lyses of several RCTs, including INVEST, LIFE, ONTARGET,
etc.'”" 1?7 "0 The INVEST trial was designed to compare
mortality and morbidity outcomes in patients with hypertension
and CHD treated with calcium antagonist strategy or a non-
calcium antagonist strategy.'*' The result showed that the
verapamil-trandolapril-based strategy was as clinically effec-
tive as the atenolol-hydrochlorothiazide-based strategy.'"!
Seven years after the original publication, investigators of the
INVEST trial reported a post-hoc analysis of the results of
diabetic patients in the original INVEST trial.'*” Patients were
categorized as having tight control if they could maintain their
SBP< 130 mm Hg; usual control if it ranged from 130-
139 mmHg; and uncontrolled if it was >140 mm Hg. Patients in
the uncontrolled group had a significantly higher cardiovascular
event rate than the usual-control group (adjusted hazard ratio
1.46; p < 0.001). However, little difference existed between
those with tight control and those with usual control (p = 0.24).
The all-cause mortality rate did not show significant difference
either (p = 0.06), except when extended follow-up was included
(HR = 1.15; p = 0.04). One should realize that this is an
observational subgroup analysis. The baseline CV diseases and
risk factors were un-balanced, and more common in the tight
control group compared to the usual-control group (e.g. left
ventricular hypertrophy 26% vs 22%; heart failure 8.8% vs
6.8%, smoking 48% vs 45%, and renal impairment 3.5% vs
2.4%; all p < 0.05). These measurable and other un-measurable
confounders might explain why “lower-is-worse”.'*" In fact, the
rates of fatal- and non-fatal myocardial infarction, and fatal- and
non-fatal stroke were still numerically lower in the tight control
group.'?’ Similar controversial observations were reported in
the post-hoc analyses in the LIFE and the ONTARGET tri-
als.'”” '*” Disproving a target of <130 mmHg can only be
achieved by an RCT randomizing patients into different target
SBP, including <130 mmHg, to balance the baseline co-mor-
bidities and CV risk factors.

Several meta-analyses did support lower SBP targets for
patients with diabetes.'**'** It has been consistently shown in
these meta-analyses that with a more intensive lowering of
SBP to <130 mmHg, there was a significant decrease in stroke
and nephropathy, and a non-significant decrease in myocardial
infarction.'** '** The recent report from the Cochrane Data-
base of Systematic Reviews did not support BP targets lower
than the standard targets in people with elevated BP and dia-
betes.'*” Using tight SBP control to <130 mmHg was a major
contributor in reducing microalbuminuria in a Taiwanese
trial'*® and in reducing ESRD and death in a Hong Kong
trial."*’ In a recent report from National Survey of Diabetes
Health Promotion Institutes in Taiwan, using SBP<130 mmHg
as a BP target,'*”® the mortality rate in diabetics in Taiwan
decreased in the recent decade.'"’

The BP target for diabetes is probably the most controversial
issue in the management of hypertension. The 2013 ESH/ESC
hypertension guidelines,'” the 2014 JNC report,'" and the hy-
pertension guidelines of the American Society of Hypertension/
International Society of Hypertension'” all suggested a

loosening of the target BP to <140/90 mmHg for diabetes.
Standards of Medical Care in Diabetes-2014, proposed by the
American Diabetes Association, suggested SBP targets of
<140/80 mmHg, but a SBP target <130 mmHg may be appro-
priate for certain individuals, such as younger patients, if it can
be achieved without undue treatment burden.'”' Based on meta-
analyses and the status of diabetes control in Taiwan, we set BP
targets of <130/80 mmHg in this guideline, similar to recent
hypertension guidelines from the Japanese Society of Hyper-
tension,'”” the Global Guideline for Type 2 Diabetes from In-
ternational Diabetes Federation Guideline Development
Group,"”” and the 2014 Canadian Hypertension Guidelines.'”*

Recommendation
e For patients with diabetes, BP targets are <130/80 mmHg.
(COR I, LOE B)

6.5. Patients with coronary heart disease

A large body of evidence suggests that the coexistence of
hypertension and CHD has a substantial negative impact on a
patient's clinical profile and prognosis. The report of the
INTERHEART study involving 52 countries showed that
compared with diabetes, hypertension resulted in a higher risk
of acute myocardial infarction.'”” Hypertension accelerates
the development and progression of atherosclerosis. Sustained
elevation of BP can destabilize vascular lesions and precipitate
acute coronary events. High BP per se can cause myocardial
ischemia in the absence of CHD. Lowering both systolic and
diastolic BP reduces ischemia and prevents adverse cardio-
vascular events in patients with CHD, partly by reducing
myocardial oxygen demand. The overall aims of treating hy-
pertension in patients with CHD are to lower BP, reduce
ischemia, and prevent cardiovascular events and death.

There has been no trial prospectively evaluating and
comparing different BP targets in patients with CHD. Three
large RCTs (HOPE, EUROPA, and PEACE) have been done
to evaluate the effects of ACE inhibitors versus placebo in
CHD.""'* Re-analysis of these trials provided some clues
for determining BP targets in CHD patients. Baseline BP of all
these 3 trials were in the range of prehypertension (139/79,
137/82, and 133/78 mmHg for HOPE, EUROPA, and PEACE,
respectively).'”*"*® The final BP values were 136/76, 132/80,
and 129/74 mmHg, respectively. Primary endpoints decreased
by 22% in the HOPE trial (p < 0.001), 20% in the EUROPA
trial (p = 0.0003), and 4% in the PEACE trial (p > 0.05). No
J-curve phenomenon was observed. A combined analysis of
these 3 trials indicated that ACE inhibitors significantly
reduced all-cause mortality, non-fatal MI, and all stroke in
patients with CHD, and no J-curve was found."” In the
CAMELOT trial testing amlodipine and enalapril versus pla-
cebo in patients with CHD, BP was decreased from a baseline
of 129/78 mmHg to 124/75 mmHg (all in the prehypertension
range).'®” Primary endpoints was decreased by 31%
(p = 0.003) in the amlodipine group.'®” In a sub-study of
CAMELOT using intra-vascular ultrasound, patients with final
BP >140/90 mmHg had a significant increase in atheroma
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volume. Those who had a final BP in the range of 120-139/80-
89 mmHg had no major change in atheroma volume. Inter-
estingly, those with a final BP in the normal BP range (<120/
80 mmHg) had a significant decrease in atheroma volume.'®’
Finally, in the COURAGE trial which randomized patients
with stable CHD, optimal medical therapy alone was
compared to optimal medical therapy plus percutaneous cor-
onary intervention (PCI) in normotensive patients (mean
baseline BP 130/74 mmHg).'®® The optimal medical therapy
regimen included long-acting beta blockers, calcium channel
blockers (CCBs), and ACE inhibitor or ARB. The final BP
was 122/70 mmHg. Interestingly, the addition of PCI to
optimal medical therapy as an initial management strategy did
not reduce the risk of death or myocardial infarction.'®* This
study confirmed that, in the era of bare metal stent, optimal
medical therapy including aggressive BP-lowering is as
effective as PCI in the treatment of patients with stable CHD.

Three important meta-analyses supported aggressive BP
lowering in patients with CHD. One meta-analysis of 15
RCTs, enrolling 66,504 participants with 276,328 patient-
years of follow-up, has shown that in subjects with CHD a
target SBP goal <130 mm Hg was associated with a signifi-
cant decrease in heart failure (—27%) and stroke (—18%),
together with a modest decrease in myocardial infarction and
angina, when compared with a goal <140 mmHg.'® Another
meta-analysis of 25 trials consisted of 64,162 patients with
history of cardiovascular diseases and a pre-treatment BP
<140/90 mmHg.'®* Antihypertensive medications resulted in a
23% reduction in stroke, 20% reduction in myocardial
infarction, 29% reduction in heart failure, 15% reduction in
composite cardiovascular endpoints, 17% reduction in car-
diovascular mortality, and a 13% reduction in total mortality
(all p < 0.05). The most important meta-analysis supporting
aggressive BP lowering consisted of 464,000 subjects from
147 trials.'® It shows that for a given BP reduction by using
BP-lowering drugs the risk of CHD and stroke decreased by a
constant proportion irrespective of pretreatment BP and the
presence or absence of existing cardiovascular diseases.'® In
patients with a pretreatment DBP of 70-74 mmHg or SBP of
110-119 mmHg, anti-hypertensive drugs decreased the risk of
stroke and CHD, without any evidence of J-curve phenome-
non.'® A meta-analysis from the BP Lowering Treatment
Trialists' Collaboration (BPLTTC) also supported a similar
concept.'® In the recent re-analysis using data from the
INVEST trial, switching the BP target to a higher 150 mmHg,
suggested by the recent 2014 JNC report,'' was associated
with worse outcomes in patients with CHD.'®’

Recommendation
e For patients with a history of CHD, BP targets are <130/
80 mmHg. (COR I, LOE B)

6.6. Patients with a history of stroke

The decision to treat hypertension in patients with a history
of stroke depends on the disease type and stage. The appropriate

treatment of hypertension in acute stroke remains controversial.
During the initial 24 hours in the acute stage of ischemic stroke,
antihypertensive drugs should not be used unless BP is >220/
120 mmHg.'®® In the CATIS trial, patients with acute ischemic
stroke within 2 days, controlling BP with a target of <140/
90 mmHg at 7 days did not reduce the likelihood of death and
major disability at 14 days or hospital discharge.'® But in pa-
tients with recent lacunar stroke, a tight control of BP to
<130 mmHg reduced intracerebral hemorrhage compared to a
target of 130—149 mmHg, though there was no differences in
the rate of all stroke.'’” In patients who are eligible for acute
reperfusion therapy, a BP level >185/110 mmHg should be
lowered to <180/105 mmHg before reperfusion therapy.'”’

In patients with hemorrhagic stroke, cumulating evidence
indicated that early BP lowering could reduce hematoma
expansion. Therefore, in patients with acute hemorrhagic
stroke, a SBP >180 mmHg can be decreased to
<140 mmHg.'”” Most patients can receive antihypertensive
treatment when BP is >140/90 mmHg after several days in the
convalescent state.

For long-term hypertension control in patients with a his-
tory of stroke, BP control to the target level is the first
consideration. There were 3 trials that enrolled patients who
had experienced previous stroke.'”® '"* 7" Aggressive
BP lowering reduced stroke and CV events, but the achieved
BP was higher than 130 mmHg. The target BP level is
<140/90 mmHg for patients with stable cerebrovascular dis-
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Recommendations

e For patients with a history of stroke, BP targets are <140/
90 mmHg. (COR I, LOE A)

e During the initial 24 hours in the acute stage of ischemic
stroke, antihypertensive drugs should not be used unless
BP is >220/120 mmHg. (COR I, LOE C)

e In patients who are eligible for acute reperfusion therapy, a
BP level >185/110 mmHg should be lowered to <180/
105 mmHg before reperfusion therapy. (COR I, LOE B)

e In patients with acute hemorrhagic stroke, an SBP
>180 mmHg can be decreased to <140 mmHg. (COR Ila,
LOE B)

o After several days in the convalescent state of hemorrhagic
stroke, most patients can receive antihypertensive treat-
ment when BP is >140/90 mmHg. (COR I, LOE C)

6.7. Patients with chronic kidney disease

6.7.1. Threshold and target for patients with CKD in stages
2-4

Although CKD is the most common cause of secondary hy-
pertension, hypertension can impair kidney function as well. If
combined with proteinuria,'’® hypertension may result in a more
rapid deterioration of kidney function in patients with CKD.""’
Patients with lower eGFR and higher albuminuria have an
increased risks of all-cause mortality, CV mortality, and ESRD,
though the risk seems to be higher in women than in men.'”® The
stages of CKD have been defined and widely adopted.'””
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Most of the previous guidelines have recommended a BP
target of <130/80 mmHg for patients with CKD, with or without
diabetes.” ' 8% However, there has been scant evidence to
date that supported this target. In 3 trials enrolling patients with
non-diabetic CKD, patients who were randomized to a target
SBP of 125—130 mmHg did not have a reduced risk of ESRD or
all-cause death, compared with patients who were randomized
to a target BP of <140 mmHg.'®'"'®’ Meta-analyses did not
support a target of <130/80 mmHg, either.'*" "> A recent
analysis from a nationwide cohort of US veterans with prevalent
CKD, using stricter SBP control to <120 mmHg, and compared
to a target of 120—139 mmHg, was associated with higher all-
cause mortality.'®® For patients with proteinuria, post-hoc
analysis from MDRD indicated that the benefit of a lower BP
target (<130/80 mm Hg) was limited to renal outcomes.'®” The
results regarding proteinuria were not repeated in the primary
analyses in either the AASK or REIN-2 trials.'** "%

Regarding the relation between BP control and diabetic
nephropathy, three large trials showed that ARBs prevented
the development of clinical proteinuria or delayed the pro-
gression of nephropathy in type 2 diabetes.'** '’ But the reno-
protective effect was independent of the blood pressure
lowering effect, and the achieved SBP was >130 mmHg. In
diabetic patients with normal eGFR,m more intensive
lowering of BP (119/67 vs. 134/73 mmHg) was associated
with significant impairment of renal function.

Recommendations
e For patients with CKD stages 2 — 4 without albuminuria,
BP targets are <140/90 mmHg. (COR I, LOE A)
e In patients with CKD stages 2 — 4, but with albuminuria,
BP targets are <130/80 mmHg. (COR IIb, LOE C)

6.7.2. Threshold and target for patients with ESRD (stage 5
CKD)

In patients with ESRD, who have undergone multiple sur-
gical procedures for vascular access in both arms, BP should be
measured in the thighs or legs. Among patients receiving
maintenance hemodialysis, observational studies have demon-
strated a U-shaped relationship between BP and mortality.'”""
192 One study suggested that the increased mortality associ-
ated with low SBP was more pronounced among older patients
and patients with diabetes.'”” There have been no RCTs to
examine the BP targets for patients receiving dialysis. In gen-
eral, BP goals should be individualized, based upon patients'
cardiac and neurologic status, comorbidities, age, and other
clinical conditions. The National Kidney Foundation K/DOQI
guidelines suggested that pre-dialysis and post-dialysis BPs
should be <140/90 and <130/80 mmHg, respectively.'** '*

Recommendations
e For patients with CKD stage 5, BP targets are <150/
90 mmHg. (COR I, LOE C)
e For patients receiving maintenance dialysis, BP targets are
<140/90 mmHg before dialysis, and <130/80 mmHg after
dialysis, respectively. (COR IIb, LOE C)

6.8. Elderly patients

For patients over 60 years of age, 3 RCTs (SHEP, Syst-Eur,
and Syst-China) randomized patients with isolated systolic
hypertension (ISH) (baseline SBP >160 mmHg and DBP<90
or 95 mmHg).m’125 Patients received chlorthalidone (SHEP)
or nitrendipine (Syst-Eur and Syst-China) and achieved lower
BP than those patients who took a placebo (143/68 vs 155/
72 mmHg in the SHEP trial; 151/79 vs 162/85 mmHg in the
Syst-Eur trial; and 151/81 vs 159/84 mmHg in the Syst-China
trial).">*'*> These 3 trials consistently demonstrated a
significantly lower risk of stroke and other cardiovascular
events in treated patients compared to placebo.'”*”'*> How-
ever, 2 recent Japanese trials produced different findings.'”
7 The Japanese Trial to Assess Optimal Systolic Blood
Pressure in Elderly Hypertensive Patients (JATOS) trial ran-
domized patients 65-85 years of age.'”® The achieved BP in
the strict treatment group was lower than the mild treatment
group (135.9/74.8 vs 145.6/78.1 mmHg), but there was no
difference in cardiovascular outcomes. The Valsartan in
Elderly Isolated Systolic Hypertension (VALISH) trial ran-
domized patients from 70 to 84 years of age.'”’ In that trial,
strict BP control to 136.6/74.8 mmHg did not decrease CV
events compared to moderate control group (142.0/
76.5 mmHg). However, the patients enrolled in these 2 trials
had very low event rate (l.1—1.2%/year in JATOS,
0.82—0.85%/year in VALISH), and might not represent real
world conditions.'”® '”7 Therefore, the 2009 Japanese HT
guidelines adopted a target of <140/90 mmHg in the
elderly,'”® instead of <150/90 mmHg which was suggested by
these 2 trials.'”® '”” Furthermore, a subgroup analysis of the
elderly patients in the FEVER trial in China showed a
reduction of CV events by lowering SBP below 140 mmHg,
compared to 145 mmHg.'*”

For patients aged >80 years of age, a subgroup meta-
analysis of RCTs showed a significant reduction (—34%) in
stroke, with an achieved SBP <150 mmHg.'”” Rates of major
cardiovascular events and heart failure were also significantly
decreased, by 22% and 39%, respectively.'”” However, there
was no treatment benefit for cardiovascular death, and a non-
significant increase of 6% (—5 to 18%) in all-cause mortal-
ity.'”” Recently, the Hypertension in the Very Elderly Trial
(HYVET) randomized elderly patients >80 years of age and a
baseline BP of 173.0/90.8 mmHg. The investigators aimed to
achieve a target BP of 150/80 mmHg, using diuretic versus
placebo, while ACE inhibitors could be added when
required.”” The final achieved BP was 144/78 mmHg in the
treatment group, significantly lower than that in the control
group (161/84 mmHg). The trial was prematurely stopped due
to a significant decrease in total mortality in the treatment
group (—21%, p = 0.02).”"" There were also a 30% reduction
in the rate of fatal or nonfatal stroke (p = 0.06), a 39%
reduction in the rate of death from stroke (p = 0.05), a 23%
reduction in the rate of death from cardiovascular causes
(» = 0.06), and a 64% reduction in the rate of heart failure
(p < 0.001).”” Fewer serious adverse events were reported in
the active-treatment group.””’
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Recommendations
e For patients with an age >80 years, irrespectively of other
clinical conditions, BP targets are <150/90 mmHg. (COR
ITa, LOE B)
e For patients with an age <80 years and without diabetes,
CHD, and proteinuric CKD, BP targets are <140/
90 mmHg. (COR Ila, LOE B)

6.9. Patients receiving antithrombotic therapy for stroke
prevention

Hypertension is closely related to the risk of hemorrhagic
stroke.””! In patients with both hypertension and atrial fibril-
lation, controlling BP is important if oral anticoagulants are to
be used. Asians are especially vulnerable to oral vitamin-K
antagonists for the treatment of atrial fibrillation.””” While
anti-coagulation was less intensively controlled and higher
percentages of patients in Asians had international normalized
ratio (INR) in the range of <2.0 when compared to that in
Westerns, higher bleeding risk, especially higher intra-cranial
hemorrhage, was observed in Asians in all recent RCTs.”” In
a prospective, multicenter, observational cohort study (BAT
Study) of 4009 Japanese patients taking oral antithrombotic
agents for cardiovascular or cerebrovascular diseases, the
optimal cutoff BP level to predict impending risk of intra-
cranial hemorrhage was >130/81 mmHg.204 Lower SBP
reduced intra-cranial hemorrhage in the PROGRESS trial, in
which the lowest risk of intracranial bleeding was observed in
participants with the lowest follow-up SBP (median, 113 mm
Hg).””” In most of the RCTs comparing non-vitamin K
dependent oral anticoagulants (NOACs) versus warfarin, the
baseline BP was well controlled (131/77 mmHg in the RE-LY
trial, 131/80 mmHg in the ROCKET AF trial, and 130 mmHg
in the ARISTOTLE trial).m("m8 So, predictors for intra-cranial
hemorrhage did not include SBP, except in the ARISTOTLE

trial in which the hazard ratio was 1.17 for every 10 mmHg
increase in DBP (p < 0.05).”"

Recommendation
e For patients receiving antithrombotic therapy for stroke
prevention, BP targets are <130/80 mmHg. (COR I,
LOE B)

7. Treatment

Treatment of hypertension should include non-
pharmacological management and drug therapy. LSM is the
essential component of non-pharmacological management.
LSM is the initial treatment for the first 3 months in patients
with uncomplicated stage 1 hypertension, or those with dia-
betes, CHD, or proteinuric CKD (special patient group) whose
BP is between 130-149/80-89 mmHg. If BP is still above
target, drug therapy should be initiated. For patients with stage
2 hypertension or above, including special patient group
whose BP is above 150/90 mmHg, LSM should be combined
with drug therapy. In general, LSM should be regarded as a
complement to drug therapy rather than an alternative.'”"

7.1. Life style modification

LSM is an essential part in the prevention and management
of hypertension.””” Tt is generally believed that the BP-
lowering effect of LSM is equivalent to drug mono-
therapy.”'’ If applied appropriately, LSM can delay drug
therapy in patients with stage 1 hypertension, allowing
reduction in the number and doses of anti-hypertension drugs.
The major limitation of LSM lies in the poor consistency and
adherence.”'' LSM can be summarized as S-ABCDE: Sodium
restriction, Alcohol limitation, Body weight reduction, Ciga-
rette smoke cessation, Diet adaptation, and Exercise adoption
(Table 11).

Table 11
Life style modification for managing hypertension (S-ABCDE).
Changes Recommendation Expected benefits in SBP COR LOE
reduction
Sodium restriction 2.0—4.0 gm/day 2.5 mmHg/1 gm sodium I B
reduction
Alcohol limitation Men: <30 gm/day ethanol 2—4 mmHg I B
Women: <20 gm/day ethanol
Body weight reduction BMI: 22.5-25.0 1 mmHg/per 1 kg reduction I B
Cigarette smoking cessation Complete abstinence No independent effect 1 C
Diet adaptation DASH diet: rich in fruits and 10—12 mmHg I A
vegetables (8—10 servings/
day), rich in low-fat dairy
products (2—3 servings/day),
and reduced in saturated fat
and cholesterol
Exercise adoption Aerobic, at least 40 minutes/ 3—7 mmHg I A

day, and at least 3-4 days/
week

BMI = body mass index; COR = class of recommendation; DASH = Dietary Approaches to Stop Hypertension; LOE = level of evidence; SBP = systolic blood

pressure. (Modified from Chiang et al.” with permission.)
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7.1.1. Sodium restriction

The role of sodium in cardiovascular diseases has recently
become very controversial. For BP control, it is generally
agreed that higher sodium intake increases BP. In the recent
PURE study of 102,216 adults from 18 countries, the 24-hour
sodium and potassium excretion were measured, using a single
fasting morning urine specimen.”'” It was shown that for each
1-gram (gm) increment in estimated sodium excretion, SBP
increased by 2.11 mmHg, and DBP by 0.78 mmHg.”'” The
slope of association was steeper for persons with hypertension
(249 mmHg per gm) than for those without hypertension
(1.30 mmHg per gm, p < 0.001 for interaction) and was
steeper with increased age (2.97 mmHg per gm at >55 years of
age, 2.43 mmHg per gm at 45 to 55 years of age, and
1.96 mmHg per gm at <45 years of age; p < 0.001 for
interaction). Potassium excretion was inversely associated
with SBP, with a steeper slope of association for persons with
hypertension than for those without it (»p < 0.001) and a
steeper slope with increased age (p < 0.001).”'* The PURE
study is the most robust one to confirm that increased intake of
sodium is related to an increase in BP. Sodium restriction is
especially effective in patients with resistant hypertension”"”
and in patients with metabolic syndrome in Asia.”'*

Intensive lowering of sodium intake has been proposed by
major scientific societies. In the recent 2013 AHA/ACC
Guideline on Lifestyle Management to Reduce Cardiovascular
Risk,”"” it was proposed that reducing sodium intake that
achieved a mean 24-hour urinary sodium excretion of
approximately 2.4 gms/day, relative to approximately 3.3 gms/
day, lowers BP by 2/1 mm Hg, and reducing sodium intake
that achieved a mean 24-hour urinary sodium excretion of
approximately 1.5 gms/day lowers BP by 7/3 mm Hg.”'> This
statement was supported by a recent report from the
NUTRICODE investigators.”'® The NUTRICODE in-
vestigators collected data from surveys on sodium intake as
determined by urinary excretion and diet in persons from 66
countries, and quantified the global consumption of sodium.
The effects of sodium on BP were calculated from data in a
new meta-analysis of 107 randomized interventions.”'® The
effects of BP on cardiovascular mortality were calculated from
a meta-analysis of cohorts.”'® It was found that in 2010 the
estimated mean level of global sodium consumption was 3.95
gms per day. Globally, 1.65 million deaths from cardiovascular
causes per annum were attributed to sodium intake above the
reference level 2.0 gms of sodium per day.”'®

A contradictory report came from a recent publication from
another contemporary report from PURE investigators.”'’ The
PURE investigators obtained morning fasting urine samples
from 101,945 persons in 17 countries, and found the mean
estimated sodium excretion was 4.93 gms per day. As
compared with an estimated sodium excretion of 4.00 to 5.99
gms per day (reference range), a higher estimated sodium
excretion (>7.00 gms per day) was associated with an
increased risk of the composite outcome (death and major CV
events) (odds ratio, 1.15; p < 0.05).”'" Interestingly, as
compared with the reference range, an estimated sodium
excretion that was below 3.00 gms per day was also associated

with an increased risk of the composite outcome (odds ratio,
1.27; p < 0.05).2I7 Thus, there is a J-shape association be-
tween sodium intake and cardiovascular disease or death, and
an estimated sodium intake between 3 gms per day and 6 gms
per day was associated with a lower risk of death and car-
diovascular events than either a higher or lower estimated level
of intake.”'” This J-shape association has been reported in
other studies,218 and a recent meta-analysis.zw In fact, in a
prospective cohort study in Taiwan a significant J-shape
relationship between urinary sodium excretion and the risk of
hypertension has also been observed, and the nadir of the J-
shape was around 100 mmol (2.4 gms)/day.””"

The most important long term intervention trial for effects
of dietary sodium reduction on cardiovascular disease out-
comes came from TOHP I and TOHP I trials.””' In these
trials, the risk of cardiovascular event was 30% lower among
those in the intervention group.””' The final level of achieved
daily sodium excretion (or intake) was 2.3 gms/day for TOHP
I and 3.2 gms/day for TOHP I1.**' Thus, the optimal target for
sodium restriction is still controversial, but an optimal level
will be around 2.0-4.0 gms/day. Too aggressive sodium re-
striction to <2.0 gms/day should be avoided. Supplemental
calcium, potassium, or magnesium have been proposed to
lower BP, but data are not entirely consistent.”>”

Recommendations
e For controlling hypertension, the optimal daily sodium
consumption is 2.0-4.0 gms/day. (COR I, LOE B)
e Too aggressive sodium restriction to <2 gms/day may be
harmful. (COR III, LOE B)

7.1.2. Alcohol limitation

Excessive drinking is associated with high BP.”* In the PATHS
trial investigating the effects of an alcohol treatment program on
BP, there was a 1.2/0.7 mmHg greater reduction for every 1.3
drink/day difference.”** In a meta-analysis of 15 RCTs with a total
of 2,234 participants, alcohol reduction was associated with a
significant reduction of 3.31 mmHg in SBP and 2.04 mmHg in
DBP.”* It is generally agreed that alcohol intake should be limited
to <30 gms/d in men and <20 gms/d in women.”*”

Recommendation
e For controlling hypertension, the daily intake of alcohol
should be limited to <30 gms/d in men and <20 gms/d in
women. (COR I, LOE B)

7.1.3. Body weight reduction

Obesity is related to increased cardiovascular mortality. A
meta-analysis of 25 RCTs with 4,874 participants was per-
formed to estimate the effect of weight reduction on BP.*** A
net weight reduction of —5.1 kilogram (kg) reduced SBP by
4.44 mmHg and DBP by 3.57 mmHg.””° SBP was reduced by
1.05 mmHg, and DBP by 0.92 mmHg per kg of weight loss.”*
The relationship of BMI with overall mortality shows a U-
shape phenomenon. In the Prospective Studies Collaboration
of 57 prospective studies with 894,576 participants, mostly in
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western Europe and North America, mortality was lowest in
the range of 22.5-25.0 kg/m>.**’ Similarly, in a prospective
cohort study of 224,064 Chinese men followed up for 15
years, the association between BMI and all-cause mortality
was U-shaped with the lowest mortality at 22.5-25.0 kg/m?.>*®
Interestingly, an intensive lifestyle intervention focusing on
weight loss did not reduce the rate of cardiovascular events in

overweight or obese adults with type 2 diabetes.””’

Recommendation
e For controlling hypertension, the ideal BMI is 22.5-
25.0/m”. (COR I, LOE B)

7.1.4. Cigarette smoke cessation

Stopping smoking did not reduce BP,””" though smoking
may cause an acute increase in heart rate and BP. Smoking is
the most important preventable risk factor in myocardial
infarction, and smoking cessation is one of the most important
causes of reduced stroke death in Taiwan in the recent
decade.””' Therefore, cessation in cigarette smoking should be
an integral part of the whole LSM in the management of
hypertension.

230

Recommendation
e For the purpose of reducing overall cardiovascular risk,
cessation of cigarette smoking is an integral part of LSM.
(COR I, LOE C)

7.1.5. Diet adaptation

The DASH (Dietary Approaches to Stop Hypertension) diet is
high in vegetables, fruits, low-fat dairy products, whole grains,
poultry, fish, and nuts; it is low in sweets, sugar-sweetened
beverages, and red meats.>>> The DASH diet reduced SBP and
DBP by 11.4 and 5.5 mmHg, respectively, in hypertensive per-
sons.”*” The combination of DASH and low sodium diet could
reduce the SBP by 11.5 mmHg compared with the combination
of control and high sodium diet.”** The combination of DASH
diet and a weight management program was even more effective
than the usual diet controls, in which BP was reduced by 16.1/
9.9 mmHg.”** Better adherence to the DASH diet was signifi-
cantly associated with lower CHD and stroke.”*> >*°

Recommendation
e For controlling hypertension and reducing overall cardio-
vascular risk, the DASH diet should be an integral part of
LSM. (COR I, LOE A)

7.1.6. Exercise adoption

In two meta-analyses, aerobic exercise was associated with
a significant reduction in mean SBP (—3.8 and —6.9 mmHg,
respectively) and DBP (—2.6 and —4.9 mmHg, respec-
tively).””” *** Typical interventions shown to be effective in
lowering BP include aerobic physical activity of, on average,
at least 12 weeks duration, 3 to 4 sessions per week, lasting on
average 40 minutes/session, and involving moderate-to-
vigorous intensity physical activity.”"

Recommendation
e For controlling hypertension, regular aerobic exercise
should be an integral part of LSM. (COR I, LOE A)

7.2. Principles of drug therapy

Drug therapy should be initiated in patients with stage 1
hypertension if their BP is still above targets, after 3-month
LSM. For patients in the special patient group (diabetes,
CHD, or proteinuric CKD), drug therapy should be initiated if
BP is still >130/80 mmHg after 3-month LSM. For patients
with stage 2 hypertension or above, including special patient
group whose BP is above 150/90 mmHg, drug therapy should
be started, concomitant with LSM as initial management.

The main benefits of antihypertensive agents are derived
from lowering of BP per se, and are generally independent of
classes of drugs.””” **" Substantial data has come from the
largest meta-analysis of 147 trials consisting of 958,000 peo-
ple.'® With the exception of the extra protective effect of
beta-blockers given shortly after a myocardial infarction and
the additional effect of CCBs in preventing stroke, all classes
of BP lowering drugs have similar effects in reducing CHD
events and stroke for a given reduction in BP. Pleiotropic ef-
fects were not observed.'® For every 10 mmHg difference in
SBP or every 5 mmHg difference in DBP compared with
placebo, a 22% reduction in CHD and a 41% reduction in
stroke were observed.'® In a recent meta-analysis of 18 trials
of 23,215 Asian patients, a 10 mmHg reduction in SBP was
associated with a 39.5% reduction in composite CV endpoints,
and a 30% reduction in stroke, regardless of drug class.”*'

Some RCTs included patients with specific diseases or
conditions, so it has been proposed that one drug or certain
combinations of drugs might be superior to other drugs or
other combinations in reducing stroke,”*” end-stage renal
disease,'”® or cardiovascular events.>** >** Some recommen-
dations for different clinical conditions were shown in
Table 12. Because more than 70% of patients require more
than 1 drug to reach targets, it seems more important to choose
appropriate combination of drugs, instead of chasing a single
drug in our daily practice.

Based on data from a meta-analysis of 354 randomized,
double-blind, placebo-control trials comprising 40,000 drug-
treated patients and 16,000 placebo-treated patients,”” we
have proposed a “Rule of 10” (Fig. 3) and a “Rule of 5”
(Fig. 4) to predict the reduction in SBP and DBP, respectively,
from mono-therapy or combination therapy.” These rules can
be used to predict how many drugs are needed to achieve BP
targets. With a standard dose of any one of the 5 major classes
of anti-hypertensive agents, one can anticipate approximately
a 10-mmHg decrease in SBP (Rule of 10) (Fig. 3, Panel A) and
a 5-mmHg decrease in DBP (Rule of 5) (Fig. 4, Panel A) (all
after placebo-subtraction), when the baseline pre-treatment BP
is 154/97 mmHg.”*” The efficacy of BP lowering depends on
the pre-treatment BP. For every 10 mmHg above 154 mmHg in
baseline SBP or above 97 in the DBP mmHg, a further
decrease of 1.0 mmHg in SBP and 1.1 mmHg in DBP can be
observed. For example, one can anticipate a 11-mmHg
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Table 12

Recommended drugs.

Clinical conditions Drugs

Target organ damage
Left ventricular hypertrophy ARB
Microalbuminuria ACEI, ARB
Asymptomatic atherosclerosis CCB

Clinical events
History of myocardial infarction BB, ACEI, ARB

Coronary Heart Disease
Heart failure

BB, ACEIL, ARB, CCB (long-acting)
Thiazide diuretic, loop diuretic, BB,
ACEI, ARB, MRA

Stroke ACEI, ARB, Thiazide diuretic, CCB,
Chronic kidney disease ACEI, ARB, loop diuretic
Peripheral artery disease CCB

Diabetes mellitus
Associated conditions
Isolated systolic hypertension
Metabolic syndrome
Benign prostate hypertrophy

ACEI, ARB, DRI

Thiazide diuretic, CCB, ARB
ACELARB
Alpha-blocker

ACEI = angiotensin converting enzyme inhibitor; ARB = angiotensin re-
ceptor blocker; BB = beta blocker; CCB = calcium channel blocker; DRI =
direct renin inhibitor; MRA = mineralocorticoid receptor antagonist. (Modi-
fied from Chiang et al.” with permission.)
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Fig. 3. Rule of 10. Panel A. Comparison of effects of incremental doses of 5
classes of anti-hypertension drugs on reducing systolic blood pressure (SBP) at
a baseline SBP of 154 mmHg. On average, there is a 10-mmHg decrease in
SBP by a standard dose of any kind of the 5 classes of drugs (Rule of 10).
Doubling the dose of any drug brings out only a 2-mmHg incremental decrease
in SBP. Panel B. Combination of drugs from different classes is more effective
in reducing SBP than increasing doses of the same drug. The combination of 2
drugs from different classes decreases SBP by 20 mmHg (10 + 10 = 20);
whereas doubling doses decreased SBP further by 2 mmHg only
(10 4+ 2 = 12). To decrease SBP by 30 mmHg, 3 drugs of different classes are
generally needed. Data were modified from article by Laws et al.”*’
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Fig. 4. Rule of 5. Panel A. Comparison of the effects of incremental doses of 5
classes of anti-hypertension drugs on reducing diastolic blood pressure (DBP)
at a baseline DBP of 97 mmHg. On average, there is a 5S-mmHg decrease in
DBP by a standard dose of any kind of the 5 classes of drugs (Rule of 5).
Doubling the dose of any drug brings out only a 1-mmHg incremental decrease
in DBP. Panel B. Combination of drugs from different classes is more
effective in reducing DBP than increasing doses of the same drug. The
combination of 2 drugs from different classes decreases DBP by 10 mmHg
(5 + 5 = 10); whereas doubling doses decreased DBP further by 1 mmHg only
(5 + 1 = 6). To decrease DBP by 15 mmHg, 3 drugs of different classes are
generally needed. Data were modified from article by Laws et al.>*

decrease in SBP and a 6-mmHg decrease in DBP if the pre-
treatment BP is 164/107 mmHg. When the doses of the
same drug were doubled, there was only a 2-mmHg incre-
mental decrease in SBP (Fig. 3, Panel A and B) and a -mmHg
incremental decrease in DBP (Fig. 4, Panel A and B).>*
Preferably, when 2 drugs in standard doses but with different
mechanisms are taken together, the decrease in BP is the sum
of the decrease of the individual agents (approximately
20 mmHg in SBP and 10 mmHg in DBP) (Fig. 3 and 4, Panels
B).”*> **® Similarly, if a 30-mmHg decrease in SBP or a 15-
mmHg decrease in DBP is to be obtained, a 3-drug combi-
nation may be needed (Figs. 3 and 4, Panels B).”*’

When drug therapy is considered after a 3-month trial of
LSM or in patients with stage 2 hypertension or above, a
strategy called “PROCEED” is suggested.” First, Previous
unfavorable experience of the individual patient with a given
class of antihypertensive drug should be carefully explored,
because adverse events are the most important cause of non-
adherence. Adverse events are inevitable, or even unpredict-
able, because they may have a psychological basis and are
frequently reported during placebo treatment. Great effort
should be advocated to limit drug-related side effects. Drug-
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related side effects are usually dose-dependent for diuretics,
beta-blockers, and CCBs, whereas there is little or no dose-
dependent increase in side effects with ACE inhibitors and
ARB.>* Second, Risk factors for an individual patient should
be identified. For example, diuretics and beta-blockers should
not be considered as first-line therapy in patients with meta-
bolic syndrome or glucose intolerance, unless strongly indi-
cated or used as an add-on therapy to reach target. Third,
Organ damage, even sub-clinical, or previously associated
cardiovascular conditions may favor certain classes of drugs or
certain combinations (Table 12). Fourth, Contraindications or
unfavorable conditions should be examined (Table 13). Fifth,
an Expert's or doctor's judgment is of paramount importance in
managing patients. Any guideline can only serve as reference
in treating individual patient. Sixth, Expenses or cost may be
taken in account. However, the cost issue should never pre-
dominate over efficacy, tolerability, and protection of the pa-
tient. Finally, Delivery and compliance issue is the key to
successful treatment of hypertension. WHO has estimated that
50—70% of patients did not take their antihypertensive drugs
as prescribed and has identified poor adherence as the most
important cause of uncontrolled hypertension. Physicians
should include patients as an essential part of the whole
treatment program in hypertension and communicate with
individual patients.

The optimal time for taking anti-hypertensive drugs has
been a matter of debate for decades. Morning administration
of antihypertensive drugs was routinely performed in the past.
However, it has been recently more common to switch to a
bedtime administration. In the MAPEC trial, 3344 subjects
were prospectively randomized to ingest all their prescribed
hypertension medications upon awakening or >1 of them at
bedtime, for a follow-up of 5.6 years.*’ The nighttime BP was
more effectively decreased by bedtime administration of
drugs. More importantly, asleep BP was the most significant

Table 13
Contraindications or unfavorable conditions.

Contraindications Unfavorable conditions

Thiazide diuretics Gout, hypokalemia,
hyponatremia, metabolic

syndrome, pregnancy

BB

CCB (non-DHP)

ACEI

ARB
DRI

MRA
Alpha-blocker

Bronchial asthma, sick
sinus syndrome, 2™ and
3™ degree AV block
Sick sinus syndrome, 2™
and 3" degree AV block
Bilateral renal artery
stenosis, pregnancy,
angioedema

Bilateral renal artery
stenosis, pregnancy
Bilateral renal artery
stenosis, pregnancy
Hyperkalemia

Peripheral artery disease,
Metabolic syndrome

Systolic heart failure

Hyperkalemia

Hyperkalemia

Hyperkalemia

Systolic heart failure

ACEI = angiotensin converting enzyme inhibitor; ARB = angiotensin re-
ceptor blocker; BB = beta blocker; CCB = calcium channel blocker; DHP =
dihydropyridine; DRI = direct renin inhibitor; MRA = mineralocorticoid

receptor antagonist. (Modified from Chiang et al.” with permission.)

predictor of event-free survival. In fact, the same investigators
have demonstrated earlier that patients who took >1 anti-
hypertensive drug at bedtime showed a significant reduction
in the 24-hour mean of SBP and DBP.**” The reduction was
more prominent during nighttime. The diurnal/nocturnal BP
ratio was significantly increased and the prevalence of non-
dipping was reduced.”*’ This finding was supported by 2
studies using ARB at bedtime.”** **” The nocturnal BP is
significantly better controlled by bedtime administration as
compared with morning administration, without any loss in
efficacy during diurnal active hours.”” Studies on surrogate
endpoints, such as urinary albumin excretion, also demon-
strated that switching the time that hypertensive drugs are
taken (from morning to evening) was beneficial in patients
with CKD.?>!"* 22 In fact, the American Diabetes Association
has proposed the administration of one or more antihyper-
tensive medications at bedtime.'”' Since nighttime BP has
been shown to be a more important predictor of cardiovascular
risk than diurnal mean values, the bedtime administration of
anti-hypertensive drugs may be a correct way to decrease
future cardiovascular events. Several classes of medications,
such as ACE inhibitors,l’%’ 250 ARB,249 or CCB,124 have been
proven to be safe and effective for bed-time administration.
There has been no evidence supporting the use of diuretics or
beta-blockers at bedtime.

Another important issue is how soon we should control BP
to targets. Important information came from the VALUE
trial.”>* The valsartan-based group had similar CV outcomes as
the amlodipine-based group at the end of the trial. There were
3.8 mmHg differences in SBP at 3 months, and they were
higher in the valsartan-group. Except for heart failure admis-
sion, the primary endpoints, stroke, and all-cause death were
significantly higher in the valsartan group than in the amlo-
dipine group in the first 3 months.””> The BP differences
became insignificant after 3 months, and all the differences in
these CV endpoints did not show any difference thereafter. The
immediate responders, defined as those who could achieve a
10-mmHg decrease in the first month of treatment, had lower
CV events than non-immediate responders.””* Similar findings
were reported from the SCOPE trial.””” Patients in the placebo
group received placebo for the first 3 months, and eventually
had a higher incidence of non-fatal stroke compared with
patients in the treatment group who received candesartan
immediately after randomization.””> We therefore suggest it
appropriate to control BP to targets at 3 months, and prefer-
ably within 1 month, for high-risk patients.

7.3. Monotherapy

There are 5 major classes of anti-hypertension drugs: di-
uretics, beta-blockers, CCBs, ACE inhibitors, and ARBs. As
previously mentioned, every kind of antihypertension drugs can
be used as the first line medications, per physician's discretion.
The NICE clinical guideline on hypertension from UK (http://
pathways.nice.org.uk/pathways/hypertension) has recently
abandoned the first-line use of diuretics and beta-blockers. The
2014 INC report dismissed beta-blockers as first-line therapy."’
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Nevertheless, the 2013 ESH/ESC hypertension guidelines keep
all 5 major classes of drugs in their recommendations.'” There
are contraindications and unfavorable conditions when using
these different classes of drugs (Table 13).

7.3.1. Diuretics

7.3.1.1. Thiazides and thiazide-like diuretics. Thiazide di-
uretics and thiazide-like diuretics (e.g. indapamide, chlortha-
lidone, etc) remain essential in the treatment of hypertension.
The ALLHAT trial has confirmed the equivalent effect of
chlorthalidone in reducing CHD as compared to CCB and
ACE inhibitor.>>° In fact, chlorthalidone is the best drug in
reducing heart failure in the ALLHAT trial.””® The efficacy of
thiazide diuretic in reducing heart failure has also been
confirmed in a large meta-analysis of 147 RCTs.'®> When BP
cannot be controlled with ACE inhibitors or ARBs, low-dose
thiazide diuretics are usually very effective as add-on drugs.
Hypertension cannot be called “resistant” if a diuretic was not
included in the medications.”’ In a recent analysis from the
ACCOMPLISH trial, thiazide-based treatment provided less
cardiovascular protection in normal weight than in obese pa-
tients, but amlodipine-based therapy was equally effective
across BMI subgroups and thus offers superior cardiovascular
protection in non-obese hypertension.””® Since averaged BMI
in Asians are lower than in Caucasians, thiazide diuretics
might be less effective in Asians as well. But double-blind
RCT to compare diuretics versus CCB in terms of cardio-
vascular outcomes has not been performed in Asia.

A major concern regarding the use of thiazide diuretics is
the plethora of metabolic side effects.””” Thiazides reduced
potassium, increased uric acid, and increased total cholesterol
and triglycerides.”® Hypokalemia was not uncommon in pa-
tients receiving thiazide diuretics. In the ALLHAT trial, the
relative risks of hypokalemia were 10.61 compared with the
lisinopril group and 4.50 compared with the amlodipine group.
The prevalence of hypokalemia (<3.5 mmol/l) was reported as
varying between approximately 7.2% and 8.5% at doses of
12.5-25 mg of chlorthalidone,”®" *°* and up to 56% with
50 mg hydrochlorothiazide.”®® Thiazide-induced hypokalemia
was more than twice as high in men as in women, and was
doses and age-related.”®* The combination of triamterene
would not attenuate this side effect.”

The annual incidence of thiazide-induced hyponatremia
(<130 mmol/L) is about 14%.°%° Thiazide exposure was
associated with an almost 5 times higher risk of hyponatremia
(<135 mmol/L) than no exposure.”*® The risk did not differ
between male and female. Interestingly, the risk of hypona-
tremia due to thiazide exposure decreased with older age, and
higher BMI.”°® The highest risk of hyponatremia with thiazide
exposure was seen within the highest eGFR quartile.”*® Low-
dose thiazide is preferred in the treatment of hypertension to
avoid these electrolyte abnormalities.

In a recent meta-analysis, thiazide diuretic users had the
highest potential to develop new-onset diabetes.”®” The long-
term impact of diuretic-induced diabetes on future cardio-
vascular events is controversial. In a post-hoc analysis of

ALLHAT, patients with impaired fasting glucose actually have
significantly less CHD events in chlorthalidone group
compared with the amlodipine group in the 4 to 8-year follow-
up period of ALLHAT, in spite of an increase in diabetes
rate.”°® The argument is that 4 to 8-year follow-up may be too
short to observe the negative impact of new-onset diabetes. In
a long-term cohort study of treated hypertension patients for a
follow-up of up to 16 years, the occurrence of new diabetes
portends a risk for subsequent cardiovascular disease that is
not dissimilar from that of previously known diabetes.”*” In a
28-year follow-up of treated hypertension patients, new-onset
diabetes carries a significantly higher cardiovascular risk.?”’
The mean observation time from onset of diabetes to the
first stroke was 9.1 years, and it was 9.3 years to the first
myocardial infarction.”’’ Another important concern about
diuretics is the adverse events. In a meta-analysis of 354 trials,
the dose-dependence increase in the adverse effect of diuretic
is the most severe compared to other drugs.”*> A dose more
than 25 mg/d of hydrochlorothiazide is considered to be a high
dose and is associated with a significant increase in side ef-
fects including metabolic derangement. According to recent
data from Canada, the long-term persistence rate was lowest
for users of diuretics, compared with users of other anti-
hypertensive drugs.””’

Are all thiazide diuretics equally effective in lowering BP?
In a study comparing hydrochlorothiazide 50 mg/d with
chlorthalidone 25 mg/d, the latter provided a greater decrease
in ambulatory SBP, with the greatest difference occurring at
nighttime.”’” From a retrospective observational cohort study
from the Multiple Risk Factor Intervention Trial (MRFIT) data
set, chlorthalidone displayed significantly lower SBP, lower
total cholesterol, lower LDL-C, lower potassium, and higher
uric acid over time compared with hydrochlorothiazide.””
The data for head-to-head comparison of indapamide versus
other thiazide diuretics could not be found.

For effects on cardiovascular outcomes, there is no RCT
for head-to-head comparison of different thiazides. RCTs
testing of thiazides versus comparators had neutral or wors-
ening effects, as shown in the ASCOT (benzofluthiazide)and
the ACCOMPLISH (hydrochlorothiazide) trial.*** *** Inda-
pamide has outperformed placebo in some RCTs, such as the
PROGRESS trial,'”* the ADVANCE trial,””* and the HYVET
trial.”"” Chlorthalidone was quite successful in RCTs, such as
the SHEP trial and the ALLHAT trial."*** *°° Based on data
from meta-analysis of MRFIT, chlorthalidone users had
significantly fewer cardiovascular events compared with hy-
drochlorothiazide users (p = 0.0016).””* In another meta-
analysis, chlorthalidone outperformed hydrochlorothiazide
in reducing cardiovascular events, after correction of differ-
ence in BP.””> These data suggested that chlorthalidone may
be the preferred thiazide-type diuretic for hypertension in
patients at high risk of cardiovascular events.”’” Until a head-
to-head RCT is available, it is too early to reach a final
conclusion.

7.3.1.2. Mineralocorticoid receptor antagonists. Aldosterone
and its receptor have been shown to play important roles in the
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pathogenesis of hypertension and hypertension-related car-
diovascular outcomes.”’® Many reports have demonstrated that
circulating aldosterone levels are positively associated with
both incident®’” and resistant hypertension’’® (see definition
below), as well as obstructive sleep apnea- and obesity-related
hypertension.”’”* **" In addition, the prevalence of primary
aldosteronism in hypertensive patients was reported to in-
crease along with hypertension stages.”®' Hypertensive pa-
tients in the real world practice are less commonly to be
treated with aldosterone antagonists, given that almost 15-20%
of stage II-III patients have aldosterone hypersecretion.”®’
Importantly, patients with higher aldosterone levels but with
similar levels of BP still had significantly higher rates of
myocardial infarction, stroke and atrial fibrillation.”®?

According to currently available evidence, aldosterone an-
tagonists are beneficial for hypertensive patients with one of
the following two conditions: 1) primary aldosteronism; 2)
resistant hypertension. Solid evidence has also shown that
aldosterone antagonists significantly reduce mortality in pa-
tients with severe systolic heart failure,” or with prior
myocardial infarction,”* and even in patients with mild sys-
tolic heart failure.”® However, the enrolled patients in these
clinical trials were basically normotensive and there has been
no data revealing outcomes for hypertensive subgroup, making
it difficult to see whether aldosterone antagonists would add
additional benefits to hypertensive patients with systolic heart
failure when standard heart failure treatment has been pro-
vided. On the other hand, the effects of spironolactone on
heart failure with preserved ejection fraction patients, who are
characterized by a high prevalence rate (>90%) of hyperten-
sion, have recently been evaluated in a small-scale study (total
422 patients).”*® There was significant improvement in left
ventricular diastolic function, left ventricular remodeling, and
N-terminal-proBNP levels, but no benefit on clinical symp-
toms and outcomes.”"* In a similar but larger scale randomized
clinical trial in patients with heart failure and a preserved
ejection fraction (TOPCAT), treatment with spironolactone
did not significantly reduce the incidence of the primary
composite outcome including death from cardiovascular
causes.”®’

Treatment-resistant hypertension (TRH) is defined in a recent
review as high BP (>140/90 mmHg), resistant to a treatment
regimen that includes proper lifestyle modification plus a
diuretic and two other antihypertensive agents of different
classes at their optimal doses.”®® Among patients with resistant
hypertension, the prevalence of primary aldosteronism is around
17 to 23%.”’% **! Other possible reasons accounting for high
aldosterone levels in patients with resistant hypertension are a
rebound after volume reduction by diuretics** or an escape from
early reduction associated with RAS blockade.””” Over-
whelming evidence has confirmed that aldosterone antagonists,
even at low doses, were effective in resistant hyper-
tension.””' *° Adding spironolactone 25 mg/day is more
effective in BP reduction than adding ramipril 5 mg/day to a
background irbesartan treatment in resistant hypertension.”” In
patients with resistant hypertension, who had received the
combination of irbesartan, hydrochlorothiazide, and amlodipine,

adding 25 mg spironolactone was more effective than adding
5 mg ramipril in reducing daytime ABPM (—19/11 vs —8&/
7 mmHg, p = 0.0003) and left ventricular mass index.”” In the
Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT) sub-
study, spironolactone was an effective add-on drug after treat-
ment with two or more antihypertensive combination.”’
ASPIRANT (Addition of Spironolactone in Patients with
Resistant Arterial Hypertension Trial) is currently the only
double-blind RCT to evaluate the effect of aldosterone antago-
nist in resistant hypertension.””> With a high percentage of
background RAS blockade coverage (76.5% and 46.5% with
ACE inhibitors and ARB, respectively), the addition of spi-
ronolactone decreased SBP by 9.8 mmHg on ABPM and also
significantly improved microalbuminuria.””> A similar BP
reduction in ABPM was observed in another RCT involving
patients with resistant hypertension and diabetes mellitus when
spironolactone was added to a triple-drug regimen containing
either ACE inhibitors or ARBs.””® Eplerenone, a more selective
mineralocorticoid receptor antagonist without the anti-
androgenic effects, was associated with a 10-mmHg reduction
in SBP in ABPM, when used as a fourth-line agent at the dose of
50 mg twice daily.””” The antihypertensive associations of both
spironolactone and eplerenone were observed even in the pres-
ence of normal serum aldosterone levels.””>

Although aldosterone antagonists are effective add-on
drugs for resistant hypertension, caution has to be taken
when adding them to background RAS inhibitors. The
occurrence of hyperkalemia and the possibility of rapid
reduction of eGFR should be carefully monitored. The addi-
tion of aldosterone antagonists is generally contraindicated if
serum potassium levels >5.0 meq/l, and should be used with

caution if eGFR is less than 30 ml/min/1.73 m2.2%®

7.3.1.3. Loop diuretics. Loop diuretics are less effective than
thiazide diuretics in lowering BP, so that their major use is in
edematous patients with congestive heart failure, and in pa-
tients with more severe CKD (eGFR < 30 ml/min/1.73 m?).*"
Loop diuretics should not be used as first-line therapy in hy-
pertension since they have generated no outcome data. They
can be combined with thiazide-type diuretics.”"”

7.3.1.4. Other potassium-sparing diuretics. Other potassium-
sparing diuretics, such as amiloride and triamterene, block
the epithelial sodium channel. They are widely prescribed for
hypertension as a second line drug in patients taking other
diuretics (e.g. thiazide diuretics). However, there has been no
trial evaluating the BP lowering efficacy of these drugs as
monotherapy in patients with primary hypertension. Even in
trials evaluating the efficacy of low doses of amiloride and
triamterene as a second drug, BP was not reduced.’” There-
fore, these agents should not be routinely used.

7.3.2. Beta-blockers

Whether beta-blockers should be placed as one of the first-
line drugs for hypertension is probably the most controversial
among major hypertension guidelines.'” "' (http://pathways.
nice.org.uk/pathways/hypertension) The ESH/ESC 2013


http://pathways.nice.org.uk/pathways/hypertension
http://pathways.nice.org.uk/pathways/hypertension

26 C.-E. Chiang et al. / Journal of the Chinese Medical Association 78 (2015) 1—47

hypertension guideline maintained its position to categorize
beta-blocker as a first-line drug.”) However, the 2014 JNC
report rejected it as a first-line drug.'' The 2014 NICE hy-
pertension guides put beta-blockers as step-4 drugs. (http://
pathways.nice.org.uk/pathways/hypertension) According to
the largest meta-analysis of 147 trials consisting of 958,000
people,'® all major classes of anti-hypertensive drugs,
including beta-blockers, reduced CHD and stroke when
compared to placebo. Beta-blockers had a special benefit in
preventing recurrent CHD events in people with a history of
CHD: a risk reduction of 29% compared with 15% in trials of
other drugs, though the extra effect was limited to a few years
after myocardial infarction.'®® But in patients without CHD,
beta-blockers increased stroke by 18%, while CCB decreased
stroke by 9% (all P < 0.05). It has been demonstrated In the
meta-analysis of BPLTTC that beta-blockers had a similar
effect in reducing CV events compared to other drug classes,
and no sign of increasing stroke rate was found.””” It has
recently been shown that there might be some differences in
the effects of atenolol versus non-atenolol beta-blockers.™" In
the meta-analysis including 145,811 patients, it was shown
that among the elderly (>60 years) atenolol was associated
with an increased risk of stroke (relative risk 1.17, p < 0.05)
compared with other anti-hypertensive drugs.”’”’ The risk of
stroke for non-atenolol beta-blockers, when compared with
other drugs, did not reach statistical difference. In the young
(age <60 years), atenolol was associated with reduced risk of
stroke compared with other drugs (relative risk 0.78, p < 0.05),
whereas non-atenolol beta-blockers were associated with a
lower risk of composite cardiac events (relative risk 0.86,
p < 0.05) compared with placebo, with no significant differ-
ences in events compared with other drugs.”’' It seems that all
the beta-blockers, including atenolol and non-atenolol drugs,
performed equally well in the young (<60 years) compared to
other drugs.””’ Only in the elderly (>60 years), atenolol was
inferior to other drugs in reducing stroke.”’' In this guideline,
we suggest that beta-blockers, except atenolol, can be used as
the first-line therapy, especially in patients with CHD, history
of myocardial infarction, and in patients with higher heart rate
(>80 beats/min).

Bronchial asthma is an absolute contraindication for the use
of both beta-1 selective or non-selective beta-blockers, but
chronic obstructive pulmonary disease (COPD) is not a
contraindication. In an observational cohort study, treatment
with beta-blockers reduced the risk of exacerbation and
improved survival in patients with COPD.?"” In a retrospective
cohort study, beta-1 selective, but not non-selective, beta-
blockers were suggested to be safe in patients hospitalized
with acute exacerbation of COPD with underlying CHD, heart
failure, or hypertension.’”® But in a retrospective analysis of
the OPTIMIZE-HF registry,””* both beta-1 selective and non-
selective beta-blockers were associated with lower death rate
in patients with and without COPD.?** There was no evidence
that beta-blocker selectivity was associated with a difference
in outcomes between patients with and without COPD.™"”

The major side effects with beta-blockers are reduced
sexual function, fatigue, reduced exercise capacity, and body

weight increase. One important side effect is new-onset dia-
267, 30 . . L e
betes,”” *"® especially in combination with diuretics.

7.3.2.1. Atenolol. In the LIFE trial and the ASCOT trial,”**
43 atenolol was the main component of one of the treatment
arms. Compared with ARB, atenolol group had higher car-
diovascular events, especially stroke.”*” Atenolol, in combi-
nation of thiazide diuretics, has an increased total mortality
and cardiovascular events, compared with the combination of
CCB and ACE inhibitors in the ASCOT trial.>** A possible
reason for the increase in cardiovascular events, especially
stroke, is that atenolol was less effective in decreasing central
aortic pressure and pulse pressure.*™ **7 Another possible
reason is that atenolol has a short half-life of about 6-9
hours,>®® but most RCTs for atenolol took a QD dosing
regimen. In a meta-analysis comparing beta-blockers (mainly
atenolol) with other anti-hypertensive drugs, beta-blockers
increased the risk of cardiovascular events and death for hy-
pertensive patients.”’” It is suggested that atenolol should not
be used as a first-line beta-blocker in the treatment of hyper-
tension, especially for patients aged >60 years.

7.3.2.2. Non-atenolol beta-blockers. Other beta-blockers,
such as metoprolol and bisoprolol, have not been extensively
tested in RCTs. The effect of bisoprolol versus atenolol on
central aortic pressure is more controversial.’'* *'" Newer
vasodilating beta-blockers, such as carvedilol or nebivolol,
reduced central pulse pressure and aortic stiffness better than
atenolol or metoprolol.”’**'* Both nebivolol and carvedilol
have a favorable effect on blood glucose compared to meto-
prolol,”'> *'® and have been favorably tested in RCTs for heart
failure.”" ' There has been no RCT to test their long-term
cardiovascular effects in patients with hypertension.

7.3.3. Calcium channel blockers (CCBs)

CCBs have potent BP-lowering effects, and have been the
most widely used anti-hypertensive drugs, especially in Asia.
Several recent large clinical trials have confirmed their effi-
cacy not only in lowering BP but also in reducing cardiovas-
cular morbidity and mortality in hypertensive patients with a
normal or high cardiovascular risk profile. CCBs can be
broadly classified into 2 groups: dihydropyridine (DHP) and
non-dihydropyridine (non-DHP) groups. Most of the recent
RCTs tested DHP CCBs, whereas RCTs for non-DHP CCBs
occur much less frequent.

7.3.3.1. Dihydropyridine calcium channel blockers (DHP
CCBs). Short-acting DHP CCBs cause reflex tachycardia and
are generally not recommended as first-line anti-hypertensive
drugs. The effect of nitrendipine versus placebo in reducing
stroke in isolated systolic hypertension has been confirmed in
the Syst-Eur and Syst-China trials.'** '*> Other DHP CCBs
have also been studied in RCTs, including the INSIGHT
trial,>*° the HOT trial,'*® and the FEVER trial.'*® In the
ALLHAT trial,”® the CAMELOT trial,'’ the VALUE trial,””
or the ASCOT trial,”” an amlodipine-based therapy was at
least as effective, when not slightly superior, in lowering BP
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and sometimes more effective in preventing TOD than BP
lowering strategies based on the use of diuretics, beta-blockers
and blockers of the renin-angiotensin system.' - >*% 273 250 I
the ACCOMPLISH trial, the combination of ACE inhibitor
and amlodipine was superior to the combination of ACE in-
hibitor and a thiazide diuretic in reducing composite CV
endpoints.”** According a meta-analysis of 147 trials, DHP
CCB is the most effective drug class to decrease stroke.'®” The
efficacy of CCBs may be due to their potent BP-lowering
effect, and the ability to decrease BP variability.'”* However,
DHP CCBs might be less effective in reducing heart failure, as
reported in the ALLHAT trial,25 % the VALUE trial,25 3 and the
ACCOMPLISH trial.”** In the meta-analysis of 147 trials,
CCB was less effective in reducing heart failure compared to
other anti-hypertensive drugs.'®’

In Asians more specifically, the effects of DHB CCBs have
been tested in the Syst-China trial and the FEVER trial.'*> '**
In the felodipine group in the FEVER trial, the primary
endpoint (fatal and non-fatal stroke) was reduced by 27%
(p = 0.001)."”" Among secondary endpoints, all cardiovas-
cular events were reduced by 27% (p < 0.001), and all-cause
death by 31% (p = 0.006) in the felodipine group.'** A meta-
analysis of 12 trials reported that DHP CCB was more
effective than other anti-hypertensive drugs in reducing both
day-time and night-time SBP in east Asians.””’

The main side effect of DHP CCBs is peripheral edema,
which is most prominent at high doses. This side effect can be
attenuated by combining these agents with ACE inhibitors,
ARBs, or direct renin inhibitors (DRI).*”*> More importantly,
there is no contraindication for the use of DHP CCBs
(Table 13).

7.3.3.2. Non-dihydropyridine calcium channel blockers. Non-
DHP CCBs, include verapamil and diltiazem, are less potent
than DHP groups, but generally non-inferior to comparators in
several RCT.'"" 7** *** Diltiazem could decrease albuminuria
in a small scale RCT.**> Non-DHP CCB are more negatively
chronotropic and inotropic than the DHP groups, and have
more contraindications as shown in Table 13. Both verapamil
and diltiazem are metabolized by CYP3A4, and have more
drug-drug interaction than DHP group.”*® In general, non-
DHP CCBs should not be used as first-line drugs in the
treatment of hypertension.

7.3.4. Angiotensin converting enzyme (ACE) inhibitors

ACE inhibitors have been extensively studies in many RCTs
for the treatment of hypertension.'”* *°° Even in high risk
patients with pre-hypertension (120-139/80-89 mmHg), several
RCTs have confirmed their efficacy and safety compared to
placebo or other anti-hypertensive drugs.'”® "7 **7 ACE
inhibitors are preferentially indicated in patients with heart
failure, 25332 diabetes, 2’ 333335 and CKD. 8% 183 336, 337

The major side effects of ACE inhibitors include cough and
angioedema. The incidence of ACE inhibitor-induced cough is
reported to be 5-35%.7 It is generally believed that cough
due to ACE inhibitors are more common in Asians.””” **
Although ACE inhibitor-induced cough seems to be a class

effect, some reports claimed that certain ACE inhibitors might
have less cough than others.”*" *** The major dangerous side
effect of ACEI inhibitors is angioedema.’”’ Fortunately, its
incidence is <1%,”*" and is especially rare in Chinese.”"’

7.3.5. Angiotensin receptor blockers (ARBs)

ARBs have been proven by multiple RCTs to be effective
in reducing BP and cardiovascular events,'®%'90: 242 327. 337,
46345 Because they are well-tolerated and have effects and
benefits similar to ACE inhibitors,””’ they are now generally
preferred over ACE inhibitors. But ARBs should not be
combined with ACE inhibitors, because both its side effects
and acute renal impairment were higher than in monotherapy
with ACE inhibitor or ARB.””’

The tolerability of ARBs is the highest, and the discon-
tinuation rate is the lowest among all 5 classes of anti-
hypertensive drugs.”*> **” Cough and angioedema were very
rarely reported in patients receiving ARBs.*”’

7.3.6. Direct renin inhibitor (DRI)

The only available DRI, aliskiren, has been shown to be
effective in lowering BP,3 49 and has favorable effects on TOD,
such as proteinuria or left ventricular hypertrophy,”” **' or on
biomarkers for heart failure.>>> In a large RCT,35 3 aliskiren
was added on top of pre-existing ACE inhibitor or ARB in
patients with high risk diabetes. The trial was prematurely
terminated due to a non-significant increase in primary end-
points, and an increase in adverse events, such as hyper-
kalemia and hypotension.”” The RCT testing the effect of
aliskiren, on top of ACE inhibitors or ARBS, in heart failure
had a neutral effect, but had increased adverse events, such as
hyperkalemia, hypotension and renal impairment.””* Never-
theless, aliskiren can be safely combined with hydrochloro-
thiazide or amlodipine in the elderly (age >65 years) with
stage 1 hypertension, as shown in the APOLLO trial.””> The
contraindications for aliskiren are similar to ACE inhibitors or
ARBs (Table 13).

7.3.7. Other anti-hypertensive agents

Alpha-blockers are less widely used as a first-line drug for
hypertension, especially after the ALLHAT trial showing
increased heart failure by the use of doxazosin compared with
the use of chlorthalidone.>>° However, there has been some
disagreement about the design of the ALLHAT trial. Dox-
azosin can be used in the treatment of resistant hypertension
when combined with other drugs.”*’ Alpha-blockers are
effective in the treatment of benign prostate hypertrophy, and
are a valuable part of hypertension treatment regimens in
elderly men.

Centrally acting drugs, such as clonidine and alpha-
methydopa, have bothersome side effects and have not been
proven in RCTs. They are not recommended as first-line
therapy. The use of alpha-methyldopa in pregnancy was dis-
cussed in Section 8.2.

Direct vasodilators, such as hydralazine and minoxidil,
cause fluid retention and tachycardia. No RCTs for the treat-
ment of hypertension have been done for hydralazine, nor for
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minoxidil.*>” **® Adverse effects of hydralazine include reflex
tachycardia, hemolytic anemia, vasculitis, glomerulonephritis,
and a lupus-like syndrome.”’ However, hydralazine in com-
bination with isosorbide dinitrate, is effective in African-
Americans who have symptomatic heart failure.””” Because
of the severity of adverse effects with minoxidil, its usage is
limited to persons with severe hypertension unresponsive to
other treatment.””® Vasodilators should not be used as first-line
anti-hypertensive drugs.

Among all the drugs in the investigational stages, LCZ696
merits additional mention here. LCZ696 is a dual-acting
angiotensin receptor-neprilysin inhibitor (ARNI).**" In a
proof-of-concept trial, LCZ696 was compared with valsar-
tan.”®' LCZ696 provides complementary and fully additive
reduction of BP, and no cases of angioedema were reported.”’
Though LCZ 696 has not been approved for the treatment of
hypertension, it has been successfully tested in patients with
systolic heart failure. In the PARADIGM trial, 8442 patients
with class II-IV heart failure and an ejection fraction <40%
were enrolled.”® LCZ696 was demonstrated to be superior to
enalapril in reducing the risks of death and hospitalization for
heart failure (—20%, p < 0.0001).%*

7.4. Combination therapy

Patients with hypertension may have different pathophysi-
ological derangement.”* Therefore, combining drugs with
different anti-hypertensive mechanisms may be more effective
than titrating doses of a single agent. Indeed, multiple classes
of drugs might be needed in clinical practice to control BP to
targets. In the ALLHAT trial, an average of 2 drugs were
required for SBP control in two thirds of participants, but only
67% of patients reached SBP targets by the end of the trial.”**
In the ASCOT trial, only 27% patients were on monotherapy
and 73% on 2 or more drug after 3.5 years of follow-up.”*’

According to the “Rule of 10” (Fig. 3) and “Rule of 5”
(Fig. 4), a standard dose of every drug can decrease SBP by
approximate 10 mmHg, and DBP by 5 mmHg.”" *** Preferably,
when 2 drugs with different mechanisms are taken together,
the decrease in BP is the sum of the decrease of the individual
agents (approximately 20 mmHg in SBP and 10 mmHg in
DBP).” **> 2® Therefore, in order to treat to a target of 140/
90 mmHg in patients with a pre-treatment BP of 160/
90 mmHg or above, two drugs are usually needed.

In order to control BP sooner to targets, early combination
is suggested by this guideline. In a population-based, nested
case-control study of 209,650 patients, those who were treated
with initial combination therapy and were maintained on
combination therapy along the entire period, had a 26% lower
CV risk compared with patients who maintained monotherapy
throughout the treatment course.”*

Based on data from a meta-analysis of 354 randomized,
double-blind, placebo-control trials comprising 40,000 drug-
treated patients and 16,000 placebo-treated patients,”* the
BP lowering effects of different classes of drugs were addi-
tive.”* Side effects attributable to thiazides, beta blockers, and
CCBs were strongly dose-related; side effects caused by ACE

inhibitors (mainly cough) were not dose-related.”*” ARBs
caused no excess of side effects. The prevalence of side effects
with two drugs in combination was less than additive. Adverse
metabolic effects were negligible at half of the standard
doses.”* The conclusion is that a combination of low doses of
drugs increases efficacy and reduces adverse effects.”*” A
similar finding was reported recently that initiating treatment
with a combination of two drugs is associated with a reduced
risk of treatment discontinuation.”’*®

7.4.1. Choice of combination

Three large-scale RCTs have tested the superiority of one
combination versus the other.”**?* In the LIFE trial, the
combination of losartan (ARB) plus hydrochlorothiazide
(diuretic) was compared with the combination of atenolol
(beta-blocker) plus hydrochlorothiazide (diuretic), showing
that ARB-+diuretic combination was better than beta-block-
er+diuretic combination in reducing CV endpoints, mainly
stroke.”” The difference of achieved SBP was only
1.3 mmHg, lower in the ARB-diuretic group. In the ASCOT
trial, the combination of amlodipine-+perindopril (CCB+ACE
inhibitor) was better than the combination of ateno-
lol+-benzofluthiazide (beta-blocker+diuretic) in reducing total
mortality and other CV endpoints with a SBP difference of
2.7 mmHg, lower in the CCB+ACE inhibitor group.”"’ Be-
sides, the risk of new-onset diabetes from the combination of
beta-blocker+-diuretic was higher than other combinations.*®’
Therefore, the combination of beta-blocker+diuretic is infe-
rior to the combination of ARB+diuretic or CCB+ACE in-
hibitor combinations.

The strongest evidence supporting the combination of ACE
inhibitor+CCB came from the ACCOMPLISH trial.”** In this
double-blinded RCT, the single-pill combination (SPC) of
benazepril4+-amlodipine (ACE inhibitor+CCB) was compared
with the SPC of benazepril+hydrochlorothiazide (ACE
inhibitor+-diuretic). This trial was prematurely terminated due
to overwhelming benefits in reducing CV endpoints favoring
the combination of ACE inhibitor+-CCB, though the SBP was
only 0.9 mmHg lower in the ACE inhibitor4+CCB group.”**
The benefits of ACE inhibitor+CCB combination could not
be explained by the difference in ABPM, because the mean
SBP was 125.3 mmHg for ACE inhibitor4+CCB group, and
123.7 mmHg for ACE inhibitor+diuretic group.’®® The renal
outcomes also favored the ACE inhibitor+CCB combina-
tion.”®” In a subgroup analysis in diabetic patients, the ACE
inhibitor+CCB combination were similarly superior to the
ACE inhibitor+diuretic combination.’®® Almost all CV end-
points and renal endpoints, except heart failure admission,
were lower in the ACE inhibitor+CCB group.’®® In a post-hoc
analysis in high-risk patients with stage 2 hypertension in the
ACCOMPLISH trial, the combination of benaze-
pril+-amlodipine has also been shown to be better than the
combination of benazepril+diuretic therapy.”’’ One finding in
the ACCOMPLISH trial that might be related to the Asian
patients is that the combination of ACE inhibitor+diuretic
gave less cardiovascular protection in normal weight than in
obese patients, but ACE inhibitor+amlodipine combination
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was equally effective across BMI subgroups and thus offers
superior cardiovascular protection in non-obese hypertension,
such as in Asian patients.””® But we do need an RCT involving
an Asian population to prove this.

When compared to the ALLHAT trial in which diuretic-
based therapy was not inferior to ACE inhibitor-based or
CCB-based therapy,”® it appears that CCB is better than
diuretic as a component in combination therapy. However,
chlorthalidone was used in the ALLHAT trial whereas hy-
drochlorothiazide was used in the ACCOMPLISH trial . *** >

Recommended 2-drug combinations include:

v ARB+CCB (A+C)

v ACE inhibitor+CCB (A+C)

v/ ARB+thiazide diuretic (A+D)

v/ ACE inhibitor+thiazide diuretic (A+D)
v/ CCB+beta-blocker (B+C)

There have been no RCTs to test the efficacy of any 3-drug
combination in reducing CV endpoints. Based on the patho-
physiological mechanism of hypertension, we recommended
ACE inhibitor (or ARB)+CCB+Thiazide diuretic (A+C+D)
combination. A post-hoc analysis of the ADVANCE trial
shows that the combination of perindopril and indapamide
with CCBs (A+C+D) provided further protection in reducing
mortality in patients with type 2 diabetes.”’' In patients with
heart failure or CHD, or with a high resting heart rate, beta-
blockers may precede thiazide diuretics. Alpha-blocker has
been used as the third drug in the ASCOT trial,”* but its
priority is usually lower than diuretics.

Some unfavorable combinations were listed below. Com-
bination of a beta-blocker and a thiazide diuretic should be
used with great caution because of higher diabetogenic po-
tential.”®” The combination of 2 drugs of renin-angiotensin
system inhibitors is generally prohibited. The risk of hyper-
kalemia and renal impairment have been shown both in RCTs
and in a population-based cohort study.*>’> 2% 372 373

Unfavorable or prohibited 2-drug combinations include:

Beta-blocker + diuretic (except in heart failure)
ACE inhibitor + ARB
(ACE inhibitor or ARB) + DRI

7.4.2. Single-pill combination

Combining anti-hypertensive drugs of different classes in a
single tablet (single pill combination, SPC), previously called
fixed-dose combination, has become more common in daily
practice. In general, SPCs of antihypertensive agents reduce pill
burden, and are associated with a significant improvement in
compliance, compared with free-drug combinations.”’* "> Use
of SPC could help patients to continue treatment and result in
lower BP than in free combination.”’® Interesting findings came
from a recent report from the NHIRD in Taiwan that SPC is not
effective in patients adequately adhering to their free-combined
antihypertensive regimens.”’’ But it is generally accepted that
initial therapy with SPCs provided better hypertension control

in the first year than free combinations or monotherapy.’’® In
the STITCH trial (Simplified Treatment Intervention to Control
Hypertension) done in Canada, initial use of SBP was associ-
ated with a significant decrease of 5.4 mmHg in SBP compared
to the free combination group.’’” SPC also increased the chance
of reaching the target by 20%.”’° The use of SPC was also
associated with a trend of less adverse events than free com-
bination.””* SPC of anti-hypertensive drugs, statin, and aspirin
was tested in the UMPIRE trial.”® Use of SPC resulted in
significantly improved medication adherence.”*’

The most successful experience came from the recent
report from the Kaiser Permanente Northern California
(KPNC) hypertension program. From 2001 to 2009, the con-
trol rate of hypertension increased from 43.6% to 80.4%. One
of the key factors was the widespread use of SPC.”*' There-
fore, in this guideline, the use of SPC is encouraged. In pa-
tients with BP >160/100 mmHg, or in special patient group
whose BP is >150/90 mmHg, SPC can be used as the first-line
therapy (Fig. 2).

7.5. Treatment algorithm

A treatment algorithm was shown in Fig. 2. The initial
treatment should always include LSM (Please see Section 7.1).
When drug therapy is considered, a strategy called “PRO-
CEED” can be considered (Section 7.2). As mentioned before,
special patient groups include patients with diabetes, CHD,
and CKD with proteinuria. The suggestions about drug ther-
apy in this algorithm are not applicable to very elderly patients
(age >80 years).

For patients who do not belong to special patient groups,
LSM is the initial treatment for the first 3 months in patients
with a stage 1 hypertension (BP = 140—159/90—99 mmHg).
If BP is still >140/90 mmHg after 3 months, pharmacological
therapy with 1 drug should be initiated. For patients with stage
2 HT (BP = 160—179/100—109 mmHg) or stage 3 HT
(BP>180/110 mmHg), drug therapy should be combined with
LSM as the initial step. Two-drug combination, or SPC of 2
drugs, can be considered in patients with stage 2 HT. We
recommend a 3-drug combination for patients with stage 3
hypertension, except in fragile patients, or patients with
postural hypotension, or patients >80 years of age. SPC of 3
drugs may be considered in patients with stage 3 HT, if an
initial combination of 2 drugs has failed.

For patients who belong to special patient groups, LSM is
still the initial treatment for the first 3 months in patients with
baseline BP of 130—149/80—89 mmHg. If BP is still >130/
80 mmHg after 3 months, pharmacological therapy with 1
drug should be initiated. For patients with baseline BP >150/
90 mmHg, drug therapy should be combined with LSM as the
initial step. A two-drug combination, or SPC of 2 drugs, can
be considered in patients with BP of 150—169/90—99 mmHg.
We recommend a 3-drug combination for patients with BP
>170/100 mmHg, except in fragile patients, or patients with
postural hypotension, or patients >80 years of age. SPC of 3
drugs may be considered in patients with BP >170/
100 mmHg, if an initial combination of 2 drugs has failed.
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For very elderly patients >80 years of age, a more conser-
vative strategy is taken. Because BP targets are <150/
90 mmHg, we suggest that drug therapy be initiated when
baseline BP is >150/90 mmHg. A two-drug combination can be
used when baseline BP is >170/100 mmHg. A three-drug
combination is not suggested as the initial therapy, unless a 2-
drug combination is not effective. Titration of medications
should be more careful in elderly patients who have experi-
enced a previous fall.*®*? On the other hand, the control of BP in
the very elderly patients (>80 years) should not be delayed. In
the one-year open-labeled extension trial of the HYVET study,
participants on active BP lowering treatment continued taking
active drug; those on placebo were given active BP lowering
treatment.”®” By 6 months, the difference in BP between the
two groups was only 1.2/0.7 mmHg. However, total mortality
and cardiovascular mortality were still lower in the previously
treated group (HR 0.48, p = 0.02; HR 0.19, p = 0.03; respec-
tively).”® This finding suggested that early and long-term
treatment of hypertension in very elderly patients is beneficial.

7.6. Adjustment algorithm

The effect of antihypertensive drugs reached to 50% and
80% of their maximal effects in 1 week and 2 weeks,
respectively.”®* Therefore, a period of 2 to 4 weeks of treat-
ment is allowed before adjustment of management. If BPs are
not at goals after 4 weeks of treatment, adjustment of man-
agement is suggested. An Adjustment algorithm called “AT
GOALs” is shown in Fig. 5: Adherence, Timing of adminis-
tration, Greater doses, Other classes of drugs, Alternative
combination or SPC, and LSM (+Laboratory tests).

The first thing is to re-confirm patient adherence, because
non-adherence is very common in daily practice.’® Timing of
drug administration can be adjusted according to the diurnal
BP profile of individual patients, provided by ABPM or
HBPM. If early morning hypertension is observed, switching
of medication from morning dosing to bedtime dosing may be
useful. Increasing or maximizing doses should be considered

| Blood pressure not at goals |

l

| AT GOALs |

!

Adherence: reconfirmation

Timing of administration: by diurnal BP profile

Greater doses of same drugs: increasing or
maximizing

Other classes: switching or adding

Alternative combinations or single-pill
combination

> 0] @ |H|>»

Ls |Life style modification + Laboratory tests

Fig. 5. Adjustment algorithm. BP = blood pressure.

thereafter. The next step is to add or switch to other classes of
drugs, or to use different combination of drugs, including SPC.
LSM needs to be intensified, too. Medications should be
modified by findings from laboratory tests. For instance, if
there is a deterioration of renal function in patients using A+D
combination, A+C should replace A+D. In patients suffered
from hypokalemia by the use of thiazide diuretics, mineralo-
corticoid receptor antagonist is a reasonable alternative.

7.7. Non-pharmacological therapy

7.7.1. Renal nerve denervation

The sympathetic nervous system seems to play an impor-
tant role in resistant hypertension.”®® More recently, dener-
vation of the renal arteries by radiofrequency energy has
emerged as a potentially effective procedure to treat resistant
hypertension.””* *** Initial un-blinded trials have shown sig-
nificant reductions in office BP.**” **" There is an over-
whelming enthusiasm for performing this procedure in
patients with resistant hypertension.””"

In the SYMPLICITY HTN-3 trial, a single-blind RCT with a
sham-controlled group, a total of 535 patients were random-
ized.””” The baseline office BPs were 179.7/96.5 mmHg in the
denervation group, and 180.2/98.9 mmHg in the sham group,
under a mean of 5 anti-hypertensive drugs of different classes.
The primary efficacy endpoints (change in office SBP at 6
months) were —14.13 mmHg in the denervation group as
compared with —11.74 mmHg in the sham-group (p = 0.26).>””
The secondary efficacy endpoints (change in mean SBP in
ABPM) were —6.75 mmHg vs —4.79 mmHg (p = 0.98).””* No
significant differences in the safety endpoints were observed.
The SYMPLICITY HTN-3 trial brings the renal-denervation
train to a grinding halt.’**> It has been suggested in a recent
publication that adjustment of drug treatment had superior BP
lowering effects compared with renal denervation in patients
with true treatment-resistant hypertension.””°

7.7.2. Other non-pharmacological therapy

Devices that stimulate the carotid baroreflex have been
developed to treat patients with hypertension.’® Activation of
central baroreflex pathways by continuous electrical stimula-
tion of the nerves of carotid sinus baroreceptors reduced
sympathetic outflow from the central nervous system and
reduced BP*°” Results from a double-blind, randomized,
placebo-controlled pivotal trial of 265 subjects with resistant
hypertension did not meet the endpoints for acute responders
or procedural safety.’”® Thus, all the non-pharmacological
therapies, including deep brain stimulation, brainstem neuro-
vascular decompression, etc. are still in the investigation stage,
and have not yet reached clinical practice.’®

8. Treatment strategies in special conditions
8.1. Treatment resistant hypertension

TRH was defined by the American Heart Association as BP
above goals on >3 medications or controlled to goal on > 4
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BP medications prescribed at optimal doses, including a
diuretic.””” The prevalence of TRH has been reported to range
from 5 to 30% of the overall hypertensive population.'® **
However, the true percentage might be lower than what has
been previously shown.”” *°*- “°! The prevalence of TRH was
12.7% in the REACH registry,’’” but was only 1.9% from a
recent report from the combined Kaiser Northern California
and Kaiser Colorado databases.””” TRH is associated with a
high cardiovascular risks. In the sub-analyses of the REACH
registry,’’” the INVEST trial,"”* and the Kaiser database,*"”
patients with TRH had higher risk of composite cardiovascu-
lar events than patients with controlled hypertension (hazard
ratios 1.11, 1.27, and 1.47, respectively, all p < 0.05).*0>***

Before making a diagnosis of TRH, care must be taken to
exclude the white-coat effect and non-adherence.”™ The
prevalence of white-coat effect may be as high as 30% among
patients with elevated office BP despite treatment with at least
3 drugs.””” Non-adherence is another important cause of
pseudo-resistant hypertension.”*® Medication non-adherence is
very common in daily practice,”® and might be as high as 8 to
40%, detected by use of questionnaires or pharmacy refill
data.*"® *7 If therapeutic drug monitoring using serum sam-
ples was applied, the prevalence of non-adherence would be
50-60%."" Other causes of TRH are shown in Table 14.

LSM should be intensified in patients with TRH. Sodium
restriction is the most important modification among all the
strategies in LSM. Intensive sodium lowering might decrease
BP by 23/9 mmHg in ABPM in patients with TRH.?'” Phys-
ical inactivity is also very common in patients with TRH, and
could be identified in more than 40% of patients.””” A recent
RCT in patients with resistant hypertension, consisting of
walking on a treadmill 3 times weekly for 8-12 weeks, has
demonstrated a 6/3 mmHg reduction in ABPM compared with
sedentary control group.*'’

Drug therapy for TRH should begin with optimization of
diuretic use.”’® While hydrochlorothiazide 12.5 mg/d to
25 mg/d is the most commonly prescribed antihypertensive
drug worldwide, and the most common component in the SPC,

Table 14
Causes of treatment resistant hypertension.

Improper blood pressure measurement technique
Failure to modify lifestyle including
Heavy sodium intake
Weight gain
Heavy alcohol intake
Intake of drugs that raise blood pressure
Cocaine, sympathomimetics, glucocorticoids, non-steroidal
anti-inflammatory drugs, erythropoietin, cyclosporine, anti-VEGEF, etc.
Obstructive sleep apnea
Unsuspected secondary hypertension
Trreversible or scarcely reverse organ damage
Volume overload due to:
Inadequate diuretic therapy
Progressive renal insufficiency
High sodium intake
Hyperaldosteronism

VEGF = vascular endothelial growth factor.
(Modified from Chiang et al.” with permission.)

50 mg/d hydrochlorothiazide was more effective in reducing
ABPM than doses of 12.5 mg/d or 25 mg/d.*'" Metabolic
effects of high dose thiazide are a concern. Chlorthalidone is at
least twice as potent as hydrochlorothiazide,"'” and should be
considered as the initial therapy for patients with TRH.?*" In
fact, chlorthalidone is the only diuretic recommended by the
2008 AHA position statement.””” However, chlorthalidone is
not available in Taiwan. NICE hypertension guideline rec-
ommended indapamide instead of hydrochlorothiazide for
TRH. (http://pathways.nice.org.uk/pathways/hypertension)

Given the prevalence of sub-clinical or clinical apparent
mineralocorticoid excess of up to 20% in patients with
TRH,”"® the 2008 AHA position statement proposed the use of
aldosterone antagonists as part of a multi-drug regimen.””” In
the ASCOT trial, adding spironolactone as the fourth-line drug
decreased office BP by 21.9/9.5 mmHg in approximately 1400
patients.””' The ASPIRANT (Addition of Spironolactone in
Patients with Resistant Arterial Hypertension Trial) is the only
double-blind RCT to evaluate the effect of aldosterone
antagonist in resistant hypertension.””” With a high percentage
of RAS blockade coverage (76.5% and 46.5% with ACE in-
hibitors and ARB, respectively), the addition of spironolactone
was still able to decrease SBP further by 9.8 mmHg on ABPM
and also significantly improved microalbuminuria.””” Because
the potential risk of hyperkalemia with mineralocorticoid re-
ceptor antagonists, they may counteract the risk of hypokale-
mia by thiazide diuretics. Thus, spironolactone or eplerenone
can be initiated and combined with thiazide diuretics before
maximizing the doses of thiazide diuretics.

Alpha-blockers can be considered as the fourth-line drug,
but the priority of use of alpha-blocker should be after the use
of mineralocorticoid receptor antagonists. Beta-blockers can
be used as the fourth-line drug if the resting heart rate is high.
Non-pharmacological therapy, such as baroreceptor stimula-
tion or renal denervation, are to date, either unsuccessful or
unproven in the management of TRH.””> %

8.2. Hypertension in women

Both SBP and DBP are generally lower in pre-menopausal
women (<50 years) than in men at the same age.” ® On the
other hand, SBP increases more rapidly with age in women
than in men.® After the age of 60, women have higher BPs and
higher prevalence of hypertension than men.® According to the
TwSHHH conducted in 2002, women with indigenous ancestry
had a 2-fold higher prevalence of hypertension compared to
women with mainland ancestry."'” The continuous relationship
between BP and cardiovascular events is similar between men
and women. In a meta-analysis of 31 RCTs including 103,268
men and 87,349 women, the efficacy of antihypertensive drugs
with regard to BP reduction and cardiovascular protection is
comparable for men and women.*!'* However, there is still no
large-scale (>1000 patients) RCT specifically enrolling female
hypertensive patients to assess the efficacy of antihypertensive
treatment. There is no evidence that regimens based on ACE
inhibitors, ARBs, CCBs, or diuretics/beta-blockers are more
effective in one sex than the other."'"


http://pathways.nice.org.uk/pathways/hypertension

32 C.-E. Chiang et al. / Journal of the Chinese Medical Association 78 (2015) 1—47

Recommendation
e The efficacy of antihypertensive treatment with regard to
BP reduction and cardiovascular protection is comparable
for men and women. (COR I, LOE B)

8.2.1. Effect of oral contraceptives

Oral contraceptives result in a mild increase (~5%) in BP in
most women. The increase in BP usually disappears within 6
months of withdrawal. Estrogens are generally believed to be
the culprit responsible for the BP-raising effect, but the
mechanisms are still unknown. The progestogen-only pill is a
contraceptive option for women having hypertension. Use of
oral contraceptives is associated with a 2- to 6-fold increase in
venous thromboembolic disease and a mild increase in stroke
and myocardial infarction in Western societies. The risk of
cardiovascular complications is observed primarily in women
over 35 years of age and in those who smoke. However, a case-
control study showed that use of oral contraceptives was not
associated with cardiovascular death in Taiwanese women."'”
Observational data showed that progestogen-only pills did not
increase the risk of myocardial infarction.*'® In summary,
women >35 years of age should be assessed for cardiovascular
risk factors, including hypertension, before taking oral con-
traceptives. In women who smoke and were >35 years of age,
oral contraceptives should be prescribed with caution. In
women with uncontrolled hypertension, oral contraceptives
are not recommended.

Recommendation
e Oral contraceptives should not be used in women with
uncontrolled hypertension. (COR III, LOE C)

8.2.2. Effect of hormone replacement therapy

Postmenopausal women taking hormone replacement
therapy may experience a mild increase in SBP over time. A
recent Cochrane systematic review shows that hormone
replacement therapy is associated with a significantly
increased risk of coronary events, stroke, and venous throm-
boembolic disease.”'” However, in a retrospective analysis of
Taiwan NHIRD, postmenopausal women treated with hor-
mone replacement therapy (estrogen with or without proges-
terone) for an average of 8 months did not have increased risks
of CHD and stroke with a median follow-up of 110 months.*"®
A 44% increase in the risk of breast cancer was observed in
women treated with estrogen plus progesterone.”'® It is
generally recommended that hormone replacement therapy, as
well as selective estrogen receptor modulators, should not be
used for primary or secondary prevention of cardiovascular
diseases in postmenopausal women."'’

Recommendation
e Hormone replacement therapy, as well as selective estro-
gen receptor modulators, should not be used for primary or
secondary prevention of cardiovascular diseases in post-
menopausal women. (COR III, LOE C)

8.2.3. Hypertension in pregnancy

In the second trimester, BP normally falls by about
15 mmHg from the pre-pregnancy level. In the third trimester,
BP returns to, or even exceeds, the pre-pregnancy level. The
hypertensive disorders of pregnancy complicate 5 to 10% of
pregnancies. Hypertension during pregnancy is generally
classified into 4 categories: (1) chronic hypertension, (2)
chronic hypertension with superimposed preeclampsia, (3)
preeclampsia-eclampsia, and (4) gestational hypertension.”*’
The preferred definition of hypertension in pregnancy is
when SBP >140 mmHg or DBP >90 mmHg. Chronic (or
“pre-existing”’) hypertension is defined as BP >140/90 mmHg
either before pregnancy or develops before 20 weeks of
gestation. Gestational hypertension generally develops after 20
weeks of gestation and, in most cases, resolves within 6 weeks
postpartum. According to the severity of BP elevation, gesta-
tional hypertension is divided into mild (140/90—149/
99 mmHg), moderate (150/100—159/109 mmHg), and severe
(>160/110 mmHg).**" Traditionally, preeclampsia is defined
as gestational hypertension associated with significant pro-
teinuria (>300 mg/24 h, protein/creatinine ratio >0.3 [each
measured as mg/dl] or dipstick >14). It is now recognized
that the placenta is the root cause of preeclampsia. Pre-
eclampsia is a multisystem disease, not merely hypertension
and renal dysfunction. The diagnosis of preeclampsia is
therefore not dependent on proteinuria. In the absence of
proteinuria, preeclampsia is diagnosed as hypertension
together with thrombocytopenia (platelet count <100,000/1),
impaired liver function (elevated transaminases >2-fold upper
normal limits), renal insufficiency (serum creatinine >1.1 mg/
dl or doubling of serum creatinine), pulmonary edema, or
cerebral or visual disturbances."”"

For women with gestational hypertension with or without
preeclampsia, a normal diet without salt restriction is recom-
mended. Physicians should consider early initiation of anti-
hypertensive treatment to keep BP lower than 150/100 mmHg
but do not lower DBP below 80 mmHg, because decreased BP
in women taking antihypertensive agents is associated with
decreased birth weight. In non-severe hypertension in preg-
nancy (<160/110 mmHg), oral methyldopa, labetalol, and
nifedipine are preferred drugs. Atenolol has been reported to be
associated with fetal growth retardation. ACE inhibitors,
ARBs, direct renin inhibitors, mineralocorticoid receptor an-
tagonists, and chlorothiazide (not other thiazides-like diuretics)
should not be used in pregnancy because of their teratoge-
nicity.**” **' Diuretic therapy is inappropriate in women with
preeclampsia, which may precipitate volume depletion.

A BP >160/110 mmHg during pregnancy should be
considered an emergency requiring hospitalization. Intrave-
nous labetalol with sequential doses of 20, 40, 80, 80, and
80 mg every 20 minutes, or oral nifedipine (10 mg every 20
minutes up to 5 doses) can be used as first-line treatment.**
2 Intravenous hydralazine should not be used due to a
higher incidence of perinatal adverse events. Intravenous
nitroglycerin is the drug of choice in preeclampsia with pul-
monary edema. Intravenous sodium nitroprusside is useful in
hypertensive crisis, but prolonged administration should be
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avoided because of the risk of fetal cyanide poisoning. Intra-
venous magnesium sulfate is effective in the prevention of
eclampsia and the treatment of seizure.

The following antihypertensive drugs do not have adverse
effects on babies receiving breast milk: labetalol, nifedipine,
enalapril, captopril, atenolol, and metoprolol.**' Daily low-dose
aspirin (60—80 mg) is advised for a period of time from 12 weeks
until the birth of the baby. Low dose aspirin prevents pre-
eclampsia in women with a history of early-onset (<28 weeks)
preeclampsia or preeclampsia in more than one prior preg-
nancy.*”* Based on the retrospective analyses of Taiwan
NHIRD, women who have had gestational hypertensive disor-
ders (including preeclampsia) have increased short-term (<1
year) and long-term (up to 9 years) risks of stroke, cardiovas-
cular events, ESRD, and diabetes.*>>**® It is generally believed
that preeclampsia does not cause all of these adverse events, but
rather preeclampsia and these adverse events share common risk
factors. For women with preeclampsia and preterm delivery
(<37 weeks of gestation) or recurrent preeclampsia, yearly
assessment of BP, lipid profile, fasting blood glucose, and BMI is
suggested.

Recommendations

e ACE inhibitors, ARBs, DRI, mineralocorticoid receptor
antagonists, and chlorothiazide are teratogenic. They
should be avoided or immediately withdrawn in case of
pregnancy. (COR III, LOE C)

e For women with gestational hypertension, a normal diet
without salt restriction is recommended. (COR IIa, LOE
)

e For women with hypertension during pregnancy, early
initiation of antihypertensive treatment to keep BP lower
than 150/100 mmHg and DBP>80 mmHg is suggested.
Oral methyldopa, labetalol, and nifedipine are preferred
drugs. (COR IIb, LOE C)

e A BP >160/110 mmHg during pregnancy should be
considered an emergency requiring hospitalization. Intra-
venous labetalol or oral nifedipine can be used as the first-
line treatment. (COR IIa, LOE B)

e In women with a history of early-onset (<28 weeks) pre-
eclampsia or preeclampsia in more than one prior preg-
nancy, low-dose aspirin (60—80 mg/d) for a period of time
from 12 weeks until the birth of the baby is suggested to
prevent preeclampsia. (COR IIb, LOE B)

8.3. Perioperative management of hypertension

Untreated hypertension or pre-operative hypertension with
other cardiovascular risk factors increase perioperative
morbidity and mortality.**’ Although it is arguable whether
postponing operation is necessary, delay in surgery in patients
with stage 1 or 2 hypertension is not necessary.””" **! In pa-
tients who have stage 3 hypertension without high cardiovas-
cular risk, an RCT has shown similar clinical outcome between
the postponing operation group and the control group.*”
Therefore, routine postponing of operation would not be
necessary in such situations. In these cases, anti-hypertensive

drugs should be continued in perioperative periods. However,
in patients with stage 3 hypertension and high cardiovascular
risk, the potential benefits of delaying surgery to optimize BP
control should be weighed against the risk.”*"" **'!

Use of diuretics should be avoided on the day of surgery
because of potential aggravation of surgery-dependent fluid
depletion.'” There are inconsistent results regarding periop-
erative use of RAS inhibitors. Increased risks with the use of
RAS inhibitors were observed in one RCT"* and 3 observa-
tional studies,43 4436 \whereas reduced risks were found in 2
observational studies.””” **® Owing to potential surgery-
related volume depletion, use of RAS inhibitors in the peri-
operative periods should be individualized, based on the fluid
status of patients. Sympathetic overactivity might occur after
withdrawal of some anti-hypertensive drugs, especially
clonidine, beta-blockers, and methyldopa.******! Furthermore,
2 observational studies showed that perioperative withdrawal
of beta blockers predicted morbidity and mortality in patients
undergoing vascular surgery.”*> *** Therefore, sudden cessa-
tion of these drugs in perioperative periods should be avoided.

Routine use of beta-blockers in perioperative periods of
non-vascular surgery is still controversial.*****" In the
DECREASE 1V trial of 1066 patients with intermediate car-
diac risk, use of bisoprolol was associated with a significant
reduction of 30-day primary endpoints (cardiac death and
myocardial infarction).*** In the POISE trial of 8351 patients
at risk of atherosclerotic disease, the 30-day primary endpoints
(a composite of cardiovascular death, non-fatal myocardial
infarction, and non-fatal cardiac arrest) were decreased by
metoprolol succinate.”*® But total mortality and stroke was
increased.”*® Although recent observational studies showed
prognostic benefits of perioperative beta-blockaders in patients
with higher Revised Cardiac Risk Index,"** **’ the most
updated meta-analyses of RCTs have different conclusions.*”""
*'In a systemic review for the 2014 ACC/AHA Guidelines on
perioperative cardiovascular evaluation and management,
there were 17 studies included, of which 16 were RCTs.*!' It
has been shown that perioperative beta-blockers started within
1 day or less before noncardiac surgery prevented nonfatal
myocardial infarction, but increased the risks of stroke, death,
hypotension, and bradycardia. Without the controversial
DECREASE studies, there are insufficient data on beta-
blockers started 2 or more days prior to surgery. Multicenter
RCTs are needed to address this knowledge gap.””'

Clevidipine is a rapid-acting L-type DHP CCB with a ul-
trashort half-life, without reflex tachycardia or tachyphy-
laxis.””*** The ECLIPSE trial which enrolled 1512
participants undergoing cardiac surgery showed superior BP
reduction with intravenous clevidipine as compared to other
anti-hypertensive drugs, such as sodium nitroprusside, nitro-
glycerin or nicardipine, across all baseline BP subgroups.*’
Therefore, clevidipine is preferred in the management of hy-
pertensive crisis during cardiac surgery.

Recommendations
e Delay in surgery in patients with stage 1 or 2 hypertension
is not necessary. (COR IIb, LOE C)
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Table 15

Comparison of 2010 hypertension guidelines of TSOC and 2015 hypertension guidelines of TSOC/THS.

2010 TSOC 2015 TSOC/THS

Classification of recommendation — +
Level of evidence — +
Standards of IOM — +
Table for correct BP measurement — +
BP variability — +
Diagnostic algorithm - +
Treatment algorithm + +

+

Adjustment algorithm -

Blood pressure targets
<130/80 mmHg
<140/90 mmHg
<150/90 mmHg

Life style modification

S-ABCDE +

S Salt restriction <6.0 gm/day

Body weight reduction (BMI) 18.5—24.9 kg/m*

Exercise adoption (aerobic)
List of recommended drugs +
List of recommended combinations +
Figure for “Rule of 10” —
Figure for “Rule of 5 —
Non-pharmacological therapy -

Renal nerve denervation -

Primary prevention,
Very elderly (>80y)

Perioperative management -

Diabetes, CHD and CHD equivalents, CKD, stroke

30 minutes/day, at least 5 days/week

Diabetes, CHD, proteinuric CKD, antithrombotic therapy
Primary prevention, CKD, stroke
Very elderly (>80y)

+

Sodium restriction 2.0—4.0 gm/day
22.5—25.0 kg/m?

40 minutes/day, at least 3—4 days/week

o+

BP = blood pressure; CHD = coronary heart disease; CKD = chronic kidney disease; IOM = Institute of Medicine; THS = Taiwan Hypertension Society;

TSOC = Taiwan Society of Cardiology.

e Delay in surgery in patients with stage 3 hypertension,
who do not have high cardiovascular risk, is not necessary.
(COR IIa, LOE B)

e In patients with stage 3 hypertension and high cardiovas-
cular risk, the potential benefits of delaying surgery to
optimize BP control should be weighed against the risk.
(COR IIb, LOE C).

e Use of diuretics should be avoided on the day of surgery
because of potential aggravation of surgery-dependent
fluid depletion. (COR IIa, LOE C)

e Use of RAS inhibitors in the perioperative periods should
be individualized, based on fluid status of patients. (COR
ITa, LOE B)

e Sudden cessation of beta-blockers, clonidine, and meth-
yldopa in perioperative periods should be avoided. (COR
111, LOE C)

e Intravenous clevidipine is preferred in the management of
hypertensive crisis during cardiac surgery. (COR IIb, LOE B)

9. Comparison of 2010 Hypertension Guidelines of TSOC
and 2015 Hypertension Guidelines of TSOC/THS

Table 15 shows the similarities and differences of the 2010
hypertension guidelines of TSOC and the 2015 hypertension
guidelines of TSOC/THS. Apparently, the updated 2015
version is more comprehensive. More information and algo-
rithms were provided.

In conclusion the 2015 TSOC/THS hypertension guidelines
provide the most updated information about the management
of hypertension in Taiwan. We emphasized a more aggressive

BP management in certain high risk patients. Useful diagnosis,
treatment, and adjustment algorithms were highlighted. Rec-
ommendations and suggestions regarding S-ABCDE, PRO-
CEED, Rule of 10, Rule of 5, and AT GOALs make it unique
among contemporary hypertension guidelines. We hope the
guidelines can be useful to Taiwanese physicians in helping
their patients in daily practice. We also respect that the phy-
sician's decision remains most important in the management of
hypertension.

Acknowledgments

This work was supported in part by grants from the Min-
istry of Health and Welfare (MOHW103-TDU-B-211-113-
003), the National Science Council (NSC102-2628-B-075-
004-MY3), Taipei Veterans General Hospital (V103B-024;
V103C-051; V100D-002-3), and the Taiwan Society of
Cardiology.

Appendix A.

Chern-En Chiang has been on the speakers bureau for
AstraZeneca, Bayer, Boehringer Ingelheim, Chugai, Daiichi-
Sankyo, GSK, MSD, Novartis, Pfizer, Roche, Sanofi, Serv-
ier, Tanabe, Takeda, and TTY.

Tzung-Dau Wang has been on the speakers bureau for
Abbott, AstraZeneca, Bayer, Boehringer Ingelheim, Cordis,
Daiichi-Sankyo, GSK, Medtronic, MSD, Novartis, Pfizer,
Sanofi, and Takeda.




C.-E. Chiang et al. / Journal of the Chinese Medical Association 78 (2015) 1—47 35

Kwo-Chang Ueng has been on the speakers bureau for
AstraZeneca, Bayer, Boehringer Ingelheim, Chugai, Daiichi-
Sankyo, GSK, MSD, Novartis, Pfizer, Roche, Sanofi-aventis,
Servier, Tanabe, Takeda, and TTY.

Tsung-Hsien Lin: Nothing to disclose.

Hung-I Yeh: has been on the speakers bureau for AstraZe-
neca, Daiichi-Sankyo, GSK, MSD, Pfizer, Tanabe, and Takeda.

Chung-Yin Chen: Nothing to disclose.

Yih-Jer Wu: Nothing to disclose.

Wei-Chuan Tsai: Nothing to disclose.

Ting-Hsing Chao: Nothing to disclose.

Chen-Huan Chen has been on the speakers bureau for
AstraZeneca, Bayer, Boehringer Ingelheim, Daiichi-Sankyo,
MSD, Novartis, Pfizer, and Sanofi. Chen-Huan Chen reports
non-financial support from Novartis company, personal fees
from Novartis company. Microlife Co., Ltd., and National
Yang-Ming University have signed a contract for transfer of
the noninvasive central blood pressure technique.

Pao-Hsien Chu has been on the speakers bureau for
AstraZeneca, Bayer, Boehringer Ingelheim, Daiichi-Sankyo,
GSK, MSD, Novartis, Pfizer, Roche, Sanofi, Servier, Tanabe,
and Takeda.

Chia-Lun Chao: Nothing to disclose.

Ping-Yen Liu: Nothing to disclose.

Shih-Hsien Sung: Nothing to disclose.

Hao-Min Cheng: Nothing to disclose.

Kang-Ling Wang received honorarium from AstraZeneca
and Bayer.

Yi-Heng Li has been on the speakers bureau for AstraZe-
neca, Bayer, Boehringer Ingelheim, Chugai, Daiichi-Sankyo,
GSK, MSD, Novartis, Pfizer, and Sanofi.

Fu-Tien Chiang: Nothing to disclose.

Jyh-Hong Chen has been on the speakers bureau for
AstraZeneca, Bayer, Boehringer Ingelheim, Novartis, Pfizer,
sanofi, and Takeda.

Wen-Jone Chen has been on the speakers bureau for
AstraZeneca, Bayer, Boehringer Ingelheim, Daiichi-Sankyo,
Takeda, Tanabe, MSD, Novartis, Pfizer, and sanofi.

San-Jou Yeh: Nothing to disclose.

Shing-Jong Lin: Nothing to disclose.

Task Force for the 2015 Guidelines of the Taiwan Society of
Cardiology and the Taiwan Hypertension Society for the
Management of Hypertension

Chern-En Chiang (Chairperson), Kwo-Chang Ueng (Co-
Chairperson), Tzung-Dau Wang, Tsung-Hsien Lin, Hung-I
Yeh, Chung-Yin Chen, Yih-Jer Wu, Wei-Chuan Tsai, Ting-
Hsing Chao, Chen-Huan Chen, Pao-Hsien Chu, Chia-Lun
Chao, Ping-Yen Liu, Shih-Hsien Sung, Hao-Min Cheng.

Advisory Board Members for the 2015 Guidelines of the
Taiwan Society of Cardiology and the Taiwan Hypertension
Society for the Management of Hypertension

(In alphabetical order) Shyi-Yann Bair (Chiayi), Kuan-
Cheng Chang (Taichung), Chia-Lun Chao (Hsinchu), Ting-

Hsing Chao (Tainan), Chen-Huan Chen (Taipei), Chih-Wei
Chen (Chiayi), Ching-Pei Chen (Changhua), Chung-Yin
Chen (Taichung), Wen-Jone Chen (Yilan), Yi Chen (Chan-
ghua), Michael Yu-Chih Chen (Hualien), Zhih-Cherng Chen
(Tainan), Zyh-Hong Chen (Tainan), Hao-Min Cheng (Taipei),
Kai-Hung Cheng (Kaohsiung), Chern-En Chiang (Taipei), Fu-
Tien Chiang (Taipei), Kuo-Liong Chien (Taipei), Chuen-Wang
Chiou (Taipei), Pao-Hsien Chu (Taoyuan), Cheng-Ta Chung
(Chiayi), Chih-Yuan Fang (Kaohsiung), Charles Jia-Yin Hou
(Taipei), Shih-Chung Huang (Taichung), Huei-Fong Hung
(Taipei), Yung-Ta Kao (Taipei), Jen-Yuan Kuo (Taipei), Wen-
Ter Lai (Kaohsiung), Du-Yi Lee (Taichung), Wen-Lieng Lee
(Taichung), Yi-Hern Li (Tainan), Pen-Chih Liao (New Taipei),
Chung-Sheng Lin (Taichung), Shing-Jong Lin (Taipei), Tsung-
Hsien Lin (Kaohsiung), Ping-Yen Liu (Tainan), Huey-Ming Lo
(Taipei), Shih-Hsien Sung (Taipei), Cheng-Dao Tsai (Chan-
ghua), Chin-Feng Tsai (Taichung), Liang-Min Tsai (Tainan),
Wei-Chuan Tsai (Tainan), Chuen-Den Tseng (Taipei), Kwo-
Chang Ueng (Taichung), Chun-Chieh Wang (Taoyuan),
Kang-Ling Wang (Taipei), Kuo-Yang Wang (Taichung),
Tzung-Dau Wang (Taipei), Yih-Jer Wu (New Taipei), Teng-
Yao Yang (Chiayi), Hung-I Yeh (New Taipei), San-Jou Yeh
(Taoyuan), Wei-Hsian Yin (Taipei).

References

1. Ezzati M, Riboli E. Behavioral and dietary risk factors for non-
communicable diseases. N Engl J Med 2013;369:954—64.

2. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H,
et al. A comparative risk assessment of burden of disease and injury
attributable to 67 risk factors and risk factor clusters in 21 regions,
1990—2010: a systematic analysis for the Global Burden of Disease
Study 2010. Lancet 2012;380:2224—60.

3. Murray CJL, Lopez AD. Measuring the global burden of disease. N Engl
J Med 2013;369:448—57.

4. Lawes CM, Vander HS, Rodgers A. Global burden of blood-pressure-
related disease, 2001. Lancet 2008;371:1513—8.

5. Vasan RS, Beiser A, Seshadri S, Larson MG, Kannel WB,
D'Agostino RB, et al. Residual lifetime risk for developing hypertension
in middle-aged women and men: the framingham heart study. JAMA
2002;287:1003—10.

6. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J.
Global burden of hypertension: analysis of worldwide data. Lancet
2005;365:217—23.

7. Ikeda N, Sapienza D, Guerrero R, Aekplakorn W, Naghavi M,
Mokdad AH, et al. Control of hypertension with medication: a compar-
ative analysis of national surveys in 20 countries. Bull World Health
Organ 2014;92:10—9C.

8. Su TC, Bai CH, Chang HY, You SL, Chien KL, Chen MF, et al. Evidence
for improved control of hypertension in Taiwan: 1993-2002. J Hypertens
2008;26:600—6.

9. Chiang CE, Wang TD, Li YH, Lin TH, Chien KL, Yeh HI, et al. 2010
guidelines of the Taiwan Society of Cardiology for the management of
hypertension. J Formos Med Assoc 2010;109:740—73.

10. Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Bohm M,
et al. 2013 ESH/ESC Guidelines for the management of arterial hy-
pertension: the Task Force for the management of arterial hyperten-
sion of the European Society of Hypertension (ESH) and of the
European ~ Society of  Cardiology (ESC). J  Hypertens
2013;31:1281-357.

11. James PA, Oparil S, Carter BL, Cushman WC, Dennison-Himmelfarb C,
Handler J, et al. 2014 evidence-based guideline for the management of
high blood pressure in adults: report from the panel members appointed


http://refhub.elsevier.com/S1726-4901(14)00315-3/sref1
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref1
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref1
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref2
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref2
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref2
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref2
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref2
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref2
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref2
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref3
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref3
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref3
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref4
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref4
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref4
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref5
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref5
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref5
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref5
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref5
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref6
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref6
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref6
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref6
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref7
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref7
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref7
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref7
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref7
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref8
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref8
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref8
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref8
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref9
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref9
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref9
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref9
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref10
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref10
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref10
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref10
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref10
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref10
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref10
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref11
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref11
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref11

36

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

C.-E. Chiang et al. / Journal of the Chinese Medical Association 78 (2015) 1—47

to the Eighth Joint National Committee (JNC 8). JAMA 2014;311:
507-20.

Nishimura RA, Otto CM, Bonow RO, Carabello BA, Erwin 3rd JP,
Guyton RA, et al. 2014 AHA/ACC guideline for the management of
patients with valvular heart disease: a report of the American College of
Cardiology/American Heart Association Task Force on Practice Guide-
lines. J Am Coll Cardiol 2014;63:e57—185.

Medicine lo. Clinical practice guidelines we can trust. Washington DC:
National Academies Press; 2011. http://www.iom.edu/Reports/2011.
Choi KM, Park HS, Han JH, Lee JS, Lee J, Ryu OH, et al. Prevalence
of prehypertension and hypertension in a Korean population: Korean
National Health and Nutrition Survey 2001. J Hypertens 2006;24:
1515—21.

Ueshima H, Sekikawa A, Miura K, Turin TC, Takashima N, Kita Y, et al.
Cardiovascular disease and risk factors in Asia: a selected review.
Circulation 2008;118:2702—9.

Kim AS, Johnston SC. Global variation in the relative burden of stroke
and ischemic heart disease. Circulation 2011;124:314—23.

O'Donnell MJ, Xavier D, Liu L, Zhang H, Chin SL, Rao-Melacini P,
et al. Risk factors for ischaemic and intracerebral haemorrhagic stroke in
22 countries (the INTERSTROKE study): a case-control study. Lancet
2010;376:112—23.

Perkovic V, Huxley R, Wu Y, Prabhakaran D, MacMahon S. The burden
of blood pressure-related disease: a neglected priority for global health.
Hypertension 2007;50:991—7.

Martiniuk AL, Lee CM, Lawes CM, Ueshima H, Suh I, Lam TH, et al.
Hypertension: its prevalence and population-attributable fraction for
mortality from cardiovascular disease in the Asia-Pacific region.
J Hypertens 2007;25:73—9.

Rodgers A, Chapman N, Woodward M, Liu LS, Colman S, Lee A, et al.
Perindopril-based blood pressure lowering in individuals with cerebro-
vascular disease: consistency of benefits by age, sex and region.
J Hypertens 2004;22:653—9.

Chien KL, Hsu HC, Sung FC, Su TC, Chen MF, Lee YT. Incidence of
hypertension and risk of cardiovascular events among ethnic Chinese:
report from a community-based cohort study in Taiwan. J Hypertens
2007;25:1355—61.

Ong KL, Cheung BMY, Man YB, Lau CP, Lam KSL. Prevalence,
awareness, treatment, and control of hypertension among United States
adults 1999-2004. Hypertension 2007;49:69—75.

The sixth report of the Joint National Committee on prevention, detec-
tion, evaluation, and treatment of high blood pressure. Arch Intern Med
1997;157:2413—46.

Pan WH, Chang HY, Yeh WT, Hsiao SY, Hung YT. Prevalence,
awareness, treatment and control of hypertension in Taiwan: results of
Nutrition and Health Survey in Taiwan (NAHSIT) 1993-1996. J
HumHypertens 2001;15:793—8.

Liu PY, Chang CL, Lin SS, Chen JH. Different effect of hypertension
guideline-guided intervention on blood pressure goal-achieving rate on
newly or poorly controlled hypertension subjects: a 6 months' experience
in Taiwan. Acta Cardiol Sin 2014;(Suppl) [in press].

Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific
relevance of usual blood pressure to vascular mortality: a meta-analysis
of individual data for one million adults in 61 prospective studies. Lancet
2002;360:1903—13.

Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves J, Hill MN, et al.
Recommendations for blood pressure measurement in humans and
experimental animals: part 1: blood pressure measurement in humans: a
statement for professionals from the Subcommittee of Professional and
Public Education of the American Heart Association Council on High
Blood Pressure Research. Circulation 2005;111:697—716.

Fagard RH, De Cort P. Orthostatic hypotension is a more robust predictor
of cardiovascular events than nighttime reverse dipping in elderly.
Hypertension 2010;56:56—61.

Fedorowski A, Stavenow L, Hedblad B, Berglund G, Nilsson PM,
Melander O. Orthostatic hypotension predicts all-cause mortality and
coronary events in middle-aged individuals (The Malmo Preventive
Project). Eur Heart J 2010;31:85—91.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

Franklin SS, Larson MG, Khan SA, Wong ND, Leip EP, Kannel WB,
et al. Does the relation of blood pressure to coronary heart disease risk
change with aging?: the Framingham Heart Study. Circulation
2001;103:1245-9.

. Alli C, Avanzini F, Bettelli G, Colombo F, Torri V, Tognoni G, et al. The

long-term prognostic significance of repeated blood pressure measure-
ments in the elderly: SPAA (Studio sulla Pressione Arteriosa nell'Anziano)
10-year follow-up. Arch Intern Med 1999;159:1205—12.

Rapsomaniki E, Timmis A, George J, Pujades-Rodriguez M, Shah AD,
Denaxas S, et al. Blood pressure and incidence of twelve cardiovascular
diseases: lifetime risks, healthy life-years lost, and age-specific associ-
ations in 1.25 million people. Lancer 2014;383:1899—911.

Okayama A, Kadowaki T, Okamura T, Hayakawa T, Ueshima H, on
behalf of The ND. Age-specific effects of systolic and diastolic blood
pressures on mortality due to cardiovascular diseases among Japanese
men (NIPPON DATAS80%). J Hypertens 2006;24:459—62.

Williams B, Lindholm LH, Sever P. Systolic pressure is all that matters.
Lancer 2008;371:2219—21.

Wang JG, Staessen JA, Franklin SS, Fagard R, Gueyffier F. Systolic and
diastolic blood pressure lowering as determinants of cardiovascular
outcome. Hypertension 2005;45:907—13.

Parati G, Stergiou G, O'Brien E, Asmar R, Beilin L, Bilo G, et al. Eu-
ropean Society of hypertension practice guidelines for ambulatory blood
pressure monitoring. J Hypertens 2014;32:1359—66.

Clement DL, De Buyzere ML, De Bacquer DA, de Leeuw PW,
Duprez DA, Fagard RH, et al. Prognostic value of ambulatory blood-
pressure recordings in patients with treated hypertension. N Engl J
Med 2003;348:2407—15.

Conen D, Bamberg F. Noninvasive 24-h ambulatory blood pressure
and cardiovascular disease: a systematic review and meta-analysis.
J Hypertens 2008;26:1290—9.

Pickering TG, Shimbo D, Haas D. Ambulatory blood-pressure moni-
toring. N Engl J Med 2006;354:2368—74.

Sega R, Facchetti R, Bombelli M, Cesana G, Corrao G, Grassi G, et al.
Prognostic value of ambulatory and home blood pressures compared
with office blood pressure in the general population: follow-up results
from the Pressioni Arteriose Monitorate e Loro Associazioni (PAMELA)
study. Circulation 2005;111:1777—83.

Fagard RH, Celis H, Thijs L, Staessen JA, Clement DL, De Buyzere ML,
et al. Daytime and nighttime blood pressure as predictors of death and
cause-specific cardiovascular events in hypertension. Hypertension
2008;51:55—61.

Hansen TW, Li Y, Boggia J, Thijs L, Richart T, Staessen JA. Predictive
role of the nighttime blood pressure. Hypertension 2011;57:3—10.
Hermida RC, Ayala DE, Mojon A, Fernandez JR. Decreasing sleep-time
blood pressure determined by ambulatory monitoring reduces cardio-
vascular risk. J Am Coll Cardiol 2011;58:1165—73.

. Turner JR, Viera AJ, Shimbo D. Ambulatory blood pressure monitoring in

clinical practice: a review. Am J Med August 5 2014 [Epub ahead of print].
Kario K, Ishikawa J, Pickering TG, Hoshide S, Eguchi K, Morinari M,
et al. Morning hypertension: the strongest independent risk factor for
stroke in elderly hypertensive patients. Hypertens Res 2006;29:581—7.
Stergiou GS, Nasothimiou EG, Roussias LG. Morning hypertension
assessed by home or ambulatory monitoring: different aspects of the
same phenomenon? J Hypertens 2010;28:1846—53.

Hoshide S, Kario K. Early morning hypertension: a narrative review.
Blood Press Monit 2013;18:291—6.

Kario K, Pickering TG, Umeda Y, Hoshide S, Hoshide Y, Morinari M,
et al. Morning surge in blood pressure as a predictor of silent and clinical
cerebrovascular disease in elderly hypertensives: a prospective study.
Circulation 2003;107:1401—6.

Metoki H, Ohkubo T, Kikuya M, Asayama K, Obara T, Hashimoto J,
et al. Prognostic significance for stroke of a morning pressor surge and a
nocturnal blood pressure decline: the Ohasama study. Hypertension
2006:47:149—54.

Li Y, Thijs L, Hansen TW, Kikuya M, Boggia J, Richart T, et al.
Prognostic value of the morning blood pressure surge in 5645 subjects
from 8 populations. Hypertension 2010;55:1040—8.


http://refhub.elsevier.com/S1726-4901(14)00315-3/sref11
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref11
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref11
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref12
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref12
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref12
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref12
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref12
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref12
http://www.iom.edu/Reports/2011
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref14
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref14
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref14
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref14
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref14
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref15
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref15
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref15
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref15
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref16
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref16
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref16
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref17
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref17
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref17
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref17
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref17
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref18
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref18
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref18
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref18
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref19
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref19
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref19
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref19
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref19
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref20
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref20
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref20
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref20
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref20
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref21
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref21
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref21
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref21
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref21
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref22
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref22
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref22
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref22
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref23
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref23
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref23
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref23
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref24
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref24
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref24
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref24
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref24
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref25
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref25
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref25
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref25
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref26
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref26
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref26
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref26
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref26
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref27
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref27
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref27
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref27
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref27
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref27
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref27
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref28
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref28
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref28
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref28
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref29
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref29
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref29
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref29
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref29
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref30
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref30
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref30
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref30
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref30
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref31
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref31
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref31
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref31
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref31
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref32
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref32
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref32
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref32
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref32
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref33
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref33
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref33
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref33
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref33
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref34
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref34
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref34
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref35
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref35
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref35
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref35
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref36
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref36
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref36
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref36
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref37
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref37
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref37
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref37
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref37
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref38
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref38
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref38
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref38
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref39
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref39
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref39
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref40
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref40
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref40
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref40
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref40
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref40
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref41
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref41
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref41
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref41
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref41
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref42
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref42
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref42
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref43
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref43
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref43
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref43
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref455
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref455
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref44
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref44
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref44
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref44
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref45
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref45
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref45
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref45
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref46
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref46
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref46
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref47
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref47
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref47
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref47
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref47
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref48
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref48
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref48
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref48
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref48
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref49
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref49
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref49
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref49

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

C.-E. Chiang et al. / Journal of the Chinese Medical Association 78 (2015) 1—47 37

Niiranen TJ, Hanninen MR, Johansson J, Reunanen A, Jula AM.
Home-measured blood pressure is a stronger predictor of cardiovascular
risk than office blood pressure: the Finn-Home study. Hypertension
2010;55:1346—51.

Ward AM, Takahashi O, Stevens R, Heneghan C. Home measurement of
blood pressure and cardiovascular disease: systematic review and meta-
analysis of prospective studies. J Hypertens 2012;30:449—56.

Stergiou GS, Argyraki KK, Moyssakis I, Mastorantonakis SE,
Achimastos AD, Karamanos VG, et al. Home blood pressure is as reli-
able as ambulatory blood pressure in predicting target-organ damage in
hypertension. Am J Hypertens 2007;20:616—21.

Gaborieau V, Delarche N, Gosse P. Ambulatory blood pressure moni-
toring versus self-measurement of blood pressure at home: correlation
with target organ damage. J Hypertens 2008;26:1919—27.

Bliziotis 1A, Destounis A, Stergiou GS. Home versus ambulatory and
office blood pressure in predicting target organ damage in hypertension:
a systematic review and meta-analysis. J Hypertens 2012;30:1289—99.
Pickering TG, White WB. ASH Position Paper: home and ambulatory
blood pressure monitoring. When and how to use self (home) and
ambulatory blood pressure monitoring. J Clin Hypertens (Greenwich)
2008;10:850—5.

Parati G, Stergiou GS, Asmar R, Bilo G, de Leeuw P, Imai Y, et al.
European Society of Hypertension practice guidelines for home blood
pressure monitoring. J Hum Hypertens 2010;24:779—85.

McManus RJ, Mant J, Haque M, Bray EP, Bryan S, Greenfield SM, et al.
Effect of self-monitoring and medication self-titration on systolic blood
pressure in hypertensive patients at high risk of cardiovascular disease:
the tasmin-sr randomized clinical trial. JAMA 2014;312:799—808.
Hansen TW, Kikuya M, Thijs L, Bjorklund-Bodegard K, Kuznetsova T,
Ohkubo T, et al. Prognostic superiority of daytime ambulatory over
conventional blood pressure in four populations: a meta-analysis of 7,030
individuals. J Hypertens 2007;25:1554—64.

Stergiou GS, Asayama K, Thijs L, Kollias A, Niiranen TJ, Hozawa A,
et al. Prognosis of white-coat and masked hypertension: international
database of home blood pressure in relation to cardiovascular outcome.
Hypertension 2014,63:675—82.

Franklin SS, Thijs L, Hansen TW, Li Y, Boggia J, Kikuya M, et al.
Significance of white-coat hypertension in older persons with isolated
systolic hypertension: a meta-analysis using the International Database
on Ambulatory Blood Pressure Monitoring in Relation to Cardiovascular
Outcomes population. Hypertension 2012;59:564—71.

Sung SH, Cheng HM, Wang KL, Yu WC, Chuang SY, Ting CT, et al.
White coat hypertension is more risky than prehypertension: important
role of arterial wave reflections. Hypertension 2013;61:1346—53.
Mancia G, Bombelli M, Brambilla G, Facchetti R, Sega R, Toso E, et al.
Long-term prognostic value of white coat hypertension: an insight from
diagnostic use of both ambulatory and home blood pressure measure-
ments. Hypertension 2013;62:168—74.

Sega R, Trocino G, Lanzarotti A, Carugo S, Cesana G, Schiavina R, et al.
Alterations of cardiac structure in patients with isolated office, ambu-
latory, or home hypertension: data from the general population (Press-
ione Arteriose Monitorate E Loro Associazioni [PAMELA] Study).
Circulation 2001;104:1385—92.

Puato M, Palatini P, Zanardo M, Dorigatti F, Tirrito C, Rattazzi M, et al.
Increase in carotid intima-media thickness in grade I hypertensive sub-
jects: white-coat versus sustained hypertension. Hypertension 2008;51:
1300-5.

Kario K, Pickering TG. White-coat hypertension or white-coat hyper-
tension syndrome: which is accompanied by target organ damage? Arch
Intern Med 2000;160:3497—8.

Mancia G, Bombelli M, Facchetti R, Madotto F, Quarti-Trevano F,
Grassi G, et al. Increased long-term risk of new-onset diabetes mellitus
in white-coat and masked hypertension. J Hypertens 2009;27:1672—8.
De Nicola L, Gabbai FB, Agarwal R, Chiodini P, Borrelli S, Bellizzi V,
et al. Prevalence and prognostic role of resistant hypertension in chronic
kidney disease patients. J Am Coll Cardiol 2013;61:2461—7.
Pierdomenico SD, Lapenna D, Bucci A, Di Tommaso R, Di Mascio R,
Manente BM, et al. Cardiovascular outcome in treated hypertensive

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

patients with responder, masked, false resistant, and true resistant hy-
pertension. Am J Hypertens 2005;18:1422—8.

Muxfeldt ES, Fiszman R, de Souza F, Viegas B, Oliveira FC, Salles GF.
Appropriate time interval to repeat ambulatory blood pressure moni-
toring in patients with white-coat resistant hypertension. Hypertension
2012;59:384—9.

Shimbo D, Newman JD, Schwartz JE. Masked hypertension and pre-
hypertension: diagnostic overlap and interrelationships with left ven-
tricular mass: the Masked Hypertension Study. Am J Hypertens
2012;25:664—71.

Hanninen MR, Niiranen TJ, Puukka PJ, Mattila AK, Jula AM. De-
terminants of masked hypertension in the general population: the Finn-
Home study. J Hypertens 2011;29:1880—8.

Franklin SS, Thijs L, Li Y, Hansen TW, Boggia J, Liu Y, et al. Masked
hypertension in diabetes mellitus: treatment implications for clinical
practice. Hypertension 2013;61:964—71.

Gorostidi M, Sarafidis PA, de la Sierra A, Segura J, de la Cruz JJ,
Banegas JR, et al. Differences between office and 24-hour blood pressure
control in hypertensive patients with CKD: a 5,693-patient cross-
sectional analysis from Spain. Am J Kidney Dis 2013;62:285—94.
Drager LF, Diegues-Silva L, Diniz PM, Bortolotto LA, Pedrosa RP,
Couto RB, et al. Obstructive sleep apnea, masked hypertension, and
arterial stiffness in men. Am J Hypertens 2010;23:249—54.

Fagard RH, Cornelissen VA. Incidence of cardiovascular events in white-
coat, masked and sustained hypertension versus true normotension: a
meta-analysis. J Hypertens 2007;25:2193—8.

Pierdomenico SD, Cuccurullo F. Prognostic value of white-coat and
masked hypertension diagnosed by ambulatory monitoring in initially
untreated subjects: an updated meta analysis. Am J Hypertens 2011;24:
52-8.

Peacock J, Diaz KM, Viera AJ, Schwartz JE, Shimbo D. Unmasking
masked hypertension: prevalence, clinical implications, diagnosis, cor-
relates and future directions. J Hum Hypertens 2014;28:521—8.

Wen CP, Cheng TY, Tsai MK, Chang YC, Chan HT, Tsai SP, et al.
All-cause mortality attributable to chronic kidney disease: a prospective
cohort study based on 462 293 adults in Taiwan. Lancer 2008;371:
2173-82.

Ridker PM, Danielson E, Fonseca FAH, Genest J, Gotto Jr AM,
Kastelein JJP, et al. Rosuvastatin to Prevent Vascular Events in Men and
Women with Elevated C-Reactive Protein. N Engl J Med
2008;359:2195—207.

Karamanoglu M, O'Rourke MF, Avolio AP, Kelly RP. An analysis of the
relationship between central aortic and peripheral upper limb pressure
waves in man. Eur Heart J 1993;14:160—7.

Wang KL, Cheng HM, Chuang SY, Spurgeon HA, Ting CT, Lakatta EG,
et al. Central or peripheral systolic or pulse pressure: which best relates
to target organs and future mortality? J Hypertens 2009;27:461—7.
Williams B, Lacy PS, Thom SM, Cruickshank K, Stanton A, Collier D,
etal. Differential impact of blood pressure-lowering drugs on central aortic
pressure and clinical outcomes: principal results of the Conduit Artery
Function Evaluation (CAFE) study. Circulation 2006;113:1213—25.
Hashimoto J, Imai Y, O'Rourke MF. Monitoring of antihypertensive
therapy for reduction in left ventricular mass. Am J Hypertens
2007;20:1229—33.

Agabiti-Rosei E, Mancia G, O'Rourke MF, Roman MIJ, Safar ME,
Smulyan H, et al. Central blood pressure measurements and antihyper-
tensive therapy: a consensus document. Hypertension 2007;50:154—60.
Huang CM, Wang KL, Cheng HM, Chuang SY, Sung SH, Yu WC, et al.
Central versus ambulatory blood pressure in the prediction of all-cause
and cardiovascular mortalities. J Hypertens 2011;29:454—9.

Benetos A, Tsoucaris-Kupfer D, Favereau X, Corcos T, Safar M. Carotid
artery tonometry: an accurate non-invasive method for central aortic
pulse pressure evaluation. J Hypertens Suppl 1991;9:S144—5.

Cheng HM, Wang KL, Chen YH, Lin SJ, Chen LC, Sung SH, et al.
Estimation of central systolic blood pressure using an oscillometric
blood pressure monitor. Hypertens Res 2010;33:592—9.

Kikuya M, Hansen TW, Thijs L, Bjorklund-Bodegard K, Kuznetsova T,
Ohkubo T, et al. Diagnostic thresholds for ambulatory blood pressure


http://refhub.elsevier.com/S1726-4901(14)00315-3/sref50
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref50
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref50
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref50
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref50
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref51
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref51
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref51
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref51
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref52
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref52
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref52
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref52
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref52
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref53
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref53
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref53
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref53
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref54
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref54
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref54
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref54
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref55
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref55
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref55
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref55
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref55
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref56
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref56
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref56
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref56
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref57
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref57
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref57
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref57
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref57
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref58
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref58
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref58
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref58
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref58
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref59
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref59
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref59
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref59
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref59
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref60
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref60
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref60
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref60
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref60
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref60
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref61
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref61
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref61
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref61
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref62
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref62
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref62
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref62
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref62
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref63
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref63
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref63
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref63
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref63
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref63
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref64
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref64
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref64
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref64
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref64
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref65
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref65
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref65
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref65
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref66
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref66
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref66
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref66
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref67
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref67
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref67
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref67
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref68
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref68
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref68
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref68
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref68
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref69
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref69
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref69
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref69
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref69
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref70
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref70
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref70
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref70
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref70
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref71
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref71
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref71
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref71
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref72
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref72
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref72
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref72
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref73
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref73
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref73
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref73
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref73
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref74
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref74
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref74
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref74
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref75
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref75
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref75
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref75
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref76
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref76
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref76
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref76
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref76
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref77
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref77
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref77
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref77
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref78
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref78
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref78
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref78
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref78
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref79
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref79
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref79
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref79
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref79
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref80
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref80
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref80
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref80
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref81
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref81
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref81
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref81
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref82
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref82
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref82
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref82
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref82
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref83
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref83
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref83
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref83
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref84
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref84
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref84
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref84
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref85
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref85
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref85
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref85
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref86
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref86
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref86
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref86
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref87
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref87
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref87
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref87
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref88
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref88

38

90.

91.

92.

93.

94.

9s.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

C.-E. Chiang et al. / Journal of the Chinese Medical Association 78 (2015) 1—47

monitoring based on 10-year cardiovascular risk. Circulation 2007;115:
2145-52.

Chen CH, Ting CT, Lin SJ, Hsu TL, Ho SJ, Chou P, et al. Which arterial
and cardiac parameters best predict left ventricular mass? Circulation
1998:;98:422—8.

Chuang SY, Bai CH, Chen WH, Lien LM, Pan WH. Fibrinogen inde-
pendently predicts the development of ischemic stroke in a Taiwanese
population: CVDFACTS study. Stroke 2009;40:1578—84.

Cheng HM, Chuang SY, Sung SH, Yu WC, Pearson A, Lakatta EG, et al.
Derivation and validation of diagnostic thresholds for central blood
pressure measurements based on long-term cardiovascular risks. J Am
Coll Cardiol 2013;62:1780—7.

Cheng HM, Sung SH, Chuang SY, Pearson A, Tufanaru C, White S, et al.
Diagnostic performance of a stand-alone central blood pressure monitor:
application of central blood pressure in the diagnosis of high blood
pressure. Am J Hypertens 2014;27:382—91.

Parati G, Ochoa JE, Lombardi C, Bilo G. Assessment and management
of blood-pressure variability. Nat Rev Cardiol 2013;10:143—55.

Floras JS. Blood pressure variability: a novel and important risk factor.
Can J Cardiol 2013;29:557—63.

Sander D, Kukla C, Klingelhofer J, Winbeck K, Conrad B. Relationship
between circadian blood pressure patterns and progression of early ca-
rotid atherosclerosis: a 3-year follow-up study. Circulation
2000;102:1536—41.

Mancia G, Bombelli M, Facchetti R, Madotto F, Corrao G, Trevano FQ,
et al. Long-term prognostic value of blood pressure variability in the
general population: results of the Pressioni Arteriose Monitorate e Loro
Associazioni Study. Hypertension 2007;49:1265—70.

Hansen TW, Thijs L, Li Y, Boggia J, Kikuya M, Bjorklund-Bodegard K,
et al. Prognostic value of reading-to-reading blood pressure variability
over 24 hours in 8938 subjects from 11 populations. Hypertension
2010;55:1049—57.

Mancia G, Di Rienzo M, Parati G. Ambulatory blood pressure moni-
toring use in hypertension research and clinical practice. Hypertension
1993;21:510—24.

Chen CH, Ting CT, Lin SJ, Hsu TL, Chou P, Kuo HS, et al. Relation
between diurnal variation of blood pressure and left ventricular mass in a
Chinese population. Am J Cardiol 1995;75:1239—43.

Kikuya M, Ohkubo T, Metoki H, Asayama K, Hara A, Obara T, et al.
Day-by-day variability of blood pressure and heart rate at home as a
novel predictor of prognosis: the Ohasama study. Hypertension
2008;52:1045—50.

Kawai T, Ohishi M, Kamide K, Onishi M, Takeya Y, Tatara Y, et al. The
impact of visit-to-visit variability in blood pressure on renal function.
Hypertens Res 2012;35:239—43.

Brickman AM, Reitz C, Luchsinger JA, Manly JJ, Schupf N, Muraskin J,
et al. Long-term blood pressure fluctuation and cerebrovascular disease
in an elderly cohort. Arch Neurol 2010;67:564—9.

Rothwell PM, Howard SC, Dolan E, O'Brien E, Dobson JE, Dahlof B,
et al. Effects of beta blockers and calcium-channel blockers on within-
individual variability in blood pressure and risk of stroke. Lancet Neu-
rol 2010;9:469—80.

Eguchi K, Hoshide S, Schwartz JE, Shimada K, Kario K. Visit-to-visit
and ambulatory blood pressure variability as predictors of incident car-
diovascular events in patients with hypertension. Am J Hypertens
2012;25:962—8.

Muntner P, Shimbo D, Tonelli M, Reynolds K, Arnett DK, Oparil S. The
relationship between visit-to-visit variability in systolic blood pressure
and all-cause mortality in the general population: findings from
NHANES 111, 1988 to 1994. Hypertension 2011;57:160—6.

Hall WD. Resistant hypertension, secondary hypertension, and hyper-
tensive crises. Cardiol Clin 2002;20:281—9.

Safian RD, Textor SC. Renal-Artery Stenosis. N Engl J Med
2001;344:431—42.

Douma S, Petidis K, Doumas M, Papaefthimiou P, Triantafyllou A,
Kartali N, et al. Prevalence of primary hyperaldosteronism in resistant
hypertension: a retrospective observational study. Lancet 2008;371:
1921—6.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Gordon RD, Stowasser M, Tunny TJ, Klemm SA, Rutherford JC. High
incidence of primary aldosteronism in 199 patients referred with hy-
pertension. Clin Exp Pharmacol Physiol 1994;21:315—8.

Wu VC, Chueh SC, Chang HW, Lin WC, Liu KL, Li HY, et al. Bilateral
aldosterone-producing adenomas: differentiation from bilateral adrenal
hyperplasia. QJM 2008;101:13—22.

Lawes CM, Rodgers A, Bennett DA, Parag V, Suh I, Ueshima H, et al.
Blood pressure and cardiovascular disease in the Asia Pacific region.
J Hypertens 2003;21:707—16.

Rodriguez CJ, Swett K, Agarwal SK, Folsom AR, Fox ER, Loehr LR,
et al. Systolic blood pressure levels among adults with hypertension and
incident cardiovascular events: the atherosclerosis risk in communities
study. JAMA Intern Med 2014;174:1252—61.

Wright Jr JT, Fine LJ, Lackland DT, Ogedegbe G, Dennison
Himmelfarb CR. Evidence supporting a systolic blood pressure goal of
less than 150 mm Hg in patients aged 60 years or older: the minority
view. Ann Intern Med 2014;160:499—503.

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA,
1zzo Jr JL, et al. The Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pres-
sure: the INC 7 report. JAMA 2003;289:2560—72.

Navar-Boggan AM, Pencina MJ, Williams K, Sniderman AD,
Peterson ED. Proportion of US adults potentially affected by the 2014
hypertension guideline. JAMA 2014;311:1424—9.

Ambrosius WT, Sink KM, Foy CG, Berlowitz DR, Cheung AK,
Cushman WC, et al. The design and rationale of a multicenter clinical
trial comparing two strategies for control of systolic blood pressure: the
Systolic Blood Pressure Intervention Trial (SPRINT). Clinical Trials
June 5 2014 [Epub ahead of print].

Stewart IM. Relation of reduction in pressure to first myocardial
infarction in patients receiving treatment for severe hypertension. Lancet
1979;1:861—5.

Rabkin SW, Waheed A, Poulter RS, Wood D. Myocardial perfusion
pressure in patients with hypertension and coronary artery disease: im-
plications for DBP targets in hypertension management. J Hypertens
2013;31:975-82.

Cooper-DeHoff RM, Gong Y, Handberg EM, Bavry AA, Denardo SJ,
Bakris GL, et al. Tight blood pressure control and cardiovascular out-
comes among hypertensive patients with diabetes and coronary artery
disease. JAMA 2010;304:61—S8.

Klag MJ, Whelton PK, Randall BL, Neaton JD, Brancati FL, Ford CE,
et al. Blood pressure and end-stage renal disease in men. N Engl J Med
1996;334:13—8.

Adler Al, Stratton IM, Neil HA, Yudkin JS, Matthews DR, Cull CA,
et al. Association of systolic blood pressure with macrovascular and
microvascular complications of type 2 diabetes (UKPDS 36): prospective
observational study. BMJ 2000;321:412—9.

Prevention of stroke by antihypertensive drug treatment in older persons
with isolated systolic hypertension. Final results of the Systolic Hyper-
tension in the Elderly Program (SHEP). SHEP Cooperative Research
Group. JAMA 1991;265:3255—64.

Staessen JA, Fagard R, Thijs L, Celis H, Arabidze GG, Birkenhager WH,
et al. Randomised double-blind comparison of placebo and active
treatment for older patients with isolated systolic hypertension. The
Systolic Hypertension in Europe (Syst-Eur) Trial Investigators. Lancet
1997;350:757—64.

Liu L, Wang JG, Gong L, Liu G, Staessen JA, for the Systolic Hyper-
tension in China Collaborative G. Comparison of active treatment and
placebo in older Chinese patients with isolated systolic hypertension.
J Hypertens 1998;16:1823—9.

Messerli FH, Mancia G, Conti CR, Hewkin AC, Kupfer S, Champion A,
et al. Dogma disputed: can aggressively lowering blood pressure in hy-
pertensive patients with coronary artery disease be dangerous? Ann
Intern Med 2006;144:884—93.

Sleight P, Redon J, Verdecchia P, Mancia G, Gao P, Fagard R, et al.
Prognostic value of blood pressure in patients with high vascular risk in
the Ongoing Telmisartan alone and in combination with Ramipril Global
Endpoint Trial study. J Hypertens 2009;27:1360—9.


http://refhub.elsevier.com/S1726-4901(14)00315-3/sref88
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref88
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref88
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref89
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref89
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref89
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref89
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref90
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref90
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref90
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref90
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref91
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref91
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref91
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref91
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref91
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref92
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref92
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref92
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref92
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref92
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref93
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref93
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref93
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref94
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref94
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref94
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref95
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref95
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref95
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref95
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref95
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref96
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref96
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref96
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref96
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref96
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref97
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref97
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref97
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref97
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref97
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref98
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref98
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref98
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref98
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref99
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref99
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref99
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref99
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref100
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref100
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref100
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref100
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref100
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref101
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref101
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref101
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref101
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref102
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref102
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref102
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref102
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref103
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref103
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref103
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref103
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref103
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref104
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref104
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref104
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref104
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref104
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref105
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref105
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref105
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref105
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref105
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref106
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref106
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref106
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref107
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref107
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref107
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref108
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref108
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref108
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref108
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref108
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref109
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref109
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref109
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref109
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref110
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref110
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref110
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref110
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref111
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref111
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref111
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref111
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref112
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref112
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref112
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref112
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref112
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref113
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref113
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref113
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref113
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref113
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref114
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref114
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref114
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref114
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref114
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref115
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref115
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref115
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref115
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref116
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref116
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref116
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref116
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref116
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref117
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref117
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref117
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref117
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref118
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref118
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref118
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref118
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref118
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref119
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref119
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref119
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref119
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref119
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref120
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref120
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref120
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref120
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref121
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref121
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref121
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref121
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref121
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref122
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref122
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref122
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref122
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref122
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref123
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref123
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref123
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref123
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref123
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref123
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref124
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref124
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref124
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref124
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref124
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref125
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref125
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref125
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref125
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref125
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref126
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref126
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref126
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref126
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref126

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

C.-E. Chiang et al. / Journal of the Chinese Medical Association 78 (2015) 1—47 39

Bangalore S, Messerli FH, Wun CC, Zuckerman AL, DeMicco D,
Kostis JB, et al. J-curve revisited: an analysis of blood pressure and
cardiovascular events in the Treating to New Targets (TNT) Trial. Eur
Heart J 2010;31:2897—908.

Redon J, Mancia G, Sleight P, Schumacher H, Gao P, Pogue J, et al.
Safety and efficacy of low blood pressures among patients with diabetes:
subgroup analyses from the ONTARGET (ONgoing Telmisartan Alone
and in combination with Ramipril Global Endpoint Trial). J Am Coll
Cardiol 2012;59:74—83.

Verdecchia P, Angeli F, Mazzotta G, Garofoli M, Reboldi G. Aggressive
blood pressure lowering is dangerous: the J-curve: con side of the
arguement. Hypertension 2014;63:37—40.

Boutitie F, Gueyffier F, Pocock S, Fagard R, Boissel JP, for the IPSC. J-
shaped relationship between blood pressure and mortality in hyperten-
sive patients: new insights from a meta-analysis of individual-patient
data. Ann Intern Med 2002;136:438—48.

MRC trial of treatment of mild hypertension: principal results. Medical
Research Council Working Party. Br Med J (Clin Res Ed) 1985;291:
97—104.

Liu L, Zhang Y, Liu G, Li W, Zhang X, Zanchetti A. The Felodipine
Event Reduction (FEVER) Study: a randomized long-term placebo--
controlled trial in Chinese hypertensive patients. J Hypertens 2005;23:
2157-72.

Verdecchia P, Staessen JA, Angeli F, de Simone G, Achilli A, Ganau A,
et al. Usual versus tight control of systolic blood pressure in non-diabetic
patients with hypertension (Cardio-Sis): an open-label randomised trial.
Lancet 2009;374:525—33.

Zhang Y, Zhang X, Liu L, Zanchetti A. Is a systolic blood pressure
target <140 mmHg indicated in all hypertensives? Subgroup analyses of
findings from the randomized FEVER trial. Eur Heart J
2011;32:1500—8.

Hansson L, Zanchetti A, Carruthers SG, Dahlof B, Elmfeldt D, Julius S,
et al. Effects of intensive blood-pressure lowering and low-dose aspirin
in patients with hypertension: principal results of the Hypertension
Optimal Treatment (HOT) randomised trial. HOT Study Group. Lancet
1998;351:1755—62.

Howard BV, Roman MJ, Devereux RB, Fleg JL, Galloway JM,
Henderson JA, et al. Effect of lower targets for blood pressure and LDL
cholesterol on atherosclerosis in diabetes: the SANDS randomized trial.
JAMA 2008;299:1678—89.

Group UKPDS. Tight blood pressure control and risk of macrovascular
and microvascular complications in type 2diabetes: UKPDS 38. BMJ
1998;317:703—13.

Effects of intensive blood-pressure control in type 2 diabetes mellitus. N
Engl J Med 2010;362:1575—85.

Okin PM, Hille DA, Kjeldsen SE, Dahlof B, Devereux RB. Impact of
lower achieved blood pressure on outcomes in hypertensive patients.
J Hypertens 2012;30:802—10.

Pepine CJ, Handberg EM, Cooper-DeHoff RM, Marks RG, Kowey P,
Messerli FH, et al. A calcium antagonist vs a non-calcium antagonist
hypertension treatment strategy for patients with coronary artery disease.
The International Verapamil-Trandolapril Study (INVEST): a random-
ized controlled trial. JAMA 2003;290:2805—16.

Reboldi G, Gentile G, Angeli F, Ambrosio G, Mancia G, Verdecchia P.
Effects of intensive blood pressure reduction on myocardial infarction
and stroke in diabetes: a meta-analysis in 73 913 patients. J Hypertens
2011;29:1253—69.

Bangalore S, Kumar S, Lobach I, Messerli FH. Blood pressure targets in
subjects with type 2 diabetes mellitus/impaired fasting glucose: obser-
vations from traditional and bayesian random-effects meta-analyses of
randomized trials. Circulation 2011;123:2799—810.

McBrien K, Rabi DM, Campbell N, Barniech L, Clement F,
Hemmelgarn BR, et al. Intensive and standard blood pressure targets in
patients with type 2 diabetes mellitus: systematic review and meta-
analysis. Arch Intern Med 2012;172:1296—303.

Arguedas JA, Leiva V, Wright JM. Blood pressure targets for hyper-
tension in people with diabetes mellitus. Cochrane Database Syst Rev
2013;10:CD008277.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

Tu ST, Chang SJ, Chen JF, Tien KJ, Hsiao JY, Chen HC, et al. Prevention
of diabetic nephropathy by tight target control in an Asian population
with type 2 diabetes mellitus: a 4-year prospective analysis. Arch Intern
Med 2010;170:155—61.

Chan JC, So WY, Yeung CY, Ko GT, Lau IT, Tsang MW, et al. Effects of
structured versus usual care on renal endpoint in type 2 diabetes: the
SURE study: a randomized multicenter translational study. Diabetes
Care 2009;32:977—82.

Yu NC, Su HY, Chiou ST, Yeh MC, Yeh SW, Tzeng MS, et al. Trends of
ABC control 2006-2011: a National Survey of Diabetes Health Promo-
tion Institutes in Taiwan. Diabetes Res Clin Pract 2013;99:112—9.

Li HY, Jiang YD, Chang CH, Chung CH, Lin BJ, Chuang LM. Mortality
trends in patients with diabetes in Taiwan: a nationwide survey in 2000-
2009. J Formos Med Assoc 2012;111:645—50.

Weber MA, Schiffrin EL, White WB, Mann S, Lindholm LH,
Kenerson JG, et al. Clinical practice guidelines for the management of
hypertension in the community a statement by the American Society of
Hypertension and the International Society of Hypertension. J Hypertens
2014;32:3—15.

Association AD. Standards of medical care in diabetes-2014. Diabetes
Care 2014;37:S14—80.

Shimamoto K, Ando K, Fujita T, Hasebe N, Higaki J, Horiuchi M, et al.
The Japanese Society of Hypertension Guidelines for the Management of
Hypertension (JSH 2014). Hypertens Res 2014;37:253—387.

Global guideline for type 2 diabetes. Diabetes Res Clin Pract 2014;104:
1-52.

Dasgupta K, Quinn RR, Zarnke KB, Rabi DM, Ravani P,
Daskalopoulou SS, et al. The 2014 Canadian Hypertension Education
Program recommendations for blood pressure measurement, diagnosis,
assessment of risk, prevention, and treatment of hypertension. Can J
Cardiol 2014;30:485—501.

Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, et al. Effect
of potentially modifiable risk factors associated with myocardial
infarction in 52 countries (the INTERHEART study): case-control study.
Lancet 2004;364:937—52.

Yusuf S, Sleight P, Pogue J, Bosch J, Davies R, Dagenais G. Effects of an
angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascular
events in high-risk patients. The Heart Outcomes Prevention Evaluation
Study Investigators. N Engl J Med 2000;342:145—53.

Fox KM. Efficacy of perindopril in reduction of cardiovascular events
among patients with stable coronary artery disease: randomised, double-
blind, placebo-controlled, multicentre trial (the EUROPA study). Lancet
2003;362:782—8.

Angiotensin-Converting—Enzyme Inhibition in Stable Coronary Artery
Disease. E Engl J Med 2004;351:2058—68.

Dagenais GR, Pogue J, Fox K, Simoons ML, Yusuf S. Angiotensin-
converting-enzyme inhibitors in stable vascular disease without left
ventricular systolic dysfunction or heart failure: a combined analysis of
three trials. Lancet 368: 581—588.

Nissen SE, Tuzcu EM, Libby P, Thompson PD, Ghali M, Garza D, et al.
Effect of antihypertensive agents on cardiovascular events in patients
with coronary disease and normal blood pressure: the CAMELOT study:
a randomized controlled trial. JAMA 2004;292:2217—25.

Sipahi I, Tuzcu EM, Schoenhagen P, Wolski KE, Nicholls SJ, Balog C,
et al. Effects of normal, pre-hypertensive, and hypertensive blood pres-
sure levels on progression of coronary atherosclerosis. J Am Coll Cardiol
2006;48:833—8.

Boden WE, O'Rourke RA, Teo KK, Hartigan PM, Maron DJ, Kostuk WJ,
et al. Optimal Medical Therapy with or without PCI for Stable Coronary
Disease. N Engl J Med 2007;356:1503—16.

Bangalore S, Kumar S, Volodarskiy A, Messerli FH. Blood pressure
targets in patients with coronary artery disease: observations from
traditional and Bayesian random effects meta-analysis of randomised
trials. Heart 2013;99:601—13.

Thompson AM, Hu T, Eshelbrenner CL, Reynolds K, He J, Bazzano LA.
Antihypertensive treatment and secondary prevention of cardiovascular
disease events among persons without hypertension. JAMA
2011;305:913—22.


http://refhub.elsevier.com/S1726-4901(14)00315-3/sref127
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref127
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref127
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref127
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref127
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref128
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref128
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref128
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref128
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref128
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref128
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref129
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref129
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref129
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref129
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref130
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref130
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref130
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref130
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref130
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref131
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref131
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref131
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref131
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref132
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref132
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref132
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref132
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref132
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref133
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref133
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref133
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref133
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref133
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref134
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref134
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref134
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref134
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref134
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref135
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref135
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref135
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref135
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref135
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref135
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref136
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref136
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref136
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref136
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref136
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref137
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref137
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref137
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref137
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref138
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref138
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref138
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref139
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref139
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref139
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref139
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref140
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref140
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref140
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref140
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref140
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref140
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref141
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref141
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref141
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref141
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref141
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref142
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref142
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref142
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref142
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref142
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref143
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref143
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref143
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref143
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref143
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref144
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref144
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref144
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref145
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref145
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref145
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref145
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref145
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref146
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref146
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref146
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref146
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref146
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref147
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref147
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref147
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref147
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref148
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref148
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref148
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref148
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref149
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref149
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref149
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref149
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref149
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref149
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref150
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref150
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref150
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref151
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref151
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref151
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref151
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref152
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref152
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref152
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref153
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref153
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref153
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref153
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref153
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref153
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref155
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref155
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref155
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref155
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref155
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref155
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref154
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref154
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref154
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref154
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref154
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref157a
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref157a
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref157a
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref157a
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref157a
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref156
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref156
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref156
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref156
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref157
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref157
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref157
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref157
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref157
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref158
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref158
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref158
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref158
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref158
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref159
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref159
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref159
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref159
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref160
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref160
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref160
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref160
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref160
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref161
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref161
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref161
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref161
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref161

40

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

C.-E. Chiang et al. / Journal of the Chinese Medical Association 78 (2015) 1—47

Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in
the prevention of cardiovascular disease: meta-analysis of 147 rando-
mised trials in the context of expectations from prospective epidemio-
logical studies. BMJ 2009;338:b1665.

Czernichow S, Zanchetti A, Turnbull F, Barzi F, Ninomiya T,
Kengne AP, et al. The effects of blood pressure reduction and of different
blood pressure-lowering regimens on major cardiovascular events ac-
cording to baseline blood pressure: meta-analysis of randomized trials.
J Hypertens 2011;29:4—16.

Bangalore S, Gong Y, Cooper-DeHoff RM, Pepine CJ, Messerli FH.
2014 Eighth Joint National Committee panel recommendation for blood
pressure targets revisited: results from the INVEST study. J Am Coll
Cardiol 2014;64:784—93.

Furie KL, Kasner SE, Adams RJ, Albers GW, Bush RL, Fagan SC, et al.
Guidelines for the prevention of stroke in patients with stroke or transient
ischemic attack: a guideline for healthcare professionals from the American
Heart Association/American Stroke Association. Stroke 2011;42:227—76.
He J, Zhang Y, Xu T, Zhao Q, Wang D, Chen CS, et al. Effects of im-
mediate blood pressure reduction on death and major disability in pa-
tients with acute ischemic stroke: the CATIS randomized clinical trial.
JAMA 2014;311:479—89.

Benavente OR, Coffey CS, Conwit R, Hart RG, McClure LA, Pearce LA,
et al. Blood-pressure targets in patients with recent lacunar stroke: the
SPS3 randomised trial. Lancet 2013;382:507—15.

Tissue plasminogen activator for acute ischemic stroke. N Engl J Med
1995;333:1581—8.

Anderson CS, Huang Y, Arima H, Heeley E, Skulina C, Parsons MW,
et al. Effects of Early Intensive Blood Pressure-Lowering Treatment on
the Growth of Hematoma and Perihematomal Edema in Acute Intrace-
rebral Hemorrhage: the Intensive Blood Pressure Reduction in Acute
Cerebral Haemorrhage Trial INTERACT). Stroke 2010;41:307—12.
Post-stroke antihypertensive treatment study. A preliminary result. Chin
Med J (Engl) 1995;108:710—7.

Lancet. Randomised trial of a perindopril-based blood-pressure-lowering
regimen among 6,105 individuals with previous stroke or transient
ischaemic attack 2001;358:1033—41.

Yusuf S, Diener HC, Sacco RL, Cotton D, Ounpuu S, Lawton WA, et al.
Telmisartan to Prevent Recurrent Stroke and Cardiovascular Events. N
Engl J Med 2008;359:1225—37.

Miettinen H, Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M.
Proteinuria predicts stroke and other atherosclerotic vascular disease
events in nondiabetic and non-insulin-dependent diabetic subjects. Stroke
1996;27:2033-9.

Jafar TH, Stark PC, Schmid CH, Landa M, Maschio G, Marcantoni C,
et al. Proteinuria as a modifiable risk factor for the progression of non-
diabetic renal disease. Kidney Int 2001;60:1131—40.

Nitsch D, Grams M, Sang Y, Black C, Cirillo M, Djurdjev O, et al.
Associations of estimated glomerular filtration rate and albuminuria with
mortality and renal failure by sex: a meta-analysis. BMJ 2013;346:324.
Levey AS, Eckardt KU, Tsukamoto Y, Levin A, Coresh J, Rossert J, et al.
Definition and classification of chronic kidney disease: a position
statement from Kidney Disease: improving Global Outcomes (KDIGO).
Kidney Int 2005;67:2089—100.

Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R,
Germano G, et al. 2007 Guidelines for the Management of Arterial
Hypertension: the Task Force for the Management of Arterial Hyper-
tension of the European Society of Hypertension (ESH) and of the Eu-
ropean Society of Cardiology (ESC). J Hypertens 2007;25:1105—87.
Klahr S, Levey AS, Beck GJ, Caggiula AW, Hunsicker L, Kusek JW,
et al. The effects of dietary protein restriction and blood-pressure control
on the progression of chronic renal disease. N Engl J Med
1994;330:877—84.

Wright Jr JT, Bakris G, Greene T, Agodoa LY, Appel LJ, Charleston J,
et al. Effect of blood pressure lowering and antihypertensive drug class
on progression of hypertensive kidney disease: results from the AASK
trial. JAMA 2002;288:2421—31.

Ruggenenti P, Perna A, Loriga G, Ganeva M, Ene-lordache B,
Turturro M, et al. Blood-pressure control for renoprotection in patients

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

with non-diabetic chronic renal disease (REIN-2): multicentre, rando-
mised controlled trial. Lancet 2005;365:939—46.

Arguedas JA, Perez MI, Wright JM. Treatment blood pressure targets for
hypertension. Cochrane Database Syst Rev 2009;(3):CD004349.
Upadhyay A, Earley A, Haynes SM, Uhlig K. Systematic review: blood
pressure target in chronic kidney disease and proteinuria as an effect
modifier. Ann Intern Med 2011;154:541—8.

Kovesdy CP, Lu JL, Molnar MZ, Ma JZ, Canada RB, Streja E, et al.
Observational modeling of strict vs conventional blood pressure control
in patients with chronic kidney disease. JAMA Intern Med
2014;174:1442-9.

Peterson JC, Adler S, Burkart JM, Greene T, Hebert LA, Hunsicker LG,
et al. Blood pressure control, proteinuria, and the progression of renal
disease the modification of diet in renal disease study. Ann Intern Med
1995;123:754—62.

Parving HH, Lehnert H, Brochner-Mortensen J, Gomis R, Andersen S,
Arner P, et al. The effect of irbesartan on the development of diabetic
nephropathy in patients with type 2 diabetes. N Engl J Med
2001;345:870—8.

Lewis EJ, Hunsicker LG, Clarke WR, Berl T, Pohl MA, Lewis JB, et al.
Renoprotective effect of the angiotensin-receptor antagonist irbesartan in
patients with nephropathy due to type 2 diabetes. N Engl J Med
2001;345:851—60.

Brenner BM, Cooper ME, de Zeeuw D, Keane WF, Mitch WE,
Parving HH, et al. Effects of losartan on renal and cardiovascular out-
comes in patients with type 2 diabetes and nephropathy. N Engl J Med
2001;345:861-9.

Port FK, Hulbert-Shearon TE, Wolfe RA, Bloembergen WE, Golper TA,
Agodoa LY, et al. Predialysis blood pressure and mortality risk in a
national sample of maintenance hemodialysis patients. Am J Kidney Dis
1999;33:507—17.

Stidley CA, Hunt WC, Tentori F, Schmidt D, Rohrscheib M, Paine S,
et al. Changing relationship of blood pressure with mortality over time
among hemodialysis patients. J Am Soc Nephrol 2006;17:513—20.
Myers OB, Adams C, Rohrscheib MR, Servilla KS, Miskulin D,
Bedrick EJ, et al. Age, race, diabetes, blood pressure, and mortality
among hemodialysis patients. J Am Soc Nephrol 2010;21:1970—8.
Mailloux LU, Haley WE. Hypertension in the ESRD patient: patho-
physiology, therapy, outcomes, and future directions. Am J Kidney Dis
1998;32:705—19.

K/DOQI clinical practice guidelines for cardiovascular disease in dial-
ysis patients. Am J Kidney Dis 2005;45(4 Suppl 3):S1—153.

Principal results of the Japanese trial to assess optimal systolic blood
pressure in elderly hypertensive patients (JATOS). Hypertens Res
2008;31:2115-27.

Ogihara T, Saruta T, Rakugi H, Matsuoka H, Shimamoto K, Shimada K,
et al. Target blood pressure for treatment of isolated systolic hyperten-
sion in the elderly: valsartan in elderly isolated systolic hypertension
study. Hypertension 2010;56:196—202.

Ogihara T, Kikuchi K, Matsuoka H, Fujita T, Higaki J, Horiuchi M, et al.
The Japanese Society of Hypertension Guidelines for the Management of
Hypertension (JSH 2009). Hypertens Res 2009;32:3—107.

Gueyffier F, Bulpitt C, Boissel JP, Schron E, Ekbom T, Fagard R,
et al. Antihypertensive drugs in very old people: a subgroup meta-
analysis of randomised controlled trials. INDANA Group. Lancet
1999;353:793—6.

Beckett NS, Peters R, Fletcher AE, Staessen JA, Liu L, Dumitrascu D,
et al. Treatment of Hypertension in Patients 80 Years of Age or Older. N
Engl J Med 2008;358:1887—98.

Ariesen MJ, Claus SP, Rinkel GJ, Algra A. Risk factors for intracerebral
hemorrhage in the general population: a systematic review. Stroke
2003;34:2060—5.

Wang KL, Chiang CE. Optimal international normalized ratio for atrial
fibrillation in asians and Japanese. Circ J 2013;77:2242-3.

Chiang CE, Wang KL, Lip GY. Stroke prevention in atrial fibrillation: an
Asian perspective. Thromb Haemost 2014;111:789—97.

Toyoda K, Yasaka M, Uchiyama S, Nagao T, Gotoh J, Nagata K, et al.
Blood pressure levels and bleeding events during antithrombotic therapy:


http://refhub.elsevier.com/S1726-4901(14)00315-3/sref162
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref162
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref162
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref162
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref163
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref163
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref163
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref163
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref163
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref163
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref164
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref164
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref164
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref164
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref164
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref165
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref165
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref165
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref165
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref165
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref166
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref166
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref166
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref166
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref166
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref167
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref167
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref167
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref167
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref168
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref168
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref168
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref169
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref169
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref169
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref169
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref169
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref169
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref170
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref170
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref170
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref171
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref171
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref171
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref171
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref172
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref172
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref172
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref172
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref173
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref173
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref173
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref173
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref173
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref174
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref174
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref174
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref174
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref175
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref175
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref175
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref176
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref176
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref176
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref176
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref176
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref177
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref177
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref177
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref177
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref177
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref177
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref178
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref178
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref178
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref178
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref178
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref179
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref179
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref179
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref179
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref179
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref183a
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref183a
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref183a
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref183a
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref183a
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref180
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref180
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref181
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref181
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref181
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref181
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref182
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref182
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref182
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref182
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref182
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref183
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref183
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref183
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref183
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref183
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref184
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref184
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref184
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref184
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref184
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref185
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref185
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref185
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref185
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref185
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref186
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref186
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref186
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref186
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref186
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref187
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref187
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref187
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref187
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref187
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref188
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref188
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref188
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref188
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref189
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref189
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref189
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref189
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref190
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref190
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref190
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref190
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref191
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref191
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref191
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref192
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref192
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref192
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref192
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref193
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref193
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref193
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref193
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref193
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref194
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref194
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref194
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref194
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref195
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref195
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref195
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref195
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref195
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref196
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref196
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref196
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref196
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref197
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref197
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref197
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref197
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref198
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref198
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref198
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref199
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref199
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref199
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref200
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref200

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

C.-E. Chiang et al. / Journal of the Chinese Medical Association 78 (2015) 1—47 41

the Bleeding with Antithrombotic Therapy (BAT) Study. Stroke 2010;41:
1440—4.

Arima H, Anderson C, Omae T, Woodward M, MacMahon S, Mancia G,
et al. Effects of blood pressure lowering on intracranial and extracranial
bleeding in patients on antithrombotic therapy: the PROGRESS trial.
Stroke 2012;43:1675—7.

Hart RG, Diener HC, Yang S, Connolly SJ, Wallentin L, Reilly PA, et al.
Intracranial hemorrhage in atrial fibrillation patients during anti-
coagulation with warfarin or dabigatran: the RE-LY trial. Stroke
2012:43:1511-7.

Hankey GIJ, Stevens SR, Piccini JP, Lokhnygina Y, Mahaffey KW,
Halperin JL, et al. Intracranial hemorrhage among patients with atrial
fibrillation anticoagulated with warfarin or rivaroxaban: the rivaroxaban
once daily, oral, direct factor Xa inhibition compared with vitamin K
antagonism for prevention of stroke and embolism trial in atrial fibril-
lation. Stroke 2014;45:1304—12.

Hylek EM, Held C, Alexander JH, Lopes RD, De Caterina R,
Wojdyla DM, et al. Major bleeding in patients with atrial fibrillation
receiving apixaban or warfarin: the ARISTOTLE Trial (Apixaban for
Reduction in Stroke and Other Thromboembolic Events in Atrial
Fibrillation): predictors, characteristics, and clinical outcomes. J Am Coll
Cardiol 2014;63:2141—7.

Kokubo Y. Prevention of hypertension and cardiovascular diseases: a
comparison of lifestyle factors in Westerners and East Asians. Hyper-
tension 2014;63:655—60.

Elmer PJ, Obarzanek E, Vollmer WM, Simons-Morton D, Stevens VJ,
Young DR, et al. Effects of comprehensive lifestyle modification on diet,
weight, physical fitness, and blood pressure control: 18-month results of
a randomized trial. Ann Intern Med 2006;144:485—95.

Troost JP, Rafferty AP, Luo Z, Reeves MJ. Temporal and regional trends
in the prevalence of healthy lifestyle characteristics: United States, 1994-
2007. Am J Public Health 2012;102:1392—8.

Mente A, ODonnell MJ, Rangarajan S, McQueen MIJ, Poirier P,
Wielgosz A, et al. Association of urinary sodium and potassium excre-
tion with blood pressure. N Engl J Med 2014;371:601—11.

Pimenta E, Gaddam KK, Oparil S, Aban I, Husain S, Dell'Italia LJ, et al.
Effects of Dietary Sodium Reduction on Blood Pressure in Subjects With
Resistant Hypertension: results From a Randomized Trial. Hypertension
2009;54:475—81.

Chen J, Gu D, Huang J, Rao DC, Jaquish CE, Hixson JE, et al. Metabolic
syndrome and salt sensitivity of blood pressure in non-diabetic people in
China: a dietary intervention study. Lancet 2009;373:829—35.

Eckel RH, Jakicic JM, Ard JD, de Jesus JM, Houston Miller N,
Hubbard VS, et al. 2013 AHA/ACC guideline on lifestyle management
to reduce cardiovascular risk: a report of the American College of Car-
diology/American Heart Association Task Force on Practice Guidelines.
J Am Coll Cardiol 2014;63(25 Pt B):2960—84.

Mozaffarian D, Fahimi S, Singh GM, Micha R, Khatibzadeh S,
Engell RE, et al. Global sodium consumption and death from cardio-
vascular causes. N Engl J Med 2014;371:624—34.

ODonnell M, Mente A, Rangarajan S, McQueen MJ, Wang X, Liu L,
et al. Urinary sodium and potassium excretion, mortality, and cardio-
vascular events. N Engl J Med 2014;371:612—23.

O'Donnell MJ, Yusuf S, Mente A, Gao P, Mann JF, Teo K, et al. Urinary
sodium and potassium excretion and risk of cardiovascular events. JAMA
2011;306:2229—38.

Graudal N, Jurgens G, Baslund B, Alderman MH. Compared with usual
sodium intake, low- and excessive-sodium diets are associated with
increased mortality: a meta-analysis. Am J Hypertens 2014;27:1129-37.
Chien KL, Hsu HC, Chen PC, Su TC, Chang WT, Chen MF, et al.
Urinary sodium and potassium excretion and risk of hypertension in
Chinese: report from a community-based cohort study in Taiwan.
J Hypertens 2008;26:1750—6.

Cook NR, Cutler JA, Obarzanek E, Buring JE, Rexrode KM,
Kumanyika SK, et al. Long term effects of dietary sodium reduction on
cardiovascular disease outcomes: observational follow-up of the trials of
hypertension prevention (TOHP). BMJ 2007;334:885.

222.

223.

224.

225.

226.

2217.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

Dickinson HO, Mason JM, Nicolson DJ, Campbell F, Beyer FR, Cook JV,
et al. Lifestyle interventions to reduce raised blood pressure: a systematic
review of randomized controlled trials. J Hypertens 2006;24:215—33.
Puddey IB, Beilin LJ, Vandongen R. Regular alcohol use raises blood
pressure in treated hypertensive subjects. A randomised controlled trial.
Lancet 1987;1:647—51.

Cushman WC, Cutler JA, Hanna E, Bingham SF, Follmann D, Harford T,
et al. Prevention and Treatment of Hypertension Study (PATHS): effects
of an alcohol treatment program on blood pressure. Arch Intern Med
1998:158:1197—207.

Xin X, He J, Frontini MG, Ogden LG, Motsamai OI, Whelton PK.
Effects of alcohol reduction on blood pressure: a meta-analysis of
randomized controlled trials. Hypertension 2001;38:1112—7.

Neter JE, Stam BE, Kok FJ, Grobbee DE, Geleijnse JM. Influence of
weight reduction on blood pressure: a meta-analysis of randomized
controlled trials. Hypertension 2003;42:878—84.

Whitlock G, Lewington S, Sherliker P, Clarke R, Emberson J, Halsey J,
et al. Body-mass index and cause-specific mortality in 900 000 adults:
collaborative analyses of 57 prospective studies. Lancet 2009;373:
1083—96.

Chen Z, Yang G, Offer A, Zhou M, Smith M, Peto R, et al. Body mass
index and mortality in China: a 15-year prospective study of 220 000
men. Int J Epidemiol 2012;41:472—81.

Wing RR, Bolin P, Brancati FL, Bray GA, Clark JM, Coday M, et al.
Cardiovascular effects of intensive lifestyle intervention in type 2 dia-
betes. N Engl J Med 2013;369:145—54.

Primatesta P, Falaschetti E, Gupta S, Marmot MG, Poulter NR. Asso-
ciation between smoking and blood pressure: evidence from the health
survey for England. Hypertension 2001;37:187—93.

Hsieh FI, Chiou HY. Stroke: morbidity, risk factors, and care in taiwan.
J Stroke 2014;16:59—64.

Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Sacks FM,
et al. A clinical trial of the effects of dietary patterns on blood pressure.
N Engl J Med 1997;336:1117—24.

Sacks FM, Svetkey LP, Vollmer WM, Appel LJ, Bray GA, Harsha D,
et al. Effects on blood pressure of reduced dietary sodium and the Di-
etary Approaches to Stop Hypertension (DASH) diet. DASH-Sodium
Collaborative Research Group. N Engl J Med 2001;344:3—10.
Blumenthal JA, Babyak MA, Hinderliter A, Watkins LL, Craighead L,
Lin PH, et al. Effects of the DASH diet alone and in combination with
exercise and weight loss on blood pressure and cardiovascular bio-
markers in men and women with high blood pressure: the ENCORE
study. Arch Intern Med 2010;170:126—35.

Struijk EA, May AM, Wezenbeek NL, Fransen HP, Soedamah-Muthu SS,
Geelen A, et al. Adherence to dietary guidelines and cardiovascular
disease risk in the EPIC-NL cohort. Int J Cardiol 2014;176:354—9.
Fung TT, Chiuve SE, McCullough ML, Rexrode KM, Logroscino G,
Hu FB. Adherence to a DASH-style diet and risk of coronary heart
disease and stroke in women. Arch Intern Med 2008;168:713—20.
Whelton SP, Chin A, Xin X, He J. Effect of aerobic exercise on blood
pressure: a meta-analysis of randomized, controlled trials. Ann Intern
Med 2002;136:493—503.

Cornelissen VA, Fagard RH. Effects of Endurance Training on Blood
Pressure, Blood Pressure-Regulating Mechanisms, and Cardiovascular
Risk Factors. Hypertension 2005:46:667—75.

Turnbull F, Neal B, Algert C, Chalmers J, Chapman N, Cutler J, et al.
Effects of different blood pressure-lowering regimens on major cardio-
vascular events in individuals with and without diabetes mellitus: results
of prospectively designed overviews of randomized trials. Arch Intern
Med 2005;165:1410—9.

Turnbull F. Effects of different blood-pressure-lowering regimens on
major cardiovascular events: results of prospectively-designed overviews
of randomised trials. Lancer 2003;362:1527—35.

Yano Y, Briasoulis A, Bakris GL, Hoshide S, Wang JG, Shimada K, et al.
Effects of antihypertensive treatment in Asian populations: a meta-
analysis of prospective randomized controlled studies (CARdiovascular
protectioN group in Asia: CARNA). JAm Soc Hypertens 2014;8:103—16.


http://refhub.elsevier.com/S1726-4901(14)00315-3/sref200
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref200
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref200
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref201
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref201
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref201
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref201
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref201
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref202
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref202
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref202
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref202
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref202
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref203
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref203
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref203
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref203
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref203
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref203
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref203
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref204
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref204
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref204
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref204
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref204
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref204
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref204
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref205
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref205
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref205
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref205
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref206
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref206
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref206
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref206
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref206
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref207
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref207
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref207
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref207
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref208
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref208
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref208
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref208
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref209
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref209
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref209
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref209
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref209
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref210
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref210
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref210
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref210
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref211
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref211
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref211
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref211
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref211
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref211
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref212
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref212
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref212
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref212
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref213
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref213
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref213
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref213
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref214
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref214
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref214
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref214
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref215
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref215
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref215
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref215
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref216
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref216
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref216
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref216
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref216
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref217
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref217
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref217
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref217
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref218
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref218
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref218
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref218
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref219
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref219
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref219
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref219
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref220
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref220
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref220
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref220
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref220
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref221
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref221
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref221
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref221
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref222
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref222
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref222
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref222
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref223
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref223
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref223
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref223
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref223
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref224
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref224
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref224
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref224
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref225
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref225
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref225
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref225
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref226
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref226
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref226
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref226
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref227
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref227
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref227
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref228
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref228
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref228
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref228
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref229
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref229
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref229
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref229
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref229
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref230
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref230
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref230
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref230
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref230
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref230
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref231
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref231
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref231
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref231
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref232
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref232
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref232
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref232
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref233
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref233
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref233
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref233
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref234
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref234
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref234
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref234
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref235
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref235
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref235
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref235
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref235
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref235
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref236
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref236
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref236
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref236
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref237
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref237
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref237
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref237
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref237

3

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

C.-E. Chiang et al. / Journal of the Chinese Medical Association 78 (2015) 1—47

Dahlof B, Devereux RB, Kjeldsen SE, Julius S, Beevers G, Faire U, et al.
Cardiovascular morbidity and mortality in the Losartan Intervention For
Endpoint reduction in hypertension study (LIFE): a randomised trial
against atenolol. Lancet 2002;359:995—1003.

Dahlof B, Sever PS, Poulter NR, Wedel H, Beevers DG, Caulfield M, et al.
Prevention of cardiovascular events with an antihypertensive regimen of
amlodipine adding perindopril as required versus atenolol adding bend-
roflumethiazide as required, in the Anglo-Scandinavian Cardiac Outcomes
Trial-Blood Pressure Lowering Arm (ASCOT-BPLA): a multicentre
randomised controlled trial. Lancet 2005;366:895—906.

Jamerson K, Weber MA, Bakris GL, Dahlof B, Pitt B, Shi V, et al. Bena-
zepril plus Amlodipine or Hydrochlorothiazide for Hypertension in High-
Risk Patients. N Engl J Med 2008;359:2417—28.

Law MR, Wald NJ, Morris JK, Jordan RE. Value of low dose combi-
nation treatment with blood pressure lowering drugs: analysis of 354
randomised trials. BMJ 2003;326:1427.

Wald DS, Law M, Morris JK, Bestwick JP, Wald NJ. Combination
therapy versus monotherapy in reducing blood pressure: meta-
analysis on 11,000 participants from 42 trials. Am J Med
2009;122:290—-300.

Hermida RC, Ayala DE, Calvo C, Lopez JE, Mojon A, Fontao MJ, et al.
Effects of time of day of treatment on ambulatory blood pressure
pattern of patients with resistant hypertension. Hypertension
2005:46:1053—9.

Hermida RC, Calvo C, Ayala DE, Fernandez JR, Covelo M, Mojon A,
et al. Treatment of non-dipper hypertension with bedtime administration
of valsartan. J Hypertens 2005;23:1913—22.

Hermida RC, Ayala DE, Fernandez JR, Calvo C. Comparison of the
efficacy of morning versus evening administration of telmisartan in
essential hypertension. Hypertension 2007;50:715—22.

Hermida RC, Ayala DE. Chronotherapy with the angiotensin-converting
enzyme inhibitor ramipril in essential hypertension: improved blood
pressure control with bedtime dosing. Hypertension 2009;54:40—6.
Hermida RC, Calvo C, Ayala DE, Lopez JE. Decrease in urinary albumin
excretion associated with the normalization of nocturnal blood pressure
in hypertensive subjects. Hypertension 2005;46:960—8.

Minutolo R, Gabbai FB, Borrelli S, Scigliano R, Trucillo P, Baldanza D,
et al. Changing the timing of antihypertensive therapy to reduce
nocturnal blood pressure in CKD: an 8-week uncontrolled trial. Am J
Kidney Dis 2007;50:908—17.

Julius S, Kjeldsen SE, Weber M, Brunner HR, Ekman S, Hansson L,
et al. Outcomes in hypertensive patients at high cardiovascular risk
treated with regimens based on valsartan or amlodipine: the VALUE
randomised trial. Lancet 2004;363:2022—31.

Weber MA, Julius S, Kjeldsen SE, Brunner HR, Ekman S, Hansson L,
et al. Blood pressure dependent and independent effects of antihyper-
tensive treatment on clinical events in the VALUE Trial. Lancet
2004;363:2049—51.

Lithell H, Hansson L, Skoog I, Elmfeldt D, Hofman A, Olofsson B, et al.
The Study on Cognition and Prognosis in the Elderly (SCOPE): principal
results of a randomized double-blind intervention trial. J Hypertens
2003;21:875—86.

The AO, Coordinators for the ACRG. Major Outcomes in High-Risk
Hypertensive Patients Randomized to Angiotensin-Converting Enzyme
Inhibitor or Calcium Channel Blocker vs Diuretic: the Antihypertensive
and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT).
JAMA 2002;288:2981—97.

Vemulapalli S, Ard J, Bakris GL, Bhatt DL, Brown AS, Cushman WC,
et al. Proceedings from Duke resistant hypertension think tank. Am Heart
J 2014;167:775—788 el.

Weber MA, Jamerson K, Bakris GL, Weir MR, Zappe D, Zhang Y, et al.
Effects of body size and hypertension treatments on cardiovascular event
rates: subanalysis of the ACCOMPLISH randomised controlled trial.
Lancet 2013;381:537—45.

Barzilay JI, Davis BR, Cutler JA, Pressel SL, Whelton PK, Basile J, et al.
Fasting glucose levels and incident diabetes mellitus in older nondiabetic
adults randomized to receive 3 different classes of antihypertensive
treatment: a report from the Antihypertensive and Lipid-Lowering

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

2175.

276.

271.

2178.

279.

Treatment to Prevent Heart Attack Trial (ALLHAT). Arch Intern Med
2006;166:2191—201.

Musini VM, Nazer M, Bassett K, Wright JM. Blood pressure-lowering
efficacy of monotherapy with thiazide diuretics for primary hyperten-
sion. Cochrane Database Syst Rev 2014;5:CD003824.

Clayton JA, Rodgers S, Blakey J, Avery A, Hall IP. Thiazide diuretic
prescription and electrolyte abnormalities in primary care. Br J Clin
Pharmacol 2006;61:87—95.

Franse LV, Pahor M, Di Bari M, Somes GW, Cushman WC,
Applegate WB. Hypokalemia associated with diuretic use and cardio-
vascular events in the Systolic Hypertension in the Elderly Program.
Hypertension 2000;35:1025—30.

Schnaper HW, Freis ED, Friedman RG, Garland WT, Hall WD, Hollifield J,
et al. Potassium restoration in hypertensive patients made hypokalemic
by hydrochlorothiazide. Arch Intern Med 1989;149:2677—81.
Rodenburg EM, Visser LE, Hoorn EJ, Ruiter R, Lous JJ, Hofman A,
et al. Thiazides and the risk of hypokalemia in the general population. J
Hypertens 2014;32:2092—7.

Leung AA, Wright A, Pazo V, Karson A, Bates DW. Risk of thiazide-
induced hyponatremia in patients with hypertension. Am J Med
2011;124:1064—72.

Rodenburg EM, Hoorn EJ, Ruiter R, Lous JJ, Hofman A,
Uitterlinden AG, et al. Thiazide-associated hyponatremia: a population-
based study. Am J Kidney Dis 2013;62:67—72.

Elliott W], Meyer PM. Incident diabetes in clinical trials of antihyper-
tensive drugs: a network meta-analysis. Lancet 2007;369:201—7.
Whelton PK, Barzilay J, Cushman WC, Davis BR, liamathi E, Kostis JB,
et al. Clinical outcomes in antihypertensive treatment of type 2 diabetes,
impaired fasting glucose concentration, and normoglycemia: Antihy-
pertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial
(ALLHAT). Arch Intern Med 2005;165:1401—9.

Verdecchia P, Reboldi G, Angeli F, Borgioni C, Gattobigio R,
Filippucci L, et al. Adverse prognostic significance of new diabetes in
treated hypertensive subjects. Hypertension 2004;43:963—9.

Almgren T, Wilhelmsen L, Samuelsson O, Himmelmann A,
Rosengren A, Andersson OK. Diabetes in treated hypertension is com-
mon and carries a high cardiovascular risk: results from a 28-year follow-
up. J Hypertens 2007;25:1311—7.

Tu K, Anderson LN, Butt DA, Quan H, Hemmelgarn BR, Campbell NR,
et al. Antihypertensive drug prescribing and persistence among new
elderly users: implications for persistence improvement interventions.
Can J Cardiol 2014;30:647—52.

Ernst ME, Carter BL, Goerdt CJ, Steffensmeier JJG, Phillips BB,
Zimmerman MB, et al. Comparative antihypertensive effects of hydro-
chlorothiazide and chlorthalidone on ambulatory and office blood pres-
sure. Hypertension 2006;47:352—S8.

Dorsch MP, Gillespie BW, Erickson SR, Bleske BE, Weder AB.
Chlorthalidone reduces cardiovascular events compared with hydro-
chlorothiazide: a retrospective cohort analysis. Hypertension 2011;57:
689—94.

Patel A, Macmahon S, Chalmers J, Neal B, Woodward M, Billot L, et al.
Effects of a fixed combination of perindopril and indapamide on mac-
rovascular and microvascular outcomes in patients with type 2 diabetes
mellitus (the ADVANCE trial): a randomised controlled trial. Lancet
2007;370:829—40.

Roush GC, Holford TR, Guddati AK. Chlorthalidone compared with
hydrochlorothiazide in reducing cardiovascular events: systematic re-
view and network meta-analyses. Hypertension 2012;59:1110—7.
Maron BA, Leopold JA. Aldosterone receptor antagonists: effective but
often forgotten. Circulation 2010;121:934—9.

Vasan RS, Evans JC, Larson MG, Wilson PWF, Meigs JB, Rifai N, et al.
Serum aldosterone and the incidence of hypertension in nonhypertensive
persons. N Engl J Med 2004;351:33—41.

Calhoun DA, Nishizaka MK, Zaman MA, Thakkar RB, Weissmann P.
Hyperaldosteronism among black and white subjects with resistant hy-
pertension. Hypertension 2002;40:892—6.

Pratt-Ubunama MN, Nishizaka MK, Boedefeld RL, Cofield SS,
Harding SM, Calhoun DA. Plasma aldosterone is related to severity of


http://refhub.elsevier.com/S1726-4901(14)00315-3/sref238
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref238
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref238
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref238
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref238
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref239
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref239
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref239
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref239
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref239
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref239
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref239
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref240
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref240
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref240
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref240
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref241
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref241
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref241
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref242
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref242
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref242
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref242
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref242
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref243
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref243
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref243
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref243
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref243
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref244
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref244
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref244
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref244
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref245
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref245
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref245
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref245
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref246
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref246
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref246
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref246
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref247
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref247
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref247
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref247
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref248
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref248
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref248
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref248
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref248
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref249
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref249
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref249
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref249
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref249
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref250
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref250
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref250
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref250
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref250
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref251
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref251
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref251
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref251
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref251
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref252
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref252
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref252
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref252
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref252
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref252
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref253
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref253
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref253
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref253
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref254
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref254
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref254
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref254
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref254
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref255
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref255
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref255
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref255
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref255
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref255
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref255
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref256
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref256
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref256
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref257
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref257
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref257
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref257
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref258
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref258
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref258
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref258
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref258
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref259
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref259
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref259
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref259
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref260
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref260
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref260
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref260
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref261
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref261
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref261
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref261
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref262
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref262
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref262
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref262
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref263
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref263
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref263
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref264
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref264
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref264
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref264
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref264
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref264
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref265
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref265
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref265
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref265
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref266
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref266
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref266
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref266
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref266
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref267
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref267
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref267
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref267
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref267
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref268
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref268
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref268
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref268
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref268
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref269
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref269
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref269
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref269
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref269
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref270
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref270
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref270
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref270
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref270
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref270
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref271
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref271
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref271
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref271
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref272
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref272
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref272
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref273
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref273
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref273
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref273
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref274
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref274
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref274
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref274
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref275
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref275

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

C.-E. Chiang et al. / Journal of the Chinese Medical Association 78 (2015) 1—47 43

obstructive sleep apnea in subjects with resistant hypertension. Chest
2007;131:453-9.

Byrd JB, Brook RD. A critical review of the evidence supporting aldo-
sterone in the etiology and its blockade in the treatment of obesity-
associated hypertension. J Hum Hypertens 2014;28:3—9.

Rossi GP, Bernini G, Caliumi C, Desideri G, Fabris B, Ferri C, et al. A
prospective study of the prevalence of primary aldosteronism in 1,125
hypertensive patients. J Am Coll Cardiol 2006;48:2293—300.

Milliez P, Girerd X, Plouin PF, Blacher J, Safar ME, Mourad JJ. Evi-
dence for an increased rate of cardiovascular events in patients with
primary aldosteronism. J Am Coll Cardiol 2005;45:1243—8.

Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, et al. The
effect of spironolactone on morbidity and mortality in patients with severe
heart failure. N Engl J Med 1999;341:709—17.

Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, et al.
Eplerenone, a selective aldosterone blocker, in patients with left ven-
tricular dysfunction after myocardial infarction. N Engl J Med
2003;348:1309—21.

Zannad F, McMurray JJ, Krum H, van Veldhuisen DJ, Swedberg K,
Shi H, et al. Eplerenone in patients with systolic heart failure and mild
symptoms. N Engl J Med 2011;364:11—21.

Edelmann F, Wachter R, Schmidt AG, Kraigher-Krainer E,
Colantonio C, Kamke W, et al. Effect of spironolactone on diastolic
function and exercise capacity in patients with heart failure with pre-
served ejection fraction: the Aldo-DHF randomized controlled trial.
JAMA 2013;309:781-91.

Pitt B, Pfeffer MA, Assmann SF, Boineau R, Anand IS, Claggett B, et al.
Spironolactone for heart failure with preserved ejection fraction. N Engl
J Med 2014;370:1383—92.

Vongpatanasin W. Resistant hypertension: a review of diagnosis and
management. JAMA 2014;311:2216—24.

Matsui Y, Eguchi K, O'Rourke MF, Ishikawa J, Shimada K, Kario K.
Association between aldosterone induced by antihypertensive medica-
tion and arterial stiffness reduction: the J-CORE study. Atherosclerosis
2011;215:184-8.

Lijnen P, Staessen J, Fagard R, Amery A. Increase in plasma aldosterone
during prolonged captopril treatment. Am J Cardiol 1982;49:1561—3.
Chapman N, Dobson J, Wilson S, Dahlof B, Sever PS, Wedel H, et al.
Effect of Spironolactone on Blood Pressure in Subjects With Resistant
Hypertension. Hypertension 2007;49:839—45.

Zannad F. Aldosterone antagonist therapy in resistant hypertension.
J Hypertens 2007;25:747—50.

Lane DA, Shah S, Beevers DG. Low-dose spironolactone in the man-
agement of resistant hypertension: a surveillance study. J Hypertens
2007;25:891—4.

de Souza F, Muxfeldt E, Fiszman R, Salles G. Efficacy of spironolactone
therapy in patients with true resistant hypertension. Hypertension
2010;55:147-52.

Vaclavik J, Sedlak R, Plachy M, Navratil K, Plasek J, Jarkovsky J, et al.
Addition of spironolactone in patients with resistant arterial hypertension
(ASPIRANT): a randomized, double-blind, placebo-controlled trial.
Hypertension 2011;57:1069—75.

Bobrie G, Frank M, Azizi M, Peyrard S, Boutouyrie P, Chatellier G, et al.
Sequential nephron blockade versus sequential renin-angiotensin system
blockade in resistant hypertension: a prospective, randomized, open
blinded endpoint study. J Hypertens 2012;30:1656—64.

Azizi M, Perdrix L, Bobrie G, Frank M, Chatellier G, Menard J, et al.
Greater efficacy of aldosterone blockade and diuretic reinforcement vs.
dual renin-angiotensin blockade for left ventricular mass regression in
patients with resistant hypertension. J Hypertens 2014;32:2038—44.
Oxlund CS, Henriksen JE, Tarnow L, Schousboe K, Gram J,
Jacobsen IA. Low dose spironolactone reduces blood pressure in patients
with resistant hypertension and type 2 diabetes mellitus: a double blind
randomized clinical trial. J Hypertens 2013;31:2094—102.

Karns AD, Bral JM, Hartman D, Peppard T, Schumacher C. Study of
aldosterone synthase inhibition as an add-on therapy in resistant hyper-
tension. J Clin Hypertens (Greenwich) 2013;15:186—92.

300

301.

302.

303.

304.

305.

306.

307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

. Sica DA, Carter B, Cushman W, Hamm L. Thiazide and loop diuretics.
J Clin Hypertens (Greenwich) 2011;13:639—43.

Kuyper LM, Khan NA. Atenolol vs nonatenolol beta-blockers for the
treatment of hypertension: a meta-analysis. Can J Cardiol 2014;30
(Suppl 5):547—53.

Rutten FH, Zuithoff NP, Hak E, Grobbee DE, Hoes AW. Beta-blockers
may reduce mortality and risk of exacerbations in patients with chronic
obstructive pulmonary disease. Arch Intern Med 2010;170:880—7.
Stefan MS, Rothberg MB, Priya A, Pekow PS, Au DH, Lindenauer PK.
Association between beta-blocker therapy and outcomes in patients
hospitalised with acute exacerbations of chronic obstructive lung disease
with underlying ischaemic heart disease, heart failure or hypertension.
Thorax 2012;67:977—84.

Fonarow GC, Stough WG, Abraham WT, Albert NM, Gheorghiade M,
Greenberg BH, et al. Characteristics, treatments, and outcomes of patients
with preserved systolic function hospitalized for heart failure: a report
from the OPTIMIZE-HF Registry. J Am Coll Cardiol 2007;50:768—77.
Mentz RJ, Wojdyla D, Fiuzat M, Chiswell K, Fonarow GC,
O'Connor CM. Association of beta-blocker use and selectivity with
outcomes in patients with heart failure and chronic obstructive pulmo-
nary disease (from OPTIMIZE-HF). Am J Cardiol 2013;111:582—17.
Bangalore S, Parkar S, Grossman E, Messerli FH. A meta-analysis of
94,492 patients with hypertension treated with beta blockers to determine
the risk of new-onset diabetes mellitus. Am J Cardiol 2007;100:
1254—62.

Boutouyrie P, Achouba A, Trunet P, Laurent S. Amlodipine-valsartan
combination decreases central systolic blood pressure more effectively
than the amlodipine-atenolol combination: the EXPLOR study. Hyper-
tension 2010;55:1314—22.

Kirch W, Gorg KG. Clinical pharmacokinetics of atenolol—a review. Eur
J Drug Metab Pharmacokinet 1982;7:81-91.

Bangalore S, Sawhney S, Messerli FH. Relation of beta-blocker-induced
heart rate lowering and cardioprotection in hypertension. J Am Coll
Cardiol 2008;52:1482—9.

Park S, Rhee MY, Lee SY, Park SW, Jeon D, Kim BW, et al. A pro-
spective, randomized, open-label, active-controlled, clinical trial to
assess central haemodynamic effects of bisoprolol and atenolol in hy-
pertensive patients. J Hypertens 2013;31:813—9.

Zhou WJ, Wang RY, Li Y, Chen DR, Chen EZ, Zhu DL, et al. A ran-
domized controlled study on the effects of bisoprolol and atenolol on
sympathetic nervous activity and central aortic pressure in patients with
essential hypertension. PLoS One 2013;8:¢72102.

Kampus P, Serg M, Kals J, Zagura M, Muda P, Karu K, et al. Differential
effects of nebivolol and metoprolol on central aortic pressure and left
ventricular wall thickness. Hypertension 2011;57:1122—8.

Studinger P, Tabak AG, Chen CH, Salvi P, Othmane TE, Torzsa P, et al.
The effect of low-dose carvedilol, nebivolol, and metoprolol on central
arterial pressure and its determinants: a randomized clinical trial. J Clin
Hypertens (Greenwich) 2013;15:910—7.

Poirier L, Tobe SW. Contemporary use of beta-blockers: clinical rele-
vance of subclassification. Can J Cardiol 2014;30(Suppl 5):S9—15.
Celik T, Iyisoy A, Kursaklioglu H, Kardesoglu E, Kilic S, Turhan H,
et al. Comparative effects of nebivolol and metoprolol on oxidative
stress, insulin resistance, plasma adiponectin and soluble P-selectin
levels in hypertensive patients. J Hypertens 2006;24:591—6.

Bakris GL, Fonseca V, Katholi RE, McGill JB, Messerli FH, Phillips RA,
et al. Metabolic effects of carvedilol vs metoprolol in patients with type 2
diabetes mellitus and hypertension: a randomized controlled trial. JAMA
2004;292:2227-36.

Flather MD, Shibata MC, Coats AJS, Van Veldhuisen DIJ,
Parkhomenko A, Borbola J, et al. Randomized trial to determine the
effect of nebivolol on mortality and cardiovascular hospital admission in
elderly patients with heart failure (SENIORS). Eur Heart J
2005;26:215-25.

Packer M, Bristow MR, Cohn JN, Colucci WS, Fowler MB, Gilbert EM,
et al. The effect of carvedilol on morbidity and mortality in patients with
chronic heart failure. N Engl J Med 1996;334:1349—55.


http://refhub.elsevier.com/S1726-4901(14)00315-3/sref275
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref275
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref275
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref276
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref276
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref276
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref276
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref277
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref277
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref277
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref277
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref278
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref278
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref278
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref278
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref279
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref279
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref279
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref279
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref280
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref280
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref280
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref280
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref280
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref281
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref281
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref281
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref281
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref282
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref282
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref282
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref282
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref282
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref282
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref283
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref283
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref283
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref283
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref284
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref284
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref284
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref285
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref285
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref285
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref285
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref285
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref286
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref286
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref286
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref287
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref287
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref287
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref287
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref288
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref288
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref288
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref289
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref289
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref289
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref289
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref290
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref290
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref290
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref290
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref291
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref291
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref291
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref291
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref291
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref292
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref292
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref292
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref292
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref292
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref293
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref293
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref293
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref293
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref293
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref294
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref294
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref294
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref294
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref294
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref295
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref295
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref295
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref295
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref296
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref296
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref296
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref297
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref297
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref297
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref297
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref298
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref298
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref298
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref298
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref299
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref299
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref299
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref299
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref299
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref299
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref300
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref300
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref300
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref300
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref300
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref301
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref301
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref301
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref301
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref301
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref302
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref302
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref302
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref302
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref302
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref303
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref303
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref303
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref303
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref303
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref304
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref304
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref304
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref304
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref305
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref305
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref305
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref305
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref306
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref306
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref306
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref306
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref306
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref307
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref307
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref307
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref307
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref308
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref308
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref308
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref308
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref309
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref309
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref309
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref309
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref309
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref310
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref310
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref310
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref311
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref311
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref311
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref311
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref311
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref312
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref312
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref312
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref312
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref312
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref313
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref313
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref313
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref313
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref313
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref313
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref314
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref314
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref314
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref314

44

319.

320.

321.

322.

323.

324.

325.

326.

327.

328.

329.

330.

331.

332.

333.

334.

335.

336.

C.-E. Chiang et al. / Journal of the Chinese Medical Association 78 (2015) 1—47

Poole-Wilson PA, Swedberg K, Cleland JG, Di Lenarda A, Hanrath P,
Komajda M, et al. Comparison of carvedilol and metoprolol on clinical
outcomes in patients with chronic heart failure in the Carvedilol Or
Metoprolol European Trial (COMET): randomised controlled trial.
Lancet 2003;362:7—13.

Brown MIJ, Palmer CR, Castaigne A, de Leeuw PW, Mancia G,
Rosenthal T, et al. Morbidity and mortality in patients randomised to
double-blind treatment with a long-acting calcium-channel blocker or
diuretic in the International Nifedipine GITS study: Intervention as a
Goal in Hypertension Treatment (INSIGHT). Lancet 2000;356:366—72.
Wang JG, Kario K, Lau T, Wei YQ, Park CG, Kim CH, et al. Use of
dihydropyridine calcium channel blockers in the management of hy-
pertension in Eastern Asians: a scientific statement from the Asian Pa-
cific Heart Association. Hypertens Res 2011;34:423—30.

Makani H, Bangalore S, Romero J, Wever-Pinzon O, Messerli FH. Effect
of renin-angiotensin system blockade on calcium channel blocker-
associated peripheral edema. Am J Med 2011;124:128—35.

Black HR, Elliott WJ, Grandits G, Grambsch P, Lucente T, White WB, et al.
Principal results of the Controlled Onset Verapamil Investigation of Car-
diovascular End Points (CONVINCE) trial. JAMA 2003;289:2073—82.
Hansson L, Hedner T, Lund-Johansen P, Kjeldsen SE, Lindholm LH,
Syvertsen JO, et al. Randomised trial of effects of calcium antagonists
compared with diuretics and beta-blockers on cardiovascular morbidity
and mortality in hypertension: the Nordic Diltiazem (NORDIL) study.
Lancet 2000;356:359—65.

Slataper R, Vicknair N, Sadler R, Bakris GL. Comparative effects of
different antihypertensive treatments on progression of diabetic renal
disease. Arch Intern Med 1993;153:973—80.

Elliott WJ, Ram CV. Calcium channel blockers. J Clin Hypertens
(Greenwich) 2011;13:687—9.

The OI. Telmisartan, ramipril, or both in patients at high risk for vascular
events. N Engl J Med 2008;358:1547—59.

Effect of enalapril on mortality and the development of heart failure in
asymptomatic patients with reduced left ventricular ejection fractions.
The SOLVD Investigattors. N Engl J Med 1992;327:685—91.

Pfeffer MA, Braunwald E, Moye LA, Basta L, Brown Jr EJ, Cuddy TE,
et al. Effect of captopril on mortality and morbidity in patients with left
ventricular dysfunction after myocardial infarction. Results of the sur-
vival and ventricular enlargement trial. The SAVE Investigators. N Engl
J Med 1992;327:669—77.

Effects of enalapril on mortality in severe congestive heart failure. Re-
sults of the Cooperative North Scandinavian Enalapril Survival Study
(CONSENSUS). The CONSENSUS Trial Study Group. N Engl J Med
1987;316:1429—35.

Effect of ramipril on mortality and morbidity of survivors of acute
myocardial infarction with clinical evidence of heart failure. The Acute
Infarction Ramipril Efficacy (AIRE) Study Investigators. Lancet
1993;342:821-8.

Kober L, Torp-Pedersen C, Carlsen JE, Bagger H, Eliasen P, Lyngborg K,
et al. A clinical trial of the angiotensin-converting-enzyme inhibitor
trandolapril in patients with left ventricular dysfunction after myocardial
infarction. Trandolapril Cardiac Evaluation (TRACE) Study Group. N
Engl J Med 1995;333:1670—6.

Estacio RO, Jeffers BW, Hiatt WR, Biggerstaff SL, Gifford N,
Schrier RW. The effect of nisoldipine as compared with enalapril on
cardiovascular outcomes in patients with non-insulin-dependent diabetes
and hypertension. N Engl J Med 1998;338:645—52.

Effects of ramipril on cardiovascular and microvascular outcomes in
people with diabetes mellitus: results of the HOPE study and MICRO-
HOPE substudy. Heart Outcomes Prevention Evaluation Study In-
vestigators. Lancet 2000;355:253—9.

Wu HY, Huang JW, Lin HJ, Liao WC, Peng YS, Hung KY, et al.
Comparative effectiveness of renin-angiotensin system blockers and
other antihypertensive drugs in patients with diabetes: systematic review
and bayesian network meta-analysis. BMJ 2013;347:f6008.

Hou FF, Zhang X, Zhang GH, Xie D, Chen PY, Zhang WR, et al. Ef-
ficacy and safety of benazepril for advanced chronic renal insufficiency.
N Engl J Med 2006;354:131—40.

337.

338.

339.

340.

341.

342.

343.

344.

345.

346.

347.

348.

349.

350.

351.

352.

353.

354.

355.

Hsu TW, Liu JS, Hung SC, Kuo KL, Chang YK, Chen YC, et al.
Renoprotective effect of renin-angiotensin-aldosterone system blockade
in patients with predialysis advanced chronic kidney disease, hyperten-
sion, and anemia. JAMA Intern Med 2014;174:347—54.

Dicpinigaitis PV. Angiotensin-converting enzyme inhibitor-induced
cough: ACCP evidence-based clinical practice guidelines. Chest
2006;129(Suppl 1):169S—73S.

Woo KS, Norris RM, Nicholls G. Racial difference in incidence of cough
with angiotensin-converting enzyme inhibitors (a tale of two cities). Am
J Cardiol 1995;75:967—8.

Woo KS, Nicholls MG. High prevalence of persistent cough with
angiotensin converting enzyme inhibitors in Chinese. Br J Clin Phar-
macol 1995;40:141—4.

Tumanan-Mendoza BA, Dans AL, Villacin LL, Mendoza VL, Rellama-
Black S, Bartolome M, et al. Dechallenge and rechallenge method
showed different incidences of cough among four ACE-Is. J Clin Epi-
demiol 2007;60:547—53.

Brugts JJ, Arima H, Remme W, Bertrand M, Ferrari R, Fox K, et al. The
incidence and clinical predictors of ACE-inhibitor induced dry cough by
perindopril in 27,492 patients with vascular disease. Int J Cardiol
2014;176:718—23.

Bezalel S, Mahlab-Guri K, Asher I, Werner B, Sthoeger ZM. Angio-
tensin converting enzyme inhibitor induced angioedema. Am J Med July
21 2014 [Epub ahead of print].

Makani H, Messerli FH, Romero J, Wever-Pinzon O, Korniyenko A,
Berrios RS, et al. Meta-analysis of randomized trials of angioedema as
an adverse event of renin-angiotensin system inhibitors. Am J Cardiol
2012;110:383—91.

Yu LT, Zhu J, Tan HQ, Wang GG, Teo KK, Liu LS. Telmisartan, ram-
ipril, or both in high-risk Chinese patients: analysis of ONTARGET
China data. Chin Med J (Engl) 2011;124:1763—8.

Cohn JN, Tognoni G, the Valsartan Heart Failure Trial I. A randomized
trial of the angiotensin-receptor blocker valsartan in chronic heart failure.
N Engl J Med 2001;345:1667—75.

Pfeffer MA, McMurray JJ, Velazquez EJ, Rouleau JL, Kober L,
Maggioni AP, et al. Valsartan, captopril, or both in myocardial infarction
complicated by heart failure, left ventricular dysfunction, or both. N Engl
J Med 2003;349:1893—906.

Pfeffer MA, Swedberg K, Granger CB, Held P, McMurray JJV,
Michelson EL, et al. Effects of candesartan on mortality and morbidity in
patients with chronic heart failure: the CHARM-Overall programme.
Lancet 2003;362:759—66.

Gradman AH, Schmieder RE, Lins RL, Nussberger J, Chiang Y,
Bedigian MP. Aliskiren, a novel orally effective renin inhibitor, provides
dose-dependent antihypertensive efficacy and placebo-like tolerability in
hypertensive patients. Circulation 2005;111:1012—8.

Parving HH, Persson F, Lewis JB, Lewis EJ, Hollenberg NK, the ASI.
Aliskiren combined with losartan in type 2 diabetes and nephropathy. N
Engl J Med 2008;358:2433—46.

Solomon SD, Appelbaum E, Manning WJ, Verma A, Berglund T,
Lukashevich V, et al. Effect of the direct renin inhibitor aliskiren, the
angiotensin receptor blocker losartan, or both on left ventricular mass in
patients with hypertension and left ventricular hypertrophy. Circulation
2009;119:530—7.

Seed A, Gardner R, McMurray J, Hillier C, Murdoch D, MacFadyen R,
et al. Neurohumoral effects of the new orally active renin inhibitor,
aliskiren, in chronic heart failure. Eur J Heart Fail 2007;9:1120—7.
Parving HH, Brenner BM, McMurray JJ, de Zeeuw D, Haffner SM,
Solomon SD, et al. Cardiorenal end points in a trial of aliskiren for type 2
diabetes. N Engl J Med 2012;367:2204—13.

Gheorghiade M, Bohm M, Greene SJ, Fonarow GC, Lewis EF, Zannad F,
et al. Effect of aliskiren on postdischarge mortality and heart failure
readmissions among patients hospitalized for heart failure: the
ASTRONAUT randomized trial. JAMA 2013;309:1125—35.

Teo KK, Pfeffer M, Mancia G, O'Donnell M, Dagenais G, Diaz R, et al.
Aliskiren alone or with other antihypertensives in the elderly with
borderline and stage 1 hypertension: the APOLLO trial. Eur Heart J
2014;35:1743—51.


http://refhub.elsevier.com/S1726-4901(14)00315-3/sref315
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref315
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref315
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref315
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref315
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref315
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref316
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref316
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref316
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref316
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref316
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref316
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref317
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref317
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref317
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref317
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref317
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref318
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref318
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref318
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref318
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref319
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref319
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref319
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref319
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref320
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref320
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref320
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref320
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref320
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref320
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref321
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref321
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref321
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref321
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref322
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref322
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref322
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref323
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref323
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref323
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref324
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref324
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref324
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref324
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref325
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref325
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref325
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref325
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref325
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref325
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref326
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref326
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref326
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref326
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref326
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref327
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref327
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref327
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref327
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref327
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref328
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref328
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref328
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref328
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref328
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref328
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref329
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref329
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref329
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref329
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref329
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref330
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref330
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref330
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref330
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref330
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref331
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref331
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref331
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref331
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref332
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref332
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref332
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref332
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref333
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref333
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref333
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref333
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref333
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref334
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref334
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref334
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref334
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref335
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref335
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref335
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref335
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref336
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref336
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref336
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref336
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref337
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref337
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref337
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref337
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref337
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref338
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref338
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref338
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref338
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref338
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref339
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref339
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref339
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref340
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref340
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref340
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref340
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref340
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref341
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref341
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref341
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref341
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref342
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref342
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref342
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref342
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref343
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref343
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref343
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref343
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref343
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref344
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref344
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref344
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref344
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref344
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref345
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref345
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref345
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref345
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref345
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref346
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref346
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref346
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref346
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref347
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref347
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref347
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref347
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref347
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref347
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref348
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref348
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref348
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref348
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref349
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref349
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref349
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref349
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref350
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref350
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref350
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref350
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref350
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref351
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref351
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref351
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref351
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref351

356.

357.

358.

359.

360.

361.

362.

363.

364.

365.

366.

367.

368.

369.

370.

371.

372.

373.

374.

375.

C.-E. Chiang et al. / Journal of the Chinese Medical Association 78 (2015) 1—47 45

Major cardiovascular events in hypertensive patients randomized to
doxazosin vs chlorthalidone: the antihypertensive and lipid-lowering
treatment to prevent heart attack trial (ALLHAT). ALLHAT Collabora-
tive Research Group. JAMA 2000;283:1967—75.

Kandler MR, Mah GT, Tejani AM, Stabler SN, Salzwedel DM.
Hydralazine for essential hypertension. Cochrane Database Syst Rev
2011;(11):CD004934.

Cohn JN, McInnes GT, Shepherd AM. Direct-acting vasodilators. J Clin
Hypertens (Greenwich) 2011;13:690—2.

Taylor AL, Ziesche S, Yancy C, Carson P, D'Agostino Jr R, Ferdinand K,
et al. Combination of isosorbide dinitrate and hydralazine in blacks with
heart failure. N Engl J Med 2004;351:2049—57.

Laurent S, Schlaich M, Esler M. New drugs, procedures, and devices for
hypertension. Lancet 2012;380:591—600.

Ruilope LM, Dukat A, Bohm M, Lacourciere Y, Gong J, Lefkowitz MP.
Blood-pressure reduction with LCZ696, a novel dual-acting inhibitor of
the angiotensin II receptor and neprilysin: a randomised, double-blind,
placebo-controlled, active comparator study. Lancet 2010;375:1255—66.
McMurray JJV, Packer M, Desai AS, Gong J, Lefkowitz MP,
Rizkala AR, et al. Angiotensin—Neprilysin Inhibition versus Enalapril in
Heart Failure. N Engl J Med 2014;371:993—1004.

Kaplan NM, Opie LH. Controversies in hypertension. Lancer 2006;367:
168—76.

Cushman WC, Ford CE, Cutler JA, Margolis KL, Davis BR, Grimm RH,
et al. Success and predictors of blood pressure control in diverse North
American settings: the antihypertensive and lipid-lowering treatment to
prevent heart attack trial (ALLHAT). J Clin Hypertens (Greenwich)
2002:4:393—404.

Corrao G, Nicotra F, Parodi A, Zambon A, Heiman F, Merlino L, et al.
Cardiovascular protection by initial and subsequent combination of
antihypertensive  drugs in daily life practice. Hypertension
2011;58:566—72.

Corrao G, Parodi A, Zambon A, Heiman F, Filippi A, Cricelli C, et al.
Reduced discontinuation of antihypertensive treatment by two-drug
combination as first step. Evidence from daily life practice. J Hyper-
tens 2010;28:1584—90.

Mancia G, Grassi G. Individualization of antihypertensive drug treat-
ment. Diabetes Care 2013;36(Suppl 2):S301—6.

Weber MA, Bakris GL, Jamerson K, Weir M, Kjeldsen SE,
Devereux RB, et al. Cardiovascular events during differing hypertension
therapies in patients with diabetes. J Am Coll Cardiol 2010;56:77—85.
Bakris GL, Sarafidis PA, Weir MR, Dahlof B, Pitt B, Jamerson K, et al.
Renal outcomes with different fixed-dose combination therapies in pa-
tients with hypertension at high risk for cardiovascular events
(ACCOMPLISH): a prespecified secondary analysis of a randomised
controlled trial. Lancer 2010;375:1173—81.

Bakris G, Briasoulis A, Dahlof B, Jamerson K, Weber MA, Kelly RY,
et al. Comparison of benazepril plus amlodipine or hydrochlorothiazide
in high-risk patients with hypertension and coronary artery disease. Am J
Cardiol 2013;112:255—9.

Chalmers J, Arima H, Woodward M, Mancia G, Poulter N, Hirakawa Y,
et al. Effects of combination of perindopril, indapamide, and calcium
channel blockers in patients with type 2 diabetes mellitus: results from the
Action In Diabetes and Vascular Disease: Preterax and Diamicron
Controlled Evaluation (ADVANCE) trial. Hypertension 2014;63:259—64.
Mann JF, Schmieder RE, McQueen M, Dyal L, Schumacher H, Pogue J,
et al. Renal outcomes with telmisartan, ramipril, or both, in people at
high vascular risk (the ONTARGET study): a multicentre, randomised,
double-blind, controlled trial. Lancet 2008;372:547—53.

McAlister FA, Zhang J, Tonelli M, Klarenbach S, Manns BJ,
Hemmelgarn BR. The safety of combining angiotensin-converting-
enzyme inhibitors with angiotensin-receptor blockers in elderly patients:
a population-based longitudinal analysis. CMAJ 2011;183:655—62.
Gupta AK, Arshad S, Poulter NR. Compliance, safety, and effectiveness
of fixed-dose combinations of antihypertensive agents: a meta-analysis.
Hypertension 2010;55:399—407.

Xie L, Frech-Tamas F, Marrett E, Baser O. A medication adherence and
persistence comparison of hypertensive patients treated with single-,

376.

371.

378.

379.

380.

381.

382.

383.

384.

385.

386.

387.

388.

389.

390.

391.

392.

393.

394.

395.

396.

double- and triple-pill combination therapy. Curr Med Res Opin
2014:1-27.

Giles TD, Weber MA, Basile J, Gradman AH, Bharucha DB, Chen W,
et al. Efficacy and safety of nebivolol and valsartan as fixed-dose com-
bination in hypertension: a randomised, multicentre study. Lancet
2014;383:1889—98.

Wang TD, Chen YH, Huang CH, Chen WJ, Chen MF. Bidirectional
adherence changes and associated factors in patients switched from free
combinations to equivalent single-pill combinations of antihypertensive
drugs. Hypertension 2014;63:958—67.

Egan BM, Bandyopadhyay D, Shaftman SR, Wagner CS, Zhao Y, Yu-
Isenberg KS. Initial Monotherapy and Combination Therapy and Hy-
pertension Control the First Year. Hypertension 2012;59:1124—31.
Feldman RD, Zou GY, Vandervoort MK, Wong CJ, Nelson SAE,
Feagan BG. A Simplified Approach to the Treatment of Uncomplicated
Hypertension: a Cluster Randomized, Controlled Trial. Hypertension
2009;53:646—53.

Thom S, Poulter N, Field J, et al. Effects of a fixed-dose combination
strategy on adherence and risk factors in patients with or at high risk of
cvd: the umpire randomized clinical trial. JAMA 2013;310:918—29.
Jaffe MG, Lee GA, Young JD, Sidney S, Go AS. IMproved blood
pressure control associated with a large-scale hypertension program.
JAMA 2013;310:699—705.

Tinetti ME, Han L, Lee DS, McAvay GJ, Peduzzi P, Gross CP, et al.
Antihypertensive medications and serious fall injuries in a nationally
representative  sample of older adults. JAMA Intern Med
2014;174:588—95.

Beckett N, Peters R, Tuomilehto J, Swift C, Sever P, Potter J, et al.
Immediate and late benefits of treating very elderly people with hyper-
tension: results from active treatment extension to Hypertension in the
Very Elderly randomised controlled trial. BMJ 2012;344:d7541.
Lasserson DS, Buclin T, Glasziou P. How quickly should we titrate
antihypertensive medication? Systematic review modelling blood pres-
sure response from trial data. Heart 2011;97:1771-5.

Rosenbaum L, Shrank WH. Taking our medicine—improving adherence
in the accountability era. N Engl J Med 2013;369:694—5.

Bakris G, Nathan S. Renal denervation and left ventricular mass
regression: a benefit beyond blood pressure reduction? J Am Coll Cardiol
2014;63:1924—5.

Schlaich MP, Sobotka PA, Krum H, Lambert E, Esler MD. Renal
sympathetic-nerve ablation for uncontrolled hypertension. N Engl J Med
2009;361:932—4.

Thukkani AK, Bhatt DL. Renal denervation therapy for hypertension.
Circulation 2013;128:2251—4.

Krum H, Schlaich M, Whitbourn R, Sobotka PA, Sadowski J, Bartus K,
et al. Catheter-based renal sympathetic denervation for resistant hyper-
tension: a multicentre safety and proof-of-principle cohort study. Lancet
2009;373:1275—81.

Esler MD, Krum H, Sobotka PA, Schlaich MP, Schmieder RE, Bohm M.
Renal sympathetic denervation in patients with treatment-resistant hy-
pertension (The Symplicity HTN-2 Trial): a randomised controlled trial.
Lancet 2010;376:1903—9.

Krum H, Schlaich MP, Sobotka PA, Bohm M, Mahfoud F, Rocha-
Singh K, et al. Percutaneous renal denervation in patients with treatment-
resistant hypertension: final 3-year report of the Symplicity HTN-1
study. Lancet 2014;383:622—9.

Messerli FH, Bangalore S. Treatment-resistant hypertension: another
Cinderella story. Eur Heart J 2013;34:1175—7.

Bhatt DL, Kandzari DE, O'Neill WW, D'Agostino R, Flack IM,
Katzen BT, et al. A controlled trial of renal denervation for resistant
hypertension. N Engl J Med 2014;370:1393—401.

Bakris GL, Townsend RR, Liu M, Cohen SA, D'Agostino R, Flack JM, et al.
Impact of renal denervation on 24-hour ambulatory blood pressure: results
from SYMPLICITY HTN-3. J Am Coll Cardiol 2014;64:1071—8.
Messerli FH, Bangalore S. Renal denervation for resistant hypertension?
N Engl J Med 2014;370:1454—7.

Fadl Elmula FE, Hoffmann P, Larstorp AC, Fossum E, Brekke M,
Kjeldsen SE, et al. Adjusted drug treatment is superior to renal


http://refhub.elsevier.com/S1726-4901(14)00315-3/sref352
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref352
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref352
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref352
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref352
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref353
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref353
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref353
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref354
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref354
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref354
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref355
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref355
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref355
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref355
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref356
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref356
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref356
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref357
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref357
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref357
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref357
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref357
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref358
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref358
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref358
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref358
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref358
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref359
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref359
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref359
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref360
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref360
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref360
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref360
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref360
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref360
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref361
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref361
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref361
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref361
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref361
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref362
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref362
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref362
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref362
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref362
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref363
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref363
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref363
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref364
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref364
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref364
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref364
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref365
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref365
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref365
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref365
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref365
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref365
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref366
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref366
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref366
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref366
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref366
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref367
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref367
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref367
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref367
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref367
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref367
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref368
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref368
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref368
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref368
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref368
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref369
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref369
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref369
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref369
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref369
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref370
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref370
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref370
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref370
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref371
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref371
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref371
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref371
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref371
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref372
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref372
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref372
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref372
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref372
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref373
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref373
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref373
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref373
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref373
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref374
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref374
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref374
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref374
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref375
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref375
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref375
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref375
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref375
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref376
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref376
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref376
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref376
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref377
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref377
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref377
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref377
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref378
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref378
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref378
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref378
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref378
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref379
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref379
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref379
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref379
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref380
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref380
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref380
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref380
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref381
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref381
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref381
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref381
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref382
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref382
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref382
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref382
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref383
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref383
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref383
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref383
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref384
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref384
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref384
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref385
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref385
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref385
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref385
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref385
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref386
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref386
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref386
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref386
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref386
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref387
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref387
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref387
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref387
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref387
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref388
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref388
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref388
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref389
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref389
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref389
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref389
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref390
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref390
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref390
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref390
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref391
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref391
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref391
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref392
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref392

46

397.

398.

399.

400.

401.

402.

403.

404.

405.

406.

407.

408.

4009.

410.

411.

412.

413.

414,

C.-E. Chiang et al. / Journal of the Chinese Medical Association 78 (2015) 1—47

sympathetic denervation in patients with true treatment-resistant hyper-
tension. Hypertension 2014;63:991—9.

Lohmeier TE, Iliescu R, Liu B, Henegar JR, Maric-Bilkan C, Irwin ED.
Systemic and renal-specific sympathoinhibition in obesity hypertension.
Hypertension 2012;59:331—8.

Bisognano JD, Bakris G, Nadim MK, Sanchez L, Kroon AA, Schafer J,
et al. Baroreflex activation therapy lowers blood pressure in patients with
resistant hypertension: results from the double-blind, randomized,
placebo-controlled rheos pivotal trial. J Am Coll Cardiol
2011;58:765—73.

Calhoun DA, Jones D, Textor S, Goff DC, Murphy TP, Toto RD, et al.
Resistant hypertension: diagnosis, evaluation, and treatment: a scientific
statement from the American Heart Association Professional Education
Committee of the Council for High Blood Pressure Research. Circulation
2008;117:e510—26.

Ma W, Zhang Y. Low rate of resistant hypertension in Chinese patients
with hypertension: an analysis of the HOT-CHINA study. J Hypertens
2013;31:2386—90.

Calhoun DA, Booth 3rd JN, Oparil S, Irvin MR, Shimbo D,
Lackland DT, et al. Refractory hypertension: determination of preva-
lence, risk factors, and comorbidities in a large, population-based cohort.
Hypertension 2014;63:451—8.

Kumbhani DJ, Steg PG, Cannon CP, Eagle KA, Smith Jr SC, Crowley K,
et al. Resistant hypertension: a frequent and ominous finding among hy-
pertensive patients with atherothrombosis. Eur Heart J 2013;34:1204—14.
Daugherty SL, Powers JD, Magid DJ, Tavel HM, Masoudi FA,
Margolis KL, et al. Incidence and prognosis of resistant hypertension in
hypertensive patients. Circulation 2012;125:1635—42.

Smith SM, Gong Y, Handberg E, Messerli FH, Bakris GL, Ahmed A, et al.
Predictors and outcomes of resistant hypertension among patients with
coronary artery disease and hypertension. J Hypertens 2014;32:635—43.
de la Sierra A, Segura J, Banegas JR, Gorostidi M, de la Cruz JJ,
Armario P, et al. Clinical features of 8295 patients with resistant hy-
pertension classified on the basis of ambulatory blood pressure moni-
toring. Hypertension 2011;57:898—902.

Daugherty SL, Powers JD, Magid DJ, Masoudi FA, Margolis KL,
O'Connor PJ, et al. The association between medication adherence and
treatment intensification with blood pressure control in resistant hyper-
tension. Hypertension 2012;60:303—9.

Irvin MR, Shimbo D, Mann DM, Reynolds K, Krousel-Wood M,
Limdi NA, et al. Prevalence and correlates of low medication adherence
in apparent treatment-resistant hypertension. J Clin Hypertens (Green-
wich) 2012;14:694—700.

Strauch B, Petrak O, Zelinka T, Rosa J, Somloova Z, Indra T, et al.
Precise assessment of noncompliance with the antihypertensive therapy
in patients with resistant hypertension using toxicological serum anal-
ysis. J Hypertens 2013;31:2455—61.

Shimbo D, Levitan EB, Booth 3rd JN, Calhoun DA, Judd SE, Lackland DT,
et al. The contributions of unhealthy lifestyle factors to apparent resistant
hypertension: findings from the Reasons for Geographic And Racial
Differences in Stroke (REGARDS) study. J Hypertens 2013;31:370—6.
Dimeo F, Pagonas N, Seibert F, Arndt R, Zidek W, Westhoff TH. Aerobic
exercise reduces blood pressure in resistant hypertension. Hypertension
2012;60:653—8.

Messerli FH, Makani H, Benjo A, Romero J, Alviar C, Bangalore S.
Antihypertensive Efficacy of Hydrochlorothiazide as Evaluated by
Ambulatory Blood Pressure Monitoring: A Meta-Analysis of Random-
ized Trials. J Am Coll Cardiol 2011;57:590—600.

Peterzan MA, Hardy R, Chaturvedi N, Hughes AD. Meta-analysis of
dose-response relationships for hydrochlorothiazide, chlorthalidone, and
bendroflumethiazide on blood pressure, serum potassium, and urate.
Hypertension 2012;59:1104—9.

Su TC, Hwang LC, You SL, Chen CJ. Ethnic variation in hypertension
prevalence of women in Taiwan. J Hum Hypertens 2009;23:160—7.
Turnbull F, Woodward M, Neal B, Barzi F, Ninomiya T, Chalmers J,
et al. Do men and women respond differently to blood pressure-lowering
treatment? Results of prospectively designed overviews of randomized
trials. Eur Heart J 2008;29:2669—80.

415.

416.

417.

418.

419.

420.

421.

422.

423.

424.

425.

426.

427.

428.

429.

430.

431.

432.

433.

434.

435.

Chow LP, Lin CC, Keyvan-Larijani E, Chang KK. Oral contraceptives
and mortality from circulatory system diseases: an epidemiologic study
in Taiwan. Int J Gynaecol Obstet 1983;21:297—304.

Chakhtoura Z, Canonico M, Gompel A, Scarabin PY, Plu-Bureau G.
Progestogen-only contraceptives and the risk of acute myocardial
infarction: a meta-analysis. J Clin Endocrinol Metab 2011;96:1169—74.
Farquhar CM, Marjoribanks J, Lethaby A, Lamberts Q, Suckling JA.
Long term hormone therapy for perimenopausal and postmenopausal
women. Cochrane Database Syst Rev 2005;(3):CD004143.

Su IH, Chen YC, Hwang WT, Liu Z, Su TP, Chen TJ, et al. Risks and
benefits of menopausal hormone therapy in postmenopausal Chinese
women. Menopause 2012;19:931—41.

Mosca L, Benjamin EJ, Berra K, Bezanson JL, Dolor RJ, Lloyd-
Jones DM, et al. Effectiveness-based guidelines for the prevention of
cardiovascular disease in women—2011 update: a guideline from the
american heart association. Circulation 2011;123:1243—62.
Hypertension in pregnancy. Report of the American College of Obste-
tricians and Gynecologists' Task Force on Hypertension in Pregnancy.
Obstet Gynecol 2013;122:1122—31.

Visintin C, Mugglestone MA, Almerie MQ, Nherera LM, James D,
Walkinshaw S. Management of hypertensive disorders during pregnancy:
summary of NICE guidance. BMJ 2010;341:¢2207.

Raheem IA, Saaid R, Omar SZ, Tan PC. Oral nifedipine versus intra-
venous labetalol for acute blood pressure control in hypertensive emer-
gencies of pregnancy: a randomised trial. BJOG 2012;119:78—85.
Shekhar S, Sharma C, Thakur S, Verma S. Oral nifedipine or intravenous
labetalol for hypertensive emergency in pregnancy: a randomized
controlled trial. Obstet Gynecol 2013;122:1057—63.

LeFevre ML. Low-Dose Aspirin Use for the Prevention of Morbidity and
Mortality From Preeclampsia: U.S. Preventive Services Task Force
Recommendation Statement. Ann Intern Med 2014;161:819—26.

Tang CH, Wu CS, Lee TH, Hung ST, Yang CY, Lee CH, et al. Pre-
eclampsia-eclampsia and the risk of stroke among peripartum in Taiwan.
Stroke 2009;40:1162—8.

Wang IK, Tsai 1J, Chen PC, Liang CC, Chou CY, Chang CT, et al.
Hypertensive disorders in pregnancy and subsequent diabetes mellitus: a
retrospective cohort study. Am J Med 2012;125:251—17.

Lin YS, Tang CH, Yang CY, Wu LS, Hung ST, Hwa HL, et al. Effect of
pre-eclampsia-eclampsia on major cardiovascular events among peri-
partum women in Taiwan. Am J Cardiol 2011;107:325—30.

Wang IK, Muo CH, Chang YC, Liang CC, Chang CT, Lin SY, et al.
Association between hypertensive disorders during pregnancy and end-
stage renal disease: a population-based study. CMAJ 2013;185:207—13.
Fontes ML, Varon J. Perioperative hypertensive crisis: newer concepts.
Int Anesthesiol Clin 2012;50:40—58.

Poldermans D, Bax JJ, Boersma E, De Hert S, Eeckhout E, Fowkes G, et al.
Guidelines for pre-operative cardiac risk assessment and perioperative car-
diac management in non-cardiac surgery. Eur Heart J 2009;30:2769—812.
Fleisher LA, Beckman JA, Brown KA, Calkins H, Chaikof EL,
Fleischmann KE, et al. 2009 ACCF/AHA focused update on perioper-
ative beta blockade incorporated into the ACC/AHA 2007 guidelines on
perioperative cardiovascular evaluation and care for noncardiac surgery.
J Am Coll Cardiol 2009;54:e13—118.

Weksler N, Klein M, Szendro G, Rozentsveig V, Schily M, Brill S, et al.
The dilemma of immediate preoperative hypertension: to treat and
operate, or to postpone surgery? J Clin Anesth 2003;15:179—83.
Rouleau JL, Warnica WJ, Baillot R, Block PJ, Chocron S, Johnstone D,
et al. Effects of angiotensin-converting enzyme inhibition in low-risk
patients early after coronary artery bypass surgery. Circulation 2008;
117:24-31.

Miceli A, Capoun R, Fino C, Narayan P, Bryan AJ, Angelini GD, et al.
Effects of angiotensin-converting enzyme inhibitor therapy on clinical
outcome in patients undergoing coronary artery bypass grafting. J Am
Coll Cardiol 2009;54:1778—84.

Bandeali SJ, Kayani WT, Lee VV, Pan W, Elayda MA, Nambi V, et al.
Outcomes of preoperative angiotensin-converting enzyme inhibitor
therapy in patients undergoing isolated coronary artery bypass grafting.
Am J Cardiol 2012;110:919—23.


http://refhub.elsevier.com/S1726-4901(14)00315-3/sref392
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref392
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref392
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref393
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref393
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref393
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref393
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref394
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref394
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref394
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref394
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref394
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref394
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref395
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref395
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref395
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref395
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref395
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref395
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref396
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref396
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref396
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref396
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref397
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref397
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref397
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref397
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref397
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref398
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref398
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref398
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref398
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref399
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref399
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref399
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref399
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref400
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref400
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref400
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref400
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref401
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref401
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref401
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref401
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref401
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref402
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref402
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref402
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref402
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref402
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref403
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref403
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref403
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref403
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref403
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref404
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref404
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref404
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref404
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref404
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref405
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref405
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref405
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref405
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref405
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref406
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref406
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref406
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref406
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref407
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref407
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref407
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref407
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref407
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref408
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref408
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref408
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref408
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref408
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref409
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref409
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref409
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref410
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref410
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref410
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref410
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref410
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref411
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref411
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref411
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref411
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref412
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref412
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref412
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref412
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref413
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref413
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref413
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref414
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref414
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref414
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref414
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref415
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref415
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref415
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref415
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref415
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref415
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref416
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref416
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref416
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref416
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref417
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref417
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref417
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref418
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref418
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref418
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref418
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref419
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref419
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref419
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref419
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref420
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref420
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref420
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref420
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref421
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref421
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref421
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref421
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref422
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref422
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref422
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref422
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref423
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref423
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref423
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref423
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref424
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref424
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref424
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref424
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref425
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref425
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref425
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref426
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref426
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref426
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref426
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref427
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref427
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref427
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref427
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref427
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref427
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref428
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref428
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref428
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref428
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref429
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref429
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref429
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref429
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref429
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref430
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref430
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref430
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref430
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref430
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref431
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref431
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref431
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref431
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref431

436.

437.

438.

439.

440.

441.

442.

443.

444,

C.-E. Chiang et al. / Journal of the Chinese Medical Association 78 (2015) 1—47 47

Radaelli G, Bodanese LC, Guaragna JC, Borges AP, Goldani MA,
Petracco JB, et al. The use of inhibitors of angiotensin-converting
enzyme and its relation to events in the postoperative period of
CABG. Rev Bras Cir Cardiovasc 2011;26:373—9.

Benedetto U, Sciarretta S, Roscitano A, Fiorani B, Refice S, Angeloni E,
et al. Preoperative Angiotensin-converting enzyme inhibitors and acute
kidney injury after coronary artery bypass grafting. Ann Thorac Surg
2008:86:1160—5.

Drenger B, Fontes ML, Miao Y, Mathew JP, Gozal Y, Aronson S, et al.
Patterns of use of perioperative angiotensin-converting enzyme inhibitors
in coronary artery bypass graft surgery with cardiopulmonary bypass:
effects on in-hospital morbidity and mortality. Circulation
2012;126:261-9.

Hart GR, Anderson RJ. Withdrawal syndromes and the cessation of
antihypertensive therapy. Arch Intern Med 1981;141:1125—7.

Psaty BM, Koepsell TD, Wagner EH, LoGerfo JP, Inui TS. The relative
risk of incident coronary heart disease associated with recently stopping
the use of beta-blockers. JAMA 1990;263:1653—7.

Karachalios GN, Charalabopoulos A, Papalimneou V, Kiortsis D,
Dimicco P, Kostoula OK, et al. Withdrawal syndrome following
cessation of antihypertensive drug therapy. Int J Clin Pract
2005;59:562—70.

Shammash JB, Trost JC, Gold JM, Berlin JA, Golden MA, Kimmel SE.
Perioperative beta-blocker withdrawal and mortality in vascular surgical
patients. Am Heart J 2001;141:148—53.

Hoeks SE, Scholte Op Reimer W1J, van Urk H, Jorning PJ, Boersma E,
Simoons ML, et al. Increase of 1-year mortality after perioperative beta-
blocker withdrawal in endovascular and vascular surgery patients. Eur J
Vasc Endovasc Surg 2007;33:13—9.

Dunkelgrun M, Boersma E, Schouten O, Koopman-van Gemert AW,
van Poorten F, Bax JJ, et al. Bisoprolol and fluvastatin for the
reduction of perioperative cardiac mortality and myocardial infarction
in intermediate-risk patients undergoing noncardiovascular surgery: a
randomized  controlled  trial (DECREASE-1V). Ann  Surg
2009;249:921—6.

445.

446.

447.

448.

449.

450.

451.

452.

453.

454.

Yang H, Raymer K, Butler R, Parlow J, Roberts R. The effects of periop-
erative beta-blockade: results of the Metoprolol after Vascular Surgery
(MaVS) study, arandomized controlled trial. Am Heart J 2006;152:983—90.
Devereaux PJ, Yang H, Yusuf S, Guyatt G, Leslie K, Villar JC, et al.
Effects of extended-release metoprolol succinate in patients undergoing
non-cardiac surgery (POISE trial): a randomised controlled trial. Lancet
2008;371:1839—47.

Bangalore S, Wetterslev J, Pranesh S, Sawhney S, Gluud C, Messerli FH.
Perioperative beta blockers in patients having non-cardiac surgery: a
meta-analysis. Lancet 2008;372:1962—76.

Lindenauer PK, Pekow P, Wang K, Mamidi DK, Gutierrez B,
Benjamin EM. Perioperative beta-blocker therapy and mortality after
major noncardiac surgery. N Engl J Med 2005;353:349—61.

London MJ, Hur K, Schwartz GG, Henderson WG. Association of
perioperative beta-blockade with mortality and cardiovascular morbidity
following major noncardiac surgery. JAMA 2013;309:1704—13.

Bouri S, Shun-Shin MJ, Cole GD, Mayet J, Francis DP. Meta-analysis of
secure randomised controlled trials of beta-blockade to prevent periop-
erative death in non-cardiac surgery. Heart 2014;100:456—64.

Duncan D, Nkonde-Price C, Virani SS, Washam JB, Fleischmann KE,
et al. Perioperative Beta Blockade in Noncardiac Surgery: a Systematic
Review for the 2014 ACC/AHA Guideline on Perioperative Cardiovas-
cular Evaluation and Management of Patients Undergoing Noncardiac
Surgery: a Report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol
2014;64:2406—25 [Epub ahead of print].

Aronson S, Dyke CM, Stierer KA, Levy JH, Cheung AT, Lumb PD, et al.
The ECLIPSE trials: comparative studies of clevidipine to nitroglycerin,
sodium nitroprusside, and nicardipine for acute hypertension treatment in
cardiac surgery patients. Anesth Analg 2008;107:1110—21.

Deeks ED, Keating GM, Keam SJ. Clevidipine: a review of its use in the
management of acute hypertension. Am J Cardiovasc Drugs 2009;9:
117-34.

Nguyen HM, Ma K, Pham DQ. Clevidipine for the treatment of severe
hypertension in adults. Clin Ther 2010;32:11—23.


http://refhub.elsevier.com/S1726-4901(14)00315-3/sref432
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref432
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref432
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref432
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref432
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref433
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref433
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref433
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref433
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref433
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref434
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref434
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref434
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref434
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref434
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref434
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref435
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref435
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref435
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref436
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref436
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref436
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref436
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref437
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref437
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref437
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref437
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref437
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref438
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref438
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref438
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref438
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref439
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref439
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref439
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref439
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref439
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref440
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref440
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref440
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref440
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref440
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref440
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref440
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref441
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref441
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref441
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref441
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref442
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref442
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref442
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref442
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref442
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref443
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref443
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref443
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref443
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref444
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref444
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref444
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref444
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref445
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref445
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref445
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref445
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref446
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref446
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref446
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref446
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref447
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref447
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref447
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref447
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref447
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref447
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref447
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref447
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref448
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref448
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref448
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref448
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref448
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref449
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref449
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref449
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref449
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref450
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref450
http://refhub.elsevier.com/S1726-4901(14)00315-3/sref450

	2015 Guidelines of the Taiwan Society of Cardiology and the Taiwan Hypertension Society for the Management of Hypertension
	1. Introduction
	1.1. How were the guidelines created?
	1.2. Comparison of hypertension guidelines

	2. Epidemiology
	2.1. Hypertension in Asia
	2.2. Hypertension in Taiwan

	3. Definition and classification of hypertension
	4. Diagnosis
	4.1. Blood pressure measurement
	4.1.1. Office blood pressure measurement
	4.1.2. Ambulatory blood pressure monitoring (ABPM)
	4.1.2.1. Advantages of ABPM36
	4.1.2.2. Weaknesses of ABPM36

	4.1.3. Home blood pressure monitoring (HBPM)
	4.1.3.1. Advantages of HBPM36, 57
	4.1.3.2. Weaknesses of HBPM36, 57


	4.2. White-coat hypertension
	4.3. Masked hypertension
	4.4. Diagnosis algorithm

	5. Evaluation
	5.1. Medical history
	5.2. Physical examination
	5.3. Laboratory tests
	5.4. Central blood pressure
	5.5. Blood pressure variability
	5.6. Screening for secondary hypertension

	6. Blood pressure thresholds and targets
	6.1. J-curve revisit
	6.2. Overall BP thresholds and targets
	6.3. Primary prevention
	6.4. Patients with diabetes
	6.5. Patients with coronary heart disease
	6.6. Patients with a history of stroke
	6.7. Patients with chronic kidney disease
	6.7.1. Threshold and target for patients with CKD in stages 2 - 4
	6.7.2. Threshold and target for patients with ESRD (stage 5 CKD)

	6.8. Elderly patients
	6.9. Patients receiving antithrombotic therapy for stroke prevention

	7. Treatment
	7.1. Life style modification
	7.1.1. Sodium restriction
	7.1.2. Alcohol limitation
	7.1.3. Body weight reduction
	7.1.4. Cigarette smoke cessation
	7.1.5. Diet adaptation
	7.1.6. Exercise adoption

	7.2. Principles of drug therapy
	7.3. Monotherapy
	7.3.1. Diuretics
	7.3.1.1. Thiazides and thiazide-like diuretics
	7.3.1.2. Mineralocorticoid receptor antagonists
	7.3.1.3. Loop diuretics
	7.3.1.4. Other potassium-sparing diuretics

	7.3.2. Beta-blockers
	7.3.2.1. Atenolol
	7.3.2.2. Non-atenolol beta-blockers

	7.3.3. Calcium channel blockers (CCBs)
	7.3.3.1. Dihydropyridine calcium channel blockers (DHP CCBs)
	7.3.3.2. Non-dihydropyridine calcium channel blockers

	7.3.4. Angiotensin converting enzyme (ACE) inhibitors
	7.3.5. Angiotensin receptor blockers (ARBs)
	7.3.6. Direct renin inhibitor (DRI)
	7.3.7. Other anti-hypertensive agents

	7.4. Combination therapy
	7.4.1. Choice of combination
	7.4.2. Single-pill combination

	7.5. Treatment algorithm
	7.6. Adjustment algorithm
	7.7. Non-pharmacological therapy
	7.7.1. Renal nerve denervation
	7.7.2. Other non-pharmacological therapy


	8. Treatment strategies in special conditions
	8.1. Treatment resistant hypertension
	8.2. Hypertension in women
	8.2.1. Effect of oral contraceptives
	8.2.2. Effect of hormone replacement therapy
	8.2.3. Hypertension in pregnancy

	8.3. Perioperative management of hypertension

	9. Comparison of 2010 Hypertension Guidelines of TSOC and 2015 Hypertension Guidelines of TSOC/THS
	Acknowledgments
	Task Force for the 2015 Guidelines of the Taiwan Society of Cardiology and the Taiwan Hypertension Society for the Manageme ...
	Advisory Board Members for the 2015 Guidelines of the Taiwan Society of Cardiology and the Taiwan Hypertension Society for  ...

	References


