A novel management program for hypertension
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Abstract: In this article, we describe a comprehensive management program for hypertension (HTN),

based on the experience of leading cardiovascular centers in China. This comprehensive approach, adhering

to a number of core principles, includes diagnosis and therapeutic interventions. Therapeutic management

includes lifestyle changes, risk factor management and pharmacological intervention and should allow

reliable lowering blood pressure (BP). Additional paragraphs discuss the relationship between paroxysmal

atrial fibrillation (PAF), and HTN.
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Introduction

Hypertension (HTN) and the associated cardiovascular
complications are a major challenge globally. These non-
communicable disease (NCD) conditions are a major public
health challenge and lead to heavy burden on society. As
an independent risk factor, HT'N is associated with adverse
cardiovascular events, such as acute or chronic heart failure,
acute myocardial infarction (AMI), atrial fibrillation (AF),
other arrhythmias and related complications including
stroke. The current status in China, has been summarized

i

a “three-high and three-low”, meaning that prevalence,
disability and mortality rates are high while awareness,
treatment, and control rates are still low (1-3). Because of
its complicated, multi-factorial underlying pathophysiologic
mechanisms, the treatment of HTN is complex. In the
terms of traditional Chinese medicine (TCM), this can
be described as “treating the same disease with different
therapies”. However, current results are not satisfactory.
Control of HTN is closely related to management of AF,
because HTN is responsible for about 80% of cases with
AF, and poor blood pressure (BP) control increases the risk
of new-onset AF in hypertensive elderly patients (4,5). Prior
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work from our group suggests that a management program
with standardized comprehensive therapy (6,7), will improve
efficacy of HTN management, may prevent arrhythmia, and
will likely reduce the incidence of associated complications.
This article describes a standardized approach with Chinese
features (6,8).

HTN treatment: from lack of treatment to
comprehensive management

The described management approach for HT'N based
on seven core principals (CP) (6), includes lifestyle
changes, aspects of TCM, and pharmacological treatment
(Table 1). In China, BP control is achieved in only 6.1% of
patients treated for HTN. In an on-going study, we have
found that most HTN patients and their doctors do not
comprehensively apply the CP, most patients with HTN are
untreated or follow a partial strategy. Reasons include lack
of prescription/application of the CP by the physician and/
or lack of compliance by the patient. Treatment may not be
instituted at all or not early enough, BP may be decreased
too rapidly, short-acting antihypertensive drugs may be
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Table 1 HTN treatment: core principles
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Core principals (CP)

Contents

Administration of long-acting and slow or controlling-release antihypertensive drugs to control blood

CP1 Early identification, early diagnosis, and early and lifelong treatment
CP2
pressure (BP)
CP3 Use of low-dose and combined therapy
CP4 Individual and racial therapy
CP5 Integration of traditional Chinese and Western medicine
CP6 Lifestyle modification
CP7 Enhancement of compliance

HTN, hypertension. CP6: here, E(e)SEED-BasED healthy lifestyles are suggested.

used for a long period, BP may not be monitored during
treatment, drugs may not be individualized according to the
patient’s history, TCM (Huoxuehuayu) prescriptions may
not be combined with Western medicine (WM). Patients
may not take antihypertensive drugs as directed, may stop
treatment on their own, may not exercise or watch their
diet, or may be unwilling to change treatment or stop
treatment when BP has been controlled and symptoms have
disappeared.

Previous data from our group demonstrates that lifestyle
plays a key role in the development of HTN. We have
described “C-type HTN (CtH)” (Hu et 4/., manuscript
in submission), which is related to “new type stress” due
to unhealthy lifestyles and characterized by the change
of human cortisol level. Management according to the
CP focuses on lifestyles modification, early treatment,
combination therapy, and individualized therapy (6). An
important component is that the patient is provided with
health education. Our data suggests that adherence to the
CP is a reliable method for lowering BP and if promoted in
clinical practice, would decrease the percentage of patients
with uncontrolled BP and the number of cardiovascular and
cerebrovascular events. Use of long-acting antihypertensive
drugs and TCM Huoxuehuayu prescriptions would
increase, injury of target organs would decrease, and quality
of life (QOL) and life expectancy would improve greatly
due to the decrease of HTN-related PAF. This would lead

to economic and social benefits.

Stepwise management program for HTN

HTN in adults has been defined and classified by The Sixth
Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood
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Pressure (JNC 6, 1997) (9). Subsequently, there were
important changes in the categorization and definition of
HTN in JNC 7 [2003] (10), with simplified categories, and
definition of pre-H'TN:
* Normal BP: SBP <120 mmHg and diastolic BP (DBP)
<80 mmHg;
® Pre-HTN: these are patients on the cusp of developing
HTN. It is defined as a SBP of 120-139 mmHg or a
DBP of 80-89 mmHg;
e Stage I HTN: SBP 140-159 mmHg or DBP 90-
99 mmHg;
e Stage II HT'N: SBP >160 mmHg or DBP >100 mmHg.
In JNC 8 [2014] (11), the definitions of HTN and
pre-HTN remained unchanged, but thresholds for
pharmacologic treatment were defined. The JNC
classification is used in the step-wise, comprehensive
management program described below (Figure 1) (6,7).

Step one: initial examination and follow-up

Subjects who have borderline or elevated BP at the time
of a routine physical examination, as well as patients
started on treatment in an out-patient or in-patient setting
should adhere to regular follow-up. Regular follow-
up improves relations between doctors and patients and
strengthens effective communication, provides opportunity
for health education, and thus increases the compliance
with pharmacological treatment and non-pharmacological
interventions. Regular follow up also allows physicians to
better understand short-, medium-, and long-term effects
of treatment and prognosis and outcome. Furthermore,
systematic documentation, specifically within electronic
health records, allows collection and analysis of data for
large-scale, evidence-based, clinical research as the basis
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STEP1: RT-ABCDEF Strategy
STEP2: RT-ABCDEF + CP1

STEP3: RT-ABCDEF + CP6&7
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Figure 1 A novel management program for hypertension (HTN).
RT-ABCDEF Stragety: F, follow-up; E, examination; D, disease
and risk factors control; C, changing unhealthy lifestyle; B,
biohazard control; A, antagonistic treatment; RT, reverse, rational,
route and right treatment. CP6: here, E(e)SEED-BasED healthy
lifestyles are suggested.

for improved future clinical guidelines. As guidelines may
vary for specific populations, collection of such data is an
important public health priority.

Step two: examination before initiation of pharmacological
therapy

Patients should undergo a thorough systematic general
physical examination before the diagnosis of HTN is made
and before treatment initiation. The examination includes
body mass index (BMI), waist/hip ratio (WHR), routine
biochemical indices, chest X-ray, ECG and ultrasound
echocardiography.

High risk populations should undergo a 24 h Holter
ECG (24-hour ambulatory BP measures, ABPM) at least
once, which can be extended up from 72 h to a week. It is
not always adequate to measure BP once a day for 3 days.
The purpose of ABPM is to diagnose HT'N correctly and
to determine the time of peak BP elevation. This allows
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to tailor type of medication and timing of administration
in order to improve medication efficacy and decrease the
incidence of adverse reactions. In a recent study, increased
BP variability (BPV) has been shown to be a predictor of
stroke among hypertensive patients (12). Moreover, it may
help detect, diagnose and treat HTN early thus minimizing
target organs damage.

For patients with mild HTN, early intervention may
effectively control the disease at the initial stage and may
save the patients from life-long pharmacological treatment
and progression of HTN. This embodies the concept
that prevention is the best and simplest treatment. All of
the original data from the physical examination should
be kept as “primary data” so that they can be compared
with the future data for the determination of the disease
development, eventually in electronic form (electronic
history record, EHR). ABPM, during treatment, may also
be used as a tool to evaluate drug effects and to guide the
treatment of HTN (13).

Step three: exclusion of secondary HI'N and risk factors
control

In more than 90% of patients, HI'N is primary or essential
and only 5-10% has secondary HTN. Causes of secondary
HTN include chronic kidney diseases (CKD) such as
chronic glomerulonephritis and renal artery stenosis,
pheochromocytoma, sleep disorders including obstructive
sleep apnea syndrome (OSAS) (14), etc. If suspected
based on the results of the initial routine history, clinical
examination and biochemical analysis, these conditions
should be excluded.

A number of other conditions, including obesity,
stress, smoking, excessive alcohol consumption, and sleep
disturbances as well as unhealthy lifestyles choices including
lack of sleep (15), and lack of exercise contribute to the
development of HTN. Therefore, controlling risk factors
is a central aspect of a HTN management program. Health
and compliance education are essential to help patients
modify their lifestyles.

Step four: lifestyle changes

Lifestyle modification is a central component of HTN
management. First, it may correct mildly elevated abnormal
BP. Second, it is the first line therapy for mild HTN
and it aids drug therapy for severe HTN. Lifestyle is an
important target for the prevention of cardiovascular and
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cerebrovascular diseases. Lifestyle modification optimally
should follow the “E(e)SEED” rules (http://www.chinagene.
cn/CN/news/news370.shtml) (16), which includes: (I) a
suitable environment far away from pollution; (I) rational
sleep habits; (III) stable emotion and a calm attitude;
(IV) appropriate exercise (aerobic exercise); (V) a diet with
balanced nutrition; and (VI) abstinence from smoking and
excessive alcohol consumption. Obviously, clinical reality is
to find a compromise between the optimal goals and socio-
economic environment of our patients.

Step five: control of abnormal biochemical and
physiological indexes

In many patients with HTN, there are confounding
abnormal biochemical and physiological variables including
hyperlipidemia, hyperglycemia or diabetes mellitus, high
BMI or obesity, hyperuricemia, abnormal liver or renal
function, heart failure, and electrolyte abnormalities.
Abnormal biochemical and physiological indexes should
be adjusted. If pharmacological treatment of HTN is
necessary, the choice of medication should take these
confounding variables into account. In some patients with
mild or moderate HTN, BP may return to the normal levels
by regulating the abnormal physiological and biochemical
indices and drug therapy may not be necessary for these
patients.

Step six: anti-bypertensive treatment

Based on the aforementioned five steps, anti-HTN drugs
are necessary for patients with mild, moderate or severe
HTN if the disease shows no response or no significant
response to lifestyle modification alone. The decision
to initiate treatment should be based on examination
results. Individual and demographic conditions should be
considered and long-acting or slow-release preparations as
well as combined therapies with small doses of anti-HTN
drugs may be selected. At the same time, integration of WM
with TCM (of activating blood circulation and removing
stasis) or adoption of TCM alone may be applied for those
with mild HTN. It should be emphasized that health
education and compliance education should be implemented
for patients with moderate to severe HTN. Patients should
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be advised about the need for lifelong therapeutic treatment
(as well as lifestyle modification). Only with comprehensive
therapy can the HTN optimal treatment be realized for
patients with HTN, thus minimizing the target organ
damage, preventing or decreasing cardio- and cerebro-
vascular events, and enhancing the QOL and prolonging
life expectancy.

Paroxysmal atrial fibrillation (PAF) in HTN

PAF is a common clinical problem and a risk factor for
cardiovascular complications, especially to patients with
HTN. PAF may be induced at every stage of HTN, and
the mechanisms underlying its association with HTN are
incompletely understood. Many cases are initiated at foci
in the ostial pulmonary veins, but various co-morbidities
can lead to different mechanisms (17). Atrial remodeling,
which includes electrical and structural remodeling, with
associated changes in tissue and cellular architecture,
and inflammation, increase the probability of generating
multiple atrial wavelets by enabling rapid atrial activation
and dispersion of refractoriness (18-20).

Prediction of PAF allows implementation of strategies
for prevention in PAF, avoiding of its complications
including stroke. During the last decade, the prediction
of PAF developed rapidly with the development of
modern diagnostic techniques. According to the current
literature, predictors of PAF include demographic and
clinical information such as gender, age and AF history,
electrocardiographic and echocardiography parameters,
but also biomarkers (20,21) (Table 2). And the evaluation
of patterns of these predictors may allow more accurate
clinical prediction (7ible 3), of course, which also includes
PAF-related cardiovascular events (22).

Summary

We describe a comprehensive program for management
of HTN with particular focus on application in China.
It is our goal to further develop this systematic approach
with collection of clinical data in order to develop a
computerized software tool for HTN treatment and
prediction of PAE. We believe that such novel approaches
will help control HT'N and PAF more efficiently.
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Table 2 Current main predictors of paroxysmal atrial fibrillation in general

Hu et al. A novel program for HTN and prediction of PAF

Predictors

Authors

Publications and time

Biomarkers including cytokines (indexes of higher degree)

Albumin
ANP
BNP

CRP or hs-CRP

CA 125
SUA

Dr. He et al.

Dr. Yamada et al.
Dr. Yamada et al.
Dr. Li et al.

Dr. Dernellis et al.

Dr. Hatzinikolaou-Kotsakou et al.

Dr. Hu et al.
Dr. He et al.

Electrophysiology (indexes of moderate-higher degree)

SAECG-PWD (PWD-PII)

Pd (=32.5 mSec)

FPD (>130 mSec) (ALP)

PAC

P minimum

P maximum

Dr. Michalkiewicz et al.
Dr. Aytemir et al.
Dr. Maia et al.

Dr. Aytemir et al.
Dr. Yigit et al.

Dr. Ozer et al.

Dr. Dilaveris et al.
Dr. Hiraki et al.
Dr. Ozer et al.

Dr. Abe et al.

Dr. Thong et al.
Dr. Ozer et al.

Dr. Ishimoto et al.
Dr. Dilaveris et al.
Dr. Abe et al.

Dr. Dilaveris et al.

Echocardiography (indexes of moderate-higher degree)

LAD

LVEF

LVM
E/Vp
E/Ea
LA functional impairment

Dr. Jiang et al.
Dr. Lee et al.

Dr. Rotter et al.
Dr. Miyazaki et al.
Dr. Suzuki et al.
Dr. Aytemir et al.
Dr. Ozer et al.
Dr. Rotter et al.
Pending
Pending

Dr. Kojima et al.

Acta Cardiol 2006;61:333-7

Am J Cardiol 2006;97:1741-4

Am J Cardiol 2006;97:1741-4

Heart Vessels 2006;21:137-40

Am Heart J 2005;150:1064

Am J Cardiol 2006;97:659-61

Molecular Cardiology of China 2005;5:415-7
Chin Med J (Engl) 2013;126:860-4

Pol Merkur Lekarski 2006;20:69-72

Int J Cardiol 2005;103:37-40

Arq Bras Cardiol 1995;64:311-3

J Interv Card Electrophysiol 2004;11:21-7
Ann Noninvasive Electrocardiol 2003;8:308-12
Pacing Clin Electrophysiol 2000;23:1859-62
Am Heart J 1998;135:733-8

J Cardiovasc Electrophysiol 2002;13:1003-8
Pacing Clin Electrophysiol 2000;23:1859-62
Nippon Rinsho 1995;53:496-502

IEEE Trans Biomed Eng 2004;51:561-9
Pacing Clin Electrophysiol 2000;23:1859-62
Am Heart J 2000;139:684-9

J Hypertens 1999;17:1463-70

Nippon Rinsho 1995;53:496-502

Am Heart J 1998;135:733-8

J Interv Card Electrophysiol 2006;15:157-63

J Am Coll Cardiol 2005;46:1054-9

J Cardiovasc Electrophysiol 2005;16:1298-303
J Cardiovasc Electrophysiol 2011;22:621-5
Heart Rhythm 2011;8:1831-6

Int J Cardiol 2005;103:37-40

Pacing Clin Electrophysiol 2000;23:1859-62

J Cardiovasc Electrophysiol 2005;16:1298-303
Pending

Pending

Eur Heart J Cardiovasc Imaging 2012;13:227-34

Table 2 (continued)
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Table 2 (continued)
Predictors Authors Publications and time

Others (indexes of low degree)

Female Dr. Lee et al. J Am Coll Cardiol 2005;46:1054-9
AF history Dr. Antonelli et al. Pacing Clin Electrophysiol 2004;27:365-7
Dr. Rotter et al. J Cardiovasc Electrophysiol 2005;16:1298-303
Age Dr. Gerstenfeld et al. Heart Rhythm 2006;3:165-70
Dr. Hemels et al. Int J Cardiol 2006;111:75-9
BMI Dr. Nicolaou et al. Aging Clin Exp Res 2009;21:344-8
Aortic plaque thickness Dr. Hwang et al. Korean Circ J 2011;41:177-83
CKD Dr. Horio et al. J Hypertens 2010;28:1738-44
CHADSI2] score Dr. Chao et al. Heart Rhythm 2011;8:1155-9
Dr. Fauchier et al. Future Cardiol 2012;8:693-6

ANP, atrial natriuretic peptide; BNP, brain natriuretic peptide; CRP, C-reactive protein; SUA, serum uric acid; SAECG, signal-
averaged ECG; PWD, P ware duration; Pd, P-ware dispersion; FPD, filtered P-ware duration; ALP, atrial late potential; PAC,
premature atrial complexes; LAD, left atrial diameter; LVEF, left ventricular ejection fraction; E/Vp, the ratio of transmitral peak
E-ware velocity to flow propagation velocity; E/Ea, the ratio of E-ware to mitral annular early diastolic velocity; LVM, left ventricular
mass; AF, atrial fibrillation; BMI, body mass index; CKD, chronic kidney disease.

Table 3 The value analysis of several main predictors of PAF in general

Predictors of PAF HR 95% Cl P value
Biomarkers
hs-CRP 1.15 1.04-1.24 0.002
WBC count 1.423 1.067-1.897 0.016
SUA 2.804 1.466-5.362 0.002
ECHO parameters
LAE 2.34 1.27-4.32 0.007
LAD 1.077 1.014-1.144 0.015
ECG parameters
Pd - - <0.001
Clinical index
Female, gender 2.00 1.02-3.92 0.043
HTN 3.127 1.269-7.706 0.013
IHD 4.549 1.679-12.322 0.003
Diabetes 3.425 1.422-8.249 0.006
CKD (S4 and 5) 2.18 - 0.009
APT (=4 mm) 9.514 3.419-26.105 <0.001
Duration of AF 1.010 1.001-1.018 0.025
Type of AF 2.412 1.042-5.584 0.040

In contrast, younger age (<50 yrs) (HR 1.05; 95% CI, 1.01 to 1.09) and lack of persistent AF (HR 3.27; 95% ClI, 1.0 to 10.7) were
each independent predictors of freedom from AF (data sources: all data in this table are from literatures in Table 2 in this paper).
PAF, paroxysmal atrial fibrillation; HR, hazard ratio; 95% CI, 95% confidence interval; CRP, C-reactive protein; SUA, serum uric
acid; LAE, left atrial enlargement; LAD, left atrial diameter; Pd, P wave dispersion; HTN, hypertension; IHD, ischemic heart disease;
CKD (8), chronic kidney disease (stage); APT, aortic plaque thickness; AF, atrial fibrillation.
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