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The purpose of this study was to examine 24-hour antihypertensive effects of losartan as
monotherapy or in combination with low dose hydrochlorothiazide and the effects of these medications
on circadian blood pressure variation in dippers/nondipers hypertensive patients by using 24-hour
ambulatory blood pressure monitoring(ABPM) machine. The study was achieved in thirty-two mild to
moderate primary hypertensive patients in out-patient department at King Chulalongkorn Memorial
Hospital. After one week placebo run-in period or on placebo for at least 5 T1/2 to wash out of any
previously taken antihypertensive drugs, mild to moderate hypertensive patients whose office systolic
blood pressure(SBP) 140-179 mmHg or diastolic blood pressure(DBP) 90-110 mmHg and mean
daytime ambulatory BP>130-80mmHg were allocated to receive 12.5mg dose of HCTZ or losartan
50mg once daily for 4 weeks and cross over for another 4 weeks. After 8 weeks, patients were
categorized to losartan 50 mg normalized group(office SBP/DBP<140/90mmHg) and losartan 50mg
non-normalized group. Patients in losartan normalized group were randomly allocated to receive either
losartan 25mg or half tablet of losartan 50mg plus HCTZ12.5mg once daily. Either losartan 100mg or
one tablet of losartan50mg plus HCTZ 12.5mg once daily were prescribed to losartan non-normalized
patients for another 4 weeks. The office blood pressure and the ambulatory blood pressure were
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Losartan 50 mg significantly reduced blood pressure of the patients throughout 24 hours
while hydrochlorothiazide 12.5 mg could reduce office blood pressure only. Losartan 50 mg also
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considering the frequency, magnitude or AUC above the normal range. Besides, with losartan 50 mg, the
circadian rhythm of blood pressure of nondippers might be transformed to dipper patterns. In losartan 50
mg normalized group, decreasing dosage of losartan to 25 mg could reduce blood pressure to nearly the
same extent as losartan 50 mg. In losartan 50 mg non-normalized group, increasing the dosage of
losartan to 100 mg produce only small further reduction of blood pressure while using the combination
of losartan 50 mg plus hydrochlorothiazide 12.5 mg could induce more pronounced further
antihypertensive effects. Greater rate of response and higher percentage of normalized patients were
also found after treatment with the combination drugs as compared to the increased doses of the single
drug. Using ABPM machine could demonstrate the antihypertensive effects of the drug more thoroughly
than the office measurement. T:P ratio varied extensively among individual patients. After losartan 50
mg or losartan 50 mg plus hydrochlorothiazide12.5 mg once daily, the T:P ratio was ranged 39 to 52 %,
while the T:P ratio obtained after hydrochlorothiazide 12.5 mg once daily was ranged 31 to 33%. The
antihypertensive effects were generated without the reflex tachycardia or intolerance effects or even
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CHAPTER|

INTRODUCTION

The 1994 US National Health and Nutrition Examination Survey(NHANES)I |
indicated that only 27 % of patients have their blood pressure controlled at the level
of 140/90 mmHg.' A problem in the management of hypertension is the increasing
number of treated but uncontrolled hypertensive patients. > These data are significantly
important because data from MRFIT study indicated that cumulative risk for
coronary artery disease increases with higher blood pressure levels. * It is quite clear
that patients with adequately controlled blood pressure are at lower cardiovascular
disease risk than those who are not. “° The Hypertension Optimal Treatment(HOT)
study has shown that the best results for reducing cardiovascular events were seen at a
blood pressure of 139/83 mmHg. Important factors contributing to inadequate blood
pressure control include the lower efficacy of some antihypertensive drugs and poor
compliance . Although increasing the doses of some antihypertensive drugs may result
in greater blood pressure reduction, the side effects profiles may become unacceptable.
Thus , many antihypertensive drugs are limited in efficacy by dose-dependent side
effects.

Whole day blood pressure recordings in healthy subjects are characterized by a
nocturnal fall in blood pressure values. In patients with essential hypertension , it has
been postulated that the lack of this nocturnal fall(nondipper) is associated with more

serious end—organ damage, such as left ventricular hypertrophy, microalbumunuria, or



cerebrovascular diseases ®° than occursin patients whose blood pressure falls during
the night(dipper). Recently, study also showed that the nocturnal fall in blood pressure
was less during high sodium diet with high sodium sensitivity. ° Although the role of
salt senditivity in hypertension has not been fully clarified, proposed mechanisms
include expansion of fluid volume ™, inappropriate suppression of renin-angiotensin
system ' abnormal response of sympathetic nervous activity ** and the
intracellular accumulation of sodium and calcium .*? Data from Japanese study suggest
that the NaCl loading blunted nocturnal declinein blood pressure™ and the diminished
nocturnal fall is restored by sodium restriction, indicating that the circadian rhythm of
blood pressure shifted from a nondipper to a dipper pattern.'® Diuretic-based treatment
of patients with hypertension prevents the development of cardiovascular
complications'’ and has been recommended as first line medication in management of
hypertension, moreover, it has been shown that diuretics can restore nocturnal blood
pressure decline in a manner similar to sodium restriction ,*® thus diuretic-based
treatment may have an additional therapeutic advantage of reducing risk for
cardiovascular complications by transforming the circadian rhythm of blood pressure
from nondipper to dipper.

Angiotension |l Receptor antagonists are the newest class of antihypertensive
agents, and there is growing evidence that they are efficacious and well tolerated.
Losartan is the prototype of this class. The efficacy of Losartan have been proved in
many studies that it is as effective and well-tolerated as enalapril. ****?* Trough to
peak ratios of the mean change in supine diastolic pressure indicated that |osartan had

sustained antihypertensive effects at 24- hours that were not the results of large peak



effects.?? Findings in hypertensive patients with chronic renal disease also showed that
once-daily Losartan, given as monotherapy or in combination with other
antihypertensive drugs was effective in reducing blood pressure in these patients and
was well tolerated including those on hemodiaysis. % The addition of
Hydrochlorothiazide to Losartan produced a significant and dose-related reduction in
blood pressure at trough. ** The data from comparative study and tolerability of
Angiotensin Il Receptor Antagonists showed that indeed cough is not an adverse effect
of AIIRA . Losartan caused a low prevalence of spontaneous report of cough in

® Moreover , Losartan has been

patients with hypertension compare to lisinopril . 2
shown to increase urinary uric acid in individuas who are normotensive and
hypertensive patients. **% The addition of Losartan has been shown to prevent the
diuretic-induced increase in serum uric acid level. **

Blood pressure measurement is one of indicators for assessment the response of
antihypertensive therapies. Findings from studies found that target-organ damage in
essential hypertension is more closely associated with ambulatory than with clinic
blood pressure .>”?®  Since target-organ damage is a powerful predictor of morbidity
and mortalilty in hypertension , ambulatory might offer prognostic information beyond
that provided by clinic blood pressure . An association between night time blood
pressure and target—organ damage, reflecting the potential detrimental effect of a
persistent pressure overload, has been shown in several cross-sectional studies . 3!
Moreover ,ambulatory blood pressure study suggested that ambulatory blood pressure

stratified cardiovascular risk in essential hypertension independent of clinic blood

pressure and other traditional risk factors . Cardiovascular morbidity is low in white



coat hypertension and exceedingly high in women with ambulatory hypertension and
absent or blunted blood pressure reduction from day to night.*

The previous works mentioned above had shown the importance of monitoring
blood pressure response by 24-hour ambulatory measuremant and the effects of
antihypertensive therapies on circadian blood pressure .However, data on the effects of
Hydrochlorothiazide and Losartan on circadian blood pressure rhythm in Tha patients
with essential hypertension are limited.

In this study, therefore we investigate the effects of angiotension Il receptor
antagonists , losartan ,as monotherapy or in combination with hydrochlorothiazide and
hydrochl orothiazide therapies on circadian pattern of blood pressure and 24- hour blood

pressure lowering effects in both dipper and nondipper hypertensive patients .

Objectives:
1. To examine 24-hour antihypertensive effects of Losartan as monotherapy or
in combination with low dose Hydrochlorothiazide
2. To investigate the effects of low dose Hydrochlorothiazide and/or Losartan on

circadian blood pressure variation in dipper/nondipper hypertensive patients



CHAPTER I

REVIEW OF LITERATURE

1.Hypertension

Hypertension is the most prevalent condition for which people receive
prescription medications. Its occurences in the United States increases with age, and it
is more prevalent in African American and in the lesser educated and lower
socioeconomic classes. ®

Blood pressure is a continuous variable, it is impossible to define a cutoff point
below which blood pressure is normal and above which the pressure is abnormally
high. After screening, the diagnosis of hypertension is confirmed when the average of
two or more diastolic blood pressure(DBP) measurements visits are 90 mmHg or higher
or the average of two or more systolic blood pressure measurements(SBP) is
consistently greater than 140 mmHg. ** Single, casual measurements of blood pressure
may inacccurately classify individuals as having hypertension and cause unnecessary
emotional, social and financial problems. *

1.1 Prevalence of hypertension 3¢

The Center for Diseases Control and Prevention, National Center for Health

Statistics, provided that an estimated 50 million Americans have high blood pressure
(> 140/90 mmHg). Blood pressure increases with age, but the onset of hypertension
most often occurs during the third, fourth, and fifth decades of lifes. The prevaence of
hypertension increases with age, is greater among blacks than whites, and is greater in

less educated people. Men and women of the same race are affected approximately



equally. Data from the 1976 to 1980 and 1988 to 1991 of National Health and Nutrition
Examination Survey(NHANES I1& 111) indicated that the prevalence of hypertension
decresed from approximately 58 million to around 50 million. The NHANES I1I
reported that 35% of those with hypertension were unaware and only 53% of those with
hypertension were receiving antihypertensive therapy, and only 24% of those with
hypertension had their blood pressure controlled to less than 140/90 mmHg.

1.2 Etiology of hypertension *

Hypertension is a heterogenous disorder that may result from either a
specific cause(secondary hypertension) or some underlying pathophysiologic
mechanism stemming from unknown etiology(primary or essential hypertension).
Fewer than 5 % of people who suffer from high blood pressure have secondary
hypertension. In the most of these, chronic renal diseases or renovascular disease is the
cause of hypertension. Other conditions that are known to cause of hypertension
include pheochromocytoma, Cushing’ s syndrome, primary aldosteronism, and
coarctation of the aorta. In some instances, exposure to various exogenous substances
may produce hypertension. The most notable of these are estrogens, glucocorticoids,
licorice, sympathomimetic amines, nonsteriodal anti-inflammatory agents, chronic
alclhol use and tyramine-containing foods in combination with monoamine oxidase
(MAO)inhibitors.

The pathogenesis of essential hypertension remains mysterious, a specific
cause of sustained hypertension cannot be found. It is likely that severa interrelated
mechanisms rather than a single causative defect, control blood pressure in essential

hypertension. The fact that hypertension often runs in families suggests that genetic



factors may play an important role in the development of essential hypertension. There
IS even some evidence that single genes might responsible for specific subtypes of
hypertension. These include genetic traits for high sodium-lithium countertransport, a
low urinary kalikrein excretion, increased aldosterone and other adrenal steriods, and
high angiotensin levels. However, even with continued insights into the regulation of
blood pressure, essential hypertension remains a process that must be controlled rather
than a curable disorder.
1.3 Pathophysiology *°

Multiple factors may contribute to the development of primary
hypertension including abnormal neural mechanisms, defects in peripheral
autoregulation; disturbances in sodium, calcium, and natriuretic hormone; and
malfunctions in either humoral or vasodepressor mechanisms.

1.3.1 The neural mechanism %

Both the central(CNS) and the autonomic nervous system are
intricately involved in the maintenance of arterial blood pressure. Stimulation of
certain areas within the CNS(nucleus tractus solitarius, vagal nuclei, vasomotor center,
and the area postrema) can result in either an increases or a decrese in blood pressure.
For example, a-adrenergic stimulation within the CNS decreses blood pressure through
an inhibitory effect on the vasomotor center. Increased angiotensin; on the other hand,
increases sympathetic outflow from the vasomotor center, which eventuates in an
increase in blood pressure. Located on the presynaptic surface of sympathetics

terminals are a variety of receptors that either or inhibit norepinephrine release. The a

and P presynaptic receptors play a role in negative and positive feedback to the



norepinephrine-containing vesicles located near the neuronal ending. Stimulation of
presynaptic o(op) receptors exerts a negative inhibition on norepineprine release.
Stimulation of presynaptic B receptors facilitates further release of norepineprine.
Stimulation of postsynaptic a(o;) receptors on arterioles and venules results in
vasoconstriction. There are two types of postsynaptic f receptors, f1 and ..
Stimulation of ;1 receptors in the heart results in an increase in heart rate and
contractlilty. When [, receptors in the arteriole and venules are stimulated,
vasodilation occurs. The magjor negative-feedback mechanism controlling sympathetic
activity is the system of baroreceptor reflexes. The baroreceptors respond extremely
rapidly to changes in arterial pressure. In this system, an acute elevation in arterial
pressure increases the rate of baroreceptor discharge, which results in vasodilation
throughout the peripheral circulatory system and a decrease in heart rate and
myocardial contractility. Conversely, low pressure has the opposite effect, causing
reflex vasoconstriction and increase in heart rate and force of contraction. These
baroreceptor reflex mechanism may blunted in elderly individuals.

Abnormalilties in either the renal or tissue autoregulatory processes
could cause hypertension. In fact, it seems reasonable to postulate that individuals may
first develop a rena defect for sodium excretion and then reset their tissue
autoregulatory processes to a higher arterial blood pressure. An initial defect in the
renal adaptive mechanism could lead to plasma volume expansion and increase blood
flow to peripheral tissues even when blood pressure is normal. To offset the increase in
blood flow, local tissue autoregulatory processes would induce arteriolar constriction to

raise the peripheral vascular resistance. In time, athickening of the arteriolar walls may



occur, resulting in asustained elevation in peripheral vascular resistance. Anincreasein
total peripheral vascular resistance is a common underlying problem in patients with
primary hypertension.
1.3.2 The humoral mechanisms %
At least three possible humoral abnormalilties may be response for
causing primary hypertension in some individuals.
1.3.2.1 The renin-angiotensin-aldosterone system(RAS)

The RAS is importance to the regulation of sodium,
potassium, and fluid balance, and it significantly influences vascular tone and
sympathetic nervous system activity.

In the kidney, renin is synthesized and restored in the
juxtaglomerular cell, which are locate primarily in the media of the rena afferent
arterioles. Several factors are known to control renin release. These can be grouped into
intrarenal factors(such as perfusion pressure, catecholamines, angiotensin Il) and
extrarenal factors(such as sodium, chloride, and potassium). Decreased perfusion
pressure leads to an increase in renin secretion. The flux of sodium and chloride across
the cells influences renin release. A decrease in the amount of sodium and chloride
delivered in the distal tubule stimulates renin release.

Angiotensin Il has been shown to directly inhibit the release
of renin through negative feedback. Cathecholamines increase renin release probably
by directly stimulating the juxtaglomerular cells through an action involving the
formation of cyclic AMP. Both potassium and calcium may also a direct role in renin

release by the juxtaglomerular cells.



10

In blood, renin catalyzes the conversion of angiotensinogen
to angiotensin I, which is then converted to angiotensin Il by angiotensin-converting
enzyme(ACE). Angiotensin |l exerts its biological effects in various tissues following
binding to specific receptors classified as AT1 or AT2 subtypes. The AT1 receptorsis
located in brain, renal myocardial, vascular, and adrenal tissue. The AT2 receptors is
located in adrenal medullary tissue, and brain. AT1 receptors mediate the majority of
response critical to cardiovascular and renal function. An increase in circulating
angiotensinll can cause an elevation in blood pressure through both pressor and volume
effects. The pressor effects of angiotensin 11 include direct vasoconstriction, stimulation
of cathecholamine release from the adrenal medulla, and a centrally mediated increase
in sympathetic nervous system activity. Angiotensin |1 also stimulates the release of
aldosterone from the adrenal gland, which leads to retention of both sodium and fluid,
with a resultant increase in plasma volume and blood pressure(Figure 1). Clearly, any
disturbance in RAS that leads to an increase on any or al three components could
produce hypertension.

Both heart and brain contain a loca RAS. In the heart,
angiotensin |1 is also generated by a second enzyme, angiotensin | convertase(human
chymase), which is not blocked by ACE inhibition. Activation of the myocardial RAS
leads to increased cardiac contractility and stimulation of cardiac hypertrophy. The
brain RAS has at least two functions. Angiotensin Il modulates the production and
release of hypothalamic and pituitary hormones. Angiotensin 1l also enhances

sympathetic outflow from the medulla oblongata.
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Local generation of biologically active peptides in peripherd
tissues may play an important role in the increased vascular resistance often observed
in hypertensive individuals. There is also some evidence that angiotensin produced by
local tissue may interact with other humoral regulators and endothelium-derived growth
factors to stimulate vascular smooth muscle growth and metabolism. This in situ
generation of angiotensin peptides may, in fact, underlie the development of increased
vascular resistance in forms of hypertension that are associated with low plasma renin
activity. Component of tissue RAS may be responsible for long-term adaptation to
hypertension (i.e., left ventricular hypertrophy, smooth muscle hypertrophy of blood

vessels, and glomerular hypertrophy).
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1.3.2.2 Natriuretic hormone

Another humoral factor that may be involved in the
developmemt of primary hypertension is the increased concentration of natriuretic
hormone. The proposed role of natriuretic hormome isto inhibit Na */K*-ATPase and ,
thus to interfere with sodium transport across cell membranes. It has been suggested
that an inherited defect in the kidney’'s ability to eliminate sodium would cause an
increase in extracellular fluid and plasma volume as discussed earlier. This may cause a
compensatory increase in the concentration of circulating natriuretic hormone, which
would increase urinary excretion of sodium and water. This same hormone, however, is
also thought to block the active transport of sodium out of arteriolar smooth muscle
cells. The increased intracellular concentration of sodium would ultimately lead to
vascular tone and hypertension.

1.3.2.3 Insulin resistance and hyperinsulinemia

Evidence linking insulin resistance and hyperinsulinemia to
the development of hypertension is mounting. Several possiblilties by which
hyperinsulinemia may lead to hypertension include renal sodium retention, enhanced
sympathetic nervous system activity. and induction of vascular smooth muscle
hypertrophy. Another possible way by which insulin could raise blood pressure is by
increasing intracellular calcium concentration, which lead to increased vascular
resistance. Hyperinsulinemia often accompanies upper body obesity, but even nonobese
hypertensive individuals have been shown to be insulin resistant, glucose intolerant,
and hyperinsulinemic. The mechanism by which insulin resistance and

hyperinsulinemia occur in hypertension is unknown. Hyperinsulinemia is aso
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associated with hypertriglyceridemia, which results in a decreased concentration of
HDL cholesterol.
1.3.3 Thevascular mechanisms
The abnormalitiesin the structure and function of the

vasculature are increasing recognized as contributing to the hypertensive state by
increasing total peripheral resistance. During the past decade, it has become obvious
that the endothelium, single cell, innermost layer of blood vessels, is more than a
passive barrier between the blood and the vascular smooth muscle cell. We now know
that endothelium plays a crucial role in circulatory homeostasis responding not only to
humoral and chemical signals, but also to change in the haemodynamics of blood flow
such shear stress. Endothelium cells release chemical mediators that modulate the
responses of numerous cells including vascular smooth muscle, platelets, and
leucocytes. The endothelium serves a dual role in the control of vascular tone,
endothelium cells produce and release a variety of vasoactive substances. These include
both vasodilators, such as endothelium-derived relaxing factor(EDRF) which has not
been identified as nitric oxide(NO), endothelium-derived hyperpolarizing factor
(EDHF) and prostacyclin, an vasocongtrictors, such as thromboxane A, and
prostaglandin H,, endothelin and angiotensin Il. The interaction between these
vasodilators and vasoconstrictors provides a local control mechanism that regulates
vascular tone. Alterations in the production of these mediators are involved in the
induction and persistance of hypertension in both experimental models and humans, in

addition this
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endothelial cell dysfunction has been reported in various forms. Plasma levels of
endothelin, for example, have been reported to be significantly higher in patients with
primary hypertension. In addition, both chemical-stimulated and basal releases of
ERDF has been shown to be severely attenuated in hypertensive patients as well asin
experimental models of hypertension. Another abnormality in the biology of vascular
smooth muscle cells that may account for increased vasotone of hypertensives, is a
disturbance in the physio-chemical properties of the cell membrane leading to
abnormalities in ion handling. Reported abnormalities of cellular electrolyte
homeostasis, for example, increased sodium influx due to elevation of sodium-
hydrogen exchange activity, decreased sodium-potassium cotransport, increased
lithium-sodium countertransport and decreased red cell membrane binding of calcium.
In parallel with studies on the function of vascular smooth muscle
in the hypertensive state, considerable attention has been given to the importance of
structural changes. The change in the geometry of the vessel wall that result in an
increased vasoconstrictor response with the same degree of shortening of vascular
smooth muscle in hypertensive patients is a decrease in the lumen( internal studies of
the vessdl). In studies of small resistance vessels from subcutaneous tissue from
hypertensive subjects, an average 29% increase in the media thickness: lumen diameter
ratio was found, closely matching the 32% elevation in the blood pressure. The increase
in the wall thickness either due to smooth muscle cell proliferation, accumulation of
glycoaminoglycans, or from the increasing evident support to the role of rearrangement

of anormal amount of tissue around a small lumen, a process know as remodelling.
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1.4 Clinical presentation ¥

Patients with uncomplicated, primary hypertension are usually
asymtomatic initially. While a complete history and physical examination may help
identify concernsthat warrant further evaluation, afew basis tests should be performed
in al hypertensive patients proir to initiating drug therapy. These include hemoglobin
and hematocrit, urinalysis, serum potassium and creatinine, liver function test and
electrocardiogram. Total and high-density-lipoproteined cholesterol, plasma glucose,
and serum uric acid are indicated to assess other risk facrtors and top develop baseline
data for monitoring drug-induced metabolic changes. As the hypertension processes,
however, symptoms characteristic of cardiovascular, cerebrovascular, or renal diseases
may occur as the patients develop target organ damage. Patients with secondary
hypertension usually complain of symptoms suggestive of the underlying disorder.
More than half of the patients with this form of secondary hypertension suffer episodes
of orthostatic dizziness or syncope. In primary aldosteronism, hypokalemic symptoms
usually manifest including muscle cramps and muscle weakness. Patents who present
with hypertension secondary to Cushing’'s syndrome may complain of weight gain,
polyuria, edema, menstrual irregulatories, recurrent acne, or muscular weakness. The
most common causes of secondary hypertension are summarized in Table 1.

Freguently, the only sign of primary hypertension is an elevated blood
pressure. The rest of the physical examination may be completely normal. Again, as the
hypertension progresses, sign of end-organ damage begin to appear. These are chiefly
related to pathologic changes in the eye, brain, heart, kidneys, and peripheral blood

vessals.



Table 1: Causes of secondary hypertension

i Systolic and diastolic hypestension

Rensl
Renal parenchymal disezse
Chronicnephritis
Polycystic disease
Collagen vascular discase
Diabetic nephropathy
Hydronephrosis
Acdte glomerulonephritis
Renal vascular disease
Renal transplantaticn
-Renin-secreting tumors
Endocrme
Adrenal
Primary aldosteronism
Overproduction of 1 1-deoxycorticasteroae (DOC),
18-OH-DOC, and other mineralocorticoids
Congenital adrenal hyperplasia
Cushing’s syndrome .
Phoochromocytoma
Extra-adrenal chromaffin tumors
Hypczparaﬂlyfoidism
Acromegaly
Pregnancy-mduced hypertension
Coarctaticn of the sorta
Neurologic disorders
Dysautonomia
Increased intracranial pressurs
Quadriplegia
Lead poisoning
Guillam-Barre syndrome

Postoperative
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71

Drugs and chemicals
Cyclosporme
Oral contraveptives
Glucocorticoids
Minegalooorticoid, ncluding licorice
and carbenoxolone
Sympathomiroetics
Tyramine and MAQ mhibitors

Isolated systolic hypertensioa

Aging, with associatd 20ttic nigidity
increased cardiac output

Thyrotoxicosis

Anemia

Aorlic valvulzr msufficiency
Decreased peripheral vascular resistance
| Asteriovenous shunts

Paget's disease of bone

Benben
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1.5 Complication of hypertension

The end of natural history of untreated hypertension is an increased
likelihood of premature disability or death from cardiovascular disease. The risks of
elevated blood pressure have been determined from large-scale epidemiologic surveys.
MacMahon et a. performed a meta-analysis of al available major prospective
observational studies relating diastolic blood pressure(DBP) level to the incidence of
stroke and coronary heart disease(CHD). In the nine studies analyzed, almost 420,000
people were followed up for 6 to 25 years. A total of 599 fatal strokes and 4,260 deaths
from CHD were recorded. The overall results demonstrated “direct, continuous and
apparently independent associations” with “no associates with lower risks of stroke and
CHD”. MacMahon et al. also estimated that a DBP that is persistently higher by 5.0
mmHg is associated with at least a 34% increase in stroke risk and at least a 21% in
CHD risk. Table 2 provide a more detailed ook at the causes of death in hypertension.

Hypertensive heart disease: the principal cardiac complications of
hypertension are left ventricular hypertrophy, coronary heart disease, and congestive
heart failure. These complication may lead to cardiac arrhythmias, angina, myocardial
infarction, and sudden death. Coronary heart disease is the common cause of death in
hypertensive patients.

Cerebrovascular disease: the types of cerebrovascular lesions most
commonly seen in hypertensive individuals include lacunar infarcts caused by
thrombolic occlusion of small vessel, intracerebral hemorrhage resulting from ruptured
microaneurysms, and transient attacks secondary to atherosclerosis diseases in the

carotid arteries.
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Renal disease: Renal dysfunction, both structural and functional, is almost
aways demonstrable in hypertensive patients, even those with minimally elevated
pressures, however renal involvement is asymtomatic and not demonstrable by usual
clinical testing. The loss of renal function grows progressively as the blood pressure
increases and the elevation continues, but only a minority of hypertensives die as a
result of renal failure. Nevertheless, hypertension remains a leading risk for end-stage
renal disease(ESRD), and is partly responsible for the much higher incidence of ERSD
in blacks than in whitesin the United States.

The damage hypertension to the eye is characterized by a variety of
retinopathies. Nonspecific changes include an increased light reflex, increased tortusity
of vessels, and artelovenous thicking. These are all associated with the accelerated

arterosclerosis that accompanies hypertension.
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Table 2: Causes of death in primary hypertension >

Percentags of Deaths
No of Heart Renal Noovascular
) Year Deaths Dissase* Stroke Failure Causes
Untreated
Janeway, 1913 1903-1912 212 33 14 23 30
Hodge and Smirk, 1967 1858-1564 173 48 22 10 20
Bechgaard, 1976 1932-1938 293 45 16 10 29
Smith et al., 1950 1924-1948 376
Group 1® 100 28 9 3 50
Group 2 100 46 17 2 35
Group 3 76 52 18 16 14
Group 4 100 22 16 59 3
Bauer, 1976 1955-1974 144 41 34 15 10
Treated
Breckenridge, 1970 $1952~1959 87 18 28 44 10
Breckenridge et al., 1970 1960-1967 203 38 21 29 11
Strate et al., 1986 - 1970-1380 132 .42 7 7 44
Bulpitt et al., 1986 1971-1981 410 51 18 3 28
Isles et al., 1986 1968-1583 750 52 23 ? 25
‘includes ischemic head disease and congestive failure.
*Grouping according o Keith-Wagener classification of hyperlenswe retinopathy.
Table 3: Complication of hypertension A
Hypertensive Atheroselerotic
Accelerated-malignant hypertension Cerebral thrombosis
{grade 11T and 1V retinopathy) Myocardial infarction
Encephalopathy Coronary artery disaese
Cerebral hemorrhage Claudication syndrome

Left ventricular hypertrophy

Congestive heart failure

Aortic dissection
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1.6 Definition and classification of hypertension *

The continuous relationship between the level of blood pressure and the
risk of cardiovascular events, and the arbitary nature of the definition of hypertension
have contributed to the variation in the definitions issued by various national and
international authorities and particularly by the Joint National Committee(JNC) in the
United States and the WHO-ISH Guidelines Committee. Accordingly, in order to
reduce confusion and provide more consistent advice to clinicians around the world, the
WHO-ISH Guidelines Committee has agrees to adopt in principle the definition and
classification provided in INC VI. This new definition defines the lower limits for the
borderline subgroup of mild hypertension in the 1993 WHO-ISH Guidelines. The new
guideline emphasize that the decision to lower the elevated pressure in a particular
patients is not base on the level of blood pressure alone on assessment of the total
cardiovascular risk in that individual.

Hypertension is therefore defined as a SBP of 140 mmHg or greater and/or
DBP of 90 mmHg or greater in subjects who are not taking antihypertensive
medication. A classification of blood pressure levels in adults over the age of 18 is
provided in Table 4. The terms “grades 1 2 and 3" used by JNC VI, since the word
“stage”’ implies progression over time in a way that does not necessarily apply here.
Otherwise, the values chosen and the terms used are those used in INC VI. The terms
“mild”, “moderate” and “severe” used in previous versions of the WHO-ISH
Guidelines, would correspond to grade 1,2 and 3 respectively. The widely used term

“borderline hypertension” becomes a subgroup within grade 1 hypertension. It must be
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emphasized that the term “mild hypertension” does not imply a uniformly benign
prognosis, but is used simply to contrast with more severe elevations of blood pressure.

In contrast to the 1993 Guidelines, the present report does not deal
separately with hypertension in the elderly nor with isolated systolic hypertension.
Rather, discussion of these two conditions is now part of the main text, since it is
widely agreed that the treatment of these conditions is at least as effective in reducing
cardiovascular risk as the treatment of classical essential hypertension in middle-age
subjects.

Table 4: Definition and classification of blood pressure levels(mmHg) **

Category Systolic Diastolic
Optimal <120 <80
Normal <130 <85
High-normal 130-139 85-89
Grade 1 hypertension(mild) 140-159 90-99
Subgroup: borderline 140-149 90-94
Grade 2 hypertension(moderate) 160-179 100-109
Grade 3 hypertension(severe) >180 >110
Isolated systolic hypertension >140 <90
Subgroup: borderline 140-149 <90

New(1999) WHO/ISH definition and classification of BP levels
When a patient’s systolic and diastolic blood pressure fall into different categories, the higher category

should apply.
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Stratification of patients by absolute level of cardiovascular risk

Decisions about the management of patients with hypertension should not be based
on the level of blood pressure alone, but also on the presence of other risk factors,
concomitant diseases such as diabetes, target-organ damage and cardiovascular or
renal disease, as well as other aspects of the patient’s personal medical and social
situation. To assist with this, guidelines provide a smple method by which to estimate
the combined effect of several risk factors and conditions on the future absolute risk of
major cardiovascular events. The estimates are based on age, gender, smoking,
diabetes, cholesterol, history of premature cardiovascular or renal disease. They were
calculated from data on the average 10-year risk of cardiovascular death, nonfatal
stroke or nonfatal infarction among participants(average initial age of 60 years; range
45-80 years) in the Framingham Study.

Four catagories of absolute cardiovascular disease risk are defined (low,
medium, high, and very high risk). Each category represents arange of absolute disease
risks. Within each range, the risk of any one individual will be determined by the
severity and number of risk factors present. So, for example, individual with very high
levels of cholesterol or a family history of premature cardiovascular disease in several
first-degree relatives will typically have absolute risk levels that are at the higher end of
the range provided. Similarly, individuals with other risk factors listed in Table 5 may
also have absolute risk levels that are towards the higher end of the range for the

category.
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How well these estimates predict the absolute risk of cardiovascular

disease in Asian, African or other non-Western populations is uncertain. In those
countries in which CHD incidence is relatively low and heart failure or renal disease is
more common, the risk factors used to stratify risk in Table 6 should also be useful in
stratify the risk of these diseases.
Low-risk group

The low-risk group includes men below 55 and women below 65 years of age with
grade 1 hypertension and no other risk factor. Among individuals in this category, the
risk of amajor cardiovascular event in the next 10 yearsistypically lessthan 15 %. The
risk will be paricularly low in patients with borderline hypertension.
Medium-risk group

This group includes patients with a wide range of blood pressure and risk factors
for cardiovascular disease. Some have lower blood pressure and multiple risk factors.
Thisis the patient group for which the clinical judgement of the responsible doctor will
be paramount in determining the need for drug treatment and the time interval before it
should be instituted. Among subjects in this group, the risk of amajor cardiovascular
event over the next 10 years is typically about 15-20%. The risk will be closer to 15%
in those patients with grade 1(mild) hypertension and only one additional risk factor.
High-risk group
This group includes patients with grade 1 or grade 2 hypertension who have three or
more risk factors listed in Table 5, diabetes or target-organ damage and patients with
grade3(severe) hypertension without other risk factors. Among these patients the risk of

amajor cardiovascular event in the following 10 yearsis typically about 20-30%.



Very-high risk group
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Patients with grade 3 hypertension and one or more nisk factors and all patients

w