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| ABSTRACT |

Considering that an aging population is increasing due to a low birth rate in most developed nations, the maintenance of

healthy state and physical and social activities is needed to maintain the national productivities. Among the diseases which

deprive elderly people of activities and impose medical and care expenditure, cardiovascular diseases such as stroke,

ischemic heart disease, heart failure and renal failure take major parts. These cardiovascular diseases occur based on the

development and progression of arteriosclerotic vascular lesions, namely, vascular aging. Because hypertension is a major

risk factor for vascular aging, the adequate control of blood pressure is pivotally important in order to prevent the incidence

of cardiovascular events in the later stage of life. This is also concerned with the socio-economical issues and national

productivity.

(J Korean Soc Hypertens 2011;17(3):85-94)
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Lifestyle—related diseases and vascular aging

The ultimate goal of antihypertensive therapy is not on-
ly to normalize the blood pressure level but also to pre-
vent the cardiovascular disease such as stroke and coro-
nary artery disease and to prevent organ damage such as
renal dysfunction and cardiac failure. These cardiovascular
organ injuries progress based on the development of arte-
riosclerosis, namely vascular aging. Fig. 1 depicts the
process from the lifestyle-related disorders to arterio-
sclerosis development resulting in the occurrence of car-
diovascular diseases and organ failures. Hypertension is a

major factor which contributes to the progression of arte-
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riosclerosis, however, other lifestyle-related diseases such
as diabetes mellitus and dyslipidemia synergistically pro-
mote the arteriosclerotic process.

When considering the risk of vascular aging, the idea
of metabolic syndrome (Met-S) has been recognized
widely. Namely, elevations in blood pressure and/or
blood glucose below the diagnosis criteria for hyper-
tension and diabetes mellitus when accompanied by waist
circumference expansion and dyslipidemia offer a sig-
nificant increase in the risk of cardiovascular diseases."”
In Met-S, the waist circumference increase is brought
about by the deposition of visceral fat especially in men.
The visceral fat produces mediators such as angiotensi-
nogen, transforming growth factor-alpha, registin and free
fatty acids which facilitate the development of hyper-
tension, diabetes mellitus and dyslipidemia. On the other

hand, the production of adiponectin, which has protective
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effects against cardiovascular tissue and organ injuries,

decreases in the accumulated visceral fat tissue in Met-S.

Blood pressure elevation and vascular aging

Epidemiological studies have indicated that there is a
linear relationship between blood pressure and the risk of
cardiovascular diseases such as stroke and myocardial
infarction.” This relationship also exists even in the nor-
mal blood pressure range below 140/90 mm Hg down to
115/75 mm Hg. Considering that the pathogenesis of
these cardiovascular diseases are based on the develop-
ment and progression of arteriosclerosis, vascular aging,
strict blood pressure control to the lower level even in
the normotensive range is desirable in terms of slowing
the progression of vascular aging. Therefore, the latest
versions of various guidelines for the management of hy-
pertension recommend reduction of the blood pressure
below the high end of the normal range, i.e., lower than

130/85 mm Hg, in non-elderly hypertensive patients.4'6)

In particular, patients with complications such as diabetes
mellitus and chronic kidney disease (CKD) need stricter
blood pressure control (< 130/80 mm Hg) in order to pre-
vent the progression of vascular aging consequently fell-
ing into target organ damage and cardiovascular diseases.

Multiple factors, including genetic and environmental
influences, are known to contribute to the development
and continuation of high blood pressure. Especially, an
increase in body fluid volume caused by decreased uri-
nary sodium excretion and an increase in peripheral vas-
cular resistance caused by structural thickening and/or
functional constriction of small arteries play pivotal roles
in the pathogenesis of hypertension. Most etiological fac-
tors of hypertension elicit blood pressure elevation
through affecting these two major mechanisms. It seems
obvious that vascular aging increases peripheral vascular
resistance and reduces renal function when happens in
the renal arteries and arterioles. Thus, vascular aging and
blood pressure elevation are interrelated each other.

Hypertension aggravates arteriosclerosis and vice versa. It
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Fig. 1. Cascade from the life—style related diseases to the occurrence of cardiovascular diseases via
risk factors and vascular aging. Met—s, metabolic syndrome; TNF—¢, chronic kidney disease; FFA, free

fatty acid; CKD, chronic kidney disease; LVH, left ventricular hypertrophy,
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is essential to cut off this vicious cycle to pervert blood
pressure elevation, vascular aging and resultant car-

diovascular disorders.

Renin—angiotensin—aldosterone system in
vascular aging

Looking from the other viewpoint, neurohumoral fac-
tors are greatly involved in the maintenance of homeo-
stasis of cardiovascular functions including blood pres-
sure regulation. Among them, the sympathetic nerve sys-
tem and the renin-angiotensin-aldosterone (RAA) system
play pivotal roles in the regulation of blood pressure and
the pathogenesis of hypertension. The seconds to minutes
range swift variation of blood pressure is mainly con-
trolled by the sympathetic nerve activity. As compared
with this, the RAA system takes charge of rather more
chronic changes in blood pressure.

Fig. 2 presents the outlines of RAA system. Among the
factors of RAA system, angiotensin I and aldosterone

have prominent biological actions such as arteriolar con-
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striction and promotion of sodium reabsorption by the re-
nal tubules. Besides these pro-hypertensive actions, an-
giotensin II has been shown to exhibit non-hemodynamic
effects such as stimulating sympathetic nerve system,
promoting cardiovascular hypertrophy, reducing insulin
sensitivity, facilitating thrombus formation, increasing oxida-
tive stress and eliciting cardiovascular tissue inflammation.””
Moreover, aldosterone also has been shown to promote
cardiovascular cellular hypertrophy, endothelial dysfunc-
tion, blood coagulation, cardiovascular tissue fibrosis and
inflammation. These detrimental effects of angiotensin II
and aldosterone, in addition to the blood pressure ele-

vation, are supposed to accelerate the progression of vas-

cular aging.

Oxidative stress and inflammation in the

process of vascular aging

Cardiovascular disease arises due to the progression of
arteriosclerosis, vascular aging. Laboratory and experimental

evidence has indicated that chronic inflammation has a
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Fig. 2. Outlines of the renin—angiotensin—aldosterone system and its biological actions, ACE,

angiotensin—converting enzyme,
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role in the development of arteriosclerosis.”'” A number
of studies have examined various circulating markers of
inflammation, such as cytokines and adhesion molecules,
as potential predictors of the existence and future risk of
cardiovascular disease. Among the numerous circulating
markers thus far studied, high-sensitivity C-reactive pro-
tein (hsCRP) seems to have the most consistent relation
with the risk of cardiovascular diseases in a variety of
clinical settings including hypertension.”'m

In addition to the classical risk factors for arterio-
sclerosis, such as hypertension and dyslipidemia, oxida-
tive stress has been attracting considerable attention as
one of the novel risk factors for cardiovascular injury.
Oxidative stress depletes nitric oxide and cause endothe-
lial dysfunction that initiates arteriosclerosis. Oxidized
low-density lipoprotein (LDL) generated by oxidative
stress also promotes the progression of arteriosclerosis.'*'”
As described earlier, enhancement of the RAA system is
supposed to increase oxidative stress and elicit in-
flammation in the cardiovascular tissues. Namely, angio-
tensin Il increases oxidative stress by activating nic-
otinamide adenine dinucleotide-phosphate (NAD[P]H) ox-
idase, and induce proinflammatory transcription factor
NF-B.'"® Thus, it is surmised that various cardiovascular
risk factors elicit these biochemical and immunological

reactions which bring about cardiovascular tissue lesions

and injuries including vascular aging.

Evaluation of vascular aging

The process of arteriosclerosis is initiated by the occur-
rence of endothelial dysfunction. Vascular endothelium
produces vasoactive substances including vasoconstrictive
factors such as endothelin and vasodilative factors such
as nitric oxide (NO) and prostacyclin. Among them, NO,
also known as the endothelim-derived relaxing factor

(EDREF), is promptly released in response to various nox-
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ious stimuli and is thought to play important roles in
maintain the integrity of vascular system. Endothelial
function is evaluated by measuring the vasodilation and
blood flow increase in the forearm after certain minutes
of arterial occlusion using ultrasound or plethysmography.

Solid changes in arterial wall caused by hypertension
and aging are thickening and stiffening of media. Such
changes in arterial wall can be clinically evaluated by
physiological examination and ultrasound technique.
Pulse wave velocity (PWV) is an indicator of arterial
stiffness and an increased PWV has been shown to re-
flect a higher risk of cardiovascular disease.””” However,
it has been pointed out that the PWV varies according to
the changes of blood pressure and sympathetic activity.7’21)
The cardio-ankle vascular index (CAVI) is calculated by
adjusting PWV for blood pressure based on a stiffness
parameter () and is thought to be a more accurate index

of arterial stiffness.”**”

Chronic kidney disease and vascular aging

It has been now recognized that the existence of CKD
imposes a great risk not only for the progression of renal
failure but also for the development of cardiovascular
diseases and thereby worsens the life prognosis.24)
Considering that the kidney is rich in vessels including
glomeruli, it seems natural to assume that the vascular
aging develops in the cardiovascular system including
brain, heart and peripheral arteries in parallel with the re-
nal vasculature. Therefore, in the treatment of CKD pa-
tients, the strict control of blood pressure is primarily
needed in order to prevent deterioration of renal function
and progression of cardiovascular organ injuries based on
the vascular aging.”® However, hypertension in CKD
tends to be resistant to therapy because the renal dysfunc-
tion is involved in the etiology,%) and multiple anti-

hypertensive drugs are often required for the blood pres-



sured reduction.

Fig. 3 shows the changes in the parameters of renal
function with the progression of renal injuries. In the ear-
ly stage of renal dysfunction, renal blood flow (RBF) and
plasma flow (RPF) decrease by the development of renal
vascular lesions such as glomerulosclerosis. However,
this is not accompanied by a decrease in glomerular fil-
tration rate (GFR) because of a compensatory increase in
filtration fraction (FF). A reduction in GFR and an ele-
vation of serum creatinine does not occur until the renal
function deteriorates to a considerable extent. Development
of renal vascular lesions causes obliteration of glomerular
arterioles and abolition of connecting nephrons. Once a
certain proportion of nephrons fall into atrophy, the intra-
glomerular capillary pressure and the single nephron fil-
tration rate of remaining glomeruli increase in order to
compensate the reduced RBF and maintain GFR, which
consequently promote further development of glomerular
hypertension and arteriolar injuries.

The increased urinary albumin excretion is thought to
reflect an elevation of intraglomerular capillary pressure

and endothelial dysfunction which allows the permeation
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of small protein molecules. Accordingly, the existence of
microalbuminuria, at an early stage of renal dysfunction
and vascular aging, before presenting overt proteinuria
possibly indicates the risk of future cardiovascular dis-
ease incidence as well as deterioration of renal function.
A number of studies have indicated that increased urinary
excretion of albumin is a predictor of future car-
diovascular events in hypertensive patients and in general

population.27'3°)

Antihypertensive drug therapy for
preventing vascular aging

It is mentioned that the strict blood pressure control is
desirable in order to maximally prevent the progression
of vascular aging. However, only one third of hyper-
tensive patients achieve such strict target blood pressure
levels with a single antihypertensive agent irrespective of
the class of drug used and thus two thirds of patients re-
quire a combination of two or more drugs in order to ob-
tain adequate blood pressure reduction.””® When com-

bining multiple antihypertensive drugs, the mechanism of
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Fig. 3. Changes in the parameters of renal function along with the progression of renal dysfunction,
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action and adverse effects should be thoroughly under-
stood in order to attain the maximum benefit from com-
bination therapy. It is desirable for the antihypertensive
effect to be enhanced and the adverse effects to be can-
celed by combining different classes of antihypertensive
drugs.

Several large-scale clinical trials have compared the
long-term effects of combination antihypertensive drug
therapies in hypertensive patients. The Anglo-Scandinavian
Cardiac Outcomes Trial-Blood Pressure Lowering Arm
(ASCOT-BPLA) compared B-blocker (atenolol) + thiazide
diuretic and calcium channel blocker (CCB) (amlodipine) +

angiotensin-converting enzyme (ACE) inhibitor (perindopril)
in high-risk hypertensive patients.”> The latter combina-
tion offered less stroke, coronary events and death than
the former combination, and later analysis showed that
the aortic central blood pressure is higher in the [
-blocker/thiazide group than in the CCB/ACE inhibitor
group.” Considering that the central blood pressure wave
is formed by the summation of cardiac ejection wave and
reflection wave from the peripheral arteries, the combina-
tion of CCB and renin-angiotensin system inhibitor
(RASI) is thought to have advantage in mitigating vas-

cular aging and slowing the reflection wave transmission.
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In the Avoiding Cardiovascular Events through
Combination Therapy in Patients Living with Systolic
Hypertension (ACCOMPLISH) trial,”> high-risk hyper-
tensive patients were treated by the combination of ACE
inhibitor (benazepril) with thiazide diuretic or CCB
(amlodipine), and the incidence of cardiovascular events
was 20% less in the RASI/CCB combination than in the
RASI/thiazide combination. Although the albuminuria re-
duction was more prominent in the RASI/thiazide, GFR
was better preserved in the RASI/CCB and the deterio-
ration of renal function was 48% less in the RASI/
CCB.*® When we treated hypertensive patients with the
combination of angiotensin II receptor blocker (ARB)
(olmesartan) and thiazide or with the combination of
ARB and CCB (azelnidipine), circulating components of
RAA system such as plasma renin activity, plasma angio-
tensin II (Ang II) and aldosterone were enhanced by the

thiazide combination (Fig. 4).37)

On the other hand, plas-
ma oxidized LDL, a marker of oxidative stress, and
hsCRP, an inflammatory marker, were lowered by the
CCB combination (Fig. 5). Furthermore, CAVI, an index
of arterial wall stiffness, was lowered by the CCB
combination. Dihydropyridine CCB, besides directly re-

laxing the arterial smooth muscle, has been shown to

have antioxidant activity in vitro.®® Therefore, the RASI/
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CCB combination seems to cause less RAA system acti-
vation, reduction in oxidative stress and suppression of
inflammatory process resulting in the alleviation of vas-
cular aging and stiffening.

Regarding the CKD patients, The Gauging Albuminuria
Reduction With Lotrel in Diabetic Patients With Hypertension
(GUARD) trial®® treated the hypertensive patients with
type 2 diabetes presenting albuminuria with CCB
(amlodipine) or thiazide diuretic combined with the same
ACE inhibitor (benazepril) and showed that albuminuria
was more prominently reduced by the thiazide combina-
tion and GFR was better preserved by the CCB combina-
tion like the results of ACCOMPLISH trial. In our clin-
ical trial comparing ARB (losartan) + thiazide and ARB +
CCB (nifedipine) in CKD patients, GFR was higher, se-
rum LDL-cholesterol was lower and the CAVI was lower
in the CCB combination treatment than in the thiazide
combination treatment (Fig. 6).* Thus, also in CKD pa-
tients, the combination antihypertensive drug therapy with
RASI and CCB is supposed to offer protective effects

against vascular aging and deterioration of renal function.

Summary and conclusion

In order to prevent cardiovascular diseases and car-
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Fig. 6. Glomerular filtration rate (GFR), serum low—density lipoprotein—cholesterol (LDL—C) and cardio—ankle vascular index
(CAVI) in hyperteisive chronic kidney disease patients given the combination of angiotensin—converting enzyme inhibitor (ACEI)
with thiazide or calcium channel blocker (CCB). *p <0.05, Tp<0_01,
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diovascular organ injuries, it is important to inhibit the
progression of vascular aging such as arteriosclerosis and
atherosclerosis, because cardiovascular diseases such as
stroke and myocardial infarction occur based on the de-
velopment of these vascular lesions. Hypertension is a
pivotal risk factor for the vascular aging and the strictly
low target blood pressure level is needed to achieve max-
imal protection of cardiovascular system. Care should be
also taken for other risk factors such as diabetes and
dyslipidemia. In addition, nonclassical risk factors such
as the RAA system, oxidative stress and inflammation
may take part in the progression of vascular aging. In
most cases, the combination of multiple antihypertensive
drugs is needed to achieve strict blood pressure control.
According to the late clinical studies, the RASI+ CCB
combination seems advantageous over the RASI + thia-
zide combination in terms of avoiding the RAA system
stimulation, reducing oxidative stress, avoiding cardiovascular
tissue inflammation, reducing arterial stiffness and slow-
ing the vascular aging.

According to the analyses of epidemiological studies,
even 1 mm Hg difference in systolic blood pressure can
affect the incidence of cardiovascular events. Therefore,
the strict blood pressure control throughout 24 hours is
needed to maximally reduce the risk of cardiovascular
diseases. However, some recent studies suggest the possi-
bilities of J-curve phenomenon in the presence of certain
disorders such as diabetes and coronary artery disease.""*
These may be derived from the vascular lesions or dys-
function which is not necessarily parallel to the changes
in blood pressure. Moreover, novel cardiovascular risk
factors such as insulin resistance, Met-S and CKD are
conceivably based on structural and functional abnormal-
ities in muscular, adipose tissues and the kidneys in part.
Thus, in addition to the management of blood pressure

level, qualitative advance of future antihypertensive ther-
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apy is supposed to be promoted by incorporating the
functional (endothelial function, arterial stiffness), bio-
chemical (oxidative stress, inflammation) and morpho-
logical (intimal plaques, calcification) evaluations of vas-

cular system.
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