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1. INTRODUCTION

This review will present introductory information about the pathology,
pathegenesis, and epidemiology of cardiovascular diseases. The primary focus
will be a discussion of the key cardiovascular .d:l.seasea, thelir manifestatio;-ns,
risk factors, eticlogy of the risk factors and origin of the precipitants of
the diseases.

Specifically, the purpose of this "stata-of-the~art" review is to provide
an empirical .Eounda:ion for subsequent nolse-related research by: (1) summa~
rizing the current knowledge of the pathogenesis and pathophysiology of the
cardiovascular diseases; (2) denoting key confounding and interactive factors
which must be considered in the design of future studies; and (3) identifying
pathways in the. pathogenic process and specifying potential entry points for
investigation of noise as one environmental influence on the cardiovascular
system,

Thus, we will prasent a raview af the litsrature describing the various
phyasicological and biochemical factors asscciated with cardicvascular disease
pathogenasis together with epidemiologic rationale for and, against the riszk
agents. The authers have examined review articles and other selected papers
published in the last three years, but in addition, have included information
fram c¢lassic papers of earlier years f.rnm their extansive reprine f£iles,

First, the pathophysiology of each major cardiovascular disease or
physiolagic state i3 addrassed. This is followed by a suceinct discussion of
the epidemiology including incidence, prevalence, and sacular trends as well

ag the major risk factors for the emergence of cardiovascular digeases in

nunan populations. .
- c=1
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2, CARDIOVASCULAR DISEASES; PATHOPHYSIOLOGY AND PATHOGENESIS

Human response to environmental factors may produce disease through
one of three basic mechanisms: (1) contact with potentially toxic,
infectious, or immunoleogically active substances such as bacteria, chemicals,

or radiation via the oral, dermal, or inhalation routes; (2} direct mechanical

_or structural injury by trauma; and (3} stimulation of the central nervous

system {CNS) through the various sensing systems. This CNS stimulation
may produce bhysiologic changes at a subconscious level or stimulation of
higher integrative cortical functions resulting in emotionally mediated
éhysioloqic responsas that may precipitate, or induce clinical disease,

An environmental factor such as noise may preduce two types of health
effects.‘ First, it may produce changes which lead directly to disease
processes {etiologie). Secondly, it _may precipitate'o: initiate a
particular illness in a person with previously subclinical or glinically
stable digease (for example, cardiac arrhythmias, sudden death, heart
failure, and episodas of angina pectoris in patients with lschemic heart
disease)., The health effects of noise may be mediated through the sensori=-
neural systems via the central pervous system, primarily as noise is sensed
by the auditory system, These effects may be madiated by direct’'stimulation
of the CM5 by the sound, causing subconscious respeonses; or indirectly by
the affacts of the parception of sound 3n higher cortical functions with
interpretation causing the individual to respond to noise as a "stress",
Both may initiate a series of neural or humoral changes which affect the

cardiovascular system.
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Diseases of the cardiovascular system in which no single etislogic
factor has been identified, but for which there is indication that the
individual's interaction with his environment seemsg to play a role are
(1} ischemic heart disease consisting of acute myocardial infarction, angina
pectoris, ana sudden cardiac death; (2) stroke; and {3) hybeytensian and
hypertensive vascular aisaase. In the case of ischemic heart disease and
stroke, atherosclercsis is the most common underlying process with
hypertension affecting the rate of development of atherosclerosis as well
as being a major etiologic factor in certain types of strokes. However,
changes in hemodynamics and electrophysiolegic abnormalities alsc are
important factors in the genesis of ischemic heart disease with and without

serious athercsclerosis,

2,1 Atherosclerosis

Atherosclerosis, a thickening and induration of the arterial wall is
the most common form of arteriosclerosis and is the underlying diserder
producing ischemic heart disease and many forms of cerebrovasculay diseasa
{stroke), The lesicn is particularly commen in the arch of the aorta at
the origin of its branches, the abdominal aorta and its bifurcation with
the iliacs, the middle portion of the femoral artery, and the popliteal
artery above the knae joint, The epicardial portions of the coronaxy
arteries and the cerebrovascular vessels (primarily the carotid, vertebral
and basilar arteries) are particularly susceptible to atherosclerosis.

The procass of atherosclerosis occurs in the intimal layer with
secondary changas in the media. It progresses from (1) the fatty streak,
(2) tha fibrous plaque to (3} the complicated lesion, The fatty streak is
common to all persons at an early age and represents local ceollection of

smooth muscle cells in the intima. fThe muscle cells contain lipid and are
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surrcunded by deposits of lipid in the interstitlal areas. This is an
asymptamatic lesion found early in life which increases with age hut does
not appear to cause clinical disease. The lipid is primarily in the form
of cholasteral and cholestero) esters.

The fibrous plaque 1s not as common as the fatty streak among world
populations, bhut is the major pathologic lesien in ischemic heart disease
and stroke. It consists of an accumulation of lipid-filled smooth-muscle cells
surrounded by lipid, collagen, elastic fibers and ground substance (protecglycans).
The cellular elements form a fibrous cap which covers deep deposit of axtra-
cellular lipid and cell debris.

The complicated lesion is a fibrous plaque that haa been altered hecause
of hemorrhage, caleification, cell necrosis, ulceratia; and mural thrombosis.
The atherosclerotic fibrous plaque and complicated lesion produce clinical
symptoms by (l)ccelusion of the vessel lumen, (2)embolization of mural (n\
thrombi, or lipid material, calcium and other debris from the plaque and
{3)abnormal widening of the vessel {aneurysm) with rupture due to destruction
of elastic fibers in the media of the arteries,

The pathogenesis of the atherosclerotic plaque is not completely understood,
but there are saveral hypotheses for which there is experimental suppore, A
basic process appears to be the migration and proliferation of arterial smooth
muscle cells from the media into the intima, Thase muscle cells produce
collagen, elastic fiher proteins and ground substance. Unclear is the
stimulua for this proliferation and migraticn, but factors which appear to
e involved are low density lipoproteins for which the smooth muscle cells
have receptors and which stimulate the cells to produce collagen, elaatin

and proteoglycans. It appears that certain peptides released by platelets

(platelot factor) also stimulace the growth of these cells. e;y
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Endothelial injury may be a precipitating factor in this process which
results in platelet aggregation with a release of "platelet factor" which,
in turn, stimulates growth of the smooth muscla cells.. The observation
that fibrous plaques cccur in areas of potential endothelial trauma due to
hemodynamic influences such as at bifurcations‘supports this theory. Since
the endothelium also forms a barrier to passage of blood constituents into
the arterial wall, endothelial damage will allow the blood constituents
such as lipids to directly pass into the intima and media and stimulate the
intimal proliferaticn of muscle cells. In addition, the plasma constituents
apparently accumulate i; the smooth muscle cells and the surrounding connective
tissue., There is alsoc evidence that hypercholesterolemia in ieself may
injura the endothelium with the subsequent initiation of platalet adherance
and aggregation as outlined above. Factors other than mechanical stress
leading to endothalial damage include genetic predisposition in certain
patients with hyperlipidemias especially those with predominance of low
density lipoproteins. High density lipoproteins appear to play a "protective
role". Toxic factors such as nico:ine.may induce necrosis of endothelial
cells., Hypertension may play a role in endothelial damage and thareby
accelerate atherosclerosis, Table C-1 shows some of the factors which may
injure endothelium and increasa permeabillty to lipcproteins., Figure C-1
illustrates the process and interactions.

In addition to the response to injury hypothesis cutlined above, two
other hypotheses have been proposed for the atheromatous plaque.

The monoclonol hypothesis proposes that each plaque may be a distince
clone from a single cell, esach lesion representing a benign neoplasm derived

from the cell which was transformed by some agent,
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Table C-1

Some Factors Which Have Been Shown To Injure
Endothelium and Increase Permeabllity To Lipoproteins

Clinical Condition Substance or Physical Condition

Hypertension Hemodynamic forces
Angictensin II

Catecholamines - Other Stress, Cigarette Smoking
Vascactine Substances
{serotonin, Bradykinin)

Machanical Trauﬁm ) Catheter injury

Hyperlipemia - Increased High Fat and Cholesterol diets e
Lipoprotains {Cholesterol, Familial Hypercholesterclemia {4
Triglycerides) and free fatcty Diabetes Mellitus

acids

Source: Modified from Wissler, R.W,, Principles of the Pathogenesis of
Atherosclerosis, In Baaunwald (ed.) Heart Disease, Philadelphia:
W.B. Saunders, 1980, pp. 1221-1245.

&4




HEMODYNAMIC “STRESS" LOW OXYGEN
HYPERTENSION CATECHOLAMINES
TRAUMA

HYPERLIPIDEMIA \ /

ENDOTHELIAL DAMAGE

! cawscuomzu‘ﬁs/
5 . PLATELET T mcns..\san PERMEABILITY
: ADHERANCE AND VASOSPASM TO LIPOPROTEINS
AGGREGATION \r\\
PROSTAGLANDINS
{(Thromboxane As)
: PLATELET GROWTH FACTOR LOW DENSITY
) LIPOPROTEINS ———)
_ G \L
o ¥ { PROLIFERATION
i OF SMOCTH
E'.
LIPID CHOLESTEROL
: ACCUMULATION ¢—— SYNTHESIS {em—m——— LIFOPROTEIN
i (INTRACELLULAR) AND AND HYDROLYSIS UPTAKE BY
RELEASE : sMC
. {EXTRACELLULAR)
i

rary

Figure ¢-1,Pathogenesis of Atherosclerotic Pladue
{Response to Injury Hypothesis)

Cc=7

CARBON MONOXIDE

STIMULATES

SMC TO SECRETE
COLLAGEN,
ELASTIN,
GROUND
SUBSTANCE

Source: Modified from Koueke, B8.A. and Subbiah, M.T., Pathogenesis
of Atherosclerosis. Mayo Clinic Proceedings 53:

35-48, 1978



St AR i b e e s v i,

A clenal-senescence hypothesis proposes that some smooth muscle cells
grow at faster rates, "wear out" more rapidly and die. As the cells die, an

inhibition of smeoth muscle cel) proliferation and hyperplasia is lost,

2.2 1Ischemic Heart Disease (IHD)

2.2.1 Basic Dynamics

Ischemic heart disease consists of pathological disorders and elinical
syndromas produced by hypoxia of the myocardium and perfusion inadequate
to "wash out metabolic products”, In certain situations hypoxia ogcurs
without decreased perfusion. However, in most cases of ischemic heart
disease both hypoxia and decreased perfusion occur since the major underlying
lesion is limited coronary blood flow secondary to atherosclerosils of the
coronary arteries,

Adequate oxygenation of the myocardium requires a balance of axygen &
requirements (demand) and supply. The oxygen supply is primarily depen@ent
onh coronary bleod £low which'depends on the systemic hlood pressure and
vascular resistance., The lacter is usually salf-regqulating. If there is
an ocbstruction or narrowing of the corcnary arteries, flow will be limited.
Oxygen delivery may also be limited by the oxygen content of the bloed which
ia determined by hemoglobin concentration and oxygenation of the blecd by the
lung,

Thera are three major determinants of myocardial oxyden consumption
(m@oz). The first is the tension developed in the wall of the myocardium
which 1s related to aystemic arterial pressure and the volume of the vantricle,
The inotropic¢ gtate of the myocardium and the heart rate are the other two,
Both are increased by increased sympathetic tone and circulating catecholamines.

{Figure C=2).

&4




I HEART RATE

INOTROPIC

STATE OF MYOCARDYUM*

MYOCARDIAL WALL

TENS1ON
ARTERIAL VENTRICULAR -
HLOGCD VOLUMIE

\ PRESSURES

-~ -~
OXYGEN CONTENT
QF BLOOD
my0, MYOCARDIAL
MYOCARDIAL gz:gis
OXYGEN ARTERIAL
DEMAND PRESSURE»
CORONARY
FLOWA Y
NORMALLY BALANCED DUE BLOGD ©
TO SELF~REGULATING
CHANGES IN CORONARY CORONARY
RESTSTANCE VASCULAR
RESISTANCE

*Hodified by sympathetic tone or circulating catecholamines

AtLimited by anatomical ohstruction of coronary arteries or functional

obstruction with coronary artery spasm.

Figure €-2. Major Determinents of Oxygen Demand and Supply to the Myocardium
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when demand exceeds supply the myocardium beccmes ischemle, producing
{1} changes in myocardial function-contractility and relaxation, (2} an
accumulation of metabolic products, (3) electrophysiclogical alterations
which produce arrhythmias and electrocardiographic changes and {4) cardlac
pain. If the ischemia is not relieved, cellulaxr death occurs. IﬁD is due
to a change in this supply and demand relationship and produces three major
clinical manifestations; acute myocardial infarction (AMI), angina pectoris
(AP) , and sudden cardiac death (5D). Chronle congestive heart fallure and
cardiac arrhythmias constitste other clinical conditions which may result

from ischemic heart disease, ({Figure C=3),

2.2.2 BAcute Myocardial Infarction (AMI)

sSudden and/or prolonged myocardial ischemic results in myocardial
necrosis. This may occur when there has been a sudden change in the
coronary hlood supply. For many years the major proposed mechanism for
this has been occlusicn of a coronary artery usually at the ‘poim: of an
atherosclerotic plaque by a superimposed thrombosis, The role of coronary
thrombosis as the major initiator of acute coronary occlusion and infarction
has been questioned in the last several years. Thrombosis may be secondary
to the lnfarction rather than the initiator, Secme of the observations
supporting this ineclude (1) the occurrence of thrombus without AMI, (2} the
low incidence of thrombi in sudden death, (3) the documented occurrence of AMI
without thrombus, (4) higher incidence of thrombili associated with ralatively
large infarcts and with infarcts complicated by cardiogenic shock. Hemorrhage
into the plagua causing occlusion, emboli, vasculitis, prolonged system
hypotension, and spasm of the coronary artery can also interrupt or limit
oxygen supply. Thers is growing evidence that 3pa'sm may be a precipitating

factor in certain cases of myocardial infarction, Prolonged and excessive

Cc=10
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Figure C-3, Mesults of Myocardial Ischemia




myocardial oxygen demand in the face of limited supply may also be a

precipitating event of myocardial infarxction.

2,2.3 Angina Pectoris (AP)

* Angina pectoris, the second major manifestation of IHD is a transient
chest pain syndrome in patients with coranary artery disease who develop
ischemia secondary to sltuations in which the demand exceeds the supply
(e.g., exercise, emotion, cold environment). Ischemia is reversible when
the precipitating factor is removed or therépy~is instituted. In addition
to clasgical angina pectoris there are several other recognized intermediate
corcnary ¢hest paln syndromes. In the Prinzmetal variant form of angina,
COronary artery spasm appears to be the precipitating event, (with or without
the presence of atherasclerosis).

Factors which may play a role in coronary spasm include autonomic r"\‘
neural influences, circulating catecholamines, platelet aggregation, local
alterations in clotting and/or fibrinolytic system and the prostaglandins
systam,

An interacticn of platelets and prostaglandins synthesis exists but the
triggering mechanism is not known. Tromboxane AZ (Txl\z) is a potent
vasoconstrictor produced by platelets durlng their aggretation. Another
prostaglandin prostocyelin (PGIZ} produced by vessel walls Ls a potent
vasodilator and inhibitor of platelet agqregation, Spasm, enhanced by an

imbalance of TxA. and PGIz, may be the initiating factor in Prinzmetal angina,

2
AMI and sudden death.

2,2.4 Sudden Death (SD)
In most epidemiologlc studies sudden death is defined as unexpected o

death oceurring instantanecusly or within 24 hours of the onset of symptoms,

C-12
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Ischemia of the myoccardium results in electrical instability of the heart
which may lead to ventricular fibrillation, a lack of organized contraction,
resulting in loss of pump function. Many c¢linical studies have documented
that sudden instantaneous death is usually associated with ventricular
fibrillation. It is alse clear that the autonomic nervous system plays
a major role in the electrical instability of the myccardium. Stimulation
gf the sympathetié and parasympathetic systems will produce cardiac
arrhythmias in the absence of myocardial ischemia in both normal and
abnormal hearts. Although sudden death (especlally instantaneous death)
is frequently equated to the presence of advanced atheroselerosis, it is
not the conly cnﬁsq of sudden death especially thcﬁe defined as death
within 24 hours of the onset of symptoms, (See Table Cc-2}.

Any study of sudden death as a health effect must carefully control
for times of onset of death, unexpectedness of death, prior disease and

disability, and cause of death determined by autopsy.

2.3 stroke

Stroke is manifested by the sudden devalopmgnt of a neurological defect
dus to interruption of the blood supply to the brain or physical disruption
of the brain. The brain is crisically dependent on lts oxygen supply and
irreversible damage occurs if Lt is deprived of its blood supply for over
3 minutes,

There are two basic types of stroke; infarction and hemorrhage.
Infarction is ischemic necrosis secondary to obstruction of the artery
supplying an area of the brain, This obstruction may occur from thrombosis
of an artery or embolism of thrombi (or other material such as platelets

or plaque debris) frem a remote site such as the heart or extracranial

C-13
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Table C-2
Distribution of Sudden Deaths

Autopsied
No. of
Deaths Ho. %
Cerebrovascular Disease a9 47 47.5
Rheumatic Heart Disease 28 15 53.6
Arteriosgclerotic Heart Disease 86l 177 '26.8
Hypertensiva and 133 68 . 51.1
Other Heart and Vascular Disease
Preumonia 24 29 100.0
Clrrhosis 35 33 94.3 |
Other 97 43 44.3 ;'
e
Total . 1077 407 37.8
Reprinted from "An Epidemiclogical Study of Sudden and Unexpected
Deaths in Adults," Medicine 46(4):1341-361, 1967, by Lewis Kuller, :
M.0., Abraham Lilienfeld, M.D. and Russell Fisher, M.D., by
permission of The Williams & Wilkins Co,, Baltimore.
;
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vessels, Hemorrhage produces change by disruption of the tissue or exertion
of pressure on the brain to produce ischemia and necrosis. Athercsclerosis
is the most common underlying disease in thrombotic strokes but there are
other less common causes of vascular ccelusive disease in the cerebrovascular
system.

Araas predisposed te atherosclerosis cccur in the intracranial as well
as axtracranial portions of the carotid and vertebral arteries. The location
of the occlusgion determines the neurclogic deficit and produces several major
syndromes. Transient Ischemic Attacks (TIA) are transient focal neurclogical
defects usually associated with extracranial carotid or vertebral ccclusive
dizeass. Present concepts suggest that the transient nature of these
episodes are due to thromboembolism of aggregated platelets and debris from
ulcerated atharosclerotic plaques. The microemboli rapidly fragment and
dissolve accounting for the transient pature of the attacks.

Another major syndrome is due to ecclusion of intracerebral vessels
which often produces carebral infarction. This thrombotic or emboliclst:oke
is usually superimposed on atherosclercsis. Occlusion of the major super-
ficial vesasels produce large areas of jnfarction and partjcular clinical
syndromes involving both sensory and motor systems, Occlusion of the
deep penetrating vessels produce small areas of infarction (lacunar infarct)
which produce more focal and limited defects of less severe pature,
fraquently with complete resolution. Thesa defects may be the most common
form of stroke and are almost invariably associated with hypertension,

Cerabral hemorrhage (intracerebral or parenchmyal) occurs from xupture
of small penetrating arterioles usually in the presence of modarate and

severe hypertension. A hematoma is produced displacing bhrain structures.

C~15
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The hemarrhage may be massive with up to B0 mortality or small with variable
recovery of the neurological defect.

subarachnoid he‘morrhaqe or hemerrhage into the subarachneid space may
occur from extension from a parenchymal hemorrhage, bur most aften is due
to rupturae of an aneurysm which Is frequently congenital in origin. Hyper-

tension is less often assoclated with this condition.

2.4 Hypertension
2.4.1 Classification and Seguelae

Hypertension is defined simply as -an elevation of systolic and/or
diastelic blood pressure. Diastolic hypertension may be secondary to, or
a complication of other diseases. In addition, gertain disease states
regult in an elevation of systolic blood pressure alone, a result of inecreased
cardiac cutput, a3 is seen with arteriovengus fistula and thyrotoxicosis.
Hypertension may also accompany aging with atherasclerotic changes and
rigidicy of the aorta and larges arteries. Most hypertension is of the
diastolic type with an accompanying systolic elavation. Oiseasas of the
kidney, the endocrine system and the peurclogic system may be associated

with hypertension. In such cases patients are saild to have sacondary

hypertension, scme of which are curable with correction of the primary diseasa.

Patients who do nat have an obvious :eas;m for belng hypertensive are
gaid to have primary hypertension. It is thought that ninety-five percent
of all hypertensive patients have the primary type. The most common causa
of secondary hypertension is renal diseasa., The more common tvpes of
hypertension are listed in Tahle C~3.

The morbidity and mortality associated with hymertension is secondary

to the effects on particular target organs, the brain, heart, kidney, vascular

-
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TABLE C-3
TYPES OF HYPERTENSION .

I. Systolic hypertensicn

A. Increased cardiac cutput f{e.g., A~V fistula, .thyrotoxicosis, hyper-
kinetic circulatien)

B. Rigidity of aorta

II. Diastolic and systolic hypertensicon
A. Primary {(Essential or Idicpathic)

B. Secondary
1, Renal

a, Renal parenchymal disease {(e.g.,, acute or chronic glomarulo-
nephritis, chronic pyelenephzitis, polycystic disease)

b. Renovascular diseass
2. Endocrine
- a. Aércmegaly

b. Hypothyroidism

<., Adrenal
1, Cortical: (Cushing's Syndrome, Hyparaldosteronism)
2. Medullary: (Pheochromecytoma)

d. Hypercalcemia

e, Exogenous (e.g., Estrogen, Glucocorticoids, Mineralocorticeids,
Licorice, Sympathomimetics, Tyramine-contalning foods)

3. Coarctation of the aorta
4, Toxemia of pregnancy

5. Neurcgenic

(J
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gystem, and the gastrointestinal tract. These effects are due to either an
increased work load on an organ or to vascular changes of the small resistance
vessels secondary to the elevated blood pressure, (i.e., medial hypértrophy.
fibrinoid necrosis, arteriolarsclerosis)., Hypertension also acoelerates

the atherosclerotic process in all vessels. Tablae C-4 lists several of tﬁe
major disorders asseciated with hypertension according to organ and pessible
pathologic mechanism.

Hypertensive Heart Disease is heart disease dua to the effect of sustained
arterial hypertension on the heart with the development of léEt ventricular
hypertrophy and subsequently left ventricular failure. Ischemic Heart Disease
due to atherosclerosis (the development of which has been acceleratad'by

hypertension) may accompany and complicate hypertensive heart diseass.

2:4.2 Eticlogy of Primary Hypertension

It -has been noteg by Cassel that in spite of‘the spectacular advances
in elucidating the pathophysiology of hypertensicn, little progress has been
made in understanding its etiology. Unlike atherosclerosis, there are less
clear cut risk factors associated with hypertensicn. There ig a significant
genetic predisposition to hypertension wnich is manifested within both
families and races.

The frequency of hypertension between pepulations correlated fairly
well with the salt intake of the population, The individual blood pressures
response to salt intake may be determined by a genetic predisposition and
“gensitivity" to sals, Obese persons are more likely to be hypextensive
than lean persons. Chesity may be a marker of susceptibility to hypertension

in a young person.

' c-18
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Table C=4

CLINICAL DISCORDERS ASSOCIATEDR WITH HYPERTENSION

Targat Organ

Clinical Disorders

Pathophysiologic Stata

Brain

Hypertensive Encephalopathy

Transient Ischemic Attack

Cerebral Infarcticn

Parenchymal Hemorrhage

Subarachnoid Hemorrhage

Pibrineid necreosis,
edema, hemorrhage

Atherosclerosis plus
emboli {(plaque,
plateleats, lipids)

Atherosclerosis Throm=
boamboli, Thrombosis

Ruptured congenital
aneurysm; Extensien of
parenchymal hemorrhage

Heart

Heart Fajilure

Coronary Artery Diseasa

Increased afterload
(artarial pressure)
Hypertrophy: Decreased
compliance; Decreased
contraceiliny

Athercsclerosis

Xidney

Excretory Renal Pailure

Intimal hyperplasia and
iachemia; Pibrinoid
necrousis and glomerulitis

Rorta

Saccular and Fusiform
Anaurysms

Dissecting Aneurysm

Atherosclerosis

Medial dageneration

Gastrointestinal
Tract

Ischemia, Infarction and
Hemorrhage

Intimal Hyperplaaia
Fibroid necrosis
Atherosclarosis and
thrombosis

Source: Modified from Johnson, J.G. and Muirhead, £.E. Vascular Complications
of the Hypertensive State., IN Hunt, J.C. et al., (eds.) Hypertansion

Update.
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2.4,1 Blocd Pressure Control and Pathogenesis

The major factor in control of arterial blood pressure is a balance

between cardiac output and the peripheral arteriole resistance.

BLOQD PRESSURE = CARDIAC QUTPUT X PERIPHERAL VASCULAR RESISTANCE

The major perameters which effect cardiac cutput and peripheral resistance

are shown in Figure C~4. Heart rate is a major parameter in control of cardiac
output, The other parameters listed effect venous return to the heart and
stroke volume.

Arterial blood pressure is maintained in a narrow range by an active
feedback regulating system. Pressure sensitive receptors (baro-recepters)
located in the carotid sinus and the arch of the aorta, provide for autcnomic
nervous control of heart rate, strength of myocardial contraction, and venous
capacitance and peripheral resistance, For example, an increase in arterial
blood pressure results in stimulation of the receptors and an increasas in ﬁ
impulses teo the vasomotor cenéez of the brain. This results in a decrease
(inhibition) in sympathetic nerve impulsa cutflow and a concemitant increase
in parasympathetic outflow of nerve impulses. The vagus nerve stimulation
results in a decreased heart rate and the sympathetic nerve impulse decrease
resulcs in reduced peripheral rasistance and cardiac output. Thus bloed
pressure returns to its normal valuaes. It appears that for chronic
hypertension to develop there must be some resetting of the baro-receptor
control system which blunts the responses of this feedback system.
Cerebrocortical impulses may directly stimulate the vasomeotor cence;-: to
increass the sympathetlc nerve outflow which will raise blood pressura.

A second major control system for arterial blood pressure is related
to control of blood volume as well as paripheral resistance, This system
responds less rapidly than the nervous control system. This humoral system (w'},
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involves the ‘renin-angiotensin-aldosternne system. Renin release from the
juxtagiomerular cells of the kidney is influenced by several paramaeters:
{l)a decrease in blecod pressure {(perfusion pressure) in the afferent
artaricle of the kidney:; (2)decrease in sodiwm ion in the distal tubule
of the kidney; and {3)direct stimulation of the renal sympathetic nerves.
Released renin results in conversion of renin substrate in blood to angiotensin
I, which is subsequently converted to angiotensin II hy "converting enzymes,"
These enzymes are located in vessel walls and in lung tissue. Angiotensin II
is a potent vascactive substance which causes an increase in peripheral
resistance, Angiotensin I elevation stimulates the secretion of the adrenal
cortical hormone, aldosterone. Elevated aldesterone values produce renal
sodium ion and water retention, thus blood volume is increased. While it is
clear that increased renin-angiotensin I activity is a component of certain
types of secondary hypertension inveolving the kidney, the role in chronic
essential hypertension remains unknown,

patiencts with essential hypertension have been characterized into three
groups on the basls of renin excretion: {l)low renin, (2)normal renin, and
{3)high renin, High renin hypertension accounts for 10-15% of all cases of
assential hypertension.

on the basis of the renin studies in hypertension, as well as the response
to tharapeutic interventions, it appears that there are at least two types of
assential hypertension. One being those cases in which there is a major increase
in blood volume and cardiac cutput (volume dependent hypertension), which is
associated with low or normal renin, and a second type in which there ia a
vagseconstrictive hypertension. This latter type is associated with normal or
low blood volume and elevated serum renin. Patients with normal renin activity

may have a mixed component of both volume dependent as well as vasoconstrictive & a
o,
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hypertension. Early in the course of the development of hypertension there
is an increased cardiac output and blood volume. With lenger standing
hypertension there is increasing vasoconstrictisn. the cardiac output returns
to normal, and blood volume decreases,

More recently attention has been given to other humoral systems which
affect peripheral vascular resistance and the renal handling of salt. These
are the prostaglandin and kallikren-kinin systems which also interact with
the renin-anglotensin system. Prostaglandins are synthesized in the kidney
and arterial walls. Two compounds active on vascular smooth muscles are
prostacyclin, alvasodilator and chromboxaﬁa A, a vasoconstrictor.
Prostaglandins also produce natriuresis. Renal nerve stimulation and
norepinephrine as well as angiotensin II and bradykinin promotes prostaglandin
synthesis,

It appears that prostaglandin synthesis in the kidney plays a role in
local regulation of renal blesd flow. Thus, this mechanism protacts the
kidney from ischemia, rather than having a major effect on peripheral
resistance by release into thelsystemic circulation. Stimulaticn of the
kallikren-kinin system, results in the production of bradykinin. This
substance reduces peripheral resistance, and causes renal lops of sodium ion
and water, This system appears to respond to stimuli similar to that
daescribed for tha renin-anglotansin system. Although there is growing
avidence that thess systems are [mportant in bleod pressure requlatien,
their role in the eticlogy of hypertension is unknown.

A deficiency in the aystems may allow a greater bleed pressure response
to activation of the renal angiotensin system.

The sympathetic nervous system plays a major regulating role in the
maintenance of blood pressure both by direct stimulation of the cardiovascular

syatem and by stimulation of the renin-angiotensin system. The prostaglandins
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and the kallikrein-kinin systems may modify the responses of the system,
Certain persons have a genetic predispositlon to hypertension which may be
mediated by increased sensitivity to sodium intake.

It is also evident that the feedback systems which regulate blood
pressure must be reset to higher values for sustalned hypertension to develop.
Figure C-5 gives insight into the §otent1a11y complex interrelationship of

these systems. However, for the present, we must say that the exact etioclogy

of primary hypertension is not know,

G
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3. CARDIOVASCULAR DISEASES: EPIDEMICLOGY

There is strong evidence that cardiovascular diseases have been declining
in recent years.’ Ischemic heart disease (IHD} and stroke mortality have
markedly decreased in the last ten years, Data for the United States have
shown that IHD death rates have been going down since the mid-sixties while
stroke mortality seems to have been declining at least since 1940, ‘

The decline in mortality from these diseases has bheen concowitant with
marked changes in their treatment modesa, social mores, social programs, and
public health §racticea. These declines have not occurred avenly throughout
the world, nor have the declines shown a return to rates occurring earlier
in the twentlieth century before the advent of the current epidemic of
cardiovascular disease,

Studies in whicﬁ the decrease in cardiovascular deach rates have been
observed have not addressed the kay issue of whether partality hasg deglined
pecause incidence has decreased or whether txeatment has reduced case
fatality or whether a combination of reduced incidence and imgroved treat-
ment has reduced mortality. Figures C-5 and C-7 show mortality trends in the

U.5. for IHD and strokes for whites and all other races, by sex for the pericd

1950-1976,

3.1 Ischemic Heart Disease

Ischemic heart disease (IHD) is generally considared to ba the rubrie
for 1) acute myocardial infarction (AMI), (2) angina pectoris, and

(3} sudden cardiac death. TIn light of recent developments, the term
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Age Adjusted Death Rates for lachemic Heart Disease, by Race and Sex;

United States. 1950-1976 [Semi-icg scaiel

Source: National Center for Maalth Stalistics, Chartboak for the Conldrence on the Dacline 1n Caronary Hairt
Dissasa Moriality; Comparability of Cause-of-Desth Statisucs, Figures and Tablas, and Technical Notes
Rescnbing Trands in 1achermc Heart Disease Mortality in Procesdings of tha Conferance on the Decline
0 Coronrary Hearr Disaase Mortality, editad by Havlik, J.R, and Feinlaib, M, sponsorad by the Nausnal
Hean, Lung, and Bload Insutute. NiH Publication No. 73-1810. May 1979,
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Reprinted from “A Review of Stroke Epidemiology,"
Epidemiologic Reviews 2:136-152, 1980, by

Adrian M, Qstfeld, M.D., by permission of the
Johns Hepkins University Press.
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ischemic heart disease ls now replacing the lesé descriptive coronary heart
disease (CHD) identifier. IHD presently ls thought to account for about cne
third of the deaths in the United States. Galyean (1978) estimates that more
than 600,000 persons die each year from this constellation of d;seasas,
165,000 under the age of 65 ;ears.

IHD mortality rates in the U.S. afe next to the highest in the world,

Finland having the highest and Japan the lowest ratas (Stamler, 1979),

J.1.1 Acute Myoccardial Infarction (AMI}

According to Willersen (1980), in almost every instance, some degree of
narrowing of coronary artery luminal diameter resulting from atherosclerosis
exists in persoﬁs with acute and/or old myocardial infarcticn.

Annual incidence of AMI as estimated from several cohort studies and
one case=series study are shown in Table C-5., When age-adjusted to the same
standard population, the incidence rates in the Nashville, Columbia and
Framingham communities were remarkably similar. In all communities
studied, white males have rates markedly above the other race and sex
groups. In the three Southeastern ¢ommunities (Nashville, Columbia,
Charleston) white male rates were 1.75 to 3 times those of non-white
males. White and non-white female rates for AMI wers similar in each
study area.

‘Table C-6 arrays the risk factors for AMI glaaned by Galyean (1978)
from an axtensive review of the litesrature. However, hypercholesterolemia,
systemic ﬁrcarial hypartension and cigarette smoking are generally perceived
to be the key risk elaments.

Sedentary activity, psychosocial stressas, elevated glucose, chesity,

anvironmental facters, and demographlic variables are thought to ke secondary
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Table C-5
Annval,Incidencel of AMI in Selected Communities, hy Race-Sex Groups

Nen-White White Non-White

white Males Males Femalesg females
Naghville, TN {(1962-68) 6.2 2,1 1.9 1.}
columbia, SC (1978) 7.2 4.1 2.2 1.8
* Framingham, MA (1948-64) 5.7 - 1.2 Can
Charleston, SC {1960~1975) 13.1 7.2 6.5 7.3

lincidence Rates per 1,000 population, Mashville, Columbia, and Framingham

age adjusted by direct method using Columbia metropolitan area as standard P
population. Charleston data only comparable across race-sex groups. (O
Sources for Nashville, Columbia, Framingham: Zmyslinski, Lackland, Xeil

Higgins, 1981

Sources for Charleston: Keil, Loadholt, Sandifer, Boyle, 1981 (in preparation).

¢
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Table C~6
Rigk Factors for lschemic Heart Disease

Age Hemodialysis
Blocd Pressure Male sex
. Cigarette smoking Metabolic factors
. Dietary factors Diabetes Mellitus
' Lipids Gout
: Sucrose . Homocystinemia
§ Coffae QObesity
; Water Oral Contraceptives
Ethanol Psychosocial factors
Environmental factors Sedentary living
. Adr pollution Viruses
Noige

Reprinted from “Risk Fagtors for Corconary Heart Disease,"
Southearn Medical Journal 71(6):694-704, 1978, by James R.
Galyean, M.D., by permisaion of the Southern Medical Journal.
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to the key three, Family history pf AMI, particularly at an early age also
seems to predispose one to extra risk. Data from the Charleston Heart Study
(Keil, et al, 198l) suggest there may be different sets of factors for each
race~sex group; that for white males, elevated cholestercl, cigarettas, and
hypertension are the best predictors of AMI; for white females, hypertension
and obesity; black males, cigarettes and history of dlabetes; and for black
females, histo;y of diabetes seems to be the best predictor, It must be
realized however that diabetes could be a marker for hypertension and elevated
cholesterol. But, as Willersocn (IBQD) points out, the clinically significant
lesion.of atherosclerosis is the atherosclerotic plaque, !

A new concept has evolved with the evidence that coronary artery
gpasm may act as a pathophysielogie factor in patients with cy@ical and
atypical angina and AMI. (Oliva, 1977, El-Maraghi, 1980; Hillis, 1978;
Maser{, 1978 a & b; Braunwald, 1978; Mudge, 1979). Further, recené studies 685
suggest that sudden.cardiac events and AMI are usually separate entities
with differing pathogenesis, since in the majo}ity of patients resuscitated

from sudden death evidence of important AMI does not develop,

3.,1.2 Angina Pectoris

Angina pectorls known since antiquity was first described by
Herbeden (1802), Its original written description and prognosis continue
to this day to adequately describe typical angina, its manifestations, and
its pre=myocardial infarction Gourse.

piagnosls of angina has, without electrocardicgraphic or angiographic
information, been completely subjective, However, Geoffrey Rose {1968)
developed his Rose questionnaire which allows a more objective judgement

of the presence or absence of this disease component of 1HD.
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Shurtleff (1970) estimates the annual incidence rates (per 10,000)
of angina pectoris for whire men in the Framingham study to range from
8 at age 15-44 to 27 for agas 45-54, 75 for 55-84 and down slightly
to 56 for ages 65-74 years., A similar pattern was observed in the Israeli
heart study which indicates a rise in incidence until age 60 years, and then
a drop off (Medalie, 1978).

In a probability sampling {(N=2,184) of Charleston, South Carclina
rasidents in 1960, 2,7% of those 15 years and older reported a history of
angina. This prevalence was across raca/sex groups (Keil, et al, 1974).

In the five year prospective cohort study of 10,000 men in Israel, seven
variables were found by univariate analysis to be significantly associated
with the development of angina pectoris, They remained significant using
the multivariate risk function. These seven were (1} anxiety, (2) all
severe psychesocial problems, especially family problems, (3) total serum
cholesterol, (4) systolic or diastolic pressure, (5) age, (6) non=-specific
T waves or myocardial ischemia on EKG, and {7) diabetes mellitus.

The presence of all seven risk factors (at a high leval) increases
the probability of angina pectoris develeping in 5 vears to 289 per 1,000
from 14 per 1,000 when these factors are low or absent. Anxlety and psycho-
social problems were among the strongest predictors in both univariate and
multivariate analyses,

Ovar the years, many patients presenting with chest pains did pot meet
the critaria for typical angina, i.e., pain did not come on with exertion
and was not relleved by reat. Many of these chest pains were thought to
be of psychosomatic crigin. In recent years, Prinimacal's angina has
been defined, elucidated, and associatad with coronary artery spasm, a

cransient event which may cause intermictent chest pain or at its extreme
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be a prime precipitant of acute myocardial infarction or sudden cardiac

death,

3.1.3 Sudden Cardiac Death

Sudden cardiac death which claims 400,000 lives annually or about
60% of all IHD fatalities has heen recognized since the beginning of record-
ed history {Lown, 1979).

Sudden cardiac death has two aspects: {1} an acute, precipitating factor
and {2) a chronic predisposition of electrical instability of the myccardium.
Ventricular premature contractions (VPC) censtitute risk factors for
ventricular fibrillations and sudden cardiac death according to Lewn (1370,
1971} and it is estimated that 90% of patients with IHD exhibit ectopic
activity (Rvan, et al, 1975 and Lown, et al, 1975). Lown suggests that VPC's
may represent the trigger for repetitive activity leading to ventricular
fibrillation ox VBC's may be an innogcucus concomitant in the electrically
unstable heart. In the first case, suppression may prove protective; in
the second, the underlying electzophysiclogic derangement may continue even
though ectopic activity is contrelled. He estimates that the papulation
with myocardial electrical instabilicy {from which sudden cardiac death
victims are drawn) probably includes several million people.

In Seattle cver a period of 6 years, there have'been 346 long term
survivors out of 1710 episcdes of ventricular fibrillation, Recurrent
cardiac arrest hag resulted in a 26% mortalicty at 1 year apd 36% at 2
years (Cobb, at al, 1978).

Numaerous clipical and epidemiological studies have dsmonstrated that
individualy who experienced sudden cardiac death have certain symptoms

in the days or weeks prior to the sudden death., The most common sympcoms
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include marked increase in fatigue ocut of proportion to the usual activities,
chest pain and shortness of breath (Felnlieb, et al, 1975). Sudden and unexpected
deaths due to arteriosclerotic heart disease occur’ almost exclusively

to individuals who have extensive coronary artery stenosis (Peéper, 1975),

Sudden death victims generally have avidence of old infarctz and perhaps LVH.

The Key predictive factors are the extent of the IHD apd LVH (Oberman,

at al, 1972 and Detre, et al, 1978).

Lown (1975) has noted that sudden death is not ths end stage of severe
heart disease. The mechanism is ventricular fihrillation and certain types
of VBC's may reflect the presence of electrical instability and risk of'
sudden death, ‘The precipitants of these arrhythmias may be related to
change in CNS activity, secondary to social and environmental stresses,
Greene, et al {(1972) notad that sudden death may occur in basically de-
pressed men with high physiclegical coronary disease risk factors, who for
some reascn experience high arousal. Friedman, et al (leJ) suggest that
prodromata occur in the sudden death, but ars rare among the instantaneous
deaths (within seconds),

The consistency of the fatigue syndrome (l.e., frem study to study and
for different race and sax groups) suggests thaf this syndrome is real and
an lmportant premonitory symptom of sudden death. Kuller (l197Ba} hypothesizes
that fatigue may be rslated to decrassed left ventricular function or
alternately, it may represent a manifestation of deprassion.

0f 87 sudden deaths reported on by Reichenbach, et al, (1977}, saven
were found not to have extensive coronary artery disease at postmertem,

Thus, it may ba conjectured thac 7/87 (8%) may have been elactrical and the

balance BO/87 (92%) may have been electrical and/or thrombus mediated AMI's,
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Ags demonstrated by Rahe and Lind (1971} and by Thecrell, et al, (197%),
it is clear that some life change and the individual responses to them may
be regarded as prodromata of sudden death, A case control study by Cottington,
et al, {1980) reveals that relative ta matched controls, cases were six times
as likely to have exparienced the death of a significant other person in
thair 1life within the'previous six montha, They were no moré likely to have
experienced changes in living conditions or work than the controls. The
sanple of sudden deaths ipcluded 81 Caucasian women ages 25-64 years.

¥uller (1978a) believes that individuals who die suddenly of artericsclerotice
heﬁrt disease have a high frequency of prodromal symgtoms in the days or
waeks prior to death. Qualitatively, they are similar to those reported by
patients prior to an aMI. He thinks this prodromata may be related to: (1) true
changa in symtomatology secondary to chronie underlying CV disease, {2} acute '
pathophysiologic changes which are a harbinger of sudﬁen death or aMI, or fmﬁ
{3} pathophysiclogic responses related in some way to the social and physical

snvironment,

1.1.4 - Actherogenesis

The obvicus key to the greatest proportion of ischemic heart disease is
atherosclerosis as has been demonstrated by autopsy and surgical studies,
Epidamicloglic studies indicate that lipids bhalance account for a large
part of the rigk in ischemi¢ heart digease and probably the griﬁcipal
element in atherogenesis. Bloed pressure, stress, smbking cigarattes,
lack of exercise, personality type, alcohel and other factors have also
bean implicated as substantive variables which influence the process of

atharoganesis.
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Kuller (1976) has characterized cardiovascular disease as a continuum
geqinning with atherogenesis which starts with fatty streak, proceeding to
fibrous plaque, and then advancing to coronary artery steposis. It is at
this point that the cardiovascular system is primed for a precipitant of
manifest clinical diseases. Imdeed, it might be conjectured, that these may
simply be a continued insult from the "classic" risk factors or thelr
interactions to trigger the coronary artery spasm,

Stamler (1979) believes that the epidemic of premature IHD in the U.S.
and other western industrialized countries is a result of modern lifestyles

and the risk factors rslated to them, He implicates habitual eating patterns

" high in cholesterol, saturated fats, and calories as the primary cause of

the epidemic.
3.1.5 Cholesterol and Lipids

MeGill (1979) attributes the discovery of chnlestergl to Michel Eugene
Cherreul of France who in 1812 first differentiated between saponifiable
and nonsaponifiable lipids, Adelf Windaus of Freiburg hegan work on the
structure of cholesterol in 1903 and the correct structure was finally
eatablished in 1932 (Fleser, 195Q).

stamler (1979) considers the extensive epidemiologic data on the
relationship of "rich diet, hypercholesterolemia, hypertaension, and cigarette
smoking” to risk of IHD, to meet the esential criteria for demenstrating
that the associations are indicative of an etiological relationship because
{1) the associations are strong;
(2) the associations are graded in nature;
{3) the associations haye the necessary temporal relationshipa in that

the risk factors preceda the diseass;
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{4} the associations are generally consistent in multiple studies;

{S) tha associations are independent;

(6) there is powerful and accurate predictive capaci:ty; i.e., application of
data on risk factors from one population vields good prediction of IHD

in another population and the individuals in it; and
(7) the data are coherent in that the epidemiologic data are consistent

with findings from other research methods, and reasonable pathogenic

mechanisms are known,

However, he citegs as evidence for the primacy of cholesterol, epidemiological
and animal studies which show a high correlacion (r = .725) between per
capita availability of caleories from principal animal sources and CHD
mortality rates for men (Figure C-8). He also cites data' from Armstrong,
(1574, 1978), showing chat an increase in‘plasma cholesterol supervenes when
cholesterol is added to the diet of monkeys at levels less than or equal to (M\
thase frequently consumed by Amer:'.cﬁns. After ls’mcnths on this Qdiet, arterial
intimal thickness was present in all cholasterol fed groups, generally pro-
portional to the increase in dletary and plasmz cheolesterol, (Ficuras C-9).

" Hypartension, a condition not productivé of atherosclerosis by itself has
heen shown to accelerate and intensity athercgenssis in cholesterol-fat fed
animals according to Xatz (1958), Stamler (1967), and Pick, et al, {1974).

Stamler has discussed a number of human studies which also peint to hyper-
tension and smoking as key but secondary risk factors. He cites Paifenbarger's
work (1968) which showed that a single examination of bloed preasure, weight,
and smoking taken in the teens was predictive of IHD risk 20, 30 and 4C years
later, Stamler {1979) also emphasizes that data from international living
population and autopsy studies and animal experimental data all show that

when the habitual diet is low in cholesterol and saturated fats, severe "M‘
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Figure C-8. Relationship between avarage per capita availability

of calories from principal animal sources, expressed
as percent of total calories, and age standardized
1973 coronary heart diseass mortality rates for men.
Twenty Countries Study,

Reprinted from "Research Related to Risk Factors,"
Cireulation 60(7):1575-1587, 1979, by Jaremiah

Stamler, M.D,, by permission of the American Heart
Rssaciation, Inc.
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Relation of dietary cholesterol to aortic intimal
thickening, measured as area in trangverse
microscopic sections., Shown are the average areas
from preselected sites in individual monkeys, five
animals per dietary group.

Reprinted from "Regression of Atherosclercsis,"
Atherosclerosis Reviaws 1:137-182, 1976, by
Mark L. Armatrong, M.D., by permission of Raven
Press.

Cited in Stamler, Jeremiah: HResearch Related to
Rigk Factors. Cirzculation 80(7):1577, 1979.
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atherosclerosis and its clinical consequences, particularly premature IHD
ara rare even when important factors as hypertension and cigarette smoking
are present. .

According to McGill (1979) several factors account for the intensive
interest and investigation of the link between human athercsclerotic heart
disease and cholesterpl. The rapid increase in frequency of IHD in the
1940's and 1950's in the U.S. led to more intengive investigatlon of itg
etiology. The observation that cardiovascular disease mortality declined in
Wastarn Europe during WW II when butter and eggs were scarse cast suspicion on
these diatary components as possible causes of atherosclercsis. Thea the
demonstration iﬁ the early fifties that the probability of developing IHD
could be predicted by serum cholesterol levels in "normal" persens focused
attention on factors that affected serum cholesterol concentrations.

MeGill has grouped the epidemioclogical studies and given a critical
reviaw to each, These are surmarized in the following pa;agraphs.

world War II Studies: The validity of the association between cardio-
vascular mortality and dletary restrictions can he criticized because many
other changes such as cigarette smoking were taking place and the changes
have not been subject to detailed analysis. During WW II the general
reduction in caloric intake may have caused waight lo;ses which reduced
hypertension and diabetes., No specific data implicated cholestersl.

Natioenal or Regional Population Studies: Despite the many compariscns
of arteriosclerotic heart disease mortality among nations, states, and
regions, few have attempted to relats mortality to distary cholestercl or
to agg consumption. The few that have done so form a strong assoclation
betwean mortalicy and cﬁaieﬁterol ¢h the basis of simple correlation

coafficients. wWhen many cother interrelated variables were considared in
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computing a partial correlation coefficient the association with dietary
cholesterol or egg consumption diminished markedly, or disappeared,
Therefore, McGill thinks these associations cannot be considered evidence for
a causal relationship.

Small Group Studies: In contrast to the national or regional studies
in which comparisons were made on the hasis of mortality rates, small groups
usually have been compared on the basis of serum cholestersl concentrations.
However, problems with the presence of many interrelated variables also
confound the findings, #cGill concludes that most results of comparisons
of smallgr groups show an association between dietary cholestercl and serum
cholesterol but previde no conclusive proof of a causal relationship.

Studies Baged on Individual Values: McGill reviewed some 14 reports
in this category which usually tested associations between dietary' cholesterol
and serum cholesterol, ‘i'ru.'ee of them tested the asscciation of diatary
cholestorol and IHD and one examined the association with coronary artery
atherosclarotic lesions., He states chat these papers show lictle or no
asgociation of dietary cholesterol with eithsr serum cholesterol, coronaxy
athercsclerosls or IHD,

HeGLll concludes there are three problems with the observational {epide-
miological) atudies: (1) confounding of all cbservational studies by
multiple independent: variables; (2) the subtle hut fundamental difference
batween group correlations and individual correlations. McGill quotes
Rebinsan (1950) in stating that ecological gorrelationsg cannot be uged

ag substitutes for individual correlaticns. The author suggests that

.group correlations must be interpreted as describing groups and not

describing the responses of individuals to specific environmental agents;
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and, {(3) the effects of within and between subject variation and methodelog-
ical error on the suspected relationships.

For the period up to 1979 (MeGill, 1979) also reviewed experimental
studies in humans and found nearly 50 reports which he summarized as followed:

1950-1959: 12 studies showed a variable but weak relationship between
dietary and serum cholesterol.

1960-1969: 21 studies presented evidence that dietary cholesterol in-

: fluences serum cheolesterol but to a legser degree than
gaturation of dietary fatty acids.

1970-1979: 14 investigations showed varied results but a better study
(Mattson, et al, 1972) showed a linear relationship hetwaen
dietary chelestersl and serum cholesterol within the
range of 0-317 mg/1000 kcal per day.

He points cut that numerous controlled experiments ha&e demonstrated
that the average serum cholesterol concentraticn of adultz increases with
increasing dietary cholesterocl when the total intake is in the range of
0=600 mg/day. Estimates of the average increase in serum cholesterol
concentration range from 3-12 mg/dl per 100 mg of cholestercl per 1000 Kkeal, !
Dietary cholesterol above about 600 mg/day produces no additional effect in
most persons, The response tends to be greater if dietary cholesterol is
combined with saturated fats.

In examining others' work, McGill suggests the possibility that dietary .
cholestercl could affect atherogenasis without changing the serum cholestarol,
Mahley's work (1978) reported that the addition of 4-5 eqgs per day to the
diet of elaven free-living men and women increased HDL subfracticns. The
increased activity of HDL appears regardless of the affect of the eggs on
plasma cholesterol concentration, The observation that egg supplementation
alters the lipoprotein profile as in particular the properties of HDL

indapendently of serum cholesterol offers a new potential mechanism that

naads further exploration and confirmation.
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Mann, et al, (1964) has reported that Maisi (in Africa) have low serum
cholesterol, little or no advanced atherosclerosis and practically no l
atherosclerotic disease in spite of diets high in cholesterosl and animal
fat, This author thinks it conceivable that a large proportion may possess
resistance to dietary cholesterol but concludes that more accurate measurement
of dietary intake and confirmation of their resistance to dietary cholesterol
are necessary before they are cited as showing unusual resistance to dietary
cholesterel,

Finally, MeGill, after examining early review articles on cholesterol
states that none provide a compreheﬁsive and eritical review of whether
dietary cholestercl has an independent effect on serum cholesterol concen-
tration, atherosclerosis, or athercsclerotic heart disease, The key conzlusion
of these reviews follows:

(15

Kays (1957) Animals are much more sensitive to dietary cholesterol
than humans. For all practical purposes, the dietary
cholestersl variahle may be disregarded.

Ahrens (1957) Serum cholesterol levels ware independent of dietary
cholesterol.

Katz (1958) Cholesterol and fats alone were ineffective in inducing
‘hypercholesterolemia in animals but the combinatien
of the two was affective. .

Connor {1870) Dietary cholestercl in amounts up to 110 mg/day did
not effect serum cholasterol, From 110 to 600 mg/day
serum cholesterol increased; above 300 thare was a
plateaning afifece,

McGill thinks there i3 aevidence that serum cholesterol can be reduced
by the aelimination of eggs from the diet. Hewever, because there are many
low responders, much cholesterol is derived from other sources, and other
dietary factors (saturated fats) affect serum cholestereol, Thus, any re-

duction in serum cholesterol must be accemplished by changes in a variety

t ants, e
of dietary components qu
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Twenty years ago Shekelle, et al (1981), evaluted diet, serum choles=
terol and other variables in 1900 middle aged men and repeated the evaluation
cne year later. No suggestions for treatment were made, Vital status was
determined at the 20th anniversary of the initial exam. Scores summarizing
each participant's dietary intake of cholesterol, saturated fatty acids and
polyunsaturated fatty acids were calculated according to the formulas of
Keys (1965) and Hegsted (1965) and their coworkers. These authors raport
that the two scores were highly correlated and results were similar for both.
They showed a positive azasociation between diet score and serum cholesterol
concantration of the initial examination, a pesitive association between
change in diet score and change in serum cholesterol concentration from the
initial to the second examipacion, and a positive asgociation prospectively
betwesn mean baseline diet score and the l9-§ear risk of death from‘IHD.
These associations persisted after adjustment for potentially confounding
factors. Their results support the conclusion that lipid composition of
the diet affects serum cholesterol concentration and risk éf coronary mortality
in middle aged American men.

Although thera may be contrasting evidence (some authors say little
evidence) for dietary cholesterol affecting s;rum cholesterol, there still
may be other environmental stressors, in addition to genetic traits, which

exert an influence on serum cholesterol components.

3.2 gtroke
Every year nearly 400,000 people in the U.S, become stroke victims.

According to Toola (1980) approximately 40% of these die within a menth

and at least 2/3 of the survivors have some degree of permanent disability.

At the present tims, the population of the U.S, includes 2h million disabled
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survivors, The cost of care and loss of earnings is estimated by Toole to
be 55 billien dellars annually, l

For the period of 1967-73 Massey (1979} has shcwn that Japan had the
highest stroke rates (males 250 and females 1350 per 100,000 per year),
while Poland and Mexico had the lowest rates averaging about 50 par 100,000
per year for both sexes. In this tabulation the U.S, ranked 23 of 28
countries reviewed.

In Rechester, Minnesota (Matsumoto, 1973) prevalence of stroke was
shown to be about three times the annual incidence., These findings are
summarize@ in Table C-7, Kuller (1978b) states that the accuracy of stroke
mortality and morbidity statistics within the same community will generally
ba quite similar, He repérts that in most U,S. communities nearly all
stroke victims are hospitalized except those in the oldest age group and
patients with transient cerebral ischemia, Kuller also cautions one to be
sure that patients are reaidents of the same area as those comprising the
denominator. |

Schoenberg (1979) has addressed the diagnostic concerns when dealing
with cerabrovascular disease as involving three levels of diagnosis (1)
axaminaticon of constellation of siqhs and symptoms (2) determining the
type of disease, and {3) delineating the extent, location and maltiplicicy
af the vascular lesion.

Kurtzke (1976) has reported the types of stroke to cccur in the
following proportions - atherothrombotic ‘brain infarction, 69%; cerebral
ambolus, 12%; subaréchnoid hemorrhage, 8%; other types including intra-
cerebral hemorrhage, 11%, Results from the Framingham Study as published
by Kannal‘(1975) have been remarkably similar. Kannel considered the sequellae
among 109 patients who exparienced stzoke during a 22 year follow~up pericd. @iﬂ
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Table C~7

Incidence! and Prevalence? of Stroke for Males and Females by Age Group,
Rochester, Minnesota, 1973

Males . Females
Age Group Incgidence Prevalence Incidence  Prevalence
45-54 1.8 7.0 1.4 3.7
S5-64 4.9 18.1 3.5 16.0
65-74 12.7 33,5 9.6 36,7
75-84 22,6 77.8 22.2 67.1

Lincidence per 1,000 per yaar

Zpravalenca per 1,000 per year

Source: Abstracted from Matsumoto, N, Whisnant, J.P., Kurland, L.T.
and Ckazaki, Y., Stroke 4:; 20-29, 1973,
Cited in Kuller, L.H.: Epidemioclogy of Stroka, Advances in
Neurclogy 9, pp. 285-286, 1978,
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One hundred ninety died and of these surviving (119}, 56 had motor deficits.
Eighty-four percent of the survivors lived at home, 9% were in rest homes
or nursing homes, and 7% were in chronic disease hospitals,

Availability of new antihypertensive drugs is cited by 6stfeld {1980)
as a key reason that there has been a decline in stroke since 1950, He also
states that decraase in mortality may be attributed to health education and
to improved methods of treatment. He alsc presents evidence of a decline in
incidence because the proportion of persons in the Kaiser - Permanente
Medical Plan who were hospitalized for stroke declined in the period 1971-77.

Three reasocns are given by Ostfeld for the pre-1950 decline in stroke
mortality rates: (1) artifactual reduction because of an aging population
from 1940 when the U.S, population was 132 million and 6.B% were over 65 to
1970 when the population was 204 million, 9,8% being over 65, (By taking
the number of stroke deaths for each age group in years after 1940, but age
adjusting to the 1940 population, stroke rates are artificially reduced by a
small amount,); (2) improved diagnosis and (3) black migrants to the North
took on the blood pteséuze characteristics of the Urban Morth {which were
presumably lower than in the Seuth at that time),

There is increasing evidence that high blood pressure may cause strokes.
The VA studies (1567, 1970) have demonstrated that lowering BP can reduce
stroke incidence and the High Blood Pressure Detection Follow-up Program
(1979) provides evidence that rigorous treatment of hypertension reduces
stroke mortality,

Ostfeld (1980) considers blood prassure, diabetes, pre-existing CHD

' (RR=3) and TIA's to be leading risk factors for stroke, but other factors

thought to be associated include obesity, cigarette smoking, LYH, triglyc-

erides, cholesterol, Q,.JD
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Friedman (1968) has alsc suggested that cardiac arrthymias may be
related to risk of brain infarction. Atrial £ibrillation is associated with
a substantial increase in embolic and thrombetic strokes even when cardiac
impairment and high bleood pressure are considered.

Other correlates of stroke are black race and being female, Low
temparatures, low altitudes, and water hardnes.s have also been implicaced

as increasing the risk of the diseasa.

3.3 Hypertension
3.3.1 Epidemiologic Definitions

Hypertension is a blood pressure level above which there is liable
f.o. be excess morbidity or mortality for an individual)., Hypertension is
a blood pressure above that requirxed for n;:ml function {i.e., perfusion
of organs and tissues), And, another investigabtor (Wagner, 1974) has '
definad hypertension as that blood prassure below which therapy does more
harm than good, meaning that medication side effects and their accompanying
risk exceed tha risks associated with higllx blood pressure.

Pickering {1974} insists that blood pressure is a series of con-
tinuous and normally distributed 'values and infers that hypertension is
a misnomer for the reasons indicated in the preceding paragraph. For,
contrary to Plagt's (1959} theory of two classes of bleod pressure
{normotenaion and bypertensicn), Pickering (1974} asserts that the rela-
tionahip betwa§n arterial pressure and mortality is quantitative; the

higher the pressure, the worse the prognosis,
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3,3.2 Clinical Definitions
Physicians generally like to consider patients as {z) normotensive,

(b} those with labile hypertension, i.e., extremely transient "elevations"

of pressure, (¢) those with henign hypertension, i.e., fixed elevated pressure

with slight anatomical change and (d) those with accelerated or-'malignant
hypertension involving physiologic and anatomic pathology. Hypertension
may, also, be viewed as primary in which the etiology is uncertain, or
secondary to other diseases such as pheochromocytoma, Cushing's disease ar
other assorted nephritic diseases (Ledingham, 1971; Laragh, 1974).
Clinically, hypertension, at various times, may be considerxed to be a
diseaae, a sién, rigk factor or a precursor of disease,

Mahomed (1881) first observed that elevation in bleod pressure may
aither precede or follow renal disease and proposed the concept that
"what, is the cause in one casa may be the result in another". A number
of inveatigators (von Basch, 1893; Huchaxd, 1889 and pthers) confirmed
this hypothaesis; and in 1914, Volhard and Pahr differentiated nephritis
from nephrosis (i.e., caused by primary hypertension) and classified
arteriosclerotic diseases causing hypertension into benign and malignant
phéses of essential hypartension.

More recently, subclassification of essential hypertension based
on plasma renin, angiotensin and aldosterone was made by Laragh, et al
1974}, Oparil and Haber (1974) and others. Schanberg, et al (1974)
have alse suggested identification based on plasma levels of dopamine
baeta hydroxylase,

Currently operating hypertension ¢linies usually have, as their minimal
admiasion standard, persistent {three weekly detarminatiuns) arterial

pregsures ranging from 150-170 mm Hg systolic and 95-100 mm Hg diastolic
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pPlus the criterion of no demonstrable cause. Although hypertensive
patients are frequently asymptocmatic, typical symptoms may include early
morning occipital headachke and unsteadiness (not true vertigos. Addicionally,
there may be signs of changes in the arterioles of the optic fundi or
other end organ damage, particularly within the kidney. As regards
symptoms, however, Pickering (1974) suggests that most symptomatology is
iatrogenic. He cites Stawart's work (1953} which found that of 104
patients who were unaware of alevated arterial pressure, 87 had no head-
ache; of 96 who had been told they were hypertensive, only 27 had not
complained of headache. In Ayman and Pratt's study (1931), the chief
early complaint of their hypertensive patients weres headache (72%), pain
{67%) and nervousness (67%). The frequency of these symptoms was similar

to those found in 5O psychoneurotic subjects with normal bloed prassure,

3.3.3 Measurement of Blood Pressure

Direct methods of measuring pressure require lnvasivé and cocmplicated
techniques not generally applicable to epidemiclegiec studies nor to
clinical practice, Thus, the traditicnal, and widely used, indirect method
of measuring systolic and diastolic arterial pressure involves che sphygmoma-
nometer insroduced by Riva-Rocei in 1896,

variations in blocd pressure readings may he due to true variaticns
{induced by emotional state, physical activity, position, temperature,
etc.), instrument error or observer error (McCaughan, 1966). Bevan, et al
(1969) demonstrated this by attaching to himself and others an automatic
measuring dgvice which recorded blocd pressure over a continuous 24 hour
period, ‘The author, who by most criteria would be considerad normotensive,

had pressures which ranged fxom 55/30 mm Hg during sleep to 150/70 during
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periods of (1) a painful stimulus (a pin stick in his posterior), (2) ecoitus,
and (3) his helping to get his children off to scheool and as he began to
work. His blood pres;ure averaged about 95/55 for several haurs after lunch,
rose somewhat between 5 and 8 p.m., but returned te 95/55 and remained at
this lavel until he retired., Acctording to Rose, et al (l964) the observer
may introduce error due to the follewing factors: (1) mental concentration
and reaction time, (2) hearing acuity, (3) confusion of auditory and visual
cues, {4) interpretation of sound, {5) rates of inflation and deflation,

(6} reading of moving column, (T prefe:encg of certain terminal digits,

{8) bias. Thus, the measurement of blood pressure, which appears to be a
simple matter, may be subject to large errors or variations. Special
consideration must be given to reducing or standardizing these differ;nces

in epidemlologic studies, since one must recognize that a blood pressure
measurement, at best, is a sampling of cne of many possible levels.

Design of epidemiologic studies of bloed nressure must, therefore,
address itself to standardization of instrumentation, observer(s), and
participants, Comstock (1957), found in his studies in Muscogee County,
Georgia, that hlood pressure taken at home tended to be lower than those taken
elsewhere; although he determined that the overall differences were not
marked, He compared home and office blood pressures of 93 individuals in
his study and found that, on the average, systolic pressure'was 1.9 mm Hg
higher and diastolic pressure, 3,9 mm Hg higher in the office getting than
at home. For males, the office readings were lower than the fleld readings;
whareas, for females, the reversae was trua. Comstock says that since the
field readings waere made by female nurses and the office ones by male

physicians, the blood preassure of the subjects may be higher when the

Eia
%4
-

axaminer is of the opposite sex.

™
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Pickering (1974) says that although the arterial pressure, as measured
in office or clinic, by no means represents the arterial pressure at other
times of the day or night, it is, in fact, a value which is reasonably
replicable, provided that the usual precautions are taken of ensuring that

the patient is comfortable, resting, quiet and at easa,

3.3.4 Dpistribution and Patterns by Age, Race, Sex and Residence

Blood pressure measurements are approximately normally and unimodally
distributed if the sampling is representative of the population, as numerous
publications by Pickering {1968, 1974), Hamilton et al (1954}, and others
have adequately demonstrated. Figure C-10, a frequency poiygon of the blood
prassure of Charleston County residents in 1960, further demonstratés this
thesis, S5ir Robert Platt's (1959) arguments for a bimedal distribution
(reprasenting normotensive and hypertensive states)} have heen put to
rest, if not dismissed,

Numercus studiea (Borhani and Hechter, 1364; éranklin, et al, 1973;
Hamilton, et al, 1954; Scotch, et al, 1961; Klein, et al, 1973) have
shown that mean blogd pressure generally increases with age although
the diastolic coemponent usually tends to level off about age 50 and may
actually show a sliqh£ decrease aftsr this age, While the above referenced
studies have teen cross gsectional in nature, cohort studies (Borhani and
Hachter, 1964 and Xapnel and Gordon, l97() r?veal a gimilar pattern., Studies
among ahoriginal peoples in Ponape (Murxill, 1949) and West China (Morse,
at al, 1937) indicate that, in the groups observed, blcod preasure may have
remained constant as age increased, As ane compares these primitive groups
with more modern or Westernized peoples in England, India ¢r the United

States, the differences in both systolic and diastolic bloed pressures are
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remarkable (Figure C-1l). These differences in blood pressure might reflect
cultural dissimilarity or differences in gsnetic stock; i.e., these

isvlated groups, which have minimal racial admixture, may possess unique
anatomical or physiclogical traits which do not require bleed pressure

elevation for optimal performance. Geography may serve to explain some of

the blood pressure differences.

Disregarding the unusual populations of the world, it can he generalized
that average arterial pressure rises with age--that for systolic pressure,
the growth curve is steep, hut for dlastolic pressura, there is generally
slight deviation from linearity,

According to Pickering (1574) , hypertensiocn is more prevalent and severe
in blacks than in whites. The National Health Survey of 1960 (1968) found
a blood pressure of either 160 Isystolic or 95 mm Hg diastolic or higher in
27 percent of black adults as compared to 14 percent of white adults.

Thus, the prevalence of hypertension may be deduced to be twice as high in )
blacks as in whites in the United States. Examination of these data also
show that the racial difference saems to be agcentuated in the Southeastern
counties, v.i.2., Evans, Muskogee and Charleston, as compared to the United
States as a whole.

Gillum (1979) presents the chrenology of the epldemiology hypertension
in blacks and reports that data began to emerge in the 1930's suggesting
higher blced pressure levels in blac.ks in selected populations (Adams, 1932},
According to him, it was Comatock with data from tha Muskogee County Georgia
Study in 19587 (Comstock, 1957) who firmly established black~white differences
_.1.:1 & biracial community using standardized methods. Since that time their
findings have bean replicated in numercus surveys in the U.S., and in the

Wast Indies, However, population-based data on bloed pressure from the
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Figure C-11. Arterial blood pressure by age of selected primitive
developing and modern populations (all females
except West China, sex not specified),

Reprinted from "Prevalence of Hypertension in
. Females of Punjab State, India: Ralationships with
E Aga, Residence, Heart Rate, Occupatiocn, and Chesity,"
: Human Biolegy 49(4):641-650, 1977, by Julian E. Keil
' and Betty Cowan, by permission of the Wayne State
! University Prass. Copyright 1977 Waynme Stace
; University Press, Detroit, Michigan 48202,
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many countries in Africa show variable results with regard to inFerracial
comparisons (Epstein, 1967; Akinkughe, 1972; Bays, 1953; and Kean (1949).
Saveral investigators (Harburg, 1973; Boyle, 1970; Kell, 1977; and Tyroler,
1978) have attempted to use skin color and bloed groups as genetic markers
to gtudy black;white pressure differences, Initial studies by Boyle (1970)
from Charleston, South Carclina indicated that darXer skin color Ls relatad
to higher blood pressure among blacks, However, in later reports when
social class was controlled for, this apparent effect of skin color disap-
peared (Xeil, 1977, 1981), HNo correlation between BP and degree of racial
admixture was found in northeast Brazil (Krieger, 1965},
Thus, there is little hard evidence from studies of skin color on
blood groups to support or refute the hypothesis that black-white differences )
in BP arise from single or multiple genes, although it is clear from I
family studies of BP that genetic factors are important within each group.
Saveral studies (Hamilton, et al, 1954 and Masters, et al, 1950) in the
early 1950s indicated that average systolic and diastolic presgures, when
adiusted for age, differ in the two sexes. Those c¢ited show females with i
higher aystollec levals after about age 30, Diastolic pressures wera higher :
in women than in men at all ages; the differences being very small in the
youngest subjects and, thereafter, increasing steadily.
Studies conducted in 19680 in the United States have shown falrly consistent
gex differences in blood pressure patterns similar to the earlier studiag
with sex differences being greatest in the blacks of Evans gnd Charleston
counties,
Sex differances merit furcher evaluation and detailed study, if for no

other reason than to explain the paradox of generally higher blood pressures
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in females, yet substantially lower probability of coronary heart disease
for which eleva:e& pressure la considered to be a prime risk factor.

Some studies have shown rural-urban differences in mortality and
ﬁorbidity, with the rural areas deciared to be the healthier environment.
Unpublished blocd pressure measurements by residence for white and black
males of Charleston County in 1960 presents only equivocal evidence (Kell,
at al, 1975).

Abrahams (1960) has reported arterial pressures in Nigeria, one of
the countries of West Africa which was the general area of arigin of the
Southeastern blacks, whiie the pattern of blood pressure change with age
in the Nigerian study is similar to that of the United'States, Evans
County and Charleston County, the absolute levels of blocd pressure ?

in Nigerian blacks are markedly below levels of North American blacks.

3.3.5 Risks Associated with Hypertension

At least since Janeway's work in 1913, it hasg been known that patlents
with a%evaned blood.pressure tend to die prematurely. Stated‘another way :
by Pickering {1974), the higher the arterial pressure, the worse the
prognosis.

Insurance companies (although dealing with a selected population) may
provides scmd of the bhetter data available about the sequellaes of hypertension.
The Metropolitan Life Insurance Company reports confirm Plckering's
hypothesis with the following findings, Men, age 35, who have blood
pressuras of lasg than 130/90 have a lLife expectancy of 4lh years which
i3 reducsd to 25 years as the pressure levels increase to 150/100; this
decrement represents a 408 decrease in life span., This risk of 40%

reduction in life span continues in males until age 55 when it moderates @M*
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to about 254, In females, lr:ha decrease in life expectancy with lncrease
in blood pressure (5130/90 to 150/100) are markedly lower: 22s reductien
at age 45 and 15% at age 55, -

Lew (1974), of the Metropolitan Life Insurance Company, reports that
blood pressuraes 10~15 mm under average, i.e., below 110 mm systolic and
balow 70 mm diastolic, are clearly optimal insofar as longevity is
concernad.

Sequellae of pergistent high blood pressure may be considered of two
types, (1} direct organ damaga and (2) indirect effects on the cardio-
va‘scular‘ or other systams,

Direct Effects: These include end organ damage including nephroses
and retinal lesions (Pickering, 1968). Another direct organ affect is
congidered to be left ventricular hypertrophy {Gorden and Kannel, 1972).
While these direct effects appear obvious, they are no less important than
more subtle ones,

Indirect Effects: The role of hypertension, in cardiovascular diseases
particularly, has. been intensely investigated during the last score of
years, Its final rank and role in the genesis of ischemic heart disease
and stroke may come only with raports from intqrvention trials in which
modificasion of risks are followed by reduction in subsequent r:;orbidity
and mortality., Praliminary results from intervention txrials (HDFP) showed
a 17% reduction in all cause mortalicty resulting from a tTeatnent protocol
(HOFP, 1979).

Hypertension is ccnaidered to be one of the prime risk factors for
ischemic heart disease, atherosclerotic brain infaretion and intermit-
tent claudication (Gordon and Kannel, 1972; Heyman, et al, 197l; Tyroler,

at al, 1971; Kleinbaum, et al, 1971; and Kannel, 1971}, That these
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diseases are the leading cause of death in the United States {Chapman,
1967}, in addition to their morb.id consequences, ls reason alone for
intensive investigations into the etiology of hypertension,

Borhanl, et al (1963) found that the higher the systolic or diastolic
bloed pressure had been among San Francisce longshoremen in 1951, the
greater the risk of mortality during the ensulng ten years.

Within the study population from Pecples Gas Company of Chicago
(Sta.mle;:, 1967) , IHD incidence was 4.1 times as high with dlastolic bleed
pressures of B80-~89 mn Hg as with pressures less than 80 mm Hg, and 8.2
times as high w;th diastolic pressures of 95 mm Hg or more as with
diastolic pressures less than 80 mm Hg. Risks with elevated systolic
pressure were somewhat less: 2.5 times greater with sﬂrstol;.c pressures
of 140-149 as compared with a systolic level of less than 110; the risk
increased to 3.1 when pressures'wara in the range of 150-15% when com~
pared with those less than 130.

The Framingham Study (Kannel and Gorden, 1970) found hypertensives
{systolic 2180 and diastolic >95) at 4.5 times the risk of CHD at those
classified as normotensive (<£140/490).

Acgording to Page and Sidd (1973), risks associated with elevated
bloed pressure that came from Framingham were related to the pressure
at entry into the study and the study participant's physician may have
instituted treatment for scme of them. Thus, if hypertension in these
subjects has been modified by therapy in the interviewing years, then
aither treatment has been ineffective in reducing incidence of vascular
disease or the risk of vascular diseasa has been underestimated.

Epideniologic studies over the past decade have repeatedly stressed

that hypertension is one of the "big three" risk factors for heart 6‘4
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attacks and sudden death, A recent summary of the evidence by Hollander
({1973) stated, "The results of a number of epidemiological studies indicate
that the risk of every manifestation of coronary heart disease, including
angina, coronary insufficiency, myocardial infarction and sudden death,
is significantly related to the antecedent laevel of both systolic and
diastolic blood pressure," Hollander also stated that "it is not clear
that hypertension, per se, in the absence of other atherogenic factors,
can cause atherosclerosis," and he concluded that the vascular effects of
hypertension miglht not bhe reversed by troatment of the high blood prassure.
Tyroler, et al (1971) also call attention to the fact that in none of
the population studies hag there been found a critical level of bleod
pressure above which middle-aged American men are at risk and below which

they are free from the development of CHD.

3.3,6 Possible Eticlogy

The scientific licerature abounds with theses which purport to give
the cause of hypertension, VYet Pickering (1968) still speaks teday for
the seientific community as he wrote in 1960: "We do not know precisely
(the gause). CGartainly no specific fault has been identified and I am .
persopally doubtful if one exists, But going further back we can assign
roles to inheritance, which influences pressure at any aga, and environment,
whieh influences the rate of rigse with age. And thig is patural because,
in one way at least, aging represents a cumulative affect of environmental
influences."

And, Miall (1971) suggests that familial factors account for only a
third of the variance of syatolic pressure and a fifth of that of diastelic,

Non=familial environment factors, mest of which remain to he datected,
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presumably account for the remainder. The major factors which have heen
explored as eticloglcal are dietary factors or habits, geographical factors
and chemical, physical factors,

The evidence relating salt to human hypertension is indirect and
derives from three sources: (1) effects of salt restriction, (2) effects
of salt alimination by diuretics, and (3) correlation between salt intake
and hypertension (Dahl, 1972).

Intarest in tha connection hetween salt and hypertension was heightened
somewhat about 1959 with the introducticn of thiazide diuretics. Dahl
(1972} contends that the effectiveness of diuretic therapy in lowering
blood pressure allowed clinicians to :ealiz; that most of their hypertensive
patients had not been on low sodium diets,

! Aftar comparing demographic, social and economic data with diseases

3

involving hypertension, Jenkins, et al (1979) found that low occupational
status and low education may be the most potent statistically of all the
community predictors of excess hypertensive mortality,
Haynes, et al (1978) found few consistent associations between
| paychosocial stress measures of personality type, sociocultural mobility,
situaticnal stress, or scmatic strain and levels of blocd p‘r:essure or
cholesterol,
According to Pickering (1968), there is a definite correlation between
blood pressure and the relation of body welght to height. He cites the
results of two atudies to reinforce this viewpeint: (1) reduction in
waight by dieting may produce considerable fall of arterial pressure when
iz is initially high, (2) the percentage of parsons having blood pressuras

20 mm Hg or more above tha norm for thelr age, increases more rapidly with

¢4
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age in the group that is 20% or more overweight than in those whose weight

is within 5% of the average.

More recently, Tyroler, et al (1974) reported the seven year experlence
of an Evans County, Georgia, population and demonstrated that being over-
weight is associated with both increased prevalence and incidence of high
bleod pressure, Further, their work showed an assoclation of weight change
with hlecod pressure change.

A previous section demonstrated dissimilarities in bleod pressures in
various geographical locations and, in part, gscribed the differences to
degree of civilization. We will now discuss specific elements of leocation
which impinge on blood pressure.

Climate = Most reports on the effects of temperature and barometric
preasure appear to ke anecdocal: Howaver, Alexander (1974) indi-
cates that most studies of the hemedynamic effects of cold while
performed in the regting stats have shown an increase in arterial

' pressure., Doyle and Lovell (i961) found that Eu:opean Australians

of long residence in tropical Australia had higher pressures than

those in temperate Australla, FHowevey, Takahashi (1967) considered

that coldness might be one of the causes of hypertension, espaecially
in Japan, where mortality from cerebrovascular disease is highly
concentrated in the Northeastern part of the igland, In 1957 he had
found that perscns who either had no stove in winter or had a stove
five years or less had an average elavation of 1l mm of aystoelic
pressure in winter than in summer, Those who had heat in their homes
for over six years had only minimal and non-significant elevations,
presumably because of adaptation mechanisms. As regards baromerric

prassure or altitude, Fejfar (l1967) reports that high arterial pressures
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are rare at high altitudes but admits that reliable epidemiclogic
data are not available.

Trace Metals and Drinking Water ~ Schroeder (1960, 196%9a & 1969b) in the
U.S. and Kobayashi (1957) in Japan did some of the original work which
creatéd interest in the relationship between health and mineral
characteristics of local water supplies, Numerous other investigations
followed, nmostly of an ecologic nature, Many of these studies found
an inverse association between mortality, in particular death rates
from cardiovascular disease, and the hardness of local drinking water.
Kobayashi, a Japanese agricultural chemist, had in 1957 found an
association between stroke death rates and the acidity of water.
Schroeder had a grant to investigate ¢V disease in the orient in 1957
and while there, was given acecess to the stroke-water guality data by

o

Kobayashi..

on his return to the U.5, Schroeder sought to confirm Xobayashi's
tindings. Shroeder found, for the period 1949=-1951 significant
negative correlations between water hardness and death which ranged
from -,31 for IHD; -.37 for all cause mortality; -.33 for stroke,

and =,56 for all cardicvagcular diseasas,

In the years since these studies, numercus authors and committeas
reviawed the water story, Some (Shaper, 1974 and Hudson, 1976) were
sufficiently convinced of the relationship between hardness and
diseasa that they recommended action with respect to water treat-
ment. Otherg eguivecated, one author felt the a:s&ciation batween

water hardnass and CV diseasa to be apuricus. Others suggested that @;3
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some trace elements leached from the distribution system might be

the cause.

According to Comstock (1979), most of the studies reported, used
correlation coefficients to measure assoclation rather than the
regression coefficient, The correlation cpefficient is affected much
more by chance variation that the reqression coefficlent, which can

be attenuated only by varlatiens in the independent variable, Thus, the

correlation coefficient glves no indication of the magnitude of

" effect, It is possible to get near perfect correlatiocn of twe

variables even when the dependent variable changes little, if at all,

The majority of comparisons within madjor national subdivisions such
a3 states or provinces support the possibility that soft water is
associated with increased risk of dying from CV disease, but studies
from smaller geoqraphical areas have not been supportive of this
hypothesis, according to Comstock.

It hardly seems that watar hardness, per se, would he rela.:ed to
disease. It may be an excass of a toxic factor or deficiency of an
essenclal one, however Sharrett (1979) who has reviewed this
literature concludes that available geographic studies relating
water quality to mortality rates have not provided consistent
evidencs regarding the effects of elements found in drinking water

on the cardiovascular system,

gmoking ~ Borhani and Hechter (1964) found that -both systolic and diastelic

blood pressures were higher in San Francisco longshoremen who never
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smoked than in those who were cigarette smokérs, Pickering (1968)

had reported similar findings in the literature., Dilation of vessels
may be a partial explanation for this finding,

with Air Pollution - Jacobs and Langdoc {1972), using total particulates
as an index of pollﬁtion, has incriminated air pollutants as the cause
of increased cardiovascular-related deaths. Another auwthor (Carrell,
1969} has also shown a statistical correlation between air-borne
cadmium and prevalence of cardiovascular disease in 19 metropolitan
areas. Both of these studies have used suspect epidemiologic metheds,
Lead has also been associated with elevation of blood pressure (Crepet,
gt al, 1956; Hsu, et al, 1957; Beevers, et al, 1980) but this may he
due to kidney damage and thus producing a secondary hypertensicn,
although in the Beevers report there was no association between bloed

-

lead and kidney function,

Birth Control Hormones - Several studies (Duke, 1975) hawve shown bloed

prassure elevations among users of birth contrel pills.

Racognized Disease - The prevalence of hypertension is greatar in diabetics :

and is one of the well recognized sequellae of this disease,- Barrett- i
Connor, et al (1981) found that of 3,456 residents surveyed in Rancho '
Barnarda, California between the ages of 50 and 79 years that thera

was an association between diabetes and hypertension in beth men

and women of all ages. Thay rTeport that diabetes and hypartension

are linked only partially by obesity and that some of the exceas risk

of IHD in diabetics is procbably due to hypertension.

Unrecognized Disease - Saveral studies (Pickering, 1968) have reportead

ARG A s it 3

increased urine proteins and uricemia among certain hypertensives.
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A long time concern of renologists has been that essential hyper-

tension, or a portien of it, may éctually be secondary hypertension.

3,4 Risk Factors
3.4.1 Smcking

A number of reports (Dell and Peto, 1976; Reid, et al, 1976; U.S.
Surgeon General, 1979) have shown lower IHP rates for nonsmokers.
Although the relative risk of IHD given a history of cigarette smoking
is modast, i.e. about 1.8 to 2. Doll, et al (1976) considers that the
axcess mortalicy from IHD in ci?arette smokers is probably wholly or
partly attributable to the habit, In tha Charleaston Heart Study (Keil,
et Sl, 1981) cigarette smoking contributed significantly to the
prediction of AMI in white and black males, but no such relatienship
was evident in white or black females. '

Saltzer (1980), however, points out that it is reascnable to believe
that stopping smoking does not reduce the risk of THD, and.that :here‘ ]
is no established proof that cigarette smoking is causally related to
IHD, He also emphasgizes that after years of search and experimentation
the mechanisms by which smcking might enhance manifestations of IHD

have not been gatisfactorily established.

3.4.2 Alcchel

Accoerding to Evans, et al (198Q0) several epidemiologic studies have
presented evidence that men who consume small to moderate amounts of
alcohol daily have a decreased risk of IHD, Their own study (Hennekens,
at al, 1979) of 586 white men who dled from IHD and an egual number of
matshed controls found that those drinkers who consumed two ounces oy

.
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lesa of alcohol per day had a significantly lower risk of IHD asg coméared
to nondrinkers. As compared to nondrinkers the relative risk of death
from IHD for light to moderate beer drinkers was 0,3, for wine drinkers
0.3 and for liquor drinkers, it was 0.2,

Evans, et al (1980) think that the biolegic basis for the effect
of aleohol on IHD may invelve changes in lipids, alteration of platelet

aggregation, modification of behavior pattarns, and effect on life avents.

3.4.3 Cral Contraceptives \

Kreuger, et al (1980} examined the role of oral contraceptives (CC's)
in fatal myccardial infaretion and f;und slight evidence against the
use of 0C's. However, when the analysis was restricted to white AMI
ca;as of 4 definite natura, and contrels, who had no contraindications
to OC use, usars of OC's were estimated to be at about four times the
risk of nonusers for fatal AMI's, .

In 26 women discharged from a hospital with a diagnesis of acute
myocardial fnfarction, who were otherwise healthy and potentially child
bearing compared with 5% control women, Jick, et al (1915) found the
relative ;isk estimate of AMI to be 14, given a recent history of oral
contraceptive use.

Petittd, et al (1979) investigated the relation in women of wvarious
factors to risk of myocardial infarction, subarachnoid, hemorrhage, other
strokaes, and venous thremboembolism, Smoking significantly increased
thelrisk (RR = 3-5) of all four diseases, whereas oral contraceptive

use was agsociated with an increase only in risk of subarachneid

hemorrhage (RR = 6.5) and vencus thromboembolism (RR = 7,6). Cigaratte
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smoking was overwhelmingly the most important risk factor for vascular

disease in women.

3.4.4 oObesity

According to Stamler, et al {1978), the association of averweight
with elevated blood pressure has heen fraquently noted. They report that
in the Community Hypertensicn Evaluation Clinic screening of more than
1 million people, the group classifying itself as overweight had
prevalence ratas of hypertension 50% to 300% higher than other screeneces,
The frequency of hypertension in overweight persons aged 20 to 39 years
was double that of normal welght and triple that of underweight per;ons.
Among those aged 40 to 64 vears, the overweight group had a 30% higher
hypeértension prevalence rate than the notmal—weigim group and 100
higher than the underweight group,

Patel, et al (1980} have :%hmm frem autopsied cases {25-84 ye:'ars of
aga) in Orleans Parish that there is 'an inverse association between
smaking habit and ohesity, but a direct correlation between smoking
habit and atheroselercsis. Positive though weak associations for measures
of atherosclerosis with adipose thickness were found among whites bhut not
among blacks. The authors suggest that obesity itself is not atherogenic
but that it is related to one or more atherogenic agents that affect aortas
and coronary arteries differentially and that are more intensive among

whites than blacks.
3.4.5 Physical Activity

The role of physical activity as a coronary risk factor has been

depated for a leng time and opinions have contraszed due to the difficulties
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of classifying single individuals as more or less active and to the
confounding effects between habitual physical activity and some risk
factors (Menotti and Puddy, l"379) . Menott_:l. and Puddu studied a cohort
af 172,459 males, aged 20-64 and employed by the Ttalian railroad system,
The overall crude mortality was 56.6 per 1000 in ten years and no significant .
differences were found between men in sedentary, moderate, and heavy work.
Age corrected death rates for MMI and sudden cardi;ac death ware substantially
different in the three activity groups. The age corrected rates per 1000
in ten years were 14,2, 12,6, and 7.6 fn;.- seder;tary_, moderate, and heavy
work respectively, The authors report that all differences were
statiatically significant. . .

Noakeas and Opie (1979) consider that running by itself does not give
absolute protection from corcnary artary disease, but that it encourages

€

a life style associated with low coronary risk.

3.4.6 Environment
Tha American Heart Association Task Force Report on the Impact of
the Environment on Cardiovascular Disease (Harlan, et al, 196l) broadly
considers that environmental hazards comprisa both factors of the amhient
environment and aspects of environment that are perscnally controlled,
The raport gives examples of ambient hazards as contaminants a'E
alr, water, and food and cccupational risks that cannot be controlled
hy the worker., Aspects of environment under personal control include
cigaretta smoking, various drugs, and a variety of health habits such
as physical activity.
Accerding to the authors, perscnal environment factors are important
risk factors in the development of cardiovascular disease and based on gérf’
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present knowledge appear to make greater contributions to disease
devalopment and progression than do general environmental factors.

Of the ambient hazards in the environment, the Task Force Report
advocates that probably noise and physical and psychosocial stresses
warrant the most attention. Further research in the areas of water
hardness, trace elements (particularly magnesium) and occupaticnal

exposures are 3till considered desirable,

3.4.7 sStress

Stress is an imprecisa term that is used to describe ‘a force or
influences that disrupts the ugual physical or psycholeogical state according
to Harlan (198l). The definitions, scope, and use of the term ars diverse,
but we will consider stress in the light of three major influences, namely
social class, life events, and personality type. Each of these three
cemponents may influence the other or interact with it to cause a positive

or negative stress.

3.4.8 Social Class

Social class (SES) has been defined by Green {1970) as the relative
position of a person or family in a hierachy which maximally reflects
differences in bashavior. Persons of a given social status ars expected
by their peers to behave in a given way that is complying to a social
norm and thereby tend toward a statistically expected level of behavior,
Thus, SES approximates the position of a person with regard to one of the
frames of referance pecple employ to placea one another, namely socio-
economic leval, sccial class participatien and reputation and family or

individual life stylass. Social classes indexed by SES may then influence




if not dictate his physical, chemical, and psychoseccial environment. Each
of these may provide support or stress to his well-being, More specifically,
social elass has been thought by Kaplan (1971, 1975) and others (Cassal, 1975)
syme, et al, 1974, 1975) to measure or tap life styles which may involve
.1ife stresses, powerlessness, difficulties of adaptation, status ambiquity,
lack of support mechanisms or how oné perceives his life role and judges ‘
how if effects his security. Henry and Cassel (196%) postulate that repeatad
arousal of one's “defense-alarm"” system may he an important tie to stimulation
of vascular, autonomic and hormonal function. BRepeated stimulation may then
carry one to continued vasoconstriction because of catecholamine release,
leading to increased renin release, thence to the cycle of angiotensin and
adosterone saecration, salt and water retention and speculatively to essential
hypertension' {Cassel, 1975},

Additionally, social class may influence an individuval's diet in ways cm,
which may have an effact on his waight or ip a manner not yet sorted out
by the chemists or physiologists. Social ;:lass may also be indicative of
a person's residence, neighborhoed, or work environment which may contain
varying physical or chemical insults. The hostility of an anvironment
may take the form of fear of physical viclence or less dirxect things
guch as climatae, polluted air, water, soll or food and disease.

Lifa style components which may be influenced by sccic-economic
status may also include the number of inhabitants within a residence,
transportation available to work, pleasurs, emergencies; :eligi;:n and club
memberships, health care, alecohwl and tobacco use, family size and circle

of acquaintances, marital status, lack of creditor pressure, and recreational

opportunitiea,
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The use of social class as a variable of concerns is easily
rationalized. Even if physical apd chemical causes of hypertension are
identified, social glass may provide the link between an individual and
such etlology for social class summarizes an area of life styles, diet,
mobility, and preventive health behavior.

Antonovsky (1968), after reviewing some 56 studies comparing cardio-
vascular morbidity and mortality with social ciass, reached three conclusioens:
(1) the perception by the medical profession of a éirect class gradient
with mortality is not supported by the data, (2) the majority of the studies
do show class differences which are substantial., There often seem to be
a curvilinear relationship between class and disease suggesting that social
class is a highly important variable and (3) there may be a secular trend
because more and more of the recent studies (i,e., post 1950) report no
cleir class gradient. Antonovsky considers class as a zeroing in variable
and thinks that even if thers i5 a secular trend with etiolegic factors of
digease becoming more egually distributed among different social cla;ses,
there may be an inereasing emergence of an inverse gradient with regard to
mortality, This is based on the premise that medical care is an intervening
variable between dissase and its consequences. Even if classes do not
differ on the incidence of disease, they may well, given differential
medical care, differ on disease mortalicy, Social class is usually measured
by considering educaticn, incoma, and occupation.

The assocliation between four year mortality and sociveconomic indicators
was studied by Holme, et al (1980) in all Oslo, Noxway men aged 40-49
inviced to a screening program for cardiovascular digease and in a healthy
subgroup of participating men frae of cardiovascular disease Fnd diakhates

at screening, They found that the lowest social class exhikited a much
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higher total mortality than the other classes. This was pronounced for a
variety of causes of death, such as cancer of the lung, accidents, homocide
and coronary heart disease,

The findings of a five year prospective survey of the relation between
occupation, aducation, and IHD carried out among 270,000 men employad by the
Bell System throughout the continental V.5, was reported by Hinkle, et al
{1968), They found that men who attain the highest lavels of management
as a group do not have a higher risk of IHD than men who remain at lower
levels, fThere was no evidence that men who have high levels of respansbility
or who hava been promoted rapidly or frequently have any added risk of IHD.

Haynes and Feinlieb (1980) examined the responses to a psychosocial
questionnaire which had been administered between 1965 and 1967 to 350
housewives, 387 women working outside the home for over one-and-one-half
years, and 580 men, participating in the Framingham Heart Study. Regardless
of employment status, women reported signifjcantly more symptams of
amcticnal distrass than men. Women, working outside the home and men were
more likely to report Type A behavior, ambitiousness and marital disagree-
ments than were housewives, Working women did not have significantly higher
incidence rates of IHD than housewives, however, IHD rates were almost
twice as great among women holding clerical jobs as compared to lwusewives,
Amondg working women, clerical wotrkers who had children and wers maryied to

blue collar workers were at highest risk of developing IHD,

3.4.9 Lifs Events

Holmes and Raha (1967) developad the concapt that life changes are
assoctated with {llness onset, They davaloped the social readjustment
rating scale in order to quantify the amcunt of psychosocial readjustment
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requirad to copa with some 40 different lLife events, According to them,
however, (Theorell, 1979) the life change measurement has proved inefficient
in the prediction of myocardial infarctien.

In a comparison of 120 patients admitted with unequivocal MI and 40
patienté admitted to coronary cage but rapidly discharged without a diagnosis
of MI or other seriocus illness, there were no differences in life event
frequency (Byrne and Whyte, 1980), But, patients with MI interpreted
their life avents as being particularly emotiopnally distressing. Another
group (Suls, et al, 1979) report that Type A's report the cccurrence of
more life events than B's and that life events seem as undesirable were
positively correlated with increased distress for Type A's.

Benson, et al (1978) believe that epidemiologic and physiolegic
avidence strongly suggest that strassful circumstances which require
behavioral adjustment may lead to hypertension. The fact that hypertension
can be treated by a behavieral intervention, the relaxation response,
provides strong support to this concept, according to Benson.

3,4,10 Perscnality Type

Corxonary prone behavieor patterns that is Type A or Type B, as formulated
by Friedman and Rosenman (1959) has received considerable attention because
of attempts to reduce tha nebulous social class stress areas to a more refined
upderstanding of individual stresses. Type A behavior is defined as an
ovart behavior syndrome or style of livinq characterized by excesses of
competitiveness, striving for achievement, aqgressiven;ss, sometimes
stringently oppressed, time urgsncy acceleration of common activitias,
reastlessness, hostility, hyperalertness, explosiveness, speech amplitude,

tenseness of facial musculature, and fealings of struggle against limitations
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of time and the insensitivity of the environment. The converse of this
type behavior called Type B ls marked hy the absence of Type A characteristics,

A prospective study by Jenkins, et all (1974) of 2,750 employed men
wha com]lpler.ed a computer scored test questionnaire measuring the coronary
prona Type A bah&vior pattern, showed that high scorers had twice the
incidence of new coronary diseases as low Scorers over a four yéar period.
Jenkins and his colleagues suggests that such a behavior pattern is
prospectively linked to the pathogenesis of coronary heart disease and
that thelr test questicnnaire is a valld means of measuring some of the
ways in which behavior contributes to the coronary risk.

Type A men who sslf-referance are also reported by Lovalle and
Digskin (1980} to have higher resting blood pressure and greater cutanesus
vasocpr;s'criction, suggesting & higher tonic level of cardiovascular activity.

In a more recently reported study (Williams, et al, 1980), 71y of 31%
patients who were Type A were found to have at least one significant coronary
artery occlusion of 750 or greater. In contrast only 564 of the 105 non-
Type A patients had a significant ccclusion, These data equate to a crude
relativa odds of 2,3 and the authors consider this confirmation of earljer
findingsa reported ty a number of other i.nvastiqatofs. The authors have
also reported the assaciation of Typa A behavior and atherosclerosis is
at least as strong in women as it is in men,

Theorsll (1979) thinks that paychosocial factors may contribute to the
development of clinical corenary heart disaase by (1) accelerating
arteriosclercsis via voluntary acts affecting conventional risk factors
such as cigarette smoking, diet and physical activity as well as through
neurc-hormonal pathways affecting blood prassure, lipid metabolism, and

coagulating mechanisms and (2) by acutzly influencing the equilibrium in Qm,ﬂ
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the cardiovascular system, thereby precipitating acute episodes of coronary
heart disease.

Kaplan (1978) has presﬁnted evidence that psychogenic stress raises
blood pressure by activation of the sympathetic narvous system by one
or more neurcgenic' pathways., His evidence includaes the findings that
plasma catecholamines are elevated in gome hypertensives and that levels of
enzymes involved in the biosynthesis of norepinephrine were higher in
tissue from hypertensive men. .Louis, Doyle, et al (1973) had earlier
reported a close correlation hetween systolic bhlood preasure and plasma

noradrenaline levels,

3.5 Summary

The pathogenesis and epidemiolcgy of cardiqvasculax digeases have
been summarized in this report. The risk factors, biochemical pathways
and mechanisms of the various disease componants and manifestations have
been enumerated and discussed, This process may well serve the purpose
of identif}inq responge variables for environmental studies as well as
indicating elements which need to be controlled for (or considered) in
future research study designs.

Risk factors have beun deduced froa epidemiological studies using
cross-sectional prospective cohort, and case-control designs. Biochemical
pathways have been identified generally from laboratory and clinical
trials, while mechanisms, i.e., interaction of biochemical activicy
with social and environmental factors have been inferred from clinical
and epidemiological studies,

This report has the potential to provide one of thé bases for planning

a research protocol to study the effects of noise on the cardiovascular
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system., For gxample, if hypertension is to be the response varlable

for investigating the effects of noise, then the control variables and
intervening variables can be identified for consideration. The control
variables may include age, race, and sex and the intervening variables

may be PRA, catecholamines, ete.
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