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Dear Colleague:

Enclosed for your reference is a copy of EPA's Moise General Stress Responses,
and Cardiovascular Disease Processes: Review and Reassessment of Hypothesized
Relationships. This report contains a limfted survey on the existing 1iterature
on cardiovascular effects of high noise exposure in perspective to the available
knowledge of general cardiovascular effects of stressful stimuii.

Topics include the short term responses to stressful stimuli, the relationship
between short term stress responses and chronic disease processes. The authors
11lustrate the clinical mechanisms of cardiovascular disease, postulate statistical
models for disease analysis and cite other pertinent epidemiological observations.

We have been very Timited in the number of copfes we could print. Please share
this report with your staff, and feel free to reproduce this document as needed. We
hope that the information contained in the report will assist researchers who wish
to pursue npise effects research following the phase-out of noise programs at EPA.

cerely yours.

John M, Ropes, irector
Office of Noisé Abatement
and Control

Enclosure
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NOISE, GENERAL STRESS RESPONSES, AND CARDIOVASCULAR DISEASE PROCESSES:
REVIEW AND REASSESSMENT OF HYPOTHES!ZED RELATIOHMSHIPS

. INTRODUCTION

In earlier work In the context of hearings on permissible occuparional
exposure limits for noise,l we reviewad the available data on passible car-
diovascular effects of noise and integrated the material into a general
framework. Considerabla additional data has become available in the four
years since then. In this report, we shall reappraise the earlier frame-
work in the light of the new data and actempt to expand it In the light of
contemporary concepts of stress responses and cardiovascular dissase proc-
asses, By placing the nofse work In the more general context of strassar/
cardiovascular disease relationships, we hope to Identify:

to identify:

(1) avenues of research for noise workers which arz likely ta
clarify hypothesized relationships betwesn noise stress
and cardiovascular disease, and

{2) any special advantages and disadvantages there may be for
workers concernad with general stress/cardiovascular
disease relationshlps to ask scientifically interesting
questions using noise as a model stressor.

1.1 Sclentific Interest and Potential Soclal Importance of tha Problem

for many years, It has been suspected that physiologlcal responses to

a wide variety of psychosocial "stressors' may contribute to cardlovascular
disease procasses, Beginning with the plonesring work of Canncn2 and
Sely=.3 researchers have found that both physical and psychological stim-
uli, acting through central neural mechanisms, can avoke numarous short=-
term changes In hormone le\.rels,B'B serum 1ipid levels.'o']h platelet fune-
:fons,]5"9 blood pressure.lg"z2 and other parameters.z3'2h Such responses
present the analyst with a targe array of possible mechanisms whergby an

irritating stimulus might influence either:

e i e b s 7 i SR R
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e the chronic, cumulative disease processes of atherosclerosis
and long-term increases [n blood pressure, or

e the sequence of short-term events which precipitate the clini-
cal manifestations of disease such as myocardial infarction
and stroke.

25-32 though by no means

Epidemiological studies conducted In recent years,
33-34

presenting a clear and uniform picture of causation, generally rein-
force the suspicion that neurogenic factors may make important contribu-

tions to cardiovascular pathclogy.Bu-36

A number of considerations make nolse an interesting and potentially
socially Important agent for study as a candidate stressor:

(1) Large numbers of people are ezposed o high levels of noise
on their jobs and in salected commuity situations.

Estimates made in 1976 indlcate that of approximately 13 million
workers in major manufacturing industries and efectric veilities (Standard
Industial Classification codes 20-37 and 49}, about 4 million were rou-~
tinely exposed to noise levels in excess of 90dBA {eight-hour Leq basis),
and an additional two million ware expased at levels betwesn 85 and 90
dea. 37

A recent attitudinal survey of a representative sampla of U.S. warkers
prav!des evidence that the noise exposures encountered by many people on
tha job have subJective importance to them.38 When asked, '""Does your job
ever expose you to too much nolse?' nearly thirty percent of all workers
gave a positive response, When the positive respondents were asked to rate
how much of a problem the noise was for them on the following four-point
scale:

{1} Ho problem at atll
(2) Slight problem

#Thase levels are sufflicient to cause appreciable permanent hearling damage
if exposure 1s continued for several yzars.
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(3) Sizeable problem
(5) Great problem,

17.4% of all those Interviewed reported a ''sizeable' or “great" problem
from workplace noise, and an addltional 6.5% reported a ''slight" problem.
As might be expested, the frequency oF.reported nolse problems was higher
In blue-callar occupations.* Other attitudinal surveys have indicated

that large numbers of people consider noise in their community to be a sig-
niflecant problem.39 Such data cannot, of course, be used to derive any
-absolute measure of either noise exposure or noise stress. They do, how-
ever, suggest that dally noise exposures are significant irritants for an

appreciable number of people.

{2) WNoise levels are easily ond objectively measurabdle (relative
to other physteal ad psychogooial stressorsl), and are often
pry pey s ]
emenable to divect somtrol by societal action.

Reduction of traditional cardjovascular risk factors and many other
psychosocial stressors depends primarlly upon bringing about changes in
Individual lifestyles., 8enefits achieved by reducing stressors through
collective action would supplement whatever benefits are achievable by
eduycational efforts to bring about individual lifestyle changes.

Additienally, the fact that noise is a physical agent subject to
external control means that it may present opportunities for epidemiologi-
cal research into mechanisms of stress response which would be more diffi-
cult with other stressors. Noise exposures can be reliably manipulaced
elther by englneering controls an nolse sources or by ear protectors.
Existing social efforts to reduce nolse exposures which are considered
particularly serious threats to hearing or comaunity peace represent oppor-
tunities to conduct controiled intervention trials. In 1976, over 1500
citat lons were [ssued by the Occupatlional Safety and Health Administration

to require firms to reduce worker exposure to below the current

%For all Yeraftsmen,' "operatives,' and "laborers' combined, hb6.3%
raeported that they were sometimes exposed to too muchanoise and 24.5%
reported that nolse was a sizeable or great problem.
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occupational standard of 90 dBA for eight hm.u's.*'D Ongoing efforts to
reduce community nolse exposures from aircraft and other sources present

additional Yexperiments of nature" which could be ohserved.

{3) Although past work on noise suggests that it i5 gemerally
plausible that, under some circumstancss, roise may contrib-
ute to some cardiovascular disease processes, great uncar-
tainties remain about the nature ond magnitude of such
effecta.

Many of the same short-term changes induced by other stressars have
been reported to occur In response to noise at least under several experi-
mental conditions,®® A few studies report long-term Increases in blood
pressure in chronically noise-exposed animals, Additionally, a number of
cross-sectional epidemiological studies recantly reviewed by Helchsq have
reported an increased prevalence of hypertension among workers exposed to

relatlvely high noise levels.

The present picture Is very far from complete, however. The available
experimental findings in the areas cited above contain many examples of
expearimants which have failed to demonstrate appreciable effects attribut-
able to noise.™ J¢ is vary possible that the nature and magnitude of
stress responses induced by noise can be greatly influenced by a host of
sltuatlonal.u7' 48, 59 b7

43 which at present are incompletely delineated,

personality, ' and Tndividual physiological

factors

Second, and probably more Important, there is currently little infor-
mation on the quantitative relationships between the magnitude of shorg~
term physiological variations induced by stressars and the magnitudes of

#*{t should be noted that these noise citations represented a signiflcant
part of the overall OSHA enforcement effort for health hazards. There were
over twice as many cltations for noise exposura as for all chemical and

dust air contamipants combined.

##Positive FindlngR have Egen reparted for selected hormoneS.Md'a'?'a5
hlood Rreggugg,“‘* 9,50,3 platelet aggregation,s =32 and sarum choles-
terol. #3134

#itFor example, findings have often begn gegative for hormane Ievel5,57“59
and short-term blood pressure effects. 0-62
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(1) any Increased rate of progress in atherosclerosis or blood pressure

elevation, and (2} any increased shart-term risk of myocardial infarction
or stroke, It will be a major theme of this work that research Into the
quantification of such relationships is of prime importance to the design
and assessment of the benefits of intervention efforts to reduce cardio-

vascular damage hoth From physical stressors such as noise, and also from
other types of psychosocial stressors which act on groups of people. For
example, if It were known that specific types of varfations in parameters

measurable in the short-term were good indicators of Jong-term strass

.effects on cardiovascular pathotogy, corporate medical departments or HMO's

serving defined lndus;rlal and community groups could monitor those short-
term parameters to detect groups at high risk or potentially dangerous
trends over time. Foliow-up efforts could then attempt to discover and
reduce the sources of increased stress in the group, using the short-term

parameters to assess the success of various attempted interventions.

1.2 Difficulties in Present Research Approaches on Cardiovascular Disease

If, as claimed above, there is relatively little useful Information
quantifying relationships between shart-term variations in physiological
parameters which are responsive to stimul} and chronic disease processes,
one may wel! ask why this is so. After all, there have been major long-
term research programs designed to dlscover the antecedents of cardiovascu-
lar diseases precisely for the purpose of designing appropriate interven~
tfons to reduce factors associated with disease risk. If past efforts have
not yielded data of the types considered desirable, is it because such
information is intrinsically very difficult to obtain, or did the concep-
tual framewocrk of the research simply not call for measurements and anal-
yses of the kinds which would have ylelded the desired information?

Our tentative impression is that research in this area may well ba

able to benafit from novel approaches for defining its problems., Most cur-
rent epidemiological studles or heart disease risk use multiple regression

e v et e = T T T A bt s et gr e b 3 aa W
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analysis based on a single postulated mathematical model® to relate the
levels of various risk factors measured at a single time point to observed
heart disease marbidity and mortality in subseguent vyears. Althodgh the
mode! generally used |s convenient for statistical analysis, there was
11ttle discussion in the paper which first developed the mode!63 {or, as
far as we can determine, subsequently) of am underlying biological ration-
ale. The model does not incorporate specific hypotheses about the under-
lying pathological processes invalved In various cardiovascular diseases or
the specific ways in which particular risk factors contribute to those
processes. Implicitly, all risk factors are treated as if they operated in
the same way (or analogous ways) to Increase a single underlylng disease-

praducing mechanism.

Existing knowledge may already be sufficient to begin to posit mathe-
matical descriptions of the risk of clinical cardiovascular disease mani~-
festations which are |ikely to be more realistic reflections of actual
pathological processes. At the minimum, risk functions for disease mani-
festations such as myocardial infarction and stroke should be separated
Into companents which represent (1) the accumulated stock of athero-
sglerotic lasians, estimated by some weighted functian of the levels and
variabilicty of various risk Factors which have prevailed over the individ-
ual's past 1l fetime, and {2) the probability of the appropriate precipltat-
ing events, estimated by a different weighted function of current levels
and variability of varlous risk factors. Data for deriving the first com~
ponent may come from a variety of sources, including the apparent contribu~
tlons of risk factors to disease manifestations such as angina {(which do
not depend on the dramatic precipltating events of heart attacks and
strokes), angiographic fIndings, human autopsy studies, and animal studles.
Data for derlving the second component may come from studies of heart
attack and stroke risk among patients whose atherosclerotic disease has

#The logistic model which [s generally used has the form:

1
R= - ,
(Bo + lel *oaea kak)

1 +e

where R is the risk {probability) of developing one or any c¢linical mani~
fastation of cardiovascular disease, the "A's" are measurad levels of par-
ticular risk factors, and the ''B's'" are constants,
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been assessed by angiography, and possibly from comparisons of the degree
to which spacific risk factors Influence event=requiring and ron-wvent-

requiring disease manifestations.®

The cardiovascular system and its neurocendocrine controls represent
one of the most outstanding examples of a complex, interacting dynamic
system. It seems likely that the best ultimate hope for understanding the
chronlc processas by which the system goes awry must lie In the deve|opment
of sophisticated system~dynamic models incorporating the large amount of
tnformatlon obtainable about relationships among the system's many compo=-
nents. In this project, we cannot even begin the process of constructing
such a quantitative model. As we review the system [n subsequent sections,
however, we can note some information relevant for model building and some
oppartunities for research to produce additional relevant information.

1.3 Organization of the Report

Saction 2 immediately balow gives an overview of possible relation-
ships to be describad in the remainder of the re=port. Section 3 then dis-
cusses rclationships between various stimuli and short-term variations in
physiological parameters which are potentially relevant to cardiovascular
disease processes., Then Section 4 examines available data relacing sgim-
ul! and short-term variations in physiological paramaters ta the chronmic
processes of atherosclerosis and hypertensicn, Data relating stimuli and
short-term physiological varfations to actual manifestations of disease
(e.g., myocardial infarction) are explored in Section 5. Finally, Section
b brings together the various rasearch opportunities noted in earlier sag-
tions into a series of suggestions for rasaarchers and funding agencies.

*For exampla, it has already been noted that while cigaratte smoking
¢learly incraases the risk of myocardial Infarction, cigarettes appear to
have relatlvely little effect on the risk of angina. This has been inter-
preted to mean that cigarettes are relatively unimportant in atharogenesis,
and make their primary contributions to cardiovaSCu]gr disease risk by
increasing the probability of precipitating events. 0 the relatively weak
contribution of clgarettes to athero?enesis 1s supported by a recently
published multination autopsy study. 51
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e ———— e

2, AN OVERVIEW OF HYPQTHESJZED RELATIONSHIPS
BETWEEN STIMUL), GENERAL STRESS RESPOMSES,
AND CARDIOVASCULAR DISEASE PROCESSES

In this sectlon we shall sketch the broad outlines of a system of
hypothesized relationships between environmental stimull and cardiovascular
dlsease manifestations. We should emphasize at the outset that there is
nothing particularly novel about the schema presented here and in the sub-
sequent chapters. Different parts of the picture have been assembled from

seminal papers, litarature reviews and textbooks In various disciplines.

Figure 2.1 shows the relatlonships between our major categories of
variables. More detailed articulation of relationships between individual
parameters is presented in Chaptars 3-5. Category |, '"Determinants of
Stress Responses,' baslcally includes ail relevant environmental Factors
and their processing by the brain above the level of the hypothal amus,
Major componants of Category | are environmental stimuli (e.g., noise},
sltuational factors which modify the effects of the stimull on the organism
(e.g9., task demands which are Interfered with by noise), and constitutional
or personality factors (e.g., "Behavior Pattern A'") which represent djffer-
ent styles of response, or habits of coping with stimull.

The next row down in Figure 2.1, labelled ""Stress Rasponses,’” is
divided into short-term hormenal (Categery 11} and non-hormonal (Cacegory
111} physiological changes which occur in rasponse to stimuli.® Labelling
these short-term changes ''stress responses’” may be troublesome to some
observers, because to do so attaches s negatlve connotation to tham which,
at least ar this stage of analysis, is not entirely justified, These
responses are not, on thelr face, patholeogical. They undoubtedly represent

*Major "hormonal'’ responses include changes in the secretion and/or meta-
bolie hand)ling or norepinephrine, epinephrine, ACTH, aldosterone and other
mineralocorticoids, cortisol and other glucocorticolds, antidiuretic hor-
mone, growth hormens, thyroid stimulating hormone and thyroid hormone, and
renin. Other major physioioglical responses (mediated in part by direct
sympathatic stimulacion and in part by the hormonal changes) Include
incraases in platelet adhesiveness, circulating platelet aggragates, serum
free fatty acids, plasma glucose, serum cholascarol, triglycerides, cardlac
oxygen demand, and blood pressuraes., These effects will be discussed in
Section 3 below. ’
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age~old patterns of biological adaptation, evolved to enable mammals to
cope with threats or other klnds of increased short-term demands for the
enviropment, The fact that thase response pattarns are the products of
avalution does not mean, however, that they are without cost to the organ-
fsm. tt merely implies that under the conditions where the responses gen-
erally occurred in nature, the short-term benefits qutwe{ghed the short-
and long-term costs, if any. Indeed the very fact that these changes are
transient, returning Eo basal levels at varfous ctimes after the inducing
stimuli are removed, Implies that It would in some way be disadvantageous

for the organism to maintain them indefinitely.*

Possible long~term costs [n the form of chronic, essentially lrre-
versible pathological processes, atherosclerosis and long-term increase [n
blood pressure are represented in Figure 2.1 as Cacegory IV. Tha rate at
which these processes occur depends in same way on the amount of time which
the organism spends with various elevated levels of particular ralevant
varfables ('risk factors') [n Category !i!, As the cumulative pathologica)l
processes progress, there may be a viclous circle (positive feedback)
effect if some control mechanism which restrains the variability of short-
term parameters 15 [mpalred or if the system Is made more responsive to
perturbations in some other way. For example, the Folkew model of hyper-
tensionw8 postulates a viclous circle in which short-term rises in blood
prassure first give rise to hypertrophy of the media of small arteries.

The hypertrophic arterioles, with thicker walls and narrower lumens, then
prove to be more reactive--giving rise to a greater increase in blood pres-
sure per unit of sympathetic stimulation and smooth muscle shortening than
before the initial damage. Thus, initlal blood pressure variability glvas

rise to greater bleod pressure variability and eventually becomes

*for example, one of the short=term responses is an increase in the adhe-
siveness of platelets (medlated by Increased circulating norepinephrine
levels), It is likely to be very beneficial to the oarganism to have
stickier platelets at times when It is threatened because in case of injury
thare would be faster clotting and less toss of blood. 0On the other hand,
if there were not some disadvantage to higher levels of platelet adhesive-
ness, then natural selectlive prassures would have Favored organisms with a
higher basal level of platelet adhesjveness who ware prepared for a wound
at all times, whether or not a specific threat had been detected.
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independent of further outside stimulaticn.

Finally, the accumulated changes from the chronic patholegical proc-
esses (Category IV) combine with some extreme fluctuation of short-term
parameters (Categories !l and }[1} to produce ¢linical manifestations of

disease (Category V).

Figures 2.2 and 2.3 show these hypothesized relationships in greater
detail. Figure 2.2 illustrates the interplay of same short-term responses
with chronic pathologies (Categories !! through IV) and Figure 2.3 shows
some known or likely pathways to clinical disease manifastations (Catego-
ries 1{ through V), Details of these figures will be discussed In various

parts of Sectlons 3, 4 and 5 below.
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3. SHORT-TERM RESPONSES TO STIMULI

This section Is divided into three parts. First, 3.1 surveys the
major features of the physiological systems which respond in the short term
to environmental stimuli. Section 3.2 then uses this background to discuss
observations of short term responses to neise in the context of some obsar-
vations of responses fo a variety of other stimuli. Finally, Sectien 3.3
sets forth some suggestions for avepues of research to imorove understand-

ing of these dynamic systems.

3.1 Discussion of Basic Mechanisms

The short term changes which occur in response to differant kinds of
physica! and psychosoclal stimuli are conplex and diverse, The discussian
herea will omit much aven of that porrien of the complexity which is known.
(in particular, many feedback processes which damp and compansate for shart
term rasponses of other kinds will often be alluded to only briefiy,) Our
emphasis reflects some Injcial judgements about the specific types of
responses which we think may be most directly involved in cardiovascular

disease processes.

In viewing the complex interacting system of short term responsas, it

is helpful to have In mind an overall unifying theme which Integrates the
ssparate responses into a coherent, understandahle pattern, Mason69 in

1968 synthaslzed the previous literature and his own extansive experiments
with monkeys exposed to a 72-hour avoidance ordeal by dividing horrone

responses Into two general subgroups:

e a “cacabollc“z subgroup, inciuding epinephrine, norepinephrine,
corticosteroids, growth hormone, and thyroxine preparas the
organism for possiblza axertlon by mobilizing available enargy
resourcas:

""In additlon to the hyperglycamia known te Cannon, epine-
phrine promotes the release of short chain free fatty aclds,
which are now bellaved to have srimary imgortance as fuzl for
increased energy matabolism. 7971 Although norepinephrine has
little hyperglycemic effect, it has a strong free fatty acid
releasing effaect, perhaps even greater than that of epine-
phrlne.7
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The 17-hydroxycorticosteroids, and particularly cortisel,
promote hyperglycemia, probably because of increased gluconzo-
genesis in the liver.’3 Cortisol also increases frea fatty
acid release, apparently having both permissive and potentiat-
ing effects upon the free fatty acid release Induced by epine=-
phrine. 7% The importanze of cortise! In supporting muscular
work capacity has been well documented by Ingle. Sone
interesting recent evidence has also been presented by
Grossfield to Tndicate that high concentrations of cortisol
increase the capacity of cells to proeduce energy anaero-
bically., The capacity for anaerobic energy metabolism is
beliaved tg be a critical factor in unusually strenuous muscu-~
lar work.?

Growth hormone accalzrates triglycaride breakdown and
induces fatty acid release.’ /™7 It appears, in fact, that
there Is a synerglism between growth hormone and corticoster-
oids in fatty acid release,

Thyroxine also has some prominent effacts which should be
useful in providing increased ammunts of utilizable energy,
such as the increase of rates of oxidation and the potentia-
tion of same of the major catabolic eFFecta og epinephrine,
including the release of free fatty acids. 0=8 iy

« an "apabolic" subgroup, including insutin, estrogens, testos-
terone, and androgens, which facilitate the rebuilding of
energy stores and protein synthesis in ruscle and other
tissues.

Given this divislion, Mason found that there was an understandable dynamic
pattern In the haormone respgonses of monkeys to his 72-hour avoldanca stress
period.®* (Figure 3.1) Levels of the catabolic hormone subgroup gensrally
rose during tﬁe paricd of avoidance stimulation and then returnad to basal
levels at varying rates after the stimulus. On the other hand, the levels
of hormones within the anabolic subgroup generally were depressed during
the aveidance perlod, hut rebounded to levels over their baselinas for a

brief period after the avoidance period was aver.

Thare was one significant departure from this easily interpretable
pattern. Urinary norepinephrine axcretion, while being modestly elevatad

“Quote from Hason.69

w#During these experiments, monkeys were required to press a hand lever
every twenty seconds to aveid mild shocks to the feet.
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during the avoldance period, rose to peak levels only durlng the recovery

perfod.

It is possible to develop ad hoc rationaiizations for this,® but

for our purposes it is primarily lmportant to note this pattern because of

possible implications for the design and interpretation of experiments

uslng brief (several hours or less) periods of stimulation and measurement.
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bays

pattern of multiple hormonal respgnses to 72-hour
avoidance sessions In the monkey. 3

11

#For exampla, norepinephrine's effect increasing the adhesliveness of plate-
lets might be needed for a few days after a hypothetical injury to reduce
bleading in case a wound were to be reopened.

#%)7-0HCS = ] 7-hydroxycorticosteroids

BE! = thyroid (plasma butanol-extractable lodine)
ETI0 = atjacholanone fetostersid (an androgen metabolite)
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In our subsequent dlscussjon, we wlil focus primarily on changes in
the catabolic subgroup of hormones and their physiological sequellae (in
addition to non-hormonal changes induced by direct sympathetic nervous
stimulation). In general we have far less information about the effects of
environment stimull by way of the anabalic group of hormones, and little
indication that changes in the anabolic group may have lang term conse-
quences for cardiovascular disease.® Given this caveat, we will now
briefly review the responses of various organs to sympathatic nervous stim-

ulatfon and the 'catabolic' hormone subgroup.

J.1.]1 Hypothalamic and Other Sympathetic Mervous Control of Endocrine
Responses

Many of the hormonal responses discussed above are controlled directly
or indirectly by the hypothalamus. There are several other sites in the
brain and spinal cord which are also likely to be important in sympathatic
nervous system activation. The hypothalamus, however, has been called the
preeminent neurc-endocrine transducer of the body, converting neural
impulses into endocrine stimutation. The afferent Fiber bundles projecting
to the hypothalamus come from the pre-froental cerebrai cortex, from limbic
structure, and from the diffuse thalamic system. Its major projections are
to be the brainstem, spinal cord, thalamus, and pituitary gland, The hypo-
thalamus [s a major correlational area which Thompsen 2 characterizes as
Yone of the few places Inside the CNS in which electrical stimulation wil]
yield an Integrated pattern of emotional behavior." Various nuclei in the
hypothalamus, when stimulated, can produce such behaviors as eating, drink-

ing, attack, flight, and alert pcsture.83

More subtle, but at least as important, [s the physiological control
exerted by the release of various hormones either directly by the hypothal=-
amus or Indirectly by control of other glands or organs. The hypothalamus
dlrectly releases growth hormene releasing factor, thyroid stimulating hor-
mone releasing factor, and adrepocorticotropin releasing factor. The

#Shreds of evidence which do come to mind, however, are changes in cardio-
vascular risk which appear to occur in woman about the time of menopause,
and possible increases in cardiovasecular risk among women taking hirth

contral pills.
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latter Yreleasing factors" in turn stimulate the anterior pituitary gland
to release the corresponding hormanies. The posterior pltuitary s actually
neural tissue and [s an outgrowth of the hypothalamus, The important hor-
mone released fron this structure, antidiuretic hormone, is syntheslized In
hypothalamic cells and travels down nerve fibers in the connzcting stalk,
and Is released into nesrby capillaries when the appropriate hypothalamic

nerve centers are stimulated.

Finally, it should be emphasized that nearly all of the controls on
physiclogical responses which the hypathalamus and other sympathetic nerv-
ous system centers exert through humoral mechanisms (e.g., ¢irculating hor-
mones) are supplemented with contrels through direct sympathatic nervous
innervation of important target tissues, Kidney responses, biood vessel
résponses. and lipld mobilization rasponses may all be more powerfully
influenced by catecholamines released locally from sympatheric neural

synapses than from catechalaminas circulating in the bicod.

The adrenal gland is also divided into two separate entitias, the
cortex and the medulla. In response to ACTH secretion from the pituitary,
the cortex secrates mineralocorticoids and glucorticoids, the most impor-
tant of which are, respectively, aldosterone and cortisol. Aldostercne
stimulates sodium reabsorption by the distal tubuyles of the kidney, and
cortose! affects metabalism and enhances vascular reacglv!ty. '

The adrenal medulla secretes epinephrine and norepinephrine in
response to direct neural signals from the hypothalamus.86 Norepinephrine
has a unique place in this schema. It is hoth the neurotransmitcer® of the
sympathatlc nervous system and a2 major hormone carried to target argans by
the ¢irculatory system.

The thyroid gland also has‘direct sympathetic tnnerva:lon.91 Add1~
tionally, clrculating NE can cause secretion of thyroid hormones, thyroxine
and triiodothyronine, The result of thyroid stimulation is a general
bodily increase In metabollc activity manifested by Increases ln oxygen

#A neurcotransmittet is a chemical which passes from one neuron to another,
communicating the signal to flre.

o,
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consumpt ion and heat productiOn.87 (Thare are some organs which are nat
responsive to this manner te thyroid hormones; among them are the brain and

anterjor pituitary.)
3.1.2 Kldney Respanses
Stimulation of the kidneys by the sympathetic nervous system increases

constriction of the renal arterioles, which decreases blood flow and,

therefore, pressure in the glomerular capi!larie5.88 This in turn reduces

“sodium loss by lowering the total amount of protein-free plasma filtered.

Increased ratention of sodium automaticaily means fluid retention since
water is passively reabsorbed and follows sodium reabsorption. Sympathetic
stimulation also increases renin release by the kldney.S Renin, in turn,
catalyzes the production of angiotensin from the liver protein angio-
tensinogen, and is the rate limiting step in this reaction. Angiotensin,
then, strongly stimulates the adrenal cortex to produce aldosterone, which
feeds back to the kldneys and stimulates sodium reabsorption further,

increasing fluid retention and, therefore, blcod pressure.
3.1.3 Blood Vessel Responses

The overall response of the vascular system to stressful stimuli is
to reroute the ﬁajor portion of the blood supply to skeletal muscles and
heart and cause vasoconstriction to digestive organs, kidneys, and peri-
pheral vascular beds such as the Finger tlps.83 This may take place In
part because of an immediate increase In circulating levels of norepine-
phrine and epinephrine, and the Interaction of norepinephrine and cortiscl,
a harmone which enhancas vascular reactivity to the catecholamines. How-
aver, vasoconstriction, while [t insures adequate blood supply to hearrt and
muscles nesded In a "Flight or Fight' situation, raises blood pressure by
increasing peripheral resistance. Both Increased blood pressure and vas-
cular resistance subjects the vessels invoived to risk of damage from

90

fnereased sheer forges.
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3.1.4 Blood Lipid and Platelet Responses

As has already been mentioned, growth hormone,77-79 catechola-
mlnes70-72 and cortisol?k all participate in the mobilization of frees fatty
acids from adipose tissue into the hlood stream. OData cited by Taggart and
Carruther592 is sald to indicate that norepinephrine 1s a mare potent
[nducer of FFA release then epinephrine, and that the elevated free fatty
acld levels induced by norepinephrine last longer than those induced by

epinephrine.93 The obese and the less physically fit are also said to

.exhibit more sustained serum FFA elevations in response to norepipe-

phrine.gk-ss The data in Figure 3.2 indicate that peak levels of free
fatty acids appear to coincide with the peak levels of catecholamines
induced by an acute stimulus, whereas peak levels of triglyceride accur

somewhat jater.

Serum cholesterol did not appear to respond within the period of
observation Tn this experiment. Serum cholesterol does appear to be ele-
vated in response to stimuil lasting days or weeks. Cholesterol incraases
were found in the now classic 1958 study by Friedman, et al.96 of tax
accountants in heavy work periods around April 15 and Janusry, as compared
to periods of lighter pressure, and also [n studies in medical students
during flpal examinations, as compared to other times of more normal pres-~
su.u'es.g.‘?‘98 The mechanism by which cholesterol lavels are raised in such
situatlions is unclear. Glass35 32 that cortiso) is involved,
but Rahe, et al.loo-IOl report relatively small and inconsistent correla-
tions between cortisol and cholestersl levels in their extensive observa-

cites evidence

tions.

The adhesiveness of platelats is increased by catecholamines, as meas-

ured by both in vitra and In _vive exper[ments.’oz*loh Free fatty acids

105-106

also appear to have the potential to cause similar effects, How=~

ever, findings by Gcn'donm7 suggast that free fatty acids are not the pri-
mary determinants of platelet aggregating properties in the course of at
least some stress responses In vive, In this expariment, blood was drawn
from patiants who were te underge cardiac catheterization at various times

before, during and after the procedure. As can be saen from the results
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FIGURE 3.3 Platelet aggregation responses, plasma FFA levels,
and platalet counts In patients undergoing diagnostic procedures.

Each polnt represents the group mean value.

The =24 hr values

have been compared with all subsequent values in turn, and levels

of significance are shown. ‘*e<cous; **econ;

From Gordon, Ref. 107.
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{Fiqure 3.3) the platelet aggregating activity in respanse to adenosine
diphosphate first rose in anticlipation of the catheterization procedure,
before the rise in free fatty acid levels, and then fell substantially, by
the first hour after the procedure at a time when the plasma free fatty

acids were 5till elevated.

3.2 Observations qof Short-Term Responsas ko Hoise and Other Stimuli

in this section, we will assemble available evidence on the short-

- term responses to noise exposure, and attempt to place it in the perspec-

tive of increases in the same variables observed in response to other
psychosocial stimuli. The purpose here is not to present an exhaustive
compilation of the literature on all short-term responses to nolse and
othar stimuli as modified by all of the situaticnal and personality/consti-
tutional Factors which might modify the responses. Rather, we shall revicw
here some of the findings with noise that we judge to be relatively note-
warthy In the context of the portion of the general stress research !itera-

ture which we have revicwed. v

3.2.1 Adrenal Medulla Responses, Elevatlan of Serum Lipids, and Plateleat
Aggregation

Catzcholamine Raasponses

The catecholamines, and in particular norepinephrine, appear to have
a vary prominent place in current theories of psychosocial stress and
disease processes, For example, G]ass,35 after ¢iting the platelet aggre-
gating properties of catacholamines and possible direct contributions by

this route to myocardial infarction, goes on to say:

Since the catecholamines elevare blood pressure, they can
potentiate bleeding in arterial atheromata induced by enhanced
machanical strain in the vesse] wall. Moreover, epinephrine
and norepinephrine may lead to a narrowing of the capillaries
nourishing the blood vessels and associated coronary plagues.
Such narrowing eventually interferes with nourishment of the
plagues which leads to further arterial damage, and even an

Infarceion.
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It would thus appear that the catecholamines may have a
special significance in the development of coronary disease.
It Follows that any psychological agent which increases cir-
culating catecholamines may be potential pathogen for cardio-
vascular function., Several studies document the relationship
between psycholegical stressars and catecholamines. /99 can-
sider, for example, a study by Hestel, Verghese, and Lovelll’o
which shows that subjects wlth angina pectoris responded to a
tast of intellectual ability with a greater average Increase In
secretion of vanilmandelic acid (VMA), a metabolite of norepine-
phrine, compared to patients with CHD but no anginal pain. The
authors suggest that the effect may have been due to the way in
which their subjects responded to the test rather than to the
disease.

Feiedman, Byers, Diamant, and Elosenman”1 repart that under
competitive conditions the plasma norepinephrine concentration
of coronary-prone subjects rose an average of 30%, while that of
noncoronary-prone subjects remained unchanged. There were no
differences between the two groups under resting condftions, and
epinephrine congentrations were virtually the same in both
groups under resting as well as compatitive conditions. This
resul t suggests that norepinephrine, in particular, may be
influenced by efforts to cope with psychological stressors.

~ Earlier researchllz' 13 indicates that active coping with
a stressor leads to the increased speciflc discharge of nore-
pinephrine, and we have already cited studies showing a linkage
between norepinephrine and aggressiveness {.e.g, Funkenstein
et al, “). Hore recent work suggests that norapinephrine
levels In blood and urine remain elaevated in Sub;ecCS engaged in
active efforts to escape or avoid stressorsus”I 7, whereas sub~
stantial deplietions [n brain norepinephrine occur when subjects
react to u??gntrollable stressors with helplessness or giving~up
responses. ft is not surprising that concomitant increases
in epinephrine levels have also been observed following a reduc-
tion in coping activity.

Plasma catecholamine levels can fluctuate very dramatically within a
short time in rasponse to changes In sympathetic nervous system activity.
Plasma norepinephrine has a half-1ife of less than two minutes, and has
been reported to double within five minutas of a change from reclining to
sitting posture.'zo Basal plasma cataecholamine excretion appears to be
fairly reproducible on separate measuresments of the same individual, but
different individuals vary widely In this parameter, and there is an
appreciabla increase with advancing age.lza {See Figure 3.4.)

As a more stable and accessible measure of sympathetic nervous system
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FIGURE 3.4 Relation of Basal Plasma NE levels and Age. The basal plasma
NE levels are significantly related (L.R. = 0.33, p < 0.0!) to
age 74 in normal controls. Mean age is 32.7 # 1.9 (SEM) years
and mean NE level is 0.292 + 0.01& {(SEM)} ng/ml.

FROM: Reference 124.

activity, most stress rasearchers have followed catecholamine excretion in
the urine. Although 98% of plasma catecholamines are eventually excreted
in the form of m&tabolites.IZI It has been the hope that urinary concen-
trations of unmnetabolized norepinephrine and epinephrine represent a time-
welghted Index of plasma concentrations. Plasma and urinary epinephrine
tevals, but not norepinephrine levals, appear to underge pronounced

diurnal changes.lzz' 123

Table 3.1 presents in primarlly qualitative form the findings of
varlous Investigators who have measured catecholamine responses to stress-
ful stimul} and situations including noise. Table 3.2A presents a more
quantitative view of the results of experiments invelving relatively high
nolse exposures (over 85 dB) for which it has been possible to compute
observed changes in urinary norepinephrine output in terms of nanograms/
minute. For comparison, Table 3.2B lists some observations of alterations
in norepinephrine {or in one case, total catecholamine) excretion on this

same basls In respense to other psychosocial stimuli,
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In our view, the single most important positive result is In the

41, 386

recent work of Ising. The methodeiegy used was Lo compare cate-
cholamine excretion and blood pressures over normal eight-hour workdays on
days in which the workers did and did not wear ear protectors, This
represents a relatively simple and replicable way to obtain clean compari-
sons of physiologlcal parameters under differing noise exposure conditlons
while leaving other stimuli relatively unaffected In real-11fe settings.
If this methodology were to be extended to other workplace and non-
workplace nolse exposure situations in a systematic way, it should be pos-
sible to determine whether, and how much, noise induces particular stress
responses as a function of noise level and other characteristics, situa-
tional variables, and individuai workar constitutional and psychological

variables.

As can be seen in Tables 3.2A and 3.28, the 30% average increase in
norepinephrine output cbserved by Ising in the workers exposed to the
highest noise levels is somewhat larger than the increases observed by
Levl65 in female office clarks induced to work harder by a piece-rate
system of compensation, or the nonsignificant 15% increase in 24-hour
norepinephrine observed by Dutton68 in comparing work and non-work days
in paramedics who reported heavy workload and excessive responsibilircy,

On the other hand, Levi™ observed a 34% increase during a S0-minute view-
ing of a horror Film and Beilet67 ecbserved a 47% Increase In total cate-
cholamines (epinephrine and norepinephrine) in young normal subjects
during two hours of automobile driving. One aspect which distinguishes
the Ising result from these other situations Is that apparently the
brewery workers studied had a very high urinary output of norepinephrine
even under the '"low stimulus'' hearing protector condition, comparad with
other results shown in Tables 3.2A and 3,2B, Depending on the exact shape
of the dose-response curves for norepinephrine’s platelet-aggregating and
other effects, such elevations from an apprently already-high base may be

indicative of increased risk.

/



TABLE 3.)

RELATIOHSIIPS BETWEEN MOISE EXPOSURE AHD CATECHOLAHINE SECRETIOH

;ﬁzﬁgzgce Cltatlon Summary Conclusions
1,386 Ising, H. and Helchert, H.U., {30 workers In noisy departments In three breweries (86-102 dBA) were observed on
“"Endocrine and cardlovascular | different days ‘with and without hearing protectors. OF the 30, 18 workers wers
effects of noise," Mimeo, pre- | observed for periods of one day with and wlthout hearing protectors and 12 work-
sented at Freiburg Conf. (1978} ars were similarly observed for perlods of 5 days. When data from the totai
Ising, H. et al.,"Study on the | group was separated Into subgroups with relatively high (95-102 dBA)} noise
quantification of risk for the | exposure levels the followlng average Increases were observed on days without
heart and circulatory system hearing protectors, compared to days on which the hearing protectors were worn:
assoclated with noise workers"
{final report, 1979), Increases in
Humber Systollc Diastolig Norcepline-
of bload hlood phrine
Workers pressure pressure meg/Bhr (%) I3
ma Mg (%} mm Ha {%)
86-9% dbA 14 3.9 (3.1%) 1.0 {1.2%) -3 (-1%)
95-102 dBA 16 8.9 {7.22) 3.4 (3.93) 7.5 (30%)
The size of the blood pressure changes induced by nolse appeared to be larger
for warkers with relatively low levels of magnesium lon in their red blood
cells. Subdividing the varkers Into groups wiih relatively tow magnesium
{1.2=1.49 mg/g totnl solids) and high magnesfum (1.5-2.1 mg/g total solids}
reveals the fotlowing differences in systolic pressure change/diastolic pressure
change: Lovier blood Higher bleod
sad lnent sediment
magnesium magnes jum
(1.2-1.49 ng/y Total Sollds) {1.5-2,1 mg/g Total Sotids}
o, Bload No. Olocd
Vorkers pressure Workers pressure
changes changes
86-94 dba 7 +4.9/+2 6 +).7/~2.7
95+~102 dbA 7 +11.0/+2,7 7 +5.0/+1.,0
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387 Ising, H., et al. 2ur 57 younger mate adult subjects worked at soldering electric circuits on two

Gesundhe i tsgefahrdung durch
Verkerrslarm (19860),

suceessive days with and without exposure to traffic nolse at 85 dBA, Changes
under noise exposure appeared to be somewhat different in subgroup |, (see
below} which was exposed 1o nolse on the second day after the task had already
been learned, than for subaroup 2, which experienced the noise exposure in
combination with the demands of learning the task on day 1;:

Subgroup 1} Subgroup 2 Total
(Noise on {lloise on Group
2nd pay) 1st Day}
Systolic bload pressure +! mm Hg +5 mm Hg +3 mm Hg
Biastolic blood pressure 0 mm Hg +3 mm Hg +2 mm Hg
Eplnephrine +214% +38% +33%
torepinephrine +18% +3% +7%
Renin -23% -12% ~16%

It Is also noteworthy that subgroup 2 showed a much more pronounced epinephrine
than norepinephrine response, For both groups there was a significant decline

in plasma renin activity,




e 3.1

: 3
irence ) .
ber Citatlon Summary Conclusions
12 Tsaneva, H. et al., "The Urinary cpinephrine and nareplnephrine levels were measured In Interpreters
catecholamines as a criterion dolng Ffarelqn translations and exposed to varlous levels of sound for an unspec-
for the functional state in ified period of time, Appreclable increases In both catecholamines wera
different activities," observed at relatively low nolse exposure levels in this system:
Agressalogie 16 179 (1975)
Exposure Epinephrine Norepinephrine
{meg/iml ) {mcg/m} urine)
"sjlence' 1] 244
60 dB h2 358
70 dB 73 354
85 db 194 506
N
The norepinephrine increase was simllar to one observed In typlsts typing at P
three pages per hour, conpared to the same typists at rest. Typists typing at
six pages per hour showed a noradrenaline level of 909 meg/ml urine.
I3 Ortiz, et al. {1974) "Hodifica~| Marked elevations of catecholamlne excretion and mare modest, but statistically

Ly

tions of eplnephrine, narepine-
phrine, blood lipid Fractions
and the cardiovascular system
produced by noise in an indus-
trial medium,"

Arguelies, A, E., et al.
(1970), "Endocrine and meta-
bolic effects of nolse in
normal, hypertensive and
psychetlic subjects."

signi Fleant increases in systolic and diastolic blood pressure, and serum
cholesteral in the majority of a group of alrcraft turbine testers after 3 hours
of normal exposure in their work to nolse which "varies belween 105 and 115 d8
(sic)" in Intensity. HNo changes observed in urinary 17 OHCS exretion., CAVEAT:
Other potential noxlous agents in the workplace not discussed or controlled.
Comparlison of different 3-lour periods on' the same day means that results may be

confounded with diurnal changes.

Increased excretlon of epinephrine and noreplnephrine in urine after 3-hour
exposure to 90 dB (2000 lz). Plasma cholestercl and cortisel not significantly
affected. Systollc and diastolic blood pressure Increased among 11 hyperten~
sives, CAVEAT: Possible confounding with effects of diurnal changes.
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Carlson, L. A., et al. (1972),
"Seressor-induced changes in
plasma lipids and urinary
excretion of catecholanmines,
and thelr modification by
nicotinic acld,"

Slob, A., et al. (1973), "The
effects of acute noise expo-
sure on the excretion of
corticosteriods, adrenalin and
noradrenalin in man."

Frankenhauser, M. and
Lundberg, U., "The Influence
of Cognitive set on perform-
ance ahd arousal under dif-
ferent nolise loads'" Hotivatlon

and Emotion 1 139 {i977).

Monotenous hut attention-demanding psycho-mator performance (sorting small ball-
bearings) under unfavorable environmental conditions (97-104 dB {c)) (noise,
fllckering tight}, shortage of time and criticism ... evoked moderate distress,
accompanied and/or followed by increases in hearl rate, bleod pressure, urinary
excretion of adrenaline and noradrenaline, and levels of frue fatty acids and
triglycerides in arterial plasma. CAVEAT: Contribution of noise to the
observed effects Is ebviously confounded with the contributions of several other

sLressors.

Noise exposure {1/3 octave naise band, middle range, frequency 4000 Hz, at B0 dB)
appeared to cause a siqgnificantly different adrenaline excretion, insafar that
among those exposed to nolse no drop In excretion aceurred In the afternoon.
similar effect, be it to a somewhat lesscr degree, was noticed with regard to
nonadrenal Ine excretion ... These results appear to be in good agreement with
(positive) findings reported in the literature, provided that ... the Influence
of two shmultanvously occurring stressors is taken Into account: {|) exposure
to nolse, and (2) the fact that the subjects were confronted with an unfamlillar
laboratory situation. Ho effect was observed on urinary OHCS excretion.

CAVEAT: Small, brief study., HNoradrenaline effect not statistically significant.

Aw
[=]

Three groups of 12 subjects each performed a mantal arithmetic task while
exposed to continuous white nalse In two 75 minute experimental sesslons. in
Session 1, each group was cxposed to a different noise level (56, 72.5, or 85

db (A)) whercas In Session 11, al)l had the medium (72.5 dB (A)) intensity.
Although performance on the arithmetic task was affected by noise level, no
signiflcant differences in urinary epinephrine or noreplnephrine excretion rates
were observed,

e TR e et o s
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Lundberg, U, and
Frankenhausar, M., "AdJustment

to Holse Stress," Reports from

the Department of Psychology,

the University of Stockholm,
Ho. W84, November 1976.

Frankenhauser, M. and
Lundberg, U., "lumediate and
delayed effects of noise on
performance and arpousal,®
Biol. Psychol. 2 127 (1974).

Carfestam, G., et al., "Stross
and disease in response to
cxposure to nolse--a review,'

(1973).

Same design as in the eaperiment discussed above, execept that subjects all
recelved the medium intensity nolse (72.5 dB (A)) in Session I and cither low,
mediun ar high intensity noise in Session It. With this design significant
dlfferences were observad in urlnary norepinephrine, epinephrine, and cortisol
excretion, but no difference was noted In performance of the arithmetic task.
In other experiments control over noise cxposure and particular personality
factors were found to significantly modify adrenaline and cortisol excretion.

Fourteen male university students were exposed to [ntermittent, aperiodic noise
of 65-85 dh(A) while performing mental arithmecic. Measures of performance,
subjectlve stress, catecholamlne excretion and heart rate obtained during and/or
after nolse exposure were compared with corresponding data from a "noise-Tree"
sesslon, Performance was nnt impaired by nolse, but the physiological and -
subjective measures reflected nolse-induced changes in arousal level. The time
pattern differed between variahles, so that the Increase in sublective arousal
was most pronauced durlng noise exposure, and Lhat of adrenaline excretion
alter nolse cxposure, Sessions lasted B0 minutes each.

Ho slgnificant Increase in catecholamine levels in 22 young (emale IBM oparators
exposed to thelr normal warking nolse at 76, 82, 88 and 94 dB for one day each.
CAVEA?: Authors clte 'generally pasitive attitudes of these subjects to the

job per se and to the expariment" and conclude that "noise may be a potential
stressor under some clrcumstances and in some individuals, but need not

generally be so,“
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TADLE 3.2

CHANGES IN URINARY NOREP INEPHRINE EXCRETION INBUCED BY HOISE AND OTHER S5TIMULI

A, SELECTED EXPERIMENTS IHCLUDING WiGH (> BSdR) WOISE EXPOSURE

NOREPINEPHR INE

HOREP INEPHRINE

EXCRETION IH EXCRETION N 2
REFERENCE STIHULUS AHD CONDITIONS SUBJECTS LOW STIMULDS HIGH STIHULUS CIANGE
COUDITION CONDITION
{NANOGRAMS/HIN,} (NANOGRAHS/HIN.)
41, 386 .
ng 8 hours of norma) wark in a necisy 14 workers 53.9 53.3 =12 (ns)*
department of @ brewery wlth and with- | exposed to 86-
out ear protectors, 94 doea,
16 workers 51.7 67.4 +30%
exposed to 95-
102 dBA,
n9387 7 1/2 hours of soldering work on days | linise glven on +3% {ns) ¥y
wlith and without exposure to 85 dBA first day when
traffic noise, the task was
unfamiliar,
Nolse given on +18%
second day when
the task was
fambliar,
:Izhs 3 hours of work testing alrcraft Group 1: 13 18.5 45,7 +147%
turbines, at 105-115 dB, compared "responders®
with 3 hours at rest on sane day, ho,2 +1% (ns}*
Group 11; 5§ 39.7
"non-responders'
18 total 2h. 4 .2 +B81%
subjects

i = nonsignlflcant (p » ,05)




‘age 2 of A. SELECTED EXPERIMENTS INCLUDING HIGH Qi B548) NOISE EXPOSURE
HOREP JNEPHR IHE NOREP [NEPHR INE
EXCRETION IN EXCRETION IN 3
REFERENCE STHAULUS AND CONDITIOMS SUBJECTS LOW STIHULUS HIGH STIMULUS CHANGE
- COMDITION CONDITION
(NANOGRAHS/MIN. ) {NANOGRANS/HIN, )
rguelles’ill 3 hours of exposure to 90 dd of 2000 |5 normal con- 18.2 25,0 +38%
Hz tone while resting and rcading, trols
compared with 3 similar hours at rest
on the same day. 12 subjects 20.5 37.7 +84%
with myocardial
infarction more
than 3 months
previously
Lad
1)1 hypertensive 17.0 30.0 +76% e
patients
(dlastolic
pressures 100~
130 mg hg)
‘ankenhauser and| 75 minute exposure to 85 db(A) noise | 12 male univer- {Day 2) (Day 1)
ndberg?? plus menta) arithmetic, compared to a | sity students 30,92 27.61 =11% (ns)=
similar perjod on the following day
of mental arithmetic with 72,5 da({A),
Same 72.5 dB{A) nolse exposure on {Day 2) (Day 1)
both days. 32.88 30.70 -7%  (ns)#
ndberg and Same design as above except that 72.5 {pay 1} (Day 2)
ankenhauser '/ dB (A} condition presented on the Not Given 4 mg/min. +1 {vt5%)
first day and 85 d0{A} on second day. more than Day |
Same 72.5 dB{A) nolse exposure on (bay 1} {Day 2}
bath days. Not Given 2 mg/min. less -1 (v7%)
than Day |

= nonsjgnificant (p >-.05)




SELECTED EXPERIMENTS INCLUDING HIGH (> 85 dB) HWOISE EXPOSURE

ge 3 of A.
HORER INEPHR INE HOREP INEPHRIHE
EXCRETION N EXCRETION IN F
REFERENCE STIHULUS AND CONDITIONS SUBJECTS LOW STIKULUS HIGH STIHULUS CHANGE
CONDITION CONDITIQN
{HAHOGRANS/MIN, } (NANOGRAMS/HIN, )
rlscm"5 2 hour exposure ta 97-104 dB(C) 11 subjects not 23.8 33,1 +39%
noise, combined with an attentlion- otherwise
demanding task, Flickerling light and | treated,
criticism, compared with 2 hours of
rest prior to exposure. 11 subjects 29.0 42,0 +h5%
treated for one
week with
nicotine
(3 u/day) “
vldssonsh One hour exposure to 85 dB{A) traffic | 100 male 33.6 34,2 +1%  (ns)¥
nolse and an arlthmetic task, com-~ students
pared to one hour of the arithmetlc
task alone (this low stlmulus condi-
tlon was begun 30 minutes after the
conbined exposure}
[
rl'.itam"8 Harmal work of “I1BM aperators” (key- | 1! young female 23.8 22.6 -5% {ns)#
punch?) for 6 hours/day on four workers
successive days wlth increcasing noise
levels (76,082,880 and 9h dB(AYY. OData
for 88 and 9% dBA days compared with
data for 82 and 76 dBA days.
11 young female 13.3 15,2 +15% (nd)®n

Same deslgn as above, except nojse
levels presented In decreasing order,

warkers (other
than those
used above).

i5 = nonslgnlficant {p > .05)

ind = statistical test not done




CHANGES [N URINARY HOREPIMEPHRIWE INDUCED 8Y NOISE AND OTHER STIMULI

B. SELECTED EXPERIMENTS WITH PSYCHOSOCIAL STIMULI OTHER TUAH MIIIGH NOISE

HOREP THEPIIR THE
EXCRETION IN

NOREP INEPHRINE
EXCRETION 1N

4

REFERENCE STIMULUS AND COHDITIONS SUBJECTS LoW STIMULUS HIGH STIMULUS CHANGE
CONDITION COHDITION
(IHANOGRAMS/H I1¥.) {NAHOGRAINS/HMIN. )
Lev!65 Plece wages {pay according to output) | 12 healthy 20.97 23,53 +]12%
compared to monthly salary faor indi- | female office
vidual work (2 workdays observation clerks
in each conditlon}, (ages 18-31)
.evl66 90 minutes of film viewing, compared | 20 healthy
wlth 90 minutes of relaxation prilor female office
to film, clerks
' (v
Natural scencry Films 14,83 10.83 -27% \
“paths of Glory" 15.21 16.43 +83 (ns)®
(tragic and agltating)
"Chartey's Aunt" 16,48 18.03 © 493
(comedy}
1. 61 19.57 +3h%

"The Devil's Mask'
{yruesome ghost story)

ns = nonsignlFlicant (P > .08)




age 2 of B,

SCLECTED EXPERIMENTS WiTH PSYCHOSOCIAL STIMULID OTHER THAN HIGH NOISE

REFERENCE

STIHULUS AND CONDIT{ONS

SUBJECTS

HOREP | HEPHR INE
EXCRETION IN
LOW STIMULUS

CONDITION

(HANOGRANS/HEN.)

NOREP INEPHR INE
EXCRETION M
HIGH STIHULUS

CONDITION

(NAHDGRAMS/HIN. )

%

CHANGE

e’

JI:tOI‘IGB

2 hours of automobile driving, com-
pared with 2 hours of rest (sitting).

2h-hour urine collection far a work
day, compared to an off-day with
normal activities.

17 young (19-25
yrs.) normal
subjects

19 patients with
coronary artery
disease (3B-72
yré., 8 with
angina only and
Il with previous
myocardlal
infarction, with
or without
anglna)

67 paramedics,
subject to
heavy workload,
self-reported
excessive
responsiblllicy
an days monk-
tored

56 Firefighters,
subject to relaX
tively iight
workload (few
minor Fires) en
days nanltored

23,834

37.33%%

'\431’;3‘!;‘::‘:

3Ghad

35. hams

59.58#%

adjg o

n3Bh

+h s

+60%

L
o

+15% (ns)#

=4%

(ns)=

15 = nonsignificant (p > ,08)

fRosults in thase experiments refer to total catechalamines {norepinephirine + epinephrine),

urinary catecholamine levels is norepinephrine,
#Dala showlng tho alksolute levels of output are approximate==~they werc reconstructed from bar graphs.

About 80% of normal total
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As can be see in Table 3.2, larger percentagE changes in noraspineghrine
levels than reported by Ising were found by Ortiz (three hours of work
testing afreraft turbines at 105-115 t:ﬂ?,).l‘3 Arguelles (three hours of
90 dB of 2000 Hz tone while at rest),qa and Carlson (two hours of exposure
to $7-105 dB((:).I'5 The effects reported in the Ortiz and Carlson experi-
ments, however, are confounded with possible 2ffects of ather stimuli
because in both cases, the comparisocns were made between a perlod of work
under other adverse conditions and a period of rest. The laboratory experl-
ment of Arguelles with a tone exposure is of considerable Interest because
(1) the norepinephrine response was observed at a relatively low nolse
level, and (2) it appears that the two groups of subjects with cardio-
vascular disease ware more responsive to the noise than the normal centrals,

The rest of the experiments reported in Tables 3.2 and 3.2A present
an irregular picture of occasional slight pasitive findings, and many
negative or Insignif(caﬁt changes in norepinephrine excretion in respanse
to noise exposure. In genaral, these studies were carried out in labora-
tory settings at somewhat lower nolse levels and shorter durations of expo-
sure than the studies cited earlier. The work of Frankenhausar and Lundbarg
reveals small increases in norepinephrine excretion in response tc 85 d8{A)
noise exposure for 7% minutes In some experimental designs, ' but not
others.59 Their finding that noradrenaline excretion may be ralsad some-
what after the end of the stimulus perim.lk8 may be a partlal explanation
for Arvidsonn'ssh negative finding with ona hour of B5 d8(A) traFfic noise
exposure, compared to control periods begun 30 minutas later. The most
extensive and reallstic study producing an essentially negative result
is that of Carlstam.58 Groups of eleven female [BM operators exposed on
four succassive days to Increasing levels of thelr normal office noise
showed no tendency to highear norepinephrine excretion on the higher two
days (B8 and 94 dBA) as compared to the lower two days (76 and 82 dBA).
There Ts some suggestion of a trend to decreasing noradrenaline excretion
when another group of aleven workers were presented with the same noise
exposures in decreasing order for four days., !f, instead of the compari-
son shown In Table 3.2A, one were to compare the highest day (94 d8A)
with the average of the three others, the result would be:
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Low Stimulus  High Stimulus

Condicion Condition
(76,52,88 dB(A)} (94 dB(A))
{ng NE/min.) {ng HE/min.) % Change
Hoise levaels presented
in increasing order 22.9 24,3 +6%
Molse levels presented
in decreasing order 13.5 16.4 +21%

The validity of this comparison is questionable, however, because the
raw data seem to Indicate a puzzling day-of-the-week effect. -Narepinephrine
seems to be elevated on the first and last days (Tuesday and Friday) of
stimulus presentation over the Tntermediate days. This does not compromise
the Tuesday-~Wednesday vs., Thursday-Friday comparisons shown in Table 3,24,
but it becomes a confounding factor when a beginning~ or end-day is coempared
with the three other days.

In summary, the available data indicate that norepinephrine excretion
{s Tikely to be somewhat elevated in all-day exposures to very loud (over
90-95 dBA) noisa. More work Is needed to define the magnitude of the in-
crease among di fferent population groups with different kinds of noiss cipo-
sures {including lower exposures), possible changes in excretion patterns
in post-work hours, and possible long-term changes in excretion with expo-

sures repeated every day over prolonged periods,

Serum Lipld and Platelet Responses

Available data Indicate that serum free fatty acid lavals are rala-
tively sensitive to changes in plasma catecholamine concentrations. Taggart
and t:arrut:hm-s,‘25 in their raclng car driver experiment, found a very
strong cerrelation batween plasma catecholamines and free fatty acids wuntil
a maximum was reached at about 2 mcg/liter of plasma catecholamines
{Figure 3.5).
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FIGURE 3.5 Retationship of plasma/free fatty acid levels and cate-
cholamine apalyzed for catecholamine values below 2 meg/liter
{within interrupted lines) and for all values.

From: Refarence 125,

An experiment by Ncr'dt:w]26

fatty acids in response to {ntravenous Infusion of a dose of noreadrenaline

finds significant increases in serum free

which appears to leave many other physiological parameters relatively un-
affected immediately {Table 3.3). The only other significant increase
found Tn this experiment was in platelet numbers. The slowed pulsa rate
may have tended to counteract norepinephrine's peripheral vasoconstrictive
effects here to produce little net change in systemic blood pressures.

Table 3.4 reviews some experiments where serum lipid and plate aggre-
gatfon responses to noise exposure have been assessed. As might be ex-
pected from the discussion above, free fatty aclds appear to be elavated
in short-term experimants where norepinephrine elevations have also been
observed.hs'hs The magnitude of the changes observed appzars to be some-
what less than the 32% elevation* observed by Taggart and Carruthers in
response to public speaking {Figure 3.6) and much less than that observed
in the racing drivers (ses Figure 3.2, p. 26 above),

“From 622 to 822 meq/liter,
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TABLE 3.3

DIFFERENCES 1IN PHYSIOLOGICAL PARAMETERS BEFQRE AND AFTER INFUSION
OF NORADREMALINE 0.1 ug/kg/min. 1.V, FOR 30 MINUTES
{N 5 HEALTHY MALE SUBJECTS

Test Before After
Sarum free fatty acids

{mleromoles/mi) -7 ~10%
Total cholesterol (mg/dl) 162 + 28 160 * 28
Cholesterol ester (%) 68 + 10 63 + 10
Trigiycarides (uM/ml) 0.29 + 0.04 - 0.30 + 0.07
Total 1{pid=P (uM/ml) 0.94 i+ 0.20 1.07 + 0.1
Lysalechithin/lecithin 0.28 + 0.13 0.33 + 0.26
Pulse rate 74 :\h 56 + L
Blood pressure; systolic

{rm Hg) 131 + 18 132 + 17
Blood pressure: diastolic

{mm Hg) 88 + 8 30 + 11
Hematoerit by + 1.8 bh + 0.4
Platelets (x 103/mm3) 191 + 103 238 + 100%%
Recalcification time {sec.) 194 + 16 205 + 17
Ac. part. thrombop). time {sec.) b2 + 1.7 b3.5+ 2.0

*Data approximate -- recopstructed from a figure. ODifference |s rzported to
be statistically significant.

#ugignificance of diffarence p < 0.05.
From: Nordoy, Reference 126.
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TABLE 3.4

RELATIONSHIPS BETWEEN NOISE EXPOSURE AHD SERUM LIPID LEVELS, AMD PLATELET AGGREGATIOM

eference

Summary Conclusions

Humbar Citatlon
43 Ortiz, et al, {1974) "Hodifica-! (Sce Table 3.1 ahove for other findings). 3 hours of turbine testing work at
tiens of epinephrine, norepine-| 105-115 dn,
phrine, blood lipld fractions
and the cardiovascelar system Be fore After % Change
produced by noise In an indus~
trial wedium." FFA (mleroequil./1) 640 711 +11%
Triglycerides
(ma/ 100 ml} 1hé 173 +10%
Cholesterol
{mg/ 100 ml) 251,2 273.9 +14%
£
b Arguelles, A, E., et al, {See Table 3.1 above for other findings.,) 3 hours esposure to 90 dB tone at ™
{1970), YEndocrine and meta~ rest.
bolic effects of noise In
normal, hypertensive and psy- Plasna Cholesteral Levels {mecg %)
H 2]
chotlc subjects. Before After 2 Change
Cardiac Infarction
patients 263 275 +5% (ns)
liypertensive patients 264 270 +2% (ns)
Is Carlson, L. A., et al. {1972), ) (Sce Table 3.1 above for other findings}. 2 hours work at an attention-demanding
UStressor-induced changes in task under 97-104 dB (C) noise exposure, flickering light, and criticism.
plasma lipids and urinary
excretion of catechotamines, Before After % Change
and their modification by nico- FFA {microequil./1) 7o 829 +17%
n
tintc acid. Triblycerides {mmol/1) 1.78 1.08 +6% (ns)
Cholesterol
{mg/100 mi) 271 278 +32% (ns)
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Cantrell, R, W. "Prolonged
exposure to intermlttent nolses
audiometric, blochemical,
notor, psychological, and
sleep effects. MNineo. Pre-
sented before the American
Laryngoioglcal, Rhinologlcal
and Otologlcal Society, Inc.,
Palm 8ecach, Fla., April 24,
1974.

Geber, W, F. et al. Physlolog-
ical responses of the Albino
rat to chronlc nolise stress,
Arch., Environ, tlealth 12 751

{19667,

Friedman, H. et al, Plasma
lipid responses of rats and
rabbits 1o an auditory stim-
ulus. Am, J. Physiol. 212
LI7h (1967).

Haas, 8., et al. {1973).
Flatelet adhesiveness during
exposure to noise,

After a baseline measurcement period of 15 days, 20 men were exposed to brief
tonal pulses at 80 dB for ten days followed by 85 dB for ten days and then 90 dB
far ten days. Significant increases in both serum cholesterol {from about 75
mg/100 ml to about 208 mg/100 ml - + 19%) and serum cortisol (From about 12.3
mcg/ 100 ml to about 18.1 meg/100 ml - + 47%) observed, In comparison with the
first day of conflnement. CAVEAT: Little difference observed between pericds
of exposure at different Intenslity or between the expasure period and a subse-
quent t5-day no-exposure period prior to the end of confinement. Observed dif-
Ferences may be attributable to experimental confinement or may be slow to
return to basal levels.

Rats exposed to a mixture of bells, buzzers, horns, gongs at 73-93 dB for six
minutes of each hour for three weeks. Serum cholesterol Increased 31% after onn
day and 48% by the end of three weeks, compared to elther animal-house controlsf
or initfal hour of exposure.

Vhite nojse of 102 dB, interrupted by random burst of 114 dB on average every 3}
minutes for ten weeks caused signlficantly larger serum cholesterol concentra-
tions (averaging about 35% greater) and greater arherosclerosis in rabbits Fed
a high cholesterol-oll diet, but not in rabbits Fed a stock dlet,

'Experlmnnt In rats demonstrating a Jarge Increase in platelet adhesiveness in

response to 'a standardized nolse of 113 dB (slc)" for three days. Also a less
directly relevant finding of increased platelet adhesiveness {compared to normal
controls) in ¢linie patients with several types of hearing loss not obviously

retated to noise,
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52 Deryagina, G. P. et al. Effect| Reported Increases in free fatty acids, platelet adhesiveness and athero-

of acoustic stimulation on
lipid metabol ism, indices of
the blood coagulation system
and development of experimental
atheraosclerosls. (Russian)
Fiziol. Zh. SSSR 62 1171

(1976).

sclerotic changes due to 14 or 28 days of 94 ~ 96
rabblts fed 500 mg/day cholesterol.
report contrary resul ts,

d8 nolse 4.5 hr/day in

Some other experiments In the same paper

11
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FIGURE 3.8 Elevation of circulating free fatty acids (FFA) in response to
the emotional challernge of speaaking befora an audience.

From: Taggart and Carruthers, Reference 92.

Also parallel with the findings in racing drivers, it szems that
cholesteral levels are rarely elevatéd appreciably in experiments lasting
a few hours or less. An apparent exception to this |s the findings of
(th:iz.'!'3 who observed the effects of extremely high nolse levels. Of

55 that

potentially major importance, however, is the finding of Cantrell
serum cholesteral levels were appreciably increased in men exposed to tonal
pulses of 80-90 dB for a few weeks. Thea 19% difference observed between
the exposure and pre-exposure condition is comparable In magnitude to dif-
ferences observed in subjects fed high and low saturated fat diets,lza and
with differences reported by Friedman et al.!29 batween small groups af
subjects exhibiting extremas of Type A and Type B behavior patterns. It
Is also comparable to fhe difference observed In tax sccountants at times
of maximum vs, minimum occupational stre5596 {minimum stress average =

210 mg/100 m); maximum stress average = 252 mg/100 ml; change = +20%),

and Ts somewhat greater than the difference observed in Johns Hopkins
medical students at final exam time vs. other t:imesSB {other times average

= 205 mg/100 mi; final exam time average = 226 mg/100 ml; change = +11%),
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The findings of Geber” ' and Friedman in rabbits and rats further sug-
gest that chronic exposures to noise may modlfy serum cholesterol levels,
Because of the relatively strong relationship between serum cholesterol
and heart disease risk observed in epidemiological studies,lBl these

findings warrant further follow-up,

There are no human studies available assessing possible relatianships
between noise exposure and platelet aggregation propertles. Such effects

have been aobserved in rats and rabbits,SI'52 and may be expected wherever

-noise appreclably elevates norepinephrine levels., Haft and athers have

cbserved changes in platelet aggreqation In respaonse to the stress of
medical students presenting a case at grand rcu.mds,I in anticipation of
15 17

minor surgery, and alsewhere.

3.2.2 Responses af Pituitary/Adrenal Cortical and Other Hormones, and

Blood Pressures

Available observations of pituitary/adrenal cortical and other hor-
mones under conditions of noise exposure are summarized in Table 3,5. The
only positive finding of potential importance with regard to plasma cortisol

Is in the Cantrell expariment wlith several weeks of exposure to tonal pulses.ss

With the exception of the early experiment of Arguelles133 and some work In
rats,l35 the overwhelming welght of the literature shows negative or at best
vary transient positive findings despite considerable careful work57 and
conditions which produced positive results in the adremal medullary hor-
mnnes.h3’“h'b6 Because of Cantrell's result, and bacause of the Interactive
effects between adrenal cortical haormones and the catecholamines Ip ralsing
blood pressure, it may be Tmportant to include these hormones in future long-
term studias. However, there is littie in available data to suggest that
nolse~induced short-term adrenal cortical responses are a potential machanism

of adverse affects.

The findings by F.wio‘27 for lutenizing hormane and growth harmone

are very pretiminary, but warrant some Further exploration.
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TABLE 3.5

RELATIONSHIPS BETWEEN NOISE EXPOSURE AND SHORT-TERM CUANGES IN PITUITARYZADRENAL CORTICAL AND OTHER HORMOMES

‘arence
mber

Citation

Summary Concluslons

133

127

131

Arguelles, A, E. et al.
Pitultary-Adrenal stimulation
by sound of different frequen-
cies, J. Clin, Endocrin. 22
846 (1962).

Favio, A. et al. Radiolmmuno-
assay measurements of Serum
cortisol, thyroxine, growth
hornone and luteinizing hor-
mone with simul taneous
electroencephalographic
changes during cantlinuous
noise in man., J, Nucl. Bilol.
ted. 119 (1973)7

Cantrell, R. ¥W. "Prolongsad
expasure to intermlittent
noise: audiometrlic, bio-
chemlcal, notor, psychologlcal,
and sleep effects. MHimeo.
Presented before the American
Laryngolegical, Rhinological
and Otolagical Society, lnc.
Miami Beach, Fla., April 24,

1974,

Guha, D. et al. Effects of
sound stimulus on gastric
sacretlon and plasma corticos-
terone level In rats., Res.
Commun., Chem. Pathal.

Pharmacol. 13 272 (1976).

Substantial elevations claimed in 17-0HCS levels In plasma In response to one-
hour expasure of men at various single frequencies {125-10,000 Hz) at elther
63 or Y3 db, Effect apparently greatest (50% Increase) at 10,000 Hz, Caveat:
lack of clear distinctlon between affects at greatly different nolse levels
makes results difficult to interprat.

Five normal men subjected Lo 90 d8A continuous Industrial naise or 50 dBA back-
ground nolse for three hours ac similar times on different days. Blood samples
collected from catheter every fifteen minutes, Authors note translent increase
{about 35%) in serum cortisoel at 15 min., paint, Irregular Increases in growth
hormone throughout experimental perlod. Averaging data from all tlme points,
lutelnizing hormone appears to be appreciably (55%) increased, with lesser
average increases in growth hormone {(35%) and cortlsal (20%) levels during the .
90 dBA noise as compared with 50 dBA nolse. Stacistical analysis by t-test not9
performed, but luteinizing hormone diffarence is clearly significant by a sign

test.

After a baseline measurement period of 15 days, 20 men werc exposed to brief
tonal pulses at 80 dB for ten days followed by BS dB faor ten days and. then 90 dB
for ten days. Significant Increases in both serum cholesterol (From about 175
mg/100m] to about 208 mg/100 ml -~ + }9%) and serum cortisol (From about 12,3
ncg/100ml to about 18.1 mcg/100 mi - + h7%) observed, in comparison with the
First day of confinement. CAVEAT: Little difference ohserved between perijods
af exposure at different intensity or between the exposure period and a sub-
sequent |5~day no-exposure perlod prior to the end of confinement, Observed
differences may be attributable to experlmental conflnemnent or may be slow to

return to basal tevels.

Plasma carticosterone levels of rats were significantly elevated during 1 - 2 hr
exposures to 4000 Hz tone at B0 dB, as compared to pre-exposure levels,
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Table 3.5
Page 2

Reference
Humber

Citatlon

Summary Concluslons

132

141

57

Nealis, P, M. and Bowman,

R. E. HBehavioral and corti-
costerold responses of rhesus
monkeys to noise-induced
stress,”  {Unpublished)

Hanson, J. D, et al. The
effects of control over high
Intepsity noise an plasma
cortisol levels in rhesus
mankeys (Dehav. Biol. 16 333
{1976).

Brandenberger, G., et al.
Fatlure of noise exposure to
mod i fy tewporal patterns of
plasma cortisot In man,
Europ. J. Appl. Physiol. 36

239 (1977). -

Contlnuous, varlable, or impulse nolse presented to monkeys at 100 dBA for five
hours caused signlficant Increase at the l-hour time point, which dfsappeared at
3- and 5-hour tlme points.

Monkeys expased to four !3-minute nolse periods separated with 2-mipute periods
of quiet under conditions where they dld or did not have the ability to turn off
the noise at the end of the perfod, Cortisol’ levels elevated [n the monkeys
without control, but not In those with control.

Heatthy men subjected to pink nolse of either 96 dBA for 120 min (5 sub]ects)fs
99 dBA for 60 min {2 subjects), ar 105 dBA and 45 dBA alternating every 10 sec.
for 30 min (2 subjects). Plasma cortisol values neasured in blood samples eol-
lected every 10 min, by catheter for a total of 7 hours surroundlng the nolse
treatment, and compared wilh control days with no unusual nolse exposurc. o
hint of cortisol elevation in this very carefu)] study.

h

!
and 5Iub,l6 sum=

For three other negative studies, see !!'.h'tlz,"3 Arguelles,
marized in Table 3.1.
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Shovt-Term Blood Pressure Respenses, Periphneral Vasoconatwiction, aid Plasma
Renin fAectvity

The non-auditory effect of nolse which oceurs most reproducibly at !ow
levels of exposure is vasocenstruction of digital skin blood vessels, measured
as a change in finger pulse amplitude. Some resufts from the classic studies
of Lehmann and Tammw4 are reproduced below as Figure 3.7,

It can be seen that substantial increases in peripheral reslstance
("paripherer Widerstand") are usually accompanied by reductions in stroke -
votume {"'Schlagvolumen") with the net result that changes In systolic and
diastollc blood pressure ("systol. Druck', 'diastol. Druck") are held to
modest levels. With respect to this phenomenon, the question has always
been asked whether, In the absence of systemlc Increases In blood pres~
sure, the peripheral vasoconstriction js-of any pathelogical significance.
To the best of our knowledge, there Is no evidence at present bearing on
this question. In the context of current theory of the mechanisms of
long-term blood pressure increases In chronic hypertension (Section 4.2),
it is not implausible that chronically repeated vasoconstrictive res-
ponses could contribute to hypertrophy of the arterlal media and thus to
the disease. However, in the absence of information or theory on how
translent systemic high blood pressures cause medial hypertrophy, little
other evaluation of this possibility can be done. Suffice it to say
that there is a large }i:eréture]36"h° documenting peripheral resistance
effects down to quite low levels of nolse exposure (on the order aof

70 dB(A)} which we will not review In detail,
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It has been known for quite some time that emotional states and

intense physlcal stimuli such as the “cold pressor t:est“ﬁm2

can bring
about jncreases in systemlc bleod pressure. In a 1949 review, Smirk
reports that transient increases of 10 or 20 mm Hg can be commonly
observed and that rises of 50 mm Hg sometimes nccur.lhh Such changes
form a background, but not a completely comparable point of comparison
for blood pressure responses to noise exposures lasting over the course

of a working day.

Table 3.6 reviews the results of some experiments In which blood
pressure was measured (n the course of nolse exposures. It is clear from:
the work of Tunak”'s {using very loud nolse presented In a situation where
the subject must exert active efforts to protect against even louder noise
bursts as a ''standardized stress test') that under sufficlently extreme
circumstances, noise can reliabily induce substantial short-term increasas
In blood pressure in normal individuals. The experiments of 0rtizh3 (3~hour
exposures to 105-115 dB) and Isingm'386 (8-hour exposures to 86-102 dB(A))
extend this concluslon to successively lower noise levels and longer periods
of observation. The experiment of l:arlscm.!’S on the other hand, {2-hour
exposure to a complex stimulus Including 97-104 dB(C) noise) did noc detect
analogous effects beyond the First fifteen minutes of observation.

Part of the discrepancy In observations may arise from differing degrees
of sensitivity of the Individuals making up each group. The observations
of Ising, reproduced as Figure 3.8, suggest that there may be wide dif-

farences {n indlvidual responsiveness.

“|n the cold pressor test, a hand is immersed in ice water for 60 seconds.
Blood pressure in the opposite arm i5 measurad durlng the last 10 to 15
seconds of immersion and compared with a blood pressure measuremﬁnt taken
30 seconds before immersion. In a recent epidemiological sl:udy1 3, the
increase of diasto!lc pressure in this test was 15 mm Hg.

To the surprise of the researchers, this criterion proved to be the single
most powerful predictor of subsequent heart disease risk over 20 years of
follow=up. Men with cold pressor rises over 20 mm Hg showed a risk of gll
forms of CHD of 2.4 times the risk of those with rises under 20 mm Hg.] 3



RELATIONSHIPS BETWEEN NOISE EXPOSURE AND SHORT-TERM BLOOD PRESSURE CHANGES

TABLE 3.6

afarence
Number

Citation

Summary Conclusions

145

Turek, J. V.

Blood pressure

response to a new standardized

strass test.

104 (1977).

Neth. J. Med. 20

14 normotensive subjects (age 22-66) were subjected to 104-108 d8 nolse from
multivibrators and were required to move a non-insulated ring-shaped handpiece
Whenever the handpiece touched the rod,. it

around a randomly bent steel rod.
would trigger a burst of 114=124 dB noise in one ear.

every two minutes for a ten minute period,

Systolic BP
(mm Hg)
125.5

Time
{min.)
Pre-strass

Change from pre-stress blood pressures

2 +15.5
k +13.4
6 +]0.0
8 +11.8
10 +11.1
Ave changes +12.4
2 - 10

Blood pressures mecasured

Diastolic BP
(mm Hg)
82.2

+9.6
+8.8
+10.1
+7.8
+10.7

15

+9,4
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Ference Citatlion Summary Conclusions '
wunber
50 Schulte, ¥, et al, "Der 12 normotensives and 12 hypertensives were exposed to a five minute period of
Einfluss von experimentellem mental arithmetic combined with 81 dB traffic nolse follewed on two dlfferent
Verkehelarm auf vegetative days elther by continuation of the noise for fi1fteen minutes or fifteen minutes
Funktionen von Hormotonlkern of quiet, In the subjects exposed to quiet, both systolic and dlastolic pres-

und Hypertonikern nach Stress' | sure rapldly rell to pre-stress levels, With continued exposure to the noise,
(the Influence of experimental blood pressures were maintained at somewhat higher levels:
trafflc noise on autonomous :

functions of normotensives and Nermatensives Hypertensives
hypertensives after stress. Continued
‘Basic, Res. Cardiol. 72 575 nolse
{1977). . exposure 125/86 147/99
Cessatlon w1
of noise N1 138/90
Difference
attributable .
Lo nolse +8/49 +9/4-9

{batn based on averages of three separate measurements per
persan, at five minute intervals.)
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+ 386 Ising, H. and Melchert, H. U,, | 30 workers In noisy departments in three breweries (86-102 dBA)'were chserved on
Of the 30, 18 workers were

HEndocrine and cardiovascular
effects of noise,'" Himeo, pre-

sented at Freiburg Conf, {1978}

Ising, H. et al,,"Study on the
quantification of risk for the
bearc and circulatary system
associated with noise workers"
(final report, 1979}.

different days with and without hearing protectors.
abserved for periods of one day with and wlithout hearing protectors and 12 work-
ers were similarly observed for perlfods of § days. When data from the totatl
group was separated into subgroups with relatively high (95-102 dDA) noise
exposure levels the followlng average ingreases were observed on days without
hearing protectors, conmpared to days on which the hearing protectors were worn:

Increases in

Number Systolic Diastolic Norepine~
of blood blood phrine
Workers pressure pressure mcg/8hr (&) ln
mm Hg (%) mm Ho (%) [~
B6-9% dBA 14 3.9 (3.1%) 1.0 (1.2%) =.3  (-1%)
95-102 dBA 16 8.9 (7.2%) 3.4 (3.9%) 7.5 (30%)

The size of the bleod pressure changes Induced by noise appcared to be larger
for workers with relatively low levels of magnesium jon in their red blood
cells. Subdividing the workers into groups with relatively low magnesium
{1.2-1.49 mg/g total sollds) and high magnesium (1.5-2.1 mg/g tolal sallds)
reveals the followlng differences in systalic pressure change/diastolic pressure

changes Lower blood Higher blood
sed [ment sediment
magnes ium - magnes um
{1.2-1,49 mg/q Total Solfds) (1.5-2.1 mg/g Total Solids)
o, Bloed Ho. Blood
Workers pressure Workers pressure
changes changes
86-94 dBA 7 +h.9/42 [ +1.7/-2.7
95-102 dBA 7 +11.0/42.7 7 +5,0/+1.0




Table 3.6

Page &
teference Citation Summary Conclusions
Humber
387 Ising, . et al. Zur 57 younger male aduit subjects worked at soldering electric circuits on two

Gesundheltsgefahrdung durch
Verkerrslarm.

successive days with and without exposure to trafflc naise at 85 dBA, Changes
under nolse exposure appearcd to be somewhat different in subgroup 1, (see
below) which was exposed to noise on the second day after the task had already
been learned, than for subgroup 2, which experienced the nolse expasure In
combinatjon with the demands of Tearnfng the task on day }:

Subgroup | Subgroup 2 Total
(Nalse on (Nolse on Group
2nd Day) Ist Day)
Systolic blood pressure +1 mm Hg +5 nm Hg +3 mm Hg
Diastolic blood pressure 0 mm Hg +3 ma Hg +2 mn Hg '@
Epinephrine +21% +382 +33%
Noreplnephrine +18% +3% +7%
Renin -232 -12% -16%

it is also noteworthy that subgroup 2 showed a much more pronounced eplnephrine
than norepinephrine response. For both groups there was a significant decline
in plasma renin activity.




Table 3.0

Page §
Reference <
Number Citatlon Summary Conclusions
43 Ortiz, et al. (1974) "Hodiflca-] (See Table 3.1 above for other findings). 3 hours of work testing alrcraft

tions of epinephrine, norepine-
phrine, blood lipid fractions
and the cardiovascular system
produced by nolse In an indus-
trial medium,'

turbines at- 105115 db,

Bafore .exposure
After cxposure

Change

Before exposurc
After exposure

Change

_Before exposure
After exposure

Change

13-Subject group which did show a
catecholanine response:

120/74
132/85
+12/+1)

5-Subject group which did not show
a catecholamine response,

128779
151/90
+23/+11

Total greup of 18 subjects
122/75
137/86
+15/+11

55
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Arguelles, A. E., et al. (1970},
“Endocrine and metabolic
effects of nolse In normal,
hypertensive and psychotic
subjects."

Carlson, L. A., et al. (1972),
‘ISeressor- induced changes in
plasma lipids and urinary
excretlon of catecholamines,
and their modiflication by nico-
tinlec acid.™

(See Table 3.1 above for other Findings). 3 hr exposure to 90 dB 2000 liz tone.
Data approxImate--pressures reparted to nearest 5 or 10 mm g, OFf 5 normoten-~
sive Individuals (110/75-130/B0), no change In either systolic or diastolic
pressure was recorded, and in the FIfth case the recorded change was 0/-5 mm Hg.
0f 11 hypertensives studied, the average change was +)10/+10 mm Hg (statistically
significant at at p = ,01/p = .01). Three subjects who responded with systolic
pressure elevations of +30 mn llg appeared to have samewhat higher pressures In
the baseline condltion (average 167/112) than 5 patlents who showed no elevation
of systolic pressures (average 156/103}, (Ho statistical test done on this
trend in the dara).

{See Table 3.1 above for other findings). 2 hrs werk under hlgh notse {97-104
dB{C)), flickering light, and criticism. Transient increases observed at the
15 minute time point of +12/+9 mm Hg, as compared to the pre-stimulus period
{statistically significant at p = .001/p = ,01) but no significant changes were
observed over the entlre two-hour work perilod:

Group not Group treated
treated with with nlcotine
nicotine
Pre-stimulus
Period 158.8/98,7 1h3.4/93.6
Scimulus
Period 153.8/99.1 Hha,4/95.9
Change =5.0/40, 4 +1.0/+2.3
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146 Hosskoy, J. ). and Ettema, 12 male students exposed for 15 min, to afrcraft nolse (84-91 dB(A)) or trafflc
J. §. Extra-auditory affects notse {leq B3,5 dB{A)) Tn the presence or absence of a menta) lead from a blnary
in short-term exposure to alr- | choice test. Significant increases of dlastolic pressure but generally negative
craft and traffic noise. int. changes In systolic pressure were observed. Magnltude of observed changes in
Arch. Occup. Environ. Health diastolic pressure was somewhat less under the presence of the mental load.
ko 165 (1977).
Changes with vs, without nolse {mm lig}
Without mental With mental
load load
Aircraft
nolse -5/+5 =2/+3 w
~
Traffic '
noise -2/+8 -6/+h
147 Mosskow, J. !, and Ettema, Same design as aboye, but 15 inln exposure was to textile Factory noise at 98

J. H. Extra-auditory effects
in short-term exposure to nolse
fron a textile factory. Int.
Arch. Occup. Environ. Health
ho 174 97l

dB(A).

With mental
load

Without mental
load

“3/+6 0/+3

Textlle noise
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W8 Mosskov, J. |. and Ettema, Same design as abovc; except exposures Jasted for 3 hrs, _For thls experiment,
J. H#. Extra-asuditory effects however, aircraft nolse is described as 20 "fly-avers' per hour, periods of 20-
in long-term exposure to air- 30 sec; peak value: 89-100 dB({A) and traffic nolse Is listed at Leq = 73,2
craft and trafflc nolse. Int. { dB(A).
Arch. Decup. Environ. Health %0
174 (1977). Change relative to rest period (without mental load):
1 hr. 2 hr. 3 hr,
Alrcraft nolse =2/+4 -3/45 ~2/+6
Trafflc noise ~5/+5 ~4/+9 =4/+9
w
The trend toward increasing dlastolic pressures among the three time periods ©
achfeved statistical significance {p < .05) for traffic noise and was marginally
signiflcant {p < .10) for aircraft noise.
62 Cartwright, L. B, and Thompson,! Mo statistically significant changes observed in response to 9] dBA broadband
R. N, The effects of broadband] nolse for one hour in a group of twenty subjects. Statistical analysls indi-
nolse on the cardiovascular cated that observations diflfered from those which would have been hypathetleally
system Tn normal resting adults) produced given a 6 mn Hg or greater change In blood pressure at the 97.5% con-
Am. Ind. Hyqg., Ass. J. 653 fidence level.
{19751.
60 Etholm, B., and Egenberg, K. £.| These two papers have not yet been revlewed, They are cited as Indicating no
{1964). The influence of nolsc| observed effect of noise on blood pressure up to Intensities of 100 dB.
on circulatory functions.
61 Klein, K., and Grubl, M. (1970}

Hemodynamic reactions to
acoustic stimuli.

Ao B masee
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63 Vander, A, J. et al. Effects 30 minute exposures of rats to broadband nolse Increased plasma renin activity

of Noise on Plasma Renin
Activity in Rats. Proc, Soc.

Exp. Bdio). HMed. 156 26 (1977).

Simpson, G. C. et al. The
Effects of Nolse Stress on
Blood Glucose Level and Skilled

Perfarmance. Ergonoimnics 17
hB1-7 (1974},

about 50% at 115 dB, HNo effects were observed with broadband nolse at 90 or
100 dB or with 2000 Hz nolse at 90-115 dB. Rats on low salt diet for 4-6 days
showed plasima renln responses at lower levels; plasma renln activity Increased
about 50% at 100 dB and about 25% at 90 dB in such animals.

15 minutes of 80-dBA white nolse Increased the rate of fall of blood glucose
compared to 50 dBA white noise, Experiment conducted in humans, 30 minutes
after administration of 18 gm glucese. MNoise had no effect In the absence of
pre-loading with glucase,

69
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From: {sing, Reference 41,
*VMA = Vanilmandelic acld, a metabolite of eplnephrine and norepinephrine.

AENA = porepinephrine.
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-and reactivity to neural stcimulation.

As noted In the summary presentation of Jsing's data in Table 3.6,
some of the individual diFferences In blood pressure respansas to noise
appear to be associated with erythrocyte magnesium levels, The half of the
group with lower levals of blood sediment magnesium showed more than twice
as large an increase in systolic blood pressures as the half of the group

with blood sediment magnesium concentrations above the median.

On reviewing the literature, thers seems to be an appreciable body of
evidence that magnesium lon plays a role in the regulation of vascular tone
388 At a basic biochemical level, it
may be relevant that magnesium is a cofactor for all enzymes which synthe-
size or use adenosine triphosphate (ATP).3B9 Given this, it is not unrea-
sonable to suspect on theoretical grounds that there should be some inter-
actions with the physiological processes which are involved in mobilizing
energy resources for short-term action, Magnesium also is likely to be
important as a competitor for transport of calcium fons, which is a erigi-

388, 394

Magnesium defi-
389-91 and

cal cofactor for contraction of smooth muscles.
clency states are associated with generally greater irritability
greater myocardial damage in response to cold stress In animals.390 Both
in animals and in humans, there are reports that magnesium daficiency is
associated with greater sensitivity to noise In par:lcuiar.SSB' 332 The
possible Interactions between responsiveness to noise and blood cell magne-
sium levels in the low normal range 1s a subject which should be pursued In
further work. Recent suggestions from epidemiclogical observations that
dietary and water sources of magnesium may have a protective effect against
sudden coronary death.393-39h and c¢linlcal data suggesting antiarrhythmic
properties for magnesium ion395-97 lend support to the possibility that
bodlly magnesium status within the normal range of concentrations found
commonly in human populations may be an important determinant of cardiovas-

cular respons!venass,

Individual differences are also suggested by the apprently diffarent
behavior of the catecholamine-responsive and catecholamine-non-responsive
subgroups defined {n the Ortiz experiment. The observation that the older,
catacholamine~non~responsive subgroup had apparently larger Increases in
systolic blood pressure suggests that other factors than catecholamine
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release may be [mportant in producing noise-stimulated systemic pressure

rises,

The case for individual differences in responsivenass is further rein-
forced by the observations of Arguelleshu (exposure for thrae hours to a
single frequency at 90 dB), As shown In Table 3.6, five normal individuals
did not respend and there was a considerable diversity in the response of
the hypertansive sublects, with the high~responders {over 30 mmg Hg rise in
systolic pressure) tending to have more serfous hypertension as indicated

. by their baseline pressures. As mentloned earlier, much work on mechanisms

of hypertension indlcates that hypertensive and pre-hypertensive groups
should contain individuals with relatively large vascular responses to
stimsli, Vander's observation553 In rats (that differences in dietary salt
affact the level at which noise brings about Tncreases in plasma ranin
activity) show another mechanism potentially producing individual diffar=

ences.,

50 indicates an apparent

of the remaining experiments, that of Schulte
effect using an unusual experimental design, suggesting that a low noise
level may delay the decline in blood pressure followlng a combined noise
and mental arithmetic. The 15~minute and 3-hour experiments of Messkov and
E:cmalhs consistently find increases in diastolic pressure, but decreases
of no change In systolic pressure |n respense to a3 wide range of noisé
axposures, Cartwright 2 reports no significant differences from one-hour
exposures to 91 dBA in an experiment which Is llkaly to have detected a
dlfference of 6 mm Hg, had it been present, From Inspection of the
Cartwright data (Flgure 3.9), there is some suggestion of very small
effects in the direction found by Mosskov and ftema=-lncreases in diastolic

pressure, with, if anything, negative changes in systelic pressure.
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FIGURE 3.9 Mean systolle and corresponding mean diastolic blood pressures
hased on raw data for all subjects during z11 experlmental runs
(20 control, 20 test).

From: Cartwright, Reference 62,

It is alsg clear from the Cartwright observations, however, that care
must be taken in experiments Inwolving comparisons of serial blood pressure
measurements on the same day. Cartwright finds that two hours of chair
rest in his normal subjects produces the following statistically signifi~-

cant changes (p = .001):

(1) a relative bradycardia {(slowlng of the heart)
(2) @& decrease in systolic blood pressure
{3) an increase in dlastolic blood pressure.

Additlonal human and animal studies Involving longer-term exposures to

noise will be reviewed in Section 4,2 belaw.

We have not assembled a large body of data with which the pressure
increases obsarved In the positive experiments can be directly comparad.
One recent, and very extensive, studylhg In an occupational population at
high risk for development of hypertension {air traffic controllers) can
provlde some rough benchmarks, howevar. Table 3.9 shows a comparison of
blood pressure parameters on days when Individual air traffic controllers
had relatfvely high workloads (In the upper quartlle of all workload values
measured on the same day) with days on which the same indlviduals had rela«
tively low workloads (in the lower gquartile of ail! workload values measured
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TABLE 3.9

COMPARISON OF MEN WITH THEHSELVES WHEM THEY
HAD VERY HIGH WORKLOAD ON ONE DAY AMD VERY
LOW ON ANOTHER DAY
{tt = 123)

Methoed A: Work compared to population values. Men in the highast
quartile of normalized workload on day 1 and In the lowest
quartfle on day 2.

High Low bi F-
Workload Workload ference t p
Average Systolic (mm Hg) 131.85 127.5! 4,34 3.73 .0005
Average Diastolic {mm Hg) 88.73 85.80 2,93 h,32 .0005
Maximum Systolic 147.59 141,88 5.7 3.29 . 005
Maximum Diastolic 99.30 96.45 2.85 3.13 .005

From: Rose et al., Reference 149,

on the same day)., The observed differeances of about +4 mm Hg In average
systollc pressure and +3 mm Hg in average diastolic pressure are somewhat
less than Ising measured when comparing workers with and without ear pro-
tectors on different days. Another comparison from the air traffiec con-
troller study, showing differences of about 4 mm Hg in both systolic and
diastolic pressures In response to days which differ at least 20% In work-
load, is reproduced In Table 3.10.

More work is indicated using the method of Isingh‘ to locate (1) con-
ditions of noise exposure which produce significant increases ip blood
pressure, and {2) susceptible population groups among which such increases
may occur. Such Information would allow sharper definition of epidemiolog-
ical studies of long~term blood pressure changes. At present, one can ask,
""What is the relationship between noise exposure {at specified levels and
durations} to chronic hypertension and cardiovascular morbidity?" With
better informaticn defining shert-term responses, one could ask, ‘What is
the effect of noise exposures under circumstances and in population groups
where 1t is known to produce particular short-tarm rasponses of defined

strength?"
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TABLE 3.10

COMPARISON OF HEN WITH THEMSELVES WHEN THEY
HAD VERY HIGH WORKLOAD ON ONE DAY AND VERY
LOW ON ANOTHER DAY

{N=161)

Method B: (Ipsative} Work compared to man's own average for five fleld
studles. High day exceeds 10% of own average workload by 10%,
low day falls below own average workload by 10%,

Day Average Minus

Grand Average for High Low Dif-

All BP Studies Workload Worklead ference t )
Systalic BP (mm Hg) . 42,09 -2.32 4.4 4.01 .00}
Diastolic BP (mm Hg) +1.76 -2, L.17 6.69 .aol
Maximum Systolic 2.6h -1.66 k.30 2.90 .01
Maximum Dlastolic 1.146 -1.52 3.13 4,00 .001

From: Rose et al., Referance 149,




66

3.3 Avenues of Research Nesded for the Understanding of the Dynamic
System of Short-Term Responses to Stressful Stimuli

3.3.1 The Need For Quantitatlive Systems Modelllng

The presentation of the system of relationships hetween sympathetic
stimulatlion and changes in hormonal and non-hormonal variables in
Section 3.) above was at a very qualtitative level. Basically, it could
be characterized as a'shin-bone-is-connected-to-the~knee-bone" outline
ok a system. In Section 3.2, we assembled some more quantitative infor-
mation on responses to noise and other psycﬁosocial stimuli, but the
overall thrust of the experiments was to examine whether, rather than
how much, particular stimuli affected physiologlcal parameters In defined
situations. This level of descriprion of the system can support a
general canclusion of plausibility; that under some ¢ircumstances, same
excessive level of sympatheric stimulation is likely to be able to push
physiological parameters to dangerous levels --at least in people who
for other reasons are already close to the llmits of normal function or
who are more responsive than others to the stisulation.

tn a spcial policy perspective, arguments at this qualitative level
can sensibly be used as supplemental reasons to support efforts to control
sources of stimulation which appear excessive on other grounds, |n the
case of nolse, controls on occupational exposures which produce appre-
ciable hearing impairment, and on community exposures which disrupt
daily and nightly activities to the degree that community groups are moved
to seek governmental redress, can reasonably be pursued with somewhat
greater vigor In recognition of the general possidility of long-term damage
mediated by stress responses. Similarly, efforts to reduce psychosocial
stimul i which produce obvious tension and disruption af personal satfis-
faction may be somewhat alded by general recognition of the risk that

long-term damage may occur.
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However, in order for the control of stress responses per se to
become a major motivating factor for significantly altering societal
resource allocation, or making other major changes,® it is helpful to
develop 4 capability for assessling the magnitude of likaly benefits of
such changes, What levels of sympathetic stimulation produce what degree
of lncreased-rfsk from cardiovascular disease processes? Are there
levels and modes of sympathetic stimulation (e.g., from moderate exer-
cise) for which the compensating biological benefits by mechanlsms not
shown In Figure 2.2 may be judged to exceed the blolaogical costs? At
the minimum, Tn order to set priorities sensibly, it is necessary to
have some way of estimating the relative degree of reduction in stress
responses and associated rlsk which may be produced by alternative inter-
vantiens., !5 it better to reduce a set of workars' average exposure
from 87 dBA to 81 dBA, or to changa the workplace organization so that
individual workers have control over their pace of work and can rest
whenever they notice themselves becoming botherad by conditions? |Is
it possible to develop simple tests which would detect those most sus-
ceptible to excesslve responsiveness to their work slituation, which
could gulde afforts to place people in locations where axcessive responses

were minimized?

The research questions outlined in Section 3.3.2 below are designed
to both bulld Fundamental understanding of quantitative relationships
among the different components of stress responses and to locate the
real=life situations where particular stress responses may be most mark-
edly reduced by available Interventlons. Later in the report, we will
suggest research questions to elucidare ralationships between 5tress
responses and chronic disease processes [(outlined in Section 4.3} and
betwsen stress responses, chronlc disease processes, and clinical mani-
festations of disease (outlined In Section 5.3).

*E,qg., changes in working conditions (reducing shift work, plece-rate
systems of compensation, contlnual dead|ine pressures) and other modifi-

cations in lifestyles.
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3.3.2 Outiine of Suggested Research Questions for Elucidating
Relationships between Stimuli and Stress Responses

A. What are the dynamic interactions in the short term of the various
elements of the system, as observed in controlled laboratory con-
ditions {animal and human experiments)?

1. What are the time and dose-response relationships of all
major system elements® to exogenously-supplied hormones
{a) Infused singly, and (b) infused in various combinations?
As larger quantities of varfous hormones are supplied in
shorter time periods, is there evidence of "thresholds' in
the system (places whare the responses of the system change
abruptly}?

2. Is the urinary excretion of specific hormenes and their
metabol ites simply and directly dependent on the time-
weighted average of plasma concentrations of those hormones?
How should wrinary excretion be expressed to best reflect
plasma concentrations (for example, for norepinephrine,
varjous authors use:;

(s} welight NE excreted
unit of time

(b) . weight NE excreted
unit of time and body weight

{c} weight NE excreted .
weighy creatinine excreted

3. What statistical models best describe the variability with
time of the Individual parameters? In other words, 1Ff one
wished to estimate the fraction of time spent at particular
elevated levels of specific parameters thought to produce
damage, would it be more accurate to use a normal distribu~
tion (arithmetic mean and standard deviarion), a log-normal
distribution (geometric mean and geometric standard devia-
tlon) or some other statistical model?

wg,g., plasma and urinary catecholamines, adrenocorticol hormones, platelet
aggragation properties, bleod pressure, serum lipids, etc.
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4. Glven the quantitative relatianships between majaor system

(Less invasive procedures needed for such experiments.

alements developed from the single and multiple infusion
experiments, which of the quantitative responses to spe-
cific stressful stimuli (e.g., noise) can be "explained"
in terms of systemic concentrations of specific hormones,
and which must be explained in part by direct sympathetic
neural influences, local hormone releases, or as-yet-
undetermlned physiological processes?
How do the relationships developed In (1) and (4) above
change with;
{a) chronic repetition of the stressful stimulus
(b) quantitative and qualitative changes in the stimulus
{e.g., response to different noise levels, response
to continuous vs. irregular varying noise)
{c) changes in sltuational variables {e.g., control}
(d) how and how much do dl fferent individuals differ
In their patterns of response?

-= d]Fferences between individuals with different
styles of coping with stress (e.g., Type A vs.
Type B)

-- differences between people of different ages

= diffarences assoclated with specific patholo-
gical conditlons (e.g., angina, past myocardial
infarction, high and low renin hypertension)

-- physlological differences between people

What dynamic variatlions in ¢ritical parameters (potentially related
to disease processes} can be measured or Inferrad for humans exposed
to naturally-presented stimuli in the course of every-day activities?

Fewer

parameters can be measured, and others must be inferred.
Therefore, good models are needed from laboratory work in "A"

T

above which specify the relatlonships batween potentlally path-

ology-related parameters and those parameters which can be

e e < s ot Ty T A =t P

relatively easily and rellably measured in field situations.)
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}. Conduct a broad ranging survey of short term responses to noisz in
various industrial and community situations. Central organizing
question: What types and levels of noise stimulus avoke various
amounts of change in relevant short term variables in various
kinds of people? Using the !sing model methodalegy (comparing
catecholamine excretion and blood pressure responses with and with-
out hearing protectors, conditions and people where noise appears
to produce the largest short term changes.* {Pravisional "high
risk!! groups--specifically explore red cell magnesium as an impor-

tant modifying variable).

2. For the high response groups and stimull located by (1), study
more intensively the changes associated with the stimulus:

{a} expand the variables monitored to include some which may be
more directly related to disease pracesses, but which require
more [nvasive procedures {e.g9., plasma hormone responses,
platelet aggregation, plasma lipid responses, and ECE moni-
toring to detect arrhythmias,s .

(6) expand the time over which the effacts of the stimulus are
monitored. Examine excretion of catecholamines in the sev-
eral hours betwean the end of work and sleep, as a functieon
of noise exposure during the day, and examine the effect of
an entire two-wesk period of hearing protector use, as com-
pared to two weeks of no use,¥u?

(c) sample the responses within shorter blocks of time (e.g.,
shorter time periods of urine collection) to get a bettar
gauge of the frequency of potentially dangerous temporary

elevations of relevant parameters.

3. Ubserve the effects of long-lasting reductions in noise lavels

#The same survey should reveal groups with high current past nolse expo-
sures and chronically elevated blood pressure levels, and, 1f blecod samples
vere collected, of chronically elevated serum cholesterol,

i%Sae discussion in Secction §.1.2 below,

u¥%See pages 15-16 above for evidence that norepinsphrine excretion may be
greatest in the several days following prolonged stressful episode.

S i



about by engineering coentrols:

(a) compare the long~term lavels of blood pressure, searum choles-
terol, catechoclamine excretion, etc., measured before and
after the permanent reduction in stimulus levels.

{b} repeat the studies of short-term responses on days with and
without ear protectors, to ascartain the change in the varia-
bitity of risk factors which has been produced by the incer-

ventlon,
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4, RELATIONSHIPS BETWEEN SHORT-TERM STRESS RESPONSES AMD
CHROMIC DISEASE PROCESSES

In the previous saction we have seen the influegnce of noisc and
various other day-to-day stimuli In producing short term alterations in
various physlological parameters. The notion that such shorg-term
changes may Somehow be related to chronle pathological processes will
strike many observers as unllkely on its face. Before examining
the specifics of possible mechanisms of atherosclerosis and hypertension,
it may be helpful o examine a particular paradigm (organizing pattern
of intellectual analysis)® in traditional physiology and toxicology
which is likely to be a source of discomfort in this case, and the
reasons why we think it sensible for people to make some modifications
in this basic paradiom when integrating information on cardiovascular

disease processes,

A major theme,if nat the central organizing principle of
traditional physiology and toxicology,is the concept of the homeostatic
system. Blologlecal processes are seen as part of a complex interacting
web, exquisitely designed so that modest perturbations In any parameter
will automatically glve rise to adaptive nagative feedback processes
to restore optimal functioning. |In this view, so long as an external
stimulus does not push one or more parameters beyond a speciflied Iimitc
("thrashold") adaptive processes will repair any damage which way have
been temporarily produced and cuompletely restore the system to the

functional state prlor to the stimulus.

This paradigm has enjoyed great success in quiding the desiga and
interpretation of a wide range of experirental findings on acute responses
to toxic chemicals, heat, cold, and other agents whnere the rechanisn of
damage does, in fact, consist of grossiy overwhelming a particular set
of bodily defenses., Howevar, the homecstasis/threshold paradligm has
been less successfuil {and sometimes very misleading) whan applied to

situations such as cancer and nutations where subtle hut irreversible

“The word "'paradligm' |5 used here in the sensz of Kuhn's Structure
of Sclentifiec Revolutlons.!3
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damage can result from one or a small number of events on a microscopic

scale governed by stachastic processes.

In the cases of atherosclerosis and chronjc increase fn blood pressure,
we have processes which have conspicuous differences from both the homeo-
stasts/threshald model, and the stochastic molecular biclaglical medel,
These maJor cardiovascular disease processes appear to consist of chronic
accumulations of Incompletely repaired or misrepaired small-scale damage
events. Such chronic accumulation of Individually insignificant damage
events does not fit within the framework of massive short-term breakdown
of adaptive mechanisms suggested by an unmodified version of the homea-
statis/threshold model. On the other hand, because the events underlying
atherosclerosis and long term blood pressure increase must take place In
enormous numbers, rather than the few c¢ritical events required for the
molecular blological diseases, stochastic models based on small numbers

of "hits' are also clearly [nappropriate.

Homeostatic processes clearly play a prominant role in the day-to-day
and year=-to-year regulation of cardiovascular functioning, and the overt
clinical manifestations of dissase may occur only when relevant parameters
are pushed to major departures from narmal values--i.e., beyond specific
thresholds. However, the causes of the underlying disease must be sought
within the range of day=-to~day fluctuations which are frequently encountered
among apparently healthy people in developed countries, It is not unlikely
that there are threshelds in the processes which give rise to the small-
scale damage events of chronlc e¢ardiovascular disease processes (e.g.,
perhaps the arterfal endothelium in a particutar region only suffers appre-
cliable damage from sheer stress when systolic blood pressure is temporarily
elevated above 180 mm Hg). Howaver, whatever thresholds exist must ba low
enough to produce a sufficient accumulation of net damage* ro account for the
observation that atherosclerosis and long term biocod pressure increases with
age oceur Tn very larga numbers of "norma]’ people exposed to the usual

environments of our civilization.

“net after the action of repalr processes
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Lardiovascular disease processes are not the only examples of

chronic cumulative pathological processes which require the development
of adistinct kind of intellectua)l framework or paradigm. OQOther prominent
cases include chronic obstructive lung disease (which proceads by the
destruction of individual alvealar septa in response to smoking and
environmental air pollutants) and chronic loss of hearing acuity {which
proceeds by destruction of terminal neural elements in the organs of

cortl in response to noise). MWe suspect that the ultimate understanding
of each of these systems' long term deterioration In response to adverse
environmental conditions will require detaiied systems-analytic
mathematical modelllng of the biological mechanisms which lead to the
small increments of damage on a day-to-day basis in response to day-to-day

stimuli.

4,1 Stress Responses and Atherosclarosis

h.1.1 Postulated Mechanlsms of Atherosclerosis - Qualitative Qverview

Figures 4.1 and 4.2 show the anatomy of normal arteries.

Enda-
thelium

|ntarnai
Elguie
Laming

Eatarnal
Elawic
Lamina

Figure 4.1 STRUCTURE OF MORMAL MUSCULAR ARTERY

(From Ross and Glomser, Ref. 153)
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ARTERY
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Qutar cant Mustele coql {tunica . " \ -
{lunica  medicl—thick in arteries Elzglzfng wuh."e u":}g::::f: ;ﬂ';:m,
advenlitia} and thin in veins faus i N

Figure 4,2

Schenatic deawings of an artory and vein shuwing camparative
thicknesies 0f the thres coats; outer £oat (tunica adventing), muscle coat
{tunicy media), and lining of endathativm {runica tntima). Note that the
muscle and outer couts are Mmuch thinner in velns than in arzenes and
that veins have valves.

(Fram Anthony and Kelthoff, Ref. 154)

The principal initial changes in atherosclerosis take place in and on the
intima of the aorta coronary and other major arteries.156 By contrase,
the principal initial site of vascular changes associated with chronice
increases in blood prassure appears to be the media and intima jn smaller
arterial branches {artericles) which immediately praceade r:aupiliarhas.'s9
Atherasclerotic tesfons initially involve changes in limited focal areas,
whereas the medial and intimal thickening seen in the prograsss of hyper-
tension Is more generalized and diffusa.

‘k'

Contemporary theory of the mechanism by which atheresclerotics
lesions are produced has been articulated in a series of experimental
and raview papars by Ross, Harker and Glomset. 23¢ 19578 1na basic

schema is {llustrated in Figure 4.3.
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[nfury ‘
[mechanical, chemical,

or immundlogic, for
exymple}

Hepaatad or chmnie

Injury

[ehionie hyparcholes-

tatolemia, far
azample)

« In1he reapunse to injury hypothesis, twodiffereat cyclic evenrs may wesue, Theouter, or ;
regression cycle, may represent commun single occursences in allindividuals in which cadothe-
lial imury leads to gesquamation. platelet adherence, aggregation. and release, folloned by ine
timal smooth muscle prafiferation and connective tissue fusmation. If the in‘ury s a single
eveal, Ihe lesions may g0 on to heal and regreysion veche, The inner or progression cycle deme
onstrates the possible consequences of repeated or chronic endathalial injery as may occur in
chronic hyperlipidemia, In this instance, lipid deposition as well 3% conlinued smauth musale |
proliferation may ogour after recurrent sequences of proliferation and regeessivn, and these may
lead wy complicated fesions that caleily, Such Tesions could go on [ produce clinical sequelae
such as thrombosis and jnfarstion.

.

Figure 4.3

(Figure 4.3 - from Ross and Harker, Ref, 155)

The normal arterial Intima has a tightly-intarlockad single layer
of endotheiial cells which form an effactive barrier against the passage
of larger plasma proteins,such as |ow-density Iipoproteins. In young
humans and other primates there are only a few scatterad smooth muscle

cells In the intima below the endotheltal call layer. Unader the influence
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of any of a number of a different kinds of mechanisms,® endothelial cells
can be injured and lost from the monolayer, exposing the underlying lntimal
smooth muscle cells and the elastic lamina to the action of blood
components, Platelets then stick to the sites of injury {and to each other)
and release a complex nixture of clotting factors and other constituents
including component{s} which stimulate the migration and division of smooth
muscle cells. In the absence of further injury, endothelial cells bordering
the lesion eventually grow, divida. reestablish the barrier betwsen the blood
and smooth muscle cells, and the local accumulation of Incimal smooth
musele cells is reduced by an as-yet undefined mechanism.®¥* Repeated

cycles of Injury, however, lead to the continued proliferation of smooth
muscle cells, the secretion of fibrous material (collagen, elas;ic fibers,
and proteoglycans} by the smooth muscle cells, and the accumulation of

1ipld (primarily cholesterol and cholesteryl ester).

A number of different kinds of lesions are conslidered to be part of this
process. The simpiest one, ''farty streak! is made up of a relatively small
number of intitmal smooth muscle cells containing and surrounded by lipid and
does not project appreciably inte the arterial lumen., Fatty streak may not be
part of the atherogenic sequence at all in the sense of being a precursor of mara
serious leslons., ''Fibrous plaques,” by contrast, are considered to be the
characteristic lesion of prograssive atherosclerotic disease, As described by
Ross and Glomset!SS, the fibrous plague '

'eonsists principally of an accumulation of intimal lipid-laden smooth
muscle cells, the lipid being primarily cholestrerol and cholesteryl ester,
The cells are also surrounded by lipid and by cotlagen, elastic Fibers
and prateoglycans. Together the cells and the extracallular macrix com=
ponents farm a fibrous cap that covers a large, deeper daposit of free
extraceliular lipid inter-mixed with cell debris."

#Tha diffarent mechanisms which seem to be as effective in producing
intlmal injury and eventual atherosclerotic lesions in primate studies Include
mechanic?} processes (a balloon catheter or shaer stress from high blood
pressure %. chemical damage (chronl¢ homoeystinemid ., Immunological reac:ia?§3
and a reaction of unspeclified nature to chronic high levels of serum 1ipids,

*#Congcejvably the layers of smooth muscle cells present in the months
Tmmediately after injJury migh either disparse to other lecations in the
intima, or return to the media, or die. The fact that in older animals there
are evidently many more intimal smooth muscle cellis than in younger animals
suggests that some dispersion within the intima may oceur.
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With the advance of atherosclerotic disease, "complicated lesions' appear.
These are thought to be derived from fibrous plagues, but they include the
additional features of yleeration, hemorrhage, arecas of ceil death, platelet

aggregates, and in some cases, calcification.
h.1.2 Prospects for Quantitative Dynamic Modelling of Atherocgenic Processes

Obtaining information for the developnent of quantitative dynamic modals of
atherogenic processes posas both major intellectual and practical challenges.
The intellectual challenges arise from the complexity of both the processes and
the resulting distribution of lesions in the vasculature. What summary measures

would adequately represent the progress of the pathology?
--a5 summarized above, there are several different kinds of lesions

=--the different iesfons begin to appear in appreciable numbers at different
ages in different parts of the arterial tree, and spread at diffareng

rates after initial appearance in different locations.*

*
For example, in an international study‘éo of autepsy material, Vihert
finds for the descending thoracic aorta: \

"The total extent of atherosclerotic lesions in men and women increased
slightly from 15 to 40 years of age within a range of 15-20% of the arterlal
surface. After 40 years of age theare was a steady increase, amounting (o
7-10% of the arterlal surface per S-year period. . . .

Fatty streak dlffered from all the other lesions. Up to 20-24 years of
age it occupied I5~17% of the surface and remained at this leval unti!
the age of 40-45 years. From 45 years [t decreased gradually to 2-5% per
10~year peried. . . .

The area occupied by fibrous plaque hardly increased from 2-3% until
39 years of age. Then there was a swift increase, a little greater in
men than in women, up to age 75-79. . . .

The extent of complicated lTesions remalned at about .5% up to 50-54 years
of age and then beavan to increase quite rapidly, although at no age did
it exceed 5% of the intimal surface.'

On the other hand,

VYAtherosclerosis in the abdominal aorta developed somewhat differently.
The total amount of atherosclerosis began to increase from the age of 20,
i.e., thare was no period of relative stability such as was found In the
thoracic acrta up to 40-45 years of age. . . .
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=-Bath the arterial surface area covered by lesions and tha degree of
narrowing of the artaries are probably impertant in characterizing the

amount of atherosclerotic damage within any given arterial segment,

Even If one were able to readily ascertain all such aspects of arterial disease
in individual people, how should one integrate them into an overa!l index of
Matherosclerosis' for purposes of predicting increased liability to various
mani festations of cardiovascular disease {e.g. angina, myocardial infarction,

stroke)?

In addition to this theoreticzal challenge, there are substantial pracrical
difficulties in measuring the effects of various factors on atherosclerosis.
There are not yet easy and safe ways of ascertaining either the standing stock
of atherosclerotic laesions or the processas of lesion formation and growth in

humans. Autopsy studies allow for detalled characterization of atherosclerosis,

"(footnate continued from pravious page)

The increase in arc¢a occupied by fibrous plafue in the abdominal aorta
began raughly 5 years earliar than in the thoracic aorta and followad

a considerably more rapid gourse, with an increment of 15-20% in each 5+
vear period., The changes ingreased with particular intenslty between 39
and 59 years of age and in those 20 years the area occupied by fibrous
plaque Increased 4-fold in women and 4 1/2-fold in men."

Considering the aorta as a whole, the total extent of athercsclerotic lesions

Y. . . lncreased rather in arithmetical progression by 18-20% per decade of
the intimal surface; 34 years, 5%; 4b years, 5 and 17.5 = 22,5%; Sk years,
22.5 and 20 = 42.5%."

Thereafter the spreag of Intimal area occupied by lesions was much slower,

For further comparison, the observations of Uanecek'sl in the same inter-
natiopal autopsy study present a differnt picture in thz coronary arteries:

Ylp contrast to the findings for the aorta, the extent of fatty streak
did not exceed 3-4% of the intimal surface.

In the laft anterior descending coronary artery in men under 30 and in the
octher two arteries in those under 35, the area of fibrous plaque was of

the order of |-4%. Later in life the area began to increase at a much
fastar rate, particutarly in the left anterior descending and right
caronary arteries, which showed a S-ysar increase of about 8% during the
perlods between 35 and 55 years. The area takan up by flbrous plaque
attalned lts maximum by about 65 years and showed very little change there~
after. The greatest age-standardized value was observed in the right
coronary artery and the smallest In the lTeft circumflex artery, while in
the average coronary fibrous plaques occupied 35% of the intimal surface.
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but (1) can only be done once on a single Indlvidual and (2) cannot be
done on a sample of people representative of the living population.®

The increased use of angiography in recent years has provided some oppor-
tunities for study of the progress of atherosclerotic disease which did not
previously exist In patfents For whom this procedure |s indicated. Use of this
rechnique Tn cross-sectional studies has already provided further support for
the assoclation of Type A behavior pattern with acherosclerosls.ah It seems
likely that longitudinal studies, invelving serial angiographic detarminations
in the same patients over periods of several months, can provide quantitative
insights into the contributfens of varjous risk factors to the dynamics of
lesion progression and regression In people who are already in an advanced stage
of the diseasa, At least one study of this kind has recently appearad. As
was suggested earlier in the introduction, such information shauld eventually
have an important bearing on the Interpretation of epideniolugical studies of
clinical manifascations of hearc disease. Fnoewing (1) what factars contribute
in what éegree to atheraosclerosis progression, and (2} the relationship betwecn
a glven degree of atherosclerosis, risk factor levels, and short-term risk of
heart attack and stroke, it should be possible to dissociate the contributions
of Individual risk Ffactors to the chronic dissase processes From contributions
to the short-tarm sequence of events which precipitate overt clinical mani-

festations of disease.

On the other hand, angiographic studlizs have important limitations faor
determining the possible pathogenlic influences of stress responses on early
stages of atherosclerotic disease., Members of healthy working populatiens,
such as those which experjence the bulk of occupational noise exposures, wilf
not underge repeated anglography with any great frequency, and in any case,
angiography may not be capable of efficiently quantifying the nodestc raductions
in arterial lumen size which are present In early stages of disease., A more
promising approach would seem to be to return to the schema of Ross and Harkar
(Figure h.3, page 76 above) to survey possible avenues faor research on the ways
in which stimuli and stress rasponses may Influgnce the course of lesion genszration

and development.

“#Nonetheless, human gutopsy informatien frem individuals who died during the
Western Collaborative Group Study was able to qualitatively Indicate that men with
Type A behavior pattarn had a generally greater deqraa of athernsclerotic 'e?éi"
development than Type B men, evan for those who died of non-coronary causes.
Autopsy studies have alse rainformcad the avalltative conclusions that hyper-
tensives have more artherosclerosis than ron-hypertensives, and that men wié? 154
sedentary jobs have mora atherosclerosis than men with non=-sedentary johs. ~7°
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Four different kinds of events depicted in Figure 4.3 afford conceivable

experimental handles for the measurement of atherdscleratic lesion progression:
=-the initlal inJury to the intlma, and loss of endothellal cells

~-adhesion of platelets to the sites of {njury, and release of platelat

constituents
-~mlgratien and multiplication of smooth muscle calls

=~synthesis and secretion of extracelluilar fibrous material and accumula-

tian of lipid
Intimal InJury

Intimal Injury has primarily been quantified in the past in animal experi-
mants by detailed examination of arterial segments and direct ascertainment of
the percentags of the endothellum lost. The Faet that gross amounts of injury
are seen |n response to hyperlipidemia or homocys;ine infusion (5-10% of che
entira enqothellum missing) suggests that an appreciable amount of
andotheliial cell debris products may be being released Tnto the blood on a
continuous basis in response to daily rates of injury. One possihle approach
to quantifying intimal iﬁjury might be to monitor serum concentrations of scre
praoduct of endothelial cell destruction. For example, many cell types have
unique antigens on their surfaces which allow them to be distinguished by speciflc
antibody reagents, Endothelial cell debris would undoubtedly he rapidly
scavenged in vivo but it is possible that a sensitive and specific radio~immuno
assay could bs developed to measure the release of such material into the
blood In response to (a) different mean levels of traditional risk Factors
such as blood pressure and serum cholesterol and {b) short tern changes in blood

pressure, etc, induced by environmental stimuli.

Another approach for the quantification of Iatimal injury has recently been

suggested for use in gulnea pigs in a preliminary report by Herd, et al.}6’

Removal of endothelium Is known to affect the permeability of the arterifal wall

. e,
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to solutes, particularly to macromolecules., Herd's group infused animals for

2-6 hours with a mixture of labelled materials of diffarent molecular sizes#

to constant plasma levals, rapidly froze aortas in vivo, and assessed the ratie
of tissue/plasma concentrations for each material. As expected, the large
molecular weight dextran showed a much lower ratio of tissue to plasma concentra-
tien (.15} than sodum (.44) or the Intermediate-weight Tnulin {.31).

Increased permeability of the endothelium subsequent to injury would be indicated
by a lessening of the difference between the dextran ratio and the salt ratio.

It is not apparent how sensitive an index of injury this would be, but It is
conceivable that quite small amounts of desquamation could alter permeability
characteristics in this system in a major way. This procedure cannot, of course,
be directly applied to human systemsi®* but In experimental animals it will

afford a rapid measurement method for investigation of dose response relation-
ships between chronic or short term elevations of risk factors and the initial
events of atherosclaratic lasion development.

Intimal injury Is a major postulated route of action by both traditional
and suress-ralated riskfactors on atheroscierotic processes. Blood pressure,
serum chelesterol, and stress-induced blood pressure variations are all Tikely
to exart their influences at least in part through this mechanism, Qevelopmant
of rapid and raliable means to quantify this step in the process will be a
ma3jor advance in gathering the data necessary to model the dynamic response
of atherosclerotic progression to changes in risk factars.

Platelet Adhasion and Release of Conatituents

This step Is also both an important postulated route of influence by strass
responses on the atherosclerotic process, and a8 potentially important point
for potential measurement of the process in response to changes in risk
factors. |t is clear that lncreased catecholamine concentrations laad ta
increases in various measuras of platelet adhesiveness assessed In vitro,102-3"ﬁ7
and qive rise acutaly to intravascular platelet aggreqates which can cause
* 2201, SH-tnulin (H.M. 5,200) and '*c-dextran (#.4. 16,000)

“%lr [s not inconcaivable that other, less destrustive assays basud on intimal
permeability changes could be developed for use in humans. For exanple, if
some rapidly methbolized material were to penetrate arterfal walls and then be
re-released from them with o specific time course, It is possible that such re-
release kinetics could be used as an assay of the amount of materfal when
penetrated during Infusion, and hence of arterial permeability characteristics.
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areas of focal myocardial necrosis In vivo!os‘I68 70 However, there s

as yet only sketchy information on the relationship of platelet adhesiveness
properties and other facters to platelet-dependent steps In the chronic

atherosclerotic disease process.

Table 4,1, from Ross and Harkerlssshows data from pigtail monkeys (wmacaca
nemestrinal maintalned on either normal diets or high cholesterol/saturated
fat diets for 9-18 months, On average, about 5% of the endothelial surface was
missing in the hyperlipidemic animals at the times of sacrifice, and this was

associated with a reduction of somewhat over 264 in platelet survival time.
TABLE 4.1

.. “‘l'-‘-li;lchl kiretics in normmul and hyperipidemic monkeys. Cell loss in the nortic endothelium is expressed 33 the pertentaye of surface '

tost.
. ’ Plasma lipids L : Platelet
ﬁ' . No.of - E:dﬁlthel;al - =
et > : : elllas . umover
mals Chaolesterol  Trglyceside ol Coung . Survival .
an (g} mgely _(Bofsurice) . om) ays) (latelety
Nemal 8 83 = 33 =94 0 28,000 = 62000 . 8.0 =034 61,000 = 11,000
Hyrerdipideric 6 =2 =14 3.0=1.2 395,000 = 70,000 " 5.8 =054 - 06,000 = {3,000
ra < D.0| »0.75 > 0.001 ] >0.75 < 0.01 < 0us

*The variation js = | 5.D. .
From Rpss and Harker. 8afF, 150,

In another experiment in which intimal injury was preduced in baboons
by continuous Infusion of homocystine, a loss of 10% of the intimal endothelium
was assoclated with a 50% decrease in platelet m.lrvival.l58

Recent experiments In human patients with seavere corenary artery disease
(over 50% narrowing found by angiography} indicate that quantitatively signi-
ficant platelet consumption Is a regular occurence in atherosclerotic
processes.l7| When simultaneous blood samples werae drawn Fram the coronary
sinus and acrta in such patients (durlng cardiac catheterlzation perFformad
for other clinical purposes) it was found that platelet numbers were significantly
lower in the coronary venous blood than In aortic blood {mean 168 + 20 vs
234 + 37 X IODO/mmB, P < .05). This was taken to Indicate major platelet
absorption In the diseased coronary vasculature, The difference in platelet
numbers between coronary venous and aortic blood was abolished when the sama
patients were given aspirin, and was not seen at all In-a group of four

patlients without severe coronary disesse.
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Platelet adhesion to sites of injury is evidently a fairly rapid process,
beginning within minutes of acute injury by balloan catheter and persisting
for at lease 43 hours|53. It is possible, therefore, that if some accurate
and non-destructlve way could be developed to assess the number of platelets
which were adhering to arterial) walls on a daily basis, one might be able to
determine the sensitivity of the inftial events of atherosclerotic lesion
production to dymamic physiologlcal changes induced by envirenmental stimuli.
Ideally, it would be desirable to monitor the concentration of some blood
component which was specifically released by platelets following adhérence to
arterial walls.* The mitogenic factor responsible For inducing division of
smooth muscle cells would bhe a good cholce for this if it is sufficiently long-
lived in blood to be easily and accurately measurable. Faiting that, it
may be that other constituents of platelat jgranules {e.3.,A0P, specific enzymes)
might be used as an fndex of intimal Jamage.

Because platelet adherence to sites of arrarial Jamage sgems t0. he a
Fairly rapid pracess ralative to the slow rate of endathelial healing
rasponses,™one might think that platelar adhesion would nor ba a rate-linmiting
step in the atherosclerotic process and that it would not be casy to interfere with
atherogenesis by modifying platelet adhesive properties. MNonetheless it
has been reported that in primate systems both anti-platelet antiserum and
dipyridamole {(an Inhibitor of plataler function) can prevent formation of
atherasclerotic leslonslsB. It is possible that until the devzloping lesion
Is covered by endothelial cells, there aré repeated cycles of plataiet
adhesion, release of mitogenic factors, and adhesion of new platelets.

Platelet adhesive properties could contribute to the frequency with which thasa
cycles are repeated for any given area of lost endochelium,

Smooth Muacle Cell Migpation and Proliferasion
154 ]

Thase processes appear to be primarlly accessible to exparimental study
by autopsy experiments in which intimal areas are quénti:ntively examined far
smooth muscle cell numbears at various times aftar a knpown stimus or serlas

W . . " .

We suspect that simple platelet survival studies may not be sensitive
enough to detect changes in platelat consumption attributable to normal
rates of atherosclerotic damage.

i By contrast with the very rapid platelet response after balloon cathater
Injury, migration of smooth muscle cells from the media is observed at about
5-7 days, and lesions reach maximum size In abouF 3 months, Lesions substantially
reqress dufsgo endathalial overgrowth by about six months In the absence of hvpar-

lipidemia,
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of stimull, There is no immediately apparent way of assessing these para-

meters by non-destructive techniques in man or animals.

Synthesis and Seoretion of Fxtracslluler Fibrous Material and the Aceuwmulation
of Lipid

It is currently believed that the major carrier of cholesterol for
deposition in atherasclerotic lesions is a class of proteins known as jow-density
lipoproteins. Racent data suggests that low density lipoprotein cholesterol
is the significant component of total serum cholesterol which makes a
positive contribution to cardiovascular disease risk. !t seams possible that
the predictive power of the Jow-density |ipoprotein cholescerol concentratlon
might be further enhanced [f measurements of turncver of such material were
multiplled by absolute concentration levels to form an index of total
chq!es:erol flux. Whather the cotal flux defined in this way is a reliable
indicator of the day-to-day rate of deposition of lipid in the vaculature
would need to be determined by validating experiments in animal systems.
However, this might be a good way to measure the progress of intermediate
stages of atherosclerotic disease {stages which might not be primarily
limited by the rate of Initial intimal injury and desquamation}.

Analogous monitoring of the flux of molecular building blocks for che
fibrous components of atherosclerotic plaques might provide additional
handles far experimental measurements of the response of the daily progress
of atherosclerotic lesion development to variations in risk factors affected

by environmental stimulf,

4.1.3 Suggested Questions for Further Research on Relationships Between
Noise, General Stress Reponsaes and Atherosclerotic Processas

There Is a small amount of direct experimental evidence in two rabbit
expariments that noise exposures exacerbate the development of athero-
. . . 1
sclerotic lesions in rabbits fed high-cholesterol diets. 30,52 These

initlal results can and should be pursued.

In addition to increasing intimal injury from serum cholestaral, the

other two major likely routes of action of noise and other stressors on
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atherasclerotic processes are (1) ingreased Intimal Injury by way of
transient or long term {ncreases in blond pressure, and {2) increased
platelet adhesion to sites of intimal injury {or to other platelets already
bound te arterial walls) leading to increased release of factors which
stimulate the migration and mitosis of smooth muscie cells, Section 3,3.2
above (p. jO) outlined some research questions helpful in building an
understanding of the system of dynamic shart-term respenses of numarous
relevant parameters to stimuli. The addition of short-term assays for the
progress of atherosclerotic lesions, such as those suggested in the previous
section, would allaw a bridging of the gap In knowledge between the short

teFm responses and chronic disease processes. Given the development of

one or more assays for intimal injury or platelet adhesion and factor release,
the following questions would lead to d better understanding of the degree

.of atherpsclerotic risk from environmantal stimuli:

A. What are the time-and dose-response relationships between single strass-
responsive parameters and measures of intimal injury and platelet adhesion/
factor release? (Animal and some human experiments in controlled laboratory

settings.)}

}. Responses to catecholamine infusion

2. Responsas to cholesterol increases (From diet}

3. Responses to translent blood pressure increases [nduced by somae
mechanism which does not disturb other parameters {e.g., Infusijon of
axogenous renin?)

B. What are the time- and dose-response relationships to Increases in
combinations of stress-responsive paramaters {animal and some human experi-
ments in controlled laboratory settings).

1. Responses to multiple Infusion

2. Responses to the combination of increases in parameters fnduced by

graded exposures to noise and/or other stimuli
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C. For the high response groups of humans and stimul ! jacated in field studies
{see B-] on page 70 above) can measures of iatimal injury, platelet
adhesion/factor release and low-density-lipoprotein flux be shown to be
altered in expected ways based on the laboratory model experimants?

4.2 Stress Responses and Chronic Hypertenslon

Like atheresclerasis, the processes which underlle chronic increases in
blood pressure must be pervasive features of the aging process in developed
societies. However, as is Indicated by Flgure 4.4, thease procasses ara not
rigldly programmed to occur regardless of environmental influencas. Although
qgenetic factors clearly are of major importance In producing differential
predlsposltions toward specific blood-pressure-raising processes,® a wide
varlety of human groups can ba found, coming from all races and levels of
general economfc affluence, which do not appear to manifast an inexorable incraase

in blood pressure with advancing age.

In one sense atherasclarosis and chronic blobd pressure increase present
directly opposite problems For further research. In the case of atherosclerosis,
the theory of Ross and Glomset provides a straightforward and widely acceoted
schema for the underlying pathelogical process. The prime limiting factor in
using this schema to understand the concributions of varlious etiological factors
ta the process and the efflcacy of control measures Is the enormous difficulry
in ascertaining the standing stock and rate of change in atheraosclerotic
lesions in individual 1living humans., By contrast, systolic and diastaolic
arterial blood pressures are more easily and widely measured than almost any
other medlcal parameter. Given further the predictive power of blood pressure
measuramants for the later development of overtly life-chreatening manifastations
of ecardiovascular disease, it {s clear that arterial blood pressuras must be

regarded as eminently useful indices of soma chronlc pathological process(es)

#For example, Tn rat models of hypertension, factors such as chronic noise

exposure,‘yk high salt intake.]75 and chronic conﬂict.'76

raise blood pressure in some strains but not others.

hava been found to
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% Figure 4.4

Mean systolie blood pressure change with age can he found in all
races, (n general, blood pressure is lower when the culture is
stable, traditional forms are honored, and group members are
adapted to their roles by early experience and secure in them.
Open clrcles: females, Closed clrclas: males (Heary, J.P, and
Cassel, J.C., reference 173).

P ——— i — < o ot J—

k4 A e e e




e U

D P

89

which are relevant to human morbidity and mortality. For this reasan, blood
pressure has been the subject of a vast amount of clinical epidemiclogical, as
well as experimental, study. Howevar, reflected in the current scientific
Ilterature is a profound dissatisfaction with the results of rhis efforc.*
Although blood pressures must stil} be regarded as potentially very useful
indicators, unfortunately theres Is at present no scientific consensus on just
what underiying irreversible or poorly reversible changes are indicated by blood
pressure Increases, Whlle further progress in understanding the causes and
nrevention optlons for atherosclerosls seems most 1ikely to be helped by the
development of practical clinical assays for a defined process, similar progress
for hypertension seems more 1llkely to be assisted by the development of an
accurate system for intarpreting available ciinical observations in terms of
underlying pathological processes sensitive to speclfic environmental ({e.g.,

noise, salt) and internmal (e.g., genatic) factors.

In this section we shall first briafly examine the currant status of
theories of hypertension, and point out some new opportunities from trends in
recent research te clarify the contributions of environmental factors. Second,

we shall present some features of the overall pattern of blood pressure changs
in contemporary society in general, and in one high risk occupational group in
particular, Then, 1n the third section below we will examine the specific
data available from animal and human epldemlologlical studies on the biood-
pressure Increasing affects of nolse exposure., Finally, in section four we

*For exampla, Leonard Syme, a distinguishad epidemicloglist In the field,
recently characterized the state of the art in the following words:182
ln brief, apidemiclogic studles of bload pressure have been underway for more
than 25 years, and the results of this research can only be described as modest.
The basle epidemiolegic and demogrphic description of blood pressure distribu-
tions In human populations remains unclear, and psychosocial studles of hyper-
tension hava not yielded consistent hypotheses palnting the way to future
research. And yet, there is no doubt that blood prassures vary among and
between population groups, and there seems little doubt that variations in
lifestyle are assoclated with these differences, It Is puzzling that we have
failed to discern systematic and patterned relatlionships among these variables.”

Some of the frustration s Illustrated by the equivocal nature of epidemio-
logical evidence on the risks of salt. Despite the clear_role of high salt
intake in producing hy ertension In some animal strains,!79 avidence from cross-
cultural ccmparisonsh ind the demonstrated benefits of diuretic drugs In con-
trolling hvpertenslon,203 no association could be datected between scdium |
axeretion and blood prassure for individuals In the Framingham pooulation, 7 ar
in some othar studjes 180~1. {(3uch studies may be complicated by possible
temporary Imbalances between Intake and excretgion.)
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shall outline a set of suggestions for future experimental and epidemiological
work- relevant both to the fupdamental scientific questions of hypertension
etiology and to the specific contributlons of noise and other environmental

agents.
L.,2.1 Postulated Mechanlsms of Long-Term Bloed Pressure Increases

The currant lack of agreement on a single coherent theory of "essential®
hypertension has not resulted from any deficiency of suggested mechanisms.
Table 4.2 provides a highly condensed overview of major competing and
complenentary theories for the technically-oriented readar, The theories
are organized into four broad groups by the general location of the underlying
Uratchet" processes which are thought to inltiate and maintain the high pressure

state:

1) the sympathetic nervous system and peripheral artericles
2) the kidney and 1ts control of extracellular fluld and salt

3) the velns and
4) the aorta and other large arteries

Despite the fact that the di fferent theories sea changes in different anatomical
locations as keys to hypartension, many of the thearies are fairly similar

in the nature of the processes which are seen happening at key location. In
many cases the pootly-reversible ''ratchet' process is a series of changes which
stiffen and/or narrow specific blood vessels. Such changes generally involva
proliferation of smooth muscle cells, and the accompanying deposition of extra-
cellular polymeric material, such as collagen and rmucopolysaccharides,

177
in additlon to the changes in larger arties typical of atherosclernsis.lg"“39

As is apparent from the brief outline In Table 4.2, the large number
and diverse character of blood pressure control processes has spawned a varlety
of speculations that changes in partlcular parameters contribute to the pathoganesis
of hypertension. In general these speculations are plausible on their face and

*In a small percentage of hypertensive paople, high bleod pressure can be
attributed to kidney disease or specific tumors secreting vasoactive substances.
“Essential" hypertension excludes high blood pressure rasulting From these known
causes,
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tentatively supported by cbservations that appropriate changes [n the parameter
In question are observed either in a subgroup of ﬁyper:ensive people or in

some animal models of hypertension. However, also in general, there is
uncertalnty about the direction of causation for changes In the individual
parameters associated with hypertension. 1t {5 often dIfficult to choose between

the possibilities that:

1} the abnormallty in question caused blood prassura to rise
2) rising blood pressure caused the abnormality
3) some other process caused both the abnormality in question and the

increase in blood pressure

Precisely because blood pressure is affected by many separate but Interrelated
cantro! processes, changes in blood pressure from whatever cause augematically
set in motion numercus secondary adjustments over various time-spans., At

least in the short run, these adjustments wil!l tend to damp the original

change in blood pressure, but over long periods both any residual bleood pressure
change and the secondary adjustments may give rise to changes in still other

parameters,

The consensus which appears to be emerging from the profusion of possible
blood-pressure-raising mechanisms is that no single undarlying process will
ultimately be found to be responsible for increasing blood pressure in all,
or perhaps even most, patlents presently considered to have assential
hypertension.217'227 Increasingly, authors have used observations of specific
parameters to sorf patients Into a number of ''types' of hypertensives which are

2 -
thought to represant either:zzs' 228-33

a) different stages in the devalopment of hypertension or
b} fundamentally different diseases, driven by diffarsnt progressive

patholaglical processes, but having in common the presence of high

blood pressure as one outcome.

There Is a pervasive refrain in the recent literature to the effect that peopls
with hypertensfon are a diverse group, with differing patterns of abnormality

in relavant physioiogical processas.
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Major Proponent, Reference

Table 4.2

Suggested Mechanlsms Producing
Long Term Increases in Blood Prassure

Suqgested Hechanism in Brief

Major Evidence

1. Theary focused on sympathetlc nervous system responsces to environmental stimuli, and structural

changes in peripheral artericles,

Folkow, B, and
Hallﬁach,M. 108,159,205

Ester, M.223

Chomplin, J.225

Kaplan226

Trans{ent neuychumorally=-Induced
increasas in blood pressure in respense
to environmental stimulation causes
stowly-reversible structural changes

in arterfoles (principally, thickening
of arterial media and a consequent
reduction In the size of the lumen).
The increase in wall/lumen ratlo not
only raises basal resistance to flow
but greatily amplifies the increase

In resistance which oceurs when sym-
pathetic stimulation causes arteriat
smooth muscle to contract, thus

leading to a vicious <ircle, HNo
prominent theary yet exlsts which
proposes a mechanism for the *'trigger-
ing' increcase in sympathetic responsive-
ness to environmental stlmull, but
irreversible changes in neural function
{e.g., resulting from death of neurons,
which do not repllcate) can easily be
imagined,

%The resemblance referred to is hemodynamic--relatively Increased

cardisc output and heart rate,

In uvstablished hypertension this

pattern 15 generally replaced by one of normal cardiae output and

increased parlpheral resistanco,

Raised resistance to flow at maximal
dllation and vascular hyperactivity
have been observed hath In hypertensive
people and in the Okamoto strain of
spontancously hypertensive rats (SHR),
characterized by high renin levels.
Both young (prehypertensive} and older
SHR rats have also been found to show
much larger acute Increases In blood

pressure to sudden environmental stlmula-LD

tion {including exposure to loud

noise) than normotensive conirols

or rats with repovascular hypertension.
""'In man, early phases of essential
hypertension often resemble a mild
defense reaction®207-B and hyparactivity
to emotionally d!sfurbing stimull has
been reported, 209!l yhen the hypothala-
ml¢ defense area |s exposed to often
repeated stimull, the transient
pressure rises can gradually lead to
more persistent pressure elevation,?)
also occurring in animals exposad to
pralonged environmenta! stress,"t73,206,
213-5

a
2

Recent observations on patlents classi-
f1cd as "high renin® hypertensives
Tndicates enhanced sympathetic nervous
activity (this group has high Elasma
norepinephrine concentratlons,218-2,223
Targe reductions in blouod pressure in
response toe drugs which block adrenerglce
receptors, 3 and tends to exhibit
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Major Proponent, Reference

Table 4,2
(conc‘d})
Suggested Hechanisms Producing

Lang Term tncreases in Blood Pressure

Suggested Mechanism in Brief

Mafor Evidence

2. Theorles focused on kidney abnormalities, extracellular fluid and salt.

Bianchl, G. et.al.la3

Orown, J.J. et.nl.188

#Posslbly produced by
transient pressure rlses
as In the Fo!kow mechanism
{sce below).

A genetically-determined abnormally

low glemerular filtration fraction is
‘compensated for early in 1ife by unusual ly
high renal plasme Flow. Later In life,
due to sencscence of the renal vascu-
lature, the high rate of blood flow
through the kidoey cannot be maintalned,
and arterlal pressure must be incrueased
to achleve adequate fliltration, Thought
to yield "low renin'' type of hyper-
tenslon,

The major conclusion of Guyton's
system-drnamlc model of circulatory
functionl89-190 s that In the lang
run, arterlal pressure can only rise

If the relatlonship between proessure
and urlnary output of sodiun and water
s altered, This relationship may be
reset as a result of generally increased
arterial resistance in the kidney,®
leading to increased qlumerutar filtra=-
tion fractlon and Increased pressure in
peritubular capltaries, leading to in-
creased sodium resorption,

more supressed hostl!lty223 relative

to other hypertensive patfents.) By
contrast, sympathetic nervous activity
seems to be supressed In low renin"
hypartens fves,22% and the blood pressure-
lowering effect_af diuretics is greatest
in that group.22

In a large survey of renal function in
normotensive offspring of hypertensiva
parents, a subgroup was found with very
high renal plasma flow and tow flltration W
fraction. Such a subgroup was not
apparent [n a parallel survey of normo-
tenslve ?stprlng of norrotensive
parents. This abnormallty alse scems
to be present In the Hllan a:rain of
hypertensive rats, "MHS. {This
straln Is not salL~sen.ilee or unugually
susceptibie to neurogenic stimull.

The hypertenslon-producing defect can be
transferred by kidney transplantation.

(1) "Nermal pressure-nztriuresis results
mainly from reduction of tubular sodium
reabsorption,"

{2) Vincreased hydrostatic pressure in
the peritubular capillaries reduces
sodlum resarption,"

{3) “Increased arterial pressure [s
transmitted beyond the glomerulus

into the perttubular caplllaries in

some circumstances."




Major Proponent, Reference

Table §.2
(eont'd)

Suggested Hechanisms Producing
Long Term {ncreases In Blood Pressure

Sugaested Mechanism In Brief

Major Evidence

Frels, E.D.‘7B

Chronic Intake of salt over a critical
Jlow level (about 1 to 3 g per day) leads
to a chronic state of expanded extra-
celiular fluld volume, higher cardiac
output, and higher blood pressure than
would otherwlse be the case (e.g., In
unaccul turated peoples), In this state,
(1) the pressor respopse to short-term
neurvgenke stimuli Is Inereased, and

(2) short-term pressor responses start
from a higher non-stressed '"baseline.'
Both effects increase the structural
damage to arteries expected from
short-term stimull due to the Falkow
mechanlsin (see ahove).

3. Theory focused on changes in venous function.

Uirych, 1, 104,195,197

Takeshlta, A. and Hark, A.L.

196

Stiffening (decreased distensibility)

of velns with age leads to (1) redistri-
butlon of venous bload from peripheral

to cardiopulmonary circulation, (2)
Increased cardlac output which directly
tends to Increase arterial blood pressure,
and {3} increased sodium retention Ly

the kldney due to an Increased glowrular
FileratTon Fraction {sec abave, Brown
mechanism), Renin release Is suppressed
In this form of hypertenslon by the
stretching a{ cardiopulmonary mechano-
receptors, ! Factors producing the
stiffenfng of veins are not clear, but
may Tnclude changes in prostaglandin
svnthe%ase with age observed in a rot
model , 200 tncreased lon-binding cellular
and extracellular wmatrIx200 ar venous

"{1} epidemiological studles in un-~
acculturated peoples showing that the
prevalence of hypertension Is [nverscly
correlated with salt intake; {2} heno-
dynamlc studies suggesting that the
development of ¢hrenlc experimental
hypertensien Is a homeostatlc response

to o malntalned increase in extracellutar
Fluld volume (ECF); (3} evidence that

the ECF of ''salt eaters" s expanded

In comparison ta that of "no-salt

eaters™ and (&) Tavestigations in
hypertensive patients recelving elther
diets greatly restricted in salt or
continuous diuretic therapy which
correlate with the fall in blood
pressure with a reducrion In ECF,

84

178

Contrary to what one would expect In
simple renal models of hypertensfon
{e.g., Bianchi, Brown/Buyton mechanisms
above) blood volume is normal or below
normal In essentlal hypertension,!99
Increased venous constriction would
account for this, Direct measurements
of venous distensibility In borderline
hypertension, and the iaverse reia-
tionship between plasma renin activity
and albunin leakage from circulatling
blood to extracellulor fluid (“'Labelled
Albumin Disappearance Aate"} support
the concept.

e S ) i e e
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Halor Proponent, Refarence

Table 4.2
{cont'd)

Suggested Mechanisms Producing

Long Term Increases in Blood Pressure

Suqgnesled Hechanfsm In Brief

MaJor Evidence

. Theory focused on changes In the aorta and other large arterles,

Swales,

J.D.lsl

“Loss of elasticity of the aortic

wall produces a widened pulse pressure
and a high Incidence of systolic hyper-
tension." Normally, the serta and to
some extent other arteries perform a
damping function upon the spikes of
pressure generated by the left ventricle
during systole. The elastic aortic wall
distends and exerts a significant pressure
upon the distal fa{r of the arterial tree
during diastole. |3  Increased rigidity
is caused by several processes: {1} the
elastic Fibres of Lhe media uncell and
fracture, (2) collagenous matrix increase,
{3) calcium Is deposited In the madia,

Progressive increase In the rigidlty

of the aorta and peripheral_arteries
is abserved wlth age.?gg'?éa'Yéh

high restlng blood pressures are 216
associated with reduced compliance.

11
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The intellectual basis for this trend toward typologles of hyperten-
sion warrants elaboration. An individual's blosd pressure at any polnt in
time can be thought of as the dynamic raesult of many different physiclogi=-
cal processes pulling the system in onpe direction or anothur. A good
analogy might be a tug-of-war contest in which the participants are
thought of as individual participants on cithar the pressure=ralsing or
pressure-lowering sides. Different "types' of hypartensive people could
be thought of as having different alignments of participants {processes)
on each side. Over time, blood pressure could increase either as a rasylt
of participants on the high pressure side getting stronger, or participants
.bn the low pressure side getting weaker or changing sidas,

This general framewerk implies that great improvements may be possi-
bie in the '"signal to noise ratio' for epidemiclogical studies attempting
to detect the influence of specific environmental factors in raising blood
pressura. Environmental factors are likely to act unevenly on diffarent
types of processas producing hypertension., Indeed, in fortunate cases it
can be expécted that a particular agent will act exclusively through one

process to raise blood pressure. Because of this,

1) Thare should be a different distribution of “types'' of hyaerten-

sion among people exposed to different causative agents.®

2) People at all levels of blood pressure in populations exposed to
particular causative agents should show an unusual relatienship
hetween indices of specific blood pressure raising processes and
blood pressure. As 1llustrated in Figure 4.5, the index of a
process which Is worsened by the agent [n question should be
unusually elevated relative to blood pressure. B8y contrast, the
index of a process which 15 not viorsened by the agent in gquestion
should show reductions relative to blood pressure in the exposed
papulacion. _(This is because blood pressures area essentially
pulled up away from their normal positions relative to the latter
type of index.}

In view of the current rapid rate of change in etlological theorles

0.
% For example, one might expect more "high ranin”z"a & or “hyperadrenergic“225
hypertensivas in populations exposed to a potential source of chronic sympa-
thetic stimulation (e.g., air traffic controllers and/or workers exposed to
high noise.




of hypertenslon, it would be premature at this point to aftempt to specify
either which typological systems will ultimatély prove to have tha grealest
discriminating power for the first type of investigation above, or which
speciflc clinfecal indices of blood~pressure raising processes will prove
most useful in the second type of Investigation. However, among typolo-
gies, the currently-prominent high~renin, rormal-renin, low-renin, primary

aldosteronism system with its well~developed clinical protoc01229 and

2
228 and drug therapy.zzo'zz“ is an obvious

apparent importance for prognosis
initial choice. Among clinical indices of bload pressure-raising proc-
esses, Table 4,3 fists some which may be worth considering, depending on

further refinements in the state of knowledge in this field,

Population Exposed to Agent

-~
Index ~ Population ilot Exposed
A
(AFfactad
by Agent}
Blood Pressuyre
K
|
Index Population Hot Exposed
#2 Population Exposed to Agent
{Not AFfected
by Agent)

8lood Pressure

Flgure 4.5

Expected Change in Relationshlips Between Blood Pressure and
Indices of Processes Affecting Blood Pressure, for Processes
Which Are (Upper Graph) and Are Not (Lower Graph) Affected
by a Partlicular Environmental Agent
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Table 4.3

Processes Which Tend to Raise Blood Pressure
and Associated Clinical Indices

Praocass Contributing to Passible Clinical !ndex

Elevated Biood Pressure (potentially useful for the
type of epidemiological inves-
tigation illustrated in Figure 4.5)

General overactivity of Plasma renin levels Igzgelation
the sympathetic nervous to sodium excretion®
system

19

Basal plasma norepinephrine 1evelsz

Urinary norepinephrine excretion
{normalized to creatinine
excretion)237

Blood-pressure lowering effect o§22_3
ganglioni¢ blockade with drugs”

Blood-préssure lowering affect
of saralasin235 (angiotension
inhibitor)

Arterfaiar thickening (peripheral) Peripheral resistance in relation
to cardiac output at rest

Increase in peripheral resistance in
response_ta a_standardized sympathetic
stimulusdd?, -1

fleduction in peripheral rasistance
in response to blockade of .
beta and alpha receptoers with drugsZZG

Stiffening of aorta and other large Pulse pressurelgl (systolic pressurz
arteries minus diastolic pressure)
Change 1In argerial compliance with
pressurel!
Stiffening of velns Vanous distensibllity measurementslss

Increased ratlo of central/peripheral
vlood volume!S

Labelled a’bum!n dlsappearanca rate
(LABR)

Reduced bleod volume and extracellular
fluid per body weight204,183
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Table 4.3
(cont'd)
Processes Which Tend to Raise Blood Pressure
and Associated Clinical Indices

Possible Clinfcal Index

T e s

Tl TI% T

e

Process Contributing to

Elevated Blood Pressure

(potentially useful for the
type of epidemioclogical Tnves-
tigation [llustrated in Figure 4.5)

Kidney dysfunction of the Bianchi 83
type (see Table 4.2, p.94)

Kidney dysfunction of the BrownIsa

type

Simple renal insufficiency due
to loss of tissue/glomeruli236
(Guyton!30 type)

183

Low glomarular filtration fraction

increased kidney blood flow per
preSSure’33:2§6

Blood-pressure lowering effect af n
diuretics, salt restriction203,222

Increased sodium excretion on sodlium
loading (in the absance of primary
aldosteronism)

increased pressure response to
salt/volume loading

Increased blood volume and extra-
celtular fluid per bedy weight
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4.2,2 Patterns of Dlood Pressure Change Vith Age-in the General Population
and In a High~Risk Dccupational Group: Observations and Implications
for Public Health Prevention Pollcy

Historically, hypertension has been mainly viewed as an Tndlvidual medTcal
problem==to be dealt with using the same basic set of procedures which practicing
physicians have applied for conditions as diverse as cancer, chicken pox, and

pregnancy. In general, the approach is to:
1} detect an abnormality, or pattarn of abnormalities In the patient

2) from the abnormality, relevant history and other facts, categorize
("diagnose') the patient as having one or more recognized {1lness
or other condition, or as having no defipnable illness, and

3} based on the diagnosis, expected prognosis in the absence of treatment,
and the expected risks and benefits of specific therapeutic options
for the individual patient, prescribe appropriate treatment.

Because the physiciants principal ultimate need For diagnostic Information is
to datermine In individual cases whether the benefits of specific treatments
arz lfkely to be worth the trouble, costs, and risks of side effects to the
patient, it is entirely appropriate that the medical profession has chosen

to designate specific numerical values of systolic and dlastolic blood pressure
to help make operaticnal distinctions between patients who are "hypertensive ,*
Ynormotensive or possibly "borderline,' with corresponding implications for

treatment.

Useful as such distinctions may be as benchmarks in medical practice,
thera s a danger that their use in epidemiclegical studies to Form simple
summary measuras of the frequency of high blood pressure in various groups may
cause researchers to miss features of their data which have Impertant implica-
tions both for scientific questions of hypertension etiology, and public policy
questions of the health benefits of instituting specific pravention measures
to reduce the rate of blood pressure Increase In groups at risk., |In brief,
it s sclentiflcally relevant to ask whether a particular agent increases blood
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pressure more or less unifermly In a population, or whether specific subgroups
are more affected by the agent than others. This can only be done 1f the
entire blood pressure distrlibution In the poputation at risk 1s examined.
Further, Tt appears from available data that cardievascular disease risk
Increasas continuously across all blood pressure levels {(hoth below and above
standard medical dividing lines for classifying pecple as "hypertensive'').®
Therefore In assessing the public health benefits of prevention measures, it
is also important to estimate how the entire distribution of blood pressures
in a target population will be altered by the specific prevention measure.

In this Sectlon we shall lay the background For examining the results of
epidemiological studles on the relationship between noise exposure and blood
pressure by setting forth basTc data on the current pattern of blood pressure
change with age in the U.S5., with some supplementary data from Canadian and
British studies. Then, to illustrate the kinds of information which can ba
obtained from examining the entire distribution of blood pressure in a high-
risk group, we shall present some comparisons between hlood pressure distribu-
tions of Air Traffic Controllers from a recent longltudinal study, and
stapdard reference populations. The results provide lessons for the design of
epidemiological studies and public policy for control of putative hlood-

pressure rafsing factors.

Figures 4,6 and 4.7 show the distributions of systolic and diastolic
blood pressures found in a single casual measurement for males in the most
racent available survey of a large representative sample of the U.5. popula-
tlon.zqo As can be seen, desplte the fact that some underlying distortions
must result from the use of antihypertensive drugs by a small percentage of

the population, the observatlons appear to be well~dascribed as simple

* These data will be dlscussed in more depth in Section 5 below.
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FIGURE 4.8

SYSTOLIC BLOOD PRESSURES OF U.5. MEH
HAMES Observed Data240 vs,
Predictlons of Log-Normal Distributions
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FIGURE 4.6 (cont.}

SYSTOLIC BLOGO PRESSURES OF U.S, MEM

HANES Observed Data2h0 ys,

Predicticns of Loy-iHormal Distributions
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FIGURE 4.7

DIASTOLIC PRESSURES OF U.S. MEN
HANES Observed Daca2h0
Pradictions of Log~Normal Discributions
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FIGURE &, 7 (eont.)

DIASTOL!IC PRESSURES OF U,S. MEH
HANES Observed Datab0 vs,
Predictions of Log-Hormal Distribuzions
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unlimodal log=-normal distributions.s

Comparisons of fltted normal distributions vs. fitted log-normal
distributions for systolic blcod pressura from the HANES study are shown
in Flgure 4.8 for males of three age groups, Log~normal distributions
consistantly show somewhat closer fits to the observed data, both for
systollc and diastolic blood prassures (the latter, not shown).

There is no obvious reason, from these data, to make qualitative
distinctions between people over 160 mmHg systolic and or. 90 mmHg diastolic
(frequently used criteria for “"hypertension," IF maintained consistently)
and people who fall below these values, Moreover, 1f one examines the

rates of Ingcrease of Individual people's blood pressures in long term

longitudinal studies {see Figure 4.9) one finds that there Is a broad,
contineous distribution fn the population. There is no suggestion in the

data that a discrete '"abnormal'* subset of the population should ba qualitatively
distinguished from the remainder,

If one closely examines the geometric means and standard deviations for
the various age groups shown fn Figures L.6 and 4,7, one can see that the
pattern of change in blood pressure distributions with age appears to be
different for systolic and diastolic blcod pressures. Systolic blood
pressuras appear to increase more rapidly in later decades than in earlier
decadas, and the systollc pressure distributions show a marked spread
(increase in standard deviation) with age. B8y contrast, diastolic blood
pressures increase relatively rapidly in early decades unti! reaching an
apparent maximum in the 45-54% age group. Theare is a relatively modest
tendency for the distributlion of diastolic pressures to spread with age.

As can be seen in Flgures 4.10 through 4,13 differential patterns of change
between systallc and diastollc blood pressure can be cbserved in both males
and females and at all percentiles In the blood pressure population

#Recently, Makuch, et.al.238 have provided a theoretical explanation
of why distributions of blood pressure among people of a glven.narrow age
range should be log=normal, given basic assumptions that {I) blood pressure
increasas accumulate over time in many small steps {or Yrisk cycles™ ip their
terminology) and (2) the bleod pressure increase which results from each
step is proporticnal to the aggregate blood pressure increase produced
in previous steps.

N e it e vt s e e et v fard ame



PN

107

SYSTOLIC BLOOD PRESSURES OF U,S. MEN

HANES Observed Data2h0

VS,

Predictions of Log-Normal and Hormal Oistributions
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1 FIGURE h.12 Selected percentiles In
the discribution of systolic blood
pressure of males 6~7Y4 years, by age:
u.8,, 1971-1974,

SOURCE: Reference 240,
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distribution. The foct that such differences can be seen [n portions of the
population which remain far below clinical criterla for treatment as hyper-
tensives suggests that these diffarences are not 1ikely to have been produced
by differentlal effects of medlcal treatment. The grnaral pattern of early
adult increase in diastollc blood pressure and late adult Tncrease in systolic
blood pressure has also been observed in a longitudinal study of a Canadlan

241 The reason for this differentlal pattarn is not entirely clear.

population.
However, among the various blood-pressure raising mechanisms listed in Table
h,2 the loss of distensibility of the aorta and large arteries is hypothesized
to produce a differencial increase of systolic pressure. The timing of the
increase is reminiscent of the information on the timing of the major increase
in atherosclerotic changes in the thoracic aorta, quoted on p. 80 above. It
is intriguing to speculate that pulse pressure {systolic pressure less
diastolic pressure) is likely to be a usable indicator of atherosclerotic
changes in this particular portion of the vasculature,

Figures L.14 and 4.15 {1lustrate another way of prasencing data on popu-
lation distributions of blood pressure.* This mode of prasentation is particu-
larly helpful for comparisons between the blood pressure distributions of
diffarent populations. Each point on an individual line represents a state-
ment that the percentage of the population indicated on the y-axis has blood
pressures graater than or equal to the pressure indicated on the x-axis.

The dlvisions of the x-axis represent the loglu of blocd pressure. Given this,
the y~axis s constructed such that a perfectly log-normal distribution of
blood pressures In a population will yield a straight tine. The slope of the
line is related to the standard deviation of the distribution--a steeper slopa
indicates a smaller standard deviation and a narrower, sharper population
distribution curve If plotted in the form of Figures 4.6-%.8. For rapid
Interpretation of differences betwaen the distributions Found in dlfferent
pmopulation, the following rules should be kept in mind:

#Data shown In Figures 4.14 and 4.15 on the biood pressures of air traffic
con:rollﬁrs at an inicial examination in a multi-year longitudinal study by Rose
et.al. '3 wers generously supplied by M.W, Hurst and L. Anderscn of the Depart-
ment of Psychosomatic Medicine of the Boston University Schoal of Medicine, They
are based on observations of 113 controllars in the 25-34% year age group and 22]
controllers in the 35-44 year age group,
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1) An environmental agent which raises blood pressure Ly an equal
percentage for all members of an expased population should produce
a line parallel to the general population curve but shifted to the

right by the amount of the Increase.

2) An environmental agant which rajses blood pressure in only a
subset of the exposed population will shift the line for the exposed
population to the right in ways which depend on the distribution of
blood pressures of the subset in the absence of exposure to the agent.
1f, In the absence of exposure to the agent, the sensitive subset
tends to have either (a) about equal bilood pressuras or (b) higher
blood pressures than the rest of the population, the right (high
pressure) part of the line will tend to be moved to the right more
than the left (low pressure) part. |(f, however, the agent tends to
raise blood pressures more among people with low pressures than those
with high pressures, the left (low pressure) side of the line will
show more of a shift relative to the iine for the general populacion.

3) The mmHg shift for a specific percentile of the population can be
found by (a) locating the desirad percentile on the y-axis, (b}
raading the pressures of the general and exposed groups on the x-axls
at the polnts where the horizonral {ine for the percentile of interest
crosses the population distribution lines of the two populations.
{Thus, in Figure 4.14 at the 80th percentiie, the 25-34 year HANES
population shows a systolic pressure of slightly over 116 mmHG,
while tha 25-34 year Air Traffic Controllers show a systolic pressure
of 124 mmHg.)

lt is clear from the data presented in Figures 4.1% and 4,15 that at al)
percentiles of the population distributions, the air traffic controller population
appears to have higher systolic and dlastolic pressures than would be expected
from the general population data in the HANES survey. The absclute magnitudes
of the differences at specific percentiles are shown In Table 4.4, For systolic
pressuras, the differences appear to be somewhat more pronounced at the low-
pressure end of the population distribution, whereas for diastolic pressures the

differences appear more or less uniform at 8-11 mmHg for all percentiles of the

e e e g b e B = e s e e . .
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populations. These results have the following important Implications:

{1) Whatever processcs cause the diffarances in bloed pressure batuaen
alr traffic controllers and the general population, they do not
appear 1lkely to be confined to a small minority of the controllers
or to controllers which would have had higher-than-average blood

pressures in the absence of exposure,

(2) Because ardinary medical treatment for hypertension will only be
used for controllers whose blood pressures persistently exceed
levels considered indlcative of "hypertension," the excess heart

disease and stroke risk for the remainder of the population which does not

exceed these levels is effactively bayond the realm of secondary
madical prevention efforts. Primary prevention effarts, seeking

to reduce the actlion of whatever factors are leading ta chronic
blood pressure elevation Tn the controller population, has potantial
benafits beyond those which are realizeable with the hast currently
utilized medical cara practices for treating ”hypertensfop."

h.2.3 Obsecrvations of Blood Pressure in Relation to Chronle loise Exposurc

Like nearly all other aspects of the etlology of hypertension, the possible
role of chronic noise exposures in contributing to long term increases in blood
pressure is c:::nt:ro\.n.-.rs!al.zm-3 The currently availabie data can be briefly
supmarized under three hroad headings; animal studies, comparlsans of hypar-
tension freguency between human groups with differing noise exposura, and
comparisons of hypertension frequency between human groups with differing

degrees of hearing impalrment.

Antmal Studies

More than three decades have now passed since the original observations
of Medoff and Bcnglcvannizau that rats chronically exposed to loud air blasts
for five to ten minutas per day® developed hypertension more frequentiy than

Accompanied, Tn the case of this original study, by convulsions known
as Yaudiogenic seizures.” .

SET R e e ol by g aben b e b e e



of the General U.S. Population
of Alr Traffic Controilers® at Various Percentiles
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Tabie 4.4
Differences Between Blood Prassures

240

of Population Distribution
25 - 34 Year Ages

and a Sample

315 - 4b Year Ages

Percentile ATC!g* HANES study Difference ATC's®  HANES study Differencs
of blood Males {mm Hg} Hales (mm. Hg}
pressure
distribu-
tion
SYSTOLIC PRESSURES
g0¢th 119%% 112%% Bt 121 1 10
80th 124 116 ] 126 117 9
70th 128 120 8 129 121 8
6ath 13 123 8 132 125 7
50th 134 127 8 135 129 7
hoth 137 130 7 139 132 6
30th 138 134 4 141 136 6
20th 142 138 b 147 141 5
10th 151 146 g 154 150 4
DIASTOLIC PRESSURES
) g0th 75 64 11 77 68 I0
i goth 79 68 H H| 72 9
\ 70th 83 n 12 84 76 9
j 60th 85 74 11 87 79 8
i s0th 87 77 10 92 82 10
{ 40th 89 79 10 95 84 11
] 3oth 91 82 9 96 87 9
20th 96 as 1 100 al 9
10th 39 90 10 103 98 5

of this.

#%iData presented are rounded to the nearest mmHg,
shown may not correspond exactly to differancas between the first two columns because

R R A

Differances in the final column

#iData for 113 air traffic controllers in the 25-34 year age group and 221 controllers
in the 35«44 year age group generously supplied by M.W. Hurst and L. Andersan of the
bepartment of Psychosomatic Medlcine of the Boston University School of Medicine,
{Report of Contract DOT-FA 73-WA-3211, U,S, Department of Transportation, Federal
Aviation Administration, 1978; and Rose, R.M,, Jenkins, C.D., and Hurst, M.W,,
"Health Changes in Alr Traffic Controllers: A Prospectivae Study, 1. Batkground and
Description,' Psychasam. Med., 40: 143-165, 1978,)
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controls. Subsequently, many Investigators have succeeded in producing similar

chronic blood pressure elevations in response to Irregular loud noises

! -
{e.g., see Figure L.16), either alone, or In combination with other stimuli.'7"2&h 251
Four important hints relevant to future studies of possible machanisms seem
to have emerged from this work:
1) Animal strains appear to ciffer markedly In their susceptibility
174

to the blood-pressure increasing effects of perlodic noise exposure ==

thus a significant genetic component in responsivenass seems [ndicated.

2) Chemical sympathectomy with 6-Hydroxydopamine appears to prevent
the effact, suggesting that the sympathetic nervous system plays

some critical role in the process.zua

3) Water excretion after saline loading appears to be markedly reduced

174 suggasting

In rats with audiogenic hypertension {see Figure 4,17}
that alterations In kidney function may alse play a role in the

pracess.

LY Ising et.al.zhl have observed a marked increase in the colliagen content
in the myocardium of the left ventricle of rats exposed to random
nolse bursts during their active hours for 28 weeks, |f this kind
of increase in collagen content were to cceur in other parts of the
circulatory system, many of the processes listed in Table 4.2 could
be enhanced.

Recently thare have been two addltional significant developments for future research
in this area, First, the basic phanomenon of markedly increased blood pressure

has been reproduced by Peterson in a primate system, using a 24 hour pattern

and intensity of noise stimulation designad to closely mimlic the exposures

of a worker with a noisy Job.zs] Second, Borg and Holler252 have failed to

observe any alteration in the pattern of chronic inecrease in blood pressure

in response to a loud nolse stimulus In the strain of rats which, one would

suppose, might be most susceptible to such effects; the Okamoto straln of
spontaneously hypertensive rats {see Table 4,2, p.34} with known short term

o LD TR NESFIRTENN_ell
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hyperresponsiveness to brief noise stimuli. One can, of course, specuiate
that rats of thls strain experience so much sympathetic stimulation from

their experiences under control {quiet) conditions thatr their hypertenslan

is not markedly worsened by the additional noise stinwius.® However, although
the Okamoto strain did not experience an exacerbation of their tendency to
develop hypertension, Borg and Moller did cbserve that they suffered markedly
worse hearing impairment in response to noise than their gepetically normo-
tensive counterparts.253 This result casts a new light on recent studies
(discussed below) of blood pressures in worker groups with diffarent degrees

of hearing Impalrment.
Humar, Studies

Particulariy in the Eastern European literature, there have been many
reports of cross-sectional scudies of the frequency of hypertension in worker

255-263

groups with differing noise exposures or differing degrees of hearing
impairment taken to indicate previous noise exposure.27o-277 Walch has
recently reviewed these in detail and submitted them, where possible, to sta-
tistlecal testing.zsa He finds, in brief, “A remarkably uniform tendency from
one study to the next for an elevation of blood pressure and an increase in
the prevalence of hypertension with long-term employment under induscrial
nolse." Welch is critical of the use of hearing impairment as a proxy for
nolse exposura, contending that the segment of an exposed population which
rasponds to noise with increased blood pressure may be different from the
segment which responds with severe hearing impairment. I[n view of the recent

253

findings of Borg and Moller cited above, there may well be reason for con-

cern on this goint.

We shall not provide hera an exhaustive review of the individual merics
and demerits of the various studies making up this literature. It is not tha
purpose of this report to attempt to resolve the {ssue of whether chronic
noise exposure does or does not contribute to hypertension. Suffice it to
say that there are a number of sets of obsarvations (such as those reproduced
in Tables 4.5-4,7) which though Individually not performed with sufflciantly

#By six months of age, two to three months after tha beginning of the
experiment, both exposed and non-exposed animais had systolic blood prassures

over 200 mmHg,
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Table 4.5: bistribution of the Cantrol Group by
Age and Blood Pressure Level
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Table 4.6: Distribution of 821 Weavers by Age and

Blood Pressure Level
Hypertension Criteria:

"Normotansive''==systollc<i40 and
diastollc <90

"Borderline''--140/ <30 or < 140/90

UHypertensive''--systolic <140 or
diastolics 90

Source: Parvizpoor, ref. 255
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Table 4.7

“"High Blood Pressure' Criterion:

Systolic >175 mmHg and/or Diastolic >100 mmHg

Source: Knipschild, ref. 256
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unambiguous methodology to be entlirely persuasive,® collectively provide a

reasonable qualitative basis for the suyspicion that under some <ircumstances

chronic nojse exposure may contribute to some chronic processes which

increase blood pressure. Rather in this section, we shall attempt to bring

together the results of diverse observations in the literature to answer two

types of questions:

1}

2)

If it exists, how important {s the blood pressure raising effect of
noise likely to be in the context of overall cardiovascular disease
{and therefore what priority Is warranted for scarce research
resources)? Based on the avallable observatlons with all their
Imper fections, how large have the indicated Increases in blcod
pressure tended to be--and as a consequence about how much of an

increase in overall cardiovascular disease marbidity should one

expectTis

fn what clrcumstances of age, sex, magnitude of noise exposure,
etc., have the most pronaunced effects been abserved, and therefore
where might they be easiest to detect in clean replicate studies?

The maJor difficulties which must be faced in artempting to create any
kind of overview of the disparate findings of various researchers in the

area are:

1}

In no case have the data been reported in sufficient detail to plot
the population distributions of noise-exposed and control groups as
was done for air trafflc controllers in Figures 4.4 and 4.15.
Under the influence of the standard medical diagnostic

* The available reports vary greatly in quality and frequently are not

reported in enough detail to allow a thorough critique. Potentially con-
founding factors ather than age and sex have often not been discussed and
explicitly controlled. At a minimum [t would be helpful in future studies
for invastigators to control for tha known effects on blood pressure of
relative welght, ambient temperature, and time of day when bleod pressures
are recorded, Systematic analysis of possible effects of workplace expo-
sures other than noise would, of course, also be desirable.

#% The computation of expected excess cardiovascular morbidity will be per-
formed in Sectlon 5 of this report,
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view, investigators have overwhelmingly chosen to present their

data in the Form of the percentage of the exposed and contrel

graups which satisfy medical criteria for defining "hypertensives"
and/or ''borderline hypertensives.'' QOccasionally mean blood pressures

of exposed and control populations are also reported.

2) The specific ecriteria used by different investigaters for deflining
"hypertension' vary widely, In scme cases are not reported at all,
and {p some cases were not even standardized (i.e., they were based
in the latter cases on the diagnoses of individual physicians using

their awn criteria),

Given these difflculties, any attempt to synthesize a cemmon picture from the
data must necessarily be tentative and somewhat specularive. However, if we
are caraful to test the sensitivity of any rasulrs to alternative ways of

viewing the information, some preliminary synthesis can be made.

Our basic approach is [llustrated In Figure 4.18. |In reporting the -
percentage of psople who have blood pressurss which exceed a given cutoff
for classiflcation as "hypertensives't the different investigators are
basically providing us with the arsas under the population distribution curves
beyond tha cutoFF--Q(X!) for tha low noise population and Q(xz} for the high
naise population. !n order to extract From this information something which
is comparable with other experiments, we must devise a summary measure for
the change in population distribution curves which would be expected to be
the same regardiess of the particular '"hypertension'' criterion chosen by the
indlvidual Investigator. As shown in Flgure 4.18, if one assumes that the
effect of nolse has been to simply shift the entlra population distribution
curve to higher pressures (to the right), such a measare s ' 2X''--the difference
betwesn "x]", the number of standard deviation units which separate the normal
population mean and the hypertension criterion and X,, the analogous parameter
for the exposed population, ' AX" represents a pradiction of how much the
means of the exposed and control populations differ, assuming that the exposure

—————_——f.

daoes not change the standard deviation of the population distribution.

Of course, thare Is excellent reasan to suspect that the simple mode!l
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Figure 4,18

SCHEMA FOR SUMMARIZING THE RESULTS OF DIVERSE NIYPERTENSION EXPERIMENTS
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of change in the pbpulation distribution outlined above might be wrong,

For example, it Is quite possible that the blcod-pressure increasing effect

of noise might only act on a fraction of the exposed population, thus changing
the standard deviatlon of the population distribution as waell as the mean.% [n
view of this possibility, we shall present parallel resultﬁ based on a

second model of noise-induced blood pressure change (callad by us "Model B},
For Model B, AX shifts are computed assuming that only 30% of the exposed
population experiences a noise-induced increase in bload pressure. Values

for the size of the susceptible sub-population much less than 3035 would have
required exclusion of an appreciable frastion of the data From the analysis,
and even the 30% figure appears to be too low based on some of the data, For
example, in the Parvizpoor data reproduced in Figures 4.5-&, if we add up all
of those people who exceed the “"horderline' criterion for 40-49 and 50-59

vyear age graups we obtain;

Age Contrel Group Exposed Group Apparent Minimum™®

Range % of Population % of Population % of Population
>"Border|ine" 3_"Borderﬂne" Shifted

Lo~49 19.43 34,9% 15.5%

50-59 15.52% 85.7% Lo.2%

Limitations In the sample sizas for these age groups clearlv nive rise to
conslderable statistical uncertéintv in the calculated percentana of the

TR

*Welch is particularly insistant on this point, basad in part an
chservations in a few of the cited papers that the incidence of vary low blood
pressures (hypotension) Is larger than expected in noise exposed jroups,
especially in younger age ranges. He postulates that the response to chronic
noise exposure in a population may be bimodal, with some people moving to lower

bleod pressures in early years of exposure, Such a bimodal pattern doas not appear to

have precedent elther In anjmal models, available data on age~related changss
in blood pressure of general Western populations (e.g., Figuras 4,6-4,9), or
current hypertension theory.

*#"Expased -~ YControl." This Is an apparent minimum estimate of the
size of the sensitive subpopulation (neglecting statistical uncertalnty)
because some of the sensitive subpopulation would be expected to be above
the ‘'borderline' critarion in the absence of exposures, or to remain below
the "borderline" criterion even in the presence of oxposure.

b e
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population which has been moved acruss the line designating "border!ine!
hypertensives, However, hased on these and other results 1t is difficult
to befieve that the size of the sensitive popuiation is much less than about

25-30%.

Basic observations from selectad individual reports and calculated "AX

snifts" using the basic "A" model of change [llustracted in Figura 4.18 are

presanted in Appendix A, Appendix A contains data from the eleven reports

which meet the fallowing criteria:

~a noise-exposad population is compared with an allegedly comparabla
sample of people with no known unusual noise exposure® {e.g., sacluding
reports of comparlsons which only involve different durations of noise

exposure)

-noise-exposure !s assessed directly, and not Inferred using a hearing

loss eriterfon for selection .

-some finlte (nan-zero) proportion of "“hypertensivest! Is found in the

control group :
[l

In Appendix A, the central sezction of each page gives the hypartension criteria 3
used by the author, age and sex groups, and the percentages of hypartansives ;
{or average blood pressures) observed in the various study groups. The right-hand

section of each page gives the AX shifts computed by comparing specific exposed

populations to designated comparison groups.® To illustrate the relationships bat

different hypertension cutoffs and lndividual observed percentages of hyper= .
tensives {Q(X)}, at a specific value for X, Table 4.8 shows the ratlo of ‘
“"hypertensives' in exposad and comparison populations which would correspond

to a AX of .3 standard deviation units, when the hypertension criterion is

i0r, where measurements are available, no expasure over BS dBa.

®uindividual X' values for the AX shifts where computed using an
iterative approximation procedure.

T e e i o ——
e A s e b b it el b

fdu‘awnann;é¢~
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Table 4.8
%, Q(X) AND RISK RATOS

RISK RATIO
CORRESPOND I NG
TQ A SHIFT
ax) & IN % OF
. ‘3
(STA:DARD °2§2§§§?§é°” STAHDARD DEVIATION
DEVIATIONS % STANDARD !_GU(.‘;:'I;_JS
ABDVE DEVIATIONS L0
HEAN) ABOVE HEAN [Alx-/37]
=1.0 84,134
~0.9 81.59t
-0.8 78.814
0.7 75.804
-0. 6 72.575 72.575761.791 = 1,174
~0.5 69.146
“0.4% 65.542
~0-3 61.79] 61.791750° = 1.235
-0.2 57.926 o
=0.1 53.983
0 . 50 50/38. 209 = 1.300
.1 46,017 L
.2 L2, oh
.3 38.2n9 38.209/27.425 ~ |.393
] 34,458
.5 30.854
.B 27.h25 27.425/18.4n6 = }1.490
7 C2h. 198 _
.8 21.186
.9 18. 406 18.406/11.507 = 1.600
1.0 15.864
1.1 13.547
1.2 11.507 11.507/6.681 = 1.722
1.3 9, 680
1.4 8.076
1.5 6.681 6.681/3.593 = 1.859
1.5 5.5480
1.7 4,457
1.8 3.593 3.593/1.786 = 2.012
1.3 2.872
2.0 2.275
2.1 1.786 1.786/.820 = 2.178
2.2 1.3490
2.3 1.072
2.4 .820
2.5 L 621

e SR L PR R T DT
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placed at various positions.

Tables 4.9-4.14 which follow present the AX shifts ohservad in the
various studies, arrayed by a number of variables which might be expected
to Influence the magnitude of the blood pressure difference found-~age, sex,
[ baselIne parcentage hypertensives in the ("qulet'') comparisen group, rough
i noise exposure level, and the absolute severity of the hypertension criterion,
: In each casa, parallel tables are presented using both the "A" model of changa
; illustrated in Figure 4.18 (Tablas 4.9A, 4.10A, etc.) and the "B8" modal of
' change Tn which all blood pressure incraase is attributed to a sensitive
subpopulation which constitutes 30% of the total population {Tables k.98,

k.108, etec.).

The basic obsarvations are presented by age group in Table 4,9A and 4.98.
Comparing the AX shifts in the two tables 1t may be noted that the values
_ computed under the "B" model are much larger than corresponding values
! computed under the A" model. This Is because the distance which the mean
of a 30% sensitive subpopulation must move to account for a given Increase
| in the percentage of hypertensives is much larger than the movement needed If

the entire population can change positions.

i
i

i In order to isolate the possible effects of age as much as passibla From

* confounding differences between the various studies, Table 4,10 shows a saries

! of comparisons {based on the data from Table 4.9) of the 4X shifts obsarved within
j individual studies between groups of various ages. Bayond the youngest {20-29

; yr.) age group, the data do not seem to indlcate a consistent trend toward

i more pronounced shifts in older age groups. |f anything, from these data one

! might expect to be able to detect noise-induced bleod pressure increases most

g readily among people In thair thirties. The fact that, as we saw earlier,

§ the pattern of blood pressure increase in the population seems to change from

; primarily dlastolic increase to primarily systolic ingrease between younger and

E older adults may be relevant here, but as in all of the comparisons to be pra=

! sented, the &X shift data are not sufficiently convincing te warrant any very

f strong statements about epidemiclogical design. Monethesless, it can be said

E that there does not appear to be good reason to confine future studies to very

|

%

%

old age groups.

s : T . O e P T I TP T R S
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STUDY

Aadriqkinzs?

253
Angrukoviteh

259
Friadlander

Gheller 260

Jirkova 263
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Table 4.9A

UAX' SHIFTS IN POPULATIONS OBSERVED |N RESPONSE TQ NOISE
(ALL FIGURES 111 STANDARD DEVIATION UMITS)

ARRANGED BY AGE GROUP

MODEL A (FIG. 4.18)

COMPARISOM

20-29 73-39 40-49 50-55

o M
— e i S —— S—ta

a)Weighted avg. of factories
2-h (103-120 dB) .
compared with '"1ittle noise" 37

b)Factory ! (93 dB) comparec with =14
"little noise"

87-102 dB female winding and 20-24

26-23  30-39 40-49

weaving workers, comparad
with genaral population 32

Shipyard workers with 70->85
dB intermittent noise,
compared with <70 dB workers

Criterion: systellc pressure > 140
Criterion: diastolic pressure > S0

Combinad group of high noise
{115-125 dB8) petroleurn workers

a) compared with ''quiet' manual
laborars

b) compared with combined qrous of
"quiet manual laborers and
administrators

85-115 dB workers, compared with
70 dB warkers

men, < 10 years employment
men,> 10 years employment
woemen

Under 40 Over 40

.25 17 .0~

.06 .08

e st i, T i W i i e
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Table 4.9A, Cont.

STUDY COMPARISON
»5 96 dBA cotton weaving mill

workers, compared wlth

1tght Industry workers

without appreciable noice 20-29 30-39 ho-49 50-59

Criterion: >140/90 .03 76 43 1.16
Criterion: >160/95 HDs .80 .34 .75

2
Parwvizpoor”

Shatalov and Weighted average of 35-112 d8
261 groups (with and without)
“"mental tension") compared
with weighted average of 'quiet'
groups (with and without
'mental tension'’)

Horow

Men 10 .53 .24 .26
Vomen ND .48 .26 A7

Shatalov,

s tapkoviteh

264 90-120 workers, compared
with workers in gquiet jobs, .
based on change in' average Under 40 Quer 40
systolic pressures .61 Wi
Diastozic pressures L3 .23

at al

Sanovazss

Workers exposed to 87-98 d8

compressor noise, compared

with workers in quiet jobs,

based on change in average

systollc pressures -.09 .53 .35
56 Community aircraft noise
exposures (more noise;
g=ho-60, NM1 »37 vs. less
nolse, Bs20~40, MM <37)

knipsehild>

35-hi 45-54 55-5%
Men .37 .10 .30
Vomen .02 ko .22

stND = not done, numbers too small (<13 hypertensives)

s A, L e My b T T . 5 . .
prr— bt

U T FT R
e SA G X i BT 5,




STUDY

. 257
Andriukin

258
Andrukovitch

258
Friedlander

Gheller260

Jirkeva
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Table 4.98

HAX'' SHIFTS IM POPULATIONS QBSERVED [N RESPOHSE TG NOISE
{ALL FIGURES IN STANDARD DEVIATION UNITS)

ARRANGED BY AGE GROUP
MNOEL B (30% SENSITIVE SUBGROUP)

COMPARISON

a)Weighted avg.of factories
2-4 (103-120 d8)
compared with "'little noise"

b}Factory | {93 dB) compared with
"lictle noise"

B7-102 da fermale winding and
weaving workers, compared
with general population

Shipyard workers with 70->85
dB intermitient noise,
compared with <70 d8 workers

Criterien: systoflc pressure > 140
Criterion: diastolic pressure™ 90

-

Combined group of high noise
(115-125 dB) petroleum workers

a) compared with "quiet' manual
laborars

b) compared with combined arouo
"quiet" manual labarers and
administrators

85-115 dB workers, compared with
70 dB workers

men, < 10 ysars employment
men, > 10 years employment
\omen

20-24

HO

W71

» 26=34
- 1k
.81

Under 40

43

AGE GROUP

39-39
.76
0

30-3%

.67

35-4h

1.96

.59

ho-49 50-539
.94 .20
.28 =53

40-43
.25

L5-54
.58
.02
Over 40
47
.25
.67
.93

1.08
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s sy oy

STUY

arvizpoor

Shatalov and

Morovzs]

Shatalov,
Ostapknvitch

at 3126&

Sanovazss

Knlpschild

%#ND = not done, numbers too small K13 hypertenslves)

255

258
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Tahle 4,98, Cont.

28 dBA cotten waaving mil!
workers, compared with
light industry workers
without appreclable noise

Criterion: »140/90
Criterion: >160/95

Weighted average af 95-112 db

groups (wlth and without
"mental tenslon''} compared

with weighted, average of "quiet"

groups (with and without
mental tenslon'')

Men
Women

30-120 workers, compared
with workers in quiet jobs,
based on change in average
systolie pressures
Diastozic pressures

Workers exposed to 87-98 48
compressor noise, compared
with workers in quiet Jobs,
based on change in average
systolic pressures

Communlty afreraft noise
exposures (more noise;
B=240-60, NHI >37 vs. less
nolsa, B=20-40, MMM <37)

Men
Women

30-39 ho-49
1.73 1.42
1. 47 .84
.13 .64
.93 .68

i.8i

35-44

45~54

.29
93

Uy g
[= X ¥N}

v tfimd e Gt re L a eaae
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Tabie 4.10A

WITHIN = STUDY COMPARISONS OF aX SHIFTS FOR
DIFFERENT AGE GROUPS

AGE GROUP COMPARISON
MODEL A (FIG. 4.19)

ARE UNDER - AGE OVER
sTudyY 4 209-22 vs 30-39 30-39 vs 40-53 40-b9 w5 5069 Lo V5, 40
257* 37 333y s .35 2
258 .29 A7 17 .08 .23 .08
253 -, 0b . b8
: -30 .35
260 .16 ¥
263 Ll .27
.ho it
. . .30 40
~ 255 03 .76 .76 48 o 1.16 . .32
. B0 L34 .34 .75 .80 .55
28 .10 .53 .53 ,24 .24 .26 .32 .26
] .26 .26 17 48 22
264 .61 ]
.48 .23
265 ".03 'Ss -58 '35 ’25 -35
AVERAGE
SHIFT
{s.D
unNITS ) b A7 .52 .30 .34 48 .15 37
SIGH OF
DIFFERENCES
(OLDER Y5
YOUNGER )

# Based only on weighted average of factorjes 2-4, compared with "little noise,”

#% Basaed on comparison with “guiet" manual laborars.

A Attt PP 7 =17
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Table 4.108

WITIIN = STUDY COMPARISONS OF 4AX SHIFTS FOR
DIFFERENT AGE GROUPS

AGE GRQUP COMPARISON
MODEL B (30% SENSITIVE SUBGROUP)

* fased only on weighted average of factories 2-4, compared with "little noise.

ARE UHMDER AGE CVER
©OSTUDY § 20-29 vs 30-39  30-39 vs 40-53  40-h9 vs 525G - 42 vs. 40
257+ .79 .76 .75 .94 .94 .20 .78 .57
258 .65 47 47 .25 .56 .25
259 -4 1.58
.81 1.02
26071 '1‘\3 Y
263 .38 .57
- .96 .93
i .69 1.06
255 .09 1.73 1.73 1.42 1.42 »2 .91 1.7
1. 47 .84 . 84 1.90 1.47 1.37
261 .29 1.13 1.13 L6l .64 .73 | .63
.98 .68 .68 .50 .98 .59
264 1.89 2.13
1.48 .75
265 -.28 1.81 1.81 1.10
AVERAGE
SHIFT
{s.0 ]
uNITS) .31 1.81 1.1% . B4 .90 »1.07 .85 .59

#% Based on comparison with combined group of manual laborers and administrators,
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A similar conclusion seems warranted with regard to sex (Table 4,11},
The available data do not suggest systematic differences in susceptibility

batwaan males and Femalas,

1f the effeet of noise were to be confined to a minority of the exposed
population, there should be a tendency for observed AX shifts to ba smaller
when hypertension c¢rlteria are drawn closer to the population mean--i.e.,
when the "baseline" percentage of hypertensives in the comparison group is
refatively large. Data on the &X shifts observed In the various studies are
arrayed by the percentage of hypertensloh found In the baseline comparison
group in Tablz 4.12'and plotted in Figure 4.19. With the number of uncontrolled ‘

_potentially confounding factors present in this gross between~sCudy comparison,

It is perhaps not surprising that no clear tencency emerges. Table 4,13, using
within=study comparisons of average shifts observed for comparison groups In
three broad ranges of ''baseline % hypertensives" does appaar to show some

trend toward smaller AX shifts when the comparlson groups have more hyper-
tensives, but the magnitude of the effect is so small and the variabilicy of
the data so large that little confidence can ba placed in this result,

Perhaps the most significant rasults emerge from Table 14A and 148, where
the data are summarized to the degree possiblea by noise exposure level, Studies
which reported midrange exposure levels over 10043 tended to have somewhat more
pronounced hlood pressure shifts than those In the lower ranges, but it is clear
that appreciable shifts have been ohserved in mare common occupational and
community noise exposure slituations. The average shifts observed using the
HAY mode] of change for the 85-100dB midrange exposure group correspond to
increases of about the following magnitude at the geometric means, based on
the population distribution data given in Figures h.6-7 {pp. 104-6 ahove):

Under 40 Over 40

Systolic 3 mm Hg & mm Hg
and/ar

Dlastolic 2.5 mm Hg 4 mm Hg

e e - e s - FINT)
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Table 4.11A

WITHIN-STUDY COMPARISONS OF AX SHIFTS OBSERVED IN MALE V5, FEMALE

GROUPS OF COMPARARLE AGES

Hodel A (Fig. 4.18)

Study
263

26]

256

Average Shift
{5.D. Units)

Hale vs., Female

.27 .30
.34 L40
.53 Y
W24 .26
.26 A7
«37 .02
10 40
.30 ,22
.30 .28

Md it 2

FAE

sl e A
Wit
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Table 4.118B

WITHIN=STUDY COMPARISONS OF AX SHIFTS OBSERVED |H MALE VS, FEMALE
GROUPS OF COMPARABLE AGES

ttodel B (30% Sensitive Subpopulation)

Study
263

261

256

Average Shift
(5.0. Units)

Male vs.

.67
.80

1.13

.64
.73
.80

.29
.75

———rr

.73

Famala

.69
1.06

.98
.68
.50

.07

.93
.60

———

.69

e ——— £y o 4 T, s e At -



Study
257

258

} 259

260

263

255

261

AR SHIFTS
HOISE, ARRANMGED BY BASELLIME % HYPERTLNSIVES M COMPARISON GROUP

Comparisons

Onty thosa
baseline %
basad on
waighead
average of
factories
2-4, com-
pared with
"litele
noise'!

Criterion:
sysiolic
> 150

Critericn:
diastolic
»>39

1,23

8

Comparison |,
of tortal A0
group of
95-115:8
wOrKars

vith

total

quiet

group

137
TEI:J’L‘ ',l. Iz!\l

I POPULATIONS ORSERYED 1t RESPONSE TO

MODEL A (FIG. 4.18)

Baseline

in Comparison Group

1 - 4.9%

1.h7r 3.10%
.37 .33

1.5% 1.6%
.32 .25

5.5%

22; O

-30

o] .03

4,60

5 - 15%

8.87
.37

13i
.69

7% 12%
Lho

152
.30

"% Hypartensives’

>15%
19.2%
.06
3%
.08
175 5
.04 +3

17
.5h

13, ¢

22

T T M M i S b i s

197
-35

19. 4

AN

15,8
.

WL
Lol i
EPRIVE




Study
257

258

259

260

263

~
v
(38

AX SHIFTS i POPULATIONS OBSERVED
HOISE, ABRANGED BY BASELIME &% HYPERTENSIVES (1) COHPARISON GRholp

136
TAGLE 4,128 -

MODEL B (30% SENSITIVE SUBPOPULATION)

Cunparisons

Only those
basaline %
hased on
waighred
average of
factories
2-4, com-

.pared with

"litcle
noise'

Criterion:
svystolic

© 140

Criteriaon:
diastelic
>90

1

1.47%

.

1.5%
71

2%

.69

1.25%

=

A7

6.7%

(X1

Daseline '3

Hypsrtensi

in Comparison firoup

1 ~ 4,.9%

3.10%
.76

Lo
Qe

§.8%
A7

73
.93 .38

5.84
h.73

2.8%
.09

Comparison 1,2% 1.6% 1.75

of total
group of
95-115d8
workers
with
total
quiet
aroup

.29

1.13

.98

5 = 155

&, 9%
.94

123

95 1.06

6.5% B.56%
.8% 1.90

6.5% 5.5°
.64 .88

IH RESPONSE TO

ves'!

»156%
19.2%
.20
235
.25
i75 752
- 1k P.53
1334 17% {9
LBl 1.5% 1.02
15.85 19. 4%
»2 1. 42
11.0% 12.54
.73 .50
19,7
N
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Table 4.53A

WITH IH=STUDY COMPARISONS OF AX SHIFTS, BY RANGE OF BASELINE
I HYPESTENSIVES 1N COMPARISOM GROUP
MODEL A (FIG, 4.18}

Baseline '"! Hypertensives'

Study 1-4,8" ws. 5-152 5-15% vs >15% 1-4.9% vs, >15%
257 .35 .37 .37 .06 .35 .06
258 .29 A7 Y .08 .25 .08
259 (systolic
only) .69 .22
as3 -33 31
255 2 KT R .82 Sz .82
261 .37 .25 .25 A7 .37 A7
256 22 26 ——
Average .33 .31 .19 .27, .36 .23




Study
257
258
259 (systolic
i only)
] 263
{ 255
| 261
! 256
f
!
f Average
i
. 3

14

Table 4.138

Baseline " Hypertensives'

1-4.9% vs, 5=15%

.78
.65

.76
-78
.0

.52

.72

ik

5-15% vs >15%

WITHIN-STUDY COMPARISQONS OF AX SHIFTS, BY RANGE OF BASELINE
% HYPERTENSIVES IN COMPARISOM GROUP
MODEL B {30% SENSITIVE SUBPOPULATION)

1-4.92 vs. >15%

- 94 .9k .20 .78 .20
.47 47 .25 .65 .25
1.96 W72

.80

Y 1.4 »1.71 .78 »1.71
.68 .68 .50 .80 .50
.68

.84 i1 >.89 75 =67

S R A L
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Table 4,144

ma1E LELE LS me TS

Comgar | gan and
1r1a Srona

MCJEL A [FUy, Lot4)

Hidranca
Capnvurss
P RL]

029

10-39

[NLEY ]

$0-53
AL cenzarivnng
with “lttle
anlse' growd

19-14
15-23
10-33
-

15-3%
imka
Ls=5h

Ceesarfson with
Yigyles" ranual
Téharery only
{arciuding ad~
winlatratars)
urtdar b
over b

Undgr & yrs

ran <10 yr1 engl.
ran >10 yes Wl
L ]

Ovar kO yrs

wgn <17 yrs empl.
oen >0 yrs amal,
L L

Avaraca af 0-29
rasulis witn  30=39
340730 and  KO=Y
2150/98 §0-5%
cricaria

Sen 20-2%
10~34
[LT]
$0-5%

Vosenn  10-19
4a-49
50:53

Undar &3

Crar &0

20~19
- J0-3%
ko-43

Crand Avarajes

Averaga for 4qroups
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Table 4,148

BEYWde e STURY COMARTSINE 018X ShIFDS UF DisFfnenf

WOSE LLVELY (Someddes 1O ",

DILT PARULST NS}

Kldrange Aldranyga HRldranie
Comparlagn and Eeontuses Larnturat Expasures
Tty Apm greus I ] 85 - tdani Ouwr 1113
b1 1933 .9
pLES L a «Jé
ho~b3 .18 Ll
50-53 =55 «20
AN ermzari-om
with "1ieelr
ralse” group
1] 2823 .7t
15-39 .58
1¢1% b7
ho-hy +25
159 =34 Ll
154k 1.4
(12119 1.3
{Avarags al
Indlcazed shifen
by systelie and
disstelle pres-
surs ¢ritarial
60 Conpariton with
“gulatt nanyal
labarers only
{asciuging ad+
nlnlstrazors}
under 40 01
over bB M7
61 >2.1
183 Undar k2 yrs 2)gs
sen €10 yry epl, .96
a0 0 yre empl, M1t
women
Ovar 40 yrs E7e
men <17 yes empl, ,93e
wgn >0 yrs wepl. 1.06e
women
155 Avarags of  20+19 .09
resuity with  J3-13 1.60
BI43/90 wnd  WD-4Y 113
2160495 53-5% 21.95
critaria
61 M 20-79% 13
30-39 l-zz
LLAT ] .
50+5% 3]
Uormn  30-13 5]
4g-kd &
50+5% 1
E Undar 40 1.69
Ovar b : (L)
185 J0~1% -, 23
1% 1]
1% | Lig
F311 nan;
3544 B0
&350 .28
$5-54 .75
Vomen;
1544 07
w554 5}
si-de o —

Grand Avarages frL >.69 (-4
bedrage for graeps [¥5 LIALL] .65 A
4% gry of ayn HELI L)

Average for greaps JRee »76 LI

g yry of ane

oatideamge dupavares & JA04R (U041 16}
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¥, instead, tha “'2" model of blowd prassurz change by nolse 1s adopted,
the shifts at the geometric mean for the sensitive 30% subgroup of the popu-

lation would correspond roughly to:

Under 40 Over 40
Systolic 9 mm Hg 16 mm Hg
and/or
Diastolic 7 mm Hg 10 mm Hg

The derivation of these numbers has cleariy [ngluded a substantial amount of

speculative model-building and extrapolation. They should be regarded as highly

areliminary expectations, albeit based on the hest data currently available
in the literature. The Indicated sizes of the blood pressure shifts is nat
targe, although as we shall see in section 5 below, such shifts are by no means

regliqlble in terms of thelr potential for enhancing cardiovascular disease mors airv.

it seems prudent, however, to deslign future apidemiological studies with suf-
ficient sampla sizes and controls that affects of this magnitude will ba unam-

biyuously measurable.
4.2.% Promising Avenues for Future Research

It s almost trite by this time to say that '‘hypertension' appears to
be a diverse collection of diseases, each of which may very well have a multi-
factoral etiology. Given this as the 1ikely nature of the problem, the watch-
word of research planning should probably be '"diversity.” Planners In this
area will prabably be well advised to resist the natural tendency inherent
in the planning process to attempt to sketch a diract linear scanario toward
all=or-nothing tests of one or more favorad simple hypotheses. Those in-
terested in the possibility that specliflc environmantal agents may contribute
ta hypertension will probably find it useful to leverage their effarts by
callaborating with basic scientific investigators engaged in developing the
new typologies for hypertension and exploring physiclogical variahles thought
to be related to blood pressure Increases. Conversely, the basic scientists

tinder 40 estimates based on gaometric¢ means and standard deviations of
HANESRHO study For the 25-34 yr., age group. Over hi0 estimatas are similarly
based on means and standard deviaticns For the 45-5% yr. age group.
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may well Find that studies relevant to specific environmental agents may
provide a handle for refining typologies and disélnguishlng which physiological
factors really are responsible for long=tarm increases in blood pressure. A
population exposed to a putative blood-pressure raising agent presents oppor-
tunities for testing basic sclentific hypotheses relevant te hypertension
etiology, as well as the central hypothesis that the agent Tn question does
Indeed affect blood pressure.

The various types of research projects suggested below have been salectad
with a view both to the need to get better Information on the possible blood-
pressure raising effect of noise exposure with reasonably modest expenditure
of effort (generally, by adding a noise-exposure measurement or blood-pressure
measurement and analysis component to activities ongoing for other reasons), and to the
needs to produce information of fundamental scientific interest and lnvestigate
the possible roles of other environmental agents In raising blood pressure.
Three types of human epidemiological approaches, and two types of experimental

animal studies seem to us to have the best promise:
A. Human epidemiclogical studies

I. Llarge-scale cross-sectional surveys of blood pressura in refa-
tion to workplace and community noise, other workplace exposures,

and other factors.

Two [nvaluable oppertunities to assess relationships between blood pres-
sure and warkplace nolse while controlling for other relevant variables will
present themselves early in the !980'5? First, the planned repatition of the
HANES survey of blood prassures In relation to other factors by the Mational
Centar for Health Statistics will take place In the context of new enabling
legislatlon®: which has given the agency major responsibility for assessing
environmental health effects. Addition of an industrial hygienist to the HANES
examination team to (1} take & good workplace exposure history From examineas,

and {2} where possible, measure selected current and/or past workplace exposuras

%“The Health Servicas Research, Health Statistics, and Health Care Techrology
Act of 1978, PL 95-623.

##Such studies should specifically seek to assess dose-effect relationships
betwean blood pressure and noise type and level, exposure duration, age, sex,
and other relevant parameters.
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for the examinees could provide relevant and comparable data spanning thou-
sands of puople at relatively llttla incremantal cost. Based on people's
addresses In relation to alrports, etc., possible contributions from community
noise exposures could also be assessed. Second, the repetition of the National
Institute for Occupational Safety and Health's "Natlopal Occupational Hazard
Survey' Is due to be performad [n the early 1990's., This comprahensive survey
of workplace exposures would simply need to be supplemented with a blood-
pressure sampling program and questionnaire for assessing weighf. height, etc.,
In order to have an excellent chance of bath defining the blead pressure in-
creasing effects of nolse and systematically uncovering any other workplace
aéents which may tend to produce hypertension.

2. Cross=-sectional correlative studies with physiclogical

variables,

Cross-sectional studies where blood pressure is measurad in relacion
to putative hypertension-producing environmental agents are only the beginning
of 8 process to really define what it is that the agents are doing, and uncover

" more general rules for predicting and preventing this kind of adverse nealth

effesct, Based on samples of people with various pressures exposed to particular
environmental agents and non-exposed matched controls, the kKinds of corralative
studies of putative blood=pressure Increasing physiological variables outlined
In Figure 4.5 and Table 4.3 (pp. 97-9 nbove) shou'ld be undartaken.

8, Case~control studies, based on emerging hypartension

“typesll

Many aroups of investigators are now reqularly categorizing hypertansives
under thair care into various ''types," In general it will be too demanding
to incorporate thesz typing procedures into large scale cross-sectional studies.
However, paople interested in the role of spacific environmental agents in
ralsing blood pressure may well wish to provide an adjunct facility for assist-
Ing Investigators engaged in such "typing" to ascartalin whether patiants of
different types {and controls) show different frequencies/intensities of
axposure to noisa and other putatlive blosd-pressure Increasing influences.
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A finding of an excess of a particular exposure In a particular hypertension
“"type" would (1) provide clues to the mechanism by which the agent increases
pressure, {2) possibly increase the sensitivity of epidemiological studies
by lowering the 'signal to noise ratio' (see discussion In Section 4,2.1
above}, and (3) provide evidence that the typology of hypertension used was

successfully separating patients by etiology.
C. Retrospective cohort studies

1. A population with wall-defined past noisa exposures can be fol-
lowed up for past and current cardiovascular mortality and morbidity {such
as the Baughn/General Motors population which was used to assess hearing
impairment in relation fo noise exposure, or other populations with good
noise exposure and blood prassure measurements in their industrial medical
programs--Reynolds may be a company currently under study in this way).

2. A sample of a populazion with good blood pressure/cardiovascular
disease monitoring, such as the Framingham population, can have its past and

current nelse and ather environmental exposures assessed.
D. Animal experiments

The ideal roles of animal experiments In an overall strategy for under-

standing hypertension etiology are:

{1) to provide insights into mechanisms of hypertension, using
experimental methods which, due to their invasive or destructive nature can-
not be used in humans, and

{2) to provide system~dynamc models of blood pressure regulation
which generate insights into relationships between specific variables to be

explored In humans.

In particular, the recent primate work on noise and hypertenslon may
provide useful insights into mechanism if some of the variables listed in
Table 4.3 are incorporated into the experimental design., Second, the recent
finding of increased collagen deposition by Ising should be replicatad and

pursued In other anatomical locatioens,
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5. CLINICAL MANIFESTATIONS OF CARDIOVASCULAR DISEASE:
PROPOSED MECHANISHMS, EPIDEMIOLOGICAL OBSERVATIONS,
AHD STATISTICAL MODELS-

The chronic pathological processes described in the previous section
generally go forward insidiously in otherwise apparently healthy psople.,
Ho teljtale symptoms can be perceived by affected individuals. Eventually,
however, often suddenly, events occur which bring about obvious abnormalities
In physiological functlon; a stroke, anglna, a symptomatic myecardial
Infarction, or slmply sudden death from ventricular fibrillation. In Section
5.1 below we shall outline current theories about the mwechanisms which
precipitate major types of clinical manifastatlons of cardiovascular disease,
and note a number of ways in which acute stressful stimuli may contribute

to the diverse set of precipitating events.

Next, in Section 5.2, we will examine the rasulis of some epidenioiogical
studias which have sought to relate spacific risk factors to the incidence
of cardiovascular disease manifestations by caraful long term prospective
observation of dafined populations. MWe shall use the available data to ask

two basic types of questions:

(1) Taklng the usual analysis of the Framingham study and some others
at faca value {that is, given the major assumptions that the
observed associations of cardiovascular risk with various risk
factors reflact causal relatfonships, and that the mathemotical
form of the risk relationship Is close to the logistic equaticn
used in the analysis of the data) roughly what differences in
cardiovascular morbidity would ba expectad to he associated with
chronjc increases In specific risk factors of the magnirtude
cbservad Tn the stress literature cited In Sections 3 and 47

(2) Is it likely that the simple logistic risk functlons which have
becomne standard fixcures for analysis of cardiovascular disease
obsarvations accurately describe the underlying relatlenships
between risk factors and manifestations of disuase?

In brief, our answer to the latter guestion is “po," based both on theory
and on tha avallable data. Theoretically, Tt seaws unlikely that cardiovascular
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disease risk can be accurately described by mathematical models which do

not Include separate reprasentations of the contributions of risk factors

to {a) the ¢hronic atherosclerotic process and (b) specific mechanisms
acting over short time periods which precipitate specific clinlcal manifasta-
tions of cardliovascuylar disease. Llose examination of data on myocardial
infarction risk peoled from Flve large prospective epidemiological studies
{including FramIngham) and data on total cardiovascular disease risk from
the Western Collaborative Group Study 273 suggests a pattarn of deviations
from the expectations of the multiple logistic medel which may point the

278

way toward the construction of better mathenatical descriptions of cardiog-

wascular disease risk,

Finmally, In Section 5.3 we shall outline some promising directicns for
future research Into possible contributions by noise and athar stimuli to
short-term events which precipitate specific manifastations of cardiovascular

disease,
5.1 Mechanisms Which Produce Llinical Manifestations of Cardievascular Disease

Table 5.1 11sts and defines major clinical manifestavions of cardio-
vascular diseases. Table 5.2 shows the incidence of each of these condigions
observed In men and women in speciflc age ranges over 18 years of Fallow-up
of the Framingham population, For all of theses diverse conditlons, reversible
symptams and/or irreversible damage ultimately results from a failure of the
circulatory system to delivar oxygen to speacific tissues in amounts neaeded
to maintain normal functioning. Where the conditions differ is (a) the
location and severlty of the oxygen deficit and (b) the kinds of precipitating
mechanisms which are thought to be usually invalved In producing the oxygen
deficlt,

In ona case, congestive heart failure, the concept of 2 precipitating
avent or mechanism (distinct from the chronic cumulative mechanisms which
drive underlying cardiovascular disease processes) is probabiy inappropriate.
Congestive heart failure appears to be best thought of as the final culmination
of chronic hypertension and other processes, which occurs when the heart simply

can no longer cope with the demands te pump adequate amounts of blood threugh renal,
peripheral, and myacardial blood vessels which have been excessively narroved.
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Table 5.1

Definitions of Hajor Clinical Manifestations of Cardiovascular Disease

Hanl Festation

Myocardlal Infarction

Angina pectoris

Coronary Insufficiency

Operational Dcf!nét]on Used In the
Framingham Study280

Either recent or acute infarctions:

(1) Yserial changes in the electrocardiograns
indicating the evolution of an Infarction,
Including: S=T segment elevation,,,assoclated
with terminal Tnversion of T waves and loss of
Inftial QRS potentials (that is, development of
‘pathotoglcal’ Q waves of 0.0h second duratfon

or greater), followed by serial changes Indicat-

ing reversion towards normal'

{z) "an old or remote myocardial infarction
was considered to be present when the electro-
cardiogram showed a stable pattern Tncluding

a pathologic Q wave or loss of Tnitial QRS
potentfal (R wave) In those leads in which this
would not be expected to occur'' or

(3) "a hospital repert showlng a rise in the
serum glutamic exalacetie transaminase of

at least 60 units along with a history of pro-
longed Ischemie chest pain' or elevation of
lacghie dehydroyenase or SGAT Lo defined levels,
or (")
or recent infarction,

YBrief recurrent chest discomfort of up to 1§
minutes duration, precipitated by exertion or
ematlon and relleved by rest or by nitro-
glycerine, If two physicians interviewing

the subject agreed that this condition was
definltely present.”

", ..a history of prolonged chest paln accom-
panied by transient ischemic 5-T segment and
T-wave abnormal ity In the electrocardlographic
tracing but not accompanied by develapment of
Q-wave abnormality or by serwa ¢nzyne changes
characteristic of muscle necrosis.”

an autopsy report showing an acute, new,

Hedical Dict [onary Deflnition®!

infaretion: YLocal arrest ar sudden
Insufficiency of arterial or venous

blood supply due to emboll, thrombi,
vascular torsion, or pressure Lhat

produces a macroscopic arca of pecrosis;

the heart, brain, spleen, kldney, Intestlne,
or lung, and testes are most affected,,,."

lyocardial infarction: "Cardiac Infarction,
Infarction of an area of heart muscle
usually as a result of occlusien of a
coronary artery.

051

“Severe constricting pain In the chest,
often radiating from the precordium to the
left shoulder and down the arm, duc to
ischemia of the heort muscle, uvsvally
caused by coropary discase."

"inadequate coronary clrculation leading
to anginal pain,'




Hantfestation

Sudden Death from
Coronary Heart Discase

Nonsudden Death from
Caronary Heart Discase

Cercbrovascular
Acclident

Atherothrombotic Brain
Infarction

Table 5.1
{cont ‘d)}

Operational Deflnition Used In the

Framlngham Study280 281

Medical Dictlanary Definition

YA subject, apparently well, was abserved to
have died within a few minutes (operatlionally
documented as under one hour) fram onset

of symptoms, and the cause of death could

not reasonably be attributed...to some
potentially lechal disease other than
coronary heart disease,"

Similar to above, but with death occurring
mare than one hour after onset of symptoms.

“The diagnosls of overt vascular dlsease of “(apoplexy)" "A classical term for
the brain was based on the occurrence of cerebral hemorrhage, thrombosis,
stroke. Minimal criterla for nonhemorrhagic enbolism, or vasospasm usually
stroke consisted of sudden onset of a local- characterlzed by some degree of
izing neuralogic deficit [such as hemi- paralysis."

paresis, aphasia, homonymous hemlanopia);
for stroke due to intracranial hemorrhage,
a change In the state of consciousnass,
headache, and signs of meningeal irritation
in assoclation with a bloody spinal Tluid
under increased pressure whether with or
without other locallzing neurological
deficits,"

Specifically, throwhotic braln Infarction

was deflned as the sudden onset of a lncal-
izing neurologlc deficit...documented by a
physician, lasting longer than 24 hours, in
the absence of (1) known source of embollsm
(atrfal Fibrillation, rheumatic heart discase
with mitral stenosis, wyocardial Infarction
within preceding six months, bactrerial
endocarditis}, (2) intracraneal hemorrhage...
(3) known hypercoagulable states (for example,
arythemia), (4) other discase processes causing
focal brain deficits (braln tumar, subdural
hemacoma, hypoglycemia).
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Manifestatjon

Intermittent
Claudlcation

Congestlive Heart Failure

Table 5.1
(cont'd)

Operational Definlition Used in the
Framingham Study280

",..a cramping discomfort in the calf
clearty provaked by walkling but not present
on taking the first few steps, with the paln
appearing sooner when walking quickly or
uphl11 and being relieved within a few
minutes by rest,"

Two major criteria or onc major and two
minor criteria as follows:

Major criteria:

1) Paroxysmal nocturnal dyspnea.

2) Distended neck veins {in other than the
supine position},

3} Rales,
4} Increasing heart size by x-ray.

§8) Acute pulmonary edema described in hospitatl

record,
6) Ventricular $(3) galtop,

7) Increased venaus pressure {(greater than 16

cm H(2) From right atrium),

B) Circulation time (greater than 24 seconds,

arm to tongue).

9) Hepatojugular reflux,

16) Pulmonary edema, visceral congestion,
cardionegaly shown on autopsy.

Hinor criterla:

1) Bilateral ankle edema,

2) Hight cough.

3} Pyspnea on ardinary exertion,
4) Hepatomegaly.

5) Pleural effuslon.

6} Decrease in vital capacity by one~third from

naxlmum recorded,

7) Tachycardia (120 beats per minute or more},

Medlcal Dictionary Deflnitionzgl

A condition caused by Ischemia of the
leg nuscles due to sclerosis with
narrowing of the arteries of the legs;

it 1s characterized by attacks of
lameness and paln, brought on by walking,
chliefly in the calf muscles.

Hechanical Inadequacy of the heart so
that as a punip it fails to maintaln the
clreulation of bloed, with the result
that congestion and edema develop Tn the
tissues,




Manlfestatlion

Table 5.1
(cont*d)

operational Definition Used in che
Framlnghan §tudy280

Arbltrary maJor or minor criterion:

Welght loss (ten pounds or wore In flve
days) while on therapy for congestive heart
fallure.

Medical Dictionary Def!nfl:h:m2

81
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Table 5.2

Incidence of Cardiovascular Diseasz Manlfestations
Observed in the Framingham SLudy*sc

(Humber of Events per 10,000 Parsons at Risk Por Yaar)

CULAR DISZASE 12y 240 259 L 135 ror

MEN WOMEN
Age® Age Aga Age Age Age
45-54 55-64 £5-74 L5-5h 55-64 65-74
Eventi!
Coronary Heart
Disease 96 204 197 29 b1 144
myocardial
infarction 41 g9 100 7 18 L7
coronary
insufficiency 11 11 19 3 13 }
angina
pactoris, .
unconplicated 28 75 52 14 53 at
coronary hzare .
diszase death 20 45 L 3 12 30
{sudden) (12} {27} {23) (2) (4} {13)
(non=-suddan) s (8) (18) {23) (1) {8) {23)
Cerehrovascular n
Accident 20 35 78 9 26 31
atherothrombotic . }
brain Tnfarction 9 . 22 38 5 17 L3
other#H 1 3 40 4 g 35 |
Intermittent %
Claudication 18 51 59 5 19 49 }
Congestive Heart 3 i
Fajlure 20 41 70 6 10 &5 |
AHNY CARDIQVAS=- @
i
E

A1) agas shown rafer to ages of naople at risk at biennial axams.

|
w%The populations at risk for coronary heart disease and its subdivisions were peonle Free afi
any manifestation of coropary heart disease at a particular exam, The populations at risk i
for cerebrovascular accident or atharothrembocic brain infarction were people free of cercsra-
vascular acclfdent at a partfcular exam. Populations at risk for intermitrent ¢laudicstion and
congastive heart failure were people free of each of those conditions, respectively. -Humbars |
within subcatagories of coronary heart dise=ase do not add te total because of the devzlopment,
of multiple manifestacions of coromary heart disease betwesn blennlal exams, In seme rzepta. |
I

---- “iiurbers 1n these rows calculated Ly subtractien. :
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For two of the other events listed in Table 5,1--angina pectoris and

intermicrent claudication--the “precipltating event'' which brings about
symptoms appears to be most frequently a simple transient increase in oxygen
demand by affected tissues bayond the capacity of the atharnsclerotically-
pnarrowed vessels to supply.The symptoms are usually completely reversible
when the transient demapd is Jowered by rest and/or the local supply is

Increased by vasoedllating agents,?”

The remaining events in Table 5.1, commonly known as "heart attacks"

and “"strokes," are pracipitated by one or more of the following ¢lasses of

mechanisms:

(]} Thrombotic events, including2

(2)

(3)

(&)

(a)

(b)

{e)

82

intravascular platelet aggregation, foliowed by diffuse
283-6, 16, 104
289

deposition of microemboli in small vessels
or vessaels nearly occluded by previous atherosclarosis;
growth of occlusive thrombi directly from lesions in the
artarial wall to the point where they significantly reduce
blocd Flow to a local area287-8 and

farmation of emboli by rupture or disicdgement of throwmbi
adhering to arterial or heart walls, followed by deposition

of the emboll in major or minor arteries,

Ventricular fibrillation {or other arrythmia} caused in part by unusual

292

Inputs from the sympathetic nervous system;

Arterlal spasm, producing sufficient temporary ischemla in affected

tissue to trigger lrreversible damage either by inducing subsequent

thrombosis or (In the heart) ventricular fibrillation;
Rupture of artaries or the heart wall, followed by heamorrhage.

294
295-7

Although events involving thrombosis appear to be implicated in the great

«#Some kinds of angipa, known as ''variant angina'' are thought to be precipitatad
by spasm of coronary arteries (which transéen:ly reduces oxygen supply)
rather than transiently excessive damand.*”
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majority of cerebrovascular acclidents,™ the relative contributions of the

four classes of mechanisms to "myocardial Infarction" and sudden caranary
death are the subjacts of iIntense controversy at presenc within the sclentific
community.299-306 In particular, different investigators have reported

widely varying results from autopsy studles on the fraquency of major
thrombasis In people dying suddenly of coronary disease.zsa-g' 296, 301, 307
Even when present, some have postulated that occlusive thrombi In major
arterfes may sowetimes be formed after, rather than before, the heart

lesions with which they are associated.308 The issue ls complicated further
by the fact that there are plausible reasons to believe that events which
start out within each ¢lass aof mechanism can cause or trigger events belonging
to other classes. Thus, abnormal functioning or death of heart muscle due

to a blockage of a coronary artery can lead directly to Fibrillation, 293
or markedly reduced blood flow or turbulencs resulting From a cardiac
arrythmia could conceivably lead to thrombasis. In another variation, primary
thrombosis has been postulated to c¢ause artarial spasm by the release of the

powerful vasoconstrictar, thromoxane AZ, from placele:s.zaz

Based on currant Infarmation, it [s not clear which mechanisms will
ultimately be Judged to make what uitimace contributions to myocardial
infarctlon, coronary Insufficiency, and sudden coronary diseass related
death. However, for purposes of our discussion fn Sectien 5.2 beiow on
mathenatical models, for heart disease it is helpful to point out here
that the most prudent interpretation of avaliable data would lead one to
postultate that thare may be several indepandent routaes by which major
cardiovascular events can be inltlated, bur that once inltiated the severity
of Indivlidual events may well depend In part on interactions batween the risks
of avents of different types. Hathematically, this might ba expressad by

*A minority of cerabrovascular accidents are caused by hemorrhage, following
rupture of carebral arterles. In the Framingham study, a total of 294 strokes
have been observed ovar 22 years of follow~up. Of these, 59% have been
atcributed to atherothrombotic brain infarction and an additional 14% have
bean attributed to emboli which traveiled to a cerebral artery from elsewhere.
Only 15% of the strokes were attributed to hemorrhage.237
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having some primary event frequency depend on a summation of the risks of cvents

initlated by the independent mzchanisms, but event severity dapend in part on an
exprassion containing multiplicative interactions between the different risk

machanisms.

Below we will discuss In more detall two classes of mechanisms (thrembotic

events and ventricular arrythmias) which appear both to bz appreciably influenced
by environmental stimuli and to be of preaminent importance in causing the

most sarious manifestations of cardliovascular disease.

5.1,

1

Thrombotic Events and Environmental Stimul?i

A review hy Born

Timiting loss of fluid fron damaged blood vessels:

Contact with a vascular lesion causes a remarkably rapid
change in platelets which makes them adhere and cause
other platelets chancing to touch tham to adhere also,
Thus, the formation of a haemostatic plug involvas first
cdhzafon of platelets to other tlssues, followad very
rapidly by the aggregation of platelets te each other.
Infelally the platelets adhere looszly to each other

so that the plasma and cells continue to pass out of
the vessel. Within a few minutes the plataleats become
packed much more c]osely,.i?dged almost as closely as
Is theoreticallv possibled!! so that the plug becomes
more effective in fts haemostatic Function.

310 sets forth the normal role of piatelets in

Experiments in vitro have vielded insight into the aggregation stage of this

process.3!°

In vitro, human platelets are caused to aggregate by
adenosine diphosphate (AOP), adrenaline, S-hydraxy-
tryptamine, thrombin, collagen, and carctain fatey acids,
as well as by several other agents less immediately
relevant to haamostasis. Each agent must have the
ability to react Inltially with some kind of receptor
site on the platelet surface membrane, With most, if
not with all, this primary reaction apparently induces
the formation In and/or release of ADP from platelets
and apparently It 1s this which causes the changss in
surface properties of platelets resulting in their
aggregation. This conclusion is basad on {]) the
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demonstration af the ralease of ADP from plateiets by the
other agents, (2) the Inhibition of aggregation by enzymes
which remove ADP from the plasma, and {3) inhibition by
spacific antagonists of the effect of ADP (for review see
Haslam)3i2,,,

When ADP 1s added...therc is a rapid Increase In the
optical density of the plasma, amounting to a decrease
of a few per cent in light transmission. The optical
changes Indicate the first and probably the only effect
of AUP itself on platelets, namely to change their shape
from smooth discs to spheres with pseudopodia of varying
lengths protruding from the surface3l3,,.

Pirst Phase of Aggregation. The optical effect of the
shape change Is followed by an effect in the opposica
diraction, f.a., an increase in light transmission
which, for the most part, is also much larger, This
part of the record is the resultant of several simul-
taneous processes In which single platelets adhere to
each other to form small aggregates and to aggragates
already formed and in which small aggregates adhere

to each other to form larger ones. 5o far, there is
too little infermation for the construction of mathe-
matizal models of these events. |t 1s known that the
stages in which the aggregates are small, i.e.,
containing less than ten platelets, are passed through
very rapidly and that throughout this phase the plate-
lets adhere to each other rather loosaly.31!

Disaggregation. The first phase of aggregation by ADP,
just described, is completely reversible and the disper-
sion of the aggregates Is shown by an Increase in the
optical density of the plasma. Aggregation of human
platelets reverses spontanecusly when caused by low
concentrations of ADP; highar concentrations may induce
the second phase of aggregation (see below) which
obscures and delays disaggragation.

Potantiaring Agents. The effect of ADP is greatiy
increased by adrenalinedlh, even in very low concan-
trations. This potentiation shows itself both as an
acceleration of primary aggregation and as a diminution
in the ADP concentration required to lnitiate the second
phase of aggregation in which aggregating substances

are released from the platelets. These observations are
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given clinical significance by the appearance of such
concentrations of adrenaline in the plasma of peopla
during stress who seem particularly liable to suffer
from thrombotic eplisodes.

Second Phage of Aggregation cnd the Release Remotion.

The optical methed resulted in the discovery that critical
concentrations of ADP added to citrated plasma of man3l5
or guinea pig3!® at 37°C cause two distinct phases of
dacrease in optlcal density, Tha second phase is
associated with the release of AJP from the platalers
themselves so that Tts concentration in the plasma may
increase up to seven times.3!? Other substances releasad
at the same time include ATP and 5~hydroxytryptamine as
well as platelet factor 3 which accelerates coagulation
of prasma.318 This release reactlon can be Induced also
by thrombin3!d ar adrenal Ine, and the latter diminishas
the concentratlens of othar agents required to initiate
the reaction.

The decrease in optical density during this phase of
aggregation |s caused hy the contraction af aggregates
already formed rather than by the formation of larger
agqragates. There is evidence that this contraction
also oeceurs in vivo where it presumably increases the
effectiveness of the glatelen plug as a barriar against
further blood loss,3!

The condltions which faver thrombosis have baen appreciated for a
long time. More than a century ago, Virchow listed three factors as of
prime importande: '{1) local injury to the vascular system, (2) stasis of
blood flow and {3} alterations in the coagulability of b]ood.”30sl

The tendency of platelets to adhere to sites of Injury In the artarial
endothelium has been previously discussed in Section 4.1 above as an integral
part of the chronic atherosclerotic procass. To the degres that direct growth
of thrombi on arterlal wall lesions is responsibla for seriously occluding
coronary or brain arteries to produce infarctions, the terminal events
in the cardiovascular disease processes can be thought of as simply the
extreme tail of the distribution of the events which contribute to the day-
to-day progress of atherosclerosis., For this mechanism, the sama factors

which contribute to primary wall injury in atherosclerosis (2.g9., elevated
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blood pressure, cholesterol) shouid contribute Lu the precipitating events,
although transient variabilicy in risk factors may be suspected to be even
more Tmportant in producing the larger type of events which give rise to
¢linical manifestations of discase than it may be in causing more common
lesions. To the degree, therefore, that stressful stimuli produce large
transient elevations in physiolegical parameters which lead to wall injury,
It may be suspected that elevatlons in the incidence 1n precipitating events
may he relatlvel§ impartant,

The second element of Virchow's trlad, stasis of blood flow, neads to
bae broadened to include other alterations in the normal laminar flow of bload,
ineluding turbulence. Ordinarily the particulate components of blooad such
as platelets tend to travel near the center of the arterial lumen where the

flow is relatively swift and contact with the arterial wail is relatively

rare. According to a pathology text,3°9

The roles of stasis and turbulence in prometing thrombosis
are clearly documented Ip many clinical &itvations, Abnor-
mal dilations of arteries, known as aneurysnz, frequently
are the sites of thromboses, Thrombotic complications are.
particularly frequent in the leg velns of patients who have
cardiac disease or who are confined to bed, both situations
being associated with sluggish venous flow...

The coronary arteries provide a dramatic examplie of the

roles of stasis and turbulence, Atherosclerntic disease

in these vessels causes roughening of the surface as well

as narrowing of the lumen, The flow in these vessels may

be redyced to near zero or may even be transiently reversed

In early systola. Together, these changes regrettably provide
ideal circumstances for thrombosis and [ts grim consequence,
myocardial infarction.

The effacts of transient responses to environmental stimyli on this factor

In thrombogenesis are probably mixed. Transient elevations of bloed

pressura may well decrease thrombotic tendencies due to enhanced flow at

the same time that thrombosis may be increased due to ingreased turbuience,
Turbulence might well be expected to promote more, but smaller sized platelet
aggregates and arterial wall thromb! by causing breakage of lagsely held
primary aggregates and rapidly dispersing any ADP releasad during secondary

platelet aggregation to the ganaral circulation.

e R CINP e LT BT FPRRINR B L



’

T T

PRI

161

The third element of the triad, alterations in blood coagulability,
may present the bast opportunities for demonstriating possible centributions
of environmental stimuli to thrombetic events which cause ischemia and
infarctions. It has been known for some time that infusion of large amounts

of catecholamines can cause myocardial necrosis, Early in tha 1970°%s

anlwal studies by Haft and coworkers showad (1} that the necrosis was associated

]
with disseminated platelet aggregates in small vesseis of the heart,lo*

(2} that the necrosis could be prevented by three unrelated inhibitors of

"—-
platelet aggregation {aspirin, dipiridamole, and cloFibrata),3‘0 ' and

(3) that intravascular platelet aggregation in the heart could be produced

by three different forms.of stress {immersion in ice-cold water, immersion
2-

in hot water, and repeated small electric chocks to the feet.}az' 3

Commenting on thair work, the authors conclude:

These findings suggest that catecholaminas secreted endo-
genously during stress are sufflcient to cause platzlets to
aggregate intravascularly and raise the possiblity that

ellnical myocardial infarction occcurring during severe or
prelonged stress may be caused by catechqlamine-induced

platelet thrombi which oceur at, or travel! to, and occlude 322
a coronary artery already narrowed by previous atherosclerosis’™”

Measures of platelet aggregation or aggregability have been reported

[}
324 diabete5,3zs In snokers

to be elevated in people with hypertension,
328-3

shortly after smnking,282 and to increase with incraeasing age.

ft is
not Impossible that part of the excess Infarction risk assoclated with these
traditional cardiovascular disease risk factors /s mediated by platelet
aggregatlon effects, although these observations could just as easily be

due to higher platelet turnover from a greater rate of atharosclerosis

in those individuals.® A simlilar caveat must be attached to cobsarvations
that platelet aggregation is enhanced in patiants who have previously suffer-
ed a wide varlety of cllnical manifestations of cardiovascular disease.326-33

(in one promising study, ptatelet aggragation meiasurzs were found to be ex-

sGreater platelet turnover [s expacted to be assoclated with greater
platelet aggregation and aggregabllity because younger platelets, making up
a higher percentage of platelets In patients wlth high turnover, are said
to be more actlve Ip many tests of platelet aggregation.
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cessive prior to the occurrence of myocardial Infarctiun).329 Unfartu-
nately, intarpretaticn of a!l of these observatlons is camplicated becauss
there are a number of diffaerent ¢linical procedures which are used to

326,332-%

assess aspects of platelet aggregation behavior, and in some cases

it appears that these dlfferent procadures measure entirely unrelated prop-
ertles.325-6 Systematic comparative studles to ascertain which clinical
measures are (1) predictive of future risk of infactlon and (2) responsive

to stressful stimull should receive priority in future research.
. 5.1.2 ventricular Arrhythmias and Environmental Stimuli

In the early 1960's, autopsy studies on people dying suddenly after
the onset of coronary symptams revealed that in an appreciable fraction of
d.337'307

cases, no recent major thrombus or infarct could be demonstrate

n333

Many of the vicrims seemed to have "‘hearts roo good to die, vhich could
reasonably have been expected to sustaln life for many vears if some subtle
short-<term functional derangemant had been prevented or corrected. Subsae-
quent experience with coronary care units have demonstrated that (1} the
mechanism which s immediately responsible for most sudden cardlac deaths
is ventricular Flbr!]lation339 and (2) prompt resuscitation of patients
often leads to full recovery and subsequent survival for long periods, ~

depending on the extent of the underlying disaase.sho

tn ventricular fibrillation, the normal coordinated pattern of con-
traction of muscle cells making up the ventricle walls is replaced by a
chaotic twitching which is completely Ineffective for pumping blood. This
is the most extreme and lethal form of a large set of basically electrical
abnormalities in heart function known as arrhythmias. We will not present
a detailed review of current theorles on iocal alterations in myocardial
conduction and other mechanisms which rander the heart vulnerable for the
induction of ventricular arrhythmias during a specific portion of the
cardiac c¢ycle.® What is important for our purposes her2 is that there is a
conslderable body of evidence that {1) sympathetic nervous stimulatlon In

#For an excellent description of different kinds of arrhythmias and discus-
sion of thelr physiological basas, see chapters 15-19 of a recent book by
Katz, ref, 341,
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general, (2) emotional responsas to stressful stimuli and (3) responses to
bricf exposures to loud noises in particular, can trigger dangerous types
of ventrlcular arrythmias in hearts which have been rendared electrically

unstable by a varlety of other conditions.

2
(1} Sympathetle nervous stimulation, DaS$ilva and Lownzg‘ clte numer-
ous direct experimants fn animal systems indlcating that
. . . - 342-6
stimylation of individual lozi_in the hypathalamus 346
diencephalen and mesencephalon3 5-3 reticular formation,

and quadrigeminal bodies3*7 avoked a varisty of arrhythmias
including ventricular fibrillation,

Similar results have been obtained using animal rmodels of acute myocardiol
infarction in which a corgenary aftery is temporarily occluded by the experi-
mentars, In such models hypothalamic stimulation, stimulatien of cardiac
sympathetic fibers, or the stetlate ganglia greatly enhances the risk of
ventricular fibrillatlon,35°-3 while 3-adrenergic b|DCkad335h-6 or surygi-
cally cutting the connection between the symphthetic nervous system and the
he-.al"t:}s?-'9 reduces the risk of ventricular fibrillation.

(2) Emotional respanses to stressful stimuli. A number of groups
have performed the same kinds of animal experimencs referred to above, sub-
stituting different forms of putatively stressful stimuli for direct sym-
pathetic stimulation, and have obtained similar resuits In the induction of
arrhythmias. Thus, DeSilva and co-workers produced substantial dacreases
in the threshold current needed for inducing repatitive extrasystoles® by
placing dogs in a “Pavlovian sling' (an apparatus in which the animals had
previously exparienced an electric sht:u:k)%c’-l or by subjecting the dogs to
a shock-avoidance schedule.362 Simitarly, the incidance of ventricular
fibrillation following coronary ar;zgy occlusion was increased by placing

plgs In an unfamiliar environment,

# Tha threshold current for inducing repetitive systoles is a markar for
suscept/bility to ventrlcular fibrillation--genarally about two thirds of
the currengorequired for fibrillaticn will induce rapetitiva extra-

systales.?
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In addition to these experiments in animal systems, three types of
observations in humans indicate relationships be twaen mental/emotional
stress and arrhythmias. First, there are experimental studies in patients
wlth pre-existing heart disease. The Lown/Desiliva group, using a series of
stimull including menta) arithmetic, reading from colored cards, and dis-
cussion of emotionally charged experiences, abserved significant intreases
in the frequency of ventricular premature beats in the majority of a set of

364

patients with histories of serious ventricular arrhythmias, Similarly,

Taggart and others observed a saries of cardiac patients during public

speaking and reported:365

Multiple and often muitifocal ventricular and supraventricular
beats were observed in five of the seven persons with coronary
heart disease after they had taken the placebo, but there were
no such beats on the recordings following oxprenolol®, .. {includ-
ing) one short run of ventricular tachycardia in the trace
recorded after placebo,

Second, there are a number of case reports in the medical literature of
people who suffer recurrent episodes of ventricular Fibrillation in

366-7

response to emotional stimuli. In at least one case, these episodes
were controllable by a B-adrenergic blocking drug.367 Finally, there is
the appreciable body of literature on the risk of death or myocardial
infarction following f:na:-ean.rerm;-.n1:368-9 or other major "'life stress"
even:s,%'sm'”s-sn although the specific risk of ventricular Fibrillation

has not generally besp documented in these studies.

{3) Responses to briaf exposures to loud noise. There ara a number
of reports which suggest that, at least under some circumstances, sudden
loud noises may trigger or promote serlous episodes of ventricular
arrhythmia. Information is available from experimental animal
models,293'371-2 and from at least one marginally relevant human case
report.373** There is also one very tentative but possibly important
finding from an epidemiological study of an assoclation betueen low

frequency hearing loss and risk of sudden deach.37u

# Oxprenclol is a B-adrenergic bilocking drus.

#% The nolse stimulus In this case was originally the ringing of an atarm
clock.
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In all of the experimental animal studies, noise appears to act syner-
gistically with other factars which promote electrical instability in the
keart, Including ischemia from cancurrent coronaly occluslon.293 a variaty
of experimentally induced cardiomyopa:hles,37“ certain widely used

372 and industrial chemicals.371 In the experimental coranary occlu-

drugs,
sien systam In dogs, Rasenfeld and co-workers 293 found that exposure to a
sudden noise® and/or other stimuli both shorecened the "Natency" time
between experimental occlusion and the indugtion of the first ventricular
premature beat (Table 5.3) and worsened the grade of arrhvehaia inducad

(Figure 5.1). As ean be seen in Figure 5.1, the animal exposed to noise

Ocet tatency %
: Dap slon* {sac) Chanre
: £ G 212 “ .
SNy LE ~57
! c . 51 .
. S{NY 184 =35
’ 5N} 136 4y
! [ 209 4en -
; F c 167 w . I—‘
i S(ES) 241 +3 <P
c 301 e % &
[+ 330 ‘i
! " S(ES) 151 -50 2 1 r
c 27 e o) U o
| c 313 . ¥ 3
S{Env 0 -
C‘ ) 315 ree 2 l
Jd C 330 s a e
S(ES) 230 =30 &
[+ 330 e
) -4 ¢
L s 3.5 oL ~ e
* In all fiva dogs tha lalt circumllex coronary artery was occlud. IC:‘) 290 mJ
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lPrubnbu:ry (A vatus <0,02, ¢ teat; P <0.03, Wilcoxin rank sum

SECON05
Wi

i3l JH land ) Gracs
C = contel acclusion; Env = strangy enwrnngwm ES = etectric occievon, .f:f:fs'im..e Pt ':::. B i
shock; M = nolse; S = occlusion undear strmss; SEM = standard ercor Soqutnes i6ans in n & 2aorate 241 Ol een, Cootopie ;r.::e-:pn aon
ot ihe maan. vertiZal Juis 3nd nme G the horizoAalal avis. The intervanion 103!
[% sme—x) 3001 23CH CCAND! Nt [Q=m=e O, @ v DY 5trg thown f3r
each sanquince.
Table 5.3 Figure 5.1

Seurce: Rosenfeld, et at., ref. 233

% The intensity of the noise stimulus was characterized as "sufficient ro
cause an arousal or a startle rasponsa but never sufficient to cause
vocalization or evidence of pain,"

%% Grade 0 = no venzrlicular premature beat
Grade 1 = one or more isolated premature beats
Grade 2 m» two but no more than two premature beats occur in sequence
Grade 3 = thraes or noru premature beats in sagquence but no fibrillation
Grade 4 = ventrlcular Fibrillation
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reached the highest arrhytiiiia grade (veatricular Fibrillation) on two of
three trials. Davidson372 induced cardiomyopathies by a variety of proce-
dures in rats and after three weeks of varicus drug treatments, subjected
the animals to the sound of a gunshot at 200 dynes/cm2 {Table 5.4).
Electrocardiograms of rats taken immediately after the noise stimulus

showed ventricular fibrillation.

Table 5.4

2
Percent Deaths on Molse Stress (200 dynes/cm’ )
brug Treatment for 3 VYeeks®

Type of Amicriptyline lmipramina Propranciol Diazepam
Cardiac None (1 mg/kg b.i.d.) (1.2 mg/kg b.i.d.) (! mg/kg b.i.d.) (3 mg/kg b.i.d.)
Damage

Nane 0 0 0 0 a
Spontaneous 2 80 90 ] o
Isopreanaline & 90 ao 1] 0
Cohalt 2 30 . 80 i} 0
Aortic co-

arctation 6 70 90 0 0

Several aspects of these findings are noteworthy:

® thare were no deaths in animals which had no spontaneous or
previously induced heart damage, regardless of drug treatment

o nolse induced a small percentage of sudden deaths in all of
the groups with cardiac damage in the absence of drug treatment

@ nolise acted synargistically with the widaly-used tricyclic
anti-depressants, amitryptylina and Iimipramine

o sudden deaths were pravented in groups treated with the
beta-adranergic blocking drug, propranolal, and the
tranquilizer dlazepam (Vallum)
These data suggest that some speclal effort be made to investigate
epidemiologically the possibility thar sudden, startling noises may trigger
ventricular fibrillation and sudden death in people’ with pre-existing

“Source: Davidsen, ref. 372. C(enerally, data are based on 10 animals per
group, with the exception of the groups receiving no drug treatment., The
numbers of animals in the no treatment groups are not given.
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heart disease with or without exposure to drugs and industrial chemicals
which may pramote arrhythmias. |f further docﬁmented, any excessive risk
might be efficientiy reduced by specific peasures to prevent sudden aoise
exposures, changes in medical practice and/or reduction in exposure of
workers at risk to specific chemicals. The unegquivocal nature of sudden
death as an endpolnt for epidemiological studies shauld allow the design

of relatively unambiguous studies in this area,

The Taggart study of the occurrence of arrhythmias during public
speaking suggest5365 another potentially productive line of resaarch. The
capability to perform electrocardiographic monitoring in people engaged in
ordipary day-to-day activities, combined with modern automated data proc-
essing methods.375 opens up many possibilities for researchers to define
with precision associations between particular environmental or emotional
stimuli, chemical or drug exposures thougnt to increase cardliovascular

376

risk and the inductlon of arrythmias. The [mportance of suddan cardiac
death in our society {over four hundred thousand deaths per vear, including
many in middle age l‘anges)us-“0 Justifies an intensive effort to document

and control relevant environmental and occupatioral risk factors.

5.2 Epidemiological Obsarvations and Quantitative Models of Cardiovascular

Disease Risk

There Is certaln dissonance between the two halves of this section.
In 5.2.1 below we present some crude calculations of the quancitative dif-
ferences In cardiovascular mortality which would be expected to result from
specific long term differences in blood pressura and serum cholesterol
levels, based on the standard risk relationships dorived from the
Framingham study.280 In Saction 5.2.2 we assemble some evidence which sug-
gests that the very mathematical models which ware the basis for the calcu-
tations In 5.2.1 may need substantial modification if they are to accu-
rately describe relationships betwean risk factors and the incidence of
cardliovascular diseases. Given our reservations about the basic form of

the risk models and the other major uncertainties posed by such
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calculations,” It is fair to ask why we deem it halpful to present them,

We present these calculations because real decislons--in tha alloca-
tion of priorities for research, in the design of future epidemlological
studies, in the investment of regulatory resources, etc.--need to be made
whether or not quantitative estimates of these types are avallable, and
they may be made somewhat bettar in the light of explicit {though highly
uncartain) calculatlons with defined assumptions rather than ill-defined
impliclt praconceptions. Faced with the data in section 4,2 above suggest-
ing that long term occupakional noise exposure may be associated with
shifts in average systolic blood pressuras on the order of & mm Hg in
workers over L0, it s reasonable to ask how important one would expect a
shift of this magnitude to be, given current data and models of relation-
ships between blood pressure and cardiavascular risk, MWould such a change
be expected to be more or less important than a long term shift of 33 mg/
100 m} In serum cholesterol, as observed in the single available month-lang
experiment of Cantrell55 {see in Section 3.2.1, pp. 42-44)7 Even the very
rough order-of-magnitude answers to such questions which can be produced
from available data and assumptions may well be superior to the guasses
which decision makers might make in the absence of additignal infarmation.

£,2.]1 Influence of Blood Pressure and Serum Cholesterol Levels on Cardio-
vascular Morbidity, Using the Huiltiple Logistic Model and the Obser-

vatfons of the Framingham Study

Nearly all current analysls of epldemlological data from prospective

# E.g., are the basic epidemiological associations based on direct causal
connections or do elevated levels of traditional risk factors simply serve
as proxy Indicators of the true causal factors? In the former case, the
risk predictions may be valid, in the lattar case the predictions would
only be valld if changes in the measured risk factor under the influence of
an environmental stimulus were paralleled by changas in the underlying
causal! factor.

e b e e R AR R O P U SR PINPP L g



169

studies of relatlonships between cardiovascular risk Factors and disease

risks 1s basad on the multiple loglstic risk model of Truett et al.bj:

R = ! (1)

-(Bo+a!x|+32x2+. . .+kak)

I +e

where R Is the risk (probability) of developing one or any clinical
manifestation of cardiovascular disease in a defined time period, the "X's!"
are measurad levels of particular risk factors such as serum cholesterol,
and the ""B's" are constants which define the contributions of unit changes
in each risk factor to overall risk., This is mathematically equivalent to:

P A R L A (42)
o7
[ .
13 1y
n { —ox) = @«nomlxlwzxzﬂ..ekxk (#3)

i (—Téﬁ }," also known as the logit of R, gives the medel its narr.e.378

Brgic Propevties of the Multiple Logivtie Risk Model

Two basic properties of this mode] should be notad at the outset:
(1) Equal additive Increases in the leve] of a risk factor baslcally
produce equal multiplicative increases in diseagse risk, At small values
of R, the quantity Tgﬁ is approximately equal to R, Given this, from
equation number 2 the relationship between the risks, R* and R” at two
lavels of an individual risk factor xi and XT is glven by:

)
B +B‘X] +tou

R! efo B, (X! - XU
Y W T - & ) - Xy
e 17]

If £, represents systolic blood pressure, this means that we should express
the effect of a given increase In blood pressure as a given
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percentage Incrzase in risk® regardiess of the baseline level of blood
pressura, although the absolute fncrease in the number of cases will

tend to be higher at higher baselline levels of blood prassure and other

risk factors. Thus, the model predicts that the percentage increase in

risk due to a 6 mm Hg Increase in blood pressure should be the same, or

a little Yarger at low systolic blood pressure levels (between 110 and

116, for example) as at high systolic bleod pressure levels {between 160 and
166, for example). The model contains ro “threshhelds'! or ''safe levels' or
"normal levels! below which risk is constant. Thus, if the model is correct,
and reflects true direct causal relationships hetween blood pressure {and
other Factors) and disease risk, the public health importance of an agent
which raises blood pressure In a population cannot be assessed simply based
on a count of the number of additional '"hypertensives'' which are pushed beyond
some arbitrary cutoff point, Assessment of the public health significance

of such an agent must be based on the number of people who experlience blood
prassure increases, the amount of the increases, and the baseline cardio-

vascular disease risk of the population dua to othar factors,

(2) increases In more thanm one risk factor produce synergistic (multiplicativa)

increases in dissase risk.

By the same reasoning as above, if two factors, X] and X, are raised

over the long term In a population, the total increase In R (or,
' 1-R

approximately, R) will be equal to the product of the increases which would

be expected from the same Increases in XI and xz separately. According to

the model, this should be aqually true for all pairs of risk factors, regardiess
of whether they represent such diverse properties as age, blood pressurs,
electrocardiographic abnormalities, or glucese intolerance.

Expected Impacts of Specific Increases in Systelic Blood Peressure and

Serum Cholestarol

Tables 5.5 and 5.6 17st estimated coefficlents (''B's'" 1n equaticns #1-3
above) from logistic regression analyses of varicus cardiovascular disease

“0r, more preclsely, -Tgﬁ—
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risks for males in the Framingham study over ls years of followap, Tahle

5.5 lists coefficients for systalie blood pressure as a risk Tactor for the
Indlcated events and Table 5.6 lists similar coefficiants far serum chales-
terol, In each table, the first column contains coefficients derived from
multivariate regression analyses designed to Separately ascertain the
contributions to disease risks of six different major risk factors (age,
systolic blood pressure, serum cholesterol, cigarettes smoked, left ventricular
hypertrophy by electrocardiogram, and glucose intolerance). For purposes of

such anatysis, all these factors were presumed to be independent of one

“another, and the resulting multivariare coefficients represant the estimated

independent contribution of the factor in question to disease risk after
contrelling (or holding constant) the contributions of the other factors to
disease risk. for all men aged 45-75 at a particular biennial axam, By
contrast, the coefficients |listed in the second through fourth columns in
Tables 5.5 and 5.6 represent the results of univariate regression analyses
{containing only serum cholesterol or systolic blood prassure, neglecting
all other risk factars) of disease risks for men in much narrower age ranges

at the time of thair last blennlal exam. Standard errors for each coefficient

are shown in parentheses.

It can be seen that in many cases tne age-specific univariate regrassion
coefficlants appear to change appreciably between the three different age
groups. [In most cases, particularly for serum cholesterol, the coefficients
indicate much weaker associations betwzen these risk Factors and the disease
events surveyed in the oldest age group than In the other groups. This is
not a new observation63 but It is helpful to note it here because this should
not occur IF the multiple logistic risk model were a completely accurzt:z
description of true relationships between the diffarences in cardiovascular

risks attributable to age and other risk Factors.

Using equation #2 abova, each of the coefficients [n Tabies 5.5 and
5.6 can be used to derive the pearcentage increass [In the risk of a particular
event which would be expacted to be associated with a given small difference
In long term average systollc blood pressure or serum cholestero] for
males in the Indicated age range. For example, using the multivariate co-
efficient in Table 5.5 relating systoll¢c blood pressure to cerabrovascular
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Table 5.5

Logistic Regrassive Lowiliclents for jystolic Blaad Pressurn
{Framingham Study Halua, |3 Yesrs of Followup)

Evant

Coronary Heart
Disaise

myocardial
TafarctTan

coronary
insufflclency

angina
pectorls,
uncomp! [cated

coronary hearc
dissase doath

{sudden)

{non-sudden)

Cersbrovascular
Aegidant

atherathrombotie
brain Infarction

ather

Intérmittant
Claudlcatlon

Congastive Hearc
fFallure

ANY CARD1OVAS-
CULAN DISEASE

Hulclvarlage®
Coefflciuncs
{ages 45-73)

01204
{+ .00217)ntwn

.e0825
{.00327)

. 00960
(.00758)

01132
(.00378)
01473
{. 00423}

L0112}
{.00579)

noc given

.02103
{.a0381)

0274h
{.00433)

net glven

. 00706
{. 00k28)

01602
{.0a388)

3537
{.00194}

Sourge: Shurtleff, et al., ref, 280

Unfvariatetn confficients

lages 45-54)

101557
{.00385)

L0182

(.00703}
L2194
{.00788)

.closz
o

02305
{.00703}

,0270%
{.01045)

00777
{.0093Y)
. 3985
{.00643)
. 02043
{.003339)

{ages 55-6u}
Q1738
{.o026t)

01193
{.00u02)

L01667
(.01075)

01712
{.oc411)
.02079
(.00508)

L01951
(. 0085647}

.0299%
(. 00505}

.3528
{.00397)
.01509

{.00439)

02208
{. 00301

.01984
{.00239}

{ages £5-70)
.00890
(. o0ksh)

. 01453
(. 00353}

.oel7o
(.01567)

-, 0155)
{.0ll4s5)
.01973
[.00735)

01916
(.Q1160)

.alk2g
{.00827)

, 02064
{.4083))

-.00037
{.00873)

.01810
{.0Q537)

.al13g
{.00391}

Win each case, tha casfflcient shown is the coefficlent for systolle Slood prassure
{in v Hg) B0 a multiple laglistlc regresslion amalysis which 2lso contalned aga,
1erum cholesteral, clgarattes snoked, left vantricular hypartrophy by eledtrocaniia-
gram, and glucase Intolurance as ather risk Faciors Far the Indicated evanc,

“ilnlvariate cosfficlancs rasult From logiscic regrassion analyses containing only

systalic blood pressura as & elsk factor, far ren in the Indicated age ranges at
bYlennial axams,

aniFar dafinitions af varlous svents shown ses Tabla 5,! (pp. 154=155).

Tha popula=

tions at risk for corcnary beart diseasa ond Iy supdivislons ware poople fres of
any panlfestacion of coronary heart dissass at a particular exam,
at risk for carabrovascular accident or atherothrambatic braln Infarctlon wers

pacpls fres of corsbrovascular accident at & parclicular sm,

The populatlcns

Populations st rlsk

for Intermittent claudlcacion and congascive heart fallurs were peoplie Frae of each

af those conditlons, regpecctively.

dhofiNumbars In parenthasas are scandard errors for tha Indicated coefficients. Coaf-
ficlangs which are more than sbuut twice thelr standard errar are “signiffzane”

at p 4 .05,
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Logistic Regression Coefficients for Sarum Cholesterol

TABLE 5.6

(Framingham Study Males, 18 Years of Follow-up)
Univarjate®* coefficients

Source:

Muitivariate®

Shurtleff, et al., ref. 280

Coefficients
Even i {agas 45-75)  (ages 45-54) (ages 55-64) (ages 65-74)

Coronary Heart .00578 , 00887 . 00467 . 00166
Disease (.00117) w0 {.00168) {.00178) (.co320)
myocardial L0054 L0647 . 00467 .+ 00571
infarction {.00173) {.00261) (. 00264 ) {.00440)
coranary 00923 01219 .00482 -.00032
Insufficiency (.00309) (.60326) (.00729) (.c1008)
angina .00525 . 00801 . 00476 . 00153
pectoris, {.00201) (,00293) {.00285) {.00616}
uncompl icated
coronary heart . 00611 L0150 . 00400 ~. 01324
disease death (.00235) {.00307) {.00350) (.00591)
{sudden} L0061 .01 140 . 00400 ~,00351

(.00307) (,00331) {.00471) (.00982}

{nan-sudden) not given

Cerebrovascular L 001586 00517 .00222 -.00316
Accident {.00245) (,00373) {.0040/) {.00462)
atherothrombotic  .00500 .01 146 .001239 -, 00022
brain infarction {.00300) (.00353) {.003500) {.00653)
other not given

Intermittant . 00642 . 00733 .00807 -.00085
Claudication (.00215) {.00347) (.00294) {.00536)

Congestive Heart . 00402 .00172 .00463 .00621
Failure {.00234) {.00449) {.00348) {.00474)

ANY CARDIQVASCULAR L00514 . 00766 .00526 , 00035

DISEASE {.00107) (.00155) {.00162) {.00274)

%#In each case, the coefficient shown |s the coefficient for serum cholas-
taral level (expressed in mg/100 ml) in a multipla logistic regression
analysis which also contained age, systolic blood pressure, cigarettes
smoked, left ventriguiar hypartrophy by electrocardiogram, and glucosa
intoleranca as other risk factors for the indicated event.

#iUnivariate coefficients result from loglstic regression analyses contain-
ing only serum cholestere] as a risk factor, for men In the indicated age
ranges at biennlal exams.
#iiFor the definitions of the varicus events shown, see Table 5.1, The pop-
ulations at risk for coronary heart disease and Its subdivisions were people
free of any manifestations of coronary haart disease at a particular exanm.
The populations at risk for cerebrovascular accident or atherothrombotic
brain infarction were people free of ceraebrovascular accident at a particu-
lar exam. Populations at risk for Intermittent claudication and congestive
heart fallure were people frae of each of those conditions, respectively.
#edtNembers In parentheses are standard errors for the indicated coeffi~-
cisnts. Coafficients which are more than about twice thelr standard errors

are "signlficant at p < .05.
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accident (.02103), the increase in risk which would be expectad to be asso-
ciated with a 6 mm/Hg difference in systolic blood pressure ¢an ba found

by

R - o-02103) X (6) = 12618 _ | (o
RII

In other words, holding the levels of other risk factors constant, a difference
of 6 mm Hg In systolic bived pressure may be expactad to be associated with
about a 3% difference in cerebrovascular accident (stroke) In males batwaen
the ages aof 45 and 75, If the overail risk of stroke in males of this age
group is about 387 per year for every 100,000 at risk,” then the absolute
difference in risk would be expected to be ahout 52 stroke cases per vyear
par 100,00Q0.

Tables 5.7 and 5.8 present the results of similar calculations for
various manifastations of cardiovascular dissase for differences of 6 nm Hg
in systoljc blood pressure and 33 mg/100 m) serum cholescero], based on the

multivariate regression coefficients in Tabled 5.5 apd §.6.%%

#Based on the data for the Framingham population in Tabla 5.2 {p. 154
above] and assuming the following progortions of males in each age range
{From 1977 census data for the U,5.}381;

2 of total males

Ages age 45-74 in U.S.
L5-5h 4.5
c5-6i 35.4
65-74 23.1

100.0

wParallel calculations {not shown) were also parformed with the age-specific
univariate regrassion coefficients and weighted with the proportions of the
U.5, male population in the three age groups. These calculations did not
yield results which differed appreclably from thos= shown in Tables 5,7 and
5.8; In no case were there differences in overall risk betvieen the two methods
of as much as a factor of two. More uncertainty than this ls already
reprasented in the approximate 95% confldence intervals shown in parentheses
below each of tha estimates in these tables.
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TABLE 5.7

biffercnces In Cardiovascular Disease Rlsks

Expacted to be Associated with & 6 mn Hg Diffcrence in Systolic

B8load Pressure in Malaes Ages h5-75%

Expected Percentage
Increase in Risk

Approximate ''Basel ne'
Risk {Cases per 100,000
at Risk per Year):ws

Approximate Absolure
Magnitude of Excaess
Risk (Additiomal Caszes
Per 100,000 at Risk per
Yaar)

Coronary Heart
Disease (Total)

myocardlial
infarction

coronary
Insuffliciency

angina
pectoris,
uncomplicated

coronary heart
digsease death

(sudden)

Cerabhrovascutlar
Accident

atharothrombotic
brain Infarction

Intermittent
Claudicacion

Congestive Heart
Failure

ANY CARDIOVAS-
CULAR DISEASE

7.5 1576
(4.7=10.3) tane

5.1 716
{1.0-9.2)

5.9 129
{-3.3-16.0)

7.0 502
{2.3-12.0)

9.2 376
(3.8-14,9}

7.0 199
{~.2-14.7)

13.4 387
(8.4-18.8)

17.9 203
(11.1-25,1)

4.3 192
{-.9-9.8)

10.) 390
(5.1-19.3)

9.7 2138
{7.1-12.2)

na
(75-163)

36
(7.4-67)
7.6
{-4.2-2)

35
(11-80)

15
{ih-586)

ih
(=4-29)
Y4
(32-73)

36
(23-51}

17
(-3-38)

19

(20-60)

207
{153-262)

“Based on the multivariate regression coaffizients from the Framingham Study, shown
in the first cotumn of Table 5.5,

%#%Based on the Framingham Study data in Table 5.2 (p. 157}, weighted by the proportion

wf the U.S, male population in various age groups (see text).

##iFor definitions of the various events shown, see Table 5.1 (pp. 155-6},

tsitkNumbers in parentheses are the hounds of an approximate 95% confidence interval,
based on the logistic regression coefFlcient plus or minus twice its standard error.
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TABLE 5.8

Expected to be Associated with a 313 mg/100 ml Difference in Serum
Cholesterol in Males Agad 45-75%

Expacted Percentage
lnerease in Risk

Evep b

Approximate ''Bassline
Risk (Cases par 100,000

at Risk per Year)w#

Approximate Absolute

Hagnitude of Excess

Risk {Additienal Cases
Per 100,020 at Risk per

Year)

Coronary Heart
Dismzase (Total)

myocardial
infarction

coranary
insufficiancy

angina
pactoris,
uncomplicated

coronary heart
dizaase death

{sudden)

Cerabrovascular
Accident

atherothrombotic
brain Infarction

Intermittent
Ciaudication

Congestive Heart
Failure

ANY CARDIQVAS-
CULAR DISEASE

21
(12-3§) Avesd

20
(6.6-34)

36
{11-66)

19
{4.1-36)

22
(4.8-43)

(-.lgéo)
5
{-10-24)

18
{-14-45)

- 2h
(7.2-42}

14
(-2-33)

19
(10-27)

1576
716

129
502
376

199
387

203
392
330

2138

331
{189-484)

140
(48-2L4)

hé
(14-85)

95
{21-180)

a4
(18-162)

i
(0-99)

21
(-h0-92)

16
(~8-90)

92
{28-146)

55
(-8-130)

395
{223-531)

“Based on the multivariate regression coefficients From the Framingham Study, shown

In the first column of Table 5.6.

W:Based on the Framingham study data inp Table 5.2 {p. 154), weighted by the proportion
of the U.S. male population In various age groups (see text).

it For definitions of the varicus events shown, see Table 5.1 (pp. 151-3).

#iriritNumbars in parentheses are the bounds of an approximate 95% confidence interval,
based on the loglistic redression coafficlent plus or minus twice its standard error).
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As would be expected from the logistic coafficients themselves, Toble 5.7
shews that the difference in systolic hlond pressure would be expected to
have Its largest percentage Impact on stroke, and in particular cthe sub-
category labelled "atherothrombotic hrain infarction.” In absolute numbers
of cases per 100,000 people at risk, myocardial infarctions, uncomplicated
angina pectoris, coronary heart disease deaths (both sudden and non-sudden,
in people with no previous majer symptoms of coronary heart disease), and
congestive heart failure al) are expected to provide about equal numbers

of excess cases as atherothrombotic brain infarcticons, The bottom line

-of the table indicates that overall the 6 mn Hg difference in systolic

blood pressure should be assoclated with about a 10% increase in the risk
of suffering at least one of the events listed in the table, or an absoluta
excess risk of about 200 cases per 00,000 people at risk per year.

Table 5.8 indicates that if an environmenta!l agent or other circumstance

were to produce a long term shift in serum cholesterol levels on the order

of 33 mg/100 ml, the rasulting differences in cardiovascular disease risks
would be expected to be generally 2-4 times ldrger than the differencas
assoclated with 3 6 mm Hg increase in systolic blood pressure. The only
exception to this appears to be the overall risk of cerebrovascular accidents,
where It appears likely that the affects of the blood pressure shift would

be greater., Overall, the cholesterol shift would be expected to be associated
with nearly a 20% increase In the risk of developlng at ieast one of the '
majer manifestations of cardiovascular disease, or with an absolute excess

risk of about 400 cases per 100,000 per year,

These findings should not be misraad in the process of planning future
research on possible cardiovascular risks of noise, Although a 33 mg/100
ml shift in serum cholestarol, were it to osccur, might be expected to produce
a larger overall cardiovascular diseasa risk than the 6 mm Hg shift in
systolic blood pressure, the body of 1iterature suggesting blood prassure
increases with chronlc high level occupational noise exposure [s vastly
more substantlal than that which suggests a shift in serum chalasterol
levais. The Infarence which should be drawn s that the vary tentativa
indication of an Influence of noise exposure on serum ¢holesterol should
be further pursued together with, not to the exclusion of, suggested effects
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on blood pressure. The possible importance of the putative hlood pressure
effect itself i3 large enough to warrant Furtﬁer reasearch and requlatory
concern, given the millions of workers currently exposed on their Jabs to
very high nolse levals (see exposure estImates, pp. 2-3 above and raf. 17).
It should also be remembered that the very tentatlve, order-af-magnitude
assessments of possible cardiovaseular risks In this subsection Include

no allowance for possible nolse effects by way of the enhancement of throm-
botic tendencies through Increased platelet adhesiveness (see Section 5.1.1,
pp. 157-62 and Section 3.2.1, pp. 38-45 above) or by the triggering or
enhancement of dangerous ventricular arrhythmias (sea Saction 5.1.2, ap.
162-7 above). '

8.2.2 Needs for Better Hacthematical Mod=sls of Cardiovascular Disease Risks

The multiple logistic risk model has proven to be a very usaful too}
for first-cut analysis of large volumes of data from long term prospective
studies of cardiovascular disease incidence. Treatlng all putative risk
factors impartially, convenient for ccmputer(%ed statistical work, it has
allowed investigators to ask (1) which of a large number of clinically
measurable parameters can be used to idantify individuals with a high risk
of developing clinical manifestations of cardiovascular disezase, and {2}
how strong is the apparent association between specific paramerters and disease
risk?

These questlons, however, do not exhaust the Iist of interesting,
researchable, and potentially useful gquestions which can be asked with
apidemiological obsarvations of cardiovascular disease risk, Horeover,
the very properties of tha multiple logistic mode! which make it so desirable
for answering gquestions (1) and (2) above--equal treatment of risk factors,
and convenience for computerized |inear regression analysis--~may well be
erippling constraints in asking other Impartant research questions,

Prominant among such other questlaons are:
(A) Given an indlvidual of a particular age and history of past levals

of specific risk factors, what portions of the individual's cardlo-
vascular disease risks are essentially fixed as a result of the past

SN e e e s e g ey fradies b i i




history (embedded in the accumulated stock of atherosclarosis, for
example) and what portions could be altared by changing specific risk
factors by medical intervention, lifestyle changes, or reduction of

adverse enviraopmantal exposurss?

(B) s every singie relationship between a risk factor and a disease risk
really a simpte, monotonically increasing function with no threshholds
at low levels of the risk factor, and no discontlnuities due to
unusual® subsegments of the populatien @Ith vary different risks at
either high or low risk factor levels? |If not, what threshholds do
exist? What subpopulations do exist with unusual risk relatfonships

and how can they be best distinguished From the majority?

{C) Do changes in all pairs of risk factors really change every disease
risk in a synergistic (multiplicative) way? Aren't there any pairs
of risk factors which interact in other ways {e.g., additively or

even antagonistically) in changing the risk of a particular cardio-

vascular disease manifastation, |If some pairs of risk factors Interact

differently than othars, how and why does this occur{
One of the oldest traditions in biology is to elucidate relationshins
between structure and function, 5o toe with mathematical nodels of disease
risk; If they are to assist in the explication of basic biological procassas,
there should be some coherent rationale by which the structural features of
the mathematical model are related to some functional reality about disease

mechanisms, A mathematica! model should not be simply an arbitrarily chosen

convenient tool for summarizing data. Ideally, also;

¢ |t should be at least plausible, both as a2 deseription
of how changes in Individual risk factors change disease nisk,
and as a description of how simultaneous changes in more than one
risk factor combine to change disease risk. Like Watson and Crick's
famous double~helical mode! of DHA siructure--whlch was both
compatible with the x-ray data and which illuminated the mechanism

of DNA replication-~a mathematical reprzsantation of a cardiovascular

“1,6., people with specific pathologies, rare genatic conditions, atc.
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dizease risk should bath be compatible with avallable facts about
the phznomenon under study, and it should provide insights [nto
biologically significant mechanisms underlying the abservable

clinlcal manifestations of diseasa,

w It should assist Investigators to pose fundamental questions for
further research. As Watson and Crick's DNA modael inmediately
raised the issue of how information was coded in the sequence of
base pairs in DHA, a good mathamatica) medel of cardiovascular
disease risk--with separate representations of binlogically meaningful
components of the pathological processes (e.g., standing stock and
rate of progress of atherosclerosis)=should spur research into
whether, how, and why specific risk factors make contributions to

speclFic components of cardiovascular risk.

We cannot hope to prova heare that a better mathematical representation of
cardiovascular dlisease risk is possible, much les specify such & representa-
tien., In the two subsections below, however, we will (1) offer some tentative
analyses of available data which suggest there may be patterned departures
from expected relationships under the nultiple logistlie risk modal, and (2)
suggest some theoretical starting points for the construction of better

cardiovascular risk models,

5.2,1.1 Apparent Departuras of Epidemioloaical QObservations from

Expectations of the Multiple Logistic Risk Model

Infcractions of patrs of dichotemized rink factors, based on dota
Irom the Hesterm Collaborative Group Study 3

The Western Collaborative Group Study was an B8-1/2 year prospective
cardiovascular morbidicy study, patterned after Framingham, but principally
dasignad to ascertain the predictive value of "Type A" vs, "Type B behavior
pattern as an independent risk factor in a group of aver 3,000 employed

man, % Brand.Bsh using dlchotomized risk factors (risk factors expressed

¥Tha basic conclusion being that Type A behavior did indzed incraase the risk
of develoning a clinicai manifestation of heart disease independant of other
rish factors--hy about two-fold,382-3

e im0 tlm e 4 b
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a5 either plus or minus, based on a single cutaff leval In each case)
compared the overall performance of the multfpie logistic risk model with

a purely additive model® for the WCGS data. He concluded that the all-
multiplicative logistic risk model provided a semewhat better Fit to the
data than the all-additive model, although neither model could be excluded
using traditional statistical criterla based on x2 tests of the goodness of

.Fit (P = .81 iIn the case of the multiple logistic risk model vs. P = .33

in the case of the alf-additive model).

The raw data from Brand's paper is shown in Table 5.9, These data can
be used to tentatively examine whether the coronary disease risks produced
by specific pairs of risk factors appear to interact additively, mujtipli-
catively, or somewhere in between. Table 5.10 shows the resuits aof
arranging these data into simple two-by-two tables for all possible combi-
nations of two risk factors. Thus, for the ''=,=' cell in the Age X Blood
Pressure table, we combined all of the groups in Table 5.9 which were low
in age {40-49 years) and also low in blood pressure (less than 125 am Hg
systolic) to arrive at 47 cases per 1139 men at risk over the study period,
Having formed each of the four cells of the table similarly, we usad the
exparience in the ''=,=", M- 4" and '+,='" cells to predict the numbar of
cases in the '"+,+'" cell uslng both an additive and a multip!icative risk
madel. First we used the raw nhumbers In each cell to compute T%ﬁ for the
four cells, f the multiple logistiec risk model is correct, and the

Increases in T%; interact multiplicactively, then:

N R (Rl
=Rl +,-cell

R\ = /RN 5( =Rl =+ cel]
(l-R +,+ cell I-R)-.-ce!! iiLl ‘R )
— -,=ceil

Y

iI-R}-,-cet] (I-R

. (_R_\ /1)
|=R I=,+cell H=Rl+ ~cell
R
1=R] =,=cell

#The all-additive model was formulated as

R = AO + Alxl * SIXI +...

et e et s o i 81 s T e
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Table 5.9
Coronary Heart Disease Exparicnce in tha Wastern
Coliauoraiive Group 3tudy, lar Yariods comminabiong o
Dichotomized Risk Fuctors
Risk Factors

Serum Beiavior Systolic Bload  Clyaretie MAgu-nt Migae!
Cholesterolwis Patterntiih  Praggurefiiss Smok fnghesnint - Risk# Rigkut

- - - - 14232 0/45

- - - + 27154 0/31

- - + - 1170 3/47

- - + + h/1o3 3733

- S+ - - 5/147 /47

. & - + 6/118 5/53

- + + - 7/135 7/60

- + + + B/7123 9/63

+ - - - 3/133 1730

* - - + 6/12% G742

" - + - B/122 5/85

+ - + + 19/148 11767

- + - - 6/10% 7/52

+ + - + 18/130 7/50

+ + + - 157130 237103

+ ‘ + * + 30/172 25/92

27 1737500
Source: Brand, Reaf. 38% Ws/aihz 1127560

ilumber of cases of new coronary disease per numbar at risk, anong wen between 39-4%
yaars of age.

HMilumbar of cases of naw caronary disease par number at risk, among men between 50-39
yvears of age.

wit=! indleatas serun cholesteral levels less than 223.0 &3/100 nl, "+ jndicares
sarum cholesterol levels greaater than or equal to this value,

ImERt=t indlcates "'Type 8" behavior pattern, as determlined by an interview procadure
"' indicates ""Type A'' behavior,

wirzest-t fndizates systolic blood pressure less than 128 mm Hg, "+ indicates systalic
pressuces greats~ thar or ecgual to this walue.

wranittlal fnellearas qonamekar, MY [ndicaras some cigarenites soulet,
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Table 5.10C

Cruda Tesss for dAadicive +s. Multlplicative Ineersctions
Arang Palrs of Qichotmizad Risk Faztors in the wastarn
Collaanrativa Sroup Study

EXPECTED HuN3ER - EXPECTED HUM8ER TENTATIVE
OF CASES [HUMERATDA)  OF CASES (NUMERAFOR)  CDNCLUSION
H 4'/-* CELL #NDER tH «/« CELL UNNER i,
ADDITIVE RISK RCOEL®™  MULTIPLICATIVE RISK
MODELY
SYSTOLIC ILOOD PAESSURE
- *
- 477113940 38/1503 .
AGE HULTIPLICAS
+ 267352 167550 65,3 84.6 TIVE
BEHAVIOR PATTERN
- -
- 5p/1178 95/ 1064
AGE HULT IPLICA=
« 29/380 83/52¢ g2.4 80.3 TIVE
CIGARETTE SHOKING
- .
- 52/1178 93/1064
AGE INTER=
* UB/46Y 667431 58.9 79.1 HEDIATE
CHOLESTEROL LEWEL
- -
- 4O/ 105/1a70
AGE INTER=
+ 27/379 85/521 &8.0 85.5 HEDIATE
SYSTOLIC 8LAOD PRESSURE
CHOLES- Ia loB;T o
- 19/817 3
TEROL ' INTER=
LEVEL - 547672 136/919 108.3 188.8 MEDIATE
BEMAVIOA PATTERH
- +
CHOLES. = 20/805 47/746
TEROL INTZR-
LEVEL + 59/7531 - 111/833 94.3 153.6 MEDIATE
_ CIGARETTE SMDXING
- L d
CHOLES- - 30/88) 174668
TERQL PULTIRLICS-
LEVEL +* 687764 1227827 48,4 115.3 TIVE
SYSTOLIC ALOOD PRESSUAE
- *
CIGAR= = 23/795 15/852
ETTE
SHIRING  + 50/6%4 1097021 1011 151,90 ADDITLYE
BERAVIOR PATTZAN
- *
CiGAR=  ~ 287884 70/783
£THE
SHOKLIG  + 51/694% 103/801 100.8 151.1 ADDITIVE
SYSTOLIC BLOOS PRESSUAE
- -
BEHAVIOR = 19/783 804775 |
PATTERN
+ Sh/706 124/378 1n9,1 121.8 RQATIVE

GADDITIVE RISK MOMEL:  (&/+ cell) & (o/= coll] « iaje zpl}) ={=/-getl)

MULTIPLICATIVE RISK HODEL: {#/+ call) = (w/s za!ttiesa coltl
[ERTIL

wayuUNBERS OF TOTAL SORCNAAY HEART DISEASE CASIS/NUMBEAS AT R1SK [3-1/3 YEARY FOLLOWUP)
TOTHESE TENTATIVE CONCLUSIONS ARE MOT INAEMDED T radty STATISTICALLY SIGMIFICANT

JIFFERENCIS FADM DXACCTATIONS UHDIR EITHER THE A30ITIVE IR =ULTIALICATIVE 40DELi--
THEY SIePLY wOTE SUTIESTIVE TAINGS 1N THE DATA,

e ks = O - c e e - ik S oA e B0 S
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If, on the other hand, the Increases in Tgﬁ simply add, then:

p )
/R 3 LR /Ry
=R+, +cell =(I-R,-.+ cell 1-R] +,~cell ({1-R |~,=cel]
Y : \ / '

\
\ i

Having computed each expected Tgﬁ for the +,+ cell, we found the correspond-
ing R and muitiplied by the number of people at risk in the +,+ cell to
predict the numbar of expected cases (i.e., the numerator of the fraction
shown in the +,+ cell.) It can be seen that in some cases the data fit

quite well with the expectatfons of the multiplicative model, but 1n other
cases tha results are more compatible with additive Interactions, or

fall between the expectations of the two models. Tabile 5.1l summarizes

the tentative conclusions of Table 5.10 about the interactions betwaen

differant pairs of risk factors, as additive, multiplicative, or intermediate.

We have done no formal statistical testing of the likelihood that
departures from the expectation of the multiplicative wodel as iarge
as those seen Tn Table 5.10 would be expected to occur by chance. Such
testing would need to be more intricate than a simple XZ test for ¢oodnuess=
of-fit bacause sampling errors in the datermination of the "R's" in cach
cell will propagate in complex ways through the various computations
required to calculate the expected number of cases in the +,+ calls,
Moreover, because all of tha two-by-twd tables are based on the same data,
they c¢learly cannot be considered indepandent of one another. MNonethaless,
we feel that particularly for the Interactions we have labelled "additive,"
the departures from expected multiplicative interactions are suggestive
enough (and potentially important enough for future model bufiding} to
warrant further exploration wich other data. Further work should explore
finer gradations of risk factor levals, and also attempt more rigorous control
of possible confounding effects of other risk factors by matching or other
procedures.

Patternad Dzpantwres from Ezpacsziions of L
Obaarved in Data from the "Pooling Projzai”

vy
LT

The largest single source of epldemiological data which could be used
to test whether the interactions between various risk factors depart
appreciably from the expectations of tha muitiple loglstic model is a
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Table 5.11

Summary of Conclusions

of Crude Tests for
Additive vs, Multlplicative
Interaction of Dichotomized
Risk Factors in the WCGs¥

Behavior Clgarette

Pattern Smoking Cholesterol Age
Systolic Blood Pressure ADD. ADD. INT. MULT.
Bebavior Pattern ADD, INT. HULT.
Cigarette Smoking MULT, INT.
Cholesterol Level INT.

“MULT, = Multipiicative
INT, = |ntermediate

ADD. = Additive
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combined set of abservatians from five different studies® which has recently
been compiled under the auspicas of the American Heart Association.|31

The resulting data sat, cellectively known as '"Pool 5," contains ebservations
from 8,422 men between 40-59 yaars of age at entry, followed for a total

of 72,011 person~years, during which time 658 '"first major coranary events!™

aceurred.

Unfortunately, the published final report from the pooling project
does not express the data in a form which allows direct applicacion of the
same techniques used In the previous saction. (Also, it appears that the
agreement under which the now completed pooling project was conducted does
not aliow release of the data to outside investigatars for further analysis.385)
Some other types of comparisons of obsarvations with the expectations of
the multiple logistic model are possible, however, with the published
material. In particular, becauselthe published report containsg the results
of bivariate logistic regressions including age and one of a sat of other
risk factors, we can'at least get some idea of whether there appear to be
any systematic departures from expectations under the logistic model for

palrwise combinations of age with ather risk facters.

Figure 5.2 is a direct piot of observed incidence of major coronary
events (per 1,000 men per 8,6 years of observation) vs. the incidence
expected under the pocling praject's bivariate logistic fits of the data
for combinations of age with systolic blood pressure, serum cholesterol
level, smoking, and relative weight. In each case, Figure 5.2 contains
five points, corresponding with quintiles of expacted risk. The {ine
represents the expectation that (observed risk) = (expected risk).

#The Albany Cardiovascular Health Center Study (civil service employees),
the Chicago Peoples Cas Co. Study (employees), the Chicage Western Electric
Co. Study (employees), the Framingham Heart Disease Epldemiology Study
(general community members) and the Tecumseh Health Study {general community
members). Three other studies, the Los Angeles Heart Study, the Minnasota
Business ond Professional Men study and the U.5, Rallroad YWorkers Study,
vere considared but not ultimately included in the Pool 5 data set.

#i"Ma jor Coronary Events" were dafined as either fatal or nonfatal mygcardial
infarction pius sudden coronary heart disease death {death within three
hours of the onsat of symptoms).
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The departures of observed from expected.risks in Figure 5.2 are
not Iérga; in all cases tha observed risks are within ahout +25% of expected
risks. Nonetheless there Is a susplcious tendency for the points [n the
high= and low=risk ends of the figure to Fall bhalow the expected 1ine
(7/8 of the points from the highest and lowest quintiles are below the
line) while pofnts in the central region of the figure tend to fall above
the expected line (4/4 of the points from the middle quintile are above
the line).

Re~reading the pioneering paper of Truett et al.,63 we found that
this same kind of anomaly was noticed and pointed out in the earliest
application of the multiple logistic model to the Framingham Study data.
Table 5.12 shows expectad and observed cases for deciles of cardiovascular
risk in men and women age 30-62 act entry, based on o seven-factor multiple
loglstlic medel (using age, serum cholestarcl, systollc bleod pressure,
relative weight, hrmoglobin concentration, ¢igarecte smoking, and ECG

abnormality as risk factors):

Table 5,12

EMPLOTED AND OuSERAVED NUMDER OF CAsTa 0F CHD WD GassaviD INCIDEME 1y
12 %0 OF FOLLOWSUR® AT FRAMINGHAM QF MEN AND WOMEN GED J0=4L vh AND FRLE OF CHD
AT GRIGINAL EXAMINATION, DY DECH £ AF RISK

Obped [LTE
2187 Men 12yr =509 Women t3yr
Decieot insidence incidence
risk Number al cases {ax. of Numberof suies {no.of
Espested  Observad “m,‘;“ Expestsd  Dhicoved "‘I‘L‘nf"
10 0.5 82 378 04 4 0.2
9 41 44 201 %) 23 .6
8 326 31 142 150 2 74
1 250 33 15.1 2.5 14 el
[ 19.7 22 j[+] [ H 1o
H 150 ) 1 5.4 [ 22
4 115 i3 59 fd 2 07
3 5.6 10 <0 23 o 0o
2 6.0 3 14 17 3 14
1 3.4 0 00 L 1 a4
Tatal 294 234 1.3 139.¢ 29 +8

Source: Truett, et af., Ref. &3

Figures 5.3-5.6 pursue this observation somewhat further based on
the "Pool 5" data. For these figures, we have obtalned sore polnts for
. comparison with the expectations of the bivariate logistic models by

making some calculatlons from age-spacific univariate logistic regrassion
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coefficients and expected rates of major caronary events within flve quintiles
of risk factor level for four narrnwly-deflned ranges of age ar entry into

the srtudy, from thase data it was possible to calculate approximate

gecmetric weans for the levels of each risk fzctor for the mern in each
quintile of the four age ranges. Using these risk factor levels, together
with the middle of the appropriate age range for the various groups, we cauld
then calculate expected risks for each of the 20 (agye X risk factor) quintiles
using the given bivariate logistic equations, Figures 5.3-5.6 compare eacH
of these axpected risks with the corresponding observations For age X

systolic blood pressure, age X serum chalestaro], age X cigarette smoking,

and age X relative weight. The tendency noted earlier, for abservations

to exceed expectations in the middle regions of the Figures, and to fall

below expectations at both extremes, can be clearly seen in these results.

The effect appears to be least marked In the case of systalic bload pressure,
which, it will be remembered, appeared to show the best synergism with age

in the previous section's analysis of WCGS rasults,

It should be emphasized that these are not large perturbations from
the pattern of results expected from the multiple loglstic model. Hone-
theless, thelr consistency suggests that there may be more to be learnad
from close study of existing epidemiological data using models of coronary
disease risk constructed to reflect facts and current hypothases about the
biological mechanisms of cardiovascular disease, Like the small perturba-
tions in orbits which led to the discovery of the outer planets, these
departures from expected risk patterns may hold a key to fundamental Insights
Into pathelogical processes and the likely efficacy of alternative measures

for preavention.

5.2.2.2 Some Theoratical Starting Points for the Construction of

' Better Cardlovascular Risk Models

As stated at the outser, we will not attempt here to specify candidate
mathematical modeis to better represent particular cardiovascular diseass
risks. Such model building must necessarily be an Iterative process In
which varlous formulations are generated from basic insights into disease

machanisms, compared with available biological and epidemiological data,
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re-¢ast, and re-compared with the existing and new data. We can, however,
suggest some basic theoretical propositions which we hope may be halpful
to others in beginning to sort out what are undoubtedly complex relation=

ships betwaen rlsk factors and disease rlsks:

¢ Different kinds of cardiovascular disease risks should be described
by mathematical medels with different (though, perhaps, related)
forms.

It seems impossible to us that conditions as diverse as angina pectoris,
stroke, and myocardltal infarction can all be deseribad by equations of the
same basic form. Their causal mechanisms are different and, as can be seen
in Tabie 5.2 (p. 154), the ways their risks change with age are quite
different. Few seem to show the behavior predicted by the multiple logistic
model; (i.e., the percentage Increase in risk between 45-54 and 55-44 should
he about equal to the percentage incvease in risk betwaen 55-64% and 65-74),

* A good mode! of myocardial Infarction or ather sudden ¢linical
. disease manifesctations with 1Tkely "triggering events' should
include separate representations of the contributfons of risk
factors to {1} chronic cumulative pathological procdsses® and
(2) the sequence of events which precipitates the clinfcally-
obsarvable syndrome,

In other words, at any one time the risk of a particular cype of myo-
cardial infarction should be given by:

R = f(stock of atherosclerotic lesians, prabability of
Mi(1)
pracipitating event per unit of atherosclerotic lesion)

where

stock of atherosclerotic lesions = F {serum cholesterol and other risk
factors, summed in Some way over
elapsed time since the baginning

of lesion generation)

*E.g,, atharosclerosis, or different aspects of atherosclerosis ralated
to the |ikalihood of specific kinds of clinical manifestations of disaase,
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and

probabllity of precipitating event G(current levels of risk factors
par unit of atherosclerotic lasion and their variability)

n {f there s expected to be morz than one Independent causal
route which can produce a particular clinical wanifastation
of cardiovascular disease, the risk of that event should
basically be a summation of the risks of wach independent causal
route.

Thus, if there are really three indepandent kinds of events which can
initiate a myocardial Infarction-+say {l) thrombusis, () primary arrhythmia
from an unusual sympathetic stimulus, or (3} spasm of a coronary arcery--

then the total risk of myecardial infarction chould be given by:

Rul(any) = V-0 Rm(l)1 ["Rmftz)] {"Rnr(s}]

or, at small values of ail R's, approximately:

Bt (any) = By T Rog) T P

a |f risk factors contribute to successive rate~limiting steps
In a particular causal pathway, those contributions should
basically interact mulciplicativaly in affecting the risk
from that pathway.

Thus If risk factor A were to increase the rate of primary endothaiial

Injury leading to the initfal Formation of fibrous plaques, and risk factor

B ware to increase the rate at which fibrous plaquas became complex calcified
atherosclerotic lesions with a specific pathelogical significance, than

the total risk from incraeases in tha two factors by this pathway would be
approximately the product of the increases due to each Factor acting

separately.

¢ Where appropriate, "saturation" phenomena should be built into
the representations of chronic or acute processes In recognition
of the fact that (I} beyoend a certain level, lesien accumulation
or the occurrence of a specific event may not bz a rate limiting
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factor in an overall pathological process or {2) beyond 2 certain
point, a pathologlcal process may be less susceptible to acceleration
by a particular risk factor.

As an example of tha second point, It soems llkely that athcrosclarosis
occurs first In sections of the arterles which, because of turbulence and
other local conditlons, are most susceptible to it, After primary athero-
sclerotic lesfons have already covered an appreciable portion of the
relevant arterial tree, it probably takes a greater amount of atharogenic
input {exprassed in time X risk factor levels) te produce a given further
Increment of atherogenic lesion output or spread. Data on the area covered
by fibrous plaque with age suggest diminished rates of spread at older ages
(alchough the Interpretation of this is complicated by possible selection
bias}.

o Individua! risk factors should enter tha equation wore than once
(perhavs in diffarent forms) If they are expectad to mwoke conzribu-
tions to a particular cardiovascular disease manifuzstation by
more than onre causal mechanism,

Thus, {f systolic blood pressure affects both atherogenasis and the
production of certain precipitating events, it should appear in portions
of the mathematlical model which relate to these two processes. |(f (biood
pres.sure)2 best predigts ipcreased risk n the atharogenesis section and
{blood pressure)tiz best predicts Inecreased risk In the precipitoting
event section, then so be it. |t seems unlikely that simple untransformed
expresslons of varlables such as blood pressure and serum cholesterol] will
provide the best descriptions of the degree of enhancement of underlying

pathologieal processes In all cases.,

# Fundamentaily different kinds of risk factors should be represented
In the model in fundamentally different ways.

It seems to us that there are at least three fundomentally diffsrant
kinds of parameters which have been treated together as "risk factors,"
First, there are the primary risk-related parameters !ike serum cholestero]
and systollc blood pressure which are very likely to be direct causal .
contributors to the atherogenic process, the processes which precipitate
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clinical events, or both. Sacond, there are proparties such as ECG abnor-
malities, which basically indicate that cardiovascular disease has alrealy
progressed to a particular stage in the affected individual, They thus
capture some aspects of an individual's past history and indicate current,
potentially Important malfunction, but cannot be said to directly "eausa"
subsequent diszase manifestations. Finally, there is age, which also does
not directly cause particular pathologlical manifastations, but basically
indicates the opportunity which has taken place in the past for accumulation of
chronic leslons, Age should interact importantly with the risk factors
which contribute to atherosclerosls, and may affect precipltating events
through otherwise unrapresented mechanisms which Increase the variabllity
of other risk Factors. In any event, future model builders should glve
careful thought to the different roles which should be assigned to thesa

three different kinds of parameters in representing cardiovascular disaase

risks.

5.3 Promising Approaches for Further Research into Relationships Betwean

Responses and Clinical Manifastations of Cardiovascular Disease

Assessing possible relationships between environmental/erotional
stimul i, short-term physiological responses, and the avents which pracipitate
clinical manifestations of cardiovascular disease, is an exciting and highly
promising area for further research, Thls area has the immense advantages
for researchers and research planners that (1) the phenomena under study
cceur on a time scale of minutes or hours, rathar than months of even
decades, and {2) major clinical manifestations of disease usually produce

obvicus symptoms which cause the victim to be brought to the attention of

medical profassionals,

& For researchers these properties mean (1) a short turn-around
time for feedback of experimental rasults into theory farmation
and new experimental design and (2) a large human population
which, because of previous and current clinical symptoms, is
avallable to be studied dlrectly (by contrast, experiments
invastigating the "sllent" pre-clinical progression of chronic
pathological processes must be conducted primarily in healthy
people, in wham severely invasive procedures and intensive
repeated fol low-up cannot generally be Justified or parformed.)
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® For research planners in agencies concarned with the effects of
particular occupational/environmental 'exposures, these propertics
mean that (1) health benefits of productive interventions to provent
disease can be expected to hecome apparent within relatively short
times after the intervention measures are implemented and (2)
the health benafits appear in the form of reductions in clinica!l
cases of disease--a type of output of obvious value to decislion
makers (by contrast, the benefits of reducing the rate of asympto-
matic progression of atherosclerosis or chronlc Tncrease in blood
pressure are less readily appreciated though in the long run,
perhaps no less I{mportant.)

in Section 5.1 above, we explored in sonie detall two mechanisms which
are thought to be important in precipitating the most seriously |ife-
threatening clinical manifestations of cardiovascular disease: thrombosis
(important for myocardial infarctlon and stroke)}, and ventricular arrhythmias

{tmportant for sudden cardiac death, with or without infarction).

In the case of thrombosis, the major research hurdle we identified
was the fact that it {s uncertaln which of several different clinical
proceduras used to measure aspects of platelat aggregation behavior326' 332-6
are good predictors of Future Infarction risks, Results of the Aspirin
Myocardial infarction Study and related studies of the efficacy of aspirin
and other anti-platelet drugs in preventing the recurrance of infarction
in survivors of pravious heart attacks are now in the process of pubiication.
Hopefully Future follow=-on studies of pharmacological agents which do and
do not help to pravent Tnfarctions will illuminate exactly which clinically=
measurable aspects of platelet aggregation and/or adhesion are predictive
of enhanced risk of myocardlal infarction and stroke. Once such information
is forthceming, the effects of noise, other occupational axposures, and
emotional stimull could ba assessed with the knowledge that the platelat
aggregation/adhesion parameter being measured had a good chance to be
causally related to risks of myocardial [afarction and stroke, The noise
experiments might ideally be performed using the lsing paradigm of comparisons
of the same individuals with or without hearing protectors, as describad

in Section 3.3.

In the case of vantricular arrhythmias, we were surprized to find a not
inconsiderable body of direct evidence that (I} sympathetic nervous stimulacion
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in general, (2) emotional responses to stressful stimull and (3) responses

to brief exposures to loud nelses in particular, can trigger 1ife-threatening
types of ventricular arrhythmias In hearts which have been rendered elec-
trically unstable by a variety of other pathological conditions. Two kinds
of further studies seem indicated on the basis of these findings, and the

general importance of sudden cardlac death:*

@ |n conjunction with the large cross-sectional surveys of noise,
other occupatlanal exposures, and blood pressure which were outl ined
in Section 4.2.4 (pp. 145-6 above), representative samples of
workers with documented exposures to noise or other agents suspected
of causing arrhythmias37 should be enrolled into a prospective
cohort and followed up periodically for the occurrence of sudden
and non-sudden death from coronary disease and other causes,

There should at least be a ona-tise scresning For ECG abnormalities
and other cardiovascular risk factors upon entry of individuals
into the cohort, and If feasible, matching should be performed

for risk factors not of primary interest in the study. The
unamb i guous -nature of sudden death as an end~point facilitates the
design of high quality epidemiological studies, if sufficient
numbers of cases can be acsumulated.

& Second, it appears from studies by Téggart365 that it may be
possible to perform electrocardicgraphic monitoring of people
engaged ln ordinary day to day activities, In the presence or
absence of speacific environmental stimull, Such studies would
be greatly assisted by the use of modern automated data procassing
methods which have been established to detect and quantify arrhythmias.
Again, low cost experiments based on the lsing paradigm of within-
Individual comparisons on days when hearing protectors are and are
not worn, appear likely to yield important insights into which
kinds of noise stimuli are dangerous and which kinds of peocpla
are at high risk,

We wiil not recapitulate hera the data and reasoning prassnted in
Sectlon 5.2 on needs and opportunitlies far construction of better mathe-
matical models of cardiovascular disease risks than the standard muitiple
logistic risk model, Suffice It to say that we believa a creative re-
analysis of existing data from long term prospective studies of cardio-
vascular disease risks is likely to uncover previcusly unsuspected facts
about the intaractions of specific risk factors in affecting specific

disease risks, among other toplcs.
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N.B. Chapter & appears at the beginning of thils document.
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6. SUMMARY/OVERVIEW OF RESEARCH SUGGESTIONS

This project began as a rather |imited effort to (1) survey che
existing llterature indicating cardjovascular effects of high noise exposure,
(2) place that literature in perspective based on the avallable knowledge
of general cardfoéascu]ar effects of "stressful" scimuli, and {(3) suggest
promising avenues for further ressarch. The inquiry mushroomed well! beyond
the orlginal expectatlons of size and time required for completion as wa
real ized that in order to sensibly perform the second and third parts of
our task as llsted above, It would be necessary to include In our work, to
the degree possible, an exploration of the needs and opportunities for new

directions in cardiovascular disease research in general.

"Cardiovascular disease research in general' comprises so vast a
subject area that no one can pretend to have mastered any substantial
portion of Tt in its decails, Nonethelass, in attempting to construct
overviews of physiological respanses to eavironmental/emotional stimuli
(Chapter 3), the chrenic cumulative processes of atherosclerosis and long
term increases in blood pressure {Chapter ), and the mechanisms which
precipitate ctinfcal manifestations of cardiovascular disease in the shorg
term (Chapter 5), we believe we may have come across some conceptual and
technical ohstacles which, if removed, might allow more rapid progress in
advancing sgcientific understanding and expanding the range of efforts avallable
to assist in prevention. Before outlining our findings on the neads and
opportunitias for research into cardiovascular effects of naise, we will

highlight some of these more general obstacles to rasearch progress.

6.1 Conceptual Obstacies to Progress in Cardigvascular Disease Research

in 3 number of fields of cardlovascular disease research, progress
may be greatly assisted if Investigaters fundamentally re-think the way
they think about the problems In their disclplines. Most generally,
primary biomedical research concerned with the pathological mechanisms
underlying cardlovascular diseases must Interact much more intimately
with epldemiological/statistical/medical intervention research concerned
with documenting cardlovascular risk factors and intervening to lower
risks by controlling risk factors. There appear to be at least two major
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examplas where the professional isolation of these two broad groups of
researchers may have led large numbers of workers to mispercoive basic facts
about the cardiovascular diseasa phenomena under study and ignere likely

productive arecas for research:

o The multiple logistic risk medel, which for practical purposes
has been the sole mathematical mode! used for analysis of the results
of long term prospactive epidemiological studies such as Framingham,
reflects no facts or hypothesas about cardiovascular discase mechanisms
or the contributions of various kinds of rish facteors tao those
machanisms, For purposas of analysis, risk factors as diverse as
age, serum cholestarol, and electrocardiographic abnormalities
are treated as il they contributed im analogous ways to particular
clinical manifestations of cardiovascular disease. The risks of
clinical events as diverse as stroke, angina pactoris, and sudden
cardiac death are all modelled using equations of identical farm,
Finally, the equations contain no Separate tarms or facrors which
distingulsh between tha concributions of risk factors to chronic
processes such as atharosclerusis, and the contrihubions tu the
short-term events which precivitate clinical manifastations such
as myocardial infarction and stroke. However well these squacicns
can be made to fit the data by adjusting the coefficients of varinus
risk factors, it seems highly implausible that they can be accurarz
descriptions of underlylng causal relationships., The sole use of
such restricted models for analysis of epidemiological daza pravents
the hard=won pumbars from shedding )ight on alternztfive hypothesas
related to disease mechanisms, and probably introduces ervors
In the pradiction of the efficacy of programs to reduca spacifie
risk factors in reducing cardiovascular disease casas., In Sectioan
5.2.2 {pp. 178~197) we discuss some apparent anomalies in the fit
batween the multiple logistic risk -model and epidemioloqical data,
and suggest some starting points for the construction of bLetier

mathematical models.

& Researchers investigating mechanisms of hypertension have
very frequently adopted a3 madical mode)l of the condition
they were studying=--separating people Into a minoricy of
Yhypertensives' and a majority of "'normals" by one arbitrary
diagnostic criterion or another., The fundamental facts
from availtable epidemiclogical data, (1} that bload prassures
typically have continuous unimodal log=normal distcributions
in populations, and (2} that blood pressures of farge
portions of the population increase with age, have
not been given the weight they deserve in shaping research
questions. Investigators have tended to ask "'What abnormality
about these particular people has made tham hypertensive?"
(thus focusing only on one tall of the distribution of blood
prassyres) rather than "What causes long term Increases in
blood pressure with agz in the majority of people?* In the
specific case of investigators exploring possible relationships
between noise and high blood pressure, this has led p2arly always

e e e et d e e e R e e e e e e R



i e = i TR it o

Lhhime——

205

to reporting of results in terms of increases in the numbers of
"hypertensives' by sore defined criterion, Such reporting has
obscured important aspects of the results which would have been
revealed had investigators realized the need to report findlngs in
terms of the entire distribution of blood pressuras in hlgh noise-
exposed and control populations.

In Section 4.2.2 {pp. 100~116), we suggest techniques for expressing
shifts in population distributions of blood pressure which may be
helpful in detecting facts relevant hoth to mechanisms of blopd pressure
increase and to the public health significance of those increases, The
yleld of information from these techniques is illustrated with a reanalysis
of data from a recent study of hypertension in Air Traffic Controllers.
The important result was obtalined that shifts in bload pressure in this
population appear to have been at least as great in members of the
population toward the low end of the bloud pressure distribution as in
members of the population with intrinsically greater than average
prassures,*
in the flrst example above, epidemialagical/statistical/medical intervention
research appears to have suffered for a lack of functiomal professional inter-
action with the huge body of ressarch on pathogenic mechanisms of cardiovascular
disaases. The second exampje shows the effects of the reverse problen; rasearch
on pathogenic mechanisms may have suffered for lack of appreciation of readily
avallable facts from the epidemiclogical/statistical literature,
*
The homeostatic system/threshold paradigm®* From traditional toxicology
and physiology has been another major conceptual obstacle for rassarchers in
recognizing pocential contributions to chronic cardiovascular disease
processes frem transient physiological responses to "stressful” enviraonmental
stimuii. In the homeostatic syscem/threshold paradigm, bhiological processas
are seen as part of a complex interacting web, exquisitely designed so that
modest perturbations In any parameter will automatically give rize to
adaptive negative feedback processes to resiore optimal Ffunctioning. 1In
this view, so long as an external stimulus does not push one or more paramaters

*This kind of observation has important Implications far public health policy,

If indead (as the Framingham and other data suggest) Increments in blood pressure
increase cardiovascular risks continuously aver all levels of blood pressure.
Bacause ordinary medical treatment for hypertension will only be used far con-
trollers whose blood pressures persistently exceed levels considered indicative
of “hypaertension,' the excess heart disease and stroke risk for the remainder of
the population which does not exceed thase Tevals is effectivaly beyond the

realm of secondary medical prevention efforts. Primary prevention efforcs,
seeking to reduce the action of whatever facters are leading to chronic tlaod
pressure etevation in the controller population, has potential beneflts beyond
those which are reallzeable with the best currently utilized madical care practices
for traating "hypertenslon,"

%t The word ''paradigm’ is used here in the sense of Kuhn's Structure of
Scientific Re=valutions.
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beyond a specified Timit (“threshald”) adaptlve processas will repair any
damage which may have been temporarily produced and completely restore the
system to the functional state prior to the stimuius,

This paradigm has en]oyed great success In guiding the deslgn and
interpretation of a wide range of experimental findings on acute responses
to toxic chemicals, heat, cold, and other agents where the machanism of
damage does, in fact, consist of grossly overwhelming a particular sat of
bodily defenses., However, the homeostasis/threshold paradigm has been
less successful (and somatimes very misleading) when applied to situations
such as cancer and mutatlons where subtie but [rreversible damage can
result from one or a small number of events on a microscoplc scale governed

by stochastic processes.

In the cases of atherosclerosis and chronic increase in blood pressure,
we have processes which have conspicuaus differences from both the homea-
stasis/threshoid model, and the stochastic malecular biological modal,

These major cardiovascular disease processes appear to consist of chronic
accumulations of incompletely repaired or misrepaired small-s¢cale damage
events. Such chronic accumulation of individually insignificant damage
events does not fit within the framework of massive short-term breakdown

af adaptive mechanisms suggested by an unmodifled version of the homeostasis/
threshold model. On the other hand, because the events underlying athero-
sclerosis and long term blood pressure Increase must take place in enormous
numbers, rather than the few critical events required for the molecular
hiological diseases, stochastic models based on small numbers of "hits"

are also clearly Inappropriate.

Homeostatic processes clearly play a prominent role in the day-teo-day
and year~to-year regulation of cardiovascular functioning, and the overt
clinical manifestations of disease may occur only when relevant parametars
are pushed to major departures from normal valuss--i,s,, beyond specific
thresholds, However, the causes af the underlying disease must be sought
within the range of day~to-day fluctuations which are frequently encountesred
amang apparently healthy people in developed countries. 1t is not unlikely
that there are thresholds In the processes which give rise to the small-scale
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damage events of chronlc cardiovascular disease processes (e.q., parhaps
the arterial endothelium In a particular region only suffers appreciabie
damage from sheer stress when systolic bload pressure is temporarily
elevated above 180 mm Hg). Howaver, whatever thresholds exist must be low
enough to produce a sufficlent accumulation of net damage® to account faor
the observation that athearosclerosis and long term blood pressure Increases
with age occur in very large numbers of "normal" people exposed to the
usual environments of aour civillization. It certainly must be true, in
accordance with the homeostatic system/threshold paradigm, that small
Frequently-observed'swings in physiological paramzters respensive to
environmental stimuli do not usually cause immediate major damage to vital
functions, That does not mean, however, that such swings do not have some
long term biclegical costs, in the form of small cumulative increments

of damage which can ultimately result In serious physiolayical malfunction.

6.2 Key Technical (Measurement System) Obstacles to Progress in Cardiovascular

Disease Research

v

In our survey of cardiovascular disease research, two specific
practical measurement problems appearad to be major impediments to
systematic exploration of Important links in the causal sequances leading
to manifaestatlons of cardiovascular disease. First, thera Is no shore
term assay system, acceptable for use In normal hzalthy people, which
can be used to assess the daily progress of atherosclerosis. |f daveloped,
such an assay system would allow rapid assessment of the roles of both
traditional risk factors and environmental agents In accelerating the major
chronic cumulative pathologlcal processes underlying cardiovascular diseases.
Further, 1t weuld allow rapid assassment of the efficacy of a wide range of
dietary, pharmacological and psychological®* control measures in individuals,
As discussed in Section %.].2 (pp., 78-85), based on the various steps in
the process of generation of atherosclerctic lesions which have been articulated
by Ross and Glomset.‘53’ 155-3 there appear to be a number of promising mppartunities
for developing measurement systems to assess portions of the atherogenic

process. In brief, these include:

tNet after the action of repair processes.

wiE,g,, alteration or aspects of "Type A" behavior pattern,
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o measurement in blood of debris from injury to arterial epithilium

& measurement In blood of the products released by platelets after
adherence to sites of injury on arterial walls

a measurament of transport of lipid to arterial walls, by cembining
measurements of the concentration of low-density 1ipoprotein
cholestero! with measurements of the turnover of {ts constituents
(another possibillty along these lines s that the turnover of
building blocks for extracelliular fibrous material found in
plagues couid be measured}.

Another major difflculty related to measurement techniques arises
not from the absence of a needed assay system but from the presence of
sevara) assay systems, all Intended to measure platelet adhesion/aggregation
properties, but which clearly indicate aspects of platelet behaviar very
different from one ano:her.326’ 332-6 From available information, it
seems very likely that some aspect(s) of platelet aggregation/adhesion
properties may play important roles in both atherogenesis and in the
sequence{s) of events which precipitate some myocardial and brain infarctions
{(*'heart attacks' and strokas). It should be a high priority for researchers
to ascertain which assay(s) of platelet aggregation/adhaesion behaviar
predict (1) long term atherosclerotlc progression and {2) shaort term infarction
risks. As dlscussed in Section 5.3, the results of pharmacological Inter-
vention studies to modlify infarction risk by modifying platelet behavlor
may provide the basis for further studies to sort out which platelet
aggregatfon/adhestion properties are Tn fact of pathological significance.
Given such knowledge, those properties could be used to assess cardio-
vascular risks from environmental/emotional stimuli, and to assess the

afficacy of contral measures.,

6.3 Findlngs Related to Noise and Suggestions for Further Research

The available inférmation provides subs;antial grounds to suspact that
under some circumstances translent responses to high level noise exposure
may contribute to cardiovascular pathology. With respect to chronlc
processes, evidence Is most prevalent (though not entirely conclusive)
that high level occupational noise exposures and some community nolse
exposures may he associated with an increased risk of hypertension (sce
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Section 4.2.3, pp. 114=144), With respect to the sequences of short term
events which acutely precipitate clinical cardlovascular disease manifes-
tations, there are indications that, at least under some circumstances,
sympathetic nervous activity In response to emotlcnal stimuli or sudden
loud noises may trigger dangerous ventricular arrythmias (including
fibritlation) In hearts rendered electrlically unstable by a variety of

other conditions (see Section 5.1.2, pp. 162-157),
Short Term Responses to Noise

Information on short term changes in blood pressure, catecholamine
secretion, platelet aggregation and {over a lenger time period) serum
cholesterol are summarized in Sectlen 3.2, A promising and generalizable
mathodoiogy for Further research In this area has been pioneered in the
recent work of lslng.QI' 386 Ising was able to do relatively well-
controllad assessments of short term blood pressure and norepinephrine
excretion responses to occupational noise exposures by making measurements
in the same workers on days during which they did and did not wear hearing
protectors, Based on ‘this methodology, we suggest a broad-ranging survey

of short~term responses to noise in varieus industrial and community situ-

ations. The cantral goal of this survey should be to define in a preliminary

way the types and levels of noise exposure, types of people, and other
conditions where noise appears to produce the largest short-term changes.
The same survey should also serve as a cross-sectional study of chronic
blood pressure elevation (and, if blood samples were collected, of chroni~

cally elevated serum cholesterol®},

For provisional high risk groups identified by this procedure, we
would suggest two sets of further studies:

#0ne preliminary finding covered in Sectlon 3.2 was that men exposed con-
tinually to tonal puises over a perfod of about a month In a confined
setting developed elevations In serum cholesterol averaging about 33 mg/
100 ml {+]9% fr ine levels), It is by no means clear that rhe
cholesterol elevation was produced by the noise in this case, but there

is some precedent for cholesterol elevations from long term nolse exposure
in animal experiments, and other long term stressful situations have been
assoclated with elevatlons In serum cholestero] In humans (see Section

3.2.1, pp. hh=5}.
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e Evaluate more intensively the changes associated with the stimulus:

{a) Expand the variables monitored to Include some which may be
more directly related to disease processes, but which require
more invasive procedures (e.g., plasma hormone responses,
plateiet aggregation, plasma iipid responses, and ECG
morniitoring to detect arrhythmias.

(b} Expand the time over which the effects of the stimulus are
monitored, Examine excretion of catecholamines in the
saveral hours between the and of work and sleep, as a function
of noise exposure during the day, and examine the effect of
an entire two-week period of hearing protecter use, as compared
to two weeks of no use.

(¢} sSsample the responses within shorter blocks of time {e.g.,
shorter time periods of urine collection) to get a better
gauge of the frequency of potentialiy dangerous temporary
elevations of relevant parameters,

e Observe the effects of long-lasting reductions in nolse levels
brought about by engineering controls:

{a) Compare the lang term levels of blood pressure, serum
cholesterol, catecholamine excretion, etc., measured
before and after the permanent reduction in stimulus
lavels,

(b} Repeat the studies of short term responses on days with
and without ear protectors, to ascertain the change in
the variability of risk factars which has heen produced hy
the intervention.

Selected studies In animal systems may also be helpful to build more
quantitative system~dynamic models of relationships between hornomal
and non-hormonal short term variables in response to environmental/emotional
stimull, These are discussed more fully in Section 3.3 (pp. 68-71),

Noiege, Atharosclercats, and Chrionic Iicredsas in Blood Pressure

There is anly a small amount of evidence from rabbit systems that
chronic noise exposure may contribute to atherogenesls, when combined
with relevant dietary and other cohdltions.}so' 52 If, as described
earlier In this summary, short term assays are developed which are expected
to be good Indicators of the daily or hourly progress of atherosclerosis,

refationships between short term variations in catechoiamine levels, lipid
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levels, blood pressure and other parameters could be systematically
examined both singly and in combination. Experiments ceuld also be
performed In naturolistic stimulus situations in the fleld using the

Ising approach or others {sae Section 4.1.3, pp. B85-7 for further details).

Based on our perspective of blood pressures distributed comtinuously
and log-normally fn populations, we developed a methad to tentatively
place the results of different studies of long term noise exposure and
the prevalence of hypertenslon on a comparable bas!s (using alternative
assumptions about the fraction of a noise-exposed population which might
experience a shift in blood pressure). Using this techniques (see Sectlon
h.2.3, pp. 100~144), we arranged the rasults of eleven studies meeting
specific criteria (see p. 125} to tentatively indlcate any trends in the
available data by noise level, age, sex, and the hypertension criterion
used in the varfous studies. Under the assumption that the binod pressure
raising effect of long term occupational noise exposure produces a
relatively unifarm shift In blood pressures (that is, assuming there are
no major population subgroups with much more'susceptibility to noise~
induced blood pressure shift than the average) the data tentatively
suggested shifts relative to controls of about the following magnitude

for populations reported to have long term noise exposures hetween about

85-100d8:
Under k0 vears Qver &40 vaars
Systol ic 3 mm Hg 6 om Hg
and/or
piastolic 2.5 mm Hg 4 nm Hg

Treating the same data using an assumption that all of the noise-inducad
blood pressure shift occurred in a sensitive subgroup, reprasenting 30%
of the total exposed populations, the indicated shifts for this sensitive

subgroup would be expacted to be abour:
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Under 4o Ieaés Over L0 years
Systolic 9 mm Hg 16 mm Hg
and/or
Diastollc 7 mm Hg 10 neh Hg

The derivation of these numbers included a substantial amount of speculative
modei~building and extrapolation. They should be regarded as highly
preliminary expectatlions, albeit based on the best data currently availabla
in the literature.

Based on our analysis of current research Into mechanisms of chronic
blood pressure lncrease, and avallable opportunities to conduct much
improved cross-sectional studies of relationshlips between naise exposure
and blood pressure levels, we developed the following suggestions for
further research:

s Human epidemioclogical studies

l. Large-scale cross+sectional surveys of blood pressura in
relation to warkplace and community noise, other warkplace
exposures, and other factors.

Two Tnvaluable opportunities to assass relationships between blood
pressure and workplace noise while controlling for other relevant variables
will present themselves eariy in the ISBO's? First, the planned repetcition
of the HANES survey of blood pressures in relatlon to other factors by
tha National Center for Health Statistiecs will take place in the context
of new enabling legislation®% which has given the agency majar responsibility
for assessing environmental health effects. Additlon of an industrial
hygignist to the HANES examination team to (|} take a good workplace
exposure history from examinees, and {2} where possible, measure selected
current and/or past workplace exposures for the examinees, could provide

relevant and comparable data spanning thousands of people at rzlatively

#The Health Services Research, Health Statistics, and Health Care Technology
Act of 1978, PL 95-623.

#%Such studles should specifically seek to assess doss-effect relationships

between blood pressure and noise type and level, axposure duration, ags. sex,
and other relevant paramaters,
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iitele Incremental cost. Based on people's agdresses In relatinn to airports,
etc,, possible contributions from community noise eaxposures could also

be assessed. Second, the repetition of the Hational Institute for Occupational
Safety and Health's "National Occupational Hazard Survey'' is due to be
performed in the early 1980's. This comprehensive survey of workplace
exposures would simply need to be supplemented with a blood pressure

sampling program and questionnaire for assessing welght, height, etc.,

In grder to have an excellent chance of both defining the bload pressure
increasing effects of noise and systematically uncovering any othar

workplace agents which may tend to proeduce hypertension.

2. Cross-sectional carrelative studles with physiolegical
vartables,

_Cross-sectional studies where blood pressure is measured in relation
to putative hypertension-produging environmenta) agents are only the
beginning of a process to rezally define what It is that the agents are
doing, and uncover mora general rules for pradicting and preventing this
kind of adverse health effect. Based on samples of people with various
pressures exposed to particular environmental agents and non-exposad
matched contrals, the kinds of correlative studles of putative blood
pressure Increasing physiclagical variables outlined in Figure 4.5 and

Tabie 4.3 (pp. 97-99) should be undartaken.

o Case-control studies, based on emerging hypertension ''types"

Many groups of investigators are now regularly categorizing hypartensives
under their care Into various ''types." !In general, it will he too demanding
to Incorporate these typing procedures into large scale cross-sectlional
studies., However, people interasted In the role of specific environmental
ageﬁts in ralsing bleod p}essure may well wish to provide an adjunct
facility for asslsting Investigators engaged in such ''typing" to ascertaln
whether patients of different types (and controis) show different frequencies/
Intensities of exposure to noise and other putative blood pressurs increasing
influences. A finding of an excass of a particular hypertension ''type'
would {1) provide clues to the mechanism by which the agent [ncreases

S el S
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pressure, (2} possibly increase the sensitivity of epidemiological studies
by lowering the "signal to noise ratio' (see discussion in Section 4.2.1,
pp. 96-7), and {3) provide evidence that the typology of hypertension used

was successfully separating patients by etiolagy.
¢ Retrospective c¢ohort studies

1. A population with wall-defined past noisa exposures can be
followed up for past and current acrdfovascular mortality
and morbidity (such as the Baughn/General Motors populatlon
which was used to assess hearing impairment in relation to
nofse exposure, or other populations with good noise exposure
and blood prassure mzasurements in their Tndustrial medical
programs,

2. A sample of a population with good blood prassure/cardiovascular
disease monitoring, such as the Framingham population, can have
its past and current nolse and other cnvironmental exposures
assessed,

® Animal experiments v

The ideal roles of animal experimants in an ovarall strategy for

understanding hypertension etliology are:

I. to provide inslghts into mechanisms of hypertension, using
experimental methods which, dua to their invasive or dastructive
nature cannot be used in humans, and

2. to provide systemedynamic models of blood pressure requlation
which generate insights into relatienships between specific
variablas to be explored In humans.

In particular, the recent primate work on noisa and hypertension way
provide useful insights into mechanism if some of the variables 1lsted
in Table 4,3 (pp. 98-9) are incorporated into the experimental design.
Notge, Short Tarm Physiological Responses, and Clinieal ianifestations of

Cardicvaseular Disease

To assist declsion makers and research planners in making judgements
about the potential Importance of elevations in blood pressure and sarum
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cholesterol suggested by the data discussed above, e undertonk in Saction
5.2.1 (pp. 168-78) some vary highty preliminary and assumption-laden
caleulations of the {ncreases in cardiovascular rishs which would ba
expected based on the multiple logistic risk model and risk coefficients
derived from the Framingham study, Assuming:

I. long term average elavations of & mm Hg In systolic blood pressure,
or 33 mg/100 m] serum cholesterol in men between the ages of 45-75,

2. that the associations between systolic pressure, serum cholesterol
and clinical cardiovascular disease manifestations Found in
epidemiological studies reflect direct causal ralationships,™

3. that the multiple logistic risk modesl carrectly predicts relacionships
between changes in risk factors and changes in cardiovascular
risks, and

4, that the absolute risk coefficients levels darived from the Framingham
study represaent values which are close to those which would be
found in a representative sample of U.5. nmales between 45-75,

then the overall risk of developing any clinical manifestation of cardio- \

vascular disease wouid be expected to be about 10% higher in a popuiaticn

averaging 6 mn Hg increases in systolic blood pressure {(for an absolute

increased risk of about 200 cases per 100,000 at risk per year). The
— —t

overall [ncrease in cardiovascular disease risk would be expected to be

about 20% In a population with a chronically-maintained average increase
in serum cholasterol of 33 mg/100 ml (for an absalute Increased risk of
A e,

about 400 cgses per 100,000 at risk per year). More detailed results for

individual ¢linical manifestations of cardiovascular disease can be found
In Tables 5.7 and 5.8 (pp. 178-9).

These findings should not be misread in the process of planning future
reszarch on possible cardiovascular risks of noise. Although a 33 mg/100

“The uncertainty here |s whether the basic epldemiclogical assoclations are
based on direct causal connections or whether elevated levels of traditional
risk factors simply sarve as proxy indlcators of the true causal factors,

In the former case, the risk predictions may be valid, in the lattar casa
the predictions would only be valid iT changes in the measured risk factor
under the influence of an anvironmental stimulus were paralleled by changes
In the underlyling causal Factor.
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ml shift in serum cholesterol, were 1t to ccecur, might be expected to
produce a larger overall cardiovascular disease risk than the 6 rm Hg shift
in systolic blood pressure, the body of }iterature suggesting bleod prassura
increases with chronic high Tevel occupational noise exposure is vastly
more substantial than that which suggests a shift in serum cholesterol
levels. The inference which should be drawn Is that the very tentative
indication of an Infiuence of noise exposure on serum chalesterol should

be further pursued together with, not to the exclusion of, suggastad
effects on blood pressure. The possible Importance of the putative blood
pressure effect itself |s large enough to warrant further rasearch and
regulatory concern, given the mililons of warkers currently expased on
their jobs to very high noise lavels (see exposure estimates, pp. 3=k

and ref. 37). |t should also ba remembered that these vary tentative,
order-of-magnicude assessments of possible cardiovascular risks Tnglude

no allowanee for possible noise effects by way aof the enhancement of
thrombotic tandencies through increased plateletr adhesiveness (sae Section
5.1.1, pp. 157-62 and Saction 3.2.1, pp. 3B=43 or by triggering or
enhancement of dangerous ventricular arrhythmias (see Section 5.1.2, po.
162-7 above). '

As discussed earlier, assessment of possible contributions of noise
and other environmental/emotional stimuli to cardiovascular risks by way
of enhanced platelet aggregation must awalt further research into which
specifie platelet aggreqation/adhesion measures correctly predict enhanced

cardiovascular risks.

In the case of possible cardiac risks by way of arrhythmias (sea
Sactlon 5.1.2, pp. 162-7}, the available data suggest that soma spacial
effaorc be made to fnvestligate epidemiologically the possibilicy that
sudden, startling nolses may trigger ventricular fibritiation and sudden
death In people with pra-existing heart disease with or without expnsure
to drugs and industrial chemicals which may promote arrhythmlas., Ve
suggest two types of studies for this purpose:
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@ In conjunction with the large cross-sectional surveys of noise,
other occupational exposures, and blood pressure which vwere outlined
: in Section 4.2.4 {pp. 145-6 ahove), representative samples of
‘ workers with documented _exposures to noise, other agents suspacted
of causing arrhythmias37 should be enrolled into a prospective
‘ cohort and followed up periodically for the occurrence of sudden
5 and non-sudden death from coronary disease and other causes.
There should at least be a one-~time-screening for ECG abnormalities
and other cardiovascular risk factors upon entry of individuals
into the cohort, and if feasible, matching should be performad
for risk factors not of primary interast in the study. The
! unambiguous nature of suddan death as an end-point facilitates the
‘ design of high quality epidemiological studies, if sufficient .
' numbers of cases can be agcumulated. '
e Second, it appears from studies by Taggart365 that it may be
possible to perform elactrecardiagraphic monitoring of people
engaged in ordinary day to day activities, in the presence or
absence of specific environmental stimuli. Such studies would
be great!y assisted by the use of modern automated data processing I
methods which have been establishad to datect and quantify arrhythnias.”’?
Again, lcw cost experiments based on the Ising paradigm of within- '
Individual comparisons on days when hearing protecters are and ara
not worn, appear likely to yield important insights into which :
kinds of noise stimuli are dangeraus‘and which kinds of peaple i

are at high risk. . ;
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