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Section 1

INTRODUCTION

1.1 Purpose

The effects of noise on the health of populations are of growing
concern as noise increasingly becomes a pervasive environmental stimulus,
the by-product of industrializaticn, urbanization, modern transportation and
general changes in individual lifestyles. There is strong scientific
evidence that high intensity noise exposure results in hearing losgs which
grows more sSevere as exposure continues over the years., Evidence is
accumulating which indicates that noise may cause adverse effects on human
health other than hearing. Recent developments summarized by Kryter (1970},
Ahrlin and OChrstrom (1978), Cantrell (1979), Welch (1979), Hattis (1980},
Jansen (1980), Glorig (1981) and Peterson et al (1980, 1981) suggest that
the extra-auditory’ effects of noise may be more serious than previeusly
suggested. These reviews further indicate that sudden bursts of either
impulse or steady state noige from 75 dBA up have been found to produce
various temporary changes in the physioclogical state of animals and man.
Responses can include changes in cardiovascular blocod pressure and volume,
pulse rate, electrocardicgraphic abnormalities, respiratory rate, intestinal
mohility, catecholamine secretions, urinary norepinephrine excretion, serum
1lipid levels, platelet aggregation and paripheral vasoconstriction. However,
by far the largest body of evidence centers about the relationship between
prolonged exposare to intense noise and cardiovascular effects.

Although the study of extra-auditory reactions believed to be "caused"
by noise has increased significantly, contradictory results within and among
animal experiments, human experiments and epidemiologic studies have obscured
the relationships observed and their interpretations. It 13 clear that
neither lahoratory experiments nor epidemiolegic studies in themselves can
provide convinecing evidence as to whether or not detrimental non-auditory
health effects occur in man as the result of continuous exposure to high-
level noise, Ideally, evidence from experimental and epidemiclogic studies
would be synthesized to present a clear picture of causation. Contrelled
experiments in animals and man serve to (1) direct attention te health
states, physiolegic responses and health behavior that may be affected by

1-1




noise; {2} provide information on the mechanisms which produce the causal
linkages between noise and these responses; and (3) rule out plausible .
alternative explanations and put disparate findings in perspective,
Epidemioclogic studies can best (1} provide information on long~-term effects
of noise on human health in populations of diverse susceptibility; (2) clarify
the significance of varying levels of noise exposure on individuals living in
uncontrolled environments by quantifying and comparing risks; and ({(3) place
observed relationships in proper etiologic perspective by careful analytic
control of other known risk factors of the health response under investigation.
In recent years there have been numerous symposia and reviews of the
voluminous body of literature that is accumulating on health effects of noise.
Howaver, since experimental studies have predominated in this field, most
of the scientific evidence has been derived from animal and human experiments
of short-term exposure to noise that is not characteristic of usual human
environments. Two notable exceptions are the reviews by Welch (1979) of the
foreign litarature on the extra-auditory health effects of industrial noise
and by Taylor and colleagues (1380} with emphasis of the health effects of
transportation noise. Further analysis and synthesis of the population-based
data available are in order. Thus, it is the purpose aof this report to
review the avidence [or causality based on epidemiologic data, focusing on
long-term cardicvascular effects of poise exposure. Emphasis 1s restricted
to the cardiovascular system by the complexity of the subject matter and by
limitations of time and resources.

1.2 oObjectives

The overall cbjectives of this literature analysis are (1) to evaluate
the extant and relevant epidemiclogic research and (2) to make recommendations
as to the kind and extent of evidence that is reguired in future population-
based studies for judging the relatlonship between long-term noise exposure
and adverse cardiovascular effacts. These cbjectives subsume several specific

questions around which this report was organized. They are:

{l) what is the current status of epidemiologic research on hypertension
and cardiovascular disease; how do these findings apply to the
feagibility , design and conduct of future epidemiologic studies on

.

noise effects?

.
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(2) what is the overall scientific adequacy from the acoustical,
medical and epidemiclogical perspectives of the world literature
in assessing noise effects on the cardiovascular system? What are
the substantive and methcdologic gaps in knowledge in this
regsearch area?

(3) On the basis of the evidence, what are the implications, issues
and needs for the design of future epidemiologic studies which
will allow determination of the relatiecnship between environmental

noise and adverse cardiovascular system effects?

The task of addressing the above questions required operational defini-
tions of noise and cardiovascular system effects. According to the
American National Standards Institute (ANSI $3.20-1973, R197B), noise is
any undesired sound; noise is an erratic, intermittent, or statistically
random oscillation. The noise may be steady, unsteady or impulsive. To
meet the objectives of this project this generally accepted definition of
neoise was expanded to include sound oﬁher than the undesirable, that may be
harmful to human health.

In the literature, the term "cardiovascular system effect" has been
used to indicate any measurable physicleogic change in the cardiovascular
system observed as a response to nolse exposure. This project applies a
more strict definition and attempts to identify "effects" which are known to
be detrimental and/or exhibit strong potential for initiating or enhancing
adverse chronic responses. In an effort to determine the extent to which
noise may act as a biological stressor, a broad range of responses were

specified and are presented in Section 3 of this report.

1.3 oOrganization of the Project and Report

The project divides into four main phases: (1) literature search and
acquisition, {2) state-of-the-art review of cardiovascular disease
epidemiology, (3) critical evaluation of studies on the effect of noise on
the cardiovascular system, and (4) synthesis of cardiovascular and noise
effects epidemiclogic evidence with recommendations for future studies,

The literature search phase consisted of several major tasks. The
first was to identify and obtain key review papers on cardiovascular disease
risk factors published in the last three years. Another task was to
identify and access a comprehensive set of the pertinent world literature

1-3
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titles related to the cardiovascular effects of noise, This search includegd
non-English as well as English language sources. Once identified, articles
were obtained, screened for relevance and distributed to appropriate sources
for translation. Forty-seven translations of scientific documents were
obtained. Finally, nonrelevant titles were deleted and relevant titles were
clagsified using a computerized classification system,

Phase two, the state of the art review of cardiovascular epidemiology,
provided an empitical foundation for the subsequent noise related research
evaluation. It summarized the current state of knowledge of pathophysiclogy
of cardiovascular diseases and identified pathways in the pathogenic process
apd potential entry points for investigatjon of the influence of noise on the
cardiovascular system. Secondly, the incidence, prevalence, secular trends
and major cardiovascular risk factors were discussed with emphasis on
confounding and interactive factors which must be considered in the design of
future studies {see Appendix Cj.

Critical evaluation of the literature on the effects of noise on the
cardiovascular system was the major goal of the project. This third phase
consisted of four tasks: (1} development of criteria for evaluating the
adequacy of the noise parameters, the quality of the cardiovascular response
measures and the epidemiology methodologic aspects of the study: (2) critical
review of each article by an expert review team composed of an audioclogist,

a cardiologist and an epidemiologist; (3) summarization of the three
independent evaluations of the review team in the form of annotated biblio-
graphiec materials; and (4) discussion of the scientific merits and substantive
issues from the literature with reference to the project objectives.

The final phase of the project consisted of synthesizing the information
derived from the literature review and suggesating the feasibility of and
designs for future epidemiologic studies on the non-auditory health effects
of noise.

The results of the project are presented in the following order.

Saction 2 describes the conduct of the literature searches and acquisition
of the reference documents. Section 3 provides a critical evaluation of the
studies of nolse and cardiovascular system response and Section ¢4 attempts
to synthesize the cardiovascular and noise effects literature, culminating

in a set of recommendations for future epidemioclogic studies.

i-4
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Section 2
WORLD LITERATURE SEARCH

2.1 The Search Strategy

The project objectives were predicated on the analysis of existing
literature, Therefore, the identification and acquisition of pertinent
literature, in both the areas of cardiovascular disease risk factors and
the adverse effects of noise, bacame a major compopent in the study.

The project specified "world literature" so the scope of the search was
essentially international, drawing on studies in many languages; it was not
limited by the country of origin, by its degree of industrialization or by
its relative advancement in scientific research. There was interest in
research which potentially could be replicated, or at least analyzed on the
basis of its adherence to scientific methodology and standards of epidemi-
ologic research. Although the country of origin did not play a limiting
factor in the identification of pertinent studies, the acceptance of this
research by peers, through publication in peer review journals, government
sponsorship of research, etec., was a determining factor in the search
strategy.

Existing eon-line bibliographic data bases, which index or abstract Lhe
majority of the world's scientific peer review journals and government
sponsored research were utilized whenever possible, Additionally, printed
indexes were searched for materials not identifiable on-line, such as those
items published prior to the years of coverage in the bibliographic data
basges,

Both for verification, and as a source of materials not identifiable
through standard sources, bibliographies of classic studies were also
reviewed for any potentially relevant articles and unpublished papers,
These bibliographies, as well as suggestions from authorities in the field,
provided a substantial source of materials; although supplementing the core
of literature to some extent, they also served to validate those studies
which had already been disseminated through traditional means.

The literature search, designed to identify articles, reports, ete.,
leading to a state of the art review of cardiovascular disease was approached

first as a logical step towards determining the relevance of noise as a

— i,



causal agent. This search was, by necessity, limited to specifically
relevant, recent literature on cardiovascular disease. MEDLINE, or Medical
Literature On-Line, a product of the MEDLARS system of the National Library
of Medicine, indexes over 2,400 health sciences periodicals from arcund the
world and is considered to be the most comprehensive and viable data base
in the field of medicine. Because of the expansive coverage and controlled
vocabulary, MEDLINE was chosenh as the primary source for the identification
of literature on the epidemiology of cardiovascular disease.

MEDLINE offers the capability of using sophisticated search techniques
in addition to the utilization of the controlled vocabulary via Boolean
Logic. Essentially, this allows for the identification of a maximum number
of relevant citations with a minimum of false drops. The primary search
strategy was to identify all relevant articles on any "cardiovascular
disease" (or group of such diseases) which were termed "review" articles
(E.G. EXP *CARDIOVASCULAR DISEASES AND REVIEW) .

Secondly, risk factors were identified, and each of these, individually,
was combined with specific forms of cardiovascular diseases to determine any
relevant literature other than review articles. The primary forms of cardio- -
vascular disease included acute myocardial infarction, angina pectoris,
sudden death, hypertensive heart disease, hypertension, stroke (cerebro-
vascular disease), and hypercholesterclemia. Risk facters included hyper-
tension, alcohol consumption, cigarette smoking, diaketes, cholestercl
levels, psychosoeial factors, age, heredity, etc. An example of this type
of search would be *MYOCARDIAL INFARCTION AND *CHOLESTEROL.

Although not every combination of main or subset concepts produced a

l reference, enough articles were identified to give a broad-based core of
literature on the subject. From this core, bibliographies of specific
articles were reviewed. Any recognized "classic" study, even if it pre-
dated the proposed ten=-year cut-off point, was obtained for inclusion.

Concomitant to the cardiovascular literature identiflication several
search strategies were being formulated to identify any literature relating
to possible cardiovascular effects induced by noise. The identification of
this literature required a broad-based approach. For example, an article
might contain the overall subject of adverse effeéts of noise primarily

i dealing with hearing loss, but certain tables and a small, although

significantly important, portion of the article might deal with congestive had

2-2

e LT Lk e L s S

il wei?
I T P E TN VL L



Kot

heart failure in workers exposed to noise over lc;ng periods of time. MEDLINE
was again used, and an SDI (Selective Dissemination of Information - current
awareness) search was entered to provide monthly updates of recently published
literature on the topic. However, because of the nature of the desired
outcomes, many other data hases were employed and the searches themselves
were not limited to literature solely about the topic. The general concept
addressed in all searches was the possible adverse effects of noise as it
related to any form of cardiovascular disease or physiological change. All
types of literature were scanned, from books to conference proceedings to
unpublished reports to review articles.

The MEDLARS system offered several data hases which were determined to
be specifically relevant. Most significant of those was MEDLINE and its
backfiles, which provided bibliographic access to the 2,400 journals from
1966 to present. Conference proceedings, chapters in books, and a few
other pertinent types of literature are also included in the total data base.
CATLINE provided similar access to the world's monographic health sciences
literature which is housed in and cataloged by the Natiocnal Library of
Medicine.

SDILINE, a monthly update of the MEDLINE flle, was used to provide
monthly updates to the core of literature identified, The SDI search was
run for a periudf of eight months, and during this time, two articles were
indexed relating to cardiovascular effects of noise.

A CROSS search was run on the BRS (Bibliographic Retrieval Services)
data bases, and ten data bases were identified as having a significant number
of materials relating to all aspects of noise. (Note: the search strategy
employed in the BRS system utilized free-text searching rather than controlled
vacabulary, and although some loss of specificity of subject was demonstrated,
a broader based coverage of concept was obtained.)

After identifying the ten data bases with a significantiy high
proportion of literature dealing with noise, the concept of noise was
combined with various terms relevant to cardiovascular changes and/or
disease states to produce a bibliographic listing of pertinent materials.
Following, in alphabetical order, are the data bases accessed:

(1) AGRICOLA (CAIN} = 1975 to present; a cataloging and indexing data
base of the National Agricultural Library, providing comprehensive,
worldwide coverage of journals and monographs on agriculture and
related subjects.
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(2)

(3}

{4)

(5)

(6)

n

{8)

(9

{10}

BIOSIS (BIOL)} - 1977 to present; a major English langquage service
providing comprehensive worldwide coverage of research in the
life sciences.

DOE ENERGY (DOED) - 1974 to present; one of the world's largest
sources of literature on energy and related topics, All manher of
energy topjics are included as well as related topics of environ-
ments, policy and conservation.

GPO MONTHLY (GPOM) - 1975 to present; an on-line equivalent of
Monthly Catalog of United States Publications. It includes all
materials issued by all U.S, Federal government agencies.
inecluding Senate and House hearings.

INSPEC (INSP) = 1977 to present; the largest English language
data base in the filelds of physics, electro-technology, computers,
and control.

NATIONAL CLEARINGHOUSE FOR MENTAL HEALTH INFORMATION (NIMH) ~ 1969
to present; contains citations from books, journals, technical
reports, workshop and conference proceedings in the area of mental
health on a world-wide basis.

NTIS {NTIS} ~ 1975 to present; consists of government sponsored
research, development, and engineering, plus analyses prepared by
Federal agencies, their contractors, or grantees.

PSYCHOLOGICAL ABSTRACTS (PSYCH) = 1967 to present; covers the
world's literature in psychology and related disciplines in the
behavicoral sciences,

SMITHSONIAN SCIENTIFIC INFORMATION EXCHANGE (SSIE}; a data base
containing reports of both government and privately funded
scientiflie research projects currently in progress or initiated
and completed within the last two years.

STATE PUBLICATICONS INDEX ({IHSP) ~ 1976 to present; the single most
comprehensive source of current state documents issued by the
fifty states, Puerto Rico, and the Virgin Islands.

Two other data bases, not available on BRS, were considered to be
potentially relevant. These data bases, EXCERPTA MEDICA and POLLUTICN
ABSTRACTS, were available and accessed through Dialog, the Information

Retrieval Service of Lockheed, Following are brief descr.iptions of each:

A, L g e i R £

EXCERPTA MEDICA, 1974 to present, consists of abstracts and
citations of articles from over 3,500 biomedical journals pub-
lished throughout the world. It is the primary abstracting
source for health sciences periodical literature published in
Europe.

POLLUTION ABSTRACTS, 1570 to present, is the leading resource for
references to environmentally related literature on pollution,
its sources, and its controls.
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In addition to the computerized bibliographic searches, several manual
searches were performed to identify older materials in indexes now on-line,
and to identify materials possibly missed in indexes which do not yet have
on-line access. These searches revealed a few classic studies, but in
general, because of the quality of information sought, most of the literatura
acquired and the sources searched were limited to 1970 or later.

In addition to the traditional bibliographic methods, another major
source utilized was extant bibliographies oﬁ the subject. Besides the
bibliographies of relevant literature, the references found in the reports of
Hattis and colleagues (1980), Welch (1979), and Taylor and others ({(1980)
were compared to the citations identified hy the various bibliographic
searching techniques. Any relevant material not identified through the
indexes, abstracts, or on-line data bases was acquired. These bibliographies

proved quite useful in identifying unpublished sources.

2,2 Screening of Titles by Technical Team and

Acquisition of Documents

From three major sources, On-Line Bibliegraphic Searching, Manual
Bibliographic Searching, and Extant Subject Bibliographies, tentative
bibliographies were compiled and sent to the team of experts. Potentially
relevant documents were selected from these comprehensive bibliographies
{comprised of approximately 1,300 citations) based on applicability to the
project as a whole or any specific sub-specialty of the individual expert.

Attempts were made to acquire all decuments requested by the team of
reviewers. Of the approximately 800 articles, monographs, reports, etc.
identified by the team as potentially applicable, the majority were available
locally. Three hundred fifty-four were requested through interlibrary loan
and a few documents, primarily monographs, were acquired through purchase.

Many of the documents on extra-auditory effects of noise were published
in a Russian or one of the Eastern European journals. Primary access to
these materials was made directly through the National Library of Medicine,
although several requests were made to the British Lending Library,

Cne article, appearing in several bibliographies, was unobtainable
because of an inability to verify its existence through standard biblio-
graphic sources and the lack of a complete citation which would have

enabled its location directly in the specific journal. Several citations
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were also uncobtainable because of their status as unpublished reports with
respective company policy governing thelr distribution. T

In addition to interlibrary loan, the participating library purchased
several items deemed essential to the study and not available through the
extant document delivery network.

Pollowing the acquisition and selection of highly relevant materials,
bibliographies of those documents were screened for any potential documents
or information souces not identified by the initial three search procedures.
These items were then obtained for review. As a final step in the literature
identification process, perscnal contact was made with recognized authorities
in the field. This source proved invaluable in the identification of current
research and unpublished reports.

2.1 Technical Translations

No attempt was made to obtain translations of current research in
cardiovascular epidemiology in general. For the literature on the cardio-
vascular effects of noise exposure every attempt was made to acquire
materials in translated format, or to cobtain extant translations using sources N
such as Bibliography of Medical Translations, Technical Translations, and

Translations Register Index. However, none of the foreign lanquage articles,

determined by abstracts to be specifically relevant, were found to be
available in English translation. Translators available on a local basis
after the majority of the foreign language materials had been obtained were
those with a fluency in German, Japanese, and Rumanian., However, the
greatest proportion of non~English lanquage documents were translated by
Puke Translation Service, associated with Duke University, and located in
Durham, North Carolina.

Forty-seven articles were translated, the vast majority in Russian.
Those translated by Duke were done through their interactive translation
process, which provides for a final reading of the work by an expert in the
field, prior to the typlng of the final copy. This type of translation
assures readability as well as comprehengibility.

Figure 2-1 gives a summary of the information processes used in the
identification, acquisition and selection of relevant literature for review.

o
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Section 3

.LITERATURE EVALUATION AND ANALYSIS

3.1 The Review Process

This critical analysis of the extant world literature was undertaken
for the purpose of determining the extent to which studies reported to the
scientific community are informative in judging the effects of noise on the
cardiovascular sgystem. It is based on thirty-six studies reported in the
English language journals and forty-seven reported in the foreign literature
and translated expressly for this review.

To insure an appropriate and scientifically sound analysls from the
acoustical, medical/health effects and epidemioclogic perspectives, a team
approach was adopted, The team was composed of an audiologist, a cardiol-
ogist, a cardiovascular disease epidemiologist and the project director,
also an epidemiologist. 1In addition, two local consultants (a medical
epidemiologist and a cardiolegist) and two external consultants (a researcher
on noise and its potential health effects and a renowned cardiovascular
epidemiologist) participated in the literature analysis process.

The review was accomplished as follows:

(1) A set of evaluative criteria was developed by the team, each member
bringing to the task knowledge and metﬁodologies appropriate to his
discipline.

(2) Each relevant study was critiqued independently by each team member;
the audiologist evaluated the research for the quality of the noise
exposure component; the cardioclogist focused on the assessment of the
health effect studied; the epidemioclogist rated each study for its
adequacy in meeting methodolegic criteria appropriate to epidemiologic
design and analysis.

{3} Each expert reviewer assigned a numerical score to that component of
the study which he evaluated, resulting in three scores for each study:
a noise exposure rating, a health effects score and an epidemiologic-
methodology score.

(4) An overall validity score was assigned each article by assuming that
the lowest rating assigned to the three components avaluated represents

R



an appropriate overall rating because all major limitations have
been taken into account,

{5) The project director summarized the research report, integrating the
individual analyses of the team. These summaries are presented in
Appendix B as annotated bibliographic material.

{6) The review team and consultants discugsed the studies and summaries
of the analyses and derived the major conclusions of the report.

The ‘evaluative criterla and overall rating schemes are provided here
ag a framework for the presentation of the substantive findings from the

literature analysis.

3.2 Evaluative Criteria

The assessment criteria addressed both substantive and methodologic
aspects of the research and were derived from acoustic, medical and

epidemiologic knowledge bases,
3.2.1 Noise Exposure

Five factors were considered in the evaluation of the noise parameter:

noise description, instrumentation, environment in which measurements were

_—d

taken, the measurement procedure used and quantity and guality of data about

the subjects. Special attention was directed to assessing the nature and
lccatién of the noise source or sources, the relation of the individual to
these sources, changes in the noise environment during the day, influence
of background noise levels, noise exposure levels, the frequency of the

noise, type of averaging method used, and subject information such as the

adequacy of hearing threshold determinations. The five areas were judged on

the amount of detail reported and the guantity of the data available.
Table 3-1 outlines the criteria applied in judging the exposure variable,
noise. Needless to say, lack of information on any criterion severely
limits the value of a study for judging potential causal relationships

batween noise and cardiovascular health effects.

3-2
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II.

Table 3-1

Criteria for Judging the Exposure Variable - Noise

Terms used should be compatible with recognized standards such as ANSI
$1.1~1960(R1976) American Standard Acoustical Terminclogy, ANSI
53,20-1973{R1978) American National Standard Psychoacoustical Temminology,
51.13~1971(R1976) American National Standard Methods for the Measurement
of Sound Pressure Levels, and S1.4-1971(R1976) American National Standard

specification for Sound Level Meters.

Noise Description

A. Type of noise (as: steady, nonsteady, impulsive, etc.)

B. Frequency composition (as: pure tone, narrow-band, wide-band, specified)

C. Levels: {in decibels) the type of nolse must be indicated by the
further modifier or context.

"The physical quantity measured, the reference quantity, the instrument

used, and the bandwidth or other weighting characteristic must be

indicated."

For air-berne sound, unless specified to the contrary, noise level is

the weighted SPL called sound level; the weighting must be indicated.

sound Pressure Level (SPL) in decibels of a sound is 20 times the
logarithm to the bage 10 of the ratio of the pressure of this sound

to the reference pressure. The reference pressure should be

explicitly stated.

D. Duration of exposure (in msec., sec., min., hrs., days, years, etc.)
E. Source (as: machine, engine, musical instrument, etc.)
Instrumentation

A. Typel(s)

Instruments used for noise measurement should be appropriate for the

methods by which measurements are made, i.e., survey, field or

laboratory methods as described in ANSY Standard S51.13-1971(R1976).

~ Sound Level Meter (SLM): "An instrument including a microphone,
an amplifier, an cutput meter, and frequency weighting networks for
the measurement of noise and sound levels in a specified manner."
Type 1 (Precision) most precise instrument
Type 2 (General Purpose)

Type 3 (Survey) lLeast precise instrument

Type S {Special Purpose}

Note: Tolerances and specifications for SIM's are described in
ANSI 51.4~1971(R1976).

- Sound Analyzer: "A device for measuring the band-pressure level or
pressure-spectrum level of a gound as a function of frequency."

~ Oscillescope or Impulse Analyzer should be used to measure impulsive
noise,

- Dosimeter: device which accumulates total exposure to noise
information as the wearer moves through environments having differing
noise situatiens.

B, Make & Model

- Manufacturer plus Model name or humber specifiled
- Quality of the instrument relative to known techniques at the time
of the study and relative to current knowledge

St — a1
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Table 3-1

I1I.

Iv.

VI.

{cont.)

€. Compliance with recognized standard such as ANSI or IS0 Standards
(cited in article)
~ All instruments used in the studies should meet or exceed recom=-
mendations of a recognized standard such as ANSI or ISO Standards.
Environment
A. Type - Sound field, sound-treated room, open area, underwater,
reverberant room, atc,
B. Controlled or Uncontrolled -~ Conditions gonstant or conditions
varying unpredictably. -
Measurement Procedure
A. Type - Degree to which a standard technique is used. (Specified as
" to location of measuring device, etec.)
B, Compliance with recognized standard such as ANSI or ISC Standards
{cited in article).
= All measurements should be accomplished in a manner compatible
with guidelines published by ANSI, e.g., ANSI 51.2-1962(R1976)
American Standard Method for the Physical Measurement of Sound
and/or ANSI S1.13-1971(R1976) American Mational Standard Methods
for the Measurement of Sound Pregsure Levels.
For example, reporting of measurement procedures should specify
necessary information such as:
~ Calibration of instruments at least prior to and following
measurements;
~ Corract manipulation of the instrument itself;
- Correct and detailed recording of the measurements.
Subjects
A. History of vocational noise exposure
- Including all jobs which involved work axound noise
=~ History of previcus and/or current involvement in a hearing
] conservation program
B. History of avocational ncise exposure
- Including all non~working activities around noise
~ Nature and extent of any military experience
€. Hearing thresholds obtained before and after noige exposure study
and the adequacy of such determinations
- With at least 14 hours away from the noise before testing is dcne
D. History of ear disease
- Where history of disease, problem identified and duration reported
E. Otological examination
- To insure that factors influencing hearing are identified (as
impacted cerumen, m.e, disease, etc.)
Investigative Personnel

"Although this information was not included in the scoring process, it

is desirable.

A.

B.

professions - clearly stated versus not revealed by information
avallable

Qualifications ~ clearly stated versus not revealed by information
available
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3,2.2 Health Effects

A broad range of responses dexived from the review of cardiovascular
epidemiology were considereci. These responses are shown in Table 3-2 and
are described in Appendix €. Biochemical, physiological and pathological
effects as well as clinical manifestations of cardicovascular disease were
included because of their potential for enhancing adverse chronic states in
response to noise. Because of the scope and complexity of these health
effects, standard criteria for each, though not explicitly scutlined on the
assessment form, were determined and applied as appropriate. Table 3-3
shows the six factors considered in the assessment of the health parameter:
diagnostic criteria, documentation of pre-existing cardiovascular disease,
timé relationships, natural course of disease states, risks of specific
responses and methodology. Each criterion was judged according to both the
quantity and quality of the detail provided in the research report.

3.2.3 Epidemiologic Methodology

Bagically, epidemiology can be considered a two-stage sequence of
reasoning: the first stage is the determination of a statistical association
between an exposure variable such as noise and a disease or health state; the
second stage is the derivation of causal inference from a pattern of observed
associations. In this second stage of reasoning, at least four criteria are
of equal importance to statistical significance in judging the causal nature
of the association: (1) the strength and adequacy of the study design:

(2) the strength ¢f the association indicating the relative importance of
possible etiologic factersy (3) the temporal relationship of the factors
under study; and (4) the degree of exposure or dose-response relationship.
The epidemiologic evaluation focused on these four criteria in judging the
overall methodologic adequacy of the ohservational studies. Table 3-4

details the areas on which each study was evaluated.

3.3 Validity Ratings

Each study received three ratings, a noise exposure score, a health

effects rating and an epidemioclogiec methodology score, derived in the
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I,

II.

Blochemical, Physiological and Pathological Effects

A,

c.

Biochemical
1. Blood Lipids - Cholesterol, Triglycerides, Lipoproteins
2. Coagulation -~ Platelet Function
3. MAdrenocortical Function - Corticosteroids
4. Renin - Angiotensin Aldosterona System
5. Prostaglandins
6. ¥Kallikrein - Kinin System
Physiological
1. Cardiovascular
a. Blood Pressure
b. Cardiac Qutput - Myocardial Functjion
¢. Peripheral Vascular Resistance
d. Peripheral Blood Flow
e. Heart Rate
f, Cardiac Work
g. Coronary Blood Flow - Myocardial Oxygeh Consumption
h., Electrocardiographic
2. Autonomic Function

1.
2.
3.
4.

Table 3-2

Enumeration of Cardlovascular Responses to Noise

a. Direct - Catecholamines

b, Indirect - Responses of Cardiovascular System
Pathophysiological (Pathological)

Atherosclerosis
Hypertension
Arrhythmias
Hypercoagulability

Clinical Manifestations

A,

B.
c.

Aggravation (Complicating Factors) - Acceleration of Underlying

Disease States

Precipitation of Clinical Events in Existing Disease States

Development and Incidence of Disease States

1.

Atherosclerotic Diseases

a. Ischemic Heart Disease - Angina Pectoris

~ Myocardial Infarction

-~ Sudden Death
b. Cersebrovascular Disease - Stroke
c. Peripheral Vascular Disease

Hypertension and Hypertensive Cardiac Disease

Other Clinical Manifestations or Complicating Factors of

Cardiovascular Disease
a. Cardiac Arrhythmias
b. Congestive Heart Failure

i~6
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Table 3-3

Criteria for Judging the Response Variable -
Cardiovascular Health Effects

Digease states and risk factors were judged according to the f£éllowing
criteria, '

I.

1T1.

ITI.

v,

vI.

Diagnostic criteria for clinical manifestations or diseasas,
i.e., New york Heart Association Classification.

Documentation of pre-existing cardiovascular disease.

Time relaticnships of exposure events to clinical manifestations,
discase davelopment, clinical events.

The natural coursc of disease states,

Rigk of specific clinical manifestations or pathophysiological
responses,

Hechodology for determining responge - variability of physiolegic
response measurements. This shall include but not be limited to
procedures used, reliability and validity of the instrumentation,
qualifications of personnel making determinations, consistency of
the testing process.

Because of the scope and complexity of the biochemical, physiological,
pathological, behavioral effects and ¢linical manifestations to be
evaluated, standard criteria for specific health effects were determined
and applied as appropriate.
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Table 3-4

Criteria for Judging Epidemiologic Studies of the
Nonauditory Effects of Noisa on Man

I. Classification of Study Design
Statement of Objectives (for clarification, not to be rated)
- Stated {n terms of ancicipated risks (evidence of literaturas support)
= Clear and justified in terma of exjsting aclentific information
A. S5trength of the Design in Detarmining Etiology
1. Experimental Studies {Intervention} -
= Randomized Trial: of long-term sffects
t of ahort-temm aeffects
2. observational
- Cohort or historical prospective: with individual exposure @etermined
1 "ecological™ axpasure as opposed to
individual
1 hearing-loss exposure cohort
- Case-control
- Crosfa-sectional: prevalence
1 demographic studies of risk or mortality or morbidity .
using individusls classified on all variables ,
1 acologic {classification based on aggregate measures as
dintinet from single individuals)
- Cape series with implicit controls (not acceptabls but if there ls reason J
to review, uae appropriate critsria and justify) {
B. Bias Potential in Design .
The extant to which study design reported/controlled for bias such as exposure
suapicion bias and recall bias.
C. Data Sources and Method of Data Collection
1. Primary versus secondary data sources
2. Data collected in a blind or doubls~bljnd manner - specify potential bias
and roliahility issusa
3. Potential biag related to data scurce such as survival, self-gelsction
identified. (Rate a specific bias potential only once in a given study.)

—

1. Sample
A, Type
= Pandom population sample {describe on characteristica such as age and sex) o~

= Retrospective cohort (exposura jdentified historically through records)
t avidence of accounting for complete cohort; method of accounting for
non-raspondents justified
t Aif not complate cohort by noise eapasure, detajled description of mathod
for sslection with potontial selection bias addreassed
= Capa=control Series '
« Qther samples from selacted, but well defined populations
' B. Sample size adaquate for tosting stated hypothesis (sample siza calculationa
provided}
C, Follow-up
= Ahttrition = consider size of loss rate in each sxposure category
D. Potential Bias and Its Control
1. Seolection Pias - Criteria and rationale for inclusion and excluwion of
subjects indicate potential bias was condidered including healthy worker
effect
2. Gelective-Survival Bias
1. Migration Bias - Length of follow-up given with description of dirsction
and magnitude of bias in rasults due to pon-comparable follow-up
IIl. Specificacion of tha Exposure and Reaponse Variablea
A, Holse Exposure as an Epidamiclogic Varlabls
In addition to saparataly spacified criteria:
= "Exposura” spplied to individuala s opposed to "ecovlogical™ measure
=~ Complateness of axposure history - paat to prasent
= Single varsua multiple assesamsnts of sxposure for any given tirm period
= The extent £o which tha roliability and validity of exposurs measurement is
appropriste for assessing risk in latge populations and/or aelected groups at ;
potantially high risk '
= Potential measursment bias
B. Health Outcomss as Fpidemiologic Variahles
In addition to separately apecified criteria:
= Extent to which reliability and validity of methods are appropriate for
epidemiologic purposes
= Extent to which esach individual was assessed op the responss varisble 3
Extent to which the study depends on existing data from recorde: collected for (,M}
study with reliability and validity checks built in varsus dependent on wall G
documented records veraus collacted for clinical or other than ressapch purposes
Potential measureament bias

-
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Table 3-4 {cont.)

~~Y. fTroatment of the Data: Analytic and Statistical Procedures for Judging Causal
Slgnificanca

4.
5,

i B, F

A. Tha Steangth of the Azsociation

Epidemiclogic effect parameter uzed to quantify tha strength of the
associstion for categorical variables:

= Relative risk

= Attributable risk

-~ 0dds ratio

- Population attributahls risk (if appropriate)

Epldemiologlic effect measurs used to quantlfy the asscciarion for continucusg
variahlast

= Correlation coafficlent

=~ Regression coefficient

Temporal relationship

Did +zudy demonstrats that nolse axposure preceded physioclogical rasponse
(important in long=term effects or chronic effects)?

Consistancy

Wera the obasrved relationships conslstent with findings of other studies?
Coharence .

Do study reaults conflict with gensrally knrown facts and biology of the disease?
rapriate statistical tests of significance and confldence intervals provided

;‘ fur risk assessments in 1 and 2 abovae

A ¢

.« 'n a meaningful relationship is ohrerved, is a dosaw=reaponse evident in the data?

i - Within the single study
.= In an ¢cological senser Can data from sevaral studies be evaluated together?

I) D, Confounding
Were potentially confounding variates {known strong risk factors) controlled
through matching, stratification or statistical analysia?
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following manner. Within each of these components, each categorical
criterion set forth was scored "2" if met, "1" if partially met, and "Q" if
not met. An "I" was used to designate that an invalid criterion was applied,
but the score "0" was assigned to that element. When a specific criterion
was not applicable to a .given study, it was so designated; that criterion

was not included in the calculation of the numerical score. There were a

. possible 34 points for the noise exposure variable, 12 points for the

health effects and 24 points for epidemiologic methodology. For comparison
purposes, these numerical values were converted to a score ranging from

0-9 (lowest-highest) according to the perxcentage of criterion points met on
the given component. See Appendix B for the assessment forms and conversicn
scale. '

Next, studies were ranked as to overall validity, It was assumed that
the lowest of the three scores assigned by the experts on noise, health and
methodology represents a fair score of overall validity. This rating implies
that valid measures of the exposure and outcome variables as well as adequate
methodology is required, and that in the absence of any one of these
components, the study becomes less than fully informative for assessing the -

effects of noise on the cardiovascular system,

3.4 Introduction to Critical Analygis of the

Literature

The impact of envlronmental neise on human health has been considered by
many investigators, but there is little consensus as to the nature or extent
of the potential adverse effects of noise on the cardiovascular system. This
section of the report summarizes and evaluates the epidemiologic evidence for
and against the hypothesis that long-term exposures to noise adversely
affect cardiovascular response in man.

For analysis purposes, the papers were categorized as containing
adverse, some adverse, or no adverse effects according to thé conclusions
stated by the author(s). A study listed under "adverse effects" reports
deviations from normal which the author infers to be detrimental to health.

A study categorized as "some adverse effects" presents several findings, at
least one of which the auther infers to be detrimental to health. This
category includes reports showing differential effects among population sub-

groups and/or noise effects for one health outcome, but not another. It is

3=-1¢
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important to note that this is a grouping for convenience of reporting.
There is no a priori reason why zll subgroups should be equally sensitive to
the same noise exposure and all show the same effect. Likewise, there is no
a priori reason to expect noise to produce a similar influence on all
aspects of the cardiovascular system. In fact, diverse susceptibilities of
populations to disease and individual variability in response to environ-
mental stimull would suggest the potential for differential effects.,

The articles were further classified by the setting of the study, in
general reflecting the source of environmental noise. These groupings were
(1) industrial neise; (2) transportation neise (airport, road, railroad),
neighborhood noise and noise exposure determined from general community
surveys; and (3) laboratory experiments.

For convenience, critiques of the literature originally published
in English are presented, followed by critiques of the translated literature.
In Appendix A, Tables A-l1 through A-10 give a concise summary of each paper
with the auther's conclusicns, For a more detailed critique of each study,
see Appendix B.

The relatively poor quality of the identified papers is reflected in
the individual component and overall ratings of the reviewers as shown in
Table 3-5. The proportions of studies meeting more than fifty percent of
the evaluative criteria were aa follows: on the noise componeﬁt, 6% of
the English studies and 11% of the translated research; on the health
outcome component, 33% of the English and 32% of the translated studies;
and on the epidemiologic methedology compeonent, 42% of the English and
11% of the translated studies, When the lowest of the three component
scores is taken as the overall validity score, no study reported in the
English literature and only cne in the transglated literature was rated
higher than "4" on the 0-9 scale (see Tables 3-6 and 3-7). These ratings
indicate that the literature is less than fully informative for the task of

judging the association between noise and cardiovascular affects.
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Scale
Value

Table 3-5

Summary of English and Translated Literature by Percentage of Evaluative Criteria Met

cIi-t

O F N W & B 0O g @ W

Percent of Noise Health _ Methodology Ovarall Score
Criteria Met | English Translated| English Translated| English Translated| English Translated
91-100 5.5( 2y 4.3(.2)
Bl- 90 la.7( 6} 2.1{ 1} 2.8( 1)
71- 80 2.1( 1) 2.8( 1} 10.6¢ 5 | 13.9( 5)
6l=- 70 2.8( 1) 4,3( 2) S.8( 2} 12.8{ 6) | 1r.1( 4)| 4.3( 2)
51- &0 2.8( 1) . 4.3( 2} 2.8( 1) 2.1 1) 13.9({ 5)| &.4( 3) 0.0 2.1¢( 1)
41-50 22.2( 8} 6.,4{ 3) 8.3( 3)] 17.0( 8) 16.9( &)] 17.0{ 8) 16.7( 6) 4.3( 2)
31-40 16.7( 6} 14.9( 7) 25.0( 9) 8.5( 4) 25.0( 9)] 29.8(14) 16.7( &) 12.8( 6)
21-30 27.8(10) 31.9(15) 16.7( 6} 14.9( 7) B8.3¢ 3)| 25.5(12) | 19.4( 7)} 21.3(10)
11-20 22.2( 8)] 21.3{(10) - { 0)| 21.3(10) S.6( 2)] 8.5(.4) | 25.0( 9} 34.0(16)
0-10 5.602)] 14.9( N 16.7( &) 6.4( 3) 2.8('1)| 8.5¢ 1) | 22,2( 8){ 25.5(12)
Totals 100.1(36) 100.1{47) 100.0t36) 100.0(47) [100.1{36}| 100.1{47) |100.0{36)I 100.0(47)




Brown et al (1975)
Cohen et al (1980a})
Cohen et al (l1980Cb})
Cohen et al (198le)
Dega et al {1977)
Raytheon (1975)

di Cantogno et al (1976)
Jonsson et al {1977}
Knipschild (1977a)
Mosskov et al, II (1977a)
Mosskov et al, III (1977h)
Mosskov et al, IV {(1977¢)

Andriukin (1961)
Cuesdean et al (1977}
Malchaire et al (1979)
Manninen et al (1979}
‘Ohrstrom et al (1979}
Semczuk et al (19871)
Yazburskis (1971)

Drettner et al {1975)
Friedlander et al (Undated)
Gibbons et al (1975)
Kavoussi (1973)

Knipschild {(1979¢})

Lees et al (1979a)

Lees et al (1980b)
Parvizpoor {1978)
Proniewska et al (1972)

Antonova (1971)
Frerichs et al {1980}
Graeven (1974)
Hannunkari et al (1978)
Hedstrand et al (1377)
Knipschild (1977b)
Meecham et al (1979)
Takala et al (1977)

Table 3-6
Studies Ranked by Overall Score from Highest to lLowest

Shown with Ratings on Noise Exposure, Health Effects and Methodology

English Literature

, Overall
Noise Health  Method Ranking Score

4 8 6|
4 8 6
4 9 [
4 9 7 a
5 4 4
4 6 EJ
é 8 3]
3 3 q
3 3 4
4 3 3 3
4 3 3
4 3 7
2 3 3]
2 2 4
2 5 7
2 4 5 2
2 2 2
3 2 3
2 2 2

—
1 7 4
1 & 5
1 2 3
1 3 2
1 2 7
1 8 8 .
1 3 8
1 8 6
3 4 iJ
2 o 0
2 0 7
2 8] 3
3 o] 5
0 3 3 0
3 0 3
2 o 1
0 8 4

3-13

PR

e e e



table 31=7
Studies Ranked by Overall Score from Highest to Lowest —
Shown with Ratings on Noise Exposura, Health Effects and Methodology )
° Translated Literature

Querall
Ranking
Holse Health Methed Score
Quaas at al (1970) 6 9 5 5
Burger et al (1975) 4 9 4 a
Ising et al (1979) & 4 6
Folprechtova=-Stenzlova et al {1966) H ki 3
Klotzbuecher (1976} 3 4 5
Mariniako et al (1975) k) [} 3 3
Sanova (1975) 4 3 h)
Stamiow ut al {1974) L} 7 k)
Suvorov et al (1979) 3 8 H
Britanov {1979) 5 3 2
Demater et al {1979) 2 2 2
Geller at al {1963} 2 4 a
Graff at al (1968) 2 [ 4
Jansen {(195%a) 2 2 3 2
Kachnyi (191 2 & F)
Kalicinski at al (197%) 2 4 1
Pilawska et al (1977) 7 2 4
Rumiantaev at al (1971) 2 7 2
Shatalov st al ({1962a) 2 3 3
Andrukovich (1965) 2 6 1l
Cleslawicz (1971) 1 7 3
Gel'tishchava (1980} 2 q 1 o~
Jansen (1961b) 3 1 2 '
Jirkova at Al (1965) 2 1 3
Rangelari ({1966) 2 1 2
thomulo et al (1967} 1 7 2
Kobets st al {1972) 2 1 3 1
Lanzetta et al (1979) 1 -] 4
Pokrovakii (1966) 1 2 3
Shatalov {1965b) 1 3 2
Shatalov et al (1969c) 1 2 2
Terenticv ot al (1969) 2 1 2
Troiansxii et al (1971} 1 [ 4
Von ELff et al (1980) 1 [ [
Zvereva et al (1975h) 3 1 1
parhad et al (1969) 1 ¢} En
Capsllini et al (1974) o] 6 1
Grusha {1974) +] 1 0
Kanevakaia ot al (1977) 2 o 3
Kograrny at al (1978) 0 1 2
Liubashevskaia et al (1976) 2 o] 2 o
Mainhart et al (1979) 0 2 4
Parankp et al {1974) 1 q 0
shatalov et al (1970d) o 1 4
Tavein (1976) a 4 3
voplikina (1959} +} 4 0
Zvarsvy et al- (19754) 3 1 o

Lty
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3.4,1 Noise-Induced Hearing Loss as a Surrogate

for Noise Exposure

Nine studies presented in thils review of the literature used noise~
induced hearing loss to ipdicate long~term noise exposures when the hearing-
impaired subjects were not actually known to have a history of exposure to
specific noise lavels. The use of noise-induced hearing loss as a surrogate
measure for noise exposure may result in misclassification, that is, a
subject may be placed in the wrong “"exposure” category. Such misclassification
could affect the direction and strength of the association between noise
exposure and blood pressure. There has been and continues to be considerable
debate about the interpretation of nolse-induced hearing loss and its rela-
tionship to specific noise exposures (Glorlg, 1980). Therefore, the findings
from studies employing surrogate measures must be interpreted with caution.
The nine studies are discussed in this review accbrdinq to the conclusions
derived by the authors ({Drettner et al, 1975; Jonsson et al, 1977; Takala
et al, 1977, Hedstrand et al, 1977; Demeter et al, 1979; Lees et al, 1979;
Manninen et al, 1979; Meinhart et al, 1979; A. Cohen et al, 1980a).

Hearing loss considered to be noise induced has been used as a surrogate
measure of noise exposure based on the following assumptions: (1} the first
noticeable effect of exposure to loud sound is the increase of the hearing
threshold, experienced after termination of noise exposure; (2} hearing
levels decrease gradually and if the noise is not too loud and exposure is
not too long, the hearing threshold will return to nermal in a few hours or
days (temporary threshold shift); if exposuré continues, a residual hearing
loss {permanent threshold shift) will occur; (3) development of noise-~
induced hearing less is a gradual process, normally progressing over a period
of years, affecting high frequency hearing acuity first and eventually
spreading toward lower frequency impairment; (4) noise~induced loss is
characterized by declining sensitivity te high frequencies with the loss
appearing first and more severe for the 4000 and 6000 Hz frequencies;

(5} noise-induced hearing loss is a sensorineural loss which will stabilize
within approximately two weeks after the last exposure; (6) generally equal
magnitude of impairment occurs in each ear and interaural differences greater
than 20-25 decibels should be regarded with suspicion unless there 1s an
unusual exposure condition affecting only one ear; (7) as pe.ople age thelr
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hearing worsens (presbycusis), Presbycusis is sometimes taken into account
when the degree of noise-induced hearing loss is determined {Glorig, 1980
and Moller, 1977),

The major problem in accepting noise~induced hearing loss as a surrogate
measure for noise exposure is the unknown relationship between hearing
impairment and blood pressure., Welch (1979, p.7) noting the hypotensive
trend ameong the hearing impaired suggested several hypotheses: "An alterna-
tive explanation would be that noise tends to increase the prevalence of
hypertension among those who can hear it; that extreme hearing impairment
itself has a protective effect against blood pressure elevation by shutting
the noise out; and that, once established, deafness may even faver the
regression of a previously established hypertension trend." As Weleh goes on
to point out, the observed results may also reflect chance aberration.

Hattis and Richardson (1980, p.120) alsc sﬁhre some of Welch's concern about
the use of hearing impairment as a proxy measure for noise exposure. They
cited a study by Borg and Moller who cbserved that the Okamoto strain of rats
suffered markedly worse hearing impairment in response to noise than their
genetically normotensive counterparts. Blood préssures in worker groups with
different degrees of hearing impairment must be interpreted with caution when

inferring causal relationships to noise exposure.

3.5 critical Review of the English Literature

3.5.1 Adverse Effects: Blood Pressure as the
Major Response Variable

Five researchers reported adverse blood pressure effects from investi-
gations of long-term industrial noige exposure and one group of investigators
recently reported adverse blood pfeasure affects among sgchool childran
exposed to aircraft noise. Ratings in Table 3-8 demonstrate that the iden-
tified studies in which the authors report adverse effects are of varlable
quality. Specific findings are described below.
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Tahla 3~8
Studies Ranked by Overall Score, Categorized by Exposure
Sotting and Nature of Findings* as Reported by Author(s)
L English Literature

TN
Scores
Noise Health Qverall
Expopurs Effocts Mathodalogy Saare
1, Imdustrlal Nulse - Adverss Effects Reported by Author .
baga at al {1977) 4 4 4
Raytheon (1975) 4 ] 5 4
Jonsson at al (1977 3 a 4 3
andyiukin (1361} 2 3 3 2
Manninen ot al (1979} 2 4 5 2
Chratrom et al (1976) 2 2 2" 2
Somczuk et al (1971) 3 2 3 2
Friedlander et al (Undated) 1 [ 5 1
Gibbons et al (1975) 1 2 3 1
Parvizpoor (1876) 1 ;] 6 1
IX. Industrial Noise - Some Adverse Effects Reported by Author
Mosskov et al, III {1577b) 4 3 3 3
Cuesdean ot al (1977) 2 2 4 2
Yazburakia {1971} 2 2 2 2
KXavoussi {1973) 1 3 2 i
Proniewska et al (1972) 3 4 1 1
Mntonova {1971) 2 0 Q 0
Hannunkari et al (1978) k| 0 s ¢4
IIT. Industrial Noise = No Adverse Effacts Reported by Author
brown at al {1975) 4 a 6 4
A+ Cohen et al (1980a) 4 8 § 4
Malchaire et al (1979) 2 5 7 2
Laen ot al (1980b) 1 3 5 1
Loap ot al {1879a) 1 -] a 1
f'\ 1v. Tranaportation Noise, Nelghborhood Noise and Community Noise - Adverse Effects
L Roported by Author
S. Cohen et al (1980b) 4 9 3 4
Xnipschilad (1977a) 3 k| 4 3
Xnipschild [1977b) 3 o 3 0
Maccham et al (1979) 2 0 b3 o]
V. ‘Transportation Nolso, Neighborhood and Community Noise - Some Adverse Effects
Reported by Author
S5, Cohen ot al (198lg) 4 9 7 4
di Cantogno at al (1976) -] 8 3 Kl
Mosakov at al, II (1977a) 4 k| 3 a
Motskov at al, 1V (1977c) q 3 7 3
Graavan (1974) 2 1] 3 o
Vi, Transportation Noisa, Neighborhood and Community MNoise ~ No Adverse Effects
feported by Author

Drettnar et al (1975) 1 7 4 1

Knipschild (1979¢) 1 2 7 1

Frarichs ot al {1980} 2 [} 7 ]

Hedstrand ot al {1977) 1] 3 3 Q

Takala et al {1977) 0 ] 4 o

*A grouping for convenisnce of reporting.

Mvarss effacts: the study shows doviations from normal which the author
infers to ba Jdetrimental to health.

Some adverse affects: the study presants saveral findings, at lsant one of
which the author infers t& be dotrimental to health., This category
includea gstudian showing differential effects among population
subgroups and/or noisa affucts for one hoalch outcome but not another.

s e
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3.5.1.1 Industrial Noise and Blood Pressure

As early as 1961, Andriukin reported that hypertension was found more
frequently in workshops with intense noise (sorting room - 103 db*, automatic
lathes ~ 103 db, and ballbearing workshops = 120 db} than in the less nodsy
tool-making workshop (93 db). He further reported that morbidity increased
with the duration of employment, particularly after five years work in the
noisiest workshop, but he failed to provide supporting data. Although the
author gives little information as to subject characteristics and the noise
stimulus, it was noted that approximately fifty percent of the workers had
been employed in the plant for more than teh years and in work that had
changed little. Blood pressures of 676 men and 556 women were recorded
during work, after a ten minute break and repeated until constant values
ware obtained. Blood pressures of 130/90 mm Hg were taken as the upper limit
of normal for subjects under 40 years of age and 140/90 mm Hg for subjects
over 40 years of age. The author failed to state whether high bhlood pressure
was defined by either diastolic or systolic readings or whether both
systolic blood pressure and diastolic blood pressure have to fall into the
upper limits of normal for classification as a hypertensive. Since blood
pressure increases with age, systolic blood pressure more so than diastolic
blood pressure, classification by either systolic blood pressure or diastolic )
blood pressure may reflect aging in the group rather than noige exposure,
Thus, statistically controlling for age effects becomes important. The
prevalence data are presented by ten year age groups, but there is no
evidence in the analysis of statistically controlling for age, sex, socio-
economic class, medications, co-morhidities and rotating shifts. No
gradient in hypertension prevalence as noise level increased in the workshops
within the age groupings was noted as might be expected if noise was
responsible for the édverae effects and selection blas was not operating,
Andriukin treated the apparent cross-sectional observations as incildence
data. Although it is possible, it is not very probable, that true exposure
cohorts of workers within the four worksites were selected for study.

* when no weighting network is specified by the author, it is not stated in
this raport. In most cases "A" weighting is understood.

-
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In the 1970's, other groups of lnvestigaters employing cross-sectional
designs reported adverse blood pressuré effects. Among these, Parvizpoor
(1976) concluded from his work that men employed at textile mills have a
significantly qreater risk of developing hypertension than other workers and
that this difference appeared at relatively young ages (30-39) and increased
with length of employment. He based his conclusions on a cross-sectional
survey of 812 male weavers from three textile mills with noise levels of
96 dBA and 412 randomly selected controls of similar socio=-economic status
without occupational noise exposure. Bleod pressure readings wera classified
according to the World Health Organization criteria as hypertensive when
systolic blood pressure of 160 mm Hg or more or diastolic bkloed pressure of
95 mm Hy or more was observed. Borderline hypertension was defined as hlood
pressure between the hypertensive values and 140 mm Hg systolic or 90 mm Hg
diastolic. Although the study is plagued with methodological problems and
potential measurement error, Parvizpoor offered some evidence in favor of a
noise and blood pressure relationship after age was controlled by stratifi-
cation. He failed to state the strength of the relationship quantitatively,
but from the prevalence dataz avallable, a derived crude odds ratio of 4.1
(odds of developing hypertension given high noise exposure) suggests a strong
association. 1If one can accept length of employment as an indicator of
noise exposure duration, the data showed an increase in prevalence of hyper-
tension with an increase in length of employment. However in this latter
analysis, age was not taken into account. A major weakness of this study in
the textile mills of Iran is the lack of specification of the noise exposure
parameter. ' .

An unpublished student project utilizing the medical records of civilian
employees of the Curtis Bay Shipyard concluded that the relative risk for
developing hypertension was greater in those exposed to prolonged loud noise
than in comparable age-race controls (Friedlander et al, undated}. The
authors described their study as historical prospective in design, but
provided no evidence of identification of a specific cohort with appropriate
follow=-up. It is unlikely that the medical records represented a complete
cohort of workers. Four hundred forty-one males wers selected after many
exclusions such as employment of less than flve years, hypertension diagnosed
on first cliniec visit, inadequate blood pregsure measurement or unsuitable

work history, race not available. The records were subdivided according to
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noise exposure levels: office workers exposed to low noise of less than

70 dB; skilled workers employed in shops having moderate noise levels of
about 70-79 4B and skilled workers intermittently exposed to noise greater
than 80 dB. The latter two groups were combined because of the small sample
size. FElevated systolic blood pressure was defined as greater than 140 mm Hg
and elevated diastolic pressure as greater than 90 mm Hg. Data were strati-
fied on race and age, hut apparently there was no statistical contreolling

for potential confounders such ag obesity, social clags, physical exertion,
other diseases, etc. Relative risks were reported for each race-age group
with statistically significant differences observed only for 35-44 year olds.
For the high neoise group, the risk of developing elevated systolic blood
pressure was 6.4 times that of the low noise group and of developing elevated
diastolic pressure, 2.8 times that of the low noise exposed workers. While
the reported relative risks are impressive, the results must be gquestioned
because of the severe methodological problems in the study.

Jonsson and Hansson (1977) in Sweden and Manninen and Aro (1979) in
Finland studied the effects of prolonged noise exposure on rise in blocd
pressure utilizing hearing loss levels of individual workers as surrogate'
measures for nolse exposure. A significantly larger proportion of persons
with hypertension was found by Jonsson and Hansson in the noise~induced
hearing loss group compared to the normal hearing group. Noise-~induced
hearing loss was defined as a loss of acuity amounting to 65 dB or more at
either 3000, 4000 or 6000 Hz. Mean systolic blood pressure values for sub-
jects with impaired hearing was 145.2 compared to 132.6 among controls; mean
diastolic blood pressures were 88.6 compared to 80.6. The authors offered
the explanation that prolonged exposure to a stressful stimulus may have
caused repeated rises in blood pressure leading to circulatory adaptations
and a permanent rise in blood pressure.

Manninen and Aro's findings from a cross-sectional sample of workers
in engineering factories classified by hearing loss were partially supportive
of Jonsson and Hangson's observations. Thelr data demonstrated that exposure
to noise first elevates the systolic blood pressure and to some extent the
diastolic blood pressure, but that at severe hearing loss levels (continuing
cxposure) the systolic blood pressure tends to return to normal with the
diastolic blood pressure either rising or falling. It should be noted,
however, that these interpretations were derived from cross-sectional, not
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prospective, data. In neither of the latter two studies were nolse

levels reported in association with hearing loss levels.

3.5.1.2 Transpertation, Neighborhood and Community

Noise and Blocd Pressure Response

One of the better studies, that of S. Cchen et al (1980b), assessing
effects of aircraft noise on children, demonstrated findings supportive of a
positive assoclation between noise exposure and bhlood pressure levels. In
this 1977 community survey, all children without hearing impairment and in
the third and fourth grades of the four noisiest schools located in the air
corridor of the Los Angeles International Alrport were group-matched on
ethnic, racial and socio-economic level to an equal number of classes
selected from three quiet schools. Sound levels, without the children
present, were measured inside sach classroom with Tracoustics Sound Level
Meters for a one hour period in the mnrniné and a one hour pericd in the
afternoon. The overall mean peak sound level in terms of dB(A) for class-
rooms in noise-schools was 74 dB with the highest reading at 95 dB. For
classrooms in quiet schools, mean peak sound level and highest readings
were 56 dB and 68 4B respectively.

An automatic blood pressure recorder was used to take the readings for
142 children from noise-schools and 120 from quiet-schools. Children were
prepared for the procedure, the mean of the second and third blood pressure
readings taken on consecutive days was used and coders were unaware of the
noise conditions. Ethnicity, social class, race, ponderosity and mobility
but not age, were controlled in the analysis., Blood pressure was observed to
increase with years of exposure (defined as years enrolled in school), but
the age effect needs to be explored since the increase was greater in the
quiet-school children than in the noise-school subjects.

In a follow-up study, Cohen and colleagues (198lc) looked at changes in
the blood pressure response of children who were moved from noisy classrooms
in 1977 to nolse-abated classrooms in contrast to changes in blood pressure
of children exposed both years in noise-~impacted rooms. At the time of the
follow-up study in 1978, the Digital Acoustics (DA 605), B and K (4426), and
General Radio (1945) noise level analyzers were available and used because of

their increased sensitivity, accuracy and ability to provide various measures

[



of noise over time. Sound levels, without children, were measured inside
each classroom for one hour during the morning and one hour during the
afterncon. Microphones were placed approximately three feet from the )
ground in the center of the room. Noise level was averaged on an energy
basis over each hour period. A reanalysis of data from 1977 with classrooms
categorized as noisy, abated and quiet showed mean peak noise levels of
79,06 dB for noisy classrooms, 63.17 dB for abated classrooms and 56.60 dp
for quiet classrooms. In 1978, the mean peak nolse level in noisy classrooms
was 91,50 dB{A) and in the abated classrooms was 71.27 dB(A). Cohen and
colleagues (198l1c) report that the mean peak dB{A) measures in 1978 were
higher than those recorded in 1977 because more sensitive automated equip-
ment was used in 1978,

Although on reanalysis the cross-sectional data showed higher blood
pressures for noise-school children than for quiet-school children, no
significanﬁ differences in bloed pressure were observed for the 39 noise-

axposed children who had experienced a year in a noise-abated classroom

" compared to the continuocusly noise~exposed children. Unfortunately, this

well designed survey suffered from a major problem which frequently plagques
longitudinal research. A relatively high proportion of the noisy-school
children with high blood pressure were lost to attrition. Thus, the data

.from the longitudinal and more powerful design is of little value in judging

a causal relationship between blood pressure and noise.

3.5.2 Adverse Effects: Parameters Other_ than
Blood Pressure as Major Response Variables

3.5.2.1 1Industrial Noise and Health Parameters
Qther than Blood Pressure

Other investigators have found associations between high noise levels
and diagnosed medical problems, CRIS index of cardiorespiratory efficiency,
fatigue and other general symptoms and l7-ketosteroids. One such study was
conducted by the U.S. Raytheon Service Company among workers in a plant
producing larga pressure bollers. The investigators compared record entries
in the worker medical files for two-year periods just before (1969-70) and
after the start of a hearing conservation program (1972-73). In high-noise

3-22

e e 1 a4 o A B e kel lin s DA B i 2 i 3 e B S L By et o e B Beraeh

b M Wil § B2 TR 0 2T

Noar”



()

areas comparisons in health status were made before and after the introduction
of hearing conservation measures with consideration taken of degree of compli-
ance. Workers in the low noige areas were studied for the same time periods
to identify changes in health due to other environmental medifications and to
detect any differences in the prevalence of extra~auditory problems between
the high noise/hearing protected group (434 workers) and low noise group

{432 workers) as a result of the conservation program. For all medical
problems, a difference was demonstrated between the years prior to {1969-70)
and after the implementation of the hearing conservation program (1972-73).
Workers judged to have always used their ear protectors showed the greatest
reduction in problems while those rated ag never using the hearing protectors
experienced the smallest relative change in health problems, It is not
surprising that these differences failed to appear in the cause-specific data
since the sample size was small and few new cases of cardiovascular disease
could be expected to develop within the study period.

This study, considered to be one of the hetter among the research
reported in the English literature, was based on the premise that a reduction
in disease with the reduction of noise exposure through the use of hearing
protectors, would be indicative of a causal relationship between high noise
and the incidence of medical problems. It was somewhat of & natural experi-
ment which approximated a non-equivalent coptrol group design as described by
Campbell and Stanley (1963}, Several methodological limitations of the
Raytheon study were that the groups were not naturally assembled collectives
and the experimental variable was not totally under the investigator's
control and randomly assigned., For ethical, practical and regulatory reasons,
all workers exposed to high noise were offered hearing protectors with no
random assignment into the groups. Extent of the use of the ear protectors
was poorly documented. Extant medical records were employed to measure
health outcomes. Coders were unaware of the exposure conditions. However,
quality of the data was poor due to the inclusion of "diagnosed medical
conditions” based solely on the verbal reports of the worker. Eight diag-
nostic categories other than the cardiovascular diseases of interest were
reported. Diagnoged cardiovascular disease, especially by type such asg acute
myocardial infarction, would be a strong measure of epidemiological conse-

quence. However, in this study, the results for cardiovascular disease are
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not surprising since noise exposure would have to be an extremely potent
risk factor for differences in overt disease to be detected in such small
samples over a relatively short period of time.

In a mixed c¢ross~sectional/experimental design, Semezuk and Gorny (1971}
at the Medical Academy in Lublin, observed 100 men at their workstands where
the intensity of noise was 80~115 dB and 50 individuals who worked in noise
not exceeding 65 dB., They reported that in 73 percent of the examined men,
after eight hours of work in high noise, the CRIS value decreased by 2-8,
while such changes were not chserved in the control group. A decrease in CRIS,
a measure of vital capacity, apnea and heart rate, was used to imply decreased
cardiorespiratory efficiency. These researchers had derived similar conclu~
sions from an experiment during which 50 persons were tested during stimula-
tion of the auditory organs., Contrary to the authors' interpretation,
findings are judged to provide little or no support to the hypothesis that
noise produces adverse cardiovascular effects because the ocutcome measure,
CRIS, is of unknown c¢linical significance.

Ohrstrom and Bjorkman (1978) demonstrated an increase in fatigue with
high noise levels and long exposure. The authors implied that fatigue may be
related to heart rate and blood pressure, but no objective data were provided. fﬁ\
Although noise levels were measured in the machine and textile industries
5tudied, the outcome data were very subjective and the analysis was lacking
in control of potential confounders such as age and sex. In fact the
investigators emphasized that the material was derived from two different
populations - older males at demanding work for long perioﬁs of employment

compared to younger females at monctonous work for short periocds of employment.

3,5.2.2 Transportation, Neighborheod and Community
Nolse and Health Parameters Other than
Blood Pressure

The work of Knipsheild (1977a and b), although based on cross-sectional,
ecological data, lends some support to the proposition that noise adversely
affects the cardiovascular system. In a survey of general practice contact
rates in a community near Schipohl Airport, Amsterdam (1977b), he found an
apparent gradient of increasing gontact rates for cardiovascular disease

from the low to high noise areas. Data from a cross-sectional community {;;’
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survey (Knipschild, 1977a} of the same area were also juggestive of a dose-
response relationship: the percentage of participants with hypertension
increased with increase in ajrcraft noise measured in the center of each
village studied. A widely used descriptor, Moise and Number Index (NNI),
was used to assess aircraft noise within the living areas surrounding the
airport. Both surveys are subject to potential misclassification error
since the actual exposure of individual subjects was unknown and the actual
noise levels over the six year period of presumed exposure werxe estimates of
widely varying frequencies of the noise.

The community survey sample of 2233 in the high noise area and 3595 in
the low noise area represented only 43 percent of those invited to participate.
Hypertension was defined as systolic blood pressure greater than 175 mm Hg
and/or diastolic pressure greater than 100 mm Hg and wag obtained from
screening survey data. Other measures of cardiovascular response were
diagnosis of angina pectoris, pathological electrocardiogram and heart shape
and the taking of cardiovascular drugs. Knipschild reported that age and sex
were controlled in the analysis; smoking, obesity and social class differences
were observed, but the extent of controlling for these variables in the
analysis is not clear. Applying a regraession analysis, he concluded that
the prevalence of cardiovascular disease appeared to increase with increase
in noise levels. In summary, the limitations of this community survey are the
low response rate,possibly due to participation costs, and incomplete control-
ling of potentially strong confounders such as sccial class and smoking. In
addition there is the possibility of inferring an association between noise
and cardiovascular disease from area measures of noise exposure when the
association would not be observed if the noise exposures of individual parti-
cipants were related directly to thelr health states. In his study of contact
rates, Knipschild took age and sex into account in the apalysis, but failed to
control for socie~economic status and provided no information as to the
proportion of noise complaints relative to all other disorders.

The findings reported by Meecham and Shaw {(1979) of higher death rates
for stroke and cirrhosis of the liver due to noise exposure from the Los
Angeles airport have been refuted by Frerichs and colleagues (1980)., Unlike
the earlier study, Frerichs et al compared age~-race-sex-cause specific
death oceurrences in the noise exposed and contrel areas and found no
appreciable differences. Although it is possible that no asscciations were
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observed due to errors in diagnosis and reporting of deaths and the ecological
nature of the data, the Vital Records mortality study of Frerichs et al (1980)
is much more methodologically sound than that of Meecham and Shaw {1979).

3.5.3 Some Adverse Effects; Blood Pressure
as the Major Response Variable

3.5.3.1 1Industrial Noise and Blood Pressure

One study, weak in methodological rigor, reported an increase in hyper-
tension among workers over 40 years of age exposed to silo noise, but no
increase in bloed pressure among younger noise-exposed workers (Kavoussi,
1973) . Hypertension was defined as 140/90 or greater and was classified using
the average of three blood pressure readings. The author's conclusiong are
questionable because the study failed to meet several evaluative criteria.

It lacked a nonexposed control group, assumed length of employment measured
duration of exposure, wés cross-sectional and assessed only 66 percent of the
employees, provided no noise measurements, applied no inferential statisties,
and except for age stratification made no attempt to control for potentially
confounding variables. .

3.5.4 Some Adverse Effects: Parameters Other than
Blood Pressure as the Major Response Variable

3.5.4.1 Industrial Noise and Health Parameters
Other than Blood Pressure

An investigation of locoﬁotive engineers by Hannunkari (1978} applied
the most rigorous design of the studies indicating some adverse cardiovascular
effects. It included a historical prospective analysis of mortality data
for engineers with clerks and trainmen as reference cohorts as waell as crosa-
sectional data on symptoms, complaints and disabllities. The mortality
experience of some 437 engineers employed on December 1, 1955, and followed
througn December 31, 1963, was compared to that of every second trainman
(N=1575) and to all railroad clerks (N=1224) employed on December 1, 1955,
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Although other results were difficult to interpret, engineers in all five

age groups were ocbserved to have the highest mortality due to diseases of the
circulatory system. Unfortunately, the study suffers from several major
shortecomings. The exposure variable of interest, noise, was poorly deascribed
although apparently assessed at some time in a hygienic survey of locomotive
cabs. The noise exposure, reported as varlable with 45 percent of the
measured equivalent noise levels exceeding 85 dB(A) during a 0.5-2 hour
measuring period, was clearly confounded by unassessed vibration levels.
Information as to the sources, completeness and verification of the mortality
and disability data was lacking. The investigators were rather vague as to
their use of inferential statistics and apparently made no attempt to statis-
tically control for age, comorbidities, drug use, or exercise in their
analysis of morbkidity. Audiometric examinations at initial employment and

periodic intervals, reportedly showing 17 percent hearing loss among engineers,

were not analyzed further.

Cuesdean and colleégues {1977) gtudied cardiovascular and hearing
disorders among operatives ln a Rumanian rubber plant, Noise levels froma
variety of sources, ranging from 85-106 db were reported for 160 subjects,
not exposed to toxic substances. Mean duration of exposure was 6 years in the
21-40 year old group and 10 years in the older workers (41~-60 years), A group
of 160 men and women similarly engaged in light manual labor served as
controls. Subjects were alse assessed as teo hearing thresholds, smoking
history, obesity and excess of animal fat in the diet, all of which may be
potential confounding factors in the relationship between noise and cardio-
vascular disease. The state of the cardiovascular system was evaluated by
three measures: hypertension, probably defined as greater than or equal to
140/90, electrocardiographic alterations and evidence of neurocirculatory
asthenia. The authors reported hypertension among 8.1% of the operatives
exposed to noise and hearing loss among 16.1%. They concluded that electro-
cardiographic alterations at-indices 3-1, 3-3 and 9-2 according to the
Minnesota code, were more frequent among men working in permanently intense
noise than among others. The highest incidence was that of upward deflection
of segment ST. Several problems emerge in the evaluation of this research.
Firstly, even thouéﬁ the electrocardiographic changes are significant
statistically, it 1is not clear that they are of any clinical significance
relative to disease onset as suggested by the investigators. Secondiy, the
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study design, éample selection, noise parameters and health ﬁeasures were not
described well, nor in detail. Thirdly, no multivariate analyses were per-
formed capitalizing on the data available relative to sex, smoking, weight
and diet.

3.5.4.2 Transportation, Neighborhcod and Community
Noise and Health Parameters Other than

Blood Pressure

One study of general nolse exposure reported some adverse effects of
noise, but the weak study desiqn limits its usefulness. A study in Hayward,
California, determined degree of expogsure to aircraft noise with the Noise
Exposure Forecast measure and health status with a symptom checklist
(Graeven, 1974). Graeven concluded that airplane noise was the third most
important factor in determining health problems. Neise awareness and annoyance
reactions were more important than the noise level. This conclusion was
based on a 20 percent quota of famales from four exposed areas and a control
city, with unreported response rates, and varying age distributions within —
the areas which were not controlled in the analysis.
3.5.5 No Adversge Effects: Blood bressure as the

Major Response Variable
3.5.5.1 Industrial Noise and Blood Presaure

Investigations of noise exposure among occupational groups and in the
general population have shown no assoclations between noise exposure and
cardiovascular disease. In general these studies were more methodologically
sound, displayed more powerful designs than much of the research previously
described, applied inferential statistics to a greater degree and considered
several potentially confounding variables in the analysis. The designs
represented were historical prospective/paired cohort, historical prospective/
cross=sectional and cross-sectional utilizing noise levels and hearing
impairment. There were two studies in which noise-induced hearing loss

saerved as a surrogate measure for noise exposure. Ca;
b
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A major factor detracting from the studies showing no effects of noise
on blood pressure is that of small sample size. Failure to reject the null
hypothesis may mean the researcher has not been able to demonstrate that a
difference exists or that a difference is probably not large enough to be of
practical importance or that the sample size was not sufficiently large to
detect differences. Employing too small a sample may result in Type II error
v which consists of falling to declare that two population mean blood pressures
are significantly different, when in fact they are different. The practical
control over the Type II error depends upon the investigator specifying what
difference is of gufficient importance to detect, the probability he desires
of actually detecting it and an appropriate sample size. In general, the
probability of committing a Type II error decreases as sample size increases.
The issue of sample size and jits importance is discussed further in Section 4,

E ' P.38 of this report,

E' Two falirly well designed cross—-sectional investigations recently

: conducted by A, Cohen and colleagues (1980) and Lees and Roberts (1979}

1 : showed no evidence of a relationship between noise exposure and blood pressure.

i ~— Cohen and colleagues (1980a) compared 51 paper mill workers who met high-

i I frequency hearing loss criteria to 51 workers with no more than 20 dB hearing

; .level in either ear for any test frequency. The surrogate ncise measure,

high frequency hearing leoss, used hearing level criteria of 65 dB or mdre for

3000, 4000 and 6000 Hz. The exposed group averaged 22 vears on the job

whereas the control group averaged only 12.5 years experience. Blood pressure

measures were based on the last two of three readings and were taken by

observers without knowledge of the hearing status. The World Health Organiza-

-tion criteria of greater than 160/95 mm Hg was used to define hypertension.

i Conclusjions were derived from a covarjate analysis designed to adjust for

i differences in age and body size, The study suffers from small sample size
and posgsible Type II error. 1In cross-gsectional data of this nature it is
difficult to assess selection bias. 7Tt is possible that a person who is
both hearing impaired and hypertensive is more likely to retire or change

jobs than an individual experlencing either prcblem alone.

The findings of lLees and Roberts (1979) using a similar high frequency
hearing loss group and a random sample of gontrols working in quiet areas of
a plant were consistent with those reported by Cohen. There was no evidence

»

of a relaticn between increased systolic or diastolic blood pressure and
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hearing loss. Using company health records, persons with hearing loss who
worked in high noise areas of a plant were selected for study and stratified
into age groups. From these age gtrata, a random sample of 62 subjects wa:s
drawn and matched for age and duration of employment with a control group

of 62 persons drawn at random from workers employed in quiet areas, Noise-
induced hearing loss was defined as attenuatlon of hearing greatest at 4000
Hz and at least 20 dB greater than the attenuation at any frecuency less than
3000 Hz.

Lees and Roberts do not make clear why such a small sample of subjects
was drawn from among the plant empleoyees nor how matching was maintained in
the analysis. The failure to detect differences in blood pressure between
the hearing loss and control group and the relatively small sample size
suggest the possibility of Type II error.

No association between noise exposure and blood pressure was also
reported by Malchaire and Mullier (1979) in a cross-sectional study of
apparently adequate sample size. Subjects were 1030 car assembly line
workers, 581 wire mil) workers and 510 individuals never exposed to
occupational noise. Noise levels in the car assembly plant ranged from
92-100 dB(A) and 93-97 dB(A) in the wire mills. Although data are lacking
as to total vocatlonal noise exposure histories, the exposed workers had -
baen employed at least 3-4 years aﬁd hearing tliresholds had been determined
over a 3~4 year period. The hearing deficit groups had average hearing levels
for 1, 2, and 1 kHz for both ears greater than 25 dB. It appears that
control group subjects were not assessed for hearing loss. Thus in the
analysis, subjects in the two high noise groups were further divided into
hearing loss and no hearing loss groups and compared to controls assumed to
have ne hearing impairment. Although the Werld Health Organization criteria
for hypertension were applied, the authors failed to indicate whether blood
pressure was measured pre or post shift and the number of bleood pressure
readings taken per subject. Twenty-saven Chi square tests applied to the data
falled to identify any relationship batween exposure to noise as depicted by
hearing deficit and blood pressure lavel. However, according to this project
review team, if the data for all the noise exposed subjects are combined and
hypertension ig defined as blood pressure greater than or equal to 140/90
mm Hg, the results are suggestive of a dose=response relationship; the
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percentage of hypertensives increases from "the non-noise exposed group" to
"the noise exposed but no hearing loss group", to "the noise exposed plus

hearing loss group”.

3,5.6 No Adverse Effects: Parameters Other than
"Blocd Pressure as the Major Respeonse Variable

Two historical prospective studies and one community survey were
identified which showed no relationships between noise exposure and cardio-
vascular parameters including ischemic heart disease, hypertension, pulse

rate, use of anti-hypertensive drugs and consultation rate.

3.5.6.1 Industrial Noise and Health Parameters
other than Blood Pressure

Lees, Smith and Wetherall (1280b) identified 88 employees who had
worked exclusively in a low noise area in a production and material handling
industry and matched 70 of them with workers exposed to high noise for a
fifteen year hisvorical-prospective analysis. Subjects were matched by age
{within five years), exposure period and duration of employmenp. Compre-
henSive medical records were available for counts of new events of ischemic
heart disease, hypertension, myocardial infarction and other illnesses.
January 1, 1962 served as a baseline for morbidity measurement., A high noise
group was defined as occupaticnally exposed by job area to prolonged high
level noise greater than 90 dBA for a minimum of three consecutive years. A
low noise group was represented by those exposed to less than 85 dBA
ambient noise for their total work history. Workers exposed at intermediate
noise levels were excluded, Thirty pairs of subjects were exposed for 3-6
years, 22 pairs were exposed 7-10 years and 18 pairs for 11=-15 years. Work
shift which was strongly correlated with noise exposure was considered in the
univariate analysis. The study demonstrated no significant differences
between the two groups in the lncidefice of medical conditions for specific
exposure periods nor for total period of the study. Unfortunately, as the
authors indicate, the sample slze was prohibitively small - the increased
risk in the noise exposed group would have to be somewhere between three

and ten times that of the nonexposed to enable rejection of the null
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hypothesis. The historical prospective matched-pair design was the major
strength of this study yet the matching was not maintained in the apalysis.
Use of work shift as a potential confounder in a multivariate analysis may
have also enhanced the power of this study.

A second historical prospective study, apparently utilizing cross-
sectional data from annual examinations of 29 pilots and 29 non-flying '
contral subjects showed no changes in blood pressure, heart rate, cholesterol
or glucose levels due to noise exposure (Brown et al, 1975). Pilots and
controls had at least eight years in the executive physical examination
program and were said to be of gimilar socio-economic status. Pilots had
Elown 6000 or more hours. The study suffers from several problems in
addition to small sample size. Actual ncise exposure levels were not
available for the pilots and no necise data were provided for the controls.
Comparability of the two groups was not demonstrated and the possibility
of selection bias, that is proporticnately more healthy than unhealthy men
remaining in the program, was not addressed.

3.5.6.2 Transportation, Neighborhood and Community
Noise and Health Parameters Other than
Blood Pregsure

Knipschild and Salle (1979c) found no associations between traffic noise
and hypertension, consultation rates, angina or ischemia of the heart in
their population survey in the eastern part of the Netherlands. They suggest
that the failure to observe a relationship between noise exposure and cardio-
vascular disease in this ecologic survey of housewives could be the result
of a comhinaticn of nonrespense, confounding factors such as varying social
class among the groups and limited range in level of noise exposure bhetween
the two groups. The "noisy" streats had a noise level of Leq=65-70 dB{A)
compared to Leq-=55-60 dB{A) for the "quiet" streets.

3.5,7 Effects of Short-Term Noise Exposure

Considerable evidence has accumulated over the past three decades from

human and animal experiments suggesting that noise may influence bhlood pressure

regulation and other cardiovascular responses. 'The majority of these studies
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were conducted in controlled laboratory environments, used noise as an acute
stimulus and reported short-term or immediate physiologic responses. Recent
and exteﬁsive reviews of the experimental evidence of noise effects of the
cardiaovascular system have been reported by Hattis and Richardson {1980) ,
Kryter (1970), and Peterson(l980).

The goal of the literature review presented herein was to focus on
epidemiological studies of long-term exposure to neise and cardlovascular
response. However, several experimental studies were included in this
review because of their potential for indicating health risk that may exist
in real and long-term exposure to noise in daily life. 1In this report, short-
term exposure is used to indicate noise exposure other than life exposure in
work and in the general environment which is experienced by individuals over
months and years. Specifically, we selected experiments simulating natural
environments and/or studies measuring pre-post work shift responses to
industrial noise.

Nine studies were identified in the English literature which explored
cardiovascular response to short-term noise exposures. Four of these were
experiments using healthy young males as subjects and simulated traffic or
factory neise as the stimulus. Five were pre-peost shift measurements of
workers employed in noisy occupations.

Three quasi-experiments using simulated aircraft and traffic noise
suggest rather confusing results for short-term noise exposure, Di Cantogno
et al {1976) concluded from a non-randomized experiment of 33 subjects and 11

controls of dissimilar ages, that noise may be responsible for an increase in

myocardial energy requirements. In randomized experiments exposing 12
healthy males, aged 19-26 years, to simulated aircraft and traffic noise,
Mosskov and Ettema (1977a and 1977c) cbserved an increase in diastolic blood
pressure and a decrease of systolic blocod pressure.

Mosskov and Ettema (1977b) noted a similar pattern of blood pressure
changes when the 12 ostensibly healthy males were presented with simulated
textile factory noise while performing mental tasks in a soundproof room.

An increase in diastolic blood pressure and respiratory rate and a decrease
in pulse pressure and heart rate were observed with the experimental noise
load. Subjects sexrved as their own controls and performed sessions in

random sequence. It is guestionable whether or not the random
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assignment on noise type to so few subjects adequately controlled for o~
potencially confounding factors. There were differences reported in systolic
and diastolic blood pressure, pulse pressure and sinusarrhythmias between the f
"rest periods of the experiments." This fact alone may mitigate some of the I
differences observed with noise exposure. The observed decrease in sinus- .f
arrhythmias may indicate a decrease in parasympathetic tone, but a decreased )
heart rate would suggest the opposite effect. 1
Antonova (1971), investigating the Impact of industrial neise on 33
workers in an ore dressing plant, reported neise levels of 92~112 dB in mills :
and 97-104 dB in separators with relatively high vibration velocities. He
observed increases in arterial pressure among mill operators but no change
among geparator operators when analyzing measurements taken prior to work, .t
6 hours after beginning the work shift and after work. Too little data are
provided the reader as to the quantity and quality of the exposure and health l
assegsments to warrant conclusions from this study.
in a somewhat more rigorous investigation, Dega and Klajman (1977)
studied blood pressure and heart rate amonhg men working at propeller
grinding compared to similar shipyard workers not expoged to noise. P
Unfortunately, for comparative purposes, the health outcome measure was
reported as heart minute volume according to Starr's fermula, a dérived
parameter based on both heart rate and blood pressure. Since the relation-
ship of this parameter to disease is virtually unknown, the relevance
of the outcome measure in the study of nolse effects on the cardiovascular
system ig gquestionahle. fThe study iz of interest because noise levels were
plotted in the work sites of the expesed though not the unexposed group:
pre- and post-~work measurements were obtained on the noise exposed and
comparison group of workers; and there is limited, but suggestive, evidence
of a dose~response relationship in that ten exposed workers wearing anti=-
noise ear protectors experienced a decrease in heart minute volume similar é
to the level in controls, '
Cardiovascular vulnerabllity to intense noise was suggested by
Yazhurskis (1971) in a study of 36 ostensibly healthy young men working
with 8 ke to 20 ko ultrasound for two to five years, Conducting experiments
in an ultrasonic laboratory under work conditions, he observed that the
noise exposed workers displayed reduced heart rate, enlarged T wave, C;Q
diminished P and R waves, and reduced systole:diastole ratio. Exercige
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resulted in-a.downward shift of the R5-T segment of the ischemic type
immediately after work in noise. Blood pressure fell towards the end of

the workday; blood pressure did not return to its initial level within five
minutes after an exercise tolerance test. These physiological responses are
interesting, but of questionable c¢linical significanée. In the opinion of
the cardiologist reviewer of this literature, the "junctional" (conjunction)
ST depression observed toward the end of the test by Yazburskis is not a
clinically significant response.

Measures of 17-ketosteroids and urinary volume have been studied to
determine if changes are produced in the presence of noise, assumed to be a
stressful stimulus (Gibbons et al, 1975). The acoustic environments of four
il tankers, which were ranked according to noise and vibration values,
ranged from 49 to 94 dB., Volunteer officers from the four ships participated
in the quasi~experiment. Each officer served as his own control with
17~ketosteroids and urinary volumes determined while on-board ship and
exposed to noise and while on leave. The authors concluded that there was
a significant decrease in the level of l7-ketosterocid and urinary volume
while the officers were serving at sea compared te the values obtained when
the men were on leave, Noise could not be assessed independently of vibration
in this study aboard cil tankers, Gibbons, Lewis, and lord (1975} also
reported that on the basis of experiments, a decrease in 17-ketostercids is to
be expected with noise exposure and with a combination of noise and vibration.
The relationship of this physiclogical change to overt disease is as yet
unknown .

among the poorer studies methodologically, is a cross-secticnal investi-
gation of the free-fatty-acid (FFA) levels in the blood of spinners and
weavers. One hundred twenty-one female workers were divided into seven
small groups, tested for FFA at varying times during the work day, and
compared to nine controls tested before work and inh the seventh hour of work.
The authors (Proniewska et al, 1972) concluded that cholesterol and beta-
lipoproteins increase with a tendency toward FFA rise in the first two hours
of work, but at 6-8 hours work there is a considerable increase in FFA with
a decrease in other lipid values. Such conclusicns are clearly suspect since
the data for the exposed and controls are not comparable; cross-sectional
differences rather than serial changes over time in the noise exposed workers

were compared to serial changes in the small group of controls.
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The studies indicating cardiovascular system responses to short~term noise
exposure tended to suffer from design and measurement problems. Furthermore,
the lack of bioclogically plausible hypotheses to explain the physiclogical
iesponses observed reduces the contribution these gquasi-experiments might

make toward elucidating the health effects of noise exposure.

3.6 Brief summary of the English Literature

Twenty-six of the 36 studies published in the English literature were
cross-sectional in design which provides a weak epidemioloéical basis from
which to infer causal associations. Few of the studies attempted to quantify
the observed relationships and only one, Friedlander et al {undated), reported
risk ratios, Overall, there was little evidence that other factors which may
have contributed to the causal network were studied concomitantly with noise.

The evidence implicating noise as a possible risk indicator is strongest
for changes in blood pressure. Seven research groups demonstrated findings
supportive of a positive association between noise exposure and bloeod pressure.
Several of these studies provided suggestive evidence of dose-reponse relation-
ships: S. Cohen et al (1980b) demonstrated that blood pressure in children in-
creased with years exposed; Knipschild (1977a) ohserved higher blood pressures
as the level of ajrplane noise increased in the villages: Parvizpoor {1976)
demonsérated an increage in the prevalence of hypertension with increase in
length of employment as a weaver. Investigations have also shown no adverse
relationships between noise exposure and blood pressure. Two such studies by
A. Cohen (1980a) and Lees and Roberts (1973), though more methodologically sound
in design than studies showing adverse effects, suffered from small sample size.

Investigations between high noise levels and cardiovascular parameters other
than blood pressure provide fragmentary evidence of adverse effects of noise,
The most convincing data from the 8 studies reéorting some type of adverse effect
were those suggestive of dose-response relationships: Knipschild (1977b) found
that the contact rate for cardiovascular problems increased with increasing noise
level; the Raytheon study reported that workers judged to have always used ear
protectors showed the greatest reduction in medical problems while these who
never used the protectors showed the smallest changes.

The evidence from the English literature suggests that continued investiga=-
tion into the effects of noise on cardiovascular responses, espaecially blood
pressure 1s warranted and that more powerful epidemiological study designs npeed

to be employed in future research.
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°worki.ng in the same plant under low noise conditions.

3.7 Critical Review of the Translated Literature

3,7.1 Adverse Effects: Blood Pressure as the
Major Response Variable

Adverse effects of noise on the cardiovascular system were reported
in twenty-cne of the translated studies. See Table 3-9 for a listing of
studies according to the author(s)' conclusions and the ratings of the
reviewers, For a study to be replicable and fully informative, both the
noise exposure and health variables must be adequately specified. Table 3~9
indicates that most of the studies failed to meet this scientific criterion.
Twenty of thege studies were cross-sectional in design and, with the excep~
tion of three, presented conclusions derived from a large sample of indus-

trial workers.

3.7.1.1  Industrial Noise and Blood Pressure

The investigation of Sanova (1975) was judged by the review team to be
ont of the more scientifically adequate of these twenty-one reports., Sanova

studied 144 compressor operators exposed to continuocus neoise and 30 controls

shops included 90-110 dB infrasound as well as 87-98 dBA nolse levels. All
subjects were male, 20-50 years of age, with employment histories from less
than one year to more than 20 years. The author gave no information on

sample size determination, sample selectlon, or response rate. Cardiovascular
response measures included arterial blood pressure, electrocardiographic
readings, contractile blood volume, one mihute blood volume, and peripheral
resistance. Unfortunately, Sanova failed to provide the reader with defini-
tions and criteria used in determining adverse responses for these health
parameters.

Although very little data were presented, the author reported that
hypertension rates among the noise exposed group increased and stroke volume
decreased with years on the job. 1In this analysis, it appears that no direct
compar isons were made between the high and low noise groups. However,

systolic hlood pressure was shown to increase more with age among workers
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Tabla 3-9
Studias Ranked by Oveérall Score, CAtegorized by Expogure
Setting and Nature of Findinga* as Reported by Author{a) -1
Translated Literature

Pl
Scoras .
licise Health Querall
Expogurs Effacta Mathodolegy Scare
tndustrial Noise - Mvarse Effecta Reported by Author
Sanova (1975) 4 3 3 3 "
Stagiow et al (1974} 4 7 k] 3 '
Britanov [1979) 5 b 2 2
Demater et al (1379} 2 2 2 2
Gallar et al (1963) 2 4 H 2
Graff st al (1968) 2 q 4 2 -
Jansen [1959a} 2 H 3 2
Pilawska ot al (1977) ? 2 4 2
Rumiantsav et al (1871) 2 7 2 2
Cieslewicz {1971) 1 7 3 1 -
Gal'tishcheva [(1980) 2 4 1 1 '
Kangelar{ et al ({(1946) 2 1 2 1 '
Khomulo et al (1367) 1 7 2 1
Langetta st al (1979 1 a 4 1
Shatalov (1965h) 1 3 2 1
Terentisv ot al (1369 2 1 2 1
Barhad et al (1969) 1 0 3 0
Parankn et al (1974) 1 4 0 0
Tavtin {1376) 3 Q 3 o} -
voptlkina (1959} 0 4 0 0 t
Zvereva ot al (197%5a) A 1 o o o
Laboratory Studies « Advarse Effects Reported by Author .
Quaas at al (1970} 6 9 5 5 !
Burgaer et al (1975) 4 9 4 4
Klotzbuecher (1976} k] 4 5 3
Marianisko et al (1975) k] ] 3 3 o~
Industrial Naise - Some Advarse Effects Reported by Author ' :
Ising et al {1979} 6 ] 6 . 4
Folprachtova=Stanzlova et al (1966) H 7 3 k]
Suvorov et al {(1979) 3 s H k]
Kachnyl (1977} 2 -] 2 2 ;
xalicinski et al (1975) 2 3] k] 2 .
Shatalov et al (1962a) 2 3 3 2 !
Andrukovich (1965) 2 6 1 1 !
Jansan (1961b) ' 3 1 2 1 !
Jirkova et al {1965} ] 1 3 1 |
Kobmta et al {1972} 2 1 3 1 :
Pokrovekii (1966) 1 2 3 ! ) :
Troianakii et al (1971) 1 ] 4 1 K
Zverava at al (1975h) 3 1 1 1 i
Shatalov at al (196%c) 1 2 2 1 i
Capallini &t al (1974} 0 & 1 o ‘J
Grusha (1974) 0 1 5] o i
Kanavskaia st al (1877) 2 o k| o K
Liubashevskaia =t al {1976) 0 2 q o H
Shatalov et al (1970d) 0 1 4 o i
Transportation Noise, Neighborhood Noise and Comtunity Neles - Some Adverse . '
Effects Reported by Author -
von ELff et al (1280) 1 6 & 1 !
Koatarny et al (1976} 0 1 2 o i
Meinhart ot al (1970) 0 2 4 o] I
. i]
*A grouping for conveplence of reporting. |
™ N

Adverso effacta: the study shows deviations from normal which the author infers ¢
to ba decrimental to health. —r i
some adverse effegts: the study presents several findings, at least ane of which [
the authar infers to be detrimencal to health, This category includes .
atudies showing differential effecty among population subgroups and/or H
poige effects for ona health outcome but not anether, L
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exposed to noise than among the 30 low noise controls. The eclinical
gignificance of the changes in contractile function of the myocardium are
essentially unknown. This study, while showing some possible adverse
effects, offers little in elucidating an association between noise exposure
and high blood pressure. The control group was very small. Furthermore,
there was jnadequate statistical control of confounding variables and
incomplete analysis of the data.

A large-scale cross=-sectional investigation of industrial shipyard
workers was reported by Pilawska and colleagues (1977) as demonstrating
strong assoclations between noise and health effects. They compared
medical record data of 1826 workers exposed to noise levels higher than
85 dB for longer than five hours a day to medical data of 5825 workers from
an area where the noise did not exceed 75 dB. Year long and standardized
noise measurements were made by dividing the plant into three sections;
each secticn was measured separately using nine daytime and twelve night-
time measurement points. The health assessments were less preclse, consis-
ting of extant data from periodie examinations conducted by thirteen plant
physicians. biagnostic criteria and definitions of deviations from normal
were not specified. Although hearing damage and stomach ulceration were the
major disordery identified, the rate of hypertension among the noise exposed
workers was twice that of the nnnexpesed, not taking inte account age and
length of employment. Sex, history of hypertensive disease and treatment,
weight and comorbidities were not taken into account in the analyses. ‘The
main strangth of this regearch was the specification of the noise exposure
paraméter. Unfortunately, its scientific value is limited by inadequate
measurement of the health component and incomplete ahalysis of the data.

Britanov [(1979) also reported elevated blood pressure in response to
noise exposure in a study of female employees of an acetate and polyvinyl
chemical fiber plapt. Since the goal of his research was te study the
combined effects of noise and acetona, the women were categorized as working
in maximum permissible levels of noise and maximum permisgible concentrations
of acetone; working in noise lower than the permissible level with acetone
at the maximum permissible level; and noise levels higher than the permissible
levels and acetone at levels three to six times lower than the standard.
Unfortunately, Britanav did not include a low noise, low acetone group as a

control. llypertension was defined as arterial bleod pressure ol 160/95 mm Hg
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and higher; bhorderline hypertension as blood pressure between 140/90 and
150/95 mm Hg. The study revealed dominating hypertension and borderline
hypertension in the high noise groups (30,0% and 27.5%) compared to the low
noise plus maximum permissible level of acetone group (9.7%). The author
stated that these data were age standardized, but standardization is not
evident to the reader. These observations, although based on prevalence
data and not subjected to statistical testing, are suggestive of an associ-
ation betwesen hypertension and noise exposure. Methodological weaknesses of
the study include poor quality contrel of the measurements, potential self-
selection and possible confounding by environmental variables.

In addition to blood pressure, Britanov evaluated the 113 workers
using physiclogical studies, hearing tests and a complaint index. The
percentage of persons complaining of cardiovascular disorders was high in the
high noise work environments. Alterations of the physiological functions
were found to be most pronounced in workers exposed to the simultaneous
effect of high noise and acetone.

Cieslewicz (1971) concluded from his study in the spinning and weaving
department of mills in Poland that extra-auditory effects of noise represent
a serious health problem. His cross-sectional analysis was based on data
collected in 1968-69 from 702 weavers exposed to noice ranging from 96—

116 4B and 605 spinners exposed at the 84-90 dB level., Hypertension was
defined as blood pressure higher than 150/95 mm Hg. He showed a hypertension
rate of 35.9% for female weavers over 50 years of age compared to 1l6.1% for
spinners of the same age, sex category; hypertension rates for men (over 50
yvears of age) were 25.9% for weavers compared to 9.6% for spinners,

Although the study is based on a large sample size, it suffers from gerious
selection bias and failure to control for potential confounders such as age,
workshift and seocial class. In addition, the author failed to provide
detailed nolise data for the spinners. It appears that both groups of workers
were exposed to relatively high noise levels. Although the author attributed
the differences he observed to noise, his infarences cannot be defended
given the cross-sectional nature of the design and the number of uncontrolled
variables.

Another study in the textile industry was so poorly designed and/or
desceribed that it is inadequate for judging associations between noise
cxposure and blood pressure changes (Vopilkina, 1959). However, it is the
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only study in which the author concomitantly assessed environmental
temperature, weight loss of the workers and bleood pressure changes during

the day. Vopilkina, measuring blood pressures before and after work, found
that arterial pressures of spinners and weavers decreased after work,

whereas there was little change among the controls. He suggested that these
changes could be produced by several factors other than noise such as high
temperature. The average weight loss of spinners and weavers in the course
of the day, taking water consumption inte account, was 1.5 kg. Unfortunately,
the data are insufficient for determining the long-term effects of daily

fluid less on the blood pressure of the workers.

3.7.2 Adverse Effects: Parameters COther than
Blood Pressure as Major Response Variables

3,7.2.1 Industrial Noige and Health Parameters

Other then Blood Pressure

Five studies provide limited evidence of an association between noise
exposure and cardiovascular parameters in addition to hypertension. Workers
in the oil industry were studied by Geller and associates (1963). 1In this
cross-sectional analysis, 1482 workers in oil gases and 366 in oil gases
plus high noise were compared to 263 subjects in administrative work and
456 persons in physical work at the factory. WNo information was provided as
to sample selection or participation rate. Hypotension was defined as less
than or equal to 99 maximal arterial pressure or less than or equal to 69
minimal arterial pressure. Hypertension and cardiovascular neurosis were not
defined, The workers were éaid to have been exposed to noise for fregquencies
from 2400 to 6000 Hz at intensity levels of 115-125 dB. Sex and age were
controlled by stratification. Subjects were categorized as under age 40 and
over age 40.

Geller and coworkers concluded that arterial hypotension is less common
and hypertension much more common in persocns expased to persistent high
noise than in workers whose work conditions were not connected with the
influence of neise. Cardiovascular neurosis was more frequently found in
workers exposed to the effect of noise than in employees performing other

physical work in the plant, The major weakness of this study lies in the
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inadequate information provided on both noise exposure and health outcome
including hypertension and hypotension.

In an observational study designed to verify results from experimental
noise research, Jansen (l95%) selected workers representative of high and
low noise exposure groups in fifteen ‘metallurgical plants in Germany. Among
the 1005 subjects, 669 worked in noise somewhat greater than 90 d8 and
336 were exposed to noise of less than 90 4B, Jansen defined 34 different
“jobs within the smelting industry and described the high and low noise groups
by job types. The average age of workers in both groups was 42 years. The
average length of employment was 11 years; all subjects had worked at least
3 years under the same conditions. Employees lost no pay by participating,
resulting in a low refusal rate except for responding to social~psychological
questions,

Interviews, physical examinations and blood tests were conducted,
presumably by the fifteen plant physicians. Health ocutcomes included
symptoms of vascular and cardiac problems, tachycardia, extrasystole and
blood pressure. No diagnostic criteria were given; it would appear that
gome of the findings labeled "objectiva" did, in fact, require subjective
judgments of the examiner. No blocd pressure data were presented.

This was cone of the first investigations to dascribe the high and low
noise exposure graups in great detail as to personal characteristics,
economic status, family life, living conditions, environmental and working
conditions. Although a great deal of data were available and sample size
was large, there is no evidence that any of the variables were statistically
controlled in the analysis. Nevertheless, Jansen concluded that his study
proved that vascular dlsturbances, skin findings (paleness) and cardiac
findings (rhythm disturbances, tachycardia, extrasystoles) are noise
determined. It is difficult to concur with such strong inferences for the
following reasons: data were not presented in detail with evidence of
statistical control of confounding variables; noise exposure and cardiovas-
cular measures were poorly documented; exposure suspicion_biaa was likely
since health measurements were taken by plant physicians, after noise deter-
minations and after talk about work; and each examiner was permitted
flexibility in the use of a standardized gquestionnaire.

Graff and celleagues (1968) studied 117 workers in a boiler plant
'exposed to 95-110 dBA noise and 50 workers in heavy transportation in the
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same plant without noise strain, Noilse exposure levels for the control
group of workers were not provided. It is unclear how these transpertation
workers differed in noise exposure from the transportation workers described
among the noise exposed. Data were collected on blood pressure and other
cardiovascular parameters including standard electrocardiography and
electroencephalography readings, skin galvanic reflex, and physical
examination. Blood pressure was categorized into four grades according to
the World Health Organization criteria. No criteria for defining cardiovas-~
cular pathologies other than hypertension were given.

The authors cbserved a larger proportion of hypertensive patients and
patients with other heart and circulatory sickness ameng the noise exposed
group than among the workers without noise strain. Unfortunately, detailed
analyses by age and length of empioyment included only the noise exposed
group. Within the exposed group, 25~35 year olds, locksmiths and black-
smiths, and individuals exposed at least eight years were most likely to
present with hype'rtenslon and other circulatory problems. In addition, it
was observed that in patiepnts with heart and circulatory disorders and in
the group without pathological findings, hard-of-hearing persons were found,
but the number of normal hearing persons was lowest in the group of people
with high blood pressure. This study provided weak, at best, support for an
association between noise exposure and cardiovascular disease.

Three major problems are evident in their cross~sectional data:
selective survival and attrition among older workers in the noise exposed
group; inappropriate analysis of the data with fallure to make comparisons
between the noise exposed and the non-noise group; and failure to control
for confounding factors. The data were presented in graph form only.

In a recent study of 100 male coal miners, mean age 45 years, Denmeter
and colleagues (1979) investigated the relationship between hearing loss
{"sonic trauma") and arteriosclerosis. They selected 100 male workers and
divided them into two dgroups according to audiometric results. The first
group was composed of workers with normal hearing whereas the second group
inecluded individuals with "incipilent sonic trauma® and advanced hearing loss.
Seventy~four of the 100 workers had some type of hearing loss. The authors
gave no indication as to how subjects were selected for the potential
subject pool from which the 100 were selected. Considering the number of
variables studied, the sample size was quite small,
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In order to develop an atherosclerosis risk profile, 40 workers
(including all hearing levels) were measured for cholesterol, triglyceridas,
retinal changes, electrocardiocgraphic changes, ponderal index, positive
history of smoking, and pasitive family history. The authors used Feinstein's
set theory with the aid of Venn diagrams te analyze the data. They concluded
that neise plays an inducing role in arteriosclerosis, that artericsclerasis
favors the occurrence of hearing loss (sonic trauma).

This paper is of interest because of its focus on the interrelationship
of hearing loss, artericsclerosis and noise exposure, However, noise is
poorly documented and the data do not appear to be examined in an appropriate
fashion. In addition, it is not clear as t¢ what the authors intended to
use as a control group, Thus, the correlational data presented do not appear
to warrant the strong inferences raeflected in the authors' conclusions.

An earlier investigation of the influence of noise on lipid metabolism
had also implicated noise in the development of arterioscleresis. In 1967
Khomule and associates studjed blood serum cholestercl and beta-lipoproteins
using standard laboratory methods. They selected a noise exposed group of
69 men and 34 women who ostensibly underwent observation over the course of
seven years and a control group of "practically healthy" workers (38 men and
13 women), This design dascription implied that prospective data were |
availéble, yet the analyses showed cross-sactional data only. The noise
exposed group had wbrked for varying lengths of time under conditions of
high~frequency noise of 95«117 dB intensity., The control group had been
exposed to "permissible" nolse of middle and low frequencies with intensity
levels from 60-~95 dB. '

The authors reported that industrial noise of 95-117 dB acting for five
or more years, leads to hypercholesterclemia and/or a tendency toward
increased quantity of total lipids and beta-lipoproteins in the bleood. It
was further observed that the degree of increase in chelesterol depended upon
the length of employment in cenditions of intense noise. This observation
is suggestive of a dose-response relationship since a comparable increase in
cholesterol did not occur in the control group. The strength of this study
lies in the standard assessment of blood lipids. However, the fact that data
are not presented to support other than a cross-sectional strategy limits
conclusions which might be derived from these data.
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3,7.3 Adverse Effects: Steady versus Non-Steady

Noise

Several studies in the translated literature compared effects of steady
and non-steady noise. In studies described elsewhere in this literature
review, the investigators did not indicate that specific comparisons were
made between noise exposures which were steady or non-steady. In many cases
the noise source and type were not described. For purposes of this review,
the term "stable" was interpreted as steady according to the American
National Standard Methods for the Measurement of Sound Pressure Levels
{American National Standards Institute, 1976).

Shatalov (1965b) observed that in persons exposed to continueus noige,

aymptams of vascular dysfunction occurred. Vascular dysfunction was defined

as lability of the arterial pressure, tendenhcy toward the reduction of venous

pressure and the reduction of peripheral resistance, and bradycardia. Under
exposure to intermittent nolse, there was a tendency to hypertension.
Shatalav did not specify the occupational groups studied and failed to use a
control group of individuals exposed to low noise levels. Subjectz were |
classified according to continuous noise and intermittent noise exposure;

368 individuals worked in continuous noise of B85-112 dB and 221 subjects
worked in intermittent noise of 85-111 dB. Individvals with a history of
cardjovascular disease were excluded. In the group of 589 workers, 23t had
been employed approximately 5 years, 24% from 5-10 years and 53% for more
than 10 years. It is unclear as to how length of employment was used in the
analysis. No information is ‘given as to sampling frame, assemblage of the
study groups nor response rate.

In addition to the above analyses, blood pressure effects were studied
in 1357 persons; 1019 exposed to continuous noise and 338 to intermittent
noise., Noise levels and frequency composition of the noise were not
dascribed for the 1357 persons. Blood pressure measures were taken at the
beginning of the day, after a 10 minute rest. High blood pressure was
defined as values greater than 130/90 mm Hg for persons less than 40 years of
age and values greater than 140/90 mm Hg for workers over 4D years of age.
Low blood pressure was defined as readings less than 100/60 mm Hg. Shatalov

alse studied several other hemedynamic indicators but failed to report
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diagnostic criteria ér measurement procedures for them: electrocardiography,
ballistocardiography, phonocardiography, peripheral resistance, venous
prassure, heart size.

Virtually no raw data are provided the reader. Consequently the cardio-
vascular effects reported by Shatalov cahnot be evaluated adequately. 1In the
analysis of bleod pressure data, there is no evidence of controlling for two
strong confounding variables, age and sex. Although the author may have
considered this study supportive of an adverse relationship of noise exposure
to cardiovascular disease, the reviewers judged the study to contribute
little, if anything, to the understanding of that relationship because of
poor design and questionable clinical significance of some of the measures.

The importance of differentiating between “"stable" (steady) and intermit-
tent noise was demonstrated by Marinlako (1975) in a gquasi-experimental
laboratory study of twenty healthy men. Subjects were exposed to four series
of noise: low frequency steady noise; low frequency noise with intermittent
effects similar to work in concrete packing; high frequency steady noise; and
intermittent noise similar to hydraulic testing of pipes. 1In each series,
subjects were exposed to noise for a total of one hour as follows: Series 1,
steady noise; Series 2, nolse presented for 2.5 minutes alternating with
5 minute intervals; Series 3, steady noise; and Series 4, 0.5 minute noise
alternating with 0.5 minute pauses. The f£indings suggested an adverse effect
from noise with intermittent sound leading to a greater degree of vessel
vasaconstriction than steady noize.

Another cross-gectional study of workexrs exposed to stable and pulsed
neoise was conducted in a machine building plant (Tavtin, 1976). A total of
861 workers, 281 women and 580 men, were divided into five noise exposure
groups. Group l was composed of 121 workers in 70 dB noise; Group 2 of
139 workers in 83 4B noise:; Group 3 of 168 workers in 94 4B noise; Group 4
of 267 workers in 110 4B noise; and Group 5 was composed of 166 workers in
114 dB noise. Cardiovascular dysfunctions were assessed by cliniecal
examination. No diagnostic criteria or definitions were provided the
reader. No actual data were presented. However, the author reported that
under exposure to continuous noise, there was a significant increase of
cardiovascular system disorders {6.3%). Under exposure to pulsed nolse of
114 48, functicnal disorders of the cardiovascular system occurred in 8.4%

of the subjects. Tavtin concluded that a significant increase of functional
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disorders of the nervous and cardiovascular system takes place under exposure
te noise of a general level of 110 dB and under exposure to pulsed noise of
114 dB. Unfortunately, there is no indication that observations in the high
noise group were compafed to the low noise group. 1In addition, this cross-
sectional study provides no analysis in which age and sex, strong potential
confounders, were controlled. Thus, the reviewers concluded that the data
presented are inadeguate to support the author's conclusion of a significant

increase of cardiovascular disease under exposure to noise.

3.7.4 Some Adverse Effects: Blood Pressure as the

Major Response Variable
3.7.4.) Industrial Noise and Blood Pressure

Several of the 19 studies grouped as showing some adverse effects are
fairly rigorous in design and suggest that noise éxposure may be positively
associated with cardiovascular responses. Observations by Folprechtova-
Stenzlova and Janicek (1966) were suggestive of an assoclation between
noise and blood pressure in that foundry workers with longer exposure to
noise (in years of employment) had higher blood pressures than workers with
shart eiposures. As the anthors point out, age was only partially controlled
in the analysis, so these data must be interpreted cauticusly. Different
levels of noise did not affect the level of blood pressure when years
employed and schedule were held constant. However, all noise levels were
high; the average noise level for the high exposure group was 108 dB com=-
pared to an average of 92 dB for the low noise group.

One of the unigue features of the Folprechtova-Stenzlova study is its
consideration of potentlal cardiovascular risk factors including weight,
fluid intake, salt intake, fat intake, smoking history, sleep patterns as
well as the stress of commuting, work schedules, and rnumber of children.
Lower values of average blood pressure were found in workers commuting to
work, those with relatively low body weight and those limiting fluid intake.
Since these variables were evaluated only as single indicators, it would he
informative to subject the data to multivariate analytical techniques
currently available to explore the contribution of noise while adjusting for

aother environmental influences on blood pressure.

3-47



|

P b o ek o s e e a7

Kalicinski and colleagues {1975) reported a dose~response relationship
between noise and hypertension similar to that observed by Folprechtova-
Stenzlova and Janjcek (1966). The frequency of hypertension increased from
26% for women employed for l-6 years to 47% for women working 13 or more
years in nolse. These investigators studied 140 women working in the spinning
and weaving industry who had been exposed to similar nolse levels for varying
periods of time., The nolse ranged from 95-105 dB for frequencies of 32 to
16,000 Hz. The subjects ranged in age from 47-51 with an average age of 49
years., Hypertension was defined as blood pressure greater than 140 mm Hg
systolic and greater than 90 mm Hg diastolic.

In addition to blood pressure, symptoms of coronary disease and inade-
quate blood supply to the heart were evaluated. The frequency of symptoms
of inadequate blood supply to the heart muscles indicated by changes in the
S-T segment on electrocardicgrams was greater, the longer the occupational
exposure to noise. Since the S-T changes occurred most often among those
with high blood pressure, they may represent changes due to hypertension
rather than independent signs of coronary disease. These doge-response
relationships ara also questionable because of potential selection bias,
inadequate measurement of noise exposure and the failure to control for
confounders other than sax and age. .

Five other studies showed blood pressure effects of noise. In a cross-
sectional study of 300 female weavers working in noise of 102-108 dB, Kachnyi
(1977) observed a preponderance of hypotensives at the shorter years of
service. However, the number of hypertensives, although very low in this
young population, increased with the length of employment, suggesting a dose-
response relationship between noise exposure and hypertension. Hypotension
was defined as blood pressure less than 100/55 mm Hg and hypertensicn as
greater than or equal to 140/90 wm Hg. For no apﬁarent reason, the
researcher tock the arterial pressure in the middle of the first shift of
the last day of a-five day work week.

The strengths of this study were in the size of the population and the
selection of subjects with no industrial noise exposure other than that under
investigation. The research is not very useful for judging the asszociation
between noise and blood pressure because comparisons were not made with the

control subjects, There was limited use of analytical techniques with no
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evidence of statistically controlling for age, obesity, family history of
hypertension or other stressors which may have biased the results.

An earlier study from a population with remarkably low mean blood
pressure levels provides data of limited usefulness. Andrukovich (1965)
compared the blood pressures of 846 spinners and weavers in a textile factory
to the blood pressures of approximately 8972 women in the general population.
He found that arterial pressure was higher in female weavers compared to the
mean age-specific indices for arterial pressures in women of the control
population, The differences obgerved were statistically significant for the
age groups 16-19, 30-39, and 40-49 years.

While this study enjoyed a large sample size, there appears to be a
strong potential for selection bias. 'The noise levels in the spinning
sections of the factory ranged from 87-88 dB and in the weaving sections from
99-102 dB. There was no indication that the general populaticn controls were
screened for noise exposure and no information as to how the age-specific
blood pressures were obtained. The blood pressure data of the workers were
collected over a period from 1959-1983. It is unclear as to how multiple
blocd pressure readings per person were used in the analyses.

Jirkova and Kremarova (19265) investigated the effect of noilse on the
general health of workers in large engineering factories. Their data are
suggestive of a positive association between hypertension and noise levels.
However, the differences observed were not statistically significant. The
chservations were based on 766 men and 203 women from nolsy work places
compared to 371 men and 318 women from not-noisy work places. Data were
collected from the records prepared routinely by plant physicians with no
information as to quality control or criteria applied in abstracting health
information. High noise ranged from 85-115 dB among 34 plants studied. i
The quieter areas had noise levels lower than 70 dB. The authors indicated '
that in the noisy work places the noise was considered disturbing because
its intensity exceeded the amount necessary for conveying information whereas
in the quiet areas the nojise level was not disturbing. The major weaknesses
of this study were the poor noise exposure data provided, the lack of
quality control of the health cutcome due to the use of medical records, and
the failure to control for potential confounding variables. The data were

not examined in a multivariate mode.
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shatalov, Ostapkovich, and Ponomareva {1969c) studied hearing and
arterial blood pressure in 806 persons exposed to 90-122 dB broad band noise
of high frequency and 210 individuals of respective ages with normal hearing
not exposed to industrial factors. Workers were selected from the needle
section of a ballbearing plant, and twisting section of a fiber production
plant. The work conditions of the control group were not stated. Subjects
were categorized by hearing group as unchanged hearing, slight hearing loss,
moderate hearing loss and severe hearing loss. No subjects were classified
with severe hearing loss.

The authors observed that in men working in conditions of noise,
regardless of age and degree of hearing loss, the systolic blood pressure was

substantially higher than in men of the same age in the control group. The

exception was for men younger than 40 years of age with moderate hearing loss.

Among women less than 40 years of age working in noise, an increase in
systolic and diastolic bloed pressure was noticed regardless of the hearing
loss cateéczy. In subjects of comparable age and sex, no variation in blood
pressure in relation to degree of hearing loss was found. The authors
concluded that for persons working in conditions of intense industrial noise
changes in arterial blood pressure precede hearing damage. Therefore, the
role of vascular disorders in the development of occupaticnal hearing
impairment cannot be excluded.

This eross-sectional study included inadequate informatiocn on the
assemblage of the noise exposed and control group, too few control subjects,
insufficient information on sound and blood pressure measurement, and
incomplete contrel of confounding variables. It was judged by the reviewers
to be too poor to support the conclusion that an association between noise
and blood pressure exists. A major prohlem of a study of this nature is
that it is difficult to determing the extent to which selection bias may be
operating due to removal of individuals with both hypertension and hearing
loss from the work force.

Another study by Shatalov and Murov (1970d) demonstrated that exposure
to noise and emotional tension led to an increase in hypertensive disease,
In their study, 2034 men and 1896 women were grouped by noise exposure.
Group ) was composed of 1275 fitters, loaders and lathe operators exposed to
high fraquency noise of 95-112 aB; group 2 consisted of 339 operator-testors

with noise analogous te group 1 and inwork assoclated with neuropsychic
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tension; group 3 consisted of 1172 scientists invelved in mehtal work associated

with tension but no noise; group 4 consisted of 1144 technicians and skilled
mechanics in work not connected with noise nor tension. HNo information was
provided as to sampling frame, determination of sample size, sample exclusions
and/or nonresponse. No information was given regarding the bloed pressure

measurement procedures or conditions under which the readings were taken. Age

and sex were controlled in the analysis with stratification and standardization

procedures.

Mean systolic and diastolie blood pressures and rates of hypertension
were reported. Multiple t-tests were used to compare the age/sex groups on
mean systolic and diastolic blood pressures. There apparently was no
statistical control of factors such as family history of hypertension,
medications, exercise, smoking history, or diabetes. In addition, no
information was provided relative to the hearing threshelds of subjects nor
the duration of employment. The authors interpreted their data to suggest
that noise adversely influences blood pressure; and that neise and tension in
combination influence hypertensive disease to a greater degree than either
operating alone. The study design and analytic methods were weak for drawing

such inferences.

3.7.4.2 Transportation, Neighborhond and Community

Noise and Blood Pressure

The findings of one community survey were suggestive of an association
between noise exposure and hypertension. Von Eiff and Neus (1980} explored
the feasibility of studying the impact of traffic noise on the cardiovascular
health of residents in Bonn, Germany. A high noise area was defined by a
noise level of 66-73 dB{(A); a low noise area by a constant noise level of a
maximum of 50 dB(A}. A random sample of 458 men and 473 women between
20-59 years of age was contacted by letter and later interviewed in the
home. Cnly five persons failed to respond., Aliens, residents of less than
three years and families with apartments above the second flcor in the
noisier areas were excluded.

High noise area residents more often than low noise area residents
indicated existing hypertension or hypertension under treatment. Age and sex
were controlled in the analysis by stratification. The groups differed on
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social class and smoking. Hypertension treatment was not found to be
associated with alcohol, coffee or tea consumption, home ownership, smoking
or income per capita. The authors concluded that a prospective epidemiclog-
ical investigation'was justified.

This cross-sectional survey was one of the bhetter studies reviewed
although it specified the noise parameter poorly and was ecologic in that
individual hypertension status cannot be linked with level of noise exposure.
It could have bheen strengtheﬂed by having blood pressure readings conducted
at the time of interview,

3.7.5 Some Adverse Effects: Parameters Other
than Blood Pressure as Major Response

Variables

3.7.5.1. Industrial Noise and Health Parameters
gther than Bleod Pressure

A recent and methedologically rigorous study was conducted by Ising and
colleagues {1979) to test methods that might be useful in studying noise
effects relevant to health and to explore the relationship of noise to '
.cardiovascular disease risk. It was the only study identified for review
which utilized dosimeters to estimate personal noise dose. It also provided
detailed description of the health measures and applied inferential statistics
to the data.,

- The study was designed to include both cross-sectional and interventional
strategies. Of 100 employees of a brewery who were invited to participate, 90
volunteered. Six work environments within the plant were evaluated for noise
using precision sound level meters and measurements in compliance with ISO
standards. In addition. each subject wore a dosimeter on the upper body
during the investigation. The mean noise level and standard error for the 36
noise exposed workers was 95 + 0.7 dB(A) and for the 54 controls was 82 + 1.2
dB{A). A subgroup of 30 subjects exposed to noise and 16 controls were
examined during work. The controls were studied for one day, whereas 18 of
the nolseexposed workers were examined for two days and 12 of them for two
weeks. These 12 subjects wore hearing protectors half of the time and worked

without hearing protectors the other half of the time.
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Medical parameters studied included blood pressure, total cheolesterol,
potassium, total protein, glucose in the urine and biochemical parameters
such as norepinephrine, epinephrine, vanillyl mandelic acid and creatinine.
In addition, data were collected on age, body height and weight and hearing
thresholds. Blood pressure was measured at the end of the work shift with a
semi-automatic measuring device. The mean value from a minimum of four
blood pressure readings was recorded as the individual's blood pressure.

The investigators found that the systolic blood pressure and the excre-
tion of vanillyl mandelic acid and noradrenaline were higher by 7 mm Hg, &7%
and 16% respectively, when subjects worked without hearing protectors at a
mean noise exposure of 95 dB(A) than when they worked with hearing protection.
The actual daily average noise level reduction of the Bilsom capsule protec-
tion device was 13 dB. Working without hearing protectors reduced the
magnesium concentration in the blood. Magnesium concentration was negatively
correlated with increase in blood pressure when exposed to noise. The '
authors alsc concluded that only the examination of the same test subject
under different noise conditions is suitable for studying noise effects.
Their comparison of blood pressures of noise workers and a control group
indicated no statiétically significant differences. However, the difference
observed was suggestive of a noise effect. Given the small sample size, one
would not expect to observe strong blood pressure effects in these cross-
sectional observations.

Althaugh the Ising et al study (1979} was judged to be methodologically
sound, the reviewers cannot agree with the suggestion that an external
control group is not needed because this jecpardizes the internal validity of
the. study. The reviewers would agree that intra-individual as well as inter-
individual differences need to be considered in study designs. In addition,
the data appear to be inadequately adjusted for age, sex and weight.
Statistical control of several other potentially confounding variables such
as smoking, comorbidities and family history of hypertension would have
enhanced the study. This pilot project indicated the usefulness of intra-
individual as well as inter-individual values for investigating some but not
all cardicvascular parameters, proposed an intervention model from which some
cardiovascular risks could be estimated, and demonstrated the feasibility and

value of estimating personal ncise dose. BApplication of the proposed
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techniques in studies of reasonably large populations to test the influence
of long~term and varying noise exposures on the development of overt disease
is yet to be demonstrated.

A fairly well designed study of workers in the machine building industry
provides some evidence of a positive and dose-response relationship between
noise expogure and neurocircular impalrment (Suvorov et al, 1879}, The
evidence of an adverse relatilonship between blood pressure and noise is
weak, although there appears to be such a trend in the data. Suvorov
categorized workers by degree of noise exposure: Group 1l included 121 office
employees working in noise levels averaging 70 dBA (control conditien);

Group 2 included 139 tugners with noise exposure of 84 dBA; Group 3 included
168 cutters with noise exposure of 93 dBA; Group 4 consisted of 267 motor
mechanics exposed to noise at the 100 dBA level; and Group 5 was composed of
166 punchers exposed to noise levels of 115 dBA. The cross-sectional sample
included 587 males and 274 females, average age 34-38 years, and average
length of employment 1l1-16 years. Hypertension was defined by standard
criteria as greater than 140/90 mm Hg, hyﬁertensive disease as 159/94 mm llg
and hypotension as lesa than 100/60 mm Hg. Hypertensive neurccirculatory
asthenia and atherosclerotic cardiosclercsis were éetermined by medical
examination. ‘No measurement procedures, quality contro; of the data or
indication that the therapists were unaﬁare of noise exposure status of the
workers were given.

A regression analysis indicated an increase in neurovascular impairment
by 0.5% with each increase of 1 dBA in the level of noise, The rate of
hypertensive disease in workers under noisy conditions was higher than in the
office workers exposed to 70 dBA noise, but these differences were not
statistically significant. Suvorev and colleagues also concluded that at low
noise levels neurovascular disorders prevail, while hearing losses prevail at
high levels. This suggested to the authors two different, but related,
mechanisms in the action of noise upon the worker. The major methodelogical
concern in this study was the incomplete control of confounding variables,
especially age, sex, waight, and history of disease. Unfortunately, these
prevalence data do not allow one to infer causal assoclations since the
temporal relationships of noise and neurcvascular impairment and/or hyper-

tension were unknown.
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Capellini and Maroni (1974) inéeétigated eleven risk factors for cardio-
vascular pathology in relation to work activity in a chemical industry near
Milan. In this cross-sectional analysis, 1286 men and 60 women, representing
98.6% of the factory employees responded. Each homogeneous age group was
evaluated for disease frequency as well as assessed on characteristics of the
environment including noise, stress, physical exertion, vibration, work
schedules, temperature, lighting and global exposure to toxic substances. .
Hypertension was defined as systolic blood pressure higher than 160 mm Hg and
diastolic blood pressure greater than 90 mm Hg. Coronary disease included
progressive angina pectoris and myocardial infarction which was diagnosed by
gpecialists on history and/or from electrocardiograms. Although the investi-
gators reported intense noise on the order of B5-95 dBA, no specific informa-
tion is provided as to noise parameters or subject criteria.

The frequency of hypertension by age groups was not significant for
any of the eleven factors studied, The authors concluded that the risk for
coronary disease due to exposure to intense noise was equal to that in the
non-exposed population by an increase in age of ten years. That is, using a
weighted regression analysis it was observed that the probability of coronary
disease in noise exposed workers of a given age group was nearly identical
to that of non-exposed workers in the next age group. Unfortunately, there
is no indication that blood pressure and sex were considered in the analysis.
The nolse exposure varilable is so poorl} described it is difficult to
evaluate this research. The strength of the study lies in the verification
of the diagnoses of cardiovascular disease.

A comparative study of 1005 persons employed in the smelting industry in
Germany showed no defined noise disease, but suggested that vegetative
disorders including peripheral circulatory symptoms and cardiac signs and
symptoms (tachycardia, rhythm abnormalities and extrasystoles) may be related
to work in noisy environments {Jansen, l961b}. These conclusions were based
on very subjective sign—and-gympﬁom data with no evidence of reliability or
validity of the assessments. Therefore, this cross-sectional study was
judged to he of little value to the asseasment of cardlovascular effects of
noige.

One study was identified which explored the relationship between noise
and blood serum cholinesterase (Troianskii et al, 1971). Cholinesterase is

an enzyme that destroys acetylcholine, a neurotransmitter. The subjects were



—

55 specialists working in diesel and blower stations, 16 working 12 hours with
24-hour breaks; 24 persons with l2-hour breaks; and a control group of 15
persons working under similar conditions without noise. The noise was said to
range from 94-97 dB at medium and high frequencies. The activeness of the
cholinesterase was determined according to Hestrin's method, before work,
after three houry of work and at the end of each shift. Among the noise
exposed subijects there was a significant lowering of cholinesterase with
increase of hours worked, suggesting a dose~response relationship. However,
the lack of a three-hour measurement in the control group makes complete
comparison impossible., Blood pressure was alsc studied with no association
with noise exposure noted. Apparently the relationships between noise,

blood pressure and cholinesterase levels were not investigated.

Troianskii et al gave no information on comparability of the groups,
environmental exposures other than noise or existing disease in the workers.
The authors interpreted the lowering of the activeness of cholinesterase
as an indication of parasympathetic doeminance in perseons working under the
influence of noise. Howegver, there is no known evidence that a fall in
cholinesterase has any long-term pathological significance relative to cardio-
vascular disease, This research by Troianskil and colleagues is believed to
be among the first to suggest a relationship between cholinesterase and noise
and probahly deserves further evaluation regardless of its potential influence

on the cardiovascular system.

3.7.5.2 Transportation, Neighborhood and Community
Noise and Health Parameters Other than

Blood Pressure

Several community surveys exploring cardiovascular effects other than
hypertension were found to contribute little, if at all, to the evidence for
an association between noise exposure and health. From a cross-sectional
gsurvey of 256 residents living in a zone with noise greater than 100 dB(A} and
255 residents of an area with a noise level of 80-90 dR({A), Koszarny and others
{1976) concluded that the relationship between some symptoms of aggravation
and ill health and the acoustic conditions in the place of residence,
indicated the probability of the negative influence of airport noise on the
resident's state of health., The percentage of persons complaining of symptoms
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including heart pain, nervousness, and of taking cardiac medicine was higher
among women living in the worst accustic conditions than among men.
Unfortunately, the authors failed to report how they obtained thelr airport
noise area data and their symptom data. In addition, it is unclear as to how
comparable and equal numbers of subjects were selected from the two areas
without introducing selection biag. Overall, this study contributes little
to the understanding of the relationship of noise to health effects.

In a general community survey, Meiphart and Renker (1979) compared 807
males with noise impaired hearing to the morbidity statistics of 3,948 from
the local health clinic of the same dlstrict. Data were obtained from
medical records ordered by the labor sanitary inspection and from record data
of an ambulatory clinic. Six catagories of cardiovascular response were
noted: all circulatory diseases; functional heart and circulatory disease;
coronarsclerosis and myocardial injury; hypertension; hypotension; and
peripheral vascular disturbances. The authors reported the prevalence of
myocardial injuries for the noise-impaired hearing men to be twice that of
the normal pepulation., The prevalence ratio of hypertension between the
noise impaired and controls for 15-40 year olds was 7.6; for 65 year olds,
9.7; and for 65+ year olds, 8.2. For the younger age groups hypertension
was higher among the noise impaired than among the clinic population. No
differences were observeé between the groups for functional heart and circu-
latory diseases and peripheral vascular disease. A dose-response relation-
ship was reported on the basis of length of employment. For all age classes
the frequency of heart diseases and especially hypertension and hypotension
began rising after five years employment and rose precipltously after 20
years of employment, It should be noted that age effects were not taken
into account in this analysis. No data were provided as to control of
variables such as co-morbidities, medications, and treatments. From the
data presented in tahular form, co-morbidities were observed in both groups.
Although blood pressure probably changed with onset of myocardial injuries
and/or treatment, no attempt was made to control for blood pressure levels
in the heart disease data analysis. The study conclusions are also

questionable because of the strong possibility of selection bias,
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3,7.6 Some Adverse Effects: Steady versus
Non-Steady Neoise

Several studies comparing steady and intermittent or pulsed noise effects
have reported findings indicating that both the character of noise and indi-
vidual characteristics are important. Pokrovskil (1966) reported that the
systolic bleood pressure of 17-30 year old workers exposed to high frequency
Pulged noise of 90-95 dB was lower than comparable age workers exposed to
medium frequency "stable" (steady) noise at 80-85 dB, whereas older workers
exposed to the high levels showed systolic bloed pressure higher than controls.
Changes in blood pressure during noilse exposure were higher in persons with
symptoms of hypotension or hypertension than in persons with normal blood
i pressure. These blood pressure changes were more pronounced in persons
i exposed to pulsed noise than to steady noise. Brachycardia or tachycardia
cecurred on the average five timesg higher for persons exposed to pulsed noise
than fer the controls.

i Pokrovskii's cross-gectional study included 408 men in the machine
building industry exposed to steady noise of 80-85% dB compared to 587 workers
exposed to pulsed noise of 90-95 dB. One hundred twenty of these subjects
were studied for changes in blood pressure during noise exposure, The study

* is too weak methodologically to permit inferences. It suffers from selection

: bias, uncontrolled confounding factors and poor documentation of the noise

I exposure.

! More recently, Kanevskaia et al (1977) investigated the effect of both

steady state noise and pulsed noise on the sympatho-adrenalin. gystem. The

study included 256 workers exposed to "stable" noise at levels of 90-100 dBa,

284 workers exposed to pulsed noise at levels of 107~117 dBA, and a control

group of 100 workers who supposedly were not exposed to noise exceeding the

5 maximum permissible level. 'The author collected information on age, length

: of employment, sex, and work environment but failed to control for any of

these in the analyses. Multiple outcome measures were used ranging from
blood pressure to dermographism, adrenalin and noradrenalin content in the
urine, hearing thresholds, reported complaintg such as headache and irrita-
bility, and skin vibrational sensitivity. Unfortunately, these authors

provide no diagnostic criteria, definitions or measurement procedures for

ol

the health outcome.
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The adrenalin content in one-hour urine of persons exposed to "stable"
noise was higher whereas the noradrenalin was slightly lower than in the
control subjects. For workers exposed to the effect of pulsed noise, adren-
alin content in the one-hour urine was greater than with "stable" noise, but
the noradrenalin was similar te the control values. The authors also
reported, but presented no data, that blood pressure was elevated in 35% of
the workers exposed to pulsed noise compared to 22% in the “stable" noise
group. It is unclear as to what extent the control group of 100 were
assessed and used in the comparison on the multiple outcomes since no data
were provided in the paper. Unfortunately, this study offers little in the
search for associations between noise and cardiovascular effects.

The design and health outcomes were so poorly described in a study of
noise in a milling plant, that it commands little comment (Zvereva et al,
1975b). Workers exposed to the effect of intermittent noise were evaluated
befare the beginning of the work shift for hearing thresholds, arterial
pressure, and pulse rate. No data are provided the reader and no quantifi-
cation of the blood pressure responses are given. The authors concluded
that complaintsg in many cases were combined with objective symptoms of
disorders of arterial pressure, more often elevated pressure and pulse
lability.

3.7.7 Effects of Short-Term Noise Exposure

The translated literature provides somewhat more evidence of short-term
noise effects on the cardiovascular system than the literature on short-term
effects published originally in English, 1In addition to the research of
Iging et al (1%77) and Troianskii et al (1971) previously described, nine
studies reported effects of short-term noise exposures,

Stasiow et al {1974) studied the affect of 7.5 hours of noise exposure
on the cardiovascular system. Thirty-one workers inm a mechanical cocal
processing section of a mine, aged 35-62 years, and employed for more than
six years participated. No control subjects were used. Bleod pressure,
electrocardiographic readings, cold pressor tests and retinography measures
were taken before work after a night's rest and repeated after 7.5 hours of
work in noise ranging from 86-100 dB. The electrocardiograms were evaluated

according to the Minnesota code. Stasiow and colleagues concluded that under
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the influence of exposure to industrial noise, a significant increase in the
diastolic pressure and a spastic state of the peripheral arterial vessels
occur. They also reported that exposure te Industrial noise caused an
increased wvessel reactivity and changes in the electrocardiographic curve
which they believed were related to domination of the parasympathetic system.
However, without background information on the health state of each subject,
it is difficult to judge the clinical significance of the reported electro-
cardiographic changes. fThis one-group befofe-after design is weak in con-
trolling for confounding extraneous variables. Furthermore, an investigation
of the cardiovascular responses to a one day exposure to noilse in individuals
routinely working in nolsy environments, provided insufficient information
for inferring to long=-temm noige effects.

Gel'tishcheva (1980) studied the dynamics of the functional state of the
cardiovascular system in adolescents performing delicate visual work
involving industrial noise (the assembly of men's wrist watches). The-study,
quasi-experimental in design, assessed multiple cardiovascular indicators
during the course of one day, one week, and at the end of one year. Thirty-
six adolescents, aged 16-18 obgerved under industrial work conditions, were —
comparad to a control of 1l students, aged 16~17, undergoing industrial :
training and working at their own tempo. Subjects ware said to be healthy and
of average physical fitness. No differences were noted in the cardiovascular
indicators by area, age, length of employment, or task performed. There
were also no differences in the initial value of the cardiovascular
indicators between the adolescent workers and the control students. Actual
exposures to noise were not stated. Apparently, both groups of subjects were
exposed to similar noise conditions not higher than 75 dB8. The health
outcomes measured were blood pressure, electrocardiographi¢ readings, and
pulse rate.

The author concluded that "the intensgive, delicate visual work performed
under exposure to occupational noise not exceeding 75 dB shows an adverse
effect on the functional state of the cardiovascular system in adolescents".

However, it should be noted that the cbserved changes over the course of the

year of work in noise (drop in systolic pressure, systolic blood volume,

minute blood volume, and rise in diastolic pressure; reduction in fregquency

of heart contraction and increase of the projections R and T of the electro- ¢’1

cardiograms) occurred in both the adolescent workers and the control group. or
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Sinee both workers and student controls were exposed to similar nolse levels,
the detajled findings regarding the state of the cardiovascular gystem
cannot be adecuately assessed without a more appropriate comparison group,
that is, a group of subjects exposed to a different noise level. This

study also suffers from small sample size and poor specification of noise
and cardiovascular parameters.

In yet another poorly designed study, the authors concluded that a
one hour per day exposure to noise in the 110-112 dB range can be success-
fully endured, but that daily exposures of 3 and 6 hours will bring abeut
harmful effects (Terentiev et al, 1969). For noise levels in the range of
112-120 dB, severe reactions were noticed among 90 workers exposed to air-
craft noise. The reactions observed were that the frequency of the heart
contractions decreased, systolic and diastolic blood pressure decreased, as
a rule; the beat and minute volume of the heart decreased markedly; and the
reaction of the cardiovascular system to physical exertion increased.
Purthermore, during daily exposures of 1, 3, and 6 hours of noise at 120 dB
an increase in systoli¢ and diastolic blood pressures was observed. ‘
Although these findings are congsistent with other reports in the literature,
they must be viewsd with caution since no controls were employed, before-
after work data were inadequétely analyzed, confounding variables were
apparently not considered, and data were not presented to support the conclu-
sions. Before-after work measurements and measures taken at monthly intervals
for unknown periods of time were supplemented with anecdotal notes to produce
Terentiev's results.

Lanzetta and colleagues (1979) reported an increase in the cardiac rate
in response to short-term noise exposure., They studied serial electrocardio-~
graphic measuremants of 12 workers exposed to noise of two different work
environments and § workers not exposed to substantial noise. The Holter
electrocardiographic monitoring method, a continuous ambulatory electro-
cardiogram made by tape recording for analysis at a later date, was used, Of
the exposed workers, 8 had normal hearing and 4 had hearing impairment; the
controls had normal hearing. The study began 3.5 hours after the start of
the work day and ended 2 hours after the end of work, thus including 4.5 hours
of unbroken exposure to noise and 2 guccessive hours of rest for each subject.
The authors reported that the increase in the cardiac rate was constant in

the group exposed to noise with normal hearing, was maintained throughout
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the work shift and reentered the normal limits only after cessation of work.
The results were statistically significant in comparison with the group of
workers exposed to noise less than three years, the recovery of the base
cardiac rate occurred within 44 minutes; for those exposed 4-21 years, the
recovery occurred between 58 and 120 minutes; no linear relation hetween
recovery time and age of the worker was noted. Unfortunately, the methodology
employed in this study of short-term effects of noise was described very
briefly. Multiple poteﬁtial confounding variables were considered in data
collection, but the extent to which they were employed in the analysis is not
clear. The Holter electrocardiographic monitoring method may be useful in
future studies if combined with concomitant noise level monitoring.

Another study of short-term effects of noise was conducted by Barhad et
al (1969) among workers at a large iron works factory. A cross-sectional
pre-post shift design was employed to test 132 workers exposed to noise
during the working day, No non-exposed controls or replications of the study
under non-noise conditions were used. The noise frequency was reported to
include a spectra exten@ing over several octaves with intensities between
87~127 dB. Little information is provided relative to the exposure status.
Apparently 100 of the 132 workers had been employed more than five years.

The authors concluded that most of the workers showed, toward the end of the
work day, a decrease of systolic and diastolic pressure which varied
between 7 and 14 mm Hg compared to the values found at the beginning of the
work éay. Smelting division workers showed a signiflicantly higher disease
rate than workers in the motor section of the plant. The study design and
data analysis are weak for judging either short- or long-term effects of
noise.

In an early study of two groups of workers experiencing relatively
high neisge levels, Shatalov and colleagues (1962a) examined hypertensive and
electrocardiographic effects of noise. Studying 100 subjects, 156 workers in
a twisting plant exposed to 85-95 dB noise and 144 workers of a ballbearing
plant exposed to 114-120 4B of noise, they failed to observe the hypertension
effect of noise reported in the literature. Workers often experienced labile
arterial pressure, bradycardia and nonspecific T-wave changes, especially
after physical stress and at the end of the work day. In this study, there
wera some BO? men and 120 women; 225 who were younger than 40 years of age

and 143 who had worked in noise ten years or more. Unfortunately, the
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authors failed to control for age, sex, and duration of employment in the
analyses. Since an unequal distribution of men and women in the twisting
and ballbearing plant is highly likely, these results must be interpreted
with caution.
Liukashevskaia and Solonin (1976) attempted to study the effects of
improvement in the work 'environment of 16 forge workers and 12 apprentices.
Before improvements, the general noise level was 95 dB average; after
improvements it was 90 dB average. They concluded that systolic and dlastolic
blood pressure decreased at the end of the shift and that blood pressure
decreased as temperature in the work area increased. Their conclusions are
not supported by the data.
A quasi-experimental study of eight clinically and otologically healthy
males, 22-35 years of age, demonstrated that the use of the ear protectors
did not prevent the cardiovascular influence of noise at the 90 dE level
(Quaas, 1970). In this study, three single tests on each subject were
performed with the seguence of the tests permutated. Unfortunately, the
subjects knew the respective sequence of the tests which could have influenced
the results. Under test one conditions, subjects using ear plugs spent 10
minutes at rest, 30 minutes at continuous exercise followed by 10 minutes of
rest; under test two conditions, subjects wearing ear plugs, spent 10 !
minhutes at rest, 30 minutes at continuous exercise with simultaneous '
influence of 75 dB wide band nelse followed by 10 minutes rest, but did not ;
use ear plugs. . L
Quaas reported that under 90 dB noise and wearing hearing protectors,
subjects experienced a higher pulse rate than under control conditions; the
pulse rate was higher under the hearing protected condition than under the
condition of 75 dB noise without protectors. He estimated the hearing
protectors may not have reduced the nolse level to the inner ear below 79 dB.
This study used a small group of subjects without an external control group.
Seven subjaects may not have been adequate to prevent the results from being
confounded by multiple factors on which the individuals varied. It suggests,
however, that attenuation of the noigse at the ear may not effect cardio-
vascular response as it does hearing sensitivity.
Another. quasl~experiment of Burger and Klimes (1975) also showed that
while ear protectors may have protected hearing, they did not prevent the

effects of noise upon the circulatory system. The researchers conveyed
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simulated industrial noise (hoise of tank motors) to the experimental room
by loud speakers and compared 20 subjects under short-term exposure (20
minutes of exercise under noise) and long~term noise exposure (two hours of
exercise under acoustic pressures of 90, 100, 110 dB). Subjects were tested
with and without ear protectors and showed a decrease in pulse rate with

the higher nolse exposure levels under both conditions but no changes in
ventilation and oxygen consumption. These authors concluded that it was
impossible to affirm unconditionally that exposure to noise is completely
harmless. They extrapolated beyond the two hour experiment to suggest "that
its negative effects will become manifest after an exposure lasting a number
of years". Tests were conducted in the Latin square to aveid habituation
and subjects were pretested. Information is not given to adequately judge
how well the experiment actualiy ceontrolled for confounding variables,

especially since the groups were small and only two in number.
3.7.8 Effects of Vibration

The extent to which vibration in addition to noise may have contaminated
the results of the studies on noise exposure and cardiovascular disease is
unknown. Vibration was not assessed in most of the investigations, Five
studies were identified in the literature search which attempted to measure
vihration and noise in the worker. Although the studies attributed an
increase in angina rates, in beta-lipoproteins, in the general sick rate
and in disorders of the regulation of the blood pressure to vibration
exposure, these studies were methodologically poor.

Rumiantsev et al (1971) reported they were able to differentiate changes
related to the effect of noise and vibration from the possible effect of
other environmental factors. Cholesterol, beta~lipoprotein level, blood
sugar, and blood pressure of sailors employed on eight ships were measured.
Criteria for determining blood values were specified; blood pressure changes
were not. Comparisons were made among three groups: sailors in the
engine sectlon, sailors of the engine room given 5 mg of thiamin and 50 mg
of nicotinic acid and deck crewmen who served as controls, Blood tests were
conducted before a voyage and on the 15th nad 30th days of the course.

Blood pressures and pulse rates were taken before and after each watch.
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The authors concluded that significant increase of the sugar concen-
tration in the blood on the 1l5th day of the course and heta-lipoprotein on
the 30th day of the course in sailors of the engine squad could probably be”
treated as a conseguence of noise and vibration. There were no analogous
changes in blood sugar and beta-lipoproteins in the control group. Changes
of the arterial pressure before and after the watch in sailors werking in
the engine room were likewise explained. Unfortunately, the authors failed
to measure blood pressure and pulse in the control group for comparative
purposes. Furthermore, these conclusions must be questioned because of
multiple confounding variables and because the noise exposure groups were
so poorly described,

Kangelari and colleagues (1966} studied the effect of vibration and
neise on the general illness or sickness rate and reported that motor
mechanics and cleaners exposed to noise had a much higher sick rate index
than the control group, This was true for flu and acute common colds of
the upper respiratory tract as well as diseases of the nasopharynx,
breathing organs and the gastrointestinal tract. The cardiovascular
response of interest, angina sick rate, was 8.9 in motor mechanics and 7.8
among the fitters or control grocup. When the cleaners were further divided
according to those suffering from wvibration disease and those not suffering
ffom vibration illness, the angina rates were B8.7% and 5.4%, respectively.
among the cardiovascular end points, angina is by definition, very subjective.
Although this study had a reasonable large group of workers, exposed to
noise from 116-120 dB and unknown number of controls working in noise of
88-90 dB, it is very poorly described and offers little information for
judging causal associations. ,

In a large study of the health of the nonspecific effects of industrial
noise and vibration, Kobhets and colleagues {1972) studied five groups of
women:; 444 employed in product warehouses and storage work requiring physical
stress, 390 practically healthy women, 147 female concrete workers, 144 women
who were subject to the effect of nolse, and 89 persons suffering from noise
disease. In their cross-sectional comparison of medical examination data and
annual disability days, disorders of the regqulation of arterial blood
pressure were S5 to 8 times more freguent among those working in vibration and
noise than those in the control group. Unfortunately, no data were presented

in this study and thus, the conclusions are suspect. These authors also
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reported an increase in the cases of sick rate rising from the lowest in

the control group to the highest rate of 3.9 times that of the controls in
individuals with vibration disease. It is clear that the information reported
in this study is inadequate for drawing any conclusions relative to an
aszociation between noise vibration and health outcomes.

Later Paranko and colleagues (1974} attempted to determine the effect
of permissible levels of vibration in noise by studying 103 miners (61
drillers and 42 sinkers) who routinely used protection from sound and
vibration. Multiple health states were considered including arterial
blood pressure and heart rate, complaints, hearing loss, sexual activity,
lowering of pain and vibration sensitivity, lowering of skin temperature,
and increase in visual motor reaction time.

Unfortunately, the authors failed to salect an appropriate comparison
group, apparently cheoosing to evaluate their results relative to other
findings in the literature rather than identifying controls. They presented
no raw data on blood pressure or pulse rate, Tabled data showed an increasing
proportion of workers with high blood pressure as the length of employment
increased up to 16 years. Age was not controlled and selective forces were
not considered. Although the authors concluded that stable functional shifts
develeop in miners exposed to the effect of vibration and noise at levels
allowable by norms, this study is of little value because of its failure to
employ an adequate control group and to specify the health and noise
parameters in detail.

One of the poorer studies among the translated literature reported a
tendency toward hypertension in 20 percent of the workers examined in a
limestone and dolomite crushing-enriching plant and quarry of the flux-
dolomite combine. In this cross-sectional study of measurements taken before
and after a shift of work, Zvereva and collaagues (1975a) compared 334
workers from eight occupational groups. Health measures included arterial
blood pressure, a complaints index, state of capillaries, objective
symptoms such as trembling of the hand and asymmetry of arterial pressure.
The quarry noise levels ranged from 95-100 dB with maximum energy in low and
medium fregquencies, whereas the crushing-enriching plant noise levels ranged
from 86-106 d8 of high frequencies., There was no svidence of a control
group and no evidence of data analyzed in a before-after fashion. Even for
descriptive purposes the vibration effects probably confound the noise effects
in this group of workers. The conclusions lack supporting data.
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3.8 Brief Summary of the Tranglated Literature

Forty of the 47 translated studies reviewed herein were cross-sectional
in design. In the blood pressure studies, relatively small differences in
systolic and diastolic pressures were observed between the high and low
noise exposure groups. Compared to the English literature studies,; the
translated research more often included assessment of multiple confounding
variables such as age, temperature, social class, ete. However, only two
studies, those of Ising et al (1979) and Capellini et al (1974}, applied
analytic statistical techniques currently used in cardiovascular epidemiclogy
to assess the effects of such variables as potential confounders or additional
rigk factors.

Similar to the findings from the English literature, the translated
studies demonstrated stronger evidence of an association between noise and
elevated bleood pressure than other cardiovascular responses. Although the
translated literature offers little data for determining risk estimates,
high prevalence ratics indicating that noise exposed groups experienced
higher rates of hypertensicn than the low nhoise controls were reported by
Meinhart and Renker {1970), von Eiff and Neus (1980), Britanov (1979),
Cieslewicz (1971) and Shatalov and Murov (1970)., In addition, several
cross-sectional studies provide suggestive evidence of a dose-response
relationship between noise exposure and elevated blood pressure. Workers
with long nolse exposure in a foundry were observed to have higher blood
pressures than workers with fewer years of enployment, but age was only
partially controlled (Folprechtova-Stenzlova and Janicek, 1966). Kalicinski
et al (1975) also found that among spinners and weavers of similar ages, the
frequency of hypertension was significantly greater, the longer the occupa-
tional exposure to noise. Three additional studies, judged by the review
team to be less methodologically sound, reported an increase in hypertension
with length of employment (Kachnyi, 1977; Sanova, 1975; Melnhart and Renker,
1970).

The translated literature offers limited data as to the influence of
hearing protection on the reduction of bleood pressure effects of noise
exposure, Cieslewicz in 1971 and Paranko et al in 1974 concluded that indi-
vidual protective devices used over the years by workers exposed to nolse of

96~116 dB and greater than B5 dB respectively, did not protect them against
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extra-auditory effects of noise. The most promising evidence of the effects
of noise diminution with ear protectors was provided in a well-designed
pilot study by Ising et al (1979}. Ising and colleagues reported that when
working without ear protection at a mean exposure to nolse of 95 dB (measured
by dosimetry), the systolic blocd pressure was higher by almost 7 mm Hg than
when working with ear protection,

Although remarkably few investigations of the relationship of noise
exposure to overt clinical disease or major cardiovascular risk factors
other than blocd pressure were identified in this literature review, most of
them were found in the translated research. Electrocardiographic changes
ware investigated by twenty-one research teams, hut ho patterns emerged to
show specific effects of noise. Changes in cholesterol under high noise
exposure were reported by Rumiantsev (1971) and Khomulo et al ({1967).
Kanevskaia et al (1977) observed a decrease in noradrenalin in a cross-
sectional group of workers while Ising et al (1979} reported an increase of
noradrenalin by 16% for subjects when working without hearing protaection
compared to the same subjects working with hearing protection. 1In studies of
other cardiovascular parameters, Capellini and Maroni (1974) showed the
risk quota for coronary disease due to exposure to intehse noise in a
chemical industry to be equal that in a non=-exposed population by an
increase in age of 10 years; Suvorov et al (1979) observed that with each

increase in the level of noise by one decibel, the neuroccirculatory impair-

-

ment increased by 0.5% among workers in a machine building industry; and

Meinhart and Renker (1970) reported the prevalence of myocardial injuries

for the noise-exposed group to be twice as high as among the normal population.
The consistency of the evidence accumulated in the translated literature,

although derived primarily from cross-secticnal and laboratory studies,

suggests a need for systematic investigation of the relationship of noise

to physiological changes and to cardiovascular disease manifestations,

especlally elevated blood pressure.

&)
3-68

|
x

R e g AR e

i L ekl e e P b e e R e b RTINS
: e Sty e T



Section 4

SYNTHESIS OF THE LITERATURE WITH RECOMMENDATIONS

Cardiovascular disease continues te be a leading cause of death and
disability in the United States. 1In 1972, the death rate for all cardio-
vascular disease was 479 per 100,000 population. The largest components of
this were ischemic heart disease, with a rate of 329, and stroke with a
rate of 102 per 100,000. The annual incidence rates for ischemic heart
disease as manifested by Acute Myocardial Infarction in white males are
estimated to be about 6 per 1000 population between the ages of 35 and 75
years. This compares with a rate of only 1.5 to 2 per thousand for white
females of the same age. These figures do not include angina pectoris net
progressing to infarct. Stroke, with an incidence one~third that of ischemic
heart disease, still affects 400,000 pecple each year, 40% of whom die within
a month., Approximately two-thirds of the survivors of strokes have some
degree of disability. Taken together, ischemic heart disease and stroke
account for 50% of the mortality in the United States.

Past epidemiologic studies have shown such variables as elevated blood
pressure, elevated serum cholesterol, cigarette smoking and sedentary life
style to be factors associated with increased likelihood of ischemic heart
disease. Elevated blood pressure has been implicated az the cardinal risk
factor for stroke, Enthusiasm over identification of several precursors of
the cardicvascular diseases should not obscure the fact that these risk
factors, taken together, provide an incomplete estimate of the coronary
disease burden of a population and an insensitive predictor of the risk of
individuals. General enviromnmental and psychosocial and stress-related
variables offer the possibility of accounting for at least part of the cause
of cardiovascular disease still remaining unexplained.

while the epidemiologic evidence in favor of noise as a risk factor for
cardiovascular disease is not currently atrong, the case for noise involvement
is so biologically plausible and the disease of such magnitude that the
benefits of continued investigation using well-designed studies are desirable.
The cluster of secial and psychogocial stress factors which appears to play
an independent role in cardiovascular disease etiology has not heen clearly
defined, but may indeed include noise as a prineciple component. Thus the
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role of noise in hypertension and other cardiovascular diseases, their
precursors and sequella, among human populations should be elucidated and
with considerable urgency.

The major chjectives of this section of the report are to: (1} evaluate
the overall epidemiologic evidence available on the effects of environmental
noise on the cardiovascular system in man; (2) set forth recommendations for
the planning of future epidemiclogic studies of cardiovascular effects of
noise.

This section begins with a brief description of the proposed mechanisms
by which noise influences cardiovascular disease processes. It is followed
by a synthesis of the major findings from the English and translated
literature. A brief discussion of the major research issues culminates in a
set of recommendations for future eplidemiologic investigations.

4.1 oQverview of Proposed Mechanisms Between

Noise Exposure and Cardiovascular

Digease Processes

Various theories havé been postulated to suggest the mechamisms by
which noise and other environmental factors contribute to the davelopment of
cardiovascular disease [as a causative, an aggravating-accelerating, or a
precipitating factor). A review of all the potential mechanisms whareby
noise may influence the cardiovascular system is complex and is beyond the
scope of this literature review. The current status of the various theories
has recently been described in some detail by Hattis and Richardson {(1980Q).
These theories provide a geheral framework within which to judge the
plausibility of associations reported in the world literature. Since
athercsclerosis and hypertension are diseases of multifactorial cause,
knowledge of clearly defined risk factors is necessary in interpreting the
literatuge which attempts te associate any factors, such as noise, as a cause.
Information on general mechanisms of the pathogenesis of atherosclerotic
cardiovascular disease and hypertension as well as the current knowledge on
epidemiclogy has been reviewed in Appendix C.

Environmental nelse may influence human health by dirsct damage to an
organ or by inducing physiclogic changes which may lead to adverge health

effects. The physiologic changes may initiate (causative) or accelerate
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{aggravate or become an added risk factor) abnormal processes which if not
reversed lead to clinical disease, 1In additioen, the physiologic changes may
precipitate ¢linical events.— bring to light alcardiovascular disorder
previously unknown (subclinical) or known, but tolerated (asymptomatic and
controlled),

The mechanism by which these physiologic changes occur is unclear, but
may be due to direct stimulation of the sensor neural system producing direct
responses in the autonomic nervous and endocrine systems. 1In addition, noise
may be perceived by higher centers as a "stress" and the body respond to this
stress with specific neural and humoral responses.

Hypertension and atherosclerosis are two major underlying diseases
associated with ischemic heart disease and stroke. Present epidemiologic
data indicate that other environmental factors may play a role in the patho-~
genesis of these conditions through “stress" induced mechanismg. The present
hypothesis on the pathogenesis of these conditions indicates that stimulation
of the central nervous system may induce changes in peripheral vascular
resistance and other cardiovascular factors inducing hypertension. In
addition, hypertension itself as well as increased catecholamines, changes in
other vasoactive substances, and changes in platelets and lipids may produce
endothelial damage which may lead to athercsclerosis. Experimental short-term
effects of noise have indicated changes in peripheral vascular resistance,
elevations in blood pressure, changes in serum catechelamines and bleod lipids,
all of which suggest that noise acts as such a stressor, and therefore
ischemic heart disease, hypertension, and stroke may be adverse health
outcomes, ' )

In addition, acute elevations in blood pressure and elevations in serum
catecholamines (as well as less well defined factors) may precipitate clinical
events, Increase in sympathetic nervous activity has been implicated in one
clinical manifestation of igchemic heart disease - sudden death. It appears
reasonable that if noise does behave as a "stress" producing acute effectsg, it
may therefore be a rigsk factor in the development of hypertension and athero-
sclerosis., There are numerous potential cardiovascular responses to noise,
only some of which have been investigated to date in study of noise as a
short~term stimulus, These have been enumerated in Table 3-2 discussed on
page 3=5, But, as has been pointed out by Hattis and Richardson (1980, p.6),




there is currently little information on the guantitative relationships

between the magnitude of short-term physiologic varilations induced by

stressors and the magnitudes of chronic disease processes.

4.2

Evaluating the Evidence: Criteria for Judging the

Assoclation

Epidemiologically, a causal relationship is said to exist when the -

evidence indicates that the factor of interest forms part of the complex of

circumstances that increases the probability of occurrence of a disease and

when

there is evidence that a reduction in that factor degreases the

frequency of the given disease.

The assegssment of causality in human health is difficult at hest; no

single epidemiclogic study or even series of studies of the same type are
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adequacé to establish causality. At a minimum the judgment as to the
strength of a causal relationship must be based upon the completeness with
' which the data are shown to meet the following criteria:

Temporal relationships indicating that exposure precedes the disease
or health response;
A strong association between the factor of interest and the health
outcome or disease;
A dose~response relationship existing between levels of the factor
and the health outcome;
Interventions in human populations on the exposure which have the
effect of lowering risks to the disease;
Consistent findings as to type of associations and dose-response
across many studies and populations;
Biolegical plausibility of the observed associations;
Findings from experimental animal studies which demonstrate the
same or similar effects; and,
Findings from humap experiments to the extent possible, which show
the effects observed in epidemiclogic studies.
The goal of epidemiological research of the relationship between noise
ardiovascular disease ig to establish, as clearly as possible, the

evidence for criteria 1 through 5 above. Criteria 6, 7, and B apply to
non~epidemiological research., When epidemiological observations are shown
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to be biologically plausible and are supported by similar findings from
animal and experimental studies, the degree of certainty of the characteri-

zation of the relationship is as high as can presently be achieved.

4.3 Evaluating the Evidence: The Effect of Noise

on Bloocd Pressure

There is general consensus that no single underlying process is
responsible for increase in blood pressure, so blood pressure changes may
reflect different stages in the development of hypertension or fundamentally
different diseases, having in common the presence of high blood pressure.
The observations that hypertension affects the rate of atherosclerosis and
that cardiovascular disease risk increases with increasing blood pressure
{see pp.32-38, Appendix C) make blood pressure a useful indicator of
chronic pathological processes. In addition, blood pressure is among the

more easily and widely measured cardiovascular parameters.
4,3.1 ‘lemporal Relationships and Study Design

out of a total of 83 studies reviewed herein, 55 investigated the effects
of nolge on blood pressure. In 44 of these 55 studies, the authors reported
positive associations between noise exposure and high blood pressure or
hypertension rates. The literature is strikingly similar as to the study
design employed; most of the conclusions were derived from cross-sectional or
prevalence data. While prevalence studies have the advantage of providing a
fairly quick view of the existing illness in a population and its attributes
at a given time, they can rarely establish the circumstances under which the
disorder arises. The derivation of causal inferences depends, first and
foremost, upon the temporal sequence between the exposure of interest (noise}
and occurrence of the disease of interest (cardiovascular disease). The
cross~sectional strategy, which cannot identify exposure prior to the onset
of disease (or physiological changes), provides the weakest epidemiological
basis from which to infer cause. The following example provided by

s i



A. Lilienfeld ({1980, pp.l94-195) clarifies the time distinction between
cross~sectional and retrospective studies:

To illustrate the difference in inferences that can be
derived from cross-sectional and retrospective studies, assume
that one is interested in the relationship between cerebrovascular
disease (stroke) and the level of serum cholesterol A group of
stroke cases and appropriate controls are selected, and blood is
drawn to determine thelr serum cholesterol levels. If the levels
are significantly higher among the cases than the controls, a
astatistical asscciation is said to exist between stroke and
elevated cholestercl levels. In this cross-sectional approach,
however, one does not know whether the elevated serum cholestercl
preceded the onset of the stroke or followed it. If the latter
were true, ochviously the elevated serum cholesterol could not be
regarded as being etiologically important in the development of
stroke. On the other hand, in a retrospective study, one would
seek information on the level of serum cholesterol that was
present before the onset of the ctroke. If a statistical
association is then established, a causal relationship can ke
inferred with greater confidence.

cohort studies or carefully contrived "incident" case-control studies
are needed to clearly distinguish antecedent from consequence. Needless to
say, poorly designed cross-sectional studies contribute even less to sound
conclusions. A good prevalence study begins with a representative sample of
one definable population. .Yet, few of the researchers conducting the studies
reviewed herein described the pgpulations at risk, details of the sampling
frame or compleﬁeness of the sample.

potential selection biases inherent in cross-sectional data, such as
selective surviva} may distort the observed association in either direction.
The problem of selective survival is that those persons who develop the
disease but who die early will not be counted in the study population. 1In
any situvation where disease, disability, or employment practices differen-
tially impact on the noise and non-noise exposed individuals, prevalence data
for the two groups may be distorted. Selection bias does not necessarily
fnvalidate study findings but should be evaluated for any given investigation.
In the majority of the studies, potential for selection bias existed with no )
exploration of the problem by the author(s).

Since 66 of the total B3 research papers reviewed herein, described
study designs of a cross-sectional nature, it is not possible to conclude
that noise exposure precedes an increase in blood preasure or onset of other
cardiovascular diseases. Four studies investigating blood pressure effects

of noise employed designs of a prospective nature, but unfortunately suffered
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from major methodelogical shortcomings. In the S, Cohen et al (1981c)
praospective study, subjects from the nolsy areas with the higher blood
pressures on initial examination were lost to follow-up. Brown et al's

(1975) historical prospective analysis showed ne changes in blood pressure
due to noise exposure, but failed to account for the total cohort of

workers and failed to contrel for confounding variables. Friedlander and
colleagues {undated) reported a trend toward elevated blood pressure with
noise exposure from a historical prospective pilot study, but the sample

was highly selective and extant medical record data were used without
verification. Ising et al (1979) demonstrated positive effects of noise on
bloed pressure in an intervention study of workers using hearing protection.
However, the intarvention was short-term with hearing protection effects
studied for one week only. Their cross-sectional data revealed no differences
in blood pressure betwsen high and low noise groups, Clearly, if the temporal
relationships between noise exposure and health outcomes are to be elucidated,

studies of a prospective nature must be conducted.
4.3.2 strength of the Association

A strong assac}ation and gradients of risk from low to high levels
reduce the likelihood that an obgerved association is spurious. Our review
of the published literature reveals a paucity of information from which to
quantify effects. An attempt was made to systematically quantify the
magnitude of the differences reported in systolic blood pressure between the !
high and low noise exposure groups. Twenty studies, five of them quasi- e
experimental, were identified which provided mean systolic bleod pressure
values and data on exposure. Filgure 4-1 indicates that relatively small
differences in systolic blocd pressure have been detected. Wwhen one
considers that blood pressure measurements are sensitive to a variety of
cutside stimuli such as temperature and level of hydration, small differences
derived from cross~secticnal data are difficult to interpret. Interpretation
is especially difficult when the possibility of selection blas and measure-
ment error exist. Such small differences in mean systolic blood pressures
obgerved cross-seétionally without consideration of age and sex effects, may
alse be of doubtful biological significance,
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Figure 4-1. Reported difference in systolic blood pressure between high and low noise exposure
groups*, Multiple results are shown.

*Circled numbers indicate translated literature and uncircled
numbers indicate English language literature.

1, Antonova, K.P. {1971) 11, Mosskov, J.I., et al (1977b})

2. Brown, J.E., et al (1975} 12. Mosskov, J.I., et al {1977¢c)

3. Cohen, A., st al (1980a) 13, Takala, J., et al (1977)

4. Cohen, S., et al (1980b)} 14, Andrukowvich, A.I. (1965)

5, Cohen, S., et al (198lc) 15. Folprechtova-Stenzlova, A., et al (1966)
6. Hedstrand, H., et al (1977) 16, Ising, H., et al (1979)

7. Jonsson, A., et al (1977) 17. Pokrovsekii, N.N. (1966)

8. Lees, R.E.M., et al {1979} 18, Sanova, A.G. {1975)

9, Manninen, O., et al (1979) 19. Shatalov, N.N., et al (1969¢)
10. Mosskov, J.I., et al (1977a) 20. Troianskii, M.p., et al (1971)
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No notable study nor set of studies was identified which would allow a
reasonable quantitative estimate of the relative importance of noise in
producing cardiovascular disease and hypertensive effects. The estimation of
the effect of a given factor in producing disease, referred to as the relative
risk, is usually obtaiped directly in cohort studies, or indirectly from the
odds ratic in case control studies. Because of the proponderance of cross—
sectional data it is very difficult to estimate the risk that noise exposure
might contribute to increases in blood pressure. Friedlander et al (undated)
reported 35-44 year old men in the high noise group to have 2.76 times the
risk of developing increased diastolie blood pressure and 6.4 times the risk
of developing high systolic blood pressure of similar aged men in the low
noise group. This difference in risk, however, cannot be ascribed to noise
exposure only; there were many other differences between the high and low
noise groups, resulting in the gtrong possibility that the difference may be
due to selection and other biasing facters.

The research available for review of the influence of noise on blood
pressure- is notable in its peor handling of potentially confounding variables.,
In a multi-causal model of disease causation, one expects several charac-
teristics to contribute to the onset of the health problem. Potential
confounders or control variables are exposure characteristics other than the
hypothetical causal factors (noise) which are associated with the disease of
interest (cardiovascular responses) and with the hypothetical causal factors
(noise}. Confounding occurs only in the context of a given study; the
extraneous variable or confounder must be associated with (noise) exposure in
the data; thus, the same variable which confounds in one study may not con-
found the same association in another. Confounding occurs when presence of
the extranecus factor distorts the estimation of the effect of the factor
(noise) in producing disease. It is clear from the summarized data in
Appendix A that few extraneous risk factors were controlled in the research
on noise to date. MAge and gsex, strong risk indicators in cardiovascular
disease which have also been shown to be associated with noise exposure were
the mbst frequently considered factors and were often nat adequately controlled
in the statistical analysis.

Ten of the studies of blood pressure in the literature evaluated reported
collecting data on multiple potential confounders and covariables such as

smoking, diet, exercise, fluid loss, hearing loss, etc. Only three of these
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groups of researchers, Ising et al (1979), Capellini et al (1974) and

S, Cohen et al (198le), applied analytic statistical techniques currently
used in cardiovascular epidemiology. Overall, there was little evidence of
an attempt to study concomitantly with noise, other factors which may have
been contributing to the causal network.

Although the reviewed literature offers little data for determining
risk estimates, several studies lend some qualitative support to the
hypethesized relaticonship that noise adversely affects blood pressure. High
prevalence ratios indicating that the noise exposed group experienced higher
rates of hypertension than the low noise controls were reported by Meinhart
and Renker (1970), von Eiff and Neus (1980), Britanov (1972}, Cieslewicz
{1971) and Shatalov and Murov {1970). Meinhart et al {1970) reported
prevalence ratios of hypertension between neise impaired and controls for
12-40 year olds of 7.6, for 40-65 year olds, 9.7 and for 65 and older
individuals, 8.2. Von Eiff et al (1980} noted that 22.8% of the high noise
area residents indicated existing hypertension compared to 14.6% of the low
noise area residents in his community survey. Britanov (1979) reported a
prevalence ratio of 2.8 and Cieslewicz (1971) showed prevalence ratios of
hypertension between weavers and spinners of 2.2 for wemen and 2.7 for men.
Shatalov and Murcv (19704) demonstrated age-sex adjusted pfevalence rates of

hypertension among men exposed to the comblned effects of tension and noise

‘to be 13.57 compared to 3,95 for the controls. While these data are sugges-

tive of an association between noise exposure and hypertension, they must
not be taken to represent risk estimates since they were not derived from
incidence data. Furthermore, these prevalence ratios are based on data from
studies that were judged by expert reviewers on this project to be of
relatively poor scientific quality. (See Tables 3-6 and 3-7 for ratings.)

In summary, although the literature provides weak quantitative evidence
of an association between high noise level and adverse blood pressure effects,
the trends in the data and the consistently high prevalence ratios indicate

further investigation is warranted.
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4.3.3 Dose-Response Relationship

It would be relevant and very useful to present a summary of the blood
pressure changes associated with degree of change in noise exposure, but
this necessarily requires consistency among studies in the specification of
noise exposure levels and blood pressure values which this body of literature
lacks, However, several studies provide suggestive evidence of a dose-
response relationship between noise exposure and bloed pressure changes,

S. Cohen et al (1980b) demonstrated that blood pressure in children increases
with years exposed, but age effects were not considered in the cross-
sectional data. Knipschild (1977a) observed higher blood pressures as the
lavel of airplane noise increased in the villages; Parvizpoor {1976)
demenstrated an increase in the prevalence of hypertension with increass in
length of employment as a weaver; Kachnyil (1977) found an increase in hyper-
tensives with length of employment among weavers working in high noise, but
made no comparisons with control subjects; Sanova {1975) obsgerved an

increase in the hypertension rate among noise exposed compressor operﬁters.
but failed to make comparisons with his control subjects. Meinhart and .
Renker (1970) reported that hypertension began rising after five years employ—
ment and rose precipitously after 20 years of work.

Two additional studies, judged by the review team to be among the better
translated research, provided data indicating possible dose-response relation-
ships. Workers with a longer noise exposure (determined by years of employ-
ment in a foundry) were observed to have higher blood pressures than workers
with fewer years of employment, but age was only partially controlled
{Folprechtova-Stenzlova and Janicek, 1966). In a study of spinners and
weavers, the frequency of hypertension was significantly greater, the longer
the occupational exposure to noise: 26% of the women working 1-6 years in
noise compared to 38% working 7-12 years and 47% working 13 or more years in
naise were reported to be hypertensive (Kalincinski et al, 1975). The mean
ages of the groups were similar.

Use of years of employment in a noisy environment as a surrogate
exposure variable for correlation with blood pressure to estimate dose-
response must be treated as presumptive evidence even when analyzed appro-
priately and interpreted cautiously. Since age increases with years employed

{duration of exposure) and blood pressure increases with age, it is essential
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that there be appropriate contrel for the potentlal confounding of age. None
of the eight studies suggesting the possibility of a gradient of response
adequately controlled for age effects.

Although an observed dose-response relationship makes a causal hypothesis
more plausible, it is sometimes impossible in epidemiological studies to
obtain quantitative estimates of the degree of exposure to a potential
etiological agent. 1In the case of the effects of noise on blood pregsure, the

possibility of obtaining quantitative estimates by degree of exposure has not .

been adequately exploited. The observed associations with years of employment
would suggest that further exploration is in order. In fact, reanalysis of
existing data such as that published by Kalicinski et al (1975} with recon-
struction of the noise exposure "cohorts" and adequate contrelling for age and
other potential confounding variables may offer more definitive evidence

relative to the effects of long-term noise exposure on blood pressure.
4.3.4 Effects of Interventicn on Noise Exposure

A reduction of the increase in blood pressure with use of hearing
protectors or other noise abatement measures in high noise environments would
offer strong support for the hypothesis that noise adversely affects cardio~
vascular health given that noise effects are medjated via the sensorineural
systems. The literature offers little and conflicting evidence as to the
influence of hearing protection on the reduction of bleod pressure effects
of noise. Variation in the actual noise level reductions provided by given
devices, worker noncompliance and ethical problems in assigning "no use" of
hearing protection under high noise levels makes study in this area difficult.

The pilot study by Ising et al (1979} in which 12 subjects wore hearing
protectors during work for one week and worked without hearing protection for
one week of the study period provides the strongest evidence. The workers
wore dosimeters and the actual daily noise level reduction provided by the
hearing protection was determined to be between 10-16 dB(A) when averaged
over the entire day. Ising and colleagues reported that when working without
ear protection at a mean exposure to noise of SS\QB(A). the systolic blood
pressure was higher by almost 7 mm Hg than when working with ear protection.

S. Cohen et al (198lc} reported no significant differences of blood
pressure for noise exposed children who had experienced a year in noisa~-abated

.+
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classrooms compared to the continuously noise exposed children. However,
sample size was small and conceptual problems in handling the blood pressure
change scores when initial values were significantly different, resulted in
failure to make comparisons with the quiet-classroom children.

Cieslewicz in 1971 and Paranko and colleagues in 1974 concluded that
individual protective devices used over the years by workers exposed to noise
of 96«116 4B and greater than 85 dB respectively, did not protect them
agalnst extra-auvditory effects of noise. Both of these investigators derived
their conclusions from cross-sectional analyses of workers routinely using
hearing protection ag it was introduced inte the work place,

With the exception of Ising and colleaques, the degree of noise attenu-
ation of the ear protectors and the compliance in use of the protectors was
not verified, Careful study of blood pressure effects with diminution of
noise through constant and appropriate use of ear protectors may he one of
the more promising means for further elucidating the relationship of noise to

health effects, especially among industrial populations.
4,3.5 Consistency of Findings

Confirmation by repeated findings of an association in different
pepulation groups and different countries strengthens an inference of a
causal connection. Data derived from retrospective and prospective studies
offer the strongest confirmatory evidence. As indicated previously, 44 of
the 55 blood pressure studies reported adverse associations between noise
exposure and blood pressure. Although cross-sectional designs predominated,
these obsgervations suggest that deleterious health effects may result from
exposure to high noise levels. Unfortunately, several of the more scientifi-
cally rigorous studies reviewad herein which might have confirmed some of the
crosg~sectional observations suffer from small sample size and other design
problems. Seven such studies: reported no adverse effects of noise on bloed
pressure, Brown et al (1975}, in a historical prospective design employing
29 pilots and 29 non-flying executives as controls, found that changes in
blocod pressure over a saven year period were not statistically significantly
different between the pllot and control group. No significant differences
were observed for new cases of hypertension over a 15 year period for the 70
matched~pairs of preduction and material handling workers studied by
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Lees, Smith and Wetherall (1980), Likewise, Capellini and Maroni (1974}
found no associations between noise and hypertension although their data
indicated an increased risk quota for coronary diseﬂse due to exposure to
intense noise, Drettner {1975), Takala et al (1977}, and Hedstrand et al
(1977) reported no significant associations between noise exposure or noise-
induced hearing loss and blood pressure. Islng et al (1979) in their seminal
study of noise effects on brewery workers observed intra-individual differ-

“ences in blood pressure in the effect of the use of ear protectors, but

failed to observe statistically significant differencas in systolic and
diastolic blood pressures between the noise exposed and control groups.
However, the differences reported were suggestive of a noise effect and the
failure to reach statistical significance may be related to small sample size.
Likewise small sample size may account for the failure to observe differences
between the noise exposed groups in the studies by Brown et al {1975), lLees
et al (1980}, and Takala et al (1977).

bPart of the discrepancy in findings from studies of noise and health
effects may arise from differing degrees of reliability and validity of the

‘measurements. The literature is remarkably consistent in its failure to

consider the validity and reliability of both exposure and outcome measures
and the effect of misclassiflcation errors on cbserved associations and
statistical procedures.

SeQeral ways to improve measurement are to: (1) apply clear and repro-
ducible criteria in defining and classifying exposure and outcome status;
(2} apply criteria which provide manifestationally homogeneous groups;
{3) validate subjective data with objective measures when subjective data are
useful; (4) use objective tests with known validity or accuracy rather than
gubjective measures whenever possible; (5) assess both exposure and outcome
variables usihg multiple tests; (6) obtain information in such a manner that
subjects are unaware of the objectives of the investigation and abservers
are unaware of the conditions on which subjects vary; (7) maintain quality
control over the measurement procedure; (8) assemble data on the exposed and
non-exposed subjects in a comparable maﬁner: (9) keep the non-response low and
compare respondents and non-regpondents with respect to ancillary information;
(10) take several assessments of exposure and outcome measures to judge
change over time; and (ll1) to assure comparability of reporting, compare
groups of interest on the freguency of reporting experiences which seem
unlikely to be relevant to the etiology under investigation.
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The major problem in assessing noise exposure was the lack of information
provided by the researchers. tThe major omissions were frequency composition,
duration, instrumentation and measurement procedures, subject characteristics
and background noise level. With the exception of Ising et al (1979}, no
study derived individual noise exposure data hased on dosimeter measurement,
Of the six population-based studies reported in the English literature with
our highest nolise exposure ratings, not one provided adequate data to permit
the determination of noise dose. 1In several papers there was nc evidence of
any measurement of noise exposure for the control group. The most fragquently
reported noise descriptor was the noise level given in dB with no weighting
specified or in A weighted dB. In the translated literature, four of the
eight studies receiving our highest noise exposure ratings were experimental
in design; the four studies conducted in occcupational settings described the
noise exposure in reasonable detail and indicated that standardized equipment
and measuring procedures were ugsed., The latter four studies were those of
Pilawska et al {1977), Fclprechtova—séenzlova et al (1966), Britanov (1979)
and Sanova (1975). 1In the translated literature, the actual noise levels
studied were consistently higher than the levels reported in the English
literature, especially the United States literature. Very few "low noise",
that 1s, groups exposed continuously to less than 75 dB noise were included
in the investigations. Thus, although a range of noise levels was reported,
the noise lavels studied were remarkably high.

In general, the quality control of hlood pressure measurement was less
than adequate. Although a few studies were very precise in 'defining blood
pressure measurements and reported that cbservers were unaware of the noise
exposurae status of the subjects, most studies provided little information.
The hypertension data are difficult to compare because various bloed pressure
levels were used to define hypertensive states. Summary tables A~1 through
A-10 in Appendix A show the range of definitions of hypertension emploved.
Improvements in the measurement of exposure and health outcome variables, asg
well as study design, would appear necessary for the confirmation of the

associations observed in the large body of cross~sectional studies.
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4.3.6 Summary of the Evidence of the Effect of

Noise on Blood Pressure

This review group concludes that there is sufficient evidence in the
existing world literature to make Further investigation necessary into the
questicn as to whether continuous exposure to high noise is associated with
increased blood pressure, especially among industrial workers. Careful
analysis of the available research relating noise exposures toc changes in
blood pressure reveals that cross-gectional studies have repeatedly demon-
strated that blood pressure is higher among individuals continuously exposed
to high as opposed to low levels of noise; prevalence ratios for blood
presgsure between high and low nolse exposure groups are consistently high;
and findings from epidemiological studies are consistent with those from
other research methods. In addition, several studies provide presumptive
evidence of a dose-response relationship and a recent, well-designed, pilot
study suggests that noilse attenuation with ear protectors may reduce the
impact of noise on blocd presgsure among industrial workers.

Several limitations of the evidence at present are that the above
observations are derived primarily from cross-sectional data from which it is
impossible to determine that noise exposure precedes the cardiovascular
rasponse; the data showing ade;:ruate controlling for possible confounding
variables are not available to determine that the observed associations are
independent; the more advanced and powerful analytic techniques currently
applied in cardiovascular epidemiology have not been employed. Although
crogs~sectional data are inadequate for cuantitative analysis of risk and for
generating dose~response curves, they provide excellent sets of reference
data. This accumulation of crossg-sectional studies and their continued use
in the study of the effects of noise on the cardiovascular system can be
likened to the time required for the svolution of appropriate study designs
to rigorously test hypotheses and present evidence in favor of cigarette
smoking being a risk factor for lung cancer, corcnary heart disease and other
illnesses.

The importance of these observations, although primarily from cross-
sectional studies, becomes apparent when one considers that elevated blood
pressure is recognized as the cardinal risk factor for stroke and one of the

three prime risk factors for ischemic heart disease. In the United States
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alone, these two diseases account for 50% of the mortality. Environmental
and psychosocial stress factors which appear to play an independent role in
cardiovascular disease, may indeed include noise as a principle component.
While the epidemiologic evidence in favor of noise as a risk factor for
cardiovascular disease, especially hypertension, is not currently strong, the
case for noise involvement is so biologically plausible and the disease of
such magnitude that the benefits of continued investigation using well
designed studies are desirable. Thus the role of noise in hypertension, its
precursors, and sequellae, among human populations should be elucidated and

with considerable urgency.

4.4 Evaluating the Evidence: The Effect of

Noise on Cardiovascular Parameters Other

than Blood Pressure

A major concern in the assessment of health effects is the very limited
range of physiclogical parameters, other than blood pressure, such as lipid
levels and pathologic end points which have been studied. Only three studies
used "incident" cases of overt cardiovascular disease, Hannunkari {1978),
Raytheon {1975), Lees, Smith and Wetherall (1980) and without exception,
failed to specify diagnostic criteria applied.

Meinhart and Renker (1970} reported prevalence of myocardial injuries
for the noise-injured group to be twice as high as among the normal popula-
tion, but provided no diagnostic criteria. Likewise, without stating
diagnostic criteria, Tavtin (19768) and Kobets et al (1972) reported func-
tional disorders of heart action and disability to be higher among the noise
exposed than non-exposed; a higher frequency of complaints including angina
was noted by Koszarny et al {1976}, Britanov {1979) and Kangelari et al (1966).

Electrocardicgraphic changes were investigated by twenty-two research
teams with bradycardia or tachycardia most frequently reported, but nho
pattern emerged to show specific effects of noise. Pokrovskii (1966)
reported hradycardia or tachycardia occurring on the average five times
higher for persons exposed to intense -noise thah for the controls. Cuesdean
et al (1977) studied ST depression, Yazburskis (1971) measured ST changes
of the "ischemic type", and Kalicinski et al (1975) found no differences
between subject groups as to ST changes indicating inadecquate blood supply
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to the heart. Several of the electrocardiogram alterations were judged by
the cardiologist reyiewing the literature herein te be normal variants
without clinical evidence of associated disease. However, findings were
interpreted by the authors to be indicative of parasympathetic system
dominance. Other parameters found to be associated with noise exposure for
which we have no knowledge of a relationship to disease were heart minute

volume according to Starr's formula reported by Dega and Klajman (1977),

f—

contractile blood volume reported by Sanova (1975) and minute blood volumes
reported by Gel'tishcheva (1980).

Several researchers have studied parameters which are more biologically
plausible relative to assessing the impact of ncise on the cardiovascular
system, Three research groups reported changes in cholesterol under high
noise exposures. Rumiantsev (1971) observed a significant increase in beta-
lipoproteins in blcod sarum of noise exposed sailors on the 30th day of
their course, and di Cantogno et al (1976) reported that noise had an effect
on total lipids and triglycerides. Ising et al {1979) studied cholesterol
but failed to report any changes if they were observed. Khomulo et al (1967) .
in a study of 103 workers exposed to 117 dB noise and 51 controls, demon-
strated a change in cholesterol values with the increase in employment
duration among individuals exposed to noise suggestive of a dose~response
relationship. '

Several investigators have studied the effect of nolse on the sympatho- Q
adrenalin system. Kanevskala et al (1977) reported a decrease in noradren=- '
alin in a cross-sectional group of workers while Ising et al (1979) reported
an increase by 16% for subjects when working without hearing protection i
compared to the same subjects working with hearing protection.

Several additional studies provide suggestive evidence that noise
adversely affects varlous parameters of the cardiovascular system. Dega

et al {1977) showed a decrease In heart minute volume to almost the level of

the control group when 10 propeller grinder operators were examined while

using ear protectors; Knipschild (1977b) found that the contact rate for
cardiovascular problems increased with increasing noise level for 15-64 year

olds; Suvorov et al (1979) observed that with each increase in the level of

noise by one dBA, the neurccireculatory impairment inereased by 0.5% ameong

workers in a machine building industry; Capellini and Maroni (1974) showed

the risk quota for coronary disease due to exposure to intense noise in a Qﬁﬁ
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chemical industry to be equal that in a non-exposed population by an increase
in age of 10 years; the Raytheon study (1975 and A. Cohen, 1976) reported
that workers judged to have always used ear protectors showed the greatest
reduction in medical problems while those who never used the protectors
showed the smallest changes. Two groups of investigators, Burger et’al

(1975) and Quaas et al {1970), using healthy young males in experimental
conditions, concluded that the use of hearing protectors did not prevent the

influence of noise on pulse rate.

4.4.1 Summpary of the Evidence of the Effect of
Noise on Cardiovascular Parameters Other

than Blood Pressure

The review of the literature indicates there have been remarkably few
investigations exploring the relationship of noise exposure to overt clinical
disease or major cardiovascular risk factors other than blcod pressure. The
evidence of general cardiovascular adverse effects, other than hlood pressure,
of noise.is weak and fragmentary. These cross-sectional and short-term
laboratory experiments indicate the need for systematic study of the
relationship of noise to physiological changes along the biological gradieqt

of disease and to cardiovascular disease manifestations.

4.5 Discussion of Issues Related to Noise Effects

Epidemiclogy with Recommendations

Careful analysis of the literature relating cardiovascular response to
noise exposure indicates that the studies to date are less than fully
informative for egtablishing cause-effect relationships. 1In the opinion of
this review team, the strongest evidence of an association, if one exists,
ia between exposure to high noise levels and elevated blood pressure.
Furthermore, 1t is concluded that the body of data, primarily cross-sectional
in nature, provides sufficient evidence to support further research of the
effects of noise on the human cardiovascular system., The need for additional
knowledge of the potential impact of noise on human health is highlighted by
the fact that millions of people are exposed to multiple sources and varying
levels of noise in our environment. It is estimated that scme 10.5 millions
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of people are exposed annually to noise at levels of 80 dB or greater from
occupaticnal sources; approximately 16.2 million are similarly exposed
through non-occupational activities; and even larger numbers of people are
exposed to noise levels of less than 80 dB from multiple sources in our
society such as ﬁraffic and aircraft.
Of the B3 studies critically reviewed by the technical éeam composed of
an audiologist, cardiclogist and cardiovascular disease epidemiologist,
66 were cross-sectional in design. As indicated in Table 4-1, this is one
of the weaker research designs for deriving data from which to infer
causality, primarily because the temporal relationships of the onset of
the factors under investigation are unclear. At best, cross-sectional data
gerve to describe in detail the dimensions of the problem in need of study
and to generate hypotheses for testing in more rigorously designed research.
Analysis revealed that deficlencies in at least four major aspects of
study design exist in the noise effects epidemioclogic literature to date.
Deficits were identified in the areas of exposure characterization,
outcome specification, sample selection and data analysis. Weaknesses in
any one of these areas lead to substantial problems in interpretation of
study findings, making it difficult, if not impossible, to derive valid
conclusions from the data. The following section presents a discussion of
issyes and recommendations focusing on the weaknesses obsé;ved in these

four major areas of study design,

4.6 Exposure Characterization

In cur survey of the cardiovascular-noise research, difficulties in
assessing the potential causal factor of interest, noise, appeared as a
major impediment to the systematic exploration of the association between
noise levels and disease manifestation and to the replication of studies
within and among countries. Four major gaps in the development of the
exposure variable which are critical to epidemiclogic research are imme-
diately apparent: (1} lack of a common noise exposure descriptor which is
reliable, valid and can be applied unifermly across situations; (2) inability
to document direct exposures to the individual; (3) fallure to describe the
total cumulative long-term exposures taking into account nen=-occupational
as well as occupaticonal exposures; and (4) use of a widely varying and over-

lapping range of noise levels, which restricts dose-response analyses.
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Summary of Methedological Considerations

. Design
Randomized
Intervention Cage- Croas-
Methodological Attributes Trial Cohort Control Sectional
Derivation of Causal Inferencs
Temporal Sequence +++ ~+ ++ +
longitudinal Measure of - b o +
Exposura
Study of Spectrum of
Morbidity Longitudinally Lz rt + +
Risk Estimates
Ralative Risk ++ e+ el
httributable Risk + -+ + -+
cdds Ratio R ad ++ it +
Avoidance of Confounding 4 ++ ++ -
Blas
Ahvoidance of Selaection Bias ++ - + ++
Avoidance of Measuremant Fre +h - - ++
Bias
ase=-Response it e+ + ++
2 3
Time Efficiency . + -+ ++ -
; 2 3
Cost Efficiency + - e ++

Key: +4+ 3 strong design
++ ; fairly strong design
+ : woak design

Qefinitions: . :

Cohort may also be referred to as prospective, historical prospective, retrospactive
cohort, longitudinal, indicating individualzs are followed over tima identifying

sxposures prior to incidence of disease,

Case-Control may be referred to as ratrospective indicating the tracing of exposure

backwards in time after digeass is manifest,
Cross~Sectional may alsc bo referred to as pravalence atudies.

Footnotes:

1. Tha odds ratio estimated from ratrospective studies iz & good estimate of relative

risk when prevalence of disease ia low.

2. Efficiency of cohort studies ia dapendant upon whether axposurs of the cohort can
be asasused and described retrospectively or whether the cohort must be followsd

from the prasent for a period of years,

3. Cropa-seéctional analysis of oxtant data is more efficient than the above rating

indicates.
4. Blank indicates not applicable.
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4.6.1 Lack of a Common Noise Descriptor —

Synthesis of the findings from the world literature was severely
restricted by the lack of common noise descripters and the failure to use
uniform, reliable and valid methods of measurements. This deterrent to
comparison and replication of research has been‘recognized repeatedly, but
apparently has had little impact on recent nonauditory noise research. At
the 1973 Intérnational Congress on Noise as a Public Health Problem,
Pearsons (1973) identified gix possible ways for direct measurement of noise,
two graphical measures, nine measures to caleculate the noise of individual
events and thirteen measures to evaluate the severeness of exposure of
communities to multiple avents.

After the 1973 conference, acknowledging the complexity of deriving a
simple indicator of nolige exposure for health (primarily hearing loss and
annoyance) studies, the U.S, Environmental Protection Agency selected the
1ong-term‘average sound level, Leq, A~weighted scale, as the best descriptor
for specifying the magnitude of the environmental noise. This relatively

simple descriptor can be used when the effects under consideration span an o~

B-hour work pericd, a 24~hour work pericd or a year period. In addition to
monitoring noise over a long pericd of time, the Leq is easily measured
with equipment available and correlates well with known effects of noise on
hearing, speech and general well-being. A major disadvantage of Leq as an
overall descriptor is its lnadequacy for assessing impulse and high level
noise because of the clipping of the peaks by 15-30 dB. Since much ocgupa-
tional noise is impulse noise more elaborate descriptors or medifications
which take into account impulse noise superimposed on background noise may
be the most appropriate models for future research. WNevertheless, general
agreement (by scientists worldwide) on a basic descriptor such as the Leq
to characterize noise exposure would make it possible to desecribe noise
environments and their change in time and subsequently the changing expo-
sures of individuals and populations.

Our analysis revealed that of the thirty investigations published in the
English literature since 1973, twenty-six reported sound level in decibel
units, using the A weighted scale (see Summary Tables, Appendix A). The
equivalent sound level (Leq) tended to be used in transportation noise studies Q:;

without specifying the time intervals over which the levels were evaluated.

4-22

R T TR R SRR PRI A e ik P

)



()

The summary tables also show that five of the six studies employing hearing
loss as a surrogate measure have been reported since the Dubrovnik,
Yugoslavia conference.

The reviewed literature consistently failed to document reliability
and validity of the noise measurements taken and provided insufficient
detail for replication of the studies. The variety of metheds and
approaches to noise assessment appearing‘in the literature to date hinders
replication and comparison of findings, especially among countries., The
brevity of the noise descriptions and perhaps the less of meaning in trans-
lation make it difficult to determine comparability of research even at
the gross level of characterization of noise over time versus an average
noise level determination. Standardized measures of the exposure variable
would greatly lncrease the opportunity to observe consistencies of associa-
tions among studies which could, in turn, be considered logleally equivalent
to the replication of results in laboratory experiments under a variety of
experimental conditiens. Consistencies of agsociation would indirectly
strengthen the inference of an association between noise and cardiovascular

responses.
4,6.,2 Inability to Decument Individual Exposures

Technical advances in electronics during the past decade have made it
possible to assess continucus noise exposure of individuals with personally
worn dosimeters. Von Gierke and colleagues (von Gierke et al, 19B0;

Fairman and Johnsaon, 1973; Johnson and Farina, 1977) have demonstrated the
feasibility of the use of dosimeters by individuals over fairly long pericds
of time, identifying the major noise sources contributing to the total noise
dose by brief diary entries. The assessment of noise by dosimeter has been
or is currently being explored for uge in the general urban population
{schori, 1978), with children (Roche et al, 1978 and 1573}, in military
populations (Fairman and Johnson, 1979) and in special groups such as
housewives and factory workers (von Gierke, 1974).

Clearly, use of advanced techniques in noise measurement would greatly
enhance sclentific investigations since cbserved associations which are
most likely to be biologically significant are those derived from direct
measure of noise exposure to, individuvals who subsequently manifesat disease
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states. The study by Ising and colleagues in 1979 was the only investigation
in the natural work environment found which documented individual exposures
with dosimetry readings. Among the better measures described in the litera- J
ture were area noise level agsessments such as those described by Pilawska

et al (1977) and Dega and Klajman (1977) in studies of shipyard workers, r
and job title estimates of noise levels used by the Raytheon Service Company
study (1975) and Brown et al (1975). Six English studies and one translated .
study selected hearing loss as a surrogate measure for noise exposure, The !
scientific contribution of these studies is limited because of the unknown .
relationship between hearing impairment and blood pressure. !

4.6.3 Pailure to Describke Cumulative Long-Term ]

Exposures

Another major weakness in the characterization of the exposure variable
ig the inability to estimate total noise exposures including non-occupational ' '
as well as occupational exposures and related durations. Von Glerke et al
(1980) and Johnson and Farina (1977) have demonstrated that for short~term p—
measurements, individuals may show single~day dosimeter readings in which
their off-work nolse exposures exceed their work exposure levels, However,
if monitored long enough, the at-work average exposures turn out to be
higher than the average non-occupational exposures as has been assumed in
much of the epidemioclogic literature. Ising et al (1979) reported sharp
differences between individual subjects when they attempted to measure noise
levels of Sunday activities and were unable to use the Sunday neise levels
as control wvalues for their subjects. MNonetheless, von Gierke and others
(1980) consider the evidence of non-occupational noise exposure to be
impressive enough to warrant consideration in future studies of the potential
non-auditery health effects of noise. It is likely that non-occupaticnal
exposures have been underestimated in the past and their contribution to
the development of health problems in high risk groups have yat to be
explored.

The effects of total noise exposure, whether cccupational or non-
occcupational or hoth, cannot be adequately evaluated unless some assessment
of duration is included in the noise modal. A model which incorporates e

L

average duration of noise exposure expressed in long-term units such as years,

4-24

TN v st T e S Lt e ke

LT e I O W Tl migtomrimar e



and/or months would be desirable for epidemiologic studies of cardigvascular
diseases. In the reviewed literature, most of the studies expressed
exposure in the very simplest of models - a general description of the

noise level in the work site, measured one or more times with no linkage

to the worker going through the site in the normal work day. Years of
employment in the given industry were treated as a surrogate measure for
duraticon of exposure by several investigators (Folprechtova-Stenzlova et al,
1966; Suvorov et al, 1979; Andriukin, 1961; Manninen and Aro, 1979; and
Parvizpoor, 1976).

4.6.4 Restriction of Dose-Response Analyses

If noise is of causal importance in cardiovascular disease, then the
risk of developing the disease should be related to degree of exposure to
noise. The literature to date offers little other than presumptive evidence
for or against a dose-response relationship. A major gap in the research is
the lack of a range of noise levels explored. Low noise levels appearing
in the translated literature are often lavels considered to be high in the
United States. This is especially true in recent years with the current
occupational noise standards for industry set at a maximum of 90 dB for
eight hours. Clearly, there is a need to develop future research utilizing
a range of accepted "levels" for categoriziné exposure to facilitate the
search for dose~response relationships within given studies and, perhaps in
an ecological sense, across studies.

Although this review reports as presumptive evidence of a dose-response
relationship, an increase in blood pressure with an increasing number of years
employerd, this interpretation must be accepted with caution because of the
potential confounding of age. Blood pressure increases with age. Age
increases with years employed, thus age must be appropriately controlled for
such an interpretation to be valid.

Most striking is the observation of the variability and overlap in
noise levels identified, making it virtually impossible to group studies by
the levels and/or range of exposure explored by the investigators, For
example, Knipschild (1977a, 1977b, 1979) in a series of studies of the same
general population apparently found it difficult to classify the exposure
areas with uniformity across a drug study, general practice and community

survey.
4-25

e e i T it g R | s e A




4.7 Recommendations Regarding Nolse Exposure |

Characterization

Based on our analysis of the world literature and consideration of the
technology available to date, we offer the following recommendatlons regarding j
noise expeosure characterization for epidemiclogic purposes:

(1) Researchers and writers should strive toward common agreement on the
use of noise-related terms. Utilization of different terms to
describe the same phenomenon only encourages confusion. ANSI standards
should be used as the recognized guides for terminology. International
acceptance of standardized terms is necessary if world literature on )
noise is to be utilized to advantage. ]

{2} 1If noise studies are to be useful, understood, and have the capability .
of being replicated, adequate information must be given regarding I
important elements such as the acoustical nature of the noise, its
source, why, how and with what instrumentation it was measured, where I
it was measured, the actual noise levels and duraticns invelved in
the exposures, and information on subjects' hearing and physical health ——~
and their history of avocational as well a3 vocational noise exposure.
(a) Descriptions of noise should include type (as steady, nonsteady),

frequency composition, actual levels, and durations to facilitate
dose-response detexminations.

{b) Dosimeters should be utilized vocationally and avocationally to
insure accurate assessments of noise exposure, Further, dosimeters
should be refined to measuro external ear canal levels by utilizing
a miniature ear canal microphone as well as a body-worn microphone
in dosimeter design.

{c) Researchers should refer to standards on noise measurement, such
as ANSI S1.13-1971(R1976), to assure conformity to acceptable
meagsurement methods, and to standarde on instrumentation, such as
ANST S1.4-1971(R1976), for appropriate selection of instrumentatiocn
according to the accuracy needed for a particular measurement.

(d) calibration of instrumentation prior to, during, and following
noise measurement should be accomplished and documented to

asgure accuracy.

oo
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(e) Studies should include environmental maps or diagrams which
relate the noise in question to the ambient noise levels and
the locations of persons located in the noise epnvironment.

(f) Histories of noise exposure vocationally and avocationally
should be extensive and complete for each subject in studies
of noise exposure.

(g) Hearing thresholds should be established audicmetrically for
each subject prior to and following nolse studies so that
hearing function can be realistically assessed relative to the
non-auditory information being studied.

{h) Physical examinations should include thorough otolegical
examinations in any noise study.

Acceﬁtance of general "levels" for categorizing exposures which will

allow comparison among studies and replicability of studies.

Proposed levels are as follows:
high level » 85 dB (for eight-hour period)
medium level = 70 4B
low level < 70 dB

Development of severai noise characterization paradigms which would

be appropriate for future studies given the type of study design and

level of noise measurement pessible.

Example: Noise Exposure Paradigm I (Gamble and Spirtas, 1976)

{a) Select industries (or noise areas within an industry) which
vary markedly by noise levels, but are similar on worker and
environmental characteristics;

(b) Have industrial hygienist and an expert in acoustics, rank and
classify each job for nolse exposure on the basis of assessments
of the noise levels at the worksite during times workers are
present;

(c) If jobs cannot be classified with noise as a =ingle agent,
develop categories with common features (example, hoise level
plus temperature level);

{d) Develop cumulative lifetime work history: begin with date of
entry into work forece, index each job, record date in and date
out of each job;

(e) Integrate job exposure to noise and work history for a quantitative

estimate of nolse exposure "dose" for the individual worker.
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Noise Exposure Paradigm IX (Ising et al, 1979; Fairman and Jchnsen,

1979) "
{a) Select individuals presumed to be exposed to varying levels of l
occupational noise on the basis of measurement of the noise
level in the worksite; '
{(b) Have each individual wear a noise dosimeter each workday for
an entire week or designated period of time; a microphone of *1
the noise dosimeter should be located in the ear canal and I
one microphone on the body to measure effective noise doses :
in the two locations;
(c) cCcalculate equivalent continuous sound levels for the measurement .
periods of time; ,l
(d} Supplement occupational noise exposure with off-the-job
dosimetyy data for 24-hour exposures. Keep work and non- i
occupational exposures sSeparate. pPocument noise sources with l ‘
activity data recorded by the individual wearer. i
(e) Develop cumulative estimates of individual exposures through ‘L
repeated noise dosimetry assessments at defined time intervals —
supplemented with work history data and recreational and other \ .
avocational data.
{5) 1Identification of selected groups of workers expoged to low noise :
levels for' comparison with high noise and very-high noise exposures
ipherent in some work environments. A focus on nolse exposed groups 'ﬁ
in industry as opposed to groups expésed to varying levels of ;
comnunity noise may produce the most efficient studies according to i
the literature. l
(6) Systematic delineation and study of factors in occupaticnal |
anvironments (in addition to age and sex) which have the potential i’
for confounding noise effects in the study of cardiovascular disease.
4,8 Health Outcome Specification
A major problem in the assessment of the association hetween noise exposure
and cardiovascular disease was the limited number of studies focusing on
physiclogical changes of known clinical significance or relevance to disease (:;

development, overt cardiovascular disease manifestations, or changes in known
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cardiovascular risk factors such as cholesterol (exception was blood pressure).
The data most suggestive of a role for noise in the etiology of cardiovascular
disease were those demonstrating adverse blood pressure effects. Although the
literature suggests that blood pressure changes may occur under continuous
axposure to high noise, no sﬁudies focused specifically on stroke, one of the
major end organ sequella of hypertension.

Individuals known or believed to be at high risk to hypertensive and
other cardiovascular diseases were not selected for study as groups in which
one might expect to observe adverse cardiovascular response to noise. Examples
of such high risk groups are Blacks in the United States who have high hyper-
tension rates, positive responders to exercise stress tests who have been
shown to be at high risk to myocardial infarction and offspring of hypertensive
parents who are belleved to be susceptible to hypertensive diseases, indi~
viduals with Type A personalities, individuals presenting with angina that is
confirmed by angiographic studies.

4.9 Recommendations Regarding Health Outcomes

Based on our analysis of the extant literature, consideration of tﬁe
current knowledge of the pathophysiclogy of cardiovascular diseases and the
technologies currently available for diagnosing and defining cardicovascular
health, we offer the following recommendations regarding health outcomes in
the study of noise effects:

(1) Improvements on the reliability and validity of bleood pressure
measurements in future studies by standardizing procedures, recording
bleod pressure measures without knowledge of noise exposure status and
by taking repeat readings as opposed to a single casual blocod pressure
assessment.

(2) Assessment of intra-individual differences in addition to inter-
individual differences in blood pressure providing data which are
inherently adjusted for many covariables such as diet. It is
generally accepted that a shift in blood pressure from low te high
even for individuals within the "normal or low blood pressure ranges"

increases cardiovascular disease risk.

4-29

UL, o e s 1 s



it

(3) Reporting of the full distribution of blood pressures as a health —
outcome to provide a continuous rather than dichotomous variable for :
analysis with methods sensitive to relatively small differences, '

(4) Consideration of hypertensives under medical treatment as a special
group of responders. ’ l

(3) Special study of stroke in occupational groups since stroke is a
major end organ sequella of hyp‘ertension. "]

- {6) Focus of future research on a range of cardiovascular responses with i
measurement of several responses along the digease gradient within
any given study. The following disease and physioclogic responses ‘ |
may be the most informative based on existing literature (and until
appropriate animal models suggest otherwise); !
{a) Overt Disease (morbidity and mortality)

Stroke ‘ I
Acute myocardial infarction

Coronary atherosclercsis as documented by coronary angiography
Sudden Death

Hypertension o~
Angina pectoris with documentation by anglography or stress testing l
Hyperlipidemia, especially Type II
(b) Physiological Responses (with objective measurement)
Blood pressure changes
Lipoprotein changes !
Stregg~responses related to the kallikrein-kinin system and : ;
prostaglandins
changes in platelet function
Abnormal electrocardiographic response to exerclse stress testing
(c) General Measures {(subjective measurements}
General disability
Symptoms of disease : ii
Absenteeism from work :
(7Y study of special high risk populations including Blacks and offspring

af hypertensive parents.
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(8) Exploration of indicators which can be used to measure and quantify
a gradient of coronary artery disease in populations for investigating
the question of the r'elationship of long~term noise exposure and
underlying atherosclerosis, For example, the Rose Cardiovascular
Questionnaire may serve to identify symptoms in a large population,
catherization and angiographic studies to define degree of acclusion

in special groups, and catherization toc define coronary disease.

4.10 Sample Selection

Many of the overriding problems which emerged in the analysis of the
literature were related to sample selection, sample size and potential
selection bias. The potential for such bhias iz especially high in cross-
sectional studies which dominated the literature. Few of the researgchers
described the population at risk giving details of the sampling methodology,
completeness of the sample, exclusions or lesses of subjects from the exposure
groups and factors selecting individuals into the specific work environments.
Nine of the studies which provided reasonably good design and sampling data
suffered from other potential scurces of hias such as the ecclogic fallacy
(Knipschild, 1977a; Frerichs, 1980; A. Cohen et al, 1980a; S. Cohen et al,
1981c; S. Cohen et al; 1980b; Manninen and Aro, 1979; Parvizpoor, 197G;
Raytheon, 1975 or A. Cohen, 1976; Ising et al, 1979; Meinhart and Renker,1970).

In mapy occupational studies of the cardiov«'atscular effects of chronic
noise exposure there is a strong possibility of selection blas. It is always
difficult in an observational study to insure that the two groups to be
compared are similar on other risk producing variables while different on
the one of interest, If the variables on which individuals differ are measured
and there is overlap on these variables between the two groups then various
methods of adjustment may be used and a bias-free adjusted comparison between
the noise exposed group and noh-exposed group can be made. However, if the
selection factor is unme-asured or unmeasurable and is associated with both
the risk factor and the disease of interest then serious bias can result. In
the cage of noise exposure 1t might be that those individuals most sensitive
to the effects of noise would refuse to work in high noise areas or would
terminate employment due to the noise level, Thus, a comparison of high noise
exposed individuals and low nolse exposed individuals would he bilased to the
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extent that the high noise group was a select group and those individuals most
sensitive to high noise levels were not observed. One way to eliminate this
type of bias is to perform an experimental rather than an observational study.
If individuals can be assigned to high and low noise categories at random then
the only systematic differences between the two groups will he the noise
axposure, and thus, any differences in health outcomes can bellinked to this
exposure., However, in most situations an experimental design is neither
feasible nor ethical and other ways of lessening the bias effect must be
developed.

Two approaches may be employed to avoid selection bhiag in observational
studies of the health effects of noise. The first procedure, as menticned
above, is to measure other knowh cardiovascular risk factors and charac-
teristics on which the groups may vary and adjust for them., The possibility
of bias due to unmeasured factors remains unknown. The second type of
procedure is linked to choice of study group., Attempts could be made to €£ind
study groups where individual choice does not determine the noise level later
experienced by that individual. Some occupations are such that individuals
initially have little choice of the work category with regard to noise expo-
sure and thus the chances of selection bias influencing the results of studies
of these workers are minimized. It Is important to note that the ahility to
detect selection bias varies with the study design used. In a classic case-
control deeign, it is essentially impossible to examine or statlstically
control for selection bias since the "cases" have already experlenced
selection procedures which are usually unknown. A prospective design allows
examination of the ways in which selection could bias the results since the
population at risk is defined early. For example, in a prospective study,
the rate of transfer from high to low noise areas (or vice-versa) Ean be
determined, the number of cardiovascular events that occur among these who
were assigned originally to a high noise exposure area and yemained there,
those who were assigned originally to high noise and transferred to low
noise areas, those who transferred from low noise to high noise, and finally,
those who remained in low nolse areas over the pericd of study can be counted.
Examination of covariables aleng with these patterns of change allows egami-

nation of many possible blasing effects.
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4.11 Study Design and Data Analysis

The summary table of methodclogical considerations (Table 4-1, p.4-21)
indicates that the randomized trial and cohort strategies are the more power=~
ful of the epidemiologyical designs, and thus are necessary for exploring
cause-effect relationships. Data derived from such rigorous designs are not
available for judging the strength of the association between noise exposure
and cardiovascular disease. Studies by Ising et al (1979), Lees et al (1980b),
and Brown et al {1975) are exceptions, and even these researchers failed to
apply the more powerfulstatistical procedures which recently have been
developed for the analysis of cardiovascular disease effects other than noise.

Most analyses of the effect of noise on the cardiovascular system have
consisted of simple comparison of levels of a cardiovascular disease risk
factor such as hypertension between a high noise group and a low nolse group.
Occasionally the attempt was made to adjust for the effect of possible
confounding factors but this was'usually confined to age matching or stratifi-
cation and did not consider or quantify the effects of other possible
confounding vairables. The importance of adjusting for covariables in the
analysis of the effects of noise on health cannot be overemphasized. A
variety of confounding factors must be measured in order to allow investigation
of the relationship between these factors, noise exposure levels and the
measured health outcome variables. These include the obvious cardiovascular
risk factors such as age, race, sex, soclo-economic status, and job connected
factors such as physical exertion, temperature, humidity, that should be
estimated along with noise levels. Table 4-2 enumerates the major cardiovas~-
cular risk factors of interest which in any given study may be either con~
founders or strong rigk medifiers., So little data are available in the
literature at present that it is difficult to speculate as to which of these
factors other than age and sex might be associated with noise exposure, and
consequently be potential confounders. In addition, individual factors such
as smcking, ‘ohesity, behavior type, exercise and hearing threshold levels
should be measured. Interaction between noise exposure, health outcomes
and hearing threshold levels can he examined. fThe interrelationships among
many variables and noisgse need to be elucidated. Blood pressure and cholesterol
may be important links in the causal network, that is, noise may lead to ele-
vated hlood pressure which, in turn, increases the risk of acute myocardial

infarction.
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Table 4-2

patential Confounding Variables in Studies
of Cardiovascular Responsa to Nolne

Risk Factors cardiovascular Response
Yachemic Heart Disease
Acute Myocardial  Angina Suddan Stroke Hypartension
Infarction Pactoris  Death

hge + + . +
Race/5ex +WM +WF +BF +DM,DF
Family History + + + +
Socio~economic - -

Status
Cigarotte Smoking + + + + -
Sedentary Living * + +
Exorcide + + +
Ohesity + + +
Aleohol - Moderate =~ - -
Stress +* * + +
Personality Type A * +
Fatigus +
Diet

Sedium +

Botassium -
Cholasgteral Total + + +

DL + -

oL + +

VLDOL + +

Blood Pressure
Hyportension + +* + -

Glucose Elevated + + + -
{Dlabotes)

Transient Iachemic +
Attacks

Pre~axisting IHD +

Biochemicals
Renin +
Noreplnephrine -
Kallikreina -

KEY: Blank = No consistent avidonca of asmociation between factor and disease

+ = Factor positively associated with discase
- = Factor nagatively aspociated with disaaan

aw
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In order to investigate the direct effect of noise on blood pressure or
on more serious cardlovascular sequella 1t is necessary to use sophisticated
statistical methods develaped for other chronic disease epidemiolegy. These
include regression techniques when the outcome is a continuous variable and
logistic regression and categorical models when the outcome 1s not continutous.
In addition, methods such ag the Mantel-Haenszel Adjusted Chi-gquare may be
used to analyze categorical data without making the assumptions concerning the
types of interaction required in other models. Survival analysis based on the
Cox model may also be very useful,

As previously(indicated, the investigation of any cardiovascular outcome
and its relationship to noise should include the collection of information on
variables other than noise associated with cardiovascular disease. These
variables include age, sex, smoking habits, cholesterol levels, exercise,
behavior type and others. 1f the outcome variable is continuous such as
blood pressure, then regression/analysis of covariance models of the

following form may be used:

cutcome predictors

L N Y
{blood pressure} ¥ = a + blxl + bzx2 + b3x3 « e
where X, - may indicate high or low noise level
Xy = describes amoking habits
x3 - age

and so on

with this model we can partition the effects of the various factors and
examine the effect of each on bloed pressure. A thorough examination of the
effects of the associated variables can be accomplished by running subsets

of the total set of predictors and comparing the goodness of fit of the model
with these subsets. Multiple regression analysias may be used to examine the
relationship between hearing loss and health outcomes by using hearing
threshold shifts as one of the predigtor variables in the regression equation.
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Analysis of discrete or dichotomous outcomes such as stroke and
myocardial infarction {(morbidity and mortality) requires use of categorical
models. The logistic model, commonly used in analysis of coronary heart
disease data, models the risk of an event as a function of other factors as

follows:

Risk
Ln (_—_'1-Risk)= B, + lel + Bzxz + 33x3 . e

where the X variables are again predictor variables such as exposure to noise, . l

blood pressure, cholasterol level, ete, An Important point to note again,

is that the true link between noise and cardicvascular disease may ke through j

an effect of noise on blood pressure. . Therefore, care must be taken in the

analysis to examine the predictive effects of noise alone and blood pressure o)

alone prior to examining them together, since together neither variable

may appear as significant as either one alone. o~
Life table analysis using the propertionate hazards model as described

by Cox (1972) may be useful in the analysis of risk of events for occupational

or prospective studies where there is subsﬁantial loss to follow-up due to job

changes and other associated mobility. In the proportionate hazards model,

the relative hazard is used as the measure of association between an event and

the possible risk factors. The hazard is the "instantaneous" probability of

the event. This hazard must he summed (or integrated) over time to give actual

risk. However, comparison among two or more groups can be accemplished using

relative hazard analogously to relative risk.

)
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The model structure is as follows:

! A (t,X) the hazard depending on time, and X a vector of covariables
| . -

r The risk of an event in time 7T is

R(T,X) = l-exp (= T do(t)rexp (B X, + B,X) + . . . BX )dt

Thus A(t,)f) =Aott)fexp(lel+Bzx2 + ... BKXK)

where Aot} is the time factor in the hazard model while exp{(BiX; + ... BKXK)
describes the effects of the risk factors. The relative hazard for a unit
change in xi with all the other factors held constant is then exp(Bi). Thus
the antilog of the coefficients in the model can be interpreted as relative

: m hazard similar to tt;at in logisti¢ analysis. Interpretation and use of

:“l these coefficients is similar to that of regression or logistic regression.

, The model usually gives similar results to that of logistic regression, but

allows the use of varying follow=up periods and incorporates event-times in

the estimation.
Estimation in the relative hazards model is based upon iterative maximum

likelihood methods. The time-to=occurrence of an event ls included in the
estimation, as is that of individuals with incomplete follow-up. This allows
uge of follow-up data of different lengths of time for different individuals, i

g R Y T

and thus, may be the method of choice in studies based upon varying cccupa- i

tional exposures, :
Another question related to analysis that may be important in occupational

studies is how to measure exposure to noise over a long time period.

Paffenbarger et al {1975) examined this problem in regard to work activity and

coronary mortality. They used person years in the categorization and

examined the deaths in each physical activity group relative to the tatal

person years accumulated in that category. A similar model may be useful in

the analysis of mortality/morbidity data in groups exposed te different noise

levels in the work envircnment. A common thread throughout these methods of
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analysis is the need to measure and adjust for possible confounders. This
is preferable to matching on confounders (except perhaps age and sex), in
fact necessary, since once a factor has been "matched" it cannot be examined
in the analysis.

Some of the methods described above such as regression analysis or
Mantel-Haenszel adjustment are well known in epidemiological research, but
have not been generally applied to investigations of noise and its relation-
ship with cardiovascular disease. Other techniques are recent in development
and were developed specifically for the investigations of the relationship
between risk variables and chronic disease outcomes. These recent techniques
include analysis with the logistic model. Mathematical theory and methods
of analysis using this model were developed mainly in the late 1960's and
early 1970's in relationship to cardiovascular disease epidemiology and are
only now appearing in the main package programs such as SAS. 'The proportiocnal
hazards model, based on the work by Cox in 1972, has only appeared in applied
use in the literature since about 1978. Most of the studies of cardiovascular

disease and noise were published prior to this time.

4.12 Sample Size Determination

-

Determination of the necessary sample size for studies of the relation=-
ship between cardiovascular disease and noise exposure depends strongly upon
the group to ke studied and the ocutcome to be examined. If the outcome is
blood pressure measured for both noise exposed individuals and non-noise
exposed individuals, then the curve shown in Figure 4-2 shows the power that
could be eipected for a sample size of 50. These power curves were generated
with data from A. Cohen et al (1980a) based on a sample size of S1 in each
group, using normality assumptions. They show the probability of detecting a
difference in blood pressure between the hearing loss and control groups in
Cohen's et al study, but serve as a general example. To¢ have an 80% probabil-
ity of detecting a difference in systolic blocd pressure, the true difference
between the hearing loss and control group would have to be on the order of
6.5 mm Hg. Conversgely, if the interest is in detecting a 4 mm Hg systolic
blood pressure effect, the probability of doing so with these data is only
about 45%. For dlastolic blood pressure, these data demonstrate that to
obtain an 80% probability of detecting a difference, thé true difference
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Powey

0 1 2 3 4 5 6 7 8 2

bDifference in Systolic Blood Pressure
{mn Hg.)

Power

o i 2 3 4 5 6 7 8 9

Difference in Diastolic Blood Pressure
(mm Hg.)

Figure 4-2. Difference in blood pressure required to achieve a
given power, under the alternative hypothesis, for a one-gided
{o= .05) test of the hypothesis of no difference in blood
bressure between hearing loss and control group. ng=n)=5Sl.
Data from Cohen, A., Taylor, W. and Tubbs, R.: Occupational
Exposure to Noise, Hearing Loss, and Bloed Pressure. ASHA
Reports 23(10):322-326, 1980,
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between the two groups would have to be on the order of 6 mm Hy: conversely,
to detect a 4 mm Hg effect in diastolic blood pressure, the probability of
deing so is about 55%,

One question that immediately arises is how large a difference in blood
pressure is important enough to detect in the noise effects studies. In the
Waestern Collaborative Group Study (1976) the logistic coefficient for
coronary heart disease for men was found to be .0l7. Thus, the approximate
relative risk (odds ratio) of éoronary heart disease, for men aged 39-48
years, for a unit change in systolie blood pressure was 1.017 [éxp(.Ol?fI.
The relative risk for a change of 5 units in systolic blood pressure was 1,09
[éxp(.Ol?)i]. Similarly, risk of coronary heart disease for a 15 unit change
was 1.29. Thus, a change of only 5 units in blood pressure increased risk by
10% in the group. A sample size necessary to detect the shift of 5 units
can be calculated, assuming a desired power of .8 and a significance level
of .95 using the standard deviation of systolic bhlecod pressure of approxi-
mately 13.6 as given in A. Cohen et al (1980a)., A sample size of approxi-
mately 90-100 subjects in each group would be needed. Since the standard
deviation of bloed pressure varies for different age and racial groups,
sample size would vary depending upon the population subgroups studied.

Examination of discrete cardiovascular ocutcomes such as stroke or
myocardial infarction requires samples of larger size than studies using
continuous blood pressure measurements. Assume a case control study nested
in a large cohort design where cases are new events of myocardial infarction.
Assume an odds ratio for cardiovascular noise effects of 1.5 and a rate of

noise exposure in the myocardial infarction group of .5. To obtain a power

" of .8 at the .95 significance level, 160 subjects in each group, case and

control, are needed. However, in order to acquire the 160 cases, an under-
lying population time factor of approximately 16,000 is needed (16,000
persons observed for one year or 1,800 persons ohserved for 10 years). This
represents the total number of person-years observation necessary to cbtain
the needed number of cases at a rate of 9.6 coronary heart disease events
per 1000 person-years, assuming a cohort of men aged 39-59 years (Roseman
et al, 1976).

When noise exposure is less prevalent, the necessary sample sizes will
be even qréater. For instance, when 20% of the cases are exposed to high

noise levels, a sample size of more than 300 cases and 300 controls is

4-40

T

el




required to obtaim™ & power of .8. However, determining noise levels for
300 cases and 300 controls is substantially simplier than determining the
noise levels for the complete cohort that could be upwards of 3000 people,
Wwhen categorical analysis is required and adjustment for covariables is
desired, sample sizes need to be larger than the estimates above. However,
if continuous adjustment methods can be used, the total sample sizes remain
in this same order of magnitude. Other factors affect sample size determi-
nations. The rates of expected numbers of events used above were based on
men aged 39-59, If a study of coronary heart disease events were planned for
other age or sex dgroups, the sample size required in order to achieve an
adecuate number of coronary heart disease events could be substantially

larger.

4.13 Recommendations Regarding Epidemiologic

Research Designs

Based on our analysis of current literature the following recommendations
are made for population-based research aimed ak improving study designs and
analysig, thus providing a data base from which causal inferences may be
derived:

{1} cCareful estimation of desired/required sample sizes need to be made

in advance of study implementation for all future investigations.

{(2) Priority needs to be given epidemiologic studies employing designs
which offer the strongest ewvidence for assoclations that may be

causal in nature. The designs recommended include:

{a) Synthetic (or hybrid) retrospective-cohort studies in occupational
groups exposed to high nolse levels over long periods of
employment,

{b} tLarge retrospective cohort studies (with continued follow-up)
in occupatienal groups exposed to varying levels of noise.

(¢} Large retrospective cohort studies (with continued follow-up)
in selected samples of the population.

{d) Randomized intervention trials in industrial settings.
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(3) Future studies of the effect of noise exposure on the cardiovascular
system should adopt quantitative analytical techniques currently
employed in cardiovascular epidemiology.

(4) Collaboration of scientists among countries should be encouraged to
increase the sharing of ideas and reduce the time that is required i
for new analytical techniques from one area of investigation such as
cardiovascular epidemiology to be applied to noise effects l
epidemiology. ‘

{5) BAny large-scale epidemiologic study should be preceded by an indepth
planning phase of approximately one to two years to assure that

adequate implementation is feasible.

4.14 Discusgion of Regommendations Regarding

Epidemiologic Regearch Degigns

4.14.1 Careful Estimation of Desired/Required Sample Sizes NHeeds to be .
Made in Advance of Study Implementation for All Future Investigations. :
Sample size need not be large, but must be of sufficient size to detect -
relatively small differences and associated with designs which allow
accurate estimates of the antecedent-consequence relatioﬁships between noise

exposure and disease manifestations/physiologic responses. i

. 4.14.2 Priocrity Needs to be Given Epidemiologic Studies Employing Desidgns
i Which Qffer the Strongest Evidence for Associations That May Be
Causal in Nature., (Four deslgns are described.) .

4.14.2,1 Synthetic (or Hybrid) Retrospective~Cohort Studies in Occupational :
Groups Exposed to High Naise Levels Over Long Periods of
Employment

Since retrospective-cohort studies may be cost prohibitive due to the
large sample size required and the time/effort necessary to reconstruct
exposure cohorts, modifications in the design which increase the efficiency ;
without reducing the power substantially can be made., In the synthetic mode, '

100% of the cases of the given cardiovascular disease are identified in order
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to assure an adequate number of ocutcome events; "controls" are identified
by taking a representative random sample of the original cohort of workers.
Employment medical records and death certificates provide data for deter-
mining the mortality and morbidity (cases); individuals are classified on
noise exposures through thorough work histories taken from survivors and
from spouses of the deceased, In this mode, estimates of individual noise
exposures for a given job can ‘alsc be derived with use of noise dosimeters
by the healthy workers and "cases", if any, who remain in the work force.
The synthetic retrospective-cohort design is cost-effective in that it
allows modification and/or extension of the study based on evidence of the

effects under observation. If the results of this “case-control" stage are

suggestive of an association between noise exposure and cardiovascular cutcome,

investigation can prodeed to include the total original cohort in the classical

retrospective-cohort mode. If data accumulated in this 1at§gr analysis are
strongly suggestive of adverse effects, a true prospective study can be
developed utilizing the remaining healthy cohort of workers and adding
appropriate noise exposure and health outcome assessments. (See Scenario #1,
Table 4-3,)

4.14.2.2 Large Retrospective Cohort Studies (with Continued Follow=Up)
°  in Occupational Groups Exposed to Varying Levels of Noise

Industrial populations (such as DuPont} with reasonably well-defined
past noise exposure information and employment medical examinations would
be appropriate groups for study of long-term noise effects given that results
generated from synthetic retrospective studies indicated associations worthy
of further pursuit. -
Table 4-4 outlines the major determinates of an industrial retrospective
cohort study. The issues of main importance are population definition,
noise measurement, health ocutcome measurement, confounding variables and
the analytical methods to be used to examine the data. EFach of these compo-
nents of a study is contingent upon the others, thus the following discussion,
though focusing on each issue separately, will alse discuss the interaction

between them.
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Scenario #1l.

Population

Noise Measurement

Table 4-3

Mode with Stroke as Example

Hlealth Outcomes

Confounding Variables

Major Components of an Industrial Retrospective-Cohort Study in Synthetic

Msthods of Analysis

Enumeration
of cohort of
workers in a
specific
industry
dafined by
initial date
of employ~
ment, (20~
25 year
span) .
Retrospec-’
tive deter-
mination of
all stroke
cases and
gtroke death;
random
pelection
of controls
{approx.

4 por case)
from
original
cohort

file (will
inelude
deaths) .

O

Reconstruction of
total work histo-
ries for job
titles and duration
of time in job;
avocational
history of

nolse exposure
from survivors;
for deceased,
obtain employ~
ment and
avocational
histories

from spouse.

Spacify noise
exposure levels
of high, medium,
low derived
from job

title (and
based on

dB and
frequency

of noise

in work

area) .

Ex. High

> 85 dB;
Medium
70-85 4B,
low < 70 dB

All diagnosed
cases of stroke
and deaths due
to stroke,
{Determined
from employ~
ment files,
social security
follow-up with
verification of
completeness
against IRS
files);

Death certif-
icates obtained
and cause of
death verified’
by nosologist.

Known factors of age,
race, sex

Job specific factors
ex. physical exertion
temperature
humidity
dust levels
chemicals

Individual factors
ex. blecod pressure

clgarette smoking
history

diabetes

Transient ischemic
attacks

Pre-exiasting IHD

logistic analysis

gimilar to use in retro-
spective deslign with
interpretation and
inferences in prospective
mode since the population
at risk is known.

.y
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Population

Scenario #2.

Noise Measurement

Table 4-4

Health Outcomes

Confounding Variables

Major Components of an Industrial Retrospective-Cohort Study

Methods of Analysis

Identified
cohort of
workers in
specific
industry
defined by
initial date
of employ-
ment (15=
20 yeoar
span} .

Reconatruction of
cotplete work
histories for job
titles and duration
of time on job;
specify noise
exposure levels of
high, medium and
low derived from
classification of
job title (based
on dB and fre-
quency composition
of noise)

E%x. High > 85 dB;
Medium 70-85 dB;
Low < 70 4B

Mortality from

M.I., Sudden
Death, and
Stroke

Morbidity from
M.T., Sudden
Death, and
S5troke on
medical records

Cholesterol

levels
llypertension
{under treat-
ment) .

Known factors
ex. race
sex
age

Job specific factorsa
ex. physical exertion
temperature
hunidity
dust levels
chemicals

Individval factors
ex. smoking
exercise
obesity

blood pressure

Hearing Threshold Levels

Multiple Adjustment
methods including

- analysis of covariance
for contlnucus outcome
variables

- multiple logistic
analysis for binary
outcomes

= Chi-sguare or Mantel-
Haenazel Procedures for
handling discrete

confounders and outcomes

- Life-table analysis.




The population for the industrial retrospective cohort study consists of
a group of workers all of whom began work during a known period of time.

This population would then be followed through job records, medical records
for a substantial period of time. Since we begin with a known and definable
population some of the problems of selection that exist In the retrospective
or cross-sectional designs would be eliminated. Individual work patterns
and vital records would allow the investigator to identify those individuals
who do not continue to work in the industry and to examine the covariables
asgociated with attrition. The population is a selected population in that
individuals enter the study population through working in a certain industry.
Thus one might expect to see a difference on age, race, sex and basic health
status between the study group and the general population. This, however,
while making generalization to a general population difficult, does not weaken
substantially conclusions concerning the health effects of industrial noise
upoh the workers.

Noise measurement 1s based essentially on job classification. Each
type of work can be examined and classified into low, medium and high
exposure categories (preferably by dB and frequency composition of noise).
Current and past plant noise surveys can be used to assess noise dose
associated with each job. From work histories, a time exposure profile can

be constructed for each individual:

Time exposure profile

time(years)

exposure l I Ir‘-‘-'_\ | | M—\I
1 2

individual
enters end of
study study

This type of study still suffers from the difficulty that individuals may
change jobs to reflect their reaction to noise, i.e., those most susceptible
to noise may by self-gselection seek jobs in low noise areas. It is very i
difficult to determine the extent of this type of confounding which can only

be avoided through a randomized clinical trial, )
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The health outcomes of interest will vary from measurements on cardio-
vascular risk factors such as cholesterol and bleod pressure to disease
states of myccardial infarction or sudden death (mortality and morbidity).
Measurements of cholesterol and blood pressure levels and other variables of
interest may be difficult to obtain if the industry has not maintained a
practice of periodic physical exams.

The importance of adjusting for covariables in the analysis of the
effects of noise on health cannot be overemphasized. A varlety of confounding
factors as described previously must he measured in order to allow investi-
gation of the relationship between these factors, noise exposure levels and
the measured outcome variables.

In order to analyze the relationship among noise exposure, confounding
variables and health outcome, sophisticated statistical methods will he
necessary. Wheh the outcome is a continucus variable such as blood pressure,
regression analysis, analysis of covariance and analysis of variance will
be major tools in the analysis of the effects of noise adjusted for the
other variables., Logistic analysis and other log=linear models will be
necessary when the outcome is discrete such as death. In addition, methods
such as the Mantel-Haenszel Adjusted Chi-square may be used to analyze
categorjcal data without maki_ng assumptions concerning interaction.

Sample sizes necessary for this type of study are difficult to estimate
without concrete knowledge of the types of comparisons to be examined, the
length of follow-up and the base rates of mortality and morbidity in the
study group. If periodic physical exams are available, blood pressure
adjusted for several covariables cah be examined as an outcome with a
sample of approximately 200 individuals with different noise exposure patterns.
If, however, interest is in more serious and rarer outcomes such as mortality,
sample size must be estimated by using the rates of mortality in an equivalent
population to estimate the sample size and/or length of follow-up needed.
becisions must also be made as to whether to analyze by person-years of
expasure or by individual exposure. This question may lead to use of the
proportionate hazards or other models that include "a time at risk" concept
more directly in the method. All of the issues discussed above should be
examined and explicitly addressed prior to implementation of any study of the

effects of noise on the cardiovascular system.
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4.1472.3 Large Retrospective Cohort Studies {with Continued Follow-Up)
in Selected Samples of the Population

Populations such as those of the Kaiser Permanente Health Plan and the
Framingham Heart Study may serve as excellent general population groups in
which to explore the effects of noise on the cardiovascular system, Since
reliable blood pressure and cardiovascular disease monitoring currently
exists, noise exposure and other environmentai exposure assessments may be
added to these ongoing studies to increase the cost-effectiveness of noise
related research. Careful exploration of the noise exposure data available

for reconstruction of the cohorts should precede any major study effore,
4.14.2.4 Randomized Intervention Trials in Industrial Settings

The ideal method for studying the effects of noise on the cardiovascular
system would be the randomized trial because of the power of the design in
controlling covariables and selection bias. A trial would require a popula-
tion of workers expased to high level noise who could be randomly assigned
to an intervention group (noise abatement and/or hearing protection program)
or a non~intervention group. Such a randemized trial would not be feasible
at this point in time bhecause of the known association batween noise and
hearing loss. Thus, we are forced to approximate this random assignment.
This might be accomplished by identifying two areas of a plnat with comparabie
noise levels and randomizing the areas to a strong noise abatement program or
a usual noise protection program. Such a study of long-term exposure to
noige would preobably suffer from serious problems related to compliance and
changes in the work environment and may not be cost-effective until the

effects of nolise on the cardiovascular system are better delineated. Modified

randomized trials offer unique opportunities for studying short-term effects
of noise exposure as demonstrated by Ising et al (1979).

4,14.3 ‘Future Studies of the Effect of Noise Exposure on the Cardiovascular
System Should Adeoplt Quantitative Analytical Techniques Currently
Emplovyed in Cardiovascular Epidemiclogy.

To facilitate the adoption of the powerful statistical techniques
recently ‘applied to cardiovascular disease data, it is recommended that a
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position baper on statistical methods for environmental {nocise)} epidemiology
be developed. This paper may be modeled after the work of Breslow and Day
{1980) for cancer epidemiology and include detailed examples of applications
of the recommended methods. Biostatisticlans and epidemiologists currently
involved in studies on cardiovascular noise effects and aware of the
complexity of the research area should be encouraged to develop the position

paper.

4.14.4 cCollaboration of Scientists Among Countries Should Be Encouraged to
Increase the Sharing of Ideas and Reduce the Time That Is Required
for New Analytical Techniques from One Area of Investigation Such
as Cardiovascular Epidemiology To Be Applied to Noise Effects
Epidemioloqgy.

Much of the evidencg suggesting that noise adversely influences blood
pressure was derived from industrial studies in Eastern European countries
and Russia. Although these investigations appeared to be based on more
complex theoretical frameworks than other studies, much detail necessary for
replication of the research may have been lost in translation., Collaborative
arrangements may be accomplished through linkage with ongoing collaborative
cardiovascular studies such as those previously funded by the U.S. Department
of State with Poland, East Germany and Russia.

4,14.5 Any Large-Scale Epidemiologic Studj Should Be Preceded by an Indepth

"Planning Phase of Approximately One to Two Years to Assure That
Adequate Implementation Is Feasible.
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APPENDIX A

SUMMARIES OF EPIDEMIOQLOGIC STUDIES OF THE EFFECTS OF
NOISE ON THE CARDIQVASCULAR SYSTEM




Industrial Noise:

Table A-1
Summarias of Epidemiolcgic Studiea of the Effects of Noise on the Cardiovascular System
English Literature

Adverse Effecta Raported by Author(s)

T e e e 8 e o,
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Measure=-Quality= Cardigvaacular
Study Study Sample Long va. Short Aespcnse
Author & Year Type Site Siza Tarm Moasure=-Quality
Andriukin, Crogs- Industry, | 676 males; | Unsteady workshop BP recorded
MM, , 1961 aectional Rusaia 556 females| noise during work
al = 93 dB aftar 10 min.
a) 307 in b) = 103 dB break, on right
tool= c) = 103 48 arm using Riva=
Jmaking d} = 120 db Rocci apparatus
b) 200 in and Xorotkav's
sorting | Expoesure; 7-8 hrs. method; re=
c) 464 in daily in 3 shifts, peated uncil
auta= alternating waeekly; constant
matic 508 workers in same values; 130790
lathes plant for more than taken am uppar
d) 263 in 10 years. limit of normal
hall for < 40 years
bear=- of aga and
inga. 140/50 for >
40 years of
age.
Pega, K., Quagl-ex- Industry 36 male Source; pheumatic BP and heart
Klajman, S., perimental ; {ahip- propaller | hammers and high rate; heart
L9717 pra-post yard grindsrs; speed grinders; minute volume
shift propel= 20 work=- variable frequency; according ko
measuras lar ars in intensity at all sStarr's
an axposad grind=- similar stations exceaded formula: no
& non- ers), jobs as N-85 curve, Plot- additional
axposed Poland controls ted by dB par data presanted,
octave for 31.§
through 8000 Hz;
buration: l=l4
yrs. for 8 hrs,
daily; instru-
mentation with
B&K set,
Priedlander, B.,| Historical=- Industry, 441 males, | Shipyard machine fBlood pressurs
rapermann, M., | prospactive; Curtis Bay| categorized shop noise mpapured defined as:
Hathen, G., {incomplete shipyazd, by age and | by Safety bDept. alevatad sys-
Faidler, W. cohort=-ive u.5. raca and by] Nolse exposure tolic 140 mm
{undated} yaar high,medium levals defined as Hg and «lavated
axposurs) and low lowe<70 4B diastolic 90 mm
nolse expo-| lntermediatewyo- Hg. Data from
sure; no 79 dB clinic medical
distribu= highm>80 dB records; no
tions givenl buration of additicnal
Group 1 de+] exposure: all men information
tinad as had bean amploysd given.
man having | at leaat 5 years.
BF reading
within ona
yaar of
initial
amploymant,
Group 2;
' all others,
A=l

-
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Bias apd Potential
Blas Due To
Confounding

Effact
Parameter

Analyais
and Statistica

Sumaary of Findings
As Raported By Author

Selection criteria in~
to atudy, non-response
and attrition not atat-
vd; spacific individual
exposures not givaen;
partial contrel for
age; ho gontrol for
sex, variation in
axposure time,
medicacions, comorbidi-
ties, etc.

Not
atated

No statistical tesats
givan.

"In workshops with intense
noise (=orting room, automatic
lathes, ball bearings) hyper-
tenalon is found more
fraquently than in the less
noisy workshop (toolmaking)...
In the noisier workahops the
morbidity is almost twice as
high in persons under 50 years
of age,,.the percentage of
patients increase with the
duration of employment;
particularly marked is the
increass after five years of
work in the noisiest work-
shopa."

Exposed and non-
exposad aimilar as
to mean age and
average years
enployed in ship=-
building, No
additional data
on control of
potential con=
foundars given,

Not
stated

Student's t-test

"In workers oparating grinders,
higher oacillations in the
heart minuta volums were
chserved than in workers not
axpased to noise.” Exposed
workors woaring anti-noige
ear protectors axperienced a
dacrease in heart minute
volume aimilar to the level
in controls,

Incomplete identifica=
tion and follow=-up of
a cohort: small and
highly salective
sample; comparability
of low and high nojse
groups quastionablae;
measuramant biaa from
using extant medical
racord data. Sample
stratified on race
and aga. No

avidence of controle
ling for any othar
variablas.

Ralative
risks for
race-ags
groups,
for Group 1
RR=2,76 for
DEF and 636
for SBP =
high noise
compared to
low noise
axposura.

Chi-square with Yates
corraction; Cochran's
Chi-aquare. Relative
risks

"The data presentod indicates
that with prolonged axposure
to loud noisa of an intermit-
tent nature there is a trend
towards both alevated syatolic
and diastolic presasure when
comparsed to a control popula-
tion expossd to rslatively
lowsnoise intunsity: that the
relative risk for developing
hypartension is greater in
those exposed to prolonged
loud noise than in controls
matched for age ahd race."”

1t b g1 e ot e ¢
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1rdustrial Holse - Adverse Effects feported by Author(aj

Noise Exposure

R Ay BV 3 ko i s it =

Moasure-Quality- Cardiovascular
Study Study Sample Long ve. Bhort Rasponse
uthor & Year Type fite gize Tarm Measura-gQuajicy
—— ¥ T
Givbons, S.L., Quagiv oLl tank«| Officers HVR values (dBj 24 hrurinary
lewis, A.B., axpari- ars, on 4 tank-| ranged from 45 to 17 xaetesteroid
Lord, T., mental; England eka. 96; ships ranked lavels and
1975 aubjscts by WAV lavel, urinary volume,
an own
controls.
Lonsson, A., Cross= Industry 196 males; Surrogate measura: 1 measure of BP)
fHansaon, L., sactional Sweden 44 with noine induced loss supine, after
1977 noiae {n- of acuity ta 65 dB 1S min, rast;
duced haar-] or more at 3000, hypaertansion =
ing losa; 4000, 6000 Nz am- 160/100, HNo
74 with sumed repeated and quality control
normal prolonged sxposure. of abaervers,
hearing;
78 droppad
Manninen, Q., Cross- Industry 188 malas; | No noise paramater Casual BP read-
o, 5., ssctional {Enginne~ 97 femalea | data of engineer= ing, right arm,
979 aring classified ing production in sitting
factori- hy hearing { line; surrogate position, at
s} levels meANuUra, using test; 3BP re-
rFinland the frequahcies corded at second
of 3000, 4000 sound, DBP at
6000 He subjects Phase Vi all
classifisd: readings by a
Class I - mild nurse, agparent
rearing loas, ly *blind" to
no more than hearing leveln,
40 4B at any
of 3 fraquencies;
Class 1I -~ moderate
losa of hearing
45-60 di;
Class III - severs
lass of hoaring
60 ai or more,
toise fntensity
lavels and dura-
tion of expasure
not reported,
phratrom, £,, Croas- Industry 75 in ma- Machine ahop: 70-B0 Patigua, varti-
pjorkman, M., sactional Swadan ching in= AB{A]} with pmak to go, headache
1978 dlll:f\l'l background 10 dB(A};]| and other
9% in 3 symptams
chxtile Textila mills: 70-80 obtained by
mills, ab(h) with paak questionnaire
wrking background 10 dB(A); *
80-90 4B(A) with
in nalne
8 hrm. & peak background 5
N dB (A}
day; 4%
worhars 90=100 dR{A) with
axposad peaak background
. 4 hes. a 5 dB{A)
day
A=}

&od




Bias and Potentinl

, Bias Due To Effact Analysis Summary of Findings
TN canfounding Parameter and Statistica As Raported By Ruthor
r Na data other than Not Hon-parametric, Decreasas in level of 17-
i anhoyancd as possible gtated, Wilcoxon matched-pairs ketostaroids and urinary
v confounding variables; tast, voluna while men ware
! voluntear bianm; nho serving at gea compared to
' data op comparability maan values obtainsd whan
| of pubjects; small men were on leave. Control
i sampla valuss obtained while men on
- laave were in rangs of
raported values of workers
{ not axposed to noise
} suggesting officers racover
: *while on leave."
il
N Groups coiparable as Not 1) t=test to compare BP and hyportension was
to mean aga; no cont- atated BP in hearing lasa wignificantly higher in
. troling for age anti= group with normals. warkersy with noise-induced
: hypertensive medica- 2 hearing leoas* than those
| tions, history of 2 ﬁm;:rcg':?:;;"_ with normal hearing.
! disease, etc. . tonaives in the
i groups.
|
|
1
!
! Mean BP given by sex, Hot Student's t-tast for "~sResylts,,,indicate that
5 and age groups 26+40 stated differances in maean there iz a ralationship
\ and 41-65 years. BP. between BP and noise-
: Relative woight for induced haaring disorder,
H T sex and aAge greup Prolonged exposure to in-
1‘} similar in d4if~ dustrial types of noise
] farent hearing tirst eolevaces tho 5BP and
: claases. Exgluded to some extent the DEP as
:{ thosa on antihyper- wall. If the noise expasure,
I tensive drugs, with continues, with the resulting
H chronic urinary infec- severe hearing loss, the SBP
: tion or hearing impair- tends to return te normal,
Y ment not due to noise DBP ssema to either rise or
: damage, fall, Obviously, prospective
t studies are naeded to verify
: these conclusions.”
: No data on participa=- Corrala- Corrmlationa "ratique increases with a
' ticn rate, tions higher noiss level and a
. - betwean longer pericd of sxposure.”
i l::,,::iﬁ“ni. of con noiae and Headaches wera somewhat less
I 9 tar agm, symptons: ralated to noise
{|. sax, dutation of Pr ’
exposute although ®
| data wete col=- H“ms‘:ﬁ;
; lactod. Fatique
) . 0.96
i .'\_) Annoyance
) 0.45
{
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Industrial Noise ~ pdverse Effects Reported by Author(s)

Noise Exposura
Heasure-Duality- Cardiovascular
study Study Sample Long v&, Short Rasponse
lauthor & Year Tyne Site slzo Term Heasure-Quality!
[Parvizpoar, Cross- Industry 821 male 96 APA ln weaver 1 BP, sitring
r)., 197 sactional iran weldvars) group; Ro documen- after 5~10 min,
412 con- ration of noisa reat; quiet
trals. leyels among cop= room; preshitt.
trols.
Faytheon Bafore/ Industry 434 work= Noiso in production biagnosed
eport, atter 4 plants: | ars in of large pressure medical
1975 comparlson boiler) high boilars; noise problams and
{learing nuclear noise levels given far symptoma from
Conser~ conp. ; group; 75 jobs; extant records:
vatlon tube 432 work- Incensity: high cedors "blind”
Proqram) mill, ers in nolsn = > 95 o exposurs
. super= low dBA; low nolsa = conditions;
i heater noise < 80 dBA; axposuras diagnestic
; U.5. group, variable; ns sar critaria not
H - protaction in 1969= glven,
| ::!':;:: 70, all workers in
i to follow-| Nigh nolse area with
| ap ear protection in
1 . 1972+73. Ear pra-
H tector usage hased
b on kalf=report and
: 1 cbservation by
I project director,
i
! amczuk, B., Mixad Acoustic 200 Intansity GRIS ~ index of
i ene, H,, crass- darkroom haalthy 1) avdiomater = 100-] cardiorespive~-
! 1971 seqtional/ and work-| malas; 110 ds for 40 tory efficiency
{ axporimen- pites, (50 in sacond intorvals
! eal Faland test 2) industry = 80-115
! g?‘ﬁ:" di “on the aver-
: contrals; Ag:f for 8 hqur
| 100 in shifta,
g workoite)

A=t

e et g el .
A
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Bian and Potential
Bias Due To
Confounding

Etfact
Parametar

Analysis
and Statiacics

Sumrary of Findings
As Reported By Author

Stratifled by age; simi-
lar social claas; ho
daea on length of em—
ployment, sex of con~
trols, pravious nolae
expasura, etec.

Het
stated

Tasts not given.

Weavers had 'Bignificantly

greater risk of developlng
hypertension” than controls;
differance appsars at "young
ages {10-39) and increases
with langth of employment.”

worker age, job type,
length of service,
work shift conaidered
in analysis,.
Pravious medical
history and use of
outside medical
services not
axplored,

Not
stated

Wilcoxon matched~pairs,
signed rank, test for
subjects fserving as
own control; median
teat for comparing

low noisge vg high
noise groups,

"Expectad relatjonships between
ratad usaga of wmar protectors
and incidence of extra-
auditory problema were orderly
in some cases, but not in
othera, Methodological short-
comings in determining ear
protector usage may have been
responsible for chis resule.”

50 controls and
100 tast subjacts
worked in similar
temperatures and
humidity, No
controlling for
aga, length of
axpesure, etc,

Not
stated

Noho given,

"In 73% of examined individuals
aftar B hours of work in

nolse of 90~1183dB intensity,
the CRIS value docrsaged while
in a control group of 50
workers in less noiae, 65 d8,
such changes wera not obaerved']

R b AP 4 R ) e
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Table A-2

Summarios of Epidemiologic Studiam of the Effects of Haise on tho Cardinvascular System
Translated Litaraturs

Industrial Hoisgy

Aduerve Effects Roportad by Authar(s)

Noiss Exposura
Measure~Quality= Cardiovascular
study gtudy Sample Long va, Short Regpanye
Mither & Year TYPe Site Size Tarm Haamure-Quakity
Barhad, 8., Crosa= Industry, 132 workers Short-tarm nolas affacts an= SBP, AP, nuline
Gradine, C.. sactlonal; (Sneltar) axposed to wessnd) lavals betwean 98=1727 rate; digital
Miraila, I., pra-post nolee dB with ppectrum sxtanding over plathysmgraphy,
Peculescu, F., ahife Tumania sevaral cctaves; 100 workars coordinater-rhythn
Marinescu, V.. omployed for five years, sTrOngLh test;
Cristacy, I., asuditory analyzer;
Miclescu, 5., how caees of disease;
19489 no diagnostic
criteria, definl-
tionm or messuremant
dutails reporced.
Britahov, N.G,, Crons~ Industry, 113 women Mot apecified for sach group; Blood prassurs with
1979 sactional {Chamical agas 21=49) S$0-100 4B rangaa with 61-8000 hypactention deflned
Eiber) 3 Groupei Ha frequenciss. as > 160/95 mm He.r
I. Spinnars Group In 90 B with 1252000 borderline an 140790«
Paasia I1. Warpats Hz fraquencies 150795 m Hy,
II1, Twisters Group IXI: 58 4B workers had Complaings
6=10 yra. of employ~ Ho inforaation pro-
ment, vided on maagupuments,
Claslawicy, 2., | Cross- Induntry, wWasvers) Waavers exposad to noiss Hypurteasion dafined
1371 sactional {Epinaing 430 wonen ranging from He9G-116 for ar 37 ? 150/95 mm Mg,
and waav= and 212 wen; octavan 250-80Q00 HEg Dats from partadic
ing) spinners: Spinnets sxposad at 84-90 saaninations of wark-
15} woben 48, a5, Mo fnfomacion
Paland and 252 man; Woavars used Own ear on meaSULEMENnt LG,
age groups prutectors,
18-29, 30-39 rraquancy composition
40=49, and of poisa for weavars
» %0, showny no data for spin=
ners.
Host weavars had workeq
13 yrs, ar more in tha
®ill; no data on spinners.
[=4-T1 0 Industry 160 mala coal Uhcontrolled coal mining Sublingual vessal
sactional {Coal einars, pean noiss; 90-105 dmy no marphalegy for
wining) age 4% yrs.; additicnal infarmation detarmining arterio-
Kartaas, 1., divided into qiven; exposuce duration scleroslng
Damater, k., Ramanis groups by by smploynent from 1l-i) chalesterol lavals
1979 taaring loas. YaaTk. and blood pressure.
40 workers had | Audicestric exas per~
axtansive anans | forssd, than groupsd
inationa for CV] into normal hearing,
riak proflilse. inciplent sonic traums
and advanced hearing loss.

O A 0 A AL A4 4 st =0

A=Y
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Blas and Patential

Bias Dus to [ 114114 Analysis fuxpary of Findings

Confounding Paranater and Statistice as ported by Authoris)
Mo evidance of control Pravalance Ho wratistical “Undar the saffact of work carrisd out in noiss...most ot
for ags, sax, weight, ratlo of 1.26 tests provided, the warkars phawed toward the and of the work day a de-
co~gochidities, hear- for circu- craass of the aystolic and diastolic pramsure which

ing lavals of intra-
individual variation
of BP.

latory discase
amng smeltar
wWOLKers com=
paread to thoms
in moter divi-
aion,

varisd butwean 7 and 14 mm Hg. compared to tha values
found at the beginning of work,,..The study of the clini=
cal and statistical oorbidity of saslting divisien
workera shovs, in relation to workars in thes motor
saction, & significantiy higher dismans rata® (1,26 for
clrgulatory disessa) “Qur rasults show that, under the
Influsnce of polse and vibrations, changes appear which
ate shawn by disturbances of the functional condition of
the entire organism, and not cnly of the auditory
analyzer,*®

Selection; small
sanple sita) no
svidence of conttrol=
1ing for age, obasity
ar social class in
BP analysin.

Hot stated)
Prevalance
Tate of 3.8
for apinners
and twistars
cofpared to
wATReLS

Mo statiatical
taats statad,

*In workers sxpokdd to the conbined effects af noise at
the laval of MPL or 5-11 decibezla highcy and to acetons
within the limita of MPC, and a)so in thoxs expossd to
the isolated effect oF zimilar noize, funcrional
altarations of the negveus system [allowing the pattern
of nauro=vakcular dysfunction apd neurotic reactions,
and borderline and artsrisl hypartansion, ware more
frequant. Alterations of physiokogical functions (visual-
maotor tsacticn time, sndurance of static work) were

LR pronounced in sorxers dnpoasd £0 tha alwltanceus
affects of nolse and acetons than in those awpased mainly
t eithar nolse or to acetons,.*

Selection, sslective
suzvival) measure~
mant bias. Data
atratified by

aqe) no evidence

of contolling

for other variables-
soking, shifes,
housing, ete,

Hot stated)
fros tabled
data, for
ages over 50
1 pravs
alengs raclo
for hypar-
tenaton for
weAvars com-
pared to spin=-
nars

woman » 3,21
mn = 7.7,

Etatistical
significance
stated; no
tusta provided,

"The analysis of the frequency of Lllnéss ameng cthe worke
orn of tha wyaving and spinning (hard waste) milil han
shown claarly thae hypsrtension, neurotic syndromas,

and gastric and ducdunal ulcars are mors fraquent amonqg
ths workers at the weaving depsrtsent. This differanco
punt be connectad with tha sharply different working
conditions of the two groups and, especially, with the
sxtant of axposuts to nolsw pollution.”

Selection bias pos=
sible; controlled
on age by stratie
tication into < 40
or 2 40 yrs. of age)
unclear a8 to how
faally hx., smoking
ha, , pondetal indax,
Rypertonsion wass hand-
1sd in analysils for ves.
sl sorphology.

Hot stated,

Feinntain's
st theory,
Vanh
diagrama.

*Tha noisa plays an ipducing rols in artaricsclercnis.
Tha artericsclarosis favors the cccurrsnce of sanic
trauma, The occurrence of scnic trauma is sacliaer in
subjects aver 40 years of ane axpossd to noiwe.®
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Ihdustrial Noisa,

Mvecas Effacts Reportad by Authar(s)

Halss Exposurs

.

MHeasurs=Qualicy= Cardlovascular
Study Study Sampla lang vs. Shott ReAPOT R
Authot & Year TYpe Site 5iza Tarm Heasurs-Quality
Gallar, L.l., Crons- Industry, 1487 workars High frequancy 2400-6000 Hz Hyfotenalan defined
Sakaeva, 5.A., sactional | (0il1) in oil gas lavals 115-125 dB, as < 99 $B} or < &9
Husina, 6.5., 366 in oil D8R, hyportension and
Xogan, IA.D., Rusnia | gazes and cardievasculAr nou-
Baloaytseva, L., high noime roais not dafined,
ostrovakais, R., coopared to No othet data qiven.
valokhav, IA.P., 26] sdninin-
Luk'isnova, E., trativa;
Popova, R.M,, 456 physical
Monkatel®nikova, work.
BV, 196]
Gal'tinhcheva, Crosse Industry, 16 adolescants, | Exceaded by l-4 dB the maximum S6b, DBR, pulss rate,
E.h., 19680 sactional)| (watch 16-18 yrs. old; | apectrum (M5) 65, but was noc £KG, no measuzemenc
[ TT L] Assunhly} 11 trai . higher than P.8. 70; smployed procudures given,
during ond 16=17 yra. old; | 1=1 yesars; worhers and trainens
day and Russis haalthy axpased to similar noise, dif-
ohe wesk fared on production stress.
ahd at
and of 1
year.
Gratf, V., Croas- Induatry, 117 axpoasd to  |Group of lockemiths, blacksmiths, | Incraase ln BP clas-
Bockmuhl, F., sactional (Boilar nolsa; S0 work= | welders, tubu-bendars, transpor- Aifisd into 4 grades
Tiatts, V., plant) ars in sabe tation workers and crans drivers according to WHO
1958 plant without srposed to 90-110 A8A folse of standards beginning
Garmany nolse strain=- medium to high fraquencies, Mo with SBP 150 mn Hg
ing) walea noine axposura data given for and DBR of 95 mm Hy.
without history |controls of transportation work« Husarous othar param«
of hyper= ars without noiss serain., #tecs such as EXG,
tunsicn; hath EEG, clinical exam-~
qraups of same ination assessed but
age distri- not defined, Man
ution. with history of
nypertansion sxcluded,|
Janseh, G., Gross= Industry, 663 workars Actual noise lavels not reported; | Symptoms of vascular
19591{a) asctional | (smelting) £rom high 34 occupations limted. workers and cardiac problems,
nolsw areas) divided i{nto 4 qroupm: By medical sxam,
Garmany 36 workers Groups 1 & 111 Holes € 9048, tachycardia, axtra=
from low Groups III & IV nolse > 90 dB, systalus and blood
Subjects had worked ac least pPrassure ceadings.
3 yanrs under asme conditians. Ng informstion an
41 yra.) diaghostic criteria
eAONSS rate or measursment
high, procaduras,
xangelard, 8., Croas= Industry, 115 motor Motor hachanics = 116-120 4pg Slckness rate = cases
Moramovichs ssctionsl | (motor- machanics, Flttern » 6800 45 cleanwrs = per 100 based on
foliakov, Dy, teazing 152 cleaners; 100-120 dn, tanporary work disae
hadanke, ¥,, ahop, & nilas, agad bility for 3 you
1966 foundty) 20«33 yrs, Angina mtated am a
20,88 saploywd specitic form of
misnis 2 Jyrm.r 17,34 illpeds, but no

up ta 5 yra.
and 51.9% -
ployed > &
YOS unetated
numbsr in con=
trol group of
fittars.

diagnostic critaria
atated, Dlssapes of
nascphacynx, qastri=
tin, wlcers, andg
Ayositis also
atudied.

A=
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Bblas and Potentisl

Blas Dus to Effact Analysis Summary of Findings
Confounding Paramacer and Statistics a3 Reportad by Author

Salsction, salec- Hot stated, Not spacified. “In parsons wxpossd toc tha affect of persistent high

tive sutvival. nolss, actarisl hypotension is lass coevnen and hyper-

Stratified by tenaton much more comman than in workers whoca work

aax and age conditions ara not connectad with tha Lnfluence of

{age < 40 or noiss. Cardiovascular neurosis is found in & higher

> 40),. number of casss than in smploysas parforming othur
phytical or adalnistrativa dutieg,”

Selection blas) Hot atated, Statistical "The intensive delicata visual wark parformed undaer

bias dus to significanca axpasurs to occupational poime not excaeding HS 70

changas in the atatad; po {75 decibels) shows an adverse effsct on the functional

work spvirane taztm given, atara of che cardiovascular aystem in adolescents,

seant during The changes of the functional scate of the cardio-~

the yesr. vascular aystms in tha process of occupatinnal activity
ars mare pronounced in the adolescant worksats than in
tha studants of VI§.*

Salection and Hot atated, Ho statistical A larger proportion of hypartensive patients 4nd pationts

slactive sur~ taste described) with other haart and blood circulation sickness ware

vival bias; data presanted found among tha noiss exposad gqroup than among the worke

fatlurs to in graph format. ars wvithout noisa atrain.

usa controls Within the soise-axposed group, 25-15 year olds, lock-

in compari- . suiths and blackmmiths and individuals saposed a4t least

aont for most 0 yaars wire most likely to prasant with hypaftanmion

af analyaes; and other circulacory problems.

no svidance “In the patients with other hwart and blocd circulation

of conteal disorders and in the group without pachological findingw,

for confounding tow grada, sedium and high grads hazd-haaring persons

factars. wars found, hut the nunber of normal heating persann was
lowsst in the group of persons with high blood prassure,”

Salaction bias) et stated, Chi~square. "Vascular discurbancea in the extramitiss, skin findings

measucenant (palenwas) and cardiac findings {rhythm disturbances,

bias; qroups tachycardia, antrasystolas) occur statistically siqnifi-

dascribed on cantly sors fraquently in subjects expossd to high noise

paraohal, scocnomlc, lovals. "

living, working "ftiug, all this would prove chat vascular disturbances,

conditions and akin findings, and cardisc findings as indicated in worke

fanily life, but ars sxposed to ngisa are caused by nolse and thuws could

no avidence of ba denignated as snoise determined* symptoms or findingas,

cohtral in analyais. The proof can be based an previcus remults of experis
antal nolas cessarch,”

Salsction and Hat stated. No infarantial “...that the sotor mechanice had & much higher sick rate

maasuresant biasg
no avidance of
atatistically
adjusting for
eonfounding
variablas,

statintics)
raten [camas
per 100} givan,

indux than the contral qroup for fly and acute cosmon

colds of tha upper tesplratory tract, as wall as diseasos
of tha nasopharynx, brasthing organs, snd ctha gastrc-

intastinal tract." Angina sick rate 8.9 in motor machan-
lcs and 7.8 (cases per 100} in fictets, “,..The indaexas
aof the aick rate for the cleansrs sutfaring troo vibration
iliness are highar for evaty dissaza than for the cleansry
not suffering from vibration illnaws.*
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Induarrial Moise:

MAdvarae Effects Reparted by Author(s)

HNolas Expomurs

Neasure=Qualicy= Cardiovascular
Study Study Sample Long v, Short Rasponas
Author & Year Type Sita Sizw Tsrm moARuTE-Quality
khomule, P., Croas~ Industry, &9 pory and Holse~erposed group: 117 4B, Blood sarum cholase
Redionova, L., aectional {Typ® not 34 woman high frequancy; terol; Belipoprotiéranu;
Rusinova, A., glvan) working under | Comntrol qroups; 60-35 db low neurocirculatary
1967 high nainae; to mediun frequency noine. asthenla; hypertan
Puasia 38 man and Subjecta grouped by yrs. siany arteriosclu~
1) woman anploysd a8 1=1, 1=4, 5.9, rosin. HNo diagnostic
satvad as 10=-35, 1%-10, critaria given.
contzols
({low noluee)
chsarved aver
tha couras of
7 ymars,
lanzetta, T., Croma~ Industry, 12 workers Oone work area = 91 dBA; Holter (dynamic)
Giovanazzi, A., | asctional {tyPe hot axposed Lo another work arsa = 1Cl dBA; monitoring of heart
Furlanallo, P, {sarial given) nojsa in two 4% hrs, sxposurs to usual rate; arrhytheias,
1979 EXG WOIKk ALWAR) work roles on the day of 4nd ST-T differences
fmasuLa-~ Italy 5 controls, texting with 2 guccanaivy irapalarizacion},
mants) not sxpomsd hours of vest. Ho ocher
to nolse and spacific naisa data givan,
of netmal
hearing.
tax and age
of workers
hot atatad.
In axposad
qroup, 8 had
normal hear-
\ ing apd 4
wars hear= .
inpajred.
Paranka, Cross= Industry, 103 miners; Mine noise of high frequencyr Arcarial pload pres-
Vyachipan, sactional (Mining) 61 drillers, workars wore antincize halmats Rure with incraase
Y., Naumenko, 42 alnkara; VTSN-11-7-2M with noisa eatimates | defined as1 130/90
B., 1914 pusaia ¢ 2 ajnas of 85 4P 3PL bawsd on previoun o Hg at ages < 40
studiedr madsuremsnts, yru.; L40/90 wm Hg
52 oalun At ages > 410 yra.g
sged J0-40 heare vate quickening
ysars and dafined as > BO/min.,
41 malud dlackening to < 70/
aged 41-50 min,
yaars,
Pilawaka, H., Crons- Indusczial, | 1026 axpossd Multipla source shipyard noise Hypertansion; no
Mikulski, T., sectional (Large ahipe| to noismy of » 85 df Lﬂ for longer chan dhqnnl:iclcrua:in.
nonin, Je, yard) 5825 working no definitions; from
goroko, M., in low noige |5 BFR. 4 A1y foF sxposed Morkers | oy ioaic health exad.
wysockd, K., poland area) 67.5¢ | * of Ron-expol Records of 13 doctors
1917 of eaployaws | worksrs, NPL method of meagutos in the industrial
included; men | mant used; plant divided inco 3 ctinic, Alsa studied
and wometn, PATES with sach part mwasured weto hearing damaga,
saparataly using § daytima and stomach ylcars and
. 12 nighttime polints. paychic problems,
~
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Bias and Potential

plan ue to Effact Analysin Summary of Pindings
- Confounding Paramstar and Stacistics as Raportad by Muthor
l Salection bias; Nat stated, | p-values, no tests *Industrial nolse with ap Ilntensity of 95-117 dP acting
age, length of ataced, dueing the courass of § yedrs or lohger laads to lmpair-
'f employment, mant of the setaboliss of 1ipids in workera, Tha d4is=
. specializacion, orders were manifasted as hypercholesterclamia and a
‘. am atats of f tandoncy toward An incresased quantity of total lipids
the nervous and beta=lipoprotaips Ln blood,
systan were Tha degres of increase in the cholesteral content in tha
controlled in blpod dspands on the lapgeh of employment in conditionn
analysts. Hutri- of intsasa industrial noise. After 5-15 years of
tioh contrelled axposuts to Llndustrial nolise, endoqenocas hyparcholescer-
on day of hlood clemia, more pronouncad in persons with functional dis-
tapting. orders of the pervous syscem, devaloped in the majority
‘1‘ of tha wrkers."”
Multiple snviron= Not stated. | Herisl data pre- "Tha incrsasm in the cardlac race wax indesd conatant in
pental and per- wmanted in graphic the groupy 'expoaed' with normal auditery capacity, was
sonal variables and tabled format. maintained throughout the work shift, and re~sntared the
such as smoking pevaluss atatsd) normal limlts only aftar cassation of work, The results
monjitored, Un=- no specific methoda wara statistically significant fn comparizon wich the
clear a3 to how given. group of workars ‘not sxpobad' to noige and with those
P thase wers usad with heating impairtwnca, It is intaresting to obsapve
: in analyai ths parajstanca of the rasponss in the incrsase in
;I sulaction blam cardiag yata [under sxposure) to snvironmantal noise,
' potencial. evan aftar many years of asposure to this nolse.”
|
ip -
i
'
i N .
|
!‘ o controls or Nat Not atated, *Thus, the reasults prezanted show that in miners sxposed
: control group appreprisate. to the affect of vibration and nolse at lavela alliowable
! used; no by hygienic norma, stable functicnal shifts develop.
.‘[ statiatical - Howwvar, their development occurs more Slowly than in
{ control for those axpossd to the ¢ffect of vibration and noisz of
{ potantial high paraseters,”
. confounders
!, such an agu;
' selaction bias,
“ selectiva
H survival and
i sslective racall.
s
!
I Potential nop=- Pravalstca rraquancliay “Significantly higher sumbers of differences in tha stace
i raspondent and ratio for compared; no OF haalth detacted in workars during periodic sxamina-
! selaction hiasg hypactsnsion | statiatical tione, such as hearing dapage, uleeration of Che stomach
i‘ no svidence of AMONY 8X= tasts given, and ducdsnum, and psychic disturbances and neurosis in
| controlling for posed com- the group of workers who were in ths ztona af high nolue
v AGe, S&X, trest- pared to leval duting work, were confirmed.®,..“Smaller differ-
:, =ment, co-marhiditiss non=aK« ances, but slso statiscically aignificant occur in the
i or length of employ= posad = ¢requancy of hypartenafon found Lip both groups (mose thah)
; sapt with hypar=- 2, (not double in group A).*
. tansion data, cantrolled
for age}, J
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Induscrial Holsat

Adveras Effects Raported by Author(s)

Hoisa Exposure

Measure~Quality= gardiovascular
Study Study Sample long va, Shore Re apan ig
Aurhor & Yaar Typa Site Size Tarm Measure-Quality
Rupiantsev, Crosa= Industry, 06 mailorm; Steady noise of high spead bBlood cholesteral,
GeTrs sactional (ships) 25-35 yra. of angines. blood suqar, Be
Hekhelaon, age with > Group 1 = (engine squad): lipopretein level,
Dol s Rasain yrs. employ« low and medium frequancies: A = globulin level;
Sachenav, I.M., ment, O ships Group 2 = low and madium biood pressure and
151 fraquencies and diet sup- " pulss.
Plemant; Group ) = crew-
men (controls),
Sancva, AG., Croag= Industtly, 144 male com- Actual noise lavels not res Arterial blood pros-
1915 mctional {Campran=- proasar opar= ported, In coopressor shops gure, EXG, contrac=
sor abops} atars, 20«50 87=-94 dBA and 90«10 aB infra- tile and minste hiood
yra. of age soupd lavels, [uratiopn af volume, pariphoral
Russia 10 contrals axposure in ysars employed redistence,
from tha rang#d from ¢ 1 to 2 20 Cefinitions and
mams plant yaars. medBurament procadurct
working not stacad.
under low
noisa,
Shatalov, N.N. cross- Induntry 1019 axposed No information provided an Bilood pressure taken
1965(b} sactional (Type not ta continuous noiss exposures for group at beginning of work
. stated) noine and 338 of 1157 studisd for BP; day afcer 10 ninute
to intaraic- Por Group 1y 85-122 48, rast. {igh hlead
Funsia * tent noimwg wide band spectrum with pretaure dafined as
Mas for high fraquency domination! > 130/90 m Ho for
apucial continuous noime. parsone < 40 yrs, old
studiss) For Group 2: 83-11! 48, and > 140/90 mm Hq
' Group 1y 368 wids band spectrumwith for thoge > 40 yra.
: In continucus high frequency domination, oid, EKG, ballisto=
noluay intermittent nolss cardiography,
! Group 2: 221 photocardiography,
in intesmit= periphmtal resistence,
Eant nalaw, vencus prassure,

- heart size. Ho
dofinicjons or
critaria given,

Staslow, A,, Croas= Industry, 3} worhars in Holwa levels ranged from Arterial »p, in siv-
Gut ikoweka, ssctional (Mine) the wvashera, 86=102 dby 7.5 houss ting poesition, wich
H., daca; pra- a machanical sxpodurs dally: noise mercury sphyqsoaae
Gueikowski, post shift Poland coal procass= measurssants in the nomacer, after a

J., 1974 | T ing ssction vork plice, in a night's rast, bafore

af amine,
ages 153=62
YEATR; &M~
ployed > &
yUars,

N cantrola,

position near the
head of the warker.

work and repeated
atter 7.5 hes, of
hoise axposure) gold
prassar tast) EKG at
rast with 12 standard
leads and qvaluaged
by Minnesota Codu.
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Bias and Potantial
[N Blas Dua to
Confaunding

Effact
Paramstar

Analysis ©
and Statistice

Surmary of Findings
an Reported by Author

Self-selaction) Mot atatod.
- bias due o none
conparable com-
l parison groups:
ro avidence of
controlling for
! age, diat, axarcise,
H diabaten, waight,
l #tC.; non-respansy
or missing data blas.

p-vAluxs givan)
no tatistical
tasts grated,

"Thus, significant incraass of the sugar concentracion
in tha blood on the 15th day af the courss and of B~
Jipapratuine in the blood sarum on tha 0th day of the
course in sailorm of the lst greup, with no analegous
shifts (during the same paricd} in parsons of the Jrd
group, can probably be treated as the consequence of
roisa=vibration effect. The changes of tha arterial
prasaure and pulse befars and aftet che watch in thae
milors of the lst group can ba axplained in the aamo
mannar.*

i Small sampls sizs Hot stated.

! biaw; selection and

' moASuramant bias;

groups stratified

by age) no other
canfounding variablas

f conaidezad,

None ststed;
vary lictle
data pressnted.

“fhe andlysis of the indaxes &f the functional state of
the cardiovascular system indicated that the peteantage
of workars with normal bloed pressurs docraasss tha
longer the length of saploymant in comprassor shops,™
+as"In the basic group {nojse), we observed the increase
of systolic prassure to be more pronounced in relacisn
to age (than in workera not expossd to noles) .”..."The
reduction of the contractile function af the myocardium,
increasing with the length of smplayment in the comprossor
shop, can be related to the disorder of tha functional
atate of the myocardius under expasure to noise."

Selsction and Mot statad,

meddurecant bias.
No avidence of
control of any

confoundars such
AN Age And Eex,

= Individuals with

" history of heart

! dimssse excluded

from atudy.

Ho atacistical
teite stated,

"vary oftan tha workars tn 'nolsy’ occupations have com=
plaints of a cardlac character; thair artarial prassure
is changed. In parsons sxposed to fontinudus nolne,
first of all the symptoms of vascular dysfunctlon are
obaerved (lability of tha'arterial prassure, tendancy
toward the reduction of venous prassura and the feduction
of pariphetal rvesistance, bradycardia), Undar exposure
to intermitzant polse in tha course of a work day a clear
tandency to hypsrtension is prasant (rising arterial
pleod prassure, incrvansd capidity of dispersion of the
pulse wave in tha alastic vessal, the sympcoms of
captllary spasms mores common].”

it Salf-nelection;

Mot srated.
intaraction of
salection and
sxpasuce ko

i noiser reqression
to the mean.

Toat for signe.

"In the saamined group of workars, under the influgnes
of axposurs to industrial noisa, a significant lncrease
in the dlastolic prassure and a spaltic state of the
artsrial vasssels an the periphagy ware confirmed.

It was shown that exposura to induatrial nolse causes
an fncresasd vassal redctivity, The obeervid changes
in the EXZ curve can spaak for the domipation of the
parasyopathatic system,™

L
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Industrial Morser Adverse ztllnctl Reported by Authar(a)

Noige Baposure
Maasure-Qualicy= Cardiovascular
Study Study Saapla long vs. Shert Responss
Author & Yaar ™pe gite .11} Term Keagura=Qualicy
Tavtin, IU. Cross= Industry, 86l wrkors % noiss axpoaura groups. Graup Clinical examinatlons
K.y 1376 sactional (Machina divided into 1r 121 workars, in 70 db nolae; with diagnosas of
building % nolsk groups; | Group 23 129 workers, in Bl dB funccional disorders
plant) 281 womn to nolse; Group 1 168 workerm in of the cardiavascular
%00 moh) am~ 94 AB noissy Group 4: 267 work~ and narvous system,
Russia ployed < 5 yra. | ers in 110 dB neisa; Group 51 hypertension and
o > 20 yra, 166 workers in 113 dB nalss, artaricsclarotic haare
dinasse.
Tatentiav, Croaa= Induatry, 90 angineacing | Sspacata conditions of 100-102, Blocd presture; pulss
B.G., sactiohal And and technical 110-112, 118=120 apd 1)9-136 dB; rate; EXG changes,
Sheludiakov, with laboratory | stafe; 15 subjects axposad either dally or Ha diagnostic criteria
E.Ey no {aviation] | healthy wan. 1=} times & weask for 1-6 hrs, or definicians qiven,
Sviridora, contola; faach time,
E.5., 1969 bafore- Russia Laboratory = axposurs at | hr.,
after work 3 hra. and & hra.
DeAQUTEN |
anscdotal;
axpurimntal.
1
Volpllkina, cross~ Industry, 100 smpianacs, HO Baasuraments provided; flood pressure. Ho
G.1., 1959 ssctional; {Taxtile) 100 weavars subjects wars spinners, weavars informstion provided
befare-after Na, of un~ and cantrols were workers in on measurament.
work shifts. |Russla spacifisd packing and mechanical plant.
controls,
Zverava, G.58,, Crosu= Indastry, 114 workars Quartios, excavation #nd drilling | Artarial presaurog
Onopko, B.N., mctional) (Dolomite~ | in B profes- placesy 95=100 dh, low and pedium | scate of the cap=
RAtnUL, M.V, {pafore- Flux sional groups, fraguencies, Crushing-anriching illaries; complaints
197%(n}) after wurk plants} anwd 10-40 plant; A6-106 dn, predominata such as hoart pain
shiftal. ySary. high frequancy componanta, Holse | 4nd fatigue; ssym~
No controls. | Missia maasurwd in 164 work places, watry of arterial
prosaure . anisocoria
and crembling of the
hands.
A=lS .
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Binm and Potantial
Bias Dua to
Confounding

Effact
Parapstar

"

Aalysin
and gtaclstice

Sumrary of Findings
an Rsparted by Author

Salection and sslec=
tive survivaly im-
pUre nolat axposurs
Qroups; no avidence
of contrel for any
variablea including
ags and sex.

Hot statad,

Ho data prassnted;
no scatistical
tenta.

*Undsr axpomurs to continuous noise of 110 dB.,..signiflcant
increana of tha functional disordars of tha nervous {12, 5%)
and cardiovascular (6.1%) syatems wam chserved. In the
sxpokurs Lo & pulssd nolse lavel of 114 4B,...functinnal
disordars of tha narvaus system in 16,2%, functicnal
disorders of tha cardiovascular ayatam in 8,4% of tha
cases.”™ ",..A significant incresse of functional dis-

.orders of the parvous and cardiovascular syscens takae

place under expasure to ncise of a genaral level of 110 db
when additionel neurcecmoticnal facears #xist, and undur
axposura to pulsed noiws of 114 48,"

Salection; impure
eXpOBUTE group)
no control groupr
no avidance of
analysin of dacs
in & befors-aftar
moda.

Hat atated.

None givan.

"...W8 Af® able to conclude that a ona~hout par day axpo=~
uTe to noiss in the 110-112 4B rangs can be successfully
sndured, bub that daily expoouras of 3 and & hours will
bring about harnful sffscts.
AsBsArch concarning raactions to noisa in the range of
118-120 dB showad that the character of the changea
following & single exposure is thy sase a8 described atova.
Howsver, tha Alterstions are hors pronounced and the
aftnr affacte parsist longer. Espectally ssvere reactions
ra observed during sxposurss lasting ) and & hours,”™
"...The frequancy of haart contractions ducraased by
16=17 basts & minuta, paxisal and minimal arterial pressure
diminished, an & rule; the bast and minute volume of the
heart, which were only slightly atfected by exposucs to
nolsa af lessar (ntensity, decrasgsd marksdly upon impact
of noise of the 118-120 d¢B laval; cthe rasction of the
cardiovascular systsm to physical sxertion increaged,™
+aofuring daily expasure of 1, 3, & hours of noise ac 120
ds laval, an {nccmens in systolic and diastolic blood
pressureés wars observed,

galaction; nan-
TASPONEe; massure=
mant bias. Wo
avidonce of
control of any
variabies other
than stratifi=
cation by age,

Hot stated.

Not statad.

*1t is clear from our do~santation that an unfavorable
microclisats and work=ralated stross do provoke charac=
teristic dimturbancas in the reactions of tha cardio-
vascular syotem and the higher narvous activity among
ths women working In the textile ipdustry. This should
give occasion to che alaboraticn at new prophylaceis
seasures which wauld ain to lmprove furcher the working
conditions of woman,*

Saluction blaw;
bias due ta lack
of cantrols and
non-compatable
subjects within
the atudy groups.

Not stated.

Mot described;
vary little
dats provided,

“The data chtained show that nolme and vibracion in the
plants of tha flux-doloaits industry have quita high
levels and cauaa changas in hearing and disorders in the
tunction of nervous end vascular systems typical of
vibration-nolas pathology.”
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Industrial Haise

Table A=)
Summarics of Epidemioleglic Studies of the Effocts of Nolse on the Cardiovascular System
English Literature

Some Advarse Effects Reported by Author(s)

Halse Exposure

Measure=Quality~ Cardiovascular
Study Study Sample long va. Shert Refponse
Author & Year Type Site siza Term Measurc—guality
Antonava, XK.p,, Crosg- Industry 33 male Ore-dressing plant Dulse race,
1979 sactional Rusaia workers; nolses 92=112 dn brachial and
Pra-during= no con= mille; 97-104 dB temporal
pPost~shifc trola. separators; no da- arcarial pras-
measures talls provided; aure. Ko data
. employment 3 months or measuremant
te 11 years, procedure pro-
vibratian measuras~ vided.
ment prosaented in
detail,
Cussdean, L., Crosa~ Chamical 160 ex~ Intenaity: air com- ECG on 12 loads
19717 sactional industry pesaed to Pressor Operators = Alterations
noise 100-106 db; classifled by
160 not stokers = 100=106 db; | criteria of the
exposad mechanics » §5-100 dbj Minnesoca Codae,
(149 olactriciang = 90-95
males & db; BP maasured
11 fomales lab asalatants » B3~ | during firat hr
in each 95 db, of work and at
graup) Exposure duration - end of shift,
6 years in 21-40 Hypertension
year old group; 10 defineq as >
years in 41-60 year 140/90 mm Hg.
. ald group. Maasure-
mntqz hrs. atter an Hearing loss.
8 hr. morhing shift;
in winter,
Hannankari, I., Cross~ Industry 437 laco= Intensity: 45% of the | Reported on
Jarvinen, B., sactional {Railway motivy pyasuted nolse levels | questionnaize
Partanen, T., and workars) angingeca axcended 85 dB (A) any dlagnased
1978 historical/| Finland axposed £o during 0.5+2 hr. hypertension,
prospactiva railroad measuring period, M.I,} mortal=-
with roive) 1575 | Exposure from Dec. ity data from
subgroups trainman, 1955 to Dec, 1972, circulatory
i::: ::::;. In follow-up analysis discases,
a8 rafsrance all #nginsers, every
qroups ind ttalnmpen and all
! railroad clarks em=
ployad on Dec, 1,
1955 ware included.
Kavoussl, M., cross- Industry 465 males Hot measured, but Averaga of 3 BP
191 sectional silo "workars could not readings using
Iran svar underatand a portable
each other when Vagquez appara-
speaking." Employe tus, BP takan
' meant 10 years, in M bafora
11=25 yaatk over work, after
25 ysars. being meated 1
hr. and resting]
supine for S
mins. Hyper-
tension defined
as 140/90 or
greatar, Ko
information
about data
collactors or
rellability of
theasuraments.
A-l7
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Bian and Potential

Bias Due To Effact Analysis Summary of Findings
Confounding Parameter and Statlstics As Reported by Author
Individuals measured Not None given Brachial and temporal arterial
at sevaral polints in stated pressure rase in mill operators,
time - no mention of mill operator assistgnts had
controls 2-6mm ipereasc in brachial
arterinl pressure whareas
saparator oparators showed no
significant change in arterial
pressure,
No data provided as to Hot Not spacified %...Data indicates an increased
total noiss expasure, stated frequancy of ECG alterations at
how subjects wera reat. ...Indices 3-1, 3-3, 9-2
salected or complete=~ ware more frequent among the men
nass of sample, working in a medium of perma-
nently intense poise, The high-
ﬁ::i:ag[;::;ii:zr::d, eat incidence was that of upward
no data given for con- deflection of segment 5T, of the
trols, Groups compared benign typs. ‘The altarations
on smoking, cverweight detected might be assumed to
and digt excess in ani- evolve towards organic leslons.
mal fat but no analysis, Incense permanent 1ndu:m:ria1
Sex, age, SES and phy- noise causes...a high incidence
sical activity not of cardiovascular ECG alterations
controlled, that can be statistically
interpreted.” .
Ho data an controlling Hot Observad and ax- Cross=sectional data showed no
provided, stated pected doaths aignificant findinga on CVD,
calculatad, Chi- "Tha evidence on the relatively
square test. high risk.of disease of the
circulatory system and tumors of
the engineers during the follow-
up pariod was, as summarized,
wall established,..According to
the rosults of the study,
tachnical improvements which
lowar nolae and vibration {are
racommended) . ™
No controls, no data ot v of hypertonsion 1) ...Thare is no case of ab-
ag to pravisus or con- atated by age and length pormally high BP in men up

currant noilse exposura,
health conditions,
hearing thrasholds,
ear diacaze, stc.

235 or M of workers
not included becausas
thay "wate in admin-
istrative positiona

or abment,* Workers
atxatified by age

33 39, 40-54, 55-64).
Labor turnaver during
the J4 year opsration
of the plant was “very
law, "

of employthent. Ho
statistical taosts.

to age 39. "This means that
the length of exposure to a
nofsy shvironment doas not
induce high BP in men under
40 years of age."

2) "Aftar 40 years of aga when
thara is a greatar tondency
to develop high BP,..the
langth of exposure to a noisy
environment can be an addi-
tional factor im inducing this
condition.”

1) In older age group "theré is
greatsr incidence of higqh BP
becauso age and length of
expopure are greater than in
the pravious categories".
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Industrial Nolse:

Some hdversae Effects Reported by Author(s)

Noisu Expoture

Moasure=Qualjicy- Cardiovascular
Study Study Sample long vs, Short Res5ponsg
Author & Year Type Sice Sizy Term Heasure-Qualit
Mosekav, J.I., Lab Control- 12 Intensity: L BP hy cuff
Ettema, J,H., experiment | led healthy 98 dB(A} methed, heart
1977h (I11) with labora~ malas) Taped noise through rate, pulse
industrial | tory 19-26 haadphones in sound=-| pressure,
noise The yrs. oldy proaf room; sessiona| respiratory
Nuther- asrvod in random sequence rate,
lands as own of adaptation, rest, sihugsarrhymia.
controls, exposure, rest.
Total duration of
naise 10-40 sec,t
highaat intengity
for 6-10 sec.
Durationt Threa
' 15 min. periods
axposuta with 2
rest pariods of
5 min.
froniewska, Croas= Industry 121 fermales] Intensity: 110 dB, Tatal aerum
W., at al, sactional Poland in noise fraquency ranged Lipids; beta
1972 areas) 9 from 11,5 Hz vo lipaproteins,
controls in] 16,000 HZ; temper- total choleg=-
quiet areas{ ature 24°C; rela- carol, FFA.
tive humidiey 78s;
work experisnce
from 1-10 years,
Yazburskis, Quani=- Industry 36 healthy Spurce - RUZ ultra- ECG and BF;
B.X., 1971 axperiman= | Russia workers; 21| sonic disperser of R details
tal; ultra- tales, 15 20 ke, emitter of given.
sonic lab females; 18 ke,
undatr work 2] 10 at Intensity:
conditions ultra- &) up to 160 db;
sonic h) up to 100 dby
digpers- ¢) up to 132 db,
er of 20| Exposure in work
L7} 4-5 hrs,/day.
b} 14 at 18] Inatrumentation
ke emite] and measurement
tary not given.
c) l2at @ Subjects working
ke emite| in ultrasound
tar 2=5 yrs,
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Bias and Potantial
Bias Dua To
Confounding

Effact
Paramater

Analysia
and Statistics

Ssummary of Findings
AB Reported By Author

Random aszsignment of
noiss type used; no
conaideration of

BF lability in
amall sample,

Not
Stataed

Wilcoxon Test

“Increase of CAP and of respi-
ratory rate and decrease pulsa
pressure and haart rate opserved!

Subjects on optimal
diat) ages ranged
from 20-40 years;
crosy=sectional
data traated as
serial measure-
maents.

Hot
atated

Student's t-
tast and
studant's
paired teat
for serial
data of 9
controla,

In first 2 hour integval the
cholastercl, bata=-lipoprotein
and FFA were ralsed with a

decreasa in total lipids, In
second 6 hour interval, only
an FFA increase was chsarved.

No evidence of random-
ization or statistical
control of wvariables,

Hot
stated

Hone stated

Workers engaged in the operation
of high-powsr acousztic unics
displayed reduced heart rate,
enlarqgod T-wave, diminished P
and R waves and reduced systole;
diaatole ratio, Exercise caused
a downward shift of the RS»T
segmant of the igchemic type
imnediately aftor work with
ultrasound, BE fell towards the
and of the workday and did not
raturn to its initial level

5 minutes after an exercise
tolerance tast in all groups,
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Table A=1

fumaries of Ppideniologic Studies of tha Zffects af Holse on the Cardiovascular Systam
Translaced Literaturs

Industrial Helso

Soms Adversa Effacts Raported by che Authar{e)

Holsa Expogurs
Massure-Quality= cardiovagcular
study dtudy Sample Lang vi. Shert Rapponss
Author & Year TYpe Site ke Term Marsure—Quality .
Andrukoyvich, Cross= Industry, 845 famale High frequency noime with BP wrasured 4=B x by
A L., 196% sectional {pandazy spinners & tntannity of 99-102 AR in Korotkov=IANovakli
ailx com- whRveEE, weaving and BT-B8 in wpin- mothod, with Rivae-
bhina and 16=43 yTs. ning. ROQGL MACTcury manaes
tantile of age, metor, right arm,
waaving =% yes, 15-20 mihutes after
tactory) abploywant lst ghitt. Taken
comparad to ovar yre. 195%9-196],
Russia 897} wotsen fypertension defined
in tha A% 140705 m Hou lyio-
population tapsion < 99/%0 far
of the 16-19 yr. clds ang
googtaphic £ 104/60 sm g for
area. 20-49 yrs.
capellini, A, Croua- Industry, 1286 man, Ho information provided, Hypertension: SBP >
Harenk, M., wectional (Chemical) | &0 woman, Isplied periodic inatrument 160 wm Hyg and [P >
1974 98.6% of samplings. 90 mm Hg. Coronary
Italy omployees. dissasa; Myocarrnial
infarction diagnosad
by spacialist on
history and/or EXG
and VCG) angins
pactoris; abnorewl
8-T reapanes to
aparcigs.
Folprachtovas CIouss Induscry, 9id mala Youndry Noies; Blood prassurs;
ftanxlova, A, ssctional {Poundry) wOrKera Group A1 Té.B to 95.1 48, lowest value aof )
Janicek, M., alanaifisd avaraqe = 52,3 db (Lin); taadlings uned; takon
1966 C=achosla= | by nolss - in witeing position,
vaxia Arsa. ﬁ“;:g :’4;0?5}:: dRi avaraqa on right amm, toward
* and ot workshife,
Subjecta are classifled Ly opas by Korotkov mathod,
surs; € 1 yryy L=5 yru.; S-10 one ShEgrver,
yra.) > L0 yts. esployed,
Holse (acoustic stresa) sesmvred
with S5IM, type B & K 2201 and B &
K analyter type 1613,
Grusaha, AH., Crosa~ Industry, 14 roise=~ 134 patisnte with neyrosis Like Arachial arterial
1974 Auctlional, {unknown , poted statal “as a rasult of a longe PIRSSUre measurol by
patient neurclogi~ | patientca tern effect of high {raquancy Xorotkov=IANOVEK3 &
sering, cal unit, with nsure~ industrial noisa™. No furchar mathod: temporal
chernikhov | sis lika details given. prassurs by Markeloy
Mgional atatamy 100 mathod; central
Kompitall patisnts ratinal arterial
with closed prossurs (CRA} Ly
Rusain cranlo+ failar pathod, MO
carabral ducails givan,
injuriee)
110 patisnts
with infec=
tious arache
noencepha=
litis.
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glas and Potential

Blas Dus to Effnct Analysis sumary of Pindings
Confounding Paramatar and Scatistics an Reported by Author

He data as ta Nat stated, | Fraquenciss com~ =arterial pressurs was high in fomale weavars compared

svlection of parad; statistical to the mean aga-specific indexss for arterial prassure

gontrol group; Tastp npat mhown, in womsn of the control,™,,."Tha ptocesaing aof the data

possible sslection obtainad descnatrated the statistical significance of

bian and biams dus tha nighsr levals of the systalic preesurs within the

to attrition ovar 4ge groups 16=19, 30=19 and 40-49 ymars.”

the § yre.;

stratified into

5 ¥r, d0&

intarvals.

Age cancrolled Ragraasion Chi-square The data indicats that the rish quota for corenary dinm=

by stratification, coafficiant | weighted regtéssion neats dus to sxpomurse Tto intense noiss is squal to that

Blood prassure and rot pra~ after logistical in ths nan-sxpossd population by an increass Ln age

sak not conttolled vidod, tranaformation of af 10 years. No significant corrslations wars obgerved

in myocardial dissame data. for hypsttansion,

infarction data,

Patential biaw of ot stated. | Studsent t-test. “oifferant lavala of acoustic strass do not affect the

non=refponss, stlec~ Ho avidencs of level of BP Aif axposurs (duration} and schedule are kope

tive survival, muitivariate constant, If different expatuse lengtha and sshedules

selafilvae racall. analymis. are intraduced, worksars with a longer axposure do have a
highar BP, and workars with a i or more shift schedula Jdo

:::::s::.';;:'m" have & lowar average BP." (Finding not conslstent across

analysis: age < aqes.} *Our r ts Kaem to Auggent that it may be neat

and > 40 yr=., no to lsposaihle to evaluata the particular factors in

af yra, w“;“ N imelation, and that tesults ahould always Be #esn as the

ahift, woring . autcors of tha working and living envircsment as s wholo,

of childean tin- com The diffsranca batween tha tes sye groups can be sxplained

muting to u;rk weight by the sffacts of aje itself or by tha diffarent time

slvup, salt Lnéuu, ! factors, combined with other particular causes."

diot (fat, vag,,

frulen), amt. of

fiuida consumed

daily. Apparsntly

only aqe waw taken

into aczount when

single indicators

ware wvaluatad.

Apparently no control Not stated, | Nons stated. Of patients {134) with naurcais-lika states from lony-

qroup for comparison)

no avidence of control=
1ing for unequal asx
distritutions of groupms
no aqe data providsd;
potentisl sslection
blas.

tarm affects of indumcrial nolas, & g¥eater proportion
suffared from tesporal arterial hypartension and central
retinal arcerial hypertension chan from brachial
artorial hypercension.




Industrial Nolsm:

Eome Advarsas Effects faported by the Author(s)

Holse Expasure

cardiovascular

Moasure-Quality~-
study Study Sampla laong vs, Short Respcnas
Author & Year Ve Site Siza Term MaaRure-Quality
Ising, H., Croma= Induatry, 90 voluntesrs; | Hoisa levels given for sach Nlood pressura taken
Gunther. T.. wccional (Bpawary) 6 working in job in 6 wark environmencs. with semi-automatic
Havestadt, C., | and noisy arsas § | All workars wore individual device; wubject mit-
Kedusa, Ch., intervantion | Garmany S4 in arsas of | dosimetars: bottling collar ting, at end of ahife,
Markare, D, {wich and lass noiss; warkers = £ af 95 dBiAl + R of 4 PP readingm
Malchart, H.., | without heat- controls 0.7 4B control group = X of takan ag measured
Schoxnecht, 4., | ing protec= atudied for B2 AB{A} ¥ k.3 dB, value.
Thasald, W., tors) . 1 day) 1@ Blood amd urine tusts)
Tlatz, K.W,, * | noiss-axposad epinaphrine, noropi-
19T werkera naphring, chalestarsl,
sramined for magnediun, etc.
2 days and 12
workers
axamined for
2 waeks while
wearing hear=
ing protectors
half of the
tine.
Jansan, G., Crosa= Industry, 669 workars High poise qroup exposed to Symproms of vascular
1961 (b} sectichal (Bmalting) trom high mors than 90 dB(B}; low noime and cardiac problemu;
noias areas; groyp axpossd in nolss not less tachycardia; aatra=-
Carmany 1149 warkscs than &5 4H{R) ; average langth systoles,
from low of amploymenc 11 ysars,
nolea arsas;
AVATAQE age
of 42 yre,;
ro chronic
Alsmapes,
Jirkova, M., Crose= Industry, 3 nalny Holsy arsas ranged from B5-115% Medical zacord data
resmarova, mctional {large- workplaces = 4B for grestar patt of the day indicating hyper=
b, , 1965 snginser- 766 man and with noiso considarsd dlarurb- tension, subjective
ing tac= 20} women. ing; notenoisy areas had dBb complainte, abtences
tories) 6 natenalsy levals of < 70 and noise not from work dug to
wrkplaces = disturbing. lilnesn. ho diag-
Cxachomlo= | 171 man ana nostic criteria or
vakia 118 wosan, definitions reportad.
Dats £ollacted by
plant physicians wich
no standard procedures.
Kachnyi, G.G., Ctoas= Industry, 491 femala High frequency noise from looms. Arterial and terporal
1977 uctional {Cloth waavess from Group 11 L06=108 dB; Group 2: BP. Artacial tekan
combing 15=-37 yeacs 102 48 duration of spploymant with MHargury manoms
plant) of age divided | Group 1y 17 for 1-6 sos,, 172 ster , U0 both ares,
into 2 qroups for 15 yra,, 111 for 6-10 yra.: middls of lac shift
LSTTEN by noise levels | Group 25 18 for I=6 mos,, léd of last of & 5 day

and 20 hesalthy
controle workin
in ada.

tor 1-5 yrs.) 109 for 6-10 yrs,

work wask; hyper-
tension > 140/90 ma
Hgy hypotensian €
100/55 ma Hg. Yo
information reguzding
qualicy control of
maasurstEnt.
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Bias and Potantial

Bias Iuy to Effact Analyats Suteary of Findings
Canfourding taramater and Statistics as Reported by Author

Selactlion; poswible Hot statad, t-tant. "whan working without asar defendars At a mean sxposure tn

Type 1I arrer due noise of 95 dB(A), the systolic blood pressure was higler

to small sanpla by ajmost 7 wm Hg (O < 0,001) and thy excretlon of vaniliyl

#ize; no statistical mandelic acid in urine was higher by 67% (@ = 0.01)) and

controlling on aqe, that of noradranaline by 166 (g » 0.05) than when working

sex, waight, smok= with sar defendars. The actual daily aversge noise lavul

ing, redustion of this device wan }] dB, After ons woak of
work without aar defenders magnetium concantration in the
bload of |2 tost persons was by 5% {g » 0,05} lowsr than
aftar ons wesk of work with ear defenders. The svaluation
of the parasaters of 26 Cest persons showed a negative
correlation of ¢ » =0,52 (4 = 0,003]) hetwsan the man-
nasium content of blood sediment and the increase in hlood
predaurs when sipokad to natse,” ., ."The comparisen of
nolss workers and a control worker group, howaver indis-
cated no {statisticoally) significant difference.”
«o+"0Only the examinacion of tha sama test subject uader
two or mors different nolse stcesa conditions ia
sultable for proving the sffacts of noias with
statiatical significance.”

Salection and Mot scated, MBults teportad “the total result of the sxamination showsd that ne

madayrsmant pias a8 atatistically dafined noles disanss could be decarmined, with tha

ne variables signiticant; no axception of haaring damage,®,.."Ths vegetative

controlled in tanta glven, disturbance is stronger than had besn suspected; it

analysis. accurs sapecially with widaband noises and can be
datactsd in psrscna at reat and sngaged ln physical
activity. A comparative sxaaination of 100% parsona
anployed in the smslting industry confirmed thase
Sindinge."

Selaction blan Hot stated, Chi~Squars. “Thy reaults of the coaparlaon show a higher accurrance

probabla; seratifiasd of hearing damsge, aubjective casplaints, hypertansion,

by sex. Age partial- and peptic ulcetatian in perachs expossd to nolss." ©Oh

1y controlled. Ha the othay hand, tha authors did not ghow that the

other confounders frequancy of the diseases invastigatad, with the

conmidarsd in the . ancaption of heating danaqs, depanded on the lenyth af

analysis, asployment. Findings were not conslstant for men and
wolan.

cantrollsd for othar Not statad, Ho infsrantisl *Hypotanaion was sora frequently obastved with & shorter

induatrisl noise
SNPOBUINS Dy amlacte
ing women with 1=2
YEA, wOrk 95 col=-
legtive fams or in
quiat offices.

atatiacics
wmployad,

langth of amployment,™ &4.7% hypotansivas wers noted
among weavers in Group 1 and 506 among Group 2 with i-6
sotiths seployment.  “Our data confiim the opiniaon of

M M, Polrovekii (1968) that & lowering of Lha arcerial
prassuta occurs It 1y in young J 8." The
nunbar of hypartensives incraassd with the length of
employmnt, Deviations of tha valus of che tamporal-
brachial coafficlant from the nors ware not chastved,




Indumtrial Nolso:

Some Adverss BEffects Reported hy the Authar(s)

Holss Exposuro

Measures~gQuality= Cardiovascular
Study Study Sample Long vs. Short Renpanse
Author & Year TYpe Site Siza Tar Messure=Quality
Kalicinskl, A., Croun= Industry, 140 wamon Steady nolss from spinning and BP taken aftor 10U min.
Stracrhowskl, soctional tspinning 45-51 yaarm weaving industry at {requencies rast; hypsrtension
W., Nowak, W., and of agay betwean 12 and 16,000 Nz with defined am SBF > 140
Proniavska, W., waaving) X ags = 49; intensitios 95-10% dB; women mm Hg and DOP > 90 sm
Ro'zan‘ska, T, compared by graupsd by time worked Ln noise Hg, Cardlac ischemiu
1975 Paland vaars of Gtoup T = 1-6 yaars, dafined by 5-T da-
work in Group II = T~l2 yaars, pression »> 0.1 mV on
noisa Group III = 1)+ ymars worked,
Group I = 21
workors)
Group IX
48) Group III =
61 werkers,
Xanevekala, Zh. | cross= Industry, Males and Group 1 = 30-100 dBA steady 8lood pressure: urine
Bay sactional fesales noisa; Group 3 = 107-117 dBA adrenalin and nor-
Maxsimova, Runsia {35=19%} pulsed nolae; Croup ) = levels adrenalin, No infor=
Lefes . aged 25-45 not given; 60% of workers mation provided on
Kublanova, yra. esplaysd > L0 yra, Mo infare diagnostic criteria,
PoBis Group | = 256 mation an sources, instrumen= or MeASUFABANt,
Shavyreva, workers ax- cation sedsursmant ar suhjects. (Other measures wera
[ W posad to aymptoms, EEG re=
Sineva, E.l., itable noiss; sponkes, hearing Loss,
Hatkove, 7.5, Group 1 = 284 anin vibrational
1997 exposnd to sansitivity.)
pulsed nolam;
Group )1 = cone=
trols pot ex=
paned
to nolse ex~
' easding the
Haximun
rurnissible
laval. W
vibration
ln work area.
Kobets, G.P., Cross- Industry, Hultiple groupsd Nolse sources not specifisd; Disorders of blood
am sactional 446 wooen am= ficlse parasatars pressnted for pressure; functianal
ruasia ploysd in wars= | women subject to nciss and dissrdera of the

housa § storage
work; 18¢
practically
haalthy worke
ars; 147 female
concrats work=
ers; 144 wowsn
subjact to tha
sffact of noles;
89 persons muf-
{faring trom
nolae disssse)
simjlar on n
agen with aver=
ags langth of
smployrant from
7 to 14 yrs.

suffazing from nolse discamss:
112=122 48 predominately in
1200-1800 Hx range.

hesart; csmporacy
work disabilicy,

O
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™ Blas and Fotantial

! confaunders.

#ias Dus to Eifast Analysis susary of Findings
confaunding Paramater and Statistics aa Mparted by Author
Authors state some Hypertanaion | Chi=Squars. T™ha fraquency of hyparcenalon is siqnificantly grester,
avidance of selsction Pravalance the lohger the occupational exposurs to nolos., Thers ware
in that to the déqres Racio for no significant diffarences batwean subject groups as to
! of appsarance af Growp 111 “tandancy toward insdsquats blood supply” in the EXC nor
corchary complaints, {high duxa= wetw paAin cosplaints assoclated with thase changes. Drop
sopu wokmn changed of tion) of tha B=T saction qgreater than 0.2 =V was significancly
quit thair joba and Group I (low sore frequant in Group II than in Group I (but po dif=
so ancapud the study. duration) farances batwean Geoups II and III) with complaints
l was = L. typlcal of cokohary dissase accoupanying tha changes, The
for Group I1 fraquency of coronary dissass in womsn with bypertension
th Group I ™ wis & tlpam gréater than in parsons with normal bloaod
1.%; for preasure. "Tha atudies show that many ysara of work
Group III ta under roiaw significantly sffact the IZraquency of tha
It = 1,3, occucrance of arterial hypettenaion and symptoss of inade-
quats hlood supply of the heart musclas in tha ERG. The
traquancy af thems disturbances is graster the longer the
occupational srposute to nolae.”
. Saloction and msasure= ot statsd. Ho statisticad *Tharsfors, the costinuous sxpasurs of tha organism of
: mant biss possible, tante given. the workar to industrial nolse can be comparsd to chrofiic
1 Ho svidenca of acoustic strasa capable of causing various functional
i atatistically control- cersbrsl-visceral disordsrs.”..."It cah be atsufed that
{ ling for any variabla. pulssd nolsd aa well &s atable noisa provokes the stima-
i lation of the adrenaline ting."..."tmdoubtedly, the
{ dsgras of thags disordsra is related to tha character
i, of noiss, ita intensity, duraticn, acoustic affect, the
E' functional state of tha centtal nervous aysten, and the
1 individual sensitivity of the organjiam to noilss
~‘| . irpitants.”
§ .
|
1
II .
\
]
i
! Salaction bias Not stated. Mo statistical *Whila it can te fully confirmmd that the apacific
E ssAsursmant biazy mathods given; dissass and disorders {arterial hypertansion or hypo-
! no evidence of no dsta tunsion, functional disordars of haart action, naurosis)
| cuntrolling far prasented, ArS CONASUENcES-LO A certain dagres of the specitic
|

affscts of the namad hasarda, the injuries of tha upper
raspiratory passages, chronic gastritis and ulcers, and
cholangiohepatitis can hardly be traced to thelr specific
affect,” Tha indax of cawes of tha nick rate {(total data)
was lowant in the control group, rosa 2.5 tises in
worhers subject to the affect of noiae, inctessed 3.9
timan with developwwnt of noiss illnsas, 3,2 times 1in
hasithy concrace workara and 1,9 times in indlviduals
with vibratich dissass,

)

it e e
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Indamtrial Noisw:

Some Advarsa Effacts Reported by the Authoris)

Nolse Pxposurs

“

Haasure-Quality- Cardiovascular
Study Study Sample Long va, Shart Rospanas
Authar & Year TYp 5ite Size Torm PMeoasure-Quality
Liubashevakaia, | Bafore= Induatry, 20 workats bafora improvamancs general hlood prossurc)
Z.A., Salonin, after {Porging 22-34 yrs, notse leval: 95 4D average no descrlption and
. 6., improva= & presa— of age before and 78-120 48 rangos; afcer ho data provided,
1978 mente In ing shopa) | improvemsnts; 3 yr. improvesent; 90 Jd8
work area; 30 warkars averags and 71-110 d4b
apparently Rupsia aftar improve~ | range.
nat the mants,
samo
M rkern,
Pokrovakil, Croes- Industry, 995 fitter & Group 1t 400 exposed to modium Blood prassubo taken
Hol ssctional {Kachina- laths oper- frequency Stable nolss ac 80-8% during firct 2=) hes,
1966 byilding) ators, Mean dp; Group 21 87 workers oxpoead af AN shifc, after 20
sge 17=55 yrs, to high freguency pulsed nolse win. rast, in plant
Russia At 90-5% dB, clinice; classified
by Mosin as hypo-
wension, diastolic
hypotensian, syacolic
f hypartansion,
decaplcated hyper=
tension and hyper-
tenic sondicion,
EXG readings an 71
workora exposed to
80-85 dB noise and
11} workers axposed
at 90-95 48,
Fratalov, N.N., | Croms- Industry, 156 worksta Twiating shop: 85-95 dB: ball- Blood preswurs hy
gajtancy, A.Dy, | sectional; {Ball= in twisting bairing shop: 114=120 dB; mixed Karothov mathod)
Glotova, K.V.. bafora & baaring & plant; 144 medium and high frequenciss in high BP > 110790 rm
1962 (a) After work, twlsting workara in bath ahops. furaticn of Hq for perscna < 40
ahop) ball~bearing oxjosure = 14) persons had yra. of age and L40/40
plant. worked 10 yra. or mors, for parsons > 40 yra,,
Ruania ECG, cacillegraphy,
ballisto~cardicqgraphy,
) No data on msayuremunt
procedures ot
copdiciong of testing,
Bhatalov, M.,N,, | Croma= Industry, 806 parsahs Gehatal noiae leval 90-112 Blood pressurs roade
Ostapkovich, asctional (balle axposad to d8, high frequancy. ings taken in AM
V.E., bteating holss; 210 befare work, Ho
Panomarsva, plant} ®Ah & WORAD dafinitions or ¢criteriy
NI, of raspec= given.
1969(¢} hussin tiva ages
with norsal
hearing, not
axpossd to .
noiss,
A=27

T e el

e s e o gy

G




Bias end Potantial
hiss bua to
Confounding

Eifact
Paranater

Analyain
4hd stacistice

Bummry of Plndlnge
A8 RMaportad by Authar

Apparently no con=
founders consldared;
potantial for many
internal validicy
and aslaction
preblama; Apparsht=
ly diffarant group
of warkers balore
and afeer improve-
sants,

Hot wthted,

Hone statad.

"artarial pressure (systolic and disatolic) had & decraas-
ing tandancy At the snd of cha shift, .. Jepeaced
physiological esaminationa in 15 forgs workers and 15
apprantices showed & decfaame in ths functiohal strain
upeh the orqanise,..The ssasuran implessnted were
effactive Etrom the sconomlic and physiocloglica)-hygienic
point of view, and can be recommendsd for othar plants,”™

Sslaction bias, non-
ranpanse and oeaaurss
mant bias. Age
partially controlled;
no dvidence of control
for family hiscory,

i

Not stacwd.

Tast according
o Flaher.

"Undar the influsnce of intanse Endustrial noise, the
artarial prossure of workers can change in ralacion to
individual characteristics in bath dipsctionm: toward
its incresass, and toward Lts dacreaps as well, 1In
peracns sxposad to tha syatematic affect of intanme
noise, blood prassure 18 characterized by mora pranounced
oncillations,™

Salaction biany

no svidance of
controlling for
ANy major potantial
confowuiars in cha
Analysis. Agh may
hava basn partislly
controllsd, sax not
considersd,

Not atated.

Pata given in
% of subjects
with defined
haalth index)
ng gtatintical
tasta.

*vary aften tha vorkars saasined had labile srtarial
prassure, According to the slsctrocardiographic data,
bradycardia with a tandancy toward reatardation of the

1 icular ductivity and the falling off of
tha T-wave wera gbusrved, which ware more comson after
physical strens and at thy snd of the work day, In the
grouwp of worksts sxpossd to the affsct of nolse of gt
intanaity, functional chahgas in tha cardiovascular sywtam
ware Enra cofWOn ahd more pronounced,” The hypertensive
affect of noies was not observed.

Galaction) non-
rasPonns; MAsursment
bias, GStratified by
age pf <40 yra. and

> 40 yrs. Ho adjustmsnt
for obesity, joh stress,
co-dozbidicies.

Hot statad.

Meane, 8.D.,
tevalues,

*fha comparisch of the utats of hearing and artarial
prosaure in parsons working In conditiona of the affsct
of intenss industrial nolps showed that the changes of
the arterial pressurs peeceds heating dabage, Thersfare,
one cannot exciuda the rols of vascular disardars in

the developmsnt of occupational hearing impairmant.

In those canas whan hearing Ls already lowsted theto is
no further ion of tha pi of sharp depond-
ance on tha stata of tha arterial pressure.”

A=28
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Industrial Hoisa:

Soms Adverse Effects Reported hy the Auther(m)

Noise Expowurs

Haasura=Qualicy= Cardlovascular
study Etudy Sample tong ve. shore
Author & Year Typa 5ite Size Term Measura=puality
Shatalov, N.H., | Cross= Industry, 2034 men, Group 13 broad band poise gSystalic and dia=
Thurav, M.A., sectlonal (Pall- 1896 wowsn, 4t 95-112 dB with high fra- atolic blood prossura;
1970(4d} baaring 0-59 yrs. quancies doninatingg hypartangive dimeatu)
plant) of aga, Group 27 polss analogous to no definitions ar
groupad by Group 1 plus tension; crituria statad,
Russia nolse ex- Group A  no noise (impliod);
posura) Group 4y control; work not
1) 1278 fit- connactad with noise.
tars, loadars, (No addicicnal informatian
laths opora= pravided,
tors;
2) 119 cpara-
tor tasters
af cranas;
3 1172 scian-
tista)
4) 1144 lab
tachniciasng &
akilled
machanics.
Buvorev, G.A., Cross- Industry, 740 workers Group 1 = 121 workers at 70 dbA Hypertension defined
Denisov, E.I., sactional {Machins axposad to nolma luvel) a8 BF > 140/90 om Hgy
Ovakinov, V.C., building} high nalss Group 2 = 139 at 84 dBA; hypartansive discase
Tavtin, IU.XK., divided lnto Group 1 » 160 at 9) dBA; a3 PP 159/94 wm Ngqy
1979 Rassia 4 groups and Group 4 = 267 at 100 dfAg hypatansiaon as BP <
121 workars Croup 5 = 166 at 115 dBA; 100/60 mm Hq; heuro=
sxposed to average lendth of esployment clrculatary asthonia
low noize of 11-i6 years. by medical spwcialiut
about 70 dBA. P,
587 malas and
274 famalas)
avarage dge
3d~18 yoara,
Trolanskii, Baforao= Industry, 55 workers) Hoiss range of 94-97 dBA in Blooa serum
Heloy daring- [Diwsul & Geoup iy 16 udiun and nign frequencios, cholinemtozane by
Sidortsov, after blowr watking 12 Hastrin's method;
1.P., work special= hra. with arterial hlood jres~
Fatrova- comparisons istn) 24 hr, breakes oure;: no additional
Golubanko, on & crows- Graoup 21 M information providud,
LBy, sactional russia working with
1571 groap of 12 hr. breaks;
warksss, Group 3: 15
working under
sama condie
tions without
noias fcon=
trol group) .
2vateva, G.6., Cross- Industry, MO worksrs) 4 arsas of the plant dasctibed; Artarial pressure;
Ratner, M.V, , ssctional {Pips & no 4ge given; |} = 122 dBg fulse rate; complainte
Kolganav, shest rol={ not sataga~ 2 * ne datdy Ho quantitative data
1%75(b} 1ing} Tized by 1= 115 dny provided; no diag=
SXposice 4= up to 142 dny noatic criceria or
Russia lavels, no uke of dosimaters) duration measuremont
of sapvice given ag < 1 yr., inforeation.
1+ yra., 3-3 yrs., 6% yrs,
and 10 yrs. of pore.
A=29
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fiias and Potuntial
Bias Dus to
confounding

effact
Parasutar

analysis
and Scatlacics

Susmary of Findings
a8 Raported by Author

Salection hiax, measuro-
=ant hian, aga and sex
controlled by atratie
fication and standard-
lzation proceduras,

Ho controlling avidant
for othat potantial
confoundsra such as
abapity, axercise,
mdications taken,
Hearing thrssholds

not obtained, Curation
of asiployment unknown.

Hot atated)
calculatsd
from tables
Age~adjuatad
(nale) prav-
alence ratio
of hypexr=-
tansion for
noise axpossd
plus tsnsion
group com
parsd to conn
trol group
3.4,

t-tastm for san
diffarsnces;
tasts for ratss
not atated,

"Tha studies conducted show that the axposurs to

" industrisl nolss causes an incresss of systolic pres-

sura {in the aqe groups bhalow 40 years) and a riss of*
incidence of hypartensiva dissass, comparad to the
control, Given tha intensity of tha sffect on the
incidance of hypartsnsiva diaease,; exposute to noise
as an industrial factor is sufficlant csuse for neuro-
paychlc tansion, The combined affact of ths two
industrial factors mentiopnsd increasas the husber of
présdsura resctions to an evan greater dagrew, in con=
naction with which the incidenca of hypertansive
dissans is aignificantly augmented.”

Salaction and nan-
Tesponss bian;
incomplate control
of age. No
vantrnlling for
sux, waight,
history of
dissds.

Increass in |
neUrovasCu-
lar ispair=-
ment of

0.5% with
sach 1

auA in-
crease in
noisd level.

Magreasion,

"...At low nolma levels, nsurovascular dizordezs prevail,
while hsaring loases pravail 4t high levels., Qualitacive
and quantitative doss-raspones relaticnships wars
astablishad In raspsct to both the haaring function

and mediatad responsds: the rats of increass in haaring
and neurovascular impairments dapendsd on the level of
noine, and wam 1,5% and 0,54 respactively, fer 1| dBA of
increasws in the noiss lavel; tha increased noims level
accalarates the symptoms of non=spaciflc mtediated
igpaireants {on the sverage by 1) yeazs with the noisa
lavsl incraassd by J1 48A), most of which balsng to
hypartonic statas."

Sslection, no
controlling for
any variablas
such am age,
asx, length of
aoployment.

Hot ataked.

Haahs, 3.0.,
p valuaap

no specific
tasts noted.

*In specialista working under asposure to the affact of
acoustic nolse, during examinations {smedlataly at the
place of work, statistically significant lowering of
tha activenass of cholinssterase in blood, sxtonmion
of the latent heriod of the dermographic rmaction, énd
a clearsr retardation of ths pulse during Onchner's
tast, with a saximum definltensss 2t the end of the
shift, were obkerved. After the ond of the effactas of
nolse, the activeness of cholinestarass was restored,
Mich 12=hour shifts, full restoration occurred after
24 hours. The laval of the lowsring and the timm of
rastoraticn of the activentss cof cholinaatarase can
ssrve as a critgrion for the avaluation of tha harmful-
nass of the sftect of noise and tha charactar of the
responss rsaction of the organism.”

Salection, non=
response blas;g
no gbvicus
control group.

Not atatsd.

Nona Atated,

“One=hundred aixty-sight persons {$0%}...wera found to
have heardng iapsireent. ,..chanqua in the asurologlical
stata wara found in many workers...Complaints in sany
cabas wars combinad with objactive symptows: disordars
of artarial prassure (mare ofteh alevatad preasursl,
pulne lability, decreass of vibration and pain
ssheitivity (up to full anasthasia}, thatmdl asy'acTy,
trashling of aras and eyalids, instablilty in cthe
Rooburg pomition.”




Tabie A-5

Summarjes of Epidemiclogic Studies of the Effocts of Nolse on the Cardiovascular System

Eng

lish Literatura

Industrial Noisae: HNo Adversme Effects Reported by Author(s}

Noige Exposure
Mueasuru=Quality=- Cardiovascular
Study Study Sample Long vs, Short Response
Author § Year Type Site Size Term Measure-Qualsky
Brown, J.E., Historical Alrline 29 pilots :8 hour DRC (90dBA} Heart Rato,
Thompaon, R.N. | prospective/| induatry,| 29 non- contour exceeded or SBP, DBP and
Folk, E.D., Crosa=- U.5.A, flying equalled fn all air- Cholesterol
1975 sectional executives | craft oxcept jet level from
transports, annual health
. records,
shircraft cockpits.
sburation - 6000
hours of flying
tima or more.
1No noisa lsvels
given for
executives,
cohen; A,, Croag= Indus=~ 51 workera | Proxy measure-high BP =~ based on
Taylor, W., sactional try: with hear=- | frequency noise last 2 of 1
Tubba, R., paper- ing loss. induced hearing readings, taken
1980a making 51 workers | logs at 65 dB or in recumbent
plant, without more at 3000, «paaition after
u,s. hearing 4000 and 6000 Hz. 30 minutes rest
problems Holss intensity by trained
levels varied: technicians
paper machines at upnaware of hear+
98=-102 dBA apd cut= ing status, in-
ting-garting=ma- cluded fizat
chines at 85-92dBA; systolic phase
duratiocn of work and phase IV
axpcesure: 22.3 yrs, and V diastolic
for hearing loss Hypertension
group and 12,% yrs, defined by WHO
for controls. . crjteria af »
160/95, Pre-
axisting history
and medications
recorded,
Laas, R.E.M., Historical® Industry, 70 pairs High noise = > S0 Counts of new
smith, C.8., prospective,| Ccanada of work- dBA for a minimum of avents of IND,
Wetherall, palred ars. 3 consscutiva hypertensicn,
L.D., 19680b cohort years: low level M.I. Ne diag-
< 85 dBA for total nostic criteria
work history in or baseline datd
plant, puration shown,
8 hour shifts, 20
pairs exposed I~6
ysars., 22 palrs
exposed 7-20 years.
18 pairs expcBed
* 11-15 years,

A=31
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Plas and Potentlal

Bias Duo To Effect Analysis Summary of Findin
Confaunding Parameter and Sctatistics As an:ted ay Aut::r

Hearing thresholds Not t-test to compare "o changea dus to noise

monitored annually. Btated groups; F=-test to axpagure were obzarved

Comparability of evaluate degree of in BPF, heart rate,

pilots and execu~ change over time. cholesteral, or glucose

tives not given, -levels,"

Ho statigtical

controlling., '

Selection blas

not addresaed.

Analysis controlled Not Covariate analysis; “Statistical evaluation

for age and body Stated no othor statistical of the blood-prassure

size. No controls tasts given. data found no reliable

noted for race, difference batween the-

sox, comorbidity, worker groupa with high-

temperature, etc, frequency loss versus
normal hearing even with
covariate analysis deaigned
&a adjust for diffsrences
in age and body size {weight/
haight ratio),,.Clearly, it
is too sarly to draw any
concluaions about noise
as & causal factor in
cardiovascular digease,."

70 pairs matchad on Not Univariate methods; There ware no significanc

age, oxposure pariod, atated Pearson's corgrelation; differsnces botween the 2

duration of employ-
mont; 36 parsona
could nat be matched;
no attrition noted.
Ho data on hoaring
threshnlds,

Wark shift contraole
led in analysis,

Chi-square; one way
ANOVA,

groups for both the
exposure periods and total
study period in incidence af

new medical conditions.”

A-32



Industrial Nolse:

No Advarsa

Effects Raported hy Aithor(s}

Hoise Expogure

b A o a4 b b b

Measure-Quality= Cardiovascular
Study Study Sample Long v8, Short Response
Author E Year Type Sity Size Term Measure-guality
Lees, H.E.M., Cross~ Industry, 62 with Hiearing loss uged a BP after 7 min.
Roberts, H.J., sectional Canada nofsa= surrogate for noise resc, taken
19794 induced axposure - casas "blind™,
hearing with hearing losa Hypertension
loss; 62 > 30dn at 4000 Hzy; defined as 2
f controls control group of 140/90mm, Hg.
62 drawn at random
from quiat arocas.
Noisy areas = 95-
984BA, Duration of
exposure pot given.
Audiograms after 12
hours out of noisy
area.
Malchaire, Crosa=- Industry, 1010 car Intensity = 92 eo BP taken by
7.8,, sectional Belgium agsunbly lo0dB{A) for occup, MD;
Mullier, M., line; agsembly line; 92 Criteria for
1979 581 wire to 97 dB(A) for determining DBP
mill wire mill with reading not
workara, average equivalent stated; pre- or
501 con= noise level = 95 post-work shift
trols. +dB(A); ne informa=- not stated.
Males . tion on dosimeter
instrumentaticn
procedura,
duration of
eXpoBUrE.  Audioe
metric tests par-
formad ovar l-4
year pericd.
A=13
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Bias and Potential

"

daficit by
stratitication =
contrels lacked
data on hearing;
excludod males
with khown CVD)
all of similar
social class.

g:::ag::inm pEttent Malysis_ Summary of Findinga
-] arameter and Statistics As Reported By Author
(stratified by age Not Means, S.D. "lNo evidence of a relation
.1 and random sampls stated between increased SBP or
drawn) ~ matched pBf and hoaring loas™
by age and
duration of .
snployment. No
other variable
cenglidared,
Control of age Not 27 Chi-aquare tests Ho relationship between
and hearing stated with one statistical- noise and 8P observed.

ly significant.

A=34




Tabla A-&
Sumnaries of Epidemiologic Studies of the Effects of Moime on the Cardiovascular System
English Literature
Tranpsportation Hoise, Heighborhood Nalse and Commuhity Surveys ¢ Adverse

Effects Reportud Ly Ruthor (s} s
Noies Expogure -
Meagure=Quality= Cardiavascular
Study Study Sample long v&, Short Responss
Aithor & Year Typa Site Size Tarm Moasura=Qualicy]
Cohen, 5., Crosa~- Cannunity 262 Aircraft ovarflight Mean of 2nd & i
Evans, G.W., aectional Survey - childron noisa) mean peak in Jrd BP read-
Xrantz, D.5., achools in 3rd & noisy school = 74 ings taken on
Stokols, D., u.8. Ath grades;;db; cquist school = consacutive —n
19800 142 from 56 dB; highest days with
noley raading in nolsy automatic BP
achools; nchool = 95 48; - recerdar in
120 from quiet schoel = quiet room;
quist 68 dB; airport coders "blind- '
achools hoise contours ed" to test i
£o approx. levals conditions. |
cutslde homes of
noiss = school .
children; levels
mopiterad 1 hr,
in AM and PM.
Ir
Kaipschila, p., Cross= Community 2213 in~ Alrcraft noise No raw data -
1977a sactional survey dividuals | measured at provided,
The in high center of vil= Hypertenaion -
Hather= nolee lage, much nolss = defined asa '
lands arsa; B = 40~60 where 58P > 175
1595 in NNI > 37; lesa and or DBP
the noise = E = 20-40 > 100; anglna;
lesser, whare NI = 20-37, pathological )
noine heart shape; v
arsag pathological
ages J5= ECG.
64,
i
Knipachild, B., Crosg=- General PAR = Arcraft flying over| Dx. of CVD froh
1977b sactional practice 12,000 area. general i
survey, in high 3 areas axposad: practitioners, :
The nolse E 3 B = 4555 :ﬂ-;arf\:s seen :
Hether=- araa, y different
tands. Ey1 B = 25-45 GP's in the
PAR = MR 33 - S0 aroas., No
t:'gg: - definition of
noiso EC: B a 20-35 hypertansion,
area. NI = 20-11;
Coptrol area B =
< 20 or NNI < 20. !
Villags axposed .
from 1968-1974 in- L
direct line of run= i
Meschan, W.C., Cross- Heighbor- 86,200 Afrcraft, jet Stroke duaths
fg:;, N.. ssctional h;:oda in test angine noise. fram county
airport arcaj rtalit
noise; 77,968 Intansitys ':h:-}: 14
martality in cohe within 90 dBA .
data trol + polse contour { m"
U.8. atea, for test area; x .
45«50 dBp for
control area, ,
No further )
informacion
. provided,

. a—— -
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8ias and Pctential

Bias Dus TO Effect Analysia summary of Findings

canfaounding Paramater and Stacistics As Reported By Author
Fcologic fallacy) Regression flagresaion *childran from noisy schools
self-aslactions coafficiants analysis have highar BP and are mora

suspicicn blas
net controlled -
home nolse con-
tours not avail=-
able for qulet
homes; group
matching and
analysia
controlled for
hearing, grade,
race, SE$, no,
of childxan,

but. not age of
child,

not reported

likely to give up an a

tasx than children from
quiet aschoola...The greatest
differences betwesn the
noise and quiet groups
occurrad during the firat

2 years of axpasure.’

Lass than 508 of
adults rasponded
with 39% in high
noise area and 43t
in leaser noise
azea rsaponding.
He evidence of
controlling for
cantounding,
Evologic fallacy
possibla,

Ragrassion
line:x

A hypertension =
0, 4B~ 0.57
{for aach ]

unit incresse
in B, there

is Is ipcrease
in hyperten-
wiven.}

Cochran = 2x2
cantingency
tables,

*In areas with much aircraft
noise (B > 40} the prevalance
of CVD appears to be higher.

Mg and sox con=
trollad; no other
variablas con=
sidered; villagea
diffaered in socio=-
aconomic class;
probable self-
selaction into
sarviced.

Not
statad

Coghran - 2x2
tablan,

For persons aged 15-64 it was
found that tha contact rate

in the exposed area wag almos
twice that in tha non-exposed
arsa., For 15-64 yr. olds,

the contact rate for CVD was
9 in E,, 5% in E, and 568 in

1’ 2
area C.

Two areas matched on

age, income, racial -

breakdown; data
pragented to show
araas actually
differed oh thase
variablas, Ho
controlling,
Reporting errors
diffarand in the

2 argas, Prologic
fallacy possible.

Hot
stated

Chi-squars to test
differances in death
betwenn test and
control ateas,

"Thera has been an increass

in mortality ratas from
stroke for tha area of heavy
noise radiation under landing
jat aircraft as comparsd with
an arsa removed from such
noisa effects.

A=36




Tabla A=7

Swwmaries of Epidemjologic Studies of the Effects of Nolse on the Cardiovascular System

Transportation Nolse, Neighborhood Hoise and Comtunity Surveys:

English Literatura

Eftects Reparted by Authoris)

Socme Advaras

Hoige Exposure
Measura-Quality- Cardlavascular
Study Study Eample lang ve, Short Respanse
Author & Yaar Typo Site Sizn Term Measure=Qualisy
Cohan, S,, Croaa- Community 262 Afreraft overflight Mean of 2nd &
Evane, G.W., ssccional/ aurvay - ehildran nolse lavels in ird FP reoadings
kzante, D,S., longitudi~ schools in 3rd clamsrooms at 'rln tskan on
::g:nu. D., nal design u.5. & 4th Nolsy = 78,06 d8 connecutiva
¥e Se gradear | iaced = 62,17 dB days with
198le 142 frem Quiat = 56 60 dB automatic BP
naisy=- 3t To: ' recardar in
schoalsr 2 quiet roam;

. 120 from noisy = 70,29 L.q: coders "blind-
quiot= ed" to tast
achools: 55,82 Lyy conditions.
at 1 yr. 91.50 Peak
tol low- an (A)
up: BOC ahated = 72,92 L
from quiet; st
83 from 43,27 l'lj'
naisy 71.27 Paak
schools B (Al
with 44 in
noisa ac 300 overflights/day;
both test- |1 flight every 24
ings and tmin.

9 in
noisy
abated
rooms at
2nd teating
di Cantogno, Quasi= labara=- 3] nales Short~tarm: 10 one BP automaticale
L.V, axperi- tory = exposed minute recordings 1y taken every
Dallurba, R., mental *silant* to noiass |of traffic noise. min., with Erka
Tesgno, P.S., booth 11 normal; [Intensityt Diasiat Appa-
; Cocala, L., Italy 11 diabe- [t dB L_4as ratus; ECG and
; 1976 tics (male) ag o a;qq polygraphic
! 11 coro- ) . data using
1 natopath= Lmd!!tM L _d8(A) standard
I ieq 7.6 7:q1 tachnigues.
i 11 normal ! S
. malos wera adminlstered via
CORtrols headphones; Uher
4400 Sters Repart
1C racordad fed
noise through am=
plaid 500 audio-
imeter; amplifon G5
Silent booth erect=-
ad in a room lined
with soundproof
panala,
A=17
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Bias and Potential
pBias pus To
Confounding

Effect
Parameter

Analysis
and Scatistics

Summary of Findinga
As Raported By Ruthor

Sampling attrition

Rogression co-

Paqression analysis,

Crasas-sactional sample at

bias, Hoiay-school eificients not T nipdicated inflated SBP
:2:‘::::,:2: ;:;' reported, and DBF for noisy-school
E_J.Ehar 8P than children”, Thers were no
thoms retested affecta of noise in the
whereas being longitudinal data which was
retastad was a3 oxpected gince a
unralated to BP relatively high propertion
for quiet-school of nolay-school childran with
children. high BP wera lost to attri-
Gelf-galaction; tian.
scologic fallacy;
group matching and
regrassion analysis
controllend for hear=
ing, grade, race,
SES, no. of children,
but not ages of child.
Control group Hot Student's interval Uric acld increased with
youngar than stated astimation, noise exposuras, esp. in
comparisonst dysmetabolics; blood
controls ® = 27 cholesterol values increased;
yYeurs product of cardiac fraquency
| normal subjects and systolic arterial
R = 26,7 . pressure tendad to fall during
coronaropathic x acoustic stimulatfon in
= 52.0 normal subjects, but etayed
diabetics % = high in dysmetabolic group.
46.4 yrs, *Road tyaffic nolse may be
raspansiblo for an increase
in myocardlal_ energy
raquirensnts.
A=10



Transportation Noise, Heighborheod Holse and Community Surveys:
scme Adverse Effects Reported by Author(s)

Noine Exposure

AL Rk Kot L e b o b 222

Maasura=-Quality- Cardiovascular
Study Study Sample Long vs, Short Response —
Author & Year Type Slte Size Term Measure-Quality] "
Graaven, D.B., Crosa- Comunity Quota Adrplana noise mea= Self~adminis-
1974 sectional survey asample of | sured by Noise Ex- tered Symptom
Uv.5. 208 of posure Forecase Check List -
females; {NEF) |
552 with Area I = NEF > 40
169 from 1I = NEF = 15-40
Areas I I1I = NEF m 30=35 oy
(highest IV = NEF < 30, '
noise) Average of JO planes
ATea II = | PeT hour during day
o6, and 8 per hour dur-
ing night. t
Area IIT Control area = not ;
= 98, within the flight '
Aroa IV = path of a major
88, airport. N
Control R
area = .
ol.
Mogskov, J.1., Lab Control= 12 hoals Alrcraft: 1, _ 84-9] BP, pulse rate, |
Ettama, J.H., enperi- led thy malea | dB(A); bkl raspiratory oy
(1) & (IV), ments labora- {diffar- rate.
1977a & ¢ with tory ant gube E:‘:ffc’ Ly 83.5 '
alrcrafe Tha *cTH
ans tothec | aen | Tohd duracion o -
:;:::j'c 1ands noisa higheat intensity . '
source} for 6-10 sec v i
13-26 b ;
yra, old; | Taped noise pras« !
served asanted through
an own headphones in
controls. soundprocf raom, i
Three 15 mipute '
axposures with !
2 pest perioda of i
5 minutes betwoen. :
|
L1
o
Vi
1
s ;
! *
R i
A-39 i
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Bias and Potential
Dias Due To
Confounding

Effect
Paramster

Analysis
and Statistice

Summary of Findinge
As Repartad By Authar

Aje, family incoms,

oducation, langth of

rasidoncy in com=
munity, length of
time in ths home
wata coheldered,
Control city
respondents were
oldar than holse
axposed subjects.

Y= -0 (ero-
ordar} batwesn
leval of sx-
poaura and
nunber of
health
problems.
Multipla R =
.198,

Stepwide Ragreasion
for total sample and
5 meparate ragres-
sions for the dif-
ferent lavalas of
axposure,

“Expasure te airplane noise

was the 3rd most important
factor in determining health
problems.” (Awareness and
anhoyance reactions wero
most impartant.)

Random assignnent
of noise type not
performed; random
asslgmnant of
noise, mental
load, combined
load within sach
axperiment,

Hot
statsd

Wilcoxon Tast,

Exposure to aircraft and
traffic noise caused an‘in-
crease in DBP, and decreasc
of pulss pressure and HR/
RR,

A-40




Table A=B .
Ssaries of Epidemicleqic Studies of the Effects of Holse on the Cardiovascular Syetem
Translated Literatyrs

Traniportation, Nelghborhood and Community Naoimd: Some Adverss EfZfects Raported by Authar(e) -

.
Nolas Exposura —~
Masaure-Qualicy- Cardigvascular Ty
Study gtudy Sample long vs, Short Rasponas
Author & Year VPR dite Alza Term Messurs—Quality
Xanzarny, Z., Croma« Haighbog= 256 in high itigh nolsw zone = > 100 dB{A); frequency of symptome
Masiarka, 8., sctional hood survay | nojse zone; low noisa tone = BO-90 AR(A); including catdlac
Stata, W., (adspore & | 235 in low no other information provided, pains and taking of
1965 rasidantial | poise gons; cardiac medicines, N[
nolss) an and
wowmAn Aga
Foland 40-7D yre.
-
Malnhart, P., Cross- Industry, 807 males Noise from industrisl area All circulatery [
Ratkar, U., sctioaal with noise of llalle Discrict; ne dissasss, functional
1970 Garsany ispairad intormation am to nojae heart dissass, pya-
haaring parametera and no haaring- cardium injury, hyper-
comparad lspairmant critaria given. tanaion, hypoteansion,
ta Jodn paripharial circula-
selactad tory problals. Survey
@ be and clipic record
TepIeARnta- data. %o disgnostic
tive of men criteria and no
ssan in detinitions glven.
health :
clinie in L
the SAXS
district.
o
i
Yon ELff, AN., | Croas=- Comaunity 458 man, High trafiic azea = §3-73 ABA Hypartansion and
Naus, H., ssctional) aurvay, 417 wopany Nolea lével; trsatiant for hypar-
1980 random {teattlc ages 20-3% Low txAfflc ares = maximum of tshaion detemined
urvey. noiaa) §0 any by questionnaire,
Exponed for sinieum of Y yra,
bonn,
Garmany :
4
I

A-41 !
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™ Bias and Potsntial

Bias Dua to Effect Analymin Summary of Findinga
Contounding Parametear and statistice as Raportsd by Author
Gyoupa similar on Kot statad. Chi-squars and “Tha telatignahip betwsan some syoptoms of aggravation
typs of sducation, t=tant. and 111 health and tha acoustic conditions in tha
occupation, working placa of rasidence indicates the probablility of tha
conditions, age & nagative influencs of sirpsct noiss on tha tesidante’
sax but differed on . atate of health.® ftha high pstcantigs of persons
housing and living complaining of aymptoms and tha frsquent occutcence of
conditiane = poorer sysptoma of illneas ameng women, but pnot man, frem the
housing in low nolse woTat acousclic conditions ssama to support the relation-
Arsa. Data stratifisa ship betwssn alrpert natss snd the state of haalth. "On
by age and sax. No tha othar hand, ona cannot excluda the assemption that
other avidence of ths above mantionsd indexas result from other unfavorable
control. affects of the anviroasant, sspecially the work senvigon=
mant, "
'
H Ecologic fallacy; Pravalance Data prapantad as The pravalencs of ayocardial injuries was about twice as
. aslaceion hiamg ratioa propartions for high for tha nolse-lnjured gtoup as the contrala; hyper-
i ags partislly eon- 1splied coupacison tansion was highat among holsa-lspaired st all sges
1 trolled by stracifi- for noins atatistical testa excapt tha 45 and older) for all age classss, the fra-
e catlah) na avidence injured appatantly applisd, quancy of hasrt circulatory dissasss and aspecially
| of control for co- Vi, coh= byt not deacpibed, hypartension and hypotansion Pegan riaing after five
| morbldities, treat- trola; yasrs smploymsnt and ross precipitously after 20 yaars
{ ht of othet Myocardiasl work: no diffsrences betwean tha gfoups ware sbseirved
) wariablas. injury = 2.0 for functional haart-circulatory dissasss or periphsral
1. Bypartan-~ parfusicn disturbances. "“The staidy nolse infiuence
B sian: 12-40 is an important factor of tha origln of heart-circulatory
[N yrs. ald & dissanes,”
' 1.6, 40=85
¥I8. old =
- yrh. 0ld =
i a.2.
:
Ecolojic fallacy; frevalance P valuss givan *tolee 18 very croublasoms on scrests with high voluns
' EmATurePRht bias. ratin of data Jiven as ctraffic, specific high blood pressurs a tisatad
1.8 for proportionn) dissass was mntionud significantly sora oftan in the
hypettan= no ptatistical high nolsa area than' in the low noiss arva,™..."The data
aion in tast statsd. on Man atwesn the Ages of 20 and 19 who lived in the
high loudenolise ates ravealed hypertensive traatdent to be
noisa ACSA dspendant upon lengch of residance, ‘Thin wad pot the
compated to tha case in tha low=npiss arsa,“..."The cesults of the
the low, laveatigation justified a prospective, incerdisciplinary,

spidamiological study, in which tha physical asssutepsnts
ard cortelated with tha measursd blood prassute data.”
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Table A9

Summariss of Bpidmiolqgie Studies of the Effects of Noiss on the Cardiovascular System

Engli

8h Literatyra

‘fransportatinn Nojsa, Nelghborhood Noise and Community Surveys: No Adversa
Effacts Reported by Author(g)

R D Lok i e A o e

Hoisa Exposure
Measure-Quality-~ Cardiovascular
Study Study Sampla Lony vs. Short Rospanss
Author & Year Type Sity sSlze Tarm Measura-Quality
Drettner, &, , Cross=- Community 100 males; Quastionnaire used Heart rate, BP
Hedatrand, H., sectional Survaey aga 30 yro;| to dotermine expos- measured aftar
Xlockhoff, I., Sweden 388 ro- ure; amount of 10 min, rest in
Svadberg, A., ported hoarinhg loss ex- supine position
1975 history of | pressed ay the sum choleaterol ,
noline of 4B hearing losa trigycerides,
BXpoOEUT of both aars at §
frequencies - lavels
34 no
exposire 1000-6000 Hz,
[Frarichs, R,R., yital laighbor= 1970 cen= Tast area within Ags, race, aex
Pasman, B.L,, Racords hood, sus: pop= the 90 dBA or more and causo of
[Coulson, A.H., Mortality airport ulation naise contour of dgath-specific~
L9B0 Study; nolise) of 83,019 airport; control mortallty rates
croas~ moreality in test area with noise CVD: ICDA 390~
agctional data arsa; lovel of 45-50 448 and ICDA
u.s, 77,611 dBa. 430=4138 as
control codad by the
area atate of
California;
limited o
specific study
areas,
Hedscrand, H., Crosn= Community 19) malaes Surrogata measura- BP in supine
prattner, B,, sectional survey with noise-induced hear- position hypar-
Klockhoff, I., Swadon noise in=- ing loss dofined as cension defined
Svedbezg, A., ducad 2 654B at 13, 4, or as > 160/100
1977 hoaring 6k He and normal mm, Ha,
loga; tona audiograms as
376 males < 2040 at all fre-
with nor= fquoncies.
nal au=
disgrams.
A=4]
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R Bias Due To
Confounding

Bias and Potential

Effact
Parameter

Analyais
and Statistica

Summary of Pindings
As Reaported By Author

pation ratey
saloctive recall;

ropresentation

of data with the
repeatod multiple
correlationa of
all variablas.

fioneresponge bias -
only B3,9% partici-

salf aelection and

potantial for mis=-

Not
stated

Chi-aquare; K-35 teat;
corralations betwsen
and among 10 risk
variablea and hearing
loas,

No significant corralations
batwasen hearing loss and 10
risk factors except for
emoking habits - factors in-
cluded SBP, DBP, heart rate.
*anong 92 who had smoked mare
than 10 cigarettes daily, but
had not been axposed to noise,
the amaunt of R-gided hearing
loss was greater thap in 105
individuals who had never
smokad and had not bean ex=-
posed to noise,’

w Ecologie fallacy;

{ errors in mortality
data such as diagnosis,
raporting; self selecs
tion inte test and

control areas.

Data were adjusted’
for age, race, sex.

Hot
stated

SMR;
direct apd indirect
age adjuatment.

“We were unable to validate
the findings of Meecham and
Shaw, ..

ance the confounding affects
of age, raca and sax were
taken into account by direct
and indirect methods of
standardization, thare waa
little differsnce in cthe
mortality experience of the
airport and control areas.
Ajusted mortality rates due
to all causes, cardiovascular
dissanas, or cerebrovascular
discane did not differ ap~
preclably between the two
areas...Clearly any link
botween airport noise and
mortallity must ke based on
sounder avidance than has boen
prosentad to date if causallty
is to be inferred.”

Age and sax control-
lad, No controlling
indicated for years
of noise axposure,

comorbidities, etec,

Not
statad

Mpans and 5.D.

tio significant diffarances in
moan BP betwden hearing less
group and ceptrols.
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tranaportation Noise, Naighborhood Hoise and Community Surveys:
No Adverase Effects Reported by Author (8)

Noise Exposure

Measure=Quality- Cardiovascular
study Study Sample long ve. Short Rasponse
Muthor & Yaar Type Bite size Term Maasure-Qualicy|
Knipachild, p., Crops=~ Community 399 liv=- Automobile noisge, Consultation
Sallm, M,, 1979¢c | ssctional with noisy ing in noisy strosta with cardi-
atraats in noisy I"eq = 65-70 dB({A}, ologist, Hy=
Notherlands.| areas. pertensisn
142 thus L, *62.5(M) . SBP & 160 and
1iving Quiet atreets: DBP > 105 mm
L.« 55«60 dB {A}, Hq at rest in
in quiet oq sitting posi-
armas. thug I'dm € 62.5 (A) i
Houag= tleny
wl Angina pectorid
vas
Iachemia on
40=-49
yoATS ECG by
\ b Minnesota Code.
, Takala, J., Crosn- Comunity 312 man Nolse axposurs Single BP
: |Vazke, E., ssctional survey axposed " hearing losa define reading, R-apm,
' Vaheri, E., rinland to noise od as thresholds of sitting for
i Siovers, X., and with hearing 65 4B or 3~% mins., S5th
1 1977 haaring morae at 4000 and phase DBRP ra=
' loss; 6000 HE; normals corded.
67 mon at 20 d4n, Hypertanafon
with dafined aa
- normal > 160/100 mm
hearing Hg.
I
;
i
|
1
i
!
I
i
i
1
]
i
|
1
A=d5

U AR 4 VA LI b Wl R T

()

[

Yoo d bafiy2?



Bias and Potential

Alas Due To Effact Analyais  Summary of Findings

Confounding Paramstexr and Statistics As Reported By Author
pata from screening Not Fisher's Teat- “This study showed no
program; statas atated cne=-sided indication for a ralationship
that attentich was batween traffic nolae and
pald to possibly cardiovascular diseasa.”
confounding factors
{aqe, civil atatus,
financial situation,
emcking habits, waight,
phytical activity),
enologic fallacy;
asalf-sslaction;
rafponge rata
differed betwesn
neisy and quiet
araas.
93¢ participation Not Student's t=tegt No statistically significant
Tate, No varlable, atated differences in SBP nor
including age, DBP betwéen the normal
caontrolled in the hearing and noise defect
analyais. Volunteer group.
and migration bias
possible.

A=d8
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Table A-10

sumsaries of Epldemiologic Studies of the Lffects of Hoise on the Cardiovascular Byatem
Translited Litarature

laboratory Brudism:

Mverse Effectn Raparted by Authoris)

Cardiovascular
Study Study Saapla Ras 0
AUEROT & Yadr Type gitn sixe MaasurarQuality
purger; Fao Quank= Laboratory | 20 untrained Stuady nolse of tank mators Pulne frequancy:
KLimas, J., uApari-~ conacripts, with a xnown spsctrum recorded EKG curve avalusted
19715 wantal ; Crechoslo= | aqed 19.3 and convaysd to room by 1 with a l-channel
simulated vakis + .09 yra, loudspaakers; short=tearm noise slactrocardianraph.
noiss of 19 axpasnd at 90, 100, 110 48; long=term
tank wmotors. to 20 mine. nalse at 80, 100 4B,
roise while
axwrcising;
10 sxpossd to
2 hrs. of
noiss with
snercias.
|
; Kiotzbuecher, Quasi- Laboratory | 10 healthy 3 test conditions randomly as- Haart rato peasuted
H ., 197% anpari= mhle signed to subjocts: wida band by EXG; faspiratory
| [ 111 Germany vocatjonal (white) holew at (1) 55 dB(AI): rate by themmister;
| studehts, {2) 70 dB(AL); (3} @Y ABIAIM) catecholaminen
i G [ o s, i, [ s e
| ‘ 10 abn, sitting) {3} } min, Flodin
I rast with naise; {3) 90 mn. 9+
; aricthmetic tasks with polae;
; Tests condutted over a 12 day
. puriod,
i
: mariniaho, QuARL- Lakoratory | 20 healthy Sarlanm 1y 130 df low frequangy Tona of the vestale
! LI axpari- 1 20 nolie; Etaady. and pulme rate,
( :‘;1'5 Ly ¥ mant Rasnia :: “:;‘3"‘ gardien I3 110 b low Frequency
! 4 canditions noisy, inteemdivtenc,
| of nolse, Series 31 105 db high frequency.
: Saries 4; 105 high frequancy;
1’ intermittent.
1 Quass, M., Quasi= taboratory | @ clinieally ) tasc pericds; HeATt TALS, OXYygOR
Golller, W,, axpay i~ & otological~ consumption, carbon-
Platsbackes, mental Gammany 1y healthy T::: “;u':f; '::n‘:::ﬁ:;'lg‘:‘:i" dioxida putput.
1.u., males, 22-38 | FREM G0 R FeLinl | nsteanentation
Zeullnet, 6., yrs. of age. . " dwscribed,
1970 Teat 2: wors aar plugs: 10 min,
rast; 30 ain. cONELnUoun exercise
uhdar 90 di «ida band nolse
Tast 3r did pot wear aar plugs
10 min, geat) 30 min, continuous
axarcine under 73 4B wids band
nplear 10 win, reat.
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Blan and Potential

Bian Dua to Effeact Analyals sumpary of Findings
cenfounding Parameter and Etatistice as fagorted by Author

salection biam; Not statad, | Test of pairs. *Evan though our exparimanta allow the conclusion that «

Latin squars design decraass of physical ability doas pot ccour, 1t is, in

used to avald view of its affacts upan the circulatory system,

habituations ispossible to affirm unconditionally that expodure o

no octher evidance nolsa i1 completely harmless (o the organiss,™.,."but

of contralling for that 1its nagativa sffsccs will become manifeat aftar an

canfaurding. axposure lasting a numbar of ysars. The use of
protectors against noiss doas not prevent lts offects
upon the circulatory system,”

Sequanca of taat Hot stated. | t-tent for pairs "The nusbar of sigrnificant correlations betwean per=

seriss was randod; corralation forsincs ahd physiological raactions decrwased a lot

auhjects not coafficlants, oore from noiss lavel 55 4n{Al) ta noise level 70 dB(AL)

randmly salect- than from noise lavel 70 db(AL] to BS dB(AYI".,."The

sd; no data as risa of adrenalin secretion undar poise atrain and mental

to comparablility work found by us ls twice as high an 55§ dS{Al) =as with

Ol work exposurae, nolse strain.*..."The recommanded noise leval at

ohesity, axaccime, concentratsd mental wark should therefore be lower than

atc. 55 dB(AT)."

Salaction bias; Hot stated. | No tasts indicataed. *A rather noticeabls diffarence in the effects aof stable

no randomizacion and intermittent noiss {especially with high fraquancy

dascribed. compasitions) was noticed in the study of the tone of
tha velsels, ™., . "Ater ane hour of affecta of stable and
intermittent nolsas, a tendency toward dacline in pulse
fraquency, on the average of 2=] per minute, was
obasrved,”

Subjecte ussd a3 Not atated, | t-Cast *The Use of ear protectors dosa not pravent influsnce

ouwry controla = r=tast of 99 4k wide band noiss upan the hesrtecirculatery

vary small sampls
7.

ayaten,” Huart rate increasad under nalse conditions.
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