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1. Introduction

The purpose of this report is to provide detailed argu-

ments and conclusions on the potential for high levels of air-
craft noise to be linked to stress and cardiovascular disease.
The analysis was prompted by several factors.

1

A link between cardiovascular effects and high levels
of aircraft noise could not be excluded. There were sig-
nificant discrepancies between several comprehensive
reviews and policy statements on the subject. For exam-
ple, reports of the Health Council of the Netherlands
(Passchier-Vermeer, 1993; HCN, 1994; HCN, 1999) in-
dicated that there was sufficient evidence of a causal
relationship between ischemic heart disease and noise
and between hypertension and noise, for 24 hour
time-averaged noise levels exceeding 70 dBA outdoors.
The report of the Ingtitute for Environmental Health
(IEH, 1997) indicated that there was sufficient evidence
of acausal relationship between only ischemic heart dis-
ease at levels exceeding 70 dBA outdoors but the effect
was not noted as being particularly important. The
recent World Health Organization (WHO) guidelines
for community noise (WHO, 1999) concluded that
cardiovascular effects are associated with long-term
exposure to 24 hour time-averaged noise levels above
65 dBA but that the associations are weak.

Chronic noise exposure has the potential for important
public health consequences. Population exposure to
transportation noise and the prevalence of cardiovascu-
lar disease in Canada suggest that this type of noise ex-
posure has the potential to be asignificant public health
problem. It is estimated that about 2 million Canadians
live in areas where road traffic noise exceeds 24 hour
time-averaged outdoor levelsof 65dBA and asmany as
50,000 live in areas where air traffic noise levels
exceeds 65 dBA. Given that high blood pressure and
heart disease are the 2 and 6" most prevalent chronic

diseases in Canada, respectively, there is the potential
for transportation noise to have important conseguences
to public hedlth.

Aircraft noiseisamore highly annoying source of noise
than road traffic noise and community groupsin Canada
have expressed significant concerns about the potential
health effects of aircraft noisein the vicinity of airports.
Of particular concern has been a recent longitudinal
scientific study in Munich on the potential for physio-
logical indications of chronic stress, particularly those
relating to increases in blood pressure and stress hor-
mone levels, in elementary school children living in
areas exposed to aircraft noise. Theoretically, blood
pressure and stress hormone effects could relate to long
term effects on cardiovascular health.

Airport noise management committees and Transport
Canada's Aircraft Noise and Emissions Committee re-
quire timely and reliable information on the health ef-
fects of noise so that they can be factored into decisions
concerning airport and aircraft operation and regulation,
as well as international aircraft noise policies affecting
the Canadian air industry and air safety.



2. Methods

To examine the most relevant studies, optimize re-
sources and provide atimely review of the subject, this analy-
sis was limited to the evidence for cardiovascular biological
and health effects of community aircraft noise around major
civilian airports. Asaresult of the arguments described in the
Introduction section, endpoints considered in the analysis for
childhood studies were resting blood pressure and stress hor-
mone levels. In adult populations, the endpoints were hyper-
tension and ischemic heart disease. Other endpoints of interest
such as deep disturbance, annoyance, mental health and
potential effects on learning in children will be dealt with in
future “It's Your Health” publications and any required
reports.

The report was based on examination of relevant
English language reviews, journal and conference papers,
published from 1975 to 1999. Peer reviewed papers were
given more weight in formulating the conclusions. Results
from alimited number of traffic noise studies and one aircraft
noise paper around a military airport were also included be-
cause of the limited data on the potential for adverse cardio-
vascular effects from aircraft noise and because of the public
health importance of traffic noise.

Noise from low flying military training flights was
excluded because of the considerably different character of the
noise compared to civilian airport flights.

Occupational studies were excluded from the review
because they could only be used to assess the plausibility of
cardiovascular disease hypotheses for environmental noise
research, but not to draw conclusions about the effects. Most
occupational noise studies do find increasesin blood pressure,
but this effect often disappears when adjustments are made for
confounding factors. Unfortunately, many studies do not ade-
quately correct for potential confounding factors present in the
work environment (Stansfeld and Haines, 1997; Thompson,
1997). These results make it difficult to extrapolate the find-
ings of occupational noise exposures to conclusions about the
effects of environmental noise exposure.



3. Discussion and Conclusions

3.1 Stress

There is evidence that acute noise exposure can cause
temporary elevations in heart rate, as well as increases in
peripheral vasoconstriction and blood pressure (WHO, 1999;
Passchier-Vermeer, 1993; HCN, 1994; Berglund and
Lindvall, 1995; IEH, 1997). The evidence for effects of
chronic noise exposure, however, isnot consi stent across stud-
ies. Studies of laboratory animals do suggest persistent eleva-
tion of blood pressure, but human laboratory studies are less
consistent (Stansfeld and Haines, 1997).

Noise can be one of many environmental stressors. It
does not elicit a unigque stress response. The stress responseis
an adaptation or coping mechanism that occurs when the brain
perceives experiences or challenges as threats. It is associated
with secretion of the stress hormones, such as epinephrine,
norepinephrine and cortisol, and changes in heart rate and
blood pressure level. Normally, these return to baseline levels
when theindividual adaptsor the experience(s) end (M cEwen,
1998). These physiological changes are widely accepted as
‘biomarkers’ of stress (Frankenhauser, 1986; Scheuch, 1986)
and represent a generalized response to any non-specific
stressor, such as noise.

Two factorslargely govern individual stress responses:
(i) the magnitude of the perceived threat or challenge; and
(i) the individual’s general state of physical health, which
largely depends on genetic factors and on€e’s developmental
history, experiences, and behavioural and lifestyle choices
(Lazarus and Folkman, 1984; McEwen, 1998).

It has been hypothesized that stress hormone levels and
blood pressure may remain elevated as a result of frequent or
excessive stress in susceptible individuals. The source of such
stress can range from daily hassles to traumatic life events
(McEwen, 1993, 1998; Rosmond, et al., 1998).

If the release of the stress hormones is sustained or ex-
cessive, thefunctional integrity of many organsand tissuescan
be compromised in susceptible individuals (Chrousos and
Gold, 1998). Sustained release of cortisol has been associated
with elevated blood pressure, depression, oOsteoporosis,
immunosuppression, insulin resistance, visceral obesity, and

the excessive stimulation of the amygdala, the fear center in
the brain (Chrousos and Gold, 1998; McEwen, 1998; Tsigos
and Chrousos, 1996; Friedman, et al., 1996). High levels of
cortisol can also damage neuronsin the hippocampus, aninte-
gral part of a negative feedback system that is responsible for
returning cortisol levelsto normal (McEwen, 1998).

Chronic stress can also have adverse effects on health if
the behavioural response to perceived challenges or threats
leads to harmful behaviours such as social isolation, aggres-
sion, and resorting to the excessive consumption of acohol,
tobacco, food and drugs (M cEwen, 1998).

3.1.1 Stress—Conclusions

Noise can act as a short term stressor and has the poten-
tial, in susceptible individuals, to cause chronic physiological
effects such as elevated blood pressure and stress hormone
levels. There is evidence to suggest that physiological effects
arising from chronic stress, as well as harmful behaviours,
may exacerbate a variety of mental and physical adverse
health effects such as cardiovascular disease, depression,
osteoporosis, susceptibility to infections and diabetes (via
insulin resistance).

3.2 Stress Related
Physiological Effects in Children

Several epidemiological studies have examined whether
stress related physiological effectsin children were associated
with exposure to aircraft noise. The endpoints studied were
resting blood pressure and stress hormone levels. The detailed
reviewsand conclusionsare provided in sections3.2.1t0 3.2.4
below. The overall findings can be summarized as follows.
Therecent Munichairport study (Evans, et al., 1995; Evans, et
al., 1998; Hygge, et al., 1998), particularly because of itslon-
gitudinal design, has provided the strongest evidencefor an as-
sociation between aircraft noise and physiological effects,
especiadly an increase in epinephrine and norepinephrine
(catecholamine) levels. However, there are too few studies to



provide conclusive evidence of a cause and effect relationship
between aircraft noise and physiological effects. Also, for the
few studies that have been done: (i) the characterization of the
noise exposure was sometimes difficult to interpret; (ii) asso-
ciationswere not consistently found; and (iii) there was alack
of controlsfor potentially important confounders. These find-
ings cast doubt as to whether some factor other than aircraft
noise was responsible for the observed differences between
exposed and control populations.

3.2.1 Noise-induced Blood Pressure Effects

The systolic and diastolic blood pressures in children
living in high noise areas around the L os Angeles (Cohen, et
al., 1980; Cohen, et al., 1981), Munich (Evans, et al., 1995;
Evans, et al., 1998; Hygge, et al., 1998,) and Sydney airports
(Morrell, et al., 1998) were compared to those of children liv-
ing in low aircraft noise areas.

The Los Angeles airport study used a matched group
design, where matching was statistically successful for grade
level and socioeconomic status. There were 262 subjects, 142
in the noisy area and 120 in the quiet control area. The study
was longitudinal in design but only initial findings and lyear
follow-up results were published. Additional statistical con-
trols were applied using regression techniques for the con-
founding factors of racial distribution, known to have a
significant effect on blood pressure, mobility (amount of time
lived inthe areaprior to the endpoint measurements), and pon-
derosity (ratio of weight to height). This study utilized
audiometric screening and controlled environments for the
blood pressure measurements. The noise was described as
yielding peak sound level readings in the school of 95 dBA
in an air corridor with over 300 flights per day. Noise levels
were not stated for the control group.

A statistically significant increase of 3 mm Hg in both
systolic and diastolic blood pressure was observed in the
noise-exposed groupinitialy (Cohen, et al., 1980). The proba-
bility was less than 0.03 that thisincrease occurred by chance.
Closer examination of theincreaseindicated that astatistically
significant effect occurred for African-Americansin the study,
but not for Caucasians. The authorsalso reported that a risein
systolic blood pressure for Caucasian noise-exposed school
children disappeared as length of enrollment increased. The
probability that the rise occurred by chance waslessthan 0.07.
The LA study was unableto find a statistically significant as-
sociation between blood pressure and aircraft noise at the
1 year follow-up. The authors ascribed this to relocation of
susceptible individuals from the study area, but this was not
verified (Cohen, et al., 1981).

The authors reported that the Los Angeles study sug-
gested a link between aircraft noise and increases in blood
pressure in chronically exposed schoolchildren. However, the
suggested link is weakened by the inconsistency of the results
as described above.

The Sydney study, which was cross-sectional in design,
showed no effect of aircraft noise on blood pressure. Systolic

and diastolic blood pressure levels were measured for
1,230 ear 3 school children from arandom sample of primary
schoolswithin a20 km radius of the Sydney airport. Response
rates for the study were about 80% of schools approached and
40% of childrenin Year 3 from the participating schools. The
authors stated that this was adequate because the outcome was
a physical measurement. The accuracy of the blood pressure
measurements was reported as + 2 mm Hg.

Aircraft noise exposure was reported as monthly energy
averaged noise levels accurate to single Australian Noise En-
ergy Index (ANEI) units. They were geocoded to individual
school and residential addresses of each participant. A level
was assigned to each survey participant. The levels ranged
from 15 to 45 ANEI.

Multiplelinear regression was used to determine, simul-
taneoudly, the magnitude and statistical significance of the
effect of aircraft noise and potentially confounding variables.
The potential confounding factors included body size, child
activity levels, use of salt onfood, family history of high blood
pressure, whether the child ate breakfast before school, ambi-
ent temperature, rail and road traffic noise. A correction for
cluster sampling was made in the statistical analysis. All data
were obtained between March 11, 1994 and May 6, 1995. The
new runway at the Sydney airport opened in the middle of the
study, October, 1994.

The study found that blood pressure was not associated
with noise exposure. Diastolic blood pressure decreased with
time after the opening of the new runway, and systolic blood
pressure decreased if the house was insulated. No association
was found with road or rail noise. Statistically significant con-
founders were weight, pulse rate, not eating before school
(systolic), using salt on food (diastolic), non-English speaking
background (systolic).

The authors noted the potential difficulty of finding an
effect because blood pressureisnormally highly variable, both
between and within individuals. The estimation of the statisti-
cal power of the study isnot stated in the 1998 Sydney confer-
ence paper. Therefore the possibility of a Type Il error being
committed is not addressed. (A Type Il error occurs if the
study finds no statistically significant association between
outcome and exposure when, in fact, an association exists.)
Any possibility that aircraft noise has an effect on childhood
blood pressure can only be confirmed or disproved with longi-
tudinal follow-up.

In the recent Munich airport study, there were two ex-
perimental groups, each with a less exposed control group,
matched for sociodemographic characteristics. The first ex-
perimental group was exposed to the noise of the old Munich
airport. The second experimental group was not initially
exposed to aircraft noise, only after the opening of the new
Munich airport (inanew location). The study waslongitudinal
because there were three testing times during the span of two
years (wave 1. occurred 6 months prior to the change over of
airports; wave 2: one year later; and wave 3: two years after
wave 1).



In the first experimental group around the old Munich
airport (Evans, et al., 1995), a3 mm increasein systolic blood
pressure was found to be associated with aircraft noise. The
authors concluded that the result was statistically significant
because their analysis indicated that the probability (p-value)
was less than 0.08 that the observed increase was due to
chance. (Most scientists and statisticians would consider a
p-valuelessthan 0.05 to indicate statistical significance. Some
scientists and statisticians describe p-values less than a num-
ber between 0.06 and 0.10 as being indicative of marginal or
borderline significance. This latter description is somewhat
controversial and some epidemiologists would state that
p-values this large would likely be due to chance.) As socio-
economic status can be a confounding factor for blood pres-
sure, it was important that the authors of the article showed
that households in the noi se-exposed and control areas did not
differ in socioeconomic status. However, there was insuffi-
cient detail in the reporting of the statistical analysisto assess
itsvalidity. For example, for the endpoints of interest, the stan-
dard deviations were not reported, so that applicability of the
t-test could not be verified.

For the second experimental group around the new
Munich airport, over the 3 waves of the study, theincreasein
systolic and diastolic blood pressures for the noise affected
community was 3.4 mm greater than for its matched control
group (Evans, et al., 1998; Hygge, et al., 1998). Repeated
measures statistics indicated that the probability was less than
0.05 that the differencein systolic blood pressure could be due
to chance. (Most scientists and statisticians would consider it
unlikely that the observed difference was due to chance). The
rise in systolic blood pressure associated with aircraft noise
was small compared to normal physiological variationsin ei-
ther population and was essentially the same as the difference
in blood pressure level between the two populations at the be-
ginning of the study. The observed rise in average diastolic
blood pressure was assessed to have a probability of less than
0.06 of occurring by chance.

The exposure data makes it somewhat difficult to inter-
pret the observed associations. The values for the 24 hour
time-averaged sound levels, in A-weighted decibels (dBA), at
the new airport in the noise-exposed and control groups
(Hygge, private communication) are given in Table 1 below.

Table 1.
Time-averaged sound levels (24 hr.),
Leq (dBA) new airport

Subject Group Wave 1 Wave 2 Wave 3
Noise 53 66 62
Control 53 61 55

These data were obtained only outside the school that
the children attended and only during the 24 hour periods in
which the children underwent the physiological and psycho-
logical tests used in the study. Therefore it is difficult to tell

how representative these sound levels were of the chronic ex-
posure of the children. Thisdifficulty isincreased by thefairly
large variations that were found in the time-averaged sound
levels. For example, at Wave 2, the exposure level for the con-
trol neighbourhood was essentially the same as for the noise
neighbourhood at Wave 3. This appears to weaken support for
the hypothesis that aircraft noise significantly elevates blood
pressure among children.

Except for socioeconomic status and ponderosity, the
ratio of weight to height, the Munich study did not appear to
control for confounding factors which have abearing on blood
pressurein childhood and adolescence . These factorsinclude:
differences in diet, such as salt intake (Elliott, 1991), body
massindex, height, weight (the correlation coefficient for age
10 is about 0.4 for weight as a predictor of blood pressure
(De Swiet, et al., 1992)), levels of physica activity and age
(De Swiet, et al., 1992; Law, et al., 1993; Task Force, 1987).
Asaresult, the study’s conclusions of an association between
chronic noise exposure and increased blood pressure may not
bevalid.

Even if the epidemiological studies had reliably demon-
strated an effect of chronic aircraft noise exposure on blood
pressure, the observed el evations were probably not clinicaly
significant. Throughout the Munich study, blood pressures
measured in the noise-impacted and control groups were both
around the 50" percentile range of aU.S. and U.K. population,
according to the standards developed by the Second Task
Force on Blood Pressure Control in Children (Task Force,
1987).

The only cause for clinical concern would be if the ob-
served elevation in children could lead to elevated blood pres-
surein adulthood. This stemsfrom evidence that suggests that
alower blood pressure will be associated with alower risk for
cardiovascular disease (MacMahon, et al., 1990). Conversely,
any increase in blood pressure could be considered as repre-
sentative of a higher risk. Although, there is some evidence
that blood pressure in children can be correlated with blood
pressure later in adulthood (Ingelfinger, 1994), the correlation
isweak for 10 year old children (De Swiet, et al., 1992), the
agegroupintheMunich study. Therefore, itisunlikely that the
observed elevation in blood pressurein children would lead to
raised blood pressurein adulthood and a subsequent increased
risk of cardiovascular disease.

3.2.1.1 Noise Induced Blood Pressure Effects —
Conclusions

There were inconsistent findings between and within
studies as to whether observed differences in blood pressure
between controls and noise-exposed groups were due to
chance. In addition, characterization of the noise exposurewas
difficult to interpret in the Munich study, casting some doubt
astowhether observed differenceswere dueto noise exposure.
Furthermore, lack of control for some potentially confounding



factors in the Munich study further weakens support for the
hypothesis that noise exposure alone was responsible for the
observed differencesin blood pressure.

The differences in blood pressure between control and
exposed populations of 3 mm Hg would not be clinically sig-
nificant in the subject population evenif they had beenreliably
demonstrated by the epidemiological studies reviewed here.

3.2.2 Noise-induced Stress Hor mone Effects

The Munich airport study isthe only one around civilian
airportsto test for stress hormone levelsin children. Measure-
ments were made of the resting levels of the catecholamine
(epinephrine and norepinephrine) and cortisol stresshormones
(Evans, et al., 1998; Hygge, et al., 1998). The results showed
evidence of elevated catecholamines but no change in cortisol
associated with aircraft noise.

The design of the study and noise exposure values have
been described abovein Section 3.2.1. Theresultsfor the cate-
cholamines are shown in Tables 2 and 3 across the 3 waves of
measurement.

Table 2.
Changes in epinephrine levels

Epinephrine Epinephrine Epinephrine

ng/hr ng/hr ng/hr

Subject Group Wave One Wave Two Wave Three
Aircraft
Noise-impacted 229.2 328.1 341.9
Quiet
Community 251.8 280.9 246.2

At Wave One, before the opening of the new airport, the
levels of both catecholamines in the Quiet Community were
higher than those in the community that was to be noise-
affected by the new airport. However, at Waves Two and
Three, thelevels of both catecholaminesin the Noisy Commu-
nity increased much more than in the Quiet Community. The
authors concluded that these results indicated a statistically
significant association of catecholamine level with aircraft
noise.

Table 3.
Changes in norepinephrine levels

Wave One Wave Two Wave Three
Subject Norepine- Norepine- Norepine-
Group phrine phrine phrine

(ng/hr) (ng/hr) (ng/hr)

Aircraft
Noise-impacted 610.7 1,228.5 1,556.3
Quiet
Community 660.0 879.7 950.7
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Asnoted abovein Section 3.2.1 the difficulties concern-
ing the measured noise levels reduces the confidence that the
observed stresshormoneresponse arisesfrom aircraft noise, as
opposed to other factors associated with the development of
the airport.

Also, although all groupswere from the third and fourth
grade at the start of the study, some age confounding cannot be
ruled out. There is a fairly strong effect of age on urinary
epinephrine output. For adults and children over the age of
10years, theupper limit of normal for urinary epinephrine out-
put is about 20 pg/day while for children under 10 yearsit is
14 pg/day (Behrman, et al., 1987). For norepinephrine, this
limit is about 100 ug/day for adults, 80 pg/day limit for chil-
dren over 10 years of age and 65 pg/day for those under
10 years of age (Behrman, et al., 1987). Therefore, over atwo
year study involving 9-11 year old children there would be a
naturally occurring increase in epinephrine and norepineph-
rine output as the children’ s catecholamine output approaches
adult values. The differences might be more pronounced if the
children in the 2 groups were not matched for age.

It has been hypothesized that chronic and excessive
elevations of the catecholamines can have adverse impacts on
the cardiovascular and immune systems later in life. In the
Munich study, the average excretion rates of epinephrine and
norepinephrine for both Noisy and Quiet Communities were
well within the normal limits of, on average, an output of
20.8 — 833 ng/h for epinephrine and 625 — 3333 ng/h for
norepinephrine. (Normal values for 24h urinary output of epi-
nephrine and norepinephrinefor children greater than 10 years
old are listed as 0.5 — 20 pg/d and 15 — 80 pg/d respectively
(Behrman, et al., 1987).)

3.2.2.1 Noise-induced Sress Hormone Effects —
Conclusions

Theresults showed evidence of elevated catecholamines
between control and exposed populations, but difficultiesin
interpreting the noise exposure and potential confounding fac-
tors due to age cast some doubt on how much of the observed
difference in catecholamine levels was due to noise. Further-
more, thelack of acorroborating changein cortisol levelsdoes
not support the conclusion that any observed changes in cate-
cholamines was a sign of chronic stress. Independent longitu-
dinal studies would be needed to assess whether chronic
exposure to aircraft noise leads to a chronic increase in stress
hormone levels.

3.3 Cardiovascular Disease in Adults

The evidence was reviewed as to whether aircraft noise
may be a risk factor for cardiovascular disease, taking into
account criteriadiscussed in Appendix 1 for guiding the deter-
mination of a causal relationship in environmental studies.
There are very few studies of environmental aircraft noise, in
the vicinity of airports, dealing with cardiovascular disease.
The main ones are the study by Altena, et al., (1989) (as cited



in Passchier Vermeer, 1993 and Pulles, et al., (1990)) and the
studies done by Knipschild (Knipschild, 1977a; Knipschild,
1977b; Knipschild, 1977¢). Therefore, inan effort to assessthe
risk of cardiovascular disease, traffic noise studies have aso
been considered in this report.

Of the traffic noise studies, the Caerphilly and
Speedwell study (Babisch, et al., 1993; Babisch, et al., 1999)
of the effects of noise on cardiovascular disease, and its risk
factors, isthemost persuasive becauseit hasalongitudinal and
prospective design, with a follow-up of 10 years. The study
also has reasonably well defined health outcomes and expo-
sure levels and more controls for confounding factors than
other studies.

3.3.1 Hypertension

Thestudy by Altena, et al., (1988), (Pulles, et al., 1990),
was a cross-sectional study which examined 830 persons ex-
posed to military aircraft noise and road traffic noise. The
study population was divided among six exposure intervals.
Prior to adjusting for confounding factors, regression analysis
showed a dtatistically significant increase in systolic blood
pressure with aircraft noise exposure. However, there was no
significant relation between noise and blood pressure level
after adjustments had been made for known risk factors such
as age, sex, relative body mass, etc.

Knipschild studied the consequences of aircraft expo-
sure around Schipold airport. His investigation consisted of
three parts: a prevalence study of cardiovascular disease
(Knipschild, 19774), a survey of general practitioners for
attendance for cardiovascular disease (Knipschild, 1977b),
and asurvey of purchasesof hypertensive and other cardiovas-
cular medications by pharmacies (Knipschild, 1977c). Re-
spectively, these studies reported increasesin: (i) prevalence
of hypertension; (ii) attendance at the general practitioners
office for cardiovascular disease; and (iii) purchases by phar-
macists of cardiovascular medication, particularly antihyper-
tensives, with increased levels of aircraft noise.

Datafor the study of cardiovascular disease (Knipschild,
1977a) was collected by inviting members of a community
consisting of eight villages to undergo medical examination.
The medical screening included the collection of medical his-
tory data, measurement of blood pressure, x-ray of the heart,
and ECG. There were approximately 6000 people medically
screened, at a response rate of about 40%. Respondents were
separated into high and low noise exposure groups. The high
noise exposure group began at about a day-night sound level
(Ldn) of about 62 dBA. (The day-night sound level is the
time-averaged sound level obtained by averaging the sound
exposure from 0700 one day to 0700 the next with the sound
level being increased by 10 dB between 2200 and 0700 hours.
TheLdn value of 62 dBA was estimated from the Dutch expo-
sure units reported in Knipschild’'s work using a conversion
factor in section 2.1 of Passchier-Vermeer (1993)).
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The percent of individuals with measured blood
pressure above 175/100 was greater in the high-noise group
(Relative Risk =1.8, p < 0.05). Also, the percent of participants
undergoing medical treatment for hypertension was greater in
thehigh noisegroup (RelativeRisk = 1.5, p< 0.05). Thisistra-
ditionally considered statistically significant. The influence of
age and sex was taken into account in the analysis. The influ-
ence of other confounding factors was not explicitly shownin
the study. However, the author indicated that smoking, body
mass, and village size had been taken into account, where pos-
sible and this information was collected as part of the medical
screening. The author noted that there were some indications
that the socio-economic status of the high-noise group may be
lower, but there is no indication that this was accounted for in
the study. Lack of control for this last confounding factor
has been a recurring criticism of this study in several reviews
(Cohen, et al., 1986; Thompson, €t al., 1989; Berglund and
Lindvall, 1995).

The survey of general practitioners took place in three
villages around the airport over a one-week period in which
19 general practitioners recorded the age, sex, address, reason
for visit (diagnosis) and medication used for all of their
patients. The contact rate for cardiovascular diseases was re-
ported as being greatest in the village with the highest noise
exposure. Similarly, the usage of antihypertensive medication
was higher, especially in women. Asin the previous study, the
effects of socio-economic status were not taken into account.
The author noted that the control population, with the lowest
noise exposure, had a higher-socioeconomic status and a
greater proportion of white-collar workers.

The drug survey (Knipschild, 1977c) was conducted in
2 villages around Schipold airport, the high exposure and con-
trol villages of the general practitioner survey (Knipschild,
1977b). Over the period 1967-1974, drug purchases by thevil -
lage pharmacies, per adult per year were used as an indicator
of the consumption of medications in the subject populations.
The village designated as the high noise exposure area experi-
enced a change over time in the noise exposure levels; from
little prior to 1969, to high noise exposure from 1969-1973 and
only daytime noise during 1973-74. By contrast, the noise
level in the control area remained constant. In the exposed
area, agradual increase was reported for purchases of cardio-
vascular drugs by the village pharmacies. The final value was
up to two times the initial rate, the largest contribution being
for antihypertensive drugs. Thiswas not affected by the reduc-
tionin nighttime noiselevel in 1973. In the control areathere
was ho change over time.

These studies suggest that there may be an association
between hypertension and aircraft noise at Ldn values greater
than about 62 dBA.. However, the evidence for this association
is not convincing because of the lack of controls for socio-
economic statusin thefirst two studies and the lack of astatis-
tical analysisin the third.

Asthere are so few studies on aircraft noise and cardio-
vascular effects in adults, it was necessary to broaden the
review to include traffic noise studies. Babisch has recently



completed a comprehensive review of this subject (Babisch,
2000). In this paper, Babisch notes that dose assessments in
most of the traffic noise studies were crude, usually based on
noise maps of the region. Studies usualy only had two expo-
sure groups — low and high. Also, subjective estimates of ex-
posure were sometimes used. For example, Herbold (1989)
based his estimates on self-reporting of the type of road adja-
cent to the participant’ s home. The noiselevelsfor these types
of roads were then simply grouped as “low” and “high,”
depending on the type of road. Neus, et al., (1983a, 1983b)
based their estimates of noise exposure on traffic volume.

From the review by Babisch (2000), it is also clear that,
using 95% confidenceinterval's, associations were not consis-
tently found in independent studies. Only 4 of 10 studies re-
viewed by Babisch yielded associations between traffic noise
and hypertension. Of these 4 studies, Babisch noted that
2 would meet modern standards of control for confounding
factors. These were both cross-sectiona studies. Babisch
(2000) concluded that there was little epidemiological evi-
dence of an increased risk of hypertension in subjects exposed
to traffic noise.

3.3.1.1 Hypertension — Conclusions

Thereview of studiesthat investigated the potential link
between hypertension and either aircraft or traffic noise expo-
sure, indicated that the available evidence does not appear to
convincingly demonstrate an association between aircraft
noise and hypertension.

3.3.2 Ischemic Heart Disease

Ischemic heart disease is characterized by insufficient
perfusion of oxygen to the heart muscle. For the study by
Altena, et al., (Pulles, et al., 1990; Altena, et al., 1988),
ischemic heart disease was assessed by clinical symptoms of
anginapectoris(chest pain), myocardial infarction (heart mus-
cledamage), or electrocardiogram (ECG) abnormalitiesasde-
fined by criteria of the World Health Organization (WHO).
Thisstudy, described in the previous section, did not show any
increase in the prevalence of ischemic heart disease with in-
creasing exposure to aircraft or traffic noise. Thereis a possi-
bility that the negative finding may have been due to selection
bias since those with hypertension were excluded from the
study and this condition is a known risk factor for ischemic
heart disease.

Details of the review of the Knipschild studies are pro-
vided above. The prevalence of cardiovascular disease was de-
termined by a questionnaire and clinical examination
(Knipschild, 1977a). The following data were recorded for
each participant; clinical symptoms of angina pectoris (ac-
cording to a standard WHO questionnaire), medical treatment
for heart trouble and hypertension, usage of cardiovascular
drugs, ECG abnormalities, heart shape and blood pressure
measurements. Theresultsindicated that, in the noise exposed
population, there was a statistically significant increase in all
but two of these endpoints, compared to the control group. The
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Relative Risks and p valueswere: (i) 1.4, p < 0.05 for medical
treatment for heart trouble; (ii) 1.4, p < 0.01 for usage of car-
diovascular drugs; and (iii) 1.6, p < 0.05 for pathol ogical heart
shape. No statistically significant differences were found for
angina pectoris and ECG abnormalities, which are important
indicators of ischemic heart disease, respectively.

The general practice survey showed an increase in con-
tacts with the physician for cardiovascular disease in the
noise-exposed area. The drug survey also showed an increase
in cardiovascular drug use over time in a noise-exposed area.
However, neither of these studies provides sufficient informa-
tion to adequately assess their relevance to ischemic heart
disease.

The shortcomings of the Knipschild studies have been
described in the discussion above on hypertension. These
shortcomings also apply to the ischemic heart disease end-
points. Furthermore, given the lack of statistically significant
associations between noise level and two important indicators
of ischemic heart diseasein these studies, the avail able aircraft
noise studies do not provide convincing evidence of an associ-
ation between ischemic heart disease and environmental air-
craft noise exposure.

The remaining studies on environmental noise and
ischemic heart disease aretraffic noise studies. Theseincludea
retrospective study of myocardia infarction in the city of
Erfurt (Babisch, 2000) and 2 prospective case control studies
of myocardial infarction in Berlin, Germany (Babisch, et al.,
1994). In addition, prospective 10 year longitudinal studies of
cardiovascular risk were done in the cities of Caerphilly and
Speedwell in Wales and England, respectively (Babisch, et
al., 1993; Babisch, et al., 1999). In Babisch’'s review of these
studies (Babisch 2000), noise levels were reported as outdoor
time-averaged traffic noise levels (06:00-22:00).

As reported by Babisch (2000), a high and significant
proportional morbidity ratio in the Erfurt study was deter-
mined for areas with noise levels between 71-75 dBA com-
pared to areas with noise levels of 61-65 dBA. However,
methodological issues about the validity of the results have
been rai sed by Babisch (2000). (Thisstudy isonly availablein
German and has not been reviewed by the authors).

In the Berlin pre-study and main study (Babisch, et al.,
1994), increase in incidence of myocardial infarction was as-
sessed relative to populations living in areas with noise levels
less than 60 dBA.. Increases were observed but they were not
statistically significant at the 95% confidencelevel. Thelower
limit of the 95% confidence interval was less than 1.0 for al
odds ratios determined in these studies. The reported values of
the odds ratios in the pre-study were 1.5 and 1.2 in the 61-
65 dBA and 66-70 dBA noise level range, respectively. The
95% confidence intervals were 0.6-3.9 and 0.5-2.9, respec-
tively. The corresponding odds ratios in the main study were
1.2and 0.9inthe 61-65 dBA and 66-70 dBA noiselevel range,
respectively. The corresponding 95% confidence intervals
were0.8-1.7 and 0.6-1.4. Even the reported mean val ues of the
odds ratios (relative risks) showed no consistent trend with
noise level under 70 dBA. The small sample size of the



pre-study led to only one case being available in the highest
range of noise levels, precluding any further conclusions from
being drawn from that study. Inthe main study, above 70 dBA,
the mean value of therelativerisk increased from 1.1to 1.5 as
the range of noise levelsincreased from 71-75 dBA to 76-80
dBA. The 95% confidence intervals were 0.7-1.7 and 0.8-2.8,
respectively.

Further analysis of the Berlin study datawas carried out
by Babisch for the two highest ranges of noise levels. First, to
ensure that the subjects had undergone sufficient exposure to
the noise, analysis was restricted to subjects who had lived in
the study areas for more than 15 years. Also, to improve the
statistical power, the datawas grouped into asingle high noise
exposure level of 71-80 dBA. Therelative risk was then found
to be 1.3 with a 95% confidence interval of 0.9-2.0. Babisch
considered this result to be borderline significant (p < 0.10).
The results of this study are not sufficient to demonstrate an
association of traffic noise level with incidence of myocardial
infarction. However, they suggest that further research is
needed in areas with high populations exposed to high noise
levels.

In the Caerphilly and Speedwell studies, theincreasein
risk in noise-exposed areas was assessed relative to popula-
tions in areas where the noise levels were less than 55 dBA.
The Caerphilly and Speedwell studiesare aseries of investiga-
tions in which two cohort studies were done on the effects of
traffic noise. They were part of alarger study to examine the
predictive power of known and new risk factors for ischemic
heart disease. These cohorts were studied over a ten year
period. Combined analysisis available for a 6 year period.

This Caerphilly and Speedwell study has advantages
over many othersin that it is prospective in design. Exposure
assessment is based on noise level measurement. Disease out-
come is determined by hospital records according to well
defined criteria. More confounders have been taken into
account in this analysis than in any other study.

In the Caerphilly 10 year follow-up there was a slightly
higher relativerisk of ischemic heart disease in the 56-60 dBA
and the 66-70 dBA subgroups, but this was only marginal and
non-significant. In the Speedwell 10 year follow-up there was
no increase in ischemic heart disease in any of the groups.
However, Babisch, et al., (1999) also provided an analysis of
the data, pooling the populationsin a6 year follow-up. For this
pooled data, in the highest noise-exposed group, 66-70 dBA,
the adjusted odds ratio increased from 1.07 to 1.59 as further
refinements were made to the exposure classification of the
subjects. The 95% confidence interval also varied with these
changesfrom 0.70-1.65t0 0.85-2.97. Thisincluded examining
asubsamplein residence not lessthan 15 years and taking into
account window orientation, and window-opening practices.

Babisch, et al., (1999) also analyzed the data using an
aternative model in which the noise exposure was set equal to
the product of noise level with years of residence. Using this
analysis, thereis an increase in the odds ratio per year in resi-
dence from 1.007 to 1.017 in the highest noise category asthe
exposure assessment is refined accounting for window
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orientation and window opening practices. The 95% confi-
dence intervals ranged from 0.992-1.023 to 0.998-1.036, re-
spectively. The oddsratio of 1.017 was considered by Babisch,
et al., (1999) to be borderline significant, being greater than
unity at ap value < 0.10.

The results of the Caerphilly and Speedwell study ap-
pear to be equivocal. Thetrend of increasing odds ratios, with
improvements to the exposure assessment and when time of
residence was considered, suggests there may be a dlight in-
crease in ischemic heart disease among those exposed to
chronic highlevels(>66 dBA) of environmental noise. Never-
theless, there is considerable overlap of the 95% confidence
intervals of these odds ratios suggesting that the increase may
only have been dueto chance. Also, the oddsratio of 1.017 per
year in residence was only considered to be borderline signifi-
cant by Babisch, et al., (1999), again suggesting that the
change in odds ratio with increasing time of residence may
also have been due to chance.

3.3.2.1 Ischemic Heart Disease — Conclusions

There is no convincing evidence for a causal relation-
ship between environmental noise and ischemic heart disease.
At traditional 95% confidence levels used to assess statistical
significance, dose response relationships have not been dem-
onstrated. Also, potential trends with improved exposure as-
sessment procedures and increasing years in residence may
have been dueto chance. Furthermore, the strength of the asso-
ciations is typically relatively weak, with observed relative
risk ratios or oddsratios ranging from 1.3to 1.6, at most in the
Berlin and the Caerphilly and Speedwell studies. In these
studies, important confounding factors were taken into ac-
count and efforts had been made to reduce bias, including the
effort of determining exposures by measurement.

However, the available studies provide some evidence
to suggest that there may be a slight increase in the risk of
ischemic heart disease in people residing in areas with daily
averaged traffic noise levels greater than 65 dBA. This indi-
cates that more research on this subject is needed. Also, there
needs to be continued assessment of future research on the
potential for cardiovascular risks from aircraft noise. This
follows from the relative consistency of elevated risk among
the exposure groups with daily averaged sound levels greater
than 65 dBA. It also follows from the temporal effect sug-
gested by the increasing odds ratios with years of residence
in the Caerphilly and Speedwell study. The need for more re-
searchinthisareaisalso consistent with the suggested trend of
increasing odds ratios with improved exposure assessment.



4. Recommendations

The available research does not support the contention
that there is a significant risk of chronic stress and/or cardio-
vascular disease arising from long term exposure to outdoor
daily aircraft noise levels above 65 dBA. This corresponds to
Noise Exposure Forecast levels of about NEF = 33. (The NEF
is used in Canada to characterize aircraft noise in an area.)
However, the available studies indicate that more research is
needed. Also, there needsto be continued assessment of future
research on the potential for chronic stress and cardiovascular
risks from aircraft noise. This will ensure that timely and
accurate advice can be presented to the public and regulatory
authorities to enable them to exercise their responsibility of
managing the health risks of environmental aircraft noise.
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Appendix 1

There are several setsof criteria to assessthelikely role
of cause in an association observed in an epidemiological
study. The criteria used for this report were adapted from the
Bradford Hill criteria (Glynn, 1993; Traven, et al., 1995).
They are summarized below.

Srength of association. A relative risk greater than 3
provides good evidence that an association is likely to be
causal. Important confounders can produce strong associa-
tions if not controlled for. A small relative risk, on the other
hand, does not rule out a causal relationship — it only means
that it is more difficult to exclude some other explanation.

Dose-response. If adose responserelationship is seen, it
strengthens the likelihood of causality. Again confounding
factors may lead to spurious dose-effect relationships. The ab-
sence of a dose-response relationship does not necessarily
weaken an association, especially if thereisathreshold effect.

Temporality. In its simplest form the causal factor must
precede the onset of the diseasein question. However, interac-
tions between exposure to the agent and the body’ s biological
system may influence thetemporal relationship between expo-
sure and disease.

Reversibility. Removal or reduction of exposure can
provide convincing evidence of causality.

Consistency. An association that is shown repeatedly in
different studiesis unlikely to be due to chance. If conducted
by different investigatorsin different places and times an asso-
ciation is unlikely to be due to a constant bias.
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Plausibility. The existence of asuggested mechanism by
which the agent causes adiseaseisreassuring, but will depend
on the knowledge at the time. Mechanisms for an association
between chronic aircraft noise exposure and cardiovascular
disease have been proposed

Soecificity. Since most diseases have more than one
factor contributing to their onset, specificity of an observed
association cannot be insisted upon. It is understood that there
will not be a one-to-one relationship between aircraft noise
and cardiovascular disease.
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