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1. Introduction

The pur pose of this re port is to pro vide de tailed ar gu -
ments and con clu sions on the po ten tial for high lev els of air -
craft noise to be linked to stress and car dio vas cu lar dis ease.
The anal y sis was prompted by sev eral fac tors. 

1. A link be tween car dio vas cu lar ef fects and high lev els
of air craft noise could not be ex cluded. There were sig -
nif i cant dis crep an cies be tween sev eral com pre hen sive
re views and pol icy state ments on the sub ject. For ex am -
ple, re ports of the Health Coun cil of the Neth er lands
(Passchier-Vermeer, 1993; HCN, 1994; HCN, 1999) in -
di cated that there was suf fi cient ev i dence of a causal
 relationship be tween ischemic heart dis ease and  noise
and  between hy per ten sion and noise, for 24 hour
time-averaged noise lev els ex ceed ing 70 dBA out doors.
The re port of the In sti tute for En vi ron men tal Health
(IEH, 1997) in di cated that there was suf fi cient ev i dence
of a causal re la tion ship be tween only ischemic heart dis -
ease at lev els ex ceed ing 70 dBA out doors but the ef fect
was not noted as be ing par tic u larly im por tant. The
 recent World Health Or ga ni za tion (WHO) guide lines
for com mu nity noise (WHO, 1999) con cluded that
 cardiovascular ef fects are as so ci ated with long-term
 exposure to 24 hour time-averaged noise lev els above
65 dBA but that the as so ci a tions are weak. 

2. Chronic noise ex po sure has the po ten tial for im por tant
pub lic health con se quences. Pop u la tion ex po sure to
trans por ta tion noise and the prev a lence of car dio vas cu -
lar dis ease in Can ada sug gest that  this type of noise ex -
po sure has the po ten tial to be a sig nif i cant pub lic health
prob lem. It is  es ti mated that about 2 mil lion Ca na di ans
live in ar eas where road traf fic noise ex ceeds 24 hour
time-averaged out door lev els of  65 dBA and as many as
50,000 live in ar eas where air traf fic noise lev els
 exceeds 65 dBA. Given that high blood pres sure and
heart dis ease are the 2nd and 6th  most prev a lent chronic

dis eases in Can ada, re spec tively, there is the po ten tial
for trans por ta tion noise to have im por tant con se quences
to pub lic health. 

3. Air craft noise is a more highly an noy ing source of noise
than road traf fic noise and com mu nity groups in Can ada
have ex pressed sig nif i cant con cerns about the po ten tial
health ef fects of air craft noise in the vi cin ity of air ports.
Of par tic u lar con cern has been a re cent lon gi tu di nal
 scientific study in Mu nich on the po ten tial for phys i o -
log i cal in di ca tions of chronic stress, par tic u larly those
re lat ing to in creases in blood pres sure and stress hor -
mone lev els, in el e men tary school chil dren liv ing in
 areas ex posed to air craft noise. The o retically, blood
pres sure and stress hor mone ef fects could re late to long
term ef fects on car dio vas cu lar health. 

4. Air port noise man age ment com mit tees and Trans port
Can ada’s Air craft Noise and Emis sions Com mit tee re -
quire timely and re li able in for ma tion on the health ef -
fects of noise so that they can be fac tored into de ci sions
con cern ing air port and air craft op er a tion and reg u la tion,
as well as in ter na tional air craft noise pol i cies af fect ing
the Ca na dian air in dus try and air safety. 
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2. Methods

To ex am ine the most rel e vant stud ies, op ti mize re -
sources and pro vide a timely re view of the sub ject, this anal y -
sis was lim ited to the ev i dence for car dio vas cu lar bi o log i cal
and health ef fects of com mu nity air craft noise around ma jor
ci vil ian air ports. As a re sult of the ar gu ments de scribed in the
In tro duc tion sec tion, end points con sid ered in the anal y sis for
child hood stud ies were rest ing blood pres sure and stress hor -
mone lev els. In adult pop u la tions, the end points were hy per -
ten sion and ischemic heart dis ease. Other end points of in ter est
such as sleep dis tur bance, an noy ance, men tal health and
 potential ef fects on learn ing in chil dren will be dealt with in 
fu ture “It’s Your Health” pub li ca tions and any re quired
 reports.

The re port was based on ex am i na tion of rel e vant
 English lan guage re views, jour nal and con fer ence pa pers,
pub lished from 1975 to 1999. Peer re viewed pa pers were
given more weight in for mu lat ing the con clu sions. Re sults
from a lim ited num ber of traf fic noise stud ies and one air craft
noise pa per around a mil i tary air port were also in cluded be -
cause of  the lim ited data on the po ten tial for ad verse car dio -
vas cu lar ef fects from air craft  noise and be cause of the pub lic
health im por tance of traf fic noise.

Noise from low fly ing mil i tary train ing flights was
 excluded be cause of the con sid er ably dif fer ent char ac ter of the 
noise com pared to ci vil ian air port flights.

Oc cu pa tional stud ies were ex cluded from the re view
 because they could only be used to as sess the plau si bil ity of
car dio vas cu lar dis ease hy poth e ses for en vi ron men tal noise
 research, but not to draw con clu sions about the ef fects. Most
oc cu pa tional noise stud ies do find in creases in blood pres sure,
but this ef fect of ten dis ap pears when ad just ments are made for
con found ing fac tors. Un for tu nately, many stud ies do not ad e -
quately cor rect for po ten tial con found ing fac tors pres ent in the 
work en vi ron ment (Stansfeld and Haines, 1997; Thomp son,
1997). These re sults make it dif fi cult to ex trap o late the find -
ings of oc cu pa tional noise ex po sures to con clu sions about the
ef fects of en vi ron men tal noise ex po sure.
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3. Discussion and Conclusions

3.1 Stress

There is ev i dence that acute noise ex po sure can cause
tem po rary el e va tions in heart rate, as well as  in creases in
 peripheral vasoconstriction and blood pres sure (WHO, 1999;
Passchier-Vermeer, 1993; HCN, 1994; Berglund and
Lindvall, 1995; IEH, 1997). The ev i dence for ef fects of
chronic noise ex po sure, how ever, is not con sis tent across stud -
ies. Studies of lab o ra tory an i mals do sug gest per sis tent el e va -
tion of blood pres sure, but hu man lab o ra tory stud ies are less
con sis tent (Stansfeld and Haines, 1997).

Noise can be one of many en vi ron men tal stress ors. It
does not elicit a unique stress re sponse. The stress re sponse is
an ad ap ta tion or cop ing mech a nism that oc curs when the brain
per ceives ex pe ri ences or chal lenges as threats. It is as so ci ated
with se cre tion of the stress hor mones, such as epi neph rine,
norepinephrine and cortisol, and changes in heart rate and
blood pres sure level. Normally, these re turn to base line lev els
when the in di vid ual adapts or the ex pe ri ence(s) end (McEwen, 
1998). These phys i o log i cal changes are widely ac cepted as
‘biomarkers’ of stress (Frankenhauser, 1986; Scheuch, 1986)
and rep re sent a gen er al ized re sponse to any non-specific
stressor, such as noise. 

Two fac tors largely gov ern  in di vid ual stress re sponses:
(i) the mag ni tude of the per ceived threat or chal lenge; and
(ii) the in di vid ual’s gen eral state of phys i cal health, which
largely de pends on ge netic fac tors and one’s de vel op men tal
his tory, ex pe ri ences, and be hav ioural and life style choices
(Laz a rus and Folkman, 1984; McEwen, 1998). 

It has been hy poth e sized that stress hor mone lev els and
blood pres sure may re main el e vated as a re sult of fre quent or
ex ces sive stress in sus cep ti ble in di vid u als. The source of such
stress can range from daily has sles to trau matic life events
(McEwen, 1993, 1998; Rosmond, et al., 1998). 

If the re lease of the stress hor mones is sus tained or ex -
ces sive, the func tional in teg rity of many or gans and tis sues can 
be com pro mised in sus cep ti ble in di vid u als (Chrousos and
Gold, 1998). Sus tained re lease of cortisol  has been as so ci ated
with el e vated blood pres sure, de pres sion, os teo po ro sis,
immunosuppression,  in su lin re sis tance, vis ceral obe sity, and

the ex ces sive stim u la tion of the amygdala, the fear cen ter in
the brain (Chrousos and Gold, 1998; McEwen, 1998; Tsigos
and Chrousos, 1996; Fried man, et al., 1996). High lev els of
cortisol can also dam age neu rons in the hip po cam pus, an in te -
gral part of a neg a tive feed back sys tem that is re spon si ble for
re turn ing cortisol lev els to nor mal (McEwen, 1998). 

Chronic stress can also have ad verse ef fects on health if
the be hav ioural re sponse to per ceived chal lenges or threats
leads to harm ful be hav iours such as so cial iso la tion, ag gres -
sion, and re sort ing to the ex ces sive con sump tion of al co hol,
to bacco, food and drugs (McEwen, 1998). 

3.1.1  Stress – Con clu sions

Noise can act as a short term stressor and has the po ten -
tial, in sus cep ti ble in di vid u als, to cause chronic phys i o log i cal
ef fects such as el e vated blood pres sure and stress hor mone
lev els. There is ev i dence to sug gest that phys i o log i cal ef fects
aris ing from chronic stress, as well as harm ful be hav iours,
may ex ac er bate a va ri ety of men tal and phys i cal ad verse
health ef fects such as car dio vas cu lar dis ease, de pres sion,
 osteoporosis, sus cep ti bil ity to in fec tions and di a be tes (via
 insulin re sis tance). 

3.2 Stress Re lated 
Phys i o log i cal Ef fects in Children   

Sev eral ep i de mi o log i cal stud ies have ex am ined whether 
stress re lated phys i o log i cal ef fects in chil dren were as so ci ated
with ex po sure to air craft noise. The end points stud ied were
rest ing blood pres sure and stress hor mone lev els. The de tailed
re views and con clu sions are pro vided in sec tions 3.2.1 to 3.2.4
be low. The over all find ings can be sum ma rized as fol lows.
The re cent  Mu nich air port study (Ev ans, et al., 1995; Ev ans, et 
al., 1998; Hygge, et al., 1998), par tic u larly be cause of its lon -
gi tu di nal de sign, has pro vided the stron gest ev i dence for an as -
so ci a tion be tween air craft noise and phys i o log i cal ef fects,
es pe cially an in crease in epi neph rine and norepinephrine
(catecholamine) lev els. How ever, there are too few stud ies to
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pro vide con clu sive ev i dence of a cause and ef fect re la tion ship
be tween air craft noise and phys i o log i cal ef fects. Also, for the
few stud ies that have been done: (i) the char ac ter iza tion of the
noise ex po sure was some times dif fi cult to in ter pret;  (ii) as so -
ci a tions were not con sis tently found; and (iii) there was a lack
of con trols for po ten tially im por tant con found ers. These find -
ings cast doubt as to whether some fac tor other than air craft
noise was re spon si ble for the ob served dif fer ences be tween
ex posed and con trol pop u la tions. 

3.2.1  Noise-induced Blood Pres sure Ef fects 

The sys tolic and di a stolic blood pres sures  in chil dren
liv ing in high noise ar eas around the Los An geles (Co hen, et
al., 1980; Co hen, et al., 1981), Mu nich (Ev ans, et al., 1995;
Ev ans, et al., 1998; Hygge, et al., 1998,) and Syd ney air ports 
(Mor rell, et al., 1998) were com pared to those of chil dren liv -
ing in low air craft noise ar eas. 

The Los An geles air port study used a matched group
 design, where match ing was sta tis ti cally suc cess ful for grade
level and so cio eco nomic sta tus. There were 262 sub jects, 142
in the noisy area and 120 in the quiet con trol area. The study
was lon gi tu di nal in de sign but only ini tial find ings and 1year
fol low-up re sults were pub lished. Ad di tional sta tis ti cal con -
trols were ap plied us ing re gres sion tech niques for the con -
found ing fac tors of ra cial dis tri bu tion, known to have a
sig nif i cant ef fect on blood pres sure, mo bil ity (amount of time
lived in the area prior to the end point mea sure ments), and pon -
der osi ty (ra tio of weight to height). This study uti lized
audiometric screen ing and con trolled en vi ron ments for the
blood pres sure mea sure ments. The noise was de scribed as
yield ing peak sound level read ings in the school of 95 dBA
in an air cor ri dor with over 300 flights per day. Noise lev els
were not stated for the con trol group. 

A sta tis ti cally sig nif i cant in crease of 3 mm Hg  in both
sys tolic and di a stolic blood pres sure was ob served in the
noise-exposed group ini tially (Co hen, et al., 1980). The prob a -
bil ity was less than 0.03 that this in crease oc curred by chance.
Closer ex am i na tion of the in crease in di cated that a sta tis ti cally 
sig nif i cant ef fect oc curred for Af ri can-Americans in the study, 
but not for  Cau ca sians. The au thors also re ported that a  rise in
sys tolic blood pres sure for Cau ca sian noise-exposed school
chil dren dis ap peared as length of en roll ment in creased. The
prob a bil ity that the rise oc curred by chance was less than 0.07.
The LA study was un able to find a sta tis ti cally sig nif i cant as -
so ci a tion be tween blood pres sure and air craft noise at the
1 year fol low-up. The au thors as cribed this to re lo ca tion of
sus cep ti ble in di vid u als from the study area, but this was not
ver i fied (Co hen, et al., 1981). 

The au thors re ported that the Los An geles study sug -
gested a link be tween air craft noise and in creases in blood
pres sure in chron i cally ex posed school chil dren. How ever, the
sug gested link is weak ened by the in con sis tency of the re sults
as de scribed above.

The Syd ney study, which was cross-sectional in de sign,
showed no ef fect of air craft noise on blood pres sure. Sys tolic

and di a stolic blood pres sure lev els were mea sured for
1,230 Year 3 school chil dren from a ran dom sam ple of pri mary 
schools within a 20 km ra dius of the Syd ney air port. Re sponse
rates for the study were about 80% of schools ap proached and
40% of chil dren in Year 3 from the par tic i pat ing schools. The
au thors stated that this was ad e quate be cause the out come was
a phys i cal mea sure ment. The ac cu racy of the blood pres sure
mea sure ments was re ported as  ± 2 mm Hg.

Air craft noise ex po sure was re ported as monthly en ergy
av er aged noise lev els ac cu rate to sin gle Aus tra lian Noise En -
ergy In dex (ANEI) units. They were geocoded to in di vid ual
school and res i den tial ad dresses of each par tic i pant. A level
was as signed to each sur vey par tic i pant. The lev els ranged
from 15 to 45 ANEI. 

Mul ti ple lin ear re gres sion was used to de ter mine, si mul -
ta neously, the mag ni tude and sta tis ti cal sig nif i cance of the
 effect of air craft noise and po ten tially con found ing vari ables.
The po ten tial con found ing fac tors in cluded body size, child
ac tiv ity lev els, use of salt on food, fam ily his tory of high blood
pres sure, whether the child ate break fast be fore school, am bi -
ent tem per a ture, rail and road traf fic noise. A cor rec tion for
clus ter sam pling was made in the sta tis ti cal anal y sis. All data
were ob tained be tween March 11, 1994 and May 6, 1995. The
new run way at the Syd ney air port opened in the mid dle of the
study, Oc to ber, 1994. 

The study found that blood pres sure was not as so ci ated
with noise ex po sure. Di a stolic blood pres sure de creased with
time af ter the open ing of the new run way, and sys tolic blood
pres sure de creased if the house was in su lated. No as so ci a tion
was found with road or rail noise. Sta tis tically sig nif i cant con -
found ers were weight, pulse rate, not eat ing be fore school
(sys tolic), us ing salt on food (di a stolic), non-English speak ing
back ground (sys tolic). 

The au thors noted the po ten tial dif fi culty of find ing an
ef fect be cause blood pres sure is nor mally highly vari able, both 
be tween and within in di vid u als. The es ti ma tion of the sta tis ti -
cal power of the study is not stated in the 1998 Syd ney con fer -
ence pa per. There fore the pos si bil ity of a Type II er ror be ing
com mit ted is not ad dressed. (A Type II er ror oc curs if the
study finds no sta tis ti cally sig nif i cant as so ci a tion be tween
 outcome and ex po sure when, in fact, an as so ci a tion ex ists.)
Any pos si bil ity that air craft noise has an ef fect on child hood
blood pres sure can only be con firmed or dis proved with lon gi -
tu di nal fol low-up. 

In the re cent Mu nich air port study, there were two ex -
per i men tal groups, each with a less ex posed con trol group,
matched for sociodemographic char ac ter is tics. The first ex -
per i men tal group was ex posed to the noise of the old Mu nich
air port. The sec ond ex per i men tal group was not ini tially
 exposed to air craft noise, only af ter the open ing of the new
Mu nich air port (in a new lo ca tion). The study was lon gi tu di nal 
be cause there were three test ing times dur ing the span of two
years (wave 1: oc curred 6 months prior to the change over of
air ports; wave 2: one year later; and wave 3: two years af ter
wave 1).
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In the first ex per i men tal group around the old Mu nich
air port (Ev ans, et al., 1995), a 3 mm in crease in sys tolic blood
pres sure was found to be as so ci ated with air craft noise. The
au thors con cluded that the re sult was sta tis ti cally sig nif i cant
be cause their anal y sis in di cated that the prob a bil ity (p-value)
was less than 0.08 that the ob served in crease was due to
chance. (Most sci en tists and stat is ti cians would con sider a
p-value less than 0.05 to in di cate sta tis ti cal sig nif i cance. Some 
sci en tists and stat is ti cians de scribe p-values less than a num -
ber be tween 0.06 and 0.10 as be ing  in dic a tive of mar ginal or
bor der line sig nif i cance. This lat ter de scrip tion is some what
con tro ver sial and some epidemiologists would state that
p-values this large would likely be due to chance.) As so cio -
eco nomic sta tus can be a con found ing fac tor for blood pres -
sure, it was im por tant that the au thors of the ar ti cle showed
that house holds in the noise-exposed and con trol ar eas did not
dif fer in so cio eco nomic sta tus. How ever, there was in suf fi -
cient de tail in the re port ing of the sta tis ti cal anal y sis to as sess
its  validity. For ex am ple, for the end points of in ter est, the stan -
dard de vi a tions were not re ported, so that ap pli ca bil ity of the
t-test could not be ver i fied. 

For the sec ond ex per i men tal group around the new
 Munich air port, over the 3 waves of the study,  the in crease in
sys tolic and di a stolic blood pres sures for the noise af fected
com mu nity was 3.4 mm greater than for its matched con trol
group (Ev ans, et al., 1998; Hygge, et al., 1998). Re peated
mea sures sta tis tics in di cated that the prob a bil ity was less than
0.05 that the dif fer ence in sys tolic blood pres sure could be due
to chance. (Most sci en tists and stat is ti cians would con sider it
un likely that the ob served dif fer ence was due to chance). The
rise in sys tolic blood pres sure as so ci ated with air craft noise
was small com pared to nor mal phys i o log i cal vari a tions in ei -
ther pop u la tion and was es sen tially the same as the dif fer ence
in blood pres sure level be tween the two pop u la tions at the be -
gin ning of the study. The ob served rise in av er age di a stolic
blood pres sure was as sessed to have a prob a bil ity of less than
0.06 of oc cur ring by chance. 

The ex po sure data makes it some what dif fi cult to in ter -
pret the ob served as so ci a tions. The val ues for the 24 hour
time-averaged sound lev els, in A-weighted deci bels (dBA), at
the new air port in the noise-exposed and con trol groups
(Hygge, pri vate com mu ni ca tion) are given in Ta ble 1 be low.

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

Sub ject Group Wave 1 Wave 2 Wave 3

Noise 53 66 62

Con trol 53 61 55

These data were ob tained only out side the school that
the chil dren at tended and only dur ing the 24 hour pe ri ods in
which the chil dren un der went the phys i o log i cal and psy cho -
log i cal tests used in the study. There fore it is dif fi cult to tell

how rep re sen ta tive these sound lev els were of the chronic ex -
po sure of the chil dren. This dif fi culty is in creased by the fairly
large vari a tions that were found in the time-averaged sound
lev els. For ex am ple, at Wave 2, the ex po sure level for the con -
trol neigh bour hood was es sen tially the same as for the noise
neigh bour hood at Wave 3. This ap pears to weaken sup port for
the hy poth e sis that air craft noise sig nif i cantly el e vates blood
pres sure among chil dren.

Ex cept for so cio eco nomic sta tus and pon der osi ty, the
 ratio of weight to height, the Mu nich study did not ap pear to
con trol for con found ing fac tors which have a bear ing on blood
pres sure in child hood and ad o les cence . These fac tors in clude:  
dif fer ences in diet, such as salt in take (Elliott, 1991), body
mass in dex, height, weight  (the cor re la tion co ef fi cient for age
10 is about 0.4 for weight as a pre dic tor of blood pres sure
(De Swiet, et al., 1992)), lev els of phys i cal ac tiv ity and age
(De Swiet, et al., 1992;  Law, et al., 1993; Task Force, 1987).
As a re sult,  the study’s con clu sions of an as so ci a tion be tween
chronic noise ex po sure and in creased blood pres sure may not
be valid.

Even if the ep i de mi o log i cal stud ies had re li ably dem on -
strated an ef fect of chronic air craft  noise ex po sure on blood
pres sure, the ob served el e va tions were prob a bly not clin i cally
sig nif i cant. Through out the Mu nich study, blood pres sures
mea sured in the noise-impacted and con trol groups were both
around the 50th per cen tile range of a U.S. and U.K. pop u la tion,
ac cord ing to the stan dards de vel oped by the Sec ond Task
Force on Blood Pres sure Con trol in Children (Task Force,
1987).

The only cause for clin i cal con cern would be if the ob -
served el e va tion in chil dren could lead to el e vated blood pres -
sure in adult hood. This stems from ev i dence that sug gests that
a lower blood pres sure will be as so ci ated with a lower risk for
car dio vas cu lar dis ease (MacMahon, et al., 1990). Con versely,
any in crease in blood pres sure could be con sid ered as rep re -
sen ta tive of a higher risk. Al though, there is some ev i dence
that blood pres sure in chil dren can be cor re lated with blood
pres sure later in adult hood (Ingelfinger, 1994), the cor re la tion
is weak for 10 year old chil dren (De Swiet, et al., 1992), the
age group in the Mu nich study. There fore, it is un likely that the 
ob served el e va tion in blood pres sure in chil dren would lead to
raised blood pres sure in adult hood and a sub se quent in creased  
risk of car dio vas cu lar dis ease. 

3.2.1.1 Noise In duced Blood Pres sure Ef fects – 
Conclusions

There were in con sis tent find ings be tween and within
stud ies as to whether ob served dif fer ences in blood pres sure
be tween con trols and noise-exposed groups were due to
chance. In ad di tion, char ac ter iza tion of the noise ex po sure was 
dif fi cult to in ter pret in the Mu nich study, cast ing some doubt
as to whether ob served dif fer ences were due to noise ex po sure. 
Fur ther more, lack of con trol for some po ten tially con found ing
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fac tors in the Mu nich study fur ther weak ens sup port for the
hy poth e sis that noise ex po sure alone was re spon si ble for the
ob served dif fer ences in blood pres sure.

The dif fer ences in blood pres sure be tween con trol and
ex posed pop u la tions of 3 mm Hg would not be clin i cally sig -
nif i cant in the sub ject pop u la tion even if they had been re li ably 
dem on strated by the ep i de mi o log i cal stud ies re viewed here.

3.2.2  Noise-induced Stress Hor mone Ef fects 

The Mu nich air port study is the only one around ci vil ian
air ports to test for stress hor mone lev els in chil dren. Mea sure -
ments were made of the rest ing lev els of the catecholamine
(epi neph rine and norepinephrine) and cortisol stress hor mones 
(Ev ans, et al., 1998; Hygge, et al., 1998). The re sults showed
ev i dence of el e vated cate chol amines but no change in cortisol
as so ci ated with air craft noise.

The de sign of the study and noise ex po sure val ues have
been de scribed above in Sec tion 3.2.1. The re sults for the cate -
chol amines are shown in Ta bles 2 and 3 across the 3 waves of
mea sure ment.

Table 2.
Changes in epinephrine levels

Epi neph rine
ng/hr

Epi neph rine
ng/hr

Epi neph rine
ng/hr

Sub ject Group Wave One Wave Two Wave Three

Air craft
Noise-impacted 229.2 328.1 341.9

Quiet 
Com mu nity 251.8 280.9 246.2

At Wave One, be fore the open ing of the new air port, the
lev els of both cate chol amines in the Quiet Com mu nity were
higher than those in the com mu nity that was to be noise-
 affected by the new air port. How ever, at Waves Two and
Three, the lev els of both cate chol amines in the Noisy Com mu -
nity in creased much more than in the Quiet Com mu nity. The
au thors con cluded that these re sults in di cated a sta tis ti cally
sig nif i cant as so ci a tion of catecholamine level with air craft
noise.

Table 3.
Changes in norepinephrine levels

Sub ject
Group

Wave One
Norepine-

phrine
(ng/hr)

Wave Two
Norepine-

phrine
(ng/hr)

Wave Three
Norepine-

phrine
(ng/hr)

Air craft
Noise-impacted 610.7 1,228.5 1,556.3

Quiet 
Com mu nity 660.0 879.7 950.7

As noted above in Sec tion 3.2.1 the dif fi cul ties con cern -
ing the mea sured noise lev els re duces the con fi dence that the
ob served stress hor mone re sponse arises from air craft noise, as 
op posed to other fac tors as so ci ated with the de vel op ment of
the air port.

Also, al though all groups were from the third and fourth
grade at the start of the study, some age con found ing can not be 
ruled out. There is a fairly strong ef fect of age on uri nary
 epinephrine out put. For adults and chil dren over the age of
10 years, the up per limit of nor mal for uri nary epi neph rine out -
put is about 20 µg/day while for chil dren un der 10 years it is
14 µg/day (Behrman, et al., 1987). For norepinephrine, this
limit is about 100 µg/day for adults, 80 µg/day limit for chil -
dren over 10 years of age and 65 µg/day for those un der
10 years of age (Behrman, et al., 1987). There fore, over a two
year study in volv ing 9-11 year old chil dren there would be a
nat u rally oc cur ring  increase in epi neph rine and norepineph-
rine out put as the  children’s catecholamine out put  approaches
adult val ues. The dif fer ences might be more pro nounced if the
chil dren in the 2 groups were not matched for age.

It has been hy poth e sized that chronic and ex ces sive
 elevations of the cate chol amines can have ad verse im pacts on
the car dio vas cu lar and im mune sys tems later in life. In the
Mu nich study, the av er age ex cre tion rates of epi neph rine and
norepinephrine for both Noisy and Quiet Com mu nities were
well within the nor mal lim its of, on av er age, an out put of
20.8 – 833 ng/h for epi neph rine and 625 – 3333 ng/h for
norepinephrine. (Nor mal val ues for 24h uri nary out put of epi -
neph rine and norepinephrine for chil dren greater than 10 years 
old are listed as 0.5 – 20 µg/d and 15 – 80 µg/d re spec tively
(Behrman, et al., 1987).)

3.2.2.1 Noise-induced Stress Hor mone Ef fects –
 Con clu sions

The re sults showed ev i dence of el e vated cate chol amines 
be tween con trol and ex posed pop u la tions, but  dif fi cul ties in
in ter pret ing the noise ex po sure and po ten tial con found ing fac -
tors due to age cast some doubt on how much of the ob served
dif fer ence in catecholamine lev els was due to noise. Fur ther -
more, the lack of a cor rob o rat ing change in cortisol lev els does 
not sup port the con clu sion that any ob served changes in cate -
chol amines was a sign of chronic stress. In de pend ent lon gi tu -
di nal stud ies would be needed to as sess whether chronic
ex po sure to  air craft noise leads to a chronic in crease in stress
hor mone lev els.

3.3 Car dio vas cu lar Dis ease in Adults

The ev i dence was re viewed as to whether air craft noise
may be a risk fac tor for car dio vas cu lar dis ease, tak ing into
 account cri te ria dis cussed in Ap pen dix 1 for guid ing the de ter -
mi na tion of a causal re la tion ship in en vi ron men tal stud ies.
There are very few stud ies of en vi ron men tal air craft noise, in
the vi cin ity of air ports, deal ing with car dio vas cu lar dis ease.
The main ones are the study by Altena, et al., (1989) (as cited
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in Passchier Vermeer, 1993 and  Pulles, et al., (1990)) and the
stud ies done by Knipschild (Knipschild, 1977a; Knipschild,
1977b; Knipschild, 1977c). There fore, in an ef fort to as sess the 
risk of car dio vas cu lar dis ease, traf fic noise stud ies have also
been con sid ered in this re port.

Of the traf fic noise stud ies, the Caer philly and
 Speedwell study (Babisch, et al., 1993; Babisch, et al., 1999)
of the ef fects of noise on car dio vas cu lar dis ease, and its risk
fac tors, is the most per sua sive be cause it has a lon gi tu di nal and 
pro spec tive de sign, with a fol low-up of 10 years. The study
also has rea son ably well de fined health out comes and ex po -
sure lev els and more con trols for con found ing fac tors than
other stud ies.

3.3.1  Hypertension

The study by Altena, et al., (1988), (Pulles, et al., 1990),  
was a cross-sectional study which ex am ined 830 per sons ex -
posed to mil i tary air craft noise and road traf fic noise. The
study pop u la tion was di vided among six ex po sure in ter vals.
Prior to ad just ing for con found ing fac tors, re gres sion anal y sis
showed a sta tis ti cally sig nif i cant in crease in sys tolic blood
pres sure with air craft noise ex po sure. How ever, there was no
sig nif i cant re la tion be tween noise and blood pres sure level 
 after ad just ments had been made for known risk fac tors such
as age, sex, rel a tive body mass, etc.

Knipschild stud ied the con se quences of air craft ex po -
sure around Schipold air port. His in ves ti ga tion con sisted of
three parts: a prev a lence study of car dio vas cu lar dis ease
(Knipschild, 1977a), a sur vey of gen eral prac ti tio ners for
 attendance for car dio vas cu lar dis ease (Knipschild, 1977b),
and a sur vey of pur chases of hy per ten sive and other car dio vas -
cu lar med i ca tions by phar ma cies (Knipschild, 1977c). Re -
spec tively, these stud ies re ported  in creases in: (i) prev a lence
of hy per ten sion; (ii) at ten dance at the gen eral prac ti tio ners
 office for car dio vas cu lar dis ease; and (iii) pur chases by phar -
ma cists of car dio vas cu lar med i ca tion, par tic u larly antihyper-
tensives, with in creased lev els of air craft noise.

Data for the study of car dio vas cu lar dis ease (Knipschild, 
1977a) was col lected by in vit ing mem bers of a com mu nity
con sist ing of eight vil lages to un dergo med i cal ex am i na tion.
The med i cal screen ing in cluded the col lec tion of med i cal his -
tory data, mea sure ment of blood pres sure, x-ray of the heart,
and ECG. There were ap prox i mately 6000 peo ple med i cally
screened, at a re sponse rate of about 40%. Re spon dents were
sep a rated into high and low noise ex po sure groups. The high
noise ex po sure group be gan at about a day-night sound level
(Ldn) of about 62 dBA. (The day-night sound level is the
time-averaged sound level ob tained by av er ag ing the sound
ex po sure from 0700 one day to 0700 the next with the sound
level be ing in creased by 10 dB be tween 2200 and 0700 hours.
The Ldn value of 62 dBA was es ti mated from the Dutch ex po -
sure units re ported in Knipschild’s work us ing a con ver sion
fac tor in sec tion 2.1 of Passchier-Vermeer (1993)).

The per cent of in di vid u als with mea sured blood
 pressure above 175/100 was greater in the high-noise group
(Rel a tive Risk =1.8, p < 0.05). Also, the per cent of par tic i pants 
un der go ing med i cal treat ment for hy per ten sion was greater in
the high noise group (Rel a tive Risk = 1.5, p < 0.05). This is tra -
di tion ally con sid ered sta tis ti cally sig nif i cant. The in flu ence of
age and sex was taken into ac count in the anal y sis. The in flu -
ence of other con found ing fac tors was not ex plic itly shown in
the study. How ever, the au thor in di cated that smok ing, body
mass, and vil lage size  had been taken into ac count, where pos -
si ble and this  in for ma tion was col lected as part of the med i cal
screen ing. The au thor noted that there were some in di ca tions
that the socio-economic sta tus of the high-noise group may be
lower, but there is no in di ca tion that this was ac counted for in
the study. Lack of con trol for this last con found ing fac tor
has been a re cur ring crit i cism of this study in sev eral re views
 (Co hen, et al., 1986; Thomp son, et al., 1989; Berglund and 
Lindvall, 1995).

The sur vey of gen eral prac ti tio ners took place in three
vil lages around the air port over a one-week pe riod in which
19 gen eral prac ti tio ners re corded the age, sex, ad dress, rea son
for visit (di ag no sis) and med i ca tion used for all of their
 patients. The con tact rate for car dio vas cu lar dis eases was re -
ported as be ing great est in the vil lage with the high est noise
ex po sure. Sim i larly, the us age of antihypertensive med i ca tion
was higher, es pe cially in women. As in the pre vi ous study, the
ef fects of socio-economic sta tus were not taken into ac count.
The au thor noted that the con trol pop u la tion, with the low est
noise ex po sure, had a higher-socioeconomic sta tus and a
greater pro por tion of white-collar work ers.

The drug sur vey (Knipschild, 1977c) was con ducted in
2 vil lages around Schipold air port, the high ex po sure and con -
trol vil lages of the gen eral prac ti tio ner sur vey (Knipschild,
1977b). Over the pe riod 1967-1974, drug pur chases by the vil -
lage phar ma cies, per adult per year were used as an in di ca tor
of the con sump tion of med i ca tions in the sub ject pop u la tions.
The vil lage des ig nated as the high noise ex po sure area ex pe ri -
enced a change over time in the noise ex po sure lev els; from
 little prior to 1969, to high noise ex po sure from 1969-1973 and 
only day time noise dur ing 1973-74. By con trast, the noise
level in the con trol area re mained con stant. In the ex posed
area, a grad ual in crease was re ported for  pur chases of car dio -
vas cu lar drugs by the vil lage phar ma cies. The fi nal value was
up to two times the ini tial rate, the larg est con tri bu tion be ing
for antihypertensive drugs. This was not af fected by the re duc -
tion in night time  noise level in 1973. In the con trol area there
was no change over time.

These stud ies sug gest that there may be an as so ci a tion
be tween hy per ten sion and air craft noise at Ldn val ues greater
than about 62 dBA. How ever, the ev i dence for this as so ci a tion
is not con vinc ing be cause of the lack of con trols for socio-
 economic sta tus in the first two stud ies and the lack of a sta tis -
ti cal anal y sis in the third.

As there are so few stud ies on air craft noise and car dio -
vas cu lar ef fects in adults, it was nec es sary to broaden the
 review to in clude traf fic noise stud ies. Babisch has re cently
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com pleted a com pre hen sive re view of this sub ject (Babisch,
2000). In this pa per, Babisch notes that dose as sess ments in
most of the traf fic noise stud ies were crude, usu ally based on
noise maps of the re gion. Studies usu ally only had two ex po -
sure groups – low and high. Also, sub jec tive es ti mates of ex -
po sure were some times used. For ex am ple, Herbold (1989)
based his es ti mates on self-reporting of the type of road ad ja -
cent to the par tic i pant’s home. The noise lev els for these types
of roads were then sim ply grouped as “low” and “high,”
 depending on the type of road. Neus, et al., (1983a, 1983b)
based their es ti mates of noise ex po sure on traf fic vol ume.

From the re view by Babisch (2000), it is also clear that,
us ing 95% con fi dence in ter vals, as so ci a tions were not con sis -
tently found in in de pend ent stud ies. Only 4 of 10 stud ies re -
viewed by Babisch yielded as so ci a tions be tween traf fic noise
and hy per ten sion. Of these 4 stud ies, Babisch noted that
2 would meet mod ern stan dards of con trol for con found ing
fac tors. These were both cross-sectional stud ies. Babisch
(2000) con cluded that there was lit tle ep i de mi o log i cal ev i -
dence of an in creased risk of hy per ten sion in sub jects ex posed
to traf fic noise.

3.3.1.1 Hy per ten sion – Con clu sions

The re view of stud ies that in ves ti gated the po ten tial link
be tween hy per ten sion and ei ther air craft or traf fic noise ex po -
sure, in di cated that the avail able ev i dence does not ap pear to
con vinc ingly dem on strate an as so ci a tion be tween air craft 
noise and hy per ten sion.

3.3.2  Ischemic Heart Dis ease

Ischemic heart dis ease is char ac ter ized by in suf fi cient
per fu sion of ox y gen to the heart mus cle. For the study by
Altena, et al., (Pulles, et al., 1990; Altena, et al., 1988),
ischemic heart dis ease was as sessed by clin i cal symp toms of
an gina pectoris (chest pain), myo car dial in farc tion (heart mus -
cle dam age), or elec tro car dio gram (ECG) ab nor mal i ties as de -
fined by cri te ria of the World Health Or ga ni za tion (WHO).
This study, de scribed in the pre vi ous sec tion, did not show any
in crease in the prev a lence of ischemic heart dis ease with in -
creas ing ex po sure to air craft or traf fic noise. There is a pos si -
bil ity that the neg a tive find ing may have been due to se lec tion
bias since those with hy per ten sion were ex cluded from the
study and this con di tion is a known risk fac tor for ischemic
heart dis ease.

De tails of the re view of the Knipschild stud ies are pro -
vided above. The prev a lence of car dio vas cu lar dis ease was de -
ter mined by a ques tion naire and clin i cal ex am i na tion
(Knipschild, 1977a). The fol low ing data were re corded for
each par tic i pant: clin i cal symp toms of an gina pectoris (ac -
cord ing to a stan dard WHO ques tion naire), med i cal treat ment
for heart trou ble and hy per ten sion, us age of car dio vas cu lar
drugs, ECG ab nor mal i ties, heart shape and blood pres sure
mea sure ments. The re sults in di cated that, in the noise ex posed
pop u la tion, there was a sta tis ti cally sig nif i cant in crease in all
but two of these end points, com pared to the con trol group. The 

Rel a tive Risks and p val ues were: (i) 1.4, p < 0.05 for med i cal
treat ment for heart trou ble; (ii) 1.4, p < 0.01 for us age of car -
dio vas cu lar drugs; and (iii) 1.6, p < 0.05 for patho log i cal heart
shape. No sta tis ti cally sig nif i cant dif fer ences were found for
an gina pectoris and ECG ab nor mal i ties, which are im por tant
in di ca tors of ischemic heart dis ease, re spec tively.

The gen eral prac tice sur vey showed an in crease in con -
tacts with the phy si cian for car dio vas cu lar dis ease in the
noise-exposed area. The drug sur vey also showed an in crease
in car dio vas cu lar drug use over time in a noise-exposed area.
How ever, nei ther of these stud ies pro vides suf fi cient in for ma -
tion to ad e quately as sess their rel e vance to ischemic heart
 disease.

The short com ings of the Knipschild stud ies have been
de scribed in the dis cus sion above on hy per ten sion. These
short com ings also ap ply to the ischemic heart dis ease end -
points. Fur ther more, given the lack of sta tis ti cally sig nif i cant
as so ci a tions be tween noise level and two im por tant in di ca tors
of ischemic heart dis ease in these stud ies, the avail able air craft 
noise stud ies do not pro vide con vinc ing ev i dence of an as so ci -
a tion be tween ischemic heart dis ease and en vi ron men tal air -
craft noise ex po sure.

The re main ing stud ies on en vi ron men tal noise and
ischemic heart dis ease are traf fic noise stud ies. These in clude a 
ret ro spec tive study of myo car dial in farc tion in the city of
Erfurt (Babisch, 2000) and 2 pro spec tive case con trol stud ies
of myo car dial in farc tion in Berlin, Ger many (Babisch, et al.,
1994). In ad di tion, pro spec tive 10 year lon gi tu di nal stud ies of
car dio vas cu lar risk were done in the cit ies of Caer philly and
 Speedwell in Wales and Eng land, re spec tively (Babisch, et
al., 1993; Babisch, et al., 1999). In Babisch’s re view of these
 studies (Babisch 2000), noise lev els were re ported as out door
time-averaged traf fic noise lev els (06:00-22:00).

As re ported by Babisch (2000), a high and sig nif i cant
pro por tional mor bid ity ra tio in the Erfurt study was de ter -
mined for ar eas with noise lev els be tween 71-75 dBA com -
pared to ar eas with noise lev els of 61-65 dBA. How ever, 
meth od olog i cal is sues about the va lid ity of the re sults have
been raised by Babisch (2000). (This study is only avail able in
Ger man and has not been re viewed by the au thors).

In the Berlin pre-study  and main study (Babisch, et al.,
1994), in crease in in ci dence of myo car dial in farc tion was as -
sessed rel a tive to pop u la tions liv ing in ar eas with noise lev els
less than 60 dBA. In creases were ob served but they were not
sta tis ti cally sig nif i cant at the 95% con fi dence level. The lower
limit of the 95% con fi dence in ter val was less than 1.0 for all
odds ra tios de ter mined in these stud ies. The re ported val ues of
the odds ra tios in the pre-study were 1.5 and 1.2 in the 61-
65 dBA and 66-70 dBA noise level range, re spec tively. The
95% con fi dence  intervals were 0.6-3.9 and 0.5-2.9, re spec -
tively. The cor re spond ing odds ra tios in the main study were
1.2 and 0.9 in the 61-65 dBA and 66-70 dBA noise level range, 
re spec tively. The cor re spond ing 95% con fi dence in ter vals
were 0.8-1.7 and 0.6-1.4. Even the re ported mean val ues of the 
odds ra tios (rel a tive risks) showed no con sis tent trend with
noise level un der 70 dBA. The small sam ple size of the
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pre-study led to only one case  being avail able in the high est
range of noise lev els, pre clud ing any fur ther con clu sions from
be ing drawn from that study. In the main study, above 70 dBA, 
the mean value of the rel a tive risk in creased from 1.1 to 1.5 as
the range of noise  levels in creased from 71-75 dBA to 76-80
dBA. The 95% con fi dence in ter vals were 0.7-1.7 and 0.8-2.8,
re spec tively.

Fur ther anal y sis of the Berlin study data was car ried out
by Babisch for the two high est ranges of noise lev els. First, to
en sure that the sub jects had un der gone suf fi cient ex po sure to
the noise, anal y sis was re stricted to sub jects who had lived in
the study ar eas for more than 15 years. Also, to im prove the
sta tis ti cal power, the data was  grouped into a sin gle high noise 
ex po sure level of 71-80 dBA. The rel a tive risk was then found
to be 1.3 with a 95% con fi dence in ter val of 0.9-2.0. Babisch
con sid ered this re sult to be bor der line sig nif i cant (p < 0.10).
The re sults of this study are not suf fi cient to dem on strate an
 association of traf fic noise level with in ci dence of myo car dial
in farc tion. How ever, they sug gest that fur ther re search is
needed in ar eas with high pop u la tions ex posed to high noise
lev els.

In the Caer philly and Speed well stud ies, the in crease in
risk in noise-exposed ar eas was as sessed rel a tive to pop u la -
tions in ar eas where the noise lev els were less than 55 dBA.
The Caer philly and Speed well stud ies are a se ries of in ves ti ga -
tions in which two co hort stud ies were done on the ef fects of
traf fic noise. They were part of a larger study to ex am ine the
pre dic tive power of known and new risk fac tors for ischemic
heart dis ease. These co horts were stud ied over a ten year
 period. Com bined anal y sis is avail able for a 6 year pe riod.

This Caer philly and Speed well study has ad van tages
over many oth ers in that it is pro spec tive in de sign. Ex po sure
as sess ment is based on noise level mea sure ment. Dis ease out -
come is de ter mined by hos pi tal re cords ac cord ing to well
 defined cri te ria. More con found ers have been taken into
 account in this anal y sis than in any other study.

In the Caer philly 10 year fol low-up there was a slightly
higher rel a tive risk of ischemic heart dis ease in the 56-60 dBA
and the 66-70 dBA sub groups, but this was only mar ginal and
non-significant. In the Speed well 10 year fol low-up there was
no in crease in ischemic heart dis ease in any of the groups.
How ever, Babisch, et al., (1999) also  provided an anal y sis of
the data, pool ing the pop u la tions in a 6 year fol low-up. For this 
pooled data, in the high est noise-exposed group, 66-70 dBA, 
the ad justed odds ra tio in creased from 1.07 to 1.59 as fur ther
re fine ments were made to the ex po sure classification of the
sub jects. The 95% con fi dence in ter val also var ied with these
changes from 0.70-1.65 to 0.85-2.97. This in cluded ex am in ing 
a subsample in res i dence not less than 15 years and tak ing into
ac count win dow ori en ta tion, and win dow-opening prac tices.

Babisch, et al., (1999) also an a lyzed  the data us ing an
al ter na tive model in which the noise ex po sure was set equal to
the prod uct of noise level with years of res i dence. Using this
anal y sis, there is an in crease in the odds ra tio per year in res i -
dence from 1.007 to 1.017 in the high est noise cat e gory as the
ex po sure as sess ment is re fined ac count ing for win dow

 orientation and win dow open ing prac tices. The 95% con fi -
dence in ter vals ranged from 0.992-1.023 to 0.998-1.036, re -
spec tively. The odds ra tio of 1.017 was con sid ered by Babisch, 
et al., (1999) to be bor der line sig nif i cant, be ing greater than
unity at a p value < 0.10.

The re sults of the Caer philly and Speed well study ap -
pear to be equiv o cal. The trend of in creas ing odds ra tios, with
im prove ments to the ex po sure as sess ment and when time of
res i dence was con sid ered, sug gests there may be a slight in -
crease in ischemic heart dis ease among those ex posed to
chronic high lev els (> 66 dBA) of en vi ron men tal noise. Nev er -
the less, there is con sid er able over lap of the 95% con fi dence
in ter vals of these odds ra tios sug gest ing that the in crease may
only have been due to chance. Also, the odds ra tio of 1.017 per
year in res i dence was only con sid ered to be bor der line sig nif i -
cant by Babisch, et al., (1999), again sug gest ing that the
change in odds ra tio with in creas ing time of res i dence may
also have been due to chance.

3.3.2.1 Ischemic Heart Dis ease – Con clu sions

There is no con vinc ing ev i dence for a causal re la tion -
ship be tween en vi ron men tal noise and ischemic heart dis ease.
At tra di tional 95% con fi dence lev els used to as sess sta tis ti cal
sig nif i cance, dose re sponse re la tion ships have not been dem -
on strated. Also, po ten tial trends with im proved ex po sure as -
sess ment pro ce dures and in creas ing years in res i dence may
have been due to chance. Fur ther more, the strength of the as so -
ci a tions is typ i cally rel a tively weak, with ob served rel a tive
risk ra tios or odds ra tios rang ing from 1.3 to 1.6, at most in the
Berlin and the Caer philly and Speed well stud ies. In these
 studies, im por tant con found ing fac tors were taken into ac -
count and ef forts had been made to re duce bias, in clud ing the
ef fort of de ter min ing ex po sures by mea sure ment.

How ever, the avail able stud ies pro vide some ev i dence
to sug gest that there may be a slight in crease in the risk of
ischemic heart dis ease in peo ple re sid ing in ar eas with daily
av er aged traf fic noise lev els greater than 65 dBA. This in di -
cates that more re search on this sub ject is needed. Also,  there
needs to be con tin ued as sess ment of  fu ture re search on the
 potential for car dio vas cu lar risks from air craft noise. This
 follows from the rel a tive con sis tency of el e vated risk among
the ex po sure groups with daily av er aged sound lev els greater
than 65 dBA. It also fol lows from the tem po ral ef fect sug -
gested by the in creas ing odds ra tios with  years of res i dence
in the Caer philly and Speed well study. The need for more re -
search in this area is also con sis tent with the sug gested trend of 
in creas ing odds ra tios with im proved ex po sure as sess ment. 
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4. Recommendations

The avail able re search does not sup port the con ten tion
that there is a sig nif i cant risk of chronic  stress and/or car dio -
vas cu lar dis ease aris ing from long term ex po sure to out door
daily air craft noise lev els above 65 dBA. This cor re sponds to
Noise Ex po sure Fore cast lev els of about NEF = 33. (The NEF
is used in Can ada to char ac ter ize air craft noise in an area.)  
How ever, the avail able stud ies in di cate that more re search is
needed. Also, there needs to be con tin ued as sess ment of fu ture
re search on the po ten tial for chronic stress and car dio vas cu lar
risks from air craft noise. This will en sure that timely and
 accurate ad vice can be pre sented to the pub lic and reg u la tory
au thor i ties to en able them to ex er cise their re spon si bil ity of
man ag ing the health risks of en vi ron men tal air craft noise. 
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Appendix 1

There are sev eral sets of cri te ria  to as sess the likely role
of cause in an as so ci a tion ob served in an ep i de mi o log i cal
study. The cri te ria used for this re port were adapted from the
Brad ford Hill cri te ria (Glynn, 1993; Traven, et al., 1995).
They are sum ma rized be low.

Strength of as so ci a tion. A rel a tive risk greater than 3
pro vides good ev i dence that an as so ci a tion is likely to be
causal. Im por tant con found ers can pro duce strong as so ci a -
tions if not con trolled for. A small rel a tive risk, on the other
hand, does not rule out a causal re la tion ship – it only means
that it is more dif fi cult to ex clude some other ex pla na tion.

Dose-response. If a dose re sponse re la tion ship is seen, it
strength ens the like li hood of cau sal ity. Again con found ing
fac tors may lead to spu ri ous dose-effect re la tion ships. The ab -
sence of a dose-response re la tion ship does not nec es sar ily
weaken an as so ci a tion, es pe cially if there is a thresh old ef fect.

Tem po ral ity. In its sim plest form the causal fac tor must
pre cede the on set of the dis ease in ques tion. How ever, in ter ac -
tions be tween ex po sure to the agent and the body’s bi o log i cal
sys tem may in flu ence the tem po ral re la tion ship be tween ex po -
sure and dis ease.

Re vers ibil ity. Re moval or re duc tion of ex po sure can
pro vide con vinc ing ev i dence of cau sal ity.

Con sis tency. An as so ci a tion that is shown re peat edly in
dif fer ent stud ies is un likely to be due to chance. If con ducted
by dif fer ent in ves ti ga tors in dif fer ent places and times an as so -
ci a tion is un likely to be due to a con stant bias.

Plau si bil ity. The ex is tence of a sug gested mech a nism by 
which the agent causes a dis ease is re as sur ing, but will de pend
on the knowl edge at the time. Mech a nisms for an as so ci a tion
be tween chronic air craft noise ex po sure and car dio vas cu lar
dis ease have been pro posed

Spec i fic ity. Since most dis eases have more than one
 factor con trib ut ing to their on set,  spec i fic ity of an ob served
as so ci a tion can not be in sisted upon. It is un der stood that there
will not be a one-to-one re la tion ship be tween air craft noise
and car dio vas cu lar dis ease. 
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