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Road traffic noise in southern Sweden and its relation to annoyance,
disturbance of daily activities and health

by Jonas Bjérk, PhD," Jonas Ardé, PhD,? Emilie Stroh, MSc,? Hékan Lévkvist, MSc,” Per-Olof Ostergren,

MD,* Maria Albin, MD, *

Bjork J, Ardd J, Stroh E, Lovkvist H, Ostergren P-0, Albin M. Road traffic noise in southern Sweden and its
relation to annoyance, disturbance of daily activities, and health. Scand J Work Environ Health 2006;32(5):392-
401.

Objectives This study investigated residential noise from road traffic and its relation to annoyance, disturbance
of daily activities, and general health.

Methods A large public health survey in southern Sweden in 1999-2000 supplied data (N=13 557; 54%
participation rate) on the demography, annoyance, and disturbance of daily activities, and on general health
problems regarding concentration, sleep, stress, and treatment for hypertension. Residential road noise exposure
was assessed with a geographic information system. Associations with 24-hour equivalent (average) and
maximum road noise level were investigated for all participants and for selected subgroups using the Cochran-
Armitage trend test and Cox regression analysis.

Results Annoyance from road traffic noise and the disturbance of daily activities increased markedly with road
noise exposure. More than 25% reported at least occasional disturbance from traffic noise during relaxation and
sleep in the highest exposure category for each noise measure. No overall pattern between road noise exposure
and general health problems emerged. Among the participants that reported annoyance from road traffic noise
(N=623), the average road noise level was associated with concentration problems (P for trend = 0.03) and with
treatment for hypertension (P for trend = 0.02). Positive associations between average road noise exposure and
health problems were found among females (hypertension), persons born outside Sweden (sleep), the unem-
ployed (stress), and participants that reported financial problems (concentration problems).

Conclusions Exposure to road traffic noise at high levels was common and produced frequent disturbances of
daily activities. Negative health effects from road traffic noise were observed in important subgroups. The
findings are of concern for southern Sweden, as well as for other regions with similar or higher traffic intensity.

Key terms epidemiology; geographic information systems; noise, transportation.

With the exception of direct damage to the hearing or-
gan caused by sound exposure, the individual percep-
tion of sound as negative (ie, as noise) is likely to be an
important determinant of its health effects (1, 2). An-
noyance from noise exposure may stem from, or may
generate, disturbance in daily life such as sleep, relax-
ation, concentration, conversation, listening to the ra-
dio, and watching television. The prevalence of annoy-
ance increases with increasing equivalent sound levels
(3), but is determined also by fear in association with

the noise source and individual noise sensitivity (4).
General demographic variables are less strong determi-
nants of annoyance (5). It has been suggested that in-
creased vulnerability to stress-inducing factors could
trigger annoyance from noise (3), and studies of criti-
cal subgroups and the role of annoyance as a mediator
of health effects have been encouraged (6). Nonaudito-
ry physical health effects that are biologically plausible
in relation to noise exposure and annoyance from noise
exposure include changes in blood pressure, heart rate,
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and levels of stress hormones (7), which may increase the
risk of hypertension and ischemic heart disease (1, 2, 8,
9).

Residential noise is experienced in closed rooms of
dwellings as a result of noise sources unrelated to the
dwelling, and it is measured outside at the facade (10).
Approximately 30% of the population in the European
Union is exposed to a day—night equivalent level (L,
appendix 1) of traffic noise exceeding 55 dB(A) at a
residence; therefore transport (by road, rail, or air) is
the most important source of community noise in Eu-
rope (11). Very high 24-hour equivalent levels (L., 2,
appendix 1) greater than 65 dB(A) seem to have stabi-
lized in some countries, while exposure in the range 55—
65 dB(A) has significantly increased as a result of the
fast growing volume of road traffic (12). Noise expo-
sure has been forecast to worsen along ring roads and
motorways, and at nearby regional airports, because of
the growth in transportation, especially freight and air
traffic (13). In Sweden, 16% of the population was es-
timated to be exposed to equivalent noise levels exceed-
ing 55 dB(A) from road traffic in the year 2000, with
no certain overall time-trend since 1995 (14). Frequent
annoyance (at least once a week) due to noise from road
traffic was reported by 9% in a Swedish survey in 1999
(15), and by 18% in our preliminary calculations based
on survey data from the region of Skane (the Scania re-
gion) in southern Sweden in 2004 (16).

The aim of the present study, which used data from
a large public health survey conducted in southern Swe-
den in 1999-2000, was to investigate residential noise
originating from road traffic and its relation to annoy-
ance, the disturbance of daily activities, and general
health. It was of special interest to investigate health
effects among people annoyed by road traffic noise and
in subgroups that are possibly more vulnerable.

Study population and methods

Public health survey

In order to investigate the relation between road traffic
noise and possible health effects, we used data from a
large public health survey distributed as a mailed ques-
tionnaire (17). The study population for the survey was
defined as all persons at least 18 and at most 80 years
of age and living in any of 33 municipalities in the Sca-
nia region in southern Sweden in November 1999. Af-
ter stratifying the study population into 60 different geo-
graphic areas, we randomly selected samples of approx-
imately equal size for each stratum from the population
register. The total sample comprised 24 945 persons, and
the questionnaires were mailed between November 1999
and April 2000. Three mailed reminders and one
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reminder by telephone were used to increase the partic-
ipation rate. In the end, answers were obtained from
13 604 (54.5%) of the 24 945 persons selected for the
health survey. The reasons for nonparticipation were no
reply (63.0%), refusal (25.2%), unable to answer due
to illness, traveling or other reasons (6.9%), invalid ad-
dress in register (3.9%), and answer from wrong per-
son (1.0%). The participation rates were generally high-
er for the women than for the men and generally in-
creased with age. A detailed analysis of the nonpartici-
pants showed that persons with low education and per-
sons born outside the Nordic countries were underrep-
resented among the participants (18). For the 13 604 par-
ticipants, it was possible to obtain residential geocodes
for 13 557 persons.

In the mailed questionnaire, detailed questions were
asked regarding self-reported health, long-term diseas-
es and sick-leaves, treatment with drugs, health-care
usage, annoyance from environmental factors [electri-
cal equipment and smells (19)], social network, occu-
pation and work environment, smoking habits, alcohol
consumption, physical exercise, financial situation, ed-
ucation, civil status, country of origin, and residential
environment. The health sections of the questionnaire
included questions about ability to concentrate during
the last weeks [General Health Questionnaire—12 (20)],
sleeping disturbance during the last 2 weeks, insufficient
sleep in general, stress, and treatment for hypertension
during the past 12 months. These general health ques-
tions were asked without traffic noise or any other ex-
posure being referred to. In the section about residen-
tial environment, specific noise-related questions were
asked about traffic noise disturbances of daily activi-
ties, together with three general questions about annoy-
ance from roads, trains, and aircraft (see appendix 2).

Assessment of road traffic noise

No measurements of sound levels were conducted. In-
stead, we used a geographic information system (GIS)
to assess the outdoor noise exposure from traffic noise.
Geocoded residential addresses at the end of 1999 for
the participants in the public health survey and road traf-
fic data were used. No data on train traffic or aircraft
were available. Road traffic data included 21 397 road
segments (17 339 administrated by the Swedish Road
Administration, and 4 058 by local municipalities). The
number of vehicles was available for 82% of the road
segments. Speed limits were available for >95% of the
segments. Some of the traffic data had not been fully
updated, but 93% were from 1985 or later, and 71%
were from 1995 or later. For road segments without traf-
fic data, mean values were assigned to each segment on
the basis of existing data for the included road types
(21).
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Using the road traffic data, we used a simplified ver-
sion of the Nordic prediction method for road traffic
noise [see the reports by Bendtsen (22) and Jonasson et
al (23) for a complete description] to estimate noise ex-
posure for the residential locations of the study partici-
pants. In short, the Nordic prediction method first cal-
culates the unattenuated noise level 10 meters from the
road center using the number of light and heavy vehi-
cles and the speed limit of each road segment. Correc-
tions are then calculated for (i) the distance between the
source (the road) and receptor, for which the noise lev-
els decrease by 3 dB with a doubling of the distance,
(i1) attenuation due to ground surface type and noise bar-
riers [the attenuation of noise depends on surface type
with less attenuation for hard surfaces (asphalt, water,
concrete) and more attenuation for soft surfaces (vege-
tation, grass, etc)], and (iii) additional corrections for
special cases (including very steep topography, reflec-
tion from buildings, etc).

In this study, we had to simplify the Nordic predic-
tion method by using corrections for distance and sur-
face type only. We were not able to correct for noise
barriers and the additional special cases already men-
tioned, as no such data were available.

We assumed flat ground in all cases and soft surfac-
es between the residence and the road for the partici-
pants living in the countryside (N=2199), while a hard
surface was assumed for the participants living in more
densely populated areas (N=11 358). We had no data
indicating the floor of the apartment building on which

® Residences
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Figure 1. An example of an estimated A-weighted equivalent (average)
noise level during a full day (L, .4) Outside the residences in each 25-
meter zone next to an arbitrary road segment.
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the residences were located, and we therefore estimat-
ed the noise level on the ground floor for all of the res-
idences. We estimated the A-weighted equivalent noise
level over a full day (24 hours, L,.,,4), and the A-
weighted maximum noise level with fast time weight-
ing (L) (appendix 1). Estimated noise levels during
the day and night were too strongly correlated with the
noise level during a full day to be used for separate anal-
yses. Using the number of vehicles (light and heavy) and
the speed limit for each road segment, we calculated
Ljeqos and Ly, for each 25-meter zone up to 300
meters from the center of the road. Figure 1 illustrates
the outdoor noise exposure for the residences in each
25-meter zone next to an arbitrary road segment.

As people may appear in noise zones for more than
one road segment, the maximum values for L,,,,, and
L urmax across all of the road segments near the residence
were extracted for each person and used for further anal-
yses. Road noise exposure was categorized according
to the equivalent (average) noise level over a full day
[Lpeq 24> low if <50 dB(A), medium if 50-54 dB(A), and
high if 255 dB(A)] and according to the maximum noise
level [L g low if <60 dB(A), medium if 60-69 dB(A),
and high if =270 dB(A)]. Fifty percent of all of the geo-
coded participants were assigned the same exposure cat-
egory (low, medium, high) for both the average and
maximum noise level.

Statistical analysis

For noise from each traffic source, the participants re-
porting fairly much or much annoyance were classified
as “annoyed”, whereas those reporting no or not much
annoyance were classified as “not annoyed” (appendix
2). Associations between the general background char-
acteristics of the participants and exposure category
(low, medium, high) and the prevalence of annoyance
(fairly much or much) from road traffic noise were in-
vestigated using the chi-square test. If data suggested
monotonically increasing or decreasing trends in the
prevalence of disturbance (occasional or frequent), an-
noyance, and self-reported health problems in relation
to exposure category, we tested these trends with the
Cochran-Armitage trend test (24), using StatXact-6 (Cy-
tel Software Corporation, Cambridge, MA, USA).
Trends in health problems were investigated overall, as
well as separately, among the participants who were
annoyed by road traffic noise. In addition, we also ana-
lyzed self-reported health problems in relation to expo-
sure category in the following subgroups, which we hy-
pothesized as being possibly more vulnerable due to
exposure to social stressors and for which we observed
higher prevalences of annoyance: women, persons born
outside Sweden, those unemployed, and persons that
reported financial problems. Observed trends for health



problems were investigated further with Cox regression
with a constant risk period (equal to one) (25), using
SPSS 12.0.1 for Windows (SPSS Inc, Chicago, IL,
USA). In the Cox regression analyses, we adjusted for
gender, age in three broad groups (<45 years, 45-64
years, and 265 years), and, when treatment for hyper-
tension was investigated, body mass index in five groups
(missing, <20, 20-24, 25-29, and >30 kg/m?). We con-
sidered P-values below 0.05 and 95% confidence inter-
vals (95% CI) for prevalence ratios that excluded unity
as significant.

Population prevalences were estimated in weighted
statistical analyses, which accounted for the stratified
sampling scheme with respect to geographic area and
the selective participation with respect to gender and age.

Bjérk et al

Results

Associations with exposure and annoyance

We estimated that 29% (95% CI 28-30) of the study
population, in the Scania region in southern Sweden, had
a high average exposure [ie, L., 255 dB(A)] to road
traffic noise and that 37% (95% CI 36-37) had a high
maximum exposure [ie, L,g... 270 dB(A)]. Country of
origin; civil, smoking, and employment status; type of
residence; and financial problems were all markedly as-
sociated with both average and maximum road noise ex-
posure (P<0.002 for all of these associations). In particu-
lar, living in apartment buildings was much more com-
mon among people with high average or maximum ex-
posure to road traffic noise than among others (table 1).

Table 1. Characteristics of the 13 557 participants in the public health survey in the Scania region in southern Sweden in 1999-2000 in
relation to exposure to and annoyance from road traffic. The exposure was categorized according to an equivalent (average) noise level
over a full day (L, ,,) Of at least 55 dB(A) and according to a maximum noise level (Lyy,) Of at least 70 dB(A). The participants who
reported fairly much or much annoyance from road traffic noise were categorized as “annoyed”. All of the characteristics are given as

the percentage if not otherwise stated.

Variable Number All Average =55 dB(A)  Maximum =70 dB(A) Annoyance from
of (N=3489) (N=4509) road traffic (N=623)
responses
Median ~ 2.5th-95th  Median  2.5th-95th Median 2.5th-95th  Median  2.5th-95th
percentiles percentiles percentiles percentiles
Age (years) 13 557 49 19-78 48 19-78 49 20-78 48 20-77
Females 13 557 54.4 54.9 54.9 58.4
Born in Sweden 13377 89.3 85.1 86.7 83.5
Married or cohabiting 13289 70.4 62.2 64.9 65.3
Body mass index (kg/m2) 13 080 25 19-34 24 19-34 24.5 19-34 25 18-34
Physical exercise 12 971
Mainly sedentary 15.1 15.7 16.1 19.7
Light 63.2 61.5 62.2 59.9
Regular or hard 21.8 22.8 21.7 20.4
Smoking status 13314
Never 50.7 494 495 50.8
Former 26.4 25.4 25.4 25.3
Current 22.9 25.2 25.2 23.8
Educational level 12 882
<9 years at school 33.0 31.7 33.5 33.2
10-12 years at school 30.7 304 29.8 . 29.9
Vocational training 10.2 10.2 10.6 . 9.9
University 26.1 27.7 26.2 . 271
Employment status 12 471
Employed 57.5 51.8 54.5 46.5
Retired or on sick-leave 25.0 27.2 27.3 30.8
Student 8.8 114 . 10.0 . 10.9
Unemployed 5.1 5.9 . 5.0 . 6.2
Works at home 3.6 3.6 . 3.2 . 55
Type of residence 13 044
Private house 51.8 32.1 41.3 445
Apartment block 29.1 52.2 43.3 . 371
Terrace house 13.6 10.3 10.2 . 9.3
Other 5.5 5.4 5.3 . 9.0
Problems with paying bills 13137
Never 71.2 67.9 69.5 61.1
Only very occasionally 19.0 204 19.6 22.3
At least every second month 9.8 11.6 10.9 16.7
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The proportions of people born in Sweden, married or
cohabiting, and employed were somewhat lower, where-
as the proportion of current smokers and the proportion
of people that reported financial problems were some-
what higher among those with high road noise exposure.
These differences were generally more marked when
exposure was grouped according to the average noise
level than according to the maximum noise level. Ex-
posure did not differ noticeably with respect to the age,
gender, body mass index, physical exercise, or educa-
tional level of the participants.

Fairly much or much annoyance from road traffic
noise was reported by 4.7% (95% CI 4.4-5.1, weighted
analysis yielding an identical population estimate). Gen-
der, country of origin, civil status, physical exercise,
employment status, type of residence, and financial
problems were all associated with the prevalence of an-
noyance (fairly much or much) from road traffic noise
(P<0.005 for all of these associations except gender, for
which P=0.036). In particular, the proportion of em-
ployed persons was much lower among the annoyed
than among others (table 1).

Annoyance from road traffic noise increased mark-
edly with road noise exposure (table 2) (P<0.001 for all
of the associations). No marked associations between
exposure to road traffic noise and fairly much or much
annoyance from aircraft or train noise were observed.

Disturbance of daily activities and self-reported health
problems

Disturbance of daily activities (sometimes or frequent)
increased with both average and maximum road noise
exposure (table 3) (P<0.001 for all associations). More
than 25% reported at least occasional disturbance from
traffic noise during relaxation and sleep in the highest
exposure category for each noise measure.

Among the participants, no consistent pattern be-
tween road noise exposure and health problems emerged
(table 4). However, extensive sleep disturbance during
the last 2 weeks was more common among the partici-
pants with medium or high average road noise exposure
(P for trend = 0.01), the same trend was observed in the
multivariable analysis using Cox regression. The prev-
alence ratio for extensive sleeping disturbances during
the last 2 weeks, in contrast to the average exposure,
>55 dB(A) with exposure below 50 dB(A), was 1.2
when unadjusted or when adjusted for gender and age
(95% CI 1.1-1.4).

Self-reported health problems among the annoyed
participants

The participants who were fairly much or much annoyed
from road traffic noise (N=623) (table 4) experienced
more health problems than the other participants.
Among these annoyed participants, an association was
observed between average road noise exposure and con-
centration problems during the last few weeks (P for
trend = 0.03). Concentration problems were also more
common among the annoyed participants with moder-
ate or high maximum road noise exposure. The unad-
justed prevalence ratio for concentration problems dur-
ing the last few weeks among the annoyed persons, in
contrast to average exposure, 255 db(A) with exposure
below 50 dB(A), was 1.5 (95% CI 0.95-2.5), and the
prevalence ratio adjusted for gender and age was 1.7
(95% CI 1.0-2.7).

Among the participants who were fairly much or
much annoyed from road traffic noise, an association
between the average noise level from road traffic and
treatment for hypertension was also observed (P for
trend = 0.02) (table 4). The unadjusted prevalence ratio
for treatment for hypertension among the annoyed, when

Table 2. Self-reported annoyance (fairly much and much) from traffic noise at the residence in relation to road noise exposure among
the 13 557 participants in the public health survey in the Scania region in southern Sweden in 1999-2000. Road noise exposure was
categorized according to the equivalent (average) noise level over a full day [L,4: low if <50 db(A) (N=6564), medium if 50-54 db(A)
(N=3504), and high if >55 db(A) (N=3489)] and according to the maximum noise level [Lamae low if <60 db(A) (N=3528), medium if 60—

69 db(A) (N=5520), and high if >70 db(A) (N=4509)].

Source of annoyance Total Annoyance (%) Noise Annoyance (%) in relation to exposure category
number among all measure
of
responses Faifl% Much Low exposure Medium exposure High exposure
muc
Fairly much ~ Much  Fairly much Much  Fairly much ~ Much

Road traffic noise 13 168 3.7 1.0 Average 1.6 0.4 4.0 1.0 7.4 2.1
Maximum 1.4 0.5 341 0.7 6.4 1.7

Aircraft noise 12 989 1.3 0.3 Average 1.4 0.4 1.5 0.3 0.9 0.3
Maximum 15 0.4 1.2 0.3 1.2 0.3

Train noise 12 994 1.5 0.5 Average 1.3 0.6 1.9 0.4 1.5 0.5
Maximum 1.3 0.5 1.5 0.6 1.7 0.4

a The P-values for trend were below 0.001 for the prevalence of fairly much or much annoyance from road traffic in relation to both the average and
maximum road noise level. No positive associations were found between exposure to road traffic noise and annoyance from aircraft or train noise.

396

Scand J Work Environ Health 2006, vol 32, no 5



Bjérk et al

Table 3. Self-reported disturbance of daily activities (sometimes or frequently) from traffic noise at the residence in relation to road
noise exposure2 among the 13 557 participants of the public health survey in the Scania region in southern Sweden in 1999-2000. Road
noise exposure was categorized according to the equivalent (average) noise level over a full day [Lae,4: low if <50 db(A) (N=6564),
medium if 50-54 db(A) (N=3504), and high if >55 db(A) (N=3489)] and according to the maximum noise level [Lyga: 10w if <60 db(A)
(N=3528), medium if 60-69 db(A) (N=5520), and high if >70 db(A) (N=4509)]. (Frequently = every week)

Daily activity Total Disturbance among all Noise Disturbance (%) in relation to exposure category
number measure
of Sometimes Frequently Low exposure Medium exposure High exposure
responses

Sometimes Frequently Sometimes Frequently Sometimes Frequently

Relaxation 12 947 18.4 2.2 Average 121 1.1 20.4 2.3 28.1 3.9
Maximum 10.8 0.9 17.0 2.0 26.0 3.3
Sleep 12 948 18.9 1.7 Average 13.6 1.3 21.3 1.7 26.6 2.6
Maximum 114 0.9 18.4 1.7 25.5 2.4
Falling asleep 13 007 16.7 2.0  Average 11.8 1.6 18.6 1.8 23.9 2.9
Maximum 9.9 1.1 16.1 2.0 22.7 2.6
Hearing radio or television 13 114 121 2.0 Average 7.2 1.1 13.6 2.2 19.8 3.6
Maximum 5.9 1.0 10.2 1.9 19.3 3.0
Conversation 12 974 52 0.7 Average 3.5 0.4 5.4 1.0 8.2 1.1
Maximum 3.0 0.5 4.4 0.6 7.9 1.0
Telephone conversation 13016 44 0.7 Average 2.9 0.4 4.7 0.9 6.8 0.9
Maximum 2.8 0.6 3.8 0.5 6.3 1.0

2 The P-values for trend were all below 0.01 for the prevalences of disturbance of daily activities (sometimes or frequently) in relation to both the average
and maximum road noise exposure.

Table 4. Self-reported general health problems among the 13 557 participants of the public health survey in the Scania region in
southern Sweden in 1999-2000 in relation to annoyance and exposure from road traffic. Road noise exposure was categorized accord-
ing to the equivalent (average) noise level over a full day [Lyg,.q: low if <50 db(A) (N=6564), medium if 50-54 db(A) (N=3504), and high
if >55 db(A) (N=3489)] and according to the maximum noise level [Ly,,: low if <60 db(A) (N=3528), medium if 60-69 db(A) (N=5520),
and high if >70 db(A) (N=4509)].

Average noise level Maximum noise level
Low Medium High P-value? Low Medium High P-value®
All participants (N) 6564 3504 3489 3528 5520 4509
Concentration problems in the last few weeks (%) 13.3 13.3 14.7 0.08 13.2 13.7 14.0 0.30
Extensive sleeping disturbance in last two weeks (%) 7.2 8.5 8.6 0.01 71 8.3 8.1 .
Insufficient sleep generally (%) 8.8 9.4 94 0.27 8.8 9.1 9.5 0.26
Frequently under stress (%) 18.9 18.8 19.3  >0.30 193 19.2 18.5 .
Treatment for hypertension in last 12 months (%) 10.0 10.1 105  >0.30 9.8 9.8 10.8 0.12
Fairly much or much annoyance from road traffic noise (N) 129 171 323 66 205 352
Concentration problems in the last few weeks (%) 16.3 19.9 251 0.03 13.8 25.0 21.4
Extensive sleeping disturbance in last two weeks (%) 18.6 15.2 15.1 . 12.3 17.2 15.8
Insufficient sleep generally (%) 18.8 14.7 17.4 . 12.3 17.6 17.5
Frequently under stress (%) 27.3 271 28.2 . 231 36.8 23.3 .
Treatment for hypertension in last 12 months (%) 7.9 8.3 14.7 0.02 7.8 1.4 124 >0.30

a Monotonically increasing or decreasing trends in the prevalence of health problems in relation to the exposure category were tested with the Cochran-
Armitage trend test.

those exposed to noise levels >55 dB(A) were contrast- Self-reported health problems in possibly more vulner-
ed to those with exposure below 55 dB(A), was 1.8 able subgroups

(95% CI 1.1-3.0), and the prevalence ratio adjusted for
gender, age, and body mass index was 1.7 (95% CI 1.0— When the analyses were restricted to women, the par-
2.7). The association between an average noise level of ticipants born outside Sweden, the unemployed, and
road traffic [<50 dB(A), 50-54 dB(A), 255 dB(A)] and those who reported financial problems, no apparent as-
treatment for hypertension was present among the an- sociations with maximum road noise exposure were ob-
noyed male participants (3.8%, 9.4%, 13.8%, respec- served. However, the following positive associations
tively) (N=255), but it was not entirely consistent among between average road noise exposure [<50 dB(A), 50—
the annoyed female participants (11.0%, 7.6%, 15.5%, 54 dB(A), 255 dB(A)] and the prevalence of health
respectively) (N=359). problems were found: treatment for hypertension among
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women (9.3%, 9.8%, and 11.1% treated, respectively,
P for trend = 0.04), insufficient sleep among the partic-
ipants born outside Sweden (10.4%, 9.9%, and 14.6%,
respectively, P for trend = 0.04), frequent stress among
the unemployed (16.1%, 20.6%, 23.4%, respectively, P
for trend = 0.04), and concentration problems during the
last few weeks among the participants that had had prob-
lems paying bills at least every second month (25.0%,
27.9%, and 32.1%, respectively) (P for trend = 0.02).
The multivariate analyses did not alter these trends (re-
sults not shown).

Discussion

Our estimated prevalence (29%) of average exposure to
road traffic noise of at least 55 dB(A) (L,,,4) is close
to the overall estimates for the European Union and
much higher than previous national estimates for Swe-
den (16%). An advantage with our model, as compared
with the use of national estimates, is that we could in-
clude data on vehicles for road segments belonging to
the local municipalities, which is important especially
for those who live in an urban environment. Parts of our
data on traffic intensity were not up to date, however,
and therefore may have produced some misclassifica-
tion of exposure. We were able to differentiate between
urban (hard surface) and rural (soft surface) areas in the
model. This statement is of course an oversimplifica-
tion since not all grounds in cities are hard, the impli-
cation being that we may, to some extent, have overes-
timated urban exposure. Lack of data on noise barriers
and floor for residences in apartment buildings may also
have produced overestimations of noise levels. Since a
large proportion of the participants (1142 of 13 557,
8.4%) was assessed by our model as being exposed to
55-56 dB(A), a systematic misclassification of, say, +2
dB(A) would inflate the estimated proportion exposed
to =255 dB(A) substantially. However, we observed clear
associations between modeled exposure and reported
annoyance from road traffic noise, the indication being
that we managed to differentiate fairly well between dif-
ferent exposure levels. Furthermore, the high prevalence
of disturbance of daily activities that we observed, and
the high prevalence of frequent annoyance due to noise
from road traffic in preliminary results from a more re-
cent survey in 2004 (16), suggests that the levels of road
noise exposure are indeed of concern in the Scania re-
gion in southern Sweden.

High exposure to road noise was more common
among those not born in Sweden, living single, and not
employed. Lack of equity with regard to exposure to
adverse environmental factors, including traffic noise,
has previously been reported from the United States
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(26), Germany (27), the Netherlands (28), and Birming-
ham in the United Kingdom (29). To the best of our
knowledge, this is the first such report regarding road
traffic noise from Scandinavia.

Fairly much, or much, annoyance due to road traf-
fic noise was reported by 4.7% of all the participants,
by 9.5% of those exposed to =55 dB(A) and by 8.1% of
those exposed to maximal levels of 270 dB(A). It is like-
ly that the threshold for positive reporting was rather
high in the general survey question about road traffic
annoyance, since disturbed sleep or relaxation (some-
times or frequently) was reported by much higher pro-
portions (19-32%) in the highest exposure categories.
The exact phrasing of the question can be expected to
be critical since higher prevalences of annoyance have
been observed in studies in which more specific ques-
tions about the frequency of the annoyance were asked.
The preliminary estimate based on survey data from
Scania in 2004 shows that about 18% of the population
is annoyed at least once a week by road traffic noise,
and a recent Swedish report found that more than 15%
of the participants exposed to >55 dB(A) were annoyed
frequently (every week) (3, 16). Traffic in general has
been reported as the most important source of annoy-
ance but noise in Sweden, followed by noise from neigh-
bors (15). A spillover from being annoyed by noise from
one means of transportation to another may therefore
be a concern. However, we found that people with high
exposure to road noise did not report more annoyance
from noise from trains or aircraft than those with low
exposure to road noise. The observed trends between
annoyance, disturbance of daily activities, and exposure
level in our study were striking and consistent for aver-
age noise levels, as well as for maximum noise levels,
being generally at least doubled from the lowest to the
highest exposure categories. Given that 29% of the pop-
ulation was estimated to be in the highest exposure cat-
egory, this is a finding of concern. Disturbances of dai-
ly activities were somewhat more frequent for high av-
erage noise exposure than for high maximum noise ex-
posure.

We observed no associations between the maximum
level of road traffic noise and self-reported general
health problems. For the average noise level, we found
a weak overall association with extensive sleeping dis-
turbances during the last week, whereas an association
with insufficient sleep was generally not apparent. Con-
sistent data from other studies indicate that exposure to
occupational noise and noise from aircraft increases the
risk of hypertension, but the findings are less consistent
with regard to road traffic (2). We found an association
between average road noise level and treatment for hy-
pertension among the women and also among the men
who reported fairly much or much annoyance from road
traffic.



It is well known that sensitivity to noise varies wide-
ly between persons. Within the subgroup that reported
annoyance from road traffic noise, we found associa-
tions with concentration problems during the last few
weeks, as well as with treatment for hypertension.
Noise-sensitive people have, in several studies, been
shown to have poorer performance than nonsensitive
people under noisy conditions (30), while no such dif-
ference was evident under silent conditions (31). The
support for a higher risk of hypertension among people
who are noise sensitive is weaker. However, an experi-
mental study has shown a disruption of the cortisol pat-
tern from exposure to low-frequency noise that was ev-
ident only for people who rated themselves as noise sen-
sitive (32).

Positive findings for subgroups should be interpret-
ed with care unless supported by other data. Some of
the associations we observed for the self-reported gen-
eral health problems in the 26 subgroup analyses (5
groupings of the participants x 5 different outcomes +
annoyed men versus treatment for hypertension), gen-
erally with lower socioeconomic status, may have been
due to chance. They may, however, also represent find-
ings in especially vulnerable groups exposed to multi-
ple social stressors. Socioeconomic status may not only
be inversely associated with exposure, but also with
vulnerability. Among children in rural areas in the Unit-
ed States, adverse environmental exposure was not only
associated with low income, but cumulative exposure
was also associated with effects, as monitored by in-
creased levels of stress hormones, only among the low-
income children and not in the middle-income sample
(26). Among the unemployed in our present study, feel-
ing frequently under stress was more common among
those with a high average exposure to road noise, as was
concentration problems among the people who report-
ed financial problems. In addition, an association be-
tween insufficient sleep in general and average road
noise level was suggested for those born outside Swe-
den.

The participation rate was low (54%) and differed
with age, gender, education, and country of origin (18).
Among these factors, country of origin varied with ex-
posure among the participants. Thus some association
between exposure and participation was probably
present and may have produced bias if the participation
was associated with any of the health parameters under
investigation as well. The validity of the questionnaire
should also be considered. A large study has shown high
agreement between self-reported hypertension and med-
ical records (kappa = 0.80, sensitivity = 82%, specifici-
ty = 92%, N = 2037) (33). Similar but smaller studies
of self-reported hypertension have reported moderate-
to-high agreement with medical records (34, 35). Mis-
classification of treatment for hypertension, if independent
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of noise exposure level, would tend to yield bias towards
the null (36). The question about concentration ability
during the last few weeks, in relation to their usual abil-
ity, was taken from a well-established instrument, the
General Health Questionnaire—12 (20). The questions
about sleep and stress were specific for the present and
similar surveys in Scania. The question about problems
with paying bills, used to identify persons with finan-
cial problems in the subgroup analyses, has been linked
to poor self-rated health (37).

In conclusion, exposure to road traffic noise at high
levels was common in the study population, and it pro-
duced frequent annoyance and disturbances of daily ac-
tivities. Associations between road traffic noise and neg-
ative health effects were observed among the annoyed
participants and in other important subgroups.
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Appendix 1
Measures of sound (noise) level

All measures of sound pressure level referred to in this article are A-weighted, which rates sound levels at
different frequencies in a way that mimics the sensitivity of the human hearing organ (1). Sound level is
expressed in dB(A). In order to average time-fluctuating sound, the equivalent sound level is used, which is the
corresponding steady noise level in a predefined time period that contains the same noise pressure as the
fluctuating noise during the same time period.

Leqoa Equivalent sound level over 24 hours

| Equivalent sound level over 24 hours when sound levels during the night (2300 — 0700) is
increased by 10 dB(A), since noise during the night is usually perceived as more annoying.

L afinax Defined as the sound level exceeded by the loudest 5% of the vehicles passing a specific road

segment. Fast time weighting is applied, which means that the sound level is obtained by
integrating the instant sound level over a narrow time period (125 milliseconds).

Appendix 2
Questions about annoyance from traffic noise in the public health survey

Are you annoyed by noise from road traffic, trains or aircraft?

1) Road traffic
Not at all
Not much
Fairly much
Much

2) Train noise
Not at all
Not much
Fairly much
Much

3) Aircraft noise
Not at all
Not much
Fairly much
Much
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