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ABSTRACT

DEBATS is the first research to focus on the effects of aircraft noise on the health of people
living near airports in France. A total of 1,244 residents (Paris-Charles de Gaulle, Lyon-Saint-
Exupéry and Toulouse-Blagnac) were included in 2013. Information about their health,
socioeconomic and lifestyle factors was collected by means of a face-to-face questionnaire
performed at home by an interviewer. Outdoor aircraft noise exposure was assessed by
linking home address to noise maps. The cross-sectional results of the DEBATS study at
enrolment confirm those of previous ones conducted abroad. Indeed, they suggest that aircraft
noise exposure decreases subjective and objective sleep quality, and increases the risk of
hypertension and psychological distress. They also suggest an association between this
exposure and a smaller variation of cortisol levels over the day. Moreover, they provide further
evidence that community aircraft noise annoyance has increased over the past decades.
However, all these results have to be confirmed by longitudinal studies. This is in progress in
particular with longitudinal analyses of the data collected in 2013, 2015 and 2017 in the
present DEBATS study.
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INTRODUCTION

Transportation noise is a major public health issue with one million years of healthy life lost
each year in Western Europe [1]. Aircraft noise is the third most important source, after road
and rail traffic noise, affecting human exposure above levels considered annoying or with
adverse health effects [1]. The health impact of exposure to aircraft noise is of increasing
concern [2] due to the constant increase in the number of flights, as well as the growing
dissatisfaction of airport residents with this nuisance [3].

In 2004, the High Commission of Public Hygiene in France recommended improving the
knowledge of the health situation resulting from exposure to aircraft noise. Following this
recommendation, the French Ministry of Health and the Airport Pollution Control Authority
(Acnusa) initiated a study called DEBATS (Discussion on the health effects of aircraft noise).

Supervised by the Acnusa and conducted by the Gustave Eiffel University, DEBATS is the first
large-scale research program in France to evaluate the possible effects of aircraft noise
exposure on the health of airport residents. Participants were first interviewed in 2013 at study
inclusion and then at follow-up in 2015 and 2017. This article presents a summary of all the
results obtained from the data collected at inclusion in 2013.

MATERIAL AND METHODS

DEBATS was conducted in the vicinity of three major French airports (Paris-Charles-de-
Gaulle, Lyon-Saint-Exupéry and Toulouse-Blagnac). It combines three complementary
methodological approaches (ecological, individual longitudinal and ancillary sleep study').
Each approach considers all known or suspected confounding factors.

Ecological study

The ecological study addressed the issue of an association between the average level of
aircraft noise exposure in each of the 161 municipalities located around these airports and
mortality for some specific causes of death, such as cardiovascular disease in general,
ischemic heart disease, including myocardial infarction, and stroke. These mortality data were
provided by the French Centre on Medical Causes of Death (CépiDc-Inserm). Outdoor
exposure to aircraft noise was estimated from noise maps produced by Paris Airports for
Paris-Charles-de-Gaulle and by the French Civil Aviation Authority for Lyon-Saint-Exupéry and
Toulouse-Blagnac.

Longitudinal study

The individual longitudinal study aimed to quantify the relationship between exposure to
aircraft noise and the health of local residents, both physically and mentally, but also in terms
of annoyance. It involved at baseline, in 2013, 1,244 participants from the 161 municipalities
included in the ecological study. Exposure to aircraft noise at the participants’ homes was
estimated from the same maps used in the ecological study. A face-to-face questionnaire was
conducted at home by trained interviewers to obtain information on demographic and
socioeconomic characteristics, lifestyle and health status (self-rated health status,
psychological distress, annoyance, potential effects on sleep, endocrine and cardiovascular
systems).

"Ancillary sleep study" is understood here to mean a statistical study of limited size.
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Self-rated health status was assessed with the question "Overall, do you think your health is
excellent, good, poor, fair?" For statistical analyses, responses to this question were
dichotomized as follows: "excellent" or "good" versus "poor" or "fair".

Aircraft noise annoyance was assessed using a standardized question with the five-point
verbal response scale recommended by the International Commission on the Biological
Effects of Noise (ICBEN): "Thinking about the last 12 months when you are here at home,
how much does aircraft noise annoy you?" Extremely, very, moderately, slightly or not at all
[13]. Annoyance in the study population was described using the percentage of people highly
annoyed (%HA) defined by the proportion of people reporting being very or extremely
annoyed by aircraft noise [4].

The effects on sleep were characterized using total sleep time and feelings of tiredness when
waking up. Total sleep time was assessed by the difference between the time participants
reported turning off the light to sleep and the time they reported getting up. It was then
dichotomized: "short" (< 6 hours) versus "normal and long" (> 6 hours). Indeed, in adults,
sleeping less than 6 hours per night during weekdays is generally associated with potential
comorbidities (obesity, diabetes, hypertension, cardiovascular pathologies) [5]. Participants
also described how they felt after a usual night's sleep: well rested, somewhat rested,
somewhat tired, or very tired. This variable was also dichotomized: well or somewhat rested
versus somewhat or very tired.

Each participant was required to collect saliva twice: in the morning immediately after waking
up (when salivary cortisol concentration is usually highest) and a second time in the evening
just before bedtime (when salivary cortisol concentration is usually lowest). Hourly cortisol
variation was defined as the ratio of the difference in wake-up and bedtime levels to the
number of hours between the two saliva samples.

Blood pressure was measured during the interview of participants by the interviewer. An
individual was classified as hypertensive if he or she had a systolic blood pressure (SBP) of
140 mm Hg or higher, or a diastolic blood pressure (DBP) of 90 mm Hg or higher (World
Health Organization-WHO definition of hypertension), or if he or she reported that a physician
had diagnosed him or her with hypertension in the past 12 months in conjunction with the use
of an antihypertensive medication.

Psychological distress was determined using the 12-item version of the General Health
Questionnaire (GHQ-12) [6]. A total score between 0 and 12 was calculated and participants
with a total score of 3 or more were considered to have psychological distress [7].

Sleep study

The ancillary sleep study aimed to characterize in a detailed and specific way the acute effects
of aircraft noise on sleep, while refining the exposure to aircraft noise by individual
measurements. It involved 112 individuals selected from the participants in the previous
individual longitudinal study. Actimetric and heart rate measurements, analysed by the Sleep
and Vigilance Centre of the Hbtel-Dieu Hospital in Paris, were used to determine the objective
sleep parameters of these participants. In addition, in order to precisely characterize their
exposure to aircraft noise, acoustic measurements were carried out simultaneously by
Bruitparif for seven days and seven nights, both inside and outside their bedroom.
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RESULTS

The ecological study suggests that an increase in aircraft noise exposure of 10 dB(A) was
associated with an 18% higher risk of mortality for all cardiovascular diseases, 24%
specifically for ischemic heart disease, and 28% specifically for myocardial infarction. In
contrast, no association was found with stroke mortality.

The individual longitudinal study suggests several associations:

- a 55% increased risk of fair/poor self-rated health status in men with an increase in noise
level of 10 dB(A) in terms of Lgen, With no evidence of an increase in women;

- the proportion of highly annoyed people consistently higher than predicted by the old
European Union (EU) reference curve (called the Miedema curve [8]), but lower than predicted
by the new EU curve provided by the World Health Organization, in March 2020 [9]. For
example, at 60 dB(A) in terms of Lqen, the old EU curve predicts 17% of people highly annoyed
by aircraft noise (model adjusted only on noise exposure levels), whereas the curves based
on the DEBATS results predict between 22 (model adjusted on noise exposure levels and
non-acoustical factors) and 27% (model adjusted only on noise exposure levels), and the new
EU curve 36% (model adjusted only on noise exposure levels). This severe annoyance was
also associated with non-acoustic factors such as age, satisfaction with living environment,
expectations about neighbourhood quality of life, sensitivity to noise, fear of a plane crash, and
attitudes related to source and authority;

- a risk of sleeping less than six hours per night increased by 60%, and a risk of feeling tired in
the morning when waking up by 20%, with an increase in noise level of 10 dB(A) in terms of
Lnight;

- a disruption of the circadian rhythm of cortisol with an increase in noise level of 10 dB(A) in
terms of Lsen (15% decrease in the absolute hourly variation of cortisol, 16% increase in the
level of cortisol at bedtime, but no significant variation at wake-up);

- a 34% increased risk of hypertension in men with an increase in noise level of 10 dB(A) in
terms of Laignt, With no evidence of an increase in women;

- exposure to aircraft noise did not appear to be directly associated with psychological
distress. However, aircraft noise annoyance was associated with it: compared to participants
who were not highly annoyed, the risk of psychological distress was increased by 80% in
participants slightly annoyed by aircraft noise, and multiplied by 4 in those who declared being
highly annoyed.

The ancillary sleep study suggests that exposure to aircraft noise degraded objective sleep
parameters. Thus:

- an increase in aircraft noise levels during sleep period in terms of integrated indicators or
noise events indicators was associated with a 1.1-1.8-fold increase in the probability of
sleeping less than six hours per night (short sleep); and a 1.1-1.6-fold increase in the
probability of spending more than nine hours in bed (which can be interpreted as an
adaptation mechanism to sleep deprivation);

- an increase in aircraft noise levels during sleep period in terms of integrated indicators was
associated with a 1.1-1.3 times higher probability of sleep onset insomnia (i.e. a sleep latency
greater than 30 minutes);
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- an increase in aircraft noise levels during sleep period in terms of noise events indicators
was associated with a probability of sleep-maintenance insomnia (i.e. a total duration of the
intra-sleep arousals higher than thirty minutes), from 1.1 to 1.3 times higher;

- finally, a 10 dB(A) increase in the maximum noise level of an event associated with the
passage of an aircraft (LAmax,1s) was associated with an increase in the amplitude of the
heart rate during this event (0.34 beats per minute.

DISCUSSION

DEBATS is the first large-scale research program in France to assess the possible effects of
aircraft noise exposure on the health of airport residents. The participation rate in the
individual longitudinal study (30%) was similar to that of studies on the same topic conducted
in Germany, Italy and the United Kingdom [10]. In general, the results obtained in DEBATS
confirm those obtained by previous studies conducted around other airports in the world and
mainly in Europe. They suggest that exposure to aircraft noise:

- decreased subjective and objective sleep [11, 12],
- increased the risk of hypertension in men but not in women [13],

- was not directly related to psychological distress, but was related through annoyance due to
aircraft noise and to noise sensitivity [14],

- increased the risk of fair/poor self-rated health status in men, but not in women [15],
- increased the proportion of people who were highly annoyed by aircraft noise [16],

- was associated with a significant decrease in the variation of saliva cortisol [17]. The most
exposed individuals would thus tend to regulate their cortisol secretion less. Aircraft noise
exposure would thus generate a chronic stress inducing a disturbance of the circadian rhythm
of cortisol.

Controlling for a large number of factors that may influence the health events studied did not
alter the associations shown here. Furthermore, they remained unchanged when the analyses
were restricted to participants living in their dwelling for at least five years at the time of their
inclusion in the study.

These findings support the hypothesis that noise is a stressor that activates the sympathetic
and endocrine system [18]. Neuroendocrine arousal is itself associated with psychological
symptoms such as depression or anxiety [19], or with adverse effects on metabolism that are
established risk factors for cardiovascular disease [20].

In DEBATS, some health effects of noise, such as the risk of hypertension, are observed only
in men. However, although there are many studies demonstrating the adverse effects of noise
on health, and the risk of hypertension in particular, few of them focused more specifically on
associations that might be different in men and women [10, 13, 21]. The mechanisms
explaining these differences are only partially understood due to the complexity of gene-gene
and gene-environment interactions. In particular, these differences could be explained by the
interaction of female hormones with regulatory systems, but this hypothesis remains to be
confirmed.

The percentage of highly annoyed people was higher in the DEBATS study than predicted
with the old standard curve recommended by the EU in 2002 for the assessment and
management of environmental noise in the EU [22]. In contrast, this percentage was lower in
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DEBATS than predicted with the new European curve of 2020 [23]. Methodological
differences in the assessment of highly annoyed people could be the reason why studies
conducted since the 2000s found, for the same noise exposure level, higher proportions of
highly annoyed people than those observed in the studies conducted before 2000.

Even if everything was done to avoid them, some selection bias cannot be totally excluded.
Indeed, on the one hand, the participants in the study could be different (i.e. beyond their
exposure to noise) from the individuals who refused to participate, and on the other hand, the
participants could be different according to their level of noise exposure. Regarding the first
risk of bias, the demographic and socioeconomic profiles of participants and non-respondents
who nevertheless agreed to answer some questions were relatively similar. A few differences
appeared, notably a higher proportion of managers and intermediate professions among
participants than among non-respondents, as well as a lower proportion of retired people.
However, these non-respondents may not be representative of all non-respondents either. On
the other hand, it is possible that those who agreed to participate felt more concerned, and
thus would tend to report more noise-related health problems. As we could not fully control for
this risk of bias, we ensured that participants were not informed of the specific purpose of the
study before completing the questionnaire (the study was presented to them as being about
their environmental perception and health). Moreover, saliva cortisol and hypertension (for
participants without prior medical diagnosis) were objectified during the study. With regard to
the second risk of bias, which is perhaps more critical than the previous one, a reasonable
assumption is that this risk is low. This is particularly true since the results were adjusted for a
range of factors, which are certainly confounding, but which may also constitute factors of
selection bias (age, gender or socio-professional category). In fact, any associated selection
bias can only be taken into account by these adjustments. This remark also applies to the first
risk of selection bias mentioned above.

Moreover, the airport residents included in DEBATS were certainly not representative of all
French airport residents (and certainly of the rest of the world). In the absence of data
concerning this population, it was not possible to characterize the probable differences
between them. Here again, the previous remark, concerning the adjustment of risks on several
confounding factors, may be reassuring as to the relevance of the associations highlighted.

Assessing aircraft noise exposure at each participant's home using noise levels modelled by
noise maps could be a source of measurement error. However, most of the differences
between modelled noise levels and measurements from permanent stations [24] or from
specific campaigns [25] were between 0.5 and 1.5 dB(A) in terms of Lgen. Furthermore, the
average aircraft noise levels estimated from the noise maps at the addresses of the 112 sleep
study participants were relatively similar to those calculated from acoustic measurements
made at the outside facade of these participants' bedrooms, with an average relative
difference of 5% and a 95th percentile of 11%. These results showed a close correlation
between modelled and measured noise levels, validating the estimate of aircraft noise
exposure levels provided from the INM software [26].

Finally, in the longitudinal study, no information regarding their noise exposure was collected
when participants were away from their homes, particularly at their workplace or in
transportation. This may have led to an inaccurate assessment of the noise exposure level of
some of them due to their exposure to other noise sources, especially during the daytime.
However, such measurement bias would likely result in an underestimation of the associations
studied here.
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CONCLUSION

The ecological study confirms the results of other studies suggesting that increased exposure
to aircraft noise is associated with higher cardiovascular disease mortality. However, it is
inappropriate to extrapolate these results to the individual level. Therefore, two individual
studies were also conducted.

The individual longitudinal study and the ancillary sleep study confirm, at baseline, the results
of previous studies performed abroad. They suggest that exposure to aircraft noise, in France
as elsewhere, has deleterious effects on self-rated health status, psychological distress,
annoyance due to aircraft noise, subjective and objective sleep, and the endocrine and
cardiovascular systems.

OTHER IMPORTANT INFORMATION
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