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ABSTRACT
Objectives The largest study until now around 6 major
European airports, the HYENA (HYpertension and
Exposure to Noise near Airports) study, reported an
excess risk of hypertension related to long-term aircraft
noise exposure. The DEBATS (Discussion on the health
effects of aircraft noise) study investigated the
relationship between this exposure and the risk of
hypertension in men and in women near French airports.
Methods Blood pressure of 1244 participants older
than 18 years of age was measured. Information about
health, socioeconomic and lifestyle factors was collected
by means of a face-to-face questionnaire performed at
home by an interviewer. Aircraft noise exposure was
assessed for each participant’s home address using noise
maps. They were calculated with the Integrated Noise
Model with a 1 dB(A)-resolution. The major potential
confounders being risk factors for hypertension were
included in the logistic regression models: age,
occupational activity, body mass index, physical activity
and alcohol consumption.
Results After adjustment for the main potential
confounders, an exposure–response relationship was
evidenced between the risk of hypertension and aircraft
noise exposure at night for men only. A 10-dB(A)
increase in Lnight was associated with an OR of 1.34
(95% CI 1.00 to 1.97).
Conclusions These ﬁndings contribute to the overall
evidence suggesting that aircraft noise exposure at nighttime may increase the risk of hypertension in men.
Hypertension is a well-known and established risk factor
for cardiovascular disease. The association reported in
the present study between aircraft noise and
hypertension implies that aircraft noise might be a risk
factor also for cardiovascular disease.

INTRODUCTION
▸ http://dx.doi.org/10.1136/
oemed-2016-103988

To cite: Evrard A-S,
Lefèvre M, Champelovier P,
et al. Occup Environ Med
2017;74:123–129.

Since 2002 and the adoption of the European
Union Environmental Noise Directive, an increasing number of large epidemiological studies have
been conducted focusing on cardiovascular disease.
Noise is a psychosocial stressor that activates the
sympathetic and endocrine system. According to
the general stress model,1 neuroendocrine arousal
is associated with adverse metabolic outcomes that
are well-known and established risk factors for cardiovascular disease. The majority of studies on the
cardiovascular effects of aircraft noise have focused
on blood pressure (BP) and hypertension. The

What this paper adds
▸ The DEBATS study is the ﬁrst to investigate the
relationship between long-term aircraft noise
exposure and the risk of hypertension in men
and in women near French airports. After
adjustment for the main potential confounders,
an exposure–response relationship was
evidenced between the risk of hypertension
and aircraft noise exposure at night for men
only.
▸ The ﬁndings of this study contribute to the
overall evidence suggesting that aircraft noise
exposure at night-time may increase the risk of
hypertension in men.
▸ Hypertension is a well-known and established
risk factor for cardiovascular disease. The
association reported in the present study
between aircraft noise and hypertension implies
that aircraft noise might be a risk factor also
for cardiovascular disease.

largest study until now on aircraft noise, the
HYENA (HYpertension and Exposure to Noise
near Airports) study, included 4861 persons
between 45 and 70 years of age at the time of interview, living near one of six major European airports (London Heathrow (UK), Berlin Tegel
(Germany), Amsterdam Schiphol (the Netherlands),
Stockholm Arlanda (Sweden), Milan Malpensa
(Italy) and Athens Eleftherios Venizelos (Greece)
Airports).2 This study reported an excess risk of
hypertension related to long-term night-time aircraft noise exposure with an OR of 1.14, 95% CI
1.01 to 1.29 per 10 dB(A) increase in the night
average weighted sound pressure level (Lnight). The
results of this study also suggested an effect of aircraft noise exposure on the use of antihypertensive
medication for the UK and the Netherlands,3 as
did those of the study around Schiphol Airport
(Amsterdam) on the use of medication for cardiovascular diseases/increased BP.4 In 2009, Babisch
and van Kamp5 produced a meta-analysis of results
from ﬁve studies on aircraft noise and hypertension
including the HYENA study. The relative risk based
on this meta-analysis was estimated to OR=1.13,
95% CI 1.00 to 1.28 for a 10 dB(A) increase in the
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day/night average weighted sound pressure level (Ldn) of aircraft
noise within the range of 45–70 dB(A).
Gender differences regarding the risk of hypertension related
to aircraft noise exposure have been sparsely studied. In
Sweden, Eriksson et al6 suggested an increased risk of hypertension related to long-term aircraft noise exposure in men but not
in women. The HYENA study indicated no difference in risk
of hypertension between men and women related to aircraft
noise exposure.2 However, the same study reported an increased
risk of hypertension in men but not in women following
long-term exposure to road trafﬁc noise. Such a difference
occurred in other studies,7 8 although the evidence is not fully
consistent.9–11
No epidemiological study has yet been carried out in France
on the health effects of aircraft noise. The objective of the
DEBATS (Discussion on the health effects of aircraft noise)
research programme was to characterise the relationships
between aircraft noise exposure and the health status of the
French population living in the vicinity of airports. DEBATS
includes in particular a longitudinal ﬁeld study that aims to
follow-up ∼1200 of French airports residents during 4 years.
The participants have been interviewed in 2013 and they will be
interviewed again in 2015 and in 2017.
On the basis of the data collected in 2013 at the participants’
inclusion in this longitudinal study, the present paper addresses
more speciﬁcally the issue of an association between aircraft noise
exposure and the risk of hypertension in men and in women.

Blood pressure
The interviewer measured the systolic BP (SBP) and the diastolic
BP (DBP) and the heart rate (HR) of the participants in a sitting
position with validated and automated BP instruments. BP and
HR were assessed three times: the ﬁrst measurement was
recorded at the beginning of the interview after a 5 min rest; a
second measurement was recorded after a further 1 min rest.
A third measurement was taken at the end of the interview
(∼1 hour later). The mean of the ﬁrst two readings was used to
deﬁne SBP, DBP and HR for the subsequent analyses. The third
reading was used as a validity control: 73 participants with a
difference higher than 20 mm Hg between the mean of the ﬁrst
two readings and the third reading were excluded from the sensitivity analyses. Moreover, using the mean of the last two readings did not change the results.
Hypertension was deﬁned according to the WHO:13 a
SBP≥140 mm Hg or a DBP≥90 mm Hg. In the analyses, the
measurements were combined with information on diagnoses of
hypertensive disease and medication. Participants were classiﬁed
as hypertensive if they had either BP levels above the WHO
cut-off points or a diagnosis of hypertension by a physician in
conjunction with use of antihypertensive medication, as
reported in the interview questionnaire. Participants were considered to have a diagnosis of hypertension if they answered
‘yes’ to the question ‘During the last 12 months, have you ever
been told by a doctor or health professional that you had hypertension?’. Treatment of BP was deﬁned by use of antihypertensive agents during the past 12 months.

METHODS
Study population
The study population included persons older than 18 years of
age at the time of interview, living near one of the three following French airports: Paris–Charles de Gaulle, Toulouse–Blagnac
and Lyon–Saint-Exupéry. In order to ensure that sufﬁcient
numbers of participants were exposed to high aircraft noise
levels and then in order to maximise exposure contrast, we used
a stratiﬁed sample of the population based on recent aircraft
noise contours. These contours are based on the day–evening–
night equivalent level (Lden), which is deﬁned as a weighted
average of sound pressure levels from day (06:00 to 18:00),
evening (18:00 to 22:00) and night (22:00 to 06:00). In this
calculation, evening and night sound pressure levels receive a
5 dB(A) penalty (A-weighted average sound pressure level) and
10 dB(A), respectively, to reﬂect people’s noise sensitivity.12 The
noise contours deﬁned four 5 dB(A)-categories of aircraft noise
exposure in terms of Lden: <50, 50–54, 55–59 and ≥60 dB(A),
the selection process planned to select 300 participants in each
of these four categories.

Questionnaire
For their inclusion in the longitudinal study in 2013, participants ﬁlled out a questionnaire during a face-to-face interview at
their place of residence. Information was collected by an interviewer about demographic variables, socioeconomic status, lifestyle factors including smoking and alcohol consumption and
physical activity, personal medical history in terms of sleep disturbances, cardiovascular diseases and anxiety and depressive
disorders, medication use, and ﬁnally annoyance from aircraft
noise exposure. Anthropometric measurements (weight, height
and waist circumference) were also recorded. Length of residence was assessed in order to limit sensitivity analyses to participants who had been living at their residence for more than
5 years, thus experiencing aircraft noise pollution for a signiﬁcant period of time.
124

Confounding factors
The major potential confounders were included in the statistical
models: age (continuous), body mass index (BMI, body weight
divided by height squared) as a continuous variable, physical
activity (yes/no), education (<French high-school certiﬁcate/
=French high-school certiﬁcate/>French high-school certiﬁcate)
and alcohol consumption (no/light/moderate/heavy). All potential confounders with a p value of 0.30 or less in univariate analysis were entered in the multivariate models. An association
between occupational activity and the risk of hypertension was
observed in this study. Since education and occupational activity
were strongly correlated, occupational activity instead of education was included in the ﬁnal model.
Smoking is a well-established risk factor for cardiovascular
disease, but its effect on hypertension is less clear. To assess
whether smoking would confound the effects of noise on hypertension, smoking was initially included in the regression model.
However, smoking did not contribute signiﬁcantly to the model
and did not have any impact on the effect estimate of noise, so
smoking was not included in the ﬁnal model.
To assess whether the country of birth (used as a proxy for
ethnicity), ﬁnancial difﬁculty, work-related stress and major life
events, annoyance from aircraft noise exposure, the average
number of awakenings per night, noise sensitivity and house
characteristics (such as window opening, insulation of roof
and/or windows) would confound the effects of noise on hypertension or on DBP or SBP, these variables were initially included
in the multivariate regression models. However, they did not
contribute signiﬁcantly to the model and did not have any
impact on the effect estimate of noise, so they were not included
in the ﬁnal model.
The area of study was initially included in the multivariate
model as a confounder in order to take geographic region into
account. However, aircraft noise levels were strongly correlated
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with the airports (mean of aircraft noise exposure in terms of
Lden: 49, 54 and 56 dB(A) near Lyon–Saint-Exupéry, Toulouse–
Blagnac and Paris–Charles de Gaulle Airports, respectively).
This correlation led to overadjustment when aircraft noise levels
and the area of study were both introduced in the multivariate
model. Therefore, the area of study was not included in the
ﬁnal model.
The covariates included in the ﬁnal fully adjusted regression
model were: age, BMI, physical activity, alcohol consumption,
occupational activity and aircraft noise level.

Aircraft noise exposure assessment
The French Civil Aviation Authority and Paris Airports produce
outdoor noise exposure maps with the ‘Integrated Noise Model’
(INM)14 for France’s largest airports. The INM is an internationally well-established computer model that evaluates aircraft noise impacts in the vicinity of airports and outputs noise
contours for an area (ﬁgure 1). Those contours, described in the
‘Study population’ paragraph, were used to select the participants in the study.
For the statistical analyses, different noise indicators in decibels A (dB(A)) were used: Lden, LAeq, 16 hour, which is the
A-weighted equivalent continuous noise level between 06:00
and 22:00, and Lnight, which is the A-weighted equivalent continuous noise level between 22:00 and 06:00.12 They were estimated with a 1-dB(A) resolution from a minimum of Lden 45 dB
(A), LAeq, 16 hours 35 dB(A) and Lnight 30 dB(A). Aircraft noise
levels below these values were assigned 44 dB(A) for Lden, 34 dB
(A) for LAeq, 16 hours and 29 dB(A) for Lnight. These estimated aircraft noise levels were linked to the residential addresses of the
participants using the geographic information system (GIS)
technique.
The aircraft noise levels calculated with INM were compared
with aircraft noise measurements obtained through existing
noise monitoring systems15 for Paris–Charles de Gaulle Airport
or through a speciﬁc campaign16 for Lyon–Saint-Exupéry
Airport. Most of the differences in terms of Lden were between
0.5 and 1.5 dB(A), showing the accuracy of the estimations.

Statistical analysis
The age-adjusted prevalence for hypertension was calculated for
each gender and both genders together using as standard population the age structure of the French population in 2014,
derived from the latest French national census. The sex-adjusted
and age-adjusted (to the European standard population) prevalence of hypertension was also calculated in order to compare
the prevalence of hypertension in France with those in other
European countries.
Logistic regression models with hypertension as the outcome
variable, and aircraft noise exposure and confounders as covariates, were used to assess the associations of aircraft noise with
hypertension. Linear regression models with DBP and SBP as
the outcome variables, and aircraft noise exposure and the same
confounders as those included in logistic regression models,
were used to assess the associations of aircraft noise with DBP
and SBP. Generalized Additive Models17 18 including a smooth
cubic spline function were ﬁrst adjusted in order to account for
a potential non-linear effect of aircraft noise on hypertension or
on DBP or SBP. Since they suggested approximately linear relationships, associations with the continuous exposure variable
were estimated and presented in the present paper. Statistical
analyses were stratiﬁed on gender.

Statistical analyses were conducted using SAS version 9.3
(SAS Software [ program] 9.3 version. USA: Cary North
Carolina, USA 2011).

RESULTS
In total 1244 participants (695 women and 549 men) aged
18 years and older at the time of the interview were included in
the DEBATS longitudinal study: 317, 307, 314 and 306 for aircraft noise categories <50, 50–54, 55–59 and ≥60 dB(A) in
terms of Lden, respectively. Overall, the participation rate was
30%. Participation rates differed among the three airports: 25%
for Paris–Charles de Gaulle Airport, 34% for Toulouse–Blagnac
Airport and 39% for Lyon–Saint-Exupéry Airport. Participation
rates did not differ much among the different noise exposure
categories. Overall, response rates were 29%, 33%, 30% and
28% for aircraft noise categories <50, 50–54, 55–59 and
≥60 dB(A), respectively.
Analyses related to the risk of hypertension involved 1230
participants (687 women and 543 men). Forty-one per cent
of men and 30% of women were classiﬁed as hypertensive
(table 1). The age-adjusted prevalence of hypertension (to the
French population) was 37% in men and 31% in women. The
sex-adjusted and age-adjusted prevalence of hypertension was
34%. The sex-adjusted and age-adjusted (to the European standard population) prevalence of hypertension among people
between 45 and 70 years of age was 43%.
Table 2 shows the ORs for hypertension in relation to the a
priori major confounders. Age and BMI were signiﬁcantly
associated with the risk of hypertension in both genders.
Alcohol consumption and occupational activity were signiﬁcantly associated with the risk of hypertension in men but not
in women.
Table 3 displays the effects estimates of three aircraft noise
indicators (Lden, LAeq, 16 hours and Lnight) on hypertension and
BP (DBP and SBP) in men. A rise in OR of hypertension with
increasing exposure was shown for day–evening–night aircraft
noise exposure (Lden) and for night-time noise exposure (Lnight)
in men but not in women (results not shown). No such trend
was found for aircraft noise exposure during the day (LAeq,
16 hours). The models including an interaction term between
gender and noise were also performed: they conﬁrmed that the
risk of hypertension was associated with aircraft noise exposure
only among men (results not shown). A signiﬁcant increase in
DBP and in SBP was also found for each of the three aircraft
noise indicators among men. A signiﬁcant increase only in SBP
was shown among women for Lden and LAeq, 16 hours (results not
shown).

DISCUSSION
The age-adjusted (to the French population) prevalences of
hypertension in men and in women estimated in the DEBATS
study were very similar to those observed in the ENNS
(National Nutrition Health Survey) study in participants
between 18 and 74 years of age in France in 2006. In the
ENNS study, the prevalence of hypertension was 34% in men
and 28% in women.19 The sex-adjusted and age-adjusted (to
the European standard population) prevalence of hypertension
among people between 45 and 70 years of age (43%) was lower
than those found in the HYENA study: 49% in the UK, 55% in
Germany, 52% in the Netherlands, Sweden and Italy, and 57%
in Greece.2
These results suggest that aircraft noise exposure at night-time
is associated with an increased risk of hypertension in men but
not in women. This association was conﬁrmed by those
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Figure 1 Noise contours of the three airports. Lden, day–evening–night equivalent level.

observed with DBP and SBP in men only. Controlling for the a
priori major confounding factors (age, BMI, alcohol consumption, physical activity and occupational activity) did not change
the results. In this study, the assessment of extensive covariate
data made it possible to evaluate a large number of possible confounding factors and ensure the stability of the results.
However, uncontrolled or residual confounding, exposure and
disease misclassiﬁcation, and selection bias all need to be considered. Since the association between aircraft noise exposure and
the risk of hypertension remained similar when the average
number of awakenings per night or annoyance from aircraft
noise exposure was included in the models, this study does not
support the hypothesis that the effects of noise exposure on
hypertension are mediated through sleep disturbances and/or
annoyance. This could indicate either that there would be
another physiological mechanism to explain this association, or
that the evidenced association would reﬂect residual
126

confounding because the selected variables (the average number
of awakenings per night and annoyance from aircraft noise
exposure) do not effectively characterise sleep disturbance and
annoyance, respectively.
The results were also unchanged when the analysis was
restricted to the 978 participants who had resided at their
address for at least 5 years or when the 106 participants who
took drugs that could relate to BP modiﬁcation were excluded.
We do not have information on family history of the participants, but it is very unlikely that this variable would be correlated with aircraft noise exposure, thus confounding the
association between this exposure and the risk of hypertension.
Exposure to road trafﬁc noise and to railway noise was estimated only around Paris–Charles-de-Gaulle Airport and the estimation was inaccurate, thus reducing the statistical power to
evidence any association between exposure to aircraft noise and
the risk of hypertension if it was introduced in the models.

Evrard A-S, et al. Occup Environ Med 2017;74:123–129. doi:10.1136/oemed-2016-103648

Downloaded from http://oem.bmj.com/ on February 6, 2017 - Published by group.bmj.com

Environment
Table 1 Descriptive statistics of the study population
Gender
Variable
Age (years)
18–34
35–44
45–54
55–64
65–74
≥75
Hypertension
No
Yes
BMI
Underweight or normal weight
Overweight
Obesity
Physical activity
No
Yes
Alcohol consumption
No
Light
Moderate
Heavy
Smoking
Non-smoker
Ex-smoker
Occasional smoker
Smoker
Occupational activity
No
Yes
Length of residence, years
<5
5–9
10–14
15–19
≥20
Noise level, dB(A)
Study area: Paris
<50
50–54
55–59
≥60
Total
Study area: Toulouse
<50
50–54
55–59
≥60
Total
Study area: Lyon
<50
50–54
55–59
≥60
Total
BMI, body mass index.

Men
n=543

Table 2 ORs for hypertension in relation to the a priori major
confounders

Women
n=687

n

(%)

n

(%)

73
104
133
115
93
25

(13)
(19)
(25)
(21)
(17)
(5)

150
130
132
144
90
41

(22)
(19)
(19)
(21)
(13)
(6)

320
223

(59)
(41)

484
203

(70)
(30)

186
234
120

(34)
(43)
(22)

368
185
128

(54)
(27)
(19)

251
292

(46)
(54)

327
360

(48)
(52)

102
320
85
29

(19)
(60)
(16)
(5)

240
310
107
25

(35)
(45)
(16)
(4)

242
179
8
113

(45)
(33)
(2)
(21)

373
149
11
154

(54)
(22)
(2)
(22)

210
333

(39)
(61)

277
410

(40)
(60)

108
111
83
58
183

(20)
(20)
(15)
(11)
(34)

144
138
125
63
217

(21)
(20)
(18)
(9)
(32)

61
45
84
87
277

(22)
(16)
(30)
(31)

47
56
124
115
342

(14)
(16)
(36)
(34)

37
50
35
41
163

(23)
(31)
(21)
(25)

66
52
61
57
236

(28)
(22)
(26)
(24)

55
45
2
1
103

(53)
(44)
(2)
(1)

50
56
3
0
109

(14)
(16)
(36)
(34)

Gender
Variable
Age
BMI
Physical activity
No
Yes
Alcohol
consumption
No
Light
Moderate
Heavy
Occupational
activity
No
Yes

Men
OR (95% CI)

Women
p Value OR (95% CI)

p Value

1.09 (1.07 to 1.12) <0.0001
1.11 (1.06 to 1.16) <0.0001
0.11
1.00
0.72 (0.48 to 1.08)
0.02

1.06 (1.05 to 1.08) <0.0001
1.09 (1.05 to 1.13) <0.0001
0.28
1.00
0.81 (0.55 to 1.19)
0.15

1.00
0.51 (0.30 to 0.88)
0.72 (0.36 to 1.43)
1.40 (0.53 to 3.73)

1.00
1.56 (1.02 to 2.39)
1.11 (0.63 to 1.97)
1.89 (0.73 to 4.87)
0.001

1.00
2.73 (1.50 to 4.98)

0.48
1.00
1.18 (0.75 to 1.84)

All the variables were included simultaneously in the model.
BMI, body mass index.

Currently, ultraﬁne particle (UFP) emissions from aircrafts and
their health effects around airports are an important issue.20
This exposure would have confounded the results of this study.
Unfortunately, exposure data based on this indicator are not yet
available around airports in France.
This study seems to conﬁrm the ﬁndings of previous studies
suggesting that aircraft noise exposure is associated with the risk
of hypertension.3–5 21–23 This association was positive and signiﬁcant only for men but not for women. This gender difference might be due to some unmeasured confounding factors
that would be more prevalent among men than women.
However, it is consistent with the results of Eriksson et al6 in
Sweden: a signiﬁcant risk increase per 5 dB(A) of aircraft noise
exposure was found in men (relative risk (RR)=1.21, 95% CI
(1.05 to 1.39)), but not in women (RR=0.97, 95% CI (0.83 to
1.13)). The HYENA study did not suggest any difference in risk
of hypertension between men and women related to aircraft
noise exposure.2 However, the same study reported an increased
risk of hypertension in men but not in women following longterm exposure to road trafﬁc noise. Such a difference occurred in other studies,7 8 although the evidence is not fully
consistent.9–11 Gender differences in the pathogenesis of cardiovascular diseases could be part of the explanation for the diverging results presented in this study.24 25
In this study, the risk of hypertension in men was signiﬁcantly
associated with day–evening–night and night-time exposures to
aircraft noise. The association with aircraft noise exposure
during the day was not signiﬁcant. This result was consistent
with the one obtained in the HYENA study where the risk of
hypertension related to night-time noise exposure tended to be
more pronounced than for daytime aircraft noise exposure.2
Differences in the relationship between cardiovascular outcomes
and noise exposure regarding the use of different energy-based
exposure indicators have been sparsely studied in
community noise research. Most studies considered day–
evening–night (Lden) or day–night (Ldn) or night-time (Lnight)
noise exposures.5 Few studies considered different periods of
the day (LAeq, 16 hours).5
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Table 3 Effects estimates of various aircraft noise indicators* on hypertension and BP in men
Hypertension

Diastolic BP

Systolic BP

Indicator of exposure

OR† (95% CI)

p Value

Increase in mm Hg‡ (95% CI)

p Value

Increase in mm Hg‡ (95% CI)

p Value

Lden (dB(A))
LAeq, 16 hours (dB(A))
Lnight (dB(A))

1.48 (1.00 to 1.97)
1.34 (0.90 to 1.79)
1.34 (1.00 to 1.97)

0.04
0.10
0.04

1.86 (0.40 to 3.30)
1.51 (0.11 to 2.92)
1.67 (0.34 to 3.00)

0.01
0.03
0.01

2.37 (0.16 to 4.59)
2.19 (0.05 to 4.34)
2.17 (0.13 to 4.19)

0.04
0.05
0.04

Bold values are statistically significant p≤0.05.
*Per 10 dB(A) increase.
†Adjusted for age, gender, BMI, physical activity, alcohol consumption and professional activity.
‡Adjusted for age, gender, BMI, physical activity, alcohol consumption, professional activity and hypertensive medication.
BMI, body mass index; BP, blood pressure.

In this study, night-time and daytime exposures to aircraft
noise at the place of residence were distinguished. Participants
were more likely to be outside their home during the day than
during the night, but no information was available about
daytime aircraft noise exposure of the participants when outside
their home, especially at their workplace. Misclassiﬁcation of
exposure might occur, but it is not likely that the exposure classiﬁcation would depend on disease status. Therefore, such nondifferential misclassiﬁcation would have induced an appreciable
downward bias, if there is a true association between aircraft
noise exposure and hypertension. Furthermore, it was not possible to disentangle the effect on hypertension of night-time
exposure at home and daytime exposure at work.
It is worth wondering whether energy-based indicators of
exposure, such as Lden, Lnight and LAeq, 16 hours, were the most
relevant indicators to describe the relationship between aircraft
noise exposure and hypertension. In health studies, it is currently recommended to consider including event-related indicators like the number of noise events or the number of events
exceeding a certain LAmax level (the maximum A-weighted
sound pressure level), especially for the night period regarding
the effects of aircraft noise on sleep quality. In addition to Lden,
Lnight and LAeq, 16 hours, it would have been interesting to consider such noise indicators in this study to increase the impact
of these results. Unfortunately, these indicators were not available in France.26 However, in the next few months, such indicators will be available for a subsample of 100 participants in the
longitudinal study for whom acoustic measurements at their
place of residence have been carried out for 1 week.
The number of participants (n=1230) included in the study
was small compared with the number of those included in other
studies investigating the relation between aircraft noise and
hypertension. Rosenlund et al21 examined a possible relation
between residential exposure to aircraft noise and hypertension
among 266 residents in the vicinity of Stockholm Arlanda
Airport, and 2693 inhabitants in other parts of Stockholm
County. Eriksson et al22 investigated the inﬂuence of aircraft
noise on the incidence of hypertension in a cohort of 2754 men
in four municipalities around Stockholm Arlanda Airport, followed between 1992–1994 and 2002–2004. The largest study
until now, the HYENA study, included 4861 persons living near
one of six major European airports.2 It is likely that the association observed in this study would have become clearer among
men if more participants were included in the study. The association might have become signiﬁcant among women but it is
very unlikely because, although the evidence is not fully consistent and the number of studies is limited, according to the literature, aircraft noise exposure seems to be associated with the risk
of hypertension for men but not for women.
128

The participation rate in this study was similar to those in
Germany, Italy and the UK in the HYENA study. This low participation rate could be a potential weakness of our study.
However, according to a short questionnaire answered by those
who refused to participate in the study and according to the distribution in aircraft noise exposure categories, non-responders
were almost similar to the participants. On the other hand,
since there were no questions on hypertension in the questionnaire addressed to those who refused to participate, the prevalence of hypertension was unknown among the non-responders.
The possible adverse effect of aircraft noise on hypertension
could have led to a lower proportion of sensitive people among
those living in the vicinity of airports. Little information to judge
whether this has occurred is available. However, if it has occurred,
this would have resulted in an underestimation of the association
between aircraft noise exposure and hypertension in this study.
In total 315 participants were considered to be hypertensive
because they had BP levels above the WHO cut-off points and
111 because they reported a diagnosis of hypertension by a
physician in conjunction with use of antihypertensive medication in the interview questionnaire. Recall bias cannot be
excluded for those who self-reported a diagnosis of hypertension by a physician. However, it is unlikely that people exposed
to higher levels of aircraft noise would be more prone to recall
a medical diagnosis of hypertension than others.
The fact that hypertension was deﬁned based on only one
visit BP measurement during the daytime was one of the limitations of this study, particularly since ﬁndings showed that it was
night-time noise exposure that was signiﬁcantly associated with
hypertension in men.
No information was available on the date of hypertension
diagnosis by a physician if it existed. Therefore, it was not possible to take into account a possible latency period between
exposure and diagnosis of hypertension. Moreover, we cannot
be sure that aircraft noise exposure preceded this diagnosis.

CONCLUSIONS
The DEBATS study is the ﬁrst to investigate the relationship
between long-term aircraft noise exposure and the risk of hypertension in men and in women near French airports. After adjustment for a lot of potential confounders, an exposure–response
relationship was evidenced between the risk of hypertension and
aircraft noise exposure at night for men only. These ﬁndings contribute to the overall evidence suggesting that aircraft noise exposure at night-time may increase the risk of hypertension in men.
Hypertension is a well-known and established risk factor for cardiovascular disease. The association reported in the present study
between aircraft noise and hypertension implies that aircraft noise
might be a risk factor also for cardiovascular disease.
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