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ABSTRACT
Although aircraft noise exposure was found to be associated with higher risk of hypertension in
cross-sectional studies, a limited number of longitudinal studies have addressed this issue. This
study aimed to investigate the association between exposure to aircraft noise and the incidence
of hypertension. This study included in 2013 1,244 adults living near three French airports.
Systolic and diastolic blood pressure, and demographic and lifestyle risk factors were collected
at baseline and after two and four years during face-to-face interviews. Aircraft noise exposure
was estimated for each participant's home address using noise maps. Analysis was performed
using mixed Poisson and linear regression models adjusted on potential confounders. A 10
dB(A)-increase in aircraft noise levels was associated with higher hypertension incidence (IRR
(Incidence Rate Ratio) =1.33 (95%CI=1.00-1.78) for Lden). The association for Lnight was at the
borderline of statistical significance (IRR=1.28 (95%CI=0.98-1.67)). Systolic and diastolic blood
pressure also increased with all noise indicators. These results strengthen those obtained from
cross-sectional analysis of the data collected at inclusion and support the hypothesis that aircraft
noise exposure may be considered as a risk factor of hypertension.

INTRODUCTION
Noise pollution is a major environmental issue. Epidemiological studies have previously linked
aircraft noise exposure to several health risks including hypertension [1–3].
DEBATS is an individual longitudinal study aimed to evaluate the possible effects of aircraft
noise exposure on the health of the population living near airports in France. The present paper
presents the results of longitudinal analyses of the association between aircraft noise levels and
the incidence of hypertension.

The 13th ICBEN Congress on Noise as a Public Health Problem,
Karolinska Institutet, Stockholm, Sweden, 14-17 June 2021

METHODS
Study population
The study protocol was described in detail elsewhere [2, 4]. Briefly, in 2013, the baseline study
included 1,244 adults living near one of three major French airports (Paris-Charles-de-Gaulle,
Lyon-Saint-Exupéry, and Toulouse-Blagnac). The study sample was randomly selected from
the residents after stratifying for aircraft noise exposure categories (<50 dB(A), 50-54 dB(A),
55-59 dB(A) and >=60 dB(A)). These categories were defined on the basis of the most recent
aircraft noise contours in terms of day-evening-night aircraft noise levels (Lden).
Questionnaires
At baseline in 2013 (T0) and then two (T2) and four (T4) years later, participants responded to
a similar questionnaire during face-to-face interviews with trained interviewers. Collected
information included demographic and socioeconomic characteristics; anthropometric
measurements (height and weight); personal medical history and lifestyle factors, including
tobacco and alcohol consumption and physical activity.
Blood pressure and hypertension
At T0, T2 and T4, the interviewer measured participant's systolic blood pressure (SBP) and
diastolic blood pressure (DBP) using a validated, automated BP instrument. He performed the
first measurement after a 5-minute rest at the beginning of the interview and a second
measurement after a 1-minute interval. The mean of these two readings was used to define
SBP and DBP for the following analyses. The interviewer recorded a third measurement about
1 hour later. This last measurement was used as a validity check to exclude participants for
whom it was significantly different (±20 mm Hg) from the first two.
Either when their BP levels exceeded the WHO predefined threshold (SBP≥140 mm Hg or
DBP≥90 mm Hg) [5], or if participants declared a prior diagnosis of hypertension by a physician
as well as the use of antihypertensive medication, participants were considered hypertensive.

Aircraft noise assessment
Outdoor aircraft noise exposure at each participant’s home address was assessed in 1 dB(A)
intervals using noise maps produced by the French Civil Aviation Authority with the Integrated
Noise Model (INM) [6]. Four noise indicators were calculated and used in the statistical analyses
as continuous variables (Lden, Lnight, LAeq,24h and LAeq,6h-22h).

Statistical analysis
In the current longitudinal analyses, the incidence of hypertension was the primary outcome. It
was defined as being classified as hypertensive for the first time during the study. Hence,
participants with hypertension at T0 were excluded from the analyses. In addition, participants’
observations were subsequently excluded at T4 if they were considered hypertensive at T2.
Adjusted mixed Poisson regression models with a participant-level random intercept were
applied to investigate associations between the incidence of hypertension and aircraft noise
exposure levels. Associations are reported using Incidence Rate Ratios (IRRs), which are the
exponentials of the beta coefficients, and expressed for 10 dB(A) increase of aircraft noise
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exposure with corresponding 95 % confidence intervals (95 % CIs). In these models, the
outcome, the incidence of hypertension, was regressed against each noise level indicator and
the confounders measured at the previous survey (time-1) to ensure that the measurements
precede the onset of hypertension [7]. Thus, the survey indicator included in the models had
two levels (0/2).
Linear mixed models with participant-specific random intercepts were applied to investigate the
associations between systolic and diastolic blood pressure and aircraft noise exposure after
adjustment for the previously mentioned confounders and the survey indicator. The outcome,
SBP or DBP, and the confounders in these models were measured at the same survey and the
survey indicator had three levels (0/2/4). Each level of the survey indicator represents the
corresponding survey T0, T2 and T4, respectively.
The following major confounding factors were controlled for in the multivariate analyses for both
Poisson and linear mixed models: gender, age (continuous), body mass index (BMI, in three
categories: (underweight or normal/overweight/obesity), physical activity (yes/no), occupational
activity (yes/no) and alcohol consumption (in three categories: no/light/moderate or heavy). The
use of antihypertensive medication (yes/no) was also introduced into DBP and SBP models.
Analyses were carried out for each aircraft noise level indicator separately, and all associations
were estimated per 10 dB(A) increase in noise levels. Analyses were performed using SAS 9.4
software with a significance level of P<0.05.

RESULTS
There were 1,230 participants (687 women and 543 men) at baseline, 984 (543 women and
441 men) at the first follow-up (T2) and 806 (434 women and 372 men) at the second follow-up
(T4) included in present analysis.
The prevalence of hypertension was estimated to 35%, 36% and 38% at T0, T2 and T4,
respectively. A total of 80 (8%) and 47 (6%) incident cases of hypertension were identified at
T2 and T4, respectively.
Table 1 presents the results obtained from the two Poisson models exploring separately the
effect of exposure to aircraft noise in terms of Lden and Lnight on the incidence of hypertension. A
10-dB(A) increase in aircraft noise levels in terms of day-evening-night exposure (Lden) was
significantly associated with a higher incidence of hypertension. The association for nighttime
noise exposure (Lnight) was at the borderline of statistical significance.
A significantly higher incidence of hypertension was also observed with each 10-dB(A) increase
in 24-hour noise exposure (LAeq,24h) and daytime noise exposure (LAeq,6h-22h) (results not shown).
Table 1: Aircraft noise indicators and hypertension incidence: results of the adjusted mixed
Poisson regression models
Indicator of exposure

IRR*

95 % CI

p-value

Lden

1.33

1.00–1.78

0.05

Lnight

1.28

0.98–1.67

0.06

* Per 10 dB(A) increase in aircraft noise exposure. Adjusted for age, gender, BMI, physical activity, alcohol
consumption, occupational activity and survey dummy variable.
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A statistically significant increase in systolic and diastolic BP was also found for a 10-dB(A)
increase in aircraft noise exposure for all of the four indicators (results not shown).

DISCUSSION
In the present longitudinal study, 127 incident cases of hypertension (80 at T2 and 47 at T4)
were identified over a four-year period. Our results indicate that increasing levels of aircraft
noise exposure were associated with a higher incidence of hypertension. A similar positive
association was also found for systolic and diastolic blood pressure. These results confirm those
of a previous cross-sectional analysis from the DEBATS baseline observations, where a
significant relationship was found between aircraft noise and the risk of hypertension among
men [2].
Several previous cross-sectional studies have also shown that exposure to aircraft noise
increases the risk of hypertension. However, a recent WHO review considered the evidence
inconclusive, with a pooled Relative Risk (RR) of 1.05 (95% CI: 0.95–1.17) per 10-dB (A)
increase in Lden [1].
Our results are consistent with those of the only two longitudinal studies available on the subject
[8, 9]. Indeed, Pyko et al. found a statistically significant association between the incidence of
hypertension and aircraft noise exposure: Hazard Ratio (HR) = 1.16 (95% CI: 1.08–1.25) per
10-dB(A) increase in Lden [8]. Dimakopoulou et al. also reported a positive association in a
HYENA sub-study carried out in Athens (Greece): Odds Ratio (OR) = 2.63 (95% CI: 1.21–5.71)
per 10-dB(A) increase in Lnight. [9].
The present study is one of the very few longitudinal studies investigating the potential effect of
noise on hypertension in Europe and the first in France. Our results support the hypothesis that
aircraft noise exposure may be considered as a risk factor for hypertension. Potential biases
may have occurred in this study but they are likely to be limited.
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