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Abstract

Introduction: Urban noise pollution has been associated
with an increased risk of developing metabolic syndrome.
Nevertheless, existing observational studies relating to noise
exposure and metabolic syndrome are based on non-gener-
alizable cohorts. Lisbon remains a noisy city where this asso-
ciation has not been evaluated, and for this reason, we stud-
ied the relationship between exposure to urban noise and
the prevalence of type 2 diabetes mellitus, obesity, and hy-
pertension. Methods: Diurnal, evening and nocturnal noise
emission levels were obtained for each street in the city from
the Lisbon noise map. After allocation of all roads to the re-
spective parish of Lisbon, the noise emission for each parish
was averaged for each day period. The number of adult pa-
tients with type 2 diabetes mellitus, obesity and hyperten-
sion in 2014, 2015 and 2016 in each parish of Lisbon was ob-
tained from the Regional Health Administration of Lisbon
and Tagus Valley. Prevalence as a percentage of the popula-
tion was determined using the number of residents in each
parish determined in the 2011 population census. Spear-

man’s non-parametric correlation coefficient was used due
to the non-normal distribution of the variables, at the 5% sig-
nificance level (a =0.05). Results: No correlations were found
between daytime, afternoon or night-time noise exposure
and the prevalence of type 2 diabetes mellitus, obesity or hy-
pertension, although correlations were found between the
cardiometabolic variables. Nevertheless, noise levels in Lis-
bon were above the legally established limit and the World
Health Organization guidelines for environmental noise ex-
posure in the European region. Conclusion: Our results do
not agree with previous studies and should be faced as pre-
liminary due to a strong biological plausibility for an associa-
tion between noise exposure and cardiometabolic diseases
and to encourage further studies, with longitudinal cohorts.
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Resumo

Introducgdo: A poluicdo sonora urbana tem sido associa-
da a um risco aumentado de desenvolver sindrome me-
tabodlica. No entanto, os estudos observacionais existen-
tes que relacionam a exposicao a ruido e a sindrome me-
tabdlica sao baseados em coortes nao generalizaveis.
Lisboa continua a ser uma cidade ruidosa onde esta as-
sociacao nao foi avaliada, pelo que estudamos a relacao
entre a exposicao ao ruido urbano e a prevaléncia de
diabetes mellitus tipo 2, obesidade e hipertensao. Méto-
dos: Os niveis diurnos, vespertinos e noturnos de emis-
sdo de ruido foram obtidos para cada rua da cidade a
partir do mapa de ruido de Lisboa. Apés atribuicao das
ruas a respetiva freguesia, procedeu-se ao calculo da
média das emissoes sonoras de cada freguesia para cada
periodo do dia. O numero de doentes adultos com dia-
betes mellitus tipo 2, obesidade e hipertensao em 2014,
2015 e 2016 em cada freguesia foi obtido junto da Admi-
nistracdo Regional de Saude de Lisboa e Vale do Tejo. O
coeficiente de correlacdo ndo paramétrica de Spearman
foi utilizado devido a distribuicdo nao normal nas varia-
veis, ao nivel de significancia de 5% (a = 0,05). Resulta-
dos: Nao foram encontradas correlagdes entre a exposi-
¢do ao ruido diurno, vespertino ou noturno e a prevalén-
ciadediabetes mellitustipo 2, obesidade ou hipertensao,
embora tenham sido encontradas correlagdes entre as
variaveis cardiometabodlicas. No entanto, os niveis de rui-
do em Lisboa situaram-se acima do limite legalmente es-
tabelecido e das diretrizes da Organizacdo Mundial de
Saude para a exposi¢ao ao ruido ambiente na regiao eu-
ropeia. Concluséo: Os nossos resultados nao concordam
com estudos anteriores e devem ser encarados como
preliminares devido a uma forte plausibilidade bioldgica
para uma associacdo entre exposicao ao ruido e doencas
cardiometabdlicas e para estimular novos estudos, com
coortes longitudinais.

© 2021 The Author(s). Published by S. Karger AG, Basel
on behalf of NOVA National School of Public Health

Introduction

Noise pollution has been increasing all over the world,
mainly in urban environments [1], due to sources such as
road, rail and air traffic [2]. Observational studies in these
populations have associated noise exposure with negative
effects that go beyond the auditory system [3], and longi-
tudinal cohort studies have shown that noise pollution
specifically increases the risk of developing metabolic
syndrome [4-6].
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Metabolic syndrome is a pathological condition that
includes central obesity, insulin resistance (or type 2 di-
abetes mellitus), hypertension and dyslipidaemia [7], in
a complex interaction between individual genetic pre-
disposition and environmental factors [8-10]. Observa-
tional studies in cities such as Stockholm and Toronto
showed that noise exposure is associated with an in-
creased risk of obesity, hypertension, diabetes and dys-
lipidaemia [6].

Due to the increased prevalence, morbidity and mor-
tality of metabolic syndrome worldwide [11], particular
attention has been paid to environmental determinants,
namely noise, to counteract the epidemiological trend
[12]. However, observational studies have been carried
out in a small number of cities in countries such as Den-
mark, Sweden, Norway, Canada and the UK, having a
limited external validity, as these have specific social, ur-
ban and demographic characteristics [6]. Thus, studies
are relevant to estimate the association between exposure
to urban noise and its cardiometabolic effects in different
populations [13, 14].

Lisbon, the capital and largest city (and municipality)
in Portugal, has a territory of about 85 km? and a popula-
tion of approximately 550,000 individuals, divided into
24 parishes [15]. The population of Lisbon is exposed to
high levels of noise throughout the day, originating from
road traffic, due to the high volume of daily passengers
entering the city [16], as well as rail and air traffic, due to
the high number of railway stations and the location of
Lisbon airport on the outskirts of the municipality, just 5
km from the centre [16], and with the air corridor cutting
the city in half.

This sound environment, characterised by excessive
daytime and night-time noise, has changed little since
2008 despite the monitoring and intervention pro-
grammes on urban noise in the city of Lisbon, placing
Portugal and in particular the city of Lisbon in a very un-
favourable situation in terms of noise levels under Euro-
pean air traffic legislation, according to the European En-
vironment Agency [16]. Lisbon is the second-worst rated
European capital regarding exposure to air traffic noise,
in terms of the Lden indicator (average of 24 h weighted
by day, evening and night periods), with 15% of the pop-
ulation in Lisbon municipality exposed to levels above 55
dB, and in terms of the Ln indicator (night noise between
11 p.m. and 7 a.m.), with 10% of the population exposed
to levels above 50 dB [16].

To the best of our knowledge, there are no studies that
verify the relationship between noise exposure and meta-
bolic syndrome in the city of Lisbon. Therefore, we car-

Martins Pereira/Brito/Oliveira/Oliveira



b c o
Pty ) [ 4
4, - { . |
P iy 4 P, R
e TR e . 4 ; 3 3 ‘g
" “{Lumiar | Olivais | | 4 Lumiar [ Olivais g
rnide!| ! i £ rnide \l e fuf
A it | L g I| |
7\ Alvalade | i o o\ Alvalade | it
D{;‘:MW_\_. TR T -_'-\\Marwfa | lksr;c&am.e ._,_..{ - B Morw;ﬂ
Eﬁ% \, Aneeirg / Ui . X | Areeing
S ¥ o Benﬁcaigmw i V= | S
g P T : i, {2 B
=3= | &
)
Belém =

Fig. 1. a Lisbon noise map in 2008 showing the estimated noise exposure for the combined diurnal, evening and
nocturnal emissions (adapted from [15]). b Outline of the boundaries of each parish in Lisbon (retrieved from
[54]). ¢ Lisbon noise map in 2008 with the outline of the boundaries of each parish in Lisbon (adapted from [15,

54]).

ried out an exploratory cross-sectional study to evaluate
the association between exposure to urban noise and the
prevalence of type 2 diabetes mellitus, obesity and hyper-
tension in Lisbon.

Materials and Methods

Study protocol and data provision were approved by the Ethics
Committee of the Regional Health Administration of Lisbon and
Tagus Valley, IP (ref. 1723/CES/2017). The association between
the different variables was verified at the level of each of the 24
parishes (“freguesias”) of the city of Lisbon: Ajuda, Alcantara, Al-
valade, Areeiro, Arroios, Avenidas Novas, Beato, Belém, Benfica,
Campo de Ourique, Campolide, Carnide, Estrela, Lumiar, Marvi-
la, Misericordia, Olivais, Parque das Nagdes, Penha de Franca,
Santa Clara, Santa Maria Maior, Santo Antdnio, Sao Domingos de
Benfica and Sao Vicente.

Urban Noise Exposure in Lisbon

European Directive 2002/49/CE and Portuguese legislation
(Decree-Law 146/2006) instructed municipalities to draw up noise
maps to assess noise emissions from the road, air and rail traffic in
three reference periods — day, evening and night. Since 2008, the
municipality of Lisbon has publicly released its noise map, drawn
up following legally established criteria (shown in Fig. 1). A de-
tailed description of the development of these noise maps can be
found elsewhere [17]. More recent noise maps have shown that
noise levels in Lisbon have been similar throughout the years [15].

For the distribution of noise levels across the 24 parishes of Lis-
bon, measurements of noise emissions from the 2008 Lisbon noise
map were considered for the three reference periods, obtained in
the various streets of the city. Each street was assigned to the re-
spective parish, and if a street crossed two adjacent parishes, it was
assigned to both. After all streets were allocated, the average noise
emissions for each parish were calculated for each reference peri-
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od. The mean values and standard deviations of noise emission
from each parish and reference period are shown in Table 1.

Prevalence of Type 2 Diabetes Mellitus, Obesity and

Hypertension in Lisbon

Data were obtained from the Regional Health Administration
of Lisbon and Tagus Valley on the number of adult patients with
type 2 diabetes mellitus (identified by the International Classifica-
tion of Primary Care [ICPC] code T90), obesity (ICPC code T82),
uncomplicated hypertension (ICPC code K86) and complicated
hypertension (ICPC code K87) in 2014, 2015 and 2016 for each
parish in the municipality of Lisbon. To calculate prevalence as a
percentage of the population for each parish and each year, the
population of each parish of Lisbon in the 2021 census [18] was
subtracted from the corresponding data in the 2011 census [18] to
obtain the estimated population variation for each parish and each
year between 2011 and 2021 (online suppl. material, see www.
karger.com/d0i/10.1159/000520263). As such, the estimated pop-
ulation of each parish in the city of Lisbon in 2014, 2015 and 2016
was obtained (online suppl. material) and prevalence as a percent-
age of the population was calculated. The prevalence of type 2 dia-
betes mellitus, obesity, uncomplicated and complicated hyperten-
sion in 2014, 2015 and 2016 for each parish is shown in Table 2.

Statistical Analysis

The non-parametric Spearman’s rank correlation coefficient
was used for data analysis using type 2 diabetes mellitus, obesity,
uncomplicated and complicated hypertension prevalence in 2014,
2015 and 2016 and diurnal, evening and nocturnal noise emissions
for each civil parish as variables. This test was used because deviation
from a normal distribution was significant (p = 0.008) for nocturnal
noise and strongly suggested (p = 0.059) for evening noise, as shown
by the Shapiro-Wilk test of normality. As a surrogate analysis, the
parametric Pearson correlation coefficient was also computed for
the same associations. The analysis was performed using the IBM
SPSS Statistics for Windows software, version 26 (IBM Corp., Ar-
monk, NY, USA), at a significance level of 5% (a = 0.05).
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Table 1. Mean values and standard

deviations of noise emission (dBA) in each Civil parish Diurnal, dBA Evening, dBA Nocturnal, dBA

parish of Lisbon for each reference period ]

(diurnal, evening and nocturnal) Ajuda 81.29+2.09 79.77£2.00 72.96+1.91
Alcantara 86.16+1.90 85.25+1.96 80.23+2.02
Alvalade 84.00£2.10 82.41+1.85 75.52+1.59
Areeiro 80.99+2.03 79.15£1.90 72.69+1.77
Arroios 79.98+2.21 78.23+£2.13 72.22+2.05
Avenidas Novas 80.29+1.69 78.77+£1.78 72.49+1.88
Beato 80.65+1.74 79.14£1.99 72.64+2.24
Belém 83.80+1.82 81.70£1.73 75.14+1.64
Benfica 83.73+1.89 81.89+1.84 75.43+1.79
Campo de Ourique 81.25+£1.91 79.48+1.94 72.91+1.97
Campolide 85.36%1.67 84.54+1.86 79.33+£2.04
Carnide 84.45+2.11 83.07+2.02 76.73£1.92
Estrela 82.82+1.93 80.96+2.03 74.48+2.12
Lumiar 86.49+2.05 85.52+1.85 80.42+1.65
Marvila 82.37+1.99 80.60+1.96 74.14%£1.93
Misericérdia 81.97+1.78 80.22+1.82 74.15+£1.86
Olivais 82.48+1.65 80.58+1.75 74.10+£1.84
Parque das Nagoes 82.21+2.23 80.10+1.99 73.62+1.75
Penha de Franca 79.17+1.87 77.64+1.78 71.17+1.68
Santa Clara 86.92+2.04 86.52+2.13 82.34+2.22
Santa Maria Maior 81.17+1.79 78.32+1.92 72.23+2.04
Santo Anténio 80.60+1.58 78.53+£1.85 72.93+£2.11
Sdo Domingos de Benfica 85.69+2.01 84.86+1.97 79.24+1.92
Sao Vicente 79.21£1.92 77.56+£1.99 70.98+2.07

Results

Noise levels in Lisbon decreased throughout the day,
with the lowest values observed at night (as shown in Ta-
ble 1). The noisiest parish in the city of Lisbon for all ref-
erence periods was “Santa Clara.”

No correlations were found between diurnal, evening
or nocturnal noise exposure and the prevalence of type 2
diabetes mellitus, obesity or hypertension in any of the
studied years (shown in Table 3). The magnitude and sig-
nificance of these associations were essentially the same
using the Pearson correlation coefficient. Consistent cor-
relations were found between the prevalence of type 2 di-
abetes mellitus, obesity, uncomplicated and complicated
hypertension throughout the studied years, as shown in
Table 4.

Discussion

Our study aimed to investigate a possible cross-sec-
tional association between exposure to urban noise and
the prevalence of type 2 diabetes mellitus, obesity and
hypertension in the city of Lisbon. We found no asso-
ciation between the considered factors, unlike other
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studies where authors found an increased risk of cardio-
metabolic diseases in populations exposed to noise [19-
26].

There is a strong biological plausibility for an associa-
tion between noise exposure, type 2 diabetes mellitus,
obesity and hypertension. Noise exposure acts as a phys-
iological and psychological stressor, activating the neuro-
endocrine pathways, such as the hypothalamus-pituitary-
adrenal axis and the sympathetic nervous system, with
subsequent release of cortisol and catecholamines [27].
Long-term noise exposure leads to chronic hypercorti-
solism and hyperglycaemia and, as such, promotes hyper-
insulinism, insulin resistance, dyslipidaemia, central adi-
posity, endothelial dysfunction, oxidative stress, inflam-
mation and thrombotic predisposition [28-30], which
lead to the development of type 2 diabetes mellitus, obe-
sity and hypertension [31, 32]. These effects are particu-
larly pronounced with exposure to nocturnal noise. Noc-
turnal noise exposure can decrease sleep duration, reduce
sleep quality and disrupt circadian rhythm, which is
strongly and independently associated with adverse met-
abolic effects such as obesity and type 2 diabetes mellitus
[33-35].

Our study found high levels of diurnal, evening and
nocturnal noise in Lisbon. These noise levels were above
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Table 2. Prevalence of type 2 diabetes mellitus, obesity, uncomplicated and complicated hypertension in 2014, 2015 and 2016 for each

parish in Lisbon

Parish DM2 DM2 DM2 Obesity  Obesity  Obesity HTA HTA HTA HTA HTA HTA
2014 2015 2016 2014 2015 2016 nC nC nC Comp Comp Comp
2014 2015 2016 2014 2015 2016
Ajuda 7.2 8.7 8.8 338 5.8 6.3 18.1 216 21.0 3.0 4.8 54
Alcantara 4.6 7.5 7.6 1.4 4.5 5.1 12.2 20.8 209 1.1 33 3.6
Alvalade 5.1 52 5.1 4.5 49 5.4 15.7 15.9 15.4 23 24 2.6
Areeiro 3.8 4.1 4.1 2.9 3.6 4.2 10.9 11.6 12.0 1.6 1.7 1.8
Arroios 5.1 53 52 39 4.8 53 14.8 15.4 15.0 1.7 1.8 1.8
Avenidas Novas 3.7 4.0 4.0 2.7 35 3.8 1.7 12.0 12.1 1.9 20 2.1
Beato 34 6.9 7.1 4.5 10.8 125 9.5 19.8 19.6 1.0 3.2 35
Belém 24 4.0 42 0.9 2.9 33 7.8 13.7 14.1 1.0 23 2.8
Benfica 8.2 7.8 8.0 9.0 9.6 10.7 244 23.7 24.0 4.9 4.7 52
Campo de Ourique 6.0 6.0 6.0 7.7 8.8 9.2 19.4 19.6 19.4 3.6 4.0 4.1
Campolide 6.3 6.6 6.7 5.0 57 6.1 17.4 18.0 18.0 29 32 3.2
Carnide 57 58 5.9 74 8.3 8.7 16.7 17.0 17.2 3.1 3.0 3.2
Estrela 44 4.5 4.5 2.1 2.5 3.0 16.1 16.3 16.3 1.6 1.8 1.8
Lumiar 44 4.6 4.7 43 4.8 5.1 12.8 13.4 13.5 1.9 2.0 2.1
Marvila 5.6 8.6 8.8 5.4 10.6 1.7 16.5 247 24.7 1.2 29 3.1
Misericérdia 5.4 53 57 35 4.9 6.8 14.5 15.2 15.7 14 1.8 24
Olivais 83 8.2 8.2 5.0 6.7 7.6 20.2 20.6 20.7 3.0 33 34
Parque das Nagbes 24 1.6 1.4 9.9 7.4 7.2 3.8 3.8 3.9 1.2 0.8 0.7
Penha de Franca 4.7 6.7 6.7 0.7 0.8 1.0 14.7 20.2 19.8 1.5 2.9 3.1
Santa Clara 4.5 4.8 4.9 35 4.0 4.5 10.4 11.2 11.7 1.6 1.8 1.9
Santa Maria Maior 6.7 6.9 6.9 34 4.7 7.2 15.6 16.6 17.1 1.1 1.2 1.3
Santo Anténio 5.1 53 5.4 47 58 6.2 15.9 16.3 16.5 2.1 2.4 2.5
Sdo Domingos de Benfica 5.0 53 54 5.1 5.7 6.2 16.2 16.5 16.8 3.0 3.1 3.2
Séo Vicente 5.0 6.5 6.5 3.1 5.8 6.3 12.2 17.5 174 1.9 3.0 32

Values are presented as a percentage of the population (%). DM2, type 2 diabetes mellitus; HTA, hypertension; nC, non-complicated; Comp, complicated.

Table 3. Spearman’s correlation coefficient (r;) and its significance (p) between diurnal, evening and nocturnal noise emissions and prev-
alence of type 2 diabetes mellitus, obesity, uncomplicated and complicated hypertension in 2014, 2015 and 2016 in the 24 civil parishes

of Lisbon
DM2 DM2 DM2 Obesity Obesity Obesity HTA HTA HTA HTA HTA HTA
2014 2015 2016 2014 2015 2016 nC nC nC Comp Comp Comp
2014 2015 2016 2014 2015 2016
Diurnal (dBA) ry  0.035 -0.079  -0.045  0.229 -0.004 -0.047 0.130 -0.060 -0.063  0.147 0.132 0.123
p 0.872 0.714 0.834 0.281 0.984 0.829 0.543 0.781 0.768 0.492 0.539 0.565
Evening (dBA) rs  0.000 -0.092  -0.058  0.231 0.001 -0.068  0.128 -0.053  -0.055 0.173 0.166 0.160
p 0.998 0.668 0.787 0.278 0.995 0.751 0.550 0.806 0.799 0.420 0.439 0.456
Nocturnal (dBA) rg  0.021 -0.106  -0.068  0.228 -0.006 -0.082 0.134 -0.076  -0.072 0.174 0.142 0.135
p 0923 0.622 0.751 0.285 0.979 0.704 0.534 0.725 0.738 0.415 0.509 0.529

DM2, type 2 diabetes mellitus; HTA, hypertension; nC, non-complicated; Comp, complicated.

the legally established limit (Decree-Law 146/2006),
which define an exposure limit value of 65 dB for daytime
noise and 55 dB for nocturnal noise, and the recent World
Health Organization guidelines for environmental noise
in the European region [36]. Although we did not find a
correlation between the factors, these high noise levels

Urban Noise Exposure and
Cardiometabolic Diseases

observed throughout the day could lead to an increase in
negative cardiovascular and metabolic health outcomes
in the future [37].

Analysing our results, it is important to consider that
there is a significant number of daily commuters in Lis-
bon that are exposed to daily noise levels of this city but,

Port J Public Health 2021;39:95-102
DOI: 10.1159/000520263

99



Table 4. Spearman’s correlation coefficient (r;) and its significance (p) between prevalence of type 2 diabetes mellitus and obesity, uncom-
plicated and complicated hypertension in 2014, 2015 and 2016 in the 24 civil parishes of Lisbon

Obesity Obesity Obesity HTA HTA HTA HTA HTA HTA

2014 2015 2016 nC nC nC Comp Comp Comp

2014 2015 2016 2014 2015 2016

DM2 2014 r 0.433 0.446 0.529 0.876 0.625 0.632 0.597 0.501 0.463
p 0.035 0.029 0.008 0.000 0.001 0.001 0.002 0.013 0.023

DM2 2015 rs 0.210 0.496 0.564 0.593 0.934 0.938 0.181 0.709 0.703
p 0.325 0.014 0.004 0.002 0.000 0.000 0.398 0.000 0.000

DM2 2016 rs 0.215 0.511 0.581 0.584 0.936 0.944 0.158 0.719 0.722
p 0.312 0.011 0.003 0.003 0.000 0.000 0.460 0.000 0.000

Statistically significant correlations are highlighted in bold. DM2, type 2 diabetes mellitus; HTA, hypertension; nC, non-complicated;

Comp, complicated.

if diagnosed with any of the studied diseases, are counted
in their respective residential municipality and not in Lis-
bon. Also, there can be a considerable difference between
noise exposure assessments based on the residence and
the noise exposure measured by the method we used, al-
locating streets that cross several parishes and that may
have various sound intensities due to their large extension
(38, 39].

The cross-sectional design does not allow the estab-
lishment of a causal inference between the studied cardio-
metabolic diseases and noise exposure [40], which may
also constitute a limitation. The specific associations be-
tween residential transport noise and diabetes arise main-
ly from longitudinal studies, following up a large popula-
tion-based cohort of residents in urban regions [41]. In-
terestingly, this association holds even after adjusting for
environmental co-exposures, including traffic-related air
pollutants [42-45]. Thus, our study was an exploratory
pilot study and aimed to establish preliminary evidence
for future studies [40]. This is particularly relevant if we
consider that strong earlier evidence exists.

Considering hypertension and obesity, the evidence of
a relationship with road traffic noise is quite robust and
is dose-dependent [23-25, 46-52]. Although we did not
find an association concerning these factors, we should
take into account that the prevalence of the studied car-
diometabolic diseases in each civil parish of Lisbon was
based on electronic health records from primary care.
This creates a selection bias, excluding people with diffi-
cult access to healthcare and people covered by private
insurance [53].

In summary, no association was found between expo-
sure to diurnal, evening and nocturnal noise exposure
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and the prevalence of type 2 diabetes mellitus, obesity and
hypertension in Lisbon. These results highlight the need
for further research on the cardiometabolic effects of ex-
posure to urban noise in Lisbon, due to its possible harm-
ful effects on human health.

Conclusion

No correlations were found between exposure to ur-
ban noise in Lisbon and the prevalence of cardiometa-
bolic diseases in any of the studied years. Noise levels
were above the legally established limit and the recom-
mended environmental noise exposure by the World
Health Organization. More studies are needed on the car-
diometabolic effects of urban noise exposure in Lisbon,
especially longitudinal cohort studies with better cardio-
metabolic disease data and characterization of noise ex-
posure in each parish of the city of Lisbon.
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