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5 Mio
Todesfälle
pro Jahr 





Air and noise pollution have many of the same 
sources

5

• Research suggests that the social cost of noise
and air pollution in the EU — including death
and disease — could be nearly €1 trillion.

• For comparison, the social cost of alcohol in the
EU has been estimated to be €50-120 billion and
smoking at €544 billion. 

CarsAircraft Railway



WHO/EEA and Noise

• At least 1.6 Mio healthy life years are lost every
year from traffic related noise in the western 
part of Europe

• each day nearly 113 million Europeans in towns
and cities are exposed to noise levels in excess
of 55 decibels just from road traffic.

• European Environment Agency (EEA): 
• 900,000 cases of hypertension
• 43,000 hospital admissions
• 6.5 Mio people suffer from high sleep 

disturbance
• 22 Mio people suffer from chronic high 

annoyance



?

Noise reaction scheme from Wolfgang Babisch



Aircraft Noise Most Annoying

Münzel, Daiber, Basner, Babisch Eur H J 2014



(Aircraft) Noise and cardiovascular
disease

• Hypertension

• Coronary artery disease

• Heart failure

• Stroke



Aircraft Noise and Coronary Artery
Disease



• For night-time deaths, exposure levels 2 h 
preceding death were significantly
associated with mortality for all causes of
CVD [OR = 1.44 (1.03-2.04)

• for the highest exposure group (LAeq > 50 
dB vs. <20 dB)]

Nighttime noise triggers acute cardiovascular death



Annoyance and Arrhythmia and Cerebral
Disease

Gutenberg Health Study
Prospective Cohort Trial Mainz
15.000 Participants







Amygdalar activity correlates with
noise levels and vascular inflammation

• amygdala modulates the 
fear, anxiety response in 
humans

• 500 subjects
• No CVD or cancer
• 18 Fluorodeoxyglucose PET/CT
• Increased noise exposure was 

associated with higher
amygdalar activity and, vascular
inflammation and MACE

Osborne et al. EHJ 2020 



Mechanismen:

CV Tod, Herzinfarkt, Herzinsuffizienz



Mechanisms of noise-induced
vascular damage?



Measurement of endothelial function
(flow mediated dilation)

• Field study
• 60 dBA
• 30 or 60 Flights per night
• Mean sound pressure levels: 43 and

46 dBA

Simulated nighttime
aircaft noise

Polygraphic screening devices
(SOMNOWATCH PLUS)

Methods:
MP3 Player



Healthy subjects

Results:

Randomization plan (C-30-60,
C-60-30, 30-C-60, 30-60-C, 60-C-30, 60-
30-C).



Sleep disturbance Endothelial Dysfunction Vitamin C Effects





• Aircraft : Peak Decibel Level, 85 dBA, 
mean SPL 72dBA

• Noise for 1,2 and 4d
• For comparison: Identical mean sound

pressure levels of white noise
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Vascular function, NO production:
ACh relaxation
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Oxidative Stress ! and Endothelin-1 !
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Ni
tro

ty
ro

si
n

AU

0

5

10

15

20

25

WT + noise
(1 day)

+ noise
(2 days)

+ noise
(4 days)

*

*

*

WT +noise (1 day) +noise (2 days) +noise (4 days)

20x

WT +noise (1 day) +noise (2 days) +noise (4 days)

40x

WT +noise (1 day) +noise (2 days) +noise (4 days)

40x
abcam

40x
Pierce

ET
-1

 p
ro

te
in

 e
xp

re
ss

io
n

AU

0

5

10

15

WT + noise
(1 day)

+ noise
(2 days)

+ noise
(4 days)

*

**

Nitrotyrosin



NOX-2





Day - versus nighttime noise

" Nighttime aircraft noise more damaging than daytime noise?
" Adverse cerebral effects?
" NOX2 knockout protective?



Sleep versus Awake Phase Noise
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Nighttime noise makes oxidative stress in mouse aorta and human plasma
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NOX2 knockout protects

Münzel, Warnholtz JACC 2003



Adverse effects on brain
ameliorated by NOX-2 knockout
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Aicraft Noise downregulates
of neuronal Nitric Oxide Synthase

Aicraft noise increases cerebral
oxidative stress

NOX-2 knockout



AMP Kinase
Activation reverses
Noise-induced
Endothelial dyysfunction



Lancet 2005

Noise AnnoyanceReading Capacity



Acknowledgement of noise as a 
cardiovascular risk factor



Noise mitigation measures and limits
WHO-Noise guidelines

Münzel JACC 2018





Gases: 

• NO2: Nitrogen dioxide
• O3: Ozone
• CO: Carbon monoxide
• SO2: Sulfur dioxide
• CO2: Carbon monoxide

Particulate matter

• PM 10µm
• 2.5µm
• 0.1 ultrafine, size of a virus

Air pollution





Air pollution and excess mortality

800.000 Europa; almost 9 Mio worldwide



8.9 Million die because of PM 2.5

7.2 Million die because of smoking

Loss of life expectancy

Pozzer et al CVR 2020



Mitigation measures



-> 5 µg/m3 2022

We need lower limits !



Reduction of fossil fuel and life expectancy

• Aim: below 5µg/m3
• A phase out of fossil fuel related emmissions (needed to

achieve the 2 degree Celsius climate change goal unger
the Paris agreement) may save 439.000 lives per year

• -> increase in life expectancy by 1.2 y
• Mortality reduced by 55%

Get rid of oil, 
gas,coal

Lelieveld Münzel EHJ 2019



CVR  2021





Future projects:

• Cardiovas-
cular risk 
factors 
plus noise

• Air 
Pollution + 
noise


