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Health evidence

Effect Specific outcomes Key metric used Curren_t strength of
the evidence

Cardiovascular Hypertension Laen, Leq16hr and Sufficient
Coronary Heart Disease (CHD) Leq 24hr
Acute Myocardial Infarction (AMI)
Stroke
Self-reported sleep Interference with falling asleep Awakening/ Lrignt and Lmax Sufficient
disturbance interference with staying asleep
Objective sleep Awakening Lrigt and Lmax Sufficient
disturbance
Cognitive development Reading Leq, Laen and, for a few studies, Lmax Sufficient

Standardised test scores

Annoyance Bothered, disturbed or annoyed by noise at home Leq 24hr, Laen and Lan Sufficient

Hearing impairment Loss in hearing Leq 8hr (individual exposure) None at <75 dB(A)
Mental health, wellbeing Wellbeing Quality of life Leq 8hr (individual exposure) Sufficient

and quality of life Psychological symptoms Leq16hr and Leq 8hr

Psychological ilinesses e.g. depression, anxiety
Medication for psychological illnesses

Table 4.1 Strength of evidence for health and quality of life effects from environmental noise

https://www.heathrow.com/company/local-community/noise/making-heathrow-quieter/noise-action-plan
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Health evidence

Why do we research noise and health?

v'to understand how noise affects health

v'to understand which aspects of health are affected

v'to understand the quantitative relationship between noise exposure and health risk
v'to quantify the health effects at a population level

v'to understand which interventions are effective at reducing adverse effects

v'to support the economic case for action

v'to prioritise the right interventions for the right population subgroups
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https://unsplash.com/@rosssneddon?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash
https://unsplash.com/photos/person-holding-jigsaw-puzzle-piece-sWlDOWk0Jp8?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash

Recap (NACF SEP 2024)

» There are multiple pathways through which aviation noise
affects long-term physical and mental health

» Current evidence suggests that efforts to reduce both noise
exposure and annoyance are warranted

»Emerging evidence suggests that certain individuals are at
higher risk of adverse effects

» Still many unknowns — a case for monitoring & evaluation
» The health evidence doesn’t give us all the answers
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ANNOYANCE
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Annoyance
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[llustration by B. Fenech 2025
Sound by Rahmad romadoni. Plane by iconlabs. Emotions by Shocho.
Health by Sunrise. All icons from from Noun Project (CC BY 3.0)
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https://thenounproject.com/browse/icons/term/sound/

Annoyance

Aviation Noise Attitudes Survey

The Aviation Noise Attitudes Survey will provide new evidence on attitudes to
aviation noise around airports.

Home  Passengers and public  Environment N

The Aviation Noise Attitudes Survey 2023-24, often referred to as ANAS, is a
large-scale social research study examining the relationship between long-term
exposure to aviation noise and annoyance in the UK,

Our newly-formed Sustainability Team began work on the study in 2022
The study builds on the Survey of Noise Attitudes (SoNA), 2014,

The key outcome from ANAS 2023-24 will be new Exposure Response
Relationships (ERRs) for UK aviation noise annoyance. An ERR is a relationship
between a level of exposure, or 'dose’, of aircraft noise and an average response
10 it, based on an I1SO (International Organisation for Standardisation) standard
question.

In simple terms, the study will be able to identify what proportion of a population
exposed to specific levels of aviation noise, is ‘highly annoyed” by it.

8  Heathrow NACF 24.09.2025




Non-acoustic factors

vl ﬂ"’ N ¢ =
: - N jfl S .\ S
BS| Standards Publication

/‘q i"’"\!

Acoustics — Non-acoustic factors influencing
the perception, interpretation and
response to environmental sounds

Part 1: Definition and conceptual framework

non-acoustic factor

specific factor, other than the objective,
measured and/or modelled acoustic
parameters, which influences the process of
perceiving, experiencing, understanding bsi.
and/or responding to an acoustic environment
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Non-acoustic factors

PDISO/TS 16755-1:2025 PERSUNAL SUCIAL

BSI Standards Publication

Acoustics — Non-acoustic factors influencing
the perception, interpretation and
resp to envir 1 d

Part 1: Definition and conceptual framework

SITUATIONAL PHYSICAL

bsi.

Figure 1 — Conceptual framework to show the four non-acoustic factor categories and their
influence on how an individual perceives, experiences, understands and/or responds to an acoustic
environment within a broader context (adapted from Reference [24] using some concepts from

IS0 12913-1[11])
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An example of the use of non-acoustic factors

X &

Manchester
Anderson Metropolitan

Acoustics University

EXPLORING THE CONCEPT OF
FAIR AND EQUITABLE
DISTRIBUTION TO MINIMISE
SOCIAL UNACCEPTABILITY OF
AIRSPACE DESIGN OPTIONS —
FINAL REPORT

PREPARED FOR GATWICK AIRPORT LTD

https://andersonacoustics.co.uk/resource-type/aviation/

AUGUST 2024
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CARDIOVASCULAR DISEASE
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Risk factors for dementia— 2024 update

The 2024 update to the standing Lancet Commission on dementia prevention, . .
|}
intervention, and care adds two new risk factors (high LDL cholesterol and vision loss) RlSk fadors for dementla
I l ‘ ! rS a I l I I l g and indicates that nearly half of all dementia cases worldwide could be prevented or An update to the Lancet Commission on Dementia prevention, intervention,
delayed by addressing 14 modifiable risk factors. and care presents a life-course model showing that 12 potentially modifiable

risk factors account for around 40% of worldwide dementias

[ ]
Eniue n | Percentage reduction in cases
Ay e of dementia if this risk factor Early life
is eliminated

Loss education

Percentage reductson in demwntia peevalence
if this rsk factor is eiminated

Newdy-identified risk factors

@ Less education

Midlife

Hearing loss

High LDL cholesterol
" (New for 2024)

Hoaring foss
_ Depression
@»T raummatic brain injury Traumatic brain injury
@ Physical inactivity Hypertension
Alcohol
Diabetes »27 urdts por weok

@, Smoking

@ Hypertension
@@ Obesity

™ Excessive alcohol
Late life
@. Social isolation Later life
7@/ Airpollution

k. Visual loss (New for 2024)

45%

potentially

modiﬁy
Risk unknown

Read the full commission update at thelancet.com/commissions/dementia-prevention-intervention-care

https://www.thelancet.com/infographics-do/dementia-risk

Livingston G, Hunthy | L KY, etal. Dementia prevention, Intervention, and care: 2024 report of the Lancet standing Commission. TheLancet 2024;
published online July 31. httpsy/dol 0m/10.1016/S0140-6736(24)01206-0,
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Figure 3.1 Three sufficient causes of a disease.

Necessary component cause

One sufficient causal mechanism  Single component cause

3 What Is Causation? in Epidemiology: An Introduction (3rd edn), https://doi.org/10.1093/0s0/9780197751541.003.0003 L, OXFORD

UNIVERSITY PRESS

The content of this slide may be subject to copyright: please see the slide notes for details.


https://doi.org/10.1093/oso/9780197751541.003.0003

Types of evidence

How strong is the scientific evidence?
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this evidence is don’t forget that this is the strongest
too weak to draw correlation # causation available evidence
conclusions absolute risk = relative risk
always keep in these studies can prove
mind the limitations causation, but don't
of these studies generalise too quickly

https://www.eufic.org/en/understanding-science/article/the-levels-of-evidence-in-nutrition-research
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Cardiovascular

16

Study (N)

Prevalence of IHD
HYENA (4712)

AWACS-1 (9386)
Pooled (2)

Incidence iof IHD
USAairports (6 027 363)

LSAS (3591 719)
Pooled (2)

Mortality due to IHD
Ecological studies
LSAS (3591 719)

AWACS-2 (305 926)
Pooled (2)

Cohort studies
SNC (4 580 311)

0.333

1.000

Estimated RR per 10 dB

3.000

Notes: The dotted vertical line corresponds to no effect of exposure to aircraft noise. The black circles correspond to the
estimated RR per 10 dB and 95% CI. The white circles represent the pooled random effect estimates and 95%
Cl. For further details on the studies included in the figure please refer to the systematic review on environmental
noise and cardiovascular and metabolic effects (van Kempen et al., 2018).
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Cardiovascular

Environment International 202 (2025) 109667

Contents lists available at ScienceDirect

Environment International

EIL.SEVIER journal homepage: www.elsevier.com/locate/envint

Review article

i

Revisiting the association between transportation noise and heart disease
reported in the World Health Organization Environmental Noise Guidelines
for the European Region: a systematic review and meta-analysis

Michaela Mjnkin?"_b’l, Lisa Woodland Q’b’_l ©, Owen A. Williams *°, Sophie Hamilton _b=°,
Anna L. Hansell ™%, Danielle Vienneau “, Xiangpu Gong "**“, Benjamin Fenech *> ©

= Environmental Hazards and ies, Radiation, Chenuical, Glimate and Emvi ] Hazards, UK Health Security Agency (UKHSA), 10 South Colonnade,
London E14 SEA, UK

® The National Institute of Health Research (NIHR) Health Protection Research Unit (HPRU) in Chemical Threats and Hazards ar the University of Leicester, Leicester,
UK

< Chemical and Emvironmental Effects, UK Hedlth Security Agency (UKHSA), 10 South Golonnade, London E14 SEA, UK

2 Gentre for Environmental Health and Sustainability, University of Leicester, Leicester, UK

= National Institute for Health Research, Leicester Biomedical Research Centre (BRG), Leicester General Hospital, Leicester, UK

f Swiss Tropical and Public Hedlth Institute, Department of Epidemiology and Public Health, Kreuzstrasse 2, Allschwil CH-4123, Switzerland

* University of Basel, Basel, Switzerland

ARTICLEINFO ABSTRACT

Handling Editor: Dr N Roth Background: Whilst the link between long-term exposure to transportation noise and cardiovascular disease has

been discussed for several decades, there are still uncertainties in the exact quantitative relationship between the
Keywords: ) two. A systematic review and metz-analysis that informed recommendations in the World Health Organization
Road traffic noise Environmental Noise Guidelines for the European Region included studies published up to 2015. Since then,
Raksdy notée there has been a rapid increase in publications from epidemiological studies exploring the risk over a larger noise

:{";a&l.noi“ exposure range, and with more precise exposure assignment. Given the influential nature of the WHO Guidelines,
https://doi.org/lO.1016/i.envint.2025.109667 Systematic review r;:ves‘;gated whether the inclusion of studies published up to December 2023 changes the quantitative
Meta-analysis elatonstup.

Methods: We carried out a systematic review and meta-analysis on the association between transportation noise

el e —
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Study

Study design Sex Exposure resolution Adjustment for air pollution RoB

2
2

©
2
o
g
Q
=

source = 1, Road
Andersson et al (2020) Cohort M B NOx Low 1.07 [1.00; 1.15] 2.5%
Babisch et al (1994) | Case control M D No adjusiment Low 1.25 [0.72;2.17] 0.1%
Babisch et al (1994) || Case control M D No adjustment Low 1.10 [0.91, 1.33] 0.6%
Babisch et al {1998 Cehort M D No adjustment Low 0.80 [0.70; 1.15] 0.4%
Babisch et al {2005) Female Case control F D No adjustment Low 0.82 [0.72; 1.17] 0.4%
Babisch et al (2005) Male  Case control M D No adjustment Low 1.07 [0.98; 1.16] 2.1%
Bai et al (2020) Cohort M+F E NOZ & UFP Low 1.04 [1.03; 1.06] 4.5%
Bedin et al (2016) Cohort M+F B NOx Low 0.99 [0.86, 1.14] 1.0%
Bustaffa et al (2022) Cohort M+F B NO2 Low 1.00 [0.98; 1.01] 4.5%
Cai et al (2018) Cohort M+F C NO2 Low 1.03 [0.96; 1.11] 2.3%
Carey et al (2016 Cohort M+F E No agjustment Low 0.96 [0.86; 1.07] 1.5%
Dimakopolou et a §2017) Cohort M+F D No adjustment High 0.97 [0.69; 1.37] 0.2%
Halonen et al 4201 ) Smallarea M+F E NOx & PM2.5 High 1.00 [0.98; 1.02] 4.3%
Lim et al (202 bz’ Coh: F B PM2.5 & NO2 Low 0.90 [0.79; 1.02] 1.2%
Magnoni et al %2 21) Cohort M+F D NO2 Low 0.99 [0.96; 1.02] 4.0%
Pyko et al (2019 Cohort M+F C PM2.5 & Black carbon Low 0.96 [0.90; 1.03] 2.6%
Pyko et al (2023 Cohort M+F B PM2.5 Low 1.02 [1.00; 1.04] 4.3%
Roswall et al &2017) Cohort M+F A NO2 Low 112 [1.03; 1.21] 2.2%
Seidler et al (2016 Case control M+ F D No ac,l&us'ment Low 1.02 [1.01: 1.03] 4.5%
Selander et al& ) Case conirol M+ F C 02 Low 1.07 [0.97; 1.19 1.7%
Thacher et al (2022b) Cohort M+F A PM2.5 & NO2 Low 1.05 [1.04; 1.06] 4.6%
Yang et al (2023) Cohort M+F D PM2.5 & NO2 Low 1.08 [1.00; 1.16] 2.4%
Random eff 5 model 1.02 [1.01; 1.04] 51.89%
Prodiction intgrval {0.97; 1.07
t rogenelty. [© =749 = 0,022: - /
source = 2, Rail
Pyko et al (2019 Cohort M+F C PM2.5 & Black carbon Low 1.01 [0.93; 1.09
Pyko et al (2023 Cohort M+F B PM2.5 Low 1.03 [1.01; 1.06
Roswall et al 52017 Cohort M+F A NO2 Low 1.00 [0.98, 1.02
Seidler et al (2016 Case control M +F D No adgus!ment Low 1.01 [1.00; 1.03
Thacher et al {(2022b) Cohort M+F A PM2.5 & NO2 Low 0.86 [0.95; 0.98
Random effects model 1.00 [0.98; 1.03
Prediction interval {0.91; 1,10
source = 3. Alr
Correia et al (2013) Smallarea M+F E PM2.5 High 1.05 [0.98; 1.13] 2.5%
Dimakopolou et al ﬁ2017) Cohort M+F D No adb‘sstment High 0.74 [0.38; 1.43] 0.1%
Hansell et al (2013 Smallarea M+F E PM10 High 1.11 [1.08; 1.14] 4.1%
Pyko et al (2019 Cohort M+F C PM2.5 & Black carbon Low 1.04 [0.94; 1.15] 1.7%
Pyko et al (2023 Cohort M+F B PM2.5 Low 1.00 [0.94; 1.06] 2.9%
Seidler etal (2016 Case control M +F D No adjustment Low 1.00 [0.98; 1.01 4.4%
Thacher et al (2022b) Cohort M+F A No adjustment Low 1.01 0.??: 1.05 ‘3.8%
. . . Random effects model 1.03 {0.99; 1.07 8.4%
https://doi.org/10.1016/j.envint.2025.109667 tion interva [0.92" 1.16]
oneneity: ° - S=AT 83 (s v
source = 4, Mixed transport noise modalled via land useo regression -
Buteau et al (2023) Cohort M+F E NO2 High . 1.08 [1.08;1.09] 4.6%
Yankoty et al (2021) Cohot M +F E NO2 High ‘ | 113 [1.11: 1.16]  4.3%
Random effects model ‘ 1.10 [1.06; 1,15 8.9%
Pradiction Iintgrval g
Hatarogeneity: /© =93%, 1 =0.0303, 15 = .
Random effects model & 1.03 E.g; : }(m 100.0%
rediction interva —m—— .95; 1.
18 HeathrOW NACF 24-09- 2025 “e(mogene"y: 1 =95%, t=0.0389, ng =72362 (p<001) I 1
0.75 1 15


https://doi.org/10.1016/j.envint.2025.109667

Mortality

https://doi.org/10.1016/j.envint.2025.109667

19

Study design Sex Exposure resolution Adjustment for air pollution RoB

Study

source = 1, Road

Barcelo et al (2016) Case confrol M
Barcelo et al (2016) Case control F
Beelen et al (2009 Cohort M+F
Bustaffa et al 202 Cohort M+F
Cole-Hunter et al (2022) Cohort F
Gan et al (2012) Cohort M+F
Halonen et al (2015) Smallarea M+ F
Hao et al (2022) Cohort M+F
Klompmaker et al (2021) Cohort M+F
Pyko et al {2019 Cohort M+F
Seidler et al (2016 Case control M +F
Selander et al (20! g Case control M+ F
Sorensen et al {202 g Cohort M+F
Stansfeld et al (2021 Cohort M
Thacher et al fzozog Cohort M+F
Vienneau et al (2022) Cohort M+F
Wang et al (2023) Cohort M+F
Random effects modael

Vv

Prediction intg
source = 2. Rall

Kiompmaker et al
Pyko et al {(2019)

Seidler et al (20186)

al

(2021) Cohort M+ F
Cohort M+F
Case control M + F

Vienneau et al (2022) Cohort M+F

Random effects modael

Prediction interv
Heterogenseity: I© =

sourca = 3, Air

Evrard el al (2015)

Gan et al (2012)

Hansell et al (2013}

Pyko et al (2019)

al

2% C et OB =

Smallarea M+F
ohort M+ F
Smallarea M+ F
Cohort M+F

Roca-Barcelo et al (2021) Smallarea M+ F
Seidler et al (2016&2 Case control M + F
)

Vienneau et al (20

Cohort M+F

Random sffects model

Prediction Intgrv

Heterogeneity: /* = 83
Random effects model
Heathrow NACF 24.09.2025 5

rediction intgrv
eterogeneity: I* =

al

3%, +=0.0721, v==34 682 (p < 0.01)

al
87%, T = 0.0281, 15, = 207.29 (p < 0.01)
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Table 3

Q u al Ity Of eVI d e n C e A summary of all pooled estimates by transportation type and outcome. Relative

risk (RR) is presented per 10 dB increase in Lg.,.

MNoise souree (k) RR (95 % CI=) Exposure starting point GRADE
(Laem) rating

Incidence

Road (22) 1.02 432 3 — moderates
(1.01-1.04)

Rail (5) 1.00 42 3 — moderate
(0.98-1.03]

Aireraft (7) 1.03 45 2 — low
[0.29-1.07)

Mhxed transport Insufficient maumber of studies™

(2]

Mortality

Road (17} 1.03 41 4 — high
(1.01-1.05)

Ral (4] 1.02 32 4 —lagh
(1.02-1.03)

Aareraft (7) 1.07 42 1 — wery low
(1.01-1.14)

https://doi.org/10.1016/j.envint.2025.109667 Prevalence

Foad (3] 1.09 49 1 — very low
(0.05-1.26)

Rail (1) Insufficient mumber of studies™

Adreraft (1) Insuffiment mumber of studies™

20 Heathrow NACF 24.09.2025 * Results have not been shown as less than three studies were available.
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Strength of evidence

Sufficient evidence of a harmful effect
Limited evidence of a harmful effect
Inadequate evidence of a harmful effect
Evidence of lack of a harmful effect

https://doi.org/10.1016/j.envint.2025.109667
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Table 6

Summary of strength of evidence conclusions. See Supplementary Table 23 fora
detailed explanation of the strength of evidence ratings.

Source CQuality Direchon Confidence Other Etrength of

and of of effect mn «ffect compelling evidencs

outcome evidence estmates eshmates attnbutes rafing

rating”

Incidence

Road Moderate — Adverse Moderate™ Biologicsl Suffiment
cffect plauzibihity,

Rail Moderate  Nil Low™ mechamstc Lirmited

Air Low Adverse Low™ evidence Lainmited
effect

Mortality

Road High Adverse Moderate® Biological Sufficient
cffect plauzibihity,

Rail High Adverse Limited™ mechamstc Lirmited
cffect evidence,

Aar Very Low  Adwverse Low™ case- Lirmted
effect CrOSS0ver

studies

Prevalence

Road Very low Adverse Low™ Biologicsl Lirmited
effect plau=ibihty,

Ral n/a" Positive Low™ mechamstc Inadequate
effect evidence

Air n/a" Adverze Low~ Inadequate
effect
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Understanding differences observed across transport
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https://doi.org/10.1289/EHP11587
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AUTIDULaDIe DALYS Que 10 aircrait noise exposure
Highly annoyed (HA) Highly sleep disturbed (HSD)

How we use this information

at a population level

o b

Ischemic heart disease (IHD)

0
B -0 - 5<
B >5 - 20s

>20 - 50=

N

>50 - 100s

B >100 - 500s A
B >500 - 1100

https://doi.org/10.1016/j.envint.2023.107966 b'“

' ‘ DALY rate per 100,000 people

FrrYryr1T 17717

0 75 150 300 Kilometers
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ALL CAUSE MORTALITY
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All-cause mortality

Environmental noise health risk assessment
methodology for assessing health risks using data

reported under the Environmantal Nolse Diractive

Nicole Eagrdmann Sedes TFH|, Nida Blanes Guledia

|
Tavisdle Vienneau (Swiv TP, Fusaia Per) RO [Swiss TP U- L |

|
1=

Environmental noise in Europe 2025

EEA Report 05/2025
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https://www.eea.europa.eu/en/analysis/publications/environmental-noise-in-europe-2025
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2023-11-environmental-noise-health-risk-assessment-methodology-for-assessing-health-risks-using-data-reported-under-the-environmental-noise-directive
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2023-11-environmental-noise-health-risk-assessment-methodology-for-assessing-health-risks-using-data-reported-under-the-environmental-noise-directive
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2023-11-environmental-noise-health-risk-assessment-methodology-for-assessing-health-risks-using-data-reported-under-the-environmental-noise-directive

All-cause mortality

Table 3.11 Estimated number of DALYs due to road, rail and aiml_aft in areas
covered under the END based on WHO recommendations, EEA-32
(excluding Turkiye)
Health effect Road Rail Aircraft Total per health outcome (%)
High annoyance 168,800 33,600 25,400 297 800
High sleep disturbance 47100 16,100 7,200 70,400
Yo CvD 33,400 5,700 1,700 40,200
Type 2 diabetes 41,900 7,200 2,100 31,200
¥YLL Premature mortality (<) 1,001,700 187,800 53,300 1,332,800
DALYs YLOH+YLL 1,382,900 250,400 89,600 1,724,000
Motes: i*) Refera to all-cause natwral mortality.

(¥} There may be acme double counting mainly for high annoyance and high aleep disturbance
due to combined effects of multiple sources.

CWD, cardicvascular dizease. YLD, years lived with dizability. ¥LL, years of life lost. DALYa,
dizability-adjusted life yeara.

Source: EEA, calculated waing the methodology from ETC HE, 2024hb.

https://www.eea.europa.eu/en/analysis/publications/environmental-noise-in-europe-2025
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https://www.eea.europa.eu/en/analysis/publications/environmental-noise-in-europe-2025

Health equity & interventions
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HOW EVIDENCE FEEDS INTO POLICY
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