
Beste raadsleden, 

Graag stuur ik u hierbij mijn ingesproken bijdrage van gisteravond. Daarnaast wil ik graag 
nogmaals de nadruk leggen op de urgentie van het terugdringen van het gebruik van 
fossiele brandstoffen en het verminderen van onze consumptie van vlees en vis, mede 
vanwege de directe gezondheidsrisico’s die hiermee samenhangen. Reclame verbieden 
zal hier een eerste stap in kunnen zijn. In de bijgevoegde toelichting treft u een 
aanvullende uiteenzetting.  

Hieronder een samenvatting voor de drukke agenda's van de raad: 

"Het document beschrijft hoe klimaatmaatregelen zoals schonere lucht, meer actieve 
mobiliteit en een voornamelijk plantaardig voedingspatroon niet alleen bijdragen aan het 
terugdringen van broeikasgasuitstoot, maar ook aanzienlijke gezondheidswinst 
opleveren. Het benadrukt dat luchtvervuiling, veroorzaakt door onder meer fossiele 
brandstoffen, verantwoordelijk is voor miljoenen verloren gezonde levensjaren en talrijke 
chronische aandoeningen. Ook wordt duidelijk dat plantaardige voeding het risico op 
hart- en vaatziekten, diabetes, kanker en vroegtijdige sterfte substantieel kan verlagen. 
Verder toont het rapport aan dat meer bewegen—zoals wandelen en fietsen—grote 
gezondheidsvoordelen biedt en hoge zorgkosten kan besparen. De auteurs pleiten voor 
een geïntegreerde benadering waarbij gezondheidswinst en klimaatbeleid gezamenlijk 
worden benaderd, omdat wat goed is voor de planeet, ook goed is voor de mens." 

Ik ontvang graag bericht over de uitkomst van de beraadslagingen en de besluiten die de 
raad hierover heeft genomen. Nogmaals dank voor de geboden gelegenheid om in te 
spreken. 

 

Met vriendelijke groet, 

Rosanne Silvis-Ottevanger 

Community manager | Groene Zorg Alliantie 



Het is warm, erg warm. Het is 13 juni, half één ‘s middags — de zomer is nog niet 
begonnen - en het is wederom de droogste en heetste lente ooit gemeten.​
Ik ben net bevallen van mijn zoon met 32 graden en later deze week wordt het nog 36 
graden in Arnhem. En ik maak me zorgen. 

Goedenavond, mijn naam is Rosanne Ottevanger. Ik ben werkzaam als change-agent in 
het verduurzamen van de zorg bij de Groene Zorg Alliantie. Ik spreek hier vanuit mijn rol 
als zorgprofessional, Arnhemmer én als moeder. 

Klimaatverandering is geen toekomstscenario. Het vindt nú plaats. En ons gedrag heeft 
hierin een grote impact. Denk aan onze reisbewegingen: fossiele verbranding zorgt 
immers voor luchtvervuiling. Onze voedselkeuzes leiden tot ontbossing en schade aan 
ecosystemen op land en in zee. En ook het kopen van fast fashion producten veroorzaakt 
grote hoeveelheden vervuiling. 

Al deze effecten samen warmen onze aarde op. Per jaar overlijden nu al zo’n 250 mensen 
in Nederland aan de gevolgen van hittestress. Tegelijk worden er meer mensen getroffen 
door welvaartsziekten dan ooit tevoren. Met andere woorden: gedrag beïnvloedt 
gezondheid - en het zorgsysteem raakt verder overbelast.  

Gezonde mensen hebben een gezonde planeet nodig - en vice versa. Zorgdragen voor 
de inwoners van Arnhem is de meest effectieve vorm van preventie en 
klimaatbescherming. 

Daarom spreek ik vanavond over iets wat misschien klein lijkt, maar een enorme invloed 
heeft: reclame uitingen in de openbare ruimte. Reclame vraagt bewust en onbewust onze 
aandacht. Reclame voor fossiele brandstoffen, vlees & vis en fast fashion zet aan tot meer 
consumeren, minder bewegen en daarmee ongezondere inwoners! Vorig jaar zei onze 
denker des vaderlands: 

 “Aandacht, is het belangrijkste middel waarmee je je leven kunt sturen. Dus hoe 
lang staan we nog toe dat bedrijven ons bombarderen met afleiding waar we niet 
om hebben gevraagd?” 

Arnhem heeft de ambitie om een schone en gezonde stad te zijn. Daar hoort geen 
straatbeeld bij wat het tegenovergestelde stimuleert. Met dit reclameverbod vervuilen we 
onze publieke ruimte niet langer met ongezonde afleiding. 

Mijn zoontje groeit hier op, in deze stad. Ik hoop dat hij later kan zeggen: “Arnhem koos 
voor gezondheid.” Laten we dit vanaf vandaag samen waar maken. 

Dank u wel voor uw tijd en aandacht. 



Briefing Document commissioned by Real Zero 
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Execu&ve Summary 
 
In 2019, the UK commiWed to reduce emissions of carbon dioxide (CO2) and other greenhouse gases (GHGs) to 
‘Net Zero’ by 2050 (1), in order to minimise the life-threatening impacts of the global heaIng which they cause. 
However, the pace and scale of acIon has fallen far short of what is required. At the internaIonal negoIaIons in 
Paris in 2012, countries agreed to reduce GHG emissions by 48% by 2030, and to try to limit the rise in global mean 
surface temperature to 1.5oC above preindustrial. However, given the conInuing rise in annual GHG emissions 
(now nearly 58 billion tonnes CO2e/year) and their atmospheric concentraIons (2024 saw the greatest rise on 
record), its ‘1.5oC threshold’ is now near certainly breached, with a likely 2oC rise by 2030 (2,3).  
 
Whilst concern has grown, climate acIon is rarely considered the UK public’s top priority: in September 2023, it 
ranked 5th, behind the economy, inflaIon, the NaIonal Health Service (NHS)/healthcare, and immigraIon (4). Such 
low ranking maWers, both because it is reflected in limited individual/personal acIon, and because shihs in public 
senIment and purchasing choices create a permissive environment into which both poliIcians and businesses can 
move. 
 
Meanwhile, non-communicable diseases (NCDs) now account for 89% of deaths in the UK and 25,871 disability 
adjusted life years (DALYs) per 100,000 populaIon in 2019 (5). Poor diet, high body mass index (BMI) and high 
fasIng plasma glucose lie just behind tobacco as the top drivers of death and disability. Globally, air polluIon, high 
BMI, and poor diet account for nearly half of the heathy years of life lost. IntervenIons to miIgate these diseases 
target the same causal pathways as those which miIgate climate change, providing important opportuniIes to 
generate co-benefits. In other words, low GHG lifestyles reduce the threat of climate change to human health and 
survival, but are themselves inherently good for health by miIgaIng NCDs. For example: 

• Adherence to the World Health Organisation (WHO) recommendations on diet (including increased 
consumption of grains, fruit and vegetables and reduced consumption of red meat and dairy) would save 
almost 7 million life years in the UK over the next 20 years, with an increase in average life-expectancy of 
>8 months. Such action would also reduce GHG emissions by 17% (6). 

• Increasing acIve travel in the UK would yield significant reducIons in the incidence of diabetes, demenIa, 
heart disease, cerebrovascular disease, and cancer. Aher adjustment for increased risk of road traffic 
injuries, increasing average adult daily cycling and walking distances to 3.4km and 1.6km (a 3km and 1km 
increase from 2010 levels respecIvely) in urban areas would save the NHS some £17 billion aher 20 years, 
even without factoring in the benefits of cleaner air and GHG emission reducIons (7). 

• Changes in power generaIon from fossil fuel to renewable sources in line with the 80% reducIon set by 
the UK 2008 Climate Change Act would result in a 40% reducIon in small parIculate maWer (PM2.5) 
concentraIons by 2050. The resulIng reducIon in NO2 concentraIon could save 4.89-7.18 million life 
years by 2154 (8,9). 

 
Framing climate change and efforts to address it as health issues is one of the most effecIve ways to engage the 
public in acIon- acIon which improves health, reduces GHG emissions generally and those from healthcare (given 
the reducIon in disease burden), creaIng the impetus and opportunity for poliIcians and businesses to act.    
 
Many health chariIes seek to protect the public from NCDs, promoIng increased acIve transport, clean air, and 
plant-based diets to achieve this. Examples include organisaIons working on asthma, cancer, demenIa, diabetes, 
hypertension, mental health, obesity, stroke and more. We propose that such organisaIons unite with those 
‘environmental’ groups who also advocate for low GHG emissions, to deliver one message: ‘What is good for the 
planet is good for health’, and its obverse- ‘what is good for health is also good for the planet’. Here, we synthesise 
core data in support of such a message.  
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INTRODUCTION 
Climate change now poses an immediate threat to our survival and to that of our children. Whilst the impacts of heat 
illness, vector-borne diseases and loss of shelter and food supplies are important, the gravest risk relates to that of 
societal (economic impacts, mass migraIon and conflict) and ecosystem collapse (10). In response, the UK has 
commiWed to reducing emissions of carbon dioxide (CO2) and other greenhouse gases (GHGs), and to deliver carbon 
drawdown (by unspecified methods) to match those that remain, by 2050 (‘Net Zero’) (1). However, enacIng the 
necessary transport and agriculture policies at the required rate and scale is impossible for poliIcians and businesses 
without popular support and engagement. Emerging evidence suggests that personal acIon in these areas can be 
sImulated by making clear their direct health benefits (8). 
 
Non-communicable diseases (NCDs) now cause 89% of deaths in the UK and an esImated 25,871 disability adjusted 
life years (DALYs) per 100,000 populaIon in 2019, and account for nine of the top ten causes of death (lower 
respiratory tract infecIons, ranking fihh, may of course be predisposed to by NCDs themselves) (5). Their incidence 
and prevalence is, in many cases, rising (e.g. for obesity, diabetes, asthma, chronic obstrucIve lung disease (COPD), 
Alzheimer’s disease, and many cancers). Globally, risk factors including air polluIon, high body mass index (BMI), and 
poor diets account for nearly half of the heathy years of life lost.  
 
Many UK health chariIes seek to protect the public from NCDs, and promote low GHG lifestyles (increased acIve 
transport, clean air, and plant-based diets) to achieve this. Examples include organisaIons working to prevent 
asthma, cancers, demenIa, diabetes, hypertension, mental health, obesity, stroke and more. We propose that such 
organisaIons unite with those ‘environmental’ groups who also advocate for low GHG living, to deliver one message: 
‘What is good for the planet is good for health’, and its obverse- ‘what is good for health is also good for the planet’. 
We here synthesise core data in support of such a message, summarising the impact which acIon to reduce airborne 
pollutants, increase physical acIvity and improve diet could have on both improving health outcomes and miIgaIng 
climate change. To this end, we provide a narraIve review of studies that have examined the impact of either air 
polluIon, diet, or physical acIvity on one or mulIple NCDs, categorised by system (respiratory disease, 
cardiovascular disease, cancer, endocrine disease and mental ill-health). 
 
 
METHODS 
Searches were run separately for each exposure and disease category. Details of the search strategy are laid out in 
Table 1. We searched PubMed and Scopus for English language review arIcles (due to the overwhelming literature 
volume available) published between Jan 1st 2010 and December 31st 2023. This search was performed using the 
easyPubMed package in R 4.3.3. The populaIon of interest was adults and children from high-income countries 
(World Bank DefiniIon (11)) to ensure relevance to UK policy. Outcome measures included disease incidence, 
mortality, disability-adjusted life years (DALYs), years of life lost (YLL), and hospital admissions. Excluded were animal 
and in vitro studies; publicaIons reporIng intermediary outcome measures (such as biomarkers) or disease risk 
factors, or that did not measure a health outcome; and those set in low- or middle-income countries. Title and 
abstract screening was carried out by one reviewer per disease system.  
 
 
Table 1 

Search Concept Exposure Search Terms  Outcome Search Terms 
Air polluIon and 
NCDs 

[PolluIon or pollutant* or air quality 
or parIculate maWer or road 
polluIon] 

AND 
[resp* or asthma or COPD or cardio* or 
hypertension or blood pressure or 
isch?mic heart disease or heart disease 
or stroke or CVA or coronary* or diabet* 
or hyperglyc?m* or non-communicable 
disease or obesity or BMI or body mass 
index or mental health or cancer] 

Physical AcIvity and 
NCDs 

[Physical acIvity or sport or acIve 
travel or acIve commuIng or walking 
or cycling] 

AND 

Diet and NCDs [plant-based or vegetarian* or vegan* 
or vegetable* or fruit* or plant* or 
health* or sustainab* AND diet*] 

AND 
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Searches were limited to Itle only, with abstracts. A snowball search method was then used to obtain relevant 
arIcles. Grey literature was examined from published governmental websites, intergovernmental organisaIons, and 
independent public bodies. Given the wealth of literature, diversity of primary research methods and metrics (see 
Box 1a), a narraIve review was performed. Key evidence is summarised in Table 2. Detailed results for each disease 
system are presented in Appendix 1. 
 
 
RESULTS 
 
Reducing Air Pollu;on 
Health Benefits 
Air polluIon (caused by parIculate maWer (PM- with a suffix indicaIng diameter in microns)), nitrogen and sulphur 
oxides (e.g. nitrous Oxide, NO2 ), carbon monoxide (CO), and ozone (O3)) caused the loss of 213 million DALYs in 2019 
and has thus been declared a global health emergency by the World Health OrganisaIon (WHO) (5). Impacts may 
persist across the life-course (12), and relate not only to respiratory diseases, but to diabetes, cancer, cardiovascular, 
cerebrovascular, metabolic, mental and neurological disease (13). Air polluIon causes 1 in 5 global deaths (14), and 
fossil fuel use for 82% of these (>5.13 million excess deaths) (13).   
 
The main sources of UK air polluIon relate to the combusIon of fossil fuels for industrial processing, manufacturing 
and construcIon; domesIc heaIng and cooking; and road transport (15). Motorised road transport also contributes 
via generaIon of brake, tyre and road surface wear. The World Health OrganisaIon (WHO) recommend keeping 
annual average concentraIons of parIculates with a diameter <2.5microns ([PM2.5 ]) below 5μg/m3: in 2019, 
London’s outdoor annual mean [PM2.5 ] was between 8 and 15μg/m3, with peaks far higher (16). 
 
Air PolluIon and Pregnancy 
Air polluIon reduces male ferIlity (sperm count and moIlity), and also causes low birthweight, low gestaIonal age 
(in London, PM2.5 exposures >13.8 μg/m3 in pregnancy account for 3% of infants with low birthweight), pre-term birth 
and miscarriage (17–20).  
 
Air PolluIon and Children 
Indoor (home, school) and outdoor (e.g. from school commutes) air polluIon causes hypertension and 
atherosclerosis, even in adolescents (21–23). It also impacts childhood lung growth: in inner city London (2008-13), 
mean annual ambient concentraIons of NO2 and PM10 were inversely related to forced vital capacity (FVC - the total 
amount of air which can be voluntarily exhaled in one breath), with average NO2 exposure associated with an 
esImated 5% loss of lung volume aher controlling for age, sex, height, BMI, ethnicity, socioeconomic status, and 
exposure to environmental tobacco smoke (24). Elsewhere, the proporIon of children with smaller than expected 
lung volume declines when air quality improves (25). Air polluIon is also associated with an increased incidence of 
asthma diagnosis and exacerbaIons (26). Between 2017 and 2019, air polluIon in London accounted for an 
esImated 7% (700) of all child asthma hospital admissions (27). It impairs brain development: brain size is inversely 
related to PM2.5 exposure (28). Lastly, children exposed to higher levels of polluIon aged 12 are more likely to be 
diagnosed with major depressive or conduct disorder diagnoses at age 18, aher controlling for confounding variables 
(smoking, sex, ethnicity, neighbourhood and family socioeconomic status, family psychiatric history, exposure to 
severe childhood vicImisaIon, relevant age-12 mental health problems (i.e. anxiety, depression, conduct disorder, or 
ADHD)) (29).  
 
Air PolluIon and Adults 
In adult life, UK air polluIon increases the risk of early death, and of cancer; cardiovascular, cerebrovascular and 
respiratory disease; demenIa; impaired mental health; and mulIple other chronic illnesses (12). Data from the UK 
Biobank reveals an associaIon between air polluIon and neurological, respiratory, and cardiovascular morbidity aher 
adjusIng for socioeconomic status (30). In London between 2008 and 2013, in those exposed to the highest versus 
lowest PM2.5 concentraIons, the risk of common mental disorders and psychoIc experiences were increased by 18-
39% and 33% respecIvely (31). The CommiWee on the Medical Effects of Air Pollutants (COMEAP) 2022 review (32) 
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concluded that a causal associaIon between air polluIon exposure and demenIa and cogniIve decline likely exists 
(32). 
 

In the UK Biobank Cohort, the risk of cardiovascular disease (atrial fibrillaIon, coronary heart disease, heart failure)  
was raised by 21% in those exposed to the highest vs lowest quarIles of [PM2.5], and of stroke by 25% for NO2 (30). 
AddiIonally, stroke hospitalisaIon or mortality may increase by 1.20% (CI: 0.22-2.18) per 10μg/m3 increase in PM2.5, 
and by 2.24% per 10 parts per billion (ppb) increase in NO2 (33). 
A 9% increased risk of T2DM, hypertension, and migraine in the highest vs lowest quarIle of [PM2.5], and a 10% 
increased risk for NO2 was also idenIfied (30). 
 
Respiratory impacts conInue into old-age. The elderly face an increased risk of hospitalisaIon, home visits and 
emergency department aWendance for COPD, asthma and pneumonia with increased short-term exposure to PM10, 
and increased incidence of respiratory symptoms, reduced lung funcIon, and COPD with increased long-term PM10 
exposure (34). In London, polluIon-aWributable respiratory and cardiovascular admissions and mortality cost 
between £1.4 and £3.7 billion in 2010 (35) and, between 2017 and 2019, caused >1700 adult hospital admissions for 
asthma and other respiratory disease (27).  
 
Airborne parIculate maWer is a type 1 carcinogen, and the relaIonship between air polluIon exposure and lung 
cancer has been summarised in the UK COMEAP report 2009 (36).  
 
Individuals in areas of high polluIon commonly live with more than one chronic disease. Risk of mulImorbidity is 
20% higher among those living with PM2.5 polluIon >10 μg/m3 (30). With an ageing mulImorbid populaIon and a 
strained health service, improving air quality in the UK can have a significant impact on populaIon health.   
 
Climate Benefits 
Moving power generaIon from fossil fuel to renewable sources in line with the 80% reducIon set by the UK 2008 
Climate Change Act would result in a 40% reducIon in PM2.5 concentraIons by 2050 (8). Related reducIons in NO2 
concentraIon would save an esImated 4.89-7.18 million life years in the UK by 2154 (9). Cleaner vehicles and acIve 
travel (discussed in detail below) would contribute to reducing emissions and air polluIon whilst simultaneously 
reducing the incidence of NCDs. SubsItuIng electrical power (from 100% renewable sources) for gas boilers and 
cooking stoves would likewise improve health by reducing indoor pollutant exposure (37). 
 
 
Ac;ve Travel 
Health Benefits 
One in six deaths in the UK may be caused by physical inacIvity, cosIng approximately £7.4 billion annually. Current 
trends suggest that the 2035 populaIon will be 35% less acIve than in the 1960s (38). Increasing physical acIvity can 
reduce the risk of all-cause mortality by 30%, cardiovascular disease by <35%, T2DM by <40%, demenIa by <30%, 
colon cancer by 30%, breast cancer by 20%, and depression by <30% (38).  
 
Physical acIvity via commuter cycling or walking can help address this: increasing acIve travel to European best 
pracIce levels could reduce disease burden of IHD by 7.6%, T2DM by 7.2%, stroke by 7.0%, and demenIa by 5.3% 
(39). Only 2.5 hours per week of moderate physical acIvity from acIve tansport could yield relaIve risk reducIons of 
0.23 for IHD, 0.11 for demenIa, 0.08 cerebrovascular disease, 0.13 for breast cancer, 0.08 for colorectal cancer, 0.07 
for depression, and 0.19 for T2DM (40). Doubling the distance walked in London, and increasing the distance cycled 
eight-fold, would have greater impact, reducing cases of IHD (10–19%), cerebrovascular disease (10–18%), demenIa 
(7–8%), depression (4–6%), and breast cancer (12–13%). In keeping, in prospecIve UK cohort studies, cyclist 
commuters have a reduced risk of cardiovascular disease (HR 0.79 95% CI 0.69-0.90), cancer diagnosis (0.89, 95% CI 
0.84 to 0.94), and all-cause mortality (0.88, 95% CI 0.78 to 1.00) when compared with other commuters (41).  
 
Evidence from eight randomised controlled trials (RCTs) suggest a posiIve impact of walking for the prevenIon and 
treatment of clinical depression, with four studies showing a posiIve impact for prevenIon and treatment of anxiety 
(42). Spanish bicycle commuters have a significantly lower risk of being stressed (RR 0.73) compared to non-bicycle 
commuters using the Perceived Stress Scale (PSS-4) (43). 
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Physical acIvity protects against fracture risk across the life course, increasing bone mineral density in childhood and 
adolescence (44), and slowing progression of osteoporosis & reducing osteoporoIc fractures in adults (45,46). 
 
Traffic collisions and polluIon could parIally miIgate the health benefits of increasing acIve commuIng. Increases in 
traffic collisions, injuries, and hospital admissions were observed or modelled in several studies (7,41): in London,  
doubling walking distance and increasing the distance cycled eight-fold, was predicted to cause a 39% increase in 
road traffic injury (but with absolute numbers remaining very low) (40). However, the health gains from physical 
acIvity outweigh the increase in trauma cases (47), and a 91% increase in London cycling since 2000 has been 
associated with a reduc;on in cycling deaths and serious injuries of 33% (7). The benefits of physical acIvity, 
parIcularly for acIve commuters, far outweigh the negaIve impact of polluIon (48,49), but there remain benefits to 
addressing both air polluIon and acIve travel simultaneously. 
 
Increasing acIve travel in the UK would deliver significant reducIons in cases of T2DM, demenIa, heart disease, 
cerebrovascular disease, and cancer. Aher adjustment for increased risk of road traffic injuries, £17 billion in NHS 
savings would accrue from increased walking and cycling in urban areas, within 20 years (7). This highlights the 
importance of urban planning to create an environment that promotes acIve travel. Whilst electric vehicles are likely 
to improve local air quality, overall benefit to climate change can only be achieved if these vehicles are powered from 
low carbon sources. Shihing to alternaIvely powered vehicles does not address the non-exhaust emissions related to 
road surface wear and road dust (50). A move away from private motorised vehicles to acIve transport addresses 
both air quality and physical acIvity, and is likely to be more impac{ul for both climate change and public health. 
 
Climate Benefits 
The mechanised vehicles in which we travel all require power for manufacture and use, and much sIll derives from 
fossil fuel use. The transport sector alone accounted for 8 billion tonnes CO2e emissions in 2022, or 14% of all 
emissions worldwide and 24% of the UK’s total emissions in 2020 (406 MtCO2e) (51,52). UK passenger cars emiWed 
59.6 million tonnes of carbon dioxide equivalent (MtCO₂e) in 2022, accounIng for >50% of UK transportaIon 
emissions that year (53).  
 
 
 
Plant-Based Diets 
Health Benefits 
Sub-opImal diet is an important and remediable risk factor for many NCDs. In the Health Survey for England in 2021, 
only a minority of the adult populaIon were of healthy weight: a quarter were obese and a further 37.9% 
overweight. There was a 14% difference in obesity prevalence between affluent (20%) and deprived (34%) areas (54).  
 
Global Burden of Disease (GBD) studies, which esImate the proporIon of disease burden aWributable to risk factors 
including diet, suggest that low intake of whole grains and fruits, and high intake of sodium, together account for 
more than 50% of deaths and 66% of DALYs lost globally (55). Low intake of nuts, seeds and vegetables account for 
more than 2% of global deaths. Modelling by the UK Office of Health Economics suggests that a 100% adopIon of a 
vegan diet would save £6.7 billion per year and 172,735 addiIonal Quality Adjusted Life Years (QALYs) in England, 
mostly through a reduced incidence of T2DM (56).  
 
Achieving the 5-a-day target for fruit and vegetables could increase average UK life expectancy from birth by 7-8 
months- 13% of the NHS target to increase average life expectancy by five years by 2035 (57). A systemaIc review 
and meta-analysis of 95 cohort studies showed that an increase of 200g/day fruit and vegetables was associated with 
a reducIon in mortality from coronary heart disease (RR 0.92), stroke (RR 0.84), and total cancer (RR 0.97) (58). 
Studies examining the impact of diet on cardiovascular disease have been extensively reviewed (59). The AdvenIst 
Mortality study reported a reducIon in mortality from IHD of 26%, and of 35% for cerebrovascular disease in those 
following a vegetarian or vegan diet. Vegetarian diets were associated with a 22% reducIon in UK IHD risk, sustained 
over 18 years of follow-up (60).  
 
There is increasing research into plant-based diets (that emphasise foods derived from plants, but which may include 
a small proporIon of animal foods) rather than strict vegetarian or vegan diets (61). A recent meta-analysis 
suggested a plant-based diet to be associated with lower cardiovascular and cancer mortality (RR 0.79 and 0.82 
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respecIvely), and reduced incidence of T2DM (18% lower in those with a higher adherence to a plant-based diet), 
cardiovascular disease, and cancer (relaIve risk of prostate, pancreas, digesIve system and breast cancer being 0.87, 
0.68, 0.82 and 0.91 respecIvely) (62). 
 
Specific food types are associated with altered risk of disease. Meta-analysis suggests an 18% reducIon in 
cardiovascular mortality and a 12% lower risk of cancer mortality and 26% lower diabetes incidence for those with 
the highest consumpIon of wholegrains compared to those with the lowest (63). A systemaIc review and meta-
analysis of 16 studies (RCT, prospecIve and retrospecIve studies) predominantly from North America or Europe, 
found regular consumpIon of nuts to be associated with a 24% and 22% lower risk of fatal and non-fatal IHD 
respecIvely, and a 13% reducIon in risk of incident T2DM, while a four Imes a week consumpIon of legumes is 
associated with a 14% lower risk of IHD (64). A meta-analysis of prospecIve studies examined fruit and vegetable 
subtypes and coronary heart disease. Inverse associaIons were noted between high consumpIon of several sub-
types (apples, citrus fruits, fruit juices, green leafy vegetables, beta carotene and vitamin-rich fruits and vegetables) 
and coronary heart disease mortality (58). In comparison, cardiovascular disease mortality rises with every 
serving/day of total red meat (HR 1.16 (95% CI 1.12-1.20)), unprocessed red meat (HR 1.18 (95% CI 1.13-1.23)), and 
processed red meat (HR 1.21 (95% CI 1.13-1.31)) (65). Cancer mortality is greater with a one serving per day increase 
in total (HR 1.10 (95% CI 1.07-1.13)), unprocessed (HR 1.10 (95% CI 1.06-1.14)) and processed (HR 1.16 (95% CI 1.09-
1.23)) red meat consumpIon. An increase in red meat intake greater than half a serving per day is associated with a 
48% elevated risk of T2DM (66). 
 
Increasing consumpIon of predominantly plant-based diets clearly has significant benefits to health. While 
individuals changing from animal to plant-based foods may consume lower quanIIes of protein, this impact is not 
great at a populaIon level: the EPIC-Oxford study noted inadequate consumpIon of protein in 5% of meat-eaters 
and in only 8-16% of vegans (60). Aher adjustment for BMI, and when compared with meat-eaters, the risk of hip 
fracture was greater in vegetarians (HR 1.25 (95% CI 1.04-1.5)) and vegans (HR 2.31 (95% CI 1.66-3.22)), a finding not 
fully explained by lower calcium intake. Fihy-two percent of vegans had a vitamin B12 concentraIon below 118 
pmol/l compared with <1% of meat eaters. Such data suggest that, in the absence of supplement use, a plant-based 
diet (in which reduced quanIIes of meat and/or dairy products are consumed) may be opImal.  
 
Climate Benefits 
Overall, the food supply chain accounts for 70-80% of tropical and subtropical deforestaIon (67), reducing GHG 
draw-down. It also contributes 38% of global GHG emissions. Agriculture alone contributes 10-12% of GHG emissions 
(mostly due to the producIon of foods from animal sources) (68). Ruminant sources (beef, lamb, muWon, milk) have 
higher emissions than monogastric sources (pork, chicken, eggs) which in turn are higher than plant sources due to 
the requirement for cereals and soy for livestock feed (77% of crops are grown to feed livestock globally) (69). In the 
UK, the food system contributes a fihh of all its emissions. The overall area of land used for UK diets is esImated at 
24-38 million hectares (approximately 50% of this is overseas), with 85% of this land being used for animal and dairy 
farming despite this only providing 32% of the calories we eat (69). Meanwhile 15% of farmland grows crops for 
direct human consumpIon, providing 68% of our calories. Several strategies related to food producIon, 
consumpIon, and transportaIon have been proposed to reduce GHG emissions in line with UK targets whilst 
accruing health benefits. 
 
Springmann et al. (70) modelled different sustainable dietary strategies to quanIfy their impact. Following public 
health objecIves of low-meat diets in line with guidance on adequate nutrients led to large reducIons in premature 
mortality (reduction of 19% [95% CI 18–20] for the flexitarian diet to 22% (19–25) for the vegan diet). It also resulted 
in 54-87% reductions in GHG emissions. A systemaIc review (71) found that adherence to well-known (sustainable) 
diets including the Mediterranean diet, vegetarian diet, and the Dietary Approaches to Stop Hypertension (DASH) 
diet promoted better health outcomes and reduced GHG emissions and land, energy and water usage mainly 
through reductions in meat consumption. Adherence to a 5-a-day target in the UK could reduce GHG emissions by 6-
12Mt CO2e per year (72). The greatest reduction is achieved by prioritising vegetable consumption over fruit, and for 
blue water footprints, local varieties were key to minimising impact. Adherence in the UK to the WHO 
recommendations on diet could save 7 million life years over the next two decades, with an increase in average life-
expectancy of over eight months. Incidental impact on the environment would result in a 17% reduction in GHG 
emissions (6). Alternatively, adherence to at least five out of the nine Eatwell Guide recommendations (73) was 
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associated with a reduced risk of mortality (RR 0.93; 99%CI 0.90 to 0.97) and 30% lower dietary GHG emissions. 
Adhering to the recommendation on fruit and vegetable consumption was associated with a 10% reduction in 
mortality (RR: 0.90; 99%CI 0.88 to 0.93). 
 
A modelling study analysed the co-benefits of dietary change until 2050 (74). Compared to the Food and Agriculture 
Organisation projections on dietary trends, three alternative scenarios were modelled: adherence to a healthy diet 
according to global dietary guidelines, and two scenarios that also assumed healthy intake based on either 
vegetarian or vegan diets. All three scenarios reduced avoidable deaths from coronary heart disease by 45-47%, 
stroke by 26%, cancer by 16-18%, and T2DM by 10-12%. The principal driving factors in order of importance were 
decreased meat consumption, increased fruit and vegetable consumption, and weight loss. These alternative healthy 
diets reduced food-related GHG emissions by 29–70% compared with a reference scenario in 2050. 
 
Food security is an increasing concern with climate change. Changes in diets have the potenIal to reduce GHG 
emissions whilst improving health. In the UK almost 2 billion meals a year are served in public sector se�ngs (75). 
The government spends and esImated £2.4 billion (5.5% of UK food service sector turnover) on food to schools 
(29%), further and higher educaIon (29%), hospitals and care homes (25%), armed forces (11%), and prisons (5%) 
(75). Providing access to and encouraging consumpIon of sustainable healthy meals in these se�ngs can contribute 
substanIally to reducing GHG emissions, opImising nutriIon, improving health, reducing healthcare costs, and 
reducing inequality. 
 
 



Table 2: Evidence demonstra;ng how key factors in climate change mi;ga;on impact on health outcomes 

Exposure 

Outcomes 

Respiratory Cardiovascular Cancer Type II Diabetes and Obesity Mental health Others / All-cause 
Air Pollution 
 

      

Global Burden of Disease 
in 2015 
Cohen et al. 2017 (76)  
 
% Mortality attributable 
to air pollution  

24·7% of lower respiratory 
infection Mortality (0.7 million 
deaths globally) 
 
27·1% of COPD mortality (0.9 
million deaths globally)   

17·1% of IHD and 14·2% of 
cerebrovascular disease mortality  
 
  

16·5% of lung cancer 
 
  

   

Cohort Study Ronaldson 
UK Biobank 2022 (30) 
 
Risk of disease groups in 
highest pollution quartile 
compared to lowest 

24-26% higher risk of 
developing respiratory disease 
(asthma and COPD)  
 
PM2.5: OR = 1.24 (95% CI = 1.16, 
1.33) 
 
 
NO2: OR = 1.26 (95% CI = 1.15, 
1.38) 
 

21% higher risk of cardiovascular 
disease (Atrial fibrilla[on, CHD, 
heart failure) 
 
OR 1.21 (1.13 to 1.30) <0.001 
 
25% higher risk of stroke:  
 
OR = 1.25, 95% CI = 1.02–1.52 
 

4% higher risk of cancer 
 
 
 
PM2.5 OR 1.04 (1.02 to 1.07) 0.001 
 
NO2 OR 1.04 (1.01 to 1.08) 0.010  
 

9% higher risk of diabetes, 
hypertension, migraine 
 
 
OR 1.09 (1.06 to 1.13) <0.001;  
 
NO2 OR 1.10 (1.05 to 1.15) 
<0.001 

73% higher risk of 
alcohol or substance 
dependency:  
 
NO2 OR = 1.73, 95% CI = 
1.35–2.20  
 
12% higher risk of 
depression, anxiety  
 
PM2.5 OR 1.12 (1.09 to 
1.15) <0.001; NO2 OR 
1.15 (1.11 to 1.18) 
<0.001  

20% higher chance of 
multimorbidity living in  areas 
where pollution is worse than 
the 2040 England target of 10 
µg/m3   
 

Single outcome studies 
 
Respiratory (26,77) 
Cardiovascular (33,78) 
Cancer (79-81) 
Mental Health (31,32)  
 

2-5% higher risk of asthma 
exacerbation in children 
 
NO2 (OR: 1.040; 95% CI: 
1.001,1.081), SO2 (OR: 1.047; 
95% CI: 1.009,1.086), and PM2.5 
(OR: 1.022; 95% CI: 
1.000,1.045)  
 
10μg/m3  increase in PM2.5 

associated with increased 
incidence of COPD (HR 1.18 
95% CI 1.13-1.23)  

Increases in NO2 and PM2.5 

associated with a 1.2-2.4% 
increase in stroke hospitaliza[ons 
or mortality per 10μg/m3 increase 
in pollutant.  
 
Exposure to PM2.5 associated with 
hypertension  
 
(OR  1.05; 95% CI 1.01-1.09). 

Each 10 μg/m3 increase in PM2.5 

associated with 8% increase risk of 
lung cancer mortality  
 
6-17% increase in risk of all-cancer 
mortality associated  with long-
term exposure to pollutants. 
 
PM2.5 (RR: 1.17; 95% CI: 1.11–1.24; 
I2: 97.4%), PM10 (RR: 1.09; 95% CI: 
1.04–1.14; I2: 45.7%) (Figure 2), 
and NO2 (RR: 1.06; 95% CI: 1.02–
1.10; I2: 95.5%) 
 
This was significant for kidney 
(35%), bladder (32%), liver (29%) 
and colorectal cancer (8%)  
 
Mortality from liver cancer 1.29 
(1.06-1.58), colorectal cancer 1.08 
(1.00-1.17), bladder cancer 1.32 
(1.07-1.60), kidney cancer 1.35 
(1.07.172) mortality 

 Growing evidence that 
dementia and cognitive 
decline are associated 
pollution exposure 
 
Air pollutants are 
associated with 18–39% 
increased odds of 
common mental 
disorders; 19–30% 
increased odds of poor 
physical symptoms; 33% 
increased odds of 
psychotic experiences 
 

 

Development, Childhood 
and Adolescent studies 
 

Asthma exacerbations due to 
air pollution resulted in an 
estimated 700 paediatric 

London adolescents: 1 μg/m3 
increase in PM2.5 associated with 
1.34 mmHg (95% CI 0.85 to 1.82) 

  Higher levels of air 
pollution at age 12 had 
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Respiratory (27) 
Cardiovascular (23) 
Mental Health (29) 

asthma exacerbation 
admissions are due to air 
pollution (London, 2017–19) – 
7% of all paediatric asthma 
admissions  
 
3.2-3.9% increased risk of 
asthma hospitalization in 
children for every 
10μg/m3  increase in pollution 

increase in systolic BP for girls and 
0.57 mmHg (95% CI 0.04 to 1.03) 
increase in systolic BP for boys 

greater odds of 
depression at age 18  
PM2.5 OR 1.63 CI1.08–
2.46 0.021p and NO2 OR 
1.57 CI1.05–2.35 
p=0.029  
 
Adolescents living in the 
most polluted areas had  
3-4 times the odds of 
depression at age 18 
(compared to areas of 
lowest pollution 
 
(PM2.5: OR = 3.69, 95% CI 
1.11–12.25, p = 0.033; 
NO2: OR = 4.08, 95% CI 
0.90–18.60, p = 0.069)  

Pre- and neonatal 
outcomes 
 
(17–19) 

5-10 % of total PTBs were associated with ambient PM2.5 > 4.3 μg/m3  
 
22 grams (95% UI: 12, 32, p<0.001) lower birth weight, 11% greater risk of LBW (1.11, 95% UI: 1.07, 1.16, p<0.001), and 12% greater risk of PTB (1.12, 95% UI: 1.06, 1.19 p<0.001), per 10 μg/m3 increment in 
ambient PM2.5 . A reduction is gestational age of between 3-5 days is thought to be attributable to PM2.5   
 
In London estimates that PM2.5 exposures greater than 13.8 μg/m3 in pregnancy accounted for three percent of London-born infants with low birthweight 
 
Male fertility: a meta-analysis demonstrating significant decreases in semen volume, motility, and sperm concentration associated with higher air pollution 

Plant-based Diets 
(PBD) 

      

Systematic Review and 
Meta-analysis. (62) 
2023 
 
Higher adherence to a 
PBD pattern associated 
with lower risk of: 

 
CVD mortality (0.79 95% CI: 0.72–
0.87) and incidence (0.90 [0.85–
0.94]) 
 
CHD risk (0.86 :95% CI: 0.81–0.91), 
but not with risks of stroke (0.92: 
95% CI:0.85–1.00) and heart 
failure (0.89: 95% CI:0.75–1.06) 

Cancer mortality (0.82: 95% CI: 
0.71–0.93) 
Cancer incidence (0.88: 0.84–0.92) 
 
Breast cancer (0.91: 95% CI: 0.86–
0.95) Digestive system cancer 
(0.82: 95% CI: 0.72–0.94) 
Pancreatic cancer (0.68: 95% CI: 
0.55–0.84) 
Prostate cancer (0.87: 95% CI: 
0.77–0.99) 

T2DM incidence (RR 0.82 95% 
CI: 0.77–0.86) 

 
All-cause mortality (0.84 0.78–
0.92)  

Systematic Analysis of the 
GBD (82) 
2017 
 
 

 For a 100g increase in fruit –  
IHD: RR 0.86 (0.79-0.95); ischaemic 
stroke RR 0.65 (0.55-0.79);  
 
100g increase in vegetables – IHD: 
0.86 (0.78-0.94) 
 
50g increase in Legumes: RR IHD 
0.76 (0.65-0.89) ischaemic stroke 
RR0.87 (0.79-0.97)  

100g increase in fruit – 
tracheal/bronchus/lung Ca RR 0.93 
(0.89-0.97); oesophageal cancer 
RR 0.87 (0.78-0.97).  
 
100g decrease red meat: 
colorectal ca RR 0.86 (0.76-0.97).  
 

100g increase in fruit associated 
with a reduction in diabetes 
RR 0.91 (0.84-0.98)  
 
100g decrease in red meat  
RR 0.8 (0.68-0.97)  
 
50 g decrease in processed meat  
RR 0.58 (0.47-0.76) 
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50g decrease in processed meat: 
IHD RR 0.56 (0.39-0.97) 

50g decrease Processed meat 
colorectal cancer RR 0.85 (0.79-
0.91) 

Systematic review and 
meta-analysis 
Aune et al 2017 (58) 
 
Per 200 g/day increment 
in intake of fruit and 
vegetables: 

 8–16% reduction in the RR of 
coronary heart disease, 13–18% 
reduction in the RR of stroke; 8–
13% reduction in the RR of 
cardiovascular disease  

3–4% reduction in the RR of total 
cancer  

  10–15% reduction in the RR of 
all-cause mortality 

Systematic Review and 
Meta-analysis Afshin et al, 
2014 (64) 
 
 
4 weekly 28.4-g servings 
of nuts were associated 
with: 

 24% lower risk of fatal IHD (RR: 
0.76; 95% CI: 0.69, 0.84) 
 
22% lower risk of nonfatal IHD (RR: 
0.78; 95% CI: 0.67, 0.92).  
 
4 weekly 100-g servings of 
legumes was associated with 14% 
lower risk of total IHD (RR: 0.86; 
95% CI: 0.78, 0.94) 

 13% lower risk of developing 
diabetes  
(RR: 0.87; 95% CI: 0.81, 0.94)   
 
legume consumption was 
inversely associated with 
diabetes  
(RR: 0.79; 95% CI: 0.71, 0.87)  

  

Systematic Review and 
Meta-analysis Zong 2016  
(63) 
 
comparing the highest to 
the lowest groups of 
Wholegrain intake: 

 CVD mortality: Pooled RR 0.82 
(0.79, 0.85; P<0.001)  
 
PAF 11.6% for CVD mortality 

Cancer mortality: RR 0.88 (0.83, 
0.94; P<0.001)  
 
PAF 10.2% for Cancer mortality 
 

For diabetes risk, pooled RR 
(95% Cis) 0.74 (0.69, 0.80) 
 
Each 2–3 servings/day 
increment associated with 21–
32% lower risk  
 

 Total mortality was RR 0.84 
(0.80, 0.88; P<0.001), 
Estimated PAF were 10.4% for 
total mortality 

UK Cohort Study Key et al. 
2022 (60) 
 
 
Vegetarians compared with 
meat eaters:   
 

 
 

IHD HR 0.77 (0.69-0.86) after 18 
years follow up  
 
Combined vegetarian and vegan 
risk was 22% lower than meat 
eaters, adjusted for BMI this 
reduced to 17% 
 
 

Lower HR of all cancers 0.90 (0.844-
0.97), stomach 0.38 (0.2-0.71), 
haematological 0.64 (0.48-0.84)  
 

Lower risk of diabetes: HR 0.65 
(0.55-0.76) although after 
adjustment for BMI crosses 1 – 
0.89 (0.75 -1.05) 
 
mean BMIs of vegetarians and 
vegans in EPIC-Oxford were 
approximately 1 and 2 kg/m2 
lower than those of meat-eaters 

 Diverticular disease 
vegetarians compared with 
meat eaters:  HR 0.73 (0.58-
0.92), kidney stones 0.69 
(0.48-0.98) 
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Vegans compared with meat 
eaters:   
 

 18% lower IHD in vegans but 
small numbers wide 
 
 

vegans compared with meat eaters: 
all cancers HR 0.82 (0.86-1.00) 
 

vegans compared with meat 
eaters: diabetes HR 0.53 (0.36-
0.79) note this effect appears to 
be entirely mediated through 
BMI – adj HR 0.99 (0.66-1.48) 

 vegans compared with meat 
eaters: diverticular disease 
0.28 HR (0.1-0.74) 
 

Physical Activity 
 

      

Burden of Disease Study 
2012 (83) 
 
Pooled RR associated with 
inactivity compared with  
current recommendations  

 
CHD incidence and leisure activity,  
RR 1.16 (1.04–1.30)  
 
6% of the burden of disease 
worldwide due to CHD can be 
eliminated, if all inactive persons 
become active 

Breast cancer: Adjusted for BMI, 
RR 1.33 (1.26, 1.42) 
 
The burden of Breast Ca that could 
be eliminated if all inactive 
persons become active: 10% (5.6–
14.1%)          
 
Colon cancer: RR 1.32 (1.23–1.39) 
The burden of Colon cancer that 
could be eliminated if all inactive 
persons become active: 10% (5.7–
13.8%)  

T2DM  incidence: RR 1.20 (1.10–
1.33) adjusted for BMI  
Burden of disease was 7% 
(ranging from 3.9% to 9.6%) due 
to T2DM  

 
All-cause mortality:  RR 1.28 
(1.21–1.36), crude RR was 
1.47 (1.38–1.57) 
 
Population Attributable 
Fraction was 9%. >5.3 million 
deaths/year may be averted if 
all inactive persons become 
active 

Systematic Review and 
Meta-analysis Kelly et al. 
2014 (84) 
 
 

     For a standardised dose of 
11.25 MET.hours per week (or 
675 MET. Minutes per week), 
the reduction in risk for ACM 
was 11% (95% CI = 4 to 17%) 
for walking and 10% (95% CI = 
6 to 13%) for cycling 

London Modelling study 
Woodcock et al 2009 (40) 
 
2.5hr per week of 
moderate intensity 
physical activity is 
associated with: 

 Relative Risk reduction in CVD 
incidence of 23% 
 
Relative Risk reduction of 23% in 
Cerebrovascular disease  

Breast cancer incidence Relative 
Risk reduction 13%  
 
Relative Risk reduction in 
Colorectal cancer incidence: of 8%  
 

Relative Risk reduction of 19% in 
T2DM incidence 
 

Relative Risk reduction 
in Depression of 7% 
 
Relative Risk reduction 
of 11% in Dementia 
incidence 

Although walking and cycling 
became safer per km travelled 
the large increase in the total 
distance walked and cycled 
led to the road traffic injury 
disease burden rising by 39% 

Pooled prospec[ve UK 
cohort study 2016 
(85)04/12/2025 19:58:00 

 Swimming  associated with 
reduced risk of CVD mortality of 
41% (HR=0.59, 95% CI 0.46 to 
0.75) 
 
Racquet sports was associated 
with reduced risk of CVD mortality 
of 56% (HR=0.44, 95% CI 0.24 to 
0.83) 

   All-cause mortality 
Cycling: 15% lower risk 
(HR=0.85, 95% CI 0.76 to 0.95) 
 
Swimming  28% lower risk 
(HR=0.72, 95% CI 0.65 to 0.80)  
 
Racquet sports 47% (HR=0.53, 
95% CI 0.40 to 0.69)  
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Aerobics associated with reduced 
risk of CVD mortality of 36% 
(HR=0.64, 95% CI 0.45 to 0.92). 
 

 
Aerobics 27% (HR=0.73, 95% 
CI 0.63 to 0.85). 

Danish Cohort Study 2015 
(86) 
 
inverse associations 
between activity vs non 
activity: (vs. non 
participation): 
 
 

Respiratory  mortality 
Participation in sports: 
HRs 0.60 (95% CI: 0.47, 0.77)  
Walking:  (HR=0.71; 95% CI: 
0.51, 0.97)  
Cycling  HR 0.62 (95% CI:0.50, 
0.77) and Gardening  HR 0.63 
(95% CI: 0.50, 0.79)  

CVD  mortality 
Participation in sports: 
HRs 0.78 (95% CI:0.69, 0.88)  
 
Cycling HR 0.78 (95% CI:0.69, 0.88) 
and Gardening HR 0.82 (95% CI: 
0.72, 0.93) 
 

Cancer mortality 
Participation in sports: 
HRs 0.82 (95% CI: 0.76, 0.89) 
 

Diabetes mortality 
Participation in sports: 
HRs 0.34 (95% CI: 0.21, 0.55.  
 
For cycling HR 0.61 (95% CI:0.42, 
0.89) and gardening HR 0.42 
(95% CI: 0.28, 0.62) 
 

 In general, exposure to high 
levels of traffic-related air 
pollution did not modify 
associations 
 

UK Biobank Cohort Study. 
Welsh et al 2020 (41) 
 
 
Cycling commuters 
compared with other 
commuters: 

 Reduced risk of cardiovascular 
disease (HR 0.79, 95% confidence 
interval 0.69 to 0.90) 
 

Reduced risk of cancer diagnosis 
(HR 0.89, 0.84 to 0.94) 
 

  Reduced  risk of  all-cause 
mortality (HR 0.88, 0.78 to 
1.00)  
 
Higher risk of injury (HR 1.45, 
95% CI 1.30 to 1.61).  
 
3.42-fold (3.00- 3.90) and 
2.62-fold (2.37- 2.91) higher 
risk of hospital admission due 
to transport incidents 

Table1: Studies demonstrating the effect of polluted air, plant-based diets, and physical activity on outcomes grouped by system (respiratory; cardiovascular; cancers; diabetes and obesity; mental health; and overall measures. IHD 
Ischaemic heart disease, CVD Cardiovascular Disease, CHD Coronary Heart Disease, T2DM Type 2 Diabetes Mellitus, PBD plant based diet, BMI body mass index. 



 
Climate Policy and the Co-Benefits 
The 2018 Intergovernmental Panel on Climate Change (IPCC) clearly describes the magnitude of the effort required to 
prevent climate catastrophe (87). In 2022, they warned that lack of concerted global acIon meant missing “a brief 
and rapidly closing window to secure a liveable future” (88). The 2024 State of the Climate report warns that “we are 
on the brink of an irreversible climate disaster”, that, “much of the very fabric of life on Earth is imperiled” and that 
we face, “a global emergency beyond any doubt” (89).  
 
However, the pace & scale of acIon falls far short of that required. A 1.5°C rise above pre-industrial temperatures is 
now inevitable. Without rapid reducIons to GHG emissions, we will likely breach a 2°C temperature rise by 2030 
(10,90). 2024 was the hoWest year on record, and the first in which every day exceeded 1°C above pre-industrial 
levels for that Ime of year (2), with temperatures consistently >1.64oC above pre-industrial (91). Due to posiIve 
feedback loops, the pace of heat gain is rapidly increasing, with extreme weather events more severe and more 
frequent: climate-related events increased by 83% between 1980-1999 and 2000-2019 (10). One in three species are 
threatened by exIncIon with rising GHG emissions (10). In approximately 45 years, one in three of the global 
populaIon will be exposed to mean annual temperatures of >29oC (currently only found in 0.8% of land surface area) 
(92). Heat-related mortality has increased by 85% since the 1990s (93). Climate change has caused USD$1.3 trillion 
global losses over the last decade, and is esImated to cost USD$5 trillion in losses over the next five years (94). 
Alongside global food insecurity, this can incite migraIon and conflict. Therefore, climate change “threatens our 
economies and employment, social fabric and security” (10). 
 
Consequently, governments face a parIcularly difficult challenge to miIgate climate change whilst aWending to other 
public services including health. A Grantham InsItute briefing paper summarises the key areas for acIon on climate 
change and how these are linked to health (95). EffecIvely addressing climate change demands urgent cross-sectoral 
coordinaIon. Consequently, efforts to address climate change through governmental policy, communiIes and 
individual acIons should be explicit about the expected effects on health. 
 
Public Opinion 
Economic growth and reducing GHG emissions are ohen falsely piWed against one another as trade-offs (96). Whilst 
concern has grown, climate acIon is rarely considered the UK public’s top priority: in September 2023, it ranked 5th 
behind the economy, inflaIon, the NaIonal Health Service (NHS)/healthcare, and immigraIon (4). Such low ranking 
maWers, both because it is reflected in limited individual and personal acIon, and because shihs in public senIment 
and purchasing choices create a permissive environment into which both poliIcians and businesses can move. 
Public opinion maWers because of its influence on government prioriIsaIon. CommunicaIng the urgency of climate 
acIon will be far more effecIve and comprehensive if framed around the posiIve benefits for health, rather than 
focussing solely on environmental damage. Government departments risk addressing each of these issues in isolaIon 
which ignores the significant co-benefits described here (projected scenarios presented in Table 3). Whilst beyond 
the scope of this report, evidence supports the co-benefits of climate acIon across other policy areas including 
employment, economic growth and housing, as well as health (95). 
 

Table 3: Projec&on scenarios demonstra&ng the dual impact of clean air, ac&ve travel, and plant-based diets 
Co-benefits Climate Benefits  Health Benefits 
Cleaner Air (8,9) 
Changes in power genera;on from fossil 
fuels to renewable sources 

Targeted 80% reducIon in GHG 
emissions by 2050 compared to 
1990 levels (UK Climate Change 
Act, 2008). This would result in 
40% reducIon in PM2.5 

concentraIons by 2050. 

NO2 concentraIon reducIon can 
save 4.89-7.18 million life years 
between 2011-2154. 

Ac&ve Travel (40) 
If London replaced a propor;on of car 
travel with ac;ve travel 

38% reducIon in transport 
CO2 emissions from 1990 levels. 
Per person CO2 emissions are 
0·69 tonnes. 

7332 DALYs saved and 530 
premature deaths avoided per 
million populaIon. 

Plant-based Diets (6) 
If the average UK dietary intake were 
op;mised to comply with the WHO 
recommenda;ons 

EsImated incidental reducIon of 
17% in GHG emissions. 

Almost 7m years of life lost 
prematurely in the UK would be 
saved over the next 30 years, with 
average life expectancy increasing 
by >8 months. 
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Inequality 
The difference in mortality between rich and poor in the UK first received significant aWenIon following the Sir 
Douglas Black report in the 1980s. Since then, numerous reports, commissions and plans for acIon have aWempted 
to reduce inequaliIes with limited success. Fair Society Healthy Lives 2010 set out the acIon required to reduce 
inequality and, following a re-review in 2020, the need to pursue environmental sustainability and health equity 
together was added (97). 
 
InequaliIes persist in exposure to air polluIon and mode of transport. A Sco�sh study idenIfied higher levels of 
acIve travel in more deprived areas (98). Deprived areas tend to have higher levels of polluIon, mostly caused by 
congesIon of private vehicles. The adverse impact of air polluIon amongst the poor is further compounded by 
increased use of public and acIve transport in deprived groups. Evidence shows that those from areas of higher 
deprivaIon rely heavily on public transport and receive higher exposures to polluIon whilst generaIng less 
emissions per person (99). These inequaliIes would be addressed through decarbonisaIon of transport and 
increases in acIve travel. 
 
Climate change will have significant impacts on food security. Direct effects include changes in temperature and 
rainfall distribuIon for agriculture, with extreme weather events causing disrupIon to food systems. Indirect effects 
include the reducIon in pollinators and increase in pests and disease vectors. These changes are likely to drive up the 
price of food. A UK survey found that almost 20% of parents reported that they regularly had to go without food to 
ensure that their children had sufficient food (100). The poorest 20% of households spend a higher proporIon of 
income on food and are therefore more vulnerable to changes in food prices (74). Twenty-five percent of households 
in the most deprived areas report eaIng reduced quanIIes of fruit and vegetables due to cost (101). 
 
A public health approach needs to address the widening of inequity between the wealthy and poorest in society. 
Climate change has its greatest effects on those who have contributed the least, and without intervenIon will 
worsen the gap through its adverse effects on the social determinants of health (102). Climate change miIgaIon 
therefore has the potenIal to reduce inequity through the development of effecIve policies. 
 
 
Conclusions 
If decision-makers adequately account for the co-benefits of climate change miIgaIon, faster, more effecIve 
reducIons in GHG emissions may be achieved with considerable cost-savings. The disconnect between public 
percepIon on issues that maWer most, and the potenIal role environmental policy can play in addressing these 
issues, represents an important point of acIon to establishing a health sustainable future. The compeIng prioriIes 
of different issues and different government departments undervalues the power of a collaboraIve approach to 
climate change.  
 
Focus on the key areas of cleaner neighbourhoods, increasing acIve travel, and consumpIon of plant-based diets 
provide clear examples where individuals, communiIes, corporaIons, and government can make decisions that 
benefit both human and planetary health.  
 
But we must remember: our lives, and those of our children are under immediate threat if climate change is not 
averted. The Ime to do so is very limited indeed: the IPCC warn that we risk ‘missing a brief and rapidly closing 
window to secure a livable future’ (88). We all have a responsibility to act, rather than to be complacent or to 
conInue ‘business as usual’. Health chariIes can unite in a public message, that ‘what is good for health is good for 
our planet’. They have a moral responsibility to do so. 
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Key Messages 
 

o Reducing GHG emissions to miIgate climate change represents a significant challenge for governments 
facing compeIng issues such as health, economic growth, immigraIon, and inequality. 

o Delayed, inconsistent acIon in response to the climate emergency threatens our lives and livelihoods. 
o A health-centred response can deliver transformaIonal health benefits globally. 
o The health sector is criIcal to climate change: it is the first line of defence, and it has direct control over a 

porIon of GHG emissions and >10% of the world’s GDP. 
o Focusing on a single risk factor undervalues potenIal impact on health due to synergisIc effects (Increased 

air quality and physical acIvity with acIve travel). 
o Addressing climate change in isolaIon ignores key wider benefits of miIgaIon. 
o Public discourse should be informed by the co-benefits of reducing air polluIon, reducing animal-source 

foods, and increasing acIve travel on both personal and planetary health. 
o Joined-up awareness campaigns would reinforce the benefits of moving to a cleaner, healthier society and 

increase public support. 

 
 
 
 



Healthy people, healthy planet: The co-benefits of clean air, plant-based diets, and physical ac8vity to 
human health and climate change. 
 

 

17 

17 

Appendix 1: Health System Evidence 
 
Respiratory Diseases 
Air pollu&on 
Morbidity and mortality from respiratory disease is one of the most direct health effects of air 
polluIon. Numerous observaIonal studies causally link impaired lung funcIon, asthma, chronic 
obstrucIve pulmonary disease (COPD), respiratory infecIon, intersIIal lung disease (ILD), 
pulmonary embolism, and obstrucIve sleep apnoea (OSA) with exposure to air pollutants, with 
emerging evidence focusing on the causaIve mechanisms. Disorders of the upper respiratory tract 
(e.g. allergic rhiniIs (AR) and rhinosinusiIs) have not been considered. 
 
Lung Func;on 
Pulmonary funcIon tests (PFTs) provide a standardised measure of different breathing and 
respiratory parameters to aid idenIficaIon of health and disease, and are subject to internaIonal 
guidance (e.g. (103)). Lung funcIon in childhood is a predictor of peak lung funcIon in adulthood 
and later decline; hence, focusing on this group is of lifelong importance (104). A global meta-
analysis pooled 25 studies invesIgaIng PM2.5 exposure and lung funcIon in children. A staIsIcally 
significant decrease in lung funcIon values – forced vital capacity (FVC), forced expiratory volume in 
the first second (FEV1) and peak expiratory flow (PEF) – was idenIfied for every 10 μg/m3 increase in 
PM2.5 concentraIon, with a greater lung funcIon reducIon in long term compared with short term 
exposure (105). Despite data heterogeneity and small study sizes, this finding appears consistent in 
adults, where short-term PM2.5 exposure is associated with a fall in FEV1 and FVC (106). Cohort 
studies have consistently shown that increases in ozone (O3) concentraIon result in short-term 
reducIon in lung funcIon parameters in children with and without asthma. However, the long-term 
effects of O3 exposure on lung funcIon are inconclusive (107). Most studies show a negaIve impact 
of traffic-related air polluIon on lung funcIon, with the effect larger for FEV1 than FVC (104). The 
Southern California Children’s Health Study demonstrated deficits in FEV1 correlaIng with higher 
levels of NO2, PM2.5, elemental carbon and acid vapour; FVC deficits associated with NO2 and acid 
vapour; and significant reducIons in FEV1 and FVC if living within 500m of a freeway (108). 
 
Asthma 
Illness from airborne polluIon can be caused by exposure prenatally and during the early years. A 
systemaIc review of birth cohort studies examined ten cohorts exposed to PM and NO2 in pregnancy 
and idenIfied a consistent associaIon with asthma incidence (109). Referenced cohort studies in the 
Netherlands and the USA found that exposure to PM2.5 and NO2 at home addresses at birth and 
during the first three years of life, respecIvely, are associated with increased childhood asthma 
incidence (110,111). This adds to a substanIal body of evidence linking prenatal and early-year air 
polluIon to the development of asthma in childhood and later life (109,112–114). A recent meta-
analysis reviewed respiratory health effects of prenatal exposure to airborne pollutants. Included 
studies from the USA and Poland and considered heterogeneous exposures, outcomes and Ime 
courses. It idenIfied a significant associaIon of exposure to ultra-fine parIculates with asthma, and 
of exposure to polycyclic aromaIc hydrocarbons (PAH) PM2.5 with wheezing in children (115). 
In the iniIal cohorts of the Southern California Children’s Health Study, children with homes within 
75m of a main road had an increased risk of lifeIme asthma and a 50% increased risk of asthma aher 
adjusIng for confounders (108). A recent systemaIc review of observaIonal studies including 
children and adults examined specific pollutant exposure and visits to the emergency department or 
hospital admissions in the following days. The strongest associaIon was with PM2.5: an increase in 
concentraIon of 10 μg/m3 led to a staIsIcally significant increase in asthma-related emergency 
department visits on the same day or up to three days aherwards. Non-significant associaIons were 
observed with NO2, O3, sulphur dioxide (SO2), PM10 and carbon monoxide (CO). Increased exposure 
to all pollutants also led to increased hospital admissions, although the data did not reach 
significance across all Ime lags (116). A further meta-analysis linked short-term exposure to PM2.5, 



Healthy people, healthy planet: The co-benefits of clean air, plant-based diets, and physical ac8vity to 
human health and climate change. 
 

 

18 

18 

PM10, and SO2 to respiratory morbidity, with PM10-2.5 associated with an increased risk of asthma 
morbidity in the following hours (117). A scoping review looked at individual pollutants, finding that 
PM, O3, CO, SO2, and NO2 can all precipitate asthma exacerbaIons, leading to emergency 
department aWendance and hospital admissions, with PM2.5, NO2 and O3 associated with higher 
mortality in asthmaIcs (118). Amongst children in Southern California with asthma, symptoms 
(bronchiIs, phlegm and wheeze), medicaIon use, emergency department visits or hospitalisaIons, 
and school absences were negaIvely impacted by air polluIon exposure (108). 
Whilst not yet a major issue in the UK, the Thoracic Society of Australia and New Zealand have 
highlighted the impacts of wildfire (landscape fire smoke) on asthma exacerbaIons. InternaIonal 
data consistently demonstrate an increased risk of asthma exacerbaIons during wildfire periods, 
with the greatest risk in older adults (>65 years) and children (119). Epidemiological evidence 
supports a posiIve associaIon between wildfire smoke and emergency department aWendances due 
to asthma, and with increased asthma reliever inhaler use and oral steroid prescripIon. (120). 
 
COPD 
The European Respiratory Society (ERS) reviewed several systemaIc reviews and meta-analyses on 
air polluIon and COPD in 2023, proposing mechanisIc pathways and producing recommendaIons 
for healthcare professionals. An increase in PM2.5 concentraIon of 10 μg/m3 was associated with an 
18% increase in COPD incidence (121). PopulaIon-based data and cohort studies idenIfy a supra-
linear relaIonship of incident COPD with ambient concentraIons of PM2.5, NO2 and O3 (122,123). In a 
Taiwanese cohort of 285,000 paIents, lung funcIon trajectories and PM2.5 concentraIons were 
examined at their home addresses over two years. A higher PM2.5 concentraIon was associated with 
lower FEV1, FVC and FEV1/FVC raIo, with the risk of COPD over Ime increasing by approximately 
40% for people living in the most polluted areas compared with the least (by quarIles) (124). The 
review highlights that data are more robust in supporIng the relaIonship between fine and ultra-
fine (PM2.5 and smaller) parIculate maWer and poor COPD outcomes, compared to other 
components such as NO2, SO2 and CO. 
A ERS report further notes that paIents with COPD experience more symptoms (such as wheezing, 
cough and breathlessness), and an acute decline in both FEV1 and FVC, when exposed to air 
polluIon such as that in London’s Oxford Street or a commercial road, when compared to Hyde Park 
(an urban park) (125). A 2016 meta-analysis concluded that worse air quality is associated with COPD 
exacerbaIons, with the relaIonship strongest for parIculate maWer three days aher exposure and 
for gaseous pollutants on the first day of exposure (126). Medicare data of 11.5 million paIents in 
the USA demonstrated that a short-term increase of 10 μg/m3 in ambient PM2.5 concentraIon was 
associated with a 2.6-fold increased risk of COPD-related hospitalisaIon (127). Mortality data relaIng 
to COPD and air polluIon are less well established, especially in the UK. One meta-analysis assessing 
air polluIon and respiratory disease mortality demonstrated that a 10 μg/m3 increase in NO2 was 
associated with a relaIve risk of 1.03 for COPD mortality, with mixed results for O3 exposure (128). In 
2016, the WHO esImated that approximately 25% of COPD deaths were aWributable to air polluIon 
(129). 
 
Respiratory Infec;on 
The link between air polluIon and respiratory infecIon has been most extensively studied in relaIon 
to COVID-19. A systemaIc review suggested that for an increase in PM2.5 concentraIon of 10 μg/m3, 
there was a 66% increase in infecIon, 127% increase in severity and 40% increase in mortality (130). 
Other studies corroborate the associaIon between air polluIon and respiratory infecIon, such as 
viral infecIon (131) and pneumonia (132) in children. In this global meta-analysis of paediatric 
populaIons, the excess risk of pneumonia was greatest with SO2, with a 2.9% increase per 10 parts 
per billion (ppb) gaseous concentraIon rise, but the findings were also significant with PM2.5, O3, 
PM10 and NO2. In adults, a 10 μg/m3 increase in PM2.5 concentraIon led to a 1% increase in hospital 
admission or emergency department visits for pneumonia, while increases of 10 ppb in NO2 and SO2 
led to a significant 3.2% and 2.4% increase in hospital presentaIon or admission with pneumonia 
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respecIvely (133). The previously discussed meta-analysis of air polluIon and respiratory disease 
mortality idenIfied that a 10 μg/m3 increase in NO2 was associated with a relaIve risk of 1.06 for 
acute lower respiratory tract infecIon mortality, with mixed results for O3 exposure (128). 
 
Inters;;al Lung Disease (ILD) 
ILD is an umbrella term for inflammaIon and ohen irreversible fibrosis of the lung Issue, with 
idiopathic pulmonary fibrosis (IPF) being the most common form. Air polluIon has been postulated 
to have a causal role in iniIal IPF development, severity, and prognosis (134). A review of IPF 
iniIaIon and outcomes (134) highlights a retrospecIve study of over 2000 paIents with IPF in 
Northern Italy, concluding that there was an approximate 7% increase in IPF incidence per 10 μg/m3 
in NO2 concentraIon, although with a non-significant confidence interval once confounders were 
accounted for (135). An addiIonal narraIve review has reported on the impact of air polluIon on 
intersIIal lung diseases (136). Of the referenced studies, results from an Indian cohort diagnosed 
with hypersensiIvity pneumoniIs (an inflammatory ILD) had a 7% greater chance of developing the 
condiIon for every 10 μg/m3 increase in PM2.5 concentraIon (137). In a French cohort of 192 
paIents with IPF followed for five years, an increase in the mean O3 concentraIon was associated 
with an increased risk of exacerbaIons,  with mortality risk rising with cumulaIve PM2.5 and PM10 
exposure (138). O3 and NO2 exposure have previously been shown to increase exacerbaIon risk in 
South Korea (139). Further research is required to determine the impact of pollutants on the natural 
history of ILDs; a single cohort study previously demonstrated a decline in FVC with increasing PM10 
exposure but inconsistent results with PM2.5 and on six-minute walk tests (140). 
 
Pulmonary Embolism 
A single meta-analysis has examined air polluIon and pulmonary embolism risk (141). The nine 
studies included were mainly from developed countries and examined a range of pollutants. 
Increased NO2 exposure (and, to a lesser extent O3) were associated with an increased risk of 
pulmonary embolism. 
 
Obstruc;ve sleep apnoea 
A systemaIc review reported six studies which examined the relaIonship between airborne 
polluIon exposure and sleep-disordered breathing (142). Two idenIfied an associaIon of PM2.5 and 
NO2 exposure and sleep-disordered breathing measured via polysomnography (143,144). Two more 
demonstrated an associaIon with PM10 (one with a worsening respiratory disturbance index (RDI) 
and sleep Ime spent in hypoxia (oxygen saturaIon <90%) (130), the other with worsening severity of 
obstrucIve sleep apnoea(OSA) (145)). One other reported a posiIve associaIon between the 
severity of OSA and CO exposure (146). 
 
 
Diet 
The role of diet in the development of chronic respiratory disease is less established compared to air 
polluIon. Hypothesised mechanisms predominantly focus on nutriIon as an inflammatory mediator, 
idenIfying certain nutrients associated with the development and severity of allergic disease. 
Longitudinal cohort studies indicate that maternal and early childhood nutriIon is crucial in the 
development of allergic disease (147). While allergic diseases are beyond the scope of this review, 
studies on asthma are discussed here.  
 
 
 
Asthma  
Diets high in calories, saturated fat, and protein, and low in fibre, are associated with an increased 
risk of asthma and allergic rhiniIs. In comparison,  a Mediterranean diet high in vegetables, fruit, 
fibre, olive oil, and fish is associated with reduced risk (147,148). Cohort studies indicate that higher 
fruit and vegetable intake is correlated with lower risk of developing asthma, higher FEV1, and 
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reduced wheeze in children, adolescents and adults (149). This is consistent with RCT evidence: aher 
a two-week period of following either a high or low fruit and vegetable diet, asthmaIc adults in the 
low intake group had more than double the risk of an asthma exacerbaIon and significantly lower 
spirometry values than the high intake group (150). Notably, the supplementaIon arm of the trial 
run in parallel found no difference in outcomes between lycopene supplementaIon and placebo, 
supporIng a whole-food approach. However, the European Academy of Allergy and Clinical 
Immunology find insufficient evidence to recommend increasing fruit and vegetables solely to reduce 
asthma risk (151). That said, obesity is an established risk factor for asthma and dietary intervenIons 
for weight loss are effecIve at improving asthma control in children (152).  
ObservaIonal evidence supports an inverse correlaIon between dairy intake and asthma incidence. 
An eight-week experimental study in asthmaIc children eliminaIng milk and eggs demonstrated a 
22% improvement in peak expiratory flow rate in the intervenIon group, significantly different from 
the slight decrease seen in the control group (153). Further research is needed given the small study 
size and short follow up period. 
 
COPD 
Epidemiological studies report an inverse associaIon between consumpIon of the Mediterranean 
diet, and COPD incidence. Higher adherence to the Mediterranean diet is associated with a lower risk 
of developing COPD (case-control evidence reports a 27% lower risk in those with middle to high 
adherence scores compared with low scores aher adjustment for educaIon level) (154). The 
Mediterranean diet typically contains less processed meat. A systemaIc review and meta-analysis of 
five prospecIve cohort studies reported a dose-response relaIonship with an 8% increased risk of 
COPD per 50g/week increase in processed meat consumpIon (155). 
 
 
Physical Ac&vity 
Research on the relaIonship between physical acIvity and respiratory disease focuses 
predominantly on pulmonary rehabilitaIon as a therapeuIc intervenIon, parIcularly for COPD 
paIents. The evidence discussed here considers first the effecIveness of supervised rehabilitaIon, 
then exercise and acIve travel.  
  
Pulmonary Rehabilita;on  
Pulmonary rehabilitaIon (PR) is a mulI-component intervenIon that includes exercise training, 
educaIon, and behavioural change. Literature reviews have examined the impact of PR on acute 
exacerbaIons, quality of life, exercise tolerance, respiratory muscle strength and mortality in COPD 
paIents (156–162). Exercise-based PR is associated with improvements in walking distance, exercise 
capacity, and health-related quality of life in COPD paIents (including low-quality evidence 
supporIng the use of PR in those with severe COPD (158,160,161). Two reviews of RCTs focused on 
early PR (within four weeks) aher acute COPD exacerbaIons (159). Early PR was associated with a 
reduced length of hospital stay, reduced risk of hospital readmission, and lower mortality at the end 
of treatment (RR = 0.58; CI 0.35-0.98), although the long-term impact on mortality is unclear. PR has 
also been trialled in paIents with fibroIc ILD, and is associated with an improvement in six-minute 
walking distance with mixed effects on dyspnoea, and a trend towards significance in improving 
quality of life (163,164).  
  
 
Aerobic Exercise  
Aside from controlled exercise programmes, COPD paIents can also benefit from general increases in 
physical acIvity. Unsupervised physical acIvity, predominantly walking, is associated with improved 
walking distance as well as improved emoIonal funcIon, health-related quality of life, muscle 
strength, reduced faIgue, and symptoms of anxiety and depression (165). A review examining 
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barriers to exercise in COPD paIents included anxiety about breathlessness, recommending light 
physical acIviIes such as walking as a more acceptable long-term approach (166).  
Aerobic exercise is beneficial for both asthma symptoms and fitness. A systemaIc review and meta-
analysis of 11 RCTs showed that aerobic exercise improves asthma control and lung funcIon (but not 
markers of airway inflammaIon) (167). A second systemaIc review and meta-analysis found walking 
distance to also be improved, as might be expected  (168).   
Intensive inpaIent exercise protocols have demonstrated significant improvements in walking 
distance in paIents with pulmonary arterial hypertension (aher medical opImisaIon), but are 
unlikely to be generalisable outside of clinical se�ngs (169). The greatest benefit was seen with 
intervenIons combining aerobic exercise, strength training and respiratory muscle exercises. 
However, outpaIent programmes that are feasible to follow long-term require further research.  
  
Commu;ng  
Concerns that air polluIon may miIgate or reverse the health benefits of acIve commuIng have 
been raised. A comprehensive systemaIc review found that higher levels of air polluIon mildly 
reduced the short-term benefits of walking or cycling on lung funcIon, with the strongest 
associaIons being with PM2.5 and ultrafine parIcle concentraIons (170). However, evidence for 
modificaIon of the long-term health benefits of exercise is not clear, with many studies suggesIng 
that air polluIon does not reduce these benefits, and no significant impact of NO2 levels on chronic 
respiratory diseases (including lung cancer, asthma and COPD). It is also important for policymakers 
to consider that increasing numbers of acIve commuters can reduce air polluIon and the associated 
negaIve health effects (171). 
 
Electrically assisted, or e-, bikes provide powered assistance and can shih the choice of transport by 
providing a less exerIonal alternaIve to convenIonal cycling. E-bikes that require pedalling have 
been invesIgated to determine the health impact of these less intensive approaches. A review of 
experimental and observaIonal studies conducted a meta-analysis demonstraIng increased maximal 
oxygen consumpIon and power output compared to baseline (172). Two included studies, that used 
convenIonal cycling as a comparator, found no difference in improvements in VO2max or maximal 
power, suggesIng that e-bikes might provide equivalent health benefits.  
 
 
Cardiovascular Diseases 
Air pollu&on 
Air polluIon represents a complex mixture of parIcles and gases (such as CO, SO2, and NO) that are 
either not part of natural air or are present in abnormally high concentraIons (173). Air polluIon is 
normally considered by locaIon: ambient (outdoor) or indoor exposure. Ambient air polluIon mainly 
stems from burning of fossil fuels. Indoor polluIon in high income countries also relates to the 
burning of gas in boilers and cooking stoves, but also from aerosol and candle use.  
 
Long-term (one to five year) exposure to increased PM2.5 concentraIons causes a 16-31% increase in 
annual IHD mortality (174). Even short-term exposure (hours to days) can increase the risk of 
cardiovascular-related death by <1%. Air polluIon also increases the risk of developing heart failure, 
and of atrial fibrillaIon and other cardiac arrhythmias (175). Short-term exposure to increased PM2.5 
concentraIons increases systolic blood pressure by up to 10mmHg (176), while long-term exposure 
is associated with increased atheroscleroIc plaque formaIon, leh ventricular hypertrophy, and 
caroId inIma media thickness (177). The main physiological mechanism underlying the 
cardiovascular risk increases appears to be vascular inflammaIon and oxidaIve stress. 
 
 
Diet 



Healthy people, healthy planet: The co-benefits of clean air, plant-based diets, and physical ac8vity to 
human health and climate change. 
 

 

22 

22 

Plant-based diets reduce cardiovascular-associated mortality by up to 32% (178,179). AddiIonally, 
vegetarians (especially men) have lower BMI, blood pressure and circulaIng cholesterol 
concentraIons.  
 
Adherence to the Mediterranean diet reduces the risk of cardiovascular events (such as myocardial 
infarcIon, ischaemic stroke) or of peripheral vascular disease by more than one third (180). The 
physiological mechanism underlying these health benefits is not fully understood, but likely relates to 
reduced consumpIon of meat, saturated fat, refined sugar and refined starches, and possibly to 
increased subsItuIon with omega three faWy acids (181,182). Increasing evidence suggests that 
plant-based diets confer benefit via impacts on the gut microbiome (182,183).  
 
 
Physical Ac&vity 
The World Health OrganizaIon (WHO) defines physical acIvity (PA) as “any bodily movement 
produced by skeletal muscles that requires energy expenditure”. It reduces the risk of chronic 
diseases, including IHD and ischemic stroke (184). The WHO thus recommends a minimum exercise 
target of 600 metabolic equivalent minutes (METs) per week: approximately 150 minutes of total 
(brisk) walking Ime or 75 minutes of running per week. One MET is defined as the amount of oxygen 
consumed while a person is si�ng quietly (approximately 3.5 mL O2/kg body weight/minute). 
 
Increases in daily step count lead to a non-linear reducIon in cardiovascular death risk: an increase 
in 500 steps per day can reduce cardiovascular-related mortality risk by 7%, but the extent of risk 
reducIon lessens with higher total step counts (185). Meta-analyses including other types of acIvity 
have come to similar conclusions (186). Increasing weekly METs from <600 to 4000-7999 can reduce 
the risk of ischaemic stroke by 19% and that of IHD by 23% (186). Conversely, higher daily si�ng Ime 
is associated with an increased risk of cardiovascular disease and diabetes. This relaIonship remains 
when adjusted for physical acIvity, albeit somewhat weakened for cardiovascular disease (187). 
 
Physical acIvity increases postprandial glucose and insulin responses, improves blood pressure 
(predominantly systolic) and lower limb vascular funcIon. If maintained for a longer Ime period, it 
also leads to improvements in body weight, waist circumference, body fat percentage, fasIng 
glucose, HbA1c and HDL concentraIons (188). While such improvements may appear incremental, 
the synergisIc effects lead to overall cardiovascular risk reducIon (189). 
 
 
Cancer 
Pollu&on  
Air polluIon exposure increases cancer risk (including that related to liver and colorectal cancers 
(190), breast and brain cancer (191,192)). Even pre-natal exposure is a risk (193). The WHO thus lists 
PM2.5 parIculates as class 1 carcinogens (194) (perhaps through oxidaIve stress or other 
inflammatory processes (195,196)).  
 
 
Diet  
The western diet (typified by a high intake of ultra-processed foods, sucrose, fat and refined grains, 
but with liWle fresh fruit and vegetables or fibre) is strongly associated with risk of developing 
colorectal cancer (197). In contrast, the Mediterranean diet reduces all-cause cancer mortality, and 
risk of developing colorectal, head and neck, lung, gastric, bladder and liver cancers (198). This 
benefit might, in part, be mediated though impacts on obesity: 11% of European colorectal cancer 
(the third most diagnosed and second most lethal cancer globally) cases are due to obesity (199). 
However, the benefits of a Mediterranean diet on colorectal cancer risk persist in those of normal 
weight studies.  
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ObservaIonal studies show that consumpIon of plant-based diets is associated with reduced 
(especially colorectal and breast) cancer risk (200). However, prospecIve RCTs are needed to confirm 
causality.  
 
 
Physical Ac&vity 
AcIve transport reduces cancer risk: ~150 minutes of walking or 90 minutes of cycling per week 
reduces the risk of endometrial, colorectal and breast cancers by up to 30%, with benefit increasing 
with greater exercise (201,202). Exercise also improves tolerance of cancer chemotherapy and 
radiotherapy (203), and of compleIng treatment courses (204).  
 
Different measures of physical strength have shown to predict mortality in paIents with cancer, such 
as the six minute walking test and grip strength (205). In a meta-analysis of 15 studies including 350 
paIents, (cancer) pre-operaIve exercise training reduced the length of hospital stay by almost five 
days and decreased post-operaIve complicaIons (206). Exercise at the start of cancer treatment is 
thus endorsed by bodies such as Cancer Research UK.  
 
 
Endocrine Diseases 
Pollu&on 
While the impact of polluIon on cardiovascular and respiratory disease is well established, it also 
contributes to disease burden across the life course starIng in utero, including endocrine diseases.  
 
Early Life Exposures 
GestaIonal exposure to air polluIon is linked to adverse foetal, neonatal and maternal outcomes. 
These include maternal gestaIonal diabetes mellitus (GDM), pre-eclampsia and hypertension, and 
neonatal low birthweight, preterm birth, and neonatal mortality. An umbrella review of studies 
examining PM2.5 found that these associaIons varied by trimester (207). A 2023 review of 31 cohort 
studies found that exposure to PM2.5, PM10, NO2, and SO2 was associated with increased risk of GDM 
predominantly in the first trimester (208). Analysis of specific PM components showed that black 
carbon exposure in the second trimester and NO3

- exposure in the first trimester increase risk of 
GDM.  
 
Childhood and adolescence 
In childhood, ambient polluIon is associated with higher risk of being overweight and obese. A 
meta-analysis of 15 studies examined childhood exposure to air pollutants and found a posiIve 
associaIon between PM10, PM2.5, and PM0.1 with both obesity and BMI (209). A 2024 meta-analysis 
demonstrated that for every 10 μg/m3 increase in PM (PM1, PM2.5, and PM10), nitrogen oxide species, 
and O3, the odds of being overweight and obese in childhood and adolescence (<19 years) increased 
by 6-23% depending on the pollutant (210). Insulin sensiIvity and glucose tolerance were also 
reduced, and blood lipid concentraIons increased. Consistent with this, prenatal maternal exposure 
to PM2.5 was associated with an increased risk of childhood obesity (211).  
 
Adulthood 
These associaIons persist in adulthood. A 10 μg/m3 increase in PM2.5 and PM10 concentraIon is 
associated with a 15.9% and 9.2% increase in obesity incidence respecIvely (211). Similar results are 
reported for NO2, SO2, and O3 (209). An increase of 5 μg/m3 in annual average PM2.5 or PM10 
concentraIon was associated with 14% or 9% increases of metabolic syndrome (the presence of 
abdominal obesity, hypertension, hyperglycaemia, high triglycerides, and low HDL) risk, respecIvely 
(212). 
Several studies have linked air polluIon with T2DM. A study following 1.7 million US Medicare 
parIcipants reported a 15% increased risk of developing T2DM per 10 μg/m3 in long-term PM2.5 
exposure, even aher controlling for individual and environmental confounders (213). Similarly, meta-
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analysis of studies in Europe and North America showed an increased risk of T2DM of 8-10% per 10 
μg/m3 of PM2.5 or NO2 (214). MechanisIc evidence supports a causal relaIonship with insulin 
resistance in children and adults noted with even short periods of exposure to air polluIon (215). 
This appears to be consistent across PM2.5, PM10, NO2, and SO2. Studies exploring diabetes-related 
mortality demonstrate increased risk with increasing polluIon, even at low levels, and over short and 
long-term exposure periods (215). The American Cancer PrevenIon Study found an 18% increase in 
diabetes-related mortality per 10 μg/m3 increase in PM2.5. These studies provide convincing evidence 
of the impact of air polluIon on T2DM. A 2024 global burden of disease study esImated that 20% of 
all diabetes-related deaths and DALYs globally are aWributable to PM2.5 (216).  
Although Type 1 Diabetes (T1DM) is less studied than T2DM, a 2022 meta-analysis of six studies 
demonstrated a significantly increased risk of T1DM per 10 μg/m3 increase in O3 (OR 1.51; 95% CI 
1.26-1.80) and a more modest increase in risk per 10 μg/m3 increase in PM2.5 (OR 1.03; 95% CI 1.01, 
1.05) (217).  
Emerging evidence links air polluIon to increased disease risk of thyroid disease (studies 
predominantly focused on prenatal exposure (218), male and female inferIlity (219), and 
osteoporosis) (220). 
 
 
Diet 
Evidence for the impact of diet on endocrine disease is predominantly focussed on weight loss and 
diabetes, with fewer studies examining bone fracture risk, or diabeIc complicaIons such as chronic 
kidney disease (CKD). Dietary variables in research can broadly be divided into paPerns (e.g. 
vegetarian, Mediterranean, Ketogenic) where the definiIon specifies the type and amounts of 
different foods, food groups (e.g. meat, dairy, legumes) or nutrients (e.g. fibre, protein, fats). 
AddiIonally, some studies examine the “healthiness” of dietary intake to create a composite score 
(e.g. the plant-based index).  
 
Obesity 
Obesity is a major risk factor for mulIple NCDs. Adherence to plant-based, vegetarian, and vegan 
diets are associated with lower weight and BMI. A meta-analysis of eleven trials found that vegan 
diets were associated with greater weight loss and reduced BMI compared to a range of control diets 
(including habitual diets and specified alternaIves such as the Mediterranean diet), with a mean 
difference of 4.1kg (p<0.001) and 1.38kg/m2 (p<0.001) respecIvely (221). Lipid profiles (including 
lower total cholesterol and LDL-C) also improved. This was consistent with other meta-analyses of 
vegetarian diets (222,223). Huang et al. (222) included twelve RCTs, and demonstrated a mean 
weight loss of 2kg compared with non-vegetarian diets. Subgroup analysis demonstrated greater 
weight loss in vegans than lacto-ovo-vegetarians. A second meta-analysis of overweight or obese 
adults demonstrated significantly reduced LDL-C, total cholesterol and HbA1C in those consuming 
vegetarian diets (223). Evidence in adults combining vegetarian diets with aerobic exercise showed 
superior glycaemic control, and lower fasIng plasma glucose, waist circumference, BMI, and insulin 
resistance compared with either intervenIon alone (224). A limitaIon of many of these studies is the 
short duraIon of follow up. However, the AdvenIst Health Study 2 (a large cohort with a high 
proporIon of vegetarians followed since 2002) reveals a dose-response relaIonship, BMI falling with 
diet stringency: vegans have a mean BMI of 23.6kg/m2 compared with non-vegetarians (28.8 kg/m2) 
(225).  
A systemaIc review of nine cohort studies examining plant-based diets took food quality into 
account (226). Plant-based diets were associated with lower body adiposity than diets with higher 
animal-source foods, whilst healthier plant-based diets (using index scoring) were more strongly 
associated with weight loss  than less healthy plant-based diets (which had either a null or adverse 
associaIon). There is a paucity of research on the health impact of poultry consumpIon, with most 
comparing red meat and plant-based foods. No RCTs assessed processed poultry foods (227). A 
systemaIc review and meta-analysis of 21 trials studying the impact of pulse consumpIon on body 
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weight found significant weight reducIon in pulse-containing diets even when matched for energy 
intake (p=0.03) (228).  
Increasing recogniIon of the dual benefits of plant-based diets for health and sustainability have led 
to several studies examining sustainable dietary paWers and weight. A meta-analysis of eight studies 
demonstrated that high adherence to sustainable diets (defined as diets that provided sustainability 
measures such as the EAT-Lancet diet) was associated with a reduced risk of overweight (RR 0.69) or 
obesity (RR = 0.61) (229). Lastly, intervenIonal research aiming to prevent life-long poor dietary 
habits has focused largely on childhood intervenIons. A systemaIc review of 137 intervenIons (72% 
aiming to increase fruit and vegetable consumpIon) found that behavioural insights were effecIve at 
improving children’s diets in 74% of the included intervenIons (230). Most effecIve approaches 
were using incenIves, changing defaults, and modifying the physical environment whereas providing 
informaIon in isolaIon was least effecIve.  
 
Children 
Childhood obesity has been an area of growing concern in the UK, where one in three children leave 
primary school overweight (231). A meta-analysis of 15 studies in children, found that both diet only 
or ‘diet and exercise’ resulted in weight loss and metabolic profile improvement, with combinaIon 
intervenIons delivering greater changes (232). Dietary intervenIons predominantly focused on 
calorie restricIon although some increased dietary fibre or fruit and vegetable consumpIon. 
Increasing numbers of children are consuming plant-based, vegetarian or vegan diets with 8% of 
children in the UK reporIng to be vegan, 13% vegetarian, and 21% likely to become vegetarian (233). 
A systemaIc review of health outcomes in vegan or vegetarian children consistently found no  
evidence that vegetarian children had no difference in growth compared to omnivores, although 
iron, iodine and vitamin B12 levels did seem slightly lower (234). For vegans, growth, body fat, iron, 
iodine, vitamin B12 and bone health were all reduced, but a lower cardiovascular disease risk was 
also evident with more favourable lipid profiles. The impact of supplementaIon, varying risk by 
developmental stage, and long-term impact into adulthood require further research. 
 
Diabetes 
The relaIonship of several dietary paWerns with T2DM have been examined, including the 
Mediterranean, Dietary Approaches to Stop Hypertension (DASH), Por{olio (cholesterol lowering), 
Nordic, and vegetarian diets. All improved HbA1c, fasIng glucose and fasIng insulin (235). A meta-
analysis of 17 studies found that high adherence to a plant-based diet reduced the risk of T2DM by 
18% compared to low adherence with a stronger inverse associaIon seen when healthy plant-based 
foods were emphasised, such as vegetables, fruits, wholegrains and legumes (58). This is supported 
by evidence of lower risk with consumpIon of whole plant-based foods, while refined grains and 
sugar sweetened beverages are associated with higher risk of T2DM (236). 
Vegetarian diets are associated with mulIple health benefits. An umbrella review idenIfied 20 meta-
analyses reporIng on 34 health outcomes and found beneficial effects for cholesterol, BMI, diabetes 
and ischaemic heart disease risk, and several cancers (237). A meta-analysis of 14 observaIonal 
studies reported lower risk of diabetes compared to non-vegetarians (238). A vegan diet is also 
associated with a lower T2DM prevalence and incidence, and improved glucose homeostasis in 
diabeIcs (239). These associaIons may result from the higher fibre content in plant-source foods: a 
meta-analysis of 359,167 parIcipants found a 19% lower risk of T2DM with high total fibre intake 
compared to low intake and a dose response relaIonship demonstraIng a 6% decreased risk of 
T2DM per 2g/day increment in fibre intake (240).   
Given these reported benefits, studies have examined the impact of subsItuIng animal-source foods 
or proteins for plant-equivalents. Two 2023 systemaIc reviews focus on this approach. One 
systemaIc review and meta-analysis examined 24 prospecIve cohort studies (241). An inverse 
associaIon with T2DM incidence was found subsItuIng red meat with wholegrains or cereals or 
nuts and a larger reducIon in T2DM incidence when subsItuIng processed meat with nuts. 
AddiIonally, a lower T2DM incidence was seen when replacing poultry with wholegrains or replacing 
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eggs with nuts or wholegrains. These findings were reported alongside beneficial effects on CVD and 
all-cause mortality when subsItuIng animal source meats, dairy, and eggs with plant-equivalents. A 
second systemaIc review examined subsItuIng protein from animal to plant sources (242). Included 
studies predominantly focused on protein isolates rather than whole foods. Conclusions were limited 
by high risk of bias but suggested a lower T2DM incidence subsItuIng animal protein for plant 
protein. 
Evidence supports the consumpIon of sustainable diets for reducing diabetes risk. The EAT-Lancet 
diet (plant-based, with an emphasis on whole foods and limited animal-based food and refined sugar 
intake), aims to provide a reference diet that can miIgate both malnutriIon and unsustainable 
agricultural pracIces for beWer human and planetary health. A systemaIc review examining the 
associaIon between the EAT-Lancet diet and diabetes in five studies (four focused exclusively on 
T2DM incidence) (243) idenIfied a decreased risk of T2DM onset (i.e. preventaIve role) and a dose-
response relaIonship (higher adherence associated with lower risk of T2DM). One study, following a 
UK Biobank cohort of individuals without a prior diagnosis of diabetes over 10 years, found that each 
incremental increase in adherence score was associated with a 6% decrease in risk of T2DM (244). 
Analysis revealed that 44% of this associaIon was mediated by BMI.  
 
Gesta;onal Diabetes  
Maternal diets are important for foetal health. GestaIonal diabetes (GDM, diabetes during gestaIon 
that was not detected prior to pregnancy) can result in high risk of hypertension, caesarean secIon, 
neonatal hypoglycaemia and macrosomia (245). Furthermore, women diagnosed with GDM have 
more than seven Imes higher risk of T2DM compared with normoglycaemic women and children are 
more likely to develop insulin sensiIvity and pancreaIc beta-cell dysfuncIon in later life (246,247). A 
meta-analysis of ten prospecIve cohort studies found that plant-based dietary paWerns were 
associated with a lower risk of GDM (RR=0.85) (245). Data from two studies demonstrated that 
higher adherence to a plant-based diet was associated with a lower risk of GDM.  
 
Metabolic Syndrome 
Diets (such as the Mediterranean and DASH diets) associated with reduced risk of obesity and 
diabetes are likely to be associated with lower risk of metabolic syndrome (248). A 2024 review 
revealed beneficial effects of plant-based diets on individual metabolic syndrome components, 
although the diverse range of diets studies and variable supplement protocols limited the 
conclusions that could be drawn (249). 
 
Fracture Risk 
While deficiency in vitamin B12 is easily remedied with supplementaIon, vegetarian and vegan diets 
are associated with 9% and 43% higher risk of bone fractures respecIvely compared with meat 
eaters in the EPIC-Oxford cohort (60). AdjusIng for dietary calcium only parIally accounted for this 
elevated risk, and some evidence suggests that adequate vitamin D, calcium and protein-rich foods in 
the diet may counteract this, highlighIng the need to provide adequate guidelines to those 
transiIoning to a plant-based diet (250). 
 
 
Physical Ac&vity  
Obesity and Diabetes 
Aerobic acIve transport uses oxygen to generate energy. Intense exercise (e.g. intense cycling) 
supplements this with anaerobic metabolism (derives energy without using oxygen). 
Low intensity aerobic exercise (and thus ‘gentle acIve commuIng’) is beneficial to health. Walking 
reduces lower body fat, BMI and cholesterol levels (251). A systemaIc review and meta-analysis of 
adult RCTs showed that walking decreased waist circumference, weight, body fat, and BMI (252). In 
children and adolescence, a consistent inverse associaIon is seen between walking step count and 
obesity (253). RCT evidence also supports walking as a means to reduce fasIng blood glucose, 
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HbA1c, postprandial blood glucose and fasIng insulin (254). A dose-response relaIonship is reported 
with lower risk of T2DM with faster walking speeds (255).  
In prediabeIc paIents, meta-analysis of ten RCTs shows a significant reducIon in BMI, HbA1c and 
fasIng blood glucose levels with aerobic exercise compared to control (256). In overweight or obese 
paIents, moderate conInuous or high intensity training are equally effecIve in significantly reducing 
body fat and waist circumference (257). In sarcopenic obesity (low muscle mass and high body fat 
with higher metabolic risk) (258), aerobic exercise decreases body weight and fat mass. Similar 
benefits are seen for T2DM risk. Aune et al. (259) reported an inverse associaIon between physical 
acIvity and T2DM risk, noIng that this was consistent across light, moderate, and vigorous acIvity as 
well as resistance exercise. 
AcIve commuIng, by foot, bicycle or other non-motorised means has gained aWenIon as a low-cost, 
healthy, and climate friendly approach to daily travel. ObservaIonal research shows an associaIon 
between acIve commuIng and obesity and diabetes. A meta-analysis of 28 observaIonal studies 
showed a 12% and 18% reducIon in risk of obesity and diabetes respecIvely compared with inacIve 
commuIng (260). Workplace environments have become increasingly sedentary and several 
intervenIonal studies have focused on increasing acIvity whilst working using treadmill, cycling, 
stepping or standing desks. A systemaIc review demonstrated improved glycaemic control and body 
weight with treadmill desk use (261).  
 
Gesta;onal Diabetes Mellitus (GDM) 
Insulin resistance is higher during pregnancy and some women develop GDM with higher risk of 
adverse neonatal outcomes and later development of T2DM. Exercise is an insulin sensiIser, but 
historical concerns around preterm birth have led to low levels of awareness amongst women on the 
safety of exercise in pregnancy. ObservaIonal studies show that physically demanding work including 
prolonged standing and heavy lihing were associated with higher risk of miscarriage and preterm 
delivery (262). However, evidence does not support these concerns for exercise with several 
systemaIc reviews of RCTs finding a reducIon in caesarean secIon rates and no change or even a 
lower risk in pre-term birth risk (263,264). Aerobic or resistance exercise reduce the risk of 
developing GDM, and reduce insulin requirements, fasIng glucose levels and HbA1c (264,265). 
 
Polycys;c Ovarian Syndrome (PCOS) 
PCOS is a common endocrine disorder characterised by reduced frequency or lack of ovulaIon, 
higher circulaIng androgens, and polycysIc ovaries visualised on ultrasound. It is associated with 
reduced ferIlity, obesity and insulin resistance (266). Across seven RCTs, regular aerobic exercise 
improved menstrual paWerns, shihing from amenorrhea to oligomenorrhea or normal menstruaIon 
and an improvement in ovulaIon rate. Hyperandrogenism features improved, testosterone level 
reduced, and lower rates of anxiety and depression were found in the intervenIon groups. Small 
sample sizes, short intervenIon duraIon, and lack of standardised outcome measures prevent 
idenIficaIon of opImal duraIon, intensity or type of exercise for PCOS (266). 
 
Osteoporosis 
Physical acIvity is beneficial for bone health and osteoporosis prevenIon across the life-course. 
Exercise intervenIons increase bone mineral density (BMD) in prepubertal children (267) although, 
with acIve transport in mind, such benefits relate to weight bearing exercise such as 
walking/running (268). In adults aged >65 years, physical acIvity improves lumbar and hip bone 
mineral density (269). Higher doses of physical acIvity combining mulIple exercise types were most 
effecIve. Exercise also reduces the risk of osteoporoIc fractures (46). A meta-analysis of studies on 
post-menopausal women found similar associaIons between exercise training and BMD (270). More 
data is required to understand the impact on male osteoporosis risk (271).  
 
 
Mental Health Disorders 
Pollu&on 
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Cogni;ve Impairment 
Evidence supports an associaIon between both short- and long-term exposures to ambient polluIon 
and cogniIve impairment. A systemaIc review and meta-analysis found that long-term PM2.5 
exposure was associated with a significant increase in the risk of all-cause demenIa (pooled OR 1.3), 
Alzheimer’s (OR 1.65) and Parkinson’s disease (OR 1.17) (272). AddiIonally, PM10 exposure was 
associated with an increased risk of vascular demenIa (OR 1.12). Similar results have been reported 
for other pollutants including NOx, NO2, and O3 (273). For Alzheimer’s disease, a dose-response 
relaIonship has been noted with higher incidence of Alzheimer’s disease in regions with higher 
polluIon (274).  
 
Childhood Neurodevelopmental Disorders 
In utero exposure has also been linked to subsequent cogniIve impairment and behavioural changes 
in childhood, including inaWenIon, lower IQ scores, and symptoms of anxiety and depression (275). 
Prenatal exposure to pollutants is associated with increased risk of auIsm spectrum disorder (ASD) in 
epidemiological studies, with higher suscepIbility reported in boys. Plausible biological mechanisms 
include damage to the blood-placental barrier and transfer of PM to the immature foetal brain, 
increased neuroinflammaIon and oxidate stress (276).  
Post-natal traffic-related polluIon exposure is similarly associated with structural brain changes in 
neuroimaging studies, as well as higher risk of ADHD and ASD (276). Higher polluIon exposure across 
childhood is associated with lower academic achievement and cogniIve performance.  
 
Mood Disorders 
A US study esImaIng exposure using residenIal address for children found that increased NOx 
exposure was associated with a significant increase in symptoms of anxiety and depression at age 18, 
even aher adjusIng for confounders including socioeconomic status (277). 
Both short- and long-term exposure to PM2.5 and NO2 are associated with an increased risk of 
depression (278). A meta-analysis of cohort studies on long-term exposure air polluIon included 23 
arIcles on depression and five on anxiety in adults (279). Analysis of PM2.5 and risk of anxiety did not 
demonstrate a significantly increased risk, however PM2.5 and NO2 were associated with an increased 
relaIve risk of depression (PM2.5 (RR: 1.10, 95% CI [1.00, 1.20]) and NO2 (RR: 1.17, 95% CI [1.06, 
1.31]). While no associaIons were found for CO, PM10, SO2 or O3 pollutants, short-term exposure to 
these pollutants has been shown to increase risk of depression (278). An in-depth analysis of 30 
studies on stress and anxiety disorders was consistent with Cao et al.’s (279) meta-analysis finding no 
significant increase in risk of anxiety or psychological stress with PM10, PM2.5 or NO2 (280). 
Furthermore, short-term increases in exposure to PM2.5 and PM10 of 10 μg/m3 are associated with 
2% and 1% increases in risk of aWempted suicide respecIvely (281). 
In analysis of three cohorts, exposure to PM10 in the second trimester is associated with an increased 
odds of postpartum depression (OR 1.26) (282).  
 
Psychosis 
A meta-analysis of ten studies found a highly staIsIcally significant (albeit small effect size) increased 
risk of hospital admission for schizophrenia per 10 μg/m3 increase in short-term exposure to NO2 (RR 
1.029, 95% CI 1.016-1.041 p<0.001) (283).  
 
Sleep Disorders 
We did not idenIfy any systemaIc review or meta-analysis on polluIon and sleep disorders, 
however a cross-secIonal study in the UK Biobank cohort found that PM2.5 was associated with an 
increased risk of sleep disorders (OR 2.39; 95% CI 1.64-3.48 per 10 μg/m3) (284). Both PM2.5 and 
PM10 were associated with a significant reducIon in sleep duraIon which remained aher adjusIng 
for co-variates including BMI, alcohol consumpIon, educaIon level, and residenIal noise level. While 
these results should be interpreted with cauIon given the cross-secIonal study design, insomnia is 
associated with a 27% higher risk of cogniIve disorders (95% CI 1.16-1.39), providing a plausible 
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biological mechanism for the reported associaIon between polluIon and cogniIve impairment 
(285). 
 
 
Diet 
NutriIonal psychiatry is a relaIvely recent field of research, emerging from several studies that link 
dietary paWerns to mental health. Emerging evidence suggests that the gut microbiome may 
modulate the ‘gut-brain axis’ - the two-way network connecIon between the central nervous system 
and the intesIne (286). Many foods contain molecules that may influence brain development and 
neural signalling (287). Recent intervenIonal studies provide evidence of the beneficial effect of 
plant-based diets, and diets with higher intake of fibre or polyphenols, on mental health. The 
epidemiological and experimental evidence is summarised below.  
 
Depression 
Epidemiological studies have idenIfied an associaIon between dietary paWerns such as the 
Mediterranean diet, plant-based diets and lower risk of depression. An umbrella review idenIfied 
sixteen meta-analyses of observaIonal studies and two meta-analyses of RCTs reporIng on the 
Mediterranean diet, DASH, vegetarian, Dietary Inflammatory Index (DII), Western diet, and low 
calorie or low fat diets (288). Higher adherence to the Mediterranean diet or a lower dietary 
inflammatory index (lower intake of inflammaIon-associated foods) was associated with lower risk 
of depression. Weak or no evidence was found for the DASH, vegetarian, Western or other diets. 
O’Neil et al. (289) performed a systemaIc review of 12 cross-secIonal or prospecIve cohort studies 
that looked at children and adolescents (age range 4.5-18 years). Higher diet quality was associated 
with significantly beWer mental health, and unhealthy dietary paWerns were associated with worse 
mental health, although the predominantly cross-secIonal design of these studies cannot rule out 
reverse causality. In adults, a meta-analysis of 13 observaIonal studies demonstrated a significant 
associaIon between a healthy diet paWern (higher fruit, vegetable, fish and wholegrain intake) and 
reduced odds of depression (OR 0.84l 95% CI 0.76-0.92 p>0.001) (290). ObservaIonal studies on the 
Mediterranean diet have also been synthesised (291). High adherence to a Mediterranean diet was 
associated with reduced risk for depression (RR 0.68).  
IntervenIonal trials demonstrate that following a Mediterranean diet and/or adding Mediterranean-
like supplements can reduce the risk of depression, and improve depressive symptoms (292–295). A 
systemaIc review of RCTs on low carbohydrate and ketogenic diets found no evidence that either 
diet was superior to control in modifying mood, faIgue, or QoL (296). An RCT with six-month follow 
up distributed food hampers and provided workshops to encourage a Mediterranean diet alongside 
fish oil supplements, while a control group aWended social group events (292). Authors reported a 
significantly higher consumpIon of fruit, vegetables, nuts, legumes, and wholegrains and less red 
meat and poultry in the intervenIon group at three months. The intervenIon group had significantly 
reduced depressive symptoms at three months, and this was sustained at six months (p=0.03). 
Secondary analyses demonstrated a correlaIon between reduced depression and increased 
Mediterranean diet adherence and increased consumpIon of vegetables and nuts.  
The SMILES trial was a 12-week RCT where 33 parIcipants with moderate to severe depression 
received either dietary support or social support sessions (293). Whilst criIcised for its reporIng of 
blinding and recruitment methods as well as its small sample size, it demonstrated a significant 
decrease in interviewer-determined depression symptoms and an increase in remission rates in 
those receiving nutriIonal counselling and advice compared to the control group with a number 
needed to treat of 4.1 (297).  
Lastly, a 14-day RCT randomised young adults to receive either usual diet (control), prompted 
consumpIon (text reminders and fruit and vegetable voucher), or fruit and vegetable delivery with 
two addiIonal daily servings on top of their normal diet. Self-reported depression and anxiety 
symptoms improved in the fruit and vegetable delivery group (295).  
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Cogni;ve Impairment 
Epidemiological evidence links dietary paWerns to cogniIve impairment. A meta-analysis of 22 
observaIonal studies demonstrated that high adherence to a Mediterranean diet was consistently 
associated with a reduced risk of cogniIve impairment (RR 0.60 95% CI 0.43-0.83) (291). The 
evidence for dietary components of the EAT-Lancet reference diet on cogniIon have been 
summarised by Dalile et al. (298). They concluded that lack of evidence limits definiIve conclusions 
but that wholegrains, fruit and vegetables, and nuts may improve cogniIve funcIon. Longitudinal 
cohort studies support the beneficial relaIonship between fruit and vegetable intake and improved 
cogniIon (299).  
Two internaIonal trials provided an adult cohort of 27,860 parIcipants with high cardiovascular risk 
to examine diet quality (using a healthy eaIng index) and cogniIon (mini-mental state examinaIon 
score) (300). Healthier, higher scoring foods included vegetables, fruits, nuts, and soy proteins. 
During the 56 month follow up, those in the healthiest dietary quinIle had a significantly reduced 
risk of cogniIve decline compared with the unhealthiest quinIle (HR 0.76). Another study examined 
polyphenol dietary intake by measuring excreIon in urine (301). The cross-secIonal study of 447 
asymptomaIc elderly adults with high cardiovascular risk analysed food intake, urinary polyphenols, 
and cogniIve scores. They found that increased intake of anIoxidant-rich foods and in parIcular 
polyphenols, was associated with beWer cogniIve funcIon. 
This evidence has led to a proposed new dietary combinaIon known as the Mediterranean-DASH 
IntervenIon for NeurodegeneraIve Delay (MIND) – a mix of anI-hypertensive and Mediterranean 
diet paWerns that focuses on foods that might protect against neurodegeneraIon by increasing 
plant-based foods (vegetables, fruits, leafy greens, berries, nuts, beans, poultry, fish, olive oil) and 
reducing unhealthy foods (red meat and other foods high in saturated and trans-fat) (302). Greater 
adherence to it is associated with a slower rate of cogniIve decline across cogniIve domains 
(p<0.0001), even aher adjustment for cardiovascular disease risk factors, depression, obesity and 
age. This posiIve associaIon has been replicated in a 12-year longitudinal cohort study of Australian 
60- to 64-year-olds, in whom high adherence to the MIND diet is associated with a lower odds of 12-
year cogniIve impairment (adjusted OR 0.47) compared to medium and low intake (303). These 
studies suggest that diet may play a role in both prevenIng and delaying the onset of demenIa. 
ConducIng RCTs on whole dietary paWerns and long-term outcomes such as cogniIon can be 
challenging, and few such trials exist. Evidence is strongest for the Mediterranean diet. RCT evidence 
demonstrates the benefit of a Mediterranean diet on cogniIon compared to a low-fat control diet 
(304). Valls-Pedret et al. allocated parIcipants to consume the Mediterranean diet with either 
anIoxidant rich foods (extra virgin olive oil 1L/week) or mixed nuts (30g/day) or control (advice) in 
Spain. The Mediterranean diet and olive oil group scored beWer on composite frontal and global 
cogniIon scores compared with control (p=0.003 and p=0.005 respecIvely). The Mediterranean diet 
and nuts group performed significantly beWer compared with control for memory composite scores 
(p=0.04). The NU-AGE trial (running over a year in five European countries with 612 parIcipants 
(305)) found that adherence to a Mediterranean diet was correlated with changes in the gut 
microbiome, with increases in certain bacterial taxa that favour lower inflammatory markers and 
beWer cogniIon. 
Most RCTs are spread thinly across different foods or food-extracts including flavonoids, fruit 
extracts, cocoa, and nuts with weak or conflicIng results (299). A matched non-randomised control 
experiment included 23 overweight but otherwise healthy elderly parIcipants in each group (306). 
Resveratrol, a plant-based polyphenol, was taken for 26 weeks versus placebo and demonstrated 
improved retenIon of words over 30 mins compared to baseline (p=0.038). 
In summary, diet is a modifiable risk factor for depression and cogniIve impairment. A paucity of 
intervenIonal research limits conclusions regarding causality. Epidemiological studies of dietary 
paWerns and food groups idenIfy the Mediterranean, MIND diet, and fruit and vegetable intake as 
superior to other diets or targeted nutriIonal approaches.  
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Physical Ac&vity  
Depression 
There is strong evidence that exercise is an effecIve treatment for depression. A meta-analysis of 
RCTs idenIfied 218 studies and calculated pooled esImates by exercise type compared to acIve 
control as well as assessing the risk of dropouts to determine acceptability of the intervenIon (307). 
They found that exercise had a moderate effect on depression either alone or in combinaIon with 
pharmacotherapy or cogniIve behavioural therapy. The most effecIve modaliIes included jogging, 
and a dose-response relaIonship demonstrated greater benefit with increasing intensity.  
These results are supported by epidemiological evidence. A systemaIc review of 30 prospecIve 
longitudinal studies found that physical acIvity was associated with a lower risk of developing 
depression, even for brief duraIon, although increasing Ime spent exercising was associated with a 
greater reducIon in risk supporIng a preventaIve role (308). 
The role of physical acIvity in grief has also been reviewed, examining experimental and 
observaIonal studies (309). Physical acIvity was reported as beneficial in building and maintaining 
social relaIonships as well as reducing levels of depression, stress, loneliness and PTSD.  
 
Perinatal Period 
A meta-analysis of 48 RCTs showed that exercise was associated with significantly reduced perinatal 
depression scores compared to control (p<0.0001) (310). Sub-group analyses demonstrated that 
exercise was effecIve at prevenIng and treaIng postpartum depression. Another RCT meta-analysis 
examined the effecIveness of exercise for treaIng postpartum depression: 12 RCTs including a total 
of 1260 women compared exercise to usual care (311). Exercise reduced depressive symptoms across 
all modaliIes compared with usual care. This included pram walking, yoga and supervised mixed 
exercise.  
 
Anxiety 
A systemaIc review and meta-analysis of 15 RCTs assessed the impact of exercise on individuals 
diagnosed with anxiety disorders or with heightened anxiety assessed using a validated scale (312). 
Aerobic exercise was found to reduce anxiety compared to waiIng list controls and higher intensity 
exercise was found to be more effecIve than low intensity although few studies followed up paIents 
long-term to determine persistence in effect.  
 
Other Mental Illness 
There is insufficient evidence on other mental health outcomes. A systemaIc review of eight studies 
examined individuals with schizophrenia, schizophrenia-like psychosis, schizoaffecIve disorders and 
bipolar affecIve disorder and found no evidence that exercise improved symptoms of schizophrenia 
or co-exisIng anxiety or depression (313). 
 
Ac;ve Transport in Green Spaces 
In those aged 14-24, brief exposure to green spaces such as walking through parks improves mood 
and reduces anxiety in the short-term, although long-term evaluaIon is lacking (314). Studies also 
suggest mental health benefits for outdoor over indoor exercise, although data are sparse. A 
systemaIc review found seven studies of which only two reported a significant associaIon between 
acIve commuIng and reduced depression symptoms (315). Only one study was included from the 
UK (316). This longitudinal cohort study examined the difference in depressive symptoms in adults 
from the Biobank cohort. Adults without pre-exisIng depression who changed from inacIve to acIve 
commuIng reported significantly milder depressive symptoms compared to those who remained 
inacIve. Future acIve travel studies should evaluate mental health outcomes to determine the 
possible benefits and most effecIve modality or duraIon.  
 
Cogni;ve Impairment 
Physical acIvity may modify cogniIve funcIon. In healthy populaIons, repeated physical acIvity is 
associated with a small but significant improvement in memory test performance (317). A scoping 
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review of RCTs on older adults with cogniIve frailty found that exercise (modaliIes included 
flexibility, resistance, or balance training, or walking or cycling) was associated with significant 
improvements in cogniIve funcIon, frailty, and depression (318). Similarly, a systemaIc review and 
meta-analysis of prospecIve cohort studies reported that high amounts of physical acIvity in older 
adults resulted in a 22% decrease in all-cause demenIa risk compared with those who were physical 
inacIve (p<0.05) (319). However, evidence is conflicIng for walking acIvity. A meta-analysis of RCTs 
reported that walking intervenIons did not result in a significant improvement in cogniIve funcIon 
in older adults with mild cogniIve impairment (320). 
A meta-analysis demonstrates that exercise significantly improves physical funcIon and 
neuropsychiatric symptoms in paIents with Alzheimer’s Disease (321). A non-significant trend was 
noted for cogniIve funcIon, and secondary analyses showed that aerobic exercise was significantly 
associated with improved MMSE test scores. A systemaIc review of quanItaIve and qualitaIve 
studies found a small but consistently posiIve effect of walking on depression, mood or other 
behavioural and psychological symptoms in paIents with demenIa, and reported posiIve 
experiences such as improved sleep, well-being, and maintaining “self-hood” (322). Evidence also 
supports the use of exercise to improve physical strength, balance and mobility in paIents with 
demenIa (323). 
Sleep disorders are an important risk factor for depression, demenIa, diabetes and cardiovascular 
disease. RCT evidence suggests that physical acIvity (all types) is effecIve at improving sleep (324). 
People suffering with chronic faIgue syndrome (characterised by post-exerIonal faIgue and ohen 
severe cogniIve symptoms, pain and mental illness) may also benefit from physical acIvity to 
improve symptoms, especially faIgue. However, available evidence suggests this benefit is no greater 
than cogniIve behavioural therapy (325). 
 
In summary, physical acIvity is an effecIve treatment for depression, and may improve cogniIve 
funcIon and lower the risk of demenIa. Further research is required to determine the long-term 
impact of physical acIvity on anxiety. Combining physical acIvity with exposure to green spaces may 
provide addiIonal mental health benefits.  
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Glossary & Abbrevia&ons 
 
Ambient polluIon Outdoor air polluIon 
BMI Body Mass Index 
CO Carbon Monoxide: A poisonous gas produced by incomplete combusIon of fuel. 
CO2 
COMEAP 

Carbon Dioxide 
CommiWee on the Medical Effects of Air Pollutants 

CHD Coronary Heart Disease 
DASH diet Dietary Approaches to Stop Hypertension: low in salt, rich in fruits, vegetables wholegrains, 

low-fat dairy and lean protein. 
DALYs Disability Adjusted Life Years 
Dietary 
Inflammatory Index 

Research-based dietary score summarising the impact of the diet on six inflammatory 
markers (IL1B, 4, 6, 10, TNF-alpha, and CRP). It posiIvely scores anI-inflammatory foods 
such as oily fish, nuts, berries, ginger, leafy greens, green tea, tomatoes, extra virgin olive 
oil, dark chocolate and fibre and negaIvely scores processed meats, sugar sweetened 
beverages, high saturated fat or fried foods. 

EAT-Lancet diet A planetary health diet developed to meet both human and planetary needs. It is plant-
based but does not exclude meat and dairy completely. 

Fibre Umbrella term for non-digesIble carbohydrates from plants. 
GBD Global Burden of Disease 
GHG Greenhouse gas  
HR Hazard RaIo 
IHME InsItute for Health Metrics and EvaluaIon  
IHD Ischaemic Heart Disease 
IPCC Intergovernmental Panel on Climate Change 
Ketogenic Diet A high fat, adequate protein, low carbohydrate diet that mimics the metabolism of the 

fasIng state. IniIally developed to treat epilepsy, but has gained wider aWenIon as an 
approach for weight loss. 

Mediterranean Diet A diet of a type tradiIonal in Mediterranean countries, characterized by a high 
consumpIon of vegetables and olive oil and moderate consumpIon of protein 

MIND Diet The Mediterranean-DASH Diet IntervenIon for NeurodegeneraIve Delay  (MIND) diet:  
designed to target the health of the aging brain and, specifically, DemenIa and 
Alzheimer's. Encourages increased consumpIon of wholegrains, vegetables, parIcularly 
green leafy vegetables, nuts, beans, berries, poultry, fish, olive oil and reduced intake of 
foods high unsaturated or trans-fat, alcohol or sugar. 

NHS NaIonal Health Service 
NCD Non-communicable disease 
NOx, NO2 Nitrogen oxides (produced from combusIon processes from power staIons, motor 

vehicles and other industrial and domesIc combusIon processes). NO2 is the most 
common form of nitrogen oxide in air. 

O3 Ozone (at ground level, is a toxic air pollutant and (elsewhere) a greenhouse gas. It is a 
secondary pollutant from NOx and volaIle organic compounds. 

OR Odds RaIo 
Plant-based Umbrella term for diets that emphasise foods from plants with few or no ingredients from 

animals. Includes vegetarian, vegan and Mediterranean diets. 
PM, PM0.1, PM2.5 , 
PM10 

ParIculate MaWer (where parIcles are less than 10 micrometres in diameter (PM10), less 
than 2.5 micrometres in diameter (PM2.5), or ultrafine (less than 0.1 micrometer).  

Polyphenols Category of naturally occurring compounds found in plant foods with anI-oxidant 
properIes. 

RR RelaIve Risk 
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SO2 Sulphur dioxide (is emiWed from electricity generaIon, industrial, and domesIc fuel 
combusIon). 

T2DM Type II Diabetes Mellitus 
Vegan The pracIce of abstaining from the consumpIon of all foods from animal origin including 

meat, fish, poultry, eggs, dairy and honey. 
Vegetarian The pracIce of abstaining from the consumpIon of some foods from animal origin 

including meat, fish, and poultry. 
Western Diet Modern dietary paWern characterised by high intake of red meat, high fat foods, refined 

sugars, and processed foods. 
WHO World Health OrganisaIon 
95% CI 95% Confidence Interval 
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