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Introduction

• Mental health problems are noticeably rising 

• Causing serious socio-economic losses to the 
societies 

• Vigo et al. 2016: The global burden of mental 
diseases is estimated at 32% of years lived with 
disability and 13% of disability-adjusted life-years.

• Mental disorders are mainly triggered by genetics 
and/or by psycho-social risk factors

• Recent literature has been showing a relationship 
between environmental factors including exposure 
to ambient air pollution and mental wellbeing.

• Though most of the evidence is fragmented and 
inconclusive



Introduction

Air pollution 

Directly

Biological mechanisms 

Indirectly

Nuisance and 
individuals’ coping 

behaviours

Experiential anxiety 
emerging from 

worrying feelings 
about one’s physical 

health and future

Mental wellbeing 
problems



Introduction

Biological:

• Particulate matter of small diameter such as PM1 or PM2.5 
might initiate oxidative stress and lead to the formation of 
inflammatory cytokines that infiltrate the blood-brain barrier 
causing neurodegeneration and neuroinflammation.

• Particulate matter and NO2 have been linked by observational 
research to increased rates of autism spectrum disorders, 
schizophrenia, dementia, psychotic experiences, cognitive 
disabilities, anxiety and major depressive disorders.



Introduction

Nuisance and individuals’ coping behaviours:

• Aesthetic/odorous nuisance and inhibition of psychological-
supporting outdoor activities due to air pollution can result in 
cognitive anxiety, stress, and loneliness leading to general 
fatigue and perceived symptoms of poor mental wellbeing. 

• In a recent systematic literature review by Lu (2020) of 178 
published articles, air pollution was shown to decrease 
happiness and life satisfaction substantially, and to increase 
anxiety, annoyance, mental problems, suicide ideation, and 
coping approaches such as avoidance behaviour and 
migration.



Introduction

Experiential anxiety emerging from worrying feelings 
about one’s physical health and future:

• Due to the more conclusive research about the effect of 
air pollution on physical health including 
cardiopulmonary, immune system and cancer diseases, 
people living in highly polluted areas might experience 
stress and worrisome feelings of getting physical illness, 
which impairs their mental wellbeing. 



Introduction

• Despite the establishment of linkages between air pollution and 
mental wellbeing in the literature, results are generally inconclusive.

• Most of the studies are cross-sectional or longitudinal studies that lack 
spatial-temporal specificity and lengthy follow up time. 

• To date, no study has tried to address the association between long-
term (11 years) air pollution exposure and mental wellbeing using a 
between-within longitudinal design. 

• Published research have not yet covered all population types and the 
potential moderating effect that key demographic groups might have 
on the association between air pollution and mental wellbeing.

• To date, only age (young vs elderly population) and gender socio-
demographics have been considered.

• Examining how the effect of air pollution on mental wellbeing varies by 
other key demographic groups such as ethnic groups can provide a 
more conclusive explanation. 



Aims

• We aim to assess longitudinally the overall and the 
between-within effects of long-term (11 years) exposure to 
NO2, SO2, PM10, and PM2.5 air pollution in the UK on 
individuals’ reported mental wellbeing measured using the 
12 items General Health Questionnaire (GHQ12) scale.

• We aim to assess whether ethnic minorities including 
Pakistani/Bangladeshi, Indians, Black/African/Caribbean, 
mixed and other ethnicities and non-UK born individuals 
suffer from a more pronounced risk for mental wellbeing 
with increasing concentrations of the four pollutants. 



Methods

• Data from the “UK Household Longitudinal: Understanding the Society” with a 
sample of 60,146 (age:16+) individuals with 349,748 repeated responses across 10-
waves/11years (2009-2019). 

• This individual-level data was linked to yearly concentrations of NO2, SO2, and 
particulate-matter (PM10, PM2.5) pollution using the local authority of residence 
for each individual.

• Air pollution was decomposed into between (average 11 years air pollution for 
each local authority) and within (annual air pollution deviation from the 11 years 
average for each local authority) effects.

• The association between air pollution and self-reported mental wellbeing in the 
general population and by ethnic groups and country-of-birth (UK-born versus 
not) was assessed using 3 levels (repeated individual observations across time 
nested in local-authorities) multilevel mixed effects linear models adjusting for 
socio-demographics, cigarette smoking and year-dummies. 



Methods

• Mental wellbeing was measured using the 12-items “General Health 
Questionnaire (GHQ12)” scale which is widely used in the population 
health research to capture non-psychotic psychiatric illness. 

• The GHQ12 scale is composed of 12 questions about the individuals’ 
experience of 12 symptoms related to mental wellbeing in the past few 
weeks preceding data collection. 

• The responses for each of the 12 questions are assessed on a 4-point 
Likert scale and then dichotomised (1 and 2 into 0; 3 and 4 into 1) and are 
summed up resulting in a general mental wellbeing score ranging from 0 
to 12 with higher scores indicating poorer mental wellbeing.



Results

Wave1 (2009-2011) Wave10 (2018-2019)

N=31,258 N=29,485

Gender Female 43.2% 44.0%
Age Young (<34) 26.2% 20.8%

Middle age (34-58) 46.1% 43.5%
Old (>58) 27.7% 35.7%

Ethnicity British white 81.4% 79.1%
Other white 4.1% 5.1%
Indian 3.1% 3.6%
Pakistani/Bangladeshi 3.5% 4.5%
Black/African/Caribbean 4.0% 3.3%
Mixed ethnicities 1.6% 1.7%
Other ethnicities 2.3% 2.8%

Country of birth Born in the UK 86.3% 68.4%
Not born in the UK 13.7% 12.0%
No answer 0.0% 19.6%

Marital status Married 53.2% 55.2%
Living as a couple 11.8% 9.6%
Widowed 5.5% 5.9%
Divorced/separated 9.1% 8.1%
Single never married 20.4% 20.8%
no answer 0.1% 0.4%

Education University degree 31.9% 34.3%
High school degree 32.9% 26.9%
Lower educational levels 1.4% 1.0%
Other qualifications 27.4% 33.3%
Still a student 6.3% 4.6%

Subjective financial situation living comfortably/doing alright 59.9% 71.6%
living difficultly 40.0% 28.2%
no answer 0.1% 0.2%

Smoking status non smoker 73.8% 87.0%
smoker 19.6% 12.8%
no answer 6.6% 0.2%
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Outcome: Mental wellbeing (GHQ: 0-12)

N=349,748 surveys from 60,146 individuals 

Coefficient [95%CI]

Overall pollution effect

NO2 (µg/m3) 0.008 [0.005, 0.012]**

SO2 (µg/m3) 0.021 [0.006, 0.035]**

PM10 (µg/m3) 0.011 [0.004, 0.018]**

PM2.5 (µg/m3) 0.017 [0.008, 0.027]**

Between pollution effect

NO2 (µg/m3) 0.008 [0.004, 0.011]**

SO2 (µg/m3) 0.091 [0.058, 0.123]**

PM10 (µg/m3) 0.009 [0.001, 0.017]*

PM2.5 (µg/m3) 0.017 [0.005, 0.028]**

Within pollution effect

NO2 (µg/m3) 0.006 [-0.005, 0.017]

SO2 (µg/m3) -0.001 [-0.026, 0.023]

PM10 (µg/m3) 0.006 [-0.010, 0.023]

PM2.5 (µg/m3) 0.005 [-0.015, 0.026]

Adjusted for age, gender, ethnicity, country of birth, marital status, education, perceived financial situation, 
smoking status and year dummies (2009-2019)



(N=349,748 surveys from 60,146 individuals) 
individuals349,748 surveys from 60,146 
individuals )

Adjusted for age, gender, marital status, education, perceived financial situation, smoking status, and year dummies (2009 to 2019)





Conclusions

• Using longitudinal individual-level and contextual linked data, this study 
highlights the negative effect of air pollution on individuals’ mental 
wellbeing over time. 

• Significant overall and between effects (spatial: between local authorities) 
were shown for all the four pollutants (NO2, SO2, PM10, and PM2.5). 

• Analysis by ethnicity showed elevated scores of poor mental wellbeing 
with increasing concentrations of SO2, PM10, and PM2.5 only for 
Pakistani/Bangladeshi and non-UK born individuals, but not for the other 
ethnic groups. 

• Environmental policies to reduce air pollution emissions can eventually 
improve the mental wellbeing of people in the UK. 

• However, there is no conclusive evidence on the moderating effect of 
ethnicity. 

• For future – linkages of air pollution to individual data at a greater 
resolution level eg. postcode of residence are recommended.
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