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Overview
Aim

Health impact assessments (HIA) have largely focused on mortality; this report, therefore,
examines and evaluates which morbidity impacts are appropriate to include in HIAs. The task
was assigned by Swedish Environmental Protection Agency (EPA), and the original report
(written in Swedish) was performed by Anna Oudin (AO), Erin Flanagan (EF), and Ebba
Malmqvist (EM). The original report also includes a section on mortality conducted by Bertil
Forsberg (BF), but this is not included here due to time constraints for translation. The
outcomes to be evaluated were pre-defined by researchers AO, EM and BF during the first
project meeting. Among adults, these were chronic obstructive pulmonary disease (COPD),
cardiovascular diseases, including ischemic heart disease (IHD) and stroke, diabetes,
dementia, cognitive decline. For outcomes during pregnancy and childhood, we included
preeclampsia, gestational diabetes, low birth weight, premature births, lung function, asthma,
bronchitis, infections, autism, cognition, and type 1 diabetes.

Method

Morbidity in adults

We have used the Integrated Science Assessment (ISA) from the United States (U.S.) EPA for
particulate matter (PM) (EPA 2019), ozone (0O3) (EPA 2020), and nitrogen oxides/dioxide
(NO2/NOx) (EPA 2016). We have also added exposure-response functions (ER-functions)
from the World Health Organization’s (WHO) project “Health risks of air pollution in Europe”
(HRAPIE) (WHO 2013, Héroux, Anderson et al. 2015). Additionally, more recently published
review articles have been included for NO2/NOx exposure since the corresponding ISA
evaluation was not as recent as the other assessments. The search criteria used is specified
below.

COPD and respiratory diseases
Searches: “NO2 COPD review”, “NOx COPD review”, “NO2 bronchitis review”, “NOx
bronchitis review”

Cardiovascular diseases and diabetes
Searches: “NO2 cardiovascular disease review”, “NOx cardiovascular disease review”, “NO2
myocardial infarction review”, “NO2 stroke review”

Dementia and cognitive decline
Searches: “NO2 dementia review”, “NOx cognition review”

Morbidity during pregnancy and childhood

We began by investigating if the outcome-pollutant pairs were included in WHO’s HRAPIE
from 2013 (WHO 2013, Héroux, Anderson et al. 2015). We also investigated which outcomes
were included in the 2016 Global Burden of Disease (GBD) (World Health Organization 2016)
and in the Environmental Benefits Mapping and Analysis Program (BenMap) (Sacks, Lloyd et
al. 2018). If an outcome was not included in WHO HRAPIE, we looked for evidence in the U.S.
EPA’s ISA for PM (EPA 2019), ozone (EPA 2020) and nitrogen dioxides (EPA 2016). The first



two are more recent than the ISA for nitrogen oxides. The methods utilized in the U.S. EPA’s
assessments include a thorough literature review of both the current epidemiological and
toxicological evidence. Additionally, a review by Perera et al. 2019 (Perera, Ashrafi et al. 2019)
investigating which child health outcomes can be relevant to include in a HIA was utilized.
Their methods are similar to the U.S. EPA’s ISAs, but toxicological evidence is not evaluated
with the same weight. Perera et al. was based on a systematic review of studies published
between 2000 and 2018 concerning PM with an aerodynamic diameter of less than 2.5 pum
(PM2.5), NO2, polycyclic aromatic hydrocarbons (PAH), and PM with an aerodynamic
diameter of less than 10 um (PM10) exposure and premature birth, low birth weight, asthma,
autism, attention deficit hyperactivity disorder (ADHD), and cognition. If evidence was found,
a meta-analysis was conducted to derive ER-functions for those missing in the existing
literature. Findings from the latest GBD (Ghosh, Causey et al. 2021), published in 2021 during
the writing of this report, were also incorporated; these include only PM2.5 exposure and
perinatal outcomes. Finally, a search was performed to identify relevant Swedish studies or
other studies in similar low-exposure settings.

Results

Morbidity in adults

COPD and respiratory diseases

PMz2.5

The U.S. EPA’s ISA on PM (2019) made the conclusion that there is a likely to be causal
relationship between PM2.5 and respiratory diseases, but additional studies on COPD,
specifically, are needed (EPA 2019).

No studies on PM2.5 and COPD were found in Sweden, but a study on black carbon and
chronic bronchitis has demonstrated an effect (Wang, Hallberg et al. 2020).

NO2

The U.S. EPA’s ISA on NO2 (2016) concluded that the evidence varies between respiratory
outcomes, and uncertainty still surrounds the relationship between NO2 and COPD (EPA
2016).

A study in Sweden observed NOx exposure to be associated with diagnosis of COPD, asthma,
and chronic bronchitis (Lindgren, Stroh et al. 2009). Young adults, followed since the first
year of life through the BAMSE (Swedish abbreviation for Children, Allergy, Milieu,
Stockholm, Epidemiology) cohort, had persistently impaired lung function in association with
NOx exposure, with symptoms in line with COPD criteria for young adults (Wang, Kull et al.
2020).

Cardiovascular diseases and diabetes

PM2.5

The U.S. EPA’s ISA on PM (2019) found a causal relationship between long-term exposure to
PM2.5 and cardiovascular diseases, with increased evidence from toxicological studies and
from epidemiological studies after adjusting for co-pollutants and socioeconomic factors (EPA



2019). For metabolic diseases (including diabetes), they assessed the evidence to be suggestive
of, but not sufficient to infer, a causal relationship for long-term exposure to PM2.5.

NO2/NOx
We did not find enough evidence.

Dementia and cognitive decline

PMz2.5

The U.S. EPA’s ISA on PM (2019) determined: “There is a likely to be causal relationship
between long-term PM2.5 exposure and nervous system effects” (EPA 2019), which includes
dementia and cognitive decline in adults. The Lancet Commission (2020) also added air
pollution (PM2.5) as a risk factor for dementia after finding enough convincing evidence
(Livingston, Huntley et al. 2020). Additionally, a literature review calculated a meta-analysis
for cognitive impairment with a RR=1.08 (95% CI: 1.03-1.13) per 5 ug/m3 increment increase
in PM2.5 (Yu, Zheng et al. 2020). Another literature review found the heterogeneity between
studies to be too large to calculate a meta-analysis, however (Peters, Ee et al. 2019). Thus, the
effect estimate by Yu et al. 2020 should be used with caution.

NO2

Neither dementia nor cognition in adults was included in the U.S. EPA’s ISA on NO2/NOx
from 2016. In addition to PM2.5, the Lancet Commission’s report (2020) also found support
for NO2/NOx and dementia but with no clear distinction of which one drives the effect
(Livingston, Huntley et al. 2020).

Morbidity effects during pregnancy and childhood

Pregnancy outcomes

PM2.5

Preeclampsia and gestational hypertension were not included in HRAPIE, as most
epidemiological studies on these outcomes were published after their review (WHO 2013,
Héroux, Anderson et al. 2015). The U.S. EPA’s ISA for PM (2019) considered two meta-
analyses demonstrating positive associations, but they found discrepancies in exposure
assessments between studies included in the meta-analyses (EPA 2019).

The U.S. EPA’s ISA on PM (2019) found too few studies on gestational diabetes to assess
causality (EPA 2019). Studies in Sweden observed associations between PM2.5 and
preeclampsia (Mandakh, Rittner et al. 2020). Additionally, particles collected from traffic and
wood smoke in Sweden have been seen to have an effect on placenta cells in experimental
studies (Familari, Naav et al. 2019, Erlandsson, Lindgren et al. 2020, Naiv, Erlandsson et al.
2020).

NO2/NOx

Pregnancy outcomes were not included in HRAPIE (WHO 2013, Héroux, Anderson et al.
2015), the 2016 GBD (World Health Organization 2016), or the U.S. EPA’s ISA on NO2/NOx
(2016) (EPA 2016). Studies in Sweden have found an effect of NO2/NOx on such health



outcomes (Malmgqyvist, Jakobsson et al. 2013) (Olsson, Mogren et al. 2015) (Mandakh, Rittner
et al. 2020).

Birth outcomes

PMz2.5

The U.S. EPA’s ISA on PM (2019) found the evidence to be suggestive of, but not sufficient
to infer, a causal relationship for low birth weight (LBW) and PM2.5 due to some
inconsistency in exposure windows, co-pollutant models, and toxicological data (EPA
2019). Perera et al., however, considered the evidence to be sufficient (Perera, Ashrafi et al.
2019). Toxicological studies supporting underlying biological mechanisms have been
increasing in recent years, and the most recent GBD has included LBW in its assessments
(Ghosh, Causey et al. 2021). Pooled cohort studies within the European Study of Cohorts for
Air Pollution Effects (ESCAPE) project (Pedersen, Giorgis-Allemand et al. 2013) as well as
studies in Stockholm, Sweden (Olsson, Johansson et al. 2020), demonstrated an effect of PM
on LBW. The former also included co-pollutant model adjustment for NO2 (Pedersen,
Giorgis-Allemand et al. 2013).

For exposure to PM2.5 and preterm birth (PTB), the U.S. EPA’s ISA on PM (2019) also
determined the evidence to be suggestive of, but not sufficient to infer, a causal relationship
(EPA 2019). Again, the review by Perera et al. found enough evidence to include PTB (Perera,
Ashrafi et al. 2019). Similar to LBW above, PTB has also been included in the most recent GBD
(Ghosh, Causey et al. 2021).

NO2

Perera et al. observed some indication of causal evidence for NO2 and LBW (Perera, Ashrafi
et al. 2019). The results from Swedish studies were mixed: no effects were seen in Scania for
LBW but for Small for Gestational Age (SGA) (Malmgqyvist, Rignell-Hydbom et al. 2011), while
associations were found in Stockholm (Olsson, Mogren et al. 2015) (Olsson, Ekstrom et al.
2012).

Lung function

PMz2.5

The U.S. EPA ISA on PM (2019) found a likely to be a causal relationship between long-term
exposure to PM2.5 and lung function (EPA 2019). The Swedish BAMSE cohort study also
supports an effect as part of the ESCAPE multi-cohort studies (Gehring, Gruzieva et al. 2013).

NO2

Not enough evidence has been found to assess causality, but an association was seen between
NO2/NOx and lung function in the multi-centre studies of the ESCAPE project (Gehring, Gruzieva
et al. 2013) as well as in the BAMSE cohort in Sweden (Nordling, Berglind et al. 2008) (Schultz,
Hallberg et al. 2016).



Asthma

PMz2.5

The U.S. EPA ISA on PM (2019) found a likely to be causal relationship between long-term
exposure to PM2.5 and asthma (EPA 2019). Perera et al. observed enough evidence for this
exposure and asthma incidence (Perera, Ashrafi et al. 2019). A study of four cohorts, including
a Swedish one, did find (non-significant) evidence for PM2.5 absorbance and asthma
development, especially during longer follow-up when asthma diagnosis becomes more
certain (Gehring, Wijga et al. 2015). An effect was not seen in the multi-centre ESCAPE
project, where the follow-up period was shorter (Molter, Simpson et al. 2015). The Respiratory
Health in Northern Europe, Spain and Australia (RHINESSA) generation study found an
association between gestational exposure to PM2.5 and asthma development (Kuiper,
Markevych et al. 2020).

NO2/NOx

Perera et al. found enough evidence to include long-term exposure to NO2 and asthma
development in their assessment (Perera, Ashrafi et al. 2019). When the longer follow-up
period was used, a multi-cohort study in Europe also supports an association (Gehring, Wijga
et al. 2015), as does a national Swedish study (Oudin, Braback et al. 2017). The multi-centre
ESCAPE project, investigating a shorter follow-up period, did not observe evidence of an
association, however (Molter, Simpson et al. 2015).

Bronchitis

NO2/NOx

In its assessment, HRAPIE concluded that enough evidence exists for exposure to NO2 and
bronchitis among asthmatic children (5—14 years old); based on a co-pollutants study, authors
found the prevalence of bronchitis symptoms to be 1.021 (0.990-1.060) per 1 ug/m3
increment increase in NO2 as an annual mean (WHO 2013, Héroux, Anderson et al. 2015).

Infections

PM2.5

The U.S. EPA’s ISA on PM (2019) designated the relationship between long-term exposure to
PMz2.5 and respiratory infections in children as likely to be causal (EPA 2019). In the multi-
centre ESCAPE project, an association between PM2.5 and pneumonia was observed
(MacIntyre, Gehring et al. 2014).

NO2/NOx

Acute lower respiratory infections are often included in the GBD but may primarily refer to
low- and middle-income countries. Exposure to NO2 and NOx was associated with pneumonia
in the multi-centre ESCAPE project, and an association between NO2 only and otitis media
was also documented (MacIntyre, Gehring et al. 2014).



Autism

PMz2.5

Autism was not included in HRAPIE (WHO 2013, Héroux, Anderson et al. 2015), and the study
of this health outcome in connection to air pollution exposure is a relatively new field. Still,
the U.S. EPA’s ISA on PM (2019) found consistent epidemiological evidence; however, some
studies did not adjusted for co-pollutants and exposure windows differed somewhat (EPA
2019). Animal studies also supported an association according to the U.S. EPA’s assessment
(EPA 2019). Perera et al.’s evaluation determined the evidence to be sufficient (Perera, Ashrafi
et al. 2019). The only Swedish study that could be identified investigating PM2.5 exposure and
autism only considered parental reported autistic traits and found no effect (Guxens,
Ghassabian et al. 2016).

NO2/NOx

Again, the effect of NO2/NOx on autism was not included in HRAPIE (WHO 2013, Héroux,
Anderson et al. 2015). Perera et al. conclude that more studies might be needed to warrant the
inclusion of this pollutant-outcome pair in HIAs (Perera, Ashrafi et al. 2019). The multi-centre
ESCAPE project did not find any associations between NO2/NOx exposure and autistic traits
(Guxens, Ghassabian et al. 2016). Swedish studies show conflicting results, with effects seen
in southern Sweden (Oudin, Frondelius et al. 2019) but not in Stockholm (Gong, Dalman et
al. 2017) (Gong, Almgqvist et al. 2014). Additionally, a Danish study observed an association
between NO2 exposure and autism (Ritz, Liew et al. 2018).

Cognition and type 1 diabetes

Not enough evidence could be found for either PM2.5 or NO2/NOx exposure and cognition.
The same conclusion stands for type 1 diabetes.

A more detailed summary can be found in table 4 and 5 in Appendix 1.



Assessing which outcomes to use in HIA

For consistency and harmonization between this report and a similar project in Sweden, we
have also incorporated the findings from the ASEK (Swedish abbreviation for Analytical
methods and socioeconomic cost/benefit calculations) project (Trafikverket 2019) here. In
ASEK, the assessment of societal costs of air pollution from traffic (ASEK, 2019) are based
on old assessments from WHO projects: HRAPIE (WHO 2013, Héroux, Anderson et al.
2015) and “Review of evidence on health aspects of air pollution” (REVIHAAP) (WHO
2013b); an American Thoracic Society (ATS)/European Respiratory Society (ERS) statement
(Thurston, Kipen et al. 2017); a health cost assessment for Public Health England in the
United Kingdom (UK) (Pimpin et al., 2018); and the U.S. EPA’s ISA on PM (EPA 2019).
Regarding sick days, ASEK follows recommendations from WHO HRAPIE (WHO 2013,
Héroux, Anderson et al. 2015) and REVIHAAP (WHO 2013b), but the ER-function is quite
old and based on U.S. evidence (Ostro 1987); therefore, new studies are needed. The ASEK
review concluded that mortality, myocardial infarction (MI; incidence), stroke (incidence),
COPD (incidence), type 2 diabetes (incidence), childhood asthma (incidence), preterm birth,
and sick days were relevant health outcomes to include for PM2.5.

ASEK’s reasoning behind excluding some outcomes included in, for example, Thurston et al.
2018 is based on the need for the selected outcomes to have reliable data on health calculations
and economic calculations as well as to avoid the double counting of effects. We have chosen
a similar approach; see Tables 1 and 2. These tables should be read as a sieve: an outcome will
only move to the next column to the right if it is supported by the present column statement.

The main differences between our report and ASEK are that we included some health
outcomes related to NO2 exposure, added gestational hypertension, and excluded sick days.
Concerning the differences between our report and the health cost assessment for Public
Health England (Pimpin, Retat et al. 2018), authors chose to include low birth weight, whereas
we included preterm birth instead (applicable to both PM2.5 and NO2). The weight of evidence
for both of these birth outcomes is similar. Because they are linked to each other, however,
including both LBW and PTB could result in double counting. Still, the risk of double counting
can be avoided if only low birth weight at term is used. Additionally, the UK assessment
includes dementia (emphasizing caution); here, we include gestational hypertension
(emphazising caution). Finally, in the UK assessment, type 2 diabetes is included for NO2,
which is not the case for the present report. Overall, ER-functions in this report vary slightly
from those included in both ASEK and the UK assessment

It should also be noted that since our review there has been an updated version of US EPA ISA
for PM with increased evidence of long term PM2.5 effects for lung cancer (from suggestive to
likely to be causal), and neurvous system effects (likely to be causal), with strongest evidence
for cognitive effects in older adults (EPA. 2021). Given this information, we would likely have
included dementia and PM2.5 in this assessment. In line with this it is important to note that
the choice of outcomes should not be seen as static as it is an expanding knowledge.



Table 1. PM2.5 and outcomes, in a sieve table going from effects to evaluate, enough
evidence, enough economic reasons, reliable indata for a HIA, and without risk of double
counting. Outcomes in italic should be interpreted with more caution.

Effects of Effects that  Effects that
value to can be can be
evaluate includedin  included
Effects with  from HIA based without risk
Effects to enough economic on reliable of double
evaluate evidence standpoint indata counting
Lung cancer Lung cancer Lung cancer Lung cancer Lung cancer
Mental health Autism Autism
Dementia Dementia
Cardiovascular Cardiovascular | Cardiovascular | Myocardial Myocardial
diseases diseases diseases infarction infarction
Stroke Stroke
Respiratory diseases | COPD COPD COPD COPD
Lung function | Lung function
Asthma Asthma
Metabolic Type 2 Type 2 Type 2 Type 2
diabetes diabetes diabetes diabetes
Gestational Preeclampsia/ | Preeclampsia/ | Preeclampsia/ | Gestational
complications and Gestational Gestational Gestational hypertension
birth outcomes hypertension | hypertension | hypertension | Preterm birth
Low birth Low birth Low birth Low birth
weight weight weight weight (at
Preterm birth | Preterm birth | Preterm birth | term)

Table 2. NO2 and outcomes, in a sieve table going from effects to evaluate, enough
evidence, enough economic reasons, reliable indata for a HIA, and without risk of double
counting. Outcomes in italic should be interpreted with more caution.

Effects that Effects that
Effects of can be can be
value to included in included
Effects with evaluate from HIA based on without risk

Effects to enough economic reliable of double
evaluate evidence standpoint indata counting
Gestational Low birth Low birth Low birth Low birth
complications weight weight weight weight (at
and birth Preterm birth Preterm birth Preterm birth term)
outcomes Preterm birth

Lung cancer

Lung cancer

Lung cancer

Lung cancer

Lung cancer

Respiratory
diseases

Asthma
Bronchitis

Asthma
Bronchitis

Asthma

Asthma




Exposure-response functions

In Table 3 we give examples of Exposure -response functions that can be used for the
different outcomes and air pollutant pairs.

Table 3. Exposure-response functions for various air pollutants and multiple health
outcomes along with their sources.

Health outcome PMz2.5 Source NO2 Source
Total mortality, age A) 1.08 per | A) (Chen and 1.05 per | (Stieb, Berjawi et al.
>30 years 10 ug/ms Hoek 2020) 1 10 ppb 2021)3
B) 1.26 per | B) (Turner,
10 ug/ms Jerrett et al. 2016)
2
Myocardial infarction, | 1.13 per 5 (Cesaroni, Evidence
age >30 years ug/ms3 Forastiere et al. lacking
2014) !
Stroke, age >30 years | 1.10 per 5 (Wolf, Hoffmann | 1.08 per | (Wolf, Hoffmann et al.
ug/ms3 et al. 2021)5 10 2021) 5
pg/ms
Chronic obstructive 1.18 per 10 (Park, Kim et al. 1.07 per | (Park, Kim et al. 2021)
pulmonary disease ug/ms3 2021)° 10 6
(COPD), age =50 ug/ms3
years
Lung cancer, age =35 | 1.11 per 10 (Ciabattini, 1.04 per | (Hamra, Laden et al.
years ug/ms3 Rizzello et al. 10 2015) 8
2021)7 ug/ms
Type 2 diabetes, age 1.25per10 | (He, Wu et al. Evidence
>15 years ug/ms 2017) 9 lacking
Childhood asthma, 1.03 per 1 (Khreis, Kelly et 1.05 per | (Khreis, Kelly et al.
age 2-18 years (with ug/ms3 al. 2017) © 4 pug/ms3 | 2017) °
prescription
medication)
Preterm birth (<36 1.24 per 10 | (Klepac, Locatelli | 1.09 per | (Klepac, Locatelli et al.
weeks of gestation) ug/ms et al. 2018) 1 10 2018) 1
pg/ms3
Hypertensive 1.32per10 | (Yu, Yinet al. Evidence
disorders of ug/ms3 2020) 12 lacking
pregnancy

per billion.

1. Review of 104 cohort studies. 2 Cohort study from U.S. 3- Review of 47 cohort studies. 5 Review of 12
cohort studies for PM2.5 < 15 ug/m3 and 12 cohorts for NO2. ¢ Review of 7 cohort studies. 7- Review of 4
cohort studies for PM2.5 (incidence) and 7 cohort studies for PM10 (incidence and mortality). 8- Review
of 20 studies (incidence and mortality). 9- Review of 8 cohort studies. - Review of 41 cohort studies. -
Review of 48 cohort studies (both cross-sectional and longitudinal). 1> Review of 9 studies. Ppb = parts
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Appendix 1. Evidence of association summary

Tables 4 and 5 below summarize the current state of evidence for associations between PM2.5
and NO2, respectively, and multiple health outcomes according to various sources.

Table 4. Weight of evidence for causal determination of select health outcomes and long-
term and short-term exposure to PM2.5.

Causal Likely tobe Suggestive  Inadequate ' Not likely to
relationship  a causal of, butnot  toinfer a be a causal
relationship sufficientto causal relationship
infer, a relationship
causal
relationship
Adult health
outcomes
Cardiovasc Short-term2
ular effects Long-term2
Short-term#
Myocardial Long-term!
infarction ("ischemic
heart
disease”)
Stroke Long-term!
Respiratory Short-term4  Short-term?
effects Long-term2
Bronchitis
Asthma
COPD Long-term!
Metabolic Short-term2
effects Long-term2
Diabetes
Nervous Long-term2 Short-term?
system
effects
Cognitive
decline
Dementia
Other adult
effects
Restricted Long-
activity days term#"
Pregnancy,
birth and
child health
outcomes

11



Pregnancy Long-term?2
outcomes
Preeclampsia
Gestational
diabetes
Birth Long-term2
outcomes
Low birth Entire Entire
weight pregnancys3> pregnancys
5
Preterm birth ' Entire Entire
pregnancys3-5 pregnancys
5
Nervous Long-term?
system
effects*,**
Cognition
Autism Entire Entire
pregnancy3 pregnancy3
Respiratory Long-term?
effects**
Respiratory
disease
Lung
capacity
Asthma Entire Entire
pregnancy3 pregnancy3
Bronchitis Long-term!
("acute lower
respiratory
disease”)
Infections
Metabolic Short-term?2
effects Long-term2
Type I

diabetes ***

1WHO. Ambient air pollution: A global assessment of exposure and burden of disease. (World Health
Organization 2016) “Health outcomes, for which there is enough epidemiological evidence to be
included in the analysis, comprise acute lower respiratory, chronic obstructive pulmonary disease,
stroke, ischeamic heart disease and lung cancer. Many other diseases have been associated with air
pollution, but are not included in this assessment because the evidence was not considered sufficiently
robust... excludes health impacts where evidence is still limited (e.g. pre-term birth or low birth
weight).”

2 U.S. EPA. Integrated Science Assessment (ISA) for Particulate Matter (EPA 2019). * “Positive
associations between long-term exposure to PM2.5 during the prenatal period and autism spectrum
disorder (ASD) were consistently observed across multiple epidemiologic studies (Section 8.2.7.2).
However, several studies of performance on tests of cognitive function provided little support for an
association.” Limitations: “lack of control for potential confounding by co-pollutants, the small number

12


https://www.who.int/phe/publications/air-pollution-global-assessment/en/
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of studies, and uncertainty regarding critical exposure windows. An animal study indicates initial
evidence of biologically plausible pathway of PM2.5 to ASD.” ** Section 9.1.5.3 Developmental
Outcomes: “There is recent evidence from both epidemiologic and toxicological studies supporting a
relationship between prenatal and childhood PM2.5 exposure and effects on postnatal development,
including effects on the respiratory, nervous, and cardiovascular systems (Table 9-7).” *** Took same
evidence conclusion as adult metabolic effects, short-term PM2.5: no study on childhood diabetes
(7.1.2.1 Epidemiologic Studies), long-term PMz2.5: three epi studies on children, specifically glucose
homeostasis (7.2.3.1 Epidemiologic Studies). Section 7.2.6 Age of Onset of Type 1 Diabetes: “Overall,
evidence to inform a proposed pathway for TID is not available and the limited epidemiologic studies
do not provide evidence that is associated with the incidence of T1D. Findings from an epidemiologic
study examining the association of PM with T1D age of onset were not replicated.”

3 (Perera, Ashrafi et al. 2019). Authors state, “We present C-R functions for endpoints having a causal
or likely causal relationship with the pollutants that we believe can be incorporated into a primary
analysis as well as those having a suggestive relationship with the pollutants that are eligible for a
secondary analysis.” Therefore, pollutant-outcome pairs included in their primary analysis are marked
as both “causal” and “likely to be causal” in the table above, as their differentiation could not be
determined.

4 (Héroux, Anderson et al. 2015). The authors write, “Each of the pollutant—outcome pairs
recommended for cost—benefit analysis was classified into two categories: Group A: pollutant—outcome
pairs for which enough data are available to enable quantification of effects; Group B: pollutant—
outcome pairs for which there is more uncertainty about the data used for quantification of effects.
[However,] ...there is sufficient evidence of a causal relationship for pollutant—outcome pairs in both
groups.” Therefore, pollutant-outcome pairs in Group A were considered to be “causal” and pollutant-
outcome pairs in Group B were categorized as “likely to be causal”. Outcome details: Hospital
admissions: CVDs (including stroke), all ages. Hospital admissions: respiratory diseases, all ages.
Restricted activity days (RADs), all ages. " For RADs, 2-week average converted to PM2.5 annual
average.

5 (Ghosh, Causey et al. 2021). While an official causal determination assessment was not conducted by
the authors, this source represents a recent global burden of disease meta-regression for perinatal
outcomes. Authors state, “Ambient and household PM2.5 were associated with reduced birth weight
and [gestational age]”. Specifically, “Pooled estimates indicated 22 grams (95% UI: 12, 32) lower birth
weight, 11% greater risk of LBW (1.11, 95% UI: 1.07, 1.16), and 12% greater risk of PTB (1.12, 95% UI:
1.06, 1.19), per 10 pg/m3 increment in ambient PM2.5. We estimated a global population—weighted
mean lowering of 89 grams (95% UI: 88, 89) of birth weight and 3.4 weeks (95% UI: 3.4, 3.4) of GA
in 2019, attributable to total PM2.5. Globally, an estimated 15.6% (95% UTI: 15.6, 15.7) of all LBW and
35.7% (95% UI: 35.6, 35.9) of all PTB infants were attributable to total PM2.5, equivalent to 2,761,720
(95% Ul: 2,746,713 to 2,776,722) and 5,870,103 (95% Ul: 5,848,046 to 5,892,166) infants in 2019,
respectively.” Importantly, this source was marked as both “causal” and “likely to be a causal
relationship” in the table above, as it was not a causal determination assessment.
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Table 5. Weight of evidence for causal determination of select health outcomes and long-
term and short-term exposure to NO2.

Causal Likely to be  Suggestive = Inadequate ' Not likely to
relationship a causal of, butnot  toinfer a be a causal
relationship sufficientto causal relationship
infer, a relationship
causal
relationship
Adult health
outcomes
Cardiovasc Short-term!
ular effects Long-term!
Myocardial
infarction
Stroke
Respiratory Short-term*  Long-
effects* Short-term3* term?
Bronchitis
Asthma
COPD
Metabolic Long-term!
effects
Diabetes
Nervous
system
effects**
Cognitive
decline
Dementia
Other adult
effects
Restricted
activity
days
Pregnancy,
birth and
child health
outcomes
Pregnancy Long-term!
outcomes
Preeclampsi
a
Gestational
diabetes
Birth Long-term!
outcomes
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Low birth

weight
Preterm
birth
Nervous Long-term!
system
effects
Cognition
Autism
Respiratory Short-term*  Long-
effects*** term?
Respiratory
disease
Lung
capacity
Asthma Long-term2 Long-
term?
Bronchitis Long-
terms
Infections
Metabolic Short-term!
effects****
Type 1
diabetes

1U.S. EPA. Integrated Science Assessment for Oxides of Nitrogen- Health Criteria (EPA 2016). * Short-
term: “There is some support for NO2-related exacerbation of respiratory allergy and COPD, respiratory
infection, respiratory mortality, and respiratory effects in healthy populations. However, because of
inconsistency among lines of evidence and consequent uncertainty about the effects of NO2 exposure,
evidence for these other non-asthma respiratory effects does not strongly contribute to the
determination of a causal relationship”. Long-term: “There is more uncertainty in relationships with
lung function and partially irreversible decrements in lung development in children, respiratory disease
severity, chronic bronchitis/asthma incidence in adults, COPD hospital admissions, and respiratory
infection.”. ** No mention of dementia, Alzheimer’s, cognitive decline for adults (searched the
document using ctrl + f). *** Took same evidence conclusion from adult respiratory outcomes (see *
above). **** Evidence on focusing on insulin resistance as opposed to type 1 diabetes explicitly.

2 (Perera, Ashrafi et al. 2019). Authors state, “We present C-R functions for endpoints having a causal
or likely causal relationship with the pollutants that we believe can be incorporated into a primary
analysis as well as those having a suggestive relationship with the pollutants that are eligible for a
secondary analysis.” Therefore, pollutant-outcome pairs included in their primary analysis are marked
as both “causal” and “likely to be causal” in the table above, as their differentiation could not be
determined.

3 (Héroux, Anderson et al. 2015). The authors write, “Each of the pollutant—outcome pairs
recommended for cost—benefit analysis was classified into two categories: Group A: pollutant—outcome
pairs for which enough data are available to enable quantification of effects; Group B: pollutant—
outcome pairs for which there is more uncertainty about the data used for quantification of effects.
[However,] ...there is sufficient evidence of a causal relationship for pollutant—outcome pairs in both
groups.” Outcome details: Prevalence of bronchitic symptoms in asthmatic children aged 5-14 years.
Hospital admissions, respiratory diseases, all ages. " Short-term as both NO,, daily maximum 1-h mean
and NO,, 24-h mean.

15


https://cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=310879

References

Cesaroni, G., F. Forastiere, M. Stafoggia, Z. J. Andersen, C. Badaloni, R. Beelen, B. Caracciolo, U. de
Faire, R. Erbel, K. T. Eriksen, L. Fratiglioni, C. Galassi, R. Hampel, M. Heier, F. Hennig, A. Hilding,
B. Hoffmann, D. Houthuijs, K.-H. Jockel, M. Korek, T. Lanki, K. Leander, P. K. E. Magnusson, E.
Migliore, C.-G. Ostenson, K. Overvad, N. L. Pedersen, J. P. J, J. Penell, G. Pershagen, A. Pyko, O.
Raaschou-Nielsen, A. Ranzi, F. Ricceri, C. Sacerdote, V. Salomaa, W. Swart, A. W. Turunen, P.
Vineis, G. Weinmayr, K. Wolf, K. de Hoogh, G. Hoek, B. Brunekreef and A. Peters (2014). "Long
term exposure to ambient air pollution and incidence of acute coronary events: prospective cohort
study and meta-analysis in 11 European cohorts from the ESCAPE Project." BMJ : British Medical
Journal 348: f7412.

Chen, J. and G. Hoek (2020). "Long-term exposure to PM and all-cause and cause-specific mortality:
A systematic review and meta-analysis." Environment International 143: 105974.

Ciabattini, M., E. Rizzello, F. Lucaroni, L. Palombi and P. Boffetta (2021). "Systematic review and
meta-analysis of recent high-quality studies on exposure to particulate matter and risk of lung cancer."
Environmental Research 196: 110440.

EPA (2016). U.S. EPA. Integrated Science Assessment (ISA) for Oxides of Nitrogen — Health Criteria
(Final Report, Jan 2016). U.S. Environmental Protection Agency, Washington, DC,. EPA/600/R-
15/068, .

EPA (2019). U.S. EPA. Integrated Science Assessment (ISA) for Particulate Matter (Final Report,
Dec 2019). , U.S. Environmental Protection Agency, Washington, DC. EPA/600/R-19/188.

EPA (2020). U.S. EPA. Integrated Science Assessment (ISA) for Ozone and Related Photochemical
Oxidants (Final Report, Apr 2020). , U.S. Environmental Protection Agency, Washington, DC.
EPA/600/R-20/012.

EPA., U. S. (2021). Supplement to the 2019 Integrated Science Assessment for Particulate Matter
(External Review Draft, 2021).

Erlandsson, L., R. Lindgren, A. Naiv, A. M. Krais, B. Strandberg, T. Lundh, C. Boman, C. Isaxon, S.
R. Hansson and E. Malmqvist (2020). "Exposure to wood smoke particles leads to inflammation,
disrupted proliferation and damage to cellular structures in a human first trimester trophoblast cell
line." Environmental Pollution 264: 114790.

Familari, M., A. N&év, L. Erlandsson, R. U. de longh, C. Isaxon, B. Strandberg, T. Lundh, S. R.
Hansson and E. Malmgvist (2019). "Exposure of trophoblast cells to fine particulate matter air
pollution leads to growth inhibition, inflammation and ER stress.” PL0oS One 14(7): e0218799.
Gehring, U., O. Gruzieva, R. M. Agius, R. Beelen, A. Custovic, J. Cyrys, M. Eeftens, C. Flexeder, E.
Fuertes, J. Heinrich, B. Hoffmann, J. C. de Jongste, M. Kerkhof, C. Klimper, M. Korek, A. Mélter, E.
S. Schultz, A. Simpson, D. Sugiri, M. Svartengren, A. von Berg, A. H. Wijga, G. Pershagen and B.
Brunekreef (2013). "Air pollution exposure and lung function in children: the ESCAPE project."”
Environ Health Perspect 121(11-12): 1357-1364.

Gehring, U., A. H. Wijga, G. Hoek, T. Bellander, D. Berdel, I. Briske, E. Fuertes, O. Gruzieva, J.
Heinrich, B. Hoffmann, J. C. de Jongste, C. Kliimper, G. H. Koppelman, M. Korek, U. Kramer, D.
Maier, E. Melén, G. Pershagen, D. S. Postma, M. Standl, A. von Berg, J. M. Anto, J. Bousquet, T.
Keil, H. A. Smit and B. Brunekreef (2015). "Exposure to air pollution and development of asthma and
rhinoconjunctivitis throughout childhood and adolescence: a population-based birth cohort study."
The Lancet Respiratory Medicine 3(12): 933-942.

Ghosh, R., K. Causey, K. Burkart, S. Wozniak, A. Cohen and M. Brauer (2021). "Ambient and
household PM2.5 pollution and adverse perinatal outcomes: A meta-regression and analysis of
attributable global burden for 204 countries and territories.” PLOS Medicine 18(9): e1003718.

Gong, T., C. Almqvist, S. Bolte, P. Lichtenstein, H. Anckarséter, T. Lind, C. Lundholm and G.
Pershagen (2014). "Exposure to Air Pollution From Traffic and Neurodevelopmental Disorders in
Swedish Twins." Twin Research and Human Genetics 17(6): 553-562.

16



Gong, T., C. Dalman, S. Wicks, H. Dal, C. Magnusson, C. Lundholm, C. Almqgvist and G. Pershagen
(2017). "Perinatal Exposure to Traffic-Related Air Pollution and Autism Spectrum Disorders."
Environmental Health Perspectives 125(1): 119-126.

Guxens, M., A. Ghassabian, T. Gong, R. Garcia-Esteban, D. Porta, L. Giorgis-Allemand, C.
Almagvist, A. Aranbarri, R. Beelen, C. Badaloni, G. Cesaroni, A. d. Nazelle, M. Estarlich, F.
Forastiere, J. Forns, U. Gehring, J. Ibarluzea, V. W. V. Jaddoe, M. Korek, P. Lichtenstein, M. J.
Nieuwenhuijsen, M. Rebagliato, R. Slama, H. Tiemeier, F. C. Verhulst, H. E. Volk, G. Pershagen, B.
Brunekreef and J. Sunyer (2016). "Air Pollution Exposure during Pregnancy and Childhood Autistic
Traits in Four European Population-Based Cohort Studies: The ESCAPE Project." Environmental
Health Perspectives 124(1): 133-140.

Hamra, G. B., F. Laden, A. J. Cohen, O. Raaschou-Nielsen, M. Brauer and D. Loomis (2015). "Lung
Cancer and Exposure to Nitrogen Dioxide and Traffic: A Systematic Review and Meta-Analysis."
Environmental Health Perspectives 123(11): 1107-1112.

He, D., S. Wu, H. Zhao, H. Qiu, Y. Fu, X. Liand Y. He (2017). "Association between particulate
matter 2.5 and diabetes mellitus: A meta-analysis of cohort studies.”" Journal of Diabetes Investigation
8(5): 687-696.

Héroux, M.-E., H. R. Anderson, R. Atkinson, B. Brunekreef, A. Cohen, F. Forastiere, F. Hurley, K.
Katsouyanni, D. Krewski and M. Krzyzanowski (2015). "Quantifying the health impacts of ambient
air pollutants: recommendations of a WHO/Europe project.” International journal of public health
60(5): 619-627.

Héroux, M.-E., H. R. Anderson, R. Atkinson, B. Brunekreef, A. Cohen, F. Forastiere, F. Hurley, K.
Katsouyanni, D. Krewski, M. Krzyzanowski, N. Kinzli, I. Mills, X. Querol, B. Ostro and H. Walton
(2015). "Quantifying the health impacts of ambient air pollutants: recommendations of a
WHO/Europe project.” International Journal of Public Health 60(5): 619-627.

Khreis, H., C. Kelly, J. Tate, R. Parslow, K. Lucas and M. Nieuwenhuijsen (2017). "Exposure to
traffic-related air pollution and risk of development of childhood asthma: A systematic review and
meta-analysis." Environment International 100: 1-31.

Klepac, P., I. Locatelli, S. Korosec, N. Kiinzli and A. Kukec (2018). "Ambient air pollution and
pregnancy outcomes: A comprehensive review and identification of environmental public health
challenges." Environmental Research 167: 144-159.

Kuiper, I. N., I. Markevych, S. Accordini, R. J. Bertelsen, L. Braback, J. H. Christensen, B. Forsberg,
T. Halvorsen, J. Heinrich, O. Hertel, G. Hoek, M. Holm, K. de Hoogh, C. Janson, A. Malinovschi, A.
Marcon, T. Sigsgaard, C. Svanes and A. Johannessen (2020). "Associations of Preconception
Exposure to Air Pollution and Greenness with Offspring Asthma and Hay Fever." International
Journal of Environmental Research and Public Health 17(16): 5828.

Lindgren, A., E. Stroh, P. Montnémery, U. Nihlén, K. Jakobsson and A. Axmon (2009). "Traffic-
related air pollution associated with prevalence of asthma and COPD/chronic bronchitis. A cross-
sectional study in Southern Sweden." International journal of health geographics 8(1): 2.

Livingston, G., J. Huntley, A. Sommerlad, D. Ames, C. Ballard, S. Banerjee, C. Brayne, A. Burns, J.
Cohen-Mansfield and C. Cooper (2020). "Dementia prevention, intervention, and care: 2020 report of
the Lancet Commission." The Lancet 396(10248): 413-446.

Maclntyre, E. A., U. Gehring, A. Mdlter, E. Fuertes, C. Kliimper, U. Kramer, U. Quass, B. Hoffmann,
M. Gascon, B. Brunekreef, G. H. Koppelman, R. Beelen, G. Hoek, M. Birk, J. C. d. Jongste, H. A.
Smit, J. Cyrys, O. Gruzieva, M. Korek, A. Bergstrom, R. M. Agius, F. d. Vocht, A. Simpson, D.
Porta, F. Forastiere, C. Badaloni, G. Cesaroni, A. Esplugues, A. Fernandez-Somoano, A. Lerxundi, J.
Sunyer, M. Cirach, M. J. Nieuwenhuijsen, G. Pershagen and J. Heinrich (2014). "Air Pollution and
Respiratory Infections during Early Childhood: An Analysis of 10 European Birth Cohorts within the
ESCAPE Project." Environmental Health Perspectives 122(1): 107-113.

Malmagvist, E., K. Jakobsson, H. Tinnerberg, A. Rignell-Hydbom and L. Rylander (2013).
"Gestational Diabetes and Preeclampsia in Association with Air Pollution at Levels below Current Air
Quality Guidelines." Environmental Health Perspectives 121(4): 488-493.

Malmagvist, E., A. Rignell-Hydbom, H. Tinnerberg, J. Bjork, E. Stroh, K. Jakobsson, R. Rittner and L.
Rylander (2011). "Maternal Exposure to Air Pollution and Birth Outcomes.” Environmental Health
Perspectives 119(4): 553-558.

17



Mandakh, Y., R. Rittner, E. Flanagan, A. Oudin, C. Isaxon, M. Familari, S. R. Hansson and E.
Malmgvist (2020). "Maternal Exposure to Ambient Air Pollution and Risk of Preeclampsia: A
Population-Based Cohort Study in Scania, Sweden." International Journal of Environmental Research
and Public Health 17(5): 1744.

Molter, A., A. Simpson, D. Berdel, B. Brunekreef, A. Custovic, J. Cyrys, J. de Jongste, F. de Vocht,
E. Fuertes, U. Gehring, O. Gruzieva, J. Heinrich, G. Hoek, B. Hoffmann, C. Kliimper, M. Korek, T.
A. J. Kuhlbusch, S. Lindley, D. Postma, C. Tischer, A. Wijga, G. Pershagen and R. Agius (2015). "A
multicentre study of air pollution exposure and childhood asthma prevalence: the ESCAPE project."
European Respiratory Journal 45(3): 610-624.

Naav, A., L. Erlandsson, C. Isaxon, E. Asander Frostner, J. Ehinger, M. K. Sporre, A. M. Krais, B.
Strandberg, T. Lundh, E. EImér, E. Malmqvist and S. R. Hansson (2020). "Urban PM2.5 Induces
Cellular Toxicity, Hormone Dysregulation, Oxidative Damage, Inflammation, and Mitochondrial
Interference in the HRT8 Trophaoblast Cell Line." Frontiers in Endocrinology 11(75).

Nordling, E., N. Berglind, Mel, xe, E. n, G. Emenius, J. Hallberg, F. Nyberg, G. Pershagen, xf, ran,
M. Svartengren, M. Wickman and T. Bellander (2008). "Traffic-Related Air Pollution and Childhood
Respiratory Symptoms, Function and Allergies.” Epidemiology 19(3): 401-408.

Olsson, D., M. Ekstrom and B. Forsberg (2012). "Temporal Variation in Air Pollution Concentrations
and Preterm Birth—A Population Based Epidemiological Study." International Journal of
Environmental Research and Public Health 9(1): 272-285.

Olsson, D., C. Johansson and B. Forsberg (2020). "Associations between Vehicle Exhaust Particles
and Ozone at Home Address and Birth Weight." International Journal of Environmental Research and
Public Health 17(11): 3836.

Olsson, D., I. Mogren, K. Eneroth and B. Forsberg (2015). "Traffic pollution at the home address and
pregnancy outcomes in Stockholm, Sweden." BMJ Open 5(8): e007034.

Ostro, B. D. (1987). "Air pollution and morbidity revisited: a specification test." Journal of
Environmental Economics and Management 14(1): 87-98.

Oudin, A., L. Brabéck, D. Oudin Astrém and B. Forsberg (2017). "Air Pollution and Dispensed
Medications for Asthma, and Possible Effect Modifiers Related to Mental Health and Socio-
Economy: A Longitudinal Cohort Study of Swedish Children and Adolescents.” International Journal
of Environmental Research and Public Health 14(11): 1392,

Oudin, A., K. Frondelius, N. Haglund, K. Kallén, B. Forsberg, P. Gustafsson and E. Malmgvist
(2019). "Prenatal exposure to air pollution as a potential risk factor for autism and ADHD."
Environment International 133: 105149.

Park, J., H.-J. Kim, C.-H. Lee, C. H. Lee and H. W. Lee (2021). "Impact of long-term exposure to
ambient air pollution on the incidence of chronic obstructive pulmonary disease: A systematic review
and meta-analysis." Environmental Research 194: 110703.

Pedersen, M., L. Giorgis-Allemand, C. Bernard, 1. Aguilera, A.-M. N. Andersen, F. Ballester, R. M. J.
Beelen, L. Chatzi, M. Cirach, A. Danileviciute, A. Dedele, M. v. Eijsden, M. Estarlich, A. Fernandez-
Somoano, M. F. Fernandez, F. Forastiere, U. Gehring, R. Grazuleviciene, O. Gruzieva, B. Heude, G.
Hoek, K. d. Hoogh, E. H. van den Hooven, S. E. Haberg, V. W. V. Jaddoe, C. Klimper, M. Korek, U.
Kramer, A. Lerchundi, J. Lepeule, P. Nafstad, W. Nystad, E. Patelarou, D. Porta, D. Postma, O.
Raaschou-Nielsen, P. Rudnai, J. Sunyer, E. Stephanou, M. Sgrensen, E. Thiering, D. Tuffnell, M. J.
Varro, T. G. M. Vrijkotte, A. Wijga, M. Wilhelm, J. Wright, M. J. Nieuwenhuijsen, G. Pershagen, B.
Brunekreef, M. Kogevinas and R. Slama (2013). "Ambient air pollution and low birthweight: a
European cohort study (ESCAPE)." The Lancet Respiratory Medicine 1(9): 695-704.

Perera, F., A. Ashrafi, P. Kinney and D. Mills (2019). "Towards a fuller assessment of benefits to
children's health of reducing air pollution and mitigating climate change due to fossil fuel
combustion." Environmental Research 172: 55-72.

Peters, R., N. Ee, J. Peters, A. Booth, I. Mudway and K. J. Anstey (2019). "Air pollution and
dementia: a systematic review." Journal of Alzheimer's Disease(Preprint): 1-19.

Pimpin, L., L. Retat, D. Fecht, L. de Preux, F. Sassi, J. Gulliver, A. Belloni, B. Ferguson, E.
Corbould, A. Jaccard and L. Webber (2018). "Estimating the costs of air pollution to the National
Health Service and social care: An assessment and forecast up to 2035." PLoS medicine 15(7):
e1002602-e1002602.

18



Ritz, B., Z. Liew, Q. Yan, X. Cuia, J. Virk, M. Ketzel and O. Raaschou-Nielsen (2018). "Air pollution
and autism in Denmark." Environmental Epidemiology 2(4): e028.

Sacks, J. D., J. M. Lloyd, Y. Zhu, J. Anderton, C. J. Jang, B. Hubbell and N. Fann (2018). "The
Environmental Benefits Mapping and Analysis Program - Community Edition (BenMAP-CE): A tool
to estimate the health and economic benefits of reducing air pollution." Environmental modelling &
software : with environment data news 104: 118-129.

Schultz, E. S., J. Hallberg, P. M. Gustafsson, M. Bottai, T. Bellander, A. Bergstrom, 1. Kull, O.
Gruzieva, P. Thungvist, G. Pershagen and E. Melén (2016). "Early life exposure to traffic-related air
pollution and lung function in adolescence assessed with impulse oscillometry.” Journal of Allergy
and Clinical Immunology 138(3): 930-932.e935.

Stieb, D. M., R. Berjawi, M. Emode, C. Zheng, D. Salama, R. Hocking, N. Lyrette, C. Matz, E.
Lavigne and H. H. Shin (2021). "Systematic review and meta-analysis of cohort studies of long term
outdoor nitrogen dioxide exposure and mortality.” PLOS ONE 16(2): e0246451.

Thurston, G. D., H. Kipen, I. Annesi-Maesano, J. Balmes, R. D. Brook, K. Cromar, S. De Matteis, F.
Forastiere, B. Forsberg, M. W. Frampton, J. Grigg, D. Heederik, F. J. Kelly, N. Kuenzli, R.
Laumbach, A. Peters, S. T. Rajagopalan, D. Rich, B. Ritz, J. M. Samet, T. Sandstrom, T. Sigsgaard, J.
Sunyer and B. Brunekreef (2017). "A joint ERS/ATS policy statement: what constitutes an adverse
health effect of air pollution? An analytical framework." Eur Respir J 49(1).

Trafikverket (2019). Underlag for reviderade ASEK-varden for luftféroreningar; Slutrapprot fran
projektet REVSEK”.

Turner, M. C., M. Jerrett, C. A. P. lll, D. Krewski, S. M. Gapstur, W. R. Diver, B. S. Beckerman, J.
D. Marshall, J. Su, D. L. Crouse and R. T. Burnett (2016). "Long-Term Ozone Exposure and
Mortality in a Large Prospective Study." American Journal of Respiratory and Critical Care Medicine
193(10): 1134-1142.

Wang, G., J. Hallberg, P. Um Bergstrom, C. Janson, G. Pershagen, O. Gruzieva, M. van Hage, A.
Georgelis, A. Bergstrom, I. Kull, A. Lindén and E. Melén (2020). "Assessment of chronic bronchitis
and risk factors in young adults: Results from BAMSE." Eur Respir J.

Wang, G., I. Kull, A. Bergstrom, J. Hallberg, P. U. Bergstrom, S. Guerra, G. Pershagen, O. Gruzieva,
M. van Hage, A. Georgelis, C. Janson, A. Lindén and E. Melén (2020). "Early-life risk factors for
reversible and irreversible airflow limitation in young adults: findings from the BAMSE birth cohort."”
Thorax.

WHO (2013). Health risks of air pollution in Europe — HRAPIE project. Recommendations for
concentration—response functions for cost—benefit analysis of particulate matter, 0zone and nitrogen
dioxide.

WHO (2013b). Review of evidence on health aspects of air pollution — REVIHAAP Project.
Technical Report. Copenhagen, Denmark, WHO European Centre for Environment and Health, Bonn,
WHO Regional Office for Europe.

Wolf, K., B. Hoffmann, Z. J. Andersen, R. W. Atkinson, M. Bauwelinck, T. Bellander, J. Brandt, B.
Brunekreef, G. Cesaroni, J. Chen, U. de Faire, K. de Hoogh, D. Fecht, F. Forastiere, J. Gulliver, O.
Hertel, U. A. Hvidtfeldt, N. A. H. Janssen, J. T. Jargensen, K. Katsouyanni, M. Ketzel, J. O.
Klompmaker, A. Lager, S. Liu, C. J. MacDonald, P. K. E. Magnusson, A. J. Mehta, G. Nagel, B.
Oftedal, N. L. Pedersen, G. Pershagen, O. Raaschou-Nielsen, M. Renzi, D. Rizzuto, S. Rodopoulou,
E. Samoli, Y. T. van der Schouw, S. Schramm, P. Schwarze, T. Sigsgaard, M. Sgrensen, M.
Stafoggia, M. Strak, A. Tjgnneland, W. M. M. Verschuren, D. Vienneau, G. Weinmayr, G. Hoek, A.
Peters and P. L. S. Ljungman (2021). "Long-term exposure to low-level ambient air pollution and
incidence of stroke and coronary heart disease: a pooled analysis of six European cohorts within the
ELAPSE project."” The Lancet Planetary Health 5(9): €620-e632.

World Health Organization (2016). Ambient air pollution: A global assessment of exposure and
burden of disease I. Communication. Geneva, Switzerland, WHO.

Yu, H., Y. Yin, J. Zhang and R. Zhou (2020). "The impact of particulate matter 2.5 on the risk of
preeclampsia: an updated systematic review and meta-analysis.” Environmental Science and Pollution
Research 27(30): 37527-37539.

Yu, X., L. Zheng, W. Jiang and D. Zhang (2020). "Exposure to air pollution and cognitive impairment
risk: a meta-analysis of longitudinal cohort studies with dose-response analysis." Journal of Global
Health 10(1).

19



20



