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Table 1. Influence on the major organs and diseases of human by particulate matter

Organ Disease Organ Disease
Eyes Inflammation Nose Rhinitis
Pruritus
Lung Pneumonia Brain Cerebral stroke
Lung cancer Neurodegenerative diseases
COPD Dementia
Asthma Depressive disorder
Cardiovascular Arrhythmia Pancreas Type 2 diabetes
Myocardial infarction Type 1 diabetes
Heart failure

Hypertensive disease
Deep vein thrombosis
Skin Atopy Uterus Premature birth
Aging Decreased birthweight
Decreased fetal growth

COPD, chronic obstructive pulmonary disease.
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TABLE 3 Examples of respiratory clinical effects associated with air pollution

Increased respiratory mortality

Increased incidence of malignancies of the respiratory tract

Increased incidence, prevalence or frequency of exacerbations in chronic pulmonary disease: asthma, COPD and cystic fibrosis
Increased incidence or severity of upper and lower respiratory tract infections

Increased respiratory symptoms that affect quality of life: cough, phlegm, wheezing, dyspnoea and nasal drainage

Increased incidence of preterm birth, low birthweight or growth restriction leading to adverse respiratory outcomes

Reduced growth of lung function in children

Transient [hours) reductions in lung function associated with symptoms in healthy individuals

Transient [hours) reductions in lung function without symptoms in especially susceptible individuals (e.g. children with severe asthma)
Persistent or chronic [weeks, months or years| reductions in lung function

COPD: chronic obstructive pulmonary disease.

16) Thurston GD, Kipen H, Annesi-Maesano | et al. A joint ERS/ATS policy statement: what constitutes an adverse health effect of air pollutions? An analytical framework.

Eur Respir J 2017
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Air pollution and lung cancer incidence in 17 European
cohorts: prospective analyses from the European Study of
Cohorts for Air Pollution Effects (ESCAPE)

Ole Raaschou-Nielsen, Zorana J Andersen, Rob Beelen, Evangelia Samoli, Massimo Stafoggia, Gudrun Weinmayr, Barbara Hoffmann, Paul Fischer,
Mark ) Nieuwenhuijsen, Bert Brunekreef, Wei W Xun, Klea Katsouyanni, Konstantina Dimakopoulou, Johan Sommar, Bertil Forsberg, Lars Modlig,
Anna Oudin, Bente Oftedal, Per E Schwarze, Per Nafstad, UIf De Faire, Nancy L Pedersen, Claes-Garan Ostenson, Laura Fratiglioni, Johanna Penell,
Michal Korek, Géran Pershagen, Kirsten T Eriksen, Mette Serensen, Anne Tjenneland, Thomas Ellermann, Marloes Eeftens, Petra H Peeters,

Kees Meliefste, Meng Wang, Bas Bueno-de-Mesquita, Timothy | Key, Kees de Hoogh, Hans Concin, Gabriele Nagel, Alice Vilier, Sara Grioni,

Vittorio Krogh, Ming-YiTsai, Fulvio Ricceri, Carlotta Sacerdote, Claudia Galassi, Enrica Migliore, Andrea Ranzi, Giulia Cesaroni, Chiara Badaloni,
Francesco Forastiere, Ibon Tumayo, Pilar Amiano, Miren Dorronsoro, Antonia Trichopoulou, Christina Bamia, Paolo Vineis*, Gerard Hoek*

Summary
Background Ambient air pollution is suspected to cause lung cancer. We aimed to assess the association between
long-term exposure to ambient air pollution and lung cancer incidence in European populations.

Methods This prospective analysis of data obtained by the European Study of Cohorts for Air Pollution Effects used
data from 17 cohort studies based in nine European countries. Baseline addresses were geocoded and we assessed air
pollution by land-use regression models for particulate matter (PM) with diameter of less than 10 pm (PM,)), less than
2.5 pm (PM,;), and between 2-5 and 10 pm (PM_,...), soot (PM, i), Nitrogen oxides, and two traffic indicators.
We used Cox regression models with adjustment for potential confounders for cohort-specific analyses and random
effects models for meta-analyses.

Findings The 312944 cohort members contributed 4013131 person-years at risk. During follow-up (mean 12-8 years),
2095 incident lung cancer cases were diagnosed. The meta-analyses showed a statistically significant association between
risk for lung cancer and PM,, (hazard ratio [HR] 122 [95% CI 1.03-1-45] per 10 pg/m3). For PM, ; the HR was 1-18
(0-96-1-46) per 5 pg/m3. The same increments of PM,; and PM, ; were associated with HRs for adenocarcinomas of the
lung of 1-51 (1-10-2-08) and 1-55 (1-05-2-29), respectively. An increase in road traffic of 4000 vehicle-km per day within
100 m of the residence was associated with an HR for lung cancer of 1-09 (0-99-1-21). The results showed no association
between lung cancer and nitrogen oxides concentration (HR 1-01 [0-95-1-07] per 20 pg/m3) or traffic intensity on the
nearest street (HR 1-00 [0-97-1-04] per 5000 vehicles per day).
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Figure 3: Risk for lung cancer according to concentration of particulate matter in each cohort study
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Reduced Exposure to PM,, and Attenuated
Age-Related Decline in Lung Function

Sara H. Downs, Ph.D., Christian Schindler, Ph.D., L.-J. Sally Liu, Sc.D.,
Dirk Keidel, M.A., Lucy Bayer-Oglesby, Ph.D., Martin H. Brutsche, M.D., Ph.D.,
Margaret W. Gerbase, M.D., Ph.D., Roland Keller, M.D.,

Nino Kiinzli, M.D., Ph.D., Philippe Leuenberger, M.D.,

Nicole M. Probst-Hensch, Ph.D., Jean-Marie Tschopp, M.D.,
Jean-Pierre Zellweger, M.D., Thierry Rochat, M.D., Joel Schwartz, Ph.D.,
Ursula Ackermann-Liebrich, M.D., M.Sc., and the SAPALDIA Team®*

METHODS

We conducted a prospective study of 9651 adults (18 to 60 years of age) randomly
selected from population registries in 1990 and assessed in 1991, with 8047 partici-
pants reassessed in 2002. There was complete information on lung volumes and flows
(e.g., forced vital capacity [FVC], forced expiratory volume in 1 second [FEV,], FEV,
as a percentage of FVC, and forced expiratory flow between 25 and 75% of the FVC
[EEF,, _.]), smoking habits, and spatially resolved concentrations of particulate mat-
ter that was less than 10 um in aerodynamic diameter (PM, ) from a validated disper-
sion model assigned to residential addresses for 4742 participants at both the 1991
and the 2002 assessments and in the intervening years.

RESULTS

Overall exposure to individual home outdoor PM, , declined over the 11-year follow-up
period (median, —5.3 ug per cubic meter; interquartile range, 7.5 to —4.2). In mixed-
model regression analyses, with adjustment for confounders, PM_ concentrations at
baseline, and clustering within areas, there were significant negative associations
between the decrease in PM,, and the rate of decline in FEV, (P=0.045), FEV, as a
percentage of FVC (P=0.02), and FEF,, . (P=0.001). The net effect of a decline of
10 ug of PM,, per cubic meter over an 11-year period was to reduce the annual rate
of decline in FEV, by 9% and of FEF by 16%. Cumulative exposure in the inter-

25-75
val between the two examinations showed similar associations.

CONCLUSIONS
Decreasing exposure to airborne particulates appears to attenuate the decline in lung

function related to exposure to PM, . The effects are greater in tests reflecting small-
airway function.

Table 2. Estimated Effect of Change in PM,, and of Interval Exposure to PM,, on Annual Change in Lung Function.*

No. of Decrease in PM,, of 10 yg/m? Decrease in Interval Exposure
Variable Participants between 1991 and 2002 of 109 ug/m3-yr
Effect (95% CI) P Value Effect (95% Cl) P Value
All participants 4742
FVC (ml) -0.2 (-4.3 10 3.9) 0.91 5.3 (-1.1to 11.7) 0.10
FEV, (ml) 3.1 (0.03 t0 6.2) 0.045 6.9 (2.1t0 11.7) 0.005
FEV, as a percentage of FVC 0.06 (0.01 to 0.12) 0.02 0.05 (-0.04 to 0.13) 0.27
FEF,s_s (ml/sec) 11.3 (43 t0 18.2) 0.001 14.0 (3.1to 24.8) 0.01
All participants who never smoked 2213
FVC (ml) 2.2 (-3.4107.9) 0.43 9.9 (1.3 to 18.4) 0.02
FEV, (ml) 42 (-0.3 10 8.5) 0.06 9.3 (2.6 to 16.0) 0.006
FEV, as a percentage of FVC 0.05 (-0.03 to 0.13) 0.18 0.03 (-0.08 to 0.15) 0.59
FEF,5 s (ml/sec) 11.3 (1.4 to 21.2) 0.03 15.4 (0.2 to 30.6) 0.047
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Figure 3. Estimated Effect of Interval Exposure between 1991 and 2002
(Expressed as Mean Annual PM;,) on Mean Annual Decline in FEV,.
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Association Between Long-term Exposure to Ambient
Air Pollution and Change in Quantitatively Assessed

Emphysema and Lung Function

DESIGN, SETTING, AND PARTICIPANTS This cohort study included participants from the
Multi-Ethnic Study of Atherosclerosis (MESA) Air and Lung Studies conducted in 6
metropolitan regions of the United States, which included 6814 adults aged 45 to 84 years
recruited between July 2000 and August 2002, and an additional 257 participants recruited
from February 2005 to May 2007, with follow-up through November 2018.

EXPOSURES Residence-specific air pollutant concentrations (05, PM, 5, NO,, and black
carbon) were estimated by validated spatiotemporal models incorporating cohort-specific
monitoring, determined from 1999 through the end of follow-up.

MAIN OUTCOMES AND MEASURES Percent emphysema, defined as the percent of lung pixels
less than -950 Hounsfield units, was assessed up to 5 times per participant via cardiac CT
scan (2000-2007) and equivalent regions on lung CT scans (2010-2018). Spirometry was
performed up to 3 times per participant (2004-2018).

RESULTS Among 7071study participants (mean [range] age at recruitment, 60 [45-84] years;
3330 [471%)] were men), 5780 were assigned outdoor residential air pollution concentrations
in the year of their baseline examination and during the follow-up period and had at least 1
follow-up CT scan, and 2772 had at least 1 follow-up spirometric assessment, over a median of
10 years. Median percent emphysema was 3% at baseline and increased a mean of 0.58
percentage points per 10 years. Mean ambient concentrations of PM; s and NO,, but not O,
decreased substantially during follow-up. Ambient concentrations of O3, PM5 5, NO,, and
black carbon at study baseline were significantly associated with greater increases in percent
emphysema per 10 years (O5: 0.13 per 3 parts per billion [95% CI, 0.03-0.24]; PM, 5: 0.1 per
2 pg/m? [95% CI, 0.03-019]; NO,: 0.06 per 10 parts per billion [95% CI, 0.01-0.12]; black
carbon: 0.10 per 0.2 pg/m? [95% Cl, 0.01-0.18]). Ambient O and NO, concentrations, but
not PM, s concentrations, during follow-up were also significantly associated with greater
increases in percent emphysema. Ambient O, concentrations, but not other pollutants, at
baseline and during follow-up were significantly associated with a greater decline in forced
expiratory volume in 1second per 10 years (baseline: 13.41 mL per 3 parts per billion [95% Cl,
0.7-26.1]; follow-up: 1815 mL per 2 parts per billion [95% Cl, 1.59-34.71]).

CONCLUSIONS AND RELEVANCE In this cohort study conducted between 2000 and 2018in6
USmetropolitan regions, long-term exposure to ambient air pollutants was significantly associated
with increasing emphysema assessed quantitatively using CT imaging and lung function.

Figure 4. Effect Estimates for the Associations Between Air Pollutants
and Progression of Percent Emphysema
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Short-Term Air Pollution and Incident Pneumonia
A Case-Crossover Study

Cheryl S. Pirozziw, Barbara E. Jones1"°', James A. VanDerinces, Yue Zhang“, Robert Paine III1'2, and Nathan C. Dean™

Methods: We applied time-stratified case-crossover analyses

with distributed lag to patients presenting to seven emergency
departments with pneumonia over a 2-year period. We compared
levels of particulate matter less than or equal to 2.5 pm in
aerodynamic diameter, nitrogen dioxide, and ozone at patient
residences with emergency department cases, hospitalizations,
objectively defined severe pneumonia, and mortality. We calculated
direct cost impacts of particulate matter less than or equal to 2.5 pm
in aerodynamic diameter reduction.

Results: We evaluated 4,336 pneumonia cases in seven hospitals.
Among adults aged 65 years and older, we found consistently positive
associations between particulate matter less than or equal to 2.5 pum in
aerodynamic diameter within 6 days of presentation and instances of
pneumonia (Lag Day 1 adjusted odds ratio, 1.35 per 10 p,gfms over

12 pg/m?; 95% confidence interval, 1.16-1.57), severe pneumonia (Lag
Day 1 adjusted odds ratio, 1.38; 95% confidence interval, 1.06-1.80), and
inpatient mortality (Lag Day 5 adjusted odds ratio, 1.50; 95% confidence
interval, 1.03-2.16). Smaller associations were found between nitrogen
dioxide exposure and pneumonia occurrence, severity, and inpatient
and 30-day mortality. Ozone exposure was modestly associated with
increased instance and severity of pneumonia in younger adults.
Particulate matter less than or equal to 2.5 pum in aerodynamic diameter
and nitrogen dioxide effects were greatest in colder months, and ozone
effects were greatest in warmer months. Reduction of particulate matter
less than or equal to 2.5 pum in aerodynamic diameter levels to less than
12.0 mg/m’ could prevent 76-112 cases of pneumonia per year in these
hospitals serving approximately half of the Wasatch Front’s population,
reducing direct medical facility costs by $807,000 annually.
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Figure 3. Odds ratios (ORs) for pneumonia outcomes
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