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Il problema del
double counting

« Sono state proposte varie soluzioni per
evitare il problema del “double counting”
nell’health impact assessment (HIA) di piu
inquinanti

» Un possibile approccio consiste
nell'utilizzare le ERF di modelli single-
pollutant e selezionare solo la stima piu
alta come rappresentativa della miscela

« Un approccio alternativo consiste nel
calcolare gli impatti congiunti utilizzando
I'ERF da modelli multi-pollutant




ERF single-pollutant

PM, ;. and all-cause mortality

RR: 1.095 (95%CI 1.064;1.127) for 10 ug/m?

NO, and all-cause mortality

RR: 1.05 (95%CI 1.03:1.07) for 10 pg/m3
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ERF two-pollutant

PM, ;. and all-cause mortality

RR: 1.071 (95%CI 1.028-1.117) for 10 ug/m?

NO, and all-cause mortality

RR: 1.024 (95%CI 1.000-1.049) for 10 pg/m?
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ARTICLE INFO ABSTRACT

Keywords:

Objecrive: Health Impact Assessments (HIAs) for air pollutant mixtures are challenging because risk estimates are
Alr pollurion primarily derived from single-pollutant models. Combining risk estimates from multiple pollutants requires new
Health impact assessment approaches, as a simple addition of single pollutant risk estimates from correlated air pollutants may result in
Concentration-response functions double counting. We investigated approaches applying concentration-response functions (CRFs) from single- and
ou g g pp: pplying F g
two-pollutant models in HlAs, focusing on long-term exposure to particulate matter with a diameter less than 2.5
pm (PM; 5) and nitrogen dioxide (NO;) and their associations with all-cause mortality.
Methods: A systematic literature search of MEDLINE and EMBASE identified cohort studies employing single- and
two-pollutant models of long-term exposure to PMys and NO, with all-cause mortality. Pooled CRFs were
calculated through random-effects meta-analyses of risk estimates from single- and two-pollutant models. Co-
efficient differences were calculated by comparing single- and two-pollutant model estimates. Four approaches to
estimating population-attributable fractions (PAFs) were compared: PMs 5 or NO; single-pollutant models to
represent the mixture, the sum of single-pollutant models, the sum of two-pollutant models and the sum of single-
pollutant models from a larger body of evidence adjusted by coefficient difference.
Results: Seventeen papers reported both single and two-pollutant estimates. Pooled hazard ratios (HRs) for
mortality from single- and two-pollutant models were 1.053 (95% confidence interval: 1.034-1.071) and 1.035
(1.014-1.057), respectively, for a 5 pg/m® increase in PMy 5. HRs for a 10 pg/m® increase in NO, were 1.032
(1.014-1.049) and 1.024 (1.000-1.049) for single- and two-pollutant models, respectively. The average coeffi-
cient difference between single- and two-pollutant models was 0.017 for PM; 5 and 0.007 for NO,. Combined
PAFs for the PMz 5-NOy mixture using joint HRs from single- and two-pollutant model CRFs were 0.09 and 0.06,
respectively.
Conclusion: Utilizing CRFs from two-pollutant models or applying the coefficient difference to a more extensive
evidence base seems to mitigate the potential overestimation of mixture health impacts from adding single-
pollutant CRFs.



Obiettivi

Testare nella citta di Bari le ultime ERF da
modelli single-pollutant e two-pollutant per
guantificare e confrontare gli impatti sulla
mortalita di PM2,5 ed NO2 utilizzando come
controfattuale le linee guida OMS 2021
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Popolazione e
mortalita

» La distribuzione della popolazione e ricavata dal
Global Human Settlement Layer (GHSL) a 100 m di
risoluzione
(https://ghsl.jrc.ec.europa.eu/download.php?ds=pop)

* Questo raster spaziale GHS-POP stima la
distribuzione della popolazione umana, espresso
come numero di persone per cella

« GHS-POP 2015 e stata utilizzata per stimare la
population weighted exposures (PWESs) ad inquinanti
atmosferici

» Per il calcolo degli impatti eta-specifici, sono stati usati
| dati ISTAT di mortalita (comune) ed aspettativa di vita
(provincia)


https://ghsl.jrc.ec.europa.eu/download.php?ds=pop
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PM2.5 (ug/m?)

Esposizione

Baseline: Modello Random Forest 200m
Medie annuali

Controfattuale: WHO AQG 2021 annual
* PM2.5: 5ug/m3

NO2 (ug/m?)

* NO2:10ug/m3
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Gariazzo C, Carlino G, .... Stafoggia M. Sci Total Environ. 2020 Jul 1;724:138102. doi:
10.1016/j.scitotenv.2020.138102. Epub 2020 Mar 26. PMID: 32268284.




” \

A = esposizione baseline (PWE) meno esposizione controfattuale
(WHO21) \
. : AD: attributable deaths, AF: attributable fraction, BD: baseline
Stl nel d el deaths, BYLL: baseline years of life lost, LE: life expectancy,
decessi e degll R = (2,
anni di vita
persi attribuibili RRjon: = RRx. * R«
, | |
all’esposizione AF = (RR-1)/ RR
AD =AF *BD

AYLL =AF *BYLL= AF*BD *LE=AD *LE




Risultati single-pollutant

Attributable

Preventable or attributable deaths (95% Cl)

Year Pollutant PWE CE fraction (95% Cl)
(%] 20-59 years 60-79 years 2 80 years 2 20 years
PM,.s, annual (200m) [pg/m°] 16.13 5 9.6 (6.7;12.5) 25 (17;33) 101 (70;131) 172 (120;224) 298 (207;388)
2013 NO,, annual (200m) [pg/m?] 31.93 10 10.1 (6.3;13.8) 27 (16;36) 106 (66;145) 182 (113;248) 315 (195;429)
PMs, annual (200m) [ug/m°] 14.42 5 8.2 (5.7;10.7) 20 (14;26) 82 (57;107) 156 (108;203) 258 (179;336)
2014 NO,, annual (200m) [pg/m?3] 30.37 10 9.5 (5.8;12.9) 23 (14;31) 95 (58;129) 181 (112;246) 299 (184;406)
PM,.s, annual (200m) [pg/m?] 17.63 5 10.8 (7.5;14) 27 (19;35) 110 (77;143) 224 (156;290) 361 (252;468)
2015 NO,, annual (200m) [ug/m°] 33.89 10 11.0 (6.8;14.9) 28 (17;38) 112 (69;152) 228 (141;309) 368 (227;499)
Attributable Preventable or attributable years of life lost (95% Cl)
Year Pollutant PWE CE fraction (95% Cl)
(%] 20-59 years 60-79 years > 80 years 2 20 years
PM,.s, annual (200m) [pg/m°] 16.13 5 9.6 (6.7;12.5) 883 (613;1,145) 1,579 (1,096;2,048) 1,034 (718;1,341) 3,496 (2,427;4,534)
2013 NO,, annual (200m) [ug/m?] 31.93 10 10.1(6.3;13.8) 933(577;1,267) 1,668 (1,032;2,266) 1,092 (675;1,484) 3,693 (2,284;5,017)
PM,.s, annual (200m) [ug/m°] 14.42 5 8.2 (5.7;10.7) 704 (488;915) 1,258 (871;1,635) 865 (600;1,125) 2,827 (1,959;3,675)
2014 NO,, annual (200m) [pg/m?] 30.37 10 9.5 (5.8;12.9) 812 (502;1,106) 1,452 (897;1,976) 999 (617;1,360) 3,263 (2,016;4,442)
PM,.s, annual (200m) [pg/m°] 17.63 5 10.8 (7.5;14) 953 (663;1,233) 1,690 (1,176;2,187) 1,220 (849;1,578) 3,863 (2,688;4,998)
2018 NO,, annual (200m) [ug/m?] 33.89 10 11.0(6.8;14.9) 968 (600;1,313) 1,716 (1,064;2,328) 1,239 (768;1,680) 3,923 (2,432;5,321)




Risultati two-pollutant

Attributable

Attributable deaths (95% Cl)

1 0,
Year Pollutant PWE CE fraction (95% Cl) 20-59 years 60-79 years > 80 years > 20 years
[%]
PM, s, annual (200m) [pg/m?] 16.13 5
2013 12.0 (3.0;20.4) 32 (8;53) 126 (32;214) 216 (54,366) 374 (94,633)
NO,, annual (200m) [pg/m3] 31.93 10
PM, ¢, annual (200m) [ug/m?3] 14.42 5
2014 10.7 (2.6;18.3) 26 (6;44) 107 (26;183) 204 (49;349) 337 (81,576)
NO,, annual (200m) [ug/m?3] 30.37 10
PM, ., annual (200m) [pg/m3] 17.63 5
2015 — 13.4 (3.4;22.4) 34 (9;57) 136 (35;229) 276 (71;464) 446 (115;750)
NO,, annual (200m) [pg/m?3] 33.89 10
Attributable Attributable years of life lost (95%Cl)
H 0,
Year Pollutant PWE CE fraction (95%Cl) 20-59 years 6079 years > 80 years > 20 years
[%]
PM, ¢, annual (200m) [pg/m?3] 16.13 5
2013 12.0 (3.0;20.4) 1,107 (278;1,874) 1,980 (497;3,351) 1,296 (326;2,194) 4,383 (1,101;7,419)
NO,, annual (200m) [pug/m3] 31.93 10
PM, s, annual (200m) [pg/m?] 14.42 5
2014 10.7 (2.6;18.3) 917 (221;1,568) 1,639 (394;2,803) 1,128 (271;1,929) 3,684 (886;6,300)
NO,, annual (200m) [pg/m3] 30.37 10
PM, ¢, annual (200m) [ug/m?3] 17.63 5
2015 13.4 (3.4;22.4) 1,174 (302;1,973) 2,083 (535;3,500) 1,503 (386;2,526) 4,760 (1,223;7,999)
NO,, annual (200m) [ug/m?3] 33.89 10




Conclusioni

» Le stime per il PM2,5 0 ’'NO2 da modelli single-
pollutant utilizzate come rappresentative della
miscela potrebbero portare a una sottostima
degli impatti (NO2, AF:11%)

» D’altro canto, usare entrambe le stime single
pollutant porterebbe probabilmente ad una
sovrastima dell’effetto

* Le stime congiunte dei modelli two-pollutant
rappresentano, a livello teorico, la scelta piu
adatta (PM2.5+NO2, AF:13.4%)

 Tuttavia, l'affidabilita degli ERF two-pollutant si
basa ancora su un numero di studi inferiore
rispetto alle stime corrispondenti dei modelli
single-pollutant




Grazie per |'attenzione
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