
Dose response relationships 

Francesco Forastiere 
 
 

Trieste, 25 April 2018 
 

 

1	



Contents 
•  What is a dose response function? 
•  ERF versus LOEL / bench mark dose 
•  Which ERFs to quantify 
•  How do I get ERFs for a HIA? 
•  Local versus generic ERFs  
•  Double counting 
•  Shape of exposure response function 

2	



Terminology	
•  h/p://www.epa.gov/risk_assessment/glossary.htm	
•  Dose-response	assessment	examines	the	rela<onship	

between	exposure	and	effects.	
•  No-observed-adverse-effect	level	(NOAEL):	The	highest	

exposure	level	at	which	there	are	no	biologically	significant	
increases	in	the	frequency	or	severity	of	adverse	effect	
between	the	exposed	popula<on	and	its	appropriate	control;	
some	effects	may	be	produced	at	this	level,	but	they	are	not	
considered	adverse	or	precursors	of	adverse	effects.		
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Terminology	
•  Lowest-observed-adverse-effect	level	(LOAEL):	The	lowest	

exposure	level	at	which	there	are	biologically	significant	
increases	in	frequency	or	severity	of	adverse	effects	between	
the	exposed	popula<on	and	its	appropriate	control	group.	

•  Benchmark	Dose	(BMD)	or	ConcentraAon	(BMC):	A	dose	or	
concentra<on	that	produces	a	predetermined	change	in	
response	rate	of	an	adverse	effect	(called	the	benchmark	
response	or	BMR)	compared	to	background.	
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Terminology	

•  These	concepts	very	much	based	on	
Toxicology,	animal	experiments	and	the	desire	
to	derive	a	(legal)	guideline		

•  In	HIA,	we	need	to	know	how	much	a	health	
effects	changes	with	a	change	of	exposure	
related	to	a	policy	

•  Air	pollu<on	ERF	are	based	primarily	on	
epidemiological	studies	
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What is an ERF? 

•  ERFs may be reported as a slope of a 
regression line with the health response as 
the dependent variable and the stressor as 
the independent variable. 

•  ERFs from epidemiology and/or toxicology 
•  Uncertainty of the central estimate should 

be available, e.g. as a confidence interval 
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Different terms for Exposure in ERFs 
Pollutant discharge 

▼ 
Concentration in environment 

▼ 
Exposure 

▼ 
Internal dose 

▼  
Biologically effective dose 

▼ 
 Biological effect 
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ERF	in	air	pollu<on	HIA	

•  Typically	concentra<on	response	func<ons	
•  Outdoor	air	concentra<on	as	exposure	metric	
•  Due	to	design	of	epidemiological	studies	

•  Issue	of	transferability	or	portability		to	
variable	popula<ons	
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Which ERF to quantify? 

•  List potential relationships between 
stressors and health 

•  Some but not all to be quantified 
•  Criteria for quantifying relationships: 

 - level of evidence (causality) 
 - severity of the health response  
 - number of people affected 
 - stakeholder views 
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Deriving an ERF  

•  Published and up-to-date ERF, preferably 
from an authoritative organisation, e.g. 
WHO 

•  Develop your own systematic review and 
meta-analysis (Appropriate for epidemiological and 
toxicological data) 

•  Formal methods of expert panel 
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New versus existing ERF 

•  Drawback new: time consuming 
•  Therefore modified methods are: 

 - ERF used in previous HIAs;  
 - results of a previously published 
good-quality meta-analysis;  
 - using a key multi-centre study or a 
core (non-exhaustive) set of studies;  
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Systema<c	review:		
January	2013	
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2013 

Overall 1.06 (1.04, 1.08) 
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WHO	
AQG	
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Methods	

•  Systema<cal	search	of	PubMed,	Web	of	
Science,	Embase	for	studies	up	un<l	the	10th	
of	September	2017	using	specific	keywords.	

•  Meta-analysis	using	random	effects	methods	
of	DerSimonian	and	Laird	(1986).	

•  Moher	D,	Libera<	A,	Tetzlaff	J,	Altman	DG,	
Group	P.	Preferred	repor<ng	items	for	
systema<c	reviews		and	meta-analyses:	the	
PRISMA	statement.	BMJ.	2009;339:b2535.	
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Studies	ader	Hoek	2013	
•  ACS	California	subcohort	(JerreG,	2013) 		

	73,711	subjects	living	in	California,	1982	–	2000	
•  NaAonal	English	cohort	(Carey,	2013) 	 		 		

	835,607	pa<ents	from	general	prac<ce, 	2003-2007	
•  Escape	(Beelen,	2014)	
								367,251	par<cipants	from	22	European	cohorts	1985-2008	
•  Canadian	Nat	Breast	Screening	Study	(Villeneuve,	2015)	
											89,248	women	enrolled	in	the	Canadian	Na<onal	Breast	Screening	Study	
•  Canadian	naAonal	cohort	(Crouse,	2015)	
											2.5	million	residents	in	Canada	in	1991	
•  The	Dutch	Study	(DUELS)	(Fischer,	2015)	

	7.1	millions	from	the	Dutch	Environmental	Longitudinal	Study	(DUELS)		
•  Canada	Community	Cohort	(Pinault,	2016)	
											299,500		respondents	to	the	Canada	Comunity	Health	Survey	
•  French	naAonal	electricity	cohort	(Bentayeb,	2016)	

	20,327	adults	working	at	the	French	na<onal	electricity	and	gas	company	
•  Medicare	(65+)	(Wang,	2016)	
										13.1	million	Medicare	beneficiaries	(age	≥65)		in	seven	southeastern	US	states	
•  	NIH-AARP	Diet	and	Health	Cohort	(Thusrtson,	2016)	
											517,041	men	and	women		in	the	Na<onal	Ins<tutes	of	Health-AARP	cohort.		
•  	Medicare	ConAnental	USA,	PM2.5	<12ug/m3	(Di,	2017)	
											28	million	Medicare	beneficiaries	(age	≥65)	with	exposure	below	12	ug/m3		in		the	USA		
•  Canadian	CanCHEC,	2001	(Pinault,	2017)	
											2.4		millions	residents	in	Canada	in	2001	
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Cohort	studies	conducted	in	North	America	and	Europe	unAl	2016	reporAng	
associaAons	between	long-term	exposure	to	PM2.5	and	all-cause	(or	

natural-cause)	mortality.	%	Increase	Risk	(IR)	per	10	ug/m3	

N.	 Study	
Conc.	
(range)
(μg/m3)

%	IR

1 Harvard	six	cities	(Dockery,	1993) 16	(11-24) 14 7 22
2 ACS	study	(Krewski,	2009) 18	(10-26) 6 2 11
3 ACS	LA	sub-cohort	study	(Jerrett,	2005) 18	(~9-27) 17 5 30
4 Netherlands	Cohort	Study	(Beelen,	2008) 28	(23-37) 6 -3 16
5 Nurses’	Health	Study	(Puett,	2009) 14	(6-28) 26 2 54
6 Medicare	national	cohort	(Zeger,	2008) 13	(7-19) 4 3 6
7 Health	professionals	f-up	study	(Puett,	2011) 18	(12-24) -14 -28 2
8 US	trucking	industry	cohort	(Hart,	2011) 14	(6-22) 10 3 18
9 California	teachers	study	(Lipsett,	2011) 16	(3-28) 1 -5 9
10 Rome	longitudinal	study	(Cesaroni,	2013) 23	(7-32) 4 3 5
11 ACS	California	subcohort	(Jerrett,	2013) 14	(4-25) 6 0 12
12 National	English	cohort	(Carey,	2013) 13	(10-16) 11 -2 26
13 Escape	(Beelen,	2015) 19	(6-31) 14 3 27
14 Canadian	Nat	Breast	Screening	Study	(Villeneuve,	2015) 9	(1-18) 12 4 19
15 Canadian	national	cohort	(Crouse,	2015) 9	(1-18) 7 6 8
16 The	Dutch	Study	(DUELS)	(Fischer,	2015) 19	(16-21) 13 11 14
17 Canada	Community	Cohort	(Pinault,	2016) 6	(1-13) 26 19 34
18 French	national	electricity	cohort	(Bentayeb,	2016) 15	(6-24) 14 -10 44
19 Medicare	(65+)	(Wang,	2016) 11	(6-21) 23 21 25
20 NIH-AARP	Diet	and	Health	Cohort	(Thusrtson,	2016) 12	(6-19) 3 0 5
21 Medicare	Continental	USA,	PM2.5	<12ug/m3	(Di,	2017) 10	(6-12) 14 13 14
22 Canadian	CanCHEC,	2001	(Pinault,	2017) 7	(2-13) 18 15 21

95%	CI
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Metanalysis,	all	studies	included	(September	2017)	

D-L Overall (I-squared=97.0%, p=0.000)

ACS California subcohort (Jerrett, 2013)

Canada Community Cohort (Pinault, 2016)

Medicare SouthEast USA (65+) (Wang, 2016)

Escape (Beelen, 2015)

NIH-AARP Diet and Health Cohort (Thusrtson, 2016)

Medicare national cohort (Zeger, 2008)

US trucking industry cohort (Hart, 2011)

Nurses’ Health Study (Puett, 2009)

Canadian Nat Breast Screening Study (Villeneuve, 2015)

Canadian CanCHEC, 1991 (Crouse, 2015)

ACS study (Krewski, 2009)

Health professionals f-up study (Puett, 2011)

National English cohort (Carey, 2013)

Canadian CanCHEC, 2001 (Pinault, 2017)

The Dutch Study (DUELS) (Fischer, 2015)

California teachers study (Lipsett, 2011)

ACS LA sub-cohort study (Jerrett, 2005)

Study

Harvard six cities (Dockery, 1993; Lepeule, 2012)

French national electricity cohort (Bentayeb, 2016)

Netherlands Cohort Study (Beelen, 2008)

Rome longitudinal study (Cesaroni, 2013)

Medicare Continental USA,PM2.5 <12ug/m3 (Di, 2017)
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Transferability between locations 

•  Question: WHICH ERF IS MOST 
APPROPRIATE? 

•  Assume that you want to estimate the 
increase in mortality due to air pollution in 
the following cities for HIA purposes: 

•  Rome 
•  Helsinki 
•  Erfurt 
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Katsouyanni K, Touloumi G, Samoli E, Gryparis A, Le Tertre A, Monopolis Y, et al. Confounding and effect 
modification in the short-term effects of ambient particles on total mortality: results from 29 European cities 
within the APHEA2 project. Epidemiology 2001;12(5):521-31. 
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Different options 

•  Choose the city specific estimates 
•  Choose the pooled estimate 
•  Investigate why city-specific estimates 

differ from each other (heterogeneity) 
•  Calculate a weighted mean of the local-

city value and the pooled estimate 
(shrunken estimate) 
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Heterogeneity of PM10 Relative Risk 
per 10 µg/m3 : APHEA-2 

Effect modifier 25th percentile  
effect modifier 

75th percentile  
effect modifier 

NO2 0.19 0.80 

Temperature 0.29 0.82 

Northwest/East 0.73 0.22 

Katsouyanni K, Touloumi G, Samoli E, Gryparis A, Le Tertre A, Monopolis Y, et al. Confounding and effect modification in the 
short-term effects of ambient particles on total mortality: results from 29 European cities within the APHEA2 project. 
Epidemiology 2001;12(5):521-31. 
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Shrunken estimate (Bayesian 
estimate) 

•  To calculate a shrunken estimate you use  
information of the pooled estimate and the 
city specific (local) estimate  

Le Tertre A, Schwartz J, Touloumi G. Empirical Bayes and adjusted estimates approach to estimating 
the relation of mortality to exposure of PM(10). Risk Anal 2005;25(3):711-8. 
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Le Tertre A, Schwartz J, Touloumi G. Empirical Bayes and adjusted estimates approach to 
estimating the relation of mortality to exposure of PM(10). Risk Anal 2005;25(3):711-8. 
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Double	coun<ng	(or	undercoun<ng?)	

•  Air	pollu<on	is	a	complex	mixture	of	many	
gaseous	and	par<culate	components	

•  These	components	may	interact	
•  In	HIA	usually	a	few	components	are	selected	
e.g.	those	for	which	a	ERF	is	available	

•  PM2.5	oden	component	of	choice,	e.g	recent	
WHO	mee<ngs	
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Double	coun<ng	(or	undercoun<ng?)	

•  Use	of	a	single	pollutant	may	underes<mate	
effect	of	the	mixture	

•  PM2.5	may	underes<mate	effect	local	traffic	
policies		

•  Adding	health	effects	from	two	or	more	
pollutants	may	however	overes<mate	effects	if	
– Derived	from	same	studies	
–  Single	pollutant	es<mates	are	used	
–  Pollutants	are	correlated	highly	
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Es<mates	at	high	concentra<on	
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2004,	first	WHO	Global	Burden	of	
Disease	
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Exposure-response	funcAon:	long-term	PM2.5	and	mortality,	ACS.	Pope	et	al,	2002	36	
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2009	38	



2014	
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The	Lancet,	May	2017	

4.2	million	deaths	aGributable	
to	PM2.5	in	2015				



Figure 1  

The Lancet DOI: (10.1016/S0140-6736(17)30505-6)  
Copyright © 2017 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC 
BY 4.0 license 

Integrated exposure–response 
functions, GBD 2015 
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Figure 4  

The Lancet DOI: (10.1016/S0140-6736(17)30505-6)  

Deaths attributable to ambient particulate 
matter pollution by year and cause 
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Figure 5  

The Lancet DOI: (10.1016/S0140-6736(17)30505-6)  
Copyright © 2017 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC 
BY 4.0 license Terms and Conditions 

Deaths attributable to ambient 
particulate matter pollution in 2015 
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Figure 6  

The Lancet DOI: (10.1016/S0140-6736(17)30505-6)  
Copyright © 2017 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC 
BY 4.0 license Terms and Conditions 

Changes in mortality attributable to ambient 
particulate matter pollution according to 

population-level determinants by country from 
1990 to 2015 
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