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Literature	search	criteria	
	
Bibliographic	databases	were	searched	to	identify	peer-reviewed	time-series	(and	case	
crossover)	studies	of	the	relationship	between	daily	concentrations	of	NO2	and	daily	mortality	
or	hospital	admissions.	
	
Bibliographic	databases	searched:	PubMed,	EMBASE	or	Web	of	Science	(which	includes	the	
Science	Citation	Index).		
	
The	search	terms	used	are	shown	below	and	minor	refinements	were	made	for	use	in	each	
bibliographic	database.	

(air	pollution	OR	pollution	OR	nitric	oxide*	OR	nitrogen	dioxide?)	AND	(timeseries	OR	
time	series	OR	time-series	OR	daily	OR	case-crossover)	AND	(mortality	OR	death*	OR	
dying	OR	hospital	admission*	OR	admission*	OR	emergency	room	OR	visit*	OR	
attendance*	OR	‘a&e’	OR	‘a	and	e’	OR	accident	and	emergency	OR	general	pract*	OR	
physician*	OR	consultation*	OR	emergency	department*)	

	
No	restriction	on	language	was	applied.	The	bibliographic	databases	were	searched	for	peer-
reviewed	papers	published	up	to	May	2011.		
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List	of	countries	by	WHO	Region	and	mortality	strata	
	
Reproduced	from	The	World	Health	Report	2002	(http://www.who.int/whr/2002/en/,	
accessed	7th	February	2015)	
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Metrics	of	particulate	matter	(PM)	used	in	two-pollutant	model	analyses	
	
Category	of	PM	
metric	

Particulate	pollutants	which	map	to	category	

PM10	 PM7;	PM10;	PM13;	ln(PM7);	ln	(PM13);	√(PM10);	ln(PM14);	

PM2.5	 PM2.5;	PM<1;	PM0.5;	Re-suspended	Particulate	Matter	
(RSPM);	PM2.5-1	

PM10-2.5	 PM10-2.5	

Black	Smoke	 Black	Smoke;	ln(BS);	sqrt(BS)	

Particle	Number	
Concentration	(PNC)	

10-100nm;	PNC;	<100nm;	Nucleation	<30nm;	Aitken	30-
100nm;	Accumulation	100-290nm;	NC	0.03-0.05;	NC	0.05-
0.1;	NC	0.01-0.03;	NC	0.01-0.1;	PM2.5	NC;	PM2.5-10	NC;	PM10	
NC;	PNC	size	mode	12nm;	PNC	size	mode	23nm;	PNC	size	
mode	57nm;	PNC	size	mode	212nm;	PNC	size	mode	to	
100nm;	NC128;	NC346;	NC	total;	NC31;	10-100nm	surface	
area	

Carbon	 Black	Carbon	(BC);	Elemental	Carbon	(EC);	Organic	Carbon	
(OC);	PM2.5	OC;	PM2.5	EC;		PM2.5	OM;	Total	Carbon;		

Total	Suspended	
Particles	(TSP)	

TSP;	ln(TSP);	TSP-PM10;	PM20;	SPM;	sqrt(TSP);	blackness	of	
TSP	filters	

Visibility	 Coefficient	of	haze	(COH);	light	scattering	(PM2.5	indicator	=	
nephelometry	measure	instead	of	gravimetric);	dry	light	
scattering	(PM<1	indicator);	bsp	(PM2.5	indicator	=	an	
indicator	for	particles	01-2	um	(nephelometry	measure	
instead	of	gravimetric));	visibility	(PM2.5	indicator	=	digital	
photography	visibility);	PM2.5	nephelpmetry	(PM2.5	

indicator=(nephelometry	measure*100,000-.01)/0.28.)		
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Table	S1:	Meta-analysis	results	for	all-cause	mortality	in	all-ages	associated	with	a	10	
µg/m3	increase	in	24	hour	NO2		

a	-Numbers	of	pairs	of	single-city	(SC)	/	multi-city	(MC)	estimates	available	from	all	studies		
b	-Numbers	of	pairs	of	single-city	(SC)	/	multicity	(MC)	estimates	selected	for	meta-analysis.	The	number	of	cities	represented	by	
the	estimates	is	given	in	brackets.		
c	–	Random-effects	summary	estimates	presented	as	a	percentage	change	(95%	confidence	interval)	in	the	risk	of	death	per	10	
μg/m3	NO2.		
d	-I2	statistic	for	heterogeneity	between	WHO	region	specific	estimates	
e	-Overall	(global)	summary	estimate	of	NO2	adjusted	for	PM	and	by	WHO	regions.	Protocol	for	selection	of	PM	metrics	defined	in	
the	methods	section.	Estimate	numbers	for	Overall	refer	to:	(i)	the	number	of	single-city	(SC)	/	multi-city	(MC)	estimates	available	
from	all	studies;	(ii)		for	selected	estimates,	it	is	the	number	of	pooled	(from	single-city	estimates)	and	multi-city	estimates	used	to	
calculate	the	overall	summary	estimate	across	WHO	regions.	
f	–	Overall	summary	estimate	of	NO2	adjusted	for	specific	metrics	of	PM.		
AMR,	region	of	the	Americas;	EUR,	European	region;	WPR,	Western	Pacific	region;	SEAR,	South	East	Asian	region.	

	

	 	

	 All		
SC/MCa	

Selected		
SC/MC	
(cities)b	

NO2,	single-pollutant	 NO2	adjusted	for	PM		

Random	Effects	
(95%	CI)c	

I2	
(%)d	

Random	Effects	
(95%	CI)	c	

I2		
(%)	d	

Overall,	NO2	+	PM	
(any	PM	metric)e	 22/10	 5/1	(26)	 0.78	(0.47,	1.09)	

66.9	

0.60	(0.33,	0.87)	

0	
AMR	A	 5/10	 4/1	(16)	 0.48	(0.24,	0.72)	 0.55	(0.12,	0.99)	
AMR	B	 1/0	 1/0	(1)	 0.59	(-0.26,	1.45)	 0.01	(-1.10,	1.12)	
EUR	A	 6/0	 3/0	(3)	 0.71	(0.20,	1.22)	 0.43	(-0.86,	1.73)		
SEAR	B	 1/0	 1/0	(1)	 1.41	(0.89,	1.93)	 0.42	(-0.55,	1.40)	
WPR	B	 9/0	 5/0	(5)	 1.00	(0.54,	1.46)	 0.85	(0.37,	1.33)	
NO2	+	PM		
(specific	PM	metric)f		 	 	 	 	 	 	

NO2	+	PM10	 13/3	 4/1	(21)	 0.92	(0.58,	1.72)	 88.7	 0.85	(0.52,	1.18)	 72	
NO2	+	PM2.5	 2/3	 2/1	(14)	 0.53	(0.42,	0.64)	 0	 0.57	(0.24,	0.89)	 6.9	
NO2	+	PM10-2.5	 0/3	 0/1	(12)	 0.62	(0.19,	1.06)	 -	 0.73	(0.28,	1.18)	 -	
NO2	+	Visibility	 0/1	 0/1	(12)	 0.60	(0.34,	0.87)	 -	 0.66	(0.33,	1.00)	 -	
NO2	+	BS	 1/0	 -	

Insufficient	estimates	for	meta-analysis	NO2	+	TSP	 3/0	 -	
NO2	+	PNC	 3/0	 -	
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Table	S2:	Meta-analysis	results	for	all-cause	mortality	in	all-ages	associated	with	a	10	
µg/m3	increase	in	1	hour	NO2		

a	-Numbers	of	pairs	of	single-city	(SC)	/	multi-city	(MC)	estimates	available	from	all	studies		
b	-Numbers	of	pairs	of	single-city	(SC)	/	multicity	(MC)	estimates	selected	for	meta-analysis.	The	number	of	cities	represented	by	
the	estimates	is	given	in	brackets.		
c	–	Random-effects	summary	estimates	presented	as	a	percentage	change	(95%	confidence	interval)	in	the	risk	of	death	per	10	
μg/m3	NO2.		
d	-I2	statistic	for	heterogeneity	between	WHO	region	specific	estimates	
e	-Overall	(global)	summary	estimate	of	NO2	adjusted	for	PM	and	by	WHO	regions.	Protocol	for	selection	of	PM	metrics	defined	in	
the	methods	section.	Estimate	numbers	for	Overall	refer	to:	(i)	the	number	of	single-city	(SC)	/	multi-city	(MC)	estimates	available	
from	all	studies;	(ii)		for	selected	estimates,	it	is	the	number	of	pooled	(from	single-city	estimates)	and	multi-city	estimates	used	to	
calculate	the	overall	summary	estimate	across	WHO	regions.	
f	–	Overall	summary	estimate	of	NO2	adjusted	for	specific	metrics	of	PM.		
AMR,	region	of	the	Americas;	EUR,	European	region;	WPR,	Western	Pacific	region;	SEAR,	South	East	Asian	region.	

	

	 	

	 All		
SC/MCa	

Selected		
SC/MC	
(cities)b	

NO2	single-pollutant	 NO2	adjusted	for	PM	

Random	Effects	
(95%	CI)	c	

I2	
(%)d	

Random	Effects	
(95%	CI)	c	

I2	
(%)d	

Overall,	NO2	+	PM	
(any	PM	metric)e	 2/4	 2/2	(36)	 0.32	(-0.02,	0.66)	

93.8	

0.20	(-0.24,	0.65)	

95.2	
AMR	A	 1/0	 1/0	(1)	 1.19	(0.20,	2.19)	 0.78	(-0.35,	1.92)	
AMR	B	 1/0	 1/0	(1)	 -0.09	(-0.19,	0.00)	 -0.28	(-0.38,	-0.19)	
EUR	A	 0/3	 0/1	(30)	 0.30	(0.22,	0.38)	 0.27	(0.16,	0.38)	
WPR	A	 0/1	 0/1	(4)	 0.63	(0.21,	1.05)	 0.52	(0.05,	1.00)	
Overall,	NO2	+	PM	
(specific	PM	metric)f	 	 	 	 	 	 	

NO2	+	PM10	 2/1	 2/1	(32)	 0.22	(-0.15,	0.60)	 95.4	 0.10	(-0.40,	0.61)	 96.5	
NO2	+	BS	 0/2	 0/1	(30)	 0.30	(0.22,	0.38)	 -	 0.33	(0.23,	0.43)	 -	
NO2	+	Visibility	 0/1	 0/1	(4)	 0.63	(0.21,	1.05)	 -	 0.52	(0.05,	1.00)	 -	
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Table	S3:	Meta-analysis	results	for	all	cardiovascular	mortality	in	all-ages	associated	with	
a	10	µg/m3	increase	in	24	hour	NO2		

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

a	-Numbers	of	pairs	of	single-city	(SC)	/	multi-city	(MC)	estimates	available	from	all	studies		
b	-Numbers	of	pairs	of	single-city	(SC)	/	multicity	(MC)	estimates	selected	for	meta-analysis.	The	number	of	cities	represented	by	
the	estimates	is	given	in	brackets.		
c	–	Random-effects	summary	estimates	presented	as	a	percentage	change	(95%	confidence	interval)	in	the	risk	of	death	per	10	
μg/m3	NO2.		
d	-I2	statistic	for	heterogeneity	between	WHO	region	specific	estimates	
e	-Overall	(global)	summary	estimate	of	NO2	adjusted	for	PM	and	by	WHO	regions.	Protocol	for	selection	of	PM	metrics	defined	in	
the	methods	section.	Estimate	numbers	for	Overall	refer	to:	(i)	the	number	of	single-city	(SC)	/	multi-city	(MC)	estimates	available	
from	all	studies;	(ii)		for	selected	estimates,	it	is	the	number	of	pooled	(from	single-city	estimates)	and	multi-city	estimates	used	to	
calculate	the	overall	summary	estimate	across	WHO	regions.	
f	–	Overall	summary	estimate	of	NO2	adjusted	for	specific	metrics	of	PM.		
AMR,	region	of	the	Americas;	EUR,	European	region;	WPR,	Western	Pacific	region;	SEAR,	South	East	Asian	region.	

	

	 	

	 All		
SC/MCa	

Selected		
SC/MC	
(cities)b	

NO2,	single-pollutant	 NO2	adjusted	for	PM		

Random	Effects	
(95%	CI)	c	

I2	
(%)d	

Random	Effects	
(95%	CI)c	

I2		
(%)d	

Overall,	NO2	+	PM	
(any	PM	metric)e	 14/0	 5/0	(10)	 1.07	(0.43,	1.72)	

72	

0.82	(0.22,	1.42)	

58.8	
AMR	A	 3/0	 2/0	(2)	 0.52	(0.37,	0.68)	 0.47	(0.06,	0.88)	
AMR	B	 1/0	 1/0	(1)	 0.73	(-0.87,	2.36)	 -0.36	(-2.47,	1.81)	
EUR	A	 3/0	 2/0	(2)	 1.97	(-0.66,	4.66)	 1.81	(0.67,	2.97)	
SEAR	B	 1/0	 1/0	(1)	 1.78	(0.47,	3.11)	 -0.51	(-2.88,	1.92)	
WPR	B	 6/0	 4/0	(4)	 1.37	(0.87,	1.87)	 1.13	(0.67,	1.58)	
Overall,	NO2	+	PM		
(specific	PM	metric)f		 	 	 	 	 	 	

NO2	+	PM10	 10/0	 4/0	(8)	 0.99	(0.49,	1.49)	 80.1	 0.87	(0.28,	1.46)	 61	
NO2	+	PM2.5	 2/0	 2/0	(2)	 Insufficient	estimates	for	meta-analysis	
NO2	+	BS	 2/0	 2/0	(2)	 Insufficient	estimates	for	meta-analysis	
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Table	S4:	Meta-analysis	results	for	all	respiratory	mortality	in	all-ages	associated	with	a	
10	µg/m3	increase	in	24	hour	NO2		

a	-Numbers	of	pairs	of	single-city	(SC)	/	multi-city	(MC)	estimates	available	from	all	studies		
b	-Numbers	of	pairs	of	single-city	(SC)	/	multicity	(MC)	estimates	selected	for	meta-analysis.	The	number	of	cities	represented	by	
the	estimates	is	given	in	brackets.		
c	–	Random-effects	summary	estimates	presented	as	a	percentage	change	(95%	confidence	interval)	in	the	risk	of	death	per	10	
μg/m3	NO2.		
d	-I2	statistic	for	heterogeneity	between	WHO	region	specific	estimates	
e	-Overall	(global)	summary	estimate	of	NO2	adjusted	for	PM	and	by	WHO	regions.	Protocol	for	selection	of	PM	metrics	defined	in	
the	methods	section.	Estimate	numbers	for	Overall	refer	to:	(i)	the	number	of	single-city	(SC)	/	multi-city	(MC)	estimates	available	
from	all	studies;	(ii)		for	selected	estimates,	it	is	the	number	of	pooled	(from	single-city	estimates)	and	multi-city	estimates	used	to	
calculate	the	overall	summary	estimate	across	WHO	regions.	
f	–	Overall	summary	estimate	of	NO2	adjusted	for	specific	metrics	of	PM.		
AMR,	region	of	the	Americas;	EUR,	European	region;	WPR,	Western	Pacific	region;	SEAR,	South	East	Asian	region.	

	

	 	

	 All		
SC/MCa	

Selected	
SC/MC		
(cities)b	

NO2,	single-pollutant	 NO2	adjusted	for	PM		

Random	Effects	
(95%	CI)	c	

I2	
(%)d	

Random	Effects	
(95%	CI)	c	

I2		
(%)	d	

Overall,	NO2	+	PM	
(any	PM	metric)e	 8/0	 3/0	(6)	 1.42	(0.64,	2.21)	

0	

1.13	(0.46,	1.81)	

0	AMR	B	 1/0	 1/0	(1)	 1.21	(-1.43,	3.91)	 0.61	(-2.83,	4.17)	
SEAR	B	 1/0	 1/0	(1)	 1.05	(-0.60,	2.73)	 0.32	(-2.66,	3.39)	
WPR	B	 6/0	 4/0	(4)	 1.57	(0.63,	2.51)	 1.20	(0.50,	1.90)	
Overall,	NO2	+	PM		
(specific	PM	metric)f		 	 	 	 	 	 	

NO2	+	PM10	 7/0	 2/0	(5)	 1.44	(0.63,	2.27)	 0	 1.15	(0.47,	1.84)	 0	
NO2	+	PM2.5	 1/0	 1/0	(1)	 Insufficient	estimates	for	meta-analysis	
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Table	S5:	Meta-analysis	results	for	stroke	mortality	in	all-ages	associated	with	a	10	
µg/m3	increase	in	24	hour	NO2		

a	-Numbers	of	pairs	of	single-city	(SC)	/	multi-city	(MC)	estimates	available	from	all	studies		
b	-Numbers	of	pairs	of	single-city	(SC)	/	multicity	(MC)	estimates	selected	for	meta-analysis.	The	number	of	cities	represented	by	
the	estimates	is	given	in	brackets.		
c	–	Random-effects	summary	estimates	presented	as	a	percentage	change	(95%	confidence	interval)	in	the	risk	of	death	per	10	
μg/m3	NO2.		
d	-I2	statistic	for	heterogeneity	between	WHO	region	specific	estimates	
e	-Overall	(global)	summary	estimate	of	NO2	adjusted	for	PM	and	by	WHO	regions.	Protocol	for	selection	of	PM	metrics	defined	in	
the	methods	section.	Estimate	numbers	for	Overall	refer	to:	(i)	the	number	of	single-city	(SC)	/	multi-city	(MC)	estimates	available	
from	all	studies;	(ii)		for	selected	estimates,	it	is	the	number	of	pooled	(from	single-city	estimates)	and	multi-city	estimates	used	to	
calculate	the	overall	summary	estimate	across	WHO	regions.	
f	–	Overall	summary	estimate	of	NO2	adjusted	for	specific	metrics	of	PM.		
AMR,	region	of	the	Americas;	EUR,	European	region;	WPR,	Western	Pacific	region;	SEAR,	South	East	Asian	region.	

	 	

	 All		
SC/MCa	

Selected	
SC/MC		
(cities)b	

NO2,	single-pollutant	 NO2	adjusted	for	PM		

Random	Effects	
(95%	CI)	c	

I2	
(%)d	

Random	Effects	
(95%	CI)	c	

I2		
(%)	d	

Overall,	NO2	+	PM	
(any	PM	metric)e	 8/0	 2/0	(5)	 1.76	(0.68,	2.85)	

25.6	
1.12	(0.50,	1.74)	

0	SEAR	B	 1/0	 1/0	(1)	 2.80	(0.70,	4.94)	 1.60	(-2.20,	5.55)	
WPR	B	 7/0	 4/0	(4)	 1.47	(0.67,	2.27)	 1.11	(0.48,	1.74)	
Overall,	NO2	+	PM		
(specific	PM	metric)f		 	 	 	 	 	 	

NO2	+	PM10	 7/0	 2/0	(4)	 1.83	(0.76,	2.92)	 9.3	 1.04	(0.36,	1.73)	 0	
NO2	+	TSP	 1/0	 1/0	(1)	 Insufficient	estimates	for	meta-analysis	 	
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Table	S6:	Meta-analysis	results	for	all-cause	mortality	in	all-ages	associated	with	a	10	
µg/m3	increase	in	metrics	of	Particulate	Matter	(PM)	-	estimates	adjusted	for	24	hour	NO2	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

a	-Numbers	of	pairs	of	single-city	(SC)	/	multi-city	(MC)	estimates	available	from	all	studies		
b	-Numbers	of	pairs	single-city	(SC)	/	multicity	(MC)	estimates	selected	for	meta-analysis.	The	number	of	cities	represented	by	the	
selected	estimates	is	given	in	brackets.		
c	–	Random-effects	summary	estimates	presented	as	a	percentage	change	(95%	confidence	interval)	in	the	risk	of	death	per	10	
μg/m3	increase	in	24	hour	measures	of	PM.	Estimates	presented	for	‘Overall’	and	by	WHO	Region.		
d	-I2	statistic	for	heterogeneity	between	WHO	region-specific	effect	estimates	
e	-Estimate	numbers	for	‘Overall’	refer	to:	(i)	the	number	of	single-city	(SC)	/	multi-city	(MC)	estimates	available	from	all	studies;	
(ii)		for	selected	estimates,	it	is	the	number	of	pooled	(from	single-city	estimates)	and	multi-city	estimates	used	to	calculate	the	
overall	summary	estimate	across	WHO	regions.	
AMR,	region	of	the	Americas;	Eur,	European	region;	WPR,	Western	Pacific	region;	SEAP,	South	East	Asian	region.	
	 	

	 All		
SC/MCa	

Selected		
SC/MC		
(cities)b	

PM,	single-pollutant	 PM	adjusted	for	24	hour	
NO2	

Random	Effects	
(95%	CI)c	

I2		
(%)d	

Random	Effects	
(95%	CI)c	

I2		
(%)d	

PM10	 	 	 	 	 	 	
Overalle	 12/3	 4/1	(21)	 0.51	(0.29,	0.74)	 82.9	 0.18	(-0.11,	0.47)	 71.9	
AMR	A	 3/3	 3/1	(15)	 0.49	(0.31,	0.66)	 	 0.33	(-0.04,	0.71)	 	
EUR	A	 1/0	 1/0	(1)	 0.28	(0.05,	0.52)	 	 -0.24	(-0.55,	0.07)	 	
SEAR	B	 1/0	 1/0	(1)	 1.25	(0.82,	1.68)	 	 0.96	(0.17,	1.76)	 	
WPR	B	 7/0	 4/0	(4)	 0.35	(0.22,	0.47)	 	 0.05	(-0.06,	0.17)	 	
	
	 	 	 	 	 	 	

PM2.5	 	 	 	 	 	 	
Overalle	 2/3	 2/1	(14)	 0.74	(0.34,	1.14)	 19.6	 0.54	(-0.25,	1.34)	 23.9	
AMR	A	 1/3	 1/1	(13)	 0.66	(0.23,	1.08)	 	 0.33	(-0.54,	1.22)	 	
AMR	B	 1/0	 1/0	(1)	 1.36	(0.20,	2.53)	 	 1.33	(-0.12,	2.80)	 	
	 	 	 	 	 	 	

PM10-2.5	 0/3	 0/1	(12)	 0.65	(-0.10,	1.42)	 -	 0.31	(-0.49,	1.11)	 -	
	 	 	 	 	 	 	

Visibility	 0/1	 0/1	(12)	 40.93	(23.39,	60.97)	 -	 12.42	(-4.47,	32.29)	 -	
	 	 	 	

Black	Smoke	 1/0	 -	
Insufficient	estimates	for	meta-analysis	PNC	 3/0	 -	

TSP	 3/0	 -	
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Table	S7:	Meta-analysis	results	for	all	cardiovascular	mortality	in	all-ages	associated	with	
a	10	µg/m3	increase	in	metrics	of	Particulate	Matter	(PM)	-	estimates	adjusted	for	24	
hour	NO2		

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

a	-Numbers	of	pairs	of	single-city	(SC)	/	multi-city	(MC)	estimates	available	from	all	studies		
b	-Numbers	of	pairs	single-city	(SC)	/	multicity	(MC)	estimates	selected	for	meta-analysis.	The	number	of	cities	represented	by	the	
selected	estimates	is	given	in	brackets.		
c	–	Random-effects	summary	estimates	presented	as	a	percentage	increase	(95%	confidence	interval)	in	the	risk	of	death	per	10	
μg/m3	increase	in	24	hour	measures	of	PM.	Estimates	presented	for	‘Overall’	and	by	WHO	Region.	
d	-I2	statistic	for	heterogeneity	between	WHO	region-specific	effect	estimates	
e	-Estimate	numbers	for	‘Overall’	refer	to:	(i)	the	number	of	single-city	(SC)	/	multi-city	(MC)	estimates	available	from	all	studies;	
(ii)		for	selected	estimates,	it	is	the	number	of	pooled	(from	single-city	estimates)	and	multi-city	estimates	used	to	calculate	the	
overall	summary	estimate	across	WHO	Regions.	
AMR,	region	of	the	Americas;	Eur,	European	region;	WPR,	Western	Pacific	region;	SEAP,	South	East	Asian	region.	
	 	

	 All		
SC/MCa	

Selected		
SC/MC	
(cities)b	

PM,	single-pollutant	
PM	adjusted	for	24	hour	
NO2	

Random	Effects	
(95%	CI)	c	

I2		
(%)d	

Random	Effects	
(95%	CI)	c	

I2		
(%)d	

	 	 	 	 	 	 	

PM10	 	 	 	 	 	 	
Overalle	 9/0	 4/0	(8)	 0.48	(0.18,	0.78)	 66.5	 0.19	(-0.21,	0.59)	 67.1	
AMR	A	 2/0	 2/0	(2)	 0.43	(0.17,	0.70)	 	 0.33	(0.03,	0.62)	 	
EUR	A	 1/0	 1/0	(1)	 0.19	(-0.16,	0.54)	 	 -0.32	(-0.80,	0.17)	 	
SEAR	B	 1/0	 1/0	(1)	 1.90	(0.80,	3.01)	 	 2.27	(0.24,	4.34)	 	
WPR	B	 5/0	 4/0	(4)	 0.48	(0.26,	0.70)	 	 0.22	(-0.09,	0.54)	 	
	 	 	 	 	 	 	

PM2.5	 2/0	 -	 Insufficient	estimates	for	meta-analysis	
Black	Smoke	 1/0	 -	
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Table	S8:	Meta-analysis	results	for	all	respiratory	mortality	in	all-ages	associated	with	a	
10	µg/m3	increase	in	metrics	of	Particulate	Matter	(PM)	-	estimates	adjusted	for	24	hour	
NO2		

	
	
	
	
	
	
	
	
	
	
	
	
	
	

a	-Numbers	of	pairs	of	single-city	(SC)	/	multi-city	(MC)	estimates	available	from	all	studies		
b	-Numbers	of	pairs	single-city	(SC)	/	multicity	(MC)	estimates	selected	for	meta-analysis.	The	number	of	cities	represented	by	the	
selected	estimates	is	given	in	brackets.		
c	–	Random-effects	summary	estimates	presented	as	a	percentage	increase	(95%	confidence	interval)	in	the	risk	of	death	per	10	
μg/m3	increase	in	24	hour	measures	of	PM.	Estimates	presented	for	‘Overall’	and	by	WHO	Region.	
d	-I2	statistic	for	heterogeneity	between	WHO	region-specific	effect	estimates	
e	-Estimate	numbers	for	‘Overall’	refer	to:	(i)	the	number	of	single-city	(SC)	/	multi-city	(MC)	estimates	available	from	all	studies;	
(ii)		for	selected	estimates,	it	is	the	number	of	pooled	(from	single-city	estimates)	and	multi-city	estimates	used	to	calculate	the	
overall	summary	estimate	across	WHO	Regions.	
WPR,	Western	Pacific	region;	SEAR,	South	East	Asian	region.	
	 	

	 All		
SC/MCa	

Selected		
SC/MC	
(cities)b	

PM,	single-pollutant	 PM	adjusted	for	24	hour	NO2	

Random	Effects	
(95%	CI)	c	

I2		
(%)d	

Random	Effects	
(95%	CI)	c	

I2		
(%)d	

	 	 	 	 	 	 	

PM10	 	 	 	 	 	 	

Overalle	 6/0	 2/0	(6)	 0.58	(0.22,	0.93)	 0	 0.13	(-0.18,	0.44)	 0	

SEAR	B	 1/0	 1/0	(1)	 1.01	(-0.36,	2.40)	 	 0.79	(-1.70,	3.34)	 	
WPR	B	 5/0	 4/0	(4)	 0.54	(0.17,	0.92)	 	 0.12	(-0.19,	0.43)	 	
	 	 	 	 	 	 	

PM2.5	 1/0	 -	 Insufficient	estimates	for	meta-analysis	
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Figure	S1:	Studies	and	two-pollutant	model	estimates	selected	for	meta-analysis	for	all-cause	mortality,	all	ages,	24	hour	NO2	

	

				



17	
	

Figure	S2:	All	available	studies	providing	two-pollutant	model	estimates	for	meta-analysis	for	all-cause	mortality,	all	ages,	1	hour	NO2		
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Figure	S3:	All	available	studies	providing	two-pollutant	model	estimates	for	meta-analysis	for	all	cardiovascular	mortality,	all	ages,	24	
hour	NO2		
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Figure	S4:	All	available	studies	providing	two-pollutant	model	estimates	for	meta-analysis	for	all	cardiovascular	mortality,	all	ages,	1	hour	
NO2		
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Figure	S5:	All	available	studies	providing	two-pollutant	model	estimates	for	meta-analysis	for	all	respiratory	mortality,	all	ages,	24	hour	
NO2		
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Figure	S6:	All	available	studies	providing	two-pollutant	model	estimates	for	meta-analysis	for	stroke	mortality,	all	ages,	24	hour	NO2		
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Figure	S7:	All	available	studies	providing	two-pollutant	model	estimates	for	meta-analysis	for	cardiac	mortality,	all	ages,	24	hour	NO2	
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Figure	S8:	All	available	studies	providing	two-pollutant	model	estimates	for	meta-analysis	for	COPD	(including	asthma),	Lower	
Respiratory	Infections	(LRI),	ischaemic	heart	disease	(IHD),	dysrhythmia	(DYS)	mortality,	all	ages,	24	hour	NO2	
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Figure	S9:	Studies	and	two-pollutant	model	estimates	selected	for	meta-analysis	for	all	cardiovascular	mortality,	all	ages,	24	hour	NO2		
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Figure	S10:	Studies	and	two-pollutant	model	estimates	selected	for	meta-analysis	for	all	respiratory	mortality,	all	ages,	24	hour	NO2	
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Figure	S11:	All	studies	providing	two-pollutant	model	estimates	for	all-cause	mortality,	all-ages,	ultrafine	particles	(UFP)	adjusted	for	24	hour	
NO2		
	



27	
	

Figure	S12:	All	studies	providing	two-pollutant	model	estimates	for	all	cardiovascular	mortality,	all-ages,	PM	adjusted	for	24	hour	NO2		 	

	 	



28	
	

Figure	S13:	All	studies	providing	two-pollutant	model	estimates	for	all	respiratory	mortality,	all-ages,	PM	adjusted	for	24	hour	NO2		
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Figure	S14:	Studies	providing	two-pollutant	model	estimates	for	meta-analysis	for	all	respiratory	hospital	admissions,	various	age	groups,	
24	hour	NO2		

	
 
 
* Age: AA = all ages; E = Elderly; C = Children 
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Figure	S15:	Studies	providing	two-pollutant	model	estimates	for	meta-analysis	for	all	respiratory	hospital	admissions,	various	age	groups,	
1	hour	NO2	
	
	

	
 
* Age: C = Children; E = Elderly 
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Figure	S16:	Studies	providing	two-pollutant	model	estimates	for	meta-analysis	for	hospital	admissions	for	asthma,	children,	24	hour	NO2		
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Figure	S17:	Studies	providing	two-pollutant	model	estimates	for	meta-analysis	for	hospital	admissions	for	asthma,	various	age	groups,	24	
hour	NO2	

	
 
* Age: AA = All-ages; E = Elderly; YA = Young adults 
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Figure	S18:	Studies	providing	two-pollutant	model	estimates	for	meta-analysis	for	hospital	admissions	for	cardiac	disease,	all-ages,	24	
hour	NO2		
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Figure	S19:	Studies	providing	two-pollutant	model	estimates	for	meta-analysis	for	hospital	admissions	for	cardiac	disease,	elderly,	24	
hour	NO2	
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Figure	S20:	All	available	studies	providing	estimates	from	both	all-year	and	season-specific	models	for	24	hour	NO2	and	all-cause	
mortality	in	all-ages	
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Figure	S21:	All	available	studies	providing	estimates	from	both	all-year	and	season-specific	models	for	24	hour	NO2	and	all	cardiovascular	
mortality	in	all	ages	
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Figure	S22:	All	available	studies	providing	estimates	from	both	all-year	and	season-specific	models	for	24	hour	NO2	and	all	respiratory	
mortality	in	all-ages	
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Figure	S23:	All	available	studies	providing	estimates	from	both	all-year	and	season-specific	models	for	24	hour	NO2	and	all	respiratory	
and	all	cardiovascular	hospital	admissions	in	all-ages	
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Figure	S24:	Ranking	of	NO2	estimates	for	all-cause	mortality	in	all-ages	by	mean	levels	of	
24	hour	NO2	(multi-city	studies	shown	using	black	bars)	
 

	

	
Figure	S25:	Ranking	of	NO2	estimates	for	all-cause	mortality	in	all-ages	by	mean	levels	of	
PM10	(multi-city	studies	shown	using	black	bars)	
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Figure	S26:	Ranking	of	NO2	estimates	for	all-cause	mortality	in	all-ages	by	the	NO2/PM10	

concentration	ratio	(multi-city	studies	shown	using	black	bars)	
 

	

	
Figure	S27:	Ranking	of	NO2	estimates	for	all-cause	mortality	in	all-ages	by	daily	mean	
temperature	(multi-city	studies	shown	using	black	bars)	
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APPENDIX	1	
Update	literature	search	and	commentary	
	
In	May	2015,	BMJ	Open	published	our	systematic	review	and	meta-analysis	in	which	we	
demonstrated	that	short-term	exposure	to	NO2	is	associated	with	mortality	and	hospital	
admissions	for	cardiovascular	and	respiratory	diseases	in	different	age	groups	
(doi:10.1136/bmjopen-2014-006946).	Whether	the	NO2	associations	are	independent	of	the	
effects	of	particulate	matter	(PM)	is	the	subject	of	the	current	manuscript	under	consideration	
by	BMJ	Open.	The	manuscript	builds	upon	our	earlier	paper	and	forms	the	second	part	of	our	
two-part	study.	Both	parts	of	the	study	are	based	on	a	literature	search	with	a	cut-off	of	May	
2011.		
	
During	the	peer-review	of	the	first	(already	published)	paper,	we	faced	criticisms	regarding	our	
literature	cut-off	similar	to	those	made	about	the	second	manuscript.	At	that	time,	we	addressed	
the	points	by	undertaking	a	partial	update	of	the	literature:		

(i) using	the	same	search	string	
(ii) searching	only	one	(of	three)	bibliographic	databases	–	PubMed	
(iii) focusing	only	on	papers	published	in	the	English	language	
(iv) focusing	on	the	period	from	1st	April	2011	to	26th	July	2014,	the	date	of	the	search	

After	applying	the	same	inclusion	criteria,	we	identified	37	studies	of	all-year	NO2.		
	
To	address	the	latest	comments	regarding	the	literature	cut-off,	we	re-examined	the	37	studies	
to:	

(i) identify	papers	which	reported	estimates	of	NO2	adjusted	for	a	metric	of	PM	
(ii) assess	how	the	adjusted	estimates	compare	with	the	results	of	our	study	
(iii) determine	whether	the	papers	published	since	our	cut-off	alter	the	messages	in	our	

manuscript.	
	
Twelve	of	the	37	studies	(that	is	32%)	reported	numerical	estimates	of	NO2	adjusted	for	a	
metric	of	PM:	see	reference	list.	Table	1	provides	an	overview	of	the	data,	by	outcome,	diagnosis,	
averaging	time,	multi-city	status	of	the	study	and	location	in	which	the	study	was	conducted.	
Table	2	summarises	the	quantitative	results	of	each	study,	and	the	paragraphs	which	follow	
provide	commentary	on	the	information	presented	in	the	tables.	
	
Seven	studies	examined	mortality	outcomes	whilst	five	examined	hospital	admissions.	Eleven	
studies	used	24	hour	average	NO2	and	the	majority	of	the	studies	used	PM10	to	control	for	the	
effects	of	particles.	These	findings	are	in	keeping	with	our	manuscript:	(i)	29%	of	the	studies	
published	up	to	May	2011	reported	estimates	of	NO2	adjusted	for	PM;	(ii)	67%	of	the	studies	
used	PM10	to	control	for	the	effects	of	particles.	Table	1	also	shows	that	six	of	the	12	studies	
used	a	multi-city	design	and	the	majority	of	the	new	data	comes	from	the	Western	Pacific	
Region	B,	which	includes	China.	The	growth	in	studies	from	this	region	of	the	world	was	
identified	in	our	review	and	cities	in	this	region	are	represented	in	our	meta-analytic	estimates.		
	
Many	of	the	new	studies	include	locations	which	are	represented	in	our	meta-analyses	and	
there	is	also	some	overlap	in	study	time	periods	between	studies	included	in	our	review	and	
newly	published	evidence.	Some	of	the	new	studies	are	however	based	on	a	larger	number	of	
cities	from	a	particular	country,	but	also	include	cities	represented	in	our	meta-analyses	
(Moolgavkar	et	al,	2013;	Chen	et	al,	2012).	Chiusolo	et	al	(2011)	report	further	analyses	of	
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existing	data.	Only	one	single-city	study	provided	data	for	a	less	well	studied	part	of	the	world:	
Ho	Chi	Minh	city,	Vietnam	(HEI,	2012).		
	
The	results	of	the	studies	presented	in	Table	2	indicate	that,	in	general,	the	associations	
between	NO2	and	mortality	and	hospital	admissions	remain	after	control	for	PM	and	support	an	
independent	effect	of	NO2	(adjusted	for	PM).	This	is	in	keeping	with	the	key	findings	of	our	
manuscript,	and	does	not	alter	the	conclusions	of	our	review	of	studies	published	up	to	May	
2011.	Whilst	we	acknowledge	that	a	more	up-to-date	review	is	desirable,	it	would	be	unlikely	to	
significantly	alter	the	relevance	or	importance	of	our	review.	To	our	knowledge,	no	quantitative	
systematic	review	of	the	two-/multi-pollutant	model	estimates	of	NO2	has	been	published	since	
2002	(Stieb	et	al),	and	this	was	only	for	all-cause	mortality.	Since	then,	the	evidence	of	adverse	
effects	of	NO2	has	increased	and	strengthened.	Our	analyses	therefore	contribute	new	
quantitative	evidence	to	the	science-policy	debate,	indicating	that	NO2	is	associated	with	
adverse	health	outcomes	independently	of	PM	(measured	mainly	as	PM10,	PM2.5,	and	Black	
Smoke).	Table	2	also	shows	that	the	estimates	of	PM	are	more	sensitive	to	control	for	NO2	in	
joint	models	than	the	estimates	of	NO2	are.	This	observation	provides	some	support	for	the	
findings	in	our	manuscript,	and,	as	discussed	in	our	manuscript,	is	an	issue	which	warrants	
further	investigation.		
	
The	resources	required	to	undertake	a	detailed	systematic	ascertainment	and	quantitative	
meta-analysis	of	the	growing	time-series	literature	limits	the	ability	of	our	systematic	review	to	
incorporate	the	very	latest	published	evidence.	Further	work	would	be	required	to	search	
additional	databases	(as	was	done	in	our	manuscript),	sift	and	translate	relevant	foreign	
language	papers	(also	done	for	our	review),	enter	quantitative	estimates	in	our	database,	and	
apply	our	estimate	selection	protocol	before	judgements	could	be	made	about	the	specific	meta-
analyses	that	would	or	would	not	need	to	be	updated	in	light	of	the	new	evidence.	Furthermore,	
as	the	current	manuscript	builds	upon	our	earlier	paper	and	forms	the	second	part	of	our	two-
part	study,	it	is	desirable	to	base	the	two	papers	on	the	same	literature	cut-off	to	enable	
comparison	of	results.			
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Table	1:	Summary	of	time-series	studies	of	daily	NO2	and	mortality	or	hospital	
admissions	published	since	May	2011		

	 Total	 Multi-city	study	 Single-city	study	

Outcome	 Mortality	 Hospital	
admission	 Mortality	 Hospital	

admission	 Mortality	 Hospital	
admission	

Total	 7	 5	 4	 2	 3	 3	

Diseasea	

Respiratory	 3	 3	 2	 1	 1	 2	

Cardiovascular		 4	 2	 3	 1	 1	 1	

All-cause	 5	 	 2	 	 2	 	

WHO	
Regionb	

American	A	 1	 	 1	 	 	 	

European	A	 1	 4	 1	 2	 	 2	

Western	Pacific	B	 5	 	 2	 	 3	 	

American	B	 	 	 	 	 	 	

Western	Pacific	A	 	 	 	 	 	 	

South	East	Asia	B	 	 1	 	 	 	 1	

Averaging	
time	

24	hours	 7	 4	 4	 1	 3	 3	

Maximum	1	hour	 	 1	 	 1	 	 	

Other	 	 	 	 	 	 	
a	-	Respiratory	includes	all-respiratory	diseases,	asthma,	COPD	only,	COPD	(including	asthma),	lower	respiratory	infections,	and	
upper	respiratory	diseases;	Cardiovascular	includes	all-cardiovascular	diseases,	cardiac	disease,	heart	failure,	ischaemic	heart	
disease,	dysrhythmia,	and	stroke.		
b	-	WHO	regions:	A:	very	low	child	and	adult	mortality;	B:	low	child	mortality	and	low	adult	mortality;	C:	low	child	mortality	and	
high	adult	mortality;	D:	high	child	mortality	and	high	adult	mortality.	A	list	of	countries	which	form	part	of	each	WHO	region	is	
given	in	the	online	supplementary	material.		

	



50	
	

Table	2:	Summary	of	results	of	time-series	studies	of	mortality	and	hospital	admissions	reporting	estimates	of	NO2	adjusted	for	
a	metric	of	PM.	

Author	(year)	
Study	location		
Study	period	

Outcome	
Diagnosis	
Age	group	

	

NO2	effect	estimate	
(95%	confidence	interval)	

Correlation		
NO2/PM	

PM	effect	estimate	
(95%	confidence	interval)	

Single-pollutant	 Adjusted	for	PM	 	 Single-pollutant	 Adjusted	for	NO2	

Bhaskaran	et	al	(2011)	
15	conurbations	in	England	
and	Wales	
2003-06	
	

Hospital	admissions	
Myocardial	infarction	
Adults	/	Elderly		

1.1%		(0.3,	1.8)	per	
10	µg/m3	NO2	
Lag	1-6	hours	
Hourly	average	

0.8%	(0,	1.6)		
adjusted	for	PM10	

NO2/PM10	
0.48	

1.2%	(0.3,	2.1)	per	10	
µg/m3	PM10	
Lag	1-6	hours	
Hourly	averaging	time	
	

0.8%	(-0.1,	1.8)	

Chen	et	al	(2013a)	
8	Chinese	cities	
1996-2008,	years	varied	
across	the	cities	

Mortality		
Stroke	(ICD10	I60-69)	
All	ages	

1.47%	(0.88,	2.06)	
per	10	µg/m3	NO2	
Lag	0-1	
24	hour	average	

1.17%	(0.47,	1.88)	
adjusted	for	PM10	

PM10/SO2/NO2	
across	cities	
ranged	from	
0.51	to	0.87	
	

0.54%	(0.28,	0.81)	
per	10	µg/m3	PM10		

Lag	0-1	
24	hour	average	
	

0.14%	(-0.04,		0.31)	

Chen	et	al	(2013b)	
Shanghai	
2001-2008	
	

Mortality	
All-cause	(ICD10	A00-
99)	
All	ages	

0.66%	(0.47,	0.86)	
per	10	µg/m3	NO2	
Lag	0	
24	hour	average	

0.81%	(0.53,	1.11)	
adjusted	for	PM10	

None	reported	 0.15%	(0.07,	0.23)	
per	10	µg/m3	PM10	Lag	
0	
24	hour	average	
	

-0.08%	(-0.2,	0.04)	

Chen	et	al	(2012)	
17	Chinese	cities	
1996-2010,	years	varied	
across	the	cities	

Mortality	
All-cause	(ICD10	A00-
99)	
All	ages	
	

1.63%	(1.09,	2.17)	
per	10	µg/m3	NO2	
Lag	0-1	
24	hour	average	

1.28%	(0.72,	1.84)	
adjusted	for	PM10	

NO2/PM10	
0.66	

0.35%	(0.18,	0.52)	
per	10	µg/m3	PM10	Lag	
0-1	
24	hour	average	
	

0.16%	(0.00,	0.32)	

Mortality	
All	cardiovascular	(I90-
99)	
All	ages	
	

1.80%	(1.00,	2.59)	 1.19%	(0.30,	2.08)	
adjusted	for	PM10	

0.44%	(0.23,	0.64)	 0.23%	(0.03,	0.43)	

Mortality		
All	respiratory	(J00-98)	
All	ages	

2.52%	(1.44,	3.59)	 1.75%	(0.76,	2.75)	
adjusted	for	PM10	

0.56%	(0.31,	0.81)	 0.24%	(0.00,	0.49)	

Chiusolo	et	al	(2011)	
10	Italian	cities	
2001-2005	
	

Mortality	
All-causes	(ICD9	<800)	
≥	35	years	

2.09%	(0.96,	3.24%)	
per	10	µg/m3	NO2	
Lag	0-5	
24	hour	average	
	

1.95%	(0.50,	3.43%)	
adjusted	for	PM10	

None	reported	 -	 -	
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Author	(year)	
Study	location		
Study	period	

Outcome	
Diagnosis	
Age	group	

	

NO2	effect	estimate	
(95%	confidence	interval)	

Correlation		
NO2/PM	

PM	effect	estimate	
(95%	confidence	interval)	

Single-pollutant	 Adjusted	for	PM	 	 Single-pollutant	 Adjusted	for	NO2	

Mortality		
Cardiac	(ICD9	390-429)	
≥	35	years	
	

2.63%	(1.53,	3.75)	 2.58%	(1.05,	4.13)	
adjusted	for	PM10	

-	 -	

Mortality		
All	respiratory	(ICD9	
460-519)	
≥	35	years	
	

3.48%	(0.75,	6.29)	 3.39%	(0.77,	6.08)	
adjusted	for	PM10	

-	 -	

Mortality	
Cerebrovascular	(ICD9	
430-438)	
≥	35	years	
	

2.35%	(-013,	4.89)	 2.55%	(-0.71,	5.92)	
adjusted	for	PM10	

-	 -	

Faustini	et	al	(2013)	
6	Italian	cities	
2001-05	

Hospital	Admissions	
All	respiratory	
≥	35	years	
	

1.19%	(0.23–2.15)	
per	10	µg/m3	NO2	
Lag	0-5	
24	hour	average	

0.86%	(0.30–2.02)	
adjusted	for	PM10	

NO2/PM10	
0.22-0.79	

0.59%	(0.10–1.08)	per	
10	µg/m3	PM10	
Lag	0-1	
24	hour	average	
	

0.45%	(-0.12–1.01)	

Hospital	Admissions	
COPD	
≥	35	years	
	

	1.20%	(0.17–2.23)	 1.02%	(-0.45–2.51)	
adjusted	for	PM10	

0.67%	(-0.02–1.35)	 0.54%	(-0.41–1.49)	

Hospital	Admissions	
Lower	respiratory	tract	
infections	
≥	35	years	
	

1.79%	(-1.16–4.83)	 2.01%	(-1.78–5.94)	
adjusted	for	PM10	

1.91%	(0.06–3.79)	 2.14%	(-0.74–5.11)	

Guo	et	al	(2014)	
Shanghai		
2004-08	

Mortality	
All-causes	
All	ages	

1.6%	(0.4	to	2.8)	
per	30	µg/m3	(IQR)	
NO2	Lag	0-1	
24	hour	average	

1.6%	(−0.2	to	3.5)	
adjusted	for	PM2.5	

	

	

NO2/PM2.5	
0.61	
	
	

1.3%	(0.1	to	2.6)	per	
94	µg/m3	(IQR)	PM2.5,	
Lag	0-1	
24	hour	average	

0.3%	(−1.4	to	2.0)	
PM2.5	

	

	
0.5%	(−1.3	to	2.3)	
adjusted	for	PM10	

NO2/PM10	
0.67	
	

1.7%	(0.6	to	2.9)	per	
106	µg/m3	(IQR)	PM10	

1.3%	(−0.4	to	3.0)	
PM10	

HEI	(2012)	
Ho	Chi	Minh	city,	Vietnam	

Hospital	admissions	
Acute	lower	respiratory	

4.32%	(0.04,	8.79)	
per	10	µg/m3	NO2	

4.81%	(0.04,	9.80)	
adjusted	for	PM10	

NO2/PM10	
0.78	

0.26%	(-0.94,	1.47)	
per	10	µg/m3	PM10	

-0.31%	(-1.65,	1.04)	
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Author	(year)	
Study	location		
Study	period	

Outcome	
Diagnosis	
Age	group	

	

NO2	effect	estimate	
(95%	confidence	interval)	

Correlation		
NO2/PM	

PM	effect	estimate	
(95%	confidence	interval)	

Single-pollutant	 Adjusted	for	PM	 	 Single-pollutant	 Adjusted	for	NO2	

2003-05	
	

infections		
Children	<5	years	
	

Lag	1-6	
24	hour	average	

Lag	1-6	
24	hour	average	

Iskandar	et	al	(2012)	
Copenhagen	
2001-08	

Hospital	admissions	
Asthma	(ICD10	J45-46)	
Children	0-18	years	

OR	1.10	(1.04	to	
1.16)	
per	6.53	ppb	(IQR)	
NO2	Lag	0-4	
24	hour	average	

OR	1.08	(1.01	to	
1.15)	adjusted	for	
PM10	

	

NO2/PM10	
0.43	
	

OR	1.07	(1.03	to	1.12)	
per	13.4	µg/m3	(IQR)	
PM10		Lag	0-4	
	

OR	1.04	(1.00	to	
1.09)	

OR	1.12	(1.05	to	
1.19)	
adjusted	for	PM2.5	

	

	

NO2/PM2.5	
0.33	
	

OR	1.09	(1.04	to	1.13)	
per	4.8	µg/m3	(IQR)	
PM2.5	Lag	0-4	
	

OR	1.06	(1.02	to	
1.11)	

OR	1.13	(1.05	to	
1.22)	
adjusted	for	ultrafine	
particles	
	

NO2/ultrafine	
particles	
0.51	
	

OR	1.06	(0.98	to	1.14)	
per		3812.86	
particles/cm3	(IQR)	
ultrafine	particles	Lag	
0-4	
	

OR	0.97	(0.89	to	
1.06)	

Moolgavkar	et	al	(2013)	
108	metropolitan	US	areas	
1987-2000	

Mortality	
All-cause	
All	ages	

1.03%	(0.91,	1.18)	
per	10	ppb	NO2	
Lag	1	
24	hour	average	
	

0.94%	(0.60,	1.26)	
Based	on	72	cities	

None	reported	 0.40%	(0.30,	0.53)	per	
10	µg/m3	PM10	
Lag	1	
24	hour	average	

0.20%	(0.03,	0.36)	
Based	on	72	cities	

Nuvolone	et	al	(2013)	
6	urban	areas	in	Tuscany	
2002-05	

Hospital	admissions	
Myocardial	infarction	
(ICD9	410)	

OR	1.022	(1.004,	
1.041)	per	10	µg/m3	
NO2	Lag	2	
24	hour	average	
	

OR	1.025	(0.999,	
1.053)	
adjusted	for	PM10		

NO2/PM10	
0.44-0.71	

OR	1.013	(1.000,	
1.026)	per	10	µg/m3	
PM10	Lag	2	
24	hour	average	

OR	1.001	(0.980,	
1.021)	

Zhang	et	al	(2011)	
Beijing	
2003-08	

Mortality	
All	cardiovascular	(I90-
99)	
All	ages	
	

RR	1.00271	
(1.00086,	1.00457)	
per	10	µg/m3	NO2	
Lag	0	
24	hour	average	
	

RR	0.99866	(0.99765,	
0.99967)	adjusted	for	
PM10	

NO2/PM10	
0.615	

RR	1.00164	(1.00144,	
1.00184)	per	10	
µg/m3	PM10	Lag	0	
24	hour	average	

RR	1.00181	
(1.00157,	1.00205)	

Mortality		
All	respiratory	(J00-98)	
All	ages	

RR	1.00947	
(1.00759,	1.01135)	
per	10	µg/m3	NO2	

RR	1.01005	(1.00782,	
1.01228)	adjusted	for	
PM10	

RR	1.00101	(1.00057,	
1.00145)	per	10	
µg/m3	PM10	Lag	0	

RR	0.99974	
(0.99922,	1.00027)	
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Author	(year)	
Study	location		
Study	period	

Outcome	
Diagnosis	
Age	group	

	

NO2	effect	estimate	
(95%	confidence	interval)	

Correlation		
NO2/PM	

PM	effect	estimate	
(95%	confidence	interval)	

Single-pollutant	 Adjusted	for	PM	 	 Single-pollutant	 Adjusted	for	NO2	

Lag	0	
24	hour	average	
	

24	hour	average	
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