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Outline		
•  Eco-social	model	of	health	
•  Environmental	dimensions		

– Environmental	chemicals/pollutants	
– Diet/nutriOon	
– Psychosocial	environment	
– Built	environment	

•  Examples	of	common	diseases,	disorders	
	and	their	environmental	connecOons		

•  Responses—clinical,	public	policy	



An	eco-social	health	framework:	the	individual	
in	the	context	of	family,	community,	society	

and	ecosystem.	
	



							
		

Mul$ple	variables	

•  GeneOc	background	
•  Toxic	chemicals,	pollutants	
•  Food	environment;	diet	
•  Built	environment;	housing,	

	transportaOon,	etc.	
•  Socioeconomic;	social	

	stressors			
•  Air	and	water	quality	
•  Community	safety,	assets,	

	services		
•  Access	to	food,	health	care	
•  InfecOous	agents		
•  Heat,	noise,	radiaOon	
•  Climate	change	
		
	

Mul$ple	levels;	nested	

Note: Some are individual level 
variables; some community level; some 
societal; some planetary. 
 
Multiple, dynamic interactions; 
feedback loops 
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Cardiovascular	disease	
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NeurodegeneraOve	disease	
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The	Chemical	Environment:	
Data	Sources		

•  CDC	NHANES	data:	general	populaOon,	sub-
	groups		

•  OccupaOonal	exposures	
•  Air,	water,	food	polluOon	monitoring	
•  Biomonitoring	screening	programs	
•  Epidemiologic	studies	



Environmental	chemicals		

•  Routes	of	exposure:	ingesOon,	inhalaOon,	
	transdermal	

•  Places:	home,	workplace,	community	
•  Vehicles:	air,	water,	food,	consumer	products,	

	workplace	products	and	processes	
•  Carcinogens,	reproducOve	and	developmental	

	toxicants,	endocrine	disruptors,	
	neurotoxicants,	etc.			

•  Most	with	no	pre-market	safety	evaluaOon	
	



CDC:		
	
Reports	on	levels	
of	212	chemicals	
in	a	representaOve	
sample	of	the	US	
populaOon	
	
Periodic	updates	
with	new	
chemicals	added	

								Exposures	to	environmental	chemicals	are	common		

http://www.cdc.gov/exposurereport/  



Diseases	with	links	to	environmental	
chemicals	

•  Over	200	diseases	or	condiOons	with	causal	
	links	to	environmental	chemicals		

•  Database	at	www.healthandenvironment.org		
•  Cancers,	asthma,	inferOlity,	birth	defects,		heart	
disease,	neurodevelopmental	 	disorders,	
neurodegeneraOve	diseases,	etc.	

•  Strength	of	evidence	classified	as	strong,	
	good,	limited/conflicOng	

•  Sources:	Major	textbooks	and	supplemental	
	literature	searches	



			Food	environment		
	



Trends:	US	food	consumpOon		
§  Excessive,	non-nutriOonal	(empty)	calories			
§  Fewer	than	20%	of	people	in	the	US	eat	at	least	five	

	servings	of	fruits/vegetables	daily;	WI	no	different		
§  Meat	consumpOon	in	the	US	is	among	the	top	three	

	countries	in	the	world.	22%	is	processed	
§  Calories	from	added	fats	and	oils	increased	by	69%	

	over	40	years;	80%	now	derived	from	soy	oil			
§  Sugar	and	sweeteners	are	about	40	%	of	the	growing	

	consumpOon	of	carbohydrates	



	

Food	deserts	
§  Urban	and	rural	communiOes	with	
economic	and	transportaOon	barriers	to	
accessing	healthy	food	

Hunger	in	America	
§  Over	49	million	Americans	live	in	
households	that	are	“food	
insecure”	(inconsistent	access	to	food	
adequate	to	support	healthy	living)	

§  1	in	9	WI	households	food	insecure	

	
	

	Access,	availability,	affordability	



Examples	of	diseases/disorders	causally	
associated	with	common	dietary	pa7erns	in	US		

§  Diabetes		

§  Obesity		

§  Cardiovascular	disease	

§  Various	kinds	of	cancer,	including	breast	and	colorectal		

§  Neurodevelopmental	and	neurodegeneraOve	disorders,	

	including	demenOa		

§  Adverse	birth	outcomes	

	



Examples	of	biologic	mechanisms	related	
to	disease	risk	and	influenced	by	diet	

§  Excessive	inflammaOon	
§  OxidaOve	stress	>	reacOve	oxygen	species	
§  Insulin	resistance	
§  Abnormal	serum	triglycerides;	cholesterol	
§  EpigeneOc	changes	>	altered	gene	expression	
§  DNA	damage	>	harmful	mutaOons		
§  Altered	intesOnal	microbiome	
§  Etc.	



Public	environmental	health	
impacts	of	the	food	system	

§  Effects	of	exposure	to	chemicals		
•  i.e.,	drug	residues,	hormones,	pesOcides,	and	other	
environmental	toxicants	

§  AnObioOc	resistance	from	excessive,	non-targeted	
	overuse	of	anObioOcs	in	animal	agriculture	

§  Adverse	health	effects	associated	with											
energy	consumpOon,	transportaOon		
•  e.g.	effects	of	air	polluOon	

Institutes of Medicine, 2012: Exploring the Health 
and Environmental Costs of Food 



Public	environmental	health		
impacts	of	food	system	

§  Green	house	gas	emissions;	climate	change;	animal	
	agriculture	accounts	for	about	18%	of	global	
	greenhouse	gases		

§  Water	use	and	contaminaOon	

§  Effects	of	exposure	to	air	and	water	polluOon	from	
producOon	pracOces		
•  e.g.,	pesOcide	drif,	manure-related	emissions,	polluted	
surface	and	groundwater	—	nitrates,	phosphorus,	pesOcides	

§  Threats	to	farm	workers,	agricultural	communiOes		



Built	environment	

•  Air	polluOon;	traffic,	energy	producOon	
– Asthma	
– Premature	cardiovascular	mortality	
– CogniOve	decline	
– Lung	cancer	

•  Influence	on	physical	acOvity	levels	
•  Influence	on	social	cohesion	
•  Aging	in	place	



Cancer		



Cancer	and	environment	

•  Lifestyle	emphasis	dominates	clinical	discourse:		
	-	diet,	exercise,	smoking,	alcohol		

•  Ofen	neglected:	
– Air	polluOon,	diesel	exhaust,	indoor	radon	(lung)	
– Environmental	chemicals:		home,	workplace	
– The	effect	of	the	food	environment	on	dietary	
pa7erns	



Wisconsin indoor 
Radon levels 



Carcinogens	and	cancer-related	
chemicals	

•  NTP:	Report	on	Carcinogens.	246	agents	
	known	or	reasonably	anOcipated	to	be	
	human	carcinogens	

•  The	InternaOonal	Labour	OrganisaOon	(ILO)	
esOmates	that	666,000	deaths	are	caused	by	
occupaOonal	cancer	globally	every	year,	
double	that	of	occupaOonal	accidents.	

•  Database	at	www.healthandenvironment.org		



The	Panel	was	parOcularly	
concerned	to	find	that	the	true	
burden	of	environmentally	
induced	cancer	has	been	grossly	
underes$mated.		
	
With	nearly	80,000	chemicals	on	
the	market	in	the	United	States,	
many	of	which	are	used	by	
millions	of	Americans	in	their	
daily	lives	and	are	un-	or	
understudied	and	largely	
unregulated,	exposure	to	
poten$al	environmental	
carcinogens	is	widespread.	
	
“..health	care	providers	oKen	fail	
to	consider	occupa$onal	and	
environmental	factors	when	
diagnosing	pa$ent	illness.”	
.	 President’s Cancer Panel Annual Report; 2008-2009 



Chemical	carcinogenesis	
•  The	Halifax	Project	systemaOcally	reviewed	
published	literature	to	determine	if	there	was	
evidence	that	individual	chemicals	could	
induce	some	but	not	necessarily	all	of	the	
Hallmarks	of	Cancer	as	defined	by	Hanahan	
and	Weinberg	(2011)	

•  “Assessing	the	carcinogenic	potenOal	of	low-
dose	exposures	to	chemical	mixtures	in	the	
environment:	the	challenge	ahead”																

	Goodson	et	al;	Carcinogenesis,	2015	



Asthma		



Asthma	

•  Wisconsin:		1/10	adults	and	1/13	children	
	have	asthma.		

•  MulOfactorial;	environmental	agents		
•  ~500	chemicals	or	other	substances	listed	as	
asthmagens	in	authoritaOve	lists.	

•  AssociaOon	of	OccupaOonal	and	
	Environmental	Clinics	(AOEC)	 	 		
	h7p://www.aoecdata.org/			



OccupaOonal	asthma	
•  New-onset	occupaOonal	asthma		

– 5-25%	of	new-onset	asthma	in	adults;	15%	of	
prevalent	asthma	in	adults	(ofen	unrecognized)	

– SensiOzer	induced	(with	or	without	IgE)	
–  Irritant	induced		
– CombinaOons	of	mechanisms	or	unclear	

•  Work-exacerbated	asthma:	Irritant	or	
	sensiOzer	exposures		



Ten	most	frequently	reported	agent	categories	WRA;		
US	state-based	surveillance	systems	

occupaOonal	asthma	

misc.	chemicals	
cleaning	chemicals	



Cardiovascular	disease	



Risk	factors	for	CV	disease		

•  Family	history,	tobacco	smoke,	hypertension,	
	diet,	lipid	status,	overweight,	diabetes,	
	inacOvity	

•  Others:	air	polluOon,	metals,	industrial	
	chemicals	



Arsenic	

•  Various	species—organic,	inorganic	
•  Sources:		diet,	drinking	water,	soil	

	contaminaOon	
•  US	EPA	drinking	water	standard:	10	ppb	
•  Arterial	thickening;	oxidaOve	damage	
•  Vascular	effects	at	50	ppb	and	perhaps	lower;	
cancer	risks	elevated	at	10	ppb	(skin,	lung,	
bladder)	





Mercury		

•  Environmental	sources:	largely	human	
acOviOes:	coal	fired	power	plants,	waste	
incinerators	

•  Human	exposure	sources:	dietary	(fish);	
mercury	amalgam	tooth	fillings	a	significant	
source	for	some	people	

•  Disrupts	endothelial	funcOon																						 	
	Omanwar,	Intl	J	Toxicol,	2015	



Mercury	and	CV	disease	
•  684	European/Israeli	men;	first	MI;	case-control;	
Hg	levels	in	toenails	significantly	higher	in	case	
(also	controlled	for	DHA)	(docosahexanoic	acid)		
	 	(Guallar;	NEJM,	2002)	

•  1833	Finnish	men,	7	yr	follow	up;	highest	hair	Hg	
level	(>2	ppm)	had	2	X	risk	of	MI;	2.9	X	risk	of	CV	
death	(age	and	risk	factor	adjusted)														

	(Salonen,	Circ,	1995)	
•  1871	Finnish	men;	cohort	study;	higher	hair	Hg	
levels	>	60%	increased	risk	of	MI	over	14	yr	
period.		ProtecOve	effect	of	DHA.	
	 	(Virtanen,	Arterio	Thromb	Vasc	Biol,	2005)	

		



Air	polluOon	and	CV	disease	



Air	pollutants		

– ParOculate	ma7er—PM10,	PM2.5	(complex)	
– NOx,	SOx,	CO	
– Ozone—a	product	of	atmospheric	chemistry	
– Metals	
– Hazardous	industrial	chemicals	
– Products	of	incomplete	combusOon	of	fossil	fuels		

	



Air pollution and cardiovascular disease: a 
statement for healthcare professionals from the 

Expert Panel on Population and Prevention 
Science of the American Heart Association. 

 
Brook RD, Franklin B, Cascio W, Hong Y, Howard G, Lipsett M, Luepker R, Mittleman M, Samet 

J, Smith SC Jr, Tager I; Expert Panel on Population and Prevention Science of the American 
Heart Association. 

 
Circulation. 2004 Jun 1;109(21):2655-71. 

Updated in 2010 
 



Epidemiological	Studies	of	PM	and	Daily	
Mortality	–	AssociaOons	with	Short-term	

Exposures	

• Studies	of	PM10	and	mortality	conducted	in	hundreds	
of	ciOes	world-wide,	over	a	wide	range	of	climates	and	
seasonal	pa7erns,	mean	PM	concentraOons,	co-
pollutants,	background	health	condiOons,	housing	
stock,	etc.	

• Examine	associaOons	between	daily	concentraOons	of	
PM	and	daily	mortality		

• Studies	account	for	weather,	seasonal	effects,	day	of	
week,	co-pollutants,	and	other	factors	



• Consistent	associaOons	between	daily	averages	
	of	PM10	and	PM2.5	and	mortality		

• Linear	relaOonship:	no	good	evidence	of	any	
	threshold	

• Most	mortality	studies	show	associaOons	
	between	0.5	and	1.5%	increments	in	daily	
	mortality	per	10	µg/m3	PM10	

PM/Mortality	Epidemiology	Studies	–			
Short-term	Exposure	Results	



PM	Epidemiology	Studies	–	
Long-term	Exposures	

• Several	studies	report	associaOons	between	
mortality	and	long-term	exposure	to	PM10	and/
or	PM2.5.	

• Analysis	accounts	for	relevant	individual-level	
factors	(e.g.,	smoking,	weight,	alcohol,	
occupaOonal	exposure,	gender,	age,	and	others)	

•  In	general,	these	studies	show	a	markedly	
greater	associaOon	of	mortality	with	PM	
exposure	than	the	Ome-series	studies	



AHA	ScienOfic	Statement	
ParOculate	Ma7er	Air	PolluOon	and	

Cardiovascular	Disease	
An	Update	to	the	ScienOfic	Statement	From	the	

American	Heart	AssociaOon	(2010)	

“It	is	the	opinion	of	the	wriOng	group	that	the	
overall	evidence	is	consistent	with	a	causal	
relaOonship	between	PM2.5	exposure	and	
cardiovascular	morbidity	and	mortality”	



NeurodegeneraOve	disorders	

CogniOve	decline,	demenOa	
	



CogniOve	decline	

•  Lead,	air	polluOon	
•  Diet/nutriOon	
•  Stress	
•  Exercise/physical	acOvity	levels	



Late	effects	of	developmental	lead	
exposure	

•  Rodents—developmental	exposure	to	lead	
results	in	over-expression	of	amyloid	
precursor	protein	gene	in	late	life			
	 	 	(Basha,	J	Neurosci,	2005)	

•  Monkeys—developmental	exposure	to	lead	
(blood	lead	levels	19-26	ug/dl)	>	same	result	
and	amyloid	plaques	in	frontal	cortex	in	23	yr	
old	monkeys	(Wu,	J	Neurosci,	2008)	



Lead	

CumulaOve	occupaOonal	exposure	(bone	lead)	
•  ↑	cogniOve	impairment	Shih	2007	
•  2x	risk	Parkinson’s	Coon	2006	
	

CumulaOve	community	exposure	(bone	lead)	
•  	↑cogniOve	impairment	Shih	2006	
•  Up	to	15	years	inc.	cogniOve	aging	(MMSE)	

	over	3.5	yrs	 	Weisskopf	2004	

•  Impacts	are	greater	in	people	living	in	stressful	
	neighborhood		 	Glass,	2009;	Peters,	EHP,	2010	

	
							



Socioeconomic,	Psychosocial	Stressors	

•  Lower	socioeconomic	status	à			risk	
of	impaired	neurodevelopment,	
cardiovascular	disease,	diabetes,	
obesity,	metabolic	syndrome,	
Alzheimer’s	disease,	many	kinds	of	
cancer,	asthma.		

•  Due	to:	CombinaOons	of	increased	
exposures	to	hazards,	increased	
suscepObility,	decreased	capacity	to	
cope	and	recover.	

•  Elevated	levels	of	inflammatory	
cytokines,	glucocorOcoids,	
sympatheOc	acOvity	

	

http://www.unnaturalcauses.org/
resources.php 



Highest rate of  
elevated BLL in  
children in WI 



Air	polluOon	and	cogniOve	decline	
•  SystemaOc	review:	seven	studies	

– five	assessing	prevalent	cogniOve	funcOon	provide	
evidence	for	an	associaOon	between	increased	
exposure	to	pollutants	(ofen	parOculates)	and	
worse	cogniOve	funcOon;		

– One	of	two	studies	examining	incident	cogniOve	
decline	following	exposure	to	air	polluOon	
reported	an	associaOon.		Peters,	Age	and	Aging,	2015	

•  Brain	pathology	and	impaired	cogniOve	
funcOon	in	highly	exposed	children	in	Mexico	
City.	Calderon-Garciduenas,	Toxicol	Pathol,	2002		
	
	
	
	
	



Diet	and	cogniOve	decline	
•  Cross-secOonal,	observaOonal,	and	
prospecOve	studies	of	diet	and	cogniOon	

•  Many	studies,	systemaOc	reviews,	and	meta-
analyses	show	that	a	Mediterranean	diet	is	
associated	with	slower	cogniOve	decline	

•  Some	a7empt	to	parse	effects	of	fish,	
anOoxidants,	folate,	B12	status	

•  Dietary	pa7ern	analysis	is	more	promising											
	Cao,	Mol	Neurobiol	2015;	van	de	Rest,	Adv	Nutr,	2015		



Meta-analysis,	risk	of	Alzheimer’s	disease	and	regular	exercise	

NIH	review;	2010	



Among participants in the Framingham Heart Study, the (age- and sex- 
adjusted) incidence of dementia has declined over the course of three 
decades. The factors contributing to this decline have not been completely 
identified. 
 
 

Emphasis on 
reduction of CV risk 
factors in individuals. 
 
No mention of public 
health interventions 
including removal of 
lead from gasoline 
(1970s) and reduced 
levels of air pollution    



Diabetes,	obesity	

•  Emerging	concern	about	chemicals	that	
increase	diabetes	and	obesity	risk	

•  NIEHS-sponsored	research	agenda	
•  “Parma	consensus	statement	on	metabolic	
disruptors”	Heindel,	et	al.		Environ	Health,	2015	

•  Role	of	Environmental	Chemicals	in	Diabetes	
and	Obesity:	A	NaOonal	Toxicology	Program	
Workshop	Review	h7p://ehp.niehs.nih.gov/1104597/		



Developmental	exposure	to	DES	
and	weight	gain	



Guides	for	intervenOons	



Clinicians:	Environmental	history				
CH2OPS	

•  Community	
•  Home/hobbies	
•  OccupaOon	(school	for	children)	
•  Personal	
•  Socioeconomic	

Diet,	exercise,	toxic	exposures..home,	hobbies,	work,	
school,	community;		personal	habits,	etc	



Diet,	nutriOon	

•  Strong	evidence	for	health	benefits	of	a	
Mediterranean-type	diet	

•  InsOtuOonal	intervenOons:	Farm-school,	farm-
hospital	programs			
– Healthy	Food	in	Health	Care	
h7ps://noharm-uscanada.org/issues/us-canada/
healthy-food-health-care			



InterconnecOons	Between		
NutriOon	and	Environment	

Barilla Centre for Food and Nutrition
www.barillacfn.com

 

56	



Health	Benefits	of	Physical	AcOvity	

•  MulOple	mechanisms	including	reduced	ongoing	levels	of	
oxidaOve	stress	and	inflammatory	burden.		
	 	(Brooks	2008,	Avpoe	2008)	

•  Community-level	intervenOons	in	schools,	businesses,	and	
neighborhoods	

	

Increasing	physical	acOvity	at	any	age	improves	
	physical	and	emoOonal	wellbeing.	

                        

 



Neighborhood-level	variables	

•  Safety	
•  Walkability	
•  Social	cohesion		
•  Access	to	nutriOous	food	
•  Environmental	polluOon—air,	water,	

	hazardous	waste	sites	



•  Localized,	diversified	and	sustainable	food	produc$on	;	reduced	use	
of	pesOcides;	make	nutriOous	food	more	widely	available	

•  Clean,	renewable	energy	à	↓	air	polluOon,	chemical		exposures	

•  Mass	transit	that	connects	with	bike	paths	and	sidewalks	can	reduce	
	air	polluOon	&	obesity	

•  Chemical	regulatory	reform		(Toxic	Substances	Control	Act;	States);	
	improved	workplace	monitoring,	surveillance,	control	

•  “Safer	subs$tute” programs	and	green	chemistry/product	design		

Healthcare	professionals	can	play	important	roles	

Policy	IniOaOves	To	Reduce	Risks	



AddiOonal	resources	

•  Environmental	Threats	to	Healthy	Aging	
	www.agehealthy.org		

•  Prenatal	care	for	environmental	chemicals	
(WA	state	DOH)	
http://www.doh.wa.gov/
ForPublicHealthandHealthcareProviders/
HealthcareProfessionsandFacilities/BestPractices/
MaternalandInfantHealth/EnvironmentalChemicals  

		

Thank	you		


