
Ami R. Zota, ScD, MS 
Milken School of Public Health 
George Washington University  

Rutgers	University	April	28,	2017	



HEALTH  
 

DISPARITIES 

Vulnerable	popula;ons:		
Socially	disadvantaged	communi;es	

How	do	social	inequali/es	and	environmental	
exposures	interact	to	exacerbate	health	dispari/es?	

What	are	the	best	strategies	to	achieve	health	equity?	
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Dispari'es	in	Exposures	

	
Hazardous	Occupa'ons	
Poor	Indoor	Air	Quality		
High	Traffic	Density	
Water	Contamina'on	

	
	

Social	Vulnerability		
(Extrinsic	Factors)	

	
Poverty	

Food	Insecurity	
Psycho-social	Stressors	

Race/Racism	
Gender	Roles	

 
Health		

Dispari'es	
	

Mortality	
Morbidity	

	
	
 

Cumulative Impacts Framework: 
Triple Jeopardy of Social Inequality 

Morello-Frosch et al., 2006, 2011 
Gee and Payne-Sturges, 2004 
O’Neill et al. 2003 
IOM, 1999 

Biological	Suscep'bility		
(Intrinsic	Factors)	

	
Age	

Underlying	Disease	
Malnutri'on	

Sex	
	

Interaction/Additive Effects 

Cumula;ve	impacts	framework	



Fragranced products 

Cleaning products 

Household furnishings 

Food packaging 

Personal care products 

Our	invisible	chemical	environment	



Roadmap	for	today’s	presenta;on	

•  Biomonitoring & racial disparities in chemical 
exposures 

•  Individual and contextual drivers of racial disparities 
in chemical exposures 

•  Novel epidemiologic models for consumer product 
chemicals and women’s health outcomes 

•  Prevention and exposure reduction strategies 



 
 
 
 

Parent	phthalate	compounds	(Phthalate	metabolites)	

US	popula;on	widely	exposed	to	mul;ple	phthalates		
CDC	NHANES	2009-2010	data	

Zota et al. Environmental health perspectives. 2014 

8 Phthalates detected in >90% of the population  



 
 
 
 

Attina  et al. The Lancet Diabetes & Endocrinology 2016; Chronic Hazard Advisory Panel on 
Phthalates and Phthalate Alternatives 2014; Ferguson et al. JAMA Pediatrics 2014; Braun et al. 
Current Opinion in Pediatrics 2013.    

Exposures	during	early	life	may	contribute	to:	
•  Endocrine	dysfunc;on	
•  Problems	in	male	reproduc;ve	tract	development	
•  Neurodevelopmental	disorders	
•  Respiratory	problems	
Exposures	during	adulthood	may	contribute	to:	
•  Endocrine	dysfunc;on	
•  Pregnancy	complica;ons	
•  Chronic	disease:	Type	2	diabetes	and	obesity	

Phthalates	are	associated	with	adverse	health	effects	at	
levels	commonly	found	in	the	environment	



 
Outcome 

Burden of 
Disease 

Economic 
Costs 

Adult obesity 5900 cases 1.7 billion 

Adult diabetes 1300 cases 91.4 million 

Endometriosis 86,000 cases 47 billion 

Male infertility 240,100 cases 2.5 billion 

Low testosterone resulting 
in increased early mortality 

10,700 attributable 
deaths 

8.8 billion 

Economic	burden	of	phthalates	exposure	in	USA:		
~60	billion	dollars	in	2010	

 
 
 
 

Attina et al.. The Lancet Diabetes & Endocrinology 2016 



Black	women	have	higher	exposures	to	individual	
phthalates	than	other	racial/ethnic	groups	

Branch, Woodruff, Mitro, and Zota. Environmental Health 2015 
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P <0.001 P <0.001 

Reproductive-aged women (n=739), NHANES 2001-2004  

Black Mexican American White 
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Varshavsky, Zota and Woodruff. ES&T 2016; National Research Council 2008  

Black	women	have	higher	cumula;ve	phthalate	
exposures	than	white	women	

•  Multiple phthalates can have greater 
impacts than individual exposure 

 
•  NAS recommends them for 

cumulative assessment 
 
•  We developed a anti-androgenic 

potency-weighted sum of cumulative 
phthalates based on NAS 
recommendations 

 
•  Racial/ethnic differences persisted 

after controlling for SES 



Synthetic chemicals and feminine care 

Photo Credit: Women’s Voices for the Earth 
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Douching mediates the raceà phthalates association (p<0.001) 

Branch et al. 2015 

Vaginal	douching	use	contributes	to	racial	differences	in	
phthalate	exposure	

•  Vaginal Douches 
•  Feminine Spray 
•  Feminine Powder 
•  Wipes/Towelettes 

 
•  Tampons White 

women 
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Ptrend< 0.001 

150% higher 
MEP levels 

Black 
women 

Adjusted for age, race, BMI, creatinine, and education 

12 



13 

Environmental	Injus;ce	of	Beauty	

External Factors
Colorism
Racism
Odor discrimination
Rules/Dress codes

Internal Factors
Community norms
Coping strategies
Peer pressure
Internalized racism

Product Use Individual 
Exposure

Adverse 
Health 

outcome

Product 
Purchase

Marketing & 
Advertising

Reframing	beauty	product	purchasing	and	
related	chemical	exposures	within	a	social	
and	economic	context,	thereby	bringing	it	
into	conversa;ons	of	environmental	jus;ce		

Zota and Shamasunder, American Journal of Obstetrics and Gynecology,  
2017 in press  



Racism	and	Beauty	Norms	

Zota and Shamasunder AJOG 2017 

Vaginal Douching Skin Whitening Hair Straightening 
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Hair Texture Colorism Odor Discrimination 

Parabens, placenta Mercury Phthalates 



Synthe;c	chemicals	and	fast	food	

Fast food is highly processed, packaged, & handled 

Study Design: 24 hour dietary recall data and urinary chemical 
biomarkers, NHANES 2001-2010 (n = 8,792) 

Zota et al.. Environmental health perspectives. 2016 
15 

Fatty foods and high cooking temperatures may 
accelerate contaminations 



∑DEHPm DINPm 
  % Difference (95% CI) % Difference (95% CI) 
Total Energy Intake (TEI;kcal) 

Low Ref Ref 
Moderate 4.3 (-3.7, 13.1) 6.2 (-2.5, 15.6) 
High 3.6 (-4.5, 12.3) 6.5 (-2.0, 15.8) 
P for trend 0.39 0.13 

Fast food intake (% TEI from fast food) 
None Ref Ref 
Low 15.5 (6.3, 25.6)** 24.8 (12.9, 37.9)** 
High  23.8 (11.9, 36.9)** 39.0 (21.9, 58.5)** 
P for trend  <0.0001  <0.0001 

Heavy	fast	food	consumers	have	higher	DEHP	and	
DINP	exposures,	with	evidence	of	dose-response	

Adjusted for age, sex, race, household income, BMI, creatinine, NHANES cycle 
* p<0.01; ** p<0.0001 
 

Zota et al. Environmental health perspectives. 2016 



0	

5	

10	

15	

20	

25	

30	

Hispanic	 White	 Black	

Pe
rc
en

t	

“High” Fast Food Consumption 
Greater fast food 
consumption 
among U.S. blacks 

0
20

40
60

Pe
rc

en
t d

iffe
re

nc
e 

(9
5%

 C
I)

Hispanic White Black

Association between high fast 
food consumption and DEHP 

Steeper dose-
response association 
between fast food 
and DEHP among 
U.S. blacks 

Dispropor;onate	impacts	among	U.S.	blacks	

Zota et al. EHP 2016 



Neighborhood	Built	Environment	
Fast	food	density,		Availability	of	healthy	food		

Residen'al	Segrega'on	and	Uneven	Regional	Development	

Fast	Food	 Phthalates	

Race/Ethnicity	
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Phthalate	exposures:	a	symptom	of	food	injus;ce?	

Morello-Frosch and Lopez 2006; Morland et al. 2002 
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Phthalates
Phenols
RFRs
Fragrances
PFASs

Mitro et al. Environmental Science and Technology 2016 

Systema;c	review:		
Consumer	product	chemicals	in	US	indoor	dust	

•  Many phthalates 
detected in 95-100% 
of homes 

 
•  Phthalates occurred 

in highest 
concentrations 
(among 5 chemical 
classes studied) 

 



Low-income,	communi;es	of	color	in	California	have	the	
highest	penta-PBDE	household	dust	levels	in	the	world	
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China California Other U.S. States  Europe 

Low-income, minority 
communities 

Zota	A.	et	al.	2008	Environmental	Science	&	Technology;	Quirós-Alcalá	L.	et	al.	2011	Environment	International;		
Yuang	et	al.	2010	Chemosphere;		Whitehead	T.	et	al.	2012	13th	Workshop	on	Brominated	Flame	Retardants			



Indoor	exposure	disparities	
•  Lead	
•  PM2.5	
•  Nitrogen	dioxides	
•  Secondhand	tobacco	smoke	
•  1,4	dichlorobenzene	

•  Chloroform	
•  Lead		
•  Pes;cides	
•  PBDE	flame	retardants	
•  Cockroach	allergens	

Neighborhood	
Environment	

Housing	
Quality	

Indoor	
Sources	

Residen;al	
Ac;vity	
Pacerns	

Adamkiewicz, Zota,  et al. AJPH 2011 

2012	Paper	of	the	Year	



Contribu'on	of	unequal	environmental	exposures	to	increasing	
risk	of	adverse	health	dispari'es	across	the	life	course		

Adapted from Lu and Haflon in James-Todd, Chiu, and Zota 2016  



Uterine	leiomyoma	(fibroids):		
towards	an	ecosocial	model	of	disease	

•  Non-cancerous,	hormone-dependent	tumor	
•  Affect	7	in	10	premenopausal	women	
•  US	Black	women	dispropor;onately	impacted	
•  Reproduc;ve	complica;ons	
•  Economic	burden:	more	than	breast	or	ovarian	cancer	
•  Few	treatment	op;ons	

•  Hysterectomy	most	common	treatment	op;on;	200,000	
hysterectomies	and	30,000	myomectomies	annually	

•  E;ology	and	root	causes	of	racial	dispari;es	unknown	
•  Consumer	product	chemicals	may	play	a	role	

	



Fibroids:	Observa;onal	Research	on	Genes	&	the	Environment	(FORGE)	

GW	MFA	gynecology	surgery	pa'ents	(n=60)	

Group	2:	Bulk	symptoms	+	
fibroids	>=	6	cm	

Group	1:	Bleeding		+	
fibroids	<=	3	cm	

vs 

Study	Design:	
•  Urine	sample	(Phthalates	and	phenols)	
•  Blood	and	fibroid	;ssue	(Epigene;c	modifica;ons	-	miRNAs)	
•  Demographic	and	medical	informa;on	(survey,	medical	charts)	
•  Stress	and	s;gma	(qualita;ve	interviews,	perceived	stress	surveys)	

To	understand	how	socio-environmental	factors	may	become	
biologically	embedded	and	influence	fibroid	growth	and	severity	



Global	

Na'onal	

Neighborhood	

Household	

Individual	

Strategies	for	environmental	health	preven;on	



We	Can’t	Just	
“Shop	Our	Way”	
out	the	Problem	



Zota et al., ES&T 2013 

Good	News:	Collec've	ac'on	
can	reduce	exposures	
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PBDEs	in	CA	
pregnant	women	



Bad	News:	Harmful	chemicals	are	o\en	replaced	
with	problema'c	subs'tutes	

 
 
 
 Zota et al. Environmental health perspectives. 2014  

DEHP exposure has 
decreased by 37% 

DiNP exposure has 
increased by 149% 



 
 
 
 

FOR IMMEDIATE RELEASE: 
Monday, June 18, 2012 
 

Governor Brown Directs State Agencies 
to Revise Flammability Standards 

	

TB117-2013	went	into	effect	in	January	2014	

ü  Focus	on	fabric	where	fires	actually	start	
ü  Flame	retardants	are	not	needed	



Ac;ons	Macer	

•  Legisla;ve	
briefings	

•  Webinars	for	
Environmental	
Jus;ce	advocates	

•  Editorials	
	

Revising	
Flammability	
Standards	

Social	Policy	

Public	Health	
Policy	

Improve	
Health	and	

Development	
of	Vulnerable	
Popula;ons	
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In	2017,	Target	and	
CVS	have	announced	
efforts	to	remove	

toxic	chemicals	from	
their	merchandise	and	

supply	chains			



International ObGyns 
Group Urges Greater 
Effort to Prevent Toxic 
Chemical Exposure 

Champion	environmental	jus'ce	

FIGO Committee Opinion, Carlo Di Renzo et al. 2015   



California	passed	flame	
retardant	labeling	law		
(SB	1019)	in	2014		

Center	for	Environmental	Health	www.ceh.org	

Others	are	in	progress..	

Professional cosmetics 
California Professional  and 

domestic cleaning 
products 

New York, California 

Right to Know: 
Ingredient disclosure in consumer products 
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Do	phthalates	contribute	to	racial/ethnic	differences	in	
women’s	reproduc;ve	health	outcomes?	

•  Systema;c	review	of	four	health	outcomes:	puberty,	uterine	
fibroids,	infer;lity	and	pregnancy	complica;ons	

•  Accumula;ng	evidence	that	phthalates	may	play	a	role	in	
infer;lity	and	pregnancy	complica;ons.		

•  Limita;ons:	Most	studies	only	adjusted	for	race/ethnicity	as	a	
confounder	and	many	studies	were	too	racially	homogenous	to	
examine	differen;al	vulnerability.	

•  Recommenda;ons:	Need	to	examine	effects	of	EDCs	and	
women’s	health	outcomes	in	more	diverse	popula;ons	and	use	
appropriate	analy;cal	techniques	to	assess	how	dispari;es	in	
exposure	may	influence	dispari;es	in	health	outcomes.		

James-Todd	et	al.	Current	Epidemiologic	Reports	2016		 37	



Demographics	(N	=	106)		

Age (years) 
    18-25 35 (33.0%) 
    26-30 37 (34.9%) 
    31-42 34 (32.1%) 
BMI   
    18.5 – 25  7 (6.9%) 
    25.1 – 30  50 (49.0%) 
    > 30  45 (44.1%) 
% of Poverty 
    <=100% 45 (45.0%) 
    >100% 55 (55.0%) 

Race   
    White 14 (13.3%) 
    African 
American 

37 (35.2%) 

    Latina 33 (31.4%) 
Parity   
    0 50 (47.2%) 
  >=  1 56 (52.8%) 
Smoking status 
    Current 5 (5.0%) 
    Past 43 (43.0%) 
    Never 52 (52.0%) 
TPO antibody status (IU/mL) 
    Normal (<9) 72 (69.9%) 
    High (>= 9) 31 (30.1%) 



Phthalates	in	Consumer	Products	

Cosme'cs	and	fragrances	 Toys	and	Home	Furnishings	

Medical	Devices	 Food	and	Food	Packaging	

Photo	credits:	Campaign	for	Safe	Cosme;cs,	Health	Care	without	Harm	39	
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Endocrine-disrupting chemicals:  
Potential Risk Factor for Uterine Fibroids 

•  Fibroids respond to estrogen and progesterone 
•  Phthalates, parabens, and BPA can interfere with hormone signaling 
•  Hair relaxer use associated with uterine fibroid risk in Black women 
•  microRNA regulation may be the target of EDC toxicity 

(Fibroid) 

Progesterone Estrogen 

Parabens 

Bisphenol A 

Phthalates 

microRNA 


