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DECISION-MAKING		
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The	art	and	science	of	
measurement	

What	is	ART?	
	

A	–	Alchemy		
a	seemingly	magical	process	of	transforma3on,	crea3on,	or	
combina3on	

R	-		Ritual	
T	-		Tradi3on		
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The	art	and	science	of	
measurement	

What	is	ARF?	
	

A	–	Alchemy		
R	-		Ritual	
F	-		Fear		
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What	is	shared	decision-making?	

At	least	two	par3cipants	are	involved	–	the	pa3ent	and	prac33oner	
	
1. They	discuss	the	clinical	evidence	of	op3ons,	their	benefits,	and	harms	
2. Pa3ent	clarifies	his/her	values	about	the	op3ons’	aNributes/outcomes	
3. They	take	steps	to	build	a	consensus	about	a	preferred	choice	
4. An	agreement	or	plan	is	reached,	for	which	they	have	shared	responsibility	

Charles & Gafni, “Treatment decision 
aids” (2005) 



What	is	shared	decision-making?	

Model	 Informa<on	exchange	 Decision	

Prac<<oner	 Pa<ent	

Informed	
decision-making	 Evidence	 Pa3ent	alone	

Authorita<ve	
decision-making	 Preferences	 Prac33oner	

alone	

Shared	decision-
making	

Evidence	

Preferences		
Pa3ent	+	

prac33oner	

Adapted from Sarah Munro (2015) 
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Kristen et al.Pt Ed Counselling 2010;80:1 
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Complexity	Theory	
•  Complexity	theory:	how	organiza3ons	adapt	to	their	
environments	and	cope	with	condi3ons	of	
uncertainty.			

•  Organiza3ons:	a	collec3on	of	strategies	and	
structures.			

•  Structures	are	complex,	dynamic	networks	of	
interac3ons.	They	are	adap3ve	in	that	individual	and	
collec3ve	behaviour	mutate	and	self-organize	–
ini3a3ng	micro-events	or	collec3ons	of	events.		This	
is	change.	

•  The	system	and	the	agents		co-evolve.	The	system	
constrains	agents	and	agents	modify	the	system.		

15-11-30



GENES	AND	ENVIRONMENT	
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•  Human	traits	are	a	result	of	interac3ons	with	
genes	and	environmental	influences	.	

•  The	distribu3on	of	gene3c	varia3on	in	
popula3ons	is	associated	with	differing	
frequencies	of	diseases.		
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Some	Classic	Examples	
•  Cancer	:---	Risk		is		a	combina3on	of	suscep3bility	genes	

combined	with	environmental	exposures.	
•  Diabetes---Gene3c	risk	factors	combined	with	in	utero	and	

postnatal	exposures.	
•  Pharmacogenomics---gene3cally	mediated	drug	response	and	

serious	side-effects	
•  Epigene3c	marks	on	the	genome:		in	response	to	stress/diet	:	

–  are	influenced	by	an	interac3on	between	gene3c	
polymorphisms		

–  	environmental	exposures	at	cri3cal	periods	of	development.	
•  Au3sm:	combina3on	of	mul3ple	rare	copy	number	variants		
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Gene3c	Epidemiology	
Examines	the	e3ology,	distribu3on,	and	control	of	
disease	in	groups	of	rela3ves	and	with	inherited	causes	
of	disease	in	popula3ons	
		

• Familial	aggrega3on	studies:		
–  Is	there	a	gene3c	component	to	the	disease,	and	what	are	the	rela3ve	

contribu3ons	of	genes	and	environment?	

• 	Segrega3on	studies:		
–  What	is	the	paNern	of	inheritance		(e.g.	dominant	or	recessive)	

• Linkage	Studies:		
–  On	which	part	of	which	chromosome	is	the	disease	gene	located?	

• Associa3on		studies:		
–  Which	allele	of	which	gene	is	associated	with	the	disease?	
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Gene3c	Epidemiology	
More	recently,	the	scope	of	gene3c	epidemiology	has	
expanded	to	include	common	diseases	for	which	many	
genes	each	make	a	smaller	contribu3on	
	

–  Polygenic	-effects	of	mul3ple	genes	in	combina3on	with	
lifestyles	and	environmental	factors.	

–  Cluster	in	families	but	no	clear	paNern	of	inheritance	
–  Specific	causal	factors	unknown	
–  Genotype-	first	approach	
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Our	Challenges	
•  Large		collabora3ve	studies,	with	data	sharing		to	
measure		gene3c	and	environmental	effects.		

•  Exper3se	in		bioinforma3cs.		Whole	genome	array	
and	sequencing		data	that	is	computa3onally	
intensive.	

•  Integra3on	of	health	records	with	genomic	
sequencing	data.	

•  Voluntary	contribu3on	of	DNA	and	health	history	.			
15-11-30
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GENES	AND	BEHAVIOUR	
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Gene<cs	of	Aggressive	Behaviour:	
Monoamine	System	Analyses	

James	L.	Kennedy	MD	FRCPC	
Head,	Neurogene-cs	Sec-on,	

	Centre	for	Addic-on	and	Mental	Health;	
I’Anson	Professor	of	Psychiatry	and	Medical	Science,	University	of	Toronto	

	
&	J	Beitchman,	S	Ehtesham,	H	Mik,	D	Bender,	G	Subramanian	



Serotonin	Transporter	Gene	Structure	
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NB  5HTTLPR is functional: l/l assoc. with 2x ↑ expression than l/s or s/s 



Level	of	Callous-Unemo3onal	Traits	in	aggressive	
children	vs	5HTT	VNTR	genotype	

 12/12 10/12 10/10 



ENVIRONMENTAL	EXPOSURES	

Early	life		
Mul3-genera3onal		
Low	doses		
Non-monotonic	response		
Cri3cal	Windows	
Single		vs	mixtures	
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Over 200 chemicals are found in cord blood. Fetus 
is exquisitely sensitive to small hormonal shifts, 
especially in early pregnancy 
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Nearly all pregnant women* are exposed to 
multiple environmental chemicals. Many are 
EDCs  
 
>99% detection 
•  PFASs 
•  PBDEs  
•  PCBs 
•  OC pesticides (e.g. DDE) 
•  Phenols (e.g. BPA) 
•  Phthalates 
•  PAHs 
•  Perchlorate 
 
>65% detection 
•  Metals (Cd, Pb, Hg) 
•  VOCs (e.g. toluene) 
•  Cotinine  
 

 Woodruff 2011, *NHANES 2003-2004 
samples, n=268 pregnant US women.  
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Mul3genera3onal	effects		
(‘Direct	exposure’)	

Your maternal  
grandmother 

Your mother 
You 
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Epigene3c	effects		
(Indirect	exposure)	

•  Environmental	exposures	can	alter	DNA	
methyla3on	which	turns	genes	on	&	off	

•  DNA	is	 misread 	during	transcrip3on	

•  In	some	cases,	methyla3on	paNerns	can	be	
inherited	by	subsequent	genera3ons	



46 Anway, M. D. et al. Endocrinology 2006;147:5515-23 

Prenatal vinclozolin exposure alters DNA methylation 
and male fertility across 3 generations (rats) 

F0 

F1 

F2 

F3 

é  sperm	cell	death	
ê  sperm	#	&	mo3lity	
ê  fer3lity	
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Implica3ons	

•  In	theory,	your	grandmother’s	exposure	during	
pregnancy	may	cause	epigene3c	changes	in	you,	
which	could	be	passed	on	to	your	children	and	
possibly	beyond	

•  The	environment	affects	your	genes	
	
•  Profound	implica3ons	for	our	understanding	of	
human	disease	

	



Non-monotonic	dose	response	

48 

Adapted from Vandenburg 2012 



Hormones	act	at	very	low	doses		
Non-linear	responses	across	exposure	levels	
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unresponsiveness of a tissue, or contamina-
tion that is obscuring all responses.

Importance of Valid Positive
and Negative Controls for
Endocrine Responses
Although E2 was clearly capable of exerting
effects in the physiological, low-dose range
(Figure 1A), demonstration of the low-dose
effects was system dependent. Importantly,
the inability to detect the low-dose effects of
E2 in Figure 1B and C was due to the experi-
mental conditions and was not due to the
absence of estrogenic activity by E2 itself or
due to an absence of the potential to show
estrogen responses in uncontaminated
MCF-7 cells with estrogen receptors. This
conclusion will only be realized if specific
positive and negative controls are included to
allow for the correct interpretation of results.
Without evaluation of the appropriate nega-
tive and positive controls, it is not valid to
conclude that a chemical lacks low-dose
estrogenic activity simply because it fails in
assays that may be represented by the condi-
tions in Figure 1B, where the test system is
unresponsive, or in Figure 1C, where the test
system is responsive but contaminated. In
these examples, if the controls were omitted
(or ignored), E2 itself in its own physiological
concentration range (as well as any other
estrogenic chemical) would be wrongly iden-
tified as inactive in two out of three assay
systems.

The positive and negative controls. Each
panel of Figure 2 illustrates specific positive
and negative controls relevant to each experi-
ment in Figure 1; this includes use of an
antiestrogen (AE), which is a competitive
antagonist of estrogen action (90,91). These
controls allow one to interpret the absence of
detectable low-dose effects in Figure 1B and
C, either as the lack of cellular responsiveness
to estrogen generally, or as the presence of a
masking estrogenic contamination.

A concentration of E2 that saturates the
proliferative response in the low-dose range is
used as a positive control. This treatment
demonstrates the presence of estrogen respon-
siveness in the assay relative to the negative
control that is estrogen free (Figure 2A). An
antiestrogen such as raloxifene or ICI
182,780 is used to confirm a baseline for
estrogen receptor activation in the negative
control treatments; there should be no reduc-
tion in response by the antiestrogen because
no receptor-mediated responses have been ini-
tiated in the absence of estrogen (Figure 2A).
If an inhibition of response is observed in the
presence of antiestrogen with no intentional
addition of estrogen (Figure 2C), then the
conclusion is that estrogenic stimulation is
occurring in the system from contamination.
Another important issue is that when high

Review | Mechanisms of large effects from small exposures

Environmental Health Perspectives • VOLUME 111 | NUMBER 8 | June 2003 999

Figure 1. MCF-7 human breast cancer cell proliferation at low through high doses. (A) Stimulation of
MCF-7 cell proliferation in estrogen-free medium by E2 up to a dose at which E2 is cytotoxic. Control line
indicates estrogen-free medium. (B) Lack of response to E2 by estrogen receptor–negative, estrogen-non-
responsive C4-12-5 cells derived from MCF-7 cells, in estrogen-free medium. Proliferation is independent
of dose up to a dose that is cytotoxic. Control line indicates estrogen-free medium. (C) Lack of response to
E2 by estrogen-responsive MCF-7 cells to E2 due to the presence of a background of 10 pM DES (3 ppt)
added to the estrogen-free medium to mimic contamination and present in all dose groups. Proliferation is
independent of dose up to a dose that is cytotoxic. “Control” line indicates estrogen-free medium plus the
3 ppt DES background. High-dose effects of E2 are seen in A, B, and C, whereas low-dose effects are visi-
ble only in A, the dose response performed in estrogen-responsive MCF-7 cells examined in the absence
of detectable background estrogen. In A the concentration range is shown simultaneously as molarity (M),
as mass per milliliter, and as mass ratio (ppq: parts per quadrillion). Half-maximal stimulation of prolifera-
tive response occurred at approximately 1 pM E2 in medium (0.272 ppt) in the low-dose range, whereas
inhibition was induced at micromolar concentrations in the high-dose range. Estrogen-dependent cell pro-
liferation and cytotoxicity were determined exactly as described in prior publications (72,138,139). Briefly,
the very wide dose responses (54) were performed for E2 by incubating the indicated cells in 24-well
plates for 4 days in culture medium (phenol red-free medium, charcoal-stripped serum) plus E2 at concen-
trations from 0.01 or 0.1 pM through 100 µM, with daily medium changes. Proliferation was determined by
DNA assay at the end of the incubation, and results were expressed as percent of the control; control
100% values were 1.0, 3.7, and 5.5 µg DNA/well for A, B, and C, respectively. Values are the mean and
standard error of measurements in replicate wells; n = 3.
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Adapted from Welshons 2003 Large effects from small doses. EHP 111(8):995  

Physiologic dose Toxicologic 
dose 

Effect of Estrogen on human breast cancer cell proliferation across a wide range of doses 



Low doses matter!  
Hormones act at part per trillion levels (pg/mL) 

Slide from Shanna Swan 
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Challenges	for	epidemiology	

•  Subtle	effects	-	need	large	sample	size	
•  Need	prospec3ve	studies	-	long	lag	3me	between	
exposure	&	effect	

•  Mul3-genera3onal	studies	
•  New	methods	to	model	exposures	to	
simultaneous	exposures	

•  Sophis3cated	sta3s3cal	methods	



SOCIO-ECONOMIC	STATUS		

Income			
Educa3on			
Occupa3on			
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Measures	of	Socio-economic	Status	
1.  Absolute	income,	at	individual	level		

Explains	popula3on-level	discrepancy	in	outcomes	because	it	
reflects	access	to	health-enhancing	material	and	psychosocial	
resources.			Examples:	curvilinear	rela3onship	between	
income	and	infant	health	status.		
	

2. The	Rela3ve-Posi3on	Hypothesis	
•  One’s	rank	in	the	income	distribu3on	affect	health	status.		
•  Socioeconomic	rank	in	the	community	or	the	community’s	
socioeconomic	rank	within	the	popula3on.		

•  Poor	self-concept,	lower	commitment	to	healthy	lifestyle	
choices	and	decreased	social	capital,		including	social	
mistrust	and	perceived	lack	of	fairness	that	may	inhibit	
voluntary	acts	of	good	will	between	community	members	
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Pampilon et al. Can J Public Health. 2012 Apr 30;103(8 Suppl 
2):S17-22.  



Metrics	and	Medicine	–	Can	we	measure:	

How	we	prac3ce:	
	Complex	components	of	decision-making?	
	Turning	art	into	science	

	Mul3-causal	pathways	to	disease:	
					Effects	of	mul3ple	genes	in	combina3on	with	environment?	

Gene3c	determinants	of	behaviour?	
Non	tradi3onal	trajectories	of	dose	response?	
Absolute	and	rela3ve	measures	of	SES?	
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