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Epi (upon) 

Demos (people) 

Logos (study)

Review

What is Epidemiology?



Review

Hippocrates,	coiner	of	“endemic”	and	“epidemic”

John	Graunt,	the	demographer

John	Snow,	the	epidemiologist



Cesspools	beneath	people’s	basement	
floorboards	were	overflowing.	

So	they	dumped	the	overflow into
the River Thames.

Review



Review

People	started	dying.



Review

It	must	be	the	stench	that’s	killing	them…



Review

It	must	be	the	stench	that’s	killing	them…

Metropolitan Sewage Committee proceedings. Parliamentary Papers. (1846). 10: 651.

All smell is, if it be intense, immediate acute disease; 
and eventually we may say that, by depressing the 
system and rendering it susceptible to the action of 
other causes, all smell is disease.



John	Snow	observed	that	
cholera	struck	especially	
hard	around	a	water	
pump	on	Broad	Street.	
He	persuaded	the	local	
parish	to	remove	the	
pump	handle.	And	he	
suggested that	drinking	
water	should	be	piped	in	
from	 regions	waterways	
that	were	free	from	
pollution.

Review



1857:	John	Snow	published	the	first	modern	epidemiological	
paper. He	compared	cholera-related	mortality	rates	between	
customers	of	two	water	companies:

1.	SouthwarkWater	Company	(water	came	from	the	most	
polluted	region	of	the	River	Thames).

2.	LambethWater	Company	(water	came	from	Thames	Ditton,	
where	there	was	no	sewage	in	the	tideway).

Cholera-related	mortality	among	Southwark customers	was	
six	times	higher.

Snow J. (1857). Cholera and the water
supply in the southern districts of

London. British Medical Journal, 2: 864.

He	was	correct.		So	what	obviously	happened?

Review



Things	John	Snow	knows:

Nothing	

Review



Review

Post-Snow	epidemiology	was	an	attempt	
to	apply	science	to	the	world	around	us
and	come	up	with	advice	for	all	of	us:



Review



Review

Breast	cancer	affects	fewer	Japanese	women	than	Americans.
But	it	only	takes	two	generations	of	Japanese	people	living	in	
America	to	have	the	same	risk	of	breast	cancer.

• Something	in	the	diet?
• Something	in	the	lifestyle?
• Is	it	miasma?

Nobody	knows	the	mechanism.

Large	epidemiological	studies
(most	prominently:	the	Nurses’	Health	Study)

are	trying	to	figure	it	out.



The	purpose	of	studying	breast	cancer	(epidemiologically) is…

To	identify	risk	factors	
(i.e.,	predictors	of	cancer).

What	variables	are	
associated	with	a	
higher	incidence	
of	cancer?

Review



Review



A	lot	of	what	we	know	about	risk	factors	
comes	from	the	Nurses’	Health	Study.

It	started	following	122,000	nurses	in	1976.

Review



Review:	Epidemiological	Conjectures	are	Commonly	False



Cautionary	tales	culled	from	the	history	of	epidemiological	investigations

Cautionary tales illustrating the importance of	
context,	design,	and	skepticism	in	research…	
The	good	parts	version.

We’ve	talked	all	about	independents,	
dependents,	extraneous	variables,	and				
the	different	study	designs	that	employ	
(and	attempt	to	manage)	those	variables.

Let’s	see	what	happens	when	researchers	
delve	into	their	explorations.



Menopause	was	not	just	a	natural	
consequence	of	age;	it	was	an	illness.		
And	it	could	be	treated	like	an	illness
(insulin	for	type	I	diabetes,	estrogen	
for	menopause).

HRT	(hormone	replacement	therapy)	
became	one	of	the	most	commonly	
prescribed	treatments	in	America.

1966:	Robert	Wilson	(Brooklyn	gynecologist)	publishes	Feminine	Forever.		
It	becomes	a	best	seller.		Estrogen	therapy	becomes	a	common	remedy	to	
ward	off	the	ills	of	aging.	

Cautionary	tales…



"The physical alterations that are associated with the
menopause may induce emotional changes. When a
woman develops hot flashes, sweats, wrinkles on her
face, she is quite concerned that she is losing her youth -
- that she may indeed be losing her husband.”

1972:	Montreal	drug	company	Ayerst (merged	with	Wyeth	in	1986,	bought	by	
Pfizer	in	2009) made	a	film	about	HRT:		Physiologic	and	Emotional	Basis	of	
Menopause.

“My	boys	are	
both	gone	and	my	husband	is	away	a

great	deal	with	his	work.	 The	evenings	
bother	me	most.	And	I	think	we	all	give	thought	
to	the	fact	that	our	husbands	might	become	
interested	in	a	younger	woman,	but	I	don't	

dwell	on	on	the	subject.”

Cautionary	tales…



Cautionary	tales…

Now	every	
woman	in	
the	galaxy	
is	curious
about	HRT.



Cautionary	tales…

1985	is	when	HRT	really took	off.			Worldwide.

Curiosity	in	the	late	60s	and	early	70s,	thanks	
to	marketing,	offered	a	little	surge	in	use.

1985	was	ridiculous.

What	happened	there?



1985:	The	Nurses’	Health	Study	reported	that	women	taking	estrogen	had	
⅓	the	number	of	heart	attacks	compared	to	women	who	hadn’t	taken	it.

It’s	accepted:	HRT	bestows	cardiovascular	protection	on	women.

Confirmed	by	epidemiology.

Cautionary	tales…



1991:	Nurses’	Health	Study	finds	women	on	H.R.T.	to	have	
a	44%	relative	risk	reduction	in	coronary	artery	disease.		
Popularity	continues	to	rise.		Then	it	tapers	in	the	late	90s.		
Why?

Cautionary	tales…



1998:	Actual	randomized	(against	a	placebo	group),	clinical	trial	
conducted	(“Heart	and	Estrogen-progestin	Replacement	Study”	–
i.e.,	HERS).

Among	women	with	heart	disease	(2,700	women	randomized),	
estrogen	therapy	increased the	risk	of	having	a	heart	attack.

Cautionary	tales…



2001:	There	were	~15	million	women	annually	renewing	their	
HRT	prescriptions,	many	for	the	epidemiologically	confirmed	
health	benefits.		It	had	already	plateaued.		There	was	an	abrupt	
decline	in	use	a	year	later.		Why?

Cautionary	tales…



2002:	Another	randomized	(against	a	placebo),	controlled	trial	
was	published.		Among	16,500	healthy	women,	estrogen	and	
progestin	increased	the	relative	risk	of	coronary	events	by	29%.

Conclusion:	HRT	is	labeled	a	potential	health	risk	for	all	
postmenopausal	women.

Cautionary	tales…



What	might	explain	the	epidemiological	findings?

Cautionary	tales…



• If	you	decide	to	take	HRT,	you’re	probably	healthier.

• You	probably	have	insurance.		Compared	to	women	without	
insurance,	you’re	already	in	a	different	class.

• You	probably	care	enough	about	your	body	– preserving	its	
health	and	function	– to	go	through	with	the	effort.

• Maybe	you’re	motivated	by	manipulative	1970s	ad-movies	to	
stay	sexy;	you’re	probably	eating	better	and	exercising	too.

Those	differences	are	often	the	most	important	ones.

Cautionary	tales…



Cautionary	tales…



Cautionary	tales…



• Errors	in	the	measurement	of	dietary	exposure.													
How	much	of	a	dietary	thing	was	eaten?		Hard	to													
tell	by	what	is	reported.

• Countless	confounders	that	weren’t	measured	
(socioeconomic	variables,	other	dietary	factors,							
lifestyle	differences,	etc.).

• Genetic	differences.		The	people	who	are	inclined															
to	participate	in	X	may	be	genetically	predisposed													
to	behave	in	a	way,	and	genetically	less	or	more	at										
risk	of	cancer.

Cautionary	tales…



1993: Health	Professionals	Follow-Up	Study.		
Prospective	cohort	(epidemiology).

39,910	male	health	professionals	(age	40–75) who	
didn’t	have	coronary	artery	disease	were	followed.

The	risk	of	coronary	disease	was	36%	lower	in	men	who	
were	taking	>	60	IU	of	vitamin	E	per	day	compared	with	
those	taking	<	7.5	IU.

Epidemiological	claim: Vitamin	E	reduces	your	risk	of	heart	disease!

Cautionary	tales…



Nurses’	Health	Study	(1993):

87,245	female	nurses	(age	34–59)	without	heart	disease	followed	for	
up	to	8	years.

The	top	20%	of	those	nurses	with	the	highest	vitamin	E	intake	had	a	
34%	lower	risk	of	major	coronary	disease	than	those	with	the	lowest	
fifth	of	intake.

Epidemiological	claim: Vitamin	E	reduces	your	risk	of	heart	disease!

Cautionary	tales…



1997: Survey	in	the	American	
Journal	of	Cardiology reported	
44%	of	U.S.	cardiologists	were	
routinely	taking	antioxidants,	
primarily	vitamin	E.

Cautionary	tales…



2000:	Vitamin	E	tested	in	a	randomized,	controlled	trial.

2,545	women	and	6,996	men	(age	≥	55)	who	were	at	high	risk	for	
cardiovascular	events (had	CVD,	diabetes,	and	some	other	risk	factor).

Compared	400	IU	vitamin	E	per	day	from	natural	sources	for	~4½	
years	to	a	placebo	group.

Findings?

Cautionary	tales…



2000:	Vitamin	E	tested	in	a	randomized,	controlled	trial.

2,545	women	and	6,996	men	(age	≥	55)	who	were	at	high	risk	for	
cardiovascular	events (had	CVD,	diabetes,	and	some	other	risk	factor).

Compared	400	IU	vitamin	E	per	day	from	natural	sources	for	~4½	
years	to	a	placebo	group.

No	beneficial	effect	for	vitamin	E	on	coronary	artery	disease	
(RR	1.05	for	cardiovascular	deaths	and	1.02	for	myocardial	infarction).

Cautionary	tales…



2000:	Vitamin	E	tested	in	a	randomized,	controlled	trial.

2,545	women	and	6,996	men	(age	≥	55)	who	were	at	high	risk	for	
cardiovascular	events (had	CVD,	diabetes,	and	some	other	risk	factor).

Compared	400	IU	vitamin	E	per	day	from	natural	sources	for	~4½	
years	to	a	placebo	group.

No	beneficial	effect	for	vitamin	E	on	coronary	artery	disease	
(RR	1.05	for	cardiovascular	deaths	and	1.02	for	myocardial	infarction).

Cautionary	tales…



Cautionary	tales…

Beta	carotene	
is	a	precursor	
to	vitamin	A.		

What	is	its	effect	
on	CVD	risk?



Cautionary	tales…



Vitamins,	minerals,	drugs…
Epidemiological	findings	are	confounded	
by	the	“adherer’s	effect”

People	who	adhere	to	doctor’s	orders	(take	their	medication	
at	7am	every	day) are	different	from	people	who	don’t.		

It’s	not	just	the	medicine.

Cautionary	tales…



Coronary	Drug	Project:	clinical	trial	in	the	1970s	that	tested	
whether	any	(or	all) of	five	different	drugs	reduced	rates	of	
heart	attacks	among	middle	aged	men	(~8,500	of	them).

Medication	group:⅔	of	the	subjects	were	randomly	
assigned	to	take	one	of	the	drugs	(random	drug).

Control	group:⅓	of	the	subjects	were	randomly	assigned	
to	take	a	placebo.

What	happened?

Cautionary	tales…



Clofibrate lowered	cholesterol	levels	but	didn’t	reduce	the	
risk	of	heart	attacks.

Researchers	wondered	if	the	patients	assigned	clofibrate
didn’t	get	the	benefits	because	they	didn’t	take	it	faithfully.		

What	do	they	analyze	next?

Cautionary	tales…



Clofibrate lowered	cholesterol	levels	but	didn’t	reduce	the	
risk	of	heart	attacks.

Researchers	wondered	if	the	patients	assigned	clofibrate
didn’t	get	the	benefits	because	they	didn’t	take	it	faithfully.		

When	they	analyzed	adherence,	there	was	a	difference.

80%	adherence	(or	better)	associated	with	a	reduced	risk	of	
heart	attacks	(15%	mortality	rate	compared	to	almost	25%	
mortality	rate	among	less	adherent	patients).

Is	this	evidence	of	a	beneficial	effect	of	the	drug?

Cautionary	tales…



No.

They	analyzed	the	faithful	adherers	of	the	placebos.

15%	of	those	patients	died	compared	to	28%	of	the	
non-faithful	adherers	(to	placebos).

There	was	no	difference	between	groups.

Cautionary	tales…



Coffee	does	not increase	the	risk	of	pancreatic	cancer:

Drinking	2–3	cups	of	coffee	per	day	triples	the	risk	
of	pancreatic	cancer:

Cautionary	tales…



Caffeine	increases the	risk	of	colon	cancer:

Cautionary	tales…



Caffeine	decreases	the	
risk	of	colon	cancer.

Cautionary	tales…



Caffeinated	coffee	doesn’t	affect	risk	of	colon	cancer	at	all,	
but	drinking	2	or	more	cups	of	decaffeinated	coffee	per	day	
reduces	the	incidence	of	rectal	cancer	by	52%.

Cautionary	tales…



Cautionary	tales…



Cautionary	tales…



Cautionary	tales…



Cautionary	tales…



Biggest	effect:	colorectal	cancer.

17%	increase	in	risk	(95%	CI	1.05–
1.31)	per	100g	per	day	of	red	meat.

18%	increase	(95%	CI	1.10–1.28)	
per	50g	per	day	of	processed	meat.

Also:	pancreas,	prostate,	stomach.

Cautionary	tales…



The	association	with	
red/processed	meat
and	cancer:	

0.2-fold	increase	in	risk	
(1%	of	the	risk	of	cigarettes).

What	are	some	thoughts?		
Why	are	vegetarians	less	
likely	to	have	cancer?

Cautionary	tales…



A	big	clue:
Most	comparisons	in	“meat	studies”	compare	the	bottom	quintile	
(vegetarians)	to	the	top	quintile	(serious	carnivores).

As	you	move	from	the	bottom	to	the	top,	what	else	do	you	see?

Bad Box          Good Box

Cautionary	tales…



A	big	clue:
Most	comparisons	in	“meat	studies”	compare	the	bottom	quintile	
(vegetarians)	to	the	top	quintile	(serious	carnivores).

As	you	move	from	the	bottom	to	the	top,	what	else	do	you	see?

Bad Box          Good Box
Vegetarians are more
concerned with their
health in a number of
ways. More likely to visit
the doctor, do yoga, stay
hydrated, get more sleep;
they probably brush their
teeth more.

More smoking, drinking,
more sedentary lifestyles,
and pretty much every
other bad behavior, in
addition to high BMI, high
BP, etc.

Cautionary	tales…



Another	explanation:	
Invalid	estimations	of	energy	intake.

Self-report	is	almost	never	valid.		
What	people	report	they	ate	and	
what	they	actually	ate	are	seldom	
equal	(or	even	close).		If	you	don’t	
measure	it,	you	don’t	know	it.

Cautionary	tales…



“How did experts get it so wrong? Certainly, the food industry has muddied the
waters through its lobbying. But the primary problem is that nutrition policy
has long relied on a very weak kind of science: epidemiological, or
“observational,” studies in which researchers follow large groups of people over
many years. But even the most rigorous epidemiological studies suffer from a
fundamental limitation. At best they can show only association, not causation.
Epidemiological data can be used to suggest hypotheses but not to prove them.”

Cautionary	tales…



It’s possible that a mostly meatless diet could be healthy for all
Americans — but then again, it might not be. We simply do not
know. There are no rigorous clinical trials on such a diet, and
although epidemiological data exists for adult vegetarians, there
is none for children.

Since the very first nutritional guidelines to restrict saturated fat
and cholesterol were released by the American Heart Association
in 1961, Americans have been the subjects of a vast, uncontrolled
diet experiment with disastrous consequences. We have to start
looking more skeptically at epidemiological studies and
rethinking nutrition policy from the ground up.

Cautionary	tales…



It’s possible that a mostly meatless diet could be healthy for all
Americans — but then again, it might not be. We simply do not
know. There are no rigorous clinical trials on such a diet, and
although epidemiological data exists for adult vegetarians, there
is none for children.

Since the very first nutritional guidelines to restrict saturated fat
and cholesterol were released by the American Heart Association
in 1961, Americans have been the subjects of a vast, uncontrolled
diet experiment with disastrous consequences. We have to start
looking more skeptically at epidemiological studies and
rethinking nutrition policy from the ground up.

Cautionary	tales…

You	can	say	(and	provide	“significant”	
evidence	for)	pretty	much	anything	
regarding	diet	and	health.

Your	blood	type	determines	what	juice	
to	use	for	your	cleanse	diet.



Females	who	eat	breakfast	cereal	are	
more	likely	to	give	birth	to	boys.

740	mothers	took	a	food	questionnaire.		Out	of	133	
food	items,	this	one	was	significant.

Young, S. S., Bang, H. and Oktay, K. (2009) Cereal-
induced gender selection? Most likely a multiple
testing false positive. Proceedings of the Royal
Society, Series B, 654, 1211–1212

Cautionary	tales…



Cautionary	tales…



They	were	more	likely	to	fracture	a	humerus
compared tomembers of all other astrological	
signs	combined	(p=0.012).

Cautionary	tales…



Cautionary	tales…



Phrenology.	Measuring	people’s	criminality	
and	mental	capacity	by	skull	dimensions.	

Cautionary	tales…

If you test enough stuff, you will (randomly) find “significance”
(the most misunderstood statistic in statistics). The real, factual,
actual definition of significance is this: if the null hypothesis is true,
there is a p-value probability that you would have observed an
effect as extreme or more extreme than you did. We’ll get into
what this means (exactly) later. For now, we can all (me included)
contribute to the vague “chance that it’s true” misrepresentation.
We’ll re-represent (type I vs. type II errors, power analyses, etc.)
in lectures 12, 13, and 14.



Epidemiological	finding: Nitric	oxide	inhalation	reduces	mortality	
in	patients	with	respiratory	distress	syndrome.

Cautionary	tales…



Nitric	oxide	inhalation	does	not	reduce	mortality	in	patients	with	respiratory	
distress	syndrome	(14	randomized,	controlled	trials	with	1,303	patients):

Nitric	oxide	inhalation	does	not	reduce	
mortality	in	patients	with	respiratory	
distress	syndrome	(11	randomized,	
controlled	trials	with	1,142	patients):

Cautionary	tales…



Considerations



Considerations



Considerations



What’s	the	problem	here?

Considerations



What’s	the	problem	here?

In	epidemiological	
studies,	subgroups	are	
often	explored	to	an	
extent	that	it	would	be	
surprising	(statistically	
very	improbable)	if	no
significance	were	found.		
And	in	the	reports,	there	
is	seldom	a	mention	of	
how	many	subgroups	
were	explored.

Considerations



What’s	the	problem	here?

In	epidemiological	
studies,	subgroups	are	
often	explored	to	an	
extent	that	it	would	be	
surprising	(statistically	
very	improbable)	if	no
significance	were	found.		
And	in	the	reports,	there	
is	seldom	a	mention	of	
how	many	subgroups	
were	explored.

Considerations



Considerations



What’s causing this?
Considerations



Considerations



Considerations



Considerations



Considerations



Considerations



I	made	this	one	up,	but	the	correlation	is	
every	bit	as	good	as	anything	plausible.

Considerations



Considerations:	Bold	Conjectures



People	make	the	bold	conjectures	with	ease;
they	test	them	scarcely	and	badly.	

Epidemiology	
is	an	exercise	in	
bold	conjectures.
Those	conjectures	still	need	to	be	tested.

Considerations:	Bold	Conjectures



Epidemiology should function as a proving ground
to test observations about the world around you.
You can’t just discharge a weapon or two and say
“probably good enough for combat.” You have to
really put it to the test.

Epidemiological	Conjectures…

The	Krummlauf:



Modern	Epidemiology



Modern	Epidemiology



Modern	Epidemiology



Account	of	12	randomized,	clinical	trials	that	tested	52	observational	claims.
0	out	of	52	observational	claims	were	upheld.		0	out	of	52.		ß repetition	for	effect.		
10%	of	them	were	confirmed	in	the	opposite	direction	of	the	observational	claim.

Modern	Epidemiology



We	have	a	very	short	list	of	epidemiological	findings	
that	haven’t	been	later	demonstrated	to	be	false:

Smoking	à lung	cancer
Sun	exposure	à skin	cancer
Sex	à HPV	à cervical	cancer
Sex	and	needle	sharing	à HIVà AIDS

Modern	Epidemiology



Epidemiology	is	very	useful	to	answer	some questions:

What	conditions	(sleeping	position,	etc.) maximize	the	odds	of	SIDS?

How	many	cigarettes	does	it	take	to	get	lung	cancer	within	a	year?

How	much	unprotected	sex	is	needed	to	invent	a	new	STD?

How	much	asbestos	exposure	is	necessary	to	get	mesothelioma?

Establishing	“crack	baby”	standards:	is	there	a	threshold	effect	
or	does	the	severity	depend	on	dose?

How	many	needle-sharing	episodes	are	needed	to	have	a	50%	
risk	of	HIV	transmission?

How	many	volts	are	necessary	to	ensure	death	by	electrocution	
in	well-behaved	prepubescent	children	who	love	balloons?

What	is	the	optimal	dose	of	pentobarbital	to	put	a	dog	to	sleep
that	is	50–75lb	and	neither	ill	nor	old?

Where	epidemiology	is	useful



All	of	these	questions	are	difficult	to	answer	with
randomized,	controlled	designs.	

Where	epidemiology	is	useful

Cigarettes	cause	lung	cancer.

Okay,	probably.		With	a	20-fold	
increase	in	risk and	little	else	
to	account	for	the	difference,
it	seems	pretty	likely	cigarettes	
account	for	much	of	that	risk.

Epidemiology	is	probably	sufficient	to	answer	this.		



But	remember:	epidemiological	conjectures	are	commonly	as	false	as	they	are	bold

But	epidemiology	is	not	always	sufficient.		
It’s	a	crappy	way	of	answering	many	questions.	



Next	Lecture:	Epidemiology	is	Good

The	End.
See	you	soon.


