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Fig	1.	The	three	main	estrogens	

	
	
When	discussing	estrogen	it	is	important	to	note	that	“estrogen”	is	an	umbrella	term	
for	many	different	estrogens.	The	main	three	are	estriol,	estrone,	and	estradiol;	all	
three	of	these	estrogens	are	produced	in	the	body	and	have	physiological	effects.	
Some	of	the	benefits	of	estrogens	are:		
	

• control	hot	flashes	
• maintain	pelvic	health	
• improve	cognitive	function	and	memory		
• improve	mood	
• restore	sleep	
• maintain	thickness	and	fullness	of	skin	and	hair	
• protect	against	colon	cancer		
• protect	against	macular	degeneration	
• prevent	atherosclerosis,	hypertension	
• improve	insulin	sensitivity		
• prevent	osteoporosis		
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• prevent	osteoarthritis	
	

This	list	may	surprise	some	people	especially	given	how	oestrogen	has	been	
demonised	as	“something	to	be	feared”.	It	also	gives	glimpse	into	why	tissues	may	
function	less	well	as	estrogens	decline	at	menopause,	why	certain	symptoms	occur	
and	the	likely	gains	from	restoring	levels	of	estrogen	over	and	above	the	elimination	
of	symptoms.		The	aim	of	this	article	is	to	clarify	what	we	know	about	oestrogens	
and	the	way	to	optimise	their	safe	use	and	also	to	lay	to	rest	some	of	the	
misconceptions	and	misinformation	that	are	prevalent	in	the	public	eye.	
The	number	of	oocytes	(eggs)	decrease	during	ageing	which	causes	a	decreased	
production	of	estrogen	and	progesterone	starting	as	early	as	age	30.	Peri-
menopause	is	characterized	by	infrequent	ovulation	and	low	progesterone	as	the	
number	of	functional	oocytes	progressively	declines.	Ovarian	failure	leads	to	
menopause.	
	
It	is	important	to	note	that	Coronary	heart	disease,	dementia,	osteoporosis,	hip	
fracture,	stroke,	Parkinsonism,	cognitive	impairment,	depression,	anxiety	and	breast	
cancer	are	associated	with	estrogen	deficiency	and	all	are	rare	before	menopause.	
The	first	3	diseases	are	clearly	associated	with	estrogen	
deficiency	and	breast	cancer	–	with	progesterone	deficiency.	Early	removal	of	the	
ovaries	increases	risk	of	heart	disease,	osteoporosis,	and	dementia.	Estradiol	(E2)	
and	progesterone	(P4)	collaborate	in	bone	re-modelling	with	resorption	by	estrogen	
and	formation	by	progesterone.	It	is	more	likely	that	oestrogen	together	with	
progesterone	are	responsible	for	many	of	the	above	protective	effects	that	are	
usually	credited	to	estrogens	alone	(1-7).	
	
Not	all	of	the	3	main	estrogens	(see	Fig	1)	have	the	same	potency.	Estradiol	(E2)	is	
the	predominant	estrogen	produced	in	pre-menopausal	women	while	estrone	(E1)	is	
the	primary	estrogen	produced	after	menopause.	In	the	body,	estradiol	is	reversibly	
oxidized	to	estrone	and	both	estradiol	and	estrone	can	be	converted	to	estriol.	The	
potency	of	E2	is	12	times	that	of	E1	and	80	times	that	of	E3	(8).	
	
In	the	literature,	there	is	scant	information	regarding	serum	estriol	values	in	non-
pregnant,	premenopausal	women.	In	conventional	medical	practice,	it	is	believed	
that	estriol	plays	no	significant	role	in	non-pregnant	women	compared	to	other	
estrogens.	Dr.	Jonathan	Wright’s	study	showed	that	serum	estriol	was	always	
significantly	higher	than	the	sum	of	estrone	and	estradiol	and	less	fluctuating	(9).	He	
concluded	that	estriol	is	probably	a	significant	estrogen	component.	Reference	
values	are	available	for	serum	estrone	and	estradiol,	but	serum	estriol	levels	are	
listed	in	reference	books	only	for	pregnant	women.	
Research	on	estriol	to	date	had	been	focused	on	concentrations	in	pregnant	women.		
Prior	to	the	1970s,	the	technology	was	not	sophisticated	enough	to	accurately	
analyze	estriol	in	non-pregnant	patients	and	by	the	time	estriol	could	be	analyzed	
accurately,	researchers	had	already	conclusively	demonstrated	that	estriol	was	a	
much	weaker	hormone	than	estradiol	and	estrone;	therefore,	it	was	believed	to	be	
of	no	known	importance.	Dr.	Wright	developed	a	solid-phase	competitive-binding	
radio-immunoassay	(RIA)	procedure	for	estriol.	
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The	data	showed	that	the	estriol	in	every	case	was	at	least	three	times	as	great	as	
the	concentration	of	estradiol	and	estrone	combined.	The	average	Estrogen	quotient	
(EQ	=	Estriol	level/	estradiol	+	estrone	levels)	for	the	population	was	8.9.	With	estriol	
circulating	at	nearly	10	times	the	concentration	of	estrone	and	estradiol.	It	did	
appear	from	this	data	that	there	must	be	some	unknown	significant	biological	
activity	for	this	“weaker”	hormone	(9).	
	
Furthermore,	estriol	has	been	used	for	decades	without	reported	safety	concerns	
and	is	a	component	of	medications	approved	for	use	worldwide.	The	FDA	has	
acknowledged	that	it	is	unaware	of	any	adverse	events	associated	with	the	use	of	
compounded	medications	containing	estriol	(10.	
	
Studies	show	that	when	estriol	is	given	together	with	estradiol,	the	estradiol-specific	
stimulation	to	cells	is	decreased	(11).	Experimental	studies	also	suggest	that	estriol	
has	a	protective	effect	against	radiation-induced	cancer	of	the	breast	(12).	
	
ESTROGEN	RECEPTORS	
	
Differences	in	effect	of	the	3	main	estrogens	are	evident	at	the	receptor	level	
highlighting	the	likelihood	that	not	all	the	estrogens	will	have	the	same	effects	at	a	
cellular	level.	Estrogen	effects	are	mediated	through	2	different	estrogen	receptors:	
estrogen	receptor-alpha	(ER-α)	and	estrogen	receptor-beta	(ER-β)	(13-18).	
Estrogen	receptor-α	promotes	breast	cell	proliferation,	while	ER-β	inhibits	
proliferation	and	prevents	breast	cancer	development	via	G2	cell	cycle	
Arrest	(13,	19-24). 		
	
Because	of	its	differing	effects	on	ER	alpha	and	ER	beta,	we	would	expect	that	estriol	
would	be	less	likely	to	induce	proliferative	[potential	cancerous	growth]	changes	in	
breast	tissue	and	to	be	associated	with	a	reduced	risk	of	breast	cancer	(10).	Estradiol	
equally	activates	ER-α	and	ER-β,	while	estrone	selectively	activates	ER-α	at	a	ratio	of	
5:1	(25,26).	In	contrast,	estriol	selectively	binds	ER-β	at	a	ratio	of	3:1(25,26).	This	
unique	property	of	estriol,	in	contrast	to	the	selective	ER-α	binding	by	other	
estrogens	(14,	25-28)	imparts	to	estriol	a	potential	for	breast	cancer	prevention	(29-
33)	while	other	estrogens	would	be	expected	to	promote	breast	cancer	(13,19-
22,34).	The	above	is	the	reason	why	doctors	who	prescribe	bio-identical	estrogen	
will	tend	to	combine	estriol	and	estradiol	(usually	80:20	ratio)	and	omit	estrone.		
	
It	is	worth	noting	that	conjugated	equine	estrogens	(CEE)	are	potent	down-
regulators	of	ER-β	receptors	(35).	Whether	this	activity	is	unique	to	CEE	is	unclear,	
but	it	could	potentially	increase	carcinogenic	properties.	
CEEs	also	contains	at	least	one	particularly	potent	carcinogenic	estrogen,	4-hydroxy-
equilenin,	which	promotes	cancer	by	inducing	DNA	damage	(36-40).	
	
Acting	alone,	estriol	is	a	weak	estrogen,	but	when	given	with	estradiol,	it	functions	as	
an	anti-estrogen	(41).	Estriol	and/or	tamoxifen,	as	opposed	to	other	estrogens,	
prevented	the	development	of	breast	cancer	in	rats	after	the	administration	of	
carcinogens	(42,43).	
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In	a	large	study	of	more	than	30	000	women	the	use	of	estrogen-only	HRT	increased	
the	risk	of	breast	cancer	compared	with	that	in	non-users;	
the	addition	of	a	synthetic	progestin	further	increased	breast	cancer	risk	while	the	
use	of	an	estriol-containing	preparation	was	not	associated	with	the	risk	of	breast	
cancer	that	was	seen	with	other	preparations	(44).	
	
The	increased	risk	of	uterine	cancer	in	users	of	non-bio-identical	estrogen	is	well-
established	in	the	scientific	literature	(45-47).	In	contrast,	a	case-controlled	study	
reported	that	the	use	of	topical	lower-potency	estriol	is	not	associated	with	an	
increased	risk	of	uterine	cancer	(48).	
	
Estriol	and	progesterone	levels	dramatically	increase	during	pregnancy	(an	
approximate	15-fold	increase	in	progesterone	and	a	1000-fold	increase	in	estriol),	
and	postpartum	women	continue	to	produce	higher	levels	of	estriol	than	nulliparous	
women	(49).	An	increased	exposure	to	progesterone	and	estriol	during	and	after	
pregnancy	confers	a	significant	long-term	reduction	in	the	risk	for	breast	cancer	(50,	
51-53,	49,	54-58).	Urinary	estriol	levels	in	postmenopausal	women	show	an	inverse	
correlation	with	the	risk	for	breast	cancer	in	many	studies	(59,	60-65).	
	
We	conclude	from	all	the	evidence	taken	together,	that	not	all	estrogens	are	created	
equal	and	that	estriol	may	play	a	greater	role	than	is	currently	thought	particularly	as	
a	more	protective	estrogen	and	as	a	regulator	of	its	more	potent	sisters	(estradiol	
and	estrone).	Furthermore,	when	combined	with	progesterone	rather	than		with	
synthetic	progestins,	the	risks	associated	with	conventional	HRT	seem	to	be	
minimized	or	even	negated.	The	role	and	actions	of	different	progesterone	and	
progestins	are	summarized	in	a	companion	article	to	this	one		“Not	All	
Progesterones	are	Created	Equal”	(https://thenaturaldoctor.org/wp-
content/uploads/2019/07/PROGESTERONE-AND-BREAST-CANCER_compressed.pdf).		
	
As	stated	earlier	the	FDA	has	not	received	a	single	report	of	an	adverse	event	in	
more	than	40	years	of	estriol	use.	The	castigation	of	estriol	in	recent	years	did	not	
seem	to	be	because		is	at	least	as	safe	and	effective	as	current	estrogens	on	the	
market,	but	in	response	to	what	was	considered	unsupported	claims	that	estriol	was	
safer	than	current	forms	of	estrogen	replacement	and	because	there	is	no	
standardized	dose.		
As	stated	above	estriol	has	unique	physiologic	properties	associated	with	a	reduction	
in	the	risk	of	breast	cancer,	and	combining	estriol	with	estradiol	in	hormone	
replacement	preparations	would	be	expected	to	decrease	the	risk	for	breast	cancer;	
and	even	moreso	when	combined	with	progesterone	and	not	progestins.	
	
	
REFERENCES	
	
1.	Seifert-Klauss	V,	Prior	JC.	Progesterone	and	bone:	actions	promoting	bone	health	
in	women.	J	Osteoporos.	2010	Oct	31;2010:845180.	
	



	 5	

2.	Parker	WH,	Jacoby	V,	Shoupe	D,	Rocca	W.	Effect	of	bilateral	oophorectomy	on	
women's	long-term	health.	Womens	Health	(Lond	Engl).	2009	Sep;5(5):565-76.	
	
3.	Zandi	PP,	Carlson	MC,	Plassman	BL,	Welsh-Bohmer	KA,	Mayer	LS,	Steffens	DC,	
Breitner	JC;	Cache	County	Memory	Study	Investigators.	Hormone	replacement	
therapy	and	incidence	of	Alzheimer	disease	in	older	women:	
the	Cache	County	Study.	JAMA.	2002	Nov	6;288(17):2123-9.	
	
4.Kawas	C,	Resnick	S,	Morrison	A,	Brookmeyer	R,	Corrada	M,	Zonderman	A,	Bacal	C,	
Lingle	DD,	Metter	E.	A	prospective	study	of	estrogen	replacement	therapy	and	the	
risk	of	developing	Alzheimer's	disease:	the	Baltimore		
Longitudinal	Study	of	Aging.	Neurology.	1997	Jun;48(6):1517-21.	
	
5.	Paganini-Hill	A,	Henderson	VW.	Estrogen	replacement	therapy	and	risk	of	
Alzheimer	disease.	Arch	Intern	Med.		
1996	Oct	28;156(19):2213-7.	
	
6.Tang	MX,	Jacobs	D,	Stern	Y,	Marder	K,	Schofield	P,	Gurland	B,	Andrews	H,	Mayeux	
R.	Effect	of	oestrogen	during	menopause	on	risk	and	age	at	onset	of	Alzheimer's	
disease.	Lancet.	1996	Aug	17;348(9025):429-32	
	
7.	Speroff	L,	Fritz	M.	Clinical	Gynecologic	Endocrinology	and	Fertility,	Lippincott	
Williams	&	Wilkins;	Seventh	edition	(September	2,	2004)	
		
8.	Lorentzen	J.	Hormone	Replacement	Therapy:	part	2	Estrogen	Defined.	IJPC	2001	
Nov-Dec;5(6):460-461	
	
9.	Wright	JV,	Schliesman	B,	Robinson	L.	Comparative	measurements	of	serum	Estriol,	
Estradiol,	and	Estrone	in	non-pregnant,	premenopausal	women:	A	preliminary	
investigation.	Altern	Med	Rev	1999;4(4):266-270.)	
	
10.	Holtorf	K.	The	bioidentical	hormone	debate:	are	bioidentical	hormones	
(Estradiol,	Estriol,	and	Progesterone)	safer	or	more	efficacious	than	commonly	used	
synthetic	versions	in	Hormone	Replacement	Therapy?	Postgrad	Med	2009;121(1):	
73-85.	
	
11.	Melamed	M,	Castaño	E,	Notides	AC,	Sasson	S.	Molecular	and	kinetic	basis	for	the	
mixed	agonist/antagonist	activity	of	estriol.	Mol	Endocrinol.	1997	Nov;11(12):1868-
78.	
	
12.	Lemon	HM,	Kumar	PF,	Peterson	C,	Rodriguez-Sierra	JF,	Abbo	KM.	Inhibition	of	
radiogenic	mammary	carcinoma	in	rats	by	estriol	or	tamoxifen.	Cancer.	1989	May	
1;63(9):1685-92.	
	
13.	Paruthiyil	S,	Parma	H,	Kerekatte	V,	Cunha	GR,	Firestone	GL,	Leitman	DC.	Estrogen	
receptor	beta	inhibits	human	breast	cancer	cell	proliferation	and	tumor	formation	by	
causing	a	G2	cycle	arrest.	Cancer	Res.	2004;64(1):423–428.	



	 6	

14.	Paech	K,	Webb	P,	Kuiper	GG,	et	al.	Differential	ligand	activation	of	estrogen	
receptors	ERalpha	and	ERbeta	at	AP1	sties.	Science.	1997;277(5331):1508–1510.	
	
15.	Kuiper	GG,	Enmark	E,	Pelto-Huikko	M,	Nilsson	S,	Gustafsson	JA.	Cloning	of	a	
novel	estrogen	receptor	expressed	in	rat	prostate	and	ovary.	Proc	Natl	Acad	Sci	U	S	
A.	1996;93(12):5925–5930.	
	
16.	Green	S,	Walter	P,	Greene	G,	et	al.	Cloning	of	the	human	oestrogen	receptor	
cDNA.	J	Steroid	Biochem.	1986;24(1):77–83.	
	
17.	Katzenellenbogen	BS,	Montano	MM,	Ediger	TR,	et	al.	Estrogen	receptors:	
selective	ligands,	partners,	and	distinctive	pharmacology.	Recent	Prog	Horm	Res.	
2000;55:163–193.	
	
18.	Nilsson	S,	Mäkelä	S,	Treuter	E,	et	al.	Mechanisms	of	estrogen	action.	Physiol	Rev.	
2001;81(4):1535–1565.	
	
19.	Helguero	LA,	Faulds	MH,	Gustafsson	JA,	Haldosén	LA.	Estrogen	receptors	alpha	
(ERalpha)	and	beta	(ERbeta)	differentially	regulate	proliferation	and	apoptosis	of	the	
normal	murine	mammary	epithelial	cell	line	HC11.	Oncogene.	2005;24(44):6605–
6616.	
	
20.	Bardin	A,	Boulle	N,	Lazennec	G,	Vignon	F,	Pujol	P.	Loss	of	Erbeta	expression	as	a	
common	step	in	estrogen-dependent	tumor	progression.	Endocr	Relat	Cancer.	
2004;11(3):537–551.	
	
21.	Isaksson	E,	Wang	H,	Sahlin	L,	et	al.	Expression	of	estrogen	receptors	(alpha,	beta)	
and	insulin-like	growth	factor-1	in	breast	tissue	form	surgically	postmenopausal	
cynomolgus	macaques	after	long-term	treatment	with	HRT	and	tamoxifen.	Breast.	
2002;11(4):295–300.	
	
22.	Weatherman	RV,	Clegg	NJ,	Scanlan	TS.	Differential	SERM	activation	of	the	
estrogen	receptors	(ERalpha	and	ERbeta)	at	AP-1	sites.	Chem	Biol.	2001;8(5):427–
436.	
	
23.	Pettersson	K,	Delaunay	F,	Gustafsson	JA.	Estrogen	receptor	beta	acts	a	dominant	
regulator	of	estrogen	signaling.	Oncogene.	2000;19(43):4970–4978.	
	
24.	Saji	S,	Jensen	EV,	Nilsson	S,	Rylander	T,	Warner,	Gustafsson	JA.	Estrogen	
receptors	alpha	and	beta	in	the	rodent	mammary	gland.	Proc	Natl	Acad	Sci	U	S	A.	
2000;97(1):337–342.	
	
25.	Zhu	BT,	Han	GZ,	Shim	JY,	Wen	Y,	Jiang	XR.	Quantitative	structureactivity	
relationship	of	various	endogenous	estrogen	metabolites	for	human	estrogen	
receptor	alpha	and	beta	subtypes:	Insights	into	the	structural	determinants	favoring	
a	differential	subtype	binding.	Endocrinology.	2006;147(9):4132–4150.	
	



	 7	

26.	Rich	RL,	Hoth	LR,	Geoghegan	KF,	et	al.	Kinetic	analysis	of	estrogen	
receptor/ligand	interactions.	Proc	Natl	Acad	Sci	U	S	A.	2002;99(13):8562–8567.	
	
27.	Ekena	K,	Katzenellenbogen	JA,	Katzenellenbogen	BS.	Determinants	of	ligand	
specificity	of	estrogen	receptor-alpha:	estrogen	versus	androgen	discrimination.	J	
Biol	Chem.	1998;273(2):693–699.		
	
28.	Hanstein	B,	Liu	H,	Yancisin	MC,	Brown	M.	Functional	analysis	of	a	novel	estrogen	
receptor-beta	isoform.	Mol	Endocrinol.	1999;13(1):129–137.	
	
29.	Fournier	A,	Berrino	F,	Clavel-Chapelon	F.	Unequal	risks	for	breast	cancer	
associated	with	different	hormone	replacement	therapies:	results	from	the	E3N	
cohort	study.	Breast	Cancer	Res	Treat.	2008;107(1):103–111.	
	
30.	Lemon	HM.	Pathophysiologic	considerations	in	the	treatment	ofmenopausal	
patients	with	oestrogens;	the	role	of	oestriol	in	the	prevention	of	mammary	
carcinoma.	Acta	Endocrinol	Suppl	(Copenh).	1980;233:17–27.	
	
31.	Lemon	HM,	Kumar	PF,	Peterson	C,	Rodriguez-Sierra	JF,	Abbo	KM.	Inhibition	of	
radiogenic	mammary	carcinoma	in	rats	by	estriol	or	tamoxifen.	Cancer.	
1989;63(9):1685–1692.	
	
32.	Lemon	HM.	Estriol	prevention	of	mammary	carcinoma	induced	by	7,12-
dimethylbenzanthracene	and	procarbazine.	Cancer	Res.	1975;35(5):1341–1353.	
	
33.	MacMahon	B,	Cole	P,	Brown	JB,	et	al.	Oestrogen	profiles	of	Asian	and	North	
American	women.	Lancet.	1971;2(7730):900–902.	
	
34.	Barkhem	T,	Carlsson	B,	Nilsson	Y,	Enmark	E,	Gustafsson	J,	Nilsson	S.	Differential	
response	of	estrogen	receptor	alpha	and	receptor	beta	to	partial	estrogen	
agonists/antagonists.	Mol	Pharmacol.	1998;54(1):105–112.	
	
35.	Isaksson	E,	Wang	H,	Sahlin	L,	et	al.	Expression	of	estrogen	receptors	(alpha,	beta)	
and	insulin-like	growth	factor-1	in	breast	tissue	form	surgically	postmenopausal	
cynomolgus	macaques	after	long-term	treatment	with	HRT	and	tamoxifen.	Breast.	
2002;11(4):295–300.	
	
36.	Pisha	E,	Lui	X,	Constantinou	AI,	Bolton	JL.	Evidence	that	a	metabolite	of	equine	
estrogens,	4-hydroxequilenin,	induces	cellular	transformation	in	vitro.	Chem	Res	
Toxicol.	2001;14(1):82–90.	
	
37.	Zhang	F,	Chen	Y,	Pisha	E,	et	al.	The	major	metabolite	of	equilin,	4-hyroxyequilin,	
autoxidizes	to	an	o-quinone	with	isomerizes	to	the	potent	cytotoxin	4-
hydroyequilenin-o-quinone.	Chem	Res	Toxicol.	
1999;12(2):204–213.	
	



	 8	

38.	Chen	Y,	Liu	X,	Pisha	E,	et	al.	A	metabolite	of	equine	estrogens,	4-
hydroxyequilenin,	induces	DNA	damage	and	apoptosis	in	breast	cancer	cell	lines.	
Chem	Res	Toxicol.	2000;13(5):342–350.	
	
39.	Zhang	F,	Swanson	SM,	van	Breemen	RB,	et	al.	Equine	estrogen	metabolite	4-
hydroxyequilenin	induces	DNA	damage	in	the	rat	mammary	tissues:	formation	of	
single-strand	breaks,	apurinic	sites,	stable	adducts,	and	oxidized	bases.	Chem	Res	
Toxicol.	2001;14(12):1654–1659.	
	
40.	Shen	L,	Qiu	S,	Chen	Y,	et	al.	Alkylation	of	2’-deoxynucleosides	and	DNA	by	the	
Premarin	metabolite	4-hydroxyequilenin	semiquinone	radical.	Chem	Res	Toxicol.	
1998;11(2):94–101.	
	
41.	Melamed	M,	Castaño	E,	Notides	AC,	Sasson	S.	Molecular	and	kinetic	basis	for	the	
mixed	agonist/antagonist	activity	of	estriol.	Mol	Endocrinol.	1997;11(12):1868–1878.	
	
42.	Lemon	HM,	Kumar	PF,	Peterson	C,	Rodriguez-Sierra	JF,	Abbo	KM.	Inhibition	of	
radiogenic	mammary	carcinoma	in	rats	by	estriol	or	tamoxifen.	Cancer.	
1989;63(9):1685–1692.	
	
43.	Lemon	HM.	Estriol	prevention	of	mammary	carcinoma	induced	by	7,12-
dimethylbenzanthracene	and	procarbazine.	Cancer	Res.	1975;35(5):1341–1353.	
	
44.	Bakken	K,	Alsaker	E,	Eggen	AE,	Lund	E.	Hormone	replacement	therapy	and	
incidence	of	hormone-dependent	cancers	in	the	Norwegian	Women	and	Cancer	
study.	Int	J	Cancer.	2004;112(1):130–134.		
	
45.	Ziel	HK,	Finkle	WD.	Increased	risk	of	endometrial	carcinoma	among	users	of	
conjugated	estrogens.	N	Engl	J	Med.	1975	Dec	4;293(23):1167-70.		
	
46.	McDonald	TW,	Annegers	JF,	O'Fallon	WM,	Dockerty	MB,	Malkasian	GD	Jr,	
Kurland	LT.	Exogenous	estrogen	and	endometrial	carcinoma:	case-control	and	
incidence	study.	Am	J	Obstet	Gynecol.	1977	Mar	15;127(6):572-80.	
	
47.	Prentice	RL,	Manson	JE,	Langer	RD,	Anderson	GL,	Pettinger	M,	Jackson	RD,	
Johnson	KC,	Kuller	LH,	Lane	DS,	Wactawski-Wende	J,	Brzyski	R,	Allison	M,	Ockene	J,	
Sarto	G,	Rossouw	JE.	Benefits	and	risks	of	postmenopausal	hormone	therapy	when	it	
is	initiated	soon	after	menopause.	Am	J	Epidemiol.	2009	Jul	1;170(1):12-23.	Epub	
2009	May	25	
	
48.	Weiderpass	E,	Baron	JA,	Adami	HO,	Magnusson	C,	Lindgren	A,	Bergström	R,	
Correia	N,	Persson	I.	Low-potency	oestrogen	and	risk	of	endometrial	cancer:	a	case-
control	study.	Lancet.	1999	May	29;353(9167):1824-8.		
	
49.	Speroff	L.	The	breast	as	an	endocrine	target	organ.	Contemp	Obstet	Gynec.	
1977;9:69–72.	
	



	 9	

50.	Campagnoli	C,	Abba	C,	Ambroggio	S,	Peris	C.	Pregnancy,	progesterone	and	
progestins	in	relation	to	breast	cancer	risk.	J	Steroid	Biochem	Mol	Biol.	
2005;97(5):441–450.	
	
51.	Innes	KE,	Byers	TE.	First	pregnancy	characteristics	and	subsequent	breast	cancer	
risk	among	young	women.	Int	J	Cancer.	2004;112(2):306–311.	
52.	Troisi	R,	Weiss	HA,	Hoover	RN,	et	al.	Pregnancy	characteristics	and	maternal	risk	
of	breast	cancer.	Epidemiology.	1998;9(6):641–647.	
	
53.	Vatten	LJ,	Romundstad	PR,	Trichopoulos	D,	Skjærven	R.	Pre-eclampsia	in	
pregnancy	and	subsequent	risk	for	breast	cancer.	Br	J	Cancer.	2002;87(9):971–973.	
	
54.	Rosner	B,	Colditz,	GA,	Willett	WC.	Reproductive	risk	factors	in	a	prospective	
study	of	breast	cancer:	the	Nurses’	Health	Study.	Am	J	Epidemiol.	1994;139(8):819–
835.	
	
55.	Russo	J,	Tay	LK,	Russo	IH.	Differentiation	of	the	mammary	gland	and	
susceptibility	to	carcinogenesis.	Breast	Cancer	Res	Treat.	1982;2(1):5–73.	
	
56.	Pasqualini	JR.	The	fetus,	pregnancy,	and	breast	cancer.	In:	Pasqualini	JR,	ed.	
Breast	Cancer:	Prognosis,	Treatment,	and	Prevention.	New	York,	NY:	Marcel	Dekker	
Inc;	2002:19–71.	
	
57.	Vatten	LJ,	Romundstad	PR,	Trichopoulos	D,	Skjærven	R.	Pregnancy	related	
protection	against	breast	cancer	depends	on	length	of	gestation.	Br	J	Cancer.	
2002;87(3):289–290.	
	
58.	Ekbom	A,	Hsieh	CC,	Lipworth	L,	Adami	HQ,	Trichopoulos	D.	Intrauterine	
environment	and	breast	cancer	risk	in	women:	a	populationbased	study.	J	Natl	
Cancer	Inst.	1997;89(1):71–76.		
	
59.	MacMahon	B,	Cole	P,	Brown	JB,	et	al.	Oestrogen	profiles	of	Asian	and	North	
American	women.	Lancet.	1971;2(7730):900–902.	
	
60.	Gross	J,	Modan	B,	Bertini	B,	et	al.	Relationship	between	steroid	excretion	
patterns	and	breast	cancer	incidence	in	Israeli	women	of	various	origins.	J	Natl	
Cancer	Inst.	1997;59(1):7–11.	
	
61.	Cole	P,	MacMahon	B.	Oestrogen	fractions	during	early	reproductive	life	in	the	
aetiology	of	breast	cancer.	Lancet.	1969;1(7595):604–606.	
	
62.	Dickinson	LE,	MacMahon	B,	Cole	P,	Brown	JB.	Estrogen	profiles	of	Oriental	and	
Caucasian	women	in	Hawaii.	N	Engl	J	Med.	1974;291(23):1211–1213.	
	
63.	Ursin	G,	Wilson	M,	Henderson	BE,	et	al.	Do	urinary	estrogen	metabolites	reflect	
the	differences	in	breast	cancer	risk	between	Singapore	Chinese	and	United	States	
African-American	and	white	women?	



	 10	

Cancer	Res.	2001;61(8):3326–3329.		
	
64.	Lemon	HM.	Genetic	predisposition	to	carcinoma	of	the	breast:	multiple	human	
genotypes	for	estrogen	16	alpha	hydroxylase	activity	in	Caucasians.	J	Surg	Oncol.	
1972;4(3):255–273.	
	
65.	Lemon	HM,	Wotiz	HH,	Parsons	L,	Mozden	PJ.	Reduced	estriol	excretion	in	
patients	with	breast	cancer	prior	to	endocrine	therapy.	JAMA.	1966;196(13):1128–
136.		
	
	


