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Oral 
Contraception 

CONTRACEPTION is commonly viewed as a modern event, a 
recent developmem in hwnan history. On me conrrary, cffons to 

limir reproduction predate our ability co write about ir. Ir is only 
hormonal conuaccption wim synthetic sex steroids that is recent. 

History1
•
3 

lr wasn't uncil the early 1900s chat inhibition of ovulacion was observed co 
be linked to pregnancy and the corpus lutewn. Ludwig Haherlandt, 
professor of physiology ac the University of Innsbruck, Austria, was me 
first co demonstrate rhat ovarian exrracrs given orally could prevent fenil­
icy (in mice) . In the 1920s, Habeda.o.dc an4 a Vi~ese gynecologist, 
Otfried Ouo Fellner, were adm.i.o.ist:ering steroid exuaccs to a variery of 
an.i.rnal.s and reporting the inhibition offerriiicy. By 1931, H.aberlandt was 
proposing the administration of hormones for birth conuol. An extract 
was produced, named Infecuodin, ready co be used, bur Haberl.andr's early 
dearh in 1932, at: age 47, broughc an end to this effort. Fdlner disappeared 
after r:he annexation of Ausuia to Hider's Germany. 

The concepr was arutundated by Haherlandr, bur steroid chemistry wasn't 
ready. The enraccion and isolation of a few milligrams of the sex steroids 
required scarring points measured in gallons of urine or thousands of 
poll.Jlds of orgaos. Edward Daisy processed 80,000 sow ovaries co produce 
12 rng of esrradiol. 

21 
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Russell Marker 
The supply problem was solved by an eccenuic chemise, Russell E. Marker, 
who mmpleted his thesis, but not his murse work, for his Ph.D. Marker, 

born in 1902 near Hagerstown, Maryland, rece.ived his Bachelor's degree 
in orga.Wc chemistry and his Master's degree in mUoidal chemistry from 
the Universicy of Maryland. After leaving the University of .Maryland, 
Marker worked with rhe Ethyl Gasoline Corporation, md in 1926, devel­
oped the proet.:5S of ocrane raring, based on the dismvery that knocking in 

gasoline was due ro hydrocarbons with an uneven number of carbons. 

From 1927 ro 1935, Marker worked at the Rockefeller Inscirute, publish­

ing a meal of 32 papers on configu.racion and optical rotation as a method 
of idemifying mmpounds. He became interested in solving the problem of 
producing abundam and cheap amounts of progesterone, but he was told 
co cominue with his work in optical technology. In 1935, he moved ro 
Pennsylvania Stare University at a reduced salary, buc with the freedom to 
pursue any field of research. At thac rime, it required the ovaries from 2500 

pregnant pigs co produce 1 mg of progesterone. In 1939, Marker devised 
the method (called the Marker degradacion) to convert a sapogenin mole­
cule into a progesrin. Marker became convinced that the solution co the 
problem of obt::ain.ing large quantities of sceroid hormones was ro fiad 
planes (in the family that includes the lily, the agave, and the yam) that 
contained sufficient amounts of diosgenin, a plant steroid (a sapogenin) 
that muld be used as a srarcing poim for steroid hormone produaion.TIUs 
conviction was srrengchened with his discovery t.h.ar a species of Trillium, 
kncrwn locally as Belh's rooc, was mllecred in North Carolina and used in 
rhe preparation of Lydia Pinkham's Compound, popular at the time ro 
relieve menstrll:ll troubles. The plane ingredient in Beth's root was dios­
genin, and it is unUkdy char it ex:erced any therapeucic effect. The rhizome 
in Belli's roor was roo small ro provide sufficient amounts for commercial 

use, and Marker's search foe an appropriate plant then took him to 
California, Arizona, and Texas. 

On a visit ro Texas A & M University, Marker found a piecure of a large 
dioscorca (Diosco"a mexitana) in a book thar he just happened co pick up 
and browse through while spending the night at the home of a retired 
boranisc. After returning ro Pe.nnsylvania, he decided co go co Veracruz, 
Mexico (it took 3 days by ua.in), to search for !.his dioscorea. He made 
several arrempr.s in 194l and early 1942, bm was frustrated first by the lack 
of a plant-collecting permit from the Mcxician government and chen by 
his failu(e to find the plane. He remembered rhat the book with the picrure 
reponed thar this dioscorea was known locally as "cabei'...a de negro," black 
rubets that grew near Orizaba a.ml Cordoba. Marker rook a bus to 
Cordoba, md near Orizaba, an Indian who owned a small srore brought 

' ·• 
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( 

:'·i 
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him two plants. Each tuber was 9-12 inches high and consisted of whice 
material Lke a rurnip, U.5ed by local Mexicans as a poison tO catch fish. 

Marker managed ro gee ooe bag of rubers back to Pennsylvania Stare 

University and isolared diosgenin. Unable to obtain support fi-om the. II 
pharmaceurical indusuy, Marker used his life savings, and in 1942, he 
rerurned ro Veracruz, collected the roors of che Mexican yam, aod prepared 
a syrup fi-om the roars. Back in Penosylvania wirh his 5-gallon cans of 
syrup, Marker worked ouc che degradation of diosgenin co progesterone.. 
One 5-gallon can yielded 3 kg of progesterone. United Srates pharmaceu-
cical companies scill refused to back Marker, and even the University 
refused, dc.spire Marker's urging, to patent the process. 

In 1943, Marker resigned from Pen.nsylvania State Universicy and went to 

Mexico where )te collected the roots of Dwscorea m~xicana, 10 tons worth! 
Looking through the yellow pages in a Merica City telephone directory, 
Marker found a company called Laboracorios Hormona, owned by a 
lawyer, Emeric Somlo, and a physician, Frederick Lehman. Marker 
arranged. a meecing. and rhe three agreed to form a Mexican company ro 
produce hormones. in an old pouery shed in Merica Cicy (the laboratories 
of Laboratories Hormona), in two mo!1r:h.s, he prepared several pounds of 
progesterone (wonh $300,000) with the hdp of four yollllg women who 
ha.d .licrle eduan:ion and spoke no Engl.i.sh (Marker did nor speak Spanish). 
The cwo partners and Marker formed a company in 1944 that they called 
Syncex (from rynthesis and Mmco). In 1944, Marker produced over 30 kg 
of progesterone. The price of progesrerone fell from $200 to $50 a gram. 

During this rime, Marker received expenses, bur he was not given his share 
of che profits or che 40% share of swck due w him. Failing to reach a 
seulement, Marker left Symex after only one year and started a new 
company in Texcoco, called Bocanica-Mex. He changed ro Dioscorea 
barbasco, which gave a grearer yield of diosgenin, and t:he price of proges­
terone dropped to $10 a gram, and larer co $5. This company was allegedly 
harassed (legally and ph~ically) by Syncex, and in 1946, sold, evenrually 
reaching ownership by Organon of Holland, which still uses ir. 

In 1949, Marker recired m Pennsylvania m devote che resc of his life to 

making replicas of antique works in silver, a successful business rhat 
allowed him, in the 1980s, co endow scienri.Bc lecrureships at both 
Pennsylvania Swe Un.iverury and che Un.iversicy of Maryland. However, 
he took his know-how wich him. Fortunately for Symex, he had published 
a scientific description of his process, aod there sriU was no patent on his 
discoveries. Synr.e:x recruited George Roseo.k.ranz, a Hungarian immigranr 
living in Cuba, ro reinstitute chc commercial manufaccure of progesterone 
(and testosterone) &om Moo can yams, a wk that took him (wich che help 
of the women lcfi: behind by Marker) 2 years. 
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In 1970, the Mexican govenunent recognized Marker and awarded him 
the Order of me Aztec Eagle; he declined. Iu 1984, Pennsylvania Scue 
Universiry established che annual Marker Lecrurcs in Science, and in 1987, 
che Russell and Mildred Marker Professorship of Narural Product 
Chemisuy.ln 1987, Marker was granted an honorary Doctorate in Science 
from me University of M;pyland, the degree be failed to receive in 1926. 
At the age of 92, Russell Earl Marker died in Wernersville, Pennsylvania, 
in 1995, from complications after a broken hip. 

Carl Djerassi• 

The Djerassi family lived in Bulg:uia for hundreds of years afrer escaping 
Spain during the Inquisition. Carl Djerassi, the son of a Bulgarian physi­
cian, was born in Vienna (as was his physician roomer) . Dje.rassi, at the age 
of 16, and his mother emigrated to the United Scates in 1939. A Jewish 
refugee aid organization placed Djerassi with a family in Newark, New 
Jersey. Wich a scholarship ro Tarkio College in Tarkio, Missouri, he was 

exposed to middle America, where he earned his way giving talks to church 
groups about Bulgaria and Europe. His education was further supported 
by another scholarship &om Kenyon College in Ohio, where he pursued 
chemistry. After a year working for CIBA, Djerassi received his graduare 
degree from the Uuiversiry of WISconsin. Returning co CIBA and being 
somewhat unhappy, he responded to an inviration m visit Syntex. 
Rosenkranz proposed that Djerassi head a research group to concem.race 
on me synchcsis of cortisone. 

In 1949, it was discovered char cortisone relieved arrhricis, and the race was 
on to devdop an easy and cheap method to synthesize cortisone. Carl 
Djerassi, at age 26, joined Symex ro 'WOrk on this synthesis using the 
Mexican yam plant sreroid diosgenin as the starting poinr. This was 
quickly achieved (in 195l), bur soon after, an even better method of corci­
sone producrion using microbiologic fermenracioJl was discovered at 
Upjohn. This latter method used progcstemne as the starring point, and, 
therefore, Syncex fOund itself as the key supplier to oilier companies for 
rhis important process, at rhe rate of 10 tons of progesterone per year and 
a price of 48 cents per gram. 

Djerassi and other Synrex chemist<> then rurot::d cheir attention to che sex 
steroids. They discovered rhat the removal of the 19--carbon from yam, 
derived progescerone .increased the progestational acrivicy of che molecule. 
Ethisterone had been available for a dozen years, and me Synrex chemists 
reasoned tha[ removal of the 19-carbon would increase the proges~:arional 
potency of this oraUy active compound. In 1951, norethindrone was 

synthesized; the patcm for this drug .is the first patent for a drug listed in 
the National In.vemor's Hall of Fame in Akron, Ohio. A closcly related 
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compound, norethyoodrd, was actually the first orally active progesta­
tional age.~u to receive a pare.or, assigned to Frank Cohon, a chemist ar 

G.D. Searle & Company. 

Djerassi evencua.lly left: Symcx to become a professor ar Sranford 
University. He is now a puywrighr and novdisr, living in San Francisco. 

Gregory Pincus 

Gregory Goodwin (Goody) Pincus was born in 1903 in New Jersey, the 

son of Russian Jewish immigrants who lived on a farm colony founded by 
a Ge(')JUJl-Jewish philanthropic organization. Pincus was me oldest of 6 
children and grew up in a home of imellecrual curiosity and energy, but 
even his fami1y regarded him as a genius. 

Pincus graduared from Cornell and went to Harvard to study generics, 

joining Hudson Hoagland and B.F. Skinner as graduate students ofW). 
Crozier io physiology, receivi.ug degrees in 1927. Crozier's hero was 
Jacques Loeb who discovered artificial parthenogenesis work.ing with sea 

urchin eggs. Most impormncly, Loeb was a srrong believer io applying 
science ro improve human life. Thus, Crozier, i.n.flueoced by Loeb, caughc 
Pincus, Hoagland, and Skinner (respecrivdy, in reproductive biology, 

neurophysiology, and psychology) to apply science ro human problems. 
This was w be the cornerstone of Pincus's own philosophy. 

Hoagland, after a short stay ac Harvard, spcnc a year in Cambridge, 
England, and men moved ro Clark University in Worcester, Massachuserrs, 

to be che chair of biology ar the age of 31. Pincus weor co England and 
Germany, aod recurned co Harvard as an assisrnm professor of physiology. 

Pincus perfoWlcd pioneering studies of meiotic maturation in rruu:nmalian 
oocytcs, in both rabbir and human oocytcs. In 1934, Pincus reported the 
achievement of in viuo fertilization of nbbic eggs, earning him a hea.dl.ioc 
in me New York Times that alluded co Haldane and Huxley. An an:icle in 
Colliers depicred him as an evil scientisr. By 1936, H.uvard had cired 
Pincus's work as one of the university's outstanding scienrific ac.b..ievemeors 

of all rime, bur Harvard denied him tenure in 1937. 

At Clark Univcrsicy; Hudson Ho~bnd was in consl:allt confljcr wirh the 
presidcnr of the university, Wallace W. Arwood, the senior author of a 

widely used re.xtbook on geography. In 1931, che Depanrnent of Biology 
consisted of one fuculry member and his graduate srudenr, and rheir chair, 
Hudson Hoagland. Hoagland, upset and angry over Harvard's refusal w 
grant renure to his friend (suspecting chat this was because of anti­
Semitism), .invited Pincus to joiu bim. 

• 
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Hoagland secured funds for Pincus from philanthropists i.n New York Ciry, 
enough for a laborarory aod an assiscanc. This success Unpressed che two 

men, especially Hoagland, planring che idea th.ar ir would be possible to 

supporr research wich privare money. 

Min-Chueh Chang received b.is Ph.D. degree from Harvard on an infa­
mous day, December 7, 1941, and thus he was forced ro remain in this 

counrry. He was drawn ro Pincus because of Pincus's book, The Egg.r of 
Mammals, published in 1936, a book rJur had a major impact on biolo­
gistS ar char cime. The successful recruirmenr ofM-C Chang by Hoagland 
and Pi.ncus was ro pay great dividends. 

Soon Hoagland h:~.d put together a group of outsranding sc.ienrists, bur 
because of his on-going antagonism wic:h President Atwood, che group was 

denied faculry srarus. Working in a convened barn, chey were tot:ally 

suppocred by private funds. By 1943, 12 of Clark's 60 faculry were in rhe 
Deparunent of Biology. 

Frusrcated by me politics of academia, Hoagland and Pincus (who both 

eo joyed srepping omside of convencion) had a vision of a privare research 
cen.rer devored ro their philosophy of applied science, Indeed, the estab­
lishmem of rhe Worcesrer Foundacion for ExperLmental Biology, in 1944, 

cao be auribuced directly to Hoagland and Pincus, rhcir friendship for 
each ocher, their confidence, enthusiasm, ambirioo, and drive. Ir was their 
spirit thar rurned many members of Worcester society inro financial 
supporters of biologic science. Hoagland and Pincus accomplished whar 
rhey set our to do. They created and sustained a vibrant, productive scien­

cific instirucion in which ic was a pleasure ro work. 

Although named rhe Worcesrcr Foundation for Experimental Biology, the 

Foundation was located in rbe summer of 1945 across Lake 
Quiosigamond in a house on an estate in Shrewsbury. The Board of 
Trustees was chaired by Harlow Shapley, a distinguished astronomer, vice­
chaired by Rabbi Levi Olan, and included 3 Nobellaureares and a group 
of Worcester businessmen. 

From 194 S co the dea(h of Pincus in 1967 , rhe sraff grew from 12 to 3 SO 
(scie.ncisrs and support people), 36 of whom were independently funded 
and 45 were postdoctoral feUow:s. The annual budger grew from $1 00,000 
to $4.5 million, One hundred acres of adjoining land were acquired, and 

the campus grew to ll buildings. In its fmr 25 years, approximately 3000 
scientific papers were published. 
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r Oral Contraception 

But in chose early years, Pincus was me animal keeper, Mrs. Hoagland rhe 
bookkeeper, M-C Chang was me nighr watchman, and Hoagland mowed 
me lawn. During the years of World War II, Pincus and Hoagland 
combined their interests in hormones and neurophysiology ro focus on 
suess and fatigue in industry and me military. 

The initial discoveries mar led [0 an oral contraceptive can be attributed [0 

M-C Chang (also the fuse ro describe che capacitation process of sperm). 
In 1951, he confirmed me work of Makepeace (in 1937) demousrracing 

t:hat progesterone could inhlbic ovulation iu rabbits. When norethindrone 
and norethynodrel became available, Ch.ang foUDd them co be virtually 
100% effective in inhibiting ovularion when adminiS'Cered orally to rabbits. 

Karherine Dexter McCormick was a very rich woman; in 1904, she 
married Sranley McCormick, the son of Cyrus McCormick, rhe founder 
of International Harvester. She was also intelligent, the second woman to 
graduate from the Massachusetts Institute of Technology, socially 
conscious, and a generous con[[ibutor to family planning efforts. 

McCormick's husband suffered from schizophrenia, so she established rhe 
Neuroendocrine Research Foundation at Harvard co srudy rhe disease. 

This brought her cogecher with Hoagland who told her of che work being 
done by Cnang and Pincus. 

Pincus amibured h.is imeresr in contraception to his growing appreciation 
for me world's popularion problem, and to a 1951 visir wim Margaret 
Sanger, at chat time president of rhe Planned Parenrhood Fedcrarion of 
America. At rh.at visir, Sanger expressed hope rhar a merhod of contra­
ception could be derived from the laboratory work be.ing done by Pincus 

and Chang. 

In 1952, Margaret Sanger brought Pincus and Katherine McCormick 
together. During chis meeting, Pincus foiTJiulared his thoughts derived 
from his mammalian research. He envisioned a progestational agem in pill 

form as a comraa:pcive, accing like progesterone in pcegnancy. Sanger and 
McCormick provided a research grant for further animal research. By the 
rime of her dearh, McCormick had contribuced more than $2 million to 
the Worcester Foundation, and left another $1 million in her wW. In bis 
book, 17u ControL of Fertility, published in l965, Pincus v;mce: "This book 
is dedicated to Mrs. Srauley McCormick because of her steadfasr faith in 
sciencific inquiry and her unswerving encouragement of human dignity."~ 

Ic was Pincus who made rhe decision co involve a physician because he 

knew human experiments would be necessary. John Rock, chief of gyne­
cology and obS'Cetrics at Harvard, met Pincus at a scientific conference and 
discovered their mmual inreresr in reproductive physiology. Rock and hi> 

Ll 
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colleagues pursued Pincus's work. Using oocytes &om oophorectomi~, they 
reponed in vio-o fenilizacion in 1944, probably the first dem~uscratron of 
ferTilization of human oocyres in viao. Rock was imeresred m t:he work 
with progesracional agents, not for contracepcion however, but because he 
hoped the female sex steroids could be used to overcome infertility. 

Sanger and McCorn:Uck needed some convincing that Rock's Carholicis~ 
would nor be a b.andicap, but they were eventually won over because of his 
stature. Rock was a physician who l.irerally transformed his personal values 

in response co his recognition of the problems secondary ro un:o.ncro~ed 
reproduction. Wirh the help of Lu.igi Mastroianni, rhe first admtntscraaon 
of synthetic progesci.ns to women was to Rock's paciencs in I 954. Of the 

first 50 patients ro receive 10-40 mg of symhecic progcsrin (a dose extrap­
olated from the animal data) for 20 days each monch, all failed to ovulate 
during treaunem (causing Pina.IS ro begin referring ro che medication as 

"rhe pill"), and 7 of rhe 50 became pregnane after disconcimilng che 
medication (pleasing Rock who ali along was motivated to treac infeni1ity). 

Pincus and-Ch2ng decided ro announce their findings at the lncemariona1 
Planned Parcmhood meecing in Tokyo, in the fall of 1955. Rock refused 

co join in this effon, believing thar Pincus :md Chang were moving too 

fasr. Despite this disagreement (which apparencly was spirir~ and s~?ng), 
ir was done, and the Tokyo presearation gencrared worldwtde pubhary. 

In 1.956, with Celso-Raroon Garcia and Edris Rice-Wray, working in 

Puerro Rico, the fu:st hwnan erial was performed. The iniciaJ progestin 
products were conraminated wirh abouc l% mesrranol. In che amou.ocs 
being used, this added up to 50-500 flg of mestranol, a sufficient amount 
of estrogen to inhibit ovulation by itself. 'When efforts ro provide a more 

pure progestin lowered the estrogen conceor and yielded brcakrh.rough. 
bleeding, it was decided to retain the estrogen for cycle control, rhus estab­
lishing the principle of the combined esaogen-progestin oral 
contraceptive. Early din.ica1 trials were conducted by J.W Goldzieh.er in 

San Antonio and E.T. Tyler in Los Angeles. 

Pincus, a longtime consu1r.anc co Searle, picked rhe Searle compound for 
extended usc, :t.11d wich great effort, convinced Searle char che commercial 

potential of an oral coorraceprive warranted the risk of possihk negative 
puhlic reaccion. Pincus also com.;nced Rock. and mgcrher rhey pushed 
che U.S. food and Drug Administration for accept:mce of oral conc.ra­

ceprion. In 1957, Enovid was approved for the treatCJ_Jent of ~iscar~iages 
and menstrual disorders, and in 1960, for contraception. Ne1cher Pmcus 
nor rhc Worcester Foundation got 6ch on the piU; alas, there was no 
royalty agr~e.nt. 
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. Oral Contraception 

The Pill did bring Pincus fame and crave!. There is no doubt that he was 
vccy much aware of the accomplishmenc and irs implications. A:; he uav­

ded and lecru.ced in 1957, he said: "How a few precious facts obscu{ely 

come to in che laborarory may resonate into rhe lives of men everywhere, II 
bring order co disorder, hope ro rhe hopeless, life to the dying. Thac this is 
che m.agjc and mystery of our rime is sometimes grasped and often missed, ~ 
but to expound it is inevitable." 1 

Pincus was the perfect person to bring oral contraception into me public 
world, at a time when contraception was a private, suppressed subjecr. 

Difficuh projects require people like Pincus. A scienti6c eouepreneur, he 

could plow through dism.ctions. He could be hard and aggressive with his 
staff. He could remain focused. He hated m lose, even in meaningless 
games with his children. Yel· he combined a gracious, cb.arming manner 

with hi.s compecirive hardness. He was filled with me kind of self-confi­
dence chat permits an individual co forge ahead, co translate vision imo 

reality. Pincus died in 1967 '(a.s did Katherine McCormick at the age of 

92), of aplastic anemia that some have argued was caused by his long-term 
exposure to solventS and chemicals. Rock died in 1984, at the age of 94, 
and Chang, in 1991, was buried ar the age. of 82, in Shrewsbury, near his 
laborarory and close to the grave of Pincu..~. 

Pincus wrote his book, The Control of Fertility, in 1964--65, only because 

"a break came in the apparem dam to publication on reproductive physi­

ology and pa.nicularly its subdivisions concerned with reproductive 
behavior, concepcion, and concraccption. "1 

"We have conf-erred and leaured io many countries of the 

world, seen at first hand the research needs and possibilities 

in almosr every European, kiaric, Cenual, and South 
American counr:ry. We have fa.ced the hard fact o f overpopu­

larion in councry after country, learned of rhe bleak 

demographic furure, assessed me prospects for the practice of 
efficient fenilicy controL This has been a saddening and a 
heartening e:xperience; saddening because of the sight of 

continuing poverty and misery; heartening because of the 
dedicated colleagues and workers seeking to overcome the 
handicap of excess fenility and to promote healthy reproduc­

tive funccion. Among these we have made many friends, 
found devoted students.'' ) 

Synre:x, a wholesale drug supplier, was without marketing expe.rience or 

organization. By che time Synce.x had secured arrangements wich Onho for 
a sales oucler, Searle marketed En ovid in 1960 ( 150 pg mestranol and 9.85 

mg norethynodrel). Ortho-Novum, using norecl1indrooe from Syntex, 
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appeared in 1962. Wyct:h Laboratones introduced norgesrrel in 1968, the 
same year in which che fust reliable prospective srudies were ini.riated.. It was 
not uriril the late 1970s rhat a dose-response rclacionsh.ip berween problen1s 
and the amown of steroids in t:he pill was appreciated. As a result,. healrh 
care providers and pacienrs, ovei the years, have been confromed by a 
bewildering array of diffcrent producrs and formulations. The solution to 

this clinical dilemma is relatively suaighd"orward; the theme of this chap rei, 
use the lowest doses that provide effective contraception with acceptable 
side effects. 

Pharmacology of Steroid Contraception 

HO 

The Estrogen Component of Combination Oral Contraceptives 

Estradiol is me most potent natural estrogen and is t:he major estrogen 
secreted by the ovaries. The major obsracle to tbe use of sex steroids for 
conuacept.ion was inactivity of the compounds when given orally. A major 
breakthrough occurred in 1938 when it wa~ discovered chat the addition 
of an ethinyi group ac che 17 posicion made estradiol orally acrive. Ethinyl 
esrradiol is a very potent oral estrogen and is ooc of the cwo forms of estro­
gen in every oral concraceptive. The otbe.r e.mogen is the 3-methyl ether of 
erhiny1 esrradiol, me.srranoL 

OH OH 

···C=CH ···C=CH 

CH~ 
0 

Ethi nyl estradiol Mestranol 

Mestranol and ethinyl estradiol are different from natural estradiol and 
muse be .regarded as pharmacologic d.rugs. Animal studies have suggested 
that mestranol is weaker than erhinyl estradiol, because mestranol must 
first be converted to erhinyl estradiol in me body. In.dccd, mestranol will 
not bind ro the cellular esrrogen receptor. Therefore, unconjug-atcd erhihyl 
escrad.iol is che active esuogen in the blood for both mestranol and eth.inyl 
estradiol. ln the human body, differences in potency bet\'lcen ct:hinyl esua­
diol :tnd mestranol do not appear to be sign.i.fi.onr, certainly DOt as great as 
indicated by assays in rodentS. This is now a minor poinr because all of r.he 
low-dose oral cont.racepcives com:a.in erh.inyl estradioL 
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Oral Contraception 

The metabolism of erhioyl estradiol (particularly as reflected in blood 

levels) varies signilic.ancly from individual to individual, and &om one 
population to another.& There is even a range of variability ar d.iffere.nt 
sampling times wicllln rhe same individual. Therefore, it is not surprising 
that the same dose can cause side effects in one individual and none in 
another. 

The estrogen coo rem (dosage) of the pill is of major clinical import~ce. 
Thrombosis is one of the most serious side effectS of lhe pill, playing a key 
role .in che increased risk of death (in the past wich high doses) from a vari­
ety of circulatory problems. This side: effect: is related co estrogen, and it is 
dose-relaced. Therefore, the dose of estrogen .is a critical issue .in selecting 

an oral contraceptive. 

The Progestin Component of Combination Oral Contraceptives 

The discovery of echin.yl substitution and ora.l potency led (ac the end of · 
the 1930s) co the preparation of ethisterone, an orally active derivative of 
testosterone. In 1951, it was demonstrated chat removal of rhe 19-carbon 
from ethisterone ro form norethindrone did not destroy the oral acciviry, 
and most importandy, it changed me major hormonal effect from chac of 
an androgen co that of a progestational agenL Accordingly, the progesta­
tional derivatives of resrosterone were designated as 19-nortestosreroncs 
(denocing rhe missing 19-carbon). The androgenic properties of these 
compounds, however, were ooc corally eliminated, and minimal anabolic 
and androgenic potential remains within the strucrure. 

II 
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OH OH 

Testosterone Ethisterone 

OH OH 

u·C=CH 

0 

Ethisterone Norethindrone 

The "impurity" of 19-norresmsterone, i.e., androgenic as well as progesta­
tional effects, was further complicaced in the past: by a belief that they were 
mtrabol.ized within che body co esrrogeo.ic compounds. This quescion was 

resru.d.i.ed, and it was argued. that the previous evidence for merahol.ism w 
estrogenic compounds was due co an artifacr in the lahorarocy analysis. 

More recent srud.i.es indicate mat noreth.in<hone can be converted to 

echinyl esuadiol; however, the rate of this conversion is so low that 
insignificant amounts of ethiny\ esuad.i.ol can be found in the circulation 
or urine following the adm.io.i.srracion of me commonly used doses of 
norethindronc.7 Any escroge.oic activicy, mnefore, would have to be due to 

a direct effect. In animal and human scudics, however, oniy noreth.in<hone, 
norcchynodrel, and erhynodiol diacetare have estrogen activity, and it is 
very slight due to weak binding co the csrrogen receptor.' Clinically, andro­
genic and estrogenic acrivicies of rbe progestin component are, therefore, 
.insignificant due to the low dosage in the curre.n r oral contrnceptives. As 
with the estrogen componenc, seriou.~ side e.ffect.s have been related to the 
high doses of progestins used in old formulacioas, noc rhe particular 
progestin, and rourine usc of oral concracepcives is now limited to the low­
dose products. 

. ·' 
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Oral Contraception 

The norethindrone family contains the following 19-norte.srosterone 
progestins: norethindrone, norethynodrel, norethindrone acetate, ethyno­
diol diacetatc, lyncso:enol, norgescrd, norgestimate, desogescrel, and 
gesrodene. Dicnoge.st is a 19-norresmsterone, but ic does not have a 17a­

er.h.inyl group. 

Most of the progescins closely related to norcclllndrouc are converted to 

the parent compoWld. Thus the accivicy of noreiliynodrcl, norethindrone 
acetate, ethynodiol diacetace, and lynescrenol is due to rapid conversion ro 
norethindrone. 

Norgestre.l is a racemic equal m.ixture of the dextrorotatory enanciomer and 
the levorotatory enanciomer. These enanciomers are mirror images of each 
other and rorace rhe plane of pol.ari.J.ed light in opposite directions. The 
dextrorotarory form is known as d-norgeso:d, and the levorotamry form is 
1-norgesrre.l (koown as levonorge.srre.l). Lcvonorgestrel is me active isome.t: 

of norgesacl. 
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Oral Contraception 

Desogestrd undergoes rwo mecabolic steps before the progestarional activ­
ity is expressed in irs acrive me~:abolite, 3-keto-desogesucl (etonorgesucl) . 
This metabolite differs from levonorgesnel only by a mer:hylene group in 

r:he 11 posicion. Gestodene differs from (evonorgerod by the presence of a • 
double bond betWeen carbons 15 and 16; thus, it. is 1.'1 gescodene. It is 
metabolized into many derivacives with progcstarional activity, buc not 
levonorgesue.l. Several metabolites conuibute to me accivity of norgesti-
m.a.te, including 17 -deacetylared norgestimare, 3-keto norgesrimate, and 
levonorgesr.re.! . Although n.orgcsrimare is a "new" progestin, epidemiolo-
gists have included it in me oral contraceptive second generation family 
because its act:iv)ry is believed to be largely due to levonorgesuel and 
levonorgescrel metabolites, although rhis may not be totally accurate.' ·'0 

Defi.oicions used in Epidemiologic Studies: 

Low-Dose Oral Contraceptives 
- Products coucaining less rhan 50 pg 

erhinyl esuad.iol 
FJISc Generation Oral Contraceptives 

- Products containing 50 J-Ig or mo~:e of 
ethinyl estradiol 

Second Generarion Oral Contraceptives 
- Products con raining levonorgesud, 

norgestima.te, and other members of the 
norech.indrone family and 30 or 35 pg 
erhinyl estradiol 

Third Generation Oral Conrraceptives 
Products conraining desoge.strel or gestodene 
with 20 or 30 pg erhinyl estradiol 

A second group of progestins became available for use when it was 
discovered that acety1atio1l of the 17 -hydroxy group of 17 -hydroxypro­
geSterone produced an orally active but weak progestin_ An addition at 
the 6 position is necessary co give sufficient progestational strcngch for 
human use, probably by inhibiting metabolism. Derivatives of progester­
one wich subsciruenrs at tbe 17 and 6 positions indude the widely used 
medroxyprogesterone acetate. 
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Oral Contraception 

CH, 

I 

HON 

Norgestimate 

Dienogest is a progestin that combines the properties of both the 19-
nortestoscerone f.unily and the derivatives of progesrerone. '1 It exerts 
anciandrogenic activity and is used in a 2 mg dose combined with ethinyl 
escradiol as an oral contraceptive. 

OH 

0 

Dienogest 

Potency. For cnany years, clinicians, scientists, medical writers, and even 
the pharmaceutical indusrry attempted co assign potency values to the vari­
ous progesrarional components of oral contraceptives. An accurate 

assessmenr, however, has bec.n difficult ro ach.icve for many reasons. 
Progescins act on numerous r:arget organs (e.g., the ute.ru.s, the mammary 
glands, and the liver), and potency varies depending upon the rarget: organ 
and end point being smclied. In the pasr, animal assays, such as the 
Clauberg cesr (endometrial change in the rabbit) and the rat venrral 
prosute assay, were used to determine progestin potency. Ah:hough these 
were considered accepc.able methods at the cime, a berrer understanding of 
steroid hormone action and metabolism, and a rccognicion that animal 
and human responses clifrer, have led to greater reliance on data collected 
from human studies. 

II 
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Historically, this has been a confusing issue because ~ublications and 
expens used potency ranking to provide clinical advice. There is absolutely 
no need for confusion. Oral contrac.eprive progestin pocency is no longer 
a consideration when ir comes w prescribing oral co~craceprion, because 
rhe potency of r:hc various progestius has be~n accowced for by appropri­
ate adjunmems of dose. In other words, !:he biologic dfecr (in cllls case the 
clinical effecc) of the various progestational components in curren~ low­
dose oral contraceptives is approximately the same. The potency of a drug 
does noc determine its efficacy or safety, only the amount of a drug 
required to achieve an effect. . 

·Clinical advice based on potency ranking is an artificial exercise chat has 
not scood che rest of ci.rne. There is no clinia.l evidence that a particular 
progestin is better or worse in rerms of particular side effects or clinical 
responses. Thus oral contraceptives should be judged by rheir clinjca.l ch;u­
aaeriscics: efficacy. side effects, risks, _and benefits. Ow- progress in 
lowering che doses of !:he steroids comained in oral conuat;eptives has 
yiddeq products with liccle serious d.i.fferenc.cs. Potency is no longer an 
impon:anc clinical issue. 

New Progestins. Pr~bably the greatesr inilucnce on clie effon that 
yielded the new progestins was tbe belief throughout rhe l98.0s that andro­
genic metabolic effects were i.mportant, especially in terms of 
cardiovascular disease. Cardiovascular side elttcts are now known m be due 
m a dose-related stimulation of thrombosis by esuogen. 1n the se;uch ro 
find compounds rhac minimize androgenic ef.fecrs, however, the pharma­
ceutical companies succeeded. 

The new progcstins include desogcsrrd, gesrode.ne, and norgescimate, and 
even newer progestins. are in devdopmenc..11 In regard co cycle control 
(brea.krhrough bleeding and amenorrhea), the new formulations are 
comparable with previous low-dose produces. All progescins derived from 
19-no.rcestosterouc have the potential m decrease glucose colerancc and 
increase insulin resiscance. The impact on carbohydrate merabolism of rhe 
pr~vious low-dose fo~:mulacioos was very minimal, and the impact of the 
new progescins is negligible. Most changes arc nor statistically significant, 
and when chey are, they arc so subtle as ro be of no clinical significance. 
The decreased. androge.niciry of d)c progescins in the new produces i.s 
refl.ecced in increased sex hormone-binding globulin and decreased free 
testosterone concentrations to a gre.acer degree chan the oide.r oral coucra­
ce_pcives . . Tilis difference rruty be of grearer clinical value in !:he creaonenr 
of acne and hirsutism, bur appropriate comparative clinical srudies to 

docwnenr a bctret response have nor been performed. 

.r·-
.,. -r 
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Oral Contraception 

The new progesriru, because of their reduced androgenic.icy, predictably do 
nor adversely affect me cholesterol-lipoprotein profile. Indeed, the esuo­
gen-progesrin balance of combined oral conc.ra.ceprives containing one of 
rhe oew progesrins may even promote favorable lipid changes. Thus, rhe 
new formulations have the porential ro offer protection aga.insr cardiovas­
cular disease, an imponanr conside.ration as we enter an era of women 
using oral conuacepcives for longer durarions and Iacer in life. Bur one 
must be cautious regarding the clinical significance of subcle changes, and 
ir will be difficult to accumulate data with rhese rare events. 

New Formulations 

The multiphasic preparation alters the dosage of both the esuogen and 
progesr::i.n componenr:s periodicaily througbouc che pill-taking schedule. 
The aim of chese formulacions is ro alter steroid levels in an c.fforr to 
achieve lesser metabolic effects and minimize rhe occrnrence of brea.k­
rluough bleeding and amenorrhea, while maintaining efficacy. We are 
probably at or very near rhe lowest dose levels r:har can be achieved wich­
our sacrificing efficacy. Metabolic studies with the multiphasic 
preparations indicate no d.i.fferenccs or slight improvcrnenrs over the meta­
bolic effects of low-dose monophasic products. 

Reduccion of che pill-free inwval is a suaregy aimed at che concern chat 
pill omission with low-dose oral contraceptives might more readily resu1r 
in "escape" ovulation. Ut:i.J.izing a 4-day pill-free inrerval (rather than the 
usual 7 days) is associated with greater ovarian suppression.13 Another 
approach adds estrogen for 5 of the usual 7 pill-free days. However, these 
approaches have failure rares and breakrh.rough ble.erung rares char a(e 
comparable to the srandard regimens, and no clear-cut adva.otage for these 
alterations can be established. 

An esuoplusic. approach {Escrosrep®) combines a continuous low dose of 
a progestin with a low, bur gradually increasing dose of estrogc.n.14 This 
approach minilll.izes estrogen exposure ar the beginning of the cycle, 
yielding a low rate of side effecrs such as nausea. The increasing esrrogen 
results in a marked incrase in sex hormone-binding globulin chat 
produces a very low androgenic scare by reducing che bioavailahi.licy of 
circulating free androgens. 

Mechanism of Action 

The combination pill, consisting of estrogen and progestin components, is 
given daily for 3 of every 4 weeks. The combin.acion pill prevents ovulation 
by inhibiting gonadotropi.n secretion via an effecr on both piruicary and 
hypothalamic cemers.'l·" The progcscacional agem in the pill primarily 
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suppresses luteinizing hormone (LH) secretion (and dlUs prevents ovula­
tion), while che estrogenic agent suppresses follide-srimularing hormone 
(FSH) secretion (and thus prevents the selecrion and emergence of a domi­
oam follicle). Therefore, the esrrogenic componcm significancly conuibmes 
to rhe conrraceptive efficacy. Howe~·er, even if follicular graMh and devel­
opment were not su.fficieady inhibited, che progescational component 
would prevem the surge-like release of LH necessary for ovulation. 

The estrogen in the pill serves two other purposes. It provides subilicy co 
the endometrium so chat irregular shedding and unwanted breakt.b.rough 
bleeding can be ,minimi:z.ed; and the presence of escrogen is required co 
potentiate che action of the progesw.iona..l agen!S. The latter function of 
esuogen has allowed reduction of the progestational dose in the pill. The 
mechanism for dus action is probably esrrogen's effect in increasing the 
concentration of intracellular progestational receptors. Therefore, a mini­
mal pharmacologic levd of e.mogen is necessary to maincain the efficacy of 
the combination pilL 

Because the effect of a progestational agent will always rake precedence 
over escrogen (unless the dose of esrrogeo is increased many, many-fold), 
the endometrium, cervical mucus, and perhaps rubal function reflect: 
progescaciona..l stimulation. The progestin i.n cbe combinacion pill produces 
an endometrium char is nor receptive w ovum implantation, a decidual­
i:z.ed bed with exhausted and acrophied glands. The cervical mucus 
becomes thick and impervious co sperm transport. It is possible char 
progestational influences on secretion and peristalsis widUn che fallopian 
rubes provide additional contraceptive effeccs. Even if there is some ovar­
ian follicular activity {especially with the lowest dose products), chese 
actions setve co ensure good contraceptive efficacy.,. 

Efficacy 

In view of the multiple acc.ion.s of oc:U contraceptives, ic is hard co under­
stand how the omission of a pill or rwo can resulc in a pregnancy. Indeed, 
careful review of failures suggests that pregnancies usually occur because 
initiation of the nexc cycle .is ddayed allowing escape from ovarian suppres­
sion. Strict adherence co 7 pill-free days is cririca..l in order w obrain 
reliable, effective comracepcion. For this reason, the 28-day pill package, 
iocorporuing 7 pills that do not conca.in steroid.~. is a very useful aid ro 
ensure adherence co the necessary schedule. The mosc prevalcm problems 
rhar can be identified as being associated with apparent oral contraceptive 
failures are vomiting and diarrhea. 19

•
20 Even if no pills have bem missed, 

patimts should be instructed to use a backup method for at least 7 days 
after an epi>ode of gtiStroenteritis. An alurna.tive is to place the pill in the 
vagina during the illness (discussed later). 

The cootraceprive effectiveness • 
multiphasic formulacions, and lo 
ocally comparable with older h 
higher dose monophasic combin 
morr.itored srudies with motivate• 
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year of use. A new escimate for ' 
year of use is now available, usint 
of Family Growth and correcrin{ 
tion.11 P(evious escimaces ove.resti 
failures that resulc in induced ah 
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Oral Contraception 

The conrracepri,,e effectiveness of me new progestin oral contraceptives, 
multiphasic formulations, and lowest estrogen dose producrs 3..1:e unequiv­
ocally comparable with older low-dose (less than 50 flg esuogeo) and 
higher dose monophasic combination birth concrol pills." While cuefully 
monitored srudies with motivated subjeccs achieve an annual failure rare of 
0.1%, rypica1 usage is associated with a 7.6% failure rate during rhe first 
year of use. A new estimate for conuaceptive failure rates during the fim 
year of use is now available, using the data from the 1995 Nacionai Survey 
of family Growth and correcting for the underreponing of induced 2bor­
cion?1 Previous esri.mares overestimated effecriveness because conrraceptive 
failures that resulc in induced aborcions are significancly underrcponed. 
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Failure Rates During the First Year of Use, United States 21
'
22 

Method 
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Post-ovulation 
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Metabolic Effects of Oral Contr; 

Cardiovascular Disease 
In October, 1995, the Unite 
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Metabolic Effects of Oral Contraception 

Cardiovascular Disease 

Oral Contraception 

In October, 1995, the Unired Kingdom Committee oo Safecy of 

Med.icincs sene a letccr to all U.K physicians and phannacisrs STaring mar II 
women raking oral conuaceprives containing desogesrrd or gestodene 
should be urged ro complete their current cycle and co continue a formu-
lation with these progesti.ns only if prepared ro accept an increased risk of 
venous thromboembolism. The Committee on Safety of Medici.Ilcs rook 
this action because of observ-ational scud.ies that indicated a two--fold 
increase in the risk of venous thromboembolism when desogesrrd- and 
gesrodene-coutainiog contraceptives were compared with products wirh 
other progestins (moscly levonorgesuel). Trus action and the srudies on 
which ic was based irrunediatdy became conuoversial. The controversy 
wem beyond the validiry of rhe epidemiologic data. The publicity 
surrounding these eventS reve-rberaced rhroughouc Europe, leading tn an 
immediare overall decrease in oral contraceptive use, an increase in 
u.nwanted pregnancies, and an increase in induced abortions."'.l' 

The controversy involving oew progestin oral contraceptives chat began in 
lare 1995, continued through 1996, and began co reach resolution in 
1997. The fundamenral quesrioo is whether oral contraceptives containing 
desogesrrel and gescodene have a differenc risk of thrombosis compaiod 
with oral contraceptives contai.ning older progescins. Thrombosis can be 
divided into two major categories, venous chromboembolism and anerial 
chcombosis. Venous thromboembolism includes bc!!:h deep vein thrombo­
sis and pulmonary embolism. An:erial chrombosis includes acure 
myocardial infarcrion and suoke. 

The Coagulation System. The goal of the dorcing mecb:mism is m 
produce thrombin, wruch conven:s fibrinogen to a fibrin doc. Thrombin is 
generated from prothrombin by faeroe Xa in the presence of facror V, 
calcium, and phospholipids. The vitamin K-dependent: factors include 
facrors VII, IX, and X, as well as proth.rombin. Antithrombin m is one of 
the body's narural anticoagulants, an irreversible inhibimr of thrombin 
and faccors IXa, Xa, and XIa. Protein C and protein S arc two ocher m ajor 

inhibitors of coagulation and are also vitamin K-dcpendenc. Prorein C , 
and ics helper, prorein S, inhibir clocci.ng at rbe lcvd of facrors V and VIII. 
Tissue plasminogen accivator (c-PA) is produced by endothelial cel1s and 

rdeased when a clor forms. Born t-PA and plasminogen bind to rhe fibrin 
doc. The r-PA conve.m r:he plasminogen to plasmin. which lyses the clot by 
degrading the fibrin. Deficiencies of anritluombin III. prorein C, and 
procein S are inherited in an aucosomal dominant parrecn, accounting for 
10--15% of familial c.hrombosis. The mosc common inhericed causes of 
venous du-omboembolis.rn are the factor V Leiden mutarion, followed 
distandy by a mucacion in che prothrombin gene.', 
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Coagulation and Fibrinolysis Factors: 

Coagulation FactOrs: 
Factors that favor dotting when increased 

Fibrinogen 
Factors Vll, Vlll, X 

Facto~ that favor clotting when decreased 
Antithrombin III 
PJ::otein C 
Protein S 

Fibrinolysis F.laors: 
Factors that favoJ:: dot:ting when increased 

Plasminogen 
Plasminogen activator inh.ibimr-1 (PAI-l) 

Factors that favor dotting when decreased 
Antiplasmin 

An inherited resisr:ance to activated prorein C bas been identified as the 

basis fur abouc 50% of cases of familial venous thrombosis, due in almost 
all cases to a gene alteration recognized as the factor V Lciden mur.ation.1u 7 

The factor V Leiden mutation is found in approximardy 30% of individ­
uals wbo develop venous thromboembolism ... Activated protein C inhibits 

coagulation by degrading factors V and VIII. One of the 3 cleavages sires 
in factor V is the precise sire of a mutation (known as the f.a.cror V Leiden 
mutarion) chat substirures glmami.ne instead of arginine at chis site 
(adenine for guanine at nucleotide 1691 in the gene).,. This mutation 

makes factor V resistant to degradation (and activation in fibrinolysis). The 
encire clotring cascade is chen resisunc to r:hc acrions of che protein 
C system. 

Heterozygotes for the factor V Leidcn mutation have an 8-fold increased 

risk of venous thrombosis, and homozygoccs, an 80-fold increased risk, and 
r:his risk appears to be further enhanced by oral contraceptive use. The high­
esc prevalence (3-4% of the general population) offacto!" V Leiden is found 
in Europeans, and its occunence in populations not ofEu.ropean descent is 
very rare, perhaps explaining che low JTequeocy of thromboembolic disease 
in Africa, Asia. and in nacive Americans.~ The muracion is believed ro have 

arisen in a single ancestor approximately 21,000 to 34,000 years ago.lO Ir 
has been suggested th.ar chis was a useful adaptation in bercrozygores i.n 
response to life-rlueate.ning bleed~ such as wich childbirth. 

The acxr most common inherited disorder (after rhe facror V Leiden 
mucation) is a muration, a guanine to adenine change, in rhe gene encod­

ing prochrombin?S.1 ' Th.e prevalence of this abnormaliry in the wh.ire 
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. Oral Contraception 

population is estimated ro range from 0.7% to 4%.:ll Oral concraceprive 
use has been reported to JTW"kedly increase the risk of venous thrombnsis 
in carriers of the prothrombin mucarion.'3 

The admi.nismu:ion of pharmacologic amounts of estrogen as in high-dose ~~­
oral conrraceprives causes an increase in che production of dotting factors 
such as factor VII, factor VIII, factOr X. faetor XII, protein C, and fibrino-
gen, and a decrease in antithrombin III and protein s.-~-w P_rogescirts given 
alone have no effect on the dotting system and when combined with 
estrogen can attenuace estrogen-induced activity."' Some studies of the 
blood coagulation system have concluded that both mooopbasic and 
multiphasic low-dos-e oral contraceptives have no significant clinical 
impact on the coagulation system. Slight increases in thrombin formation 
are offset by increased fibrinolytic acciviry.lw Other smdies of founula-
rions containing 30 and 35 pg of ethinyl estradiol indicate an increase in 
douing factors associated with an increase in platelet acr:ivity.J9 However, 
rhes.e changes are essentially all within normal ranges and rheir clinical 
significance is unlmown. 

Smolcing produces a shifc to hypercoagulability.'0 A 20 p.g estrogen formu­
larion has been reported to have no effea: on clotting parameters, even in 
smokers.10·n One srudy comparing a 20 pg product with a 30 fig product 
found similar mild pro-coagulant and fibrinolytic acriviry; although rhere 
was a trend toward increased fibrinolytic accivity wirh me lower dose . .(> 

There is no evidence of an increase in risk of cardiovascular disease among 
pan users of oral concraceprioo.'l--4) In the Nurses' Healcll Srudy and the 
Royal College of General Practitioners' Srudy, long-term past use of oral 
contraceptives was not associated with an increase in overall monality.~.s.c 

Pan of the concern for a possible lingering effecr of oral contraceptive use 
was based on a presumed adverse impact on the athe.rosde.rocic process, 
which would men be added [0 the effecr of aging and, chus, would be 
nwllfesced l.arer in life. Instead, the findings have been coosiscent wim me 
conrencion that cardiovascular disease due co oral concraa:ption is second­
ary to acute effects, specifically estrogen-induced thrombosis, a 
dose-related event. 

Venous Thromboembolism -The Conventional Wisdom 

Older epid~ologic evaluations of oral coouacepcives and vascul:u disease 
indicated char venous thrombosis was an effect of estrogen, limited co 
current users, wirh a dis-appearance of the risk by 3 months after discon­
rinuation.<~•• Thromboembolic disease was believed to be a consequence of 
che pharmacologic administration of estrogen, and the level of risk was 

bdieved co be re1accd co the estrogen dose.10.SJ Smoking was documemed 
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co produce an addirive increase in the risk of arterial thrombosis, ~l~ but 
had no effecr on the risk of venous rhromboembolism. 5'.57 

Is there sriU a risk of venous cl:uomboembolism with che current low-dose 
(less r.han 50 )lg erhinyl estradiol) formulations of oral conuaceptives? In 
che first years of oral contraceprion, the available products, containing 80 
and 100 jlg er.hinyl estradiol (an extremely high dose), were associated with 
a 6-fold increased risk of venous thrombosis.~' Because of the increased 
risks for venous thrombosis, myocardial in ruction, and stroke, lower dose 
formulations (less man 50 p.g esuogen) came ro dominate the marker, and 
clinicians became more careful in their screening of par.ienrs and prescrib­
ing of oral conuaception. Two forces, therefore, were at work 
simultaneously ro bring greartr safecy to women uriliz.ing oral concracep­
cion: (I). the use of lower dose formulations, and (2). the avoidance of oral 
contraception by high-risk paciencs. Because of chese two forces, the Puger 
Sound study in the United Sraces documented a reduction io venous 
thrombosis risk r6 2-fold.5' The uew studies also reflect the imporrance of 
these two forces, but they still indicate an increased risk. 

Venous Thromboembolism -The Controversial Studies 

The World Health Organization (WHO) Collaborative Study of 
Cardiovascular Diseuse and Steroid Hormone Contraception was a hospi­
cal-based, case-concrol srudy with subjects collected from 21 cemers in 17 
councries in .Affica, Asia, Europe, and Latin America.60 As part of this 
srudy, the risk of idiopathic venous rh.romboerobol.ism associated with a 
formulation conraining 30 )lg erh.inyl esuadiol and levonorgestrd (doses 
ranging from 125 )-lg to 250 p.g) was compared with rhe risk with prepara~ 
cions containing 20 or 30 11g eth.i.nyl estradiol and eicher desogestrcl or 
gestodene (dara &om 10 cemers in 9 countties).'I There were only 9 cases 
and 3 controls using combined oral contraceptives with other progestins, 
precluding precise analysis. The users of the levooorgesrrel formulation 
had an increased odds . ratio (an estimation of relarive risk used in case­

coocroJ studies) of 3.5 compared wich nonusers. Current users of a 
desogescrd product N!d an increased risk of9.l compared with nonusers, 
and with gesrodenc, the odds ratio was also 9.1 . Thus, the increased risk 
for desogesael and gesrodene was 2.6 times char of levonorgesrrel, when 
adjpsfed for body wcighr and heighr. Also of note, che increased risk for 
the desogestrd formulation containing 20 ].lg eth.inyl estradiol was 38.2, a 
number chat is obviously not reliable because it was based upon only 8 
cases aud 1 concrol; rhe confidence interval (CI) of 4.5-325 reflected this 
imprecision. Overall, these increased risks were lower than those estimared 
by earlier case-concrol srudies of h.igher dose o.ral cont.racep(ives. 

;:_ 

The second case-control study (f 
gists and called The Tramnatum 
Healt/, of Young Women) ana.ly 
and/or venous cluomboembol 
Germany.01 Second generation or 
conraining 35 p..g or less of echi 
desogescrel or gestodene. Comp~ 
to nonusers, the odds ratio was 
desogesrrel and gestodeoe prod 
contraceprives, the risk of venow 

The r.h.ird study was from Bose< 
from The General Practice Res 
involving che general praccicion• 
auchors calculated che death rat~ 
acute myocardial infarction in rh 
gestodene low-dose . oral concr 
collected a rocal of 15 unexpecr(;( 
of these products, a nonsignific" 
comparing desogescrel and gesr< 
mates for venous thromboembol 
were about 2 rimes greater for . 
with levonorgescrd users. There, 
20 p.g ethinyl estradiol and desof 
similar co that associated with cl: 
product, chis is coo small a numl 

Similar results were reponed wh 
che Leid.en Thrombophilia Stud:_ 
their use of oral comracepcives.6ol 
bos.is was Ill.;lrkedly higher in v; 

Le.iden mucacion and in women 

Smoking, well recognized as a r: 
affect me risk esrimatcs in theso 
older sludies of venous chrombc 
as a risk faccor. :;6.57 

Venous Thromboembolism . 

The pub]icarion of che 4 reportS 
by a flood of letters ro editors, a 
ing confounding and bias probl 
figures were convinced che repo 
gestodene were real;6

'·
6

' orhers 

Mylan v. Warner Chilcott IPR2015-00682 
WC Ex. 2005, Pg. 30



11 rhc risk of arterial t:h.rombosis,l'·SS bm 
ts thromboembolism.~7 

nboembolism wim the currem low-dose 
1 formularions of oral coouaceptives? In 
•n, the available products, containing 80 
memdy high dose), were associa[ed wirh 
. rhrombosis.s• Because of the increased 
::arcUal infarcrion, and srroke, lower dose 
:Jgen) came to dominate rhe ma.rket, and 
their screening of patients and prcscrib­

;vo forces, therefore, were at work 
tlety m women uriliz.ing oral conrr.acep~ 
mulacions, and (2). rhe avoidance of oral 
r:s. Because of these rwo forces, rhe Pugct 
tes documented a reduction in venous 
,ew studies also reflect the importance of 
licace an increased risk. 

-The Controversial Studies 

'ion (WHO) Collaborative Study of 
>id Honnone Contraceptum was a hospi~ 
. subjects collected from 21 centers in 17 
e, and Lacin America.60 As parr of this 
ms r.hromboembolism associared with a' 
hinyl esrracliol and levonorgestrd (doses 
Nas compared wim the risk with. prepara­
hinyl esrradiol and either desogesuel or 
in 9 counuies)." There were only 9 cases 
Jral conuaceprives wit:h. ot:b.er progestins, 
users of the levonorgesuel formularion 
estim.ation of relative risk used in casc­

·ed with nonusers. Current users of a 
l.Sed riclc of 9.1 compared with nonusers, 
cio was also 9.1. Thus, the increased risk 
I.S 2.6 times rhat of levonorgesud, when 
:ighc. Also of note, the increased risk for 
llning 20 pg ethinyl e.suadiol was 38.2, a 
liable because ir was based upon only 8 
1ce imerval (CD of 4.5-325 re.flected this 
tSed riclcs were low(:r than chose esrimared 
higher dose oral conrraceprives. 

r.,,{,. : ( . ' ~ ' ,. . . . 
" 

I 

1. 

I 
j 

Oral Contraception 

The second case-conrrol srudy (from an imernationa.! ream of epidemiolo­
gists and called Ibe Trarunational Study on Oral Contraceptives and the 
Health of Young Wbmen) analyzed 471 cases of deep vein thrombosis 
and/or ve.noru thromboembolism from the Unired Kingdom and 
Germany.62 Second generation oral contraceptives were defined as producB ~~ 
containing 35 pg or less of echinyl esrradiol and a progestin ot:h.er than 
desogescrel or gestodene. Comparing users of second generation products 
to nonusers, the odds ratio was 3.2 (CI "' 2.3-4.3). Comparing users of 
desogestrel and gestodene products· to users of second genera cion oral 
contraceptives, the risk of venous thromboembolism was 1.5-fold greater. 

The t:h.ird srudy was from Boston University, bur the data were derived 
from The General Practice Research Database, a computerized system 
involving the general practitioners in the U.K6

' Using mis cohort, rhe 
authors calculated the deat:h. rate from pulmonary embolism, sa:oke, and 
acme myocardial infarction in t:b.e users of levonorgestrd, desogesrrel, and 
gesrodene low-~ose oral comracepcives. Over a 3-ye:u:: period, they 
collected a roral of 15 unexpected idiopaclllc cardiovascular deaths in users 
of these products, a nonsignificant change, and no difference in rhe risk 
comparing desogesuel and gesrodeoe wirb levonorgestreL The risk esci­
mate.s for venous mromboembolism (adjusted for smoking and body size) 
were abour 2 rimes greater for de.sogestrel and for gestodene, compared 
with levonorgesud ruers. There were only 4 cases and 9 conuols using the 
20 pg et:h.inyl esuad.iol and desogestrd product, and although the risk was 

similar co thar associaced with the 30 pg echinyl. estradiol and desoge.strel 
product, this is too small a number for analysis. 

Similar resultS were reponed when women with deep vein thrombosis in 
me Leiden Tlrromhophi!Ur. Study in me Nemerlands were re-analyzed for 
rheir use of oral concracepcives.61 As expected, the riclc of deep vein duom­
bosis was markedly higb.er in women who were carriers of the factor V 
Lciden mutation and in women with a family hisrory of thrombosis. 

Smoking, well recognized as a risk factor for arrerial thrombosis, did nor 
affect the risk escima.tes in these sruclies. This is nor a new obscrvacion; 
older srudies of venous mromboembolism also failed ro idenrify smoking 
as a risk facror. 50·l7 

Venous Thromboembolism- Subsequent Studies 

The publication of the 4 reports in larc 1995 and early 1996 was followed 
by a flood of letters w editors, as well as reviews and editorials, highlighr­
ing confounding and bias proble!IlS in these srudies.6; 47 Some prominem 
figures were convinced the reporu of increased risks wich desogesad and 
geswde.ne were real/'·"' others were skeptical, pointing our possible 
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confouad.ing biases. Subsequencly, re-analysis and new scudies revealed 

confounders and biases in the initial scud.ies. Thus, a consistent picrure 
gndual.ly emerged with consideration of proper analysis of rhe generated 
dara, and the adjusrmenr for confounding biases not illicially apparent. 

In Denmark. Lidcgaard and colleagues performed a bospiral-based, case­
control study of women with coo.firmed diagnoses of venous 

thromboembolism in 1994 and 1995 (in Denmark, all women with. chis 
diagnosis are hospicalized, and therefore, very few, if any, cases were 
missed).70 A 2-fold increased risk of venous r:hroroboembolism was found 

in currem users of oral contraceptives, regardless of esrrogen doses ranging 

from 20 co -50 1-lg· The increased risk was conceorrated in the fusr year of 
usc. Btcause there were mort short-ttrm users of the 'JUW progtstin.r and more 
long-term users of tht: oldn progestins, adjustment for duratum of uu retrdttd 
in no significant dijforenccr hawem the dijfirent types of progt:Stins. Those 
factors associated with an increased risk of chromboembolism included 

c~agulacion disorders, ueaced hypertension during pregnancy, family 
hiscory of venous thromboembolism, and an increasing body mass index. 
Notably, conditions nor associated with an increased risk of venous throm­

boembolism included smoking, migraine, diabetes, hyperlipidemia, parity. 

or ag~ at first binh. There was still insufficient ruength in this srudy co 
~rabhsh me absence or prest.nce of a dose-response rclarioosh.ip compar­

mg me 20 f.lg esuogen dose to bigher doses. 

A case-c:onuol srudy using 83 cases of venous rhromboembolism derived 

from me compurer records of general practices in me UK concluded cltar 
the increased risk associated with oca! contraceptives was the same for all 
types, and that the paccern of risk with specilic oral concraccprives suggested 

confounding because of Hpreferencial prescribing" (defined below)?' In this 
study. matching cases and contro!J by o;act year of birth e/iminaJed differmw 
between different typa of oral contraaptives. A similar analysis based on 42 

cases from a German darabase again found no difference between new 
progestin and older progestin oral conrraceptives.n Thus, in these two 
studies, more precise. adjustments for age eliminated a con.founrling bias. 

A re-analysis of me Transnational Case-Control Srudy considered the dura­
cion and patterns of oca! contraceptive use.73·u This re-analysis focused on 

firsc-rime users of second and third generaciou oral conrraceprives. 

StatirricaL an.alysis with adjustnunt for duration of use and for first-time wers 
c~ul£! find no diffirmceJ betwttn ucond and third gen=tion products. 
Similarly, a re-analysis of the UK General Practice Database (che 
MdiPius database) could demonstrate do difference between different oral 
contracepcive formulacions. 75 

:I ,, 
··i' 

( 
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again found no differe.na: berween new 
)ral concraccptives.72 Thus, in these two 
:s for age eliminated a confounding bias. 

I Case-Conuol Swdy considered the dura­
:cpcive use.73•74 This re-analysis focused on 
1 chird generation oral conuaceprives. 
rt for duration of use and for first-time users 
m second and third generation produm. 

U.K. General Praccice Dat:abase (d1e 
!Strate do difference b erwee.n differe.m oral 

~ -----------~----------------------------O_r_a_l_c_o_n_tr_a_ce~p_t_io __ n 

':t 
:I: 

'l 

I 
.! 

I 
' 

Evaluation of the Studies 

An irrunediare problem wir.h the inicial srudies was how co reconcile the 
resuJrs with the conventional wisdom rhar thrombosis is an estrogen dose; 

rclaced complication. Furthermore, progestarional agenrs, and desogescrel 
and gestode.ne in particular, have no significant impact: on cloning param­
etcrs.1l.36 Therefore, there was inhe.renr biologic implausibility surrounding 
the new studies. 

The initial repons resurrected the claim by Kuhl in 1988 and 1989 that 
gesrodene could cause more tb.rombosis because ir affected er.hinyl estra­
diol metabolism, resulting in higher estrogen levels.7

'·
77 Other laboracories, 

however, could nor replicate Kuhl's findings.7""
0 

Former users d.isconti.oue oral conmceprives for a variery of reasons, and 
often are switched 00 what cunlcians perceive [0 be "safer" products ( ''pref 
ermtidl pmcribi~g')!1"8' Individuals who do well with a product tend co 
remain wilh thar product. Thus, ar any one poinr in ci.m_e, individuals on 

an older produce will be re.lacively healthy and free of side effects ( "healrhy 
user iffoct'). This is also called attritum of susuptibles because higher risk 
individuals wim problems are gradually e.liminared from rhe group.66 

Comparing usm of older and 11LWeT products, thtrefore, can involve dispttrau 
cohorn of irulividuaLs. 

Because dcsogesrrd- and gescodene-conraining producrs were marketed as 
less androgenic and ffi.erefore "bener'' (a markeci.ng claim OO( substanciated 
by epidemiologic srudies), clinicians chose co provide these producrs to 
higber risk patients and older women."·" In addition, cLinicians swirched 

parie.nrs perceived ro be: at grea.cer risk for thrombosis fTom older oral 
conuaceprives co che newer formulations wirh desogesuel and. gcscodene. 
Furthermore, these produces were prescribed more ofi:e.n to young women 
who were sr::.uring oral concracept.ion for the first rime (these yoWlg women 
will not have experienced the tesr of pregnancy or previous oral conrra­
ceprive use ro help ideorify those who have a congenital predisposition to 
venous thrombosis). These changing pracrice panerns excri d.iffereoc 
effecrs over me lifetime of a produce, and analytical adjustments. are 
extremely d.ifficulr. The Transnarional Group believed ic accomplished an 
appropriate adjusone.nc by focusing on first-cime users and dUI"ation of 
use.""'' Iris unlikely thar the ''heal my user effecr'' will be dominant in first­
rime users. Aod, of course, this analysis found no differences bmveen 
second and third generation oral conuaceprives. 

The challenge for a clinician is m make a decision: is an observational 
srudy with sracistically significaor resulrs clinically (biologically) real? This 
controversy illusrrates how difficult this can be. When faced with resulrs 
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from observacional srudies, clinicians wam to see uniformity, consistency, 
agreement-all arguing in favor of a real clio.ica.l effCCL Examples ace rhe 
prorecrive effecc of oral concraceplives on rhe risk of ovarim cancer, and 

rhc beneh(S of postmenopausal estrogen therapy on cardiovascular disease. 
The initial srudies wc.re impressive io meir agreement. AU indicated 

increased cdarivc risks associated wim desogest.rel and gestodene compared 
with levonorgesuel. Nevertheless, all of me early srud.ics, somewhac simi­
lar in design, were influenced by che same unrecognized biases. Pmistznt 
tTTOYJ will produce consist-rot conclusions. 

The apparent diffrrences associated with the new progestins, it is now 
apparrnt, were due to two major factors: (1). The m.a.rkaing and priferen­
tial prescribing of new produc-ts, and (2). The characto-Utics of the patients 
for whom the new products were prescribed. Most impressive rmd impor­

tant is the fact that there is nn evUlnu:e of an increase in mortality due to 

venous thromboembolism since the introduction of new progestin oral 
conrraceptives. &j,M 

Venous Thromboembolism and the Factor V Lei den Mutation 

The new studies indicate rhac a risk of idiopathic venous thrombosis 
persists wirh low-dose oral contraceptives, ar a level of approximately 
3-4-fold greater man rhe normal, general incidence.&I~,R) However, an 
in.herired resistance to activated protein C, the facror V Leiden mutation, 

.JJ12Y account for a sign.ifiC.anc portion of rh.e paue.n(S who experience 

venous thrombosis while ta.king oral coouaceptives. 

Relative Risk and Actual Incidence of 
Venous Thromboembolism 86

,
87 

Population Relative Risk 

Young women-general population 

Pregnant women 12 
--------------------------------
High-dose oral contraceptives 
Low-dose oral contraceptives 
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Le.iden carrier and oral contraceptives 

Leide.n mutation -homozygous 
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3-4 

6-8 
30 

80 

Incidence 

4-5 per 100,000 per year 

48-60 

24-50 
12-20 

24-40 
120-150 

320-400 

I 
i 

:i 
I 
l 
! 
i 
I 
! 

An i..oherited resistance m activate 

cion, is che most common inherit 
an aurosomal dominant fashion. 
increased risk of venous mrombo 

increased risk. Oral conuaceprive 
reporced to have a 30-fold increa.s( 
no known association between th 

duombosis." 

An increase in che risk of venous 

ceptive use has been observed in c 
is probable rh.at oral conr:race.pri· 
woman wid1 an inherited clouinj 

ting factor is responsible. 

Should screening for the factor V 
clotting disorders) be rou~ine p 
carrier frequencies of the Leideo 11 

percentages are si.mi..lar in m en an 

Caucasian Amcrica.ns 

Hispanic Americans 
Native Americans 
Black Americans 
Asian Amerjcans 

These estima•es are consistent w 
cbat this is a aait carried in pe 
Stares, of me approximately 1 o rr 
ccpcives, ahour 450,000 arc like! 
However, because the incidence 1 

(4-5 pcr 100,000 young worn. 

required co be screened to prev 

prevalence of all deficiencies is 
popularion, and only one-third 

present tests." 

Furrhermorc, because only a sm2 
mutation (les.s than 1 in I 000) h 

who test positively will NOT h' 
cive screening rest, especially o 
wrrs, would be a barrier ro che u 

increase in unwanted pregnanci' 
rhromboembolism) would likely 
for inherited disorders should h 

Mylan v. Warner Chilcott IPR2015-00682 
WC Ex. 2005, Pg. 34



1icians want to see uniformity, coosi.srency, 
lf of a real clinical effect. E.xa.mples are rhe 
ceptives on rhe risk of ovarian cancer, and 
I esuogen therapy on cardiovascular disease. 
oressive in rhe.ir agreement. All indicated 
!d with desogescrd and gescodene compared 
::ss, all of the early studies, somewhat simi­
by the same unrecognized biases. Pmistmt 
ulusiom. 

ci.Ated with the new proges-Un.r, it -is now 
or factors: (1). The marketing and preferm­

r, and (2). The charllCteristics of the patients 
ere prescribed. Mort impressive an.d impor­

evidence of an ifl.CI'etEe in morudity due to 

~e the introductum of new progestin oral 

1 and the Factor V Lei den Mutation 
H a risk of idiopach.ic venous du-ombosis 
ontracepcives, at a level of approx.imardy 
rroal, general incidence.61

-
4 us However, an 

d protein C, t:he fanor V Lciden mucacion, 
r portion of the patients who experJen~ 
g oral comraccprives. 

Actual Incidence of 
>mboembolism 86

'
87 

Rektive llisk Incidence 

l 4-5 per l 00,000 per year 

12 48-60 

6-10 24--50 
3-4 12-20 

6-8 24-40 

30 120-150 

80 320-400 

-r 
I 
I 
I 

I 
I 

Oral Contraception 

An inherited resistance ro activared. prorein C, me facror V Leideo muta­
tion, is the mosr common inherited coagulacion problem, rransmicted in 
an autosomal dominant fashion.lO.U Hecemzygotes have a 6- to 8-fold 
increased risk of venous chrombqembolism, and homozygotes an 80-fold 
increased risk. Oral con~cepcive users who have this mutation have been II 
reported tO have a 30-fold increased risk of venous thrombosis.' 9

•
90 There is 

no knowo association berween the faaor V Leiden mutacion and arterial 
thrombosis.'' 

An increase in che risk of venous thrombosis associated wirb oral contra­
ceptive use has been observed io carriers of rhe prothrombin murarion.33 It 
is probable that oral concraceptive use further increases che risk in any 
woman with an inherited cloccing disorder no rrultter which specific dar­
ring faaor is responsible. 

Should screening for the factor V Lciden muracion (or for other inherited 
clotting disorders) be roupne prior co prescribing contraceptives? The 
carrier frequencies of the Lei den mur.acion in the American population (the 
percentages are similar in men and women) are as follows: 117 

Caucasian Americans 

Hispanic Americans 
Native Americans 
Black Americans 
Asian Americans 

5.27% 
2.21 o/o 
1.25% 
1.23% 
0.45% 

These estimates are consistent wim the Ewopean assessments, indicating 
chat this is a rrair carried in people of European origin. In rbe United 
States, of the approximatdy 10 mjllion women currencly using oral conua­
ccptives, about 450,000 are likdy to carry the faq:or V Leiden mutacion. 
However, because the incidence race of venous thromboembolism is so low 
(4---5 per 100,000 young women per year),86

·'
7 me number of women 

.required co be screened to prevcnc one deaili is prohibitivdy large. The 
prevalence of all deficiencies is only about 0.5% in the asympromacic 
population, and only one-third of p:~.rienrs at risk are detected by the 
presem tests.'" 

Fw.hermore, because only a small number of women even with the Leiden 
mutation (less than 1 in 1000) have a clinical event (99.85% of the women 
who cest pos.itjvely will NOT have a clinical evenc), the finding of a posi­
rive screening rest, especially considering che high rate of false positive 
rescs, would be a barrier to che use of oral contraceptives, and a subsequent 
increase in unwamed pregnancies (which bM an even greacer risk of venous 
clu-omboembolism) would likdy follow. Mort e;rperts btlieve that screening 

for inherited disorders should be pursued only i" women with a previous 
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episode of idiopathic venous thromboembolism or a clbse positive family 
hiswry (parent or sibling) of venous thrombosis. 

TIUs aspecc of rhe oral concracepcive venous thromboembolism cono:o­
versy received a transfusion of energy with the publication of a report from 
che Netherhinds, utilizing a laboratory tesr for resisl:allce to accivaced 
protein C to compare differences in oral coocraceprive non-users, users of 

second geoeracion oral conuaceptives, and users of rhird generation oral 
contraceptives." Women who u.sed any oral conuacepcive had a decreased 
sensicivicy to accivaced prore.in C compared wich noousers, and women 
who used third generacioo oral contraceptives were even less sensitive, and 

less than users of second generation producrs. This was presented as an 
explanation for rhe epidemiologic data ind.icacing greater risks of venous 
thromboembolism associated with desogesud and gestodene, and an 
edicorial in the April J 9, 1997, .issue of Lancer concluded chat this report 
was che "nail in the coffin" confirming rhe epidemiologic cvidencc.69 

Subsequent epidemiologic reports not only removed rhe oails &om the 
coffin, bur returned che coffin ro irs maker. A closer look at che report from 
the Netherlands finds considerable overlap in the resulcs among all the 

·groups reseed, and many of che oral concra.ccpcive users had results compa· 
rahle widt me nonusers. In a subsequent report from dtese inveStigators, 
the srudy design, a cross-over trial, was an improvemenc over the cross­
sectional design of the first reporr.~ Although oo.ce again oral 
conrraceptivcs conra.in.ing desogcscrel were associated wirh a greater resist­

ance co acciv.ned protein C compared with lcvonorgcsucl-conc.aining 
produci:S, there was still considerable overlap comparing che rwo proges­
cins, and w.ith baseline lcvcls as well. Ir is always prudenr t:o avoid making 
clinically meaningful conclusions from acquired changes in a single labo­

ratory cesc (especially when dte clinical meaning of a laboratory resc is 
uocena.in) . Fwthermore, che resul cs could not be corroborated by another 
laborarory, and in a case-control srudy of women with venous throm­
boembo~m, no association could be decccted with measurements of 
acquired accivared protein C rcsisrance.'~s6 

Arteriallhrombosis 

Because ·the incidence of ce.rebral thrombocic auacks (duombotic strokes 

and cransiem ischemic attaCks) among young women is slighdy higher 
than venous r.h.romboembolism and myocardial infarction, and death and 

disability a.re more likely, srroke is rhe mos£ imporranc possible side effect. 
A very low incidence of stroke in young women means rhere would be 
licde increase in absolure risk associated with oral conuaceplives. However, 

because the incidence of cerebral chromboric attacks is higher in women 
over age 35, we should do our best, as che following paragraphs will indi-

care, w make sure oral conuacep 
and wichour significant risk facr. 
hyPertension, migraine with aura 
and smoking). The estrogen dose 
infarction and r:h..rombocic saokes 
dose esuogen oral comraceprives 

Arterial Thrombosis - Myo< 

A populacion- based, case-control 

i.o.f.uction in users of low-do, 
Permanence Medical Care Progr2 

incrett.u in the odds ratio for myocar 
UJen compared with p ttst or nron 
reported by a community-bast 
Scotland, and Wales. 100 

In the Transnational case-conuol 
&om 16 centers in Ausrria, Frana 

Kingdom, the results we.re as full< 

Cases Co 

An.y OC n:se 57 

50 !J.g estrogen OCs 14 

Old p.rogestin OCs 28 

New progestin OCs 7 

These ckra were interpreted as in 
infarction associated wich oral < 
gesrodene. However, the reduced 
ceptives was also emphasized (the 

to second generation products yi< 
significant), suggesting a possible 
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Oral Contraception 

care, to make sLUe oral contraceptive users over age 35 are in good health 
and withom s.ignificanc risk factors for cardiovascular disease (especially 
hypertension, migraine with aura, d.iabeces mellitus with vascular disease, 
and smoking). The estrogen dose is imporram for the risk of myocardial 
infarction and ch.rombotic strokes. 7133 Thus, a rationale for advocating low­
dose estrogen oral contraceptives continues ro be valicl 

Arterial Thrombosis - Myocardial Infarction 

A populacion-based, case-control scudy analyzed 187 cases of myocardial 
infarction in users of low~dose oral conuaceprives i.n the Kaiser 
Permanence Medical Care Program.99 There was no statistically significant 
increme in the odds ratio for myocardial infarction in cu"mt oral contrace-ptive 
users compared with past or never users. A similar negative outcome was 

reponed by a commuo.ity-based c:ase-concrol srudy from England, 
Scotland, and Wales.••• 

In the Tranma.rional case-coocrol srudy of myocardial infarctions collecced 
froml6 cemers in Ausrria, France, Gennany, Switzc.rland, and rhe Unired 

Kingdom, the resulcs were as follows:101
·'"' 

Confidence 
Cases Controls Odds Ratio Interval 

AnyOCuse 57 156 2.35 1.42-3.89 

50 !!g estrogen OCs 14 22 4.32 1.59-11 .74 

Old progestin OCs 28 71 2 .96 1.54-5.66 

New progestin OCs 7 49 0.82 0.29-2.31 

These daca were imerpreced as indicating no increased risk of myocardial 
infarction associated wich oral contraceptives concai.ning desogesuel or 
gestadene. However, the reduced risk with the new progesrio oral conua­
ceprives was also emphasized (ch.e comparison of third generacion products 
co second geocracion produces yielded a reduced risk that was staciscically 
significant), suggesting a possible saving of deaths from myocardial infarc­
cion wich desogescrd and gestodene. The problem is chat the small acrual 
incidence makes ic difficult to acquire sufficitot nllffibers. The conclusion 
was based on only 7 cases and 49 conuols using third gener2.cion oral 
contr.~cepcives and 28 cases and 7 1 conuols usi.og second gcucracion prod-
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ucts, and, io our view, the power is roo limited to make any condusion 

regarding the new progestin oral contraceptives. This is a good example of 
a conclusion that may be statistically significant, bur clinically not reaL 

The Transnational srudy found that cigarecte smoking carried a higher risk 
for myocardial infarction chan oral comraceprives, and that nonsmt!king 
users of oral contrrtceptivts had no evidmce of an increllied risk.'01 In addition, 
there was an indication that patient screening is important in minimizing 
the impact of hypertension on rhe risk of myocardial infarction. 

In the WHO mulcicenrer srudy, there were 368 cases of acute myocardial 
infarccion.103 Factors associated with an increased risk of myocardial infarc­
tion included smoking, a history of hypertension (induding hypenension 
in pregnancy), diaheres, rhewnaric heart disc::asc, abnormal blood lipids, 
and a fa.m.ily hisrory of saoke or myocaJdial infarction. Duracion of use 
and past use of oral contraceptives did nor affecr risk Although mere was 
about a 5-fold overall increased odds ratio of myocaJdial infarction in 
current users of oral conuaceptives, essentially all cases occurred in women 
'Wirh cardiovascular risk faecors. There was no apparent effect of increasing 
age on risk; however, there were only 12 cases among oral conuacepr.ives 
users less than 35 years old. There Wd.S no app:uc::nc relacionship with estro­
gen dose, and there was no apparenc in.fluence of rype or dose of progescin. 
However, che rare occurrence of rh.is condition produced such small 
numbers rhar there was insufficienr srariscical power to accu rarely assess rhe 
effects of progesrin rype, and esuogen and progestin doses. The conclusion 
of this study was that the risk of myocardi.al infarction in wamm who use oral 
contraceptives is increrued only in smokers. Similarly, rhe Oxford-Family 
Planning Association cohon study could derect no increased risk of 
myocardial infarction in nonsmokers or in lighr smokers (Jess chan 15 ciga­
rettes daily) . '04 

In a Danish case-control study of acute myocardial infarction in young 
women, a statistically significant inert /lie in risk was noted only in current 

usm of 50 ?t ethinyl estradiol98 There was a progressive increase in risk 
wirh che number of cigarettes smoked, (accounting for 80% of the acute 
myocardial infarctions in young women), increasing body mass index, 
uea.red hypcnension, neared hypcrrension in pregnancy, diabetes mdli­

cus, hyperlipidemia, frequent migraine, and family hiscory of myocardial 
infarccion. However, only family hisrory of myocardial in&rcrion and 
smolcing affected rhe risk associated wim oral contraceptives; no influ­
ence on oral conuacepcive risk was apparent with d.iabeces, byperrension, 

and heart d.ise~se . No differences could be: demonstrated according co 
type of progestin. 

Incidence of Myocardial Infarction 

Overall incidence tos 

Women Jess chao age 35 
Nonsmokers 

Nonsmokers & OG 

Smokers 

Smokers & OCs 

Women 35-years-old and older 
Nonsmokers 

Nonsmokers & OCs 

Smokers 

Smokers & OCs 

NOTE: The above incidences are 
use pa..ired wirh cardiovascular risk 
lation. Effective screening wou 
increased risks in me smokers and 
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Arterial Thrombosis - Stroke 
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by the Roy;U College of General P 
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Oral Contraception 

Incidence of Myocardial Infarction in Reproductive Age Women !Gl 

Overall incidence to.s 

Women less than age 35 
Nonsmokers 

Nonsmokers & OCs 

Smokers 

Smokers & OCs 

Women 35-ycars-old and older 
Nonsmokers 

Nonsmokers & OCs 

Smokers 

Smokers & OCs 

5 per 100,000 per year 

4 

8 

43 

10 

40 

88 

485 

NOTE: The above incidences are estimates based on oral contraceptive 
use paired with cardiovascular risk factors prevalent in the general popu­
lation. Effective screening wouJd produce smaller nwnbers. The 
increased risks in the smokers and OC groups reflect the impact of unde­
tected C!a(ruovascular factors, especWly hypertension. 

Arteriallhrombosis - Stroke 

Older case-control and cohort srudies indicated an increased risk of cere­
bral thrombosis among curreot users of high-dose oral concraceprives.10!-108 

However, thromboric moke did not appear co be increased in healthy, 
nonsmoking women with rhe use of oral conrracepcives conraining less 
rhan 50 )lg erhinyl esrraillol.107

'
10

' A case-conaol analysis of data collected 
by the Royal College of General Practitioners' Oral Conrracepcion Srudy 
concluded chat current users were at increased ris.k of stroke (with a persist­
ing effect in former users); however, th.is ourcome was limited ma.Jnly co 

smokers and to formulacions with 50 ~Jg or more of csrrogen. 108 A case­
conrrol study of all 794 women in Denmark who suffered a cerebral 
rhromboembol.ic auack during 1985-1989 was a lone conrrasr, conclud­
ing rhac rhere was an almost two-fold increased relative risk associated with 
oral concracepcives containing 30-40 )lg esuogen, ar1d che risk was signif­
icancly iofluenced by boch smolcing and the dose of esrrogen in additive 
(oor synergistic) fashion. 55 
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More recenr srud.ies have emphasized the safecy of low-dose oral concra­
ceptives. A population-based, case-comrol srudy of 408 suokes &om the 
California Kaiser Permanence Medical Care Program found no increase in 
risk for e.icher ischemic suo.kc or hemorrhagic scroke}09 The ideorift.able 
risk facrors for ischi!Ul.ic stroke were smoking. hypertension, d.iabetes, 
clevared body weight, and low socioeconomic starus. The risk factors for 
hemorrhagic stroke were the same plus greater body"mass and heavy use of 
alcohol. Current usm of l.uw-"tibse oraL contractptives did n.ot have ·an increased 
risk of ischemic or hemorrhagic stroke compared with former users and with 
nrotr wrrs. There was no evidence for an adverse effect of increasing age or 
for smoking (for hemorrhagic stroke, there was a suggestion of a positive 
inceracrion bccwee.n currenr oral contraceptive use a.od smoking; but the 
·numbers were sma1J, and the result: was nor st:atistically significant). A 
pooled analysis of cwo case-con no I srud.ies from U.S. concluded that there 
is no increased risk of ischemic or hemorrhagic stroke in current users of 
low-dose ocal contraceptives."" 

The Transnational srudy also analyzed their data for ischi!Ul.ic suoke in a 
ease-contro1 study of 220 ischemic scrokes in the United Kingdom, 
Germany, France, Swirzerland, and Austria.'" Overall, there was a 3-fold 

· increase in the risk of ische.mic suoke associared with the use of oral 
contraceptives, with higher risks observed in smokers (ro0l-e than 10 ciga­
rettes per day), in women wich hypertension, and in uscrs of higher dose 
estrogen products. No d.ifferences were obse_n~ed comparing second and 
third generation progestins. A sinUia.r analysis of rhe General Practice 
Research Database could also detect no difference in stroke risk comparing 
progestin components.'" 

The World Health Organi:z.acion clara on srroke come from me same 
collaborative srudy chat: yiclded the publications on venous t:b.romboem­

·boli·sm. The resuli:S with suoke were published as rwo separate reports, one 
on ischemic suokc and the other on hemorrhagic suoke.113·"

4 In a.dd.irion.. 
an analysis focusing on specific progesci.os could deteo: no differences 
compa.riug oral conuaceptives conraining desogescrel or gestodene with 
formula.tions conrai ning levonorgescrel.''l 

The WHO hospital-based, case-control srudy &om 21 centers in 17 coun­
tries accumulared 697 cases of ischemic stroke, 141 from Europe and 556 
from developing counuies. II) The overall odds ratio for ischemic stroke 
ind.icaced about a 3-fold increased risk. lu Europe, however, the risk was 
starisrica11y significant only for higher-dose products, and NOT statistically 
signi.fiGI.Ilt for produm with less than 50 rg ethinyl estradiol. Io develop­
ing countries, tbere was no d.ifference in risk with low-dose and higher 
dose oral conuaceptives. This is believed to be due t:0 the srroog influence 
of hypenension. In Europe, it was uncommon for women with a hiscory 
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of hypertension to be using o 
case in developing councries. I 
impact, and past users did nc 
more cigarettes daily cxened 
increasing the risk of ischemi 
tension and oral contra.ccpciv 
and older; however, this, coo, 

tension. Thus, the contl.usion £ 

is extremtfy low, concentrattd i 
have hyptrtension. 

In the WHO study on hemorr 
use of oral comraceptives wa: 

hemorrhagic s troke only in de 
reflectS the lack of screening fa 
risk (aboUt: 10- to 15-fold) wa; 

cives who had a hismry of h· 
increased the risk in oral cor 
hyperrens.ion. For hemorrhagic 
risk, and nc.icher d.id duracic 
concluded that the risk of hl!1 
i11creased only slightly in oldtr t 
risk jactQrs such as hyptrtension. 

A SCO)nd Danish case-control 
sicory cerebral ischemic 
thromboembolic arracks. ~7 In 
1995 included 146 cases of c 
ischemic attacks. Only use. 

(levonorgescrel, norgesrrel, an, 

increased risk (about 2.5-fol· 
wim estrogen in the dose rang 
although the nwnbcr of 20 f1 
cient to establish a lower risk 
reduced risk associated with c 
ratio did noc achieve statistica 
ing, treated hypertension, di: 
family hisrory of m yocardial i 
history of venous chromboe.m 
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