
EXHIBIT 1027 EXHIBIT 1027



Petitioner Exhibit 1027 
Petition for Inter Partes Review of U.S. Patent No. 7,704,984 

Page 1

eproductive 
1docrinology 

Physiology, Pathophysiology, and 
Clinical Management 

S. C. Yen, M.D., D.Sci. 
':"!~ Professor of Reproductive Medicine 

::.- f California, San Diego 
~biicine 

:~i~ornja 

B. Jaffe, M.D. 
-:: ?rofessor of Reproductive Medicine and Biology 
t.-::;,ro.juctive Endocrinology Cemer 
·,; .1f Obstetrics, Gynecology and Reproductive Sciences 
·:i~ California, San Francisco 

:s...J. California 

L. Barbieri, lVJ.D. 
. :.. . .1~d Professor of Obstetrics and Gynecology 

D-<:parrment of Obstetrics, Gynecology and Reproductive Biology 
~ i.\ "omen's Hospital 
f=i :cai School 
::<~-s-;::husetts 

p ~ & t e 
Euii -~ I Oll 

Vi/.8. Sl-UJNDERS COMPANY 
A Division of Harcourt Brace & Company 

Philadelphia London Toronto Montreal Sydney Tokyo 



Petitioner Exhibit 1027 
Petition for Inter Partes Review of U.S. Patent No. 7,704,984 

Page 2

W.B. SAUNDERS COMPANY 
A Divisio11 of Harcourt Brace & Compmry 

The Curtis Center 
Independence Square West 
Philadelphia. Pennsylvania 19106 

Library of Congress Cataloging-in·Publlcation Data 

Reproductive endocrinology: physio'ogy, pathophysiology, and clinical management I 
(edited by) Samuel S.C. Yen, Robert B. Jaffe, Robert L Barbieri.-41h eel. 

p. em. 

Includes brbhographical references and index. 

ISBN o-7216-6897-6 

1. Generative organs-Diseases-Endocrine aspeclS. 2. Human reproductiOn-
Endocrine aspecls. 3. Endocrine gynecology. I. Yen. Samuel S.C. 
II. Jaffe, Robert B. Ill. Barbieri, Robert L (DNLM: 
1. Reproduction-physiology. 2. Endocrine Glands-
physiology. 3 . Endocrine Diseases--physiopathology. WQ 205 R4287 
1998) 

RC877.R457 1999 
612.6-<lc21 
DNLMIOLC 

Cover: Logo 

97-36836 

The three-dimensional structure of lGF based on x-ray of rhombohedral 2-Zn 
insulin crystals and proposed confinnation based on model building for IGF. 
(Redrawn from ER Froesch, J Zapf, E Rinderknecht, et al. Cold Spring Harbor 
C01if. Cell Proliferation 6:62. 1979.) 

REPRODUCTIVE ENDOCRINOLOGY: Physiology. Pathophysiology. and Clinical Management 

Copyright 10 1999, 1991 . 1986, 1978 by W.B. Saunders Company 

ISBN 0-721 6-689i-6 

Al l rights reserved. No part of this publication may be reproduced or transmitted in any Corm or by any means, electronic or mech;mjcat. inclcdir.,: 
photocopy, recording, or nny informntion storage and retrieval system. without permis~ion in writing from the publisher. 

Printed in the United States of America. 



Petitioner Exhibit 1027 
Petition for Inter Partes Review of U.S. Patent No. 7,704,984 

Page 3

Chapter 25 1 
(: (J f\1 TRACE PT I CJ N 
Daniel R. Misheli, 11: 

CHAPTER OUTLINE 

I ~· 

\ r::: ~ ·;\J tt;, 
Diaphragm 
Cervical Cap 
Male Condom 
Female Condom 

! !{jl:) • ;i) 4- I!V" j ,IJ !• 

Phannacology 
Mechanisms of Action 
Metabolic Effects 
Cardiovascu Jar Events 
Heproductive Effects 
Neoplastic Effects 
Contraindications to Usa 
Contraceptive Use 
Drug Interactions 
Noncontraceptivo Health Benefits 

. ·J: ... : U·'.L' v· 1 j:. , 
Injectable Suspensions 
Subdermal Implants 

I ' .. ;ltt.• !:>II '\.\ •I\\; '''J,!; 
•I /\,; tl iHNI l .. i V'C ·s 

Types 
Mechanisms of Action 
Time of Insertion 
Adverse Effects 
Overa II Safety 

.. l' •. )1ft i ::-

The effectiveness and incidence of use in the 
United States of the variou:-; types of 
contraceptives currently avai lable are discussed. 
Information about. spermicidal and barrier 
contraception is presented. 

c The effectiveness, m~hunisms or action, 
pharmacodynamics. and endocrioologic effects or 
the various type.'\ or steroid contraceptives 
currently available arc rcviewc<l. 

.. fnformation about Lhc most commonly used 
steroid contmceptivc. the oral combination 
formulations, i~ pn:scnrcd. 

676 

• Progestins given by injection as well as in 
subdermal capsules are described. 

"" For use of these agents, data are summarized 
regarding their adv~rse clinical and metabolic 
effects as well as their neoplastic effects and 
effects on future reproduction after use is 
discontinued. 
Information about the various types of postcoital 
contraceptive agents is presented as well as the 
data involving use of the progesterone receptor 
agonist mifepristone as an oral agent to induce 
abortion in early gestation. 

>.~ The types of intrauterine devices and their 
mechanisms of aclion as well as the adverse 
effects of these contraceptive agents are 
summarized. 

Reversible contraception is defined as the tempomry pre
vention of fertility and includes all the currently available 
contraceptive methods except sterilization. Sterilization 
should be considered a permanent prevention of ft:rtility 
even though both vasectomy and tubal interruption cun 
usually be reversed by a meticulous surgical procedure, 
The reversible methods arc also called active methods: 
sterilization is also caJled a terminal method. 1\ perfect 
method of contraception for all individuals is not cutTCI\lly 
available and probably will never be developed. Each of 
the various methods of contraception currently available 
has certain advantages and disadvantages. 11lercrorc. whc1 

giving advice about contraception, the clinician ~hould 
explain to the couple the advantages and disadvantage~ 111 
each method so that they will be fully informetl and can 
rationally choose the method most suitable for them. 

CONTRACEPTIVE USF. IN THE UNITED 
STATES 
In 1995, it was estimated that there were 69.5 million 
women between the ages of 15 and 50 years in the United 
States, and 53 percent of them were married.' or the ncurl\ 
70 million women in the reproductive age group in th~ 
United States in 1995, slightly more than half used i! 
reversible method of contraception, about one fourth hat 
one member of the couple sterilized by tubal ligmion ()• 
vasectomy, and about one fifth used no method. Among 
the group using no method of contraception, about half ha;l 
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• TABLE 25-1 
Contraceptive Methods Used by U.S. Women Aged 15 to 50 
Years 

\993 (%) 1994 (%) 1995 (%) 
-·--,..··--·---- ----

Oral contraceptives 25 24 26 
Sterilizmioo 27 26 24 

Tubal ligation 15 15 15 
Va~cctomy 13 12 10 

Conunm 19 19 19 
Withurnwal 6 5 6 
Rhythm 3 3 3 
Diaphmgm 2 2 2 
Sponge 2 I I 
V.o~ginal suppo~;tory 2 I I 
Doucha I I 
Foam I I 
IUO I I 
Cream/jelly alone I I 
Progc$lin implant I I 
Progestin injection * 
Ccrvicnl cap " • ,, 
Female condom/pouch • • .. 
Nn method 19 19 20 

Hysterectomy/menopause 8 9 6 
Pregnant 2 2 3 
Trying to conceive 2 2 2 

- ---- ·----
'' l-ess thun I percent. 
From 1995 Onho llinh Control Survey. Rarit.un. NJ. Ortho Pharmaceutical. 1996. 

a prior hysterectomy or were pregnant, infertile, or trying 
to conceive. The other half either were not sexually active 
or were having infrequent episodes of coitus or otherwise 
<lid not believe there was a need for contraception. Thus, 
about 56 million women, approximately 80 percent of those 
in lhe reproductive age group in the United States, used 
~ome method of contraception in 1995t (Table 25- 1). 

Of the nonsurgical, reversible methods of contraception, 
oral contraceptives (OCs) ~ere most popular, used by 26 
pcn.:cnt of all women in this age group. OCs were followed 
in freq uency of use by the condom, withdrawal, progestin 
injection, peiiodic abstinence, diaphragm, and spermicides 
alone. The intrauterine device (IUD) and progestin im
plants, the two most effective methods of reversible contra
ception, were each used by less than 1 million women. 

Of women who initiated contraception in 1995, about 
one third selected OCs. Of all women currently in the 
reproductive age group in the United States, more than 
three fourths, 77 percent, have taken OCs at some time in 
their life. The average length of time of OC use by an 
individual woman is 5.8 years. Condom use has increased 
in the United States in the pac;t two decades and is the 
third most popular method of contraception used by about 
one fifth of reproductive age women. 

CONTRACEPTIVE Ef=FEGTJ VEN ~~SS 

h is difficull to determine the actual effectiveness of a 
contraceptive method because of the many factors that 
aiTet:l contraccptjve failure. The terms method effective
ness and use effectiveness (or method failure and patient 
failure) were previously used t.o describe conception oc
curring while the contraceptive method was being used 

Chapter 25 CONTRACEPTION sn 

correctly or incorrectly. These have now been replaced by 
the terms typical use and perfect use. 

The percentage of failure rates with the first year of use 
for the various methods of contraception available in the 
United States is shown in Table 25-2. ln this table is an 
estimate of the percentage of women continuing to usc lhe 
method after I year has elapsed since starting to usc the 
method. 2 The actual use failure rates for durations more 
than I year are available for certain methods of long-acting 
contraceptives. The failure rate f0r 5 years of use of the 
six progestin implants, Norplant, in clinical trials is 1.1 
percent.3 The cumulative fail ure rate of the copper T380 
IUD was 1.0, 1.4, and 1.6 per 100 women after 3, 5, and 
7 years of use in a large World Health Organization (WHO) 
study." The failure rate of all types of tubal sterilization is 
1.3 1 after 5 years and L85 per 100 women after 10 years, 
being highest for tubal fulguration and lowest for segmental 
resection in the I 0 years after the procedure.s In counseling 
women about long-term failure rates, they should be in-

TABLE 25-2 
Failure Rates of Various Contraceptive Methods 

METHOD 

Chance 
Spermicide.~ 
Periodic abstinence 

Calendar 
Ovulation method 
Symptothermal 
Post ovulation 

Withdrawal 
Cap 

Parou.~ women 
Nulliparous women 

Sponge 
Parous women 
Nulliparous women 

Diaphragm 
Condom 

Female (Reality) 
Mate 

Pill 
Progestin-only 
Combined 

IUD 
Progesterone T 
Copper 1'3801\ 
LNg20 

Dcpo-Prover.J 
Norptam (six capsules) 
Female srcrilil'.<ltion 
Male sterilization 

PERCENTAGE OF WOMEN 
EXPERIENCING AN 

ACCIDENTAL PREGNANCY 
WITHIN THE FIRST YEAR 

OF USE 

Typical Usc Perfect Use 

85 85 
21 6 
20 

19 

36 
18 

36 
18 
18 

21 
12 
3 

9 
3 
2 
I 
4 

26 
9 

20 
9 
6 

5 
3 

0.5 
0.1 

2.0 1.5 
0.8 0.6 
0.1 0.1 
0.3 0.3 
0.09 0.09 
0.4 0.4 
0.15 0.10 

PERCENTAGE 
OF WOMEN 

CONTINUING 
USE /IT 
t YEAR 

43 
67 

1\5 
58 

45 
58 
58 

56 
63 
72 

81 
78 
81 
70 
85 

100 
100 

Emergency contraceptive pills treatment initialed within 72 hours arter 
unprotected intercourse reduces the risk of pregnlll!CY by at least 75%. 

Lactational amonorrhea methods a highly effective, temporary method 
of contraception. 

From Comrnccptive Technology update. Monlhty newsletter from Health Proru~· 
sionals, American Health Con~ultants. Don•t n<~gtcct pc,·fcct-use failure rates when 
talking to patients. Contraceptive Technology. Feb. 1996. Vol, 17, No. I. pp 13-24. 
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formed about the high incidence of ectopic pre1,'11aucics 
that occur in women who conceive using progestin-only 

_ methods, the IUD, and female sterilization. Ectopic preg
nancy rates for women conceiving whi le they are using 
these methods range f.-om about 30 percent with tubal 
sterilization failure, 25 percent with implant failure, and 5 
percent wi th copper IUD failurc. 5· <• 

u~ • rc" i ~ 

All spermicidal agent'> contain a surfactant, usually nonox
ynol 9, that immobilizes or kills sperm on contact 'D1ey 
also provide a mechanical barrier and need to be placed 
into the vagina before each coital act The effectiveness of 
these agents increases with increasing age of the woman 
and is similar to that of the diaphragm in all age and 
income groups. Although a few early swdies linked the 
usc of a spermkide at the lime or conception with an 
increased risk of some congenital malformations, several 
well-pcrl'ormed studies have shown no increased 1isk of 
congenital malformation in the newborns7-v or karyotypic 
abnormalities in the spontaneous abortuscs10 of women 
who conceived while using spermicides. 

FHI~ '1 Tf';' 1N11 H ~!:t 

Diaphragm 
A diaphragm must be carefully fttted by the health care 
provider. The largest size that docs not cause discomfort or 
undue pressure on the vaginal epithelium should be used. 
After the fitting, the woman should remove the diaphragm 
and reinsert it herself. She should then be examined to 
make sure the diaphragm is covering the cervix. The dia
phragm should he used with a spermicide and be left in 
place for at least 8 hour~ after the last coital act If repeated 
intercourse takes place or coitus occurs more than 8 hours 
after insertion of the diaphragm, additional spermicide 
should be used. 

Although it is advisable to usc a spermicide with the 
diaphragm, it may not be necessary because it has not been 
conclusively demonstnlled that pregnancy rates arc lower 
when a spermicide is used with a diaphragm than when 
the diaphragm is used alone. 11 The number or UTinary tract 
infections in women who usc diaphragms is significantly 
higher than in nonusers, probably because of the mechani
cal obstruction of the outflow of urine by the diaphragm. 12 

Diaphragm users shou ld also be cautioned not to leave the 
device in place for more than 21J- hours, because ulceration 
of the vaginal epithelium may occur with prolonged usage. 

Cervical Cap 
The cervical cap, a cup-shaped plastic or rubber device 
that fits around the cervix, has been used as a barrier 
contraceptive for decades, mainly in Britain and other parts 
of Europe. 

There has been a recent resurgence of interest in the usc 
of this older method because the cervical cap can be left 
in place longer than the diaphragm and is more comfort
able. The various types of caps are manufac£urcd in differ-

ent sizes and should be fitted to the cervix by a clinician_ 
The Prcntif cavity-rim cervical cap was approved for gen
eral use in the United States in 1988. The productlahclin!.! 
stipulates that the cap should be left on the cervix l"or n~> 
more than 48 hours and that a spermicide should alwavs 
be placed inside the cap before useY The cap is maml f'a~
tured in four sizes and requires more training than the 
diaphragm, both for the provider to fit it and for the u~cr 
to place it cOITectly. railurc rates with the cervical cap arc 
similar to those observed with the diaphragm. Because of 
concern about a possible adverse effect of the cap on 
cervical tissue, the cervical cap should be used on ly hy 
women with normal cervical cytology, and it is 1\!<.:l>m

mended that users have another cervical cytologic examina
tion 3 months after starting to usc this method. 

Male Condom 
Use of the male condom by individuals with multiple se:>. 
pattners should be encouraged. The male condom is the 
most effective method of contraception to prevent transmis
sion of sexually transmitted diseases. The male condom 
should not be applied lightly. The lip should extend beyond 
the end of the penis by aboul 1h. inch to collect the ejacu
late. Care must be taken on withdrawal not to :;pill the 
ejaculate. When used by strongly motivated couples, the 
male condom is highly effective. 

Female Condom 
A female condom was approved for marketing in the 
United States in 1994. It consists of a sofr. loosc-lilling 
sheath and two flexible polyurethane rings. One ring lies 
inside the vagina at the dosed end of the sheath and scrw~ 
as an insertion mechanism and internal anchor. The outer 
ring forms the external edge of the device and remain~ 
outside the vagina after insertion, thus providing protection 
to the labia and the base of the penis during intcrcour~e
The condom is prelubricated and is intended for one-time 
use only. Fitting by a health professional is not required." 

In comparison to the male condom, the female condom 
has the advantage of being able to be inserted hcfnre 
beginning sexual activity and to be left in place for a 
longer time aner ejaculation occurs. 13ecause thl! female 
condom also covers the external genitalia, it shou ld nfJ'cr 
greater protection against the transfer of certl!in scxuall) 
transmitted organisms, particularly genital herpes. Bccau~<: 
polyurethane is stronger than the latex used in male con
doms. the female condom is less likely to rupture. In a 
multicenter clinical trial, the cumulative pregnancy rate in 
U.S. centers at 6 months was 12.4 percent Thl· 6-month 
pregnancy rate with perfect usc was 2.6 percent, indicming 
that the probable 1-year pregnancy rate with perfect ll \l' 

would be slightly more than 5 pcrcent.15 At the end or n 
months in the U.S. study. about one third ol' the women 
had discontinued use of this method. Because clinical tri;lls 
with use of the female condom have not comp<~rc<.l its u~c 
with other barrier techniques, an exact comparison with 
other contraceptive methods cannot be made. Trussel :tnd 
colleagues, ' ~ using the data of other studies. COIH.:Iude<.lthat 
the efficacy rate of the female condom with pcrll.·ct UM:: 
would be similar to that of the diaphragm and ccrvi<:;d cap. 
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but the failure rate of the female condom with typical use 
would be higher than that of the diaphragm. Because of 
the lack of prospective clinical trials with the male condom, 
no statistical comparison of the effectiveness of the two 
types of condoms can be made. No data exist in which the 
effectiveness of the female condom for reducing sexual 
disease transmission is analyzed. Because polyurethane 
docs not allow virus transmission, it should reduce the risk 
or a woman's acquiring human immunodeficiency virus 
infection. 

ORAL STEROID CONTRACEPTIVES 

Oral steroid contraceptives (OCs) were initially marketed 
in the United States in 1960. Because contraceptive steroid 
formulations with more than 50 1.1..g of estrogen were asso
ciated with a greater incidence of adverse effects without 
greater efHcacy, they are no longer marketed for contracep
tive usc in the United States, Canada, and Great Britain. 
Indications for prescribing formulations with 50 f.Lg of 
estrogen are uncommon. In 1996, only about 2.5 percent 
of all OC prescriptions in the United States were for 
rormulations with 50 1-Lg of estrogen. OC formulations 
currently marketed in the United States, excluding generic 
brands, arc listed in Table 25-3. 

Pharmacology 

There are three major types of OC formulations: Hxed-dosc 
combination, combination phasic, and daily progestin. The 
combination formulations are the most widely used and 
most effective. They consist of tablets containing both an 
estrogen and progestin given continuously for 3 weeks. No 
steroids arc given for the next 7 days, after which time the 
active combination is given for- an additional 3 weeks. 
Uterine bleeding usually occurs in the week when no 
steroid is ingested. Without estrogenic stimulation, the en
dometrium usually begins to slough I to 3 days after 
steroid ingestion is stopped. Withdrawal bleeding usually 
lasts 3 to 4 days and uterine blood loss averages about 25 
ml, less than the mean of about 35 ml that occurs during 
menses in a normal ovulatory cycle. 

All currently marketed formulations are made from syn
thetic steroids and contain no nalllral estrogens or proges
tins. There are two major types of synthetic progestins: 
derivatives of 19-nortestosteronc and derivatives of 17a
acctoxyprogcsterone. The latter group are C2 , progestins, 
called pregnancs, and are structurally related to progeste
rone. Medroxyprogcsterone acetate and megestrol acetate 
arc C2, progestins marketed as tablets for noncontraceptive 
usage. In contrast to the 19-nortestosterone derivatives, 
when high dosages of the c21 progestins were given to 
female beagle dogs (an animal previously used for OC 
toxicology testing), the animals developed an increased 
incidence of mammary cancer. Because of this carcinogenic 
effect, oral contraceptives containing these progcstins are 
no longer marketed despite Lhc fact that the beagle, unlike 
the human, metabolizes C2 1 progcstins to estrogen, which 
then stimulates mammary nodules that can become carcino
genic in this anjmal. 

T he steroid structure of the 19-nortestosterone progcstins 
more closely resembles testosterone than the C21 acetoxy-

Chapter 25 • CONTRACEPTION 679 

f6CaCH 
0~indrone 

Norethindrone 
Acetate 

OH m·C=cH 
0~hynodrel 

0 

~1 
1o CO""'- ~~ 

H,cro 
Ethynodlol 
Dlacetate 

I iul.rin :Z~i ' 1'1 Chemical structures of the estrane progestins used 
in oml contraceptives. 

progcstins. Therefore, all progestational agents currently 
used in OCs have some degree of androgenic activity. The 
19-nortestosterone progestins used in OCs are of two major 
types, called estranes and gonanes. Although the original 
estrane, norethynodrel, is no longer used in currently mar·· 
l<cted OCs, other estrancs, norethindrone and its derivatives 
with one or two acetates, norethindrone acetate and ethy·· 
nodiol diacctate, are used in several marketed formulations 
(Fig. 25-1). Gonancs have greater progestational activity 
per unit weight than estrancs do, and thus a smaller amount 
of the gonane type of progestin is used in OC formulations. 
The parent compound of the gonancs is d/-norgcstrel , 
which consists of two isomers, dcxtro and levo. Only the 
lcvo form is biologically active. Both dl-norgestrcl and its 
active isomer lcvonorgcstrel arc present in several OC 
formulations . Three less androgenic derivatives of lcvo
norgcstrcl, namely, dcsogcstrel, norgestimate, and gesto
dene, have also been synthesized (Fig. 25- 2). Formulations 
with each of these three progestins have been marketed in 
Europe for many years, and formulations with desogcstrel 
and norgestimate, but not gestodene, have been marketed 
in the United States since 1992. 

With the exception of two daily progestin-only formula 
tions, the progestins arc combined with varying dosages of 
two estrogens. cthinyl estradiol and ethinyl estradiol 3-
methyl ether, also known as mestranol (Fig. 25·-3). All. the 
older, higher dosage OC formulations contained mestranol, 
and this steroid is still present in some 50··~-Lg formu lations. 
All formulations with less than 50 j.Lg of estrogen contain 
only the parent compound ethinyl estradiol. In common 

011 

-.._ .m- CECI·I 

oUJLov:orgoslrel 

Oli 

0~~'"" 
OH 

~,Cm-C'<CH 

CXYoo~strol 
~~~ 

HON Norgeslunato 

! iq11::• :J. ;) :' • Chemical structure of the gonane progestins used 
in oral contraceptives. 
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TABLE 25-3 

Estrogen and Progestin Components of Oral Contraceptives 

MANUFACTURER 

Rcrlex 
Levien 
Tri-Lcvlcn 61 

51 
10/ 

Bnstol-Mycl" Squibb 
()vcon 35 
Ovcon 50 

Organon 
J)esogcn 

Ortho-MucNcil Pharmaccuticnl 
Micronor 
Mod icon 
Ortho-Ccpt 
Ortho-Cyclcn 
011ho-Novurn 1/35 
Ortho-Novum 1/50 
Ortho-Novum 7/ 

71 
7/ 

Ortho-Novum 10/ 
I 1/ 

Onho-Tricychn 

J>arkc-Davis 
l!strostcp 

Loestrin 1no 
Locstrin 1.5/30 
Norlcstrin 1150 
Norlcstrin 2.5150 

Roche Laboratoncs 
Brcvicon 
Norinyl I I 35 
Norinyl I I 50 
Nor-QD 
Tri-Norinyl 11 

Scurlc 

9/ 
51 

Dcmulcn J/35 
Dcmulcn 1150 

Wyeth-Aycrst 
AI esse 
Lo/Ovml 
Nordethl 
Ovrnl 
Ovrenc 
Triphasil 61 

51 
10/ 

tilhinyt c.<tradlol unless 1101ed 
tMcstr.mol. 

PRODUCT TYPE 

Combination 
Combination, triphasic 

Combin.1tion 
Combination 

Combination 

Progestin-only 
Combination 
Combination 
Combination 
Combination 
Combination 
Combination. tripha.~ic 

Combination, biphasic 

Combination. triphasic 

Combination 

Combination 
Combination 
Combination 
Combination 

Combination 
Combination 
Combination 
Progestin-only 
Combination, triphasic 

Combination 
Combination 

Combination 
Combination 
Combination 
Combination 
Progestin-only 
Combination, triphasic 

usage, formulations with 50 J.Lg or more of estrogen (ethi
nyl esLradiol or mestranol) have been termed first-genera
tion OCs. Those with less than 50 J.Lg of estrogen, 20 to 
35 J.LB of ethinyl estradiol, arc called second-generation 
products if they contain any progestin except the three 
newest lcvonorgcstrel derivatives. Those fonnulations with 
dcsogestrcl, norgcstimate, and gestodene are called third
generation formulations. /\II the synthetic estrogens and 
progestins in OCs have an ethinyl group at position 17. The 

PROGESTIN 

0. 15 mg lcvonorgcstrcl 
0.05 mg lcvonorgestrel 
0.075 mg levonorgcstrcl 
0. 125 mg levonorgc.~trel 

0.4 mg norethindrone 
1.0 mg norethindrone 

0.15 mg dcsogcstrel 

0.35 mg norethindrone 
0.5 mg norerhindrone 
0.15 mg clcsogcstrel 
0.25 mg norgcstimate 
1.0 mg norethindrone 
1.0 mg norethindrone 
0.5 mg norethindrone 
0.75 mg norethindrone 
1.0 mg norcrhinclrone 
0.5 mg norethindrone 
1.0 mg norethindrone 
0. 18 mg norgestimatc 
0.215 mg norgestimatc 
0.25 mg norgcstimate 

1.0 mg norethindrone acetate 
1.0 mg norethindrone acetate 
1.0 mg norethindrone acetate 
1.0 mg norcthi ndronc acetau: 
1.5 mg norethindrone acetate 
1.0 mg norethindrone acetate 
2.5 mg norethindrone acetate 

0.5 mg norethindrone 
1.0 mg norethindrone 
1.0 mg norethindrone 
0.35 mg norethindrone 
0.5 mg norethindrone 
I mg norethindrone 
0.5 mg norethindrone 

1.0 mg cthynodiol diacetatc 
1.0 mg ethynodiol diacctatc 

ESTROGEN' 

311 ll!l 
:l() J.lll 
<\() J.ll\ 
JO J.lll 

:l5 I.I.J:! 

35 IJ.!l 
:lO J.l!! 
:l.'\ Ill!. 
35 J.l!! 
50 J.l!!t 
35 J.lj! 
:15 l' l! 
J5 J.lll 
.15 J.l!.! 
.15 14& 
:15 11!!. 
.l5 J.lj! 
·'5 J.l8 

~0 J.lg 
3<1 1'-tt 
35 u 
211 J.lg 
J() J.ll! 
50 J.ll! t 
511 J.lgt 

J5 J.lg 
.3.'\ J.lll 
50 J.l!: 

J5 J.ll.l 
.l5 ILl! 
J5 IJ.ll 

0.1 mg lcvonorgcstrcl 2!1 11!: 
3.0 mg norethindrone :10 11g 
0. 15 mg norethindrone JO 11g 
0.5 mg norgcstrel 50 11l! 
0.075 IL8 norgcstrel .Ill J.lJ; 
0.05 J.l& lcvonorgestrcl .lll J.ll.l 
0.75 J.l& lcvonorgestrel -10 !Lg 
1.25 J.l& lcvonorgcstrcl JO 11g 

--------- .~------------------~~-

presence of this cthinyl group enhances the oral activity nf 
these agents, because their essential functional groups arc 
not as rapidly metabolized as they pass through the intesti· 
nal mucosa and the liver through the portal ~ystem. in 
contrast to what occurs when natural sex steroids are iu
gested orally. The synthetic steroids thus have greater oral 
potency per unit of weight than the natural steroids. It hu, 
b~en estimated that cthinyl estradiol has about 100 time). 
the potency of an equivalent weight of conjugated cquino.: 
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OH 

Mestranol Ethlnyteatradlol 

r.I~UITl t!l ·3 Ill Structures of the two estrogens used in combina
IIOn oral contraceptives. 

estrogen or estrone sulfate for stimulating synthesis of 
various hepatic globulins. 

The various modifications in chemical structure of the 
different synthetic progestins and estrogens also affect their 
biologic activity. Thus, one cannot define the pharmaco
logic activity of the progestin or estrogen in a particular 
contraceptive steroid formulation on the basis of only the 
amount of steroid present. The biologic activity of each 
steroid also has to be considered. By use of established 
tests for progestational activity in animals, it has been 
round that a given weight of norgestrel is several times 
more potent than the same weight of norethindrone. Studies 
in humans, using delay of menses 16 or endometrial histo
logic alterations such as subnuclcar vacuolization 17• 18 as 
endpoints, also determined that norgestrel is about 10 times 
more potent than the same weight of norethindrone. Nor
ethindrone acetate and ethynodiol diacetate are metabolized 
in the body to norethindrone. Studies in humans, measuring 
progestational activity as described before, as well as other 
studies comparing the effects of serum lipids in humans 
indicate that each of these three progestins has approxi
mately equal potency per unit of weight, whereas levonor
gcstrel is I 0 to 20 times as potent. 19 Each of the three most 
recently developed levonorgcstrel derivatives has been 
shown in animal but not human studies to have similar or 
greater progestogenic potency than an equivalent weight of 
lcvonorgestrel, with less androgenic activity.20 The magni
tude of difference in androgenic and progestational effects 
produced by each progestin is called selectivity. 

·nlC two estrogenic compounds used in OCs, ethinyl 
estradiol and its 3-mcthyl ether, mestranol, also have differ
ent biologic activity in women. To become biologically 
effective, mestranol must be demethylatcd to ethinyl estra
tliol, because mestranol does not bind to the estrogen cyto
sol receptor. The degree of conversion of mestranol to 
cthi nyl estradiol varies among individuals; some are able 
to convert it completely, whereas others convert only a 
portion of it. Thus, in some women, a given weight of 
·ncstranol is as potent as the same weight of ethinyl estra
tliol; in other women, it is only about half as potent. 
Overall, it has been estimated, by use of human endome
trial response and effect on liver corticosteroid-binding 
globulin production as endpoints, that cthinyl estradiol is 
about 1.7 times as potent as the same weight of mestranoJ.l1 

The biologic activity as well as the quantity of both steroid 
components needs to be evaluated in comparing potency 
of the vctrious formulations. 

Radioimmunoassay methods have been developed to 
mc.:asurc blood levels of these synthetic estrogens and pro
gestins. Peak plasma levels of ethinyl estradiol arc lower 
and occur about 2 to 4 hours later after ingestion of mestra-
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no! than after ingestion of ethinyl estradiol.22 The delay is 
due to the time necessary for mestranol to be demethylated 
to ethinyl estradiol in the liver. 

When different doses of dl-norgcstrcl were administered 
to women, it was found that the serum levels of levonorgcs
trel were related to the dosage.23 Peal< serum levels were 
found 0.5 to 3 hours after oral administration, followed by 
a rapid, sharp decline (Fig. 25-4). However, 24 hours after 
ingestion, 20 to 25 percent of the peak level of levonorges
trel was still present in the serum. After 5 days of norgestrel 
administration, measurable amounts of levonorgestrel were 
present for at least the following 5 days. 

Brenner and coworkers24 measured serum levels of levo
norgestrel, follicle-stimulating hormone (FSH), luteinizing 
hormone (LH), estradiol, and progesterone 3 hours after 
ingestion of a combination OC containing 0.5 mg of d/
norgcstrel and 50 j.Lg of ethinyl estradiol in three women 
during two consecutive cycles as well as during the in
tervening pill-free interval. Daily levels of levonorgestrel 
rose during the first few days of ingestion, reached a 
plateau thereafter, and declined after ingestion of the last 
pill (Fig. 25- 5). Ne vertheless, substantial amounts of levo
norgestrel remained in the serum for at least the first 3 to 
4 days after the last pill was ingested. These steroid levels 
were sufficient to suppress gonadotropin release during the 
J -week interval when no steroid was administered. Thus, 
follicle maturation, as evidenced by rising estradiol levels, 

8 

7 

:::r6 
~ .s5 
!4 
7ii e-3 
0 

~2 
1 

0 

t t 

:·. 
: \. 

+ 
) 

:·· .. 

~·. i \: : · .. 
. : '•i ·~ 
\ : 
\] 

+ 
I .. .. ··. : ', . . 
: ... 

·.: 
·.: 
' 

0.5 mg norgestrel 

' 

· ..... 
· .. 

...... 
2 3 4 5 6 7 8 9 10 

+ + + :::r5 + 
~4 .S ·· :. 0.3 mg norgestrel 

,: rl, ,_r-··· ... r\.\,1'\ ... 
~ 1 "' •• ••• 

0 ·····-·····--~ 
...J 123456 7 8 9 10 
E 

~:l : + + + + 
& 1 A

1
, t··. t·-. :--.. : 

(5 '.-.; ·.; ~... .. ~ 

zo 
-o 123456 

0.075 mg norgestrel 

7 8 9 10 
Days 

r llJ!i!:: ·;~,- 1· • Serum d-norgostrellevels in lhree subjects receiv
ing 500 f-1.9 of dJ.norgestrel and 50 J.L9 of ethinyl estradiol (Ovral). 
Arrows indicate time of ingestion. (f-rom Brenner PF. Mishell DR 
Jr. Stanczyk FZ, Goebelsmann U. Sorum levels of d-norgestrel. 
luteinizing hormone. follicle-stimulating hormone. estradiol. and pro· 
gesterone in women during and following ingestion of combination 
oral contraceptives containing dJ.norgestrel. 1\rn J Obstot Gynocol 
129:133-140. 1977.) 
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U. Serum levels of d·norgestrcl, luteint'ling hormone, follicle-stimu
lating hormone, estradiol, and progesterone in women during and 
following ingestion of combinauon oral contraceptives containing 
dJ.norgostrel. Am J Obstct Gynccol 129: 133-·140, 1977 .) 

did not occur during the 1 week when no steroid was being 
ingested. When lower doses of steroids are administered, 
follicular growth but not ovulation may occur because of 
initiation of growth of the dominant follicle during the time 
that no steroid is being ingested. 

From these daln, it seems reasonable to conclude that 
accidental pregnancies during OC use probably occur not 
because of failure to ingest one or two pills more than a 
few days arter a treatment cycle is initiated but rather 
because initiation of the next cycle of medication is delayed 
for a few days. Therefore. it is important that the pill- free 
interval is not extended more than 7 days. This is best 
accomplished by ingesting either a placebo or iron tablet 
daily during the steroid-free interval (the so-called 28-day 
package). If a 3-wcek pill package is used, treatment is 
best started on the rirst Sunday after menses begins instead 
of the first or lifth day of the cycle. It is easier to remember 
to sta11 the new package on a Sunday. Women should be 
advised that the most important pill to remember to take is 
the first one of each cycle. 

Mechanisms of Action 
The estrogen-progcslin combination is the most effective 
type of OC fo•mulation, because these preparations consis
tently inhibit the midcycle gonadotropin surge and thus 
prevent ovulation. The progestin-only formulations have a 
lower dose of progestin than the combined agents and do 
not consistently inhibit ovulation. Both types of formula
tions also act on other aspects of the reproductive process: 

(I) they alter the cervical mucus, making it thic~. vi~cid, 
and scanty, which retards sperm penetration; (2) lhey al ter 
motility of the uterus and oviduct, thus impairing transport 
of both ova and sperm; (3) they alter the endonw trium w 
that i ts glandular production of glycogen is diminish~·d and 
less energy is available for the blastocyst to survi ve in the 
uterine cavity; and (4) they may alter ovarian rellpun
sivcness to gonadotropin stimulation. With bnth types of 
formulations, neither gonadotropin production nor ovarian 
steroidogenesis is completely abolished. Levels ol' cndo~fc· 
nous estradiol in the peripheral blood during ingL·stion of 
high-dose combination OCs are similar to those round in 
the early foiJicular phase of the normal cycle.'-' 

Contraceptive steroids prevent ovulation both by in
terfering with release of gonadotropin-releasing hormone 
(GnRH) from the hypothalamus and by suppn.:ssing pitu
itary release of LH and FSJ I. Several studies in humans 
showed most women who had been ingesting comhi nmion 
OCs had suppression of the relea-;e of LH and 1:s11 aft~r 
infusion of OnRH, indicating that the steroids had a direct 
inhibitory effect on the pituitary as well as on the.: hypmhal
amus.21' 

D irect pi tui tary inhibition 0ccurs in about 80 pt.:n:cnt of 
women ingesting high-dose combination OCs. Pituita!) 
suppression is unrelated to the age of the woman or the 
duration or steroid use but is related to the potency or the 
formulation. The effect is more pronounced with f'ormukl
tions containing a more potent progestinr' and wi th thoM: 
containing 50 1-Lg or more of estrogen than with JO. I~> 
35- j.Lg estrogen-containing l'ormulations.:!ll It ha~ nm been 
demonstrated that the degree of pituitary suppre~sion i\ 
related to the occurrence of amenorrhea after OC usc i ~ 
stopped. There are data showing that the mean time to 
conception after discontinuation of OC use is shnncr in 
women ingesting preparations with less than 50 IJ.g c1f 
estrogen (4.0 I cycles) than in those ingesting formulation, 
with 50 IJ.g of estrogen or more (4.79 cycles)."} 

The daily progestin-only preparations do not cnnsistcnth 
inhibit ovulation. They exert their contraceptive aL·tion h~ 
the Other mechaniSmS fisted before, but bCCtlll!-L' Ui' th~ 
inconsistent ovulation inhibition, their effectivcnes~ i:> sig
nificantly less than that or tJ1e combination type~ ol' oc~. 
Because a lower dose of progestin is used in thc~L' f<mnula. 
tions than in the combination tablets, it is imporwm that 
these preparations be consistently taken at the same timt· 
of day to ensure that blood levels do not fall hcluw 1h~ 
effective contraceptive level. 

No significant difference in clinical effectiveness h·" 
been demonstrated among the various combination formu
lations currently available in the United States. " " long~ 
no tablets are omitted (perfect usc), the pregnancy rate i\ 
less than 0.2 percent at the end of I year with all market~'<! 
combination formulations. 

Metabolic Effects 
The synthetic steroids in OC formulations have many mel·• 
bolic effects in addition to their contraceptive al'! ions n. 
blc 25-4). These metabolic effects can producl' hoth tl· 
more common, less serious side effects as well as 1he ran~ 
potentially serious complications. The magnitudt• or tlw· 
effects is directly related to the dosage and potcnL·y of It' 
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1J TABLE 25-4 
Metabolic Effect of Contraceptive Steroids 

------------
K~trogcn: Ethinyl cstl'adiol 
Proteins 

1\ll>umin 
Amino acids 
Globulins 

Angiotensinogen 
Clotting factors 

Carrier proteins (CBG. 
TBG, transferrin, 
cemloplasmin) 

Carbohydrate 
Plasma insulin 
Glucose tolerance 

Lipids 
Cholesterol 
Triglyceride 
I IDI, cholesterol 

I .DI, cholesterol 

I \lcctrolytcs 
Sodium excretion 

Vitamins 
13-complex 
Ascorbic acid 
Vitamin A 

Other 
llrcast 
lindometrial steroid receptors 

Skin 

l'rogcstius: 
19-Nortt'Stostcrouc 
deri vatives 

Proteins 
Carbohydrate 

Plasma insulin 
Glucose tolerance 

Lipids 
Cholesterol 
Triglyceride 
HDL cholesterol 

LDL cholesterol 

Other 
Nitrogen retention 
Skin-·sebum production 
CNS effects 

Endometrial steroid receptors 

CHEMICAL 
EFFECTS 

! 
! 
I 

None 
None 

i 
t 
t 

! 

t 

! 
! 
t 

t 
i 

! 

None 

t 
! 

! 
! 
! 
.,. 
I 

I 
i 
t 

~ 

CLINICAL 
EFFECTS 

None 
None 

t Blood pressure 
Hypereoagulability 
None 

None 
None 

None 
None 
'! t Cardiovascular 

disease 
? ! Cardiovascular 

disease 

Pluid retention 
Edema 

None 
None 
None 

n reast tenderness 
Endometrial 

t 
hyperplasi<t 
Sebum production 

i Facial 
pigmentation 

None 

None 
None 

None 
None 
? t Cardiovascular 

disease 
? I Cardiovascular 

disease 

t Body weight 

t Acne 
Nervousness, fatigue, 

depression 
No withdrawal 

bleeding 

CllG. con icostcroid-binding globulin; TflG. lhyroid-binding globulin; HDL, high
dcnsily lipoprolein; LOL. low-dens ity lipoprotein: CNS, central nervous syslem. 

steroids in the formulations. Fortunately, in most instances, 
the more common adverse effects arc relatively mild. 

The most frequent symptoms produced by the estrogen 
component include nausea (a central nervous system ef
fect), breast tenderness, and fluid retention (which usually 
docs not exceed 3 to 4 pounds of body weight) because of 
decreased sodium excretion. Minor, clinically insignificant 
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changes in circulating vitamin levels also occurred alkr 
ingestion of the higher dosage OCs. These changes in 
eluded a decrease in levels of the B-complcx vitamins :111d 
ascorbic acid and increases in levels of vitamin A. l\Vl'll 
with use of the agents containing a high steroid do'>l ' . 

dietary vitamin supplementation was not necessary, bcc:m-:, · 
the changes in circulating vitamin levels were small and 
clinically insignificant. Estrogen can also cause melasun 
pigmentation of the malar eminences, to develop. Mclasli t; l 
is accentuated by sunlight and usually takes a long time ", 
disappear after OCs are discontinued. The incidence of all 
these estrogenic side effects is much less with usc or 
formulations of lower estrogen dose than with those or 
high estrogen dose. 

With high doses of estrogen, OC usage was found tn 
accelerate the development of the symptoms of gallbladder 
disease in young women but did not increase the overall 
incidence of cholelithiasis. The results of the large Bri tish 
Family Planning 1\ssociation study"" and a case~cont rol 
study31 indicate that the use of high-dose OCs docs not 
increase the incidence of gallbladder disease in wonwu. 
When the data were stratified among women or dil'ferem 
body weight or di fferent age, no increased risk of gallbh1d .. 
dcr disease was found in any subgroup. These results 
indicate that development of gallbladder disease is not :1 

risk factor associated with OC usc, even if these agents 
contain high doses of steroids and are used for more than 
8 years.3~ 

Mood and Depression 

lt was previously postulated that. high dosages or the syn 
thctic estrogens could also produce changes in mood mu! 
depression brought about by diversion of tryptophan nw 
tabolism from its minor pathway in the brain to its major 
pathway in the liver. The end product of tryptophan mctah 
olism, serotonin, is thus decreased in the central nervon~ 
system, and it was postulated that the resultant lowering nl 
serotonin could produce depression in some women and 
sleepiness and mood changes in others. 

Analysis of the data from the Royal College of General 
Practitioners (RCGP) cohort study indicated that OC ll ~l· 
was positively correlated with the incidence of depression. 
which in turn was directly related to the dose or cstrogctl 
in the formulation .u In this study, an increased incidcnc;· 
of depression was not found to occur among users or 
OCs containing less than 50 J..t.g of estrogen. Data frotn 
postmenopausal women receiving estrogen therapy alone 
as well a'> estrogen-progestin sequential therapy indic:ll t' 
that administration of physiologic doses of estrogen alone 
which is less potent than the pharmacologic dose used i 11 
OCs, improves the mood of women, whereas the addit io11 
of a progestin increases the amount or depression, ilTitahi r 
ity, tension, and fatiguc.:M These studies indicate that Ill<' 

progestin component of the agents may he the major cans,' 
of the adverse mood changes and tiredness observed in 
some women after ingestion of OCs, but it has not hccu 
definitely established which of the steroid components i:-; 
the major factor in producing adverse mood changes. Pos~i · 
bly, both are involved. 
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Androgenic Effects 

The progestins. because they arc structurally related to 
testosterone, also produce certain adverse androgenic ef
fects. These include weight gain, acne. and a symptom 
perceived by some women as nervousness. Some women 
gain a considerable amount of weight when they take OCs, 
and this weight gain is believed to be produced by the 
anabolic effect of the progestin component. Although estro
gens decrease sebum production, progcstins increase it and 
can cause acne to develop or worsen. Thus. women who 
have acne should be given a formulation with a low proges
tin-estrogen ratio. 

The final symptom produced by the progestin component 
is failure of withdrawal bleeding or amenon·hca. Because 
the progestins decrease the synthesis of estrogen receptors 
in the endometrium, endometrial growth is decreased, and 
some women have failure of withdrawal bleeding. This 
symptom is nol imp01tant medically, but because bleeding 
serves as a signal that the woman is not pregnant, it is 
desirable to have some amount of periodic withdrawal 
bleeding during the days she is not taking these steroids. 
The two steroid components can act together to produce 
irregular bleeding. Unscheduled (breakthrough) bleeding 
(which is usually produced by insufficient estrogen, too 
much progestin, or a combination of both) a<; well as failure 
of withdrawal bleedjng can be alleviated by increasing the 
amount of estrogen in the formulation or by switching to a 
more estrogenic formulation. 

Hepatic Proteins 

The synthetic estrogens. used in OCs cause an increase in 
the hepatic production of several globulins. Progesterone 
and androgenic progestins do not affect the synthesis of 
globulins except that of sex hormone- binding globulin 
(SHBG). Synthesis of SI lBO is reduced by androgens, 
including the androgenic progestins. Some of the globulins 
that arc increased by ethinyl estradiol ingestion, such as 
factors V, VIII, and X and fibrinogen, enhance thrombo
sis,3s whereas another g lobulin, angiotcnsinogen, may be 
conve1tcd to angiotensin and increase blood pressure in 
some uscrs.36 The circulating levels of each of these globu
lins arc directly correlated with the amount of estrogen in 
the OC formulation. Epidemiologic studies have shown 
that the incidence of both venous and arterial thrombosis 
is also directly related to the dose of estrogen:''· 37• J8 

Although angiotcnsinogcn levels are lower in women 
who ingest formulations with 30 to 35 !Jog of ethinyl estra
diol than in those who ingest formulations of higher estro
gen dosage, a slight but significant increase in mean blood 
pressure still occurs in women who ingest the lower dosage 
formulations.36. 39 Thus. blood pressure should be monitored 
in all users of OCs. There is some indirect evidence that 
the progestin component may also raise blood pressure. 
However, women who receive progestins without estrogen 
do not have an increase in blood pressure over time,31' 

indicating that the estrogen component is the major cause 
of elevated blood ptcssure in a few users of OCs. 

Another globulin, SI-IBG, binds circulating levels of es
trogens and androgens. Progesterone is bound to corticoste
roid-binding globulin, but because the progeslins used in 
oral contraceptives are 19 .. nortestosterone derivatives, they 

arc bound Lo Sl-IBG. Estrogens increase SHBG level:-.. 
whereas androgens, including 19-nortestostcronc deriva
tives, decrease SI-IBG levels. Thus, measurement of SllBC 
is one way to determine the relative estrogenic/androgenic; 
balance of different OC formulations. Van der Vangc anti 
associates40 measured SI-lBG levels before and 6 months 
after ingestion of severa l OC formulations comaining abou t 
the same amount of cthinyl estradiol. The greatest increase 
occurred with formu lations containing cyproterone acetate 
(not used in OC formulations in the United States). deso
gcstrel, and gestodene. SIJBG increases of lesser magni
tude occurred after ingestion of formulations containing 
low doses of norethindrone and levonorgestrel. Because 
SHBG binds endogenous testosterone and prevents it from 
acting on the target tissue. formulations causing the greah.:st 
increase in Sl-IBG should be associated with the lca~t 
amount of androgenic e ffects. These formulations arc par
ticu larly useful for treati ng women with symptom~ o f' 
hyperandrogenism such ao; polycystic ovary syndrome. 

Carbohydrate Metabolism 

The effect of OCs on glucose .metabolism is mainly related 
to the dose, potency, and chemical structure of the proge:-.
tin. Conflicting data exist as to whether the estrogen conl
ponem affects carbohydrate merabolism. The estrogen may 
act synergistically wirh the progestin to impair gluco1-.c 
tolerance. In general, the higher the dose and potency or the 
progestin,. the greater the magnitude of impaired glucose 
merabolism. The degree of alteration appears to be greater 
with gonancs than wilh cstranes. Several stud ies h<~vc 
shown that formulations with <l low dose or progestin. 
including one containing levonorgestrel, do not sign iti
cantly alter levels of glucose, insulin, or glucagon after a 
glucose load in healthy women'' .. 42 or in those with a 
history of gestational diabetes.4J However, other studi..os 
indicate that the multiphasic formulations with norge.~ trc l . 
but not those with norethindrone. produce some deteriora
tion of glucose tolerance in normal womcn4

'
1 as well a:-. in 

those with a history of gestational diabetes.4~ Some sludic:-. 
have shown increased levels of both glucose and insulin 
when glucose tolerance tests were administered to women 
ingesting desogestrel-containing 0Cs:•<.-4K 

Data from 20 years of experience using mainly high
dose formulations in the large RCGP coho11 study indicated 
that there was no increased risk for development or dillhc
tes mellitus nmong current OC users (relative ri s~ 1 RRI, 
0.80) or former OC users (RR, 0.82) even among women 
who had used OCs for I 0 years or more.~·~ More than 1 
million person-years of follow-up of OC users in the lurl!c 
Nurses' Health Study cohort were analyzed in 1992. Al
though type II diabetes mellitus developed in more than 
2000 women, the risk was not increased among current OC 
users (RR, 0.71) and only marginally increased in past OC 
users (RR, 1. 11 ).~0 only among women who had used high
dose formulations many years previously, not for those 
who had used lower dose formulations. 

}\jos and colleagues$• observed a group of women with 
a history of gestational diabetes mellitus for several years 
after the end of the pregnancy. In the first year. women 
ingesting a low-dose levonorgestrel formulation hud " 
greater risk of developing diabetes mellitus than did a 
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control group not taking OCs. On the other hand, women 
ingesting a low-dose norethindrone formulation did not 
have a greater risk of developing diabetes mellitus than 
control subjects did. After the first year following delivery, 
women ingesting both types of OCs had no greater risks 
of developing diabetes mellitus than did the control group. 
When OCs arc prescribed for women with a history of 
glucose intolerance, formulations with a low dose of a 
norethindrone-type progestin are probably preferable to 
lcvonorgcstrel preparations. Io addition, glucose tolerance 
should be monitored periodically. 

Lipids 

The estrogen component of OCs causes an increase in 
high-density lipoprotein (HDL) cholesterol, a decrease in 
low-density lipoprotein (LDL) cholesterol, and an increase 
in total cholesterol and triglyceride levels. The progestin 
component causes a decrease in IIDL, an increase in LDL, 
and a decrease in total cholesterol and triglyceride levels. 

The older formulations with high doses of progestin had 
adverse effects on the lipid profi le although they also 
contained high doses of the synthetic estrogen. These pro
gestin-dominant fommlations produced a decrease in HDL 
cholesterol levels and an increase in LDL cholesterol 1ev
cls.52 They also caused an increase in serum triglyceride 
levels because the estrogen ha-; a greater effect on triglycer
ide synthesis than does the progestin. Short-term longitudi
nal studies of several phasic form ulations <:ontaining levo
norgestrcl and norethindrone fo und that a significant 
increase in triglyceride levels still occurred but there was 
little change in either 1-IDL cholesterol or LDL cholesterol 
levels as well as in total <Cholesterol levels because the 
effects of each steroid on lipid synthesis were offset by 
the other:~3• 54 

In a cross-sectional study in which lipid levels were 
measured in a large number of women ingesting several 
OC formulations and compared with those of nonusers, 
Godsland and colleagues~7 reported that there were insig
nificant differences in HDl , and LDL cholesterol levels 
compared with those of nonusers when low-dose monopha
sic and triphasic levonorges.trcl and norethindrone formula
tions were ingested. The women ingesting formulations 
with only 0.5 mg of norethindrone or 150 j.Lg of desogestrel 
had a significant increase in HDL cholesterol levels and a 
significant decrease in LDL cholesterol levels."1' The three 
most recently developed progestins have less androgenic 
activity than the older progestins and as such, when com-

TABLE 25-5 
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bined with an estrogen, would be expected to have less 
adverse effect on lipid metabolism than the older formula
tions. Speroff and associates,211 in 1993, reviewed data from 
the published swdies in which lipid levels were measured 
in women ingesti ng formulations with the three less andro
genic progestins. They reported that with usc of these 
formulations, there was a significant increase in HDL cho
lesterol levels, a significant decrease in LDL cholesterol 
levels, little change in total cholesterol levels, and a sub
stantial increase in triglyceride levels (Table 25- 5). The 
long-term effect, if any, of these changes in lipid parame
ters remains to be determined. 

Coagulation Parameters 

As previously mentioned, the estrogen component of OCs 
increases the synthesis of several coagulation factors, in
cluding fibrinogen, which enhances thrombosis in a dose
dependent manner. The effect of OCs on parameters that 
inhibit coagulation, such as protein C, protein S, and anti
thrombin III, is less clear because of the diversity of tech
niques used to measure these parameters in different labo
ratories. A si milar lack of consistency occurs when 
parameters that enhance fi brinolysis (such as plasminogen) 
or inhibit fibrinolysis (such as plasminogen activator inhibi
tor I ) are measured in OC users. 

Changes in most of these coagulation parameters in OC 
users arc small, if they occur at all, and there is no evidence 
that these minor alterations in levels of coagulation parame
ters measured in the laboratory have any effect on the 
clinical risk of developing venous or mterial thrombosis. 
Nevertheless, if the woman has an inherited coagulation 
disorder that increases her risk of developing thrombosis, 
such as protein C, protein S, or antithrombin Ill deficiency 
or the more common activated protein C resistance, her 
risk of developing thrombosis is increased several-fold if 
she ingests estrogen-containing OCs.3s Vaodcnbroucke and 
coworkers~~> reported that the relative risk of developing 
deep venous thrombosis among women with activated pro
tein C resistance with OC use was increased 30-fold com
pared with that of nonusers without the mutation. They 
estimated that the annual incidence of deep venous throm
bosis in a woman of reproductive age with this genetic 
mutation was about 6 per I 0,000 women if she did not 
take OCs and about 30 per I 0,000 women if she took 
them. At present, it is not recommended that screening for 
these coagulation deficiencies be undertaken before OC usc 

lipid Changes With Oral Contraceptives Containing New Progestins 

PERCENTAGE CHANGE FROM BASEliNE 

PnOGESTIN N TG c LOL-C HDL-C Apo B 

Oesogestrcl 608 29.3 2.8 -·2.1 12.9 IO.S 
Ges10dene 296 38.3 3.8 -2.S 8.1 16.0 
Norgc>timato >2SSO 14.8 4.3 - 0.2 9.9 5.3 

TG. lriglyccrid¢; C. lola! c:hole•terol: LOi rC. low-density lipoprotein cholesterol: HDL-C. high-density lipoprotein cholesterol; apo. upoprotein. 
l:mm Spcroff L. DcChcrney A. und the 1\dvi>ory llom·<J for the New l'rogcslins. 
Evaluntion of n new gcncmtion or 0n1l contrnccptive.,. Ohst.:l Gynccol !I I : 103-1- 1047. 1993. 

Apo A-1 

11.3 
7. 1 
7.3 
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is started unless the woman has a personal or ramily history 
or thrombotic events. 

Cardiovascular Events 
The cause of the increased incidence of bolh venous and 
arterial cardiovascular disease, including myocardial in
farction (MI), in users of OCs appears to be thrombosis 
and not atherosclerosis. 

Venous Thromboembolism 

Gerstman and colleagues~K analyzed the effect of OCs with 
di fferent doses of' estrogen on the incidence of venous 
rhromboembolism (VTE) in a historical cohort study or 
more than 230,000 women aged 15 to 44 years. Among 
users o l' OC formulations with less than 50 1-lg of estrogen, 
the rate of VTE per I 0,000 woman-years was 4.2; with usc 
of the 50-f.Lg estrogen formulation, lhe rate wcts 7.0; and in 
users or formulations with more than 50 f.Lg of estrogen, 
the rate increased to I 0.0 per I 0,000 woman-years (Table 
25- 6). These datu confirm earlier findings indicating that 
the risk or VTH is directly related to the dose of estrogen 
in the formulation. The background rate of VTE in women 
of reproductive age is about 0.8 per 10,000 woman-years. 
A large observational study found that the incidence of 
venow; thromboembolic events among users or OCs with 
20 to 50 j..Lg of ethinyl estradiol was 3 per 10,000 woman
years. about four times the background rate of women of 
reproductive age but half the rate of 6 per 10.000 woman
years associated with pregnancy."' 

Three population-based studies have been performed to 
determine the risk of VTE in users or OCs contruning 
mainly less than 50 IJ.g or cstrogen . ~!t-61, These studies 
were consistent and showed that lhe risk of deep venous 
thrombosis was increac;ed approximately fourfold among 
women using OCs compared with women not using OCs. 
Thus, usc of OCs with less than 50 JJ..g of estrogen is 
associated with about a threefold to fourfold increased risk 
or VTE compared with a nonpregnant population not taking 
OCs but about a 50 percent reduction in risk of VTE 
compared with a pregnant or recently postpa1t um popula
tion. 

ln late 1995 and early 1996, results of four observational 
studies showed that the risk of VTE among women ingest
ing low-estrogen formulations containing desogcstrcl or 

TABll2~-6 

Rates of Deep Venous· Thromboembolic Disease in Oral 
Contraceptive Estrogen Dose- Refined Cohorts 

ESTROGEN- PERSON- RATES/10,000 
DEFINED NUMBER OF YEARS PERSON· 

COHOFITS (IJ.!J} CASES (X 10,000} YEARS 
- ---- ·--- -

<50 53 12.7 4.2 
5() (i9 9.8 7.0 

>50 20 2.0 10.0 
All 142 24.5 5.8 -----

From Ocnaman BD. Piper JM. ' lillnitn DK. cl nl. Or.d contmceptive cslroJien 
tln~c anti the risk of deer> venous thmml>ocmbolic \liscusc. Am J Epi\lcmiol 133::l2-
37. 1991, 

gcstodcnc was increased about 1.5 to 2.5 times tll<tt or 
women ingesting formulations containing less lhan 50 fJ.g 
o f estrogen and JcvonorgestreJ.Ss. r•tl-<>2 Because rhc:-e s!ud i ~:s 
were not prospective comparative llials, controversy cxi!\t~ 
as to whether the increased risk of VTE was L"au~allv 
rel ated to formulations containing these progcsrins t;r 
whether the increased risk wa<; due to certain types (>!' bias. 
Selection bias, diagnostic bias, and referral bias could h:t''l! 
accounted for the differences, but a causal relation L"annN 
be disproved.6~ Few data have been published to dale 
regarding the risk of VTE with norgestimatc-conlaining. 
compounds, so it remains uncertain whether ronmlialiom. 
containing this progestin arc associated with an inc.:rea,L'd 
risk of VTE compared with usc of low-estrogen luvunor
gestrel compounds. 

Myocardial Infarction 

Neither epidemiologic studies of humans nor experimental 
studies with subhuman primates have observed an ac.:t:ch.:ra
tion of atherosclerosis wil'h the ingestion of OCs. Nearly 
all the published epidemiologic studies indicate that lhcrc 
is no increased risk of MI among former users or OC's."' ·~· 
The incidence of cardiovascular disease is also not l 'OI'I\:

Ialcd with the duration of OC usc.C'7 further data indicating 
that the increased risk of Ml in OC users is due to lhmmho. 
sis. not atherosclerosis, arc provided by an angiog1~1phic 
study of young women who had an MI performed in 1 9R3 
by Engel and associatcs.611 ln this study, only 36 percent or 
users of OCs containing 50 JJ..g of cthinyl estradiol had 
evidence of coronary atherosclerosis compared with 71.) 
percent of nonusers. 

A study with cynomolgus macaque monkeys found lhar 
the ingestion o f an OC contruning high doses or norgcstrcJ 
and ethinyl estradiol lowered HOL cholesterol levels sig
nificantly.<•v However, after 2 years of ingesting this formu
lalion and being red an atherogenic diet, these animals had 
a significantly smaller area of coronary artery atherosclero
sis than did a control group of female monkeys not ingc~t
ing OCs but fed the same diet. Another group of monkeys 
that received levonorgcstrel without estrogen also had low
ered HDL cholesterol levels. In this group, the cxtenL of 
coronary atherosclerosis was significantly increased com
pared with that of the control group. The results of this 
study have since been confi rmed in a larger study with two 
high-dose estrogen-progestin formulations. 111 Both of the.~..: 
compounds lowered the IIDL cholesterol levels by hal l' 
and tripled the ratio of cholesterol lo HDL cholesterol. In 
this study, the mean extent of coronary artery plaque forma
tion in the high-risk control group of female animals wa~ 
more than 3 times greater than that found in animals 
ingesting a high-dose norgestrel compound and more than 
10 times greater than that found in animals ingesting a 
high-dose ethynodiol diacetate compound. These studic~ 
suggest that lhc estrogen component: of OCs has a direct 
protective effect on the coronary artei:ies, reducing the 
extent of atherosclerosis that would otherwise be acceler
ated by decreased levels of HDL cholesterol. 

The epidemiologic studies that reported an increased 
incidence of MI in older users of OCs were published in 
the late 1970s and thus used as a database women who 
ingested only formulations with 50 f.Lg or more or estrogen. 
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In these case-control and cohort studies, a significanlly 
increased incidence of MI wa<> found mainly among older 
users who had risk factors that caused arterial narrowing, 
such as pre-existing hypercholesterolemia, hypertension, 
diabetes mellitus, or smoking more than 15 cigarettes a 
day.'' 1 

Data accumulated during the first I 0 years of the RCGP 
study (1968 LO 1978), in which the majority of users in
gested formulations with more than 50 ).Lg of estrogen and 
high doses of progestin, showed that a significantly in
creased relative risk of death from circulatory disease oc
curred only among women older than 35 years who also 
smoked.1'7 A more recent analysis of data obtained during 
the first 20 years of this study ( I 968 through 1987) revealed 
that there was no significant increased relative risk of acute 
Ml among current or former users of OCs who did not 
smoke any eigarettes72 (Table 25~7). Womc11 who smoked 
and did not use OCs had a greater risk of MI than did 
nonsmokers whether or not they used OCs. Even though 
most of the women in this study used high-dose folmula
tions, a significantly increased risk of Ml with OC usc 
compared with that of smokers not using OCs occurred 
only among both light (fewer than 15 cigarettes per day) 
and heavy cigarette smokers. OC users who were heavy 
smokers had a greater relative risk than did light smokers. 
A case-control study analyzed the relation between OC use 
and the risk of MI among women admitted to a group of 
New England hospitals between 1985 and 1988. The rela
tive risk of MI among current OC users was not signifi
cantly increased (RR, 1.1; confidence interval [CJ], 0.4 to 
3. 1 ).M Among women who smoked at least 25 cigarettes a 
day, current OC use increased the risk of M1 30-fold. 
Smoking alone, without usc of OCs, increased the risk of 
Ml about ninefold. These data indicate that cigarette smok
ing is an independent risk factor for MI, but the usc of 
high-dose OCs by cigarette smokers significantly enhances 
their risk of experiencing an MI, the two factors acting 
synergistically. Current or p{ior OC use is not associated 
with an increased risk of MI in nonsmokers. 

Stroke 

Although epidemiologic data from studies performed in the 
1970s indicated that there was possibly a causal relation 
between ingestion of high-dose OC formulations and 
stroke, the data were conflicting; some studies showed a 
significantly increased risk of thrombotic stroke, others an 
increased risk of hemorrhagic stroke. and still others no 
significantly increased risk of either entityY Furthermore, 

- TABLE 25-7 
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as occurred with MI, the studies lllat did show a signifi
cantly increased risk of stroke in OC users indicated ll1at 
the increased risk was mainly limited to older women who 
also smoked or were hypertensive:~<~ 

Data from the epidemiologic studies of OC usc and 
cardiovascular disease performed in the 1960s and 1970s 
arc not relevant to their current usc, because the dose of 
both steroid components in the formulations now being 
marketed is markedly less, and women with cardiovascular 
risk factors such as uncontrolled hypertension are no longer 
receiving these agents. f1urthermorc, it is strongly recom
mended not to prescribe OCs to women older than 35 years 
who also smoke. 

A nested case-control analysis by Hannaford and col
lcagues7~ examined the data obtained between 1968 and 
1990 during the RCGP's Oral Contraception Study to deter
mine the relationship between OC usc and the 1isk of 
first-ever stroke incluiling the diagnosis of subarachnoid 
hemorrhage, cerebral hemorrhage, or thromboembolic 
stroke. Women using OCs containing a high estrogen dose, 
more than 50 ).Lg, had nearly a sixfold increase in the risk 
of stroke; women ingesting OC formulations containing 30 
to 35 ).Lg of estrogen did not have an increased risk. An 
analysis of strokes occurring in a large health maintenance 
organization in California during the years 199 1 to 1994 
indicated that the users had no significant increase of either 
lllrombocmholic or hemorrhagic stroke with OC usc. In 
this study, the relative risk of thromboembolic su·o.ke was 
0.65 and of hemon·hagie stroke 1.0 I for OC users com
pared with women who never used OCs and 1.18 and I. 13 
compared with never users and past users.76 

The results of these recent epidemiologic studies indicate 
that use of low-dose estrogen-progestin OC formulations 
by nonsmoking women will1out risk factors for cardiovas
cular disease is not associated with an increased incidence 
of either Ml or stroke. Smoking is a lisk factor for arterial 
but not venous thTombosis. Combination OCs should not 
be prescribed to women older than 35 years who smoke 
cigarettes or use alternative forms of nicotine. 

Reproductive Effects 
In an attempt to determine whether the reproductive endo
crine system recovers normally after cessation of OC ther
apy, Klein and MishcW' meao;urcd serum leve ls of FSH, 
LH, estradiol, progestcrouc, and prolactin in six women 
every day for 2 months after they discontinued use of 
high-dose OCs. Except for a variable prolongation of the 
follicular phase of the first postcontraceptive cycle, the 

Relative Risk of Myocardial Infarction in Relation to Smoking and Oral Contrace[Jtive Use* 

SMOKING 

Never 
< 15 cig/duy 
t:!: 15 cig/day 

Neve•· (CL) 

1.0 
/..0 ( l.o--3.9) 
3.3 ( 1.6-6.7) 

ORAL CONTRACEPTIVE USE 

Previously (CL) 

1. 1 (0.(>-2.2) 
1.3 (0.6-2.8) 
4.3 (2.3-8.0) 

• Royal CollcJ:c ofOcncr.tl Practiti()ncrs study, 1968-1987. N = 158, Cl., confidence limits. 
Mo?ilied rrom Cron P, Hannaford PC. Risk fac1001 for Reule myOCill"di:tl infarc1ion in women. llr Moo J 298:17.45. 1991, 

Cura•cnl (CL) 

0.9 (0.3-2.7) 
3.5 ( 1.3-·9.5) 

20.8 (5.2--83. t) 
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patterns and levels of all of these hormones were indistin
guishable from those found in normal ovulating subjects. 
In these six women, the initial LH peak occurred from 21 
to 28 days after ingestion of the las! tablet. These results 
indicate thai after a variable but usually sho1t interval after 
the ccssalion of oral steroids, their suppressive effect on 
the hypothalamic-pituitary--ovarian axis disappears. After 
Lhe initial recovery, completely normal endocrine function 
occurs. 

As previously mentioned, the delay in the return of 
fertility is greater for women discontinuing use of OCs 
with 50 IJ.g of estrogen or more lhan with those containing 
lower doses of estrogen. :\'1 I l owever, ttsc of lhc low-dose 
l~mnulations still causes a significant reduction in time to 
conception rates, with a mean of 5.88 cycles for OC users 
compared with 3.18 cycles for women discontinuing other 
contraceptive methods. Among women stopping usc of 
OCs to conceive, lhe reduced probabilily of conception 
compared with that of women stopping use of other meth
ods is greatest in the first month after their usc is stopped 
and decreases steadily thereafter. There is little if any effect 
of duration of OC use on the length of delay of subsequent 
conception, but the magnilude of the delay to return of 
conception after OC use is greater among older primiparous 
women than among others. 

Thus, for about 2 years after the discontinuation of 
contraceptives to conceive, the rate of return of fertility is 
lower for users of OCs than for women who have used 
barrier methods, but evcnwally the percentage of women 
who conceive after ceasing to usc each of these contracep
tive methods becomes the same.7N Thus, the usc of OCs 
docs not cause permanent infertility. 

Neither the rate of spontaneous abortion nor the inci
dence of chromosome abnormalities"''1 in abortuses is in
creased in women who conceive in the first or subsequent 
months after they cease to usc OCs. Several coh01t and 
case-control studies or large numbers of babies born to 
women who stopped using OCs have been undertaken. 
These studies indicate tha[ these infants have no greater 
chance of being born with any type of birth defect than do 
infants born to women in lhe general population, even if 
conception occurred in the first month al'ter the medication 
was discontinued.Nn-»l If OCs are accidentally ingested dur
ing the first few months of pregnancy. a large cohort study 
reported that there is no significantly increased risk of 
congenital malformations among the offspring of users 
overall or among those of nonsmoking users.Nl 

Neoplastic Effects 
00; have been extensively used for more than 35 years, 
and numerous epidemiologic studies or both cohort and 
case-control design have been performed to determine !he 
relation between use of these agents and the development 
of various types of neoplasms. Because as yet no elderly 
women have used OCs during their early reproductive 
years, the sludies thus far published usually restrict Lhc 
analysis to women younger than 60 years. Because hor
mones are mainly considered to be promoters, not initia
tors, of cancers, any adverse oncologic effects of these 
steroids should show a dose response, as demonstrated by 
an increased risk occurring with increased duration of use. 

In 1995, SchlesselmanM3 addressed this issue by perf"nnning 
a meta-analysis of the epidemiologic studies reported be~ 
tween 1980 and I 994 that analyzed the effect of OC\ 
according to their duration of use on cancer of the brea!>l, 
organs of the female reproductive tract, and liver.~-~ 

Breast Cancer 
Because estrogen stimulates the growth of brcasl li~sue. 
lhere have been concerns that the high dose of exogenous 
estrogen in OCs could either initiate or promote breast 
cancer in humans. Accordingly, numerous epidcmiologi~: 
swdies have been published in which breast cancer risk 
among OC users has been determined. In 1991, Thomas' 4 

published a comprehensive review of the results or all 
previously published epidemiologic studies of brcasl cancer 
risk in relation to use of combined OCs. Both casc-conlrol 
and cohort studies were analy?.ed, and the summary relative 
risk was determined by meta-analysis. There were 15 case
control studies conducted in developed countries lhm in
cluded women of all ages at risk for having used OCs. 
These papers were published between 1974 and 1990. and 
the relative risk of breast cancer with OC usc ranged from 
0.7 to I .6 in the individual studies. Only one of these 
studies reported a signi ficant increase in breast cancer ri-;k. 
and the summary relative risk obtained by combining da!a 
for all the studies was 1.0 (Cl, 1.0 to 1.1 )."" 

Eight case-control and one cohort study investigate<.! the 
relative risk of breast cancer in OC users who did <llld did 
not have a family history of breast cancer. None of the 
studies showed a significant difference in risk or hreaS( 
cancer among OC users who did and did not have a f"amily 
history or breast cancer. 

In I 996, a large international collaborative group re
analyzed the entire worldwide epidemiologic data that had 
investigated the relation between risk of breast cancer an<.! 
use of OCs. Analysis was done of data from 54 studies 
performed in 25 countries. involving more than 53,000 
women with breast cancer and more than 100,000 conlrol 
subjects. The analysis indicated that while women took 
OCs, they had a slightly increased risk of having hrcas1 
cancer diagnosed (RR, 1.24: Cl , 1.15 to 1.30)~ (Pig. 25-6). 
The magnitude of risk of having breast cancer diagnost:d 
declined steadily after stopping OCs, so there wa.~ no 
longer a significantly increased risk I 0 year-s or more aflcr 
slopping their use (RR, 1.0 I; CJ, 0.96 to 1.05).!1.'~' ll is of 
interest that the cancers diagnosed in women taking OCs 
were Jess advanced clinically than those that occurred in 
the nonusers. The risk of having breast cancer lhal had 
spread beyond the breast compared with a localit:cd tumor 
was significantly reduced (RR, 0.88; CI, 0.8 1 to 0.95) in 
OC users compared with nonusers. The group conduded 
that these results could be explained by the fact that hreasl 
cancer is diagnosed earlier in OC users than in nonuser!> or 
could be due to biologic cffccrs of the OCs.!l(' 

The clinical meaning of this vast amount of epidemio
logic data with smalJ changes in relative risk is difficult to 
interpret. rr appears that the dose or lype or either !itcroid 
as well as duration of OC use is not related to breast cancer 
risk. Because there is no relation between dose or durHtion 
of use of estrogen, it is unlikely that OCs initiate brc.tst 
cancer. Furthermore, the collaborative analysis found thai 
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· ·J"' Relative risk of breast cancer by 
time since last use of combined oral contraceptives. 
Dots are potnt esnmates. Vertical line indicates 95 
percent confidence lnteNals. {From Collaborative 
Group on HormonCJI Factors in Breast Cancer. Breast 
cancer and hormonal contraceptives: Collaborative 
reanalysis of individual data on 53.2:97 women with 
breast cancer and 100.239 women w ithout breast 
cancer from 54 epidemiological studies. Lancet 
347:1 713-1727, 1996. ~ by The Lancet Ltd.) 
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there was no significant increa'>e in risk of breast cancer 
with OC use at very young ages, use before a first birth, 
or use by women with a family history of breast cancer. 
Two findings are important. O ne is that with current OC 
use or use within 5 years, the risk of breas t cancer diagnosis 
is increased by about 25 percent. The second is that the 
increased risk of breast cancer in current OC users is 
limited to localized disease, and OC users have a signifi
cantly reduced incidence of disease that has spread beyond 
the breast. A decreased risk of advanced disease is also 
found in more older former OC users than nonusers who 
have breast cancer. Because the increased risk of brea<;t 
cancer with OC usc is confined to current and recent 
users, if there is an excess in incidence, the magnitude 
of incrca'icd incidence is small because breast cancer is 
uncommon before the age of 45 years. Furthermore, the 
contraceptive steroids probably act to promote the growth 
or increase the chance of diagnosis of existing cancers 
because breast cancer has been thought to usually take 
many years to become clinically evident after the cancer is 
initialed. Overall, the large body of data regarding OC usc 
and breast cancer risk is reassuring. 

Cervical Cancer 

The epidemiologic data regarding the risk of invasive cervi
cal cancer as well as cervical intraepithelial neopla<;ia and 
OC usc are conflicting. Confounding factors such as the 
woman's age at first sexual intercourse, number of sexual 
partners, exposure to human papillomavirus (possibly 
greater among OC users), cytologic screening (probably 
more frequent among OC users), and usc of banier contra
ceptives or spermicides (primmily by women in the control 
group) as well as cigarette smoking (an independent risk 
factor for this disease) could account for the different 
results in different studies. In most of these studies, statisti
cal corrections were made for these confounding factors, 
and the control group did not use barrier methods of 
contraception in many of them. 

As reported by Schlesselman's review of 14 studies of 

Years since last use of combined oral contraceptives 

more than 3800 women with invasive cervical cancer, there 
is a significant trend of increased risk of this disease with 
increased duration of OC usc. The relative risk of disca~e 
with 4, 8, and 12 years of OC usc increased from 1.37 ro 
1.60 to 1.77, rcspectively.M3 

Two of three case-control studies also reported that the 
risk of invasive cervical cancer was significantly increased 
with long-term OC usc, with a relative risk between 1.5 
and 2.5.117-1!9 Three case-control studies have reported that 
the risk of adenocarcinoma of the cervix was signilicantly 
increased about twofold among OC users compared with 
nonusers.K7

• '
141

• 
91 In two of these studies, the risk of this 

type of tumor increased with increasing duration of usc; in 
one study, a fourfold increased risk was reached with more 
than 12 years ol' OC usc. Adenocarcinoma of the cervix is 
uncommon before the age of 55 years, with an incidence 
of about I per 1000 women. In contrast to these fi ndings, 
the majority of well-controlled studies indicate that there 
is no significant change in risk of cervical intraepithclial 
neoplasia with OC use.8~ Because invasive epithelial cervi
cal cancer is usually preceded by dysplasia, the relation 
between OC use and increased 1isk of epithelial cervical 
cancer is unli kely to be causal. However, it is possible that 
a causal relation exists between OC use and an increased 
risk of cervical adenocarcinoma. 

Endometrial Cancer 

Twelve case-control studies and three cohort studies have 
examined the relation between OCs and endometrial can
cer. and all but two of these studies have indicated that the 
use of these agents has a protective effect against endome·· 
trial cancer, the third most common cancer among United 
Slates women.~~. 9~ Women who usc OCs for at least I year 
have an age-adjusted relative risk of 0.5 for diagnosis of 
endometrial cancer between the ages or 40 and 55 years 
compared with nonusers. This protective effect is related 
to duration of use, increasing from a 20 percent reduction 
risk with I year of use to a 40 percent reduction with 2 
years of use to about a 60 percent reduction with 4 years 
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of usc. Voigt and colleagues93 reported that the protective 
effect of OCs on endometrial cancer occurred with use of 
combination formulations with both high and low doses of 
progestin. 

Ovarian Cancer 

As summarized by Hankinson and coworkers')~ in 1992, 
there were 20 published reports examining the usc of OCs 
with subsequent development of ovarian cancer, and 18 of 
these found a reduction in risk specifically of the most 
common type- epithelial ovarian cancers (Fig. 25- 7). The 
summary relative risk of ovarian cancer among ever-users 
of OCs was 0.64. a 36 percent reduction. OCs reduce the 
risk of the four main histologic types of epithelial ovarian 
cancer (serous. mucinous, endometrioid, and clear cell), 
and the risk of invasive ovarian cancers as well as of those 
with low malignant pol'ential is reduced. The magnitude of 
the decrease in risk is directly related to the duration of 
OC usc, increasing from about a 40 percent reduction with 
4 years of usc to a 53 percent reduction with 8 years of 
use and a 60 percent reduction with 12 years of use. 
Beyond I year, there is about an I J percent reduction in 
ovarian cancer risk for each of the first 5 years of use. The 
protective effect begins within 10 years of first use and 
continues for ar least 20 years after the use of OCs ends. 
1\ study by Rosenberg and associates95 found a similar 
level of protection with low-dose monophasic formulations 
as well as with higher dose agents. Insufficient data on 
ovarian cancer risk with use of phasic formulations are 
currently available. As with endomellial cancer, the protec
tive effect occurs only in women or low parity ($4), who 
arc at greatest risk for this type of cancer. 

Liver Adenoma and Cancer 

The development of a benign hepatocellular adenoma is a 
rare occurrence in long-term users of OCs. and the in
creased risk of this tumor was associated with prolonged 
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ferent durations of oral contraceptive use: findings of 1 5 studies. 
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crosses , , 3; stars = 4 (largest). (From Hankinson SE, Cotditz GA. 
Hunter DJ. et at. A quantitative assessment of oral contraceptive 
usc and risk of ovarian cancer. Obstet Gynecol 80:708-71 4, 1992.) 

use of high-dose formulations, particularly those containing 
mestranol. Although two British studies reported an in
creased risk of liver cancer among users of OCs, the 
number of patients was small and the resul!s could have 
been influenced by confounding factors.%· •n The rate of 
death from the disease has remained unchanged in the 
United States during the past 25 years, a period when 
millions of women have used these agents. Data from a 
large multicenter epidemiologic study coordinated by the 
WHO found no increased risk of liver cancer associated 
with OC users in countries with a high prevalence rate of 
this neoplasmYK This study found no change in risk with 
increasing duration of use or time since first or last use. 

Pituitary Adenoma 

OCs mask the predominant symptoms produced by 
prolactinoma- amenorrhea and galactorrhea. When OC usc 
is discontinued, these symptoms occur, suggesting a causal 
relation. However, data from three studies indicate that the 
incidence of pituitary adenoma among users of OCs is not 
higher than that among matched control subjects.'"' 

Malignant Melanoma 

Several epidemiologic studies have been undertaken to 
assess the relation of OC use and malignant melanoma. 
The results are ambiguous, because an increased tisk, a 
decreased risk, and no effect have all been reported. In a 
review by Prentice and Thomas73 in 1987, the summary 
relative risk for eight case-control studies was 1.0 and for 
three cohort studies 1.4, an insignificant increase. A more 
recent analysis of the two large British cohort !:tudies that 
were initiated in 1968, involving more than 40,000 women, 
reported that the adjusted relative risk of malignant mela
noma in OC users was 0.92 and 0.85. 100 The results of 
these large studies of long duration indicate that OC usc 
does not increase the risk of malignant melanoma. 

Contraindications to Use 
OCs can be prescribed for the majority of women of 
reproductive age, because these women are young and 
generally healthy. However, there are certain absolute con
traindications: a history of vascular disease (inc luding 
thromboembolism, thrombophlebitis, atherosclerosis, and 
stroke) and systemic disease that has altered the vascular 
system, such as lupus erythematosus or diabetes with reti
nopathy or nephropathy. Cigarette smoking by OC users 
older than 35 and uncontrolled hypertension arc also con
traindications. One of the contraindications listed in the 
product labeling is cancer of the breast or endometrium, 
although there arc no data indicating that OCs arc harmful 
to women with these diseases. Pregnant women should not 
take OCs, because it has been theorized that there may be 
masculinizing effect of the 19-nonprogestins on the exter
nal genitalia of female fetuses. 

Women with functional heart diseases should not usc 
OCs, because the fluid retention U1ey produce could result 
in congestive heart fai lure. There is no evidence, however, 
that individuals with asymptomatic mitral valve prolapse 
should not use OCs. Women with active liver disease 
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~hould not t<~ke OCs. However, women who have recovered 
from liver disease, such as viral hepatitis, and whose liver 
!'unction te~a results have returned to normal can safely 
Luke OCs. 

Relative contraindications to OC use include heavy ciga
I'Clte smoking by women younger than age 35, migraine 
headaches, undiagnosed causes of amenorrhea, and depres
sion. About 20 percent of wome n have migraine headaches, 
and their frequency and severity can be worsened by OC 
usc. There is currently no evidence that the risk of stroke 
is significantly increased in women with migraine head
<H:hes who usc OCs compared with nonusers. Unless the 
women have peripheral neurologic symptoms with the mi
graine headaches, OCs can be used. If fainting, temporary 
loss of vision or speech, or parcsthesias develop in an OC 
user, the use of OCs should be stopped because of their 
thrombophilic effect. 

Because OC use may mask the symptoms produced by 
a prolactin-secreting adenoma (amenorrhea and galactorr
hea), amenorrheic women should not receive OCs until the 
diagnosis for this symptom is established. tf galactorrhea 
develops during OC use, OCs should be discontinued, and 
after 2 weeks a serum prolactin level should be measured. 
If it is elevated, further diagnostic evaluations are indicated. 
The presence of a prolacrin~sccreting macroadenoma but 
not a microadenoma is a contraindication for OC usc. Usc 
of OCs docs not cause enlargement of prolactin-secreting 
pituitary microadenomas or worsen functional prolacti
noma as was previously believed. Women with gestational 
diabetes can take low~dose OC formulations, because these 
agents do not affect g lucose tolerance or accelerate the 
d~velopment of diabetes mel litus. 1111 lnsulin-depcndenl dia
betes without vascular disease is also not a contraindication 
for low-dose OC use. 

Contraceptive Use 
Initiation 

ADOLESCENTS 

In deciding whether a sexually active pubertal girl should 
usc OCs for contraception, the clinician should be more 
concerned about compliance wilh the regimen than about 
possible physiologic harm. As long as she has demon
strated maturity of the hypothalamic-pituitary-ovarian axis 
wi th at least three regular, presumably ovulatory, menstrual 
eycles, it is safe to prescribe OCs without concern that 
their usc will permanently alter future reproductive endo
crinologic function. It is not necessary to be concerned 
about accelerating epiphyseal closure in the postmenarcheal 
r~malc. Endogenous estrogens have already initiated the 
process a few years before m enarche, and use of contracep
lt ve steroids will not hasten it. 

AFTER PREGNANCY 

There is a difference in the relationship of the return of 
ovulation and bleeding between the postabort:al woman and 
one who has had a term delivery. The first episode of 
menstrual bleeding in the postabmtal woman is usually 
preceded by ovulation. After a term delivery, the first 
t pisodc of bleeding is usually but not always anovulatory. 
Ovulation occurs sooner after an abortion, usually between 
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2 and 4 weeks, than after a term delivery, when ovulation 
is usually delayed beyond 6 weeks but may occur as early 
as 4 weeks in a woman who is not breast feeding. 

Thus, after spontaneous or induced abortion of a fetus 
of less than 12 weeks' gestation, OCs should be started 
immediately to prevent conception after the first ovulation. 
For women who del iver after 28 weeks and arc not nursing, 
the combination pills should be initiated 2 to 3 weeks after 
delivery. If the termination ol' pregnancy occurs between 
21 and 28 weeks, contraceptive steroids should be starled 
I week later; the reason for delay in this instance is that 
the normally increased risk of thromboembolism occun·ing 
postpartum may be further enhanced by the thrombophilic 
effects of combination OCs. Because the first ovulation is 
delayed for at least 4 weeks <1ftcr a term delivery, there is 
no need to expose the woman to this increased risk. 

Estrogen inhibits the action of prolaclin in breast tissue 
receptors; therefore, the use of combinalion OC-; (those 
containing both estrogen and progestin) diminishes the 
amount of milk produced by OC users who breast feed 
their babies. Although the diminution of milk production 
is directly related to tl1e amount of estrogen in the cont:ra
eeptive formulation, only one study has been published in 
which the amount o f breast milk was measured by breast 
pump in women using formulations with less than 50 (.Lg 
of estrogen. In this study, the use of this low dose of 
estrogen reduced the amount of breast milk.102 Thus, it is 
probably bt:st for women who arc nursing not to usc 
combination OCs unless supplemental feeding is given to 
the in rant. 

Women who arc breast feeding every 4 hours, including 
during Lhe night, will not ovulate until at least I 0 weeks 
after delivery and thus do not need contraception before 
that time. Because only a small percentage of breast feed 
ing women will ovulate as long as they continue full 
nursing and remain amenorrheic, either a barrier method 
or a progestin-only OC can be used until menses resume. 
Progestins do not diminish the amount of breast milk, and 
progestin-only OCs arc effective in this group of women. 
Once supplemental feeding is introduced, ovulation can 
resume promptly, and more effective contraception is then 
needed. Combination OCs should be used once supplemen
tal feeding is initiated. 

CYCLING WOMEN 

At the initial visit, after a history and physical examination 
have determined that there are no medical contraindkations 
for OCs, the woman should be informed about the benefits 
and risks. Por medicolegal reasons, it is best to note on the 
patient's medical record that the benefits and risks have 
been explained to her. 

Type of Formulation 

ln determining which formulation to usc, it is best initially 
to prescribe a formulation with less than 50 j..Lg Of Clhinyl 
estradiol, because these agents are associated with les~ 
cardiovascular risk as well as fewer estrogenic side effects 
than formulations with 50 !kg of estrogen. It would also 
appear rcusonable to use formulations with the lowest an
drogenic potency of progestin, because there would be 
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less audrogcnic, metabolic, and clinical adverse effects 
associated with their usc. The development of multiphasic 
formulations has allowed the total dose of progestin to be 
reduced compared with some monophasic formulations, 
without increasing the incidence of breakthrough bleeding. 
However, several monophasic formulations have a lower 
total dose of progestin per cycle than the multipha<>ic for
mulalions, and the incidence of follicular enlargement is 
more frequent with muh iphasic than with monophasic for
mulations. HLl 

The U.S. Food and Drug Administration (FDA) has 
stated that the product prescribed should be one that con
tains the least amount of estrogen and progestin that is 
compatible with a low failure rate and the needs of the 
individual woman. Because few randomized studies have 
been performed comparing the different marketed formula
tions, until large-scale comparative studies are performed, 
the clinician must decide on the formulation to use on the 
basis of which have the least adverse effects among women 
in hi!> or her practice. lf estrogenic or progestogenic side 
effects occur with one formulation, a different agent with 
less estrogenic or progcstogcnic activity can be given. 

The contraceptive formulations containing progestins 
and no estrogen have a lower incidence of adverse meta
bolic effects than do the combination formulations. Be
cause the factors that predispose to thromboembolism are 
cauS<:d by the estrogen component. the incidence of throm
boembolism in women ingesting these compounds is not 
increased. P'unhcrmorc, blood pressure is not affected, nau
sea and breast tenderness are eliminated, and milk produc
tion and quality are unchanged. Despite these advantages, 
these agents have the disadvantages of a high frequency 
of intermenstrual and other abnormal bleeding patterns 
(including amenorrhea) and a lower rate of effectiveness 
than the combined formulations. The failure rare of these 
prepanuions is higher than with the combined form ulations, 
and a relatively high percentage of the pregnancies that do 
occur arc ectopic. Because nursing mothers have reduced 
fertility and arc amenorrheic, the m<~or disadvantages of 
these preparations arc minimized for these individuals. 
furthermore, because milk production and quality are unaf
fected in contrast to the changes produced by combination 
pills, the formulations with only a progestin may be offered 
to these women while they arc nursing. However, a small 
portion of these synthetic s teroids have been detected in 
breast milk. The long-term effects (if any) of these proges
tins on the infant arc not known, but none has been detected 
to date. A long-term follow-up study of breast fed children 
whose mothers ingested combined OCs containing 50 jl.g 
of estrogen while they were lactating revealed no difference 
in mean body weight or height up to 8 years of age 
compared with breast fed children whose mothers did not 
ingest 0Cs. 1114 There was also no difference of occurrence 
of disease or in intellectual or psychologic behavior be
tween the two groups. 

Follow-up 

If a healthy woman has no contraindications to OC usc, it 
is unnecessary to perform any laboratory tests including 
cervical cytology unless these are necessary for routine 
health maintenance. At the end of 3 months, the woman 

should be seen again; at this time, a nondirccted history 
should be obtained and the blood pressure measured. After 
this visit. the woman should be seen annually, at which 
time a nondirecled history should again be taken, blood 
pressure and body weight measured, and a physical exami
nation (including breast, abdomioaJ, and pelvic examina
tion with cervical cytology) performed. It is important to 
perform annual cervical cytologic screening of OC users, 
because they arc a group at relatively high risk for develop
ment of cervical neoplasia. The routine use of other labora
tory tests is not indicated unless the woman has a family 
history of diabetes or vascular disease at a young age. 
Routine use of these tests in women is not indicated, 
because the incidence of positive results is extremely low. 
However, if the woman has a family history of vascular 
disease, such as MI occurring in family members younger 
than 50, it wou ld be advisable to obtain a lipid panel before 
OC use is started ; hypertriglyceridemia may be present, 
and OC use will further raise triglyceride levels. Because 
Lhe low-dose formulations do not adversely alter the lipid 
profile except for triglyccrides, it is not necessary to mea
sure lipids, other than the routine cholesterol screening 
every 5 years, in women with no cardiovascular risk fac
tors, even if they are older than 35. If the woman has a 
family history of diabetes or evidence of diabetes during 
pregnancy, a 2-hour postprandial blood glucose test should 
be performed before OCs are started, and if the blood 
glucose level is elevated, a glucose tolerance test shoulcl 
he performed. If the woman has history of liver disease, a 
liver panel should be obtained to make certain that liver 
function is normal before OCs are started. 

Drug Interactions 
Although synthetic sex steroids can retard the biotransfor
mation of certain drugs (e.g., phenazone and meperidonc) 
as a result of substrate competition, such interference i!> 
not important clinically. OC use has not been shown to 
inhibit the action of other drugs. However, some dn.1gs can 
interfere clinica lly with the action of OCs by inducing liver 
enzymes that convert the steroids to more polar and less 
biologically active metabolites. 

Certain drugs have been shown to accelerate the bio
transformation of s teroids in humans. These include barbi
turates, sul fonamides, cyclophosphamide, and rifampin . 
Several investigators have reported a relatively high inci
dence of OC failure in women ingesting rifampin, and 
these two agents should not be given concurrently.U~s The 
clinical data concerning OC failure in users of other antibi
otics (e.g., penicillin, ampicillin, and sulfonamides), anal
gesics (e.g., phenytoin), and barbiturates arc less clear. 1\ 
few anecdotal studies have appeared in the literature, bu1 
reliable evidence for a clinical inhibitory effect of these 
drugs on OC effectiveness, such as occurs with rifampin. 
is not available. One study by Murphy and collcagues"Jt\ 
showed that when 2 gm of tetracycline was given daily in 
divided doses, the levels of both ethinyl estradiol anu 
norethindrone in OC users were similar to those before 
antibiotic use. Women with epilepsy requiring medication 
shou ld probably be treated with formu lations containing 50 
jl.g of estrogen; a higher incidence of abnormal bleeding 
has been reported in these women with the usc of lower 
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dose estrogen formulations owing to lower circulating lev
els of ethinyl estradiol brought about by the action of most 
antiepileptic medications. 1117 

Noncontraceptive Health Benefits 
In addition to being the most effective method of contra
ception, OCs provide many other health benefits. 1014 Some 
are due to the fact that tbe combination OCs contain a 
potent, orally active progestin as well as an orally active 
estrogen, and there is no time when the estrogenic target 
tissues are stimulated by estrogens without a progestin 
(unopposed estrogen). 

Both natural progesterone and the· synthetic progestins 
inhibit the proliferative effect of estrogen, the so-called 
antiestrogenic effect. Estrogens increase the synthesis of 
both estrogen and progesterone receptors, whereas proges
terone decreases their symhcsis. Thus, one mechanism 
whereby progesterone exerts its antiestrogenic effects is by 
decreasing the synthesis of estrogen receptors. Relatively 
little progestin is needed to exert this action, and U1e 
amount present in OCs is sufficient. Another way proges
terone produces its antiestrogcnic action is by stimulating 
the activity of the enzyme estradiol-1 7f3-dehydrogcnase 
within tile endometrial cell. T his enzyme converts the more 
potent estradiol to the less potent estrone, reducing estro
genic action within tile cell. 

As a result of the anriestrogenic action of the progestins 
in OCs, the height of the endometrium is less than in 
an ovulatory cycle, and there is less proliferation of the 
cndomct1ial glands. These changes produce several sub
stantial benefits for the OC user. One is a reduction in the 
amount of blood loss at the Lime of e ndometrial shedding. 
In an ovulatory cycle, the mean blood Joss during menstru
ation is about 35 ml, compared with 20 ml for women 
ingesting OCs. This decreased blood loss makes tile devel
opment of iron deficiency anemia less likely in OC users 
than in nonusers. . 

Because OCs produce regular withdrawal bleeding, it 
would be expected that OC users would have fewer men
strual disorders Ulan do control subjects. The results of 
the RCGP study confirmed the fact that OC users were 
significantly less likely to have menorrhagia, irregular mcn
stmation, or intermenstru al bleeding develop.1011 Because 
these disorders are frequently treated by curettage or hys
terectomy, OC users require these procedures less fre
quently than do nonusers. 

Estrogen exerts a prot iferativc effect on breast tissue, 
which also contains estrogen receptors. Progcstins may 
also inhibit the synthesis of estrogen receptors in this organ. 
Several studies have shown that OCs reduce the incidence 
of benign breast disease, and two prospective studies have 
indicated that this reduction is directly related to the 
amount of progestin in the compounds. 110• 

11 1 

Benefits from Inhibition of Ovulation 

Other noncontraceptive medical benefits of OCs result from 
U1eir main action- inhibition of ovulation. Some disorde~:c;, 
such as dysmenorrhea and premenstrual tension, occur 
much more frequently in ovulatory than in anovulatory cy
cles. 
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Lanes and coworkcrs10~ studied tile rate of functional 
cysts more than 2 em in diameter, which required either 
hospitalization or outpatient surgery, by ultrasonography. 
They found that low-dose monophasic formulations re
sulted in about a 50 percent reduction in functional cysts, 
lower than the 75 percent reduction with high-dose formu
lations, whereas use of multiphasic formulations had only 
a slight reduction of ovarian cyst development. 

Other Benefits 
Several E uropean studies, including the RCGP study. 
showed that the risk of development of rheumatoid arthri tis 
in OC users was only about· half that in control 
subjects. 11 :!. m Anoilier benefit is protection against salpin· 
gitis, commonly referred to as pelvic inflammatory disease 
(PID). The relative risk of PID developing among OC 
users in most studies is about 0.5, a 50 percent reduction."' 
OCs reduce the clinical development of salpingitis in 
women infected with gonorrhea. OCs reduce the risk or 
ectopic pregnancy by more than 90 percent in current users 
and may reduce the incidence in former users by decreasing 
their chance of development of salpingitis. 

Limited epidemiologic data indicate that OCs may re
duce bone loss in pcrimenopausal women, particu larly 
those wiili oligomenorrhea. 115 There ate noncontraceptivc 
health benefits associated with continuing OC usc beyond 
the age of 40 years into the pcrimenopausal years. 13ecausc 
the estrogen given for hormone replacement is not as 
thrombophilic as the estrogen dose currently used in OCs, 
it is best to switch from OCs to estrogen rcp1accmcnl at 
about the age of 50 yew·s. To avoid discontinuing OC usc 
when the woman is s till ovulating, measurement of the 
FSH and estradiol levels on the last day of the pill-free 
interval provides information ubout ovarian follicular activ·· 
ity. When the FSH level is elevated and the estradiol level 
is low, OCs should be discontinued and estrogen hormonal 
replacement begun.••r• 

l.OfJIG-l\C ri11J 
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To avoid contraceptive failure associated with the need 
to remember to tal<e OC daily, methods of administering 
contraceptive steroid formulations at infrequent intervals 
have been developed. To date, two types of long-acting 
steroids, injectable suspensions and subdermal implant for·· 
rnulations, have been developed and are being used by 
women in the United States and elsewhere. Because most 
of the long-acting steroid formulations contain only a pro
gestin, without an estrogen, endometrial integrity is nor 
maintained and uterine bleeding occurs at irregular and 
unpredictable intervals. Thercrore, women wishing to usc 
these methods need to be counseled about the development 
of irregular bleeding before their usc to enhance continuity 
or usc. 

Injectable Suspensions 
Three types of injectable steroid formulations are currently 
in use for contraception throughout tile world. These in-
clude depot rnedroxyprogcsterone acetate (DMPA), given 
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in a dose of 150 mg every 3 months; norethindrone enan
thatc, given in a dose of 200 mg every 2 months; and 
several once-a-month injections of combinations of differ
ent J)rogestins and estrogens. Only the first of these three 
types is cun·ently available in the United States. Injectable 
contraceptives are a popular method of contraception 
worldwide. In the United States, they are used by about 3 
percent of women of reproductive age. 

Medroxyprogesterone acetate (MPA) is a 17-acetoxy
progesterone compound and is the only progestin used for 
contraception that is not a 19-nortestosterone derivative. In 
all currently marketed oral contraceptives, the progestins 
are all 19-nortestostcrone compounds, either estrancs or 
gonanes, and as such have varying degrees of androgenic 
activity. 

The 17-acetox.yprogestins, which do not have androgenic 
activity and arc structurally related to progesterone instead 
of testosterone, were used in OC formulations about 30 
years ago. Although they were approved for contraception 
in many Western countries in the I 960s, regulatory ap
proval for these agents in the United States was stopped 
when tests on beagle dogs showed that ingestion of OCs 
with 17··aeetoxyprogestins was associated with an increased 
risk of mammary cancer. £twas discovered later that, unlike 
humans and other animals, the beagle uniquely metabolizes 
17-·acetoxyprogestins to estrogen, which causes mammary 
hyperplasia. Thus, when MPA is ingested by rhe beagle, 
this substance behaves differently than it does in the hu
man, in whom it is not metabolized to estrogen. After 
epidemiologic studies showed that DMPJ\ does not increase 
the risk of breast cancer in humans, regulatory approval 
for marketing this agent as a contraceptive was obtained in 
the United States in 1992. 

Depot Formulation of Medroxyprogesterone 
Acetate 

MPA is a 17 -acetoxy-6-mcthyl progestin that has progesto
gcnic activity in the human"·' (Fig. 25-8). Because MPA 
is nol metabolized as rapidly as the parent compound, 
progesterone, it can be given in smaller amounts than 
progesterone, with an equivalent amount of progestational 
activity. DMPA, the long-acting injectable formulation of 
MPA, consists of a crystalline suspension of this progesta
tional hormone. The effective contraceptive dosage is 150 
mg DMPA, which is given by injection deep into the 

CH, 

Progesterolll! Medroxyprogestorono Acetate {MPA) 

I d ' , ! i!i H r Comparative structures of progesterone and MPA. 
{from Mishell DR Jr. Pharmacokinetics of depot medroxyprogester
one acetate contraception. J Reprod Med 41 [supplj:381-390, 
1996.) 

gluteal or deltoid muscle, after which the progestin is 
released slowly into the systemic circulation. The area 
should not be massaged, so thai the drug is released slowly 
into the circulation and maintains its contraceptive effec
tiveness for at least 4 months. 

DMPA is an extremely effective contraceptive. In a large 
WHO clinical trial studying use of DMPA, the pregnancy 
rate at I year was only 0. 1 percent; at 2 years, the cumula
tive rate was 0.4 percent. II R Three mechanisms of action 
arc involved. The major effect is inhibition of ovulation. 
Second, the endometrium becomes thin and docs not se
crete sufficient glycogen to provide nutrition for a blasto
cyst entering the endometrial cavity. Third, DMPA keeps 
the cervical mucus thick and viscous, so sperm m·e unlikely 
to reach the oviduct and fertilize an egg. With these multi
ple mechanisms of action. DMPA is one of the most effec
tive reversible methods of contraception currently avail
able. 

PHARMACOKINETICS 

MPA can be detected in the systemic circulation within 30 
minutes after its intramuscular injection. 11 '> Although serum 
MPA levels vary among ind.ividuals, they rise steadily to 
contraceptively effective blood levels (>0.5 ng/ml) within 
24 hours after the injection. 

The pattern of MPA clearance from the circulation varies 
among different studies according to the type of assay 
used. After DMPJ\ was administered to three subjects, 
Ortiz and coworkers119 assayed blood MPA levels daily for 
2 weeks, then three times a week for the next 3 months, 
and then weekly until MPA was undetectable. In two sub
jects, MPA levels initially plateaued at 1.0 to 1.5 ng/ml for 
about 3 months, after which they declined slowly to about 
0.2 ng/ml during the fifth month (Fig. 25- 9). In a third 
subject, the blood levels were higher during the fi rst month, 
then ranged between I .0 and 1.5 ng/ml for lhe next 2 
months, after which there was a flllther decline. MPA 
levels remained detectable in the circulation (>0.2 ng/ml) 
for 7 to 9 months in all three subjects, after which it was 
not detectable. Estradiol levels were found to be in the 
range of the early follicular to midfollicular phase, but 
consistently below I 00 pg/ml during the tlrst 4 months 
after injection. After 4 to 6 months, when MPA levels 
decreased to less than 0.5 ng/ml, estradiol concentrations 
rose to preovulatory levels, indicating fol licular activity, 
but ovulation did not occur, as evidenced by persistently 
low progesterone levels. Return of foll icular activity pre
ceded the return of luteal activity by 2 to 3 months. This 
delay in resumption of lute~tl activity is probably due to 
the fact that the circulating MPA levels inhibit the positive 
feedback effect of the rise of estradiol on the hypothalamic
pituitary axis, which in the absence of MPA would stimu
late the midcyclc release of LH. The return of luteal activ
ity in this study, indicated by a rise in serum progesterone 
levels, did not occur unti l 7 to 9 months after the injection, 
when the MPA levels were below 0.1 ng/ml. 

In another study, performed by Kirton and Cornette12
" 

using a different assay, MPA levels were much higher, 
although the pattern was similar to that found in the study 
by Ortiz., 1 1'> and luteal activity also did not occur until about 
7 months after the injection. 

A third study of DMPA pharmacokinetics was reported 
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f I}JI;O: 2~J ~~ • Serum MPA (dots). es
tradiol (open bars). and progesterone 
(solid bars) concentrations in three 
women (subjects A. B. and Cl after intra
muscular injection of 150 mg of DMPA. 
Uterine bleeding and spotting are indi
cated by hatched honzontal bars of full 
and half thickness. respectively. Unde
tectable levels of MPA are indicated by 
V. (From Ortiz A. Hirol M. Stanczyk FZ, e t 
al. Serum medroxyprogesterone acotato 
IMPAI concentrations and ovarian func
tion following intramuscular injection of 
depcrMPA. J Clin Endocrinol Metab 
445:32- 38. 1977. tD The Endocrine Soci
ety.) 
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by fothcrby and colleagues':'!' and showed an entirely dif
ferent paltcrn of MPA clearance after the injection. In this 
study, the MPJ\ levels fell more rapidly than in the other 
two studies, and the progesterone levels initially rose about 
3.5 months aflcr lhe injection. On the basis of this study, 
the product labeling states that if the time interval after the 
last injeclion is more than 13 weeks, the provider should 
determine that the woman is not pregnant before adminis
tering the drug. Additional studies arc needed to determine 
more precisely the pharmacodynamics of MPA clearance 
and time of initial resumption of ovulation because of the 
differences observed in previous studies. 

OVULATORY SUPPRESSION 

'lb determine rhe effect of DMPA on the hypothalamic
pituitary axis, Mishell and collcagues 122 measured serum 
I.H and FSII levels daily during a control cycle and then 
for 2 months after a single injection was given. Although 
the midcycle J .1-1 peak was suppressed after the injection, 
tonic LH was still being secreted in a pulsatile manner, 
and serum tonic levels were about the same as those found 
in the follicular phase of the control cycle. The normally 
occurring peak level of FSH at midcycle was also sup
pressed after the injection, but tonic FSH levels were in 
Lhe range of those found in the luteal phase of the control 
cycle, indicating a Jack of complete suppression of the 
hypothalamic-pituitary ax is. 

Mishcll and colleagues122 reported that daily progeste
rone levels were consistently in the follicular-phase range 
during the first 2 months after the ini tial injection of 
DMPJ\. 'Jb obtain suppression of ovulation in the initial 
injection cycle, DMPA has to be administered within sev
eral days after the onset of menses. Siriwongsc and associ-
atcs 1 ~·1 reported that when the drug was initially given on 
day 5 or 7 of the cycle, none of the women ovulated, but 

when it was gi vcn on day 9, 2 of 13 subjects had pre:;ump
tivc evidence or ovulation. The results of lhis study indi-· 
cated that DMPA should be given no later than 7 days after 
the onset of menses to be effective in the first ovulatory 
cycle. The product labeling stales that to ensure the woman 
is not pregnant at the time of the fi rst injection, it must be 
given during the first 5 days of the cycle. 

Mishcll and colleagucs112 reponed that circulating estra
diol leve ls during the first 2 months after the initial 150-
mg injection or DMPA were similar to the levels found in 
the follicular phase of the control cycle. Therefore, there is 
incomplete suppression of follicular activity in the firs t two 
cycles after an injection of l)MPA. 

A cross-sectional study was perfo rmed by Mishcll and 
colleagucs m or 121 women who received ISO mg of 
DMPA every 3 months for more rhan I year. J\n assay 
performed on a serum sample obtained on the day of the 
next scheduled injection showed marked differences in the 
estradiol levels, which varied from approximately 15 pg/ 
ml to nearly 100 pg/ml (mean, approximately 42 pg/ml). 
J\ sjmilar range and mean value were also found among 
women who had been receiving DMPJ\ for I to 2 yean; 
and lhose who had used it for 4 to S years. J\11 these 
women had moist, well-rugated vaginas, and none slated 
that her breast size had decreased. None of the women 
complained of hot flashes. This use of contraceptive doses 
of DMPJ\. does not decrease endogenous estradiol levels to 
the postmenopausal range and does not cause symptoms o r 
estrogen dcflcicncy. 

RETURN OF FERTILITY 

13ccause of lhe lag time in clearing DMPJ\ from the circula
tion, resumption of ovulation is de layed for a variable time, 
which may last as long as I year after the last injection. 
Women who wish to become pregnant and stop using 
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in glucose tolerance among DMPA users is probably not 
clinically significant and returns to normal after use of 
DMPA is stopped. 

Lipids. Westhoff'27 reviewed the findings of II studies 
that evaluated plasma lipids among groups of women using 
DMPA. Most of the studies were cross-sectional and com
pared lipid levels among OMPA users with those of women 
not using hormonal methods of contraception. There was 
liltle or no change in mean triglyceride and total cholesterol 
levels; however, in all seven studies in which mean HDL 
cholesterol levels were measured, the levels were lower 
mnong the DMPA users. Of the five studies in which LDL 
cholesterol was measured, three noted an increase among 
the DMJ>A users. There are no studies in which the inci
dence of cardiovascular events among current or former 
long-term DMPA users was compared with that among 
control subjects. Therefore, although the lipid changes with 
DMPA use arc not beneficial, there is no evidence to date 
that they are associated with an acceleration of atheroscle
rosis. 

Bone I.A>ss. One cross-sectional study of 30 long-term 
DMPA users indicated that they had a reduction in lumbar 
spine and femoral bone density compared with 30 pre
menopausal control subjects that was of Jesser magnitude 
than occun·ed in 30 postmenopausal women whose bone 
density was also measured concurrenLJy with dual-energy 
x-ray absorption. 132 A subsequent report by the same group 
of investigators indicated that after usc of DMPA was 
stopped, there was an increase in bone mineral density of 
the lumbar spine. 1 ~3 Other longitudinal studies have not 
shown a decrease in bone density in DMPA users. 1:u l3n 

The reported effect of DMPA on bone density remains to 
be clarified with ongoing long-term longitudinal studies. 
To date, no studies have reported a change in incidence of 
fractures in current or former long-term DMPA users. 

NEOPLASTIC EFFECTS 

Breast Cancer. Two large case-control studies, the 
WHO studym and a New Zealand study.13K indicated that 
the relative risk of diagnosis of breast cancer among all 
DMPA users was not significantly changed (RR of 1.2 and 
CJ of 0.96 to 1.15,137 and RR of 1.0 and CI of 0.8 to 
1.3,13& respectively). When the data from these studies were 
pooled, the overall breast cancer diagnosis risk among 
DMPA users was 1. 1 (Cl, 0.97 to 1.4 ). 1~9 In long-term 
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users, those who had used the drug more than 5 years and 
those who had started use more than 14 years earlier, the 
risk of diagnosis of breast cancer was also not increased 
(RR of 1.0 and CI of 0.70 to 1.5, and RR of 0.89 and CI 
of 0.6 to 1.3, respectively). However, among those women 
who had started use within the past 5 years and were 
mainly younger than 35, there was a significant increased 
risk of diagnosis of breast cancer (RR, 2.0; CJ, 1.5 to 2.8), 
similar to that found with use of OCs and women with 
first term pregnancy at an early age. Thus, like other 
contmccptivc steroids, DMPA does not appear to change 
the overall incidence of diagnosis of breast cancer, and 
women should be counseled accordingly. 

Endometrial Cancer. A WllO case-control study found 
the risk of endomettial cancer to be significantly reduced 
among DMPA users (RR, 0.21; Cl, 0.06 to 0. 79).'411 This 
reduction in risk persisted for at least 8 years after use was 
stopped and was similar in magnitude to the protective 
effect observed witt. combination OCs. 

Ovarian Cancer. In a WHO case-control study, the risk 
of ovarian cancer among DMPA users was unchanged (RR, 
I .07; CJ, 0.6 to 1.8). 141 These findi ngs do not demonstrate a 
protective effect similar to that observed with OCs despite 
inhibition of ovulation with both agents. The lack of a 
protective effect observed wi th DMPA was probably due 
to the fact that in the countries studied. DMPA was given 
only to multiparous women, women at low risk of devel
oping epithelial ovarian cancer, who differ from the higher 
risk women taking OCs. 

Ce1·vical Cancer. In a large WIIO case-control study, 
the risk of invasive cancer of the cervix was not increased 
(RR, 1.1; Cl. 0.96 to 1.29), 1 1~ similar to findings observed 
in a large case-control study in Costa Rica. 14

·' Long-term 
use and long time since first usc were also not associated 
with a significant increase in risk of cervical cancer in these 
studies. The risk of cancer in situ was slightly increased in 
the WHO study (RR, I .4; CI, 1.2 to 1.7) but not in the 
Costa Rica study (RR, 1. 1; CI, 0.6 to 1.8) or two New 
Zealand studies investigating the risk of cancer 
dysplasia. 14~· 1 4~ Thus, the reports in which the neoplastic 
effects of DMPA on breast and reproductive tract have 
been investigated are reassuring. 

NONCONTRACEPTIVE HEALTH BENEFITS 

In a summarization by Cullins, ' ~c. there is good epidemio· 
logic evidence that use of DMPA reduces the risk of iron 
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deficiency anemia, PID, and endometrial cancer and has a 
beneficial effect on hematologic parameters in women with 
sickle cell disease as well as reducing their incidence of 
clinical problems. DMPA also tcduces seizure frequency 
in women with epilepsy' ¥' and probably should reduce the 
incidence of primary dysmenorrhea, ovulation pain, and 
functional ovarian cyst because it inhibits ovulation. DMPA 
also reduces the symptoms of endometriosis and in two 
small studies reduced Lhe incidence of vaginal candi
diac;is. 14:;. 149 

CLINICAL RECOMMENDATIONS 

Women should be thoroughly counseled about the occur
rence of abnormal bleeding and development of amenor
rhea with use of DMP/\ before receiving the first injection. 
It has been shown that pretreatment counseling improves 
continuation ratcs. 150 In addition, women should be coun
seled that the duration of action may la~t as long as 1 year 
after the last injection if they decide to discontinue usc to 
become pregnant or if they experience side effects. 

1n cycling women, the initial injection should be given 
no later than day 5 of the cycle to be certain to inhibit 
ovulation in the initial treatment cyclc. 151 Because of an 
absence of thrombophilic effects, the first injection should 
be given within 5 days post parturri in nonlactating women; 
but, in women who exclusively breast feed their infants, 
the product labeling states that the llrst injection should not 
be given until at least 6 weeks post partum. 151 DMPA does 
not affect the quantity or quality of breast milk or the 
health of children who breast feed during its use. 152 If a 
woman with lactational amenorrhea wishes to institute 
DMP/\ use, it is unlikely that she is pregnant if a qualitative 
test response for human chorionic gonadotropin (hCO) is 
negative; therefore, she can receive the injection at that 
time. If concern about pregnancy exists, usc of a barrier 
conu·accptivc should be advised for an additional 2 weeks, 
at which time the assay for hCO should be repeated. If the 
response is still negative, the injection can be g iven. A 
similar protocol can be. used for the woman who has 
recci vcd DMPA in the past but is delayed beyond 13 weeks 
in returning for her next injection and is still amenorrheic. 
If accidental pregnancy does occur in a DMPA user, there 
is no evidence that the agent is teratogenic or has an 
adverse effect on the outcome of the pregnancy.153 

Subdermal Implants 
Subdennal implants of capsules made of polydimcthylsi
loxanc (Silastic) containing levonorgcstrcl for use as con
traceptives have been developed and patented by The Popu
lation Council as Norplant. It was approved by the U.S. 
FDA in I 990, and marketing in thi~ country began in 1991. 
1\s with all steroid-containing Silastic devices, the rate of 
steroid delivery is directly proportional to the surface area 
of t:he capsules, whereas duration of action depends on the 
amount of steroid within the capsules. To produce effective 
blood levels of norgcstrel, it was found necessary to usc 
six capsules filled with crystalline levonorgcstrel. The cy
lindrical capsules arc 3.4 em long and 2.4 mm in outer 
diameter, with the ends scaled with Silastic medical adhe
sive. Each capsule contains 36 mg of crystalline levonor
gcstrel for a total amount of 215 mg in each six-capsule set. 

Insertion is performed in an outpatient setting, and the 
entire procedure takes about 5 minutes. After inliltration of 
the skin with local anesthetic, a small (3-mm) incision is 
made with a scalpel, usually in the upper arm, although 
the lower arm and the inguinal, scapular, and gluteal re
gions have also been used. When the capsules arc inserted 
in any area of subcutaneous tissue, the steroid cJ.iffuses into 
the circulation at a relatively constant rate. The capsules 
are implanted into the subcutaneous tissue in a radial pat
tern through a large (I 0- to 12-gauge) trocar, and the 
incision is closed with adhesive. Sutures are not necessary. 
Because polydimethylsiloxane is not biodegradable, the 
capsules have to be removed through another incision when 
desired by the user or at the end of 5 years, which is the 
duration of maximal contraceptive effectiveness. 

After insertion, blood levels of levonorgestrel rise rap
idly to reach levels between 1000 and 2000 pg/ml in 24 
hours. 154 These levels fall markedly in the first week and 
then gradually in the first month and then remain relatively 
constant during the first year of use with the mean level 
ranging between 250 and 600 pg/ml, which is usually 
sufficient to inhibit ovulation 155 (Fig. 25-12). Al the end of 
5 years, mean lcvonorgcstrcl. levels range between 170 
and 350 pg/ml.'5(• Blood levels vary considerably among 
women, mainly because of differences in body weight. 
Heavier women have lower circulating levonorgcstrel lev
els than thin women do. When the amount of steroid wa.<> 
mea<;ured in capsules removed from women aflcr various 
times, it was found that the rate of release was fairly 
constant during the first year of usc, averaging about 50 
JJ.g of Jevonorgestrel per day from the six-capsule set. From 
about the end of the first year of use until 8 years of usc, 
daily release rates declined to about 30 JJ.g/day but re
mained constant during each day. 154 

With this low level of levonorgestrel , gonadotropin lev
els are not completely suppressed, and ovarian follicular 
activity results in periodic peaks of estradiol. Because the 
level of circulating Jevonorgestrel is usually suflicient to 
inhibit the positive feedback effect of these estradiol peaks 
on LH release, LH levels are lower than nonnal, even in 
Norplant users with regular cycles, and ovulation during 
the first 2 years of use occurs infreguently.157 

Thus, inhibition of ovulation is one of the major mecha
nisms of action of this method of contraception. The con
sistently elevated circulating levels of norgestrel also pre
vent the normal rnidcycle thinning of the cervical mucus 
from occurring. The cervical mucus remains scanty and 
viscid, and normal sperm penetration does not take place, 
as demonstrated by both in vivo and in vitro studies.'58

• 15'' 

These two mechanisms of action result in a high level of 
contraceptive effectiveness. 

With the Jess dense tubing currently used, annual preg
nancy rates for the first 5 years of use are about 0.2 per 
100 women of all body weights, yielding a cumulative 5-
year pregnancy rate of 1.1 percent. 154 As with all progestin
only methods of contraception, when pregnancies occur 
with Norplant, a high percentage, about 20 percent, arc 
ectopic. However, because of its high rate of effectiveness, 
the overaJI rate of ectopic pregnancies in Norplant users. 
0.28 per 1000 woman-years of use, is reduced compared 
with ectopic pregnancy rates in the entire United States 



Petitioner Exhibit 1027 
Petition for Inter Partes Review of U.S. Patent No. 7,704,984 

Page 26

Chapter 25 CONTRACEPTION 699 

Capsules removed 

Days after Implantation 

I I II 81D 
' iuuw ~~J 12 ' Serum levels of estradiol, progesterone. and d-norgestrel in a subject with six polysiloxane capsules, each containing 33.9 
mg of d-norgestrcl. implanted on day 0. Hatched bars represent uterine bleeding. (From Moore LL, Valuck R. McDougall C. ot al. A 
comparative study of one-year weight gain among users of medroxyprogcsterono acetate. levonorgestrel implants. and oral contmccptives. 
Contraception 52:215-220. 1995.) 

population of women of reproductive age, 1.5 per 1000 
women annually. 1(\(1 

Mean estradiol levels in Norplant users, whether they 
arc ovulatory or anovulatory, are about the same as in 
women with regular ovulatory cyc les who used IUDs,'61 

and three parrems of estradiol activity have been observed. 
/\bout half of Norplant users have periodic, irregular peaks 
of estradiol within the normal range (up to 400 pg/ml), 30 
percent have fluctuating esu·adiol levels with high broad 
peaks above 400 pg/rnl, and about l 0 percent have consis
tently low estradiol levels below 75 pg/ml. 161 After a fall 
in estradiol level, endometrial sloughing and uterine bleed
ing or spouing usually occur. Because the peaks and de
clines in estradiol levels occur at itTegular intervals, uterine 
bleeding also occurs at irregular intervals in the majority 
of Norplant users. · 

The major side effect of Norplant usc is the irregu lar 
pattern of uterine bleeding. Other alterations in uterine 
blood flow involve changes in duration and volume, with 
most bleeding episodes being scanty in amount /\bout half 
the bleeding episodes can be characterized as fairly regular, 
with the interval between bleeding episodes ranging be
tween 21 and 35 days; about 40 percent as irregular, with 
intervals outside this range; and about I 0 percent as amen
orrheic, with no bleeding for more than a 13-month intcr
vaJ. If•< 13lecding episodes tend to be more prolonged and 
irregular during the first year of use, after which there is 
greater frequency of a more regular pattern. Shoupe and 
colleagues11

'
1 reported that during the first year of use, 

about one fourth of the cycles were regular, two thirds 
irregular, and 7 percent amenorrheic. By the fifth year, 
about two thirds of the cycles were regular and one third 
irregular, and none was amenorrheic (Pig. 25- 13). The 
mean number of days of bleeding also declines steadily 
with use. 100 Mean total blood loss in Norplant users is 
about 25 ml per month. 164 Several clinical studies have 
shown that the mean hemoglobin concentration in the first 
3 years of Norplant use tends to rise slightly. When preg
nancies occur in Norplant users, they almost always occur 

in women with a recent history of regular cyclic uterine 
bleeding. 

Other problems associated with this method of conlra
ception include infection, local irritation, and painful reac
tion at the insertion site . Expulsion of a capsule, usually in 
association with infection, occurs occasionally. The inci
dence of insertion site infection is less than I percent. 
Headache is the single most frequent medical problem 
causing removal of the implants, accounting for about 30 
percent of the medical reasons for rcmoval.160 Weight gain 
was a common reason for medical removal in U.S. studies. 
whereas weight loss was more common in the Dominican 
Republic. Other medical problems among Norplant users 
include acne, mastalgia, and mood changes, including anxi
ety, depression, and nervousness. 11ccause ovarian follicular 
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development without subsequent ovulation is common 
among Norplant users, adnexal enlargement due to persis
tent unruptured follicles has been noted during routine 
bimanual pelvic examination in many Norphlnt use!'S. 
These enlarged foll icles, which may reach 5 to 7 em in 
diameter, usually spontaneously regress in 1 to 2 months 
without therapy. 

A great number of metabolic studies have been per
formed among Norplant users in various population groups. 
Studies of carbohydrate metabolism, serum chemistries, 
liver function, serum cortisol levels, thyroid function, and 
blood coagulation have revealed only minimal changes, 
which remain within the normal range. 162 Several studies 
have been pcrfomJCd in different countries in which lipo
proteins were measured before and after Norplant insertion. 
In most of these studies, levels of triglyceridcs, total cho-· 
lesterol, and LDL cholesterol declined, whereas HDL cho·· 
lesterol declined slightly or increascd.~<'2 There was little 
change in the ratio of cholesterol to HDL cholesterol, 
indicating that Norplant should not enhance the develop
ment of atherosclerosis. 

The removal process, like the insertion procedure, is 
performed in the clinic area with use of local anesthesia 
and a small skin incision. Removal of Norplant is a more 
difficult process than insertion, because fibrous tissue de
velops around the capsule and must be cut before removal 
of the capsules. lt is important to insert the capsules super
ficially to enhance the ease of removal; deeply implanted 
capsules are more difficult to remove. 

After removal, the incision is closed without sutures, 
and a pressure dressing is applied for about 24 hours. If 
the woman wishes to continue usc, another set can be 
inserted through the same incision or in the opposite arm. 
If another set of Norplant is not inserted after removal, the 
steroid is rapidly cleared from the circulation and serum 
levels of norgestrel fall rap.idly, reaching nearly undetect
able levels in 96 hours.1<•5 If pregnancy is desired, return 
to ovulation is prompt and is similar to that in women 
discontinuing nonhormonal methods of reversible contra
ception, reaching 50 percent at 3 months and 86 percent 
at I year. 1c>~l Continuation rates with Norplant method of 
contraception are high, ranging from 76 to 99 percent at I 
year in different countries and from 33 to 78 percent at 
4 years. 1611 

Manufacture of the capsules is complicated, and placing 
or removing six capsules creates some difficulties; there
fore, norgestrel has been fabricated into solid rods that are a 
homologous mixture of Silastic and crystall ine levonorges
trel covered with Silastic tubing. The rods arc easier to 
manufacture, insert, and remove than the capsules. Because 
of different properties of diffusion, higher blood levels of 
norgcstrel are achieved with a smaller total surface area of 
the rods. Thus, with two 4-cm covered rods with the 
same diameter as the capsules, the same release rate for 
norgestrel, about 50 J.Lglday, can be achieved as with place
ment of six 3-cm capsules. During a 3-year clinical study 
comparing rods and capsules, the serum norgestrel levels, 
bleeding patterns, and incidence of elevated progesterone 
levels were similar.t<X> A multicenter clinical study has 
confirmed these findings, and use of the two covered rods 
has recently been approved by the U.S. FDA for clinical 
use. Single implants with other progestins such as desoges-

trel have been manufactured and studied in clinical trials. 
These implants have a probable duration of action of 2 
years and are much easier to insert and remove than the 
multiple levonorgestrel-releasi11g implants. 

:i\llE !iGfi\JCV (';f'I'JTF t'\G~='PT ( t 
Various estrogenic compounds have been used for emer
gency contraception. The estrogen compounds that have 
been used for this purpose include diethylstilbestrol, 25 to 
50 mg/day; ethinyl estradiol, 5 mg/day; and conjugated 
estrogen, 30 rng/day. Treatment is continued for 5 days. If 
treatment is begun within 72 hours after an isolated mid
cycle act of coitus, its effectiveness is good. If more than 
one episode of coitus has occurred, or if treatment is 
initiated later than 72 hours after coitus, the method is less 
effective. 

Pregnancy rates among women treated with ethinyl es
tradiol were 0.6 percent; with diethylstilbestrol, 0.7 percent; 
and with conjugated estrogen, 1.6 percent. 167 It has been 
estimated that the clinical pregnancy rate for a single act 
of midcycle coitus without use of a contraceptive is about 
7 percent. Thus, high-dose estrpgen is an effective method 
of postcoital contraception. Side effects associated with 
this high-dose estrogen therapy arc common and severe. 
They include nausea, vomiting, breast soreness, and men
strual irregularities, which tend to reduce compliance. 

Because the side effects of high-dose estrogens cause 
many women to fail to complete the 5-day treatment 
course, a regimen of four tablets of an ethinyl estradiol, 
0.05 mg, and d/-norgestrel, 0.5 mg, combination OC 
(Ovral), given in doses of two tablets 12 hours apart, was 
initially tested in Canada. This regimen was found to have 
a similar degree of effectiveness with a shorter duration of 
adverse symptoms than with 5 days of estrogen. 

I•'asoli and colleagues 161 summarized the results of II 
studies with this treatment regimen involving 3802 women. 
Failure rates varied widely, from a low of 0.2 percent in a 
Canadian study to a high of 7.4 percent in an Italian study. 
The total pregnancy rate in the II studies was 1.8 percent, 
similar to the individual failure rate in the largest studies 
in this review. Trussell and associates•<>ll pooled the data 
from studies that were published between 1977 and 1993 
involving 5226 women treated with this regimen. They 
calculated that the failure rate was 1.5 percent and use of 
this regimen prevented about 75 percent of the expected 
pregnancies. Trussell and colleagues also analyzed results 
of nine published studies in which the effectiveness of this 
regimen was determined when treatment was initiated I, 2, 
or 3 days after midcycle unprotected intercourse. Using 
logistic regimen analysis, they found that there was no 
significant difference in failure rates when the first pill was 
taken on the first, second, or third day after unprotected 
intercourse. 

Ho and Kwan1(>'> reported results of a randomized trial 
comparing the usc of four tablets of ethinyl estradiol and 
levonorgestrel taken in divided doses 12 hours apalt with 
a single tablet of 0.75 mg lcvonorgestrcl taken initially and 
another one I 2 hours later. Both regimens were ingested 
within 48 hours of unprotected intercourse. Failure rates of 
both regimens, about 2 percent, were similar, but there was 
significantly less nausea and vomiting with the progestin 
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alone than with the one combined with estrogen. A strip 
of four tablets of the combination steroid pills is marketed 
in several countries under a variety of brand names. 

Several authors have advocated that intrauterine insertion 
of a copper IUD within 5 to I 0 days of midcyclc coitus is 
an effective method to prevent continuation of the preg
nancy. rasoli and coworkers 1f.., summarized the results of 
four published studies in nine countries involving 875 
women. Only one pregnancy occurred after a copper IUD 
was inserted in these women. Insertion of a copper IUD 
and ingestion of high-dose estrogens are the most effective 
methods of emergency contraception, but side effects limit 
acceptance of the laner, and cost and concern about intro
ducing pathogens into the upper genital tract with IUD 
insertion limit its widespread use. Because no manufacturer 
has applied for U.S. FDA approval to market an emergency 
method of contraception, it is infrequently prescribed by 
clinicians, and few women in the United States are aware 
that it is effective, accessible, and safe. 

'Rl · ,.L \l- . 

1\ few years ago Healy and colleagues1·m synthesized a 
progestogenic steroid compound that had weak progesta
tional activity but marked affinity for progesterone recep
tors in the endometrium. This compound, called RU 486 
or mifepristone (Fig. 25- 14), because of its high receptor 
affinity prevents progesterone from binding to its receptors 
and thus inhibits the action or circulating progesterone on 
its targel tissue. In clinical trials, it was found that. if a 
single 600-mg dol\c of RU 486 was administered orally in 
early pregnoncy, before 7 weeks af1er the onset of the last 
menses, about 85 percent of the pregnancies spontaneously 
terminated. 111 When this treatment was combined with ad
ministration of a prostaglandin 36 to 48 hours later, the 
efficacy increased Lo 96 pcrccnt. 112 However, side effects 
include nausea, vomiting, and abdominal pain. Two prosta
glandin analogues, intramuscular su lprostone and vaginal 
gemeprost, were the agents initially used after mifepristone. 
S ulprostone is no longer marketed for this purpose, because 
three women who received this agent with rnifepristone 
suffered an MI. Gemeprost is much more expensive than 
misoprostol, a prostaglandin analogue widely used to pre
vent peptic ulcer disease. Therefore, oral administration 
of misoprostol is now being used more extensively than 
gemeprost after miJepristone. 

Molecular structure of RU 486. Molecular weight 
is 430, and empirical formula is Cn H3sN02• (From Healy DL. Baulieu 
EE, Hodgen GO. Induction of m enstruation by an amiprogesterone 
steroid IRU 4861 in primates: Site o'f action, dose-response relation
ships, and hormonal eHects. Fertil Steril 40:253- 257. 1983. Repro
duced wtth permission of the American Society for Reproductive 
Medicine.) 
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The results of a randomized trial with misoprosi.OI given 
vaginally or orally suggest that when misoprostol is given 
vaginally instead of orally, it is more effective and has 
fewer side effects. m A large, multicenter clinical u·ial with 
mifcprist.onc followed by oral misoprostol was recently 
performed in the United States. Therefore, when this drug 
combination docs become available for usc in this counu·y, 
the oral administration or misoprostol will most likely 
be recommended, even though vaginal administmtion is 
probably preferable. The main disadvantage of this medical 
abortifacient method is prolonged and sometimes heavy 
uterine bleeding that on occasion can cause anemia, neces
sitating a blood transfusion and possibly curettage. The 
mean duration of bleeding after administration of this drug 
is about I 2 days when it is administered alone and 9 
days when it is used with a prostaglandin. DistTibution of 
mifepristone is cun·ently limited to a few European coun .. 
tries and China. but compounds with similar activity or 
steroid enzymatic inhibitors that prevent progesterone syn
thesis are also being studied. "" 

The main benelits of IUDs arc ( I ) a high level of effective
ness, (2) a lack of associated systemic metabolic effects. 
and (3) the need for only a single act of motivation for 
long-term usc. Despite these advantages. less than I percent 
of married women of reproductive age usc the IUD for 
contraception in the United States compared with 15 to 30 
percent in most European countries and Canada. 

Types 
In the past 35 years, many types of fUDs have been 
designed and used clinically. The devices developed and 
initially used in the 1960s were made of a plastic, polyeth
ylene, impregnated with barium sulfate to make them ra
diographic. In the 1970s, to diminish the frequency of the 
side effects of increased uterine bleeding and pain, smaller 
plastic devices covered with copper were developed and 
widely used. ln the 1980s, devices were developed bearing 
a larger amount of copper, including sleeves on the hori
zontal arm, such as the copper T380A and the copper 
T220C, as well as the Multiload Cu250 and Cu375. These 
devices have a longer duration of high effectiveness and 
thus need to be reinserted at less frequent intervals than 
the devices bearing a smaller amount of copper. The copper 
T380A TUD is the only copper-bearing IUD cutTently mar
keted in the United States. but the Multiload Cu375 is 
widely used in Europe (Fig. 25-·15). 

Because of the constant dissolution of copper, which 
amounts daily to less than that ingested in the normal diet, 
all copper IUDs have to be replaced periodically. The 
copper T380A is currcntJy approved for use in the United 
States for 10 years and may maintain its effectiveness for 
a longer Lime. Atlhe scheduled time of removal , the device 
can be removed and another inserted during the same 
office visit. 

Adding a reservoir of progesterone to the vertical ann 
also increases the effectiveness of the T-shaped devices. 
The currently marketed progesterone-releasing IUD allow~ 
65 mg or progesterone to diffuse into the endometrial 
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, · • Intrauterine devices currently being marketed in 
the United States: left, progesterone-releasing IUD; right. copper 
T380J\. 

cavity each day. This amount is sufficient to prevent preg
nancy by local action within the endometrial cavity but is 
not enough to cause a measurable increase in peripheral 
serum progesterone levels. Because of the progestational 
effect on the endometrium, the amount of uterine bleeding 
is reduced with use of this device, and it has been used 
therapeutically to treat menorrhagia. The currently ap
proved progesterone-releasing IUD needs to be replaced 
annually, because the reservoir of progesterone becomes 
depleted after about I 8 months of use and the surface area 
of plastic in this small device is insufficient to produce a 
sufficiently large leukocytic response to yield a high level 
of contraceptive effectiveness. · 

1\ T-shaped device containing a reservoir of levonorges
trel on the vertical arm has been developed and undergone 
extensive clinical testing. A large comparative trial of the 
copper T380A and the lcvonorgestrel-releasing IUD found 
that the effectiveness and continuation rates of both devices 
were similar. 175 Because of the slower rate of release of 
levonorgestrel than progesterone, the lcvonorgestrel-relcas
ing fUD has an estimated duration of use of at least 
5 years. The levonorgestrel-releasing IUD also reduces 
menstrual blood loss and has been used therapeutically to 
treat abnormal uterine bleeding. This de-vice is currently 
marketed in only a few European countries. 

Mechanisms of Action 
The main mechanism of contraceptive action of copper
bearing IUDs in the human is a spermicidal effect. This 
effect is caused by a local sterile inflammatory reaction 
produced by the presence of the foreign body in the uterine 
cavity. There is about I 000 percent increase in the number 
of leukocytes in washings of the human endometrial cavity 
I 8 weeks after the insertion of an IUD, compared with 
washings obtained before insertion. In addition to causing 
phagocytosis of spermatozoa, tissue breakdown products 
of these leukocytes arc toxic to all cells, including sperma
tozoa and the blastocyst. The amount of inflammatory 
reaction, and thus contraceptive effectiveness, is directly 
related to the Si7.e of the intrauterine foreign body. Copper 

markedly increases the extent of the inflammatory reaction, 
so this metal has been added to the small-sized frame of 
T-shapcd devices. 176 In addition, copper impedes sperm 
transport and viability in the cervical mucus. 171 Because 
the copper T380 has about twice as much copper surface 
area as the previously marketed copper 7 IUD, the former 
has a lower failure rate than the latter IUD. Sperm transpon 
from the cervix to the oviduct in the first 24 hours after 
coitus is markedly impaired in women wearing IUDs. 1•1s 

Because of the spermicidal action of IUDs, few if any 
spe1m reach the oviduct<;, and the ovum usually does nol 
become fertili:t.cd. 179 Thus, the principal mechanism of ac
tion of the copper T380A IUD is as a spermicide, pre
venting fertilization of the ovum. The progesterone-releas
ing IUD has a much higher ectopic pregnancy rate than 
the copper IUD180 and probably acts mainly by slowing 
tubal transport of the embryo as well as by preventing 
impltmtation of the blastocyst owing to the presence of a 
high level of progesterone in the uterine cavity. 

On removal of the IUD, the inflammatory reaction rap
idly disappears. Resumption of fertility after IUD removal 
is prompt and occurs at the same rate as resumption or 
fertility after discontinuation of the barrier methods of 
contraception. 181 The incideilCc of term deliveries, sponta
neous abortion, and ectopic pregnancies in conceptions 
occurring after IUD removal is the same as in the general 
noncontracepting population. 

Time of Insertion 
Although it is widely believed that the optimal time for 
insertion of an IUD is during the menses, there are data 
indicating that the IUD can be safely inserted on any day 
of the cycle provided that the woman is not pregnant 

Adverse Effects 
Incidence 

In general, in the first year of use, copper IUDs have less 
than a I percent pregnancy rate, a I 0 percent expulsion 
rate, and a 15 percent rate of removal for medical reasons, 
mainly bleeding and pain. The incidence of each of these 
events, especially expulsion, diminishes steadily in subse
quent years. 

In an ongoing WHO study of the copper T380A, termi
nation rates for adverse effects continued to decline annu
ally after the Orst year following insertion for each of the 
7 years in which sufficient data had been aecumulated.4 In 
this study, the cumulative percentage discontinuation rate 
for pregnancy, bleeding and pain, and expulsion at the end 
of 7 years was 1.6, 22.7, and 8.6, respectively. 

Uterine Bleeding 

The majority of women discontinuing this method of con
traception do so for medical reasons. Nearly all the medical 
reasons accounting for removal of copper-bearing or inert 
IUDs involve one or more types of abnormal bleeding: 
heavy or prolonged menses or intermenstrual bleeding. 

The copper T380A IUD is associated with about a 55 
percent increase in menstrual blood loss. 1N2 In contrast, 
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with the progesterone-releasing IUD, the amount of blood 
loss is significantly reduced to about 25 ml per cycle. 1HJ 

There is also reduced blood loss wilh the levonorgestrel
rclcasing IUD. 

Excessive bleeding in the first few months after ffiD 
insertion should be treated with reassurance and supple
mental oral iron as well as systemic administration of one 
or the prostaglandin synthetase inhibitors during menses. 
The bleeding usually diminishes with time, as the uterus 
adjustc; to the presence of the foreign body. 

Mefenamic acid ingested in a dosage of 500 mg three 
times a day during the days of menstruation has been 
sh()wn to reduce menstrual blood loss significantly in IUD 
users. 1~'1 If excessive bleeding continues despite this treat
ment, the device should be removed. After a !-month 
interval, another type of device may be inserted if the 
woman still wishes to use an fUD for contraception. Con
sideration should be given to using a progestin-releasing 
IUD, because this device is associated with less blood loss 
than the copper-bearing IUDs. 

Perforation 

!\!though uncommon, one of the potentially serious compli
tatious associated with use of the IUD is perforation of the 
uterine fundus. Perforation .always occurs at the time of 
insertion. 

In large multiclinic studies, perforation rates for the 
copper 7 were about J per I 000 insertions, but in contrast, 
perforation rates for the copper T380A were only about l 
in 3000 insertions.185 Any type of IUD found to be outside 
the uterus, t:ven if it is asymptomatic, should be removed 
from the peritoneal cavity because complications such as 
severe adhesions and bowel obstruction have been reported 
with intraperitoneal IUDs. Therefore, it is best to remove 
intraperitoneal IUDs shortly after the diagnosis of perfora
tion is made. Unless severe adhesions have developed, 
111ost intraperitoneal IUDs <;an be removed by means of 
laparoscopy. 

Complications Related to Pregnancy 

CONGENITAL ANOMALIES 

There is no evidence of an increased incidence of congeni
tal anomalies in infants born with a plastic, copper-bearing, 
or progesterone-releasing IUD in utero. 

SPONTANEOUS ABORTION 

l11 all reported series of pregnancies with any type of IUD 
in situ, the incidence of fetal death was not significantly 
increased; however, a significant increase in spontaneous 
abortion has been consistently observed. If a woman con
ceives while wearing an IUD that is not subsequently 
removed, the incidence of spontaneous abortion is about 
55 percent, approximately three times greater than would 
occur in pregnancies without an IUD.18('. 1117 

After conception, if the IUD is spontaneously expelled, 
or if the appendage is visible and the lUD is removed by 
traction, the incidence of spontaneous abortion is signifi
cantly reduced. In one study of women who conceived 
with copper T devices in place, the incidence of spontane-
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ous abortion was only 20 percent if the device was removed 
or spontaneously cxpelled. 1M6 This figure is similar to the 
normal incidence of spontaneous abortion and significantly 
Jess than the 54 percent incidence of abortion reported in 
the same study among women retaining the devices in 
utero. Thus, if a woman conceived with an IUD in place 
and wishes to continue the pregnancy, the IUD should be 
removed if the appendage is visible to significantly reduce 
the chance of spontaneous abortion. If the appendage is 
not visible, blind probing of the uterine cavity may increase 
the chance of abortion as well as sepsis. However, several 
reports indicate that with sonographic guidance, it is possi
ble during early gestation to remove intrauterine IUDs in 
the lower uterine cavity without a visible appendage and 
not adversely affect the outcome of the pregnancy. 188

• 
1 ~9 

There was an increased risk of septic abortion if a patient 
conceived with a shield IUD in place, because of the 
structure of the multifilament appendage of the shield. 
However, there is no conclusive evidence that IUDs with 
monofilament tail strings cause sepsis during pregnancy. 

ECTOPIC PREGNANCY 

There is about a threefold increase in the risk of the 
pregnancy's being ectopic if a woman becomes pregnant 
with a copper IUD in place than if she is using no contra
ception method. However, because the copper T380 IUD 
so effectively prevents all pregnancies, with a total preg
nancy rate of about 3.4 per 1000 women per year, the 
estimated ectopic pregnancy rate is only 0.2 to 0.4 per 
1000 women per year in women using the IUD. 1 ~0 The 
estimated ectopic pregnancy rate among sexually active 
U.S. women using no method of contraception has been 
estimated to be between 3.25 and 4.5 per I 000 woman
years. Thus, the relative risk of ectopic pregnancy with the 
copper T380A is O.l. 180 

The total number of pregnancies in women using the 
progesterone-releasing 1UD is approximately 230, and 
about one in four pregnancies occurring in women using 
the device will be ectopic. The rate of ectopic pregnancies 
of 6.8 per 1000 woman-years in women using this device 
is higher than the 3.25 to 4.5 rate of ectopic pregnancy per 
I 000 noncontracepring women per year. I No 

The action of progesterone on oviductal motility in·· 
creases the relative risk of having an ectopic pregnancy 
with this IUD 1.5 to I .8 times compared with women using 
no method of contraception. Thus, the two types of IUDs 
currently marketed in the United States have differing 
effects on the risk of ectopic pregnancy. The copper T380 
IUD lowers the risk and the progesterone IUD increases 
the risk compared with use of no contraception. Because a 
woman's 1isk of ectopic pregnancy is increased if she 
becomes pregnant with either IUD in place compared with 
the overall population of pregnant women, appropliate di
agnostic studies should take place early in gestation to 
establish the diagnosis before tubal rupture occurs. 

The increased risk of ectopic pregnancy for a woman 
who conceives while wearing an IUD is temporary and 
docs not persist after removal of the IUD. 190 

PREMATURITY 

ln the previously cited study of conceptions occurring in 
the presence of copper T devices, the rate of prematurity 
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among livcbirths was four limes greater when the copper 
T was left in place than when it was rcmovcd.18(• 

INFECTION IN THE NONPREGNANT IUD USER 

In 1966, a study was pcrrormed in which aerobic and 
anaerobic cultures were made of homogenates of endome
trial tissue obtained lransfundally from uteri removed by 
vaginal hysterectomy at various intervals after insertion of 
the loop IUD. 191 During the first 24 hours after IUD inser
tion, the normally sterile endometrial cavity was consis·· 
lently infected with bacteria. Nevertheless, in 80 percent of 
uteri removed during the following 24 hours, the women's 
natural defenses had destroyed these bacteria and the endo
metrial cavities were sterile. In this study, when !ransfundal 
cultures were obtained more than 30 days after LUD inser
tion, the endometrial cavity, the IUD, and the portion of 
the thread within the cavity were always found to be sterile 
(liig. 25·- I 6). These findings indicate that development of 
PID more than a month after insertion of the IUD is due 
to infection with a sexually transmitted pathogen and is 
unrelated to the presence of the device. 

Results of a large multicenter study coordinated by the 
WHO revealed similar findings. In this study of 22,908 
women inserted with IUJJs, the PID rate was highest in the 
li rst 3 weeks after insertion but remained lower and con
stant during the 8 years thereafter at 0.5 per J 000 woman
years (Fig. 25-17).192 The results of both of these studies 
indicate that an IUD should not be .inserted into a woman 
who may have been recently infected with gonococci or 
chlamydiae. lnsertion of the device will tTansport these 
pathogens from the cervix into the upper genital tract where 
the large number of organisms may overcome the host 
defense and cause salpingitis. If there is clinical suspicion 
of infectious endocervicitis, cultures should be obtained 
and the IUD inse1tion delayed until the results reveal that 
no pathogenic organisms arc present. It does not appear to 
be cost~effectivc to administer systemic antibiotics rou
tinely with every IUD insertion, but the insertion procedure 
should be as aseptic as possible. 

There is evidence that HJD users may have an increased 
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devices and pelvic inflammatory disease: An international perspec
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risk for colonizing actinomycosis organisms in the upper 
genital tract. 'I'he relationship of actinomycosis to PID is 
unclear because many women without IUDs have actino
mycosis in their vagina and are asymptomatic. 1

'
13 If actino

mycosis organisms are identified on the routine examina
tion of cervical cytology and the woman is asymptomatic, 
she may be treated with appropriate antimicrobal therapy 
to erradicate the organisms or obse1'ved without therapy. 
The IUD should not be removed from an asymptomatic 
woman who is colonized but not infected with actinomyco
sis. 

Overall Safety 
Several long-term studies have indicated that the lUD is 
not associated with an increased incidence of endometrial 
or cervical carcinoma and may actually be associated with 
a reduction in risk of developing these neoplasms during 
and after its insertion. 194· 195 The IUD is a particularly useful 
method of contraception for women who have completed 
their families and do not wish permanent sterilization and 
have contraindications to, or do not wish to use, other 
effective methods of reversible contraception. /\n analysis 
reported that after 5 years of use, the IUD was the most 
cost-effective method of all methods of contraception in
cluding steril ization. 19(• Women in the United States who 
use an IUD have a higher level of satisfaction with their 
method of contmception than do women using any of the 
other methods of reversible contraception. 
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