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Oral contraceptives and antibiotics are among the most widely used pre-
scription medications in the United States. It is estimated that more than 11
million women in the United States use oral contraceptives, with up to 70
million women worldwide. Many more women of childbearing potential
also periodically consume antibiotics. The proposed interaction between
oral contraceptives and antibiotics has long been a major source of contro-
versy and discussion in the literature [1]. Antibiotics are alleged to reduce
blood concentrations and, therefore, the ultimate effectiveness of oral con-
traceptive agents. The proposed mechanisms of these antibiotic-associated
interactions include hepatic microsomal enzyme induction by the antibiotic
of both the estrogen and progestin components of the oral contraceptive,
interference with enterohepatic circulation of the oral contraceptive metab-
olites, interference with oral contraceptive absorption from the gastrointes-
tinal tract, alterations in plasma-protein binding of the oral contraceptive
components, and increased excretion of the oral contraceptive. Considering
the relatively high usage of both antibiotics and oral contraceptives, there is
little scientific evidence to support this interaction. But sporadic case reports
of oral contraceptive failure during concomitant antibiotic therapy do
appear in the literature, and, to fully understand the rationale behind the
proposed interaction, a discussion of the pharmacology of oral contracep-
tives is necessary.
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The pharmacology of oral contraceptives

There are three types of oral contraceptives:

(1) The combined fixed-dose estrogen-progestin preparations (with high,
medium, or low estrogen content)

(2) The combined sequential preparations with the doses of each steroid
varied throughout the menstrual cycle

(3) The progestin-only preparations.

The goal of oral contraceptive therapy is to use a preparation that will
minimize complications and side effects yet still prevent pregnancy.

Oral steroid contraceptives, or combination pills, are a mixture of
semi-synthetic estrogens, usually ethinyl estradiol (EE) or mestranol, and
semi-synthetic progesterones known as progestins (eg, norethindrone, levon-
orgestrel). In general, the estrogen component of oral contraceptives blocks
ovulation by inhibiting the release of follicle-stimulating hormone (FSH)
and leutinizing hormone (LH) via negative feedback on the pituitary gland
and hypothalamus. The progestin component of oral contraceptives in-
creases the viscosity of the cervical fluid, changes the endometrial lining to
make it unsuitable for egg implantation, and provides some antiovulatory
action [2,3].

To be effective, oral contraceptives must have adequate circulating con-
centrations of active hormone to prevent ovulation. In general, estrogens are
present in very low concentrations (pg/ml) and sensitive and specific assays
have only recently become available. Through these assays, it has become
evident that even without any significant drug interactions, there is tremen-
dous variation in plasma concentrations of active hormone among women.
It is likely that women who have the lowest concentrations of estrogen are
most likely to suffer interactions with other drugs.

Though it is the most effective form of reversible contraception, oral con-
traceptives, like any medication, are not 100% effective, and many women
conceive while taking these preparations. When taken correctly, they reduce
the chance of pregnancy to less than 1%. The reported failure rate among
United States women is approximately 3% [4]. In the teenage population,
the failure rate can be as high as 8%, often attributed to missed doses [5].
The most common causes of the pregnancies are thought to be missed pills,
malabsorption, and drug interactions.

Oral contraceptives are not without side effects. The most critical side
effect of the estrogen component is an increased risk of venous throboembo-
lytic disease. The progestin component has been associated with increases in
blood pressure, serum glucose, and serum lipid levels. An increased risk of
myocardial infarction and stroke has been reported in oral contraceptive
users who smoke and are greater than 35 years of age [6]. These significant
adverse effects have led to the development of pills with reduced dosages of
both estrogen and progestin components.
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Interactions with rifampin

In the 1970s, reports began to appear regarding drug interactions
between oral contraceptives and the antituberculosis drug rifampin. This
was the first antibiotic implicated in reducing the effectiveness of oral con-
traceptives. Reimers and Jezek reported that 38 of 51 women (75%) taking
rifampin and oral contraceptives concomitantly experienced breakthrough
bleeding, an indicator of ovulation [7]. Two years later, another report of
88 women on oral contraceptive therapy associated concomitant rifampin
use with 66 instances of breakthrough bleeding and five pregnancies [8].
Since then, other reports have followed associating increased risk of preg-
nancy with concomitant use of rifampin and oral contraceptives. Not sur-
prisingly, over three-quarters of all alleged antibiotic—oral contraceptive
interactions involve rifampin [9]. Clinical studies clearly demonstrate that
rifampin significantly reduces blood levels of both the estrogen and proges-
tin components of oral contraceptives [10-12] (Fig. 1). Though short-term
exposure to rifampin or the related drug rifabutin may result in increased
ethinyl estradiol and norethindrone clearance without reversing their con-
traceptive effect [12], long-term administration of these agents for tuberculo-
sis therapy or prophylaxis is associated with both a diminution of hormonal
blood levels and a reduction in contraceptive efficacy [7-11].

Rifampin is a potent inducer of the liver cytochrome p450 system and
results in the increased metabolism and subsequent diminished blood levels
of a number of drugs, including oral contraceptives [13]. Among antibiotics,
only rifampin has been scientifically demonstrated to reduce blood levels
and interfere with the effectiveness of oral contraceptives.

Interactions with other antibiotics

Anecdotal evidence implicating more commonly prescribed antibiotics
with interference of oral contraceptive effectiveness began appearing in
1975. Dosseter reported three cases of pregnancy in patients taking oral con-
traceptives who were given ampicillin [14]. A few years later, another report
was published describing a 20-year-old student who claimed to be totally
compliant with her oral contraceptive regimen but became pregnant after
a 5-day course of tetracycline [15]. In 1982, DeSano and Hurley described
16 pregnancies over a 2-year period in their private obstetric/gynecologic
practices, all in patients who claimed to be compliant with their contracep-
tive regimen [16]. Antibiotics had been consumed in 13 of the cases; 5
patients had reported using ampicillin, 3 patients used penicillin, 3 patients
had used sulfisoxazole or another sulfonamide antibiotic, 1 patient had used
tetracycline, and 1 patient had used cephalexin. In 1986, a case report of an
alleged antibiotic—oral contraceptive interaction appeared in the dental liter-
ature. Bainton reported a case of a 19-year-old who had taken an oral
contraceptive for 18 months and received an intramuscular injection of a



656 S.S. DeRossi, E.V. Hersh | Dent Clin N Am 46 (2002) 653-664

2000 45

1
1800 A ‘[ ‘[
40

1600 | N=7 N=28

S
=3
=}
!

30 4
1200 -
25 1
1000

20 4
800 -

600 -

Ethinyl estradiol AUC (pg/ml x hr)
Norethindrone AUC (ng/ml x hr)

400 A

200 51

Rifampin ~ Washout Rifampin ~ Washout

Fig. 1. Effects of rifampin on blood levels of ethinyl estradiol and norethindrone. Women
received daily doses of 450-600 mg rifampin for up to 1 year from exposure to tuberculosis,
followed by a 1-month washout period. A single dose of Minovlar® (50 ug ethinyl estradiol plus
1 mg norethindrone acetate) was administered after an overnight fast, toward the end of
rifampin therapy and again 1 month after discontinuing rifampin. Blood samples for
pharmacokinetic analyses were taken immediately before Minovlar® ingestion and then at 1,
2,3,4,6,8, 11, 14, and 24 hours after dosing. There was a significant decrease in area under
the plasma concentration curves (mean + SE) for both ethinyl estradiol (p <0.01) and
norethindrone (p <0.01) during rifampin therapy compared with the control washout period
as analyzed by Student t tests. (Adapted from Back DJ, Breckenridge AM, Crawford FE, et al.
The effect of rifampicin on the pharmacokinetics of ethinyl estradiol in women. Contraception
1980;21(2):135-43; and Back DJ, Breckenridge AM, Crawford FE, et al. The effect of
rifampicin on norhisterone pharmacokinetics. Eur J Clin Pharmacol 1979;15:193-7; with
permission.)

long-acting penicillin combination during a surgical extraction procedure
[17]. Three months later, she was found to be pregnant with twins.

Back et al published the most comprehensive report of potential antibiotic—
oral contraceptive interactions [18]. They gathered data from the United
Kingdom’s Committee on Safety in Medicines between 1968 and 1984. Dur-
ing this time, 63 pregnancies were reported with simultaneous administra-
tion of oral contraceptives and antibiotics, excluding rifampin. Penicillins
were implicated in 32 of these pregnancies, tetracyclines in 12, cotrimoxazole
(sulfamethoxazole and trimethoprim) in 5, metronidazole in 3, erythromycin
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in 2, cephalosporins in 2, and either “‘unknown antibiotics” or antibiotics not
commonly used in dentistry in the other 7 cases. In an effort to temper these
findings, they also reported, that there were over 307 million prescriptions
for these same antibiotics, and approximately 2.5 million regular users
of oral contraceptives during this time period. Based on these figures, the
actual number of reported pregnancies in England alleged to involve
oral contraceptive interactions with antibiotics other than rifampin was
extremely low.

In the United States, 29 reports of unintended pregnancies in oral contra-
ceptive users who received penicillins or tetracyclines were listed in the
United States Department of Health and Human Services’s MEDWATCH
Spontaneous Reporting System [19]. These numbers also should be tem-
pered with the fact that over 11 million women per year use oral contracep-
tives in the United States [1].

The pharmacological basis of the interaction

A number of theories have been proposed to explain the occasional fail-
ures seen in oral contraceptive effectiveness when antibiotics are concomi-
tantly ingested. The evidence-based support or “better, lack of support™ for
each theory is briefly reviewed below.

Hepatic microsomal enzyme induction

A number of drugs are capable of inducing liver microsomal enzymes,
thereby increasing the rate of metabolism of both themselves and other
drugs. This is certainly the case with rifampin, a potent inducer of the liver
microsomal enzyme system. When ingested by women who are also oral
contraceptive users, circulating estrogen and progestin concentrations may
drop dramatically, below levels necessary to prevent ovulation. Decreased
oral contraceptive effectiveness has been described with the concurrent use
of other drugs known to induce microsomal enzymes, such as anticonvul-
sants and barbiturates [18,20]. None of the antibiotics currently used in out-
patient dentistry, however, are liver microsomal enzyme inducers.

Interference with enterohepatic circulation of steroid metabolites

The ability of antibiotics to inhibit the enterohepatic recirculation of the
estrogen component of oral contraceptives is probably the most widely pro-
mulgated theory of oral contraceptive failure. Ethinyl estradiol (EE) is well
absorbed in humans, but the bioavailability of EE is approximately 40-50%
because of a large first-pass metabolism in the gut and liver. Some of these
inactive metabolites are sulfate and glucuronic acid conjugation products,
which are subsequently excreted in the bile [21]. It is thought that these
conjugates are then hydrolyzed by gut colonic bacteria, liberating the
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lipid-soluble and active parent compound, which is readily absorbed from
the intestine into the bloodstream, providing the necessary additional serum
concentrations to prevent ovulation (Fig. 2). This enterohepatic recircula-
tion would be far more important for EE than for progestins because the
latter undergoes significant phase 1 oxidative metabolism prior to conjugation.
In theory, antibiotics that kill or inhibit the growth of the colonic bacteria
involved in the deconjugation of EE can inhibit the enterohepatic recircula-
tion of the active estrogen component. Animal studies do support the entero-
hepatic recirculation theory [22], but studies in humans fail to document the
same interference. Some experts have speculated that there may be a subset
of women that rely more heavily on enterohepatic recirculation of EE to
maintain therapeutic serum levels. An atypical gut flora, which is highly sen-
sitive to the administered antibiotic and/or a defective cytochrome p450 iso-
enzyme system where phase 2 metabolism (glucoronidation and sulfation) of
the parent EE molecule is more heavily relied upon than initial phase 1
hydroxylation reactions, may contribute to this phenomena and the subse-
quent reduction in antiovulatory estrogen blood levels [22-24].

Interference with absorption from the gastrointestinal tract

There have been few studies concerning the absolute bioavailability of
EE. Indirect evidence exists that EE is rapidly absorbed with the peak
plasma concentration achieved at 120 minutes after dosing [24]. Interfer-
ence with oral contraceptive absorption from the gastrointestinal tract has
been demonstrated with ascorbic acid, but to date no interactions with anti-
biotics through this mechanism have been reported. Infective diarrhea be-
cause of increased gastrointestinal motility might reduce oral contraceptive

—Gl\.lcuronic S0,
Acid

Glucuroni¢ Acid SO,

Colonic@ Colonic@

Intestinal Side Bacteria Bacteria

Blood smam@ @ @ @

Fig. 2. Proposed action of colonic bacteria on the disposition of ethinyl estradiol (EE). EE
undergoes a significant first-pass effect, and some of these inactive metabolites are conjugates of
glucuronic acid and SO,4. These conjugated metabolites of EE would be inactive and lack
sufficient lipid solubility to be absorbed into the blood stream, leading to a diminution of EE
blood levels. It is hypothesized that bacteria, which are part of the normal intestinal flora, cleave
the glucuronic acid and SO, groups from the metabolized EE molecules, liberating the active
and lipid-soluble parent molecule that can be reabsorbed into the blood stream. By killing or
inhibiting the growth of the normal intestinal microflora, antibiotics may interfere with this
recycling process and result in the reduction of EE blood levels.




S.S. DeRossi, E.V. Hersh | Dent Clin N Am 46 (2002) 653-664 659

absorption. Although antibiotics can induce diarrhea, there are no pub-
lished reports of such an event reducing the effectiveness of oral contra-
ceptive agents.

Alterations in plasma protein binding

Ethinyl estradiol is 97% bound to plasma proteins, namely albumin, and
plays a role in sex hormone-binding globulin capacity. As synthetic proges-
tins are carried by sex hormone-binding globulin, various ratios of ingested
hormones may produce alterations in binding, leading to significant changes
in total plasma hormone concentrations. In general, protein-binding drug
interactions are overemphasized for most drugs, and their effects are short
lived. The only reported protein binding interactions with oral contracep-
tives involve anticonvulsants, not antibiotics [9,20].

Increased excretion of the contraceptive

Documented cases of increased urinary or fecal excretion of oral contra-
ceptives by concomitant antibiotic use, including that caused by antibiotic-
induced diarrhea, has not been substantiated in the literature.

Clinical studies evaluating the interaction

Although case reports should not be ignored and theoretically could indi-
cate a rare interaction between antibiotics and oral contraceptives, a number
of reviews have been published implying that the ability of commonly pre-
scribed antibiotics to reduce the efficacy of oral contraceptives is an estab-
lished, proven drug interaction [25-27]. An excerpt of such an article
read, “The antibiotics that interfere with the ovulatory inhibiting effects
of oral contraceptives are penicillin V potassium, amoxicillin, cephalexin,
tetracycline and erythromycins” [27]. Unfortunately, these authors cited
previously published case reports and not any controlled studies or pharma-
cokinetic data [28]. In 1991, the American Dental Association (ADA)
Health Foundation Research Institute added “fuel to the fire” by publish-
ing a statement that read “...Many antibiotics commonly used in dentistry
interfere with the action of oral contraceptives, resulting in unexpected
pregnancies” [29].

Many experts refer to the study published by Williams and Pulkinnen in
1971 as scientific proof of an interaction between antibiotics and oral con-
traceptives [30]. Although the authors reported reduced estrogen concentra-
tions in pregnant patients taking ampicillin, this study did not evaluate the
effect of ampicillin on blood levels of the estrogen or progestin component
of oral contraceptives. Since then, a number of studies have looked directly
at oral contraceptive blood levels in both the absence and presence of anti-
biotic treatment. All studies reached a similar conclusion. The concomitant
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ingestion of ampicillin, tetracycline, doxycycline, metronidazole, erythromy-
cin, clarithromycin, temafloxacin, or fluconazole did not reduce plasma lev-
els of either the estrogen or progestin component of the oral contraceptive
[21,24,31-36]. The results of one such study with the antibiotic doxycycline
[36], a drug that is being widely employed in periodontal therapy, is illus-
trated in Fig. 3.

A second type of study addressing the interaction has analyzed unin-
tended pregnancy rates as the outcome measure in oral contraceptive users
who consumed antibiotics. These studies have appeared in the dermatology
literature and are retrospective by nature. In a survey that evaluated preg-
nancy rates in 34 oral contraceptive users who were prescribed erythromy-
cin, tetracycline, or minocycline, a pregnancy rate of 1.4% per year was
calculated [37]. This pregnancy rate did not differ from the accepted nor-
mal failure rate of oral contraceptives. In a larger retrospective study of
356 patients with a history of combined antibiotic-oral contraceptive use
and of 425 women taking oral contraceptives without antibiotic exposure,
Helms et al reported a yearly pregnancy rate of 1.6% in the antibiotic group
and 0.96% in the control group [4]. There was no significant difference
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Fig. 3. Effects of doxycycline on blood levels of ethinyl estradiol and norethindrone. Women on
a steady dose of Ortho-Novum® (35 ug ethinyl estradiol plus 1 mg norethindrone; Ortho-
McNeil Pharmaceutical, Raritan, NJ) had serum concentrations of ethinyl estradiol and
norethindrone measure on days 18, 19, and 20 of the menstrual cycle, both in the absence and
presence of doxycycline therapy 100 mg twice daily. There were no significant reductions in
serum concentrations (mean + SE) of either hormonal constituent during antibiotic therapy
(p=0.49 for ethinyl estradiol concentrations and p=0.36 for norethindrone concentrations,
paired student t tests).



S.S. DeRossi, E.V. Hersh | Dent Clin N Am 46 (2002) 653-664 661

(P=0.4) in pregnancy rates between the antibiotic and control groups, and
both groups had pregnancy rates blow the 3% failure rate typically found in
the United States.

Legal actions and opinions

Reports of at least two successful litigations (settled out of court) involv-
ing unintended pregnancies in oral contraceptive users prescribed antibiotics
by dentists who failed to warn the patients of the possibility of reduced oral
contraceptive efficacy continues to be emphasized by dental/legal experts
[38]. Unfortunately, these legal proceedings cannot be researched or even
substantiated. In the one published case where a plaintiff and her husband
sued an army-based oral surgeon and gynecologist for malpractice and
“wrongful life” for not warning her of a potential antibiotic/oral contracep-
tive interaction and the unintended pregnancy that allegedly occurred either
during or shortly after she was prescribed penicillin V, the health professio-
nals were exonerated [39]. In summarizing these legal proceedings, the
patient and her husband lost the case for the following reasons:

(1) Her experts were unable to cite a single published scientific study that
statistically demonstrated an association between penicillin use and oral
contraceptive failure

(2) The scientific studies that her experts did cite all demonstrated a lack of
interaction between commonly employed antibiotics and oral contracep-
tives

(3) All review articles cited by her experts supporting the interaction were
not evidence-based

(4) Under California law, rare risks of drug therapy do not have to be dis-
cussed (ie, the risk of contraceptive failure during antibiotic therapy
would have to be at least double the normal failure rate for the necessity
of informed discussion)

(5) Her experts were unable to prove that she became pregnant either dur-
ing or shortly after she was taking penicillin.

Summary

With the exception of rifampin-like drugs, there is a lack of scientific evi-
dence supporting the ability of commonly prescribed antibiotics, including
all those routinely employed in outpatient dentistry, to either reduce blood
levels and/or the effectiveness of oral contraceptives. To date, all clinical tri-
als studying the effects of concomitant antibiotic therapy (with the exception
of rifampin and rifabutin) have failed to demonstrate an interaction. Like all
drugs, oral contraceptives are not 100% effective with the failure rate in the
typical United States population reported to be as high as 3%. It is thus
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possible that the case reports of unintended pregnancies during antibiotic
therapy may simply represent the normal failure rate of these drugs. Con-
sidering that both drug classes are prescribed frequently to women of child-
bearing potential, one would expect a much higher rate of oral contraceptive
failure in this group of patients if a true drug:drug interaction existed. On
the other hand, if the interaction does exist but is a relatively rare event,
occurring in, say, 1 in 5000 women, clinical studies such as those described
in this article would not detect the interaction. The pharmacokinetic studies
of simultaneous antibiotic and oral contraceptive ingestion, and the retro-
spective studies of pregnancy rates among oral contraceptive users exposed
to antibiotics, all suffer from one potential common weakness, ie, their rel-
atively small sample size. Sample sizes in the pharmacokinetic trials ranged
from 7 to 24 participants, whereas the largest retrospective study of preg-
nancy rates still evaluated less than 800 total contraceptive users. Still, the
incidence of such a rare interaction would not differ from the accepted
normal failure rate of oral contraceptive therapy.

The medico-legal ramifications of what looks like at best a rare interac-
tion remains somewhat “murky.”” On one hand, we have medico-legal experts
advising the profession to exercise caution and warn all oral contraceptive
users of a potential reduction in efficacy during antibiotic therapy. These
opinions are not evidence-based and rely heavily on one or two legal pro-
ceedings that cannot even be substantiated. On the other hand, there is one
recently published legal proceeding in which the outcome was in favor of
the oral surgeon. There is clearly a need for additional scientific research
in oral contraceptive users that incorporates larger sample sizes, different
time courses (prophylactic use versus standard 7-10 day use versus extended
use), and different delivery systems (systemic administration versus local-
controlled delivery) of antibiotic therapy. Though experts on this topic still
recommend informing oral contraceptive users of the potential for a rare
interaction, and for clinicians to advise them to employ additional barrier
techniques of birth control during antibiotic therapy and for at least 1 week
beyond the last dose [40], it is hoped that a set of guidelines regarding this
controversy will eventually be published that is evidence-based, and not solely
the results of anecdotal reports, expert opinions, and legal proceedings.
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