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edication usage among pregnant
women and women of reproduc-

ive age is common. A survey of women
iving birth in Oklahoma1 reports that
he average number of medications
aken during pregnancy ranged from
.6-2.9 (excluding vitamin and mineral
upplements), depending on the trimes-
er. The same survey reported that 54%
f all products consumed in pregnancy
ere over-the-counter (OTC) medica-

ions. Another source estimates that
ore than 80% of pregnant women take
TC or prescription drugs during preg-
ancy.2 National surveys among women
f reproductive age document that
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hronic conditions often requiring the
ngoing administration of medications
or maintenance are not uncommon
mong women of reproductive age.3 As
aternal age and body mass index in-

rease, it is likely that an even greater
roportion of women who are planning
pregnancy or who could become preg-
ant will have chronic diseases that ne-
essitate prescription medications.

Presently, congenital anomalies are
mong the leading causes of infant mor-
ality in the United States.4 It is estimated
hat approximately 10-15% of congeni-
al anomalies are due to teratogenic ma-
ernal exposures. Congenital anomalies
aused by teratogenic exposures, such as
ertain medications, are considered pre-
entable, as they are linked with modifi-
ble maternal exposures during the pe-
iod of organogenesis.5 It follows that
aternal avoidance of teratogenic expo-

ures would minimize congenital anom-
lies. However, as women of reproduc-
ive age and those who are pregnant
xperience acute and chronic health

The use of prescription and over-the-coun
common among women of reproductive age
teratogenic risks or safety is available, as pr
clinical trials, and premarketing animal stu
treatment in human pregnancy. Even less
supplements on pregnancy outcomes, as t
and efficacy standards as prescription medi
medication use are potentially preventabl
maternal exposures during the period of o
ductive age experience acute and chronic c
for the woman and her offspring, the benefi
early in pregnancy may outweigh the risk
article will aid healthcare providers in se
women of reproductive age, particularly tho
are planning a pregnancy, and those who

Key words: medication, preconception, pr
onditions that must be medically man- c
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ged, in many instances avoidance of med-
cations is neither possible nor advisable.

The benefits of medication use during
regnancy are not restricted to the re-
overy of maternal health, but extend to
he protection of the fetus in many in-
tances. Poorly controlled diabetes mel-
itus is teratogenic, whereas the appro-
riate management of diabetic pregnant
omen can prevent diabetic embryopa-

hy.6 Uncontrolled asthma can decrease
xygen in the fetal blood, possibly im-
airing fetal growth and survival.7 Un-
ontrolled high blood pressure increases
he risks of placental problems and fetal
rowth retardation.8 The treatment of
nfectious diseases of the reproductive
ract can significantly reduce the preva-
ence of preterm birth and its effects.1,9

or all pregnant women infected with
IV, the Center for Disease Control

CDC) recommends the drug zidovu-
ine (AZT) to minimize perinatal trans-
ission.10 The periconceptional use of

olic acid can prevent most neural tube
efects11 and a considerable number of

medications and dietary supplements are
or medications, little information about the
ant women are traditionally excluded from
s do not necessarily predict the effects of
pically known about the effects of dietary
are not held to the same rigorous safety

ons. Congenital anomalies associated with
because they are linked with modifiable
nogenesis. However, as women of repro-
itions that can result in adverse outcomes

of use of a particular medication before or
esources and principles outlined in this

ing appropriate medication regimens for
with chronic health conditions, those who
y become pregnant.

ription, teratogen
ter
. F
egn
die

is ty
hey
cati
e,
rga
ond
ts
s. R
lect
se
ma

esc
ongenital anomalies of the cardiovascu-

ican Journal of Obstetrics & Gynecology S367



l
d

a
e
a
t
c
m
2
c
t
a
v
d
g
e
f
p
m
p
r
t
e
6
i
d
n

o
o
e
a
d
c
p
w
i
w

m
n
e
c
t
m
t
l
c
a
p
b
l
n
u
fl
m
b
r
p
a
m

t
a
p
c
a
t
n
f
i
z
t
b
p
m
a

d
n
a
o
c
D
v
e
e

h
c
d
w
c
d
a
i
fi
T
h
m
u
i
a
a
i
s
D
D
r
u
b
a
“
m
c
s

of m ge. A

Supplement www.AJOG.org

S

ar system, urinary tract, and limb
eficiencies.12,13

Teratogenicity is a complex process
nd is dependent on the timing of the
xposure in relation to the gestational
ge, the dose, and route of administra-
ion. The developmental stage of the
onceptus is particularly critical in deter-
ining teratogencity. For example, after

4 weeks’ gestation, the antibiotic tetra-
ycline can cause permanent staining of
he offspring’s teeth. During the second
nd third trimesters, angiotensin-con-
erting enzyme (ACE) inhibitors can
amage the fetal kidneys. The period of
reatest sensitivity to most teratogenic
xposures is the period of organogenesis,
rom 18-60 days postconception (ap-
roximately 4.5-11 weeks after the last
enstrual period).14 Exposures after the

eriod of organogenesis usually do not
esult in structural anomalies, although
here are exceptions. Rather, teratogenic
xposures during the fetal period (after
0 days postconception) typically result
n growth restriction or functional disor-
ers of the central nervous system, kid-
eys, or other organs.
The dose and route of administration

f the agent are other important features
f potential teratogenicity. Teratogenic
ffects occur only when the dose of an
gent exceeds a threshold.15 Higher
oses and chronic exposures are of more
oncern than lower doses and single ex-
osures. A teratogenic effect is less likely
ith the use of dermal agents with min-

mal systemic absorption. Finally, the

TABLE 1
FDA classification of medication sa
Category Description

A Adequate, well-controlled studies
...................................................................................................................

B Animal studies have revealed no
pregnant women; or animal stud
have failed to demonstrate a risk

...................................................................................................................

C Animal studies have shown an ad
animal studies have been conduc

...................................................................................................................

D Studies, adequate well-controlled
of therapy may outweigh the pot

...................................................................................................................

X Studies, adequate well-controlled
abnormalities. The use of the pro

...................................................................................................................

Dunlop. The clinical content of preconception care: the use
ay in which the woman or offspring s
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etabolize an agent is influenced by ge-
otype, which ultimately determines the
ffective “dose” of the exposure. Pro-
esses relevant to medication processing
hat are influenced by genotype include

etabolism, receptor binding, drug dis-
ribution, placental transport, and cellu-
ar sensitivity. In addition, physiologic
hanges that occur during pregnancy
nd affect the pharmacokinetics and/or
harmacodynamics include: changes in
ody weight and body composition; de-

ayed gastric emptying and gastrointesti-
al transit time; expanded plasma vol-
me; increased cardiac output and blood
ow to the uterus, kidneys, skin, and
ammary glands; decreased plasma al-

umin; increased glomerular filtration
ate; and changes in the activity of he-
atic enzymes.16 It may be necessary to
djust the dosage and/or frequency of
edication used during pregnancy.
For most medications, little informa-

ion about teratogenic risk or safety is
vailable at the time of marketing, as
regnant women are traditionally ex-
luded from clinical trials. Premarketing
nimal studies do not necessarily predict
he effects of treatment in human preg-
ancy. Medications for which there were

alse-negative animal teratology studies
nclude captopril, enalapril, carbima-
ole, methimazole, and misoprostol. Al-
hough comparably more research has
een performed on hypertension, de-
ression, and other conditions that com-
only occur in women of reproductive

ge, no areas can be considered well-

y during pregnancy

pregnant women have not shown an increased
.........................................................................................................................

ence of harm to the fetus; however, there are n
have shown an adverse effect, but adequate and
the fetus.
.........................................................................................................................

se effect and there are no adequate and well-co
and there are no adequate and well-controlled

.........................................................................................................................

observational, in pregnant women have demons
al risk.
.........................................................................................................................

observational, in animals or pregnant women h
t is contraindicated in women who are or may b

.........................................................................................................................

edications and supplements among women of reproductive a
tudied in pregnancy. A review con- l

Supplement to DECEMBER 2008
ucted in 2001 concluded that there was
ot enough information to assess the ter-
togenic risk or safety during pregnancy
f more than 90% of prescription medi-
ations approved by the US Food and
rug Administration (FDA) in the pre-

ious 20 years.17 Gaps in information are
ven more substantial for OTC and di-
tary supplements.

Given the above, it can be difficult for
ealth care providers and women to de-
ide whether to use a given medication
uring pregnancy as well as for women
ho are planning to or who could be-

ome pregnant. The decision must be in-
ividualized according to the woman
nd her unique circumstances, consider-
ng the balance of risks, benefits, and ef-
cacy of treatment for mother and fetus.
here are resources available to aid
ealth care providers and women in their
edical decision-making. The US FDA

ses a risk classification system for med-
cations based on data from human and
nimal studies to help interpret the risks
ssociated with use of medications dur-
ng pregnancy.18 The current FDA clas-
ification system uses the letters A, B, C,
, and X for the 5 categories (Table 1).
rugs for which there is evidence of fetal

isk but “the potential benefits from the
se of the drug in pregnant women may
e acceptable despite its potential risks”
re classified as class D. Drugs that are
contraindicated in women who are or
ay become pregnant” are classified as

lass X. Critics of the FDA classification
ystem argue that the risk categories are

of fetal abnormalities.
..................................................................................................................

dequate and well-controlled studies in
ell-controlled studies in pregnant women

..................................................................................................................

olled studies in pregnant women; or no
ies in pregnant women.

..................................................................................................................

ted a risk to the fetus. However, the benefits

..................................................................................................................

demonstrated positive evidence of fetal
me pregnant.

..................................................................................................................

m J Obstet Gynecol 2008.
fet

in risk
......... .........

evid o a
ies w
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......... .........

ver ntr
ted stud

......... .........

or tra
enti
......... .........

or ave
duc eco

......... .........
imited in that they do not indicate the
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isk based on time during gestation in
hich the medication is used and that

he letters imply a gradation of risk that
oes not necessarily exist. In actuality,
ategory X reflects a benefit-risk judg-
ent, but drugs in this category may be

o more toxic than those in categories C
r D. An understanding of both the value
nd limitations of the FDA categories of
isk is necessary for counseling women
f reproductive age who have taken or
ay need to take a given medication. In

esponse to criticism of the current sys-
em of classification, the FDA has pro-
osed to amend its regulations concern-

ng the format and content of the
Pregnancy,” “Labor and delivery,” and
Nursing mothers” subsections of the
Use in Specific Populations” section of
he labeling for human prescription drug
nd biological products. Specifically, the
DA is proposing to require that labeling

ncludes a summary of the risks of using
drug during pregnancy and lactation, a
iscussion of the data supporting that
ummary, and relevant clinical informa-
ion to help health care providers make
rescribing decisions and counsel
omen about the use of drugs during
regnancy and/or lactation. The pro-
osal would eliminate the current preg-
ancy categories A, B, C, D, and X.19

There are several additional resources
hat healthcare providers may utilize.
he textbook Drugs in Pregnancy and
actation20 includes a fetal risk summary
ontaining a review of literature about a
articular drug to provide more data for
ecision making by the prescribing
ealth care provider. Complete and up-
o-date information regarding medica-
ion teratogenic risks can be found on
he online REPRORISK system (www.
eprotox.org), available from Micro-
edex, which contains periodically up-

ated, scientifically reviewed resources.
n addition, the Organization of Teratol-
gy Information Specialists has compiled
fact sheets” on various prescription
nd OTC medications and supplements
available at http://otispregnancy.org/
tis_fact_sheets.asp).
More details about preconception

onsiderations for various prescription
nd OTC medications and supplements

re found below. r
rescription medications
recent study finds that 1 of every 13

isits made to ambulatory practices by
omen of reproductive age results in the
rescription of a potentially teratogenic
class D or X) medication. The same sur-
ey found that contraceptive counseling
as provided on less than 20% of visits

hat documented use of a potential terat-
gen by a woman of reproductive age,
nd that women using low-risk drugs
class A or B) received contraceptive
ounseling as frequently as women using
otential teratogens. A table of medica-
ions generally accepted to be contrain-
icated in the preconception period and
regnancy is found in Table 2. A more
omplete listing of potential teratogens
class D or X) is found as an appendix in
he article by Schwarz et al.21

ecommendations by other groups
everal professional organizations have
ssued recommendations regarding the
se of drugs related to their specialty in
regnancy. Specifically, there are estab-

ished practice guidelines for use of
edications to manage diabetes,22 hy-

ertension,23 seizure disorders,24 thyroid
isorders,25 disorders requiring anticoag-
lation,26 asthma,27 gastrointestinal disor-
ers,28 tuberculosis,29 sexually transmitted

nfections including HIV,9,10 migraine
eadaches,30 the management of acne
sing isotretinoin, and psychiatric and
sychologic disorders (including de-
ression and bipolar disorders).31,32 Re-
ently, the FDA has changed the labeling
f paroxetine (Paxil) from class C to D
ased on the results of recent studies sug-
esting that the drug increases the risk of
irth defects, particularly heart defects,
hen women take it during the first 3
onths of pregnancy.33

Recommendation. All women of re-
roductive age should be screened for
he use of teratogenic medications and
hould receive counseling about the po-
ential impact of chronic health condi-
ions and medications on pregnancy
utcomes for mother and child. When-
ver possible, potentially teratogenic
edications should be switched to safer
edications before conception. For
omen with chronic conditions with se-
ious morbidity (to mother and infant), t

Supplement to DECEMBER 2008 Amer
he fewest number and lowest dosages of
ssential medications that control ma-
ernal disease should be used. For
omen not desiring pregnancy, a plan

or contraception should be addressed
nd initiated. Strength of recommenda-
ion: A; quality of evidence: II-2.

TC medications
ommonly used OTC medications
mong women of reproductive age in-
lude analgesics; cough, cold, and allergy
emedies; and remedies for gastrointes-
inal upset.34,35 The safety of commonly
sed examples of these OTC medica-

ions are given in Table 3.

elated recommendations
y other groups
s part of a preconception care visit, the
merican College of Obstetricians and
ynecologists (ACOG) recommends

hat women inform their health care
rovider of their use of OTC medica-
ions. The ACOG also recommends that
omen who are pregnant talk to their
octor before using any OTC medica-
ion during pregnancy.

Recommendation. Health care provid-
rs should educate women of reproduc-
ive age about the need to discuss the use
f OTC medications with their provider
hen planning a pregnancy. Women

hould be specifically advised not to use
spirin if they are planning a pregnancy
r become pregnant. Strength of recom-
endation: A; quality of evidence: III.

ietary Supplements
he 1994 Dietary Supplement Health
nd Education Act (DSHEA) defined di-
tary supplements (DSs) as vitamin,
ineral, herb/botanical, amino acid, en-

yme, protein, probiotic, glandular, or
ormone-like substances. Various na-
ional surveys have estimated that
8-52% of the US population uses di-
tary supplements and many women use
ietary supplements before and during
regnancy.36-38 In the United States, di-
tary supplements are not regulated in
he same way as prescription medica-
ions and do not necessarily undergo
linical trials for safety and efficacy, espe-
ially in pregnancy. However, concerns
bout safety, effectiveness, quality con-

rol, contamination, adverse events, and

ican Journal of Obstetrics & Gynecology S369
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nteractions with medications have been
aised in the literature about dietary sup-
lements.39 Although many health care
rofessionals will recommend certain
ietary supplements before and during
regnancy (eg, folate, iron, and cal-
ium), the safety and efficacy of many
ietary supplements (eg, botanicals and
eight loss products) has not been
ell established before or during preg-
ancy.40 Most of the data available have
een based on case reports, animal stud-

es, and retrospective studies. Clinical
rials evaluating the safety and efficacy of
ietary supplements before and during
regnancy are needed especially for vita-
in D, fish oil, and botanical products. It

s critical that all health care profession-

TABLE 2
Medications contraindicated (class
Agent

Angiotensin-converting enzyme inhibitors (ant
and angiotension II receptor blockers
...................................................................................................................

HMG-CoA reductase inhibitors (statins)

...................................................................................................................

Androgens and testosterone derivatives
...................................................................................................................

Carbamazapine (anticonvulsant)

...................................................................................................................

Coumadin derivatives

...................................................................................................................

Folic acid antagonists
...................................................................................................................

Leflunomide, thalidomide
...................................................................................................................

Lithium (antidepressant)
...................................................................................................................

Phenytoin (anticonvulsant)

...................................................................................................................

Streptomycin and kanamycin (antiinfective)
...................................................................................................................

Tetracycline (antiinfective)

...................................................................................................................

Valproic acid (anticonvulsive)

...................................................................................................................

Isotretinoin, known as Accutane (antiacne)
...................................................................................................................

Information from Briggs et al.19

...................................................................................................................

Dunlop. The clinical content of preconception care: the use
ls ask their patients what vitamins, min- s
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rals, herbs, traditional remedies, and
ther dietary supplements they are using.

ecommendations by other groups
ealth Canada has reported that at this

ime there is not enough scientific infor-
ation about the safety of various herbs

nd herbal products to recommend their
eneral use during pregnancy and lacta-
ion. Women should use these products
autiously, and critically examine any in-
ormation about their proposed benefits.41

Recommendation. Health care provid-
rs should educate women of reproduc-
ive age about the need to discuss the use
f dietary supplements before preg-
ancy, including herbs, weight loss
roducts, and sport supplements, and

in pregnancy
Comments

ertensive), May cause kidney abnormalities

.........................................................................................................................

A range of abnormalities has be
week of gestation.

.........................................................................................................................

Cause masculinization of female
.........................................................................................................................

Risk of fetal death, mental retar
palates, and arteries. Should be
before conception whenever po
where benefit outweighs risk.

.........................................................................................................................

Risk of bone and cartilage defor
Should be switched to heparin b

.........................................................................................................................

Risk of spontaneous abortion an
.........................................................................................................................

Risk of limb deformities. Use on
.........................................................................................................................

Associated with increased risk o
.........................................................................................................................

Risk of fetal hydantoin syndrom
small head circumference, dysm
and distal digital hypoplasia. Us
outweighs risk.

.........................................................................................................................

Risk of ototoxicity.
.........................................................................................................................

Risk to developing bones and te
abnormalities.

.........................................................................................................................

Risk of central nervous system
intrauterine growth retardation,
another, less teratogenic agent
of use outweighs risk, should be
not be combined with carbamaz

.........................................................................................................................

Elevated risk of spontaneous ab
.........................................................................................................................

.........................................................................................................................

edications and supplements among women of reproductive a
hould caution women about the un- w

Supplement to DECEMBER 2008
nown safety profile of many supple-
ents. High-quality and prescription-

uality dietary supplements should be
ncouraged. Strength of recommenda-
ion: A; quality of evidence: II-C.

onclusion
iven the widespread use of prescription

nd OTC medications and dietary sup-
lements—including herbs, weight loss
roducts, and sport supplements—
mong women of reproductive age, the
rowing prevalence of women with
hronic conditions during their repro-
uctive years, and the unknown safety
rofile or known risk of teratogenicity of
any medications and supplements,

ealth care providers should educate

fetus when used in 2nd or 3rd trimesters.

..................................................................................................................

reported for exposures during the 4th-9th

..................................................................................................................

us.
..................................................................................................................

on, and malformed hearts, genitals, cleft
itched to another, less teratogenic agent
le. Use should be reserved only for cases

..................................................................................................................

ies, mental retardation, and vision problems.
re conception whenever possible.
..................................................................................................................

alformations.
..................................................................................................................

ith strict pregnancy prevention protocols.
..................................................................................................................

rdiovascular anomalies.
..................................................................................................................

cluding intrauterine growth restriction with
hic facies, orofacial clefts, cardiac defects,
ould be reserved only for when benefit

..................................................................................................................

..................................................................................................................

causing discoloration of teeth and skeletal

..................................................................................................................

unction, spina bifida, development delay,
cardiac anomalies. Should be switched to
re conception whenever possible. If benefit
ministered in 3-4 divided doses and should
ne and phenobarbitol.
..................................................................................................................

on and many anomalies.
..................................................................................................................

..................................................................................................................
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eed to discuss the use of all medications
nd supplements with their health care
rovider, particularly if they are plan-
ing a pregnancy or could become preg-
ant. Numerous resources exist to aid
ealth care providers in selecting appro-
riate medications that balance the risk
nd benefit (for both the woman and any
ffspring she may conceive) of using
articular medications while planning a
regnancy or during pregnancy.
In medically managing the chronic and

cute health conditions women may face
hile planning a pregnancy, it is useful to

lassify medications as either “essential” or
nonessential.” Essential medications are

TABLE 3
FDA classification of common over

Drug name
FDA Class
by Trimester

Analgesics
...................................................................................................................

Acetominophen B/B/B
...................................................................................................................

Aspirin D/D/D

...................................................................................................................

Ibuprofen
Ketoprofen
Naproxen

B/B/D
B/B/D
B/B/D

...................................................................................................................

Cough and cold remedies
...................................................................................................................

Chlorpheniramine B
...................................................................................................................

Pseudoephedrine B
...................................................................................................................

Guaifenesin C
...................................................................................................................

Dextromethorphan C
...................................................................................................................

Diphenhydramine B
...................................................................................................................

Clemastine B
...................................................................................................................

Gastrointestinal remedies
...................................................................................................................

Aluminum hydroxide/
Magnesium hydroxide

B

...................................................................................................................

Calcium carbonate C
...................................................................................................................

Simethicone C
...................................................................................................................

Cimetadine B
...................................................................................................................

Ranitidine B
...................................................................................................................

Nizatidine C
...................................................................................................................

Famotidine B
...................................................................................................................

FDA, Food and Drug Administration.
Adapted with permission from “Over the Counter Medication
...................................................................................................................

Dunlop. The clinical content of preconception care: the use
hose necessary to treat diseases with seri-
us morbidity for the women and/or her
etus. Nonessential medications are those
sed to treat conditions without serious
orbidity. In general, the goals of precon-

eption medical management include the
ollowing42:
. Identify the pattern of medica-

tion and supplement use before
conception.

. Counsel women with chronic condi-
tions about the potential impact of
the condition and its various treat-
ments on the health of the woman
and the fetus. Provide preconception
counseling of women for whom

e-counter medications

Drug Class Use in Pregnancy

.........................................................................................................................

Nonnarcotic Pain reliever of choice.
.........................................................................................................................

Salicylate Not recommended except fo
perinatal mortality, neonatal
gestation and labor, and pos

.........................................................................................................................

NSAID
NSAID
NSAID

Avoid in 3rd trimester; assoc
of the fetal ductus arteriosus
hypertension of the newborn
hemorrhage.

.........................................................................................................................

.........................................................................................................................

Antihistamine Antihistamine of choice.
.........................................................................................................................

Decongestant Oral decongestant of choice
.........................................................................................................................

Expectorant Possible increased risk of ne
.........................................................................................................................

Antitussive Appears to be safe in pregna
.........................................................................................................................

Antihistamine Possible oxytocin-like effect
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.........................................................................................................................
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make informed decisions regarding
the avoidance or timing of pregnancy.

. Establish effective treatment for
chronic conditions before conception.

. Manage all chronic conditions
and acute illnesses throughout
pregnancy.

. Counsel women to avoid the use of
nonessential medications, including
prescription (eg, isotretinoin for
acne) and OTC medications and di-
etary or herbal supplements.

. Avoid the use of medications with
high teratogenic risk when equally ef-
fective treatments with lower risks are
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anticoagulant), and valproic acid (an
anticonvulsant).

. Limit the use of essential medications
to the smallest number of drugs pos-
sible that will effectively treat mater-
nal disease without compromising
the health of the woman or her fetus.

. Limit each essential medication to the
smallest dose that can be used to ef-
fectively treat maternal disease with-
out compromising the health of the
woman or her fetus. f
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