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Counseling About Medication-Induced Birth Defects
with Clinical Decision Support in Primary Care

Eleanor Bimla Schwarz, MD, MS,1–4 Sara M. Parisi, MS, MPH,1 Steven M. Handler, MD, PhD,4,5

Gideon Koren, MD,6 Grant Shevchik, MD,4 and Gary S. Fischer, MD1,4

Abstract

Background: We evaluated how computerized clinical decision support (CDS) affects the counseling women
receive when primary care physicians (PCPs) prescribe potential teratogens and how this counseling affects
women’s behavior.
Methods: Between October 2008 and April 2010, all women aged 18–50 years visiting one of three community-
based family practice clinics or an academic general internal medicine clinic were invited to complete a survey 5–
30 days after their clinic visit. Women who received prescriptions were asked if they were counseled about
teratogenic risks or contraception and if they used contraception at last intercourse.
Results: Eight hundred one women completed surveys; 27% received a prescription for a potential teratogen.
With or without CDS, women prescribed potential teratogens were more likely than women prescribed safer
medications to report counseling about teratogenic risks. However, even with CDS 43% of women prescribed
potential teratogens reported no counseling. In multivariable models, women were more likely to report
counseling if they saw a female PCP (odds ratio: 1.97; 95% confidence interval: 1.26–3.09). Women were least
likely to report counseling if they received angiotensin-converting enzyme inhibitors or angiotensin receptor
blockers. Women who were pregnant or trying to conceive were not more likely to report counseling. None-
theless, women who received counseling about contraception or teratogenic risks were more likely to use
contraception after being prescribed potential teratogens than women who received no counseling.
Conclusions: Physician counseling can reduce risk of medication-induced birth defects. However, efforts are
needed to ensure that PCPs consistently inform women of teratogenic risks and provide access to highly effective
contraception.

Introduction

It is estimated that one of every six women in the
United States receives a prescription for a potentially ter-

atogenic medication each year.1,2 Given that almost half of
U.S. pregnancies are unplanned,3 it is important for physi-
cians to inform women of teratogenic risks when such medi-
cations are prescribed. This is particularly true because birth
defects are most likely to occur when teratogenic medications
are used early in pregnancy, before many women are aware
they have become pregnant. Although women commonly
depend on their clinicians to inform them when a medication
may pose a risk to a pregnancy,4,5 receipt of prepregnancy

health counseling is reported by only 30% of U.S. women who
give birth.6 As a result, approximately 6% of U.S. pregnancies
are exposed to potentially teratogenic medications,7,8 and
concern about having used a prescription medication early in
pregnancy is one of the most common reasons women contact
teratogen counseling hotlines.9

The majority of potentially teratogenic medications are
prescribed by primary care providers (PCPs).1,2 However,
little is known about the counseling women receive from
PCPs when potential teratogens are prescribed. We previ-
ously reported that an intervention that provided PCPs with
clinical decision support (CDS) designed to address risks of
medication-induced birth defects only slightly increased the
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percentage of women who had family planning services
documented in their electronic medical record (EMR) when
potentially teratogenic medications were prescribed.10 How-
ever, as counseling services are incompletely documented in
the EMR, the goal of this study was to assess patient-reported
counseling about teratogenic risks. We hypothesized that
when PCPs received CDS, women would be more likely to
report that they were counseled about risks of medication-
induced birth defects and their contraceptive options. We also
hypothesized that women who reported having been coun-
seled about teratogenic risks would be more likely to use
contraception.

Materials and Methods

Intervention design

This CDS intervention has been described previously.10

Briefly, between October 2008 and June 2009, 41 physicians
from two practices (operating four clinics: three suburban,
community-based family practice; one urban, academic gen-
eral internal medicine) received CDS designed to increase
PCP counseling about risks of medication-induced birth de-
fects when a potential teratogen was prescribed. These alerts
were triggered by medications that were felt by experts to
pose a significant risk in early pregnancy (Appendix 1).
During the last 9 months of this study, CDS alerts were de-
activated for half of the study physicians; this allowed com-
parison of visits receiving no alerts to those continuing to
receive alerts.

Data collection and outcomes

All women aged 18–50 who visited a physician at one of the
four clinics during the study period were invited to complete
a survey (online or by phone) 5–30 days after their visit. In-
terested participants provided signed informed consent and
received survey access instructions at the time of their clinic
visit. Upon completion, participants received a $10 gift card.
Women were also asked for permission to review their med-
ical records, but participation was not contingent on granting
such permission. This study was approved by the University
of Pittsburgh Institutional Review Board.

The 75-question survey collected information regarding
participants’ demographic and reproductive characteristics,
as well as details about their clinic visit. Participants who
reported receiving a prescription at their visit were asked, ‘‘At
your last visit, did your doctor spend any time discussing the
chance that a medication you are using can cause birth de-
fects?’’ and ‘‘Did your doctor tell you that you may want to
avoid becoming pregnant while using any of the medications
that were prescribed to you?’’ If a patient answered yes to
either question, she was coded as having received counseling
regarding medication-induced birth defects. Patients were
also asked, ‘‘At your last visit, did your doctor talk to you
about birth control?’’ If a patient answered yes to any of these
three questions, she was coded as having received counseling
regarding medication-induced birth defects and/or contra-
ception at their visit. This composite measure was our main
outcome of interest. Those who reported receiving counseling
were asked about their satisfaction with this counseling; four
response options were offered, ranging from very satisfied to
not satisfied. Additionally, all participants were asked if, after

their clinic visit, they sought additional information on their
medication from any of the following sources: the Internet, a
pharmacist, an obstetrician/gynecologist, a drug safety call
center or teratology information service, or the package insert.
Finally, women were asked about their pregnancy intentions
and to specify which contraceptives they used with last in-
tercourse. When considering contraceptive use, we examined
(a) no use of contraception; (b) use of barrier or behavioral
methods (condoms, diaphragm, spermicide, withdrawal, or
the rhythm method); (c) use of hormonal contraception
(contraceptive pills, patch, ring, or injections); or (d) use of
highly effective reversible (HER) (intrauterine or subdermal)
contraception.

For those who granted permission to review their medical
records, we abstracted identified EMR data from the clinic
visit and linked these records to survey data. These data in-
cluded all medications prescribed (which were then catego-
rized as either potentially teratogenic or safer medications),
the gender of the prescribing physician, the number of pre-
vious visits to the practice, and whether or not the physician
was the patient’s usual PCP. We also recorded any history of
surgical sterilization, menopause, or infertility, and all ‘‘ac-
tive’’ contraceptives (i.e., contraceptive prescriptions ordered
at the time of the clinic visit and previously provided
prescriptions that had not expired; presence of a HER con-
traceptive; procedure orders for injectable or HER contra-
ception). We considered visits with any of the following to
have EMR-documented evidence of provision of family
planning services: contraceptive counseling, family planning
referrals, pregnancy tests, or new or renewal prescriptions for
contraceptive medications or devices. For comparison, we
abstracted de-identified EMR data from all other women be-
tween the ages of 18–50 who visited study clinics during the
same time period.

Statistical analyses

We calculated the survey response rate, and compared
the characteristics of women who did and did not complete
surveys. We then excluded surveys from women who de-
clined permission to link their survey to their EMR data
and from women who were not able to become pregnant
[i.e., those who had undergone surgical sterilization (tubal
ligation or hysterectomy), had been through menopause,
had a partner with a vasectomy, or had a history of infer-
tility], as reported in either the survey or EMR data. We also
excluded women who said they did not receive a pre-
scription at their appointment (even if the EMR data indi-
cated otherwise).

We produced descriptive statistics and then investigated
the rate of counseling and other outcomes of interest for three
types of clinic visits: (1) visits in which a potentially terato-
genic medication was prescribed while the CDS system was
active, (2) visits in which a potentially teratogenic medication
was prescribed while PCPs were no longer receiving CDS,
and (3) visits in which a safer medication (i.e., a medication
not considered to have potentially teratogenic effects) was
prescribed. Because this CDS intervention was delivered to
physicians, we adjusted our p values for clustering by PCP
using generalized mixed effects regression models with a
random effect for physician. To test for significant differences
between groups, we used post-estimation chi-squared tests.
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We then used mixed-effects logistic regression models to in-
vestigate which medication types and which patient and
physician/visit characteristics were associated with reported
receipt of counseling. Dichotomized patient characteristics
included: age over 30 years, white race/ethnicity, married or
living as married, college degree, sexually active in past 3
months, or pregnant or trying to get pregnant. Dichotomized
physician/visit characteristics included visit with the pa-
tient’s usual PCP, visit with a female PCP, and new patient
visit. Finally, we examined the relationships between re-
ported receipt of counseling, information seeking behav-
ior, and contraceptive use after the studied visit. We report
the residual intraclass correlation coefficient (ICC) for PCP-
provided counseling. All analyses were conducted using
Stata/IC 11.2IC.

Results

A total of 10,029 female patients of reproductive age had a
visit with a participating PCP during the study period and
were invited to participate. Overall, 19% (n = 1,859) of women
consented to participate and completed surveys.

Women completed surveys a median of 7 [interquartile
range = 5; mean = 9.5( – 6.2)] days after visiting a study clinic.
Patients who completed surveys were more likely to be white
(91% completers vs. 81% of noncompleters, p < 0.001), more
likely to have some college education (78% completers vs.
71% noncompleters, p = 0.006), and more likely to be estab-
lished patients at the clinic (87% vs.76%, p < 0.001). Ninety-one
percent (n = 1,696) of survey completers granted permission to
link their surveys to their EMR data; of these, 24% (n = 409)
indicated that they had been through menopause, were in-
fertile, had been surgically sterilized, or had a sterilized
partner; 29% (n = 486) did not report receiving a prescription

at their last visit. Thus, 801 surveys were available for this
analysis.

In total, 23% (n = 188) of survey respondents were pre-
scribed potential teratogens by PCPs who received a CDS
alert; an additional 26 women (3%) were prescribed poten-
tial teratogens by a PCP who was no longer receiving CDS.
The potential teratogens most commonly prescribed in-
cluded benzodiazepines (35%), antimicrobials (i.e., doxycy-
cline and fluconazole, 20%), angiotensin-converting enzyme
inhibitors and angiotensin-receptor blockers (18%), cardio-
vascular medications (e.g., beta-blockers, spironolactone,
10%), psychiatric medications (e.g., lithium and some anti-
depressants, 9%), and statins (7%). Women who received
prescriptions that triggered the CDS were significantly older
and less educated than women who received safer medica-
tions (Table 1).

Overall, 57% of women prescribed potential teratogens
reported receiving some form of counseling about the risk of
medication-induced birth defects or the benefits of contra-
ception (data not shown in tables). Specifically, 29% reported
that they were counseled to avoid pregnancy while using a
medication, and 27% reported that they were told there was a
chance that a medication they were using could cause birth
defects; however, there was considerable overlap in these
responses (data not shown in tables). Of sexually active wo-
men who were not trying to get pregnant, 37% reported re-
ceipt of counseling about contraception (data not shown in
tables).

Women prescribed potential teratogens were more likely to
report receipt of counseling about medication-induced birth
defects than women prescribed safer medications (Table 2).
However, women prescribed potential teratogens were not
more likely than women prescribed safer medications to have
discussed contraception during their clinic visit. PCPs

Table 1. Patient Characteristics by Prescription Type and Clinical Decision Support

Prescribed
safer medication

Prescribed potential
teratogen* with CDS

Prescribed potential
teratogen* without CDS

N = 587 N = 188 N = 26
% (n) % (n) % (n) p value{ p value{

Age, mean years [SD] 31.0 [8.5] 33.2 [8.9] 32.0 [7.5] < 0.01 0.59
Over 30 years of age 52.5% (308) 61.2% (115) 57.7% (15) 0.04 0.74
Whitex 92.8% (538) 89.8% (167) 92.3% (24) 0.09 0.18
Married or living as marriedx 53.2% (309) 53.2% (99) 57.7% (15) 0.99 0.67
College degree or higher educationx 58.7% (341) 45.5% (85) 76.9% (20) < 0.01 < 0.01
Had sex in the last 3 monthsx 80.1% (467) 75.4% (141) 76.9% (20) 0.25 0.99
Had never had sex with a manx 5.9% (34) 2.7% (5) 4.0% (1) 0.08 0.67
Pregnant or trying 4.9% (29) 2.1% (4) 0.0% (0) 0.11 0.99
Seeing her usual PCP 74.1% (435) 85.6% (161) 84.6% (22) < 0.01 0.72
Seeing a female PCP 57.4% (337) 52.1% (98) 53.9% (14) 0.20 0.87
New patient to practice 9.9% (58) 11.7% (22) 11.5% (3) 0.40 0.78

*Potential teratogens defined as class D and X medications (as categorized by the U.S. Food and Drug Administration) as well as a subset of
class C medications. Safer medications defined as class A, B, or C medications, which did not trigger a CDS alert. During the last 9 months of
this intervention, CDS alerts were deactivated for half of the study physicians to allow for comparison of visits receiving no alerts to those
continuing to receive alerts.

{Safer medication group versis potential teratogen group with CDS alerts; derived from generalized mixed effects models with a random
effect for physician cluster and post-hoc tests for 2 · 2 comparisons.

{Potential teratogen group with CDS alerts versus potential teratogen group without CDS; derived from generalized mixed effects models
with a random effect for physician cluster and post-hoc tests for 2 · 2 comparisons.
xSurvey data missing for race (n = 9), marital status (n = 8), education (n = 7), sexual activity in the past 3 months (n = 5), and history of being

heterosexually active (n = 16).
CDS, clinical decision support; PCP, primary care physician.
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receiving CDS upon prescribing a potential teratogen were
not more likely to have their patients report counseling about
medication risks or contraception than women prescribed
these medications by PCPs without CDS (58% with CDS vs.
54% without CDS, p = 0.92).

Satisfaction with counseling, when it was provided, was
high (Table 2). However, women prescribed potential te-
ratogens tended to be less satisfied with their counseling than
women receiving safer medications; women prescribed po-
tential teratogens by PCPs receiving CDS were somewhat

Table 2. Patient-Reported Receipt of Counseling by Prescription Type and Clinical Decision Support

Prescribed safer
medication

Prescribed potential
teratogen* with CDS

Prescribed potential
teratogen* without CDS

N = 587 N = 188 N = 26
Services received % (n) % (n) % (n) p value{ p value{

Reported counseling about
risk of birth defects or use
of contraception

40.9% (240) 57.5% (108) 53.9% (14) < 0.01 0.92

Reported counseling about risk
of birth defects

18.7% (110) 35.1% (66) 30.8% (8) < 0.01 0.78

Of those receiving counseling:
Satisfied with counseling 95.2% (59) 88.4% (38) 80.0% (4) 0.20 0.83
Had all of their questions answered 93.1% (67) 90.9% (50) 100.0% (7) 0.66 1.00

Reported counseling about contraceptionx 34.4% (180) 37.6% (67) 32.0% (8) 0.14 0.21
Of those receiving counseling:

Satisfied with counseling 92.3% (156) 95.0% (57) 87.5% (7) 0.48 0.41
Had all of their questions answered 77.7% (139) 70.2% (47) 87.5% (7) 0.76 0.48

EMR documentation of family
planning services

42.6% (237) 38.8% (71) 53.6% (14) 0.53 0.16

*Potential teratogens defined as class D and X medications (as categorized by the U.S. Food and Drug Administration) as well as a subset of
class C medications. Safer medications defined as class A, B, or C medications, which did not trigger a CDS alert. During the last 9 months of
this intervention, CDS alerts were deactivated for half of the study physicians; this allowed comparison of visits receiving no alerts to those
continuing to receive alerts.

{Safer medication group versus potential teratogen with CDS alert group; derived from generalized mixed effects models with a random
effect for physician cluster and post-hoc tests for 2 · 2 comparisons.

{Potential teratogen with CDS alert group versus potential teratogen without CDS group; derived from generalized mixed effects models
with a random effect for physician cluster and post-hoc tests for 2 · 2 comparisons.
xDenominator excludes 73 women who reported that they were pregnant or trying to get pregnant, had a same sex partner, had not had sex

within the past 3 months, or had never had sex with a man.
EMR, electronic medical record.

Table 3. Factors Associated with Receipt of Counseling Regarding Risk of Medication-Induced

Birth Defects or Use of Contraception

Unadjusted OR Adjusted OR
(95% CI) (95% CI)*

PCP/visit factors
Visit with female physician 1.80 (1.20–2.70) 1.97 (1.26–3.09)
Visit with usual PCP 1.50 (1.05–2.15) 1.56 (1.05–2.30)
New patient visit 1.76 (1.09–2.84) 1.90 (1.13–3.19)

Patient factors
Pregnant or trying to get pregnant 1.55 (0.76–3.19) 1.92 (0.90–4.09)
Sexually active in the past 3 months 1.71 (1.19–2.47) 1.95 (1.29–2.95)
Over 30 years of age 0.59 (0.44–0.79) 0.60 (0.43–0.84)
White 1.13 (0.65–1.96) 1.21 (0.68–2.15)
Married or living as married 0.84 (0.63–1.12) 0.77 (0.54–1.09)
College degree or higher 1.05 (0.77–1.42) 1.11 (0.81–1.54)

Medication type
Safer medications{ —Referent— —Referent—
ACE inhibiters/ARBs 1.06 (0.53–2.11) 1.27 (0.62–2.60)
Antimicrobials 2.17 (1.13–4.15) 2.29 (1.16–4.52)
Benzodiazepines 1.68 (1.02–2.76) 1.83 (1.08–3.10)
Cardiovascular medications 2.95 (1.15–7.53) 3.03 (1.16–7.91)
Psychiatric medications 4.57 (1.61–13.02) 4.76 (1.59–14.22)
Statins 2.40 (0.79–7.25) 3.27 (1.06–10.04)

*N = 787, mixed-effects logistic regression model with physician as a random effect, adjusted for all of the variables in the table.
{Safer medications defined as class A, B or C medications, which did not trigger a CDS alert.
OR, odds ratio; CI, confidence interval; PCP, primary care provider; ACE, angiotensin-converting enzyme; ARB, angiotensin-receptor blockers.
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more likely to be satisfied with the counseling they received
than women prescribed potential teratogens by PCPs without
CDS (88% with CDS vs. 80% without CDS, p = 0.83), although
these findings did not reach statistical significance.

Mixed-effects logistic regression models found that those
seeing their usual PCP, a female PCP, and visiting the study
clinic for the first time all had greater odds of receiving tera-
togenic risk or contraceptive counseling (Table 3). Interest-
ingly, women’s pregnancy intentions had little effect on
receipt of such counseling. Women over 30 years of age were
less likely than younger women to receive such counseling. In
addition, medication type was a significant predictor of
counseling (Table 3). The ICC for PCP provision of counseling
was 0.04.

When we cross-checked patient reports of counseling with
EMR documentation, we found that most (80%) women with
EMR documentation of provision of new family planning
services at their clinic visit reported that they had received
counseling about contraception or medication risks. How-
ever, only 55% of women who said they had received tera-
togenic risk counseling or contraceptive counseling had
documented evidence of family planning services in their
EMR for that visit.

After their visit, women who had been counseled about
teratogenic risks or contraception when they were prescribed
a potential teratogen were more likely to report using con-
traception than women who reported no such counseling
(Table 4); women counseled by PCPs who received CDS were
significantly more likely to report contraceptive use than
women counseled by PCPs who did not receive CDS when

prescribing potential teratogens, although sample sizes were
small. This was primarily due to more prescriptions for hor-
monal contraception (Table 4). In addition, women who re-
ported counseling about teratogenic risks tended to be more
likely to state that they tried to find more information about
their medication from internet sources than women who did
not receive counseling; this was particularly true for women
who received counseling from a PCP without CDS (Table 4).
The most frequently consulted sources of information in-
cluded the Internet, package inserts, and pharmacists.

Discussion

This study found that over 40% of women prescribed po-
tential teratogens reported receiving no counseling about the
risk of medication-induced birth defects or the importance of
contraception, even when their PCPs were electronically no-
tified when prescribing potential teratogens. Women seeing
their usual PCP, a female PCP, or visiting the clinic for the first
time were more likely to be counseled about teratogenic risks,
but overall rates of patient-reported counseling remained low.
Recently, a study of women Veterans similarly found that
relatively few women prescribed potential teratogens re-
membered having been warned of teratogenic risks.11 Al-
though women in our study who were prescribed potential
teratogens were more likely to report receipt of counseling
about medication-induced birth defects than women pre-
scribed safer medications, they were not more likely than
women prescribed safer medications to have discussed con-
traception during their clinic visit. This is unfortunate as

Table 4. Patient-Reported Behavior After Receipt of a Potentially Teratogenic

Prescription, by Counseling Received

Not counseled
Counseled
with CDS*

Counseled
without CDS*

N = 92 N = 108 N = 14
Information seeking % (n) % (n) % (n) p-value{ p-value{

Tried to find more information about their medication 35.9% (33) 41.7% (45) 71.4% (10) 0.40 0.06
Information source(s) consulted:

Internet 36.4% (12) 62.2% (28) 60.0% (6) 0.02 0.06
OB/GYN 0.0% (0) 0.0% (0) 10.0% (1) – 0.32
Pharmacist 36.4% (12) 33.3% (15) 20.0% (2) 0.79 0.65
Package insert 51.5% (17) 44.4% (20) 30.0% (3) 0.35 0.40
Drug safety call center/hotline 0.0% (0) 2.2% (1) 0.0% (0) 0.89 –

N = 82 N = 99 N = 11
Use of contraception at last intercoursex % (n) % (n) % (n)

No contraception 35.4% (29) 14.1% (14) 27.3% (3) < 0.01 < 0.01
Behavior/barrierk 30.5% (25) 34.3% (34) 18.2% (2) 0.58 0.53
Hormonal{ 28.1% (23) 44.4% (44) 45.5% (5) 0.02 0.05
Intrauterine or subdermal contraception 6.1% (5) 7.1% (7) 9.1% (1) 0.81 0.89

*During the last 9 months of this intervention, CDS alerts were deactivated for half of the study physicians; this allowed comparison of
visits receiving no alerts to those continuing to receive alerts.

{No counseling group versus teratogen prescribed and counseled with CDS alert group; derived from generalized mixed effects models
with a random effect for physician cluster and post-hoc tests for 2 · 2 comparisons.

{Teratogen prescribed and counseled with CDS alert group versus teratogen prescribed and counseled without CDS group; derived from
generalized mixed effects models with a random effect for physician cluster and post-hoc tests for 2 · 2 comparisons.
xExcludes women who reported that they were pregnant or trying to get pregnant, had a same sex partner, had not had sex within the past

3 months, or had never had sex with a man.
kBarrier methods defined as rhythm, withdrawal, condoms, diaphragm, and/or spermicide.
{Hormonal methods defined as pill, patch, ring, and/or injection.
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effective contraception can help prevent pregnancies that may
be adversely affected by medication use.2

Communication between clinicians and patients about
contraception has been identified as a critical factor in effec-
tive contraceptive use.12,13 In one study, women who had
received contraceptive counseling in the past year were 80%
less likely to report contraceptive nonuse.14 Another study
found that women who had ever discussed contraception
with a healthcare worker were six times as likely to be cur-
rently using contraception.15 The U.S. Centers for Disease
Control and Prevention has issued guidance on the use of
contraception by women with a variety of chronic condi-
tions.16 However, many PCPs remain unaware of these
guidelines, have limited training in family planning, and may
have inaccurate perceptions of the effectiveness of available
contraceptives,17,18 which preclude high quality counseling.

Pharmacists can also play an important role in ensuring
that patients are informed about medication risks. Previously,
an intervention designed to increase pharmacist provision of
teratogenic risk counseling was found to have some effect on
dispensing practices.19 However, satisfaction with this inter-
vention was limited by delays in transfer of pregnancy in-
formation.19 In addition, women have indicated that, because
of the limited privacy available in most pharmacy settings,
they prefer to be notified of teratogenic risks by their pre-
scribing clinician.4

Although underpowered to find many statistically signifi-
cant differences, the results of this study suggest that CDS
may affect teratogenic risk counseling. However, there are
several limitations that must be considered when interpreting
these findings. While most patients reported satisfaction with
the counseling they received, we do not have an objective
measure of how comprehensive or compelling the counseling
provided was. Because we did not collect patient survey data
before introducing this CDS intervention, we cannot be sure
that this CDS improved the counseling women received;
however, as women’s reports of counseling began to trend
downward when PCPs were no longer receiving CDS, we
suspect that this CDS did boost rates of counseling. When
considering the data collected during this post-intervention
period, we recognize that PCPs who had recently received
CDS may have been more likely to continue counseling after
the CDS was deactivated than they were before ever receiving
CDS. Also, we cannot be certain that women’s last sexual
intercourse occurred after her study visit. However, as pre-
menopausal women are sexually active on a median of 8 days
per month (range 2–28 days),20 and participants completed
surveys a median of 7 days after visiting the clinic, for most
women the last episode of intercourse likely followed receipt
of counseling. Finally, only 19% of eligible women completed
a survey after visiting a study clinic, and those who did
complete surveys were more likely to be white, have a college
education, and be established clinic patients, which may limit
the generalizability of our findings.

Conclusions

In conclusion, PCPs who counsel their patients about
teratogenic risks appear to increase their patients’ contra-
ceptive use. Established PCP relationships may increase
the likelihood that teratogenic risk counseling will be
provided, especially by female PCPs; in addition, CDS may

be helpful in increasing rates of such counseling. However,
even with the CDS we developed, over 40% of women re-
ported that they received no counseling from their PCP
about the risk of medication-induced birth defects or the
benefits of contraceptive. Therefore, other efforts are nee-
ded to ensure that women receive the information they
need to optimize their health prior to pregnancy. Future
research should examine ways to increase the effectiveness
of CDS and explore other ways to inform women of tera-
togenic risks and their options for birth defect prevention.
For example, as web-based personal health records become
more widely available to patients, the internet may offer
new ways to provide women information on their medi-
cations’ teratogenic risks.
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Appendix

Appendix 1. Medications that Triggered Clinical Decision Support when Ordered for a Woman Aged 18–50
Years with No Electronic Medical Record Documentation of Sterilization

Acitretin
Alprazolam
Amiodarone hcl
Amitriptyline
Amphetamine
Anastrozole
Atenolol
Atorvastatin
Azathioprine
Belladonna alkaloids/phenobarbital
Benazepril hcl
Bexarotene
Bisoprolol fumarate
Bosentan
Candesartan
Capecitabine
Captopril
Carbamazepine
Carteolol hcl
Carvedilol
Carvedilol phosphate
Chlordiazepoxide
Clonazepam
Clorazepate
Colchicine
Cyclophosphamide
Cyclosporine
Danazol
Diazepam
Diclofenac-

misoprostolDihydroergotamine
Divalproex sodium
Doxazosin mesylate
Doxycycline
Efavirenz
Enalapril
Eprosartan mesylate
Ergotamine tartrate/caffeine
Estazolam

Estrogen,ester/me-testosterone
Exemestane
Ezetimibe/simvastatinFinasteride
Fluconazole
Fluorouracil
Flurazepam hcl
Fluvastatin sodium
Fosinopril sodium
Gemcitabine hcl
Goserelin acetate
Griseofulvin, microsize
Hydrochlorothiazide triamterene
Hydroxyurea
Imatinib mesylate
Imipramine
Irbesartan
Isotretinoin
Labetalol
Leflunomide
Leuprolide acetate
Leuprorelin
Lisinopril
Lithium
Lorazepam
Losartan
Lovastatin
Meprobamate
Mercaptopurine
Methimazole
Methotrexate sodium
Methyltestosterone
Metoprolol succinate
Metoprolol tartrate
Midazolam
Minocycline hcl
Misoprostol
Mycophenolate mofetil
Mycophenolic acid
Nadolol

Nortriptyline
Olmesartan medoxomil
Oxazepam
Paroxetine
Paroxetine hcl
Penicillamine
Perindopril erbumine
Phenobarbital
Phenytoin
Pindolol
Pravastatin sodium
Primidone
Propranolol hcl
Propylthiouracil
Quinapril
Quinine
Raloxifene
Ramipril
Ribavirin
Rosuvastatin
Simvastatin
Sotacor
Sotalol
Spironolactone
Tamoxifen
Telmisartan
Temazepam
Tetracycline
Thalidomide
Timolol maleate
Topiramate
Trandolapril
Triamterene
Triazolam
Trimipramine maleate
Valproate sodium
Valproic acid
Valsartan
Warfarin sodium

824 SCHWARZ ET AL.




