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Abstract

The objective of this paper is to explore the strengths, weaknesses, gaps, and needs in research on medication use in pregnancy,

where opportunities have been bypassed to develop standards and collaborations for collecting data to better understand how

medications can impact clinical outcomes in pregnant women and developing fetuses. The availability of existing data and the

methods of its capture are reviewed, including registries, claims and health record databases, and meta-analyses. The paper

focuses on why these efforts have not fundamentally provided benefit-risk information and clinical treatment algorithms for med-

ication use in pregnant women. Methodological issues, such as lack of standardization and central data collection, are discussed.

Common barriers are examined, including a lack of awareness and education, cultural hurdles, collaboration deficiency, and an

insufficient development of new data collection methods.
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Introduction

Many scientific initiatives have been undertaken to fill the

important knowledge gaps associated with medication use

in pregnant women. Because randomized controlled clinical

trials, the gold standard for establishing the safety and effi-

cacy of medications, generally exclude pregnant women,

most medications are not indicated for use during pregnancy.

At the same time, the vast majority of women require medica-

tion therapy during their pregnancy.1,2 Thus, there is a signif-

icant unmet need for data to guide decision making for

medication use during pregnancy.3

This paper explores why so many scientific initiatives in the

area of medication use in pregnancy have failed to bring about

a major improvement in health care for pregnant women as

measured by regulatory-endorsed medicine use or provider-

endorsed treatment algorithms, despite research efforts that

have provided valuable information.4–7 Surveys, blogs, and

experience in specialized referral centers all show that pregnant

women continue to lack easy access to clear and consistent

information.8,9 For pregnant patients with concomitant medical

or dental health concerns, there is still a sense that fear,

ignorance, inconsistency, and avoidance largely remain as the

standard experience for both health care providers and women

throughout pregnancy.3 The Internet and social media sites pro-

vide conflicting, confusing, and often incorrect information to

women seeking answers.10,11

Research efforts to date include clinical registries, claims or

health record database studies, meta-analyses, case studies, and

literature reviews. Despite multiple research efforts, progress
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has been slow. This paper discusses strengths and limitations

common to these research efforts that limit the development

of benefit-risk information on appropriate medication use in

pregnancy. It is important to understand common limitations

that may inhibit the development of data-driven, decision-

making treatment algorithms. Beyond methodological issues,

we explore common barriers in communication, collaboration,

and culture, and associated medical information gaps. This arti-

cle is intended to stimulate discussion about addressing identi-

fied issues and information gaps.

This is the second in a 3-part series on the topic of medica-

tion use during pregnancy. The first paper identifies the overall

problem and the urgent need for better data to guide clinical

decision making during pregnancy.3 The current paper assesses

the strength of existing data-collection efforts and explores

underlying reasons for our current failure to enable data-

driven decision making. The third paper is a detailed explora-

tion of issues that must be addressed in order to effect change

in cultural, educational, and research paradigms for informed

medication use in pregnancy.12

Existing Data—Strengths and Limitations

Table 1 summarizes the methodological strengths and limita-

tions of current research on medicine use in pregnancy.

Registries

Pregnancy registries are often established by pharmaceutical

companies to meet postmarketing regulatory requirements. The

US Food and Drug Administration (FDA) website features a

list of 74 active pregnancy registries.13 Prospective enrollment

is a methodological strength of registries, as retrospective

methods can bias results toward adverse outcomes.14 Registries

have the potential to provide important information, but this

potential is limited by the absence of data collection standardi-

zation and data integration. For example, there are 4 registries

for the antiepileptic levetiracetam, collectively reporting on

over 1100 pregnancies, but information on specific patterns

of congenital malformations is lacking.15–17 Combined data

could have a better potential to show, or rule out, drug-

related specific patterns of malformation.

Other general limitations of registries include limited sam-

ple sizes, potential selection bias resulting in a nonrepresenta-

tive population, inability to control for various confounders/

covariates, length of time to enroll patients, lack of internal

controls, loss to follow-up, a general observational nature,

inability to confirm causality, difficulty detecting minor mal-

formations, bias against the null hypothesis, and/or bias associ-

ated with poor recall, noninclusion of elective abortion data,

and retrospective ascertainment of maternal lifestyle.18–20

Enrollment can be a significant hurdle. For example,

GlaxoSmithKline had 4 pregnancy registries running between

approximately 1989 and 2008, none of which was able to meet

enrollment milestones during the first 10 years of the medica-

tions being marketed.21 At best, it takes many years to accrue

sufficient numbers of cases in registries, during which time preg-

nant women and their health care providers (HCPs) struggle with

risk-benefit evaluation. Resulting limitations in statistical

powering of registries challenge the ability to identify risk.

These types of issues, along with bias against the null hypothesis

and citation bias, often lead to signals of teratogenicity, only to

be found later to be false.18 Despite these potential limitations,

some registry efforts, including population-based surveillance

registries, have produced valuable data in various disease states

including epilepsy, migraine, depression, antiretroviral, and

herpes.21

The Medical Birth Register in Denmark contains data on all

births by women residing in Denmark and includes information

for the newborn and the parents by personal identification num-

ber.22 The unique identifiers allow linkage to the National Pre-

scription Registry, a registry of all prescriptions filled in

Denmark, and the National Patient Registry, which contains

data on inpatient and outpatient health care services.23,24 A

study of the major congenital malformation and fetal death

associated with metoclopramide use for nausea during preg-

nancy illustrates the benefits of these registries.4 This

register-based cohort study examined 28,486 exposure cases

Table 1. Summary of strengths and limitations of current research
methodology.a

Study Type Strengths Limitations

Registry Prospective enrollment,
evaluation of
spontaneous abortions
and stillbirths

Lack of control groups and
confounder control,
time to enroll sufficient
patients, loss to follow-
up, selection bias

Case control Study of specific birth
defects, confounder
control, low-cost and
high-motivation data
collection

Delay in data collection,
limited data, data
accuracy, selection bias

Health care
and claims
database

Large sample size,
standardized data,
ethnically and
geographically diverse
population

Data gaps and accuracy,
less information for
low-prevalence disease,
data confirmation,
missing non–live birth
outcomes

Meta-analysis Early signal prediction Confounding factors,
detection bias

aStrengths and limitations are variable across studies based upon multiple

factors specific to each study. Not all strengths and limitations are listed.

Common limitations across current methods include retrospective and

observational nature.
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from a cohort of 1,222,503 pregnancy cases and found no

increased risk of major malformations or fetal death (sponta-

neous abortions or stillbirth) associated with metoclopramide

use. This study may help inform decision making when treat-

ment with metoclopramide is considered during pregnancy.

Case-Control Studies

Ongoing case-control database studies allow for examination

of birth outcomes associated with pharmaceutical use. Exam-

ples include the US Centers for Disease Prevention and Control

(CDC) National Birth Defects Prevention Study (NBDPS),

which collects data from mothers by telephone interview, the

Hungarian Case Control Surveillance of Congenital Abnormal-

ities Study, and Estudio Colaborativo Latino Americano de

Malformaciones Congenital. NBDPS studies have investigated

fetal risks associated with the use of asthma and antiherpetic

medications during pregnancy.25,26 The Slone Epidemiology

Unit Birth Defects Study assessed folic acid antagonist use in

cases with birth malformation outcomes compared to matched

controls.27 Another program using case-control studies is the

Metropolitan Atlanta Congenital Defects Program (MACDP)

in Georgia, which leverages state-mandated reporting of birth

defects to collect data through several mechanisms. While not

focused on medication research, MACDP evaluation of still-

births provides an example of the potential for such pro-

grams.28 Case-control studies enable study of specific birth

defects with minimal heterogeneity in case groups across a

large number of patients and allow control of a variety of

potential confounders. Conversely, limitations of this method

include the issues that data are often collected long after deliv-

ery, sparse data may compromise analyses, accuracy of expo-

sure data can be a concern, and matching controls with

malformations may result in selection bias.

Vaccines and Medication in Pregnancy Safety Surveillance

(VAMPSS) is a collaboration of the American Academy of

Allergy, Asthma & Immunology (AAAAI), the North Ameri-

can Organization of Teratogen Information Specialists (OTIS),

and the Slone Epidemiology Center. VAMPSS is specifically

designed to facilitate the study of the risk of exposure to vac-

cines, prescription medications, and over-the-counter (OTC)

medications during pregnancy. Researchers have looked at the

risks and safety of selected vaccines (including influenza vac-

cines) and the medications used to prevent or treat influenza.5

VAMPSS uses a 2-pronged research approach, conducting

hospital-based, case-control database analyses along with pro-

spective registry-based cohort surveillance. This system com-

bines the prospective ability of a registry to examine major

and minor congenital anomalies, spontaneous abortions, and

stillbirths with the volume of patients that can be examined

in a retrospective medical database, allowing for evaluation

of specific birth defects.

The Motherisk Program of the Division of Clinical Pharma-

cology and Toxicology at the Hospital for Sick Children in Tor-

onto has published over 900 prospective observational studies

with control groups on dysmorphology and on neurobehavioral

follow-up after exposure to drugs and chemicals. These data

are based on approximately 200 daily cases seen by the pro-

gram for clinical counseling. This approach has been success-

ful, as the program was the first to report on the fetal safety of

drugs such as fluoxetine, newer selective serotonin reuptake

inhibitors, and gabapentin. Many of the studies are collabora-

tive efforts with other teratology information services. The pro-

gram also conducts systematic reviews and meta-analyses, and

was the first to show the teratogenicity of corticosteroids and

the safety of azathioprine.29

Teratology information services collect and analyze preg-

nancy outcomes data from women who are exposed to drugs

and chemicals during pregnancy. These services have access

to large numbers of pregnant women through their call centers,

allowing for prospective follow-up of pregnancies using struc-

tured questionnaire or phone interviews.30 Controls are defined

as pregnancies in which pregnant women were exposed to

agents known to be nonteratogenic. One advantage these

groups offer over other methods of data collection is their abil-

ity to use existing communication infrastructures to collect

information from motivated participants. A study by Schaefer

and colleagues6 using information collected by organizations

participating in the European Network of Teratology Informa-

tion Services (ENTIS) on exposure to vitamin K antagonists

during pregnancy demonstrates the utility of such data. Use

of vitamin K antagonists during pregnancy has been shown

to increase the risk of structural defects and other adverse preg-

nancy outcomes, yet little was previously known about the rela-

tive risk of birth defects in relationship to trimester of

medication exposure. The study found that the risk of

coumarin-induced embryopathy is very small, particularly

when exposure occurs no later than 8 weeks after the first day

of the last menstrual period.6 Thus, elective termination of a

wanted pregnancy may not be warranted if coumarin exposure

took place in early pregnancy. Teratology information services

can be effective in providing data to inform therapeutic deci-

sion making during pregnancy, although the effectiveness of

these services may be limited by chronic underfunding.30

Health Care and Claims Database Studies

Analysis of data from health care payer databases can facilitate

the examination of pregnancy cases. As an example, the Gen-

eral Practice Research Database (GPRD) in the UK is a

primary-care medical records database with over 3 million

136 Therapeutic Innovation & Regulatory Science 48(2)

 at DIA Member on March 14, 2014dij.sagepub.comDownloaded from 

http://dij.sagepub.com/
http://dij.sagepub.com/


active patients that includes mother-infant linkage and birth

outcome data for investigating teratogenicity.21 While poten-

tially valuable for data related to highly prevalent diseases

treated in a primary care setting (eg, depression), the database

is less informative for diseases of lower prevalence and those

managed in specialty care settings (eg, epilepsy). While the

utility of retrospective claims and electronic medical record

(EMR) database studies is limited due to difficulties in con-

firming data accuracy (eg, mother-baby linkage, drug expo-

sure, timing of exposure, and birth outcomes) and to the

retrospective nature of the data, heath care record databases can

provide useful information. A variety of ongoing practice-

based research projects have elements that could be modeled

for pregnancy research. Pediatric Research in Office Settings

(PROS), associated with the American Academy of Pediatrics,

allows HCPs across the US to engage in EMR research while

gaining operational, funding, and patient-education support,

and other engagement incentives through centralized efforts

of the association and its network of partners.31 The PROS net-

work has approximately 1700 pediatric practitioners from 700

practices across 50 states. Direct engagement with HCPs can

aid in standardization of data collection. The Slone Center

Office-based Research (SCOR) Network of Boston University

is a similar example.32 Looking at data on more than 84,000

patients, SCOR researchers assessed the risks of ibuprofen use

in children,33 showing the potential of such efforts.

The Medication Exposure in Pregnancy Risk Evaluation

Program (MEPREP) is a multisite collaborative research pro-

gram developed to enable the conduct of studies of medication

use and outcomes in pregnancy.34 Collaborators include the

FDA, HMO Research Network (HMORN), Kaiser Permanente

Northern and Southern California, and Vanderbilt University.

This effort shows the potential of collaborative efforts, with

over 1,200,000 children linked to over 900,000 mothers.

Strengths include standardized data files across sites and the

ability to examine data across a large ethnically and geographi-

cally diverse population. Limitations of the retrospective

claims database research include inconsistent capture of inpati-

ent medication use, data inaccuracy, need for chart confirma-

tion of some diagnostic codes, and failure to capture

pregnancy outcomes other than live births, including sponta-

neous and induced abortions.

Meta-analyses

Systematic reviews and meta-analyses of observational studies

in clinical teratology have been published with increasing fre-

quency in the past 2 decades. In an attempt to assess the validity

of the conclusions of these analyses by comparing them to

more recent large-cohort studies, a recent study identified all

relevant meta-analyses of observational studies published in

peer-reviewed journals.35 Meta-analyses with outcome mea-

sures of risk of congenital malformation and/or long-term neu-

rodevelopment of children after first trimester in utero

exposure to a therapeutic drug were eligible for consideration.

Next, large registries published at a later date on the same drug

and the same endpoint were identified. Nine different meta-

analyses published through December 31, 2012, were success-

fully matched to a large registry study. Seven meta-analyses

showed no teratological effects, and 2 showed either morpho-

logical or developmental adverse effects. In all 9 instances, the

meta-analyses accurately predicted the results of the later

large-cohort studies.35 The ability of meta-analyses of earlier,

smaller cohort studies to generate an accurate overall terato-

genic signal of risk or lack of risk may offer earlier opportuni-

ties to affect clinical practice.

Informative examples are available when extensive research

exists, as observed in examination of antidepressant exposure

during pregnancy.7 But even when meta-analysis data suggest

a potential safety issue, such as an increased risk of cardiovas-

cular malformation associated with paroxetine, potential con-

founding factors such as detection bias raise concerns about

conclusions and associated treatment decisions.36 Convenience

sampling (ie, recruitment without consecutive or random sam-

pling strategies), nonstandard event definitions, and lack of dis-

tinction between statistical and clinical significance can be

issues.7 Thus, while the synthesis of small-cohort studies into

a systematic review and meta-analysis can yield important

early signals on the safety and risk of medicine use in preg-

nancy, benefit-risk conclusions should be made with caution

and with data from research addressing methodological

concerns.

Data—Needs, Gaps, and Barriers

Table 2 presents identified data collection gaps on medication

use in pregnancy.

Randomized Controlled Clinical Trials

Typically, randomized controlled drug studies, the gold stan-

dard of research, exclude pregnant women due to fear of tera-

togenicity. The ethical and legal issues regarding research in

pregnancy are complex, and to identify the relative safety of

a drug during pregnancy can require trials with thousands of

pregnant women, rendering such research impractical. How-

ever, there may be reasonable exceptions. Controlled studies

are needed when a drug is specifically indicated for use in preg-

nancy, for example, treatments for the symptoms or complica-

tions of pregnancy itself. In addition, research subjects

sometimes become pregnant while participating in clinical

trials. Such participants often have uniquely well-documented

medical histories as part of their screening and inclusion in a
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study. Today, these participants are simply forced off the trial,

which may, arguably, conflict with appropriate and ethical

medical care. Drug safety research during pregnancy for

patients with human immunodeficiency virus (HIV) may be a

template for the study of pharmaceuticals for other disease

states.37 Several articles provide considerations for navigation

of the ethical and legal concerns, giving insight into appropri-

ateness and inappropriateness of research in pregnancy and

relating arguments to societal understanding of the benefit-

risk equation.20,38–41 Discussion of controlled trial research

methodologies is relevant, as such data are typically required

to meet regulatory requirements for inclusion in labeling.

Standards

An important hurdle to pregnancy research is the lack of stan-

dards for data collection and assessment methods that will

enable reliable conclusions across studies. Standards are lack-

ing for endpoints, assessments, time points, and duration of

follow-up, including the definition of a well-documented case

of pregnancy and pregnancy outcome. More basic knowledge

is needed on how pregnancy, which alters the physiology of

most organ systems,42 affects a drug’s disposition, but there are

no standards for making such assessments. This lack of standar-

dization inhibits the integration of data across studies and limits

the ability to power data analyses statistically to make

treatment-based decisions with confidence.

The Clinical Trials Transformation Initiative (CTTI) is

working on a Pregnancy Testing in Clinical Trials project with

the objective of developing evidence-based recommendations

for clinical research in pregnancy that improve protection of

research participants and reduce the risk of unintended fetal

exposure.43 The goal is to incorporate a rational process to

assess pregnancy risk, exposure risk, and benefits of pregnancy

testing within a specific study population so that researchers

and regulators can develop testing protocols that maximize

patient safety, minimize patient burden, and increase trial effi-

ciency. The intention is to create universal study-design tools

for the development of evidence-based protocols for pregnancy

research.

In the US, the Best Pharmaceuticals for Children Act

(BPCA)44 and the Pediatric Research Equity Act (PREA)45

provide incentives and requirements, respectively, for pediatric

research. In the EU, Regulation (EC) No 1901/2006 mandates

and incentivizes pediatric research via paediatric investigation

plans (PIPs).46 While not to the level observed for pediatrics,

regulators have issued guidance related to pregnancy research.

A 1997 hearing on the current category requirements for preg-

nancy labeling and subsequent work with focus groups and the

FDA Reproductive Health Drugs Advisory Committee culmi-

nated in the FDA’s issuance of proposed new regulations for

pregnancy and lactation labeling in 2008.47 The proposed reg-

ulations would require benefit-risk assessment and clinical

advice for pregnancy, along with supporting data. However,

it is concerning that more than a decade after their inception,

these regulations have not been implemented. Further, unlike

previous regulations that have significantly improved the avail-

ability of data to guide pediatric drug-use decisions, the pro-

posed regulations lack directives or incentives regarding

human data collection. Pregnant patients are defined as a spe-

cial patient population in the European Medicines Agency

(EMA) guidance for postauthorization data,48 risk manage-

ment,49 and risk minimization.50 There seems to be a low

expectation for human data collection geared toward clinical

decision making within the pregnancy component of these gui-

dance, which focus more on pregnancy prevention and on

registries. Adding only preclinical research requirements may

not add useful evidence, as risk in animals does not always

accurately predict risk in humans.29

Collaboration and Data Integration

In general, there is a lack of collaboration across stakeholders

regarding pregnancy research data collection and analysis.

Moreover, regulatory requirements, particularly for human

data, are limited. Without transformation, it is unlikely that

decision-making data will find its way into labeling, labeling

supplements, or other medication guidance for patients and

providers. To aid in moving pregnancy research forward, lead-

ership is needed in raising issues, facilitating discussion, push-

ing for improvements, and starting the collaboration process.

Table 2. Summary of data needs, gaps, and barriers.

Need Gap Barrier

Randomized
controlled
clinical trial

Gold standard of research
excludes pregnant
women for safety
concerns even when
potential exception
justified

Ethical and legal
concerns, lack of
regulatory guidance,
large sample size to
detect birth defect

Standards Lack of standards for
endpoints,
assessments, time
points, duration of
follow-up, well-
documented case; this
inhibits data integration

Lack of cross-stakeholder
collaboration, lack of
regulatory guidance

Collaboration
and data
integration

Leadership to build
coalition for issue
resolution, new data-
capture tools

Lack of cross-stakeholder
engagement, competi-
tive interests, data
quality, lack of patient
incentives
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One collaboration effort focused on the safety of medication

use in pregnancy is EUROmediCAT. This partnership is com-

prised of several academic centers and governmental registries,

with financial support provided by the EU under the 7th Frame-

work Program.51 Its aim is to build a European central database

and associated software system for reproductive safety post-

marketing evaluation for antiepileptics, insulin analogues, anti-

asthmatics, and antidepressants by combining an existing

network of congenital anomaly registers in Europe with exist-

ing health care databases that will cover over 3.7 million births

from 1995 to 2010. CHICOS, another 7th Framework Program

tasked with describing potential mother-child cohorts and

registries in Europe, has teamed up with EUROmediCAT. This

group’s first report demonstrates the collaborative potential of

the project and the need for standardization of data collected,

such as stage of pregnancy recruitment, medication dose and

timing, and stillbirth or abortion case data collection, as well

as data transfer format, data coding and collection, confirma-

tion processes, and follow-up duration.52

Another effort is the OpenMedNet database, which is inte-

grating data from insurers, providers, pharmacies, regional

registries, and directly from patients in an attempt to compre-

hensively track exposure, outcomes, and health over time with

a community-based model across health service organiza-

tions.53 This collaborative model relies heavily on patient and

provider engagement.

The concern for this area of research is growing. The Amer-

ican College of Obstetricians and Gynecologists (ACOG) is

seeking a congressional resolution to call for more research

information for pregnant women. The Agency for Healthcare

Research and Quality (AHRQ), within the US Department of

Health and Human Services (HHS), has a mission to improve

the quality, safety, efficiency, and effectiveness of health care

(including pregnancy) through research of health care interven-

tions and policy making. The International Society for Pharma-

coepidemiology (ISPE) has a Medications in Pregnancy

Special Interest Group. The DIA convened special stakeholder

forums in Europe and the US in 2013 to define and address the

issue. The Society for Women’s Health Research (SWHR),

formed in 1990 to advocate for the inclusion of women in clin-

ical trials,54 has spearheaded efforts that led to a mandate for

women to be included in clinical trials, and is now collaborat-

ing to raise awareness of the medication and pregnancy issue.

CDC’s Treating for Two Initiative, the EMA PROTECT Proj-

ect, and other programs with objectives around collecting med-

ication use data in pregnant women have expertise to share.

Collaboration among these and other stakeholders on stan-

dards, data sharing, and efforts to increase education, aware-

ness, and collaboration would be beneficial in transforming

this area of research.

Communicating Data—Needs, Gaps,
and Barriers

Table 3 presents identified communication gaps in the

exchange of medical information for pregnant women.

Education and Awareness

Existing data on medicine use in pregnancy must be readily

accessible in order to facilitate decision making. Recent studies

indicate that such data are not always delivered to clinicians or

patients, and when they are, there is often uncertainty about

interpretation.30 There is a critical need to collate the available

information and make it easily accessible to health care provi-

ders and their patients.

Existing teratology information services that strive to stimu-

late and facilitate the exchange of information and advance

skills in pregnancy risk assessment counseling include ENTIS

and OTIS. These services process thousands of counseling

requests from health care providers and their pregnant patients

per year and can be an excellent provider of information on

medication use in pregnancy.30

In a study of obstetrician-gynecologists’ knowledge and

access to information about risks of medication use during

pregnancy, 42% of the study participants selected lack of suf-

ficient information as the greatest barrier to counseling preg-

nant women about medication use, emphasizing the need for

better information and access.55 Further, there is insufficient

information on the risks of medication use during pregnancy

for the vast majority of medications,8 with teratogenic risk in

Table 3. Summary of communication needs, gaps, and barriers.

Need Gap Barrier

Awareness Communication of
existing data to
patients in reliable
manner

Lacking patient-friendly
format and access,
litigation fear, lack of
credible source

Benefit-risk
assessment

Benefit-risk assess-
ments to guide
treatment decision
making

Culture of risk rather
than benefit-risk para-
digms, lack of topic
knowledge

Address
publication bias

Reporting outcomes
with no adverse
event

Inclination to only
publish more alarming
outcomes, lack of
context or holistic
reporting

Address litigation
concerns

Decision-helping
information made
available to patients

Fear of litigation, lack of
regulatory and
professional guidance

Patient/health care
provider (HCP)
data
contribution

Data provided by
HCPs and patients
for research

Fear of litigation and
misperception, lack of
education, regulatory
hurdles
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pregnancy estimated to be undetermined for over 90% of med-

ications approved in the US between 1980 and 2000.56 Among

the 54 most commonly used medications during pregnancy,

only 3 had ‘‘good to excellent’’ data available to assess terato-

genic risk in humans based upon Teratology Information Sys-

tem expert Advisory Board review.57 Moreover, patients need

better access to accurate and reliable information for health

decisions surrounding pregnancy. About half of all pregnant

patients seek information over the Internet, but there they often

find conflicting and inaccurate information.9

Culture—Benefit-Risk Assessment

A key limitation in the prevailing approach to treatment and

research in pregnancy is the focus on risk without equal focus

on benefit. Much of the data on medicine use in pregnancy is

anecdotal, which compounds this particular issue. Indeed, the

issuance of warnings by regulators, industry, and researchers

against the use of medicines in pregnancy and lactation is not

because harmful effects are known, but because these effects

are unknown.

Current surveillance systems focus on detection of abnormal

or unwanted events but typically do not capture the overall

benefit-risk outcomes associated with medication use during

pregnancy. This is important because the risk and potential

harm of not treating a patient may outweigh the risk and harm

of treating.58,59 Discontinuation of medication for a pregnant

woman exchanges the fetal or neonatal risks of medication

exposure for the risks of untreated maternal illness. There are

a growing number of clinical examples where nontreatment can

have untoward, unintended consequences. For example, mater-

nal psychiatric illness, if inadequately treated, may result in

poor compliance with prenatal care, inadequate nutrition, expo-

sure to additional medication, increased alcohol and tobacco

use, deficits in mother-infant bonding, and family disruption.60

Further, the impact of not providing treatment can include such

poor outcomes as increased preterm delivery, low birth weight,

slowed neonatal development, and higher rates of neonatal hos-

pital admissions. Not treating with medications in pregnancy

carries risk for other diseases such as HIV infection, asthma,

and rheumatoid conditions.37,61,62 Not treating pregnant

patients for hypertension63 or epilepsy21 often presents a

greater risk to both mother and child.

A study examining medication use for pregnant patients

with breast cancer provides further evidence of the importance

of benefit-risk–based treatment algorithms for pregnant

patients.66 Approximately 1 in 1000 women are diagnosed with

cancer during pregnancy, and breast cancer occurs in approxi-

mately 1 in every 3000 pregnancies.64,65 Historically, antimito-

tic agents have been withheld from pregnant women. However,

this prospective observational study showed that women who

were treated for their cancer while pregnant, and their babies,

had better survival and long-term outcomes than those who

aborted or those who delayed cancer treatment until an early

caesarian section was performed.66

Culture—Publication Bias

Cultural issues may influence the preoccupation with the risks

of medicating during pregnancy. A natural publication bias

toward studies describing a fetal safety issue may result in a

distorted view of arguably safe medicines and termination of

pregnancy or failure to treat serious medical conditions.67

When pregnancy goes well, even when using medicine off-

label, the outcome may not be published. However, if an

adverse outcome is observed, there is a greater propensity for

the case to be submitted and accepted for publication. More-

over, literature describing a safety issue is 70% more likely

to be cited than negative papers.67 Compounding this issue is

the tendency for medical research to be typically communi-

cated through medical publications, possibly preventing impor-

tant insights from reaching the public forum. This is

particularly likely if the translation from the medical article

to the public is left to chance, as the media frequently focus

reports on alarming news from single studies or case reports.68

While case reports contribute to medical knowledge, they are

less important when informing the treatment decision to med-

icate or not during pregnancy. Health literacy is an important

determinant of public health in general,69 as well as for preg-

nancy outcomes.70

Culture—Litigation

Concern over potential medical malpractice litigation has been

shown to influence treatment recommendations made by phy-

sicians,71 and it may be a factor in physicians’ recommenda-

tions regarding treatment in pregnant patients. For example,

50% of women with immunological disease noted that their

health care provider never discussed fertility, family planning,

or pregnancy in relationship to their treatment management

plan.72 Increased availability of data, evidence-based guide-

lines covering treatment during pregnancy, and information

in product labeling will help overcome this barrier to treatment.

Culture—Patient and Health Care Provider
Data Contribution

Patients and health care providers do not volunteer in sufficient

numbers to provide data under current industry and govern-

ment research paradigms, likely driven in part by litigation

fears and lack of education on the topic.73 There are many hur-

dles for the public to become more engaged in clinical

research.74 While pregnant patients may be reluctant to
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discontinue medications that have stabilized their respective

diseases, they do not want to be perceived as putting their baby

at risk or being held legally negligent for participating in a

treatment.

The importance of patient reported outcomes to complement

medical data is increasingly recognized and addressed via

initiatives such as the Patient Centered Outcomes Research

Institute (PCORI). While some studies have included patient

reports of well-being, this is an area in pregnancy-related

research where gaps remain.

Only a small minority of physicians participate in clinical

trials,73 and institutional review boards (IRBs) may be inclined

to reject studies including pregnant women in the absence of a

clear regulatory framework.

Discussion

Research on questions about medication use in pregnancy has

been undertaken and reported in the literature. However, lim-

itations with pregnancy research methodology and communi-

cation contribute to unmet needs for information, physician-

to-patient interactions that are not meeting patient needs (eg,

lack of well-informed choices),3 and clinical treatment that is

not always aligned with current knowledge (Figure 1). This

lack of clear and helpful medical information to guide medica-

tion use during pregnancy is an important global public health

concern.

This paper has examined strengths and weaknesses associ-

ated with the most frequent types of research in the area of

medicines and pregnancy. Moving forward, there is an impor-

tant need for consensus on standards of measurement, assess-

ment, outcome reporting, and general protocol methods.

Harmonization is crucial to enable integration of data across

research efforts that will enable capture of major and minor

malformations and adverse events, spontaneous abortions and

stillbirths, as well as more subtle effects on growth and devel-

opment. Harmonization and collaborative data integration is

also critical for enhancing our understanding of disease out-

comes in pregnant women.

Communication and cultural barriers must be overcome in

order to better apply insights in data-driven literature to deci-

sion making and care for the pregnant. In the current culture

of concern and absence of awareness, existing data are often

incomplete, inconclusive, fragmented, not well dispersed, and

sometimes contradictory or ignored.

Fragmentation of efforts is perhaps the single most impor-

tant barrier to advancing medical and public knowledge about

this issue. Cross-stakeholder engagement (Figure 1) among

drug companies, regulatory bodies, clinical research groups,

health care providers, and patients can enable effective data

integration, foster new data collection methods, enhance com-

munication, and improve patient education.12

Conclusions

Factors leading to a lack of data-supported decision making on

medication use in pregnancy include restricted research

approaches, limitations of current research methodologies, lack

of data and research standards, fragmentation of existing data,

inconsistent application of findings to clinical practice, and

poor patient communication. Risk-based approaches that do

not consider benefit of treatment and litigation concerns are

cultural factors that also impede provision of proper medical

guidance. A paradigm change is needed to move medicine in

pregnancy research and communication forward.
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10. Hämeen-Anttila K, Jyrkkä J, Enlund H, Nordeng H, Lupattelli A,

Kokki E. Medicines information needs during pregnancy: a multi-

national comparison. BMJ Open. 2013;3:e002594.

11. Peters SL, Lind JN, Humphrey JR, et al. Safe lists for medications

in pregnancy: inadequate evidence base and inconsistent guidance

from web-based information, 2011. Pharmacoepi Drug Saf. 2013;

22:324-328.

12. Clemow DB, Dewulf L, Michaels DL, et al. A proposed frame-

work to address needs of clinical data for informed medication use

in pregnancy. Therapeutic Innovation & Regulatory Science.

2014;48:145-154.

13. Food and Drug Administration. List of pregnancy registries.

http://www.fda.gov/ScienceResearch/SpecialTopics/Womens

HealthResearch/ucm134848.htm. Accessed October 22, 2013.

14. Kennedy DL, Uhl K, Kweder SL. Pregnancy exposure registries.

Drug Safety. 2004;7(4):215-228.

15. Mawhinney E, Craig J, Morrow J, et al. Levetiracetam in preg-

nancy: results from the UK and Ireland epilepsy and pregnancy

registers. Neurology. 2013;80(4):400-405.

16. Vajda FJ, Graham J, Roten A, Lander CM, O’Brien TJ, Eadie M.

Teratogenicity of the newer antiepileptic drugs—the Australian

experience. J Clin Neurosci. 2012;19(1):57-59.

17. Montouris G, Harrden C, Alekar S, Leppik I. UCB antiepileptic

drug pregnancy registry—Keppra1 data. Am Epilepsy Soc.

2010;Abst 1.257.

18. Koren G, Nickel S. Sources of bias in signals of pharmaceutical

safety in pregnancy. Clin Invest Med. 2010;33(6):E349-E355.

19. Koren G. Fetal risks of maternal pharmacotherapy: identifying

signals. Handb Exp Pharmacol. 2011;205:285-294.

20. Baylis F, Halperin SA. Research involving pregnant women:

trials and tribulations. Clin Investig. 2012;2(2):139-146.

21. Charlton RA, Cunnington MC, de Vries CS, Weil JG. Data

resources for investigating drug exposure during pregnancy and

associated outcomes: the General Practice Research Database

(GPRD) as an alternative to pregnancy registries. Drug Safety.

2008;31(1):39-51.

22. Knudsen LB, Olsen J. The Danish Medical Birth Registry. Dan

Med Bull. 1998;45:320-323.

23. Andersen TF, Madsen M, Jorgensen J, Mellemkjoer L, Olsen JH.

The Danish National Hospital Register. A valuable source of

data for modern health sciences. Dan Med Bull. 1999;46:263-

268.

24. Kildemoes HW, Sørensen HT, Hallas J. The Danish National Pre-

scription Registry. Scand J Public Health. 2011;39:38-41.

25. Lin S, Munsie JP, Herdt-Losavio ML, et al. Maternal asthma med-

ication use and the risk of selected birth defects. Pediatrics. 2012;

129(2):e317-e324.

26. Ahrens KA, Anderka MT, Feldkamp ML, et al. Antiherpetic med-

ication use and the risk of gastroschisis: findings from the

National Birth Defects Prevention Study, 1997-2007. Paediatr

Perinat Epidemiol. 2013;27(4):340-345.

27. Hernandez-Diaz S, Werler MM, Walker AM, Mitchell AA. Folic

acid antagonists during pregnancy and the risk of birth defects.

New Engl J Med. 2000;343:1608-1614.

28. Azofeifa A, Yeung LF, Duke CW, Gilboa SM, Correa A. Evalua-

tion of an active surveillance system for stillbirths in metropolitan

Atlanta. J Registry Manag. 2012;39(1):13-18.

29. Koren G, Pastuszak A, Ito S. Drugs in pregnancy. New Engl J

Med. 1998;338(16):1128-1137.

30. Schaefer C. Drug safety in pregnancy: utopia or achievable pros-

pect? Risk information, risk research and advocacy in teratology

information services. Congenit Anom. 2011;51:6-11.

31. Pediatric Research in Office Settings. http://www2.aap.org/pros/

index.htm. Accessed December 20, 2013.

32. BU Slone Epidemiology Center. SCOR Network. http://www.

bu.edu/slone/research/scor-network/. Accessed December 20,

2013.

33. Lesko SM, Mitchell AA. An assessment of the safety of pediatric

ibuprofen. A practitioner-based randomized clinical trial. JAMA.

1995;273(12):929-933.

34. Andrade SE, Davis RL, Cheetham TC, et al. Medication exposure

in pregnancy risk evaluation program. Matern Child Health J.

2012;16:1349-1354.

35. Etwell F, Hutson JR, Madadi P, Gareri J, Koren G. Fetal and perina-

tal exposure to drugs and chemicals: novel biomarkers of risk [pub-

lished online ahead of print October 16, 2013]. Annu Rev Pharmacol

Toxicol. doi:10.1146/annurev-pharmtox-011613-135930.

36. Bar-Oz B, Einarson T, Einarson A, et al. Paroxetine and congeni-

tal malformations: meta-analysis and consideration of potential

confounding factors. Clin Ther. 2007;29(5):918-926.

37. Beigi RH, Noguchi L, Brown G, Piper J, Watts DH. Performing drug

safety research during pregnancy and lactation: biomedical HIV pre-

vention research as a template [published online ahead of print June

29, 2013]. J Womens Health. doi:10.1089/jwh.2013.4398.

142 Therapeutic Innovation & Regulatory Science 48(2)

 at DIA Member on March 14, 2014dij.sagepub.comDownloaded from 

http://www.cdc.gov/media/dpk/2013/dpk-safe-meds.html
http://www.cdc.gov/media/dpk/2013/dpk-safe-meds.html
http://www.fda.gov/ScienceResearch/SpecialTopics/WomensHealthResearch/ucm134848.htm
http://www.fda.gov/ScienceResearch/SpecialTopics/WomensHealthResearch/ucm134848.htm
http://www2.aap.org/pros/index.htm
http://www2.aap.org/pros/index.htm
http://www.bu.edu/slone/research/scor-network/
http://www.bu.edu/slone/research/scor-network/
http://dij.sagepub.com/
http://dij.sagepub.com/


38. McCullough LB, Coverdale JH, Chervenak FA. A comprehensive

ethical framework for responsibly designing and conducting phar-

macologic research that involves pregnant women. Am J Obstet

Gynecol. 2005;193:901-907.

39. Coverdale JH, McCullough LB, Chervenak FA. The ethics of ran-

domized placebo-controlled trials of antidepressants with preg-

nant women: a systematic review. Obstetrics and Gynecology.

2008;112:1361-1368.

40. Goldkind SF, Sahin L, Gallaureso B. Enrolling pregnant women

in research—lessons from the H1N1 influenza pandemic. New

Engl J Med. 2010;362:2241-2243.

41. Lachmann PJ. The penumbra of thalidomide, the litigation culture

and the licensing of pharmaceuticals. Q J Med. 2012;105:1179-1189.

42. Koren G. Pharmacokinetics in pregnancy; clinical significance.

J Popul Ther Clin Pharmacol. 2011;18(3): e523-e527.

43. Clinical Trials Transformation Initiative. http://www.ctti-clinical-

trials.org. Accessed November 25, 2013.

44. Food and Drug Administration. Best Pharmaceuticals for Chil-

dren Act (BPCA). 2007. http://www.fda.gov/downloads/Drugs/

DevelopmentApprovalProcess/DevelopmentResources/UCM049

870.pdfm. Accessed November 15, 2013.

45. Food and Drug Administration. Pediatric Research Equity Act

(PREA). 2007. http://www.fda.gov/downloads/Drugs/Develop-

mentApprovalProcess/DevelopmentResources/UCM049870.pdf.

Accessed November 15, 2013.

46. European Commission. Regulation (EC) No 1901/2006 of the

European Parliament and of the Council of 12 December 2006

on medicinal products for paediatric use. 2006. http://ec.europa.

eu/health/files/eudralex/vol-1/reg_2006_1901/reg_2006_1901_en.

pdf. Accessed November 22, 2013.

47. Food and Drug Administration. Content and format of labeling for

human prescription drug and biological products: requirements

for pregnancy and lactation labeling. Federal Register Proposed

Rules. 2008;73(104):30831-30868.

48. European Medicines Agency. Guideline on the exposure to med-

icinal products during pregnancy: need for post-authorisation

data. 2005. http://www.ema.europa.eu/docs/en_GB/document_

library/Regulatory_and_procedural_guideline/2009/11/WC5000113

03.pdf. Accessed November 23, 2013.

49. European Medicines Agency. Guideline on good pharmacovigi-

lance practices (GVP). Module V—risk management systems.

2012. http://www.ema.europa.eu/docs/en_GB/document_library/

Scientific_guideline/2012/02/WC500123208.pdf. Accessed Nov-

ember 23, 2013.

50. European Medicines Agency. Guideline on good pharmacovigi-

lance practices (GVP). Module XVI—risk minimisation mea-

sures: selection of tools and effectiveness indicators. 2013.

http://www.ema.europa.eu/docs/en_GB/document_library/Scien-

tific_guideline/2013/06/WC500144010.pdf. Accessed November

23, 2013.

51. EUROmediCAT. Safety of medication use in pregnancy. http://

euromedicat.eu/publicationsandpresentations. Accessed October

22, 2013.

52. Dolk H, Smith K, Garne E, Larsen PS, Andersen A-MN.

CHICOS-EUROmediCAT collaboration stage 1 report. Survey

of European birth cohorts. 2012. http://www.chicosproject.eu/

pubs-docs/2012/05/11/chicos-euromedicat-stage-1-report. Access-

ed October 22, 2013.

53. Open Medicine Institute. OpenMedNet. http://openmedicineinsti-

tute.org/research-services/openmednet. Accessed November 27,

2013.

54. National Institutes of Health Revitalization Act of 1993. Subtitle

B—Clinical Research Equity Regarding Women and Minorities.

http://orwh.od.nih.gov/about/pdf/NIH-Revitalization-Act-1993.

pdf. Accessed November 25, 2013.

55. Morgan AM, Cragan JD, Goldenberg RL, Rasmussen SA,

Schulkin J. Obstetrician-gynaecologist knowledge of and access

to information about the risks of medication use during preg-

nancy. J Matern Fetal Med. 2010;23(10):1143-1150.

56. Lo WY, Friedman JM. Teratogenicity of recently introduced

medications in human pregnancy. Obstet Gynecol. 2002;100:

465-473.

57. Thorpe PG, Gilboa SM, Hernandez-Diaz S, et al. Medications in

the first trimester of pregnancy: most common exposures and crit-

ical gaps in understanding fetal risk. Pharmacoepidemiol Drug

Saf. 2013;22(9):1013-1018.

58. Neutel CI, Johansen HL. Measuring drug effectiveness by default:

the case of Bendectin. Can J Public Health. 1995;86:66-70.

59. Cohen LS, Altshuler LL, Harlow BL, et al. Relapse of major

depression during pregnancy in women who maintain or discon-

tinue antidepressant treatment. JAMA. 2006;295:499-507.

60. American College of Obstetricians and Gynecologists Practice

Bulletin No. 92. Clinical management guidelines for obstetri-

cian—gynecologists. Use of psychiatric medications during

pregnancy and lactation. Obstet Gynecol. 2007;110(5):

1179-1197.

61. National Heart, Lung, and Blood Institute; National Asthma Edu-

cation and Prevention Program Asthma and Pregnancy Working

Group. NAEPP expert panel report. Managing asthma during

pregnancy: recommendations for pharmacologic treatment—

2004 update. J Allergy Clin Immunol. 2005;115(1):34-46. Erra-

tum in J Allergy Clin Immunol. 2005;115(3):477.

62. Langen ES, Chakravarty EF, Liaquat M, El-Sayed YY, Druzin ML.

High rate of preterm birth in pregnancies complicated by rheuma-

toid arthritis [published online ahead of print January 28, 2013]. Am

J Perinatol. doi:10.1055/s-0033-1333666.

63. Moser M, Brown CM, Rose CH, Garovic VD. Hypertension in

pregnancy: is it time for a new approach to treatment? J Hyper-

tens. 2012;30(6):1092-1100.

64. Amant F, Deckers S, Van Calsteren K, et al. Breast cancer in preg-

nancy: recommendations on an international consensus meeting.

Eur J Cancer. 2010;46(18):3158-3168.

65. American Society of Clinical Oncology. Cancer during preg-

nancy. http://www.cancer.net/coping/emotional-and-physical-

matters/sexual-and-reproductive-health/cancer-during-pregnancy.

Accessed November 25, 2013.

66. Amant F, Van Calsteren K, Halaska MJ, et al. Long-term cogni-

tive and cardiac outcomes after prenatal exposure to chemother-

apy in children aged 18 months or older: an observational

study. The Lancet Onc. 2012;13(3):256-264.

Clemow et al 143

 at DIA Member on March 14, 2014dij.sagepub.comDownloaded from 

http://www.ctti-clinicaltrials.org
http://www.ctti-clinicaltrials.org
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DevelopmentResources/UCM049870.pdfm
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DevelopmentResources/UCM049870.pdfm
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DevelopmentResources/UCM049870.pdfm
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DevelopmentResources/UCM049870.pdf
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DevelopmentResources/UCM049870.pdf
http://ec.europa.eu/health/files/eudralex/vol-1/reg_2006_1901/reg_2006_1901_en.pdf
http://ec.europa.eu/health/files/eudralex/vol-1/reg_2006_1901/reg_2006_1901_en.pdf
http://ec.europa.eu/health/files/eudralex/vol-1/reg_2006_1901/reg_2006_1901_en.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Regulatory_and_procedural_guideline/2009/11/WC500011303.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Regulatory_and_procedural_guideline/2009/11/WC500011303.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Regulatory_and_procedural_guideline/2009/11/WC500011303.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2012/02/WC500123208.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2012/02/WC500123208.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2013/06/WC500144010.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2013/06/WC500144010.pdf
http://euromedicat.eu/publicationsandpresentations
http://euromedicat.eu/publicationsandpresentations
http://www.chicosproject.eu/pubs-docs/2012/05/11/chicos-euromedicat-stage-1-report
http://www.chicosproject.eu/pubs-docs/2012/05/11/chicos-euromedicat-stage-1-report
http://openmedicineinstitute.org/research-services/openmednet
http://openmedicineinstitute.org/research-services/openmednet
http://orwh.od.nih.gov/about/pdf/NIH-Revitalization-Act-1993.pdf
http://orwh.od.nih.gov/about/pdf/NIH-Revitalization-Act-1993.pdf
http://www.cancer.net/coping/emotional-and-physical-matters/sexual-and-reproductive-health/cancer-during-pregnancy
http://www.cancer.net/coping/emotional-and-physical-matters/sexual-and-reproductive-health/cancer-during-pregnancy
http://dij.sagepub.com/
http://dij.sagepub.com/


67. Koren G, Nickel C. Perpetuating fears: bias against the null

hypothesis in fetal safety of drugs as expressed in scientific cita-

tions. J Popul Ther Clin Pharmacol. 2011;18(1):e28-e32.

68. Duffin C. Expectant mothers who swim may give baby asthma. The

Telegraph. 2013. http://www.telegraph.co.uk/health/healthnews/

10278263/Expectant-mothers-who-swim-may-give-baby-asthma.

html. Accessed November 25, 2013.

69. Nutbeam D. The evolving concept of health literacy. Social Sci

Med. 2008;67:2072-2078.

70. Endres LK, Sharp LK, Haney E, Dooley SL. Health literacy and

pregnancy preparedness in pregestational diabetes. Diabetes

Care. 2004;27(2):331-334.

71. Garcia-Retamero R, Galesic M. On defensive decision making:

how doctors make decisions for their patients [published online

ahead of print May 31, 2012]. Health Expect. doi:10.1111/j.

1369-7625.2012.00791.x

72. Clowse MEB, Chakravarty E, Pushparajah DS, Mertens S, Gor-

don C. Patient and physician perspectives on family planning and

pregnancy issues in systemic inflammatory diseases: mind the gap

[ACR abstract 1914]! Arthritis Rheum. 2013;65(Suppl10):

S815-S816.

73. The Center for Information & Study on Clinical Research Partic-

ipation. Clinical trial facts & figures. http://www.ciscrp.org/pro-

fessional/facts_pat.html. Accessed November 25, 2013.

74. European Patient’s Academy on Therapeutic Innovation.

Rationale behind EUPATI. http://www.patientsacademy.eu/

index.php/en/about-eupati/4-rationale. Accessed November

25, 2013.

144 Therapeutic Innovation & Regulatory Science 48(2)

 at DIA Member on March 14, 2014dij.sagepub.comDownloaded from 

http://www.telegraph.co.uk/health/healthnews/10278263/Expectant-mothers-who-swim-may-give-baby-asthma.html
http://www.telegraph.co.uk/health/healthnews/10278263/Expectant-mothers-who-swim-may-give-baby-asthma.html
http://www.telegraph.co.uk/health/healthnews/10278263/Expectant-mothers-who-swim-may-give-baby-asthma.html
http://www.ciscrp.org/professional/facts_pat.html
http://www.ciscrp.org/professional/facts_pat.html
http://www.patientsacademy.eu/index.php/en/about-eupati/4-rationale
http://www.patientsacademy.eu/index.php/en/about-eupati/4-rationale
http://dij.sagepub.com/
http://dij.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice




