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Abstract

Purpose: To develop an algorithm to identify pregnancies in administrative databases and apply 

it to assess pregnancy rates and outcomes in women prescribed isotretinoin or tretinoin.

Methods: Using the 2011–2015 Truven Health MarketScan® Database, we identified 

pregnancies, including losses and terminations. In a cohort design, non-pregnant women filling a 

prescription for isotretinoin or tretinoin were matched to five women without either prescription. 

Women were followed for 365-days or until conception, medication discontinuation, or enrollment 

discontinuation (“prescription episode”). Rates of pregnancy, risks of pregnancy losses, and 

prevalence of infant malformations at birth were assessed by exposure.

Results: We identified 2,179,192 livebirths, 8,434 stillbirths, 2,521 mixed births, 415,110 

spontaneous abortions, 124,556 elective terminations, and 8,974 unspecified abortions. There were 

86,834 isotretinoin and 973,587 tretinoin episodes, matched to 5,302,105 unexposed women. 

Pregnancy rates were 3 (isotretinoin), 19 (tretinoin), and 34 (unexposed) per 1,000 person-years. 

Risk of pregnancy losses were similar, however terminations were more common in the 

isotretinoin-exposed (28% [95% CI: 21–36%]), than the tretinoin-exposed (10% [95% CI: 9–

11%]) or unexposed pregnancies (6%). Malformations occurred in 4.5% (95% CI:3.5–5.6%) of the 

tretinoin-exposed pregnancies and 4.2% of the unexposed pregnancies (adjusted odds ratio: 1.16 

[95% CI: 0.85–1.58]); isotretinoin-exposed births were too few to assess malformations.

Conclusion: Administrative databases can complement REMS for known teratogens and 

contribute to safety surveillance for other medications. Here, isotretinoin-exposed pregnancy rates 

were low, but existent, and many pregnancies were terminated. Tretinoin exposure was not 

associated with a meaningfully elevated risk of losses or malformations as compared to unexposed 

pregnancies.
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Introduction

Increasingly, administrative databases are being used for post-marketing surveillance in 

pregnancy.1 An alternative to traditional pregnancy registries, these databases are often large, 

have prospective prescription recording, and are less costly for research than ad hoc 

registries.2 However, administrative databases can be prone to misclassification and missing 

information.3 Specifically, in pregnancy studies, identifying early losses and dates of 

conception can be challenging.4–7 Indeed, limitations of prior work include missing mother-

infant linkages,5,8–10 exclusion of early loss outcomes,9,11,12 crude estimation of pregnancy 

types,1,8,13 and arbitrary gestational age assignments.8,10,13,14 The development and 

validation of algorithms to identify pregnancies in administrative data is needed to improve 

the development of these cohorts for future research. The current study built upon prior work 

to propose an algorithm for identifying pregnancies (including stillbirths and early losses) in 

a large health insurance claims database.

Next, the authors present an application of the cohort for the surveillance of safety in 

pregnancy for medications with both known and unknown teratogenicity. Specifically, this 

resource was used to assess pregnancy rates, risks of pregnancy losses, and the prevalence of 

major congenital malformations at delivery in women exposed to isotretinoin and tretinoin 

compared to an unexposed reference group. The vitamin-A derivative isotretinoin is 

considered a teratogenic medication and actively discouraged for use in and immediately 

prior to pregnancy.15–17 Since its introduction, a variety of risk evaluation and mitigation 

strategies (REMS) have been implemented to prevent exposed pregnancies.15,18 Despite low 

overall pregnancy rates,18–20 exposed pregnancies still occur and continued surveillance is 

needed.21 On the other hand, a topical version of isotretinoin, tretinoin, is presumed safe for 

fetal development because of low systemic bioavailability.22–25 While studies have not 

identified increased risks of malformations overall,26–29 given low sample sizes and case 

reports hinting at potentially rare embryopathy associations,30 large studies of exposure are 

needed to define its safety in pregnancy.

Methods

The Truven Health MarketScan® Commercial Claims and Encounters Database (Truven 

Health Analytics Inc., Ann Arbor, MI, USA) contains health care claims from approximately 

350 payers across the United States. The database includes information from inpatient and 

outpatient services, as well as outpatient prescription claims and enrollment information. 

Unique enrollee ID numbers are available to link claims from the same individual, and a 

unique family ID number links family members on the same insurance plan.

Cohort Development

Establish the Source Population & Identify End-of-Pregnancy Date—Within a 

population of women ages 12–55, with non-missing enrollee IDs, and inpatient or outpatient 

claims between January 1, 2011 and September 30, 2015, we searched inpatient and 

outpatient files for International Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) diagnosis, ICD-9-CM procedure, Current Procedural 
Terminology (CPT), Healthcare Common Procedure Coding System (HCPCS), and 
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Diagnosis Related Group (DRG) codes relating to the end-of-pregnancy (e-Appendix A).
1,6–8,11–13,31,32 End-of-pregnancy codes were codes that signaled that the pregnancy had 

ended (e.g. ‘Normal delivery’) and were categorized into one of eight outcomes (Livebirth, 

Stillbirth, Mixed Birth [at least one infant is a livebirth and at least one is a stillbirth], 

Spontaneous Abortion [SAB], Elective Termination, Unspecified Abortion, Ectopic or Molar 

Pregnancy, and Unclassified Deliveries). Codes that signaled a delivery but did not indicate 

live or stillbirth status (e.g. ‘caesarean delivery’) were classified as ‘unclassified delivery’ 

codes.

End-of-pregnancy codes occurring within 30 days of another code were grouped as the same 

pregnancy. The next code occurring outside of the 30-day window from the first code was 

considered a second pregnancy and all codes within a 30-day window of that code were 

grouped together. All code groupings were assigned a unique pregnancy ID number. Women 

could have more than one pregnancy in the study period.

The date of the first flagged code in each 30-day window was assigned the pregnancy “end 

date” except when the first date had been identified via only principal codes. Principal codes 

explain the main reason for the hospitalization and are repeated in every claim for that 

admission. For example, a woman with an extended hospital stay ending in a delivery may 

have a principal code for the delivery recorded in claims earlier in her stay than her true 

delivery date. Thus, when other end-of-pregnancy codes were flagged besides the principal 

codes, these dates were prioritized.

Linkage to Infants—We identified infants with non-missing enrollee IDs born between 

2011–2015 in the inpatient and outpatient claims. As only year of birth is available in 

MarketScan® data, we approximated the infant’s birth date using their first claim date. 

Infants were linked to pregnancies using family ID and year. Linkages where the infant’s 

first claim was more than one day before the mother’s pregnancy end date or more than 30 

days after were excluded. While multiple infants could be a linked to a single pregnancy, 

when a single infant was linked to more than one pregnancy, both pregnancies were 

removed.

Pregnancy Corroboration and Assigning Pregnancy Type—Pregnancies were 

corroborated and assigned a type using definitions based on prior literature1,4,8,13,14,31,33,34 

and over several iterations of patient claims profile reviews (e-Appendix B). The definitions 

included at least one form of evidence which identified a particular pregnancy type (e.g., 

livebirth) and at least one which signaled the existence of an ongoing pregnancy rather than 

a history of a prior pregnancy. Evidence of pregnancy included end-of-pregnancy codes, 

infant linkage, and pregnancy marker codes (e-Appendix C). Pregnancy marker codes 

signaled any ongoing pregnancy (e.g. ‘ultrasound of pregnant uterus’) and were ascertained 

in the inpatient and outpatient claims within 30 days before and including the pregnancy end 

date. Pregnancy type was assigned hierarchically (e-Appendix B). This hierarchy was 

particularly important when distinguishing between pregnancy losses as there was much 

cross-coding between these types. Particularly, SAB was considered prior to stillbirth 

because 1% of pregnancies with multiple SAB diagnosis and procedure codes also had 

stillbirth codes in their claims. Further, elective terminations were considered prior to SABs, 
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given a tendency for terminations to be mis-coded on the record. Pregnancies not meeting 

any of the listed definitions or assigned as ectopic or molar, were dropped.

Final Cleaning—We flagged as abnormal, all livebirths, stillbirths, and mixed birth 

pregnancies that had a pregnancy end date occurring less than 211 days after a prior 

pregnancy end date in the same woman, and all SABs, terminations, and unspecified 

abortions that occurred less than 61 days after a prior pregnancy end date.35 We selected one 

of the pregnancies within the abnormal sequence based on the following priorities and 

removed all others: (1) Linked mixed birth (2) Linked livebirth (3) Unlinked mixed birth (4) 

Unlinked livebirth (5) Stillbirth (6) SAB (7) Elective termination (8) Unspecified Abortions. 

For example, if a woman had codes for a livebirth pregnancy that linked to an infant in 

March and then had livebirth codes in May of that same year without infant linkage, the first 

coded pregnancy (because it is linked) would be selected and the second would be removed 

(assumed to be post-partum follow up). If both pregnancies fell into the same priority group, 

we first prioritized the pregnancy with a date not based solely on principal codes (could be 

inaccurately dated), and then based on the pregnancy with the largest number of unique end-

of-pregnancy codes within the 30-day window. This algorithm was looped until no 

pregnancies were flagged with abnormal timing.

Assign Date of Last Menstrual Period—Claims databases do not contain a field for 

gestational age at birth, thus this information was estimated using codes (e-Appendix D) 

based on prior literature.1,4,8,13,14,31,33,34 Gestational age codes were ascertained in inpatient 

and outpatient claims for mothers and their infants (where available) in the 30 days after 

pregnancy.

Rather than weighting all gestational age codes equally,8 we considered two priority groups: 

first specific timing codes, and then codes indicating a multi-fetal pregnancy. For 

pregnancies with conflicting age codes, we assigned the gestational age that had more codes 

contributing to it, with lower ages selected for ties. In those without age codes, we used the 

following standard ages (in weeks) based on prior literature:8,13,33 livebirth: 39, stillbirth: 

28, mixed birth: 35, SAB: 8, termination: 10, unspecified abortion: 9. Estimated first day of 

the last menstrual period (LMP) was assigned by subtracting the gestational age from the 

pregnancy end date.

Impact of Enrollment Requirements and Cohort Description

We plotted how sample size declined as increasingly longer enrollment restrictions are 

applied in the mother and infant. Continuous enrollment was defined as evidence of 

enrollment in an insurance plan for at least 28 days in each month of follow-up. For infants, 

we required enrollment starting at seven days post-delivery to allow time for administrative 

delays. As most pregnancy studies require enrollment for all of pregnancy, we presented a 

selection of maternal characteristics in the original cohort and the group with continuous 

enrollment from 90 days before LMP until 30 days after the pregnancy end date. We also 

described maternal characteristics by pregnancy type (codes in e-Appendix E).
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Isotretinoin and Tretinoin Application

Assessment of Pregnancy Rates—We ascertained isotretinoin and tretinoin exposure 

in women aged 12–55 from the general population of insured women in the MarketScan® 

database who were not currently pregnant, by searching for generic drug names in the 

prescription dataset. Prescription dispensings occurring within 30 days after the days of 

supply of a prior prescription were considered part of the same treatment episode and the 

first identified dispensing was used as the start (index) date. Prescription dispensings 

occurring more than 30 days after the days of supply of a prior prescription counted as a new 

treatment episode. In sensitivity analyses, we additionally considered definitions of 0 and 60 

days after the days of supply of a prior prescription. To each prescription index date, we 

matched five non-pregnant women from the general population of insured women in the 

MarketScan® database, without either prescription, enrolled in a health plan (with 

prescription drug coverage) in the same month and of the same age and region. The index 

date of the unexposed group was the first day of enrollment in the month matched to the 

prescription fill (index) date in the exposed. We described baseline characteristics of the 

groups (codes in e-Appendix E).

Women were followed until one of the following occurred: pregnancy, enrollment 

discontinuation, one year from the index date, end of the study period, or, for exposed 

groups, the treatment episode ended.

The end of the study period was selected as November 30, 2014. This is because, as 

pregnancies in the cohort are identified by their end-of-pregnancy codes rather than 

conception codes, pregnancies that began in 2015 but had not delivered by the end of the 

cohort period (September 30, 2015) were missed. This artificially elevated the proportion of 

shorter pregnancy types (e.g,. SABs) in the pregnancies identified near the end of the cohort 

window (Figure in e-Appendix F). Thus, we only followed women with a start of pregnancy 

occurring before November 30, 2014, allowing ample time for all pregnancies beginning in 

our study period to reach full-term and be identified in the larger cohort.

Rates of pregnancy per 1,000 person-years (PYs) were calculated to estimate the number of 

incident pregnancies expected to occur among 1,000 treatment-exposed women followed for 

1-year.

Assessment of Risks in Pregnancy—To determine risks of pregnancy losses and 

prevalence of malformations, we restricted the pregnancy cohort to those with continuous 

enrollment (including prescription drug coverage) from 90 days before LMP until the end of 

pregnancy.

Isotretinoin and tretinoin were ascertained in the 90-day interval before LMP. To each 

exposed pregnancy, we matched 10 unexposed pregnancies of the same age, region, and 

year. Risks of SAB and elective termination were compared between exposure groups. 

Major congenital malformations were assessed among pregnancies with a livebirth that had 

a linked infant continuously enrolled for 90 days after delivery unless they died sooner, a 

stillbirth, or mixed birth. Malformations were defined using an algorithm described and 

validated previously37–39 using CDC guidelines.40 Odds ratios comparing the prevalence of 
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malformations at delivery in the exposed groups to the unexposed were calculated using 

logistic regression and adjusted for pre-existing diabetes, smoking, and acne.

Results

Cohort Development

We identified 30,705,541 eligible women aged 12–55 between January 1, 2011 and 

September 30, 2015 (Figure 1). Of those, 2,424,278 women (8%) had at least one end-of-

pregnancy code during the study period (2,978,707 unique pregnancies).

There were 2,361,090 infants born between 2011–2015 with non-missing enrollee IDs 

identified in inpatient and outpatient claims. Of 1,625,927 infants (69% of all infants) that 

successfully linked to a pregnancy (infants under a different insurance than their mothers did 

not link), 7% were excluded because their first date of appearance occurred >1 day before or 

>30 days after the mother’s delivery date. At this stage, 1,503,208 pregnancies (50% of all 

pregnancies) were linked to an infant; this linkage is low because we had not yet restricted to 

pregnancies with corroborated livebirths. A total of 745 infants (1,438 pregnancies [0.1%]) 

were removed because they linked to more than one pregnancy.

The number of pregnancies in each type is provided in e-Appendix B. Of 2,977,269 

pregnancies, 3% (93,707) of pregnancies were excluded because they did not meet any type 

definition, 3% (83,685) were excluded for being ectopic or molar, and 2% (61,090) 

pregnancies were removed due to abnormal spacing. After this cleaning, there were 

2,179,192 (80%) livebirth pregnancies, 8,434 (0.3%) stillbirths, 2,521 (0.09%) mixed birth 

pregnancies, 415,110 (15%) SABs, 124,556 (5%) elective terminations, and 8,974 (0.3%) 

unspecified abortions. A total of 69% of livebirth pregnancies linked to infants.

The proportion of pregnancies assigned a gestational age based on a specific timing or multi-

fetal pregnancy code was 31% of livebirths, 16% of stillbirth pregnancies, 69% of mixed 

birth, 19% of SABs, 1% of terminations, and 0.6% of unspecified abortions. The remainder 

were assigned the default gestational ages.

Impact of Enrollment Requirements and Cohort Description

Enrollment for both mothers and infants dropped at a rate of ~15% every 90 days from the 

pregnancy end date (e-Appendix G). Pregnancies with complete enrollment (52%) were 

similar in measured characteristics to the full cohort (e-Appendix H). Women delivering 

mixed births were, on average, older (33.1 years) and women with elective terminations 

were, on average, younger (28.4 years) than women with livebirths (30.3 years; e-Appendix 

I). The proportion or terminations was 11% in the Northeast, 5% in the West and 2–3% in 

the other regions. The distributions of other characteristics across types of pregnancy were 

similar.

Isotretinoin and Tretinoin Application

Assessment of Pregnancy Rates—We identified 86,834 isotretinoin and 973,587 

tretinoin treatment episodes in 76,053 and 606,966 non-pregnant women respectively 

(Figure 3). These episodes were matched to an unexposed group of 5,302,105 non-pregnant 
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women. Characteristics are presented in Table 1. Pregnancy rate was 3 per 1,000 PYs in the 

isotretinoin group, 19 per 1,000 PYs in the tretinoin group, and 34 per 1,000 PYs the 

unexposed group. In sensitivity analyses where women were considered exposed within 0 

and 60 days after the last prescription’s days of supply, rates of pregnancy were 2 and 4 for 

isotretinoin and 18 and 19 for tretinoin, respectively.

Assessment of Risks in Pregnancy—From the original cohort, 1,178,280 pregnancies 

(44%) began on or before November 30, 2014 and were continuously enrolled with 

prescription coverage from 90 days before LMP until the end of pregnancy (Figure 4). Of 

these, 131 (0.01%) had a prescription of isotretinoin (or isotretinoin and tretinoin [n<11]) in 

the 90-day interval before LMP and 4,077 had a prescription for only tretinoin (0.4%). 

Matching 10 unexposed pregnancies to each exposed resulted in an unexposed group of 

42,150 pregnancies. Risk of SAB was similar in women exposed to pre-pregnancy 

isotretinoin (22%), tretinoin (17%), and the unexposed group (19%; Figure 2; Table 2). 

Elective terminations were more common in the isotretinoin group (28% [95% CI: 21–36%] 

vs. 10% [95% CI: 9–11%] tretinoin vs. 6% unexposed). In the isotretinoin group, 

terminations were common when the dispensing occurred closer to LMP (Figure 5).

The prevalence of infant malformation at delivery was comparable in the tretinoin (4.5%) 

and unexposed (4.2%) groups (crude odds ratio: 1.08 [95% CI: 0.83–1.40]; adjusted odds 

ratio: 1.16 [95% CI: 0.85–1.58]). While sample size was small, no specific pattern of 

malformations was apparent. As so few isotretinoin pregnancies reached delivery, we did not 

have sufficient sample size to assess malformations in this group (cell sizes less than 11 

cannot be reported due to the Truven Health privacy agreement).

Discussion

We proposed an algorithm to identify pregnancies in healthcare claims databases and 

demonstrated a potential application to teratogenic surveillance. We used this cohort to 

ascertain rates of pregnancy and risks of adverse pregnancy outcomes in women exposed to 

isotretinoin and tretinoin.

While we are not the first to identify pregnancies in MarketScan® data,7,8,12 we built upon 

previous methods to expand the identification and timing of pregnancies in claims data. For 

example, in our cohort ~35,000 pregnancies had codes from conflicting outcome types and 

thus specialized algorithms were needed to assign the final pregnancy outcome. Previous 

studies have varied widely on this assignment.1,5,8,31 We developed our algorithms based on 

prior literature, claims reviews of a sample of pregnancies from each definition, further 

cycles of optimization, and finally, removal of improbable or unclassifiable pregnancies. We 

believe that the careful development of these algorithms improved the identification of the 

pregnancy types. The incidence of SAB and stillbirth was similar to US national statistics,43 

indirectly validating the algorithms. However future work will be needed to directly validate 

these definitions.

Our cohort also built upon prior work estimating gestational age. For example, some studies 

have estimated gestational age by assigning specific ages to codes and prioritizing the lowest 
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age in the case of conflict.8 While incorporating a wide range of dates, this design is 

vulnerable to an age assigned to a non-specific code overriding a code with more specific 

timing information (e.g. one specifying weeks of gestation). Based on prior validation 

studies which indicated that a simple preterm dichotomy may be sufficient,4 we developed a 

two-step algorithm which prioritized specific timing codes. We found that approximately 

10% of livebirth pregnancies were classified as preterm, in line with overall estimates from 

the US population.44 Nonetheless, ongoing validation studies will quantify the accuracy of 

these estimates for both livebirths and pregnancy losses.

We then used this cohort to show how healthcare databases may be used to monitor REMS 

programs for teratogens and perform post-marketing surveillance of even relatively rare 

medications in pregnancy. We showed that isotretinoin-exposed pregnancy rates were lower 

than an internally matched population, indicating that efforts to reduce exposed 

pregnancies15 have been effective, though not infallible. Prior estimates of isotretinoin-

exposed pregnancy rates between 1989–2011 ranged from 9 to 37 per 1,000 PYs18,20 and 

from 4 to 6 per 1,000 users.19 Our estimate of 3 per 1,000 PYs in 2011–2015 might be lower 

because of REMS improvements over time, our study population excluded women covered 

by Medicaid where pregnancy rates may be higher, or due to an underestimation of 

terminations. Given incomplete coverage of terminations by insurance companies in the US, 

some women may have paid out-of-pocket and thus been missed in our data. In the 

Northeast, where terminations were more common, the isotretinoin-exposed pregnancy rate 

was higher (4.1 per 1,000 PYs). Despite a likely underestimation of pregnancy rates, we 

noted that isotretinoin-exposed pregnancies are still occurring in the US. The fact that 

terminations were increasingly more likely when isotretinoin was dispensed closer to LMP, 

suggests that many of these pregnancies were unintended, rather than planned pregnancies 

occurring after a treatment course. Thus, continued work on reducing pregnancies during 

isotretinoin exposure is needed.

Despite underestimations, we found that, in pregnancies occurring near an isotretinoin 

dispensing, elective terminations were approximately five times more common than in 

unexposed pregnancies. While terminations are incompletely captured in any pregnancy 

study, it is unknown whether such under-recording might be differential for women exposed 

to isotretinoin versus unexposed women. However, it is unlikely for misclassification to 

account for a five-fold increased risk. Low pregnancy rates and many terminations resulted 

in insufficient numbers to evaluate isotretinoin teratogenicity.

To date, much of the evidence for isotretinoin exposure has come from voluntary reports.
17,18,45–47 Surveys or registry-based designs, allow for prospective ascertainment of rare 

exposures, and prospective follow-up. However, they can be expensive, labor-intensive, 

prone to selection bias, and often lack control groups,17,18,45,46 limiting overall efficiency, 

validity, and generalizability.48 Healthcare databases can overcome many of these 

limitations by providing prospective population-based estimates at relatively low cost. At 

least three studies in North America have employed administrative data to estimate 

isotretinoin-exposed pregnancy rates19,20 and adverse birth outcomes,19,20,49 finding 

comparable results to the voluntary reports and the results reported here. Together, these 
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examples highlight the value of large healthcare databases to complement labor-intensive 

pregnancy registries for REMS evaluation.

Finally, we identified 4,077 tretinoin-exposed pregnancies, more than six times the sample 

size of all previous studies combined.30 Confirming prior findings with increased precision, 

we did not observe an increased risk of SABs,27–29 an increased risk of terminations,27,28 

nor an increased prevalence of malformations26–29 in tretinoin-exposed pregnancies.

Strengths of the cohort include the large sample size, family linkage, and the presence of 

prescription dispensing, inpatient, and outpatient claims. However, it is possible that 

pregnancies may have been missed or misclassified. Due to privacy concerns, the 

MarketScan® database cannot be linked to medical records or birth certificates for 

pregnancy type validation. Further, medication exposure was assessed via prescriptions filled 

and thus it was not possible to determine whether the medication was actually used. Since 

LMP was estimated, the timing of pregnancy may be misclassified. However, we do not 

suspect this misclassification to occur differentially by isotretinoin or tretinoin exposure. 

Finally, malformations were only assessed at birth. Women may be more likely to terminate 

a pregnancy if a malformation is detected, thus underestimating the total proportion of 

malformations in the cohort.

Despite limitations, we believe administrative healthcare databases have an important role to 

play for drug safety surveillance in pregnancy. For some medications they may be more time 

and cost-effective than ad hoc registries. It is therefore important that when building cohorts 

within these databases, researchers take the time to develop algorithms carefully. Publication 

of detailed cohort descriptions are instrumental for ensuring this work continues to be 

transparent and rigorous.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Steps of the Pregnancy Cohort Creation
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Figure 2. 
Pregnancy Outcomes by Exposure Status (n=46,365). White bars represent livebirth, black 

bars represent spontaneous abortion, grey bars with white dots represent elective 

terminations, grey bars without dots represent unspecified abortion and stillbirth.
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Figure 3. 
Attrition Flow Chart for the Assessment of Pregnancy Rates
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Figure 4. 
Attrition Flow Chart for the Assessment of Risks (Spontaneous Abortion, Elective 

Termination, Infant Malformation) in Pregnancy
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Figure 5. 
Proportion of Terminations by Period of Dispensing (n=4,215). LMP: last menstrual period. 

Error bars represent 95% confidence intervals.
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Table 1.

Demographic and Clinical Characteristics by Prescription Episodes (Truven Health MarketScan® Commercial 

Claims & Encounters Database, USA, 2011–2014, N=6,362,526)

Characteristics
a

Unexposed Episodes
c 

(n=5,302,105)

Isotretinoin Prescription 

Episode
b
 (n=86,834)

Tretinoin Prescription 

Episode
b
 (n=973,587)

Age (mean, SD) 27.4 (12.1) 23.9 (9.8) 27.7 (12.2)

Year

 2011 1,503,815 (28.4%) 24,847 (28.6%) 275,916 (28.3%)

 2012 1,467,755 (27.7%) 22,336 (25.7%) 271,215 (27.9%)

 2013 1,208,005 (22.8%) 19,907 (22.9%) 221,694 (22.8%)

 2014 1,122,530 (21.2%) 19,744 (22.7%) 204,762 (21.0%)

Region

 Northeast 1,094,090 (20.6%) 12,837 (14.8%) 205,981 (21.2%)

 North Central 1,122,610 (21.2%) 17,158 (19.8%) 207,364 (21.3%)

 South 1,844,325 (34.8%) 36,507 (42.0%) 332,358 (34.1%)

 West 1,142,365 (21.5%) 18,616 (21.4%) 209,857 (21.6%)

 Unknown 98,715 (1.9%) 1,716 (2.0%) 18,027 (1.9%)

OC Use 756,784 (14.3%) 32,706 (37.7%) 206,197 (21.2%)

Hypertension 128,076 (2.4%) 997 (1.1%) 18,814 (1.9%)

Asthma 88,167 (1.7%) 1,357 (1.6%) 20,318 (2.1%)

Thyroid Disorder 133,679 (2.5%) 1,894 (2.2%) 33,129 (3.4%)

Depression 180,344 (3.4%) 3,916 (4.5%) 50,996 (5.2%)

Bipolar Disorder 27,502 (0.5%) 548 (0.6%) 7,771 (0.8%)

Anxiety Disorder 168,008 (3.2%) 3,527 (4.1%) 51,296 (5.3%)

Chronic Renal Disease 6,503 (0.1%) 53 (0.06%) 1,116 (0.1%)

Alcohol or Substance Abuse 20,445 (0.4%) 271 (0.3%) 4,089 (0.4%)

Acne 80,637 (1.5%) 82,730 (95.3%) 513,306 (52.7%)

Pregnancy Test in the 30 Days Prior to 
Index Date 59,895 (1.1%) 27,526 (31.7%) 14,558 (1.5%)

OC = Oral Contraceptives; SD = Standard Deviation

a
Characteristics were ascertained on the index date of the prescription episode or in the +/− 45 days of the index date, depending on the 

characteristic (see e-Appendix E).

b
A prescription episode was defined as a prescription, or group of consecutive prescriptions (within 30 days from the prior prescription’s days of 

supply) for the listed medication. Women could have more than one prescription episode during the study period.

c
Unexposed episodes were (currently) non-pregnant women matched to isotretinoin- and tretinoin-prescription episodes 5:1 on age, region, and 

month of index date
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Table 2.

Risks of Pregnancy Outcomes by Exposure Group (Truven Health MarketScan® Commercial Claims & 

Encounters Database, USA, 2011–2014, N=46,365)

Pregnancy Outcome Unexposed Pregnancies (n=42,150) Tretinoin-Exposed Pregnancies 
(n=4,077)

Isotretinoin-Exposed 
Pregnancies (n=138)

Livebirth 31,547 (74.8%) 2,963 (72.7%) 68 (49.3%)

Spontaneous Abortion 7,823 (18.6%) 685 (16.8%) 30 (21.7%)

Elective Termination 2,487 (5.9%) 400 (9.8%) 38 (27.5%)

Unspecified Abortion 136 (0.3%) 16 (0.4%) <11

Stillbirth 157 (0.4%) 13 (0.3%) <11

Infant Malformations
a 631 (4.2%) 65 (4.5%) <11

a
Among eligible pregnancies. Pregnancies eligible for infant malformation assessment were stillbirth pregnancies, livebirths with linked infants 

continuously enrolled for the 90 days after delivery, or livebirths with linked neonatal deaths; n=1,430 tretinoin-exposed pregnancies, n=18 
isotretinoin-exposed pregnancies, n=14,879 unexposed pregnancies
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