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Abstract
Introduction Several studies have evaluated the effects of changes in isotretinoin risk mitigation programs, but little is known 
about actual fetal exposure rates in the context of other acne treatments.
Objective Our objective was to quantify fetal exposure rates during the use of common acne treatments.
Methods Employing the insurance claims data of > 100,000 acne treatment users between 2006 and 2015, we created three 
user cohorts: (1) isotretinoin (strong teratogen/mandatory risk mitigation program), (2) doxycycline/minocycline (mild 
teratogen, label warning), and (3) topical clindamycin/erythromycin (no fetal risk). Fetal exposure rates overall and stratified 
by age were compared after adjusting for potential confounders.
Results Contraceptive use during acne treatment was < 50% in isotretinoin users and < 30% in the other study groups. 
Long-acting contraceptives contributed to 1% of all contraceptives used, with 90% being oral contraceptives. Isotretinoin 
users had 19.2 (95% confidence interval [CI] 20.3 to 17.9) fewer fetal exposures per 1000 person-years of use compared 
with doxycycline/minocycline users, which in turn had 28.8 (95% CI 31.2 to 26.3) fewer pregnancies compared with clin-
damycin/erythromycin users. Stratification by age showed attenuated differences in fetal exposure among acne treatment 
groups for teenagers.
Conclusion Fetal exposure to acne treatments varied according to levels of teratogenicity, with reduced rates among users 
of isotretinoin and to a lesser extent doxycycline/minocycline. Teenagers had low pregnancy rates but less pronounced dif-
ferences in fetal exposure across acne treatments.

1 Introduction

One of the most stringent drug risk management programs 
imposed by regulators worldwide aims to prevent fetal expo-
sure to isotretinoin, a potent acne treatment with serious 
risk for fetal malformations when used during pregnancy 
[1, 2]. Since isotretinoin was approved in the USA in 1982, 
regulations aimed at ensuring safe use have changed sev-
eral times [3]. Today, women of childbearing potential 

(WCBP) planning to use isotretinoin must be registered in 
the iPLEDGE system for at least 30 days preceding their 
first prescription, during which they must take a pregnancy 
test and start using at least two methods of contraception (or 
indicate abstinence). To be eligible for a prescription refill 
after receiving a maximum of a 30-day supply, women must 
show evidence of a negative pregnancy test and continuation 
of contraceptive use [3].

Previous research has demonstrated that iPLEDGE has 
not significantly prevented fetal exposure compared with its 
predecessor program, which had similar requirements but 
relied on manual verification of negative pregnancy tests 
when dispensing isotretinoin [4]. Studies that have evalu-
ated fetal exposure rates against the absence of any risk 
management strategy are lacking because of the long his-
tory of regulatory restrictions. Thus, iPLEDGE’s overall 
effectiveness and the contribution of each individual risk 
management component within iPLEDGE are unclear [5]. 
In the absence of an appropriate comparison period when 
no risk management was in place, there are opportunities to 
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evaluate rates of fetal exposure to isotretinoin in the context 
of exposure rates to other acne treatments used by women 
expected to be similar to isotretinoin users. Such an evalua-
tion would be particularly meaningful when focused on the 
most prevalent age groups among users of acne treatments, 
i.e., teenagers and young adults, because of expected differ-
ences in risk-taking behavior, access to contraception, and 
desire for pregnancy [6].

Accordingly, the aim of this study was to quantify fetal 
exposure to acne drugs with various pregnancy prevention 
strategies overall and stratified by age using real-world data.

2  Methods

2.1  Data Source

We used data from the IBM®  MarketScan® Commer-
cial Database from 1 March 2006, the date of iPLEDGE 
approval, to 30 June 2015. MarketScan includes the enroll-
ment and billing records of a large national sample of indi-
viduals with employer-sponsored health insurance.

2.2  Study Population

We considered all WCBP (age 15–44 years) with one out-
patient encounter with a diagnosis of acne (International 
Classification of Diseases, Ninth Edition, Clinical Modifi-
cation code 706.1) [7] and with at least 6 months of con-
tinuous health plan enrollment with drug coverage before 
the study index date, which was defined as initiation of any 
study drug. The initiation of the study drugs (index date) 
was required to be within 7 days of any acne diagnosis. We 
required patients to have had a diagnosis of acne within 7 
days of the index date to ensure the study drugs were pre-
scribed for acne to mitigate confounding by indication. We 
excluded women who had undergone hysterectomy, bilateral 
oophorectomy, total abdominal hysterectomy, or diagnoses 
of premature menopause, natural menopause, or sterility. We 

further excluded women who had pregnancy-related medical 
encounters without evidence of delivery or termination. To 
mitigate any cross-over effect on women’s behavior because 
of the known risk of the other teratogen, we excluded women 
who used other medications with moderate or high terato-
genic risk defined according to the Teratology Information 
System database [8]. To ensure the study population initiated 
the study drug for acne treatment, we also excluded women 
with infections that could be alternative indications during 
the 30 days before the index date. Finally, WCBP had to 
have at least 3 months of continuous enrollment after drug 
discontinuation or an indication for conception, whichever 
occurred sooner. This requirement was added to ensure that 
all pregnancies were captured. For instance, women who 
switched insurance after pregnancy may otherwise have 
been misclassified as not pregnant.

2.3  Exposure Definition

We created three exposure groups based on initiation 
of three groups of acne treatments: (1) isotretinoin with 
iPLEDGE risk evaluation and mitigation strategy (REMS), 
(2) oral doxycycline or minocycline with label warning for 
permanent dental discoloration and recommendation to 
avoid during pregnancy [9, 10], and (3) topical erythromy-
cin or clindamycin with unknown pregnancy risk [8, 11]. 
All exposure groups were allowed to use other topical acne 
treatments such as benzoyl peroxide. Women who initiated 
isotretinoin were considered exposed from the dispensing 
date until 30 days following the last day of supply because 
iPLEDGE instructions require avoidance of pregnancy for at 
least 30 days after the last isotretinoin dose [12]. Exposure 
to the other comparator drugs was assumed until the last 
day of supply. Patients were censored if they switched to the 
study comparators or if no prescription fill occurred within 
45 days, thus focusing on the first treatment episode.

2.4  Outcome Definition

The study outcome was conception during the exposure 
period. To estimate conception date, we used an algorithm 
based on previous validation studies that identified preg-
nancy episodes among WCBP [13–16].

2.5  Contraceptive Use Definition

To evaluate the use of contraceptives during acne treatment, 
we considered all dosage forms of hormonal contraceptives 
as well as copper intrauterine devices. Contraceptive expo-
sure was identified from pharmacy dispensing claims based 
on national drug codes and from outpatient encounters using 
procedure codes that indicated administration of contracep-
tives or insertion or removal of devices. For oral, patch, 

Key Points 

Doxycycline and minocycline users had about half the 
pregnancy rate of clindamycin and erythromycin users.

Pregnancy rates across acne treatment groups repre-
senting teenagers were more similar than rates among 
females in their twenties and thirties.

Less than half of isotretinoin users used hormonal con-
traceptives, and a negligible proportion used long-acting 
contraceptives.
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and vaginal rings, exposure time was defined as the day of 
dispensing until exhaustion of the provided days’ supply. 
The effective duration of injectables was assumed to be 90 
days [17]. For implants and intrauterine devices, start and 
end dates for contraceptive use were based on insertion and 
removal claims.

2.6  Covariate Selection

Considered potential confounders included age, geo-
graphic region, health plan type, insurance holder (whether 
employee, spouse, or child), and calendar year at index 
date as well as the following variables obtained during the 
6-month pre-index period: exposure to other acne treatments 
(including tretinoin, adapalene, tazarotene, and benzoyl per-
oxide), procedures to treat acne [18] (e.g., skin peeling), 
history of pregnancy termination or delivery, presence of 
comorbidities summarized via the Charlson Comorbidity 
Index (CCI) [19], depression [20], and history of contracep-
tive use 60–180 days before treatment initiation (including 
hormonal contraceptives and copper intrauterine devices) 
[21, 22]. This time frame was chosen to ensure no influence 
of planned acne treatment on contraceptive use.

2.7  Statistical Analysis

In each exposure group, we calculated the crude pregnancy 
incidence rate and the prevalence of each pregnancy out-
come. Prevalence of contraceptive use during acne treatment 
was calculated and stratified by age groups.

Crude incidence rate ratios (IRRs) and incidence rate 
differences (IRDs) were estimated across exposure groups 
including all women and stratified by age. To adjust for 
potential confounders, we generated a propensity score 
by fitting a logistic regression model for each of the three 
comparisons of two exposure groups. Stabilized inverse 
probability of treatment weights (SIPTW) were then 
computed for each comparison. The SIPTW results in a 
weighted sample in which potential confounders that were 
included in the weights are balanced [23]. We then reported 
the IRRs and IRDs for each of the weighted comparisons. 
We conducted sensitivity analyses to examine the robust-
ness of the study results. First, we ignored the requirement 
to continue contraception for 30 days after isotretinoin 
discontinuation to compare pregnancy risk during identi-
cal exposure definitions of comparison groups. Second, 
we solely included patients with no history of any acne 
treatment (naïve users).

Analyses were performed using SAS software, version 
9.4 (SAS Institute, Inc.), and graphs were generated using 
R-package ggplot2 v2.2.1, version 3.4.2 (R Foundation for 
Statistical Computing) [24].

3  Results

Among WCBP who met the inclusion and exclusion criteria, 
we identified those who initiated isotretinoin (n = 84,204), 
doxycycline or minocycline (label warning) (n = 473,167), or 
erythromycin or clindamycin (no known risk) (n = 422,318) 
(Fig. 1 in the electronic supplementary material [ESM]). 
User groups had similar age distributions and comorbidi-
ties, but isotretinoin initiators included a larger proportion 
of women with a history of contraceptive use (34.1%) com-
pared with the label warning (21.2%) and no-risk (23%) 
cohorts (Table 1). Baseline characteristics were well bal-
anced between exposure groups after applying SIPTW, with 
standardized differences below the 10% threshold (Figs. 2–4 
in the ESM).

About 49.5% of isotretinoin users had at least of 1 day of 
contraceptive use during treatment, compared with 25.1 and 
22.9% among doxycycline/minocycline and no-risk cohorts, 
respectively (Table 2). Prevalence of contraceptive use was 
slightly lower among teenagers, with 45% among isotreti-
noin initiators, 20% among doxycycline/minocycline initia-
tors, and 17% among clindamycin/erythromycin initiators. 
Oral hormonal contraceptives were most commonly used 
(~ 90%).

We identified a total of 5179 conceptions during follow-
up. Livebirth delivery was the most frequent pregnancy out-
come used to estimate conception date in the doxycycline/
minocycline (61.1%) and no-risk cohorts (66.3%), whereas 
conception date in the isotretinoin cohort was estimated 
most commonly based on abortion events (42.5%, Fig. 1). 
In addition, 14.7% of conceptions in the isotretinoin cohort 
were identified solely from routine encounters, with preg-
nancy diagnosis without subsequent encounter indicating a 
pregnancy outcome. Label warning and no-risk cohorts had 
only about 11% of conceptions identified without a known 
pregnancy outcome.

Pregnancy rates were lowest for isotretinoin, with 5 per 
1000 person-years (95% confidence interval [CI] 4.3–5.8), 
followed by the label warning (25.2; 95% CI 24.3–26.2) and 
no-risk cohorts (57.6; 95% CI 55.3–60) (Table 3). Teenag-
ers, the most common age group across all exposure groups, 
had the lowest pregnancy rates, with 1.7, 4.6, and 5.5 per 
1000 WCBP-years for isotretinoin, label warning, and no-
risk cohorts, respectively. After applying SIPTW, the IRD of 
pregnancy risk during isotretinoin exposure versus exposure 
to doxycycline/minocycline was − 19.2 (95% CI − 20.3 to 
− 17.9) per 1000 person-years, indicating a 77% decrease 
(Table 4). Compared with erythromycin or clindamycin (no 
known risk), isotretinoin users had 50.1 fewer pregnancies 
per 1000 person-years. Women exposed to acne treatments 
with a label warning had 28.8 fewer pregnancies per 1000 
person-years than the no-risk cohort.
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Stratification by age showed more attenuated differences 
among treatment groups for teenagers than women in their 
twenties or thirties (Table 4). Teenage girls who initiated 
isotretinoin had 2.9 (95% CI 3.8 to  2.1) fewer pregnancies 
per 1000 person-years than same-age initiators of doxycy-
cline/minocycline, reflecting a 63% decrease in fetal expo-
sure risk. Compared with teenagers in the no-risk cohort, 
isotretinoin users had 3.7 (95% CI 5 to 2.5) fewer pregnan-
cies per 1000 person-years. See Table 1 in the ESM for more 
sensitivity analyses.

4  Discussion

In this population-based observational study, we found that 
the pregnancy risk during isotretinoin treatment did not 
approximate zero and resulted in a substantial proportion of 
abortions. Women who used isotretinoin had about 19 fewer 
pregnancies per 1000 person-years than women who used 
doxycycline or minocycline, whereas the latter had about 29 
fewer pregnancies per 1000 person-years than women who 
used acne treatments with no fetal risk. Both absolute and 

Table 1  Study sample 
characteristics

Data are presented as N (%) unless otherwise indicated

Characteristics iPLEDGE  
(N = 84,204)

Label warning 
(N = 473,167)

No known risk 
(N = 422,318)

Age group (years)
 15–19 40,726 (48.4) 201,372 (42.6) 185,729 (44.0)
 20–29 25,469 (30.2) 138,952 (29.4) 120,777 (28.6)
 30–39 13,216 (15.7) 94,155 (19.9) 84,159 (19.9)
 40–44 4793 (5.7) 38,688 (8.2) 31,653 (7.5)

Depression 5732 (6.8) 35,132 (7.4) 32,872 (7.8)
Charlson Comorbidity Index
 0 80,026 (95.0) 445,023 (94.1) 393,304 (93.1)
 1 3531 (4.2) 23,683 (5.0) 24,108 (5.7)
 ≥ 2 647 (0.8) 4461 (0.9) 4906 (1.2)

History of contraceptive use 28,716 (34.1) 100,361 (21.2) 97,073 (23.0)
History of pregnancy 354 (0.4) 4401 (0.9) 6584 (1.6)
History of acne procedure 6004 (7.1) 22,288 (4.7) 20,201 (4.8)
History of prescription acne treatment 31,952 (37.9) 152,147 (32.2) 211,360 (50.0)
Health insurance type
Preferred provider organization 52,845 (62.8) 294,739 (62.3) 255,896 (60.6)
Health insurance holder
 Employee 22,518 (26.7) 142,720 (30.2) 124,892 (29.6)
 Spouse 8544 (10.1) 62,649 (13.2) 56,399 (13.4)
 Child 53,142 (63.1) 267,798 (56.6) 241,027 (57.1)

Year of exposure
 2006 5298 (6.3) 28,199 (6.0) 25,260 (6.0)
 2007 6677 (7.9) 34,166 (7.2) 31,242 (7.4)
 2008 10,829 (12.9) 47,104 (10.0) 35,484 (8.4)
 2009 12,185 (14.5) 60,324 (12.7) 43,939 (10.4)
 2010 10,918 (13.0) 59,645 (12.6) 47,741 (11.3)
 2011 10,180 (12.1) 66,228 (14.0) 63,801 (15.1)
 2012 10,116 (12.0) 66,569 (14.1) 65,047 (15.4)
 2013 10,620 (12.6) 56,454 (11.9) 53,134 (12.6)
 2014 7298 (8.7) 49,872 (10.5) 49,898 (11.8)
 2015 83 (0.1) 4606 (1.0) 6772 (1.6)

Region of residence (USA)
 Northeast 11,190 (13.3) 75,964 (16.1) 89,940 (21.3)
 North Central 18,784 (22.3) 109,034 (23.0) 98,362 (23.3)
 South 35,451 (42.1) 193,841 (41.0) 142,486 (33.7)
 West 17,597 (20.9) 88,157 (18.6) 85,788 (20.3)
 Unknown 1182 (1.4) 6171 (1.3) 5742 (1.4)
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relative reductions of pregnancy rates among isotretinoin 
users were attenuated among teenagers, who constituted 
about 43–48% of acne treatment users in our data.

Our study is the first to report pregnancy rates during var-
ious acne treatments by women with demonstrated similar 
ages and clinical characteristics. The estimated pregnancy 
rate among clindamycin and erythromycin users was about 
57 per 1000 users annually, which approximates national 
pregnancy rates [25]. Although doxycycline and minocy-
cline users used contraceptives to an extent similar to that of 
clindamycin and erythromycin users, they showed about half 
the rate of fetal exposure. This finding may help quantify the 
impact of knowledge of teratogenic risk (in the absence of 
risk mitigation strategies) on pregnancy rates, which could 
be realized through a channeling effect. Specifically, women 
with a desire to become pregnant may have chosen or been 
directed to safer options. While intuitive, we did find similar 
utilization rates of hormonal contraceptives in these groups, 

Table 2  Contraceptive use during acne treatment

Data are presented as % or N (%) unless otherwise indicated

Contraceptive use iPLEDGE Label warning No known risk

Overall contracep-
tive use

41,734 (49.5) 118,695 (25.1) 96,567 (22.9)

Prevalence of contraceptive use by age group, years
 15–19 45 20 17
 20–29 62 38 36
 30–39 41 21 21
 40–44 23 13 12

Types of contraceptives among contraceptive users
 Oral contraceptive 38,389 (91.9) 105,728 (89.1) 86,480 (89.5)
 Intrauterine device 345 (0.8) 1506 (1.3) 961 (1.0)
 Implant 102 (0.2) 408 (0.3) 233 (0.2)
 Injection 1263 (3.0) 4714 (4.0) 3564 (3.8)
 Vaginal ring 1354 (3.2) 5440 (4.6) 4534 (4.7)
 Patch 281 (0.7) 899 (0.8) 795 (0.8)

Fig. 1  Distribution of pregnancy outcomes among conceptions during acne treatment exposure

Table 3  Sample size, follow-up, 
number of events and incidence 
rates

Data in parentheses are 95% confidence intervals unless otherwise indicated
IQR interquartile range

iPLEDGE Label warning No known risk

Study sample 84,204 473,176 422,318
Follow-up time (days), median (IQR) 172 (100–204) 30 (30–98) 30 (20–30)
Pregnancies (count) 183 2698 2298
Person-years 36,220 107,056 39,905
Incidence rate per 1000 person-years 5.0 (4.3–5.8) 25.2 (24.3–26.2) 57.6 (55.3–60.0)
Incidence by age (years)
 15–19 1.7 (1.2–2.4) 4.6 (4.1–5.2) 5.5 (4.5–6.7)
 20–29 9.4 (7.7–11.5) 50.9 (48.3–53.7) 95.9 (90.3–102)
 30–39 8.5 (6.4–11.4) 55.2 (51.9–58.8) 142.5 (134.3–151.3)
 40–44 3.7 (1.8–7.8) 9.0 (7.2–11.4) 16.1 (12.1–21.4)



452 Y. Albogami et al.

though the overall low utilization rates leave room for dif-
ferences in reliance on other contraceptive methods, which 
we could not measure in our database.

The fetal exposure rate to isotretinoin in our study is con-
sistent with previous data from Kaiser Permanente South-
ern and Northern California (5.8/1000 person-years; 11 
events were found among 3844 users assuming 6 months 
of treatment duration) during the first 2 years of iPLEDGE 
implementation [4]. Our data suggest consistent fetal expo-
sure rates in more recent years among a similar population 
of privately insured women. Because iPLEDGE requires 
every woman of childbearing age to commit to contracep-
tion or abstinence during isotretinoin treatment, we can 
safely assume that nearly all pregnancies during isotretinoin 
treatment are unintended. In contrast, topical clindamycin 
or erythromycin users in particular would be expected to 
include a disproportionate number of women with a desire 
to become pregnant, which is supported by the lower fre-
quencies of contraceptive use. Consequently, the observed 
lower fetal exposure rate among isotretinoin users cannot 
be solely attributed to the effectiveness of iPLEDGE but 
likely represents a mixture of the REMS, general knowledge 
about the teratogenic risk, and channeling of women with 
pregnancy desires to safer options, which is not measurable 
in our claims data. The observed differences in fetal expo-
sure rates between doxycycline/minocycline and our no-risk 
cohort provide some context for the potential effect of such 
channeling, although this effect might be even stronger con-
sidering the more pronounced fetal risk of isotretinoin.

Channeling women who are planning pregnancy away 
from isotretinoin should be less relevant among teenagers, 

who represent nearly half of the patients with acne in our 
data and for whom the vast majority of pregnancies are unin-
tentional [6]. Indeed, although pregnancy rates were low, 
differences between exposure groups were less pronounced, 
which could be attributed to less channeling or reduced 
iPLEDGE effectiveness in this age group.

Reported key causes of iPLEDGE failure include non-
compliance with and ineffectiveness of contraceptives 
[26–28]. Reports from other countries that require or recom-
mend the use of contraceptives for WCBPs who use isotreti-
noin have reported a similar prevalence of contraceptive use 
or lower [29–31]. Moreover, we found that about 90% of 
contraceptive users in our study population preferred oral 
forms, and only 1% used more effective long-acting revers-
ible contraceptives, which is consistent with national esti-
mates [32, 33] although not recommended [34, 35]. Thus, a 
focus on the selection of effective contraceptives and their 
consistent use, even with limited sexual activity, is important 
when advising patients who initiate teratogenic drugs.

Our data indicated that only 45% of teenagers who used 
isotretinoin used contraceptives, compared with 62% of adults 
in their twenties. In a survey-based study [27], about 19% of 
women who had indicated abstinence instead of using hor-
monal contraceptives reported sexual activity during isotreti-
noin treatment. In the same data, isotretinoin users who chose 
abstinence were significantly younger than women who used 
hormonal contraceptives. Reports suggest that few teenagers 
(< 20%) are willing to seek healthcare related to birth control 
if their parents are involved in these healthcare encounters 
[36], suggesting that sexually active teenagers may indicate 
abstinence when discussing contraception requirements. 

Table 4  Relative and absolute pregnancy risk comparison among exposure groups after adjustment with stabilized inverse probability of treat-
ment weights

Figures in parentheses are 95% confidence intervals
SIPTW stabilized inverse probability treatment weighting, WCBP Women of childbearing potential,
a The ‘label warning’ cohort was the reference group
b The ‘no known risk’ cohort was the reference group
c Estimates are per 1000 person-years

iPLEDGE vs. label  warninga iPLEDGE vs. no known  riskb Label warning vs. no known  riskb

Crude estimates
 Incidence rate  differencec − 20.1 (− 21.3 to − 18.9) − 52.5 (− 55.0 to − 50.1) − 32.4 (− 34.9 to − 29.8)
 Incidence rate ratio 0.20 (0.17–0.23) 0.09 (0.07–0.10) 0.43 (0.41–0.46)

SIPTW estimates
 Incidence rate  differencec − 19.1 (− 20.3 to − 17.9) − 50.1 (− 52.6 to − 47.6) − 28.8 (− 31.2 to − 26.3)
 Incidence rate ratio 0.23 (0.20–0.26) 0.11 (0.09–0.12) 0.47 (0.44–0.50)

Age (years) stratification of SIPTW incidence rate difference
 15–19 − 2.9 (− 3.8 to − 2.1) − 3.7 (− 5.0 to − 2.5) − 0.5 (− 1.7 to 0.7)
 20–29 − 40.2 (− 43.5 to − 37.0) − 83.5(− 89.6 to − 77.5) − 41.3 (− 47.6 to − 35.0)
 30–39 − 45.9 (− 50.2 to − 41.6) − 130.0 (− 139.0 to − 121.0) − 78.1 (− 87.1 to − 69.1)
 40–44 − 4.5 (− 8.2 to − 0.8) − 11.0 (− 16.5 to − 5.5) − 6.2 (− 11.2 to − 1.2)
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Healthcare professionals considering initiating isotretinoin 
therapy in teenagers must consider potential problems access-
ing contraceptives, uncertainty about the need for contracep-
tion during the initial phase of becoming sexually active, 
and increased risk-taking behavior. Future research should 
evaluate patients and other contextual characteristics that may 
affect the effectiveness of REMS to allow the development of 
targeted strategies to optimize cost (burden) benefit.

Strengths of our study include a large population-based 
sample that allowed age-specific comparisons and use of val-
idated methods with high positive predictive value to detect 
pregnancies and estimate conception. Some potential con-
founders, including acne severity, sexual activity, and desire 
for pregnancy, were not directly measurable. We attempted 
to indirectly adjust for acne severity by capturing previous 
acne treatments and for sexual activity based on obstetric 
history, but residual imbalances are possible, especially 
considering channeling issues related to pregnancy desire 
discussed earlier. Furthermore, factors such as low income 
or lack of health insurance are associated with higher rates 
of unintended pregnancy [37], which means our results are 
not generalizable beyond privately insured women. Because 
we required only 6 months as the look-back period, long-
acting reversible contraceptives that may have been inserted 
or implanted several years earlier may have been missed. 
Finally, while we had generally small error margins in the 
range of 1–2 weeks [13, 15], gestational age and therefore 
conception was estimated, and some assumed fetal expo-
sures may have been misclassified.

5  Conclusion

Fetal exposure to acne treatments varied according to levels 
of teratogenicity. Women who used isotretinoin had about 
one-quarter the fetal exposure rates of women exposed to 
doxycycline or minocycline, who in turn showed about 
half the pregnancy rates of women who used acne treat-
ment without teratogenic risks. Teenagers had generally low 
pregnancy rates though less pronounced differences across 
acne treatments. Further research is needed to understand 
factors that may alter the effectiveness of REMS to design 
tailored risk mitigation approaches that reduce the number 
of unintended pregnancies while minimizing unnecessary 
burden on patients and healthcare providers.
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