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AbstrAct
ObjeCtive
To examine the teratogenic potential of statins.
Design
Cohort study.
setting
United States.
PartiCiPants
A cohort of 886 996 completed pregnancies linked to 
liveborn infants of women enrolled in Medicaid from 
2000 to 2007.
MethODs
We examined the risk of major congenital 
malformations and organ specific malformations in 
offspring associated with maternal use of a statin in 
the first trimester. Propensity score based methods 
were used to control for potential confounders, 
including maternal demographic characteristics, 
obstetric and medical conditions, and use of other 
drugs.
results
1152 (0.13%) women used a statin during the first 
trimester. In unadjusted analyses, the prevalence of 
malformations in the offspring of these women was 
6.34% compared with 3.55% in those of women who 
did not use a statin in the first trimester (relative risk 
1.79, 95% confidence interval 1.43 to 2.23). Controlling 
for confounders, particularly pre-existing diabetes, 
accounted for this increase in risk (1.07, 0.85 to 1.37). 
There were also no statistically significant increases in 
any of the organ specific malformations assessed after 
accounting for confounders. Results were similar 
across a range of sensitivity analyses.
COnClusiOns
Our analysis did not find a significant teratogenic 
effect from maternal use of statins in the first trimester. 
However, these findings need to be replicated in other 
large studies, and the long term effects of in utero 

exposure to statins needs to be assessed, before use 
of statins in pregnancy can be considered safe.

Introduction
Statins are the most commonly used class of drug to 
treat hyperlipidemia. Since they were first brought to 
market, statins have been considered contraindicated 
in pregnancy based on animal data showing terato-
genic potential at high doses and concern that they 
might disrupt cholesterol biosynthesis in the develop-
ing fetus.1–3 Because of this, use during pregnancy is 
rare,4 and data about the effects of in utero exposure on 
fetal development are scarce in humans.1 5 Those data 
that do exist derive primarily from registries, small 
cohort studies, and case reports.1 5–12 These studies have 
been inconsistent in their findings on the teratogenic 
potential of statins. For example, a review of sponta-
neous reports of exposure to statins during the first tri-
mester to the US Food and Drug Administration 
suggested that lipophillic statins may increase the risk 
of central nervous system and limb anomalies,5 7 
whereas a case series analysis from the National Birth 
Defects Prevention Study failed to observe the same dis-
tribution of defects.10 A meta-analysis of the small num-
ber of controlled studies (n=6, including a total of 618 
women who used statins) failed to find an increase in 
the risk of birth defects, although the confidence inter-
val was wide (pooled estimate of relative risk 1.15, 95% 
confidence interval 0.75 to 1.76).3

As the prevalence of risk factors for cardiovascular 
disease, including hypercholesterolemia, diabetes, 
hypertension, and obesity in women of reproductive 
age increases13 and as the indications for statin treat-
ment expand,14 it is important to understand whether it 
is safe to use these drugs in patients who may inadver-
tently become pregnant; about half of all pregnancies 
in the United States are unintended.15 This need is also 
pressing since preclinical studies suggest a possible 
role for statins in the prevention of pre-eclampsia as a 
result of their pleiotropic effects on endothelial  function 
and inflammation; human studies (using pravastatin) 
have begun examining this potential indication.16

We undertook an epidemiologic study to assess the 
association between statin use in the first trimester and 
the risk of congenital malformations, using data derived 
from a large cohort of Medicaid beneficiaries.

Methods
Cohort
The cohort was drawn from the Medicaid Analytic 
eXtract, which contains information on Medicaid bene-
ficiaries. Medicaid is the joint state and federal health 
insurance program for people who are on a low income; 

WhAt Is AlreAdy knoWn on thIs topIc
Statins are the most commonly used class of medication used to treat 
hyperlipidemia
Statins are considered contraindicated for use in pregnancy
Data on the effects of in utero exposure to statins are few

WhAt thIs study Adds
Women taking statins during the first trimester of pregnancy were at an increased 
risk of delivering an infant with malformations
The association was explained by underlying characteristics of users, mainly 
pre-existing diabetes
Statins themselves did not seem to have any meaningful teratogenic effect
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it covers approximately 40% of all births in the United 
States.17 The Medicaid Analytic eXtract is a healthcare 
utilization database that records demographic and 
Medicaid enrollment information on beneficiaries, as 
well as healthcare utilization claims, including all 
recorded diagnoses and procedures associated with 
inpatient admissions and outpatient visits. It also con-
tains claims for all filled outpatient drug prescriptions.

Using Medicaid Analytic eXtract data from 46 US 
states and the District of Columbia from 2000 to 2007, 
our group created a cohort for the study of drug safety 
in pregnancy, as previously described in detail.18 19 We 
identified women age 12 to 55 years with completed 
pregnancies and linked them to liveborn infants. Using 
a validated algorithm based on delivery date and diag-
nostic codes in the maternal and infant records, we esti-
mated the last menstrual period before the pregnancy.20 
We restricted the cohort to women who were continu-
ously eligible for Medicaid from three months before 
the estimated last menstrual period month through one 
month post partum. To ensure complete ascertainment 
of claims throughout the entirety of pregnancy, we 
restricted our analysis to women without restricted ben-
efits, private insurance, or certain capitated managed 
care programs that underreport claims to Medicaid 
Analytic eXtract. We also required that the linked 
infants met the same Medicaid eligibility criteria as 
their mothers for at least three months after birth, 
unless they died, in which case we allowed a shorter 
eligibility period. We excluded pregnancies in which 
the mother used known teratogenic drugs, including 
lithium, antineoplastic agents, retinoids, and thalido-
mide during the first trimester21 (n = 3528) and pregnan-
cies in which the infant was diagnosed as having a 
chromosomal abnormality (n = 1175) (see supplemen-
tary figure S1).

statin use
In the primary analysis we defined statin use based on 
one or more claims for a dispensed statin from the last 
menstrual period through day 90 of pregnancy (first tri-
mester), the causal relevant window of exposure for 
congenital malformations. We considered the following 
statins: simvastatin, lovastatin, pravastatin, fluvasta-
tin, atorvastatin, cerivastatin, and rosuvastatin. The 
reference group for the primary analysis consisted of 
women who were not dispensed a statin during the first 
trimester. Statins are only available as prescription 
drugs in the United States (that is, they are not available 
over the counter).

Outcomes
The primary study outcome was the presence of a con-
genital malformation in the infant. We defined congen-
ital malformations based on the diagnosis of one or 
more organ specific malformations. Organ specific mal-
formations assessed included central nervous system 
malformations; eye, ear, neck, and face malformations; 
cardiac malformations; respiratory malformations; 
cleft palate or lip malformations; gastrointestinal 
 malformations; genitourinary malformations; 

 musculoskeletal malformations; or other malforma-
tions. These were identified based on the presence of 
international classification of diseases, ninth revision 
(ICD-9) diagnostic codes on two or more separate days 
in the infant inpatient or outpatient records during the 
first three months of life. We required diagnostic codes 
on separate days to increase the specificity of the defini-
tion, by excluding cases in which a single mention may 
be recorded to justify a diagnostic test to rule out that 
condition. Secondary outcomes included each of the 
nine organ specific categories of malformation.

Covariates
We considered four groups of potential confounders: 
maternal demographic characteristics, comorbid medi-
cal conditions, obstetric characteristics and conditions, 
and drugs dispensed to the mother. These covariates 
were selected because they are potential risk factors for 
malformations, or proxies for them. Demographic char-
acteristics assessed included maternal age at delivery, 
race/ethnicity, geographic region, and year of delivery. 
Obstetric characteristics considered included multipar-
ity and multiple gestations. Chronic comorbid medical 
conditions were defined during the baseline period 
(before the last menstrual period through to the end of 
the first trimester) and included pre-existing diabetes, 
dyslipidemia, pre-existing hypertension, chronic renal 
disease, obesity, and alcohol, tobacco, or illicit drug 
use/misuse. We included the number of distinct pre-
scription drugs (other than statins) and physician visits 
in the three months before the last menstrual period as 
markers of general comorbidity. We also assessed the 
use of drugs during the baseline period, which may be 
markers for the presence or the severity of comorbid ill-
ness, including antihypertensives, insulin, and oral 
antidiabetes drugs, as well as the use of suspected tera-
togenic drugs during the first trimester (we excluded 
those pregnancies exposed to known teratogens).21

statistical analyses
We first determined the baseline characteristics of 
women in the cohort, stratified by statin use during the 
first trimester of pregnancy, and the frequency of mal-
formations in the infants of women who did or did not 
use statins. This made it possible to calculate an unad-
justed risk ratio and 95% confidence intervals for con-
genital malformations associated with statin use. 
Because pre-existing diabetes was expected to be an 
important confounder, we estimated the association 
between statin use and the primary outcome stratified 
on pre-existing diabetes using the Mantel-Haenszel 
method.22

To account for all measured differences in baseline 
characteristics between women who did and did not 
use statins, we used propensity score based methods. 
The propensity score was determined using a logistic 
regression model that estimated the probability of 
being dispensed a statin in the first trimester based on 
all potential confounding variables mentioned, without 
further selection. Based on propensity score, we 
matched women who did and did not use statins in the 
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first trimester in a fixed 1:3 ratio, using a nearest neigh-
bor greedy matching algorithm with a maximum match-
ing distance of 0.05; covariate distribution and the risk 
ratio and 95% confidence interval for malformations 
were described in the matched cohort. In an alternative 
approach (which should be interpreted as the primary 
result), intended to preserve the information content of 
the large group of women who did not use statins, we 
conducted propensity score stratified analyses using 
the Mantel-Haenszel method after the creation of 100 
strata of equal propensity score width.22 We addition-
ally used high dimensional propensity scores to adjust 
for empirical covariates in addition to the investigator 
specified covariates, as confirmatory analyses; high 
dimensional propensity scoring has been shown to fur-
ther improve control of confounding in some circum-
stances.23 In this approach, the algorithm for high 
dimensional propensity scores evaluates thousands of 
inpatient and outpatient diagnoses and procedures as 
well as pharmacy claims, and prioritizes 100 covariates 
that may act as proxies for unmeasured confounders. 
These are then combined with investigator specified 
covariates for inclusion in the propensity scores model. 
The high dimensional propensity scores based analyses 
were conducted using stratification, as described.

subgroup and sensitivity analyses
We performed several subgroup and sensitivity analy-
ses to assess the robustness of our primary findings 
(any congenital malformation), again using stratifica-
tion by propensity score. Because they more readily 
cross the placenta, lipophilic statins (simvastatin, 
lovastatin, fluvastatin, atorvastatin, and cerivastatin) 
have been postulated to have greater teratogenic poten-
tial than hydrophilic statins.2 24 We therefore separately 
assessed the association between use of lipophilic 
statins during the first trimester and malformations, 
with exposure defined based on the specific statin pre-
scribed.25 To estimate the potential impact of exposure 
misclassification, we explored two alternative defini-
tions of first trimester statin use: firstly, days supply of 
statin overlapping the first trimester, based on dispens-
ings in the 90 days before the last menstrual period 
through to the end of the first trimester (for example, a 
woman would be considered to have used a statin if she 
was dispensed a statin before pregnancy, but with a 
supply that would be expected to extend into preg-
nancy); and secondly, two or more statin dispensings 
during the first trimester. To assess the potential impact 
of outcome misclassification we defined malformations 
based on a single diagnostic code in the infant inpatient 
or outpatient record, extended the follow-up of infants 
to one year, and defined malformations based on codes 
in either the mother or the infant claims, since in some 
circumstances in Medicaid Analytic eXtract, infants’ 
conditions are applied to the mother’s claims history for 
the first several months after birth. We also performed a 
probabilistic assessment to explore the effect of poten-
tial outcome misclassification across a range of poten-
tial sensitivities and specificities for the malformations, 
and an assessment of the potential impact of analysis 

based only on live births (see supplementary appendix 
1 and 2).19 26 27 Because some women had more than one 
pregnancy included in the cohort, we also repeated the 
analysis restricting it to the first pregnancy recorded. 
We also considered the possible effect of the complex 
relation between preterm delivery and malformations, 
since infants with malformations are more likely to be 
born preterm and infants born preterm will sometimes 
have conditions that might be coded as malformations 
that would have spontaneously resolved had the infant 
been carried to term. We therefore performed a second-
ary analysis restricting the cohort to term deliveries.

results
Our primary cohort consisted of 886 996 pregnancies. 
Of these, 1152 (0.13%) women filled a prescription for 
statin drugs during the first trimester. The most com-
monly used statins were atorvastatin (n=538), simvasta-
tin (n=319), and lovastatin (n=132) (see supplementary 
table S1).

There were important baseline differences between 
women who did and did not use statins (table 1). Statin 
users tended to be older, were less often African-Ameri-
can, and had a higher prevalence of all of the comorbid 
conditions considered. Pre-existing diabetes was com-
mon in women who filled prescriptions for statins 
(45.1%). These women were also more likely to use anti-
hypertensives, insulin, and oral antidiabetes drugs, and 
had greater healthcare utilization, including physician 
visits and non-statin prescription drugs. After matching 
on the propensity score, 96.3% of the exposed pregnan-
cies were retained in the analysis and covariates were 
balanced, with a standardized difference of less than 
0.15 in the frequency of all covariates.

Overall, congenital malformations were present in 73 
(6.34%) of the pregnancies in which statins were used 
and 31 416 (3.55%) in which they were not; the unad-
justed relative risk for malformations was 1.79 (95% 
confidence interval 1.43 to 2.23, table 2). After stratifica-
tion on pre-existing diabetes, this increase in risk asso-
ciated with statin use was substantially attenuated 
(1.34, 1.07 to 1.68). With further adjustment for all 
potential confounders, this apparent increase in risk 
associated with statins was no longer present for pro-
pensity score matched analyses (1.04, 0.79 to 1.37) 
and for propensity score stratified analyses (1.07, 0.85 
to 1.37).

In the unadjusted analyses of organ specific malfor-
mations, both central nervous system and cardiac mal-
formations were significantly more common in the 
statin exposed pregnancies (3.04 (1.27 to 7.30) and 3.05 
(2.30 to 4.03), respectively), but after adjustment for 
confounders through propensity score stratification 
these apparent associations were no longer present 
 (figure 1). None of the other organ specific malforma-
tions was significantly associated with statin use, 
though confidence intervals were wide. There were no 
cases of limb reduction anomalies or holoprosenceph-
aly in the infants of women who used statins in the first 
trimester; malformations previously hypothesized to be 
associated with exposure to statins.5 7
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Estimates across the subgroup and sensitivity analy-
ses were generally similar to those of the primary anal-
ysis. The largest increase in the observed risk estimate 
occurred in women in whom statin use was defined 
based on two dispensings in the first trimester (1.44, 
0.99 to 2.09, table 3). However, after stratification based 
on high dimensional propensity scores, the relative risk 
estimate associated with two dispensings was further 
attenuated (1.20, 0.81 to 1.80) (see supplementary table 
S2). In the analysis that required a full year of eligibility 
and follow-up of the infants, the risk estimate for the 
association between statin use and congenital malfor-
mations was significant (1.24, 1.01 to 1.53); this risk esti-
mate also attenuated with stratification on the high 
dimensional propensity scores and was no longer sig-
nificant (1.10, 0.89 to 1.36). Stratification by high dimen-
sional propensity scores across the other analyses 
resulted in estimates that were qualitatively similar to 

those of the main analysis. Correcting for potential out-
come misclassification resulted in an increase in the 
point estimate of 9.8% (see supplementary table S3).

discussion
In this cohort of 886 996 pregnancies among Medicaid 
beneficiaries, we found no significant association 
between maternal use of statins in the first trimester 
and risk for congenital malformations either overall or 
for any of the organ specific malformations examined 
after accounting for confounding variables. The upper 
bound of the confidence interval from our primary anal-
ysis implies our findings would be consistent with no 
more than a 37% increase in the overall risk of congeni-
tal malformations. Our findings therefore suggest that 
statins are not likely to be major teratogens.

These results have several important implications. 
Firstly, there are increasing numbers of women of 

table 2 | risk for major congenital malformations in infants of women who did or did not use statins during first 
trimester. Medicaid analytic eXtract 2000–07

statin use

Full cohort relative risk (95% Ci)

total no
no of congenital 
malformations risk (%) unadjusted

stratified on 
diabetes

Propensity score 
stratified

No statins 885 844 31 416 3.55 Referent Referent Referent
Statins 1152 73 6.34 1.79 (1.43 to 2.23) 1.34 (1.07 to 1.68) 1.07 (0.85 to 1.37)

table 1 | baseline characteristics of cohort stratified by statin use. Medicaid analytic eXtract, 2000–07

Characteristics
no (%) in full cohort no (%) in propensity score matched cohort
statins (n=1152) no statins (n=885 844) statins (n=1109) no statins (n=3327)

Age group (years):
  ≤19 64 (5.6) 260 664 (29.4) 64 (5.8) 164 (4.9)
 20–24 162 (14.1) 315 354 (35.6) 162 (14.6) 482 (14.5)
 25–29 243 (21.1) 180 794 (20.4) 243 (21.9) 767 (23.1)
 30–34 324 (28.1) 84 014 (9.5) 316 (28.5) 940 (28.3)
 35–39 256 (22.2) 36 964 (4.2) 234 (21.1) 700 (21)
 ≥40 103 (8.9) 8054 (0.9) 90 (8.1) 274 (8.2)
Race/ethnicity:
 White, non-Hispanic 484 (42) 360 241 (40.7) 469 (42.3) 1376 (41.4)
 Black, non-Hispanic 296 (25.7) 301 951 (34.1) 293 (26.4) 805 (24.2)
 Hispanic 197 (17.1) 133 614 (15.1) 185 (16.7) 659 (19.8)
 Asian 75 (6.5) 30 259 (3.4) 68 (6.1) 222 (6.7)
 Other 66 (5.7) 41 952 (4.7) 61 (5.5) 176 (5.3)
 Unknown 34 (3.0) 17 827 (2.0) 33 (3.0) 89 (2.7)
Patient characteristics:
 Pre-existing diabetes 520 (45.1) 27 090 (3.1) 477 (43) 1313 (39.5)
 Dyslipidemia 773 (67.1) 27 809 (3.1) 730 (65.8) 2340 (70.3)
 Pre-existing hypertension 468 (40.6) 44 248 (5) 436 (39.3) 1268 (38.1)
 Chronic renal disease 48 (4.2) 4110 (0.5) 44 (4) 102 (3.1)
 Obesity 269 (23.4) 47 003 (5.3) 262 (23.6) 766 (23)
 Multiple births 76 (6.6) 31450 (3.6) 76 (6.9) 238 (7.2)
 Multiparous 1023 (88.8) 670 477 (75.7) 984 (88.7) 2970 (89.3)
 Alcohol misuse 46 (4.0) 23 153 (2.6) 44 (4) 147 (4.4)
 Tobacco use 127 (11.0) 68 824 (7.8) 125 (11.3) 368 (11.1)
 Illicit drug use 74 (6.4) 47 230 (5.3) 72 (6.5) 244 (7.3)
Drugs:
 Antihypertensives 619 (53.7) 58 882 (6.7) 576 (51.9) 1684 (50.6)
 Insulin 351 (30.5) 11 015 (1.2) 314 (28.3) 808 (24.3)
 Oral antidiabetes drugs 447 (38.8) 11 251 (1.3) 404 (36.4) 1017 (30.6)
Also included in propensity score mode were delivery year, region, exposure to potentially teratogenic drugs during first trimester (including angiotensin 
converting enzyme inhibitors, fluconazole, aminoglycosides, folic acid antagonists, methimazole, potassium iodide, tetracycline, danazol, misoprostol, 
coumadin, and propylthiouracil), number of physician visits for any reason from 90 days before to last menstrual period, and number of distinct 
non-statin prescriptions drugs from 90 days before to last menstrual period.
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reproductive age with potential indications for statins 
for the primary and secondary prevention of cardio-
vascular disease. Some have argued for avoiding 
these drugs in young women who are not using effec-
tive contraception, because of concerns about the 
possibility of inadvertent use during pregnancy.14 28 
Our findings suggest such concerns may not be war-
ranted. Secondly, based on the potential for statins to 
interfere with some of the pathologic mechanisms 
underlying pre-eclampsia, there is growing interest in 
their potential use in preventing this pregnancy com-
plication.16 If effective for this indication, statins may 
become more frequently used in pregnancy, and our 
findings bolster confidence that these drugs can be 
used in this clinical context without undue concern 
about teratogenesis. Finally, our results, combined 
with the results of earlier observational studies, sug-
gest the need for a critical reappraisal of the US Food 
and Drug Administration and other regulator’s classi-
fication of these drugs as absolutely contraindicated 
in pregnancy.

strengths and limitations of this study
Our study has several important strengths. Firstly, Med-
icaid Analytic eXtract is one of the largest and most 
comprehensive databases of its kind. With 886 996 com-
pleted pregnancies included in the study cohort and 

1152 women using statins during the first trimester, our 
study allows for more precise estimates of the risk of 
malformations associated with statin use than previous 
studies examining this association. Furthermore, the 
database contains detailed information on patient 
characteristics, including maternal demographic char-
acteristics, medical and obstetrical conditions, and 
healthcare utilization, as well as information on drug 
use, which can serve as a marker for the presence of 
comorbid conditions and their severity. The capture of 
these covariates allows detailed assessment and adjust-
ment of conditions that might confound the association 
between statin users and non-users. Additionally, infor-
mation on statin use in the database derives from 
claims collected in a prospective manner for filled pre-
scriptions, so that our findings are not susceptible to 
recall bias, a problem that has afflicted studies of drug 
induced teratogenesis in the past.

Our study is also subject to certain limitations inher-
ent in its design. Because Medicaid Analytic eXtract is 
based on healthcare utilization data, we relied on phy-
sician coding to define the presence of a malformation. 
However, our group has previously validated certain 
specific malformations in Medicaid Analytic eXtract by 
chart review and found that when two or more codes 
are recorded in the claims, the diagnosis has a high 
 positive predictive value.29 Though requiring two 

table 3 | sensitivity and subgroup analyses comparing risk for major congenital malformations in infants of women who did or did not use statins 
during first trimester. Medicaid analytic eXtract 2000–07

analyses

no of outcomes/no of patients relative risk (95% Ci)

statins no statins unadjusted
Propensity score 
stratified

Exposure definition:
 Lipophilic statins 66/1033 31 416/885 844 1.80 (1.43 to 2.28) 1.07 (0.83 to 1.37)
 Exposure based on days supply overlapping first trimester 97/1599 31 392/885 397 1.71 (1.41 to 2.08) 1.03 (0.84 to 1.27)
 Exposure based on two dispensings in first trimester 28/335 31 461/886 661 2.36 (1.65 to 3.36) 1.44 (0.99 to 2.09)
Outcome definition:
 Malformation based on single diagnosis code in infant record 155/1152 77 253/885 844 1.54 (1.33 to 1.79) 1.10 (0.94 to 1.29)
 Require full year of infant eligibility (ascertain outcomes for one year) 92/862 37 424/687 920 1.96 (1.62 to 2.38) 1.24 (1.01 to 1.53)
 Definition of malformation based on codes in infant or maternal record 90/1152 36 787/885 844 1.88 (1.54 to 2.29) 1.09 (0.88 to 1.35)
Subgroups:
 Examine only first pregnancy for women with more than one pregnancy in cohort 67/1054 27 702/783 034 1.80 (1.42 to 2.27) 1.02 (0.79 to 1.32)
 Restrict to term deliveries (exclude preterm deliveries) 41/916 21 964/785 884 1.60 (1.19 to 2.16) 1.19 (0.86 to 1.64)

Central nervous system malformations
Cardiac malformations
Respiratory malformations
Cle� palate and lip
Gastrointestinal malformations
Genitourinary malformations
Musculoskeletal malformations
Other

3.04 (1.27 to 7.30)
3.05 (2.30 to 4.03)
1.05 (0.26 to 4.19)
1.58 (0.39 to 6.30)
1.46 (0.73 to 2.91)
0.54 (0.17 to 1.66)
1.14 (0.61 to 2.11)
0.87 (0.28 to 2.69)

0.1 0.2 0.5 1 2 5

Outcome Unadjusted

1.76 (0.64 to 4.86)
1.25 (0.93 to 1.70)
1.02 (0.25 to 4.09)
1.14 (0.21 to 6.14)
1.02 (0.49 to 2.14)
0.29 (0.09 to 1.01)
0.91 (0.48 to 1.72)
0.65 (0.21 to 1.99)

Propensity
score strati�ed
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Fig 1 | relative risks (95% confidence intervals) comparing risk for organ specific malformations in infants of women who 
did or did not use statins during the first trimester. Medicaid analytic eXtract 2000–07. *risk estimate for eye, ear, neck, 
and face malformations not shown as there were no occurrences in infants exposed to statins (see supplementary table 
s5 for number and risk of each malformation type)
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 diagnostic codes may result in high specificity for the 
outcome at the cost of some sensitivity, when an out-
come is defined with high specificity and non-differen-
tial sensitivity, results from an observational study will 
yield unbiased estimates of relative risk.30 The validity 
of our outcome definition is given additional credence 
by our ability to reproduce the known associations 
between pre-existing diabetes and both overall malfor-
mations and certain organ specific malformations 
(see  supplementary table S4).31 Also, when we per-
formed a probabilistic assessment of outcome misclas-
sification across a range of conservative estimates for 
sensitivity and specificity of the outcome, the risk esti-
mate for statin use increased only slightly, suggesting 
our null findings are robust to any realistic degree of 
outcome misclassification. Our database lacks robust 
capture of certain potential confounders, such as body 
mass index. However, given the direction of the associ-
ations, additional adjustment for body mass index or 
other similar risk factors would, if anything, tend to 
attenuate the relative risk further. In addition, based on 
the requirements of the data use agreement intended to 
protect patient privacy, we cannot disclose counts on 
fewer than 11 malformations. Finally, our definition of 
statin use is based on a dispensed statin during the first 
trimester. While it is likely a reasonable assumption 
that if a statin is dispensed, it is taken, this cannot be 
empirically verified. In an effort to further increase the 
specificity of our exposure definition, we performed a 
sensitivity analysis in which we defined statin use on 
the basis of two dispensings during the first trimester; 
after stratification based on the high dimensional pro-
pensity scores, the risk estimate from this analysis was 
also close to the null (relative risk 1.20).

An additional limitation is that the database only 
includes information on live births. However, a sensitiv-
ity analysis suggests that termination rates for the indi-
cation of fetal malformation would need to be 
unrealistically different between women who did or did 
not use statins to substantially shift the risk estimate 
(see supplementary appendix 1). Yet, while we can con-
clude that statins do not significantly increase the over-
all risk of malformations, we cannot exclude the 
possibility that they confer risk of rare, specific malfor-
mations that could not be identified in this analysis, or 
that individual statins are associated with specific risks. 
Nor can we comment on any long term effects on the 
fetus of in utero exposure to statins. In our sensitivity 
analysis in which we required a full year of eligibility 
and follow-up of the infants, the risk estimate for the 
association between statin use and congenital malfor-
mations was statistically significant. Whether this is a 
chance finding in the setting of multiple sensitivity 
analyses or a real association cannot be determined. 
Notably, the effect estimate attenuates and the statisti-
cally significant increase is no longer present when we 
stratify on the high dimensional propensity scores (see 
supplementary table 2S). Finally, our cohort was drawn 
from Medicaid beneficiaries. Though the results should 
be generalizable to other populations, even if they are 
not this group is of intrinsic interest as Medicaid 

 provides coverage for nearly half of all deliveries in 
the United States.

Conclusion
Our analysis did not find a significant teratogenic effect 
from use of statins in the first trimester. Our findings 
suggest that inadvertent use during the first trimester 
may not be as worrisome as the FDA’s class X (contrain-
dicated for use in pregnancy) designation suggests. 
However, more information about the long term effects 
of in utero exposure to statins and about the effect on 
other neonatal outcomes, as well as replication of our 
findings in other large datasets with well measured 
information on statin use, confounders, and outcomes, 
are needed before statin use during pregnancy can be 
considered safe.
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