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Abstract

Background and Objective Methotrexate should be withdrawn before pregnancy because of its teratogenic potential. We
aimed to describe the use of methotrexate in women of childbearing age in Germany and the occurrence and outcomes of
pregnancies exposed to methotrexate.

Methods Using the German Pharmacoepidemiological Research Database (GePaRD, covering ~ 20% of the German popula-
tion), we determined the age-specific and age-standardized prevalence of methotrexate use for each year between 2004 and
2019 among women aged 13—49 years (cross-sectional analyses). In a cohort analysis, we assessed the number and outcomes
of pregnancies exposed to methotrexate in the critical time window. Exposure was defined as a dispensation overlapping
with the onset of pregnancy or a dispensation in the first 8 weeks of pregnancy. For children born from exposed pregnancies,
the mother’s and children’s data were linked and the occurrence of malformations was assessed by reviewing all available
data of these children.

Results The age-standardized prevalence of methotrexate use per 1000 females increased from 1.5 in 2004 to 2.3 in 2019,
i.e., by 52%. Overall, we identified 184 pregnancies exposed to methotrexate. Of these, 53% ended in a live birth (21% pre-
term) and 11% in an induced abortion. Among 81 live-born children linked to their mothers, five children (6%) had relevant
malformations including congenital heart defects and musculoskeletal malformations.

Conclusions In Germany, the use of methotrexate in women of childbearing age has substantially increased since 2004.
Despite the known teratogenic effect, there was a considerable number of exposed pregnancies. Also, malformations likely
associated with methotrexate and thus avoidable were observed.
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and the termination of ectopic pregnancies [4]. Methotrex-
ate is a known teratogen and particularly in high doses—as
used for the treatment of cancer and for inducing elective
abortion—it has been associated with the ‘fetal methotrex-
ate syndrome’ (also known as ‘fetal aminopterin syndrome’)
including multiple malformations of the skull and limbs, car-
diovascular and central nervous system anomalies, growth
deficiency, and mental retardation [4-9]. The risk of malfor-
mations and fetal death under a low-dose treatment regimen,
as used for rheumatoid arthritis, is supposed to be lower, but
several studies show unambiguous results regarding the risks
of methotrexate to the unborn child [5, 7, 10-12].

As methotrexate can show a delayed plasma elimination
[13], it is recommended to withdraw the drug sufficiently
before the beginning of pregnancy, though the recommended
time interval varies between 1 and 3 [14] and up to 6 months
before a planned pregnancy [15]. Monitoring the use of
methotrexate in girls/women of childbearing age is thus of
public health relevance, and even more so as pregnancies
often occur unintendedly [16]. However, studies investigat-
ing the prevalence of methotrexate use in this population,
time trends, and pregnancies occurring in women exposed
to methotrexate are scarce. In a recent study from Germany,
restricted to data from 2018 and data from one German stat-
utory health insurance provider, the prevalence of metho-
trexate use (at least one dispensation in 2018) in girls/women
of childbearing age was 262 per 100,000 for rheumatoid
arthritis, and 10 per 100,000 for the oncologic indication.
Three pregnancies with methotrexate dispensation during
the first trimester were observed in this study. However, only
deliveries in hospitals with at least 13 weeks of pregnancy
were considered, and pregnancy outcomes such as induced
abortions were not captured. Furthermore, there was no link-
age of mothers and children to investigate potential malfor-
mations in the offspring [17].

To shed further light on this topic, we aimed to (i) inves-
tigate the use of methotrexate among girls and women of
childbearing age in Germany over time, (ii) describe the
specialty of prescribing physicians, and (iii) characterize
the occurrence and the outcomes of pregnancies exposed to
methotrexate, including the potential presence of malforma-
tions among exposed children.

2 Methods
2.1 Data Source

We used the German Pharmacoepidemiological Research
Database (GePaRD), which is based on claims data from
four statutory health insurance providers in Germany and
currently includes information on approximately 25 mil-
lion individuals who have been insured with one of the
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participating providers since 2004 or later. In addition to
demographic data, GePaRD contains information on drug
dispensations as well as outpatient (i.e., from general practi-
tioners and specialists) and inpatient services and diagnoses.
Per data year, there is information on approximately 20%
of the general population and all geographical regions of
Germany are represented [18, 19].

In GePaRD, the Anatomical Therapeutic Chemical (ATC)
code is used to identify drugs dispensed in the outpatient
setting. The drugs relevant for this study were identified
based on the ATC codes for methotrexate L04AX03 and
MO0O1CXO01. Diagnoses in GePaRD are coded according to
the International Classification of Diseases 10th Revision,
German Modification (ICD-10-GM). For research on drug
utilization and safety during pregnancy, algorithms to iden-
tify and classify pregnancy outcomes [20, 21], to estimate
the beginning of pregnancy [22], and to link mothers with
their newborns [23] have been developed for GePaRD.

2.2 Study Design and Study Population

2.2.1 Prevalence of Use Among Girls/Women
of Childbearing Age

To determine the prevalence of use for methotrexate over
time, we conducted year-wise cross-sectional analyses from
2004 to 2019. For each calendar year, we included all girls/
women in the numerator who had at least one dispensation
of methotrexate, were aged between 13 and 49 years in the
respective year, and were actively insured on 30 June of that
year. In the denominator, we included all girls/women aged
between 13 and 49 years in the respective year and actively
insured on 30 June of that year.

2.2.2 Identification of Exposed Pregnancies

Using the algorithm for pregnancy outcomes, we identified
pregnancies ending between 2004 and 2019 and occurring
among girls/women aged 13-49 years at pregnancy onset.
A pregnancy was classified as exposed to methotrexate dur-
ing early pregnancy if the exposure window assigned to the
last dispensation before pregnancy overlapped with the first
day of pregnancy or if there was a dispensation in the first
8 weeks of pregnancy. The latter time period was restricted
to 8 weeks rather than 12 weeks because it seems thus more
likely that the dispensed drug was actually used during the
first trimester. The exposure window was defined as the
dispensation date plus the number of defined daily doses
(DDDs) in the package or in the injection. In a sensitivity
analysis, we further extended the exposure window by 3
months to take into account delayed elimination because of
pharmacokinetic properties [13]. In order to assess exposure
status, continuous health insurance of the mother before the
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onset of pregnancy was required for at least the number of
days covered by the largest available package of methotrex-
ate plus, for the sensitivity analysis, the time period required
for extension of the exposure window.

Given that there may partly be no outcome recorded for
incomplete pregnancies in claims data (e.g., spontaneous
abortions not requiring medical treatment, induced abortions
without a medical indication), which would therefore remain
undetected if only applying the outcome algorithm, we also
searched for this type of incomplete pregnancy. To qualify
for this category, there had to be at least a code indicating
the expected delivery date and another indicator of a preg-
nancy (e.g., a pregnancy-related examination) within a plau-
sible time interval after the onset of pregnancy. We deter-
mined the exposure status of these pregnancies as described
above. Pregnancies still ongoing at the end of observation
in GePaRD were included in the analysis determining the
number of exposed pregnancies but not in the description of
the distribution of pregnancy outcomes because information
on their outcomes was not available yet.

2.2.3 Exploration of Potential Malformations Among
Exposed Children

For exposed pregnancies ending in a live birth, we applied
the algorithm linking mothers with their newborns [23] to
explore potential congenital malformations in the children.
Among linked children, we identified those with any mal-
formation code (ICD-10-GM Q00-Q99) occurring up to 1
year after birth. Subsequently, profiles were reviewed taking
into account all available information in GePaRD on these
children until the end of their observation period in GePaRD
(end of insurance, death or end of the study period, i.e.,
31 December, 2019) in order to verify the occurrence of
malformations. This patient profile review was performed
independently by two reviewers. In this review, we consid-
ered the diagnoses in the context of the patients’ history
(e.g., gestational age at birth or chromosomal abnormalities
as potential alternative explanations for malformations) and
took into account information supporting or confirming the
presence of malformations (e.g., whether it was coded in
the inpatient setting, whether there were repeated diagnoses
or specific treatments/surveillance examinations). Disagree-
ment between the reviewers regarding the certainty of mal-
formations was solved by consensus.

2.3 Data Analysis

In the cross-sectional analyses, we determined age-spe-
cific and age-standardized prevalence for each year, using
the age distribution of the German female population on
31 December, 2019 as the reference. We used 5-year age
groups (except for age group 13—15 years), as this was a

good compromise between the sample size and homogeneity
within groups. To describe the prescribing physicians, we
considered all methotrexate dispensations in the respective
year among included girls/women and assigned the specialty
of the prescribing physician based on the information con-
tained in the individual physician number [24].

As to pregnancies, we determined the number of those
classified as exposed overall and described the mothers’ age
at pregnancy onset as well as the pregnancy outcomes.

The distribution of continuous variables was summarized
as mean and median [interquartile range], while categorical
variables were expressed as frequency counts (percentages).
We conducted all statistical analyses using the software SAS
version 9.4, SAS Institute Inc., Cary, North Carolina, USA.

3 Results

3.1 Prevalence of Use Among Girls/Women
of Childbearing Age

Overall, the number of girls and women of childbearing age
with at least one dispensation of methotrexate ranged from
5418 to 9768 per year. The age-specific and age-standard-
ized prevalence of use per 1000 girls/women is displayed in
Fig. 1. The age-standardized rate increased by 52% during
the study period, from 1.51 in 2004 to 2.30 in 2019. In rela-
tive terms, the highest increase during the study period was
observed in the age groups 13—-15 years (0.44/1000 in 2004
vs 1.01/1000 in 2019, i.e., increase by the factor 2.3), 16-20
years (0.52 vs 1.04, i.e., increase by the factor 2.0), and
21-25 years (0.56 vs 1.10 i.e., increase by the factor 2.0),
whereas in absolute terms, the highest increase occurred in
the age group 4649 years (3.57 vs 5.42). The proportion of
girls/women treated with methotrexate <40 years increased
over time, it ranged between 39.5% in 2008 and 49.2% in
2019 (see Electronic Supplementary Material [ESM]).
Table 1 shows, for each year during the study period, the
specialty of the prescribing physician for all prescriptions
filled by girls or women of childbearing age. The propor-
tion of methotrexate prescriptions issued by rheumatologists
increased during the study period, from 34% in 2009 to 46%
in 2019, whereas the proportion issued by general practition-
ers and specialists for internal medicine decreased in the
same time interval (from 25% in 2009 to 13% in 2019 and
from 21% in 2009 to 14% in 2019, respectively).

3.2 Characterization of Exposed Pregnancies
Overall, we identified 184 pregnancies classified as exposed
during early pregnancy, occurring in 176 women (a flow

chart is provided in the ESM). The median age of these
women was 33 years at pregnancy onset. The distribution of
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(Direct age standardization was performed based on the age distribution of the German female population on December 31, 2019).

Fig.1 Age-specific and age-standardized prevalence of methotrexate use per 1000 girls/women aged 13-49 years and calendar year

these pregnancies according to the year of pregnancy onset
is shown in the ESM. One hundred and ten pregnancies were
defined as exposed because of dispensations overlapping
with pregnancy onset, 57 had a dispensation in the first 8
weeks of pregnancy, and for 17 pregnancies, both held true.
For exposed pregnancies that were no longer ongoing at the
end of the observation period (N = 168), the distribution
of pregnancy outcomes is summarized in Table 2. A total
of 53% of exposed pregnancies (n = 89) ended in a live
birth, thereof 21% (n = 19) classified as preterm births, 11%
(n = 19) in an induced abortion, and 4% in a spontaneous
abortion (n = 6). For 46 pregnancies (27%), no outcome
was recorded (i.e., they are assumed to also be abortions).
In sensitivity analyses extending the exposure window by 3
months before pregnancy, the number of exposed pregnan-
cies increased to 385 and was thus twice as high as in the
base-case analysis.

3.3 Characterization of Exposed Children

For 81 out of the 89 live-born children exposed during
pregnancy, the mother’s and baby’s data could be linked.
Of these, five children (6%) had malformations that were
considered as certain based on profile reviewing: two chil-
dren had a defect of the heart; one of these children also had
a musculoskeletal malformation. Further, two children were
affected by malformations of the musculoskeletal system and
one child had a nervous system anomaly (see Fig. 2).
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4 Discussion

In this population-based study covering 20% of the German
population, we found that the age-standardized prevalence
of methotrexate use among girls and women of childbearing
age increased by more than 50% between 2004 and 2019
in Germany. This increase was particularly pronounced in
girls/women up to the age of 25 years. Across the whole
study period, between 40% and 49% of users were aged
< 40 years, i.e., in age groups in which pregnancies typi-
cally occur. Overall, we identified 184 pregnancies exposed
to methotrexate at the onset of or in early pregnancy. About
half of these pregnancies ended in a live birth and among
live births, about 6% had malformations. According to sen-
sitivity analyses taking into account the delayed elimination
of methotrexate, the number of exposed pregnancies may
even be twice as high because methotrexate was stopped
too shortly before pregnancy, i.e., pregnancy started prior
to sufficient plasma elimination of methotrexate.

There is hardly any other study to which we can compare
our findings. A study analyzing claims data from one Ger-
man statutory health insurance provider for the year 2018
did not report the age-standardized prevalence of metho-
trexate use but only the overall number of methotrexate
users among all girls/women aged 13-49 years (N = 5173)
[17]. This yields a crude prevalence of 262 per 100,000,
which is thus not very different from the age-standardized
prevalence of 230 per 100,000 observed in our study. Time
trends of methotrexate use among women of childbearing
age were not analyzed in this study nor, to the best of our
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Table 2 Distribution of pregnancy outcomes in pregnancies exposed
to methotrexate in early pregnancy (N = 168)*

Outcome of exposed pregnancies n (%)
Live births 89 (52.98)
Thereof preterm birth, n (% of live births) 19 (21.35)
Still birth 0 (0.00)
Induced abortion 19 (11.31)
Ectopic pregnancy or molar pregnancy 8 (4.76)
Spontaneous abortion 6 (3.57)
No pregnancy outcome was recorded” 46 (27.38)

*Pregnancies that were still ongoing at the end of the observation
period are not listed here as the outcome could not be determined yet
(applied to 16 pregnancies)

"There were clear indicators of a pregnancy but no outcome was
recorded. It can be assumed that these pregnancies ended in a sponta-
neous abortion not requiring medical care or an induced abortion not
reimbursed by the health insurance

knowledge, in any other study. We can therefore only com-
pare our findings on time trends to a data source reporting,
for each year, the total number of DDDs dispensed to all
persons with statutory health insurance in Germany (i.e.,
no denominator/prevalence estimate, no restriction to girls/
women of childbearing age). Even though comparability is
limited, this report confirms a substantial increase in the use
of methotrexate for the ATC code MO1CXO01 between 2011
and 2019 (2011: 52 million dispensed DDDs [25]; 2019: 83
million dispensed DDDs [26]), and it also increased for the
oncological ATC code [27]. The increase in the prevalence
of methotrexate use may have different reasons. First, the
prevalence of the autoimmune diseases treated with metho-
trexate has increased [3, 28]; second, it may have been a
stepwise process until changes in guidelines were fully
adopted in the real-world setting. In rheumatoid arthritis,
for example, methotrexate has been recommended as part of
the initial treatment strategy for patients with active rheuma-
toid arthritis and been considered an anchor drug due to its
efficacy and long-term safety [29-31] for many years, while
it was used only sporadically until the mid-1980s. A study
from Germany conducting annual cross-sectional analyses
among 38,723 outpatients with rheumatoid arthritis showed
that in 2007, 56% of patients were treated with methotrexate
[32], while for several other countries (e.g., Denmark, Nor-
way, Brazil) higher proportions were reported in the 2000s
[33].

Irrespective of the reasons underlying the increased use
of methotrexate in girls/women of childbearing age, this
trend deserves attention due to the teratogenic potential of
this drug. For regulatory agencies, it is important to know
which kinds of physicians are relevant regarding the com-
munication of risks. Our study suggests that the importance
of rheumatologists as physicians prescribing methotrexate
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has substantially increased in recent years (46% of all dis-
pensations in 2019). The high proportion of rheumatologists
is also consistent with the recommendation that rheuma-
tologists should primarily care for patients with rheuma-
toid arthritis and also for musculoskeletal manifestations
in patients with psoriatic arthritis [29-31, 34]. However,
because of the heterogeneity of indications, other specialties
as well as general practitioners are relevant target groups.
Regarding psoriatic arthritis, guidelines recommend con-
sidering methotrexate at an early stage of the disease [34].
In 2019, 7% of dispensations of methotrexate were issued
by dermatologists. The use of methotrexate is also recom-
mended in Crohn’s disease but only if azathioprine or 6-mer-
captopurine is not tolerated [35], which may explain part of
the dispensations issued by specialists of internal medicine
other than rheumatologists.

Our analyses on the occurrence of pregnancies exposed
to methotrexate indeed indicate that there may be a need
to further increase the awareness of the risks of metho-
trexate among physicians who prescribe this drug to girls/
women of childbearing age, also with respect to the delayed
plasma elimination. In our sample covering 20% of the Ger-
man population, we identified 184 pregnancies exposed to
methotrexate in the critical time window, i.e., it can be esti-
mated that there were 920 such pregnancies in the whole of
Germany between 2004 and 2019; taking into account the
delayed plasma elimination of methotrexate, there were 385
exposed pregnancies, corresponding to an estimated number
of 1925 pregnancies throughout Germany. The finding that
6% of live-born children exposed to methotrexate in early
pregnancy showed a malformation confirms the known risk
of this drug to the unborn child. Moreover, the fact that for
11% of exposed pregnancies in our study an induced abor-
tion was coded, as compared to 3.6% if all pregnancies in
GePaRD are considered [21], might partly be due to in utero
diagnoses or suspicions of malformations.

A specific strength of our study is the large claims data-
base that has been shown to be representative of persons
with statutory health insurance in Germany in terms of drug
dispensations [36]. The available data allowed us to assess
trends in methotrexate dispensations over a 15-year period.
Since we used claims data, our analysis was not affected
by recall or non-responder bias. Additionally, the sophis-
ticated methods we developed for GePaRD (i) to identify
pregnancy outcomes [21], which was further optimized to
capture incomplete pregnancies, (ii) to link mothers’ and
babies’ data [23], and (iii) to estimate the beginning of preg-
nancy predominantly based on the estimated date of delivery
[22], which is expected to minimize the misclassification of
gestational age, are strengths of our study.

Our study also has limitations. First, as in all pharma-
coepidemiological studies, there is uncertainty whether
patients filling a prescription are actually taking the drug
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Methotrexate-exposed newborns
with congenital malformations
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Congenital malformations of lower limb(s),
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a0ne child had both congenital deformity of feet and several heart defects

Fig.2 Malformations observed in children exposed to methotrexate in early pregnancy

but we assume that for severe chronic diseases such as those
treated with methotrexate, this limitation is less relevant.
Second, given that information on the prescribed dose is
not available in German claims data, we used the defined
daily dose, which may have overestimated or underestimated
exposure windows. Third, we decided against analyzing the
ATC code LO4AX03 and MO1CXO01 separately because, as
these codes are defined, this would not be meaningful to
conclude on the indication. The indication of a prescription
is not recorded in claims data. For several drugs, it has been
shown that it is possible to estimate the indication based
on hierarchical algorithms that combine and classify all
information available on the patient, but this was beyond
the scope of our study. Fourth, it should be noted that we
cannot rule out that methotrexate may have been used to
treat an ectopic pregnancy within the first 8 weeks after the
onset of pregnancy. It is used for the treatment of ectopic
pregnancies, but there are also other treatment options [37].
Even though the proportion of ectopic pregnancies in our
study (4.8%) was slightly higher than estimated for all preg-
nancies in Germany (1.3-2.4%, [37]) the absolute number of
ectopic pregnancies was still low (eight pregnancies). There-
fore, we do not think that this had a relevant impact on our
results. Finally, it is important to note that our study was not
designed to estimate the causal effects of methotrexate expo-
sure during pregnancy. This would have required another
design including the consideration of relevant confounders,
as well as a larger sample of exposed children, which might
be achieved by a consortium of large databases in a future
study. With regard to the malformations observed in children
exposed during pregnancy, we conducted an in-depth patient

profile review based on all diagnoses and procedure codes
available in GePaRD but did not have additional clinical
data.

5 Conclusions

Our study showed that the use of methotrexate in women
of childbearing age has substantially increased since 2004.
Despite the known teratogenic effect, there was a consider-
able number of pregnancies exposed to methotrexate in early
pregnancy or in the 3 months prior. The malformations we
observed in children born from exposed pregnancies point
to the risks of methotrexate to the unborn child. Overall,
our study emphasizes the need for appropriate counseling
by physicians prescribing methotrexate to girls/women of
childbearing age in order to avoid malformations due to this
drug, which includes the use of effective contraception and
the change of treatment well before pregnancy.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40261-022-01227-6.
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