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Summary
Background: Data about the safety of allopurinol in pregnant women are sparsely 
reported.
Aims: To investigate the risk of adverse pregnancy outcome and congenital abnor-
malities after in utero exposure to allopurinol in inflammatory bowel disease (IBD) 
pregnancies and in general.
Methods: We collected safety data of patients with IBD who were treated with al-
lopurinol during pregnancy between January 2013 and March 2022. Additionally, we 
performed a systematic review about the teratogenic potential of allopurinol.
Results: We collected data from 42 allopurinol-exposed pregnancies, including 
one twin pregnancy; in all women, allopurinol was combined with a thiopurine. Six 
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1  | INTRODUC TION

Allopurinol, a xanthine oxidase inhibitor, was discovered five decades 
ago and is still widely used as treatment for gout and in the preven-
tion of tumour lysis syndrome and recurrent nephrolithiasis.1–4 It 
is also used in the management of autoimmune hepatitis (AIH) and 
inflammatory bowel disease (IBD) via the optimisation of the metab-
olism of immunomodulating therapy with thiopurines (azathioprine 
and mercaptopurine).5–9 The addition of allopurinol to a thiopurine 
leads to a reduction of the potential toxic 6-methylmercaptopurine 
(6-MMP) levels and a concomitant rise in the pharmacologically ac-
tive 6-thioguanine nucleotide levels.6–8 Therefore, patients with a 
preferential metabolism towards 6-MMP can benefit from the ad-
dition of allopurinol to a reduced dose of the original thiopurine.6 
Moreover, it was recently shown that the remission rate in IBD was 
significantly higher in ulcerative colitis (UC) patients on azathioprine 
combined with allopurinol compared to azathioprine monotherapy 
(OR 2.54; 95% CI, 1.00–6.78; p < 0.048).5 Because IBD incidence 
peaks in the second and third decades, and AIH also occurs during 
the reproductive years, many women wish to bear children, regard-
less of allopurinol treatment. Maternal and foetal safety of medica-
tion used during pregnancy is important and needs to be balanced 
with the potential risk of disease relapse. Especially considering that 
active disease is associated with adverse pregnancy outcomes.10,11

As allopurinol inhibits purine synthesis and hence may have direct 
effects on foetal dividing cells, the Food and Drug Administration 
stated that this drug should only be used during pregnancy when 
there is no safe alternative and when the disease itself carries risks 
for mother or child. A 2018 review, including a total of 53 first tri-
mester allopurinol-exposed infants, concluded that the association 
between allopurinol and teratogenicity appears to be weak, but 
there were not enough cases to draw firm conclusions.12 Since both 
the American Gastroenterological Association guideline and the 
European Crohn's and Colitis Organisation (ECCO) guideline high-
lights that the available data are insufficient, no recommendation 

can be made regarding its use during pregnancy, hence making it 
difficult to counsel women of fertile age/pregnant women.10,11 To fill 
this gap in current knowledge about the use of allopurinol in preg-
nancy, the aim of the present multicentre study was to investigate 
the risk of adverse pregnancy outcome after maternal allopurinol 
use in combination with a systematic literature review about the po-
tential teratogenicity of allopurinol during pregnancy.

2  | MATERIAL S AND METHODS

2.1 | Study design

This multicentre study was performed from January 2013 to March 
2022 in 11 centres in the Netherlands and one centre in Denmark. 
Moreover, the Pharmacovigilance Centre Lareb, a Dutch institute 
that identifies and reports adverse drug reactions, was approached 
for IBD cases. Patients were identified by their treating physician 
by personal recall and/or by quiring the local hospital database. 
They were included if diagnosed with Crohn's disease (CD), UC or 
IBD-unclassified and exposed to allopurinol during their pregnancy. 
Allopurinol exposure was defined as use of allopurinol at any given 
time during estimated time of conception and/or pregnancy. In some 
cases, the researchers were notified by the treating physician when 
patients became pregnant and data were collected prospectively, 
while in other cases the researchers were notified after the delivery 
and data were collected retrospectively.

2.2 | Maternal and IBD-related characteristics

The following patient characteristics were collected: age at delivery, 
smoking habits and alcohol consumption during conception or preg-
nancy, type of IBD, disease duration, daily dosage of allopurinol, co-
medication and obstetric history.

pregnancies (14.3%) resulted in miscarriage and one in stillbirth at 32 weeks. A con-
genital anomaly was observed in one newborn (coarctation of the aorta discovered 
postpartum). Three pregnancies, including the twin pregnancy, ended in moder-
ate preterm delivery and one in very preterm delivery. Five neonates (15.2%) were 
small for gestational age. From our literature search, we identified an additional 102 
allopurinol-exposed pregnancies resulting in 129 live births, including 36 infants from 
our cohort. Ten infants (7.8%) were born with a congenital anomaly. Two (1.6%) had a 
comparable pattern of multiple anomalies. The systematic review sub-analysis includ-
ing only infants born to mothers with IBD (n = 76) revealed that 2.6% of infants had 
congenital anomalies after in utero exposure to a low dose of allopurinol.
Conclusions: Overall, the teratogenicity of allopurinol remains inconclusive. Children 
conceived by mothers treated for IBD with allopurinol/thiopurine co-therapy do not 
seem to have an increased risk of congenital anomalies.
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2.3 | Pregnancy and neonatal characteristics

The following data on pregnancy and neonatal outcome were col-
lected: disease activity during pregnancy, antibiotics-treated in-
fections during pregnancy, obstetric complications (e.g. pregnancy 
induced hypertension, gestational diabetes, preeclampsia, HELLP 
[haemolysis, elevated liver enzymes and low platelets], hyperem-
esis gravidarum), mode of delivery, birthweight, gestational age 
at birth, Apgar scores (5 min), congenital anomalies and neonatal 
complications (i.e. neonatal infections, neonatal ward admission 
or neonatal intensive care unit admission including the reasons for 
admission).

Pregnancy loss before the 16th week was considered a mis-
carriage and after 16 weeks a stillbirth.13 Very preterm birth was 
defined as birth before 32 weeks and moderate preterm birth as a 
birth between 32 and 37 weeks gestational age. Low birthweight 
was defined as a birthweight below 2500 g. In the Netherlands, 
small for gestational age (SGA) was defined as birthweight below 
the 10th percentile of the gestational age computed in the na-
tional pregnancy cohort.14 In Denmark, this was defined as a birth-
weight of more than 2 standard deviations (SD) below the mean 
for children of similar gestation age, according to the reference 
curve of estimated foetal growth.15 An Apgar score of less than 
7 after 5 min was considered low and a score of 7 or higher was 
considered normal. In our manuscript, congenital anomalies were 
defined as structural or functional anomalies present at birth, 
with the exclusion of known chromosomal or genetic conditions. 
A flare in IBD disease activity during pregnancy was assessed by 
the treating physician and was based on either clinical symptoms, 
biomarkers or endoscopy.

2.4 | Statistical considerations

Categorical variables were described as numbers with percentages. 
Continuous variables were presented as means with SD or as medi-
ans with interquartile ranges (IQR1–IQR3), depending on their distri-
bution. Normality was tested by visual inspection of histograms and 
with the Shapiro–Wilk test. All analyses were performed with SPSS 
statistics version 26 (IBM, Armonk, NY, USA).

2.5 | Systematic literature review and search

A systematic literature search was performed using the Embase 
and PubMed databases to collect publications before November 
2022. The PubMed/Embase search strategy has been included as 
a File S1.

The search was restricted exclusively to human subjects and 
the reference lists of identified papers were cross-checked for 
additional relevant studies missed during the original search. 
Any original article, case report or conference abstract written in 
English or Dutch was eligible and there was no restriction in terms 

of publication date. Non-original articles and duplicates were ex-
cluded from this review.

After the search, the collected literature was screened on title 
and abstract by the first and last author for eligibility for full text 
evaluation. Disagreement regarding study eligibility was resolved by 
consensus between the first and last author. The same process was 
used for the full text screening. Studies that included women who 
took allopurinol at any time during pregnancy for a maternal indica-
tion such as gout, AIH or IBD, and reported foetal outcomes were in-
cluded. Studies in which allopurinol was used for a foetal indication, 
for example, reduction of hypoxic–ischemic brain injury, cardiopro-
tective effect, placental dysfunction, were excluded. Also, studies 
that only reported maternal outcomes or did not mention anything 
about congenital anomalies in live born children were not eligible for 
inclusion. The primary outcome of our review was the number and 
type of congenital anomalies. The secondary outcomes were other 
adverse pregnancy outcomes.

3  | RESULTS

3.1 | Maternal characteristics

We identified 42 pregnancies (41 singleton and 1 twin pregnancy) 
in 31 women with IBD, including four pregnancies previously men-
tioned by Julsgaard et al.16,17 Required additional data was provided 
by the treating physician for these four previously described preg-
nancies. In 35 (83%) pregnancies, data were collected retrospec-
tively and in seven (17%) pregnancies prospectively.

A thiopurine in combination with daily allopurinol was used by 
all women during the first trimester. Maternal characteristics are 
shown in Table 1.

3.2 | Pregnancy complications

Obstetric complications were observed in seven pregnancies (17%). 
One patient was admitted at week 40 for fever caused by influenza 
type A virus, after which it was decided to induce labour. Obstetrical 
outcomes are shown in Table 2.

Seven (17%) women, all but one diagnosed with UC, experi-
enced a disease relapse. Watchful waiting was chosen in two 
cases, and no alterations to medical treatment was needed. In the 
other five cases treatment was started with 25 mg of oral predni-
sone (n = 1), oral budesonide (n = 1), oral mesalamine (n = 1), short-
ening the infliximab interval (n = 1) or by restarting, 15 weeks after 
the discontinuation, azathioprine with allopurinol at 24-week ges-
tational age (n = 1).

Six pregnancies (14.3%) resulted in a first trimester miscarriage 
after a median of 8 weeks and 4 days (IQR 8–10 weeks). One preg-
nancy resulted in a still birth at 32 weeks. During this pregnancy, the 
patient developed disease activity at week 27 for which treatment 
with oral prednisolone 25 mg daily was started. At 32 weeks, there 
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was a foetal demise after which labour was induced, resulting in a 
stillborn baby with a weight normal for gestational age (1970 g) with-
out any congenital malformations. Placental examination did not re-
veal the cause of foetal death, and no further investigations were 
performed.

In 14 of the 35 completed pregnancies (40%), a caesarean section 
was performed; seven were elective and seven were performed in 
an emergency setting. The indication for an elective caesarean were: 
perianal disease (n = 3), previous caesarean section (n = 1), breech 
position (n = 2) and on advice of the gastroenterologist (n = 1). The 
indications for an emergency caesarean were: foetal distress (n = 3), 
obstructed labour (n = 2) and severe preeclampsia (n = 2).

3.3 | Foetal and neonatal outcomes

Three pregnancies, including the twin pregnancy, ended in a mod-
erate preterm delivery (range 32–35 + 6 weeks) and one in a very 
preterm delivery (28 weeks). In none of these pregnancies did the 
mother have a disease flare during pregnancy. The five children 
born preterm had a median birthweight of 2145 gram (range 1030–
2680 g), and one was SGA (singleton pregnancy). During four ad-
ditional singleton pregnancies, the offspring were also SGA. In one 
of these pregnancies, a flare occurred at gestational week 28, and 
was resolved with oral budesonide. One neonate was born with a 
congenital anomaly (coarctation of the aorta). During pregnancy this 
neonate was exposed to infliximab and azathioprine in combination 
with allopurinol and no genetic cause was detected. Neonatal char-
acteristics are provided in Table 2.

Six newborns (17%) were admitted to the neonatal ward for 
various reasons (Table 2). On day two after delivery, one newborn, 
initially admitted due to hypoglycaemia and hypotonia was trans-
ferred to the neonatal intensive care unit due to respiratory distress 
syndrome.

In 30 (86%) of 35 completed pregnancies, allopurinol was continued 
during the postpartum period. Overall, 12 (40%) offspring of mothers 
on allopurinol were breastfed for an unspecified period, without any 
reports of adverse infant outcomes based on maternal information pro-
vided to their treating gastroenterologist. The reasons for not breast-
feeding in the remaining 18 (60%) cases were not reported.

TA B L E  1   Maternal characteristics of allopurinol-exposed 
pregnancies (n = 42).

Dutch cohort 34 (81%)

Dutch Pharmacovigilance Centre Lareb 2 (5%)

Danish cohort 6 (14%)

Age at delivery in years, mean (SD) 30 (5.1)

Disease duration in years, median (IQR) 6 (3–8)

Inflammatory bowel disease subtype, n (% of cases):

Ulcerative colitis 9 (21)

Crohn's disease 33 (79)

Previous IBD surgery, n (% of cases) 3 (7.1)

Smoking, n (% of cases)

Yes 3 (7)

No 31 (74)

Missing 8 (19)

Multiparous, n (% of cases) 22 (52)

Previous miscarriage, n (% of cases) 10 (24)

Allopurinol used during pregnancy, n (% of cases)

Conception and First trimester 42 (100)

Second trimester 32 (76)

Third trimester 32 (76)

Throughout pregnancy 31 (74)

Daily dosage of allopurinol in milligram, median 
(IQR)

100 (100–100)

Type of thiopurine, n (% of cases)

Azathioprine 19 (45)

Daily dosage in milligram, median (range) 50 (50–75)

Mercaptopurine 17 (41)

Daily dosage in milligram, median (range) 25 (25–50)

Unknown 6 (14)

IBD co-medication during first trimester, n (% of 
cases)

42 (100)

Thiopurine 42 (100)

Oral mesalazine 8 (19)

Anti-TNF-α 9 (21)

Vedolizumab 2 (5)

Other 2 (5)

IBD co-medication during second trimester, n (% 
of cases)

36 (100)

Thiopurine 35 (97)

Oral mesalazine 8 (22)

Anti-TNF-α 8 (22)

Vedolizumab 2 (6)

Oral prednisone 1 (3)

Other 2 (6)

IBD co-medication during third trimester, n (% of 
cases)

36 (100)

Thiopurine 35 (97)

Oral mesalazine 8 (22)

Anti-TNF-α 6 (17)

Vedolizumab 2 (6)

Oral prednisone 1 (3)

Oral budesonide 1 (3)

Other 2 (6)

Abbreviations: Anti-TNF-α, anti-tumour necrosis factor-α; IBD, 
inflammatory bowel disease; IQR, interquartile range; SD, standard 
deviation.

TA B L E  1   (Continued)
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3.4 | Results systematic literature review

The search strategy yielded 693 articles and nine articles were iden-
tified from citation searching. After removing duplicates 583 articles 
were screened for title and abstract. Of the 80 articles selected for 
full-text review, 28 were included in this study. In order to avoid du-
plicates, the two studies with the total of four cases included in the 
present multicentre study were excluded from the review.16,17 The 
selection process is depicted in Figure 1.

3.5 | Allopurinol exposure during pregnancy: 
Review of all cases

A total of 102 allopurinol-exposed pregnancies have been de-
scribed in the literature (Table 3). Together with the 42 pregnan-
cies in this cohort, we collected data of 144 allopurinol-exposed 
pregnancies. Allopurinol was used in varying dosages (range 50–
600 mg/day) for different indications such as IBD, gout, related 
hyperuricaemia conditions and leukaemia. These pregnancies 

TA B L E  2   Pregnancy complications and outcomes of 42 women who received allopurinol during pregnancy.

Singleton pregnancies (n = 41)
All pregnancies including 
1 twin pregnancy (n = 42)

Complications

PIH, n (% of cases) 1 (2.4) 1 (2.4)

Gestational diabetes, n (% of cases) 2 (4.9) 2 (4.8)

Pre-eclampsia (including HELLP), n (% of cases) 4 (9.8) 4 (9.5)

Hyperemesis gravidarum, n (% of cases) 0 (0) 0 (0)

Infectious maternal complications during pregnancy which required 
hospitalisation or antibiotics, n (% of cases)

1 (2.4) 1 (2.4)

Influenza type A virus 1 (2.4) 1 (2.4)

Pregnancy outcomes

Miscarriage, n (% of cases) 6 (15) 6 (14)

Stillbirth, n (% of cases) 1 (2) 1 (2)

Number of live born children 34 (83) 36 (84)

Gestational age in weeks, median (IQR) 39 (38–40) 39 (38–40)

Birth weight (g), median (IQR) 3375 (2970–3800) 3320 (2807–3743)

Preterm birth, n (% of cases)

Very preterm <32 weeks GA 1 (3) 1 (3)

Moderately preterm 32–36 weeks GA 2 (6) 3 (9)

Low birthweight (<2500 g), n (% of cases) 2 (6) 4 (11)

Small for gestational age, n (% of cases) 5 (16.1, n = 31) 5 (15.2, n = 33)

Congenital anomalies in live born children, n (% of cases) 1 (3) 1 (2.8)

APGAR score <7 after 5 min, n (% of cases) 0 (0, n = 29) 0 (0, n = 31)

Caesarean section, n (% of cases) 14 (41) 14 (40)

Infant admission to neonatal ward or neonatal intensive care unit

Neonatal ward admission, n (% of cases) 6 (18) 6 (17)

Reasons for neonatal ward admission, n (% of cases)a

Prematurity 1 (3) 1 (3)

Glucose monitoring/ neonatal hypoglycaemiab 5 (15) 5 (14)

Jaundice 1 (3) 1 (3)

Hypotonia 1 (3) 1 (3)

Neonatal intensive care admission, n (% of cases) 1 (3) 1 (3)

Reasons for neonatal intensive care admission, n (% of cases)

Respiratory distress syndrome 1 (3) 1 (3)

Abbreviations: HELLP, haemolysis, elevated liver enzymes and low platelets; IQR, interquartile range; PIH, pregnancy-induced hypertension.
aSome infants were admitted for more than one reason.
bInfant was initially admitted at the neonatal ward admission due to hypoglycaemia and hypotonia but later transferred to the neonatal intensive care 
unit due to respiratory distress syndrome.
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resulted in 129 live births (including three twin pregnancies), 
12 miscarriages (8%), three stillbirths (2%) and three elective 
abortions (2%). A preterm birth occurred in 17% of pregnancies 
(n = 20/120 + missing data in 6 cases) and 14% (n = 13/91 + miss-
ing data in 38 cases) of infants were born with a low birthweight. 
Ten infants (7.8%) were born with one or more congenital 
anomalies (Table  3 and Table  S1), one with an inborn error of 
metabolism (phenylketonuria) and one with a genetic disorder 
(congenital hypoparathyroidism).18–22 There was no clear corre-
lation between pregnancy outcome and disease type (Table S1). 
The median daily maternal allopurinol dosage in the infants with 
a congenital anomaly was 100 mg (range 100–400 mg). Except 
for two infants, only exposed in the second and third trimes-
ter, all other congenital anomalies occurred in infants at least 
exposed to allopurinol in the first trimester (n = 8; Table 3). The 
percentage of reported congenital anomalies was lower among 
low-dose allopurinol exposure (≤100 mg/day, as prescribed in 
IBD pregnancies: n = 6/58 [10.3%]) compared with a high dos-
age (n = 4/15 [26.7%]). Of note, a high percentage of missing 
data in relation to allopurinol dosage in pregnancy was reported 
(n = 56/129 [43.4%]).

Two infants had a comparable pattern of major external and 
internal malformations including ocular (microphthalmia), orofa-
cial (cleft lip and palate, auditory and mandibular abnormalities), 

urogenital and gastrointestinal defects.20,23 In one pregnancy 
the mother was treated with allopurinol 300 mg/day for recur-
rent kidney stones for at least 12 years.23 Her remaining medi-
cations included multivitamins and methyldopa, which are not 
considered to be teratogenic.23,24 The second mother had hyper-
oxaluria and was, in addition to allopurinol 100 mg/day, treated 
with hydrochlorothiazide and pyridoxine, both not considered 
as teratogens.20,25 Both infants had a normal foetal karyotype 
(46,XY), but further genetic analysis was not performed.20,23 In 
the other eight infants, the congenital anomalies were present in 
different systems, but most were in the musculoskeletal (1× in-
guinal hernia and 2× umbilical hernia) and circulatory system (1× 
coarctation of the aorta, 2× patent foramen ovale, 1× pulmonary 
artery stenosis, 2× patent ductus arteriosus, 1× small pericardial 
effusion, increased flow velocity, small right ventricular dilatation 
and a patent ductus arteriosus aneurysm, compatible with cardiac 
insufficiency).18,20–22

Overall, 76 (59%) of the 129 allopurinol-exposed infants were 
born to mothers with IBD, all but one were treated with allopurinol 
100 mg/day or less and all combined with a thiopurine. In this IBD-
cohort, two infants were born with a congenital anomaly (2.6%), an 
inguinal hernia and a coarctation of the aorta, respectively. In the 
non-IBD cohort, there was a congenital anomaly rate of 15.1% (8 of 
53 cases).

F I G U R E  1   Flow chart of study selection.
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4  | DISCUSSION

This multicentre study and systematic review is the largest study 
to date comprehensively examining risk of adverse pregnancy 
outcome after allopurinol use in pregnancy. The present study in 
IBD-pregnancies and the systematic review sub-analysis in IBD-
pregnancies revealed a relatively low risk of congenital malforma-
tions after in utero exposure to a relatively low dose of allopurinol 
in pregnancy. However, the overall risk of congenital malformations 
comprising all types of patients exposed to allopurinol in variable 
dosage in pregnancy resulted in congenital malformations in nearly 
one in 13 live-born infants. Further, overall, one in six infants were 
born preterm, although the risk was lower in the sub-population of 
IBD patients.

Since allopurinol inhibits purine synthesis it may have a direct 
effect on dividing cells in utero.26 Studies about the teratogenicity 
of allopurinol in animals have shown variable results.27,28 One ani-
mal study reported skeletal abnormalities, a cleft palate or a harelip 
in mice embryos exposed to a large dose (50 or 100 mg/kg) of in-
traperitoneal allopurinol,27 while studies in other species reported 
no foetal harm.28 Even though the congenital anomaly rate in our 
systematic review (7.8%) is high, it is comparable to the congenital 
anomaly rate among all live births from mothers with IBD of 9% 
found in the large, prospective Pregnancy in Inflammatory Bowel 
Disease and Neonatal Outcomes (PIANO) registry.29,30 In contrast, 
the EUROCAT registry (European network of population-based reg-
istries for the epidemiologic surveillance of congenital anomalies), a 
registry that covers about 25% of the European birth population, re-
ported in 2019 a major congenital anomalies rate (excluding genetic 
anomalies) of 2.1% in all cases.31 We speculate the higher overall risk 
found in our review compared to the European population, might 
partially be explained by maternal comorbidity, although a clear cor-
relation between pregnancy outcome and disease type was lacking 
(Table S1). Moreover, it is very likely that there is an over-reporting in 
literature of cases with congenital anomalies and an underreporting 
of uneventful allopurinol-exposed pregnancies, given the scarcity of 
allopurinol-related pregnancy data over the many decades that allo-
purinol has been used.

When specifically looking at IBD pregnancies, our cohort study 
and the systematic review sub-analysis in IBD-pregnancies revealed 
that 2.8% and 2.6% of infants had congenital anomalies after in 
utero exposure to a low dose of allopurinol, respectively. This rel-
atively low risk was comparable to the one found in a large Dutch 
retrospective study, including 1000 children born to mothers with 
IBD, in which 3% of the thiopurine-exposed children and 2% of the 
non-exposed had a congenital anomaly.32 The difference between 
the congenital anomaly risk reported in IBD pregnancies after in 
utero exposure to allopurinol and the overall risk found in our re-
view, might be explained by the use of a different study design. In 
both our cohort and in most studies included in the systematic re-
view IBD sub-analysis, all allopurinol-exposed pregnancies within a 
specific timeframe were reported or, as was the case in one study, 
were collected via a national mail audit.33,34 This may lead to a more St
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representable cohort and a decreased risk of over-reporting congen-
ital anomalies. In contrast, the studies in which allopurinol was used 
for a different maternal indication were mostly case reports/series 
or included a patient cohort that was referred to a clinical teratology 
and drug risk assessment clinic for risk consultation.20 Moreover, our 
data suggest that a maternal allopurinol dosage of ≤100 mg/day, as 
prescribed in IBD pregnancies, might give a lower risk of congenital 
anomalies (10.3%, 6/58 cases) than a dosage of >100 mg/day (26.7%, 
4/15 cases). However, due to a high percentage of missing data in re-
lation to allopurinol dosage in pregnancy (43%, 56/129 cases), more 
research is necessary to determine the precise influence of maternal 
allopurinol dosage on the risk of congenital anomalies.

Previous reports compared maternal allopurinol use to mycophe-
nolate use, as the two cases with a comparable pattern of congenital 
anomalies which occurred during maternal allopurinol exposure re-
sembled congenital anomalies which occurred during mycopheno-
late usage.20,23,35 The latter is an immunosuppressant, mostly used 
in transplantation medicine, which also interacts in the purine me-
tabolism and is recognised as a teratogenic agent.35 However, in con-
trast to the teratogenicity observed during mycophenolate therapy, 
the association between allopurinol and teratogenicity is scarce and 
mostly limited to the two cases with comparable major congenital 
anomalies with a potential uncertain causality, especially since addi-
tional genetic analysis was not performed.20,23 Moreover, additional 
risk factors for congenital anomalies, as maternal behaviours and en-
vironmental exposures, paternal health or low socioeconomic status 
were not provided in these two cases.20,23

The overall risk of preterm birth was high, given that one in six 
children was born premature. The high risk of preterm birth persisted 
when excluding one case-series including 27 live born infants with a 
preterm birth rate of 19% in allopurinol-exposed pregnancies.20 We 
cannot rule-out that there is a true association between allopurinol 
in utero exposure and risk of preterm birth. However, the increased 
risk of preterm birth in our review could potentially be influenced 
by maternal co-morbidity but also by the high congenital anomaly 
risk in the included studies, since these factors significantly impact 
the likelihood of being born preterm.36 When only looking at IBD 
pregnancies, the risk of preterm birth was also relatively high in both 
the systematic review (11.8%) and our study (11.1%), but comparable 
to the risk reported in previous large prospective and retrospective 
studies. The prospective American PIANO registry including 1712 
pregnant IBD patients of whom 379 were not exposed to biologicals 
nor thiopurines, reported preterm birth in 10% of singleton non-
exposed pregnancies.30 While the European retrospective TEDDY 
study (453 non-exposed pregnancies) and a Dutch retrospective 
cohort study (564 non-exposed pregnancies) reported a preterm 
birth risks of 7.3% and 11% in non-exposed IBD pregnancies, re-
spectively.32,37 Non-exposed pregnancies were in the TEDDY study 
defined as no maternal anti-TNFα use and in the Dutch study as not 
exposed to anti-TNFα nor thiopurines.32,37

The risk of SGA is highly dependent on the reference popula-
tion.38,39 The risk of SGA in our multicentre IBD study (15.2%) was 
increased compared to the general population in the Netherlands 

(9.5%), when using a comparable definition.40 Possibly, this differ-
ence could be explained by the fact that all patients in our cohort 
had a chronic disease, which is a known risk factor.41 When spe-
cifically looking at IBD pregnancies, one Dutch study including 
1000 children born to mothers with IBD, reported a SGA risk of 
3% and 4% in thiopurine-exposed and non-exposed children, re-
spectively.32 However, this study used another and older Dutch 
reference curve. Furthermore, they defined SGA as a weight below 
2 SD for gestational age. When applying this older definition and 
curve in our cohort, none of the children in the present study were 
born SGA.32,42

Data about the safety of allopurinol continuation during breast-
feeding are very limited. There is only one case report which 
demonstrated that both allopurinol and the active metabolite oxy-
purinol were transferred via breastmilk in a woman treated with 
a daily dose of 300 mg allopurinol.43 In her exclusively breastfed 
infant this led to near-therapeutic dose and plasma levels without 
any reported adverse events.43 In the present study, the rate of 
breastfeeding during allopurinol treatment was low but comparable 
to the results found in a Dutch study including 1000 infants born 
to women with IBD in which breastfeeding rates varied between 
19% and 56% depending on the medical maternal treatment.32 A 
Danish population-based study, including 105 women diagnosed 
with CD who gave birth, also demonstrated that the main reason for 
being non-adherent to medication was fear of transmission of med-
ication to breastmilk.44 This could indicate that the type of medical 
treatment influences the mother's choice regarding breastfeeding. 
Moreover, the ECCO guideline stated that due to limited data no 
recommendation was made regarding breastfeeding and allopuri-
nol, which might also result in an advice from the treating physician 
against breastfeeding.11

Although being the largest study to date, it is still limited by the 
small sample size, so it is possible that uncommon congenital anom-
alies related to allopurinol use were not detected. The inclusion 
of multiple pregnancies from the same woman could also induce 
bias. We also recognise the existence of missed and therefore not 
reported cases, especially since in some centres the hospital data-
base was queried while in other centres the physician identified the 
patients by personal recall. Moreover, since all of our patients with 
IBD were treated simultaneously with low-dose thiopurines and ma-
ternal 6-thioguanine nucleotide levels were only measured in four 
women, we cannot determine whether maternal and/or neonatal 
complications are related to the relatively low-dose thiopurines or to 
allopurinol. Our literature review was limited due to heterogeneity 
between the studies with different dosages of allopurinol usage, va-
riety of co-medication and indications, as well as the lack of control 
groups. As a consequence, the results are difficult to compare and 
interpret, and a meta-analysis of studies comparing the teratogenic-
ity could not be performed. Moreover, it is very likely that our results 
are affected by a publication bias.

In conclusion, due to the possibility of reporting bias, the current 
evidence about the teratogenicity of varying dosages of allopurinol 
in all types of patients remains limited and is mainly restricted to two 
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similar cases with major congenital anomalies. Interestingly, both the 
present study in IBD-pregnancies and the systematic review sub-
analysis in IBD-pregnancies revealed a relatively low risk of congen-
ital malformations after foetal exposure to a low dose of allopurinol 
in pregnancy. Nevertheless, larger studies are needed to draw firm 
conclusions about risk of adverse pregnancy outcomes such as con-
genital anomalies and preterm birth after allopurinol exposure in 
pregnancy. Further, long-term safety data in infants exposed in utero 
to allopurinol are warranted.
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