
 

 

 University of Groningen

Drug use in pregnancy
Vroom, Fokaline

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2009

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Vroom, F. (2009). Drug use in pregnancy: exploring the field of Disease Modifying Antirheumatic Drugs in
pregnancy. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/9c6639f3-a957-4678-98bf-fe49a05ae046


 
 

 

 

Chapter 5 
 

 
 

DMARDs in pregnancy; birth outcomes after prescribing 

DMARDs using the GPRD 

 

 

 

Fokaline Vroom1, Julia Snowball2, Anita McGrogan2,  

Lolkje TW de Jong-van den Berg1, Corinne de Vries2 

 

 

 
1 University of Groningen, Department of Social Pharmacy, Pharmacoepidemiology 

and Pharmacotherapy, GUIDE Graduate school for Drug Exploration, Groningen, 

the Netherlands 
2 Department of Pharmacy & Pharmacology, University of Bath, United Kingdom  

 

 

Submitted 



 

 

 

 

Chapter 5 

112 

 

 

 

 

Summary 

Background and objectives 

For many DMARDs there is a lack of properly conducted controlled risk 

assessment studies in humans and recommendations towards their use in 

pregnancy are often based on animal data or small exposed cohorts. This study 

aims to evaluate risks associated with the use of DMARDs during pregnancy in 

relation to preterm birth and congenital anomalies using the General Practice 

Research Database (GPRD).  

 

Methods 

A cohort study was conducted. From the GPRD, all pregnancies between 1 

January 1992 and 26 March 2006 were identified and pregnancy outcome, 

gestational age, alcohol use and smoking habits were determined. Among these 

pregnancies, DMARD prescribing in the three months leading up to pregnancy and 

in the first, second or third trimester of pregnancy was determined. Associations 

between DMARD use and preterm birth (<37 weeks) and birth defects were 

calculated using unconditional logistic regression. Two comparator groups were 

used: 1) those from the general population not prescribed DMARDs during 

pregnancy and 2) those prescribed sulfasalazine. 

 

Results 

We did not identify an increased risk of pregnancy termination or congenital 

malformations associated with DMARD prescribing during the first trimester.  

Azathioprine use in the second trimester was associated with an increased risk of 

preterm birth when compared with women not prescribed a DMARD at all (OR 3.25 

(1.82,5.78).  

 

Discussion  

Some of the indications for which DMARDs are prescribed carry an increased risk 

of prematurity. The associations found, therefore, may reflect a risk from the 

medications prescribed or they may reflect risks associated with the study 

population’s morbidity. The fact that no increase in terminations and no increased 
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risk of malformations were found is reassuring for women who are exposed to 

DMARDs whilst pregnant. 

 

Conclusions 

This study suggests azathioprine, if prescribed during pregnancy, may increase the 

risk of premature birth although the possibility of confounding by indication cannot 

be ruled out. The study has not identified any major increase in congenital 

malformations. 
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Background 

In rheumatoid arthritis and systemic lupus erythematosus drug use during 

pregnancy is sometimes unavoidable. Potential teratogenic effects of a drug will 

influence the decision whether to discontinue or continue drugs such as disease 

modifying anti-rheumatic drugs (DMARDs) during pregnancy. Methotrexate, often 

used in rheumatic and other autoimmune diseases, is considered to be 

teratogenic. (1;2) Exposure in utero to methotrexate has been associated with an 

increased risk of congenital malformations such as craniofacial and limb defects, 

central nervous system abnormalities, and myelosuppression (3). In relation to 

birth outcomes methotrexate is known for its abortifacient properties; an increased 

risk of preterm births has also been reported although this may have been 

associated with the disease for which the drug was being prescribed (4). 

Sulfasalazine crosses the placenta (2;3) but thus far it does not appear to increase 

the risk of foetal abnormalities or spontaneous abortions (3;5). Azathioprine was 

found to be teratogenic in rabbits (2); in humans the foetus lacks the enzyme that 

converts azathioprine into its active metabolites and this way it seems to be 

protected from teratogenic effects (3). Adverse effects seen after exposure to 

azathioprine throughout pregnancy include foetal growth retardation and 

chromosomal abnormalities  (3). The use of azathioprine has also been associated 

with an increased frequency of preterm births and low birth weight (6;7). 

Cyclosporine showed embryo and foetal toxicity in rats and rabbits but thus far, 

teratogenic effects in human have not been observed (2). In human, a increased 

rate of prematurity was seen, a increased risk of congenital malformations was not 

found (2;8). A potential problem for women using cyclosporine is foetal growth 

retardation but this problem is probably related to the mother’s disease rather then 

to the drug use (2). Leflunomide exhibits dose-related teratogenicity in animals, 

therefore it is contraindicated in pregnancy (2). For instance, animal studies in rats 

and rabbits showed malformations of the head, rump, vertebral column, ribs and 

limbs (9). Data on the use of leflunomide in humans is limited and the risk of 

congenital malformations cannot be determined (2). After the use of high doses of 

chloroquine, studies in rats showed skeletal and ocular defects. Similar data for the 

closely related agent hydroxychloroquine are not available (2;3). In humans, data 
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on hydroxychloroquine is scarce, but from the data available it does not seem to 

pose a significant risk to the foetus. Retinal or ototoxicity was not seen and at low 

doses the agent has not shown to be harmful to the foetus. In higher doses, as 

being used in SLE or RA, a risk is probable but the magnitude of this increase is 

unknown (2). Chloroquine is not considered to be a major teratogen in human 

although a small increase in the risk of birth defects cannot be excluded (2).  

Tumor necrosis factor alfa drugs (TNFα) did not show embryo toxicity or 

teratogenicity in animal studies (2;3;10), in humans data is scarce but up to now 

they have not been associated with embryo toxicity, teratogenicity or pregnancy 

loss (10).  

Gold preparations showed teratogenicity in animal studies, experience in humans 

is limited but have not identified a major teratogenic risk (2;3). Penicillamine 

showed teratogenicity in animal studies; in humans exposure resulted in serious 

disorders of connective tissue (3).  

For many drugs there is a lack of proper conducted controlled studies in human 

and recommendations towards its use in pregnancy are often based on animal 

data or small exposed cohorts (2;11-15). This study aims to evaluate risks 

associated with the use of DMARDs during pregnancy in relation to preterm birth 

and congenital anomalies.  

 

Method 

Previously it was shown that the GPRD can be used to identify drugs use among a 

pregnant patient population. (16-18) After identification of the use of DMARDs 

before and during pregnancy, we used the GPRD to evaluate risks associated with 

the use of these DMARDs.   

 

Pregnancy determination 

A cohort of pregnant women and their offspring were identified from the GPRD 

from 1 January 1992 to 26 March 2006. Similar to the procedure described by 

Hardy et al. (16;17) for identifying pregnancies in the GPRD, all pregnancy markers 

as well as all available pregnancy outcomes were identified for every woman. 

Pregnancy start dates were estimated from the following data according to 
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availability and in order of priority; expected date of delivery (EDD), last menstrual 

period (LMP), gestational age, default term for premature delivery (36 weeks) or 

default pregnancy term (40 weeks for delivery, 10 weeks for termination of 

pregnancy). Pregnancy end dates were logged by processing records in ascending 

date order within the following categories: delivery, termination of pregnancy 

(including miscarriages), and post-partum. Pregnancy dates derived from 

successive events overlapping with a previously logged pregnancy were discarded 

for later review. Where sufficient evidence of pregnancy existed the end date was 

estimated from the delivery and post partum records. Pregnancies ending between 

1st January 1992 to 29th March 2006 were determined for valid females who were 

aged 11-49 at the pregnancy end date. The registrations were validated and 

refined by comparing outcomes generated by the algorithm against individual 

patient records. For all delivered pregnancies a check was made for a possible 

linked birth, determined by a birth or registration record in the same family within 2 

months of delivery. In cases where the mother was not the only woman with 

pregnancy records in the family in the selected period or when mothers were in 

residences with more than 20 residents, no attempts to link a birth were made. It 

was possible to establish dates for at least one pregnancy for 82.1% of the females 

who had at least one code relating to pregnancy and a possible link was made to a 

child’s record for 79.7% of the delivered pregnancies.  

 

Study population  

For all women in the cohort  the last menstrual period (LMP) or first pregnancy 

marker associated with the pregnancy of interest had to occur at least 4 months 

after their registration date or practice up to standard date, whichever was later. 

The date of delivery or termination, associated with the pregnancy of interest, had 

to occur at least 3 months before the date of last data collection or date of leaving 

the practice whichever was earlier. All women who were permanently registered 

with their practice and aged 11-49 at the pregnancy end-date were eligible for 

analysis. General population characteristics, including age at end date of the 

pregnancy, pregnancy duration, alcohol use and smoking habits, were determined 

for all women.  
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Data recording on smoking and alcohol use is often incomplete (19-21) so it can be 

expected that data during pregnancy will not be available for every woman. 

Therefore the alcohol consumption and smoking habits during pregnancy were 

determined if available. In case there were no records on alcohol or smoking 

available during pregnancy, the last available record from before the pregnancy of 

interest was used. Women to whom a DMARD was prescribed at any time 

between three months before and three months after pregnancy were identified. 

For those, the timing of prescribing was classified as being in the three months 

leading up to pregnancy or during the first, second or third pregnancy trimester.  

 

Statistical analysis 

Pearson Chi-squared test (for differences in proportions) or student t-test (for 

differences in means) was used to test differences between the general population 

characteristics (SPSS 12.0.1). The association between DMARDs prescribed in the 

second and third trimester of pregnancy and the pregnancy outcomes premature 

birth and terminations was estimated using unconditional logistic regression 

analysis. To investigate this associations, the association was first tested among 

women who were not prescribed a DMARD as a comparison group. Secondly, the 

group of women using sulfasalazine was used as a reference group. DMARD use 

and the association with various congenital malformations were estimated as well 

to generate hypothesis about DMARD use and congenital malformations. This 

association was tested among a group of women using sulfasalazine as a 

reference group. Covariates considered for inclusion in the regression models as 

potential confounders were alcohol use, smoking habits, age of the mother at time 

of delivery and folic acid use in before and during the first trimester of pregnancy 

(only known in the women using a DMARD). The analyses were conducted in 

STATA 9.0 (StataCorp LP, College Station, TX, USA) 

 

Results  

Population 

In the GPRD 585 280 pregnancies were identified; 997 pregnancies were excluded 

because their delivery date was January 1st 1992 (n=994) exactly and exposure to 
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a DMARD was one day or less or the date of exposure started at the same day as 

the end date of the pregnancy (n=3). From the pregnancies eligible for analysis 

0.19% of the women (n=1100) were prescribed a DMARD before or during 

pregnancy. Women to whom a DMARD was prescribed during pregnancy were 

significantly older (30.8±5.7 vs. 29.0±6.2 years of age; p=0.000) and had a 

marginally shorter gestational period (276.7±12.7 vs. 278.5±10.4 days; p=0.000). 

Termination of pregnancy occurred more often in pregnancies not exposed to 

DMARDs in utero (29.0% non-exposed vs. 21.3% exposed; p=0.000). The women 

did not differ with respect to alcohol use and smoking habits (table 1). 

 

Birth outcomes: gestational age 

Women who received a prescription for a DMARD three months leading up to the 

pregnancy and during pregnancy delivered a very premature (<34 weeks) or 

premature child (between 34 and 37 weeks) more often than women without 

having prescribed a DMARD (table 1). Preterm birth occurred significantly more 

frequently among women using azathioprine in the second trimester (OR 3.25 

(1.82,5.78) ) when compared to women not exposed to a DMARD. An increase, 

although not significant, was also seen when the women using azathioprine during 

the second trimester were compared with women using sulfasalazine. Furthermore 

it was noted that among women, using  hydroxychloroquine in the second and 

trimester of pregnancy, prematurity occurred more often in comparison with the 

women not exposed or exposed to sulfasalazine. However, none of these 

associations was significant (table 2).  

Birth outcomes: birth defects 

The following birth defects were found amongst the exposed study population: 

heart defects (including heart murmurs and ventrical septal defects), patent ductus 

arterious, defects of the eye, skull, foot, and central nervous system, anal stenosis, 

genitourinary defects (including hypospadias and undescended testis), hernia and 

other unspecified birth defects. Exposure to a DMARD in relation to these birth 

defects was investigated in a hypothesis generating manner. Women prescribed a 

DMARD were compared with women to whom sulfasalazine was prescribed during 

pregnancy, none of the associations investigated was found to be significant. Table 
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3 presents a selection (approx. 25%) of the associations investigated. For most 

birth defects, such as patent ductus arterious and defects of the central nervous 

system, numbers were to low to investigate the association. Drug exposure to 

methotrexate, penicillamin, leflunomide, and the gold preparations is also to low to 

investigate any associations. High point estimates were noted for hernia and 

azathioprine, ciclsporin and hydroxychloroquine, but also large confidence intervals 

were seen.  

 

Table 1. Population characteristics of all patients 

 
DMARD 

exposed 

Reference 

group 
 

Pregnancies (N,%)  

Before pregnancy (N,%) 

During pregnancy (N,%) 

1100 (0.19) 

784 (0.13) 

836 (0.14) 

583 183 (99.8) 

583 499 (99.9) 

583 447 (99.9) 

 

Women (N,%) 

Before pregnancy (N,%) 

During pregnancy (N,%) 

981 (0.25) 

694 (0.18) 

748 (0.19) 

392 243 (99.7) 

392 427(99.8) 

392 375 (99.8) 

 

Characteristics for pregnancies in which a DMARD was prescribed during pregnancy 

    
836 

pregnancies 

583 447 

pregnancies 
 

 
DMARD 

exposed 
Reference group P-value 

Age (Mean, ±SD) 30.9 (5.8) 29.0 (6.2) 0.000 

Age category 
X2 = 0.000 

X2
trend = 0.000 

11-14 0 (0.0) 490 (0.1)  

15-19 19 (2.3) 42388 (7.3)  

20-24 105 (12.6) 102536 (17.6)  

25-29 216 (25.8) 159069 (27.3)  

30-34 271 (32.4) 167297 (28.7)  

35-39 166 (19.9) 87108 (14.9)  

40-44 51 (6.1) 22355 (3.8)  
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45+ 8 (1.0) 2193 (0.4)  

Terminations (N,%) 178 (21.3) 169 319 (29.0) 0.000 

Deliveries (N,%) 658 (78.7) 414 128 (71.0)  

Gestational age (deliveries)   

Duration (days, mean, ±SD)* 278.5 (10.4) 276.6 (13.0) 0.000 

Term (>37 weeks) 615 (93.5) 397 594 (96.0) 0.001 

Premature (34 to 37 

weeks) 
29 (4.4) 12937 (3.1)  

Very premature (<34 

weeks) 
14 (2.1) 3687 (0.9)  

Gestational age (terminations)   

First trimester 

terminations 
172 (96.6) 165 312 (97.6) 0.378 

Second trimester 

terminations 
6 (3.4) 4007 (2.4)  

Alcohol use (N, %)   
X2 = 0.401 

X2
trend = 0.548 

Unknown 390 (46.7) 279 006 (47.8)  

Teetotal  109 (13.0) 70 544 (12.1)  

Low to moderate alcohol use 

(1-2 units/day)  
312 (37.3) 219 960 (37.7)  

Heavy alcohol use and 

alcohol abuse (>2 units/day) 
25 (3.0) 13 937 (2.4)  

Smoking (N, %)   
X2 = 0.079 

X2
trend = 0.537 

Unknown  271 (32.4) 193 835 (33.3)  

Non smoker (N, %) 344 (41.1) 222 666 (38.2)  

Smoker (N, %) 221 (26.4) 166 946 (28.6)  

*deliveries only 

 

Birth outcomes: gestational age 

Women who received a prescription for a DMARD delivered a very premature (<34 

weeks) or premature child (between 34 and 37 weeks) more often than women 

without having prescribed a DMARD (table 1). Preterm birth occurred significantly 
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more among women using azathioprine (OR 4.13 (2.49-6.85)), hydroxychloroquine 

(OR 4.53 (1.58-13.02)), leflunomide (OR 12.93 (1.18-140.87)) and sulfasalazine 

(OR 2.23 (1.17-4.27)) during the first trimester of pregnancy when compared to 

women not using a DMARD at all. In the second trimester the same was seen for 

the use of azathioprine, hydroxychloroquine, and sulfasalazine. When compared 

with women using a DMARD other than the DMARD of interest the use of 

azathioprine during the first (OR(adj) 2.96 (1.56-5.61)) and second (OR(adj) 2.74 

(1.38-5.43)) trimester of pregnancy was significantly associated with preterm birth.  
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Table 2a. Risk of premature birth (GA<37 weeks) associated with DMARD 

prescribing during pregnancy compared with the general population as the 

reference category. 

Exposure to a 

DMARD 
Trimester <37 weeks >37 weeks 

Unadjusted OR 

(CI 95%) 

Adjusted OR (CI 

95%)# 

- 15,228 399,440 3.25 (1.82,5.78)* 3.17 (1.77,5.65)* 
Second 

+ 13 105   

- 15,238 399,448 0.81 (0.26,2.56) 0.80 (0.25,2.53) 
Azathioprine 

Third 
+ 3 97   

- 15,238 399,516 2.71 (0.83,8.90) 2.68 (0.83,8.69) 
Second 

+ 3 29   

- 15,239 399,515 1.75 (0.42,7.31) 1.74 (0.42,7.20) 
Cyclosporin 

Third 
+ 2 30   

- 15,239 399,531 3.74 (0.85,16.48) 3.49 (0.80,15.32) 
Second 

+ 2 14   

- 15,239 399,528 3.08 (0.71,13.35) 2.88 (0.67,12.44) 

Hydroxy-

chloroquine 
Third 

+ 2 17   

- 15,235 399,460 1.85 (0.81,4.24) 1.81(0.79,4.14) 
Second 

+ 6 85   

- 15,237 399,457 1.19 (0.44,3.25) 1.19 (0.44,3.25) 
Sulfasalazine 

Third 
+ 4 88   

* significant 

# OR is adjusted for alcohol use and smoking habits and age (older or younger  
 then 35 years of age) 
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Table 2b. Risk of premature birth (GA<37 weeks) associated with DMARD 
prescribing during pregnancy compared within the group of DMARD users, using 

sulfasalazine as the reference category. 

DMARD Trimester 
<37 

weeks 

>37 

weeks 

Unadjusted OR 

(CI 95%) 

Adjusted OR 

(CI 95%)# 

- 9 7 2.16 (0.89,5.24) 2.16 (0.89,5.24) 
Seccond 

+ 13 105   

- 9 157 0.54 (0.14,2.05) 0.49 (0.13,1.87) 
Azathioprine 

Third 
+ 3 97   

- 9 160 1.84 (0.47,7.23) 2.12 (0.50,8.98) 
Second 

+ 3 29   

- 9 160 1.18 (0.24,5.78) 1.16 (0.22,5.94) 
Cyclosporin 

Third 
+ 2 30   

- 9 160 2.54 (0.50,12.97) 2.49 (0.44,14.19) 
Second 

+ 2 14   

- 9 159 2.08 (0.41,10.46) 1.87 (0.33,10.58) 

Hydroxy-

chloroquine 
Third 

+ 2 17   

# OR is adjusted for alcohol use and smoking habits and age (older or younger 

then 35 years of age) 
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Birth outcomes: birth defects 

All DMARDs (n=11) were tested against the following birth defects: heart defects 

(including heart murmurs and ventrical septal defects), patent ductus arterious, 

defects of the eye, skull, foot, and central nervous system, anal stenosis, 

genitourinary defects (including hypospadias and undescended testis), 

hypospadias, hernia and other as well as any birth defect (n=12). Associations 

between birth defects in general and DMARDs were not found (table 3). First 

trimester use of sulfasalazine was associated with genitourinary defects 

(OR(crude) 3.51 (1.22-10.02)) and first trimester use of leflunomide was associated 

with hernia (OR(crude) 32.46 (2.76-381.22). When adjusted for alcohol, smoking, 

age and folic acid the odds increased to 4.99 (1.56-15.93) and 53.08 (4.30-

655.71), receptively. None of the other drugs was associated with any specific birth 

defect. 

 

Table 3. Association between first trimester DMARD prescribing to mothers who 

delivered a live born (n=658) or had a termination (n=178) and congenital 

malformation compared to mothers to whom sulfasalazine was prescribed as 

determined by unconditional logistic regression. 

Congenital malformation DMARD OR (95% CI) 
  Azathioprine 
  - + 

 

- 123 129 Heart 
+ 6 5 

0.79 (0.23,2.68) 
Adjusted 0.86 (0.24,3.14) 

- 126 131 Eye 
+ 3 3 

0.96 (0.18,4.87) 

- 123 133 Genitourinary 
+ 6 1 

0.15 (0.02,1.30) 

- 128 129 Hernia 
+ 1 5 

4.96 (0.57,43.23) 

- 103 110 Any* 
+ 26 24 

0.86 (0.47,1.60) 
Adjusted 0.91 (0.48,1.72) 

- 47 60 Termination 
+ 129 134 

0.81 (0.52,1.27) 
Adjusted 0.86 (0.54,1.39) 

  Cyclosporin  
  - +  

- 127 34 
Heart 

+ 6 2 
1.24 (0.24,6.49) 

Eye - 130 34 2.55 (0.41,15.95) 
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Congenital malformation DMARD OR (95% CI) 
 + 3 2  

- 127 36 Genitourinary 
+ 6 0 

- 

- 132 34 Hernia 
+ 1 2 

7.76 (0.68,88.83) 

- 107 30 Any* 
+ 26 6 

0.82 (0.31,2.19) 

- 47 19 Termination 
+ 133 36 

0.67 (0.35,1.28) 
Adjusted 0.71 (0.26,1.38) 

  Hydroxchloroquine  
  - +  

- 126 24 Heart 
+ 6 2 

1.75 (0.33,9.24) 

- 129 26 Eye 
+ 3 0 

- 

- 127 25 Genitourinary 
+ 5 1 

1.02 (0.11,9.14) 

- 131 26 Hernia 
+ 1 0 

- 

- 107 22 Any* 
+ 25 4 

0.78 (0.24,2.47) 

- 46 13 Termination 
+ 132 26 

0.70 (0.33,1.47) 
Adjusted 0.77 (0.36,1.61) 

  Chloroquine  
  - +  

- 127 90 Heart 
+ 6 4 

0.94 (0.26,3.44) 

- 130 92 Eye 
+ 3 2 

0.94 (0.15,5.77) 

- 127 94 Genitourinary 
+ 6 0 

- 

- 132 91 Hernia 
+ 1 3 

4.35 (0.44,42.71) 

- 107 83 Any* 
+ 26 11 

0.54 (0.25,1.17) 

 47 34 Termination 
 133 94 

0.98 (0.58,1.63) 
Adjusted 0.97 (0.57,1.67) 

*Any malformations include heart, skull, eye, foot and genitourinary defects, central 
nervous system and hernias. 

Adjusted for alcohol use, smoking, age (older or younger then 35) and folic acid 
use before and in the first trimester of pregnancy. 
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Discussion 

This study did not identify any associations between the use of DMARDs and an 

increased risk of pregnancy terminations or birth defects. Second trimester use of 

azathioprine was associated with an increased risk of preterm birth.  

Our results with respect to the risk of azathioprine use during the second trimester 

of pregnancy are similar to the results described by others. Nørgåd et al (7) 

investigated the use of azathioprine throughout the entire pregnancy among 

women with Crohn’s disease. They found a relative risk of 4.2 (1.4,12.5) for 

preterm birth associated with azathioprine use in group of women with Crohn’s 

disease compared with women with Crohn’s disease not using azathioprine. 

Goldstein et al (6) found an increased risk of preterm birth (OR 4.09 (2.0-80.6)) 

among a group of women receiving azathioprine for different indications including 

rheumatoid arthritis and inflammatory bowel disease. Their results suggest 

azathioprine use is associated with prematurity, although larger studies need to 

confirm these findings. 

Hydroxychloroquine is often used in systemic lupus erythematosus (SLE), a 

rheumatic disease that has been associated with preterm birth (22). In this study 

two reference groups were used to investigate associations between preterm birth 

and DMARD use. If the use of a certain DMARD would be associated with preterm 

birth, it would be expected that an increase of the Odds ratio will be found in both 

comparison groups. After all, if the disease would be the underlying cause the OR 

would be close to 1 when compared with the group also having the disease while 

when compared to a group not having the disease would show an increased OR. 

In this study, the use of hydroxychloroquine in the second and third trimester of 

pregnancy and preterm birth showed an increased point estimate when compared 

with both reference groups although not significant. This would suggest that 

hydroxychloroquine might be a causal factor, however, hydroxychloroquine is 

mostly prescribed for SLE while it can be assumed that sulfasalazine is not very 

often prescribed for this disease. So whether the underlying disease is a 

confounding factor or that the drug use is associated with the increase can not 

concluded from this data.  
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We also included other birth defects when reviewing the birth defects among the 

women using a DMARD. However, since this is a very variable group of defects, 

they were not included in the final analysis. When investigating a relation between 

the increase of a certain birth defect and drug use, a detailed level of recording is 

necessary. It has been demonstrated that the completeness of recording of 

prescribing in the GPRD is high (19-21); however the recording of birth defects is 

not as detailed or complete. Meijer et al (23) showed that for the evaluation of birth 

defects, a detailed level of recording is necessary. In their study of EUROCAT 

data, they could not demonstrate any association between the use of clomiphene 

and hypospadias in general. However, when investigating the different forms of 

hypospadias, they found that the use of clomiphene was associated with the more 

severe form penoscrotal hypospadias. In our study, we investigated the 

associations between DMARD use and birth defects to generate hypothesis. If a 

significant association would be found this could be regarded as a signal and had 

to be tested in other databases such as EUROCAT central (24) or the Slone 

Epidemiology Birth Defect Study (25). We, however, did not see any significant 

association between birth defects in general and the use of DMARDs. It was noted 

that for the exposure to azathioprine, cyclosporin and chloroquine a rather high 

point estimated was seen in relation to a hernia, such an association might be 

worthwhile investigation further in the EUROCAT central database or Slone 

database. For most drug exposures and birth defects the numbers were to low to 

investigate the association at all and meaningful conclusion can therefore not be 

drawn.  

In conclusion, this study our data showed that the use of azathioprine is associated 

with preterm birth. For a thorough evaluation of any association with birth defects, 

further data should be sought from the GPs contributing to the GPRD in order to 

obtain more detail regarding the birth defects identified. From the current data, no 

increase in the frequency of pregnancy terminations that come to the attention of 

the GP, and no major increase in risk of specific congenital malformations could be 

identified. 
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