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SUMMARY 

Background: Existing evidence on the risks associated with pregnancy and childbirth in axial 

spondyloarthritis (axSpA) is limited and conflicting, with more research needed to guide 

policy and clinical practice. We aimed to assess risks of adverse pregnancy outcomes in a 

large cohort of women with axSpA, and to investigate how outcomes varied over time and in 

relation to anti-rheumatic treatment. 

Methods: This register-based cohort study included births in Sweden between April 2007 and 

December 2020 in women with axSpA and general population comparators, matched 1:10 on 

year of delivery, maternal age, and parity. We used modified Poisson regression to estimate 

relative risks of adverse pregnancy outcomes. Models were adjusted for matching factors, 

maternal height, body-mass index, smoking, educational level, disposable income, and 

country of birth. We studied how the frequency of certain adverse outcomes, as well as anti-

rheumatic treatments, changed over the study period by linear regression and loess plots. 

Findings: Among 1580 births in women with axSpA, we found increased risks of preterm 

birth (risk ratio 1·43 [95% CI 1·13–1·80]), pre-eclampsia (1·44 [1·08–1·92]), elective 

Caesarean delivery (1·59 [1·37–1·84]), and serious infant infection (1·29 [1·05–1·59]), 

compared to births in general population comparators. Risks of preterm birth, infant infection, 

and Caesarean delivery decreased around 0·5 percentage points annually over the study 

period, while the use of tumour necrosis factor inhibitors during pregnancy increased. 

Interpretation: In the light of remaining concerns regarding safety with use of biologics during 

pregnancy, we saw a reassuring trend where pregnancy outcomes improved over time in the 

axSpA group concurrent with increased use of biologics. If current rate of improvement is 

maintained, women with axSpA may eventually not be at increased risk of adverse pregnancy 

outcomes, when treated in accordance with clinical practice. 

Funding: Swedish Research Council, The Swedish Rheumatism Association 
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RESEARCH IN CONTEXT 

Evidence before this study 

We searched PubMed on July 31, 2022 with no date restrictions, using the terms (“axial 

spondyloarthritis” OR “ankylosing spondylitis”) AND “pregnancy”, to identify studies on 

pregnancy outcomes in women with axial spondyloarthritis. Findings from previous 

observational studies have been inconsistent: from only uneventful pregnancies to increased 

risks for several adverse outcomes. This heterogeneity is also evident from recent reviews and 

meta-analyses on the topic. Often, studies were hampered by low sample size or lack of a 

comparison group, and only a handful studies have tried to find explanations for the increased 

pregnancy-related risks in the axial spondyloarthritis population. 

Added value of this study 

In this cohort study of over 1500 births in women with axial spondyloarthritis, the largest to 

date, we found increased risks of preterm birth, pre-eclampsia, and serious infection in the 

infant, and a higher proportion of elective Caesarean delivery compared to births in general 

population comparators. The risks associated with axial spondyloarthritis diminished over 

time for preterm birth, Caesarean delivery, and infant infection, while the use of tumour 

necrosis factor inhibitors increased.  

Implications of all the available evidence 

There is indeed an increased risk of adverse pregnancy outcomes associated with axial 

spondyloarthritis, and existing evidence supports the notion to strive to minimize disease 

activity during pregnancy, even if it requires the continued use of biologic anti-rheumatic 

treatment. Concurrent with increased use of biologics during pregnancy, we saw a reassuring 

trend where adverse pregnancy outcomes improved over time in the women with axial 

spondyloarthritis. If current rate of improvement is maintained, women with axial 

spondyloarthritis may eventually not be at increased risk of adverse pregnancy outcomes, 

when treated in accordance with clinical practice. This should be reassuring for both patients 

and practitioners, and may inform women with axial spondyloarthritis in their family 

planning.  
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INTRODUCTION 

Axial spondyloarthritis (axSpA) is a chronic inflammatory arthritis typically involving the 

spine and sacroiliac joints, with debut around childbearing age.1 While an increased risk of 

adverse pregnancy and infant outcomes have been reported for pregnancies in women with 

other rheumatic diseases,2–5 uncertainty remains around pregnancy-associated risks in axSpA. 

In recent reviews and meta-analyses, increased risks of Caesarean delivery and preterm birth 

were reported in axSpA, but consensus is lacking regarding risks of e.g. pre-eclampsia and 

small-for-gestational-age (SGA).6–8 This may reflect the high heterogeneity of previous 

studies, many which were small, without comparison group, or ability to control for 

confounding. 

If consensus on risks is lacking, even less is known about the drivers of adverse pregnancy 

outcomes in axSpA. Studies in both axSpA and other inflammatory diseases have suggested 

that disease activity is a risk factor for adverse pregnancy outcomes,9,10 but also different 

types of anti-rheumatic treatment have been associated with increased risks.11–13 Whether 

treatment is entirely a proxy for disease activity, or if also the treatments themselves affects 

adverse outcomes, is yet to be established.  

Important developments in SpA over the last decades include the introduction of the 

Assessment of SpondyloArthritis International Society (ASAS) classification criteria for 

axSpA, capturing patients earlier in the disease course,14 and the increasing use of biologic 

therapies, also during pregnancy.15,16 These factors are likely to influence axSpA outcomes in 

numerous ways. As one example, in a recent analysis of pooled data from four European 

rheumatology pregnancy registers (which unfortunately did not include a comparison group), 

proportions of adverse outcomes in axSpA pregnancies were overall similar to rates reported 

from the general population.17 Most patients in this study were included from 2015 onwards, 

when the use of biologics was increasing also in the pregnant population. Ultimately, these 

advances can make us question the generalisability of older studies to today’s patient 

population.  

To optimally inform, monitor, and treat childbearing women with axSpA, it is of great clinical 

value to provide robust contemporary data on the impact of axSpA on pregnancy, but this 

requires large study populations. We used Swedish national registers to study pregnancy 

outcomes over 14 years in a large cohort of women with axSpA and matched general 

population comparators, aiming to estimate relative risks of adverse pregnancy outcomes. We 

place particular focus on how risks have changed over time, and in relation to an altered anti-

rheumatic treatment pattern of this patient population during this period.   
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PATIENTS AND METHODS 

Study design and participants 

We performed a nationwide, register-based cohort study, comparing the risk of adverse 

pregnancy outcomes in pregnancies among women with axSpA and general population 

comparators, matched on year of delivery, maternal age, and parity. Our main data source was 

the Medical Birth Register (MBR), which includes over 98% of births in Sweden since 1973 

and prospectively collects data regarding antenatal care, delivery, and foetal outcomes.18 The 

information in MBR was linked to other registers including the National Patient Register 

(NPR), the Prescribed Drug Register (PDR), and registers with demographic data (appendix p 

2). Women with axSpA were identified in NPR as having minimum two visits with a 

diagnosis of ankylosing spondylitis (AS; International Classification of Diseases [ICD]-10 

codes M45 or M08·1) or undifferentiated SpA (uSpA; M46·8 or M46·9) registered after 

2001, including one visit to a rheumatology or internal medicine department. High validity of 

SpA diagnoses in NPR has been described, with a positive predictive value of 80% for an AS 

diagnosis to fulfil the modified New York criteria, and 89% for uSpA to fulfil any of the 

commonly used SpA criteria.19 Additional women with axSpA were identified from the 

Swedish Rheumatology Quality Register (SRQ), a clinical register longitudinally collecting 

disease characteristics, disease activity, and anti-rheumatic treatment as registered by the 

treating rheumatologist, with best coverage among patients on biologic treatments.  

All singleton births between April 1, 2007 and December 31, 2020 in women with axSpA 

were identified in MBR. To ensure exposure during pregnancy, only pregnancies starting at 

least one calendar year after the second axSpA diagnosis, or inclusion in SRQ, were included. 

April 2007 was chosen as study start so that all subjects would have prescription data in PDR 

the year before pregnancy. Each axSpA birth was matched on year of delivery, maternal age 

(in years), and parity (primiparous/parous) to ten comparator births in women free from 

chronic inflammatory arthritis at time of birth. These women had previously been randomly 

selected from the general population as controls in a large register linkage of chronic 

inflammatory arthritis, matched 5:1 on age and county of residence to women receiving a 

diagnosis of chronic inflammatory joint disease. The study was approved by the Regional 

Ethics Review Board in Stockholm (2015/1844-31/2). In accordance with Swedish law, 

participant consent was not necessary for this register-based study with pseudonymised data. 

Outcomes 

Data on adverse outcomes were collected from MBR. Outcomes assessed in all births 

included stillbirth, pre-eclampsia, gestational diabetes, and gestational hypertension. Maternal 

outcomes assessed in live births included preterm birth and Caesarean delivery. Preterm birth 

(<37 weeks of gestation) was further classified as moderate or very preterm (32–36 and <32 

weeks, respectively), and by mode of onset (spontaneous or medically indicated [i.e. 

prelabour Caesarean or induction]). Caesarean deliveries were classified as emergency or 

elective. Infant outcomes included large- and small for gestational age (LGA, SGA), defined 

as a birthweight of >2 SDs above or below the sex-specific mean for gestational age, Apgar 

score <7 at 5 minutes, and neonatal or serious (requiring hospitalisation) infant infection 

during the first year of life. Information on serious infections was collected from NPR. For 

further details, see appendix (pp 2–4). 
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Statistical analysis 

Modified Poisson regression, with robust standard errors, was applied to estimate risk ratios 

and 95% confidence intervals (CIs) of adverse outcomes.20 We also estimated risk differences 

and 95% CIs using linear regression with robust standard errors. Analyses were adjusted for 

maternal height, early pregnancy body-mass index (BMI), smoking, highest attained 

educational level, disposable income, and country of birth (Nordic or non-Nordic), plus the 

matching factors. Maternal age, height, and BMI were modelled as third-grade polynomials. 

For sources and parameterisation of variables, see appendix (pp 2–4). 

To explore changes in outcome proportions and treatment patterns over the study period, 

outcomes with significant relative risks and anti-rheumatic treatment before and during 

pregnancy were plotted with loess curves by year of delivery, and the average annual change 

quantified by linear regression. Relative risks of the same outcomes were calculated when 

dividing the study population into strata by year of delivery (2007–2011, 2012–2016, 2017–

2020). Characteristics of women in each stratum, including comorbidities and SpA 

manifestations, were also investigated. 

Preterm birth was selected beforehand as an outcome to study risk factors for in our material. 

Using separate Poisson regression models, we investigated the associations between preterm 

birth and measures of disease activity and inflammation. We considered Bath Ankylosing 

Spondylitis Disease Activity Index (BASDAI), Health Assessment Questionnaire–Disability 

Index (HAQ-DI), and C-reactive protein (CRP) >10 mg/litre as potential predictors. We 

further investigated whether anti-rheumatic treatments (corticosteroids, conventional systemic 

disease-modifying anti-rheumatic drugs [csDMARDs], or tumour necrosis factor inhibitors 

[TNFi]) or non-steroidal anti-inflammatory drugs (NSAIDs) in the year before or during 

pregnancy (defined as a filled prescription in PDR) were predictive of an increased risk. We 

also assessed whether manifestations of anterior uveitis, psoriasis, psoriatic arthritis, or 

inflammatory bowel disease were associated with preterm birth.  

Additionally, we explored risk factors for preterm birth already established in the general 

population. Factors were chosen a priori based on literature and prior knowledge and included 

maternal age, parity, height, BMI, smoking, educational level, disposable income, pre-

eclampsia in current pregnancy, and preterm birth in earlier pregnancy.21,22 Specifically, we 

assessed whether the association between these established risk factors and preterm birth 

differed in axSpA compared to the general population. Modified Poisson regression was 

applied in axSpA and comparators separately to obtain risk ratios with 95% CIs and p-values 

for interaction with axSpA in relation to each risk factor. 

In sensitivity analyses, to see how risks varied by parity, outcomes with significant results in 

the main analysis were stratified by first or subsequent birth. To assess whether 

misclassification of axSpA had affected our results, women with recorded diagnoses of 

rheumatoid arthritis, psoriatic arthritis, or systemic lupus erythematosus in NPR before 

pregnancy besides their axSpA diagnosis were excluded. 

For the main analysis, where missing data was limited, subjects with missing data (137 [8.7%] 

in axSpA and 1694 [10.7%] in comparator group), were excluded. However, only 438 women 

with axSpA had a recorded CRP value in the year before or during pregnancy, and 

corresponding figures for BASDAI and HAQ-DI was 303 and 350, respectively. Thus, in 

analyses including disease activity, multiple imputation was performed. Fifty imputed data 
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sets were created by fully conditional specification among individuals with complete data on 

other variables. Continuous variables were modelled with linear and quadratic terms and 

imputed with predictive mean matching. Analyses were performed in SAS version 9.4 (SAS 

Institute Inc., Cary, NC, USA), with graphs produced in R version 3.6.1 (R Foundation for 

Statistical Computing, Vienna, Austria).  

Role of the funding source 

The funding sources had no role in the study design, data collection, analysis, interpretation, 

or writing of the report.  
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RESULTS 

Between April 1, 2007 and December 31, 2020, 1580 births in women diagnosed with axSpA 

were recorded in MBR, which we matched with 15792 comparator births (flow diagram 

describing selection in appendix p 11). Mothers with axSpA were more often born in a Nordic 

country (1464 [92·7%] vs. 12569 [79·6%] in comparators), but groups were comparable on 

most background characteristics (table 1). 

Pre-eclampsia was more common in births by women with axSpA than comparators (61 

[3·9%] vs. 441 [2·8%]), resulting in an adjusted risk ratio of 1·44 (95% CI 1·08–1·92; figure 

1, unadjusted estimates in appendix p 5). Caesarean delivery occurred in 382 (24·2%) of 

axSpA births compared to 2760 (17·5%) of comparator births (1·39 [1·24–1·55]). In 

particular, there was an increased risk of elective Caesarean delivery (1·59 [1·37–1·84]), 

whereas the risk of emergency Caesarean delivery was not significantly increased. We also 

observed an increased risk of preterm birth, with 99 (6·3%) births being preterm in axSpA 

compared to 682 (4·3%) in comparators (1·43 [1·13–1·80]). Risk ratios were similar for 

medically indicated and spontaneous preterm birth, but only spontaneous preterm birth 

reached significance. No increased risk was observed for SGA or LGA birth in axSpA, but for 

infant infection the risk ratio was 1·29 (1·05–1·59), corresponding to 1·5 more children with 

infection per 100 women with axSpA (results on the risk difference scale in appendix).  

While the proportion of preterm birth remained stable over the study period in comparators, 

preterm birth among women with axSpA halved, with the most apparent decrease 2007–2013 

(figure 2A). Medically indicated births drove the decrease, to levels similar to the general 

population. Later, spontaneous preterm births also decreased. The rate of Caesarean delivery 

remained constant among comparators, while it decreased over the study period in axSpA 

(figure 2B). Infant infection also decreased in axSpA, while the rate of pre-eclampsia 

remained slightly higher in axSpA births compared to comparators over the study period 

(figure 2C and D, respectively). Correspondingly, linear regression of these outcomes showed 

a significant decrease over time in axSpA for preterm birth (average annual decrease 0·4 

percentage points), Caesarean delivery (0·6 percentage points), and infant infection (0·6 

percentage points), which was not seen for pre-eclampsia or any of the outcomes in 

comparators. The relative risks of preterm birth, Caesarean delivery, and infant infection also 

decreased over time when stratifying the study period into three strata (figure 3). 

The proportion of women with axSpA without any anti-rheumatic treatment in the year before 

pregnancy remained relatively constant over the 14-year study period (figure 4A). The use of 

TNFi increased from <10% in 2007 to about 40% in 2020, a significant average annual 

increase of 2 percentage points according to linear regression. The prescription-based use of 

NSAIDs decreased from 60% to 40% (average annual decrease 1 percentage point). During 

pregnancy, the proportion of women with no filled prescription of anti-rheumatic drugs 

decreased from almost 80% in 2007 to around 60% in 2020, coinciding with an increased use 

of TNFi from about 10% to 25% during pregnancy (figure 4B), with an average annual 

increase of 1·5 percentage points. Of 216 women who used TNFi during pregnancy, 81 (38%) 

filled prescriptions after week 14 of pregnancy. Forty-one (51%) of these women delivered in 

the last two years of the study period. 

We found no association between preterm birth and measures of inflammation or disease 

activity in the year before or during pregnancy, though data was only available for a subset of 
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the cohort. Neither did type of anti-rheumatic treatment nor presence of SpA manifestations 

associate with preterm birth (appendix p 7). Established risk factors for preterm birth in the 

general population were associated with similarly increased risks among women with axSpA 

(appendix p 12). Statistically significant effect modification was only observed for young 

maternal age and low educational level, which were associated with preterm birth in axSpA 

but not in comparators in this material. 

As the risks of infant infection and pre-eclampsia were found to be increased, we assessed 

how these risks related to disease activity, treatment, and SpA manifestations in a post hoc 

analysis. For infant infection, we found no statistically significant associations with any of the 

potential risk factors under study (appendix p 8). For pre-eclampsia, a one-unit increase in 

BASDAI was associated with a risk ratio of 1·50 (95% CI 1·06–2·13). No association was 

seen with elevated CRP or treatment (appendix p 9). 

Stratified by parity, events of pre-eclampsia, Caesarean delivery, and preterm birth were more 

common among primiparous women, while infant infection was less common (appendix p 

13). However, in relation to general population comparators, the relative risks of pre-

eclampsia and Caesarean delivery were similar in primiparous and parous women with 

axSpA. For preterm birth and infant infection, relative risks were higher in parous women. 

Exclusion of women in the axSpA cohort who were ever diagnosed with rheumatoid arthritis, 

psoriatic arthritis, or systemic lupus erythematosus (n=135, 86, and 6, respectively) in NPR 

only lead to minor changes (appendix p 13).   
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DISCUSSION 

This nationwide cohort study on maternal and infant outcomes in over 1500 pregnancies in 

women with axSpA is to our knowledge the largest of its kind. We found an increased risk of 

pre-eclampsia, preterm birth, and infant infection compared to general population 

comparators, and a higher proportion of Caesarean delivery. The risk of SGA birth was not 

increased. We observed declining rates of preterm birth and Caesarean delivery in axSpA 

pregnancies but no obvious change in the rate of pre-eclampsia during the study period. The 

use of TNFi (but not other anti-rheumatic treatments) during pregnancy increased.  

The increased risk of preterm birth in axSpA is in agreement with recent systematic reviews 

and meta-analyses.6,8,23,24 A higher proportion of Caesarean delivery is reported from most 

studies on pregnancy outcomes in axSpA, especially elective procedures.6,7 The low risk of 

SGA, however, is contrary to estimates from systematic reviews.6 Estimates there are partly 

influenced by a previous Swedish study of women with AS using the same data sources as us 

in an earlier, only slightly overlapping, period, with odds ratio 2·12 (95% CI 1·00–4·50).13 

Our results are instead supported by more recent studies, with rates of SGA in axSpA similar 

to or lower than the general population.11,17,25 Of note, Meissner et al. also reported low rates 

of preterm birth.17 One explanation to the favourable outcomes observed in that study could 

be the close monitoring of women in centres specialised in pregnancies in patients with 

rheumatic conditions. 

The decreasing risk of several outcomes over the study period in our axSpA cohort has not 

been reported before, and we see several potential explanations to this finding. The ASAS 

classification criteria from 2009 might have led to changes in the axSpA population over time. 

However, there were generally modest differences in background characteristics when we 

stratified our cohort by year of delivery, and the ratio of AS vs. uSpA diagnoses remained 1:1. 

Thus, a change in composition of the cohort is likely not the only explanation to the decrease 

of adverse events. The use of NSAIDs, corticosteroids, and csDMARDs during pregnancy has 

remained at low levels while the use of TNFi has increased since around 2010, reflecting 

increased availability and a change in guidelines to recommend TNFi use during 

pregnancy.15,16 One aim of minimizing disease activity in pregnant women is to alleviate the 

risk that untreated maternal disease poses for the child,15 and the decrease in adverse 

outcomes detected in this study could very well be an indication that current treatment 

guidelines are effective.  

Despite the nationwide cohort, we had limited statistical power to directly test whether 

individual anti-rheumatic treatments were associated with adverse events, especially when 

adjusting for other treatments and disease activity. Treatment with TNFi has been associated 

with adverse pregnancy outcomes in studies of psoriatic arthritis and rheumatoid arthritis, 

where it was suggested to serve as a proxy for active disease,26,27 and treatment with NSAIDs 

and corticosteroids, along with elevated CRP, have previously been associated with preterm 

birth in axSpA.9,11,12 We, however, found only minor differences in proportions of preterm 

birth between those with and without specific treatments, including TNFi, and no relative 

risks reached significance. Treatment with NSAIDs (vs. no anti-inflammatory treatment) 12 

months prior to delivery was associated with a doubled odds of preterm birth in the study by 

Redeker et al.,11 but we saw no association between NSAIDs (vs. no NSAIDs) and preterm 

birth in axSpA. We did not find a significantly increased risk associated with increasing 
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BASDAI or HAQ-DI or with elevated CRP. We hypothesised that an axSpA diagnosis might 

lead to effect modification of the association between established risk factors and preterm 

birth compared to the general population, but found that associations in axSpA and 

comparators were not significantly different for most factors evaluated. The only exceptions 

were young maternal age and low educational level, which were associated with increased 

risks in axSpA but not in comparators. However, these specific factors are usually considered 

risk factors for preterm birth also in the general population,22 and thus the lack of association 

in comparators in our material might be due to chance. 

Infant infections, for which we found a significantly increased risk in the entire axSpA cohort, 

also decreased over time, even though TNFi use increased. Infant infection has been a major 

concern with exposure of TNFi in utero, but while not studied exclusively in axSpA 

previously, studies in other diseases have not found a clear association between TNFi use and 

infant infection.28,29 In our study, 41 (51%) of the women who used TNFi after week 14 of 

pregnancy delivered in the last two years of the study period, when the proportion of infant 

infections was the lowest. We were however not able to conclusively rule out an association 

between TNFi use and infant infections in our post hoc analysis, where confidence intervals 

were wide.  

An increased risk of pre-eclampsia has been reported from some, but not all, systematic 

reviews of pregnancy outcomes in axSpA.6–8 The prevalence of certain risk factors for pre-

eclampsia increased over the study period in the women with axSpA (e.g. hypertension, 

diabetes, obesity), but similar changes were seen in the general population. The risk of pre-

eclampsia associated with increasing BASDAI found in the post hoc analysis should be 

interpreted with caution. While it might be reasonable that higher disease activity confers a 

higher risk, BASDAI is based on subjective measures such as fatigue and pain, which might 

be related to symptoms of pre-eclampsia itself. No association was seen with inflammation 

(CRP >10 mg/litre). 

A limitation of this study is the low proportion of pregnancies with data on disease activity 

necessary to disentangle the effect of active disease from the treatments as such. Exact timing 

of treatments was also difficult to predict from prescription data. A more precise estimation 

had been valuable when evaluating the impact of maternal TNFi use on infant infections, as 

placental transfer mainly takes place in late pregnancy.30 A limitation of register-based studies 

in general is the risk of misclassification. We however identified women with axSpA using 

validated ICD-codes, with an even stricter case-finding algorithm to further improve 

specificity. We chose to include both AS and uSpA in our definition of axSpA to cover the 

entire spectra of the condition, but performed restricted analyses excluding women ever 

receiving a diagnosis of rheumatoid arthritis, psoriatic arthritis, or systemic lupus 

erythematosus, without markedly changed results.  

The use of national register data is a major strength of this study, with excellent coverage of 

outcomes in MBR and possibility to include births of most Swedish women with axSpA 

together with general population comparators. Our findings should thus be generalisable to all 

of Sweden and other countries with similar healthcare settings. The register-based design 

including prospectively collected data minimises recall and selection bias, and allowed us to 

adjust for important confounders such as BMI and smoking.  
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In conclusion, in this large, population-based study, we found that women with axSpA are at 

increased risk of pre-eclampsia and preterm birth, and a significantly higher proportion 

deliver by Caesarean section. Of particular interest given concerns for infection risks in 

relation to TNFi, we also found an increased risk of serious infection in their infants during 

the first year of life. However, despite the increased use of potent immunomodulatory 

treatments, the risk of adverse pregnancy outcomes decreased in the axSpA cohort over this 

period, even approaching the same rates as in the general population. Although we were not 

able to conclusively test whether pre-natal exposure to maternal TNFi use was directly 

associated with altered risk for infections in the infant, this should be reassuring for both 

patients and practitioners, and gives hope that women with axSpA may eventually not be at 

increased risk of adverse pregnancy outcomes, when treated in accordance with clinical 

practice. 
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TABLES AND FIGURES 

Table 1. Maternal characteristics in singleton pregnancies in women with axSpA and comparators, 

matched on year of delivery, maternal age, and parity.  

 axSpA births (n=1580) Comparator births 

(n=15792) 

Maternal age, years*   

19–24 76 (4·8) 760 (4·8) 

25–29 387 (24·5) 3870 (24·5) 

30–34 657 (41·6) 6570 (41·6) 

≥35 460 (29·1) 4592 (29·1) 

Year of delivery*   

2007–2011 338 (21·4) 3380 (21·4) 

2012–2016 609 (38·5) 6089 (38·6) 

2017–2020 633 (40·1) 6323 (40·0) 

Parity*   

Primiparous 642 (40·6) 6414 (40·6) 

Parous 938 (59·4) 9378 (59·4) 

Maternal country of birth   

Nordic country 1464 (92·7) 12569 (79·6) 

Non-Nordic country 116 (7·3) 3221 (20·4) 

Missing 0 (0·0) 2 (<0·1) 

Maternal BMI (early pregnancy)   

<18.5 32 (2·0) 300 (1·9) 

18·5–24·9 879 (55·6) 8699 (55·1) 

25–29·9 352 (22·3) 3851 (24·4) 

≥30 216 (13·7) 2005 (12·7) 

Missing 101 (6·4) 937 (5·9) 

Maternal height, cm   

<160 156 (9·9) 1921 (12·2) 

160–164 374 (23·7) 3839 (24·3) 

165–169 496 (31·4) 4433 (28·1) 

≥170 494 (31·3) 5021 (31·8) 

Missing 60 (3·8) 578 (3·7) 

Smoking (early pregnancy)   

Smoker 77 (4·9) 655 (4·1) 

Non-smoker 1423 (90·1) 14334 (90·8) 

Missing 80 (5·1) 803 (5·1) 

Maternal education†   

9 years or less 89 (5·6) 1174 (7·4) 

10–12 years 540 (34·2) 5145 (32·6) 

>12 years 946 (59·9) 9005 (57·0) 

Missing 5 (0·3) 468 (3·0) 

Disposable income   

Quartile 1 333 (21·1) 3956 (25·1) 

Quartile 2 411 (26·0) 3878 (24·6) 

Quartile 3 426 (27·0) 3863 (24·5) 

Quartile 4 409 (25·9) 3880 (24·6) 

Missing 1 (0·1) 215 (1·4) 
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Maternal comorbidities‡   

Diabetes 41 (2·6) 234 (1·5) 

Hypertension 30 (1·9) 182 (1·2) 

Thyroid disease 126 (8·0) 1044 (6·6) 

Ankylosing spondylitis diagnosis 770 (48·7) ·· 

SpA manifestations§   

Anterior uveitis 289 (18·3) ·· 

Psoriatic arthritis 86 (5·4) ·· 

Psoriasis 53 (3·4) ·· 

Inflammatory bowel disease 
87 (5·5) ·· 

Other rheumatic diagnoses‡   

Rheumatoid arthritis 135 (8·5) ·· 

Systemic lupus erythematosus 6 (0·4) ·· 

Data are n (%). Sources and definitions of variables are found in appendix pp 2–4. SEK=Swedish 

Krona. *Matching variables. †In calendar year before pregnancy. ‡Before pregnancy. §Before 

delivery.   
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Figure 1. Relative risks of adverse pregnancy outcomes among births in women with axSpA 

(n=1580) and matched comparator births (n=15792).  

Relative risks from modified Poisson regression. Comparators were matched 1:10 on year of delivery, 

maternal age, and parity. *Adjusted for matching factors and maternal country of birth, height, body-

mass index, smoking in early pregnancy, educational level, and disposable income in the year before 

pregnancy. Unadjusted estimates and risk differences in appendix (pp 5–6). †1 axSpA birth and 13 

comparator births were missing data for small and large for gestational age. 
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Figure 2. Proportion of adverse pregnancy outcomes per year of delivery in women with axSpA 

and general population comparators.  

Proportion of (A) preterm birth, (B) Caesarean delivery, (C) infant infection, and (D) pregnancies 

complicated by pre-eclampsia, by year of delivery. Lines are loess curves. Comp=general population 

comparators.
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Figure 3. Number of events and relative risks of selected outcomes by year of delivery in three 

strata.  

Relative risks from modified Poisson regression. *Adjusted for matching factors and maternal country 

of birth, height, body-mass index, smoking in early pregnancy, educational level, and disposable 

income in the year before pregnancy. 

  



 

20 
 

 

Figure 4. Proportion of births in women with axSpA on NSAIDs and anti-rheumatic treatments 

by year of delivery. 

Proportion of births with treatment (A) in the year before pregnancy and (B) any time during 

pregnancy, depicted by loess curves. NSAIDs=non-steroidal anti-inflammatory drugs. 

csDMARDs=conventional systemic disease-modifying anti-rheumatic drugs. TNFi=tumour necrosis 

factor inhibitors.



 

1 
 

Supplementary appendix 

Supplement to Morin M, Frisell T, Stephansson O, and Hellgren K. Adverse pregnancy outcomes in axial 

spondyloarthritis: temporal trends in a Swedish nationwide cohort study. 

 

 

 

 

 

 

 

 

Table of contents 

Supplementary methods ...................................................................................................................................... 2 

Supplementary tables .......................................................................................................................................... 2 

Supplementary figures ...................................................................................................................................... 11 

References ........................................................................................................................................................ 14 

 

 

  



 

2 
 

Supplementary methods 
 

Setting and data sources 

Health care in Sweden is public and tax-funded, and maternal care during pregnancy is free of charge. Data 

regarding antenatal care, delivery, and foetal outcomes are prospectively collected in the Medical Birth Register 

(MBR), including over 98% of births since 1973.1 The information in MBR can be linked with that in other 

national registers by the unique personal identification number given to all Swedish residents.2 The National 

Patient Register (NPR) contains information on hospitalizations since 1964 (nationwide since 1987) and 

outpatient specialist visits since 2001,3 with associated diagnosis codes according to the Swedish version of the 

International Classification of Disease (ICD). The Prescribed Drug Register (PDR), introduced in July 2005, 

contains complete information on prescription medicines collected from Swedish pharmacies.4 Additional 

demographic data such as age, sex, educational level, and income are available from population registers held by 

Statistics Sweden: the Total Population Register and the Longitudinal Integrated Database for Health Insurance 

and Labour Market Studies (LISA).5,6 Statistics Sweden also holds the Multi-Generation Register, containing the 

personal identification number of the parents of each individual, enabling the linkage of data from mothers and 

children across registers.7 The Swedish Rheumatology Quality Register (SRQ) is a clinical register 

longitudinally collecting disease characteristics, disease activity, and anti-rheumatic treatment as registered by 

the treating rheumatologist,8 and can also be linked to the other registers via the personal identification number.   

 

 

 

Supplementary tables 
 

Supplementary table 1. Sources and definitions of variables 

 Source ATC and ICD-10 codes Details/Definition 

Exposure    

axSpA NPR 
SRQ 

ICD-10 M45.9, M08.1, M46.8, 
M46.9 

2 visits, ≥1 visit at specialist clinic of internal 
medicine or rheumatology, with a recorded 

diagnosis of either AS or uSpA in NPR, after 

2001. 
Or registered in SRQ with AS or uSpA after 

2001. 

Outcomes    

Pre-eclampsia MBR ICD-10 O14, O15 According to the clinical definition of pre-
eclampsia during the study period:  Two blood 

pressure measurements of ≥140/90 with at least 
4h apart combined with proteinuria (≥0.3 grams 

per 24 h or one or more on a urine dipstick on at 

least two subsequent occasions) 

Gestational diabetes MBR ICD-10 O244 New onset diabetes during pregnancy 

Gestational hypertension  MBR  ICD-10 O13 New onset hypertension after 20 gw of 

pregnancy 

Stillbirth MBR  Non-live birth ≥22+0 gw since 1 July 2008, 

before that non-live birth ≥28+0 gw  

Preterm birth 

 

MBR  Birth before gw 37+0  

Moderately preterm birth MBR  Birth between gw 32+0-36+6 

Very preterm birth MBR  Birth between gw 22+0-31+6 

Spontaneous onset of 
preterm birth 

MBR  Birth before gw 37+0 with spontaneous onset of 
labour or preterm premature rupture of 

membranes (PPROM)  

Medically indicated onset 
of preterm birth 

MBR  Birth before gw 37+0 with an onset of labour that 
was not spontaneous, i.e. induction or prelabour 

Caesarean delivery 

Caesarean delivery (all) MBR  Both elective and emergency Caesarean 

deliveries 

Elective caesarean delivery  MBR  Planned caesarean delivery before start of labour 

Emergency caesarean 

delivery  

MBR  Not planned caesarean delivery 
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Small for gestational age 

(SGA) 

MBR  Birthweight below 2 standard deviations of sex-

specific mean weight per gestational age 

Large for gestational age 
(LGA) 

MBR  Birthweight above 2 standard deviations of sex-
specific mean weight per gestational age 

5 min Apgar score <7 MBR   

Neonatal or severe infant 

infection within the first 
year of life in the offspring 

NPR (main 

diagnosis) 
and MBR 

ICD-10 A00-B99, G00, G01, G02, 

G04.2, G05, G06, G07, H66, H67, 
H70, J00, J01, J02, J03, J04, J05, 

J06, J09, J10, J11, J12, J13, J14, 

J15, J16, J17, J18, J20, J21, J22, 
J32, J34.0, J36, J38.3, J39.0, J39.1, 

K10.2, L00, L01, L02, L03, L04, 
L05, L08, M00, M01, M46.2, 

M46.3, M46.4, M46.5, M86, N10, 

N30 

An ICD code of infection at birth or requiring 

hospitalization i.e in inpatient care within one 
year after birth 

Other covariates    

Maternal age MBR  In years. Modelled as third-grade polynomial. 

Parity MBR  Coded primiparous/parous 

Maternal country of birth Total 

Population 
Register 

 Coded Nordic/Non-Nordic 

Annual disposable income LISA  In year before pregnancy, in quartiles. 

Level of formal education LISA  In year before pregnancy, coded ≤9 years, 10-12 

years, >12 years 

Smoking MBR  At first antenatal visit. Coded smoker/non-
smoker 

BMI MBR  At first antenatal visit. Modelled as third-grade 

polynomial. 

Height MBR  At first antenatal visit. Modelled as third-grade 
polynomial. 

Previous preterm birth MBR  Birth before gw 37+0 in a previous pregnancy 

Medical history    

  Diabetes NPR or PDR ICD-10 E10-E14, O24.0 O24.1, 
O24.2, O24.3, O24.9 

And/or 

dispended prescription of ATC A10 

Ever before pregnancy, but earliest 1997 for NPR 
(start of ICD10) and July 2005 for PDR (start of 

PDR) 

 

  Hypertension NPR or MBR ICD-10 I10, I11, I12, I13, I15.0 in 
NPR 

and/or 
checkbox in MBR 

and/or 

ICD-10 O10 in MBR 

Ever before pregnancy, but earliest 1997 for NPR 
(start of ICD10) 

  Thyroid disease NPR or PDR ICD-10 E038, E039, E063, E050, 
E051, E052, E053, E058, E059, 

O905 

and/or 
PDR: dispensed prescription of 

ATC H03AA01 or H03AA02 

 
But not: 

Diagnosis of thyroid cancer (C739) 

in the Cancer register or NPR (main 
diagnosis), or dispensed 

prescription of ATC C01BD01, 

N05AN01, 
L03AB01/L03AB04/L03AB05 

Ever before pregnancy, but earliest 1997 for NPR 
(start of ICD10) and July 2005 for PDR (start of 

PDR)  

 

Measures of disease 

activity/inflammation/ 
functional status 

   

  Elevated CRP SRQ  CRP >10 mg/litre in year before or during 

pregnancy 

  BASDAI SRQ  In year before or during pregnancy, continuous 

  HAQ-DI SRQ  In year before or during pregnancy, continuous 

Treatment    

  TNFi PDR or SRQ 

(for 
infliximab) 

ATC L04AB01, L04AB02, 

L04AB04, L04AB05, or L04AB06  

Dispensed prescription in year before pregnancy, 

dispensed prescription ever during pregnancy, or 
treatment registered in SRQ during these periods 

(for infliximab) 

  csDMARDs PDR ATC A07EC01, 

L01BA01/L04AX03,  L04AX01, or  
P01BA 

Dispensed prescription in year before pregnancy 

Dispensed prescription ever during pregnancy 

  NSAIDs PDR ATC M01A Dispensed prescription in year before pregnancy  

Dispensed prescription ever during pregnancy 

  Corticosteroids PDR ATC H02AB Dispensed prescription in year before pregnancy  
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Dispensed prescription ever during pregnancy 

  Heavy treatment Composed by 

multiple 
treatment 

variables 

 Dispensed prescriptions of at least 2 of TNFi, 

csDMARDs, or corticosteroids 

SpA manifestations    

  Anterior uveitis NPR ICD-10 H20, H22.1 ≥2 visits, ≥1 at specialist clinic of 
ophthalmology, ever before delivery 

  Psoriatic arthritis NPR or SRQ ICD-10 L40.5, M07.3, M09.0 

 

≥2 visits, ≥1 at specialist clinic of internal 

medicine, rheumatology or dermatology, or 
registered in SRQ, ever before delivery 

  Psoriasis NPR or PDR ICD-10 L40 (except L40.5) or 

dispensed prescription of ATC D05 

≥2 visits, ≥1 visit at specialist clinic of 

dermatology, ever before delivery 
 

  Inflammatory Bowel 

Disease 

NPR or SRQ ICD-10 K50, M07.4, M09.1 K51, 

M07.5, M09.2 

2 visits, ≥1 visit at specialist clinic of internal 

medicine, rheumatology or gastroenterology, or 

registered in SRQ, ever before delivery 

Other rheumatic diagnoses    

  Rheumatoid Arthritis NPR or SRQ ICD-10 M05, M06, M08.0, M08.3 ≥2 visits, ≥1 visit at specialist clinic of internal 

medicine or rheumatology, or registered in SRQ, 

ever before pregnancy 

  Systemic Lupus 

Erythematosus 

NPR or SRQ ICD-10 M32, L93 

 

≥2 visits, ≥1 visit at specialist clinic of internal 

medicine, rheumatology, or nephrology, or in 

SRQ, ever before pregnancy 

NPR=National Patient Register. SRQ=Swedish Rheumatology Quality Register. MBR=Medical Birth Register. 

LISA=Longitudinal integrated database for health insurance and labour market studies. PDR=Prescribed Drug 

Register. gw=gestational week. CRP=C-reactive protein. BASDAI=Bath Ankylosing Spondylitis Disease 

Activity Index. HAQ-DI=Health Assessment Questionnaire–Disability Index. NSAIDs=non-steroidal anti-

inflammatory drugs. csDMARDs=conventional systemic disease-modifying anti-rheumatic drugs. TNFi=tumour 

necrosis factor inhibitors. ATC=Anatomic Therapeutic Chemical. ICD-10=International Classification of 

Diseases, 10th revision.  
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Supplementary table 2. Relative risks of adverse pregnancy outcomes among births in Swedish women with 

axSpA (n=1580) and comparator births (n=15792; matched 1:10 on year of delivery, maternal age, and parity).  

 axSpA births 

n (%) events 

Comparator births 

n (%) events 

Risk ratio 

(95% CI) 

Adj. risk ratio* 

(95% CI) 

Maternal outcomes     

Among all births     

Pre-eclampsia 61 (3·9) 441 (2·8) 1·38 (1·04–1·84) 1·44 (1·08–1·92) 

Gestational diabetes 33 (2·1) 320 (2·0) 1·03 (0·71–1·50) 1·23 (0·84–1·82) 

Gestational hypertension 32 (2·0) 316 (2·0) 1·01 (0·70–1·46) 0·94 (0·64–1·38) 

Stillbirth 0 (0·0) 64 (0·4) ·· ·· 

Among live births     

Caesarean delivery 382 (24·2) 2760 (17·5) 1·38 (1·24–1·53) 1·39 (1·24–1·55) 

  Elective 236 (14·9) 1496 (9·5) 1·57 (1·36–1·81) 1·59 (1·37–1·84) 

  Emergency 146 (9·2) 1264 (8·0) 1·15 (0·97–1·37) 1·15 (0·96–1·37) 

Preterm birth 99 (6·3) 682 (4·3) 1·44 (1·17–1·79) 1·43 (1·13–1·80) 

  Moderately preterm 92 (5·8) 575 (3·6) 1·59 (1·27–1·99) 1·55 (1·22–1·96) 

  Very preterm 7 (0·4) 107 (0·7) 0·65 (0·30–1·39) 0·64 (0·26–1·58) 

  Medically indicated preterm  30 (1·9) 206 (1·3) 1·45 (0·97–2·17) 1·44 (0·93–2·22) 

Spontaneous preterm  69 (4·4) 472 (3·0) 1·45 (1·13–1·87) 1·44 (1·09–1·90) 

Infant outcomes (live births)     

Apgar <7 at 5 min 20 (1·3) 287 (1·8) 0·69 (0·43–1·11) 0·69 (0·41–1·15) 

Small for gestational age† 25 (1·6) 352 (2·2) 0·71 (0·48–1·04) 0·77 (0·51–1·16) 

Large for gestational age† 61 (3·9) 582 (3·7) 1·04 (0·80–1·36) 1·02 (0·77–1·34) 

Infant infection 105 (6·6) 795 (5·0) 1·31 (1·08–1·59) 1·29 (1·05–1·59) 

Relative risks from modified Poisson regression. *Adjusted for year of delivery, maternal age, parity, height, 

body-mass index, smoking, educational level, disposable income and country of birth. †1 axSpA birth and 13 

comparator births were missing data for small- and large for gestational age.  
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Supplementary table 3. Risk differences of adverse pregnancy outcomes among births in Swedish women with 

axSpA (n=1580) and comparator births (n=15792; matched 1:10 on year of delivery, maternal age, and parity).  

 axSpA births 

n (%) events 

Comparator 

births 

n (%) events 

Risk difference 

(95% CI) 

Adj. risk difference* 

(95% CI) 

Maternal outcomes     

Among all births     

Pre-eclampsia 61 (3·9) 441 (2·8) 1·07 (0·00–2·14) 1·27 (0·12–2·42) 

Gestational diabetes 33 (2·1) 320 (2·0) 0·06 (-0·72–0·84) 0·41 (-0·41–1·23) 

Gestational hypertension 32 (2·0) 316 (2·0) 0·02 (-0·72–0·77) -0·14 (-0·94–0·65) 

Stillbirth 0 (0·0) 64 (0·4) ·· ·· 

Among live births     

Caesarean delivery 382 (24·2) 2760 (17·5) 6·63 (4·13–9·12) 6·79 (4·22–9·35) 

  Elective 236 (14·9) 1496 (9·5) 5·43 (3·40–7·45) 5·55 (3·46–7·64) 

  Emergency 146 (9·2) 1264 (8·0) 1·20 (-0·37–2·77) 1·24 (-0·40–2·87) 

Preterm birth 99 (6·3) 682 (4·3) 1·93 (0·64–3·22) 1·75 (0·46–3·03) 

  Moderately preterm 92 (5·8) 575 (3·6) 2·17 (0·92–3·41) 1·94 (0·69–3·19) 

  Very preterm 7 (0·4) 107 (0·7) -0·24 (-0·59–0·11) -0·19 (-0·52–0·14) 

  Medically indicated preterm  30 (1·9) 206 (1·3) 0·59 (-0·15–1·33) 0·53 (-0·20–1·25) 

  Spontaneous preterm  69 (4·4) 472 (3·0) 1·37 (0·30–2·43) 1·25 (0·16–2·34) 

Infant outcomes (live births)     

Apgar <7 at 5 min 20 (1·3) 287 (1·8) -0·56 (-1·17–0·05) -0·55 (-1·18–0·08) 

Small for gestational age† 25 (1·6) 352 (2·2) -0·66 (-1·29–-0·02) -0·49 (-1·18–0·19) 

Large for gestational age† 61 (3·9) 582 (3·7) 0·16 (-0·87–1·19) 0·08 (-0·99–1·15) 

Infant infection 105 (6·6) 795 (5·0) 1·59 (0·34–2·84) 1·53 (0·20–2·86) 

Risk differences from linear regression with robust standard errors. *Adjusted for year of delivery, maternal age, 

parity, height, body-mass index, smoking, educational level, disposable income and country of birth. †1 axSpA 

birth and 13 comparator births were missing data for small- and large for gestational age.  
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Supplementary table 4. Relative risks of preterm birth by level of inflammation, disease activity, treatment, and 

presence of SpA manifestations, in 1443 births by women with axSpA with complete data on background 

characteristics 

 Births with risk 

factor 

Births without risk 

factor 

Risk ratio (95% CI) Adj. risk ratio* (95% 

CI) 

Disease activity & functional 

status before or during 

pregnancy 

    

BASDAI† 4.1 (2.5) ·· 0·98 (0·84–1·15) 0·90 (0·69–1·17) 

HAQ-DI† 0.6 (0.6) ·· 1·26 (0·64–2·50) 1·54 (0·49–4·78) 

CRP >10 mg/l 6/94 (6·4) 21/319 (6·6) 1·01 (0·43–2·42) 0·94 (0·36–2·43) 

Treatment before pregnancy     

No treatment 23/449 (5·1) 61/994 (6·1) 0·83 (0·52–1·33) 0·83 (0·47–1·44) 

NSAIDs 44/668 (6·6) 40/775 (5·2) 1·28 (0·84–1·94) 1·31 (0·81–2·12) 

csDMARDs 15/262 (5·7) 69/1181 (5·8) 0·98 (0·57–1·68) 1·14 (0·56–2·30) 

Corticosteroids 24/371 (6·5) 60/1072 (5·6) 1·16 (0·73–1·82) 1·10 (0·52–2·33) 

TNFi 23/383 (6·0) 61/1060 (5·8) 1·04 (0·65–1·67) 1·08 (0·53–2·20) 

Heavy treatment‡ 17/261 (6·5) 67/1182 (5·7) 1·15 (0·69–1·91) 1·23 (0·58–2·60) 

Treatment during pregnancy     

No treatment 52/927 (5·6) 32/516 (6·2) 0·90 (0·59–1·40) 1·09 (0·60–1·98) 

NSAIDs 8/152 (5·3) 76/1291 (5·9) 0·89 (0·44–1·81) 0·66 (0·30–1·48) 

csDMARDs 6/135 (4·4) 78/1308 (6·0) 0·75 (0·33–1·66) 0·62 (0·21–1·79) 

Corticosteroids 16/238 (6·7) 68/1205 (5·6) 1·19 (0·70–2·02) 1·09 (0·45–2·61) 

TNFi 13/202 (6·4) 71/1241 (5·7) 1·12 (0·63–2·00) 0·95 (0·41–2·20) 

Heavy treatment‡ 8/120 (6·7) 76/1323 (5·7) 1·16 (0·58–2·31) 0·93 (0·38–2·31) 

SpA manifestations before 

delivery 

    

Anterior uveitis 13/267 (4·9) 71/1176 (6·0) 0·81 (0·45–1·43) 0·82 (0·44–1·52) 

Psoriatic arthritis 3/76 (3·9) 81/1367 (5·9) 0·67 (0·22–2·05) 0·80 (0·23–2·71) 

Psoriasis 1/45 (2·2) 83/1398 (5·9) 0·37 (0·05–2·65) 0·43 (0·07–2·49) 

Inflammatory bowel disease 5/79 (6·3) 79/1364 (5·8) 1·09 (0·46–2·62) 1·14 (0·44–2·93) 

Data are mean (SD) for continuous variables or n events/N pregnancies (%) for dichotomous variables. Relative 

risks from modified Poisson regression, on 50 multiply imputed datasets, by increasing disease activity or in 

births with vs. without disease-related factors. BASDAI=Bath Ankylosing Spondylitis Disease Activity Index. 

HAQ-DI=Health Assessment Questionnaire–Disability Index. NSAIDs=non-steroidal anti-inflammatory drugs. 

csDMARDs=conventional systemic disease-modifying anti-rheumatic drugs. TNFi=tumour necrosis factor 

inhibitors. *Adjusted for the other covariates in the table (i.e. disease activity, treatment before and during 

pregnancy, presence of SpA manifestations), plus year of delivery, maternal age, parity, height, body-mass 

index, smoking, educational level, disposable income and country of birth. †Analysed as continuous variables. 

‡At least two of TNFi, csDMARDs or corticosteroids.  
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Supplementary table 5. Relative risks of infant infection by level of inflammation, disease activity, treatment, 

and presence of SpA manifestations, in 1443 births by women with axSpA with complete data on background 

characteristics 

 Births with risk 

factor 

Births without risk 

factor 

Risk ratio (95% CI) Adj. risk ratio* (95% 

CI) 

Disease activity & functional 

status before or during 

pregnancy 

    

BASDAI† 4·1 (2·5) ·· 1·04 (0·89–1·23) 1·07 (0·80–1·43) 

HAQ-DI† 0·6 (0·6) ·· 1·02 (0·56–1·87) 0·75 (0·23–2·46) 

CRP >10 mg/l 6/94 (6·4) 21/319 (6·6) 1·12 (0·51–2·49) 0·98 (0·39–2·46) 

Treatment before pregnancy     

No treatment 25/449 (5·6) 71/994 (7·1) 0·78 (0·51–1·20) 0·81 (0·49–1·35) 

NSAIDs 48/668 (7·2) 48/775 (6·2) 1·16 (0·80–1·69) 1·14 (0·73–1·77) 

csDMARDs 18/262 (6·9) 78/1181 (6·6) 1·04 (0·64–1·70) 0·79 (0·40–1·55) 

Corticosteroids 32/371 (8·6) 64/1072 (6·0) 1·44 (0·97–2·16) 1·41 (0·80–2·51) 

TNFi 26/383 (6·8) 70/1060 (6·6) 1·03 (0·67–1·59) 1·08 (0·56–2·06) 

Heavy treatment‡ 19/261 (7·3) 77/1182 (6·5) 1·12 (0·69–1·81) 0·89 (0·45–1·77) 

Treatment during pregnancy     

No treatment 57/927 (6·1) 39/516 (7·6) 0·81 (0·55–1·20) 0·86 (0·54–1·39) 

NSAIDs 11/152 (7·2) 85/1291 (6·6) 1·10 (0·61–1·99) 1·05 (0·55–2·00) 

csDMARDs 10/135 (7·4) 86/1308 (6·6) 1·13 (0·60–2·10) 1·24 (0·52–2·95) 

Corticosteroids 19/238 (8·0) 77/1205 (6·4) 1·25 (0·77–2·02) 0·90 (0·46–1·78) 

TNFi 15/202 (7·4) 81/1241 (6·5) 1·14 (0·67–1·93) 1·24 (0·57–2·70) 

Heavy treatment‡ 8/120 (6·7) 88/1323 (6·7) 1·00 (0·50–2·01) 0·81 (0·35–1·87) 

SpA manifestations before 

delivery 

    

Anterior uveitis 17/267 (6·4) 79/1176 (6·7) 0·95 (0·58–1·56) 0·84 (0·50–1·41) 

Psoriatic arthritis 2/76 (2·6) 94/1367 (6·9) 0·38 (0·10–1·51) 0·27 (0·07–1·01) 

Psoriasis 5/45 (11·1) 91/1398 (6·5) 1·71 (0·73–3·99) 2·61 (1·24–5·47) 

Inflammatory bowel disease 8/79 (10·1) 88/1364 (6·5) 1·57 (0·79–3·10) 1·69 (0·78–3·65) 

Data are mean (SD) for continuous variables or n events/N pregnancies (%) for dichotomous variables. Relative 

risks from modified Poisson regression, on 50 multiply imputed datasets, by increasing disease activity or in 

births with vs. without disease-related factors. BASDAI=Bath Ankylosing Spondylitis Disease Activity Index. 

HAQ-DI=Health Assessment Questionnaire–Disability Index. NSAIDs=non-steroidal anti-inflammatory drugs. 

csDMARDs=conventional systemic disease-modifying anti-rheumatic drugs. TNFi=tumour necrosis factor 

inhibitors. *Adjusted for the other covariates in the table (i.e. disease activity, treatment before and during 

pregnancy, presence of SpA manifestations), plus year of delivery, maternal age, parity, height, body-mass 

index, smoking, educational level, disposable income and country of birth. †Analysed as continuous variables. 

‡At least two of TNFi, csDMARDs or corticosteroids.  
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Supplementary table 6. Relative risks of pre-eclampsia by level of inflammation, disease activity, treatment, 

and presence of SpA manifestations, in 1443 births by women with axSpA with complete data on background 

characteristics 

 Births with risk 

factor 

Births without 

risk factor 

Risk ratio (95% CI) Adj. risk ratio* (95% CI) 

Disease activity & functional 

status before or during 

pregnancy 

    

BASDAI† 4·1 (2·5) ·· 1·26 (1·03–1·54) 1·50 (1·06–2·13) 

HAQ-DI† 0·6 (0·6) ·· 1·20 (0·52–2·80) 0·41 (0·09–1·91) 

CRP >10 mg/l 4/94 (4·3) 13/319 (4·1) 1·00 (0·40–2·51) 0·93 (0·31–2·78) 

Treatment before pregnancy     

No treatment 15/449 (3·3) 45/994 (4·5) 0·74 (0·41–1·33) 0·69 (0·33–1·45) 

NSAIDs 25/668 (3·7) 35/775 (4·5) 0·83 (0·49–1·39) 0·79 (0·42–1·47) 

csDMARDs 15/262 (5·7) 45/1181 (3·8) 1·50 (0·82–2·77) 1·35 (0·58–3·13) 

Corticosteroids 17/371 (4·6) 43/1072 (4·0) 1·14 (0·63–2·07) 1·23 (0·47–3·27) 

TNFi 12/383 (3·1) 48/1060 (4·5) 0·69 (0·38–1·28) 0·69 (0·30–1·59) 

Heavy treatment‡ 12/261 (4·6) 48/1182 (4·1) 1·13 (0·57–2·26) 0·96 (0·37–2·51) 

Treatment during pregnancy     

No treatment 37/927 (4·0) 23/516 (4·5) 0·90 (0·54–1·49) 0·97 (0·44–2·12) 

NSAIDs 7/152 (4·6) 53/1291 (4·1) 1·12 (0·53–2·38) 1·30 (0·62–2·73) 

csDMARDs 8/135 (5·9) 52/1308 (4·0) 1·49 (0·72–3·08) 1·02 (0·33–3·13) 

Corticosteroids 10/238 (4·2) 50/1205 (4·1) 1·01 (0·49–2·09) 1·06 (0·35–3·24) 

TNFi 5/202 (2·5) 55/1241 (4·4) 0·56 (0·23–1·37) 0·67 (0·22–1·98) 

Heavy treatment‡ 4/120 (3·3) 56/1323 (4·2) 0·79 (0·29–2·12) 0·88 (0·28–2·76) 

SpA manifestations before 

delivery 

    

Anterior uveitis 7/267 (2·6) 53/1176 (4·5) 0·58 (0·26–1·28) 0·67 (0·29–1·53) 

Psoriatic arthritis 4/76 (5·3) 56/1367 (4·1) 1·28 (0·48–3·42) 1·21 (0·41–3·56) 

Psoriasis 3/45 (6·7) 57/1398 (4·1) 1·64 (0·52–5·12) 1·40 (0·39–5·05) 

Inflammatory bowel disease 5/79 (6·3) 55/1364 (4·0) 1·57 (0·64–3·83) 2·30 (0·87–6·11) 

Data are mean (SD) for continuous variables or n events/N pregnancies (%) for dichotomous variables. Relative 

risks from modified Poisson regression, on 50 multiply imputed datasets, by increasing disease activity or in 

births with vs. without disease-related factors. BASDAI=Bath Ankylosing Spondylitis Disease Activity Index. 

HAQ-DI=Health Assessment Questionnaire–Disability Index. NSAIDs=non-steroidal anti-inflammatory drugs. 

csDMARDs=conventional systemic disease-modifying anti-rheumatic drugs. TNFi=tumour necrosis factor 

inhibitors. *Adjusted for the other covariates in the table (i.e. disease activity, treatment before and during 

pregnancy, presence of SpA manifestations), plus year of delivery, maternal age, parity, height, body-mass 

index, smoking, educational level, disposable income and country of birth. †Analysed as continuous variables. 

‡At least two of TNFi, csDMARDs or corticosteroids.   
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Supplementary table 7. Characteristics of the cohort by year of delivery, in three strata 

 Year of delivery 

 2007–2011 2012–2016 2017–2020 

 axSpA Comparators axSpA Comparators axSpA Comparators 

N 338 3380 609 6089 633 338 

Ankylosing spondylitis 
diagnosis 

165 (48·8) ·· 301 (49·4) ·· 304 (48·0) ·· 

Maternal age, years       

19–24 18 (5·3) 180 (5·3) 39 (6·4) 390 (6·4) 19 (3·0) 190 (3·0) 

25–29 70 (20·7) 700 (20·7) 154 (25·3) 1540 (25·3) 163 (25·8) 1630 (25·8) 

30–34 137 (40·5) 1370 (40·5) 256 (42·0) 2560 (42·0) 264 (41·7) 2640 (41·8) 

≥35 113 (33·4) 1130 (33·4) 160 (26·3) 1599 (26·3) 187 (29·5) 1863 (29·5) 

Maternal BMI (early 

pregnancy) 

      

<18.5 7 (2·1) 62 (1·8) 11 (1·8) 118 (1·9) 14 (2·2) 120 (1·9) 

18·5–24·9 193 (57·1) 1949 (57·7) 324 (53·2) 3467 (56·9) 362 (57·2) 3283 (51·9) 

25–29·9 66 (19·5) 780 (23·1) 148 (24·3) 1423 (23·4) 138 (21·8) 1648 (26·1) 

≥30 41 (12·1) 373 (11·0) 88 (14·4) 735 (12·1) 87 (13·7) 897 (14·2) 

Missing 31 (9·2) 216 (6·4) 38 (6·2) 346 (5·7) 32 (5·1) 375 (5·9) 

Smoking (early 

pregnancy) 

      

Smoker 14 (4·1) 177 (5·2) 40 (6·6) 271 (4·5) 23 (3·6) 207 (3·3) 

Non-smoker 305 (90·2) 3100 (91·7) 543 (89·2) 5514 (90·6) 575 (90·8) 5720 (90·5) 

Missing 19 (5·6) 103 (3·0) 26 (4·3) 304 (5·0) 35 (5·5) 396 (6·3) 

Comorbidities*       

Diabetes 6 (1·8) 46 (1·4) 15 (2·5) 74 (1·2) 20 (3·2) 114 (1·8) 

Hypertension 6 (1·8) 40 (1·2) 15 (2·5) 61 (1·0) 9 (1·4) 81 (1·3) 

Thyroid disease 11 (3·3) 135 (4·0) 45 (7·4) 395 (6·5) 70 (11·1) 514 (8·1) 

SpA manifestations†       

Anterior uveitis 61 (18·0) ·· 113 (18·6) ·· 115 (18·2) ·· 

Psoriatic arthritis 19 (5·6) ·· 25 (4·1) ·· 42 (6·6) ·· 

Psoriasis 4 (1·2) ·· 19 (3·1) ·· 30 (4·7) ·· 

Inflammatory bowel 

disease 

14 (4·1) ·· 34 (5·6) ·· 39 (6·2) ·· 

Other rheumatic 

diagnoses* 

      

Rheumatoid arthritis 27 (8·0) ·· 62 (10·2) ·· 46 (7·3) ·· 

Systemic lupus 

erythematosus 

2 (0·6) ·· 3 (0·5) ·· 1 (0·2) ·· 

Data are n (%). BMI=body-mass index. *Before pregnancy. †Before delivery.  
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Supplementary figures 
 

 

Supplementary figure 1. Flow diagram of selection of study participants. AS=ankylosing spondylitis. 

uSpA=undifferentiated spondyloarthritis. NPR=National Patient Register. SRQ=Swedish Rheumatology Quality 

register. MBR=Medical Birth Register. 
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Supplementary figure 2. Effect modification of established risk factors of preterm birth by axSpA compared to 

general population comparators. Risk ratios from univariate modified Poisson regression. BMI=body-mass 

index. 
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Supplementary figure 3. Sensitivity analyses for outcomes with significantly increased risks in the axSpA 

population: A) Stratified by parity (first or subsequent births), and B) After exclusion of women in the axSpA 

cohort who were also diagnosed with rheumatoid arthritis, psoriatic arthritis, or systemic lupus erythematosus 

(n=135, 86, and 6, respectively) in the National Patient Register before start of pregnancy. Relative risks from 

modified Poisson regression. Comparators are all comparator births (n=15792). *Adjusted for year of delivery, 

maternal age, parity (except in A), height, body-mass index, smoking, educational level, disposable income, and 

country of birth.  
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