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Abstract
Background Ankylosing Spondylitis (AS) is a systemic chronic rheumatic disease characterized by involvement of 
the axial skeletal and sacroiliac joints. Although this disease is not rare amongst women of reproductive age, data 
regarding pregnancy outcomes have demonstrated conflicting results. We therefore aimed to compare pregnancy 
and perinatal outcomes between women who suffered from AS to those who did not.

Methods A retrospective cohort study using the Healthcare Cost and Utilization Project, Nationwide Inpatient 
Sample (HCUP-NIS). Included in the study were all pregnant women who delivered or had a maternal death in the US 
between 2004 and 2014. Women with an ICD-9 diagnosis of AS before or during pregnancy were compared to those 
without. Pregnancy, delivery, and neonatal outcomes were compared between the two groups using multivariate 
logistic regression models adjusting for potential confounders.

Results A total of 9,096,788 women were inclusion in the analysis. Amongst them, 383 women (3.8/100,000) had a 
diagnosis of AS and the rest were controls. Women with AS, compared to those without, were more likely to be older; 
Caucasian; from higher income quartiles; suffer from thyroid disorders, and have multiple pregnancies (p < 0.001, all). 
After adjusting for confounders, patients in the AS group, compared to those without, had a higher rate of cesarean 
delivery (CD) (aOR 1.47, 95% CI 1.14–1.91, p = 0.003); gestational diabetes (aOR 1.55, 95% CI 1.02–2.33, p = 0.038); and 
placenta previa (aOR 3.6, 95% CI 1.6–8.12, p = 0.002). Regarding neonatal outcomes, patients with AS, compared to 
those without, had a higher rate of small-for-gestational-age (SGA) neonates (aOR 2.19, 95% CI 1.22–3.93, p = 0.009); 
and intrauterine fetal death (IUFD) (aOR 3.46, 95% CI 1.11–10.83, p = 0.033).

Conclusion Women diagnosed with AS have an increased risk of obstetric complications, including CD, as well as an 
increased risk of SGA and IUFD.

Keywords Ankylosing spondylitis, Cesarean delivery, Obstetric complications, Small-for-gestational-age, Population-
based study

Obstetric and neonatal outcomes in women 
with Ankylosing spondylitis - an evaluation 
of a population database
Uri Amikam1,2*, Ahmad Badeghiesh3, Haitham Baghlaf4, Richard Brown1 and Michael H. Dahan1

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12884-024-06833-0&domain=pdf&date_stamp=2024-9-25


Page 2 of 8Amikam et al. BMC Pregnancy and Childbirth          (2024) 24:639 

Background
Ankylosing spondylitis (AS) is a chronic inflammatory 
disease mainly involving the sacroiliac joints and spine 
[1]. The inflammation process causes chronic arthritis 
and leads to the fusion of the axial skeleton, resulting in 
the classical manifestation of lower back pain [2]. AS is 
one of the entities of spondyloarthritis, along with reac-
tive arthritis, psoriatic arthritis, and spondylitis associ-
ated with inflammatory bowel disease [3]. Besides joint 
involvement, individuals with AS also have a systemic 
inflammatory response, which in pregnancy may have 
both maternal and neonatal implications that are not yet 
well described.

The annual incidence of AS is estimated to range 
from 0.0.5 to 1.4/10,000 person-years and its prevalence 
ranges between 0.1 and 1.4% [4]. It had previously been 
suggested that this disease was more prevalent in men 
with a 2 to 1 ratio [4, 5], whilst more recent studies have 
shown a more balanced incidence between sexes [6, 7]. 
As about 80% of patients develop the first symptoms at 
an age younger than 30 years, and less than 5% of patients 
initially present at older than 45 years [8], in women, pre-
sentation is often during the childbearing age.

Evidence shows that pregnancy does not affect the dis-
ease course [9], and the disease remains stable in the year 
following delivery [10].

Although AS impacts women during their reproduc-
tive years, there is conflicting data regarding pregnancy 
outcomes in these patients. While some studies found 
higher rates of preeclampsia [11] and preterm labor [11–
13], others did not [14, 15]. Another limitation is that two 
previous large studies comprising 1642 and 2461 patients 
with spondylarthritis, combined all etiologies of this con-
dition and did not examine the impact of specific diagno-
ses such as AS [15, 16].

Due to this conflicting data regarding the association 
between AS and obstetric and neonatal outcomes, our 
primary objective was to investigate and compare preg-
nancy, delivery, and neonatal outcomes in women diag-
nosed with AS compared to those without AS, using a 
large population-based cohort.

Methods
This study is a retrospective analysis of a population-
based cohort, utilizing the Healthcare Cost and Utiliza-
tion Project Nationwide Inpatient Sample (HCUP-NIS) 
database [17]. It stands as the largest inpatient sample 
database in the United States of America and includes 
hospital inpatient stays submitted by healthcare facili-
ties across the nation. On an annual basis, this database 
provides detailed information on seven million inpa-
tient stays, encompassing a wide range of details such as 
patient characteristics, diagnoses, and procedures. Nota-
bly, the dataset accounts for approximately 20% of all 

hospital admissions in the United States, spanning across 
48 states and the District of Columbia. We included in 
the database all women who delivered or had a maternal 
death between 2004 and 2014, ensuring that each preg-
nancy was included only once. Notably, our data included 
only a possibly viable pregnancy at 24 weeks or above 
and did not include earlier miscarriages.

The cohort was divided into two groups according to 
AS diagnosis – women diagnosed with AS before or dur-
ing pregnancy (study group) and women without an AS 
diagnosis (control group). The patient’s AS diagnosis was 
categorized based on an International Classification of 
Diseases 9th Revision (ICD-9) diagnosis code 720.0.

The collected data comprised a range of demographic 
and obstetric parameters, labor-related details, and short-
term maternal and neonatal outcomes up to the point of 
discharge. Baseline clinical characteristics included: obe-
sity (defined as a body mass index (BMI) greater than or 
equal to 30 kg/m2); tobacco smoking during pregnancy; 
chronic hypertension; previous cesarean delivery (CD); 
pregestational diabetes mellitus (DM); thyroid disease; 
multiple gestations; in-vitro fertilization (IVF), and illicit 
drug use.

Pregnancy and delivery outcomes included: preeclamp-
sia; eclampsia; pregnancy-induced hypertension; gesta-
tional hypertension; placenta previa; placental abruption; 
gestational diabetes mellitus (GDM); preterm premature 
rupture of membranes (PPROM); preterm delivery (< 37 
weeks); operative vaginal delivery; CD; placental abrup-
tion; chorioamnionitis; hysterectomy; postpartum hem-
orrhage (PPH); maternal infection; maternal death; need 
for blood transfusion; disseminated intravascular coagu-
lation (DIC); deep vein thrombosis; pulmonary embo-
lism and venous thromboembolism (VTE). Neonatal 
outcomes examined included: small-for-gestational-age 
(SGA) neonates; congenital anomalies and intra-uterine 
fetal death (IUFD).

The overall prevalence of pregnant women diagnosed 
with AS was ascertained and then the differences in base-
line characteristics between women with a diagnosis 
of AS and those without were compared using the chi-
squared test. Subsequently, logistic regression analyses 
were conducted to evaluate the unadjusted and adjusted 
effects of an AS diagnosis on maternal and neonatal out-
comes, estimating odds ratios (OR) and 95% confidence 
intervals (CI). The regression models were adjusted to 
account for potential confounding factors, including 
maternal demographics, pre-existing clinical character-
istics, and concurrently occurring conditions in which 
the chi-squared tests had shown significance. All analyses 
were performed using SPSS 23.0 (IBM Corporation, Chi-
cago, USA) software.

This study exclusively utilized publicly accessible, ano-
nymized data. As a result, in accordance with articles 2.2 
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and 2.4 of the Tri-Council Policy Statement (2010), insti-
tutional review board approval was not required [18].

Results
Out of the total 9,096,788 women meeting the inclusion 
criteria, 383 individuals were diagnosed with AS either 
before or during pregnancy with a calculated overall 
prevalence of 4.2 per 100,000. It is noteworthy that the 
prevalence of an AS diagnosis increased significantly 
across the study period (p < 0.001) (Fig. 1).

Table  1 lists the demographic and baseline charac-
teristics of women with and without a diagnosis of AS. 
Women with AS, as compared to those without, were 
characterized by increased maternal age (25.6% ≥35 years 
vs. 14.7%, p < 0.001, respectively); were more likely of 
Caucasian race (80.5% vs. 52.3%, p < 0.001); more likely 
to have a higher income (p < 0.001); to have private insur-
ance (79.1% vs. 50.6%, p < 0.001); to have a multiple gesta-
tion (3.1% vs. 1.5%, p = 0.009); and to suffer from thyroid 
disorders (8.6% vs. 2.5%, p < 0.001). Other maternal char-
acteristics, such as tobacco smoking during pregnancy, 
illicit drug use, chronic hypertension, and pregestational 
DM, were comparable between the two groups.

Table  2 displays the association between an AS diag-
nosis and pregnancy and delivery outcomes after 
adjusting for potential confounders, which included all 
demographic and baseline characteristics that differed 
statistically between the two groups and included age, 
race, medical insurance plan type, income quartiles, thy-
roid disorders, and multiple gestations, with the addition 
of GDM and placenta previa for the analysis of delivery 
and neonatal outcomes. Women with an AS diagnosis, 
compared to those without, had a higher rate of GDM 
(adjusted OR (aOR) 1.55, 95% CI 1.02–2.33, p = 0.038); 
and placenta previa (aOR 3.6, 95% CI 1.6–8.12, p = 0.002). 
They also had a higher rate of CD (aOR 1.47, 95% CI 

1.14–1.91, p = 0.003), and a lower rate of spontaneous 
vaginal deliveries (aOR 0.67, 95% CI 0.52–0.87, p = 0.002). 
Other pregnancy and delivery outcomes, such as pre-
eclampsia, eclampsia, placental abruption, PPROM, 
preterm delivery, chorioamnionitis, PPH, blood transfu-
sion, maternal death, VTE, and DIC, were comparable 
between the groups (p > 0.05 in all cases).

Neonatal outcomes are presented in Table  3. Women 
with an AS diagnosis, compared to controls, had a higher 
rate of SGA neonates (aOR 2.19, 95% CI 1.22–3.93, 
p = 0.009), and a higher rate of IUFD (aOR 3.46, 95% CI 
1.11–10.83, p = 0.033). There was no difference in the rate 
of congenital anomalies between the two groups.

Discussion
This study compared pregnancy, delivery, and neonatal 
outcomes between mothers with AS and those without. 
Our key findings were: (1) An increasing prevalence of 
pregnancies in women with AS across the study period; 
(2) That pregnant women with AS were characterized by 
increasing maternal age, and higher rates of Caucasian 
race, a higher income quartile, private medical insurance, 
multiple gestation pregnancies and thyroid disorders; (3) 
Women with AS had an increased risk for GDM, placenta 
previa, and CD; (4) Women with AS had higher rates of 
SGA neonates and IUFD compared to women without 
AS.

During the 11-year study period, there was a three-
fold rise in the prevalence of AS diagnosis among women 
admitted for delivery (p < 0.001). This finding corresponds 
with an increase in the prevalence of AS in the general 
population in the US between 2006 and 2014 [19]. Simi-
larly, a previous study examining spondyloarthritis found 
an increase in prevalence from 0.1% in 1997 to 0.6% in 
2016 [20]. The rising prevalence of diagnosed spondy-
loarthritis during the study period may be attributed to 

Fig. 1 Prevalence of ankylosing spondylitis in pregnant women during the study period
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advancements in classification criteria as well as techno-
logical improvements that have enhanced the accurate 
diagnosis of the condition. For instance, the introduc-
tion of the Assessment of Spondyloarthritis International 
Society classification criteria for axial spondyloarthritis 
in 2011 [21], includes the diagnosis of non-radiographic 
spondyloarthritis, supporting this hypothesis, it’s note-
worthy that in our cohort, the surge in prevalence was 
primarily observed after 2011. Therefore, the apparent 
increase in prevalence is more likely to reflect changes in 

the rates of diagnosis rather than a true increase in the 
actual disease prevalence.

Regarding maternal characteristics in our cohort, 
women with AS were more likely to be older, consis-
tent with previous data [13, 14] that have described an 
older age amongst parturients with AS, and with a pre-
vious study showing a peak of AS prevalence in women 
between the ages of 30 to 39 years [22]. Our observa-
tion that Caucasian women had a higher rate of AS is 
likely attributable to the higher prevalence of the HLA-
B27 subtype in this ethnic group [23], a subtype closely 
related to the risk of developing AS [4, 24].

Two additional noteworthy differences in maternal 
characteristics between the groups in our cohort include 
higher rates of multiple pregnancies and thyroid disor-
ders in the AS group. The data in the literature regard-
ing multiple pregnancies in AS is scarce since many 
previous studies limited the inclusion criteria to single-
ton pregnancies [11–13, 15, 20]. Similar to our findings, 
one previous study from South Korea described a higher 
incidence of twin pregnancy within their cohort [14]. In 
contrast, a smaller study of 129 patients with AS did not 
demonstrate such an association [25]. The higher mul-
tiple gestation rate in the AS group cannot be attributed 
to IVF treatment, which was comparable in both groups 
of our cohort. This is consistent with prior data that did 
not demonstrate an association between AS and infertil-
ity in women [26]. Advanced maternal age however is a 
recognized risk factor associated with an increased like-
lihood of multiple pregnancies [27] and may be a con-
tributory factor to this observation. Previous studies have 
described an association between AS and thyroid disor-
ders outside of pregnancy [28, 29], but pregnancy related 
data are limited and conflicting. While Keeling et al. [15] 
found a 6% prevalence of thyroid disorders among preg-
nant women with AS vs. 3.9% in controls (< 0.01), two 
other studies did not demonstrate such a correlation [11, 
25]. Whether a true association between AS and thyroid 
disease exists or what its etiology might be remains to 
be determined but until such data are available it would 
seem prudent to monitor thyroid function more often in 
these women.

Women with AS have an increased rate of GDM even 
after adjusting for potential confounders such as age and 
multiple pregnancies. This finding conflicts with previ-
ous data where no such association was observed [11, 
12, 14, 25, 30]. Three of these previous studies were not 
powered to detect such an association, with populations 
of between 27 and 129 patients [12, 14, 25] nor was a 
meta-analysis [30] that included these three trials, with a 
total of 226 women. The largest trial that assessed GDM 
in this group was from Sweden [11] and included 1580 
women, however, the incidence of GDM in the AS and 
control groups was only 2.1% and 2%, respectively, with 

Table 1 Maternal characteristics
Characteristics Ankylosing 

Spondylitis
N = 383

No Ankylosing 
Spondylitis
N = 9,096,405

P-value

Age (years) < 0.001
 < 25 53 (13.8%) 3,456,016 (38%)
 25–34 232 (60.6%) 4,298,758 (47.3%)
 ≥ 35 98 (25.6%) 1,341,096 (14.7%)
Race < 0.001
 White 248 (80.5%) 3,958,063 (52.3%)
 Black (2.6%) 1,035,397 (13.7%)
 Hispanic 25 (8.1%) 1,756,798 (23.2%)
 Asian and Pacific 14 (4.5%) 390,363 (5.2%)
 Native American (0.6%) 59,904 (0.8%)
 Other 11 (3.6%) 365,532 (4.8%)
Income quartiles < 0.001
 Less than 39,000 44 (15.2%) 1,486,541 (27.3%)
 $39,000–47,999 57 (19.7%) 1,386767 (25.5%)
 $48,000–62,999 87 (30%) 1,355,386 (24.9%)
 $63,000 or more 102 (35.2%) 1,218,843 (22.4%)
Plan type < 0.001
 Medicare (2.3%) 56,579 (0.6%)
 Medicaid 54 (14.1%) 3,874,374 (42.7%)
 Private including 
HMO

303 (79.1%) 4,599,326 (50.6%)

 self-pay (1.3%) 288,411 (3.2%)
 No charge 0 17,062 (0.2%)
 Other 12 (3.1%) 244,921 (2.7%)
Obesity 19 (5%) 324,157 (3.6%) 0.14
Tobacco Smoking dur-
ing pregnancy

20 (5.2%) 443,570 (4.9%) 0.753

Previous CD 65 (17%) 1,452,425 (16%) 0.592
Chronic hypertension 12 (3.1%) 165,218 (1.8%) 0.054
Pregestational DM (1.3%) 86,610 (1%) 0.476
Illicit Drug use (1.3%) 125,614 (1.4%) 0.899
Multiple gestation 12 (3.1%) 137,291 (1.5%) 0.009
Thyroid disease 33 (8.6%) 223,245 (2.5%) < 0.001
HIV 0 2079 (0%) 0.916
IVF (0.3%) 10,531 (0.1%) 0.705
Abbreviations and definitions: HMO - Health Maintenance Organization; BMI - 
Body Mass Index; CD – cesarean delivery; DM – diabetes mellitus; IVF – in-vitro 
fertilization

As per convention for use of the HCUP database, when N < 11, absolute case 
numbers cannot be reported to protect patient anonymity
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a different overall population incidence of GDM than 
that in our study. In this study, 92.7% of women in the 
AS group were of Nordic origin, whereas in our cohort, 
19.5% of women with AS were non-Caucasian. This may 
explain the discrepancy in GDM rates between these two 

cohorts as our American population includes a substan-
tial number of Black, Asian, and Hispanic subjects, who 
are more likely to demonstrate insulin resistance across 
different BMIs [31]. Another possible explanation for 
a higher rate of GDM in women with AS could be the 

Table 2 Pregnancy and delivery outcomes
Outcomes Ankylosing 

Spondylitis
N = 383
(%)

No Ankylosing 
Spondylitis
N = 9,096,405
(%)

Crude OR
(95% CI)

Adjusted OR
(95% CI)

Ad-
justed
p-
value

Pregnancy outcomesa

Pregnancy-induced hypertension 36 (9.4%) 673,713 (7.4%) 1.3 (0.92–1.83) 1.37 (0.91–2.05) 0.136
Gestational hypertension 19 (5%) 301,588 (3.3%) 1.52 (0.96–2.41) 1.41 (0.81–2.47) 0.226
Preeclampsia 14 (3.7%) 327,376 (3.6%) 1.02 (0.6–1.73) 1.25 (0.68–2.3) 0.467
Eclampsia 0 6,944 (0.1%) 0 (0–0) 0 (0–0) 0.996
Preeclampsia and Eclampsia superimposed 
on hypertension

(0.8%) 47,362 (0.5%) 1.51 (0.48–4.7) 1.26 (0.31–5.1) 0.745

GDM 36 (9.4%) 523,156 (5.8%) 1.7 (1.21–2.4) 1.55 (1.02–2.33) 0.038
Placenta previa (1.6%) 49,976 (0.5%) 2.88 (1.29–6.45) 3.6 (1.6–8.12) 0.002
Delivery outcomesb

PPROM 11 (2.9%) 103,607 (1.1%) 2.57 (1.41–4.67) 2.1 (0.93–4.75) 0.074
Preterm delivery 37 (9.7%) 653,858 (7.2%) 1.38 (0.98–1.94) 1.49 (0.96–2.31) 0.072
Operative vaginal delivery 22 (5.7%) 489,379 (5.4%) 1.07 (0. 7-1.645) 1.14 (0.65–1.99) 0.653
CD 179 (46.7%) 2,939,739 (32.3%) 1.84 (1.5–2.25) 1.47 (1.14–1.91) 0.003
SVD 182 (47.5%) 5,667,287 (62.3%) 0.55 (0.45–0.67) 0.67 (0.52–0.87) 0.002
Abruptio placenta (1%) 97,475 (1.1%) 0.97 (0.36–2.61) 1.58 (0.59–4.25) 0.366
Chorioamnionitis (0.8%) 165,327 (1.8%) 0.43 (0.14–1.33) 0.78 (0.25–2.44) 0.672
Hysterectomy 0 7,099 (0.1%) 0 (0–0) 0 (0–0) 0.995
PPH (2.6%) 263,955 (2.9%) 0.9 (0.48–1.68) 0.99 (0.46–2.09) 0.97
Wound complications (0.5%) 32,731 (0.4%) 1.45 (0.36–5.83) 1.95 (0.48–7.86) 0.347
Maternal Death 0 638 (0%) 0 (0–0) 0 (0–0) 0.996
Transfusion (1.3%) 90,362 (1%) 1.32 (0.55–3.19) 1.51 (0.56–4.11) 0.417
Others
Maternal infection (1%) 199,264 (2.2%) 0.47 (0.18–1.26) 0.67 (0.21–2.09) 0.49
DVT 0 3,832 (0%) 0 (0–0) 0 (0–0) 0.996
Pulmonary embolism 0 1,659 (0%) 0 (0–0) 0 (0–0) 0.996
VTE 0 5,310 (0.1%) 0 (0–0) 0 (0–0) 0.996
DIC 0 18,244 (0.2%) 0 (0–0) 0 (0–0) 0.995
a- Pregnancy Outcomes: Adjusted for age, race, insurance plan type, income quartiles, thyroid disease, and multiple gestation.

b- Delivery Outcomes: Adjusted for age, race, insurance plan type, income quartiles, thyroid disease, multiple gestation, gestational diabetes mellitus, and placenta 
previa.

Abbreviations and definitions: GDM – gestational diabetes mellitus; PPROM – preterm premature rupture of membranes; CD – cesarean delivery; SVD – spontaneous 
vaginal delivery; PPH – post-partum hemorrhage; VTE – venous thromboembolism; DIC – disseminated intravascular coagulation.

As per convention for use of the HCUP database, when N < 11, absolute case numbers cannot be reported to protect patient anonymity.

Table 3 Neonatal outcomesa

Outcomes Ankylosing Spondylitis
N = 383
(%)

No Ankylosing Spondylitis
N = 9,096,405
(%)

Crude OR
(95% CI)

Adjusted OR
(95% CI)

Adjusted
p-value

SGA 18 (4.7%) 198,052 (2.2%) 2.22 (1.38–3.56) 2.19 (1.22–3.93) 0.009
Congenital Anomalies (1%) 38,240 (0.4%) 2.5 (0.93–6.7) 2.44 (0.91–6.57) 0.077
IUFD (0.8%) 38,256 (0.4%) 1.87 (0.6–5.82) 3.46 (1.11–10.83) 0.033
a- Neonatal Outcomes: Adjusted for age, race, insurance plan type, income quartiles, thyroid disease, multiple gestation, gestational diabetes mellitus, and placenta 
previa

Abbreviations and definitions: SGA – small for gestational age; IUFD – intrauterine fetal death

As per convention for use of the HCUP database, when N < 11, absolute case numbers cannot be reported to protect patient anonymity
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use of corticosteroid treatments for the control of dis-
ease symptoms or flares. In our dataset, there is no data 
regarding patients’ medications, and therefore we cannot 
evaluate this possible association.

We have identified a significantly higher rate of pla-
centa previa in the AS group. Previous data on this is 
lacking, with only two previous studies examining this 
association. In one study [25] placental abruptions and 
placenta previa were combined with no overall asso-
ciation with AS whilst the other study included only 12 
patients and was therefore underpowered to evaluate 
this. The total number of cases of placenta previa in our 
cohort was small (less than 11 cases) and therefore this 
possible association would require further evaluation in a 
much larger population cohort.

Women with AS had a higher rate of CD than controls, 
after adjusting for potential confounders such as age, 
GDM, and multiple pregnancies. This finding is consis-
tent with those observed in two meta-analyses [26, 30], 
which found an OR for CD of 1.7–1.83 in AS patients. A 
previous study aimed to evaluate factors related to the 
higher incidence of CD amongst AS women [32]. This 
study found a CD rate of 50.8%, with older maternal age, 
a longer disease duration, presence of preeclampsia, and 
AS requiring medications (such as tumor necrosis factor 
inhibitor (TNFi), disease-modifying antirheumatic drugs 
(DMARD), or corticosteroids) being factors associated 
with a higher risk for CD. Although a meta-analysis [30] 
found both emergency CD and elective CD to be more 
frequent in women with AS compared to controls, the 
prevalence of elective CD (OR 2.26) was particularly 
increased compared to emergency CD (OR 1.29). In the 
HCUP database, indications for CD are not available, 
and we cannot determine the reasons for this higher inci-
dence of CD.

The rates of both SGA and IUFD were higher in the AS 
group compared to controls, while the rate of congeni-
tal anomalies was comparable. A previous meta-analysis 
also found a higher rate of SGA in AS patients compared 
to controls, with an OR of 2.05 (95% CI 1.09–3.89) [26], 
while another meta-analysis showed an increased trend 
of SGA neonates which did not reach statistical signifi-
cance (OR 1.66, 95% CI 0.93–2.95). This could reflect fac-
tors related to disease activity or pharmacotherapy with 
for example both corticosteroids and TNFi being asso-
ciated with SGA [33, 34]. For IUFD the data are scarce. 
A Swedish study [13] reported only one case of IUFD 
amongst 388 women with AS. Another study from Den-
mark [20] examined perinatal mortality and reported 
six cases of IUFD amongst 590 gestations in patients 
with AS but did not find a difference compared to non-
AS controls. Given the small number of IUFD cases in 
our cohort (less than 11), it is hard to draw definitive 

conclusions regarding this finding, and again this will 
likely only be determined by much larger population 
studies.

Our study has several strengths. First, we examined 
only patients with AS, excluding other causes of spondy-
loarthritis that may individually have different prognoses. 
Second, we examined a range of pregnancy and delivery 
complications, providing detailed insights that can enable 
physicians to offer more precise counseling to pregnant 
women diagnosed with AS. This encompasses a height-
ened understanding of overall obstetric outcomes, along 
with perinatal prognoses. Additionally, this is one of the 
largest cohorts to address this topic. Lastly, due to our 
reliance on a population-based cohort, the outcomes 
of our study are applicable to the broader American 
population.

Notably, only deliveries at more than 24 weeks of ges-
tation were included in our study. This was in order to 
focus on evaluating pregnancy and delivery outcomes in 
pregnancies that reached fetal viability, thereby exclud-
ing first and early second-trimester miscarriages and 
abortions. As a result, this study’s findings are applicable 
only to patients who reached 24 weeks of gestation and 
beyond.

Our study has several limitations. First due to the 
nature of the dataset used, there was no information on 
disease severity and pharmacotherapy in the AS group, 
all of which may potentially influence perinatal compli-
cations. Additional maternal characteristics that may also 
impact upon outcomes, such as autoimmune disorders, 
cardiovascular disease, and thrombophilia, were also not 
reported in our cohort. Furthermore, data on the obstet-
rical history of women in this cohort was unavailable due 
to coding restrictions and the need to protect patient 
anonymity. This limitation could introduce bias to our 
results. For instance, if women with AS had a higher rate 
of nulliparity, it might account for the observed lower 
rate of SVD in this group. Additionally, due to the anony-
mized nature of the study, we could not detect if a patient 
had more than one delivery during the study period. This 
may affect our results if, for example, the women in the 
AS group with GDM had more than one delivery during 
the study period, since a previous pregnancy with GDM 
is a risk factor for GDM recurrence in a subsequent preg-
nancy [35]. Notably, our cohort was restricted to the 
period before 2015, which reflects a limitation due to 
changes in coding within HCUP that prevent later data 
from being analyzed in a comparable fashion. There-
fore, some potential updates in the obstetric and rheu-
matologic management of parturients with AS, such as 
the use of biologic treatments during pregnancy, which 
became more common during the 2010s [36], may not be 
reflected in the study.
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In conclusion, women diagnosed with ankylosing spon-
dylitis demonstrate a heightened occurrence of obstetri-
cal complications, such as GDM and CD, along with an 
elevated risk of delivering SGA neonates. These results 
underscore the significance of thorough patient counsel-
ing, multidisciplinary care, and vigilant obstetric moni-
toring for individuals with AS throughout the course of 
their pregnancies.
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