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Background/Aims: Because ankylosing spondylitis (AS) mainly affects sacroiliac
joints, special attention should be given to normal labour and pregnancy out-
comes. Here, we investigate pregnancy outcomes in Korean women with AS.
Methods: Based on data from the Korean Health Insurance Review and Assess-
ment Service claims database since July 2007, maternal complications were com-
pared between women with AS and 1:10 matched general population by maternal
age and year of delivery. Additionally, the 27 deliveries from 21 patients with
AS who were seen at a tertiary hospital were retrospectively evaluated using 1:4
matched control group by maternal and gestational age.

Results: In the population-based cohort, there were 1,293 deliveries in 996 pa-
tients with AS. Higher maternal age and more comorbidities were reported than
in the general population. However, compared to age and delivery-year matched
population, only the rate of Caesarean section (CS) was higher in women with AS
(odds ratio, 1.52; 95% confidence interval, 1.36 to 1.70). Incidence of other maternal
complications was comparable between women with AS and control subjects. In
the hospital-based cohort, the CS rate was higher in women with AS (44.4% vs.
20.4%, p = 0.002). Causes of CS was not different in both groups, including pre-
vious uterine surgery. There were no significant differences in foetal outcomes,
including growth restriction, foetal malformations and Apgar score.
Conclusions: CS deliveries were performed more often in women with AS. How-
ever, other maternal complications and offspring complications were similar be-
tween women with AS and healthy control subjects.
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INTRODUCTION

prevalence of AS range from 0.7 to 49 per 10,000 people,
depending on regional, genetic, and environmental fac-

Ankylosing spondylitis (AS) is a chronic, systemic, in-
flammatory disease that primarily affects the sacroiliac
joints and spine. Similar to the involvement of the axial
skeleton and peripheral joints, entheses and extra-skel-
etal organs may also be affected [1]. Estimates of the
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tors. The prevalence tends to be higher in populations
with a higher prevalence of HLA-B27 positivity [2]. AS
typically develops in young adults, with peak onset ob-
served between 20 and 30 years of age. Although the ear-
ly literature suggested that AS was a male-predominant
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disease [3], recent epidemiological studies demonstrated
a male-to-female ratio of approximately 2 to 3:1 [4]. Al-
though AS affects men more commonly than women, the
disease occurs in women of reproductive age. In addition,
because AS is a disease involving the sacroiliac joints, and
ankyloses of the joint occurs as the disease progresses,
special attention should be given to normal labour and
pregnancy outcomes in female patients with AS.

Unlike other rheumatic diseases such as systemic lu-
pus erythematosus and rheumatoid arthritis, very little
is known and has been published about the effect of AS
on pregnancy outcomes. Most previous studies showed
that pregnancy outcomes were not adversely affected by
AS [5,6]. In contrast, a recent Swedish nationwide pop-
ulation-based case-control study [7] reported a higher
prevalence of adverse birth outcomes, such as Caesar-
ean section (CS), preterm birth and small-for-gestation-
al-age (SGA), in women with AS. To the best of our
knowledge, there are few studies regarding pregnancy
outcomes and AS in Asian women who have relatively
small pelvic cavities and more potential complications
during pregnancy and delivery compared to other wom-
en [8-10].

Korea implements mandatory National Health In-
surance (NHI) that covers about 98% of the popula-
tion. Pregnancy outcomes in almost every woman with
AS who visited a healthcare clinic in Korea during the
study period were accessible through the Health In-
surance Review and Assessment Service (HIRA) na-
tionwide claims database, which is covered by the NHI
programme. However, the HIRA database does not pro-
vide the indications for CS or foetal outcomes, such as
Apgar score and birth weight. To remedy these short-
comings, a hospital-based retrospective cohort study
was also used. This enabled a more comprehensive and
reliable analysis of pregnancy outcomes in patients with
AS. In this study, pregnancy outcomes in patients with
AS are presented based on a Korean population cohort
and more detailed maternal and foetal outcomes using
a large hospital-based cohort.

METHODS

Data sources
This population-based cohort study used the HIRA da-
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Korean Health Insurance Review and Assessment Service (HIRA) claims database

43,684 Female patients aged 20-49 2,997,208 Female patients aged 20-49
years with ankylosing spondylitis years with delivery procedure code
diagnositc code (M45) from July 1, 2007 to June 30, 2017
from July 1, 2007 to June 30, 2017 without ankylosing spondylitis diagnostic code

6,821 Patients with rare incurable 2,991,156 Patients with 4,238,896
disease exempted calculation code delivery procedure code less than
(V140) four time from July 1, 2007 to June 30

12,926 Deliveries in 12,916 women were
1:10 matched by
age and year of delivery

996 Patients with 1,293 delivery
records after the AS diagnosis

Figure 1. Selection of study participants from the Health
Insurance Review and Assessment Service database. AS, an-
kylosing spondylitis.

tabase, which included all health-related information
for approximately 50 million people in the South Kore-
an population covered by the NHI programme. It con-
tained information on patient demographics, diagnosis
(using International Classification of Disease and Relat-
ed Health Problems, 1oth revision, [ICD-10]), medical
procedures, prescriptions and rare intractable diseases
(RIDs) [11]. Prescription data included brand and gener-
ic drug names according to the HIRA drug formulary
code, prescription date, days of supply and route of ad-
ministration. Since 2006, the NHI operated a registra-
tion system for 133 RIDs, including AS. In the Korean
RID system, diagnosis was made based on uniform di-
agnostic criteria distributed by the NHI and carefully re-
viewed by the corresponding healthcare institution and
the NHI before registration. The hospital-based cohort
study utilized medical records from the Seoul Nation-
al University Hospital which contains information on
demographic and clinical data, such as age, body mass
index (BMI), educational level, smoking status, obstetric
history, comorbidities, laboratory analysis and medical
treatment, and maternal and foetal pregnancy outcomes.

Study subjects

As shown in Fig. 1, the population-based cohort consist-
ed of patients with AS and control subjects. From 2007
to 2017, 20- to 49-year-old female patients with AS were
identified. Patients diagnosed with AS (ICD-10, M4s5) and
with RID registration code for AS (V140) were included.
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Table 1. Clinical characteristics of women with AS and controls: Korean HIRA claims database

. Before matching After matching® (1:10)
Characteristic : : = . : : .
With AS Without AS pvalue d With AS Without AS d
No. of deliveries 1,293 (100) 4,238,896 (100) 1,293 (100) 12,926 (100)
Year of delivery <0.001 0.498 0.000
2007-2010 204 (15.8) 1,123,099 (36.4) 204 (15.8) 2,040 (15.8)
2011-2013 456 (35.3) 1,310,325 (31) 456 (35.3) 4,560 (35.3)
2014-2017 633 (48.9) 455,453 (32.8) 633 (48.9) 6,326 (48.9)
Maternal age, yr 32£3.4 311+ 4.1 < 0.001 0.357 32£3.4 32£3.4 0.012
20-24 12 (0.9) 236,460 (5.6) 12 (0.9) 120 (0.9)
25-29 260 (20.1) 1,208,897 (28.5) 260 (20.1) 2,600 (20.1)
30-34 708(54.8) 1,988,052 (46.9) 708 (54.8) 7,080 (54.8)
35-39 287 (22.2) 710,732 (16.8) 287 (22.2) 2,870 (22.2)
40-44 25 (1.9) 92,288 (2.2) 25 (1.9) 250 (1.9)
45-49 1(01) 2,467 (0.1) 1(01) 6(0.1)
Parity < 0.001 0.108 0.169
Nulliparous 749 (57.9) 2,227,398 (52.6) 749 (57.9) 6,403 (49.5)
Multiparous 544(42.1) 2,011,498 (47.5) 544 (42.1) 6,523 (50.5)
Comorbidity?
Hypertension 25 (1.93) 53,890 (1.3) 0.034 0.053 25 (1.93) 173 (1.3) 0.047
Diabetes mellitus 33 (2.6) 96,963 (2.3) 0.524 0.017 33 (2.6) 347 (2.7) 0.008
Uveitis 204 (15.8) 5,228 (0.1) < 0.001 0.605 204 (15.8) 22(0.2) 0.602
IBD 138 (10.7) 1,845 (0.0) < 0.001 0.486 138 (10.7) 2(0.0) 0.488
Psoriasis 19 (1.5) 15,825 (0.4) <o0.001 0.115 19 (1.5) 48(0.4) 0.115
Drug exposuredl
NSAIDs 506 (39.1) 304,590 (7.2) <0.001 0.818 506 (39.1) 876 (6.8) 0.834
Corticosteroid 270 (20.9) 17,122 (0.4) <0.001 0.704 270 (20.9) 50 (0.4) 0.705
DMARDs 223 (17.3) 1,368 (0.0) <0.001 0.644 223 (17.3) 6 (0.1) 0.643
TNF inhibitors 136 (10.5) 393 (0.0) < 0.001 0.484 136 (10.5) 1(0.0) 0.484

Values are presented as number (%) or mean + SD.

AS, ankylosing spondylitis; HIRA, Health Insurance Review and Assessment Service; IBD, inflammatory bowel disease;
NSAID, nonsteroidal anti-inflammatory drug; DMARD, disease-modifying anti-rheumatic drug; TNF, tumour necrosis factor.

*Matched by maternal age and year of delivery.
bp value estimated by chi-square test.

‘Standardised difference: standardised difference less than o.1 indicated a negligible difference.

412 months prior to delivery.

All deliveries after the AS diagnosis contained informa-
tion on parity, multiple birth and delivery method. The
comparison cohort consisted of 4,238,896 deliveries in all
20- to 49-year-old females without AS during the study
period. ICD-10 codes used in the population-based co-
hort study are summarised in Supplementary Table 1.
Common comorbidities (hypertension, diabetes mel-
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litus, uveitis, inflammatory bowel disease, and psoria-
sis) and use of medications (nonsteroidal anti-inflam-
matory drugs [NSAIDs], oral corticosteroids for at least
14 days, disease-modifying anti-rheumatic drugs, and
anti-tumour necrosis factor inhibitors) were compared
between patients with AS and control subjects. This
study protocol was approved by the Institutional Review
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Table 2. Pregnancy outcomes in women with AS and controls: Korean HIRA claims database

Outcome (in zAgi) (Wnlilﬁugt 2A6§ OR 95% CI Adjusted OR 95% CI
No complication (ref) 602 (46.6) 7,421 (57.4) 1.00 1.00
Overall complication 691 (53.4) 5,505 (42.5) 1.55 138-1.73 1.52% 136-1.70
Caesarean section 657 (50.8) 5,098 (39.3) 158 1.41-1.77 1.56% 1.39-1.74
Preeclampsia 17 (1.3) 101 (0.8) 1.70 1.01-2.86 1.56° 0.91-2.67
Preterm delivery 18 (1.4) 174 (1.3) 1.06 0.65-1.71 1.05° 0.54-1.68
Placental abruption 0 (0.0) 23 (0.2) NE
Other obstetric trauma 16 (1.2) 239 (1.8) 0.66 0.40-1.10 0.64% 0.39-1.07
Maternal distress during o 10 (0.2) NE
labour and delivery
Twin pregnancy 10 (0.8) 82 (0.6) 1.21 0.63-2.34 1.419 0.75—2.07

Values are presented as number (%).

AS, ankylosing spondylitis; HIRA, Health Insurance Review and Assessment Service; OR, odds ratio; CI, confidence interval;

NE, not estimated.

*Adjusted for parity, twin pregnancy, presence of hypertension and diabetes mellitus.

PAdjusted for presence of hypertension.

“Adjusted for twin pregnancy, presence of hypertension and diabetes mellitus.
dAdjusted for parity. Odds ratio of maternal complications compared between two groups using a generalized linear model
with binomial distribution to account for the matched nature of the data.

Board of the Asan Medical Center (IRB No. 2017-0431).
Informed consent was waived by the IRB because the ex-
isting database provided data in a de-identified format.

Supplementary Fig. 1 summarizes our study selec-
tion process in the hospital-based cohort. In the hospi-
tal-based cohort, medical records were reviewed for all
pregnant women with AS who were managed at the De-
partment of Obstetrics and Gynecology at Seoul Nation-
al University Hospital between February 1994 and June
2016. All patients met the 1984 Modified New York crite-
ria for AS [12]. Data of 27 pregnancies of 21 women with
AS were reviewed, and each pregnancy was matched on a
1:4 ratio based on maternal and gestational age with the
pregnancies of the control group women without any
autoimmune diseases. This study was approved by the
Institutional Review Board of Seoul National University
Hospital (IRB No. H-1607-115-777).

Pregnancy outcomes

In the population-based cohort, pregnancy complica-
tion was defined by the proportion of deliveries with CS,
preeclampsia, preterm delivery, other obstetric trauma,
and maternal distress. Information regarding complica-

724 www.kjim.org

tions was retrieved from the diagnostic codes (Supple-
mentary Table 1).

In the hospital-based cohort, maternal and foetal out-
comes were analysed. Maternal outcome was defined
by rate of CS, preeclampsia, preterm delivery, maternal
death, transfusion, gestation weeks, and mean duration
of hospital days. Foetal outcome was reviewed by SGA,
low birth weight (LBW), neonatal weight, number of
foetuses, in vitro fertilisation, foetal growth restriction
(FGR), any foetal congenital malformations, foetal loss,
Apgar scores, and sex of the child. Preeclampsia was de-
fined as hypertension (blood pressure = 140/90 mmHg)
combined with proteinuria (> 300 mg/day) arising de novo
after the 20th week of gestation [13]. Preterm delivery was
defined as a live birth at less than 37 weeks of gestation.
LBW was defined as a birth weight of < 2,500 g, and FGR
was growth index below the 1oth percentile for gesta-
tional age [14]. SGA was defined as a birth weight below
the 10th percentile for the gestational age, based on the
Korean reference curve of estimated fetal growth [15].
Low Apgar score was lower than 4 at 1 minute and lower
than 7 at 5 minutes [16]. Our ascertainment of foetal con-
genital malformations was based on presence at birth.

https://doi.org/10.3904/kjim.2019.144
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Table 3. Maternal outcomes in women with AS and controls: hospital-based cohort

Outcome With AS (n = 27) Without AS (n = 108) p value®
Caesarean section 12 (44.4) 22 (20.4) 0.002
Elective 9(333) 16 (14.8) 0.010
Emergency 3(11.1) 6(5.6) 0.357
CS among trial of labor 1/16 (6.3) 4/90 (4-4) 0.566
Preeclampsia o 4(3.7) 0.583"
Preterm delivery 3 (11.1) 6 (5.6) 0.275
Maternal death o o -
Transfusion 1(37) 2(1.9) 0.577
Gestation, wk 38.8+15 39.0+1.8 0.730
Hospital stay, day 4.1+ 2.9) 5.1+ 7.9 0.283

Values are presented as number (%) or mean + SD.
AS, ankylosing spondylitis; CS, Caesarean section.

p value calculated from regression models estimated using generalised estimating equations (GEEs) to account for the

matched nature of the data.

bp value calculated from Fisher exact test, because of zero events in either group in which GEE models do not converge.

Statistical analysis

In the population-based cohort, all statistical analyses
were performed using SAS Enterprise Guide software
version 6.1 (SAS Institute Inc., Cary, NC, USA). The dis-
tribution of baseline characteristics was compared by
the standardised difference between patients with AS
and control subjects. A total of 1,293 deliveries of pa-
tients with AS was matched with the comparison cohort
in a 1:10 ratio by year of delivery and maternal age. Risk
of maternal complications was compared between two
groups using a generalised linear model with binomial
distribution to account for the matched nature of the
data. Multivariate analysis was performed to determine
the risk of each pregnancy outcome between two groups
after adjusting for potential confounders. Among the
covariates (parity, twin pregnancy, or presence of co-
morbidities) which the p value was < 0.1 in the univariate
analysis was included, and model selection with qua-
si-likelihood under the independence model criterion
method. A p < 0.05 was considered statistically signifi-
cant.

In the hospital-based cohort, all statistical analyses
were performed using the SPSS version 23 (IBM Co.,
Armonk, NY, USA). Quantitative variables were report-
ed as mean + standard deviation. Absolute and relative
frequencies were used for categorical variables. Each

https://doi.org/10.3904/kjim.2019.144

pregnancy was considered as a separate observation, and
outcomes between the groups were compared by esti-
mated regression models using generalised estimating
equations to account for the matched nature of the data.
Each twin pregnancy was considered as a single obser-
vation, but variables including neonatal weight, sex, and
Apgar scores were analysed by the neonates. Statistical
significance was set at p < 0.05.

In both population- and hospital-based cohorts, sen-
sitivity analyses were performed by limiting pregnancy
to first delivery in each mother, as a previous delivery
with CS mostly resulted in a subsequent CS delivery.

RESULTS

Baseline clinical characteristics

The Korean cohort consisted of 6,821 fertile women
with AS, including 996 women who delivered from 2007
to 2017. A total of 1,293 deliveries in 996 women with AS
were compared with 4,238,896 deliveries in 2,997,208
control subjects. The mean disease duration of AS be-
fore pregnancy was 4.18 + 2.38 years. Deliveries in pa-
tients with AS showed older age, higher rate of nullip-
arous and comorbidity in uveitis, inflammatory bowel
disease, and psoriasis compared with deliveries without

www.Kkjim.org 725
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Table 4. Foetal outcomes in women with AS and controls: hospital-based cohort

Characteristic With AS* (n = 27) Without AS (n = 108) p value®
Low birth weight 6 (22.2) 9(8.3) 0.024
Small-for-gestational-age 3 (11.1) 10(9.3) 0.723
Neonatal weight, g° 2,060.3 +523.8 3,005.3 £509.4 0.370
Twin pregnancy 5(18.5) 8(7.4) 0.016
In vitro fertilisation 4(14.8) 11 (10.2) 0.500
Fetal growth restriction 2(7.4) 5(4.6) 0.597
Congenital malformation 1(3.7) 2(1.9) 0.491
Fetal loss o o -

1 min Apgar score <4° 1(3.2) 7(6.1) >0.999
5 min Apgar score <7° 1(3.2) 4(3.5) >0.999
Sex of child, female® 17 (53.1) 63 (54.8) 0.883

Values are presented as number (%) or mean + SD.
AS, ankylosing spondylitis.

*Among 21 women with AS, 6 had experienced two pregnancies.
bp value calculated from regression models estimated using generalised estimating equations (GEEs) to account for the

matched nature of the data.

“Analysed by neonates and information of twins, pregnancies with AS (n = 32) and pregnancies without AS (n = 116).

AS. In addition, the rate of exposure to drugs was higher
in deliveries with AS than in deliveries without AS (Ta-
ble 1).

In the hospital-based cohort, 135 pregnancies were in-
cluded in the analysis. Of these, 27 deliveries occurred
in 21 women with AS with 108 deliveries occurred in the
control group. The mean age at pregnancy was 32.3 + 3.2
years, and the mean duration of AS before pregnancy was
4.1 % 2.7 years (Supplementary Table 2). The proportion
of nulliparity was 59.3% in women with AS and 62% in
control subjects (p = 0.853). There were no current smok-
ers in either group and pre-pregnancy BMI, education
level, parity, previous delivery method, and comorbidi-
ties were similar between the two groups. Of'the 21 preg-
nancies in women with AS whose rheumatology medical
records were available, 18 (85.7%) were HLA-B27 positive,
and 100%, 28.6%, 47.6%, and 28.6% had used NSAIDs,
corticosteroids, sulfasalazine, and biologic agents before
conception, respectively.

Pregnancy outcomes

In the population-based cohort, the rate of CS was high-
er in women with AS than those without AS (50.8% vs.
39.3%), and the risk of CS was higher in AS (adjusted
odds ratio [OR], 1.56; 95% confidence interval [CI], 1.39 to
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1.74) (Table 2). Thus, the risk of overall pregnancy com-
plication was higher in women with AS than those with-
out AS (adjusted OR, 1.52; 95% CI, 1.36 to 1.70). However,
other pregnancy complications were similar between
the two groups. Most of the women with AS had a single
complication; only 23 (1.78%) had dual or triple compli-
cations simultaneously.

In the hospital-based cohort, CS was more frequently
performed in women with AS than in control subjects
(12/27 [44.4%] vs. 22/108 [20.4%)], p = 0.002) (Table 3). In ad-
dition, the rate of elective CS was higher in women with
AS than in those without AS. After excluding the cases
of elective CS, 16 pregnancies with AS were tried for the
vaginal delivery. Among those trials of labor (TOL), one
delivery (6.3%) resulted in CS, which was comparable to
the control group (four cases out of 9o TOL [4.4%)], p =
0.566). Furthermore, preeclampsia and preterm delivery
were similar in the two groups, and there was no mater-
nal death in either group.

Women with AS had a higher frequency of LBW in-
fants than control subjects (22.2% vs. 83%, p = 0.024)
(Table 4). In addition, the proportion of twin pregnancy
was higher in women with AS than in control subjects
(18:5% vs. 7.4%, p = 0.016), despite comparable rates of
in vitro fertilisation in both groups (14.8% vs. 10.2%, p =

https://doi.org/10.3904/kjim.2019.144
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Table 5. Indications of Caesarean section: hospital-based cohort

Caesarean risk factor With AS (n = 12) Without AS (n = 22) p value®
Previous caesarean section 4(333) 10 (45.5) 0.719
Breech delivery 3(25.0) 3 (13.6) 0.641
Failure to progress 1(8.3) 2(9.1) >0.999
Induction failure o 2(9.1) 0.529
Previous uterine (obstetric) surgery 1(8.3) 2(9.1) 0.983
Placenta previa 2 (16.) o 0.118°
Foetal distress 1(8.3) 3(13.6) >0.999
Maternal age (= 40 yr) 1(8.3) 1(4.5) >0.999
Maternal obesity (BMI = 30 kg/m?) 0 2(9.1) 0.529”

Values are presented as number (%).
AS, ankylosing spondylitis; BMI, body mass index.

p value calculated from regression models estimated using generalised estimating equations (GEEs) to account for the

matched nature of the data.

bp value calculated from Fisher’s exact test, because of zero events in either group in which GEE models do not converge.

0.500). After matching the pregnancies with the num-
ber of foetuses, the proportion of LBW infants was sim-
ilar in women with AS and control subjects (p > 0.999),
suggesting that a higher frequency of twin pregnancies
could largely explain the higher frequency of LBW in-
fants among AS deliveries. The proportion of SGA in-
fants was also comparable between the two groups (p =
0.723). Moreover, there were no statistically significant
differences in the rate of other adverse foetal outcomes,
such as FGR, congenital malformations, and foetal loss.
Regarding major congenital malformations, one infant
(3.7%) of mother with AS was born with congenital heart
disease, and two infants (1.9%) of mother without AS had
hydronephrosis and congenital heart disease. The pro-
portion of neonates with low Apgar score was similar in
both groups. There was no gender difference between
the groups.

The indications of CS included previous CS, breech
position, failure to progress and induction failure, pla-
centa previa, and foetal distress, which were comparable
between the two groups. Moreover, maternal factors in-
cluding older age and severe obesity were also similar
for the two groups (Table 5). CS due to failure to prog-
ress during TOL was performed in one woman with AS
(83%) and two women (9.1%) in the control group (p >
0.999). Interestingly, the severity of sacroiliitis in pa-
tients with AS did not show any association with CS (p =
0.342) (Supplementary Table 3).

https://doi.org/10.3904/kjim.2019.144

In sensitivity analyses, limiting the analysis to first de-
livery in each mother in both cohorts (Supplementary
Tables 4 and 5), women with AS still showed a higher risk
of CS than those without AS in the population-based co-
hort (adjusted OR, 1.75; 95% CI, 150 to 2.04). Also, in the
hospital-based cohort, women with AS had a higher fre-
quency of CS compared to the controls (p = 0.047), but
smaller sample size decreased statistical power.

DISCUSSION

In this study, women with AS showed higher risk for CS
than those without AS, but other maternal and foetal
outcomes were comparable, including LBW, after ad-
justing for the number of foetuses.

The results of the present study are in line with the
aforementioned studies of AS and pregnancy. The pre-
vious retrospective case-control study with 20 pregnant
women with AS demonstrated that pregnancy out-
come of patients with AS was not different from that of
healthy control subjects, except for older maternal age
and higher rate of female foetuses in women with AS
[17]- In addition, in the retrospective study involving
12 pregnant women with AS, pregnancy outcome was
not significantly affected by the disease [18]. Similarly,
a retrospective study including a cohort of 939 patients
from the AS International Federation Societies in USA,
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Canada and Europe showed favourable pregnancy and
neonatal outcomes in women with AS [19]. However, a
recent nationwide population-based case-control study
in Sweden was the largest population-based study re-
ferring to AS and pregnancy outcome. In that study,
women with AS showed higher occurrence of CS (both
elective and emergency), preterm delivery and SGA than
women without AS [7]. In the present study, the rate of
CS was higher in women with AS than in those without
AS, but other pregnancy complications were similar be-
tween the two groups in both the population- and hos-
pital-based cohorts.

In Korea, the rate of CS was 43% in 1999 and has re-
mained more than 36% in the most recent decade [20,21].
In 2015, the CS rate in Korea was 38%, the fourth highest
rate among countries in the Organization for Econom-
ic Cooperation and Development [22]. In this popula-
tion-based cohort, the CS rate was 50.8% in women with
AS, which was significantly higher than in matched con-
trol subjects and for healthy women in Korea. In a pre-
vious study, higher maternal age, socio-economic status
and maternal obesity were associated with the increas-
ing rate of CS in Korea [21]. In our population-based co-
hort, deliveries showed older age among women with
AS than without AS; thus, the rate of CS was compared
after age matching, but the rate of CS was still higher in
women with AS than without AS. Furthermore, in the
hospital-based cohort, maternal age and obesity, which
are widely known risk factors for CS, were comparable
between women with AS and controls. A previous retro-
spective study revealed high rates of CS in women with
AS, attributed to the disease itself in 58% of the cases
[19]. That could be explained by the severity of AS and
the tendency for elective CS in a woman with inflamma-
tory joint disease [23]. According to the hospital-based
cohort, there was no difference in the indication of CS
between AS and the control groups. Furthermore, the
rate of emergency CS was similar in both groups, de-
spite higher rate of elective CS in women with AS. The
rate of CS owing to failure to progress during TOL was
also comparable between women with AS and the con-
trols. In addition, the severity of sacroiliitis, which was
assessed by radiographic grading of the sacroiliac joint,
did not show any association with CS (Supplementa-
ry Table 3). Thus, it is suggested that women with AS
tend to undergo CS due to other factors such as concern
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about AS rather than indication for CS.

In the hospital-based cohort, the frequency of LBW
infants was higher among AS deliveries than among
control deliveries; however, this seemed to be an artifact
of higher frequency of twin pregnancies among women
with AS. Interestingly, the proportion of twin pregnancy
was higher in women with AS than in control subjects,
despite comparable rates of in vitro fertilisation. Howev-
er, based on HIRA data, delivery in twin pregnancy was
not different in patients with AS and the general pop-
ulation. This may be due to the special characteristics
of the hospital where higher risk pregnancies, including
multiple pregnancies, are managed.

To the best of our knowledge, this is the first popu-
lation-based study to analyse pregnancy outcomes in
Asian women with AS. However, there are some limita-
tions. In the population-based data, we included delivery
cases in women with AS; thus, the cases of spontaneous
abortions and induced abortions were not included.
Secondly, the reason for CS and confounding factors
that might affect delivery method, including socio-eco-
nomic status and maternal obesity, were not assessable
though the HIRA database. Further, foetal outcomes,
including stillbirth, could not be evaluated in the pop-
ulation-based data because maternal claim information
was not linked to foetal information. Thirdly, limitation
remains the validity of the diagnoses of pregnancy com-
plications in HIRA database. However, procedure code
of delivery was considered more accurate in NHI pay-
ment system. This limitation may be compensated by
the data of hospital-based cohort; however, all the deliv-
eries in our study were performed in a single centre, and
only 27 AS pregnancies were analysed. Furthermore, as
Seoul National University Hospital is a tertiary referral
centre, there is a high possibility that the study involves
high-risk pregnancies. This is positively reflected by a
higher frequency of twin pregnancies included in our
study compared to that of the general population [24].
Moreover, information on radiographic grading of sac-
roiliitis was not available in some patients, and women
with severe sacroiliitis with total ankyloses were not in-
cluded in our study.

In conclusion, although deliveries among women
with AS are more often performed with CS, other obstet-
ric and perinatal outcomes are not diftferent from those
of non-AS deliveries.

https://doi.org/10.3904/kjim.2019.144


www.kjim.org

Park EH, et al. Pragnancy outcomes in ankylosing spndylitis

KEY MESSAGE

1. Women with ankylosing spondylitis (AS) showed
higher risk for Caesarean section (CS) than
those without AS, but other maternal and foetal
outcomes were comparable based on popula-
tion-based and hospital-based cohort in Korea.

2. Pregnancy outcome is favorable in women with
AS except for the higher rate of CS; this result
makes pregnancy or delivery more promising
for women with AS.
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Supplementary Table 1. ICD-10 codes and HIRA procedure code for delivery used in the population-based cohort study

Code
Comorbidity (ICD-10)
Hypertension Ino
Diabetes mellitus E1o0, E11, E12, E13, E14
Uveitis H2o0, H200, H201, H202, H208, H209, H221
Inflammatory bowel disease Ks0, K500, K501, K508, K509, K51, K511, K512, K513, K514, K515, K518, K510,
K528, K529, Mo74, Mo7ys
Psoriasis Lgo, Lgo0, Lgo1, Lg02, L403, L404, Lg05, L408, Lg09, Moy, Mo7yo, Mo72,
Mo7y3, Mogo
Pregnancy complication (ICD-10)
Preeclampsia 0140, O141, O149
Preterm delivery 0601, 0603
Placental abruption O45
Other obstetric trauma Om

Maternal distress during labour and delivery Oys50
Delivery (HIRA procedure code)

Vaginal delivery R3131, R3133, R3136, R3138, R3141, R3143, R3146, R3148, R4351, R4353, R4356,
R4358, R4361, R4362, R4380

Caesarean section R4507, R4508, R4509, R4510, R4514, R4516, R4517, R4518, R4519, R4520, R5001,
Rs002

Twin pregnancy R3133, R3138, R3143, R3148, R4353, R4358, R4516, R4519, R4520, R5001, R5002

R3136, R3138, R3146, R3148, R4356, R4358, R4362, R4380, R4508, R4510, R4514,

Multiparous delivery R4516, R4518 ,R4520, R5002

ICD-10, International Classification of Disease and Related Health Problems, 1oth revision; HIRA, Health Insurance Review
and Assessment Service.
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Supplementary Table 2. Baseline characteristics of women with AS and controls: hospital-based cohort

Characteristic Pregnancies with AS (n=27) Pregnancies without AS (n = 108) pvalue®
Maternal age, yr 32.3 3.2 32.2+3.1 0.856
Prepregnancy BMI, kg/m?2 0.648°
Underweight, <18.5 7(25.9) 18 (16.7)
Normal weight, 18.5-24.9 18 (66.7) 79 (73.1)
Overweight, 25-29.9 2(7.4) 9(8.3)
Obese, =30 o 2(1.9)
Parity 0.853
o 16 (59.3) 67 (62.0)
1 9(333) 31(28.)
2 Or more 2.(7.4) 10(9.3)
Previous preterm delivery 2(7.4) 4(3.7) 0.487
Previous delivery method 0.538
No previous delivery 15 (55.6) 64(59.3)
Vaginal delivery 8(29.6) 37 (34.3)
Cesarean section 4(14.8) 7(6.5)
Comorbidities
Hypertension/PIH 1(3.7) 7(6.5) 0.588
GDM 1(3) 8(7.4) 0.498
HBV carrier 2(7.4) 3(2.8) 0.360
Valvular heart disease 3(2.8) >0.999"
Hyperthyroidism 2(1.9) > 0.999"
Hypothyroidism 1(3.7) 5(4.6) 0.827
Education level 0.788
University 24 (88.9) 94 (87.0)
High school 3(11.1) 14 (13.0)
Smoking o o -
Laboratory tests
WBC, mm? 8,639.6 + 2,168.6 09,8443 + 2,790.0 0.010
Hemoglobin, g/dL 11.8+1.4 11.9+13 0.617
Platelet, mm’ 233.8 + 48.2 212.4 + 46.4 0.142
hs-CRP, mg/L 0.7%0.8 0.8+1.6 0.351
ESR, mm/hr 44.1 + 27.6 20.0 = 0.0 0.482
HLA-B2y positivity* 18 (85.7) ND
AS duration, yr° 4.4+2.7 ND
Medication use prior to pregnancy*
NSAIDs 21 (100.0) ND -
Corticosteroid 6(28.6) ND
Sulfasalazine 10 (47.6) ND
Biologics 6(28.6) ND
Azathioprine 1(4.8) ND
Opioid o ND

Values are presented as mean + SD or number (%).

AS, ankylosing spondylitis; BMI, body mass index; PIH, pregnancy induced hypertension; GDM, gestational diabetes mellitus;

HBYV, hepatitis B virus; WBC, white blood cell; hs-CRP, high-sensitivity C-reactive protein; ND, not done; ESR, erythrocyte

sedimentation rate; NSAID, nonsteroidal anti-inflaimmatory drug.

p value: calculated from regression models estimated using generalised estimating equations (GEEs) to account for the
matched nature of the data.

bp value: calculated from Fisher’s exact test or chi-square test because of zero events in either group in which GEE models do
not converge.

‘Pregnancies with AS with medical records of the rheumatologic clinic (n = 21).
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Supplementary Table 3. Caesarean section rate according to grading of sacroiliitis in patients with AS: hospital-based cohort

Grading of sacroiliitis Number Caesarean section, n (%) p value®
Bilateral grade 2 12 4(333) 0.053
Unilateral grade 3 4 4(100.0)

Bilateral grade 3 6 2(333)

Total ankyloses o -

AS, ankylosing spondylitis.

p value: calculated from chi-square test, p value = 0.342 tested for trend.
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Supplementary Table 4. Pregnancy outcomes in women with AS and control: Korean HIRA claims database (primipara)

Outcome With AS (n=749) Without AS (n = 6,403) OR 95% CI  Adjusted OR  95% CI
No complication (ref) 327 (43.7) 3,601 (56.2) 1.00 1.00
Overall complication 422 (56.3) 2,802 (43.8) 1.66 1.42-1.93 1.67% 1.43-1.95
Caesarean section 404 (53.9) 2,576 (40.2) 1.74 1.49-2.03 1.75% 1.50—2.04
Preeclampsia 13 (1.7) 64 (1.0) 1.75 0.96-3.19 178" 0.95-3.33
Preterm delivery 8(1.1) 81(13) 0.84 0.41-1.75
Placental abruption o 7(0.1) NE
Other obstetric trauma 7(0.9) 146 (2.3) 0.40 0.19—0.87
Maternal distress o 3(0.05) NE
during labour and delivery
Twin pregnancy 4(0.5) 14 (0.2) 2.45 0.80-7.46

Values are presented as number (%).

AS, ankylosing spondylitis; HIRA, Health Insurance Review and Assessment Service; OR, odds ratio; CI, confidence interval;

NE, not estimated.

*Adjusted for presence of hypertension and diabetes mellitus.

PAdjusted for presence of hypertension. OR of maternal complications compared between two groups using a generalized lin-
ear model with binomial distribution.
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Supplementary Table 5. Maternal and foetal outcomes in first delivery of women with AS and controls: hospital-based cohort

(primipara)
Outcome With AS (n = 21) Without AS (n = 108) pvalue®
Caesarean section 9 (42.9) 22(20.4) 0.047
Elective 6(28.6) 16 (14.8) 0.061
Emergency 3(14.3) 6(5.6) 0.061
CS among trial of labor 1/13 (7.7) 4/90 (4.4) 0.498
Preeclampsia o 4(3.7) >0.999"
Preterm delivery 3(14.3) 6(5.6) 0.163
Maternal death o o -
Transfusion o 2(1.9) >0.999"
Gestation, wk 38.8+15 39.0+1.8 0.730
Hospital stay, day 4.1%2.9 5.1+ 7.9 0.283
Low birth weight 5(23.8) 9(8.3) 0.052
Small-for-gestational-age 3 (11.1) 10 (9.3) 0.723
Neonatal weight, g° 2,922.8 £ 527.0 3,003.6 £ 507.5 0.213
Twin pregnancy 4(19.0) 8(7.4) 0.107
In vitro fertilisation 3(14.3) 11 (10.2) 0.700
Fetal growth restriction 2(9.5) 5 (4.6) 0319
Congenital malformation 1(4.8) 1(0.9) 0.300
Fetal loss o o -
1 min Apgar Score < 4° 1(4.0) 2(1y 0.446
5 min Apgar Score < 7° 1(4.0) 4(35 >0.999
Sex of child, female® 13 (52.0) 64 (55.2) 0.827

Values are presented as number (%) or mean + SD.

AS, ankylosing spondylitis; CS, Caesarean section.

p value calculated from regression models estimated using generalised estimating equations (GEEs) to account for the

matched nature of the data.

bp value calculated from Fisher exact test, because of zero events in either group in which GEE models do not converge.
“Analysed by neonates and information of twins, pregnancies with AS (n = 25) and pregnancies without AS (n = 116).
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Seoul National University Hospital (SNUH) database

29 Pregnancies in women with AS
diagnostic code (M45) or previous medical
record of AS with delivery procedure code
from February 1, 1994 to June 30, 2016

6,491 Pregnancies in women without
autoimmune diseases with delivery
procedure code
from February 1,1994 to June 30, 2016

29 Pregnancies in women with AS
meeting the 1984 Modified
New York criteria

108 Pregnancies were 1:4 matched by
maternal & gestation age

Supplementary Figure 1. Selection of study participants
from the Seoul National University Hospital and Assess-

ment Service database. AS, ankylosing spondylitis.
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