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Abstract
Objectives: The literature on delivery methods in women with JIA is limited. Active inflammation is a risk factor for caesarean section (CS) in
other arthritic diseases. A CS entails a higher risk for complications than vaginal delivery and restricted physical activity in the first weeks after
birth. Our objective was to explore a possible association of inflammatory active disease and the proportion of CS in women with JIA.

Methods: Data from the Norwegian nationwide observational register RevNatus were linked with data from the Medical Birth Registry
of Norway (MBRN). Cases comprised singleton births in women with JIA (n¼196) included in RevNatus from 2010 to 2019. Singleton births
registered in the MBRN during the same period of time, excluding births in mothers with rheumatic inflammatory diseases, served as population
controls (n¼575798).

Results: CS was more frequent in women with JIA (20.4%) and in the subgroup of women with inflammatory active JIA (30.0%) than in
population controls (15.6%). Women with active JIA had a risk for elective CS similar to population controls [risk difference 2.3% (95% CI �2.5,
12.9)] and a higher risk for emergency CS [risk difference 14.0% (95% CI 4.3, 27.4)] compared with population controls.

Conclusion: Women with active JIA had a higher risk for emergency CS, but not elective CS, compared with population controls.

Lay Summary
What does this mean for patients?
Vaginal birth is the preferred choice of delivery. However, a caesarean section (CS) may be a necessary intervention to prevent potential harm to
the mother or baby. The reasons for considering a CS include underlying risk factors of the mother, earlier births and psychosocial factors. In
women with JIA, active disease, joint damage, medication and health-related quality of life may be additional factors. We compared CS in
women with JIA and healthy controls to see if it was more frequent in women with JIA. We found that CS overall was more frequent in women
with active JIA than in healthy controls, but was not increased in women with inactive JIA. Women with active JIA had a higher risk for emer-
gency CS compared with healthy controls. The risk for elective CS in women with active JIA was similar to that of healthy controls. Women with
JIA who are planning pregnancy or are pregnant are advised to contact their rheumatologist for tighter follow-up, with a goal of well-controlled
disease during pregnancy.
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Introduction

JIA is a heterogeneous group of arthritic diseases with onset
before 16 years of age [1]. It is the most common chronic
rheumatic disease in childhood, affecting twice as many girls

as boys. An incidence of 15/100 000 children per year has
been reported in the Nordic countries. The median age of on-
set is 6.8 years, with an early peak of incidence at <3 years
in girls [2]. A follow-up study in early adulthood (18 years

Key messages

• Caesarean section was more frequent in women with active JIA than in population controls.

• Women with active JIA had a higher risk for emergency CS compared with population controls.

• The results call for tight monitoring targeting inactive disease before and throughout pregnancy.

Received: 8 March 2023. Accepted: 19 June 2023
VC The Author(s) 2023. Published by Oxford University Press on behalf of the British Society for Rheumatology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For
commercial re-use, please contact journals.permissions@oup.com

Rheumatology Advances in Practice, 2023, 7(2), rkad062
https://doi.org/10.1093/rap/rkad062

Advance access publication 28 July 2023

Original Article

Rheumatology
Advances in Practice

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

ap/article/7/2/rkad062/7233144 by N
orw

egian U
niv of Sci & Tech user on 15 January 2024

https://orcid.org/0000-0003-0000-3124
https://orcid.org/0000-0001-6613-8596


after onset) reported active disease in 53%, on or off
medication [3].

The rate of caesarean section (CS) has gradually increased
over the last 30 years and is performed in one of five deliveries
worldwide [4]. Among the developed countries, the Nordic
countries have the lowest rates, at �17% in 2014 [5]. A CS
may be a crucial intervention for mother and child. Due to po-
tential negative short- and long-term health effects, it should
only be performed when indicated according to obstetric
evidence-based practice [6].

Recent prospective studies have reported CS to be more fre-
quent in populations of women with inflammatory joint dis-
eases [7], as well as in women with JIA [8–10], compared with
healthy controls. International guidelines advocate planning
pregnancy in women with rheumatic diseases, targeting well-
controlled disease on medication compatible with pregnancy at
least 6 months before conception [11]. This has resulted in bet-
ter outcomes in recent decades. Withdrawal of teratogenics like
MTX without initiating medication compatible with preg-
nancy, undue cessation of medication compatible with preg-
nancy due to fear of harming the foetus or unplanned
pregnancy may still result in active disease during pregnancy.

The reason for considering CS may be a combination of
factors, including underlying maternal risk factors, earlier ob-
stetric history and psychosocial factors. In women with JIA
disease activity, joint damage, medication and health-related
quality of life (HRQoL) may add to this complexity.

To the best of our knowledge, CS in women with JIA has
not yet been investigated using available disease activity assess-
ments during pregnancy. We aimed to explore a possible asso-
ciation between inflammatory active JIA and the occurrence of
CS, overall as well as for elective and emergency CS.

Patients and methods
Study population

Data from RevNatus was linked with data from the Medical
Birth Registry of Norway (MBRN) in this population-based co-
hort. RevNatus is a Norwegian nationwide medical quality reg-
ister that includes women with inflammatory rheumatic
diseases. It has prospective follow-up from the time of planning
a pregnancy until 1 year after delivery. Patients >16 years of age
with a rheumatic diagnosis planning pregnancy or who are
pregnant are eligible for inclusion. RevNatus is operated by the
Norwegian National Advisory Unit on Pregnancy and
Rheumatic Diseases (NKSR). National guidelines disseminated
by the NKSR recommend that all women of childbearing age di-
agnosed with an inflammatory rheumatic disease should be in-
formed about the importance of planning pregnancy. Patients
are advised to contact their rheumatology unit when they have
a pregnancy wish, or when pregnant, for closer follow-up. The
local outpatient rheumatology clinics include eligible women in
RevNatus and follow the patient preconception, in every trimes-
ter of the pregnancy and 6 weeks and 6 and 12 months after de-
livery. Demographic variables, disease activity assessment,
medication, laboratory status, pregnancy outcome, self-reported
health status and breastfeeding are recorded.

The MBRN is a mandatory national health registry.
Information about maternal health before and during preg-
nancy are registered in a personal maternity record during
routine antenatal care appointments, starting in the first tri-
mester. Maternal and neonatal complications are registered

after delivery. The maternity units are responsible for elec-
tronic notification to the MBRN of all collected data within
1 month after birth. Data are available for research purposes
�2 years after registration. Maternal inflammatory rheumatic
diseases have been coded in the MBRN according to the
International Statistical Classification of Diseases and Related
Health Problems, 10th Revision (ICD-10) since December
1998 [12].

Singleton births recorded in the MBRN from 2010 to 2019
were eligible for inclusion in the present study. Births among
women with a diagnosis of JIA recorded in the MBRN (ICD
codes M08.0, M08.1, M08.2, M08.3, M08.4, M08.8 and
M08.9) that were also recorded in RevNatus as JIA formed
the total JIA cohort. The population controls were the
remaining births recorded in the MBRN, after excluding
births in women with other inflammatory rheumatic diseases.

The total JIA cohort was grouped into births in women
with inactive and women with active JIA according to regis-
tered disease activity scores in second or third trimester. The
main outcomes were CS, elective CS and emergency CS in
population controls, total JIA cohort, inactive JIA group and
active JIA group. Maternal factors relevant for the main out-
comes were reported and compared between population con-
trols and the total JIA cohort. Disease-related factors
including medications and HRQoL parameters were reported
for the total JIA cohort and the disease activity groups and
compared between women with inactive and active JIA.

Ethics

Written informed consent is required before inclusion in
RevNatus. The registry was approved by the Regional
Committee for Medical and Health Research Ethics (REK)
Mid Norway in 2006. The present study was approved by
REK Mid Norway in June 2019 (2019/779/REK Midt) and
July 2020 (minor change). Access to data from the MBRN
was granted in June 2020 (MBRN assignment PDB 2804).

Variables

Patient group variables comprised educational status, disease-
specific information including disease activity and medication,
and self-reported health status and were retrieved from
RevNatus. Maternal variables including age, parity, smoking,
BMI, diabetes, assisted reproductive technology (ART), previ-
ous CS and mode of delivery in the current pregnancy were
derived from the MBRN.

Disease activity assessment

The Juvenile Arthritis Disease Activity Score (JADAS) is not
validated for use in adults with JIA. Disease activity was
therefore assessed using the three-variable 28-joint DAS with
CRP (DAS28-CRP-3), a composite score used in RA and
other arthritic diseases and validated for use in pregnant
women with RA [13]. It consists of the number of tender and
swollen joints among 28 joints and CRP [14]. The EULAR
has defined four disease categories, with scores ranging from
0 to 10: remission (<2.6), low disease activity (�2.6–�3.2),
moderate disease activity (>3.2–�5.1) and high disease activ-
ity (>5.1) [15]. We defined inactive JIA as DAS28-CRP-3
<2.6 and active JIA as DAS28-CRP-3 �2.6.

HRQoL

The 36-item RAND Health Survey (RAND-36) [16] is a com-
posite measure of different aspects of HRQoL. The RAND-12
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[17] is a modification using a subset of 12 items from the
RAND-36. The two questionnaires cover eight domains
scored 0–100. A higher score indicates a higher HRQoL. A
change or difference in score >5 points is considered a mini-
mal clinically important difference (MCID), with �5–<10
considered a marginal difference and �10 considered a clear
change or difference. In the present study we looked at the
domains of bodily pain, physical function, general health,
mental health and vitality. The RAND-36 was registered until
2016 and RAND-12 from 2017 in RevNatus. The scores of
the above domains were used.

Statistical analyses

Characteristics of the total JIA cohort and population con-
trols as well as disease-related characteristics of the total JIA
cohort, inactive JIA group and active JIA group were
reported. Pairwise group comparisons of the total JIA cohort
with population controls and the active JIA group with the in-
active JIA group were performed using independent samples
t-test for continuous variables and the Pearson chi-squared
test, the Fisher’s exact test or the unconditional pooled z-test
[18] for dichotomous variables.

We report proportions and risk differences for the main
outcomes CS, elective CS and emergency CS comparing the
total JIA cohort, inactive JIA group and active JIA group one
at a time with population controls. We calculated the 95% CI
for risk differences using Newcombe’s method [19]. Two-
sided P-values <0.05 were considered to be statistically signif-
icant and 95% CIs are reported where relevant. The statistical
analyses were performed using SPSS Statistics for Windows
version 28.0.1 (Newcombes method, Armonk, NY, USA),
Stata MP 17 (StataCorp, College Station, TX, USA) and
Exact Unconditional Homogeneity/Independence Tests for
2X2 Tables (https://www4.stat.ncsu.edu/~boos/exact/).

Results
Patient recruitment

There were 199 singleton births among women with JIA reg-
istered in RevNatus in 2010 to 2019. Three pregnancies could
not be linked to the MBRN, leaving 196 singleton births
among women diagnosed with JIA forming the patient group.
JIA subtypes are not registered in RevNatus and could not be
reported. The population controls amounted to 575 798 sin-
gleton births from the general population, excluding births in
women diagnosed with inflammatory rheumatic diseases
coded according to the ICD-10 (see Supplementary Table S1,
available at Rheumatology Advances in Practice online).

Characteristics of the patient group and population con-
trols are shown in Table 1. Women with JIA were younger
compared with controls. A higher proportion were nullipa-
rous, though not reaching statistical significance. Other char-
acteristics relevant concerning CS did not differ between
women with JIA and population controls. Restricting to only
women with CS, characteristics of the patient group and pop-
ulation controls did not show relevant differences (see
Supplementary Table S2, available at Rheumatology
Advances in Practice online).

Table 2 presents the disease-related characteristics of all
women with JIA and according to inactive and active JIA in
pregnancy as assessed by the DAS28-CRP-3. To include as
many pregnancies as possible in the disease activity groups,

we choose to add patients with registered disease activity in
the second trimester when not registered in the third trimester
(n¼21). Information on disease activity in the second or third
trimester was missing in 15 pregnancies. Most women had in-
active JIA [131/81 (72.4%)], while 50/181 (27.6%) had active
JIA. Erosive disease was more common, and a higher propor-
tion of women with active JIA used prednisolone. The propor-
tions of HCQ, SSZ and TNF inhibitor (TNFi) use were higher
in inactive than active disease, although not statistically signif-
icant. Other disease-specific medications were not reported to
be used during pregnancy in these women.

Mental health was assessed as good and in a similar range in
both inactive and active JIA, while vitality was assessed as poor
in both groups. Mean differences were >10, indicating a clini-
cally relevant difference concerning bodily pain and physical
function, favouring inactive disease. Women with inactive and
active JIA were similar concerning clinical characteristics when
using only third trimester data (see Supplementary Table S3,
available at Rheumatology Advances in Practice online).

Proportions and risk differences of CS are shown in Table 3.
CS occurred more frequently in JIA [40/196 (20.4%)] than in
population controls [89 805/575 763 (15.6%)] and most fre-
quently in active JIA [16/51 (31.4%)], with a risk difference of
15.8%. Women with inactive JIA did not have an increased risk
of CS compared with population controls.

Table 4 presents results for elective and emergency CS in
the patient group and population controls. The proportion of
elective CS in JIA [13/196 (6.6%)] was comparable to that of
population controls [32 114/575 798 (5.6%)], with no differ-
ences concerning inactive or active JIA. Emergency CS oc-
curred more frequently in JIA [27/96 (13.8%)] and was most
prominent in active JIA [12/51 (23.5%)] compared with pop-
ulation controls [57 691/575 798 (10.0%)]. The risk differ-
ence for emergency CS was 13.5% for women with active JIA
compared with population controls, while there was not a

Table 1. Characteristics of patient groups and population controls

Characteristics Population controls JIA P-valuea

Singleton births, 2010–2019 575 798 196
Maternal age (years), mean (S.D.) 30.6 (5.1) 29.7 (4.7) 0.009
<35 460 720 (80.0) 171 (87.2) 0.015
�35 115 077 (20.0) 25 (12.8)
Missing 0 0

Parity
No children 244 354 (42.4) 97 (49.5) 0.054
�1 child 331 444 (57.6) 99 (50.5)
Missing 0 0

Smoking in pregnancy 34 237 (6.7) 8 (4.3) 0.24
Missing 67 663 10

BMI (first trimester), mean (S.D.) 24.4 (4.8) 24.3 (4.5) 0.90
�25.0 138 056 (34.5) 53 (34.4) 1.0
�30.0 49 167 (12.3) 20 (13.0) 0.89
Missing 176 090

Previous CS 55 992 (9.7) 25 (12.8) 0.19
Missing 0 0

Diabetesb 25 924 (4.5) 9 (4.6) 1.0
Missing 0 0

ART 20 121 (3.5) 9 (4.6) 0.52
Missing 0 0

a P-value for patient group compared with population controls.
b Pre-gestational or gestational.

P-values in bold are significant values (two-sided P-values <0.05 are
considered statistically significant).
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higher risk in inactive JIA compared with population controls.
The same pattern emerged when including third trimester dis-
ease activity registrations only, but with no statistically signifi-
cant results (see Supplementary Tables S4 and S5, available at
Rheumatology Advances in Practice online).

Discussion

Our study agrees with recent studies in pregnant women with
JIA reporting stable disease and remission or low disease activity
throughout pregnancy in most of the patients [9, 20–23]. The

findings of increased risk for CS in women with JIA compared
with population controls are also in line with earlier studies
[8–10]. In the present study we found an association of inflam-
matory active JIA with CS overall and emergency CS, but not
elective CS. These are novel findings.

We do not know the indication for emergency CS in our
study. In a Norwegian prospective survey, foetal distress and
failure to progress were the two main indications for emergency
CS [24]. Earlier studies have discussed active disease as a proba-
ble contributing factor to the increased risk of CS in women
with JIA compared with healthy controls. Remaeus et al. [8]
reported that JIA persisting into adulthood had the highest
mean DAS28-CRP and an increased risk for CS compared with
JIA confined to childhood. Both JIA groups had an increased
risk for CS compared with population controls, the strongest as-
sociation being seen with elective CS [22]. One reason for differ-
ing conclusions concerning elective CS may be that the Swedish
population was from an earlier time period (1992–2011) with a
lower threshold for elective CS in women with chronic diseases
as well as a higher proportion of women with damaged joints
and reduced physical function. In Norway, women with
rheumatic diseases are followed according to national guidelines
advocating vaginal birth in the absence of obstetric indications
[25], and this may be the reason why elective CS is not more
frequent in the present study.

In adherence with international guidelines, teratogenic medi-
cations were not used in this cohort. However, a high

Table 2. Clinical characteristics of JIA, grouped according to disease activity in the second or third trimester

Characteristics JIA (total) Inactive JIA
(DAS28-CRP-3 <26)

Active JIA
(DAS28-CRP-3 �2.6)

Diff (P-valuea)

Singleton births 2010–2019 196 130 51
Education level, n (%)

Low (10–13 years) 58 (30.2) 37 (28.9) 16 (32.7) 3.8 (0.76)
High (�14 years) 134 (69.8) 91 (71.1) 33 (67.3)
Missing 4 2 2

Disease criteria fulfilled, n (%) 174 (97.2) 115 (97.5) 44 (95.7) 1.8 (0.72)b

Missing, n 17 12 5
Disease duration (months), mean (S.D.) 20.2 (7.7) 19.7 (7.5) 22.7 (7.2) 3.0 (0.033)

Missing, n 40 25 11
Erosive disease, n (%) 68 (42.2) 40 (37.7) 26 (59.1) 21.4 (0.019)b

Missing, n 35 24 7
Prednisolone in pregnancy, n (%) 34 (20.4) 17 (15.5) 17 (37.8) 22.3 (0.003)b

Missing, n 29 20 6
HCQ in pregnancy, n (%) 10 (5.3) 9 (7.2) 1 (2.0) 5.2 (0.21)b

Missing, n 9 5 2
SSZ in pregnancy, n (%) 17 (9.8) 14 (11.9) 2 (4.5) 7.4 (0.18)b

Missing, n 22 12 7
TNFi in pregnancy, , n (%) 30 (17.3) 23 (20.0) 5 (10.9) 9.1 (0.18)b

Missing, n 23 15 5
Bodily painc, mean (S.D.) 60.7 (23.2) 64.4 (22.6) 48.8 (20.7) 15.6 (<0.001)

Missing, n 46 19 15
Physical functionc, mean (SD) 63.8 (25.2) 68.6 (23.0) 49.5 (26.6) 19.1 (<0.001)

Missing, n 46 19 15
General healthc, mean (S.D.) 58.0 (22.7) 59.4 (23.1) 52.4 (20.8) 7.0 (0.11)

Missing, n 46 19 15
Mental healthc, mean (S.D.) 81.5 (11.8) 81.6 (12.5) 80.2 (9.6) 1.5 (0.52)

Missing, n 47 20 15
Vitalityc, mean (S.D.) 44.2 (20.1) 45.6 (21.1) 38.9 (16.0) 6.7 (0.083)

Missing, n 47 20 15

diff: differences in proportions for dichotomous and mean differences for continuous variables.
a P-value for active compared with inactive disease.
b The unconditional pooled z-test.
c In the third trimester.

P-values in bold are significant values (two-sided P-values <0.05 are considered statistically significance).

Table 3. CS in population controls and patient groups and according to

disease activity in the second or third trimester expressed as proportions

and risk differences

Groups Total, n CS, n % Risk
difference, %

(95% CI)

P-valuea

Population
controls

575 763 89 805 15.6

JIA, total 196 40 20.4 4.8 (�0.2, 11.0) 0.079
Active 51 16 31.4 15.8 (4.7, 29.4) 0.004
Inactive 130 22 16.9 1.3 (�4.1, 8.7) 0.77

a P-value for patient group compared with population controls. P-values
in bold are significant values (two-sided P-values <0.05 are considered
statistically significant).

4 Carina Götestam Skorpen et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

ap/article/7/2/rkad062/7233144 by N
orw

egian U
niv of Sci & Tech user on 15 January 2024

https://academic.oup.com/rheumap/article-lookup/doi/10.1093/rap/rkad062#supplementary-data


proportion reported ever using MTX before pregnancy (64.5%
in the inactive JIA group and 59.5% in the active JIA group;
data not shown). Furthermore, a high proportion reported ever
using TNFi before pregnancy (45.1% in the inactive JIA group
and 54.1% in the active JIA group; data not shown). Even
though we do not know how close to pregnancy these medica-
tions were used, it indicates undertreatment in some of the
women, resulting in active disease. In the first half of the study
period, the recommendations on TNFi use in pregnancy were
stricter due to little documentation, probably contributing to the
lower proportions of treatment in pregnancy.

Women with active JIA expressed more pain and lower
physical function, possibly contributing to the decision for CS
in cases where other risk factors were present. However, we
assume this might be most relevant for the decision for elec-
tive, and not emergency, CS.

Strengths of the study include the prospective follow-up,
the large patient group, linkage of two registries and assess-
ment of disease activity during pregnancy. A limitation is that
there are no validated disease activity assessments for preg-
nant women with JIA. The DAS28-CRP-3 was used, as it
avoids ESR and patient global, which may both be influenced
by the pregnancy itself. It has been validated for use in preg-
nant women with RA [13] and is regarded as reliable for
assessing disease activity in pregnant women with JIA [26].
Another limitation may be that women with quiescent disease
or with no medication are not included in the register, thus
missing women with inactive disease or low disease activity.
This might overestimate the proportion of women with active
disease.

We believe the register to be representative of the popula-
tion at large, as most pregnant women with inflammatory
rheumatic diseases in Norway are followed in the public spe-
cialist healthcare system and enrolled in RevNatus.

Conclusion

Women with active JIA in the second part of pregnancy had a
higher risk for emergency CS than population controls in a
prospective cohort. This underlines that treat to target with
the goal of remission is an important strategy in pregnant
women with rheumatic diseases.
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Advances in Practice online.
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