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Objectives: There is insufficient knowledge about pregnancy outcomes in women
with juvenile idiopathic arthritis (JIA). Our objective was to explore a possible
association of inflammatory active JIA and pregnancy outcomes, including preterm
birth, preeclampsia, gestational hypertension, and offspring gestational weight.
Methods: We linked data from the Norwegian nationwide observational register
RevNatus with data from the Medical Birth Registry of Norway (MBRN) for the
period 2010 to 2019. Singleton births in women with JIA (n =181) included in
RevNatus were cases. After excluding births in mothers with rheumatic
inflammatory diseases, the remaining singleton births registered in MBRN,
served as population controls (n =575 798).

Results: Preterm birth was more frequent in women with active JIA (17.6%) and of
equivalent frequency in women with inactive JIA (3.1%), compared to population
controls (4.9%). Preeclampsia had similar rates in women with JIA and population
controls while gestational hypertension was more frequent in women with active
JIA (7.2%) and inactive JIA (6.9%) compared to population controls (1.7%). Abnormal
fetal growth occurred in similar rates in women with JIA and population controls.
Conclusion: Having active JIA in pregnancy increased the risk for preterm birth
(risk difference 12.7, 95% Cl 4.7 to 25.3) and gestational hypertension (risk
difference 6.2, 95% Cl 14 to 16.8). There was no increased risk for
preeclampsia or abnormal fetal growth compared to population controls.
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1 Introduction

Juvenile idiopathic arthritis (JIA) is the most frequent chronic rheumatic disease in
childhood, emerging before 16 years of age (1). It has a heterogenous clinical
presentation divided into seven subgroups and affects more girls than boys. A Nordic
study reported an incidence of 15 per 100,000 children per year with a median age at
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onset of 5.5 years (2). Persistent active disease was reported in 53%
in early adulthood, on or off medication (3).

Preterm birth is defined as a live birth before 37 weeks of
gestation and occurs in approximately 10% of births globally and
in close to 6% of births in the Nordic countries (4). Preterm
births may be spontaneous or initiated (5). Risk factors for
spontaneous preterm birth include higher maternal age, obesity,
smoking, maternal stress, earlier preterm birth and intra-amniotic
infection or inflammation (6). The decision for initiating preterm
birth through induction of labor or caesarean section may be due
to one or several factors including maternal comorbidities,
obstetric history, and psychosocial factors. In high-income
countries most children born preterm reach adulthood. A concern
is the association of early adulthood mortality with both early and
late preterm birth for cardiovascular and other diseases (4).

Preeclampsia is a hypertensive disorder of pregnancy affecting 2%
to 8% of pregnant women around the world and is the cause of
substantial maternal and perinatal morbidity and mortality (7). The
definition of preeclampsia has changed the last years. Traditionally
new-onset hypertension and proteinuria after gestational week 20
were both compulsory findings, while it has later been defined as
new onset preeclampsia-associated signs also in the absence of
proteinuria (7, 8). In Norway, the prevalence has decreased over
two decades, to 2.7% in 2015-2018. A gradual increase in labor
induction and aspirin use may have altered the prevalence (9). The
revised two-stage placental model of preeclampsia suggest that both
early- (<34 gestational weeks) and late-onset preeclampsia (>34
gestational weeks) result from placental syncytiotrophoblast stress
eventually leading to the clinical stage including new-onset
hypertension, renal or other organ dysfunction as well as growth
restriction of the fetus (8). It incorporates known risk factors for
preeclampsia like higher maternal age, nulliparity, diabetes, chronic
hypertension, obesity, assisted reproduction, twin pregnancy and
some chronic autoimmune diseases that may increase the risk for
or accelerate the development of the clinical stage (8).

Abnormal fetal growth resulting in small for gestational age
(SGA) is mostly a concern in early-onset preeclampsia. Both
SGA and large for gestational age (LGA) are being discussed as
risk factors for the growing child and adult life (10). There is
increasing evidence that preterm birth, preeclampsia, and
fetal growth
cardiovascular disease later in life (11).

abnormal increase the risk for maternal

Literature on pregnancy outcomes in women with JIA is
limited. Three recent European studies (12-14), three American
studies (15-17) and one Australian study (18) reported increased
risk for preterm birth in women with JIA. Three of the studies
also found an increased risk for preeclampsia (14, 15, 18), but
only one study found an increased risk for SGA (14). Active
disease, medication use or the disease itself are potential causes
of the increased risk for pregnancy complications. In one study
preterm births occurred in women with disease flares, as defined
by increased clinical disease activity prompting intensified
therapy (13). Another study reported disease activity based on a
patient activity scale (17), and did not find an association with
disease activity. The other studies did not have disease activity

assessments during pregnancy.
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In this study we aimed to explore the possible associations of
active disease with preterm birth, preeclampsia, gestational
hypertension, and offspring birth weight in women with JIA.

2 Materials and methods
2.1 Study population

Data from the RevNatus register and the Medical Birth Registry
of Norway (MBRN) were linked in this population-based cohort.

RevNatus is a Norwegian nationwide medical quality register
operated by The Norwegian National Advisory Unit on Pregnancy
and Rheumatic Diseases (NKSR). Women with inflammatory
rheumatic diseases are prospectively followed from the time of
planning a pregnancy until one year after delivery. Female patients
16 years or older with a rheumatic diagnosis are eligible for
inclusion before or during pregnancy. They are followed at the
local outpatient rheumatology clinics before pregnancy, in every
trimester during pregnancy and three times in the year after birth.
Demographic variables, disease activity, medication, laboratory
status, obstetric history, pregnancy outcome, self-reported health
status and breastfeeding are recorded.

MBRN is a mandatory national health registry. It records
information about maternal health preconception and during
pregnancy, and complications in the mother and child in the course
of pregnancy and birth. Inflammatory rheumatic disease in the
mother are coded in MBRN according to the International Statistical
Classification of Diseases and Related Health Problems, 10th Revision
(ICD-10) (19). Data is accessible about two years after registration.

Singleton births recorded in MBRN 2010 to 2019 qualified for
inclusion in the current study.

2.2 Ethics and patient involvement

A 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 MBRN was granted in June 2020 (MBRN
assignment PDB 2804). Two patient representatives contributed
to the outline, development and dissemination plans of the project.

2.3 Variables

Patient group variables retrieved from RevNatus contained
educational status and disease-specific information encompassing
disease activity assessment and use of medication. Maternal variables
included age, parity, smoking, body mass index (BMI), diabetes,
chronic hypertension and assisted reproductive technology (ART) as
well as the outcomes preeclampsia, gestational hypertension, preterm
birth and z-score for birth weight in the current pregnancy.
Variables were obtained from MBRN.
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2.4 Disease activity assessment

The juvenile arthritis disease activity score (JADAS) could not be
utilized, as it is not validated in adults with JIA. We used the Disease
Activity Score with CRP (DAS28-CRP-3).The assessment is a
composite score including the total tender and swollen joints
among 28 joints and CRP (20). It is used in RA and other
arthritis and has been validated for use in pregnant women with
RA (21). The European alliance of associations for rheumatology
(EULAR) has defined the four disease categories remission (<2,6),
low disease activity (>2.6 but <3.2), moderate disease activity
(>3.2 but <5.1) and high disease activity (>5,1) (22). Inactive JIA
was defined as DAS28-CRP-3<2.6 in 2nd or 3rd trimester and
active JIA as DAS28-CRP-3 > 2.6 in 2nd or 3rd trimester.

2.5 Outcomes

Preterm birth was defined as birth <37 weeks of gestation, with
early preterm birth <34 gestational weeks and late preterm birth
>34 weeks and <37 gestational weeks.

Preeclampsia was defined according to the MBRN definition at
the time the data were collected as new onset blood pressure
elevation >140/90 mmHg and proteinuria after gestational week
20. Gestational hypertension was defined as new onset blood
pressure elevation >140/90 mmHg after gestational week 20
without proteinuria.

Z-score for birthweight was based on birth weight, gestational
age, and sex. Small for gestational age (SGA) was defined as fetal
weight <10th percentile and <2.5th percentile. Large for
gestational age (LGA) was defined as fetal weight >90th
percentile and >97.5th percentile.

2.6 Statistical analyses

We reported descriptive statistics for the inactive JIA group,
active JIA group and population controls as well as disease
related characteristics of the inactive JIA group and active JIA
group. Pairwise group comparisons of the inactive JIA group
with population controls, the active JIA group with the
population controls and the active JIA group with the inactive
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 z-pooled test (23) for
dichotomous variables.

Proportions and risk differences for the main outcomes
preterm birth, late preterm birth, preeclampsia, gestational
hypertension, SGA and LGA were calculated comparing the
inactive JIA group and active JIA group one at a time with
population controls. We calculated 95% confidence intervals (CI)
for risk differences using Newcombes method (24). Two-sided p
<0.05 were considered to represent statistical significance, and
95% confidence intervals (CI) are reported where relevant. The
statistical analyses were performed using IBM SPSS Statistics for
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Windows, version 28.0.1, STATA MP 17, and https://www4.stat.
ncsu.edu/~boos/exact/.

3 Results

There were 196 singleton births in women with JIA registered
in RevNatus and MBRN during 2010 to 2019. Disease activity
assessment in 3rd trimester was available in 160/196 cases. We
added cases with disease activity assessment in 2nd trimester (21/
36), while 15 cases did not have data. The resulting 181/196
cases (92.3%) with reported disease activity in 2nd or 3rd
trimester (n=181) were included in this study. Most of the
women had inactive JIA, 130/181 (71.8%), while 51/181 (28.2%)
had active JIA. After excluding singleton births in mothers with
rheumatic inflammatory diseases according to the ICD-10 codes
lined out in Supplementary Table SI, the remaining singleton
births registered in MBRN during this decade (n=575,798)
served as controls.

Table 1
occurrence  of

outlines characteristics known to influence the

preterm  birth, preeclampsia, gestational
hypertension, and abnormal fetal growth. Women with inactive

JIA were younger and had a higher proportion of nulliparous
TABLE 1 Characteristics of controls and patient groups, reported as n (%)
unless specified as mean (SD).

Inactive JIA | Active JIA
DAS28 < 2.6° | DAS28 > 2.6%

Characteristic

Population
controls

Singleton births 2010-2019 575,798 130 51
Maternal age (years), mean 30.6 (5.1) 29.5 (4.6)* 30.7 (4.7)
(SD)

<35 460,720 (80.0) 118 (90.8)* 39 (76.5)
>35 115,077 (20.0) 12 (9.2) 12 (23.5)
Missing 0 0 0
Parity

No children 244,354 (42.4) 67 (51.5)* 23 (45.1)
>1 child 331,444 (57.6) 63 (48.5) 28 (54.9)
Missing 0 0 0
Smoking in pregnancy 34,237 (6.7) 4(3.2) 4 (8.3)
Missing 67,663 4 3
BMI first trimester, mean 244 (4.8) 239 (4.2) 25.5 (5.3)
(SD)

<25.0 2,61,663 (65.5) 64 (68.1) 26 (55.3)
25.0 - <30.0 1,38,056 (34.5) 30 (31.9) 21 (44.7)
>30.0 49,167 (12.3) 8 (8.5) 12 (25.5)*
Missing 176,090 36 4
Diabetes” 25,924 (4.5) 5(3.8) 4(7.8)
Missing 0 0 0
Kidney disease, chronic 3,868 (0.7) 1(0.8) 1(2.0)
Missing 0 0 0
Hypertension, chronic 3,154 (0.5) 1 (0.8) 0
Missing 0 0 0
ART 20,121 (3.5) 6 (4.6) 4 (5.9)
Missing 0 0 0

JIA, juvenile idiopathic arthritis; BMI, body mass index; ART, assisted reproductive

technology.
?In 2nd or 3rd trimester.

PPregestational or gestational.

*p-value < 0.05 for patient group compared to population controls.
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women compared to population controls. Women with active JIA
had a higher proportion of obese women compared to population
controls. There were no significant differences when comparing
women with inactive JIA and women with active JIA to
population controls concerning maternal age >35 years, smoking,
diabetes, kidney disease, chronic hypertension, or ART.

In Table 2 disease characteristics in the two disease activity
groups are described. Two thirds of the women with JIA had a
high educational level. The majority were diagnosed fulfilling the
International League Against Rheumatism (ILAR) classification
criteria for JIA (1). Women with active JIA had longer disease

TABLE 2 Clinical characteristics of patient groups, reported as n (%) unless
specified as mean (SD).

10.3389/flupu.2024.1375857

duration, had more commonly erosive disease and were more
often RF or CCP IgG positive compared to women with inactive
JIA. A higher proportion of women with active JIA used
prednisolone in pregnancy, while the use of the disease
modifying medications hydroxychloroquine (HCQ), sulfasalazine
(SSZ) and tumor necrosis factor inhibitors (TNFi’s) were more
frequent in women with inactive JIA. Most women on TNFi’s
stopped during 1st trimester (data not shown). Approximately
half of the women with JIA irrespective of disease activity status
used methotrexate and/or a TNFi before pregnancy.

Two women with inactive JIA reported use of methotrexate in
Ist trimester. In the group of women with active JIA one reported
use of rituximab and one use of tocilizumab in 1st trimester (data
not shown).

Proportions and risk differences of the outcomes preterm

birth, preeclampsia and gestational hypertension are presented

Characteristic Inactive JIA® | Active JIA® | diff° )
in Table 3.
DAS28 <2.6 DAS282>26 Preterm birth occurred more frequently in active JIA (9/51,
Singleton births 2010-2019 130 51 17.6%) than in population controls (27,955/569,812, 4.9%), with
Educational level a risk difference of 12.7%. They were all late preterm. Women
Low (10-13 yrs) 37 (28.9) 16 (32.7) 3.8
High (214 yrs) 91 (71.1) 33 (67.3)
Missing 2 2 TABLE 3 Preterm birth, preeclampsia and gestational hypertension,
Classification criteria fulfilled™ 115 (97.5) 44 (95.7) 1.8 expressed as proportions and risk differences.
Missing 12 5 N
Disease duration, mean (SD) 197 (7.5) 227 (72) 300 Preterm birth =~ % Risk p-value
— difference
Missing 25 11 (<37 weeks) (95% Cl)
Erosive disease 40 (37.7) 26 (59.1) 21.4%
Missing 24 7 Population | 5,69,812 27,955 49
controls
RF positive 4 (3.9) 10 (24.4) 20.5 8
Active JIA® 51 9 17.6 | 127 (47t0253) | <0.001¢
Missing 27 10
Inactive JIA* 130 4 3.1 —1.8 (-3.7 to 0.45
CCP IgG positive 11 (9.9) 11 (24.4) 14.5 2.7)
Missing 19 6 "
ANA positive 10 (9.0) 7 (16.3) 73 Late preterm Risk p-value
Missing 19 3 birth difference
Prednisol i 17 (15.5) 17 (37.8) 22.3* (95% Cl)
rednisolone 1n pregnancy B K " (34 to <37
Missing 20 6 weeks)
HCQ in pregnancy 9(72) 1(2.0) 5.2 Population | 5,69,812 19,919 35
Missing 5 2 controls
SSZ in pregnancy 14 (11.9) 2 (4.5) 7.4 Active JIA* 51 9 17.6 | 14.1 (6.0 t0 26.7) | <0.001¢
Missing 12 7 Inactive JIA* 130 3 23 —1.2 (-2.8 to 0.63
TNFi in pregnancy 23 (20.0) 5 (10.9) 9.1 3.1)
Missing 15 5 Risk p-valueb
No medication pregnancy 54 (42.9) 19 (37.3) 5.6 difference
Missing 4 0 (95% Cl)
MTX before pregnancy 66 (64.7) 22 (59.5) 49 Population | 5,75,813 15,162 26
Missing 28 14 controls
TNFi before pregnancy 46 (45.1) 20 (54.1) 9.0 Active JIA* 51 0 - —2.6 (=2.7 to 0.65°
Missing 28 14 4.4)
RTX before pregnancy 1(1.0) 12.7) 1.6 Inactive JIA® | 130 5 3.8 | 1.2 (1.0 to 6.1) 0.40°
Missing 28 14 % Risk p-valueb
TCZ before pregnancy 0 4 (10.8) 10.8* difference
Missing 28 14 (95% ClI)
JIA, juvenile idiopathic arthritis; RF, rheumatoid factor; CCP IgG, anti-cyclic Population | 5,75,813 9,644 L7
citrullinated peptide; ANA, antinuclear antibodies; HCQ, hydroxychloroquine; controls
SSZ, sulfasalazine; MTX, methotrexate; TNFi, tumor necrosis factor inhibitor; RTX, Active JIA® 51 4 72 | 6.2 (1.4 to 16.8) 0.011¢
rituximab; TCZ, tocilizumab. Inactive JIA® | 130 9 69 | 52 (2010 11.0) | <0.001°

?ln 2nd or 3rd trimester.

Pdiff = differences in proportions for dichotomous and mean difference for
continuous variables.

“International League Against Rheumatism (ILAR) classification criteria.

*p-value < 0.05 for active compared to inactive disease.
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JIA, juvenile idiopathic arthritis; Gestational HT, gestational hypertension.
?In 2nd or 3rd trimester.

Pp-value for patient group compared to population controls.

“Fishers exact test.
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with inactive JIA did not have an increased risk of preterm birth
compared with population controls. One early preterm birth in
week 27 occurred in a woman with inactive JIA and
preeclampsia (data not shown).

There was not an increased risk for preeclampsia in women
with active or inactive JIA compared with population controls.
Gestational hypertension occurred more frequently in active JIA
(4/51, 7.2%) and inactive JIA (9/130, 6.9%) compared to
population controls (9,644/575,813, 1.7%), with a risk difference
of 6.2% and 5.2%, respectively.

Table 4 shows SGA and LGA, looking both at the 10 percentile/
90 percentile (z-score —1.28 to 1.28, <—1.3 and >1.3) and the 2.5
percentile/97.5 percentile (z-score —1.96 to 1.96, <—2.0 and >2.0).
There were no differences in offspring of women with active or

inactive JIA compared to offspring of population controls.

4 Discussion

In the present study we found an increased risk for preterm
birth in women with JIA. This is in accordance with earlier
studies (12-18). More importantly, we found that active JIA
increases the risk for preterm birth, whereas inactive JIA does not.

TABLE 4 SGA and LGA as percentiles in offspring, expressed as
proportions and risk differences.

SGA, 10 Risk p—valueb
percentile difference
(95% Cl)
Population | 5,75,798 47,146 82
controls
Active JIA® 51 5 98 | 1.6 (-3.9t0 12.8) |  0.61°
Inactive JIA® 130 13 10.0 | 1.8 (2.3 to 8.2) 0.55
LGA, 90 Risk p-value®
percentile difference
(95% Cl)
Population 5,75,798 48,794 85
controls
Active JIA® 51 3 59 | —26) (=65 to 0.80°
7.5)
Inactive JIA* | 130 8 62 | —2.3 (=53 1032) 0.43
SGA, 2.5 Risk p-value?
percentile difference
(95% Cl)
Population | 5,75,798 9,158 1.6
controls
Active JIA® 51 0 - | —1.6 (1.6 to 5.4) 1.0
Inactive JIA* | 130 3 23 | 0.7 (~0.8 to 5.0) 0.47¢
LGA, 97.5 Risk p-value®
percentile difference
(95% Cl)
Population | 575,798 13,807 24
controls
Active JIA® 51 1 2.0 | —0.4 (=2.0 to 7.9) 1.0°
Inactive JIA® 130 1 0.8 | —1.6 (—2.2to 1.9) 0.38°

JIA, juvenile idiopathic arthritis.

%in 2nd or 3rd trimester.

®p-value for patient group compared to population controls.
“Fishers exact test.
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Women with JIA had stable low disease activity or inactive
disease in pregnancy. This has also been demonstrated in other
cohorts of pregnant women with JIA the last decades (12, 13,
25-27). A possible association with active JIA in pregnancy has
been investigated in two earlier studies, with conflicting results
(13, 17). One study found no association between preterm birth
and active disease. The authors argue that the disease activity
assessment was limited as it did not include joint count and CRP
and may have underestimated disease activity (17). Our findings
are in alignment with a small study of 22 pregnancies (13) and
provides evidence to the notion that disease activity matters.

Inactive disease was not found to be associated with preterm
birth. The women with inactive JIA had a lower proportion of
preterm birth compared to population controls. This might be due
to tight control with a focus on disease specific as well as other risk
factors and is reassuring, underpinning the importance of “treating
to target” also in pregnancy, aiming for inactive disease (28).

All preterm births in women with active JIA in our study were
late preterm (pregnancy weeks 34-36). This has also been reported
in recent previous studies (13, 15, 17). This finding may be related
to better disease control and less inflammation. In cohorts from
earlier time-periods preterm birth was seen both early (<34 weeks)
and late (34-36 weeks) (14), indicating less controlled disease.

Preterm birth can be divided into phenotypes such as preterm
prelabor rupture of membranes (PPROM), medically indicated and
spontaneous preterm birth. We did not have information about
these phenotypes in our study, but one previous study found
increased risk of late (pregnancy weeks 32-36) PPROM and
medically indicated preterm birth in women with JIA, while
spontaneous preterm birth occurred more frequently both early
(pregnancy weeks 20-31) and late preterm (15). Inflammation is
a key factor for both PPROM and spontaneous preterm birth (6)
suggesting that inflammatory active disease in the mother can be
a relevant risk factor.

We found no cases of preeclampsia in women with active JIA.
However, we found two cases of gestational hypertension that
might have resulted in medically indicated preterm birth.
Cesarean section was not performed in these two cases, and we
do not know whether they were induced or not. However, five of
the remaining seven preterm births in women with active JIA
had emergency cesarean section of unknown reason. In Norway
active JIA may be an indication for induction of labor, and very
rarely for elective cesarean section. Induction of labor due to
active JIA will usually be done at gestational weeks 39-40.

Women with active JIA had a higher proportion of obesity than
population controls. However, there were no preterm births in
obese women with active JIA (data not shown).

In two studies, prednisolone use has been discussed as a
possible marker of disease activity and a risk factor for preterm
birth (12, 17). In our study, a higher proportion of women with
active JIA using prednisolone in pregnancy had preterm birth
compared to non-users, though not of statistical significance
(p=0.053). The proportions were similar for women with
inactive JIA irrespective of prednisolone use, see online
Supplementary Table S2. This indicates that active disease is a
risk factor, irrespective of prednisolone use.
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results risk of
preeclampsia in women with JIA. A large Swedish prospective

There are conflicting concerning the
study found a strong association between JIA persisting into
adulthood and preeclampsia (14), arguing that medication use
and active disease were important factors, although there was no
available information on these factors in the study. Two other
studies have reported increased risk (15, 18). However, these data
were from the era before the guidelines of tight follow up and
rigorous treatment in pregnancy were implemented, with a
higher proportion of women with active disease during
pregnancy. Studies with no increased risk of preeclampsia (12,
13, 17) have data from a later time span with better disease
control. Our patients with active JIA had low disease activity,
favoring less complications.

In Norway, the prevalence of preeclampsia has gradually
decreased the last 20 years (9). In 2020 preeclampsia occurred in
2.6%, with only 0.9% being preterm (29). The last maternal
death due to preeclampsia was reported in 2012 (9). This is in
contrast to many other countries including USA, where
gestational hypertension is increasing, and maternal mortality has
increased with 50% during the same time period (30). The
decline in preeclampsia in Norway has happened despite a
parallel increased proportion of women with risk factors for
preeclampsia such as advanced age, nulliparity and use of ART
(9). Autoimmune disease is another risk factor considered in the
risk assessment early in pregnancy (9). Tighter follow up of
patients with risk factors, and treatment with aspirin and/or
labor induction when indicated, may explain low rates of
preeclampsia in women with JIA.

In our study gestational hypertension was more frequent in
active JIA than population controls. Two of four pregnancies
with gestational hypertension in active JIA ended up as late
preterm birth. A theoretical interpretation that has been
discussed in a two-stage placental model of preeclampsia is that
preterm birth might prevent clinical manifestations of
preeclampsia to evolve (8). There was an increased risk of
gestational hypertension also in women with inactive JIA. A
higher proportion of nulliparous women in this group may have
contributed to the increased risk.

We did not find an increased risk for SGA in offspring of our
patients compared to offspring of population controls. Remaus
et al. found such an association (14), probably due to less
controlled disease. Our findings are reassuring and in line with
the other findings of late preterm birth and no increased risk
of preeclampsia.

A high proportion of women with JIA reported treatment with
methotrexate before pregnancy, indicating the need for disease
specific medication. The proportion of women on TNFi’s
preconception was also high. However, the proportion of women
on pregnancy compatible medication during pregnancy was
much lower, indicating undertreatment. One reason might be
little documentation during the first years of the study on the use
of TNFi’s. A tight follow up and proper information may
potentially improve outcomes by suppressing disease.

There are several risk factors for hypertensive disorders,
preterm birth and abnormal fetal weight. In this study the
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exposure was JIA, and we did not find it relevant to adjust for
the risk factors presented in Table 1, as we do not consider these
variables as confounders. Risk assessment including these risk
factors is performed early in pregnancy (29). In women with
active JIA, obesity was more common than in population
controls. Smoking was reported in small numbers in all groups.
Active disease, overweight and smoking are all modifiable risk
factors that should be taken into account in the preconception
planning and counselling.

A major strength of this study is the disease activity assessment
during pregnancy. Further, the prospective follow up, a large
patient group and the linkage of two registries improves the quality.

A limitation is that there are no validated disease activity
assessments for pregnant women with JIA. DAS28-CRP-3 is
considered to be reliable for assessing disease activity in JIA (31).
However, it does not evaluate ancles, toes and jaw, joints that
may be affected in JIA. We may therefore have underestimated
disease activity in some patients. We used disease activity
assessment only in the second part of pregnancy and do not
know how active disease early in pregnancy might impact on the
evolvement of hypertensive disorders later in pregnancy. Another
limitation is that we did not have access to the subtypes of JIA.
Potentially, such information could shed light on possible
differences in disease characteristics, disease activity, general risk
factors and pregnancy complications between subtypes.

In this prospective cohort of women with JIA, active disease in
the second part of pregnancy increased the risk for late preterm
birth and gestational hypertension. Preeclampsia and SGA in
offspring occurred in similar rates as population controls. Tight
control targeting inactive disease is advocated.
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