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CLINICAL SCIENCE

Tumour necrosis factor inhibitor use during pregnancy
is associated with increased birth weight of
rheumatoid arthritis patients’ offspring

Hieronymus TW Smeele

ABSTRACT

Objectives To study pregnancy outcomes in a

closely monitored, well-defined cohort of women with
rheumatoid arthritis (RA). In particular, pregnancy
outcomes of women that used a TNFi during pregnancy.
Methods Patients were derived from a prospective
study on pregnancy and RA (Preconception Counseling
in Active RA study) and treated according to a treatment
protocol aimed at minimal disease activity. Multivariate
linear regression analysis was used to describe which
variables influenced birth weight.

Results 188 patients were included, 92 (48.9%)
patients with RA used a TNFi during pregnancy.

Disease Activity Score in 28 joints C reactive protein
(DAS28CRP) was low at all time points during pregnancy
(DAS28CRP in the third trimester: 2.17 (SD 0.73). TNFi
use was not associated with an increase of adverse
pregnancy outcomes such as low birth weight (<2500
g), (emergency) caesarian section, hypertensive disorders
or congenital malformations. TNFi use resulted in less
children born small-for-gestational age (p=0.05),
however, did not increase the risk of large-for-gestational
age (p=0.73). Mean birth weight was 173 g higher in
women that used a TNFi during pregnancy (3.344 kg vs
3.171kg, p=0.03). In the multivariate analysis, maternal
age (B —0.023, 95% Cl —0.040 to —0.0065, p=0.007),
TNFi use (B 0.20, 95% ClI 0.066, 0.34, p=0.004),
diabetes mellitus (8 0.37, 95% C1 0.12, 0.63, p=0.004)
and gestational age (8 0.18, 95% CI 0.15, 0.2, p<0.001)
were statistically significant associated with birth weight.
Conclusions This is the first study to show that TNFi
use during pregnancy is associated with increased birth
weight of offspring of women with well-controlled RA.
The underlying mechanism of TNF-inhibition on birth
weight and the long-term consequences for the offspring
should be explored in future research.

INTRODUCTION

Rheumatoid arthritis (RA) is one of the most
common chronic diseases in women in the repro-
ductive age.! Pregnancy outcomes, like small-for-
gestational age (SGA) and hypertensive disorders,
in women with RA are impaired compared with
healthy women, especially in women with active
disease during pregnancy.' In recent years, more
treatment options during pregnancy became avail-
able, including tumour necrosis factor (TNF)-
inhibitors (TNFi), resulting in improved disease
outcomes in women with RA during pregnancy.”

! Esther Roder
Eric A P Steegers,? Radboud J E M Dolhain'

" Annemarie G M G J Mulders,?

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Although tumour necrosis factor-inhibitors use
(TNFi) during pregnancy is not associated with
an increased risk of congenital malformations,
data on other pregnancy outcomes is
contradictory.

WHAT THIS STUDY ADDS

= The current study is the first to show that the
use of TNFi during pregnancy in women with
rheumatoid arthritis (RA) is associated with
increased birth weight of the offspring after
correcting for all relevant confounders and less
children with small for gestational age.

= TNFi use during pregnancy in women with RA
does not increase the risk of adverse pregnancy
outcomes such as prematurity, low birth
weight, hypertensive disorders and emergency
caesarean section.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The exact mechanisms behind the increase in
birth weight after TNFi use during pregnancy
should be the focus of future studies.

= TNFi might be a future therapeutic option
in preventing and treatment of intrauterine
growth restriction.

= The long-term effects of the increase in birth
weight on the offspring should be further
explored.

Therefore, TNFi are now important in the manage-
ment of RA during pregnancy.”

Research on pregnancy outcomes after TNFi
exposure during pregnancy have mainly focused
on exposure to TNFi’s in the first trimester and
congenital malformations."  Multiple  studies
have shown that TNFi do not increase the risk of
birth defects.” However data on other pregnancy
outcomes is contradictory, some studies report that
TNFi are associated with increased risks of preterm
birth, caesarean section (CS), low birth weight and
SGA whereas others do not.”™

These diverse findings across different studies
may however indicate an association related to
confounding variables, such as underlying disease,
disease activity and the use of other certain medi-
cation (eg, glucocorticoids), rather than to the
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TNFi itself. Moreover, the use of a TNFi has an impact on these
other variables by decreasing disease activity® and preventing the
need for use of glucocorticoids.” A majority of previous studies
that examined associations between TNFi use and pregnancy
outcomes were performed in patients with different underlying
diseases and without information on disease activity, making it
difficult to interpret associations between TNFi use and preg-
nancy outcomes.

In the Preconception Counseling in Active RA (PreCARA)
study, women with RA were prospectively followed-up, closely
monitored and treated during pregnancy according to a modern
treatment approach aimed at minimal disease activity including
the use of TNFi.”> The objective of the current study was to
describe pregnancy outcomes of offspring born to patients
with RA included in the PreCARA-cohort, and in particular to
describe pregnancy outcomes of women that used a TNFi during
pregnancy when correcting for relevant confounders.

METHODS

Patient population

Patients were included in the PreCARA-study (2011-ongoing).?
The PreCARA study is an ongoing, prospective cohort study on
inflammatory rheumatic diseases before and during pregnancy.
Data up to May 2021 was used for the current manuscript. The
PreCARA study (ClinicalTrials.gov reference NCT01345071) is
solely performed in the Erasmus MC, a tertiary referral hospital
(Rotterdam, the Netherlands). All patients in this hospital are
treated within a dedicated specialised healthcare pathway for
rheumatic diseases during pregnancy.

PreCARA treatment protocol

The PreCARA-treatment protocol was extensively described
previously.” In brief, patients in the PreCARA cohort were
treated according to a modified treat-to-target approach aimed
at minimal disease activity. Treatment was, if needed, intensified
at every study visit. If treatment was intensified in the PreCARA-
protocol, first, sulfasalazine and/or hydroxychloroquine were
started, followed by the addition of prednisone (preferably in a
maximum daily dosage of 7.5 milligram) and/or a TNFi, prefer-
ably certolizumab-pegol. Patients could get pregnant using the
TNFi which they used when they enrolled in the study. During
pregnancy, TNFi was stopped at the gestational age (GA) as
recommended by the European-Alliance-of-Associations-for-
Rheumatology: adalimumab and infliximab were stopped at GA
20 weeks, etanercept at GA 28-32.% certolizumab-pegol was
discontinued at GA 38 weeks to prevent maternal infections
during delivery, based on expert opinion. After stopping a TNFi
a switch to certolizumab-pegol or prednisone was considered.

Data collection
Participants entered the PreCARA-study preferably before they
got pregnant. Visits were scheduled every 3 months before
conception, in the first, second and third trimester of pregnancy
and at 6, 12 and 26 weeks after delivery. At every visit, patients
were seen by their rheumatologist and a rheumatology nurse,
they underwent joint examination, filled in questionnaires elec-
tronically (including on frequencies and dosages of conventional
synthetic DMARDs and biologic DMARDs) and a blood sample
was collected.

Information on characteristics such as smoking, body mass
index (BMI), previous pregnancies, presence of rheumatoid
factor (RF) or anticitrullinated protein antibodies (ACPA),

medical history, education, race and previous medication use
were collected at inclusion.

Data on pregnancy outcome included birth weight, GA at
delivery (as calculated by their attending gynaecologist and/or
midwife), sex of the child and mode and location of the delivery.
Information on the mode of delivery was categorised to sponta-
neous birth, induced birth or CS. CSs were recorded as elective
or emergency. Pregnancy complications were collected as well:
premature birth (delivery at <37 weeks (259 days) of the GA,
low birth weight (<2500 g), high birth weight (>4000 g), hyper-
tensive disorders (gestational hypertension and preeclampsia,
both as reported by their attending gynaecologist), Diabetes
mellitus (DM) (analysed as both preexisting DM and gestational
DM combined) and congenital malformations. These data was
collected at various visits during pregnancy and postpartum (by
interview, questionnaires and careful investigation of the elec-
tronic medical charts). If patients gave birth outside our tertiary
centre, data on pregnancy outcomes was collected from their
attending physicians.

Data analysis

Disease activity was calculated using the Disease Activity Score
in 28 joints (DAS28)” ' the DAS28 using three variables: the
number of swollen joints, the number of tender joints, and the C
reactive protein (CRP) level (DAS28CRP),"! this disease activity
measure is validated for use during pregnancy.'?

Birth weight SDS were calculated using the sex-specific
formulas as previously described in literature,'® infants SGA (birth
weight <p10) and large for GA (LGA) (birth weight >p90) were
determined based on Dutch growth charts.'* For the current
analysis, pregnancies carried beyond week 20 were included in
the study, twin pregnancies and diagnosis other than RA were
excluded.

Statistical analysis

Descriptive statistics are presented as numbers (n) and percent-
ages (%). Continuous variables are given as mean=SD or
median +IQR as appropriate. We tested categorical data using
x* and Fisher’s exact tests. Continuous data were checked for
the distribution of the data and analysed using (paired) t-test
and Wilcoxon-rank as appropriate. We considered a two-sided
p<0.05 significant.

To describe which variables influenced birth weight, univariate
and multivariate linear regression were performed. The following
covariates were considered: disease activity (DAS28 CRP), GA at
delivery, maternal age, prednisone use during pregnancy, TNFi
use during pregnancy, nulliparity, pregnancy through assisted
reproductive technology (combined: ovulation induction, intra-
uterine insemination in vitro fertilisation and intracytoplasmic
sperm injection), smoking, (gestational) DM. An interaction
between TNFi use and disease activity and TNFi use and predni-
sone use were considered in the multivariate analysis separately.

Kaplan-Meier survival analysis was performed to visualise
whether GA at delivery was dependent on TNFi use during
pregnancy, significance was tested using the Wilcoxon-Gehan
statistic.

Statistical analyses were performed using Stata V.17 by
StataCorp. Patient involvement and ethics are provided in online
supplemental file 1.

RESULTS
An overview of patients included in the PreCARA study (n=188)
is presented in table 1. 48.9% of the women with RA used a
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Table 1

Clinical and demographic features from patients with RA within the PreCARA cohort (n=188) who conceived

P value, for difference

PreCARA-cohort  TNFi use during pregnancy No TNFi use during  yes/no TNFi use during
(n=188) (n=92) pregnancy (n=96) pregnancy
Mean age at delivery, years (SD) 32.6 (4.0) 33.3(3.9) 31.9(4.1) 0.023
Median disease duration at first visit, years (IQR) 6.8 (3.6-10.9) 6.0 (2.9-10.7) 7.3(4.1-11.5) 0.21
Rheumatoid factor positive, n (%) 130/186 (69.9) 67/90 (74.4) 63 (65.6) 0.19
ACPA positive, n (%) 129/184 (70.1) 70/90 (77.8) 59/94 (62.8) 0.026
Caucasian race, n (%) 157 (83.5) 77 (83.7) 80 (83.3) 0.94
Nulliparity, n (%) 100 (53.2) 42 (45.7) 58 (60.4) 0.043
Education level, median no of years of education (IQR) 16 (14-18) 16 (14-18) 17 (14-18) 0.78
Conception through assisted reproduction technique, n (%) 26/185 (14.1) 12/90 (13.3) 14/95 (14.7) 0.78
DAS28CRP in the first trimester of pregnancy (sp)” 2.21(0.80) 2.18(0.81) 2.24(0.79) 0.64
DAS28CRP in the second trimester of pregnancy (SD)” 2.30(0.77) 2.35(0.85) 2.24 (0.67) 0.34
DAS28CRP in the third trimester of pregnancy (sp)” 2.17(0.73) 2.22 (0.70) 2.14 (0.76) 0.49
DAS28CRP<2,6 1 st trimester, n (%) 120/161 (74.5) 59/79 (74.7) 61/82 (74.4) 0.96
DAS28CRP<2,6 2 nd trimester, n (%) 130/178 (73.0) 63/89 (70.8) 67/89 (75.3) 0.49
DAS28CRP<2,6 3 rd trimester, n (%) 130/169 (80.7) 59/84 (70.2) 71/85 (83.5) 0.04
Smoking during pregnancy, n (%) 6(3.2) 3(3.3) 3(3.1) 0.96
Medication use during pregnancy (any use), n (%)t:
» Hydroxychloroquine 105 (55.9) 45 (48.9) 60 (62.5) 0.061
» Sulfasalazine 110 (58.5) 52 (65.5) 58 (60.4) 0.58
» Prednisone 79 (42.0) 42 (45.7) 37 (38.5) 0.32
» TNF inhibitor¥ 92 (48.9) 92 (100)
» Certolizumab-pegol 62 (33.0) 62 (67.4)
» Adalimumab 8 (4.3) 8(8.7)
» Etanercept 25(13.3) 25(27.2)
» Infliximab 12 (6.4) 12 (13.0)

Bold values denote statistical significance at the p < 0.05 level.

*Number of missing data for disease activity: 27/188 (14.4%) trimester 1, 10/188 (5.3%) trimester 2, 19/188 (10.1%) trimester 3.

tEither alone or in combination with other medication.

$The sum of TNFi exceeds 100%, because some patients switched from etanercept, adalimumab or infliximab to certolizumab-pegol during pregnancy.
ACPA, anticitrullinated protein antibody; DAS28CRP, Disease Activity Score in 28 joints C reactive protein; PreCARA, Preconception Counseling in Active Rheumatoid Arthritis.

TNFi during pregnancy. Disease activity was low at all pregnancy
trimesters, for example DAS28CRP in the third trimester of
pregnancy: 2.17 (SD 0.73). 119 (63.3%) women were included
before there were pregnant.

Maternal age, the number of patients with ACPA-antibodies
and nulliparity were statistically significant different between
women that used a TNFi during pregnancy and women who
did not.

Pregnancy outcomes

Pregnancy outcomes are shown in table 2. Pregnancy cholestasis
was observed in 2 (1.1%) women. One patient developed a
villoglandular carcinoma of the cervix during pregnancy. Twelve
out of a total of 49 CS (24.5%) were emergency procedures,
children born via an emergency CS had a median APGAR score
after 5 min of 9 (range: 2-10).

Pregnancy outcomes stratified for TNFi use during pregnancy
showed that birth weight, birth weight SDS and the number of
emergency CS were different between both groups (table 2).
The absolute difference in mean birth weight compared between
women that used a TNFi during pregnancy and women who did
not was 173 g (3.344kg vs 3.171kg, p=0.03). Survival anal-
ysis showed that GA was not different between women that
used a TNFi during pregnancy and women who did not (online
supplemental figure 1). Information on SGA, prematurity, gesta-
tional hypertension and pre-eclampsia stratified for DAS28 CRP
<2.6and TNFi use is presented in online supplemental table 1).

Influence of different factors on birth weight

In the univariate analysis, disease activity, GA at delivery,
maternal age and TNFi use during pregnancy were significantly
associated with birth weight (table 3).

In the multivariate analysis (table 3), maternal age had a signif-
icant negative effect on birth weight (kg). In addition, a positive
effect on birth weight of TNFi use during pregnancy, DM and
GA at delivery was observed. When the analysis were repeated
with birth weight standard deviation score (SDS) instead of the
actual birth weight as dependent variable, similar results were
found (data not shown).

Since TNFi use and disease activity and TNFi use and the use of
prednisone might have interaction, two additional analyses were
performed, in which interaction terms (TNFi use and disease
activity and TNFi use and prednisone use) were introduced into
the model. These interaction terms showed no significant effect
(interaction term TNFi use and disease activity (p=0.67), inter-
action term TNFi use and prednisone use (p=0.59).

To get more insight whether the effect of the use of TNFi
during pregnancy on birth weight was depended on the trimester
additional analysis were performed. When TNFi use was strati-
fied for use per trimester, the following results for the outcome
birth weight (corrected for DAS28CRP, GA at delivery, maternal
age, nulliparity, sex of the newborn, type of conception, DM,
prednisone use, and smoking) were observed: TNFi use in the
first trimester B 0.081 (p=0.26), difference in mean birth weight
90.6g. TNFi use in the second trimester B 0.16 (p=0.021),
difference in mean birth weight 180.5g. TNFi use in the third
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Table 2  Pregnancy outcomes of women with RA included in the PreCARA cohort (n=188) that conceived stratified for (any) TNFi use during

pregnancy

PreCARA-cohort

TNFi use during

No TNFi use during pregnancy P value, for difference yes/no

(n=188) pregnancy (n=92) (n=96) TNFi use during pregnancy

Sex of the child (male), n (%) 95 (50.8) 53 (57.6) 42/95 (44.2) 0.07
Birth weight, kg (SD) 3.256 (0.56) 3.344 (0.51) 3.171 (0.59) 0.03
Gestational age at delivery, weeks (IQR) 39.1 (37.8-40.1) 39.0 (38-39.9) 39.2 (37.7-40.4) 0.53
Birth weight SDS (SD) -0.096 (1.04) 0.064 (0.99) -0.25 (1.06) 0.04
SGA (birth weight <p10), n (%) 28/187 (15.0) 9/92 (9.8) 19/95 (20.0) 0.05
LGA (birth weight >p90), n (%) 13/187 (7.0) 7192 (7.6) 6/95 (6.3) 0.73
APGAR score (IQR) 10 (9-10) 10 (9-10) 10 (9-10) 0.99
Location of delivery, n (%)
» Hospital (including outpatient clinic) 1771185 (95.7) 89/91 (97.8) 88/94 (93.6) 0.16
» Home 8/185 (4.3) 2/91 (2.2) 6/94 (6.4) 0.16
Mode of delivery, n (%)
» Spontaneous vaginal delivery 77/185 (41.6) 35/91 (38.5) 42/94 (44.7) 0.39
» Induced labour 59/185 (31.9) 27/91 (29.7) 32/94 (34.0) 0.52
» Caesarean section 49/185 (26.5) 29/91 (31.9) 20/94 (21.3) 0.10

Emergency caesarean section 12/49 (24.5) 2/29 (6.9) 10/20 (50.0) 0.001
Pregnancy complications, n (%)
» Prematurity (<37 weeks) 23(12.2) 8(8.7) 15 (15.6) 0.15
» Birth weight less than 2500 grams 15 (8.0) 4 (4.4) 11 (11.6) 0.069
»  Birth weight over 4000 grams 10 (5.4) 3(3.3) 7(7.4) 0.21
» Diabetes mellitus* 14 (7.5) 10 (10.9) 4(4.2) 0.080
Hypertensive disorders, n (%)
» Pre-eclampsia 11 (5.9) 5(5.4) 6(6.3) 0.81
» Gestational hypertension 12 (6.4) 4 (4.4) (8.3) 0.26
Congenital malformations, n (%) 13 (6.9) 7(7.6) 6(6.3) 0.71

Bold values denote statistical significance at the p < 0.05 level.

*Combined variable of both pre-existing diabetes mellitus and gestational diabetes mellitus.
APGAR, APGAR score; LGA, large for gestational age; PreCARA, Preconception Counseling in Active RA; RA, rheumatoid arthritis; SDS, standard deviation score; SGA, small for

gestational age.

trimester B 0.22 (p=0.002); difference in mean birth weight
191.5¢g.

Figure 1 shows that maternal TNFi use during pregnancy
results in a decreased number of children born SGA compared
with no maternal use of TNFi during pregnancy.

TNFi use during pregnancy and CSs
A total of 49/185 (26.5%) children were born via CS,
12/49 (24.5%) were emergency CS. Women that used a

TNFi during pregnancy had a trend towards an increase in
delivery via CS (TNFi use during pregnancy: CS in 29/91
(31.9%) women vs no TNFi use during pregnancy CS in
20/94 (21.3%) women, p=0.10), however, emergency CS
was more common in women that did not use a TNFi during
pregnancy: (TNFi use during pregnancy: emergency CS in
2/29 (6.9%) women versus no TNFi use during pregnancy
emergency CS in 10/20 (50.0%) women, p=0.001).

Table 3  Findings of univariate and multivariate regression analyses of actual birth weight (kilogram) of RA patients (n=188) included in the

PreCARA cohort

Univariate linear regression analysis for birth weight (kg) Multivariate linear regression analysis for birth weight (kg)*

Coefficient 95%Cl P value Coefficient 95%Cl P value
Disease activity in third trimester -0.20 -0.31 t0 0.085 0.001 -0.091 —0.19 t0 0.0058 0.065
(DAS28CRP)
Gestational age at delivery (weeks) 0.17 0.14t0 0.21 <0.001 0.18 0.15t00.22 <0.001
Maternal age (years) -0.013 —0.033 10 0.0074 0.21 -0.023 —0.040 to 0.0065 0.007
Parity (nulliparity) -0.21 —0.36 to 0.047 0.011 -0.13 —0.26 to 0.0042 0.057
Sex of the newborn (female) 0.034 -0.131t00.20 0.67 0.081 —0.053 t0 0.21 0.24
Type of conception (assisted reproduction) —0.075 -0.31t00.16 0.53 -0.051 -0.26 10 0.15 0.62
Diabetes Mellitus (yes)t 0.22 —0.084 t0 0.53 0.15 0.37 0.12 t0 0.63 0.004
TNF inhibitor use during pregnancy (yes)  0.17 0.014t0 0.33 0.033 0.20 0.066 to 0.34 0.004
Prednisone use during pregnancy (yes) -0.064 —-0.231t00.99 0.44 -0.99 —0.23t0 0.039 0.16
Smoking during pregnancy (yes) -0.17 —0.62t00.29 0.47 -0.028 —0.41t0 0.35 0.89

*Corrected for all the other variables listed in this table.

tCombined variable of both preexisting diabetes mellitus and gestational diabetes mellitus.

DAS28CRP, Disease Activity Score in 28 joints C reactive protein; preCARA, Preconception Counseling in Active RA; RA, rheumatoid arthritis.
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Figure 1 Bar charts showing the percentage of children born in different birth weight percentile groups stratified for maternal TNFi use during

pregnancy (A). (B) shows the cumulative percentage of these birth weight percentiles. Small for gestational age (SGA) is defined as p<10, large of
gestational age (LGA) as p>90, TNFi use during pregnancy is associated with less children born SGA (p=0.05), however the risk of LGA was not

increased (p=0.73).

Congenital malformations

In the PreCARA-cohort, 13 (6.9%) women had a child born with
a congenital malformation, of which 7 (7.6% of the women that
used a TNFi at any time point during pregnancy) used a TNFi
during pregnancy. One child had two congenital malformations:
both undescended testis and an umbilical hernia. The congen-
ital malformations that were observed in women that used a
TNFi during pregnancy were: umbilical hernia n=1, haeman-
gioma n=1, pupil anomaly n=1, salmon patch n=1, epispadias
n=1, port-wine stain n=1and different stance of both ears and
teeth which required further investigation by a geneticist n=1.
Congenital malformations in women that did not use a TNFi
during pregnancy included: clubfoot n=2, heel foot n=1, unde-
scended testis n=2, umbilical hernia n=1and polydactyly n=1.

DISCUSSION

In the current manuscript, we describe pregnancy outcomes of
women with RA that were prospectively followed up and treated
according to a modern treatment approach, including the use
of TNFi. We showed that the use of TNFi during pregnancy
was associated with a clinically significant increased fetal birth
weight even when corrected for major confounders such as
disease activity and resulted in less children born SGA. The risk
of adverse pregnancy outcomes did not differ between patients
that used an TNFi during pregnancy and patients who did not.
In addition, the use of TNFi during pregnancy showed a trend
towards an increase in birth via CS, however, no increased risk
for an emergency CS was observed.

Shimada et al reported in a small, retrospective study that
birth weight is increased in women that used a TNFi during
pregnancy." In their study, women that continued therapy with
their TNFi (etanercept or certolizumab-pegol) during pregnancy
had children with a higher birth weight compared with women
that stopped their TNFi at conception. However, their study has
several limitations; besides a low number of included patients,
the authors were not able to perform additional analysis to
correct for relevant confounders, such as disease activity. Our
study is the first to show a strong association between TNFi use

during pregnancy and an increased birth weight of the offspring
when corrected for major confounders.

Increasing evidence shows that slight changes in birth weight
(corrected for gestational-age) may have lifelong consequences
for these children; both low and high birth weight are associ-
ated with complications throughout life."®'” RA is for example
associated with SGA, which itself is associated with an increased
risk on metabolic and cardiovascular disease later in life."® ' On
the other hand, children born with a high birth weight have an
increased risk of becoming overweight, on metabolic syndrome
and giving birth to a child that is LGA as well. Our study shows
a decreased risk of children born SGA and no increased risk of
children born with high birth weight or LGA when a TNFi was
by the mother used during pregnancy.

It is challenging to determine in which trimester the effect
of TNFi was the largest, due to highly correlated exposure;
women that used a TNFi in the third trimester most often used
these biologics in the first and second trimester of pregnancy as
well. Our study shows the largest effect in the third trimester of
pregnancy, these results should be interpreted with caution and
require replication by others research groups.

In RA pathology, high levels of circulating proinflammatory
cytokines such as TNF alpha and interleukine (IL)-6 and a lower
number of regulatory T-cells (Tregs) are observed in patients
with active disease.”’ Importantly, on treatment with a TNFi a
decrease of these proinflammatory cytokines and increase the
number and function of Tregs and IL-10 can be observed.?! #
The immune system is not only important in the pathogenesis of
RA, but also for ensuring and maintaining a normal pregnancy.
For pregnancy to avoid rejection of the semi allogenic fetal-
placental unit and to ensure proper development of the placenta
and hence fetal growth, local expansion of leukocytes with
unique regulatory properties, including Tregs is required.”* ** In
addition a tight balance between proinflammatory (eg, TNF and
IL-6) and anti-inflammatory (eg, IL-10) cytokines is necessary, in
which the anti-inflammatory cytokines prevail.** Many disease of
pregnancy, including recurrent miscarriages, intrauterine growth
restriction, SGA and hypertensive disorders of pregnancy, like
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preeclampsia, are thought to arise from inadequate development
and growth of the placenta and hence, if pregnancy continues,
impaired fetal growth.”® ** Interestingly, in these conditions an
increase in proinflammatory cytokines like TNF and IL-6 can
be found.** It is tempting to speculate that treatment with TNFi
during pregnancy promotes placentation and thereby fetal
growth and birth weight by changing the balance between proin-
flammatory and anti-inflammatory cytokines and by increasing
the number and function of Tregs. As stated previously, several
diseases of pregnancy are thought to arise from impaired placen-
tation and are characterised by an immunological imbalance,
whether treatment with TNFi is beneficial in these conditions
should be the focus of future research.

An alternative, but not mutually exclusive, hypothesis could
be that treatment with TNFi during pregnancy is able to induce
epigenetic changes in the fetus, which positively influence fetal
growth. In this respect, it has been shown that RA during preg-
nancy, either related to the disease itself, disease activity or
medication, is associated with marked epigenetic changes in the
offspring.” In addition, in several populations of healthy mothers
and their children, it has been shown that DNA-methylation in
the newborn is associated with birth weight.*®

Previous literature shows that TNFi use during pregnancy in
patients with a chronic inflammatory conditions is associated
with an increased risk of birth via elective and emergency CS.°
In the current study, patients that used a TNFi during pregnancy
had trend towards a higher risk of an elective CS, but not for
emergency CS compared with patients that did not use TNFi
during pregnancy. The exact reasons behind this phenomenon
are unknown. One possible explanation for this observation
could be that gynaecologist/obstetricians sooner tend to plan
a CS when patients are exposed to biologic DMARDs during
pregnancy to avoid emergency situations in pregnancies at risk,
however, this is speculation and should be further explored. The
overall rate of CS in our study (26.5%) is probably comparable
to the overall percentage of birth via CS in Europe (25.7%).”

In line with previous reported literature, we did not observe
an association between TNFi use during pregnancy and an
increased risk of congenital malformations.”® * Although the
risk of congenital malformations in infants born to women with
RA is probably not increased,*® directly comparing percentages
of congenital malformations observed in our study to that of
safety studies that use different definitions, inclusion criteria and
study designs is probably not appropriate.

Our study has several strengths: our study comprise a well-
defined, large, prospectively followed up cohort of women with
homogeneous disease making us able to correct for confounding
factors when studying the effect of TNFi on pregnancy outcomes
such as birth weight. Some limitations of the current study
should however be acknowledged. Our study did not have
sufficient power to perform multivariate analysis on outcomes
such as CS. Furthermore, our study was not designed to detect
congenital malformations, since not all confounders for these
outcome were collected and children born to women included
in this study were not examined by a paediatrician. In addition,
we were not able to correct our multivariate analysis for pre-
pregnancy BMI since women were both included before preg-
nancy and already pregnant. Separate multivariate analysis of
women that were included before pregnancy showed that BMI
was not a significantly associated with birth weight and did not
affect the effect size of TNFi on birth weight (data not shown).

In conclusion, our study shows that the use TNFi during preg-
nancy is associated with increased birth weight of offspring of
women with well-controlled RA. Interestingly TNFi use during

pregnancy results in less children born SGA, however, it does not
increase the risk of born LGA. Our results might pave the way
towards new clinical indications for the use of TNFi during preg-
nancy such as intrauterine growth restriction. Future research
should focus on understanding the underlying mechanism of
TNF-inhibition on birth weight and the long-term consequences
for the offspring.
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