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Paternal inflammatory arthritis is associated with a
higher risk of miscarriage: results of a large
multicentre study (iIFAME-Fertility)
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Abstract

Objectives. Paternal preconception health is recognized as an important contributor to pregnancy outcomes.
Nonetheless, pregnancy outcomes of partners of men with inflammatory arthritis (IA) have never been studied. Our
objective was to describe the pregnancy outcomes of partners of men diagnosed with IA.

Methods. We performed a multicentre cross-sectional retrospective study conducted in the Netherlands. Men with
IA who were over 40years old that reported at least one positive pregnancy test were included. To analyse the im-
pact of IA on pregnancy outcomes, pregnancies were classified into two groups: pregnancies conceived after the
diagnosis of IA and before the diagnosis of IA.

Results. In total, 408 male participants diagnosed with IA reported 897 singleton pregnancies that resulted in 794 live
births. Pregnancies conceived after the diagnosis of IA had higher rate of miscarriage (12.27 vs 7.53%, P = <0.05). This
increased risk was still present after adjusting for confounders [OR 2.03 (95% CI 1.12, 3.69) P=0.015].

Conclusions. This is the largest study to describe the pregnancy outcomes of partners of men diagnosed with IA
and the first to demonstrate that paternal IA is associated with a higher risk of miscarriage. Notwithstanding, the
overall rate of miscarriage reported in our study could be comparable to previously reported population estimates.
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¢ Poor preconception paternal health has been associated with a higher risk of pregnancy loss.

o Paternal inflammatory arthritis was associated with an increased risk of miscarriage.

o Research to understand how paternal preconception inflammatory arthritis impacts pregnancy outcomes is
urgently needed.

that could lead to worse pregnancy outcomes.
Furthermore, it has been suggested that pregnancies
conceived by men diagnosed with chronic diseases are
at higher risk of ending in losses (miscarriage, ectopic
pregnancy or stillbirth) [6]. However, the impact of pater-
nal inflammatory arthritis (IA) on pregnancy outcomes
has never been studied.

Introduction

Paternal preconception health is recognized as an im-
portant contributor to pregnancy outcomes [1]. It has
been shown that increased abnormalities in sperm DNA
[2], low sperm quality [3], oxidative stress [4] and epi-
genetic changes in sperm [5] are potential mechanisms
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RA, JIA, PsA and AS are frequent causes of IA that
have been associated with impaired male fertility [7, 8].
Because human reproduction failure ranges from the in-
ability to conceive to the incapacity to maintain preg-
nancy after successful conception [9], it is of the utmost
importance to evaluate the impact of paternal IA on
pregnancy outcomes.

Therefore, our objective was to describe the preg-
nancy outcomes of partners of men diagnosed with IA.

Methods
Study design and patient selection

This study is part of the iIFAME-Fertility study [8]. Briefly,
the iIFAME-Fertility study is a multicentre cross-sectional
study that was primarily designed to evaluate the impact
of 1A on the male fertility rate (total number of children
per man). Men diagnosed by their rheumatologists with
IA (RA, JIA, PsA and AS), who at the time of inclusion
were 40years or older and who indicated that their ‘fam-
ily size’ was completed participated in the study.
Participants completed a self-reported questionnaire
that included demographic, medical history, family plan-
ning and fertility related questions. Additionally, partici-
pants who reported at least one pregnancy (‘any
positive pregnancy test, even if it did not result in a live
born child’) completed a different questionnaire that
included questions regarding pregnancy outcomes.

To evaluate the impact of paternal IA on pregnancy
outcomes, we classified pregnancies into two groups:
pregnancies conceived after the diagnosis of IA and be-
fore the diagnosis of IA.

Data collection

A self-reported questionnaire developed for this study
was used. The design of this questionnaire was based
on the ‘fertility experiences questionnaire’ [10]. A mis-
carriage was defined as a pregnancy loss that occurred
before the 16th week of gestation and a stillbirth as a
pregnancy loss at or after 16 weeks of gestation.

Statistical analysis

Comparisons between the two groups were tested.
Categorical variables were presented as number (per-
centage), and continuous variables are reported as
mean (s.n.) or median (IQR), as appropriate. Continuous
variables were compared using a paired t test and
Wilcoxon rank. Categorical variables were compared
using %2 tests and Fisher’s exact tests.

To control for confounders, the multivariate logistic re-
gression model was used. All clinically considered im-
portant potential confounders [paternal age at
conception, paternal and maternal smoking exposure,
paternal medication preconception exposure, diagnosis
of 1A, conception by assisted reproductive technology
(ART) and consecutive pregnancy number] were fitted

https://academic.oup.com/rheumatology

into the model. The level of significance was set as a
two-tailed P<0.05, and statistical analyses were com-
pleted using Stata V.15 (StataCorp-LP, College Station,
Texas).

Ethics

This study was specifically reviewed and approved by
the ethics review boards of all participating centres in
compliance with the Declaration of Helsinki (Erasmus
MC —Ethics Committee: MEC-2018-1418, Admiraal de
Ruyter Hospital—Ethics Committee: ADRZ2019-010
iFAME-Fertility, Franciscus Hospital—Ethics Committee:
T-110. 4, Leiden University Medical Center, Reinier de
Graaf Hospital, Haga Hospital—Ethics Committee:
N19.081. 5, Maasstad Hospital—Ethics Committee:
L2020040). All patients gave their written informed
consent.

Results

Between September 2019 and January 2021, a total of
1841 men were invited to participate. In total, 628 male
participants diagnosed with IA were included in the
iFAME-Fertility study. Of them, 408 men reported at
least one positive pregnancy test and were included in
this part of the study. In total, these men reported 897
singleton pregnancies that resulted in 794 live births.

A detailed description of the differences in pregnancy
characteristics between the study groups is presented
in Table 1. In line with our previous findings [8], preg-
nancies after IA diagnosis were characterized by a stat-
istically significant longer time to pregnancy (TTP) [6.99
(s.0. 11.79) vs 4.83 (s.n. 8.71), P=0.002] and by a statis-
tically significant larger rate of pregnancies that were
conceived by ART [20 (9.09%) vs 23 (3.40%),
P =0.0001]. As expected, paternal and maternal age at
conception were statistically significant higher in preg-
nancies after |A diagnosis [34.27 (s.p. 6.08) vs 30.49 (s.p.
5.34) and 30.69 (s.p. 5.16) vs 28.45 (s.n. 4.83), respect-
ively, both P=0.0001]. The percentage of pregnancies
with paternal exposure to anti-rheumatic drugs 3 months
before conception was statistically significant higher in
pregnancies after IA diagnosis [110 (50.23%) vs 40
(5.91%), P=0.0001].

Pregnancy outcomes

The rate of miscarriage was statistically significant
higher in pregnancies after |IA diagnosis [27 (12.27%)]
compared with pregnancies before IA diagnosis [51
(7.53%), P=0.030] (see Table 1). The rate of live births
was lower in pregnancies before IA diagnosis, but this
difference was not statistically significant when com-
pared with pregnancies after IA diagnosis [190 (86.36%)
vs 604 (89.22%), P=0.053]. The rates of induced abor-
tions, stillbirths and pre-term births were statistically
similar between the two groups.

After adjusting for confounders, compared with preg-
nancies before IA diagnosis, the difference remained
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TaBLeE 1 Pregnancy characteristics and outcomes

All Pregnancy after Pregnancy before P-value

pregnancies IA diagnosis IA diagnosis
Total number of pregnancies 897 220 677 -
1st pregnancy, n (%) 408 (45.48) 103 (46.82) 305 (45.05) P=0.87
Year of pregnancy, mean (s.n.) 1990 (12.76) 1996 (12.96) 1989 (12.12) P <0.05
TTP, months (s.p.) 5.35(9.59) 6.99 (11.79) 4.83(8.71) P<0.05
Spontaneous pregnancies, n (%) 854 (95.21) 200 (90.91) 654 (96.60) P<0.05
Conceived by ART, n (%) 43 (4.79) 20 (9.09) 23 (3.40) P<0.05
Pregnancy duration, weeks (s.p.) 38.31 (4.06) 38.57 (3.22) 38.23 (4.30) P=0.66
Paternal demographic characteristics
Paternal age at conception, mean (s.p.) 31.31 (5.72) 34.27 (6.08) 30.49 (5.34) P <0.05
Paternal age at conception >40years, n (%) 78 (8.70) 53 (24.09) 25 (3.69) P<0.05
Paternal education higher than bachelor, n (%) 363 (40.47) 94 (42.73) 269 (39.73) P=0.44
Paternal preconception exposure®
Paternal smoking exposure, n (%) 344 (38.39) 67 (30.59) 277 (40.92) P<0.05
Paternal alcohol exposure, n (%) 613 (68.42) 136 (62.10) 447 (70.46) P=0.07
Paternal medication exposure, n (%) 150 (16.74) 110 (50.23) 40 (5.91) P<0.05
Paternal diagnosis of IA
Age at diagnosis IA, years (s.p.) 42.99 (12.65) 26. 99 (7.85) 47.59 (9.69) P<0.05
Diagnosis RA, n (%) 451 (50.28) 82 (37.27) 369 (54.51) P <0.05
Diagnosis JIA, n (%) 5(1.67) 5(6.82) 0 (0.00) -
Diagnosis AS, n (%) 181 (20.18) 75 (34.09) 106 (15.66) P <0.05
Diagnosis PsA, n (%) 286 (31.88) 68 (30.91) 218 (32.20) P=0.72
Paternal fertility evaluation outcomes®
Fertility evaluation, n (%) 138 (15.38) 57 (25.91) 81(11.96) P <0.05
Low sperm quality, n (%) 45 (5.02) 20 (35.09) 25 (30.85) P=0.60
Maternal demographic characteristics
Maternal age at conception, mean (s.p.) 29.00 (5.00) 30.69 (5.16) 28.45 (4.83) P <0.05
Maternal age at conception >40years, n (%) 10(1.11) 5(2.27) 5(0.74) P=0.06

Maternal preconception® and pregnancy exposure

Maternal preconception smoking exposure, n (%) 171 (19.08) 2 (14.61) 139 (20.53) P=0.06
Maternal smoking exposure during pregnancy, n (%) 58 (6.47) 3(5.94) 45 (6.65) P=0.93
Maternal alcohol exposure, n (%) 329 (36.72) 73 (33.33) 256 (37.81) P=0.31
Maternal alcohol exposure during pregnancy, n (%) 53 (5.92) 6(7.31) 37 (5.47) P=0.45
Maternal fertility evaluation outcomes®

Fertility evaluation, n (%) 116 (12.93) 40 (18.18) 76 (11.23) P<0.05
P=0.07
Female infertility secondary to known cause,® n (%) 37 (31.90) 19 (47.50) 18 (57.89) P <0.05
Female infertility secondary to unknown cause, n (%) 11 (9.48) 6 (15.00) 5(6.58) P<0.05
Pregnancy outcomes
Live births, n (%) 794 (88.52) 190 (86.36) 604 (89.22) P=0.05
Miscarriage, n (%) 78 (8.70) 27 (12.27) 51 (7.53) P<0.05
Induced abortion, n (%) (2 78) 3(1.36) 22 (3.25) P=0.13

Medical indication 5(20.00) 0(0.00) 5(22.73)

Personal reasons 20 (80.00) 3(100.00) 17 (77.27)
Stillbirths, n (%) 6 (0.67) 0 (0.00) 6 (0.89) P=0.16
Pregnancy outcomes related to maternal and neonatal morbidity®
Pre-term birth, n (%) 149 (16.61) 31 (14.09) 118 (17.43) P=0.24
Hypertensive disorders (hypertension, pre/eclampsia), n (%) 41 (4.57) 8 (3.64) 33 (4.87) P=0.45
Gestational diabetes mellitus, n (%) 1(1.28) 2(0.94) 9(1.38) P=0.62
Intrauterine growth restriction, n (%) 2(1.34) 1(0.45) 11 (1.65) P=0.19
Maternal anaemia, n (%) 5(1.67) 6(2.73) 9(1.33) P=0.16

a3 months before conception. "Endometriosis, fallopian tube obstruction, polycystic ovary syndrome, uterine abnormality,
early menopause. °Maternal and neonatal morbidity reported for pregnancies > 16weeks of gestation (n=806). ART:
assisted reproductive technology; IA: inflammatory arthritis; TTP: time to pregnancy.

significant OR miscarriage in pregnancies after IA diag- diagnosis of IA (RA, AS, PsA) revealed that the adjusted
nosis [2.03 (95% CI 1.12, 3.69)] (see Fig. 1). OR for a miscarriage was highest in pregnancies after
Furthermore, a subgroup analysis based on the specific the diagnosis of PsA and RA [4.35 (95% CI 1.65, 11.49)
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Fic. 1 Adjusted OR (point estimate and 95% CI) for pregnancy outcomes with paternal 1A exposure

Pregnancies after the diagnosis of |IA

Live birth =
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Multivariate logistic regression models adjusted for confounders (paternal age at conception, paternal and maternal
smoking exposure, paternal medication preconception exposure, diagnosis of IA, conception by ART, year of preg-
nancy and consecutive pregnancy number). Because of a high degree of correlation between paternal and maternal
age at conception (r=0.70), only paternal age at conception was included in the model. *Statistically significant,

P <0.05.
and 2.96 (95% Cl 1.19, 7.36), respectively] (see
Supplementary Fig. S1, available at Rheumatology
online).

The rates of pregnancy outcomes related to maternal
and neonatal comorbidity were calculated for all preg-
nancies with a gestational age >16 weeks (n=806) and
were not statistically significant different between our
groups (see Table 1).

Discussion

Consistent with findings that have suggested that
impaired preconception paternal health is associated
with adverse pregnancy outcomes [6], our study is the
first of its kind to demonstrate that paternal IA is signifi-
cantly associated with a higher risk of miscarriage.
Notably, this was independent of traditional risk factors
for miscarriage such as advanced paternal and maternal
age. The risk of miscarriage was highest in pregnancies
after the diagnosis of PsA and RA.

The mechanism responsible for an increased risk of
miscarriage in pregnancies after |A diagnosis is complex
and probably multifactorial. First, abnormal sperm DNA
is considered as one of the most important paternal fac-
tors associated with pregnancy loss [11]. In this regard,
it has been shown that systemic inflammation and

https://academic.oup.com/rheumatology

certain andrological comorbidities frequently present in
men with IA (i.e. hypogonadism or varicocele) [7] have
been associated with abnormal sperm DNA and low
sperm quality [12, 13].

Second, because drug exposure has also been asso-
ciated with abnormal sperm DNA and low sperm quality
[14], paternal preconception exposure to anti-rheumatic
drugs warrants discussion. Based on limited paternal
exposure data, it has been concluded that paternal anti-
rheumatic drug exposure is not associated with an
increased risk for adverse pregnancy outcomes [15, 16].
Nonetheless, pregnancy loss and specifically miscar-
riage were not assessed as a pregnancy outcome.

Third, it has been shown that poor paternal health can
negatively impact pregnancy outcomes [6]. Epigenetic
changes in sperm can impact reproductive health [17]
and were suggested as a potential cause of this associ-
ation. Although epigenetic changes in several immune
cells have been identified as important mechanisms
associated with the pathogenesis and progression of RA
[18], the occurrence of epigenetic changes on sperma-
tozoa of men diagnosed with IA has not been studied
before.

Our study is the first large study (897 pregnancies) to
evaluate the impact of paternal |IA exposure on preg-
nancy outcomes, including miscarriage. In addition, we
used an extensive questionnaire to gain insight into
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most of the factors that might have influenced our
results. Nonetheless, our study has important limitations.
First, the study was not primarily designed to evaluate
pregnancy outcomes. Second, men who experience
negative pregnancy outcomes might be more willing to
participate in these types of studies and this is a poten-
tial source of selection bias in our study. Furthermore,
some pregnancies occurred >30years ago which can
lead to non-differential misclassification bias. For this
same reason, and to minimize the risk of misclassifica-
tion bias regarding paternal preconception anti-
rheumatic drug exposure, we did not collect information
on specific preconception anti-rheumatic drug exposure.
Therefore, the potential impact of specific paternal
pharmacological therapy on pregnancy outcomes was
not assessed in our study. Third, although some of the
most important maternal risk factors for miscarriage
were taken into account in our analysis (maternal age,
smoking and alcohol exposure), our study lacks informa-
tion on other maternal factors such as anatomical
abnormalities and relevant comorbidities. Lastly, our
subgroup analysis revealed that the OR for miscarriage
was different among the different diagnosis of IA.
Although this finding is relevant for future research and
for the clinical setting, the total number of pregnancies
per diagnosis was low and these findings should be
treated with caution.

Albeit these findings need to be corroborated by large
prospective studies, rheumatologists should be aware
that paternal IA may increase the risk of miscarriage.
Although in various studies, different incidences of mis-
carriage have been described (dependent on the popu-
lation studied and methodology used), the overall
incidence of miscarriages found in our study is in line
with data from a large Danish cohort that included
>1221546 pregnancies and reported that 10.9% of clin-
ically recognized pregnancies end in a miscarriage [19].

For specific advice and interventions on minimizing
the negative impact of paternal IA on reproductive
health (fertility and pregnancy outcomes), basic, transla-
tional and epidemiological studies are urgently needed.
These studies should focus on understanding how in-
flammation (i.e. disease activity at the time of concep-
tion), pharmacological treatment, epigenetics and other
factors associated with paternal IA influence pregnancy
outcomes and male reproductive health. Until more is
known about the potential effect of paternal IA on preg-
nancy outcomes, we recommend that all men diag-
nosed with arthritis and a wish to conceive should
receive, at a minimum, general preconception counsel-
ling [20].

In conclusion, this study shows an association be-
tween paternal preconception IA and an increased risk
of miscarriage. Notwithstanding, the overall rate of mis-
carriage reported in our study could be comparable to
previously reported population estimates. Multiple bio-
logical mechanisms can be responsible for this associ-
ation and more research is urgently needed to
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understand how paternal preconception IA influences
pregnancy outcomes and ultimately to improve the qual-
ity of care for men diagnosed with IA and a desire for
fatherhood.
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