Page 10of 19

Thyroid
RECURRENT PREGNANCY LOSS IN WOMEN WITH HASHIMOTQ’S THYROIDITIS WITH CONCURRENT NON-ENDOCRINE AUTOIMMUNE DISORDERS (DOI: 10.1089/thy.2019.0456)
This paper has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.

Thyroid
© Mary Ann Liebert, Inc.

DOI: 10.1089/thy.2019.0456
1

RECURRENT PREGNANCY LOSS IN WOMEN WITH HASHIMOTO'’S
THYROIDITIS WITH CONCURRENT NON-ENDOCRINE
AUTOIMMUNE DISORDERS

Cellini Miriamm, M.D. Research Fellow, Santaguida Maria Giuliaz*, M.D. Research Fellow,
Stramazzo IIarial, M.D., Capriello Silvial, M.D., Brusca Nunzial, M.D. Research Fellow,
Antonelli AIessandroS, M.D. Associate Professor, Fallahi Poupak4, M.D. Researcher, Lucilla
Garganoz, M.D., Centanni Marcol’z, M.D. Associate Professor, Virili Camilla’, M.D. Research

Fellow.

'Dept. of Medico-Surgical Sciences and Biotechnologies, "Sapienza" University of Rome,

2Endocrinology Unit, Santa Maria Goretti Hospital, AUSL Latina, Latina, Italy.
*Department of Clinical and Experimental Medicine, University of Pisa, Pisa, Italy

“Dept. of Translational Research and New Technologies in Medicine and Surgery,

University of Pisa, Pisa, Italy

§Endocrine, Diabetes and Andrology Unit, Humanitas Clinical and Research Center, IRCCS,

Rozzano, Italy, since February 2019

ORCiD numbers: 0000-0001-5311-4886 (M. G. Santaguida); 0000-0002-5211-6342 (A.
Antonelli); 0000-0003-0661-1649 (M. Centanni); 0000-0002-4973-1950 (C. Virili).

Cellini M* and Santaguida MG* equally contributed to this manuscript
Running title: Recurrent pregnancy loss and poly-autoimmunity

Keywords: Recurrent pregnancy loss, miscarriage, Hashimoto’s thyroiditis,

hypothyroidism, poly-autoimmunity.

Address all correspondence and request for reprints to:

Marco Centanni, M.D. c¢/o Dept. of Medico-Surgical Sciences and Biotechnologies
Corso della Repubblica 79, 04100 Latina, ITALY

Phone & Fax 0039.06.49972604. e-mail address: marco.centanni@uniromal.it



Thyroid
RECURRENT PREGNANCY LOSS IN WOMEN WITH HASHIMOTQ’S THYROIDITIS WITH CONCURRENT NON-ENDOCRINE AUTOIMMUNE DISORDERS (DOI: 10.1089/thy.2019.0456)

This paper has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.

Page 2 of 19

2
Background: An increased rate of recurrent miscarriage has been described in patients

with autoimmune thyroid disease. However, there is a lack of studies that assess the rate
of recurrent pregnancy loss (RPL) in patients with Hashimoto's thyroiditis (HT) isolated or
with concurrent non-endocrine autoimmune disorders (NEAD). The objective of the study
was to assess the rate of recurrent pregnancy loss in patients with HT isolated or

accompanied with non-endocrine autoimmune diseases.

Methods: This is a retrospective observational cohort study with systematic review of the
NEAD with concurrent HT in an outpatient Endocrinology Unit at a University Hospital.
Among the 3480 consecutively examined women with HT, 87 patients met the criteria of
RPL and represented the study group. Sixty-five of them had isolated HT and 22 women
had HT+NEAD.

Results: The rate of RPL in women with HT was 2.1% versus 5.64% observed in women
with HT+NEAD (OR=2.78, 95%Cl=1.70-4.57; p<0.0001). Upon subdivision, this difference
was still evident in euthyroid patients (p<0.0001), while it disappeared in hypothyroid
women (p=0.21). RPL did not correlate with the autoantibody concentrations nor in
women with isolated HT nor in those with HT+NEAD. The presence of antiphospholipid
syndrome (APS) explained RPL in 3/22 (14%) patients with HT+NEAD, the remaining being
related to different autoimmune disorders. Interestingly, even subtracting the patients
with APS, RPL was more frequent in patients with poly-autoimmunity than in patients with

isolated HT (p=0.0013).

Conclusions: The co-presence of NEAD is correlated with a higher risk of RPL in women
with HT. The association with APS may explain only a fraction of RPL rate in patients with

polyautoimmunity.
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INTRODUCTION

Miscarriage is a spontaneous loss of the conceptus that occurs before 20 weeks of
gestation (1). About 30% of all pregnancies result in miscarriage and only one tenth of all
miscarriages are clinically apparent (2,3). Recurrent pregnancy loss (RPL) affects from 1%
to 5% of couples and is defined as three or more consecutive recurrent miscarriages or, for
many clinicians, as two or more consecutive miscarriages (4,5). The etiology of recurrent
miscarriage is multifactorial and remains unknown in approximately 50% of women,
despite detailed evaluation (6). In the remaining 50% of the cases, the causes of recurrent
pregnancy loss is explained by genetic, structural, infective, endocrine, thrombophilic and
immune factors (6). Autoimmune abnormalities play a relevant role in RPL and represent
one of the several accepted causes of miscarriage (7). Among them, an increasing amount
of evidence links thyroid autoimmunity with adverse pregnancy outcomes, including

miscarriage or preterm deliveries. Indeed, Hashimoto’s thyroiditis (HT), the most common

autoimmune disorder worldwide (8), affects about 4% of women during their reproductive
age (9,10) and has been involved in the pathogenesis of recurrent miscarriages (6).
Noticeably, it may occur isolated or concurrent with other endocrine and/or non-
endocrine autoimmune diseases, including the antiphospholipid syndrome (APS) (12),
which may represent the clinical expression of a more extended derangement of the
immune system. The presence of anti-thyroid peroxidase antibodies (anti-TPO-Abs) (about
10% of women at 14 weeks of gestation) has been suggested as cause of infertility and
increased rate of miscarriage (3,6,13-15). A meta-analysis has shown an odds ratio of 2.1
for RPL in women carrying anti-thyroid peroxidase antibodies (16), which were initially
claimed as causative for single or repeated miscarriages (15). Nowadays, an appropriate
balance between immunological factors of mother and fetus seems to be key in preventing
an immune rejection of the embryo (17). In fact, a disruption of immunological self-
tolerance and activation of a pro-inflammatory response has been linked to RPL (18,19).
However, no studies have examined whether the presence of more than one autoimmune
disorder may increase or decrease the risk of miscarriages. Therefore, this study was
aimed at evaluating the rate of recurrent pregnancy loss in patients with Hashimoto’s

thyroiditis, isolated or concurrent with other non-endocrine autoimmune disorders.
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PATIENTS AND METHODS
Patients and study design

This study has been carried out in a cohort of patients sequentially examined
(2010-2016) and referred to our center for thyroid diseases in the outpatient
Endocrinology unit. We examined the records of 9661 women with thyroid diseases and,
among them, 3480 women had HT. In 3090 women, the HT occurred as isolated disease,
whereas in 390 it occurred in association with other non-endocrine autoimmune disorders
(i.e. vitiligo, chronic atrophic gastritis, coeliac disease, antiphospholipid syndrome, etc.)
(20). According to the policy of our center, during the initial interview, all women declared
how many pregnancies and/or pregnancy losses they had during their reproductive life.
For each patient, we recorded the number of these events, their age at the time of events
and, in case of miscarriage, the weeks of gestation when it occurred as well as the thyroid
function, autoantibodies status and sonographic pattern at the time of the first
miscarriage. The diagnosis of HT has been confirmed in all patients in our outpatient
section at the time of first examination but had been already done at the time of the first
miscarriage. In the patients showing signs or symptoms and/or suspicion of additional
autoimmune disorders, we started the appropriate screening for each disease. Therefore,
most of the diagnoses of NEAD were established after RPL, but anyway confirmed by the

appropriate specialist in our institution.

According to the ethical rules of “Sapienza” University of Rome and to the
guidelines in the Declaration of Helsinki, this retrospective study required no intervention
and has been carried out upon written informed consent and data collected remained

strictly confidential and anonymous.
Methods

Diagnosis of Hashimoto’s thyroiditis

The diagnosis of Hashimoto’s thyroiditis was based on and confirmed by the
presence of at least two of the following three criteria: high concentration of TPO-Abs (at

least 2 times over the higher concentration considered as normal), a characteristic
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ultrasonographic pattern, and/or hypothyroidism (22, 23). Hypothyroidism has been

defined according to ATA guidelines published in 2017 (TSH upper reference limit of 4.0
muU/L) (23). Serum TSH, FT4 and serum anti-thyroid peroxidase antibodies (TPO-Abs) levels

were derived from medical records.

Diagnosis of non-endocrine autoimmune disorders

The diagnosis of each single non-endocrine autoimmune disorder concurrent with
HT was based on the clinical, serological and histological examination obtained by biopsy
when appropriate (24, 25) and/or according to the criteria approved by specific Guidelines
or even Consensus Conferences (24-30). A patient with additional autoimmune disorder
has been included in the study only when the diagnosis of each chronic autoimmune
disease was confirmed by specialists (i.e. gastroenterologists, rheumatologists,

dermatologists), who verified the diagnosis.
STATISTICAL ANALYSIS

Median (and IQR) has been used to describe continuous variables. Univariate
analysis was performed using Chi-square test or the Fisher's Exact test for dichotomous
and categorical variables while continuous variables have been analyzed by the non-
parametric Mann-Whitney U test. The Kruskal-Wallis non-parametric test has been used to
analyze the medians of more than two groups. A multiple Poisson regression analysis was
performed to calculate Odds Ratios and 95% confidence intervals (Cls) for potential
confounders of the association between presence of NEAD and abortion rate. For this
purpose, FT4, TSH, TPO-Abs and age at the first abortion were tested in the model.
Incidence rate ratios (IRR) and their 95% confidence intervals (95% Cl) were calculated. All
the calculations have been made using the statistical package STATA 15.0 or the INSTAT

GraphPad Prism 5.0 software for Windows.
RESULTS

Overall, 516 out of 3480 women, experienced at least one miscarriage and among
them, 187 women were excluded for the presence of known conditions that might have

caused the pregnancy loss as fetal or parental chromosomal abnormalities, uterine
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anatomic abnormalities (congenital uterine anomalies, intrauterine adhesions, uterine

fibroids or polyps), ectopic pregnancies, diagnosed infections, heritable thrombophilia,
severe and chronic maternal diseases. We have also excluded patients who completed
their pregnancies using low molecular weight heparin, aspirin or corticosteroids. Within
the remaining 329 patients with unexplained miscarriages, 87 patients met the criteria of
RPL (5) and they represent the study group. More specifically, 65 of them had isolated HT
and 22 women had non-endocrine autoimmune disorders (NEAD) concomitant with HT,
diagnosed as described below (21). Their characteristics are shown in Table I.

Women with isolated HT showed a rate of clinically evident recurrent pregnancy
loss of 2.1% (n=65/3090); in contrast, in those women carrying both HT and NEAD, the
prevalence of RPL was significantly higher (n=22/390; 5.64%) (OR=2.78, 95%ClI=1.70-4.57;
p<0.0001) (Figure 1). No statistically significant differences were found when comparing
the age at the time of the first miscarriage in patients with isolated HT and in those

bearing HT+NEAD (median age=28 and 31 years, respectively; p=0.19).

As hypothyroidism itself may represent a cause of recurrent pregnancy loss (31),
we examined the thyroid function of these women at the time of the first miscarriage.
Overall, 57/87 patients (66%) were euthyroid with a median TSH of 1.50 mU/I (IQR=0.62-
2.40). This group consisted of women treated (n=23) and untreated (n=34) with thyroxine.
No difference in the distribution of T4 treated patients was observed between women
with isolated HT (16/41) and women with HT+NEAD (7/16; p=0.77). In euthyroid women, a
higher prevalence of RPL has been observed in patients with HT and NEAD as compared to
patients with isolated HT (16/390 vs. 41/3090 OR=3.181, 95%ClI=1.77-5.72; p<0.0001)
(Figure 2A). Conversely, in hypothyroid women (n=30) with a median TSH of 6.18 mU/I
(IQR=5.61-11.60), the rate of RPL was similar in patients with HT isolated or concurrent
with NEAD (24/3090 vs 6/390; p=0.2140) (Figure 2B). These findings would not have been
changed if the hypothyroid women with RPL had been further subdivided into subclinical
(n=21; p=0.17) and overt hypothyroidism (n=9; p=0.85).

To evaluate the correlation between the anti-thyroid peroxidase antibody titer
(TPO-Abs) and the number of miscarriages, our study population has been stratified into

four subgroups: a) patients with isolated HT and 2 RPL events (46/65); b) patients with
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isolated HT and 3 or more RPL events (19/65); c) patients with HT+NEAD and 2 RPL events

(16/22); d) patients with HT+NEAD and 3 or more RPL events (6/22). No statistically
significant differences have been observed (p=0.99) when the TPO-Abs median titer was
compared in these subgroups. Thus, the number of miscarriages was independent from
the autoantibody titer both in women with isolated HT, as well as in women with HT and

NEAD.

We have considered the values of FT4, TSH, TPO-Abs and age of the first abortion
as possible confounders. No statistically significant confounders were identified through

multiple Poisson regression analysis.

The antiphospholipid syndrome, that may be concurrent in patients with HT (32), is
by itself a cause of miscarriage, often due to the thrombosis of the placental vessels. We
hypothesized that the presence of antiphospholipid syndrome might justify the higher
prevalence of miscarriage in our patients with polyautoimmunity. In our sample, an
antiphospholipid syndrome has been diagnosed in 18/390 women with HT+NEAD, but RPL
occurred in only three of them. As depicted in Table Il, the rate of RPL is similar in each
NEAD, ranging from 5.5 to 8.3%, with the expected exception of APS (13.6%), because of
its intrinsic pro-abortive action. Despite that, in patients with HT+NEAD, APS was present
in a small fraction of women with RPL (3/22) while the remaining women with RPL were
affected by different concurrent autoimmune disorders (Table Il). In fact, even subtracting
the three patients with APS, a significantly higher rate of RPL was observed in patients with

polyautoimmunity than in patients with isolated HT (p=0.0013).
DISCUSSION

The findings of this study show an increased rate of recurrent miscarriage in
patients with poly-autoimmune disorders as compared with patients affected by isolated

Hashimoto’s thyroiditis.

The contribution of additional autoimmune disorders to RPL in women with HT has
been scarcely assessed and, up to now, by detecting the co-presence of non-organ specific
autoantibodies, since about 20% of women with thyroid autoimmunity had one or more of

these antibodies (33). However, whether RPL in women with HT is directly linked to the
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presence of these non-organ specific autoantibodies or to the presence of a definite

autoimmune disease is still unclear (33). In the study presented here, the RPL occurrence
has been analyzed in HT patients in whom a definite diagnosis of non-endocrine
autoimmune disorders has been established (i.e. not only with autoantibodies positivity).
The association of HT and non-endocrine autoimmune disorders has been initially
described by Neufeld and Blizzard and more recently reappraised by Boalert et al. (34).
Among these, the most common are atrophic gastritis/pernicious anemia (35), rheumatoid

arthritis (36), vitiligo (37), celiac disease (38) and LES/APS (32,39).

In the study presented here, we observed that hypothyroidism represents a
paramount factor in determining RPL, as already known (31,40). In fact, upon subdivision
of the whole sample based on thyroid function, the different rate of RPL between HT
patients and those with HT+NEAD is still evident in euthyroid women but disappear in
hypothyroid patients. This is in keeping with the described effect of hypothyroidism (31)
on pregnancy outcomes that, in this setting, may prevail over the immunological issues. On
the contrary, immunological derangement may prevail in euthyroid women, determining a

rate of RPL in women with HT and NEAD higher than in women with isolated HT (40).

Although a role of thyroid autoantibodies in determining RPL had been repeatedly
claimed (6,15,32,41), we did not observe significant correlations between the levels of
anti-TPO-Abs and the number of miscarriage events. Similarly, there were no differences in
the level of these autoantibodies observed in women with isolated HT or with concurrent
NEAD in relation with the presence of RPL. These findings mirror the seminal observations
of Stagnaro-Green et al. (42) who found no direct relationship between autoantibody
levels and pregnancy outcomes for either anti-thyroglobulin or anti-TPO-Abs. In this view,
anti-TPO-Abs positivity (15) may only be an indicator of a complex disruption of self-

tolerance, leading to pro-inflammatory responses and resulting in RPL (18,19,40,41).

APS is a known cause of recurrent miscarriage (6,32,41) through three main
pathological mechanisms: the imbalance of the immune system with self-aggressive
immune drift of the fetus, the direct disruption of trophoblast, and/or placental

thrombosis (41). Our data suggest that this syndrome may only partially explain the
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abortive events recognized in polyautoimmune patients (6,32). Most of the miscarriages

were linked to apparently unrelated autoimmune disorders such as atrophic gastritis,
connective tissue diseases and celiac disease. It is noteworthy that the frequency of RPL in
each NEAD closely reflects the distribution of these diseases in our 390 poly-autoimmune
patients. This distribution is similar to the one described by Fallahi et al. (43). Therefore,
the increased risk of recurrent miscarriages in poly-autoimmunity is likely due to a complex
dysregulation of the cellular immunity that deserves further investigations (9,11,18,19,33).
The link between autoimmune thyroiditis and recurrent pregnancy loss has been
suggested by means of different mechanisms but is, as yet, poorly understood (3,11). In
the pathogenesis of HT, an early polarization of proinflammatory Th17 lymphocytes seems
to shift toward a Th1l polarization with proapoptotic activity (44). This activation requires
an impaired response by both B and T regulatory cells (45,46). As in autoimmune thyroid
disease, a prevalent Thl polarization has been described in women with recurrent
pregnancy loss (18,19). In women with HT a significant increase in the endometrial T-cell
was also observed while the relative concentrations of both IL-4 and IL-10 in that tissue
were decreased (11). The presence of a further autoimmune disorder may change the
immunological features of isolated HT (21,45). For example, in a previous study, an
increased number of Breg cells, characterized by a reduced suppressive function, was
associated with the simultaneous occurrence of NEAD with HT, independently from the
concurrent disease (46). However, this mechanism is far from being clarified and requires

further characterization of the described events.

We acknowledge that our study has some limitations. First, the retrospective
nature of this study does not exclude the presence of some diagnostic bias. However, we
have excluded autoantibody positivity as unique diagnostic criterion and included only
patients with histologic or consensus—based diagnoses of an autoimmune disorder,
confirmed by an expert specialist. So far, we restricted any possible misclassification of
each autoimmune disorder included in the NEAD. The use of these restrictive criteria
reduced the number of a study group encompassing patients with a rare association of

autoimmune disorders with RPL even more.
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In conclusion, we have observed that in women with HT, the concurrent presence

of further non-endocrine autoimmune disorders is characterized by a higher risk of RPL.
The presence of an anti-phospholipid syndrome may explain some but not all events of
repeated pregnancy loss in these patients. Finally, the occurrence of an unexplained
miscarriage in women with autoimmune thyroiditis should drive the search for additional
autoimmune disorders.
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Table 1. Thyroid parameters in woman with RPL subdivided in HT isolated
and concurrent with NEAD at the time of the first miscarriage

Isolated HT HT+NEAD P
TSH (mur (1.55-65.562) (1.;é-85.703) 0.94
FT4 e/ (1.(1)é-21(.310) (0.2:5;?1(.)19) 0.24
TPO Abs (137?9096) (132-%300) 0.92

Data are expressed as median values (IQR)
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Table 2. Non-endocrine autoimmune disorders concurrent with Hashimoto’s thyroiditis in study
group patients with RPL

NEAD Total
with RPL NEAD
n=22 n=390 %*
Chronic autoimmune gastritis 10 124 8.1
Antiphospholipid syndrome 3 22 13.6
Cocliac discase 3 55 5.5
Hashimoto’s Sjogren's syndrome 2 26 7.7
Thyroiditis 108 Y :
Rheumatoid arthritis 2 27 7.4
Undifferentiated connective tissue disease 1 12 8.3
Myasthenia gravis 1 1 n/a**

* Percentages of NEAD with RPL as compared to the total NEAD population. The list of remaining
autoimmune disorders concurrent with HT is wise, but mostly represented by nonsegmental
vitiligo and multiple sclerosis. Patients bearing these associated disorders had not RPL

** No other patients had myastenia gravis in the whole sample and therefore that percentages is
not applicable
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Figure 2A

HT+NEAD
HT+NEAD

0.21

p < 0.0001
P

HT
HT

-] v - ~” L) - =)

o, "TdY Jo duajesdg

- Wi -t L] (2] - (=]

% Td¥ Jo 2dud[ead

Figure 2B
Figure 2 - Prevalence of RPL in euthyroid (A) and hypothyroid (B) patients with isolated

Hashimoto’s thyroiditis (HT) and Hashimoto’s thyroiditis with concurrent non-endocrine

autoimmune disorders (HT+NEAD).
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